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The HS-303 Communications Satellite Project 

F. J. D. TAYLOR, o.B.E., B.Sc., M.LE.E.t 
U.D.C. 621.396.934:629.19 

The first communications sateJiite planned to carry regular 
commercial telephone traffic is expected to be launched in the 
spring of 1965. This article briefly describes the satellite itself 
and the associated system design, the modifications necessary at 
the United Kingdom earth station at Goonhilly, and the way in 

which the various earth stations will inter-work. 

INTRODUCTION 

I
T is expected that the HS-303 communications satellite 
will be launched early m the sprmg of 1965. It 1s the 
first satellite planned to carry telephone traffic on a 

regular and commercial rather than on an occasional and 
experimental basis. 

The satellite will be placed in synchronous orbit; that 
is it will be at a height of approximately 22,300 miles, 
tr�velling in eastwards sense . and, there�ore, having .an 
orbital period closely equallmg the penod of rotat10n 
of the earth. It will not, however, be geostationary, for 
the orbital plane will have a modest inclination to the 
equatorial; probably some l 3°. The longitude of equator 
crossing will be about 27° 30' W, so the satellite will 
remain constantly visible to earth stations on each side 
of the North Atlantic Ocean; its track as seen from an 
earth station will appear as a narrow figure-of-eight with 
an inclination to the horizontal depending upon earth­
station location. 

The satellite is being built by the Hughes Aircraft 
Company to the order of the Communications Satellite 
Corporation of the U .S.A. It represents the first phase of 
"space sector" devclopmei:t to be undertaken 1!nder t�e 
auspices of the Internat1onal Agreement* signed in 
August 1964, and is designed both to gain experience of 
commercial acceptability of the synchronous-orbit 
satellite, and to augment traffic facilities on the North 
Atlantic routes by providing up to 180 circuits. The 
British Post Office Engineering Department and its 
counterparts in certain other European countries have 
had the opportunity to play a part in the overall system 
design frcim the inception of .the .project, and represen­
tatives of the Space Commumcat10n Systems Branch of 
the Engineering Department have been present at all of 
the relevant international discussions held at capitals in 
both the U.S.A. and Europe. 

tSpace Communication Systems Branch, E.-in-C. 's Office. 
*The Post Office and Satellite Communications. P.O.E.E.J., 

Vol. 57, p. 191, Oct. 1964. 

THE SATELLITE 

The satellite will be in the form of a cylinder 23! in. 
long and 28! in. diameter, the microwave communi� 
cation aerials being an axial boom on one end. The total 
weight will be rather less than 85 lb. . . Fine control of position and attitude of the spmmng 
satellite is accomplished by jets of hydrogen-perox.1de 
released under command from the ground. The velocrty­
control jet is radial and thrusts through the centre of 
mass of the satellite. From observations made on the 
ground it is possible to determine the precise position 
and attitude of the satellite; if it is necessary to alter the 
velocity of the satellite in a particular direction t.hen the 
velocity-control jet is caused to operate . eac� tlm� th.e 
mouth of the jet is opposite to the direct10n m which it 
is desired to give the satellite an increment of velocity. 
The attitude control jet is parallel to, but offset from, 
the axis of the satellite; it is pulsed once per satellite 
revolution under ground control whenever the axis of 
the satellite needs to be tilted. 

The thrusts given by the control jets are, of course, 
very small, but they can be conti_nue� for c<?nsiderab�e 
periods of time if much correction 1s _requ1_red;, It 1,� 
indeed remarkable that the small and qurte bnef puffs 
can position the satellite so accurately, but the meth?d 
has already been demonstrated in the SYNCOM senes 
of satellites; for example, SYNCOM II wa� pos1t10ned 
so accurately that its angular velocity in orbit was equ�l 
to that of the earth to within 0·014° per day and the spm 
axis was within l 0 of the design value. When perturbing 
forces cause unacceptable wander, tilting or precession, 
correction can be effected under ground command. 

Power supply for the HS-303 communication equip­
ment command-signal receiver, telemetry transmitter, 
and �peration of the jet valves, is obt<:tined from n-on-p 
silicon solar cells protected by 0·012 m. cover plates of 
fused silicon quartz. A secondary battery of mckel­
cadmium type is also provided, but this is large enou11h 
only to ensure that the comma.nd and. telemeb'y fac1hty 
is maintained when the satellite 1s in eclipse; it 1s not large 
enough to sustain the communication equipment. 
Fortunately, the satellite will eclipse for onl.Y up to 
70 minutes at around local midnight on certam mghts 
on either side of the autumnal and vernal equinoxes and 
at times when loss of circuits can be tolerated. 

The telecommunications equipment carried by the 
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satellite incorporates two sensibly independent frequency 
translators, each having a bandwidth of 25 Mc/s and 
feeding a common-output travelling-wave valve; there is 
a spare travelling-wave valve that may be brought into 
service under ground co1nmand should the first fail. 
Frequencies in the 6 Gc/s band are used for transmission 
from earth stations to the satellite and in the 4 Gc/s hand 
for the satellite-to-ground direction of transmission. The 
satellite aerials are so constructed, and the attitude of the 
satellite so arranged, that there \vill be aerial gain in the 
direction of earth stations in the north-east of North 
An1erica and in the west of Europe. 

SYSTEM DESIGN 

As is well known, the higher the orbital altitude of an 
earth satellite of given mass the greater is the thrust 
required of the launching vehicle. It follows that the size, 
weight and power of the telecom1nunications equipn1ent 
must be kept down to the mini1num consistent with 
being able to obtain the desired circuit capacity. This 
means that the radio-frequency power level at the input 
to the satellite must be as high as possible and the output 
radio-frequency power as lo\v as possible. The corollary 
is that, at the earth stations, the output power and 
transmitting-aerial gain must be high, the receiving aedal 
have the largest possible signal-collecting area at the 
maxi1num attainable efficiency, that the 1ninimum 
possible noise be added to the received signal, and that 
nse be made of demodulators capable of generating a 
baseband signal-to-noise ratio far in excess of the 
received carrier-to-noise ratio. Experience gained as a 
result of preparations for1 and working with, the 
TELSTAR and RELAY experimental satellites is serving 
in good stead, and only relatively modest refinements 
and equipment changes are necessary to make the United 
Kingdom earth station at Goonhilly suitable for working 
to the new satellite. 

Design philosophy has been based on providing for 
a maxin1um of 240 telephony circuits. However, for the 
reasons mentioned above, margins are unavoidably 
small: at best, the margin between an acceptable and an 
unacceptable signal as received at the various earth 
stations will be only about 4 db, and small changes 
between the design and achieved performance of both 
satellite and earth stations could affect considerably the 
actual number of circuits obtained. It is considered at 
this time that the most likely capacity will be 180 
circuits. 

MODIFICATIONS AT GOONHILLY 

It will be recalled that the existing aerial at Goonhilly, 
together with the associated radio equipment, was 
designed and built in the period 1961 to mid-1962 to 
meet the characteristics of the experimental TELST AR 
and RELAY satellites. These satellites arc in relatively 
low elliptical orbits. In contrast, the HS-303 satellite 
will be in an extremely high circular orbit, will transmit 
only the same order of carrier power, will be available 
on a full-time as distinct from part-time basis, will have 
a low as distinct from high angular velocity relative to 
the ground, and will, it is expected, carry commercial 
traffic. In addition, it will use radio carrier frequencies 
differing from those appropriate when working to the 
TELSTAR and RELAY satellites. It follows that 
changes have to be made to the station to make it suitable 
for working to the HS-303 satellite. Operations with the 
TELSTAR and RELAY satellites were suspended at the 
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end of August 1964, and it is the aim to have the station 
ready to work to HS-303 before the end of February 
1965-a task no less formidable and strenuous than the 
original building of the station. 

The modifications to and re-equipping of the station 
are being engineered by the Engineering Department's 
Space Communications System Branch and the Micro­
wave, Space Systems and Maser Division of the Research 
Branch. United Kingdom industry will once again play 
an important role: modifications to the aerial structure 
itself have been planned in co-operation with the 
Consulting Engineers, Husband & Co. 

The original steerable aerial at Goonhilly is being 
modified in order, in the first place, to achieve gain 
improvements of l or 2 db (the gain already approaches 
60 db), and gather information that will be of great 
value when finalizing the design of the second large­
aperture aerial. So1ne changes are also necessary to 
ensure the required performance when the aerial is 
moving only very slowly following a satellite in synchro­
nous orbit. 

The aerial is being equipped with a new reflecting 
surface which will be of greater focal length than used 
previously, and with a new form of feed-support structure 
designed to give reduced obscuration and scattering of 
both transmitted and received radio signals. The 
reflector proper will be of stainless steel and will be 
adjustable (if necessary, automatically) by means of 
peripheral jacks. It is hoped that the degree of departure 
of the reflector surface from the theoretical paraboloid 
will not exceed ±1/20 in., for such a surface would not 
only result in improved efficiency but also in a reduction 
of aerial-noise temperature. 

The gear ratio of the elevation drive is being reduced, 
and the aerial steering mechanism is being modified to 
accommodate input data presented at 10-minute rather 
than I-minute intervals. 

A new feed is to be provided consequent upon changes 
of radio frequency and change of the focal-length-to­
diameter ratio of the aerial, and upon the fact that radio 
transmission will involve linear rather than circularly­
polarized signals. 

To reduce power loss between the high-power trans­
mitter and the feed, and to improve the noise temperature 
of the receiving system, over-n1oded waveguide is to be 
used between the feed and the transmitter and receiver 
cabins. 

New masers-worker and stand-by-are necessary 
because the satellite-to-earth carrier frequency is not the 
same as that used for the TELST AR and RELAY 
experiments. Opportunity is being taken to make use of 
a superconducting magnet instead of a large permanent 
magnet. 

The power of the transmitting valve as used in the 
TELST AR experiments has been increased from 5 to 
10 kW; this has necessitated the use of a ceramic output 
window, and the design of this is due, as was the design 
on the unmodified valve, to the Signals Experimental 
Research Laboratory. The modified valve has already 
been tested at Goonhilly and found satisfactory, though 
the enhanced power adds to the difficulty of designing 
the output feeder and maintaining it in such a condition 
that the risk of generating arcs is minimized. 

The carrier-to-noise ratio of the signal received from 
the HS-303 satellite will be such that a normal type of 
limiter-discriminator demodulator would be unsatis­
factory; worker and stand-by frequency-modulation 



negative-feedback demodulators are therefore being 
provided, these being slightly improved versions of 
equipment that proved very successful in the course of 
experiments nlade when range and attitude conditions 
resulted in TELSTAR and RELAY producing very low 
carrier-to-noise ratios. 

EARTH STATIONS 

It is likely that the following earth stations will be used. 
In North America: 

Andover, Maine, U.S.A. 
Mill Village, Nova Scotia, Canada. 

In Europe: 
Goonhilly Downs, Cornwall, United Kingdom. 
Pleumeur-Bodou, Brittany, France. 
Rais ting, Bavaria, Germany. 
Fucino, near Rome, Italy. 

Of the above, all but Fucino have large-aperture 
aerials and low noise-te1nperature receiving equipment. 
The size of the aerial and the power of the transmitter 
at Fucino are being increased, but the characteristics of 
the modified station will be such that it will not be able 
to deal with appreciably more than 36 circuits. Andover, 
Pleumeur-Bodou and Goonhilly are, of course, stations 
of long standing; both Rais ting and Mill Village arc new: 
the former was brought into experimental use during 
the last quarter of 1964, while the latter is expected to be 
ready in the second half of 1965. 

The design of the two transponders and common 
output stage in the satellite is arranged so that if one of 
then1 is receiving carriers fro1n two earth stations in 
simultaneous operation then the total capacity of the 
system is seriously reduced. It is planned, therefore, 
that, at any one ti1ne, only one European and one North 
An1erican earth station will be in use; for example, 
Goonhilly might be carrying traffic with Pleumeur­
Bodou acting as a staffed stand-by station ready to take 
over the load should a failure occur at the working 
station, while Raisting would be undergoing any main­
tenance that might have been found necessary. Operating 
the stations in this way has the merit that, while each 
station gathers experience of working with satellites 
under operational conditions, at none of them is it 
necessary to provide the complex of spare plant (including 
aerials) that would be necessary were each station 
operated independently. 

It is likely, at least initially, that this grouping of the 
larger European earth stations will be operated only for 
8-12 hours per day, i.e. during the periods of heavy 
traffic demand. It is possible that the lower-capacity 
station at Fucino will be used at other times. Of course, 
should there be a massive interruption to the trans­
atlantic cables then the earth stations could remain in 
sensibly full-time operation. 

ASSOCIATED TERRESTRIAL NETWORK 

Each of the European earth stations either is, or is 
being, connected with its national switching centre: 
Goonhilly to London, Pleumeur-Bodou to Paris, 
Raisting to Frankfurt, and Fucino to Rome. It is further 
planned that there will be a triangular switchable network 
connecting London, Paris and Frankfurt, and a link 
between Rome and Frankfurt. By means of the network 
between switching centres it will be possible to re-route 
traffic between earth stations at times when stations have 
a change of function, e.g. pass from the "worker" to the 
"stand-by" mode, or when a fault at an earth station or 

on a link between an earth station and its associated 
national switching centre n1akes it necessary to inter­
change the worker and stand-by functions. 

The existing temporary microwave link bet\veen 
Goonhilly and Plymouth is not suitable for carrying the 
equivalent of four supergroups of telephony, and is being 
replaced by alternative equipment. The Goonhilly to 
London link and, so far as the United Kingdom is con­
cerned, the inter-switching-centre links are being provided 
over conventional coaxial-cable or microwave systems. 

The relatively long one-way trans111ission delay (so1ne 
270 ins) inherent in transmission via a satellite in synchro­
nous orbit results in a requirement for echo-suppressors 
of special characteristics, and it is likely that units having 
a performance similar to that of Bell Telephone Labora­
tory's BH type will be used. 

Signalling over the circuits provided by the satellite 
link will be as appropriate to n1anual or semi-automatic 
inter-continental trunks, depending upon the type of 
working in use between the pairs of countries concerned. 
For manually-operated trunks l ,000/20 c/s signals will 
be sent to North America and 500/20 c/s signals will be 
received. Trunks operated on a sen1i-auto1natic basis 
will use signalling equipments in accordance with the 
C.C.l.T.T.* No. 5 system. 

Maintenance control of the trunk circuits will be in the 
hands of International Maintenance Control (I.M.C.) 
centres and will conform with practices already regarded 
as standard for transatlantic operation. Maintenance 
speaker circuits will be required between I.M.C.s and 
with the various earth stations. Maintenance speaker 
circuits will also be required between co-operating pairs 
of earth stations on each side of the Atlantic; these 
circuits will be connected with a Control Center that the 
Communications Satellite Corporation is to set up in 
Washington. The latter linkage is required so that earth 
stations can be advised of the condition of the satellite 
and be provided with data on which aerial steering may 
be based. 

EXPERIMENTAL PHASE 

As soon as the satellite has been positioned and 
checked for correctness of operation, there will start a 
series of experi1nents that \vill not only check the per­
formance of the various earth stations when working 
with the satellite but also permit final determination and 
optin1ization of such parameters as index of 1nodulation 
and degree of pre-emphasis. These tests are expected to 
take several weeks to complete. They will be followed 
by traffic tests to determine the performance of circuits 
and to exercise the whole complex comprising the space 
sector, terrestrial sector, and maintenance and control 
network. 

OPERATIONAL PHASE 

If, as is hoped and expected, the experimental phase 
proves successful, circuits will be placed in service and 
there will be witnessed the taking of the next major step 
towards the goal that will be reached when communi­
cation via artificial earth satellite is regarded as a normal 
method, taking its place beside other long-distance 
communication techniques that are already well 
established. 

The unknown factor is user reaction to the inherent 
transmission delay and the effects thereof. It is possible 

*C.C.l.T.T.-International Telegraph and Telephone Con­
sultative Comn1ittee. 
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that difficulties may arise if circuits have to be extended 
over long distances. But it is a primary objective of the 
HS-303 project to determine practically what role the 
synchronous-orbit satellite-as distinct from its counter­
part in medium-altitude orbit-will play in the develop­
ment of this means of communication. The results of 
experience will be very significant, for upon them wilJ 
depend to a large degree the characteristics that will 
be specified for later, and probably global, satellite 
systems. 

CONCLUSIONS 

The pace of development of communication satelJite 
techniques is truly remarkable. It is as recent as 1961 
that the first proposals for experimental satellites 
TELSTAR and RELAY were outlined, but by mid-1962 
TELST AR was in orbit (followed a little later by 
RELAY) and large-capacity earth stations at Goonhilly, 

Andover and Pleumeur-Bodou were constructed and 
working to them. 

It was late in 1963 that the proposal was made to 
produce the HS-303 system, but it is expected with 
great confidence that it will be in operation and carrying 
traffic by mid-1965. And there is equal confidence that 
it will be followed in 1967 by the initial stages of a fully 
global system. 

That this rate of progress is possible is due to the great 
enthusiasm of all concerned; not only of our American 
colleagues involved in the development of the launch 
vehicles and the satellites, but also of all those in many 
countries concerned with earth stations, administration, 
finance, and even politics. Now to all these are added, 
with confidence, those whose task it is to provide the 
associated terrestrial networks and thereby weld satellite 
systems into the general everyday whole of inter­
continental telecommunications. 

A Wall-Mounting Version of the Switching Unit for Use with 

700-Type Telephones-Plan-Set N 625, Wall 

K. M. AKESTER, (B.Sc.Eng.), A.M.I.E.E.t 
U.D.C. 621.395.65:621:395.721.1 

A switching unit is required with 700-type telephones on extension 
plans with inter-communication. For table telephones the unit 
takes the form of a plinth fitted beneath the telephone. A version 
of the unit for use with wall-mounting telephones is described in this 

article. 

INTRODUCTION 

A
PREVIOUS article1 described the Plan-Set N 625, a 
switching unit for use with 700-type telephones on 
extension plans with intercommunication. This 

plan-set is a plinth which is fitted beneath a Telephone 
No. 706 or 710. A wall-mounting version has now been 
produced for use with the Telephone No. 711,2 an 
instrument which offers the facilities of both the Tele­
phone No. 706 and the Telephone No. 710. The new 
item has been designated Plan-Set N 625, Wall, and the 
original item is now known as Plan-Set N 625, Table. 
The wall version, together with a Telephone No. 711, is 
shown in Fig. 1. Plan-sets are available in black, grey 
and ivory. 

DESCRIPTION 

The wall-mounting version of the Plan-Set N 625 
provides the same facilities as the table version and, as 
far as possible, uses the same components. In three 
features, however, it differs from the table version. 

The base consists of a framework and backplate 
connected by a double-acting hinge. This is held shut by 
a spring-loaded catch operated by a slide bar. To gain 

tSubscribers' Apparatus and Miscellnneous Services Branch, 
E.-in-C. 's Office. 

• 

1AKESTER, K. M. A Switching Unit for Use with 700-type 
Telephones-Plan-Set N 625.P.O.E.£.J.,Vol. 53, p. 242, Jan.1961. 

'HARVEY, F. J. A New Wall Telephone-Telephone No. 711. 
P.0.E.E.J., Vol. 57, p. 51, Apr. 1964. 
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access to the plan-set when it is mounted on the wall the 
slide bar may be pressed with the blade of a screwdriver 

FIG. 1.-PLAN-SET N 625, WALL, AND TELEPHONE No. 711 



and the body slid to the right until two studs disengage 
from slots in the edge of the backplate. The plan-set 
will then swing open. To close the plan-set the studs are 
engaged in the baseplate, the body slid to the left and 
pressure applied to the hinged end to lock the slide bar. 

The cord passes through the backplate and is held by a 
clamp. It is unusual to provide wall-mounted apparatus 
with a cord and terminal block, but this has been done to 
avoid the necessity of running several cables up the wall. 

The operation of the hinge and the method of fixing 
the cord are shown in Fig. 2. 

All keys are of translucent opal cellulose acetate 
butyrate (c.a.b.). When the SPK EXTN EXCH HELD and 
EXTN TO EXCH keys are depressed they are illuminated by 
a red lamp and a white lamp, respectively. 

CONCLUSIONS 

The only apparatus previously available to customers 
who required a wall-mounting switching unit for exten­
sion plans with intercommunication bas been the Bell-Set 
No. 20, which is used with a separate telephone. On most 
exchange systems the Plan-Set N 625, Wall, allows the 
provision of a single wall-mounting unit incorporating 
700-type apparatus. While the majority of customers are 
likely to require the table version, the wall-mounting set 
should prove a useful and popular addition to the range 
of modern subscribers' apparatus. 
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Book Reviews 

"Radio and Electronic Components. Vol. III-Fixed Capa­
citors." G. W. A. Dummer, M.B.E., M.l. E.E., Sen. 
Mem. 1.E.E.E., M.Brit.l.R.E. Sir Isaac Pitman and 
Sons, Ltd. xi + 270 pp. 151 ill. 45s. 

The first edition of this book came out in 1956 and its 
value to the practical engineer was quickly recognized. 

A second edition has now been published, and it may 
well be, as claimed on the wrapper, the most comprehen­
sive book on fixed capacitors yet produced. Its 13 
chapters deal respectively with, classification and specifi­
cation categories; formulae; coding and dielectric proper­
ties; measurement of capacitance; paper capacitors; mica 
capacitors; ceramic and glaze capacitors; plastic-film 
capacitors, electrolytic capacitors; air, vacuum, and gas­
filled capacitors; special and experimental types of capaci­
tors! dielectric-film evaporation and deposition techniques; 
faults; and future developments. 

Since many engineers are familiar with the first edition 
it is interesting to compare the second with it. The format 
(and the price) remain the same, but by increasing the 
number of pages, and omitting the comparison charts of 
characteristics, room has been found for a new 13-page 
chapter on dielectric-film evaporation techniques, etc. This 
covers most of the evaporated capacitor dielectrics at 
present likely to figure in thin film circuits (or as separate 
capacitors) viz. silicon monoxide, silicon dioxide, glasses, 
lanthanum oxide, reactive sputtering of tantalum oxide, sili­
con nitride, and thin film deposition by glow discharge. 
Much of the information from the comparison charts that 
have been eliminated has been incorporated in the appro­
priate individual chapters, as has also a number of smaller 

FIG. 2.-INTERIOR VIEW OF PLAN-SET N 625, WALL 

additions and modernizations which describe developments 
that have taken place since 1956. 

A substantial collection of references is given in pp. 
2 21-266 arranged in groups in the same order of subjects 

as the chapters. It would be an improvement in the next 
edition if the references within each group were arranged 
in alphabetical order of authors' names to facilitate search­
ing. 

This book can be recommended to all electronic design 
engineers. A.A.N. 

"International Series of Monographs on Electromagnetic 
Waves, Yol.5, Electromagnetic Scattering." Edited by 
Milton Kerker. Pergamon Press, Ltd. xii + 5 92 pp. 
140 ill. 140s. 

In the introduction to this volume the editor writes 
" .. . this does not purport to be a treatise on electromag­
netic scattering but rather a collection of papers .... " He 
might have added that the papers were largely of a theoreti-
cal nature. 

.. 

These limitations are enough to warn the would-be reader 
against expecting either a closely-knit survey of the subject 
or a practical guide to scattering in the communications 
or any other field. The volume does, in fact, contain a 
collection of the papers presented at the Interdisciplinary 
Conference on Electromagnetic Scattering, New York, 196 2. 
Workers in widespread fields involving the theory of elec­
tromagnetic scattering took part, and the exchange of ideas 
and approaches which are here recorded no doubt proved 
valuable. This practical impact of wave-scattering on tele­
communications is, however, directly reflected in only one 
or two of the papers included, and this volume, particularly, 
is of value to the physicist rather than to the communica-
tions engineer. J.K.S.J. 
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Portable Electric Power Equipment and Tools for External 

Engineering Work 

P. S. WHITE, B.Sc.(Eng.), A.M.r.E.E., and R. THARBYt 
U.D.C. 621.313.12:621.9.022 

Powered tools are being used increasingly to in1prove the pro­
ductivity of the Post Office external engineering \Vork force. 
The factors influencing the choice of a range of electrically­
driven tools arc discussed, and groups of tools applicable to 

tliree distinct types of external \vork are described. 

INTRODUCTION 

T
HE rigorous exploitation of powered tools and aids 
is an essential feature of any drive towards in­
creased productivity. The supply of power assis­

tance to the external engineering work force of the Post 
Office has been progressing with increasing momentum 
over many years. and until recently most of the 
mechanical aids provided were of the self-driven or com­
pressed-air-driven types. A few electric tools had been 
introduced to operate from 24-volt lighting sets,' and 
there was a small range of heavier mains-driven tools 
available. Whilst there is some functional duplication 
between compressed-air-driven and e1ectricaily-driven 
tool systems, each has its place in Post Office external 
engineering work. Air tools generally have a superior 
power-to-weight ratio and are particularly useful where 
tool weight is a limiting design factor. e.g. in a road­
breaker. On the other hand, an electric generating set 
is approximately a quarter of the weight and a third of 
the price of an air compressor of comparable power. 

With the multiplicity of electric tools becoming avail­
able from industry and having application to Post Office 
work, there was a clear necessity for establishing, at an 
early stage, a co-ordinated system of electric tools and 
generating sets exploiting to the full their advantage of 
portability. 

REQUIREMENTS FOR A PORTABLE-TOOL SYSTEM 

The external engineering work force of the Post Office 
is who1Iy itinerant. All tools, stores and equipment have 
to be transported to the places of work, and sometimes 
carried some distance away from the vehicle, e.g. to the 
top of a multi-storey building. Portability of every item 
in the system is thus of prime importance and has con­
stituted a limiting design consideration for generating 
equipment. The weight of any single item of equipment 
has. therefore, been limited to that which can be con­
veniently lifted by two men. 

With staff working sometimes at a long distance from 
a repair centre a high degree of reliability is also essen­
tial, particularly in the generating set. 

CHOICE OF SYSTEMS 

A d.c. system was not considered suitable because of 
its incompatibility with a.c. mains, and because, in certain 
tools, particularly pumps, it is advantageous to use an 
induction motor. The choice was therefore between 
single-phase and polyphase alternating-current systems. 

tMr. Tharby is in the External Plant and Protection Branch. 
E.-in-C.'s Office. Mr. White is in the London Telecom­
munications Region East Area but \Vas formerly in the External 
Plant and Protection Branch, E.-in-C.'s Office. 
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In a single-phase system, mains transformers can be 
used as a source of supply where mains power is avail­
able. Most tools utilize a.c./d.c. universal motors. but 
where induction motors are desirable some starting 
arrangement is required, e.g. capacitor start. Tools for 
operating from a single-phase system are in widespread 
use in industry and are, therefore, relatively low in cost. 

A polyphase system allows the general use of induc­
tion motors, and avoids starting problems; maintenance 
costs therefore tend to be lower. The rotor speed at 
50 c/s would, however. be too low for most applica­
tions, and it is usual to increase the supply frequency to 
200 c/s or even 400 c/s. At these frequencies the higher 
torque produced brings the power-to-weight ratios of the 
tools above those of a compressed-air system. The 
polyphase high-frequency system is, unfortunately. ex­
pensive due to the low commercial de1nand for the tools. 
which at the moment are mainly produced abroad and 
in a limited range. 

The single-phase 50 c/ s a.c. system was chosen on 
grounds of cost, compatibility with mains power 
supplies, and the wide range of tools already available. 

Choice of Generator Capacity and Voltage 
Having specified the maximum weight of the generator 

(the specification limit is 150 lb) its power output is 
limited by the best power-to-weight ratio obtainable. 
This is attained by an American set having a weight of 
145 lb and an output of 2 kV A. The set is marketed by 

a British firm. No other set employing a 4-stroke engine, 
deemed necessary from the reliability point of view. has 
a power-to-weight ratio approaching that of this set, i.e. 
14 watts/lb. 

For a given power the choice of system voltage entails 
arriving at a compromise between safety and the size of 
cable and connectors. Safety considerations require the 
lowest possible voltage, but limitations are imposed at 
low voltages by the physical size of connectors and 
cables, and the maximum load current beyond which 
these items become a definite hindrance is approxi­
mately 20 amp. With a chosen power output of 2 kW, 
100 volts would therefore be suitable, and the nearest 
standard voltage, IIO volts, has been adopted for the 
system. It has been designated "orange" in the Post 
Office standard colour code for supply voltages. 

Any residual risk inherent in a I JO-volt system has 
been diminished by connecting the case of each too] to 
the centre point of the alternator or transformer output 
through the third wire of the connecting cable. This 
circuit is not directly connected to the frame of the 
alternator or transformer, and thus there is no earth­
return path should the insulation of the tool break down. 
An earth fault in the alternator would put a maximum 
of 55 volts across the operator. 

As a precaution against connecting any item of equip­
ment to a power source other than 110 volts, a unique 
variation of a standard plug and socket was chosen for 
all connexions. The plugs and sockets are rubber-clad 



and weatherproof, and were adopted as standard for the 
"orange" range of tools and power sources before the 
publication of the revised British Standard 196,' which 
details plug and socket variants for all common supply 
voltages. 

Tool Po1ver 

�'ith few exceptions the tools are powered by the uni­
versal a.c. I d.c. type of motor. This is essentially a con­
ventional d.c. series-wound motor with a laminated field­
assembly to reduce eddy-current losses when operating 
on a1ternating current. :�rmature speeds may be of the 
order of 20,000 rev /min, and the unit is therefore capable 
of high power outputs at tool speeds obtained through 
one or more trains of reduction gears. The motor has 
a typically "series" characteristic. This is not necessarily 
a disadvantage, particularly with drills, since it provides 
a measure of auto1natic compensation in reducing the 
rotary speed when large-diameter drill bits are in use, 
and it tends to keep the peripheral cutting-speed con­
stant. The change in speed with increasing load is also 
a useful indication to the operator of the approach of 
the stalling point, which h e  can, with experience, avoid 
by making a suitable adjustment to the pressure applied 
to the tool. 

POWER SOURCES 

The various tools and aids may be operated from 
either portable generating sets or transformers. A choice 
of power source is thus available for any particular 
operation, a transformer being preferred if convenient 
access to mains supplies is available and when it is im­
portant to keep the level of noise to a minimum. 

Generating Set 

The generating set consists of a generator built 
directly on to the extended crankshaft of an engine, 
giving the set a compact appearance. This engine­
generator unit is mounted in a tubular carrying cradle 
on shockproo[ fittings, as shown in Fig. 1. The cradle 
may be clamped on a 2-wheeled dolly (as shown in Fig. 4) 
for ease of movement on site. 

The engine is a single-cylinder 250 cm3 4-stroke air­
cooled type that may be operated from either petrol or 
commercial propane. 3 When operated from petrol the 
set has a 2-gallon tank and petrol pump, and the cylinder 
compression ratio is 6·25: 1. When operated from pro­
pane this tank and pump are replaced by a gas-regulation 
unit, and the compression ratio is raised to 7: 1 to obtain 
greater advantage from the higher octane number of 
the fuel. The engine speed is governed to 3,000 rev I 
min, and at this speed a power output of 4·8 b.h.p. is 
developed. Ignition is provided by a flywheel magneto, 
and the engine is lubricated by an oil pump with cir­
culation by oilways to all crankshaft bearings. The 
engine is cooled by the airflow from an engine fan, which 
is directed over the cylinder by a cowling. The engine is 
started by hand using a recoil rope-starter. 

The generator is a conventional 2-pole revolving­
armature type with d.c. self-excitation provided by in­
tegral d.c. windings and a commutator. The a.c. output 
and its centre-point connexion are brought out from the 
armature through three slip-rings and are connected to 
two output sockets wired in parallel. A double-pole main 
switch is provided to isolate the load if required. 

The set provides a 110-volt 50 c/s single-phase a.c. 
output of 2 kV A and will supply a short-term over­
load of 10 per cent, if required. The dismounted set 

weighs 145 lb--a low figure made possible by the pro­
duction of the cylinder and crank case as an integral 
iron die-casting and by the unit construction of the set. 

Tra11sfor111ers 

The transformers to operate the tools are of the isolat­
ing type and are provided in two ratings. The first is a 
240/l lO-volt 2 kVA type, which may be used to operate 
any individual aid indefinitely; it is intended for use in 
circumstances where the exact load requirements can­
not be foreseen. Where a smaller aid is to be used a 
240/ 110-volt I kVA transformer is provided. Each of 
these transformers is rated for continuous operation. 

The transforn1ers at present in use are of drip-proof 
design and are fitted in earthed metal cases. Future trans­
formers will be of splash-proof design and will be fitted 
in robust insulating carrying cases. An earthed metal 
screen will be incorporated between primary and secon­
dary windings. 

The weights of the transformers are 80 lb and 40 lb 
for the 2 kV A and 1 kV A types, respectively. Two 
output sockets are fitted to the 2 kV A type and one 
socket to the 1 kV A type. Carrying handles are fitted 
to each transformer. 

APPLICATIONS OF ELECTRIC TOOLS 

Ideally, work should be measured and minimal-cost 
work-methods decided upon, followed by the design of 
suitable power-driven aids. Such aids would, however, 
be expensive to produce in the quantities required by 
the Post Office and would probably take several years 
to develop. With the introduction by manufacturers of 
ranges of standard power tools at lo\\' cost, it therefore 
becomes advantageous, wherever possible, to plan work 
methods around the tools and aids that are readily and 
cheaply available. 

To illustrate the application of electric tools in 
Post Office engineering operations, three distinct aspects 
of external work have been chosen--joint-box building, 
tree-cutting, and pumping, and the group of tools applic­
able to each will be described. A description will also 
be given of some other tools that may be used to assist 
with a wide range of external work. 

In Telephone Areas outside London, 1oint-box build­
ing and tree cutting are performed by Post Office staff, 
and are types of work well-suited to the application of 
oowered tools. In both instances a large part of the 
labouring work involved can be power assisted. 

Pumps are widely required in external work, and range 
from small units to deal with seepage into joint-boxes 
and manholes to high-capacity units for dealing with 
ftoodwater. Jn the 110-volt !orange) range, two pumps 
are provided, designed to utilize to the full the maxi­
mum power outputs of the sources available. 

JOINT-BOX BUILDING TOOLS 

Four aids may be grouped together with a power 
source to form a composite joint-box building kit. These 
are: 

(i) an electric roadbreaker for breaking open road sur­
faces, and for excavating and trenching in difficult soils, 
and which, with a punning attachment, may be used for 
sma11 reinstatements, 

(ii) an electric hammer for boring in all types of 
masonry. breaking out brick and concrete walls and for 
digging, 
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(iii) an electric concrete-mixer for mixing concrete on 
site, and 

(iv) an electric concrete-vibrator to stimulate the flow 
of wet concrete into the narrow cavities that occur under 
replacement frames and covers. 

The composite kit is illustrated in Fig. 1. Although 
the kit is shown as a complete set, individual tools, par-

The range of accessories provided with the tool i11 
eludes points, chisels, a macadam-cutter for opening 
road surfaces, a digging spade, and a rectangular "walk­
ing rammer" for consolidating backfill. 

The operation of the roadbreaker, which weighs 77 lb 
and is rated at 1 ·5 kW, is controlled by a non-locking 
switch located in one handle. 

Electric Hammer 

The electric hammer has an electro­
mechanical percussion unit generally 
similar to that of the roadbreaker, but 
of smaller size. The percussion may be 
augmented by a positive rotary drive 
to the toolholder through a slipping 
clutch. The design of each accessory 
shank is varied so that the rotary drive 
is engaged for spoil clearance whenever 
boring tools are inserted, and dis­
engaged when breaking or digging tools 
are fitted. 

The range of accessories provided 
with the hammer includes tungsten­
carbide tipped boring drills, points and 
chisels, a digging spade and an earth­
electrode driver. 

A-Concrete mixer. B-Generating set. C-Hammer. D-Roadbreaker. E-Vibra1or. 

The striking rate of the hammer is 
2,000 blows/min and the average work 
of each blow is 7·5 ft lb. The rotary 
drive operates at 250 rev I min. The 
hammer will bore holes of up to 3 in. FIG. I-JOINT-BOX BUILDING TOOLS 

ticularly the roadbreaker and hammer, may be usefully 
applied to various tasks, other than joint-box building, 
for which the remainder of the kit is not required. 

Electric Roadbreaker 

The electric roadbreaker consists of a power unit fitted 
in a robust light-alloy die-cast casing. An alloy-steel 
tool-holder is fitted to the casing, and into this may be 
inserted various boring, breaking, digging or punning 
accessories. A handle is provided on each side of the 
upper casing to support the tool. 

The roa
•
dbreaker is powered by a universal motor that 

drives a crank disk through a bevel pinion fitted directly 
on the extended armature-shaft; the crank disk has a 
crank pin to which a connecting rod and piston are fitted. 
The rotation of the crank disk causes the piston to re­
ciprocate inside a cylinder. The cylinder is closed at one 
end, and the movement of the piston sets up cycles of 
low and high pressure in the air trapped in the cylinder. 
The cylinder is allowed some limited movement under 
the influence of these pressure cycles, and at each com­
pression it is driven into contact with a striker, thus im­
parting a blow to the tool bit inserted in the toolholder. 
The striking rate is 900 blows/min and the average work 
of each blow is 50 ft lb. 

The air trapped in the cylinder isolates the percussive 
mecha.nism from the electrical components; this imparts 
a long life to the electric motor, which is further pro­
tected by "potting" the armature in resin. 

The roadbreaker is lubricated by the automatic cir­
culation of oil from a sump in the foot of the tool to all 
important parts of the mechanism through a system 
of oilways. 

· 
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in diameter, and the boring rate for 
li in. diameter holes in concrete is 12 in/ min. 

The weight of the hammer is 21 lb and its rating is 
750 watts. 

Electric Concrete-Mixer 

The electric concrete-mixer is of a compact robust 
design, with a mixing capacity of 3 ft3 dry mix or 2 ft3 
wet mix. The steel mixing-drum is carried on roller 
bearings and is rotated by a chain drive from a t h.p 
totally-enclosed capacitor-start induction motor. The 
drum and the power unit are mounted on a tubular steel 
frame with solid-rubber tyres and barrow-type handles. 
The mixer may be used as a wheelbarrow to deliver the 
mix to its final placing when the mixing has been com­
pleted. 

The compact size of the mixer enables it to be trans­
ported inside the vehicle used by the joint-box building 
party. The weight of the mixer is 150 lb. 

Electric Concrete-Vi brat or 

The electric concrete-vibrator comprises a universal 
electric motor mounted in a carrying cradle and driving 
a flexible shaft to which a rigid vibrating-head is fitted. 
The head consists essentially of an eccentrically-mounted 
rotating mass housed in a steel tube. The unit is lubri­
cated and sealed to render routine maintenance unneces­
sary. The diameter of the vibrator head is It in. The 
weight of the complete tool is 28 lb and its rating is 
900 watts. 

TREE-CUTTING TOOLS 

The introduction of vehicJes with hydraulic elevating 
platforms has led to the concentration of tree cutting on 
a small number of parties equipped with such vehicJes.4 



The vehicles have accommodation to mount a 110-volt 
generating set at the back, and are provided with elec­
tric cables to the platform. Electric aids can therefore 
be operated from the platform, and the rate at which 
trees can be cut may be increased by equipping the 
vehicle with one or more tools from the following range 
of tree-cutting aids. 

(i) A 12 in. electric chain-saw used for lopping main 
limbs of trees and for sectioning felled branches into 
more convenient lengths for disposal. The saw may 
also be used to cut poles, and its convenient size makes 
it particularly suitable for felling poles by section in situ. 

(ii) A 5 in. electric chain-saw for lopping and section­
ing small limbs and branches where the greater capacity 
of the 12 in. saw is unnecessary and its extra weight 
would be a disadvantage. 

(iii) An electric tree-pruner for cutting smaller 
branches and twigs. 

(iv) An electric hedge-cutter for the mass clearance of 
bush growth into telephone wires where individual twigs 
are too numerous for separate cutting. 

The use of these aids assists tree-cutting parties to 
meet the wishes of tree owners and thus more easily 
secure permission to cut the trees. The aids are illus­
trated in a typical location in Fig. 2. 

A-Fivc·inch saw. B-Twclve·inch saw. C-Hedgc'"(;uttcr. D-Pruncr 

FIG. 2-TREE·CUTTING TOOLS 

Twelve-Inch Electric Chain-Saw 

The 12 in. electric chain-saw has an endless chipper 
chain that runs around a grooved steel guide-bar 12 in. 
long. The chain is driven through a sprocket by a uni­
versal motor controlled by a non-locking double-pole 
switch in. the main handle of the tool. The guide-bar 
groove and chain are lubricated by a hand-operated oil 

pump with a plunger conveniently placed for operauon 
by the left hand during use. A safety guard is fitted to 
the saw above the upper edge of the guide bar. 

The full-load rating of the saw is 1 kW and its weight 
is 19 lb. 

Five-Inch Electric Chain-Saw 

The 5 in. electric chain-saw is generally similar to the 
12 in. type, except that the guide-bar length is 5 in. and 
no chain-oiling device is fitted. The saw is designed 
for single-handed operation, and has a double-pole non­
locking switch inside the handle. 

The full-load rating of the saw is 500 watts and its 
weight is 9 lb. 

Electric Tree-Pruner 

The electric pruner is powered by a universal motor 
fitted at the lower end of a lightweight tubular stem 6 ft 
in length. The motor drives a shaft contained within 
this stem and mounted on bearings at regular intervals 
along its length. The shaft is terminated at the upper 
end of the stem with a pinion which engages with and 
rotates a 3 in. diameter saw-toothed cutting ring. The 
ring is supported on arc-shaped guides in contact with 
the smooth inner surface of the ring. A section of the 
toothed external surface of the ring is exposed between 
two elongated tines, which are placed over the branch 
to be cut. The pruner is forced against the branch, the 
exposed edge of the cutting ring engages the wood, and 
the branch is severed. 

The maximum cutting capacity of the pruner is 1-;i in. 
diameter wood. A double-pole non-locking switch is 
fitted in the handle below the motor. The weight of 
the pruner is 7 lb and its full-load rating is 500 watts. 

Electric Hedge-Cutter 

The electric hedge-cutter consists of a universal motor 
which drives a single-edged reciprocating cutter-bar 
through an oil-filled worm-and-gear unit. The cutter 
bar is 16t in. long and reciprocates at a rate of 350 
cycles/minute. Two handles are fitted at convenient 
points of balance, and a double-pole switch is located in 
one handle. A webbing harness may be attached to the 
tool so that the weight of the hedge-cutter can be sup­
ported on the operator's shoulders when the tool is used 
for long periods. 

The hedge-cutter has a full-load rating of 350 watts 
and weighs 12 lb. 

ELECTRIC PUMPS 

Two sizes of pump are available, primarily for opera­
tion from the transformers. One pump is a small unit 
with a capacity matched to the 1 kVA transformer, and 
the other is a larger unit similarly matched to the 2 kV A 

transformer. The pumps and their respective trans­
formers are illustrated in Fig. 3. 

The pumps are of the submersible type, thus elimin­
ating the priming problems commonly associated with 
suction pumps. The absence of suction-lift considera­
tions and the high delivery head provided by these 
pumps render them particularly useful in locations where 
very deep manholes are met. The pumps are quiet in 
operation, and thus with power supplied from a trans­
former it is possible to drain manholes rapidly in loca­
tions where noise must be kept to a minimum. 
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The pump will deliver 6,000 gallons/ 
hour at a head of 30 ft and 7,500 
gallons/hour at 10 ft; the maximum 
delivery head is 57 ft. The pump unit 
weighs 90 lb and the control unit 45 lb. 
The maximum rating o[ the pump is 
2 kW. 

Small Electric Pump 

The small electric pump is similar in 
many respects to the large pump except 
that it is of reduced size and capacity 
and of more simple construction. 

The pumping unit has a capacitor­
start-and-run motor with the motor 
:stalor sealed and cooled as described 
for the large pump. The rotor has 
water-lubricated bearings and the rotor 
chamber is filled with distilled water. 
Access to the chamber is obtained 
through a level plug in the top of the 
pump, and occasional inspection of the 
quantity and condition of this water A-Large pump. B-Small pump. C-2 kVA transformer. D-1 kVA 1ransformcr 

FIG. 3-PUMPS AND TRANSFORMERS 

gives a reHable check of the condition 
of the mechanical seal behind the impeller. The outlet 
bore of the pump is 11 in. 

Large Electric Pump 

The large electric pump consists of a pumping unit, 
which is lowered to the floor of the manhole being 
drained, and a control unit, which is placed above 
ground-level near to the manhole entrance. The flexible 
lead from the pumping unit is connected to the control 
unit, and the lead from the control unit is in turn con­
nected to a transformer or generating set. 

The pump is powered by a capacitor-start-and-run 
induction motor; the motor is incorporated in the pump­
ing unit and the capacitor in the control unit. The 
motor stator is hermetically sealed between two concen­
tric brass tubes, and the squirrel-cage rotor is mounted 
on two grease-packed bearings. An impeller is mounted 
directly on an extension of the rotor shaft in the base of 
the pump. Between the lower bearing and the impeller 
the shaft runs through two mechanical face seals, and 
between these seals an oil-filled chamber is located. The 
oil in this chamber may be drained periodically, and an 
inspection of its quantity and condition gives a reliable 
indication of the condition of the mechanical seals. 

A mesh strainer is located in the base of the aluminium 
pump-body. Water enters the pump through the 
strainer, and is driven by the impeller over a diffusion 
plate and through an annular channel formed between 
the casing of the pump and the outer surface of the 
stator case. The flowing water cools the motor, leaving 
the pumping unit at an outlet spigot fitted on the top 
of the unit. The delivery is led away by a 2 in. bore col­
lapsible canvas hose. A handle is provided at the top 
of the pumping unit for carrying or lowering the pump. 

The control unit contains, in addition to the capacitor, 
a number of protective devices to safeguard the pump in 
the event of misuse. A cut-out in the control unit dis­
connects the power from the pump if a self-restoring 
thermal switch in the motor stator becomes excessively 
hot. This may occur if the pump is run completely 
dry for a long period. A circuit-breaker in the control 
unit disconnects the power in the event of an excessive 
current surge, as may occur if the impeller becomes 
jammed. The control unit has a weatherproof sheet­
steel case with a carrying handle and special multi-way 
output socket for connexion to the pump. 
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The control unit consists of the capacitor, a combined 
main switch and circuit-breaker, and a special multi­
way outlet socket in a metal carrying case. 

The pump will deliver 1,700 gallons/hour at 30 ft and 
3,300 gallons/hour at 10 ft; the maximum delivery is 
38 ft. The weight of the pumping unit is 33 lb and of 
the control unit 20 lb. The maximum rating of the 
pump is 1 kW. 

MISCELLANEOUS AIDS 

In addition to the groups of tools already described, 
a number of other electrical aids to external work are 
available. Three such aids are: 

(I) an electric floodlight to facilitate operations during 
darkness and to illuminate road works in the interests 
of road safety, 

(ii) an electric drill-hammer for general wall-plugging 
and drilling, especially where hard masonry such as 
granite or concrete is met, and 

(iii) an electric impact-wrench to remove ironwork 
from recovered pole and arms. 

Electric Floodlight 
The floodlight (Fig. 4) has three sealed-beam lamps 

each fitted in a shock-proof lamp head and mounted 
on a collapsible tripod. The tripod has a central tele­
scopic mast 5 ft high when retracted and 10 ft high when 
extended. A tubular cross-arm carrying a lamp head 
at each end is fitted to the lower section of the mast. The 
third lamp head is mounted at the top of the extended 
mast. All the lamp heads may he adjusted to point in 
any direction. The mast-bead lamp provides overall 
site illumination and the cross-arm lamps may be used 
to illuminate particular parts of the operations in pro­
gress. 

The lamps are of a pressed-glass heat-resistant type, 
internally silvered to avoid the use of a separate reflector. 
Their strengthened-glass envelopes will withstand rough 
use, and "flood" and "spot" versions of the lamp are 
available to suit the soread of illumination required. 
Each lamp is rated at 150 watts and, hence, the complete 
floodlight consumes 450 watts. Up to four of these 



FIG. 4-FLOODl.IGHT ANO MOUNTED GENERATOR 

floodlights can be operated simultaneously from a 
generating set if necessary. 

Electric Drill-Hammer 

The electric drill-hammer (Fig. 5) is a slow-speed elec­
tric drill on to the drive of which a rapid percussive 
force is superimposed. The drill-hammer has a universal 
motor that drives a chuck through reduction gears and 
percussion cams. The cams may be adjusted by an 
external sleeve to lock the percussion mechanism out 
of action when not required. 

Tungsten-carbide tipped drilling bits are used with 
the tool when masonry is being bored; the drilling-bit 
tips are ground to have a negative rake to withstand the 
percussive force. The bits are driven at 750 rev/ min 
and are hammered at a rate of 9,000 blows/min. The 
drill will bore holes of up to t in. in diameter in con­
crete or up lo i in. in diameter in steel. The percus­
sive mechanism is engaged to bore masonry and dis­
engaged when boring metal or wood. 

The tool has a full-load rating of 300 watts and a 
weight of 7 lb. 

Electric Impact-Wrench 

The electric impact-wrench (Fig. 6) has a universal 

FIG. S-DRILL-HAMMER 

FIG. 6-IMPACT-\VRENCH 

motor which drives a � in. square shaft through reduc­
tion gears and a clutch-operated impact mechanism. The 

231 



direction of the drive may he reversed by a switching 
sleeve on the tool. 

A variety of impact sockets may be used with the 
tool for different nut sizes and forms. When used to 
tighten nuts, the wrench spins the nut along a bolt, and, 
when rotation ceases, it imparts a succession of blows 
to the socket until the nut is tight. Alternatively, if the 
nut is already tight, as with corroded ironwork on re­
covered arms, the direction of rotation is reversed, the 
wrench loosens the nut with a succession of blows, and 
then spins the nut from the bolt or spindle. 

The full-load rating of the wrench is 435 watts and 
the weight is 7 lb. 

CONCLUSIONS 

The principal advantages of the I JO-volt system of 
tools and aids are as follows. 

(a) Electricity is the most economical and versatile 
form of power supplied by portable equipment, particu­
larly for items in the small-tool range suitable for appli­
cation to Post Office external engineering work. Supplied 
at 110 volts, it is adequately safe and will operate tools 
up to a capacity of 2 kW. 

(b) The portability of each item, including the 
generating equipment, together with their comparatively 
low cost make it advantageous in many instances to 
issue the equipment to gangs and working parties on a 
permanent basis. In most Telephone Areas this policy 
will tend to be more economical than maintaining an on­
demand mechanical-aids service from one or more cen­
tral points. Specially-trained operators are not required. 

(c) The wide range of tools available is supplemented 
by lighting and heating equipment, and the generating 
sets are also available for supplying power to specialized 

Book Reviews 

"International Series of Monographs on Electromagnetic 
Waves, Electromagnetic Theory and Antennas, Parts 
1 and 2." E. C. Jordan. Pergamon Press, Ltd. xxix + 
1,330 pp. 70 full-length papers and 55 summaries. 
£10 I Os. (per set). 

This book in its two parts contains 70 full-length papers 
and 55 summaries of papers presented at a Symposium 
held in Copenhagen in 1962. Although these papers are 
divided into six sections a very wide variety of subjects is 
treated within each section and most readers will have only 
a selective interest in any one section. 

While most of the papers are of a scientific or mathe4 
matical nature there are some of particular interest to 
radio engineers specializing in propagation, waveguides and 
antenna theory. The increased interest in diffraction around 
a rough earth as a mode of propagation of radio waves is 
reflected in a number of papers, notably one by Furutsu. 
In the section on scattering some altcmpts arc 1nadc to 
show in what way scattering may be effective over a 

wide range of wavelengths from the radio to the optical 
parts of the spectrum. A number of interesting papers 
appear in the last two sections covering subjects such as 
log-periodic anlennas, submerged antennas, low-noise feed 
systems for large parabolic antennas, and multiplicative 
receiving arrays. 

The title given to this collection of papers may suggest 
that a comprehensive and integrated treatn1ent of electro­
magnetic theory and antennas is given. As the reader 
will by now be aware, this is far from the case and the 
usual disappointments of a symposium record are evident. 
Nevertheless, the symposium did attract a considerable 
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jointing and cabling aids and for electrically-operated 
test gear. 

(c[) The standard power supply recommended for 
building sites is l lO-volt 50 c/s a.c. All tools in the 
l lO-volt range, and, in particular, drills and diill­
hammers, which can be of considerable advantage in the 
block-wiring of large multi-storey buildings, can utilize 
this supply. 

(e) Stand-by power can be provided at mains voltage 
by using the transformers to step up the generating-set 
output. 

Electric tools, therefore, have an important part to 
play in the mechanization of external work alongside 
the larger-capacity mechanical aids. 
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number of first-class papers some of which, as has been 
indicated, should be of interest in the engineering of radio-
communication systems. J .K.S.J. 

".l\!fatrix Algebra for Electrical Engineers." R. Bruce, 
M.Sc.(Eng.), Hons.B.Sc., M.S.A.I.E.E., M.I.E.E. Sir 
Issac Pitman and Sons, Ltd. xi + 162 pp. 21 ill. 30s. 

There are many books, or sections of books, with titles 
much the same as this, but this book has something new 
compared with most earlier works. It emphasizes the geo­
metrical and spatial approach to nlat.rix manipulation, and 
the reader will be introduced to vector spaces, linear vector 
manifolds, the nullspace of a matrix, linear mapping, and 
so on, as well as the conventional algebraic properties of 
matrices. 

Moreover, matrix analysis is presented in such a way 
as to lead up to tensor analysis, and hence the concepts 
transformation, invariance, and group are stressed. The 
last chapter of the book is to be regarded as "an appendix 
. .. which points to . .. tensor analysis, group theory, and 
topology." 

There are four most interesting chapters on applications 
of matrices dealing with geometry and mechanics, with 
linear programming, with linear network analysis, and with 
diakoptics, which is Gabriel Kron 's tearing method for 
inversion of large matrices. 

There are problems attached to most chapters, a biblio­
graphy on matrix algebra, tensor analysis, group theory, 
topology, and applications of matrices and tensors, and an 
index. 

This book is to be recommended, not only to those with 
no knowledge of matrices, but also to those familiar only 
with the more conventional approach. W.E.T. 



A Remote-Control System for County Fire Brigades 

R. J. BLUETT, A.M.!.E.R.E., S. W. CALKIN, and F. W. WOODj" 
U.D.C. 621.395.9: 6t4.842: 621.395.635.4 

County fire brigades can, by centralizing control of staff and 
the receipt of fire calls, effect considerable savings in manpower. 
Various remote-control systems for fire-service use exist, but 
none of these is suitable for large centralization schemes. A 
system using voice-frequency signalling techniques has there· 
fore been designed to a facility schedule prepared by the Home 
Office on behalf of the county fire authorities. The system 
permits all types of fire calls to be received at the brigade 
headquarters, and provides facilities for the headquarters staff 

to alert personnel at any of the remote stations. 

INTRODUCTION 

T
HE large county. fire brigad�s in this country se�ve 
wide a:reas, and m the past it has been the practice 
for the watch rooms in each fire station to be staffed 

continuously for the purpose of recei¥ing fire calls and, 
in tum, alerting the appropriate fire parties to man the 
appliances. There have been exceptions to this arrange­
ment, whereby a fire station is normally unmanned and 
part-time firemen are alerted when required by means 
of sirens or by call bells situated in the firemen's houses. 
The sirens or call bells are opera:ted over a remate­
control system from a fully-manned station. A station 
controlled in this manner is known as a retained station. 

In order to utilize the available manpower more effi­
ciently many county fire brigades now wish to receive 
all fire calls at one central point within their county and 
frnm there alert, i.e. call out, the appropriate fire station, 
which may be a fully-manned one or a retained station. 
It was to meet this demand that the system described 
was designed. 

REQUIREMENTS OF A CENTRALIZED-CONTROL SYSTEM 

A system designed to control a large brigade from one 
central point must by nature of its use be very reliable 
and have built-in safeguards so that the operating staff i n  
the control room are made ins!lmtly aware of any break­
down of communications. Subject to the limitations of 
the line plant, communication between the control and 
remote stations should be possible over alternative routes 
so that no single cable fault can isolate a station. 

To keep operating costs to a minimum the system 
should be simple to work. thus avoiding the need for 
specially-trained staff. Speed of operation is also essen­
tial, and fire brigades take great pride in the speed at 
which a crew can be mobilized; in practice the time taken 
may be reckoned in seconds. 

Mention has only been made so far of the need for 
alerting remote stations from the control. There is, ho\v� 
ever a need for signalling from the remote stations to 
the �antral so that alarms received at remote stations, 
e.g. emergency calls from telephone exchanges, fire 

telephones. etc., can be passed on to the control station. 

Existing Systems 

The types of remote-control system that could be 
offered were as follows: 

(1) System K. which is intended for use over point-to­
point private circuits and is essentially a d.c. system 

tSubscrihers' Apparatus and Miscellaneous Services Branch, 
E.-in-C.'s Office. 

limited to a distance of about 20 miles. It is dependent 
upon power derived from the public a.c. mains supI?lY 
for its operation, service being lost in the event of a ma1ns 
failure. 

(ii) System Dx, which is designed to work over the 
public telephone network. A telephone connex10n 1s 
first set up between the two stations concerned, and .the 
remote-control signal is then sent by means of a vo1ce­
frequency tone. This system is also mains operat�, 
and service is lost or restricted in the event of a mains 
failure. 

Facilities Required 

Neither of the above systems was considered by the 
Home Office to be satisfactory for large centralization 
schemes, and, accordingly, a specification was drawn up 
for a remote-control system to meet the needs of county 
fire brigades wishing to centralize the control of fire 
stations. The facilities specified are as follows: 

(a) Three discrete control signals should be provided 
between the control and each remote station; these 
signals would be used as required by local cond!tions. 
Typical uses would be: a,lertmg .different fire parties. by 
siren or call bells, operatmg stat10n emergency hghtmg, 
and closing station doors after a fire crew has left and 
the station remains unattended. For convenience the 
three signals are referred to as "call-out" signals. 

(b) An answer-back signal should be given at the 
control station in confirmation that a call-out signal has 
been received at the remote statrion. 

(c) The type of signalling used should allow the sys­
tem to work over any type of speech circuit. 

(d) The lines and, as far as possible, the equipment 
should be continuously monitored and a fault condition 
made immediately apparent to the cootrol. 

(e) Bothway telephone signalling and speech should 
be possible. 

(f) Fire-alarm calls hitherto received in the remote 
fire stations should be passed over the remote-control 
system to the control station. 

(g) The system should be able to function for a period 
of at least 48 hours in the event of a mains fai·lure. 

(h) Jn the event of a line failure it should be possible 
to transmit the call-out signals over a reserve circuit. 

SYSTEM CHOSEN 

As the traffic density between fire stations and their 
control is very light an omnibus system was chosen, up 
to a maximum of five stations being connected on a 
common circuit to the control station. Voice-frequency 
(v.f.) signalling is used. and equipment of the type re­
quired was readily available in the form of the D.C. 
Multiplex Indicating Equipment. manufactured by 
G.E.C. (Electronics), Ltd. This equipment consists of a 
series of 12 v.f. oscillators and receivers. A block 
schematic diagram of the remote-control system is shown 
in Firr. I. T'vo separate circuits are used to link a group 
of fiVe stations to the control station. One of these cir­
cuits is used for speech and the other for v.f. signalling. 
As far as possible these circuits are alternatively routed 
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FIG. I-BLOCK SCHEMATIC DIAGRAM OF REMOTE-CONTROL SYSTEM: 

so that the possibility of a station being isolated is re­
duced. Under certain fault conditions the v.f. signals 
may be transmitted over the speech circuit-this facility 
is described later. 

Two separate pilot frequencies are allocated to each 
of five remote stations: one is applied to line at the con­
trol station and the other at the remote station. The 
ren1aining two frequencies are used for com·mon sjg­
nalling from the control to ren1ote stations. The pilot 
frequencies are applied to line confinuously while the 
system is idle, thereby affording bothway line monitoring 
to each station on the signalling circuit. 

The v.f. paths at the control and remote stations are 
shown in Fig. 2; the frequencies used are listed in the 

TI 

"' 
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R9 RIO All Rl2 

T
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I I 1----
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I I i i 
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Tl-12: v.f. oscillators. R l-12: v.f. receivers. 
FIG. 2-VOICE-FREQUENCY SIGNAL PATHS THROUGH SYSTEM 

table. The purpose of the low-pass filter is to attenuate 
harmonics of the pilot frequencies that might fall within 
the pass band of the receivers at the control station. 
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Frequencies Used in Ren1ote·Control Syste111 

Signal Channel Frequency (c/s) 

I 540 
2 780 
3 1,020 
4 1,260 
5 1,500 
6 1,740 
7 1,980 
8 I 2,220 
9 ' 2,460 

JO i 2,700 
II 2,940 
12 I 3,180 

I 

The high· pass filter �solates signals at the fundamental 
frequencies of the control-station osci,Jlators from the 
control-station receivers where inter-modulation pro­
ducts could be produced that would interfere with the 
performance of the receivers. 

The receivers are designed to operate at an input­
signal level of between - 28 dbm and -48 dbm. The 
signal power transmitted to line is limited to a total of 
64 p.W, i.e. a level of -20 dbm per tone. The system is 
intended to work over circuits with a nominal loss of 
20 db between the control and each remote station, the 
attenuators at the control and remote staitions being 
adjusted to compensate for differing line losses. 

All the equipment is mounted on standard 19 in. wide 
racks, one rack being required at the control station 
and one rack at each remote station. Fig. 3 illustrates 
the control-station rack; the remote·sta�ion rack is 
generally similar. 

Control Panel 

A control panel having the layout shown in Fig. 4 is 
provided on each control rack. This panel can be used 
both for operating the system and for maintenance pur­
poses. At control statiions havjng several remote-control 
systems, however, a second type of control panel is pro­
vided. The layout of this type of panel is shown in Fig. 
5, and the panel is mounted in a console. Several such 
panels can be coupled together under the control of one 



FIG. J-CONTROL RACK 

operator. Jn the description that follows it is assumed 
that the control panel on the control rack is being used. 

Two keys are provided for each of the remotely-con­
trolled stations: one key is used to select a station for 
the purpose of signalling or speech, and the other is used 
to silence a fault-alarm signal from the station. Three 
master CALL OUT keys are provided in order that the 
appropriate call-out signal can be sont to the selected 
station, and a common RING CONNECT key is used for 
signalling on telephone calls. The SYSTEM CHANGE-
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OVER key is used to interchange the functions of the main 
and speech circuits, i.e. should the signalling circuit fail, 
signalling can be carried out over the speech circuit. 

Two lamps are provided for e:.tch remotely-controlled 
station. One lamp is designated ALARM and the other 
ACKNOWLEDGE. An incoming call from a remote 
station is indicated by the appropriate ALARM lamp flash­
ing. A fault that affects a remote station is indicated by 
a continuous glow of the ALARM lamp. The ACKNOW­

LEDGE lamp is flashed as an indication that a call-out sig­
nal has been received at a remote station. 

The coupling circuit used with the secon<l type of 

control panel is designed to prohibit the tandem con­
nexion of two systems since the transmission levels on 
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calls between stations on different systems would be un­

satisfactory. 
Connexion can be made to the system speech circuit 

from the control station P.B.X., allowing headquarters 
staff to have telephone access to all fire stations. The 
systen1 operator in these circumstances has complete con­
trol over the conneicion and can readily take over the 
circuit for emergency use. 

OPERATION 

The operation of the systems can best be considered 
by taking each function in turn, i.e. the call-out 
operation, telephone calls in either direction, and the line 
moni,toring and change-over arrangements. 

Call Out 

The prime function of the system is to enable any of 
three distinct call-out signals to be passed to each or all 
of the remote stations. Accordingly the call-out opera­
tion has been kept simple both from the operating and 
circuit point of view. To call out a station the control 
operator first selects the required station by operating 
the station key to the CALL OUT position. The appro­
priate master CALL OUT key is then pressed until the 
ACKNOWLEDGE lamp flashes. The ACKNOWLEDGE lamp 
continues to flash for the period of the call out-nomi­
nally 60 seconds. The signalling sequence after the 
CALL OUT has been operated is as follows. 

The appropriate call-out signal frequencies are first 
appiied to the line, i.e. transmitters TI or T2, or TI and 
T2 (see Fig. 2) are energized, and their signals are re­
ceived at each remote station. The station pilot-frequency 
(i.e. from one of the transmitters T3-17) is then dis­
connected and this commences the call-out operation at 
the selected station. This principle of working minimizes 
the chance of a false call out. As soon as the call out 
commences at the remote station the return pilot signal 
from this station is pulsed. At the control station the 
pulsing of the pilot signal is detected, causing the out­
going pilot signal to be re-apolied and the call-out signal 
removed, i.e. the outgoing line conditions are restored 
to normal. This sequence of operations is completed 
within 500 ms and the system is then available to pass 
signals to any other station on the system. At the re-
1note station where the ca11-out signal has been received 
it continues for a per,iod of 60 seconds irrespective of 
any changes in the 1'ine condHions. The time-out period 
is obtained by using the operate and release times of a 
thermal relay. 

If necessary the same call-out signal may be sent simul­
taneously to several remote stations by operating the 
required station keys before operating the CALL·OUT keys. 

Calls Incoming ta the Control Station 

Calls into the control station from a remote station 
may originate from the following points: 

(a) The remote-station telephone. 
(b) The "running-call" telephone-this is a telephone 

for public use and is situated outside the fire station. 
(c) Fire telephones-these are telephones situated at 

fire-risk premises where direct access to the fire brigade 
is essential, e.g. hospitals. Any number of fire telephones 
may be connected to a remote fire station. 

(d) A public telephone exchange switchboard-used 

236 

when connexion to the fire brigade is requested, e.g. 
from a 999 call. 

Telephone calls from any of the above sources are 
signalled to the control station by pulsing the outgoing 
remote-station pilot tone. This causes the ALARM lamp 
associated with the remote station to flash at the control. 
Calls originating from the remote-station telephone pulse 
the pilot at a much slower rate than other types of call, 
thereby enabling the control operator to distinguish 
between administrative calls and emergency calls. A 
calling telephone is not connected to the speech circuit 
until the control operator accepts the call by operating 
the station SPEAK key and momentarily operating the 
RING/CONNECT key. causing a 250 ms disconnexion 
of the outgoing pilot tone from the control; 
this is detected at the remote station and causes any 
calling telephones to be connected. In the event of 
simultaneous calls being received from two or more 
stations these calls are individually signalled and the 
operator can select which one to answer or, alternatively, 
answer the calls together. 

When a call is originated over the system from a tele­
phone exchange the Post Office operator receives stan· 
dard supervisory conditions from the fire-brigade con­
trol operator via the remote sration. 

As several fire telephones can be connected to a re­
mote station there is a danger that congestion on the 
speech circuit might occur unless ,the control operator 
has some means of disconnecting from the circuit the fire 
telephones at remote stations; this is done by a second 
operaNon of the RING/CONNECT key. A lamp indication 
is given at the remote station that a fire telephone has 
been "locked out." This lock-out is dependent upon 
the fire-telephone loop; when the fire-telephone handset 
is replaced the circuit is restored to normal. 

Telephone Calls Outgoing ta Remote Stations 

The control-station operator may originate telephone 
cails to any remote station, or to aJl of them co11ectively 
for a conference type of call. The operation is similar to 
that of accepting an incoming call, the 250 ms discon­
nexion of the pilot causing the station telephone bell to 
ring and also lighting an alarm lamp. If the telephone 
is not answered at the end of 60 seconds the calling sig­
nals cease. 

Line Monitoring and Change-Over 

As mentioned earlier, the signalling circuit is con­
tinuously monitored in each direction by v.f. signals. If 
a remote station fails to receive its pilot tone then, after 
a delay of 6 seconds, an alarm condition is indicated, the 
v.f. signalling equipment at the remote station concerned 
switches automatically to the speech, or reserve, circuit, 
and !he outgoing pilot from the station is disconnected. 
lf the control station fails to receive a pilot tone from 
any remote station the alarm lamp appropriate to that 
station glows continuously at the control. The control 
operator can then, at her discretion, cont.inue to work 
normally with the stations not affected by the fault or 
change the system to "reserve" working by the operation 
of the system CHANGE-OVER key, which disconnects all 
the outgoing pilots from the control from the moin cir­
cuH and connects them to the reserve oircuit. Any re­
mote stations that have already chanoed over because 
of a fault condition now receive the nilot on the reserve 
circuit; stations which had been working normally then 



change over to the reserve circuit as a pilot-fail condition 
is detected on the main oircuit. 

When a remote station receives its pilot frequency on 
the reserve circuit the return pilot to the control is re­
stored and the v.f. remote-control signals operate over 
the reserve circuit as already described. The system can 
function completely on the reserve circuit except that 
the main circuit (a fault on which may have inhiated 
the change-over sequence) is used now as the speech 
circu1t. If speech is not possible over the faulty circuit 
verbal messages to the remote station must be passed 
over the public network. The vital call-out function is, 
however, still possible over the system. 

In order to prevent a Post Office operator attempting 
to connect an en1ergency call over the systen1 under 
change-over conditions, a busy signal is applied con­
tinuously on the circuit to the Post Office manual switch­
board during the change-over period. 

No continuous line monitoring is provided on the 
speech circuit, but verification that the speech circuit to 
any remote station is working is provided by means of an 
audible answer-back tone that is connected for a short 
period at the remote station whenever a telephone call is 
made from the control station. 

POWER SUPPLIES 

The equipment is designed to work with a 24-volt d.c. 
supply, from which 12-volt and 2·5-volt suppl•ies are 
derived for the tuned receivers and oscillators. 

The 24-volt supply is obtained from secondary cells 
maintained on float charge; they have sufficient capacity 
for the equip1nent to function for 48 hours in the event 
of a breakdown in the public mains supply. 

TESTING ARRANGEMENTS 

In order that the equipment may be as self-contained 
as possible, simple testing facilities are provided on each 
rack of equipment. These testing facilities consist of a 
meter that can be connected by a switch to either the 24-
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"Mathematical Techniques in Electronics and Engineering 
Analysis." J. W. Head, M.A. (Cantab.), F. Inst. P., 
A.M.l.E.E. Iliffe Books, Ltd. 265 pp. 64 ill. 45s. 

The avowed object of this book, much of the text of 
which is based on the series "Mathematical Tools" by 
"Computer" published in Electronic and Radio Engineer 
and Electronic Technology, is to make available to en­
gineers, and other users of mathematics, widely applicable 
techniques which \ViJI make their work easier. Although 
many of the techniques discussed were discovered and 
invented for the benefit of electrical technology, they can 
be widely applied in other fields such as mechanics and 
economics. 

The subjects discussed are mainly those which have 
arisen naturally in the course of the author's work in the 
Research Department of the B.B.C. Engineering Division. 
The book falls naturally into two parts. The first half 
consists of general mathematical techniques: the solution 
of equations, series and partial fractions, differentiation and 
integration, versors, vectors and trigonometry, and various 
labour-saving devices. The second half deals with more 
specialized applications of malbematics to problems in 
electrical and electronic engineering: operational calculu:;;, 
matrices applied to hvo-port problems or transistor circuits, 
conditions for minimum variation in a function, analytical 
geometry and impedance calculations, and stability criteria. 
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volt supply, the 12-volt supply, the 2·5-volt supply or the 
test circuit of the amplifier. Another switch position 
connects the meter as a simple a.c. co1tmeter for check­
ing the oscillator outputs. 

AUTOMATIC FIRE ALARJ\1S 

In n1any premises having a high fire risk, auto1natic 
fire alarms are installed. These are of two types: the 
first, on detecting a fire, automatically passes a signal 
over a private circuit to the nearest fully-manned fire 
station; the second, on detecting a fire, sets up a 999 
call over the public telephone network. lf a fire bl'igade 
wishes to centralize receipt of all fire calls then, for the 
first type of alarm, the provision of a private circuit 
between the risk premises and the brigade control be­
comes necessary. This circuit n1ay be very long causing 
this type of auton1atic fire alarn1 to be uneconon1icaJ; 
a trial is, therefore, to be held whereby calls from auto­
matic fire alarms may be passed over the ren1ote�control 
system (in much the same way as a call from a fire tele­
phone). One problem to be solved is the necessity for 
the control to identify the calling premises; it is likely 
that a recorded announcement will be used. 

CONCLUSION 

A remote-control system has been designed to meet the 
operational requirements of county fire brigades wishing 
to centralize the receipt of alarm calls and the control of 
the mobilization of their forces. A limited trial has 
been carried out in Worcestershire for 18 months, and 
full-scale trials of the final system in Lancashire and 
Kent for 6 months. The system has proved to be reliable 
and capable of dealing adequately with the heaviest 
traffic likely lo be encountered by fire brigades. 
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"The Propagation of Electromagnetic Waves in Multicon­
ductor Transmission Lines." P. I. Kuznetson and R. L. 
Stratonovitch, U.S.S.R. Academy of Sciences. Per� 
gamon Press, Ltd. xvi + 190 pp. 7 ill. 105s. 

This is a translation from the Russian of a series of 
12 1nathematical essays published as individual articles in 
"Applied Mathematics and Mechanics of the Institute of 
Mechanics in the U.S.S.R. Academy of Science," and 
various other Russian scientific journals, since 1947. The 
preface states that the authors have "spent years making 
a close study of the whole problem of the propagation of 
electromagnetic waves along transmission lines using all 
the resources of matrix calculations and mathematical 
analysis, and in particular making extensive use of cylindri­
cal functions." These essays, although short, are involved 
and make no concessions towards the interpretation in 
engineering terms of the theoretical results. An engineer 
interested in electromagnetic \Vave propagation on trans­
mission lines will probably already have simpler methods of 
attack at his command which may be less rigorous because 
of the assumptions involved, but which will produce answers 
of acceptable trustworthiness for practical purposes with 
much less difficulty. 

There are a number of references at the end of each essay, 
some of them being in English. rfhe translation into 
English is good, and familiar mathematical conventions 
have been adopted by the Editor. It is a book for a 
mathematical reference library rather than an engineer's 
personal bookshelf. C.F.F. 
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The Post Office Network of Radio-Relay Stations 
Part 2-Reliability, Performance and Maintenance 

D. G. JONES, B.Sc., A.C.G.I., A.M.I.E.E., and P. J. EDWARDS, A.M.I.E.E.f 
U.D.C. 621.396.7:621.396.65 

Part 1 of this article described typical 1noder11 radio-re1ay links and 
the network of then1 that is now being constructed in the United 
Kingdom. Part 2 describes the reliability, performance and main� 
tenance of such links. The limits specified for noise and interference 
are discussed in relation to television and telephony systen1s, and 
the effects of various types of distortion are also dealt with. 

RELIABILITY 

T
O achieve the high standard of reliability required 
for trunk broadband microwave systems, stand-by, 
or so-called protection, broadband channels are 

provided that are automatically switched to replace a 
faulty working channel, with a break in transn1ission of 
only 1 ms, or even less (I µs) where switching is carried 
out at the inte1mediate frequency. From an economic 
standpointitis important that, wherever possible, common 
equipment should be shared between several broadband 
channels, and, within the limits of adequate overall 
reliability, this principle is now being extended to the use 
of common protection channels. 

Until about 1959, protection channels were provided 
on a basis of one per working channel, as most routes 
had not developed sufficiently to require more than one 
working channel. Now that multiple-microwave-channel 
routes exist, the protection channels are shared between 
several working channels, v.:ith a consequent economy 
in cost of provision of circuits and in the use of the 
radio-frequency spectrum. It may, on certain routes, be 
possible to share one protection channel between five 
working channels, switched end-to-end over five repeater 
sections, without any significant reduction in reliability. 
Further experience will indicate how nearly this degree 
of sharing can be approached. It is probable, however, 
that, for systems requiring an exceptional degree of 
reliability, e.g. international connexions for telephony or 
television and main city-to-city routes carrying a large 
number of telephone circuits or serving a number of 
national television-broadcast transmitters, two protection 
channels will be used for groups of up to six working 
channels. 

Switching is controlled by pilots associated with the 
baseband signals transmitted; control signals operated 
by pilot detectors, and supervisory signals to operate 
remote indieators, are sent between the intern1ediate and 
terminal stations of a link over a 4-wire line telephone 
circuit of nominally zero loss, or, alternatively, over 
a separate auxiliary radio channel operating in the same 
frequency band as the main broadband channels and 
using the same aerial system. 

A1rangernents are made at each station on a radio­
relay route for a stand-by power supply to become 
operational when the normal mains power supply fails. 
On routes which are of minor importance and carry 
television only, the stand-by power plant normally 
used consists of an automatically-started diesel-driven 
generator-set. On main television routes and on routes 
carrying multi-channel telephony, continuously running 

tinland Radio Planning and Provision Branch, E.-in-C.'s 
Office. 
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continuity-type power-supply sets are used and no break 
in trans1nission occurs if the mains supply fails. The 
present trend in radio-equipment development is, how­
ever, towards "all solid-state" operation; it is expected 
that by 1967 links will be in operation with equipment 
powered entirely by low-voltage batteries. 

PERFORMANCE 

Early radio-relay links in the United Kingdom were 
suitable only for 405-line monochrome-television trans­
missions, but the advance in design and techniques of 
microwave systems in the past 10 years has been such 
that the Post Office now specifies that new microwave 
links shall be able to carry satisfactorily, as an alternative 
to a 625-line colour-television signal, 960 telephone 
channels or, on certain main routes, 1,800 telephone 
channels. 

International Requiren1e11ts 
To facilitate the interconnexion of national micro­

wave co1nn1unication networks to form international 
networks, a large measure of standardization of the 
characteristics of the links forming national networks is 
required. The international organization responsible for 
co-ordinating this work is the International Radio 
Consultative Committee (C.C.I. R.), which works under 
the auspices of the International Telecommunications 
Union. The C.C.l.R. has now recommended standards' 
for most of the important characteristics of long­
distance microwave systems, and the British Post Office, 
which takes a leading part in the work of the C.C.l.R., 
specifies its own microwave links to comply with these 
recommendations. Two of the most important aspects 
covered are the pattern ofnse and the precise value of the 
radio frequencies to be used within the frequency bands 
available for microwave links; the bands allocated in 
this country to the Post Office for such links are in 
accordance with international agree1nents of the Admini­
strative Radio Conference. Other aspects are the nature 
of the signals which the links are to carry and the amount 
of noise and distortion that may be permitted. These 
last two aspects have been carefully co-ordinated with the 
international body dealing with line systems in order 
that line and microwave-radio systems may be readily 
interconnected and that the same overall quality of 
transmission may be achieved regardless of whether line 
or radio is used. 

The C.C.l.R. recommendations for the performance 
of international television circuits arc given in terms of 
the performance of a hypothetical reference circuit 
(h.r.c.) consisting of three equal sections (Fig. l 2(a)), 
inter-connected at video frequency and totalling 2,500 km 
in length. Such a circuit is too long for direct use in 
planning television links in this country, where the 
average circuit length is approximately 100 miles, so 
division of the h.r.c. is used with consequent adjustment 
to the overall performance requirements. The fact that 
many inicrowave radio systems are required to carry 
frequency-division multiplex (f.d.m.) telephony signals is 
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also considered when deriving performance targets from 
the C.C.l.R. recom111endations. For this purpose a h.r.c. 
(Fig. 12(b)) or the same overall length (2,500 km) forms 
the basis of the performance requirements but is divided 
into nine sections at the junctions of which there are 
telephony multiplexing equip111ents; this arrangement 
simulates the building up of a typical international circuit. 

The more important perfonnance standards for inter­
national radio-relay systems have been determined by 
Study Group IX of the C.C.I.R. The recommendations 
of this Group cover such aspects as: 

(a) overall transmission performance for telephony, 
television and telegraphy, 

(b) baseband characteristics, 
(c) intermediate-frequency characteristics, 
(d) modulation characteristics of the radio-frequency 

carrier, 
(e) radio-frequency characteristics in multi-channel 

systems, and 
(f) characteristics of the supervisory, control and 

monitoring systems needed for maintenance purposes. 

M adulation Characteristics 

Frequency modulation (f.m.) is universally employed. 
Briefly, the advantages of f.m. may be su1nmarized as 
follows: 

(i) The signal-to-noise ratio in a television channel is 
greater than can be obtained using amplitude modulation 
(a.m.) under comparable conditions. In addition, the 
hu1nan eye can tolerate a greater total noise in a television 
picture when the noise has a triangular spectrun1, as is 
broadly so in f.m. systems, than when the noise spectru111 
is uniform, as with a.m. systems. This tolerance is of the 
order of 4 db for both 405-line and 625-line systems. 

(ii) The high degree of linearity in the overall input-to­
output relationship, which is particularly necessary to 
avoid intermodulation in a multi-channel telephony 
system, is more readily achieved using f.m. than it is 
when a.m. is employed. 

(iii) Lhniting in receivers and repeaters can be used to 
prevent changes in the level of the baseband output 
signal when fading occurs in the trans1nission of the 
microwave signal. 

Television Syste111s. The standard frequency deviation 
used for all.modem systems carrying television is 8 Mc/s 
peak-to-peak, with either sense of modulation. This 
deviation characteristic is 1nodified by the use of pre� 
emphasis (Fig. 13(a)), which has the effect of increasing 
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the symmetry of the vision waveform about a fixed 
datum level and, thus, the symmetry of the f.m. power 
spectrun1 of the radio carrier. This is of considerable 
value in reducing distortions originating in the i.f. and 
r.f. sections of the radio system, thus greatly facilitating 
the trans1nission of colour signals or a sound program by 
1neans of a sub-carrier. Pre-emphasis also enables a single 
type of modulator to be used alternatively for television 
and f.d.m. telephony. 

Telephony Systen1s. The standard r.111.s. deviation of 
the r.f. carrior due to test-tone (power I mW) at a point 
of zero reference level in any telephone circuit is 200 kc/s 
for links carrying 960 telephone circuits and 140 kc/s for 
links carrying 1,800 telephone circuits. For the reasons 
given below, these values are 1nodified by the use of pre­
emphasis. In the absence of pre-etnphasis, the fiuctuat�on 
noise in the baseband output of a frequency-modulat10n 
syste1n has a substantially "triangular" distribution, i.e. 
the noise voltage in a given narrow band is proportional 
to the centre frequency of that band. Thus, in f.d.m. 
telephony systen1s the signal-to-fluctuation-noise ratio in 
the telephony channels would vary in accordance with the 
position of the channel in the baseband, and the telephone 
channels situated in the lower part of the f.d.m. baseband 
would have an appreciably better signal-to-noise ratio 
than is necessary. It is reasonable, therefore, to attempt 
to obtain a 1nore economical syste1n, having a unifor1n 
signal-to-noise ratio in all the channels, by increasing the 
carrier frequency deviation for the upper channels 
relative to that for the Jower channels. However, if this 
process is carried too far, the level of intermodulation 
noise in the lower-frequency channels becomes excessive. 
A comprontise is therefore necessary, and the preferred 
pre-emphasis characteristic shown in Fig. 13(b) has been 
adopted for f.d.m. multi-channel systems with capacity 
up to 1,800 telephone channels. 

Noise and Inte1ference 

Any consideration of signal-to-noise ratio on the 
radio link is, because of occasional fading, a statisti_cal 
one relating noise with time. The amount of fadmg 
that can be tolerated is an economic compromise 
between grade of service and the cost of provision of 
the radio link, and the C.C.I.R. recommendations for 
signal-to-noise ratios reflect this con1prontise. 

Fluctuation Noise in Television Syste111s. The actual 
recommendations for the 2,500 km reference circuit are, 
for a television system of 5 Mc/s video bandwidth, that 
the signal-to-weighted-noise ratio* should exceed 56 db 
for more than 20 per cent of any month t when fading 
is severe, 52 db for 1 per cent of any month, and 44 db 
for O· l per cent of any month. From a knowledge of 
typical fading characteristics it is possible to specify

. 
the 

noise that could be permitted at the output of a grven 
link under (i) the ideal conditions of free-space propaga­
tion over every section of a link, and (ii) a condition when 
a 30 db fade existed on any one section, so that the 
recommended statistical performance for a 2,500 km 
reference circuit n1ade up of such links inay be met. 

For a typical inter-city link these considerations lead 
to a required signal-to-weighted-noise ratio under free­
space propagation conditions of 69 db, dropping to not 

*Expressed in tern1s of peak-to-peak picture signal (excluding 
synchronizing pulses) to r.1n.s. noise voltage. 

t A month typical of severe fading conditions should be 
envisaged. 
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less than 50 db when a fade of up to 30 db occurs on any 
one section of the link. 

Periodic Noise in Television Systen1s. Periodic noise, or 
interference, shows on a television picture as a stationary 
or inoving pattern, depending on the frequency of the 
interference, and has to be suppressed to a very low 
level. A suppression of 55 db below picture signal, 
falling to 30 db at the higher frequency end of.the base­
band, is typical of a modern monochrome hnk. The 
requiretnent for a colour syste1n is more severe, and 
there should be at least 55 db suppression over the whole 
baseband spectrum. 

Noise in Telephony Systen1s. The total noise power at 
a point of zero reference level in any telephone channel of 
a 2,500 kn1 reference circuit should not exceed 7,500 pW 
for more than 20 per cent of any month and 47,500 pW 
for O· l per cent of any month. The noise power specified 
is the total of fluctuation noise and noise arising from 
intermodulation between the signals in individual tele­
phone channels. Fluctuation noise is inainly contributed 
by the input stages of microwave repeaters and receivers, 
and is a function of signal level. Intermodulation noise 
arises fro111: 

(i) non-linearity of the voltage/frequency transfer 
characteristics of modulators and demodulators, 

(ii) departures from uniformity in the group-delay/ 
frequency and amplitude/frequency characteristics of i.f. 
and r.f. portions of the radio links, and 

(iii) feeder echoes and multi-path propagation effects, 
and is a function of traffic loading, being at maximum 
during the busy hour. Fluctuation noise is assessed under 
free-space propagation conditions and without traffic 
passing over the link; for a main link the level of this 
noise should not exceed 125 p W weighted ( - 69 dbmO) 
in any telephone channel. 

The total of fluctuation and intermodulation noise is 
assessed by applying to the input of the link a uniform 
spectrum noise signal' (of level equal to -15 + 
JO log10 N dbmO, where N is the number of telephone 
circuits) which extends over the baseband spectrum 
normally occupied by the telephone circuits and simulates 
busy-hour traffic. Under these conditions the total noise 
level should not exceed 400 p W weighted ( - 64 dbmO) 
in any telephone channel. 

Distortion 
Television Linear T'Vaveforn1 Distortion. The trans­

mission performance of television links is now measured 
and specified in terms of their response to standardized 
test waveforms.' The test waveform used is the now 
well-known sine-squared pulse and half-line bar, and the 
result of the test is expressed by a rating factor, K. A K 
factor not exceeding I per cent is required for a main 
radio link. 

Television Non-Linear U'avefonn Distortion. A non­
linear input-voltage/output-voitage relationship for tele­
vision trans1nission links results in brightness gradation 
faults in the reproduced television picture. Two forms of 
non-linearity are of importance, and for convenience are 
distinguished as "static" and "dynamic" non�linearity 
distortion. Static non-linearity concerns the low and 
1nedium baseband frequencies of the vision signal and 
affects the coarse picture detail, while dynamic non­
linearity concerns the higher baseband frequencies and 
affects the fine picture detail gradations. 

In f.In. radio-relay links the distortions arising in the 



course of transn1ission, and which result in non-linear 
distortion of the vision signal, are extremely complex but 
can be classified under two heads: 

(i) those caused by the modulation and demodulation 
processes, and 

(ii) those originating in the i.f. and r.f. portions of the 
equipment. 

The first named are caused by non-linearity of voltage/ 
frequency transfer characteristics of modulators and 
demodulators and give rise to "static" non-linearity 
distortion of the video signals, so-called because the 
distortion is substantially unrelated to baseband fre­
quency. 

The second na1ned arise fron1 linear distortions in 
those sections of the radio link carrying frequency­
modulation signals (e.g. variation in group-delay/ 
frequency and amplitude/frequency characteristics) and 
result in non-linearity of the video signal received by 
frequency-to-voltage transfer in the system demodulator. 
The degree of non-linearity of the video signal is a 
function of baseband frequency, being 1nost severe at 
the highest frequency, and is consequently known 
as "dyna1nic" or "frequency-dependent" non-linear 
distortion. 

The subjective effect of dynamic non-linearity is 
relatively s1nall for 1nonochro1ne television, hence this 
form of distortion is not at present specified. Static 
non-linearity is decisive in dctennining the gradation of a 
television picture and is assessed by n1eans of the wave­
form shown in Fig. 14(a). At the output terminal of the 

link, differentiating and shaping networks transfonn the 
staircase into an array of pulses of sine-squared shape 
and 2 f'-S half-amplitude duration. The baseband fre­
quency spectrum of the pulses is substantially confined 
below 500 kc/s, and they are not substantially affected by 
linear distortions in the frequency-modulation sections of 
the radio link. In a perfect transmission system the 
relative amplitudes of the "risers" would be unchanged by 
transmission through the link and the pulses would all 
be of equal height; for a real trans1nission syste1n the 
degree of non-lin€arity is expressed as the difference 
between the largest and s1nallest pulses as a percentage 
of the largest. For a inain-line link this distortion 
should not exceed 4 per cent Additional requiren1ents 
are that the amplitude of the synchronizing pulses 
should not vary by more than ± 2 per cent for any 
variation in picture content. 

Additional Distortion Rele1•a11t to Colour Tra11sn1ission 
(a) Lianinal/ce-Chron1i11ance Crosstalk. The assess­

n1ent of dynamic non-linearity distortion assu1nes great 
ilnportance when considering the trans111ission of colour­
telcvision signals. This arises frotn the fact that for the 
N.T.S.C.t syste1n the colour information is conveyed by 
a double modulation of a 4·43 Mc/s sub-carrier in the 
baseband frequency spectru111. Colour "hue" is rep­
resented by the instantaneous phase of the sub-carrier 
relative to a reference burst of u111nodulated sub-carrier 
oscillation located at black level in the "back-porch" 
of the vision waveform. Colour saturation (or the 
extent to which the hue is undiluted by wl1ite) is 
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FIG. 14-NON-LINEAR DISTORTION TEST \VAVEFORMS 

0·3V 

known as lu111ina11ce-chromin­
ance crosstalk and is caused 
by non-uniformity of the group­
delay/frequency and amplitude/ 
frequency characteristics of the 

i.f. and r.f. circuits of the radio link. lt can be mini101ized 
by the use of suitable equalizers, provided that the 
characteristics of the radio link are sufficiently stable. 
To measure the atnount of this distortion, a burst 
of colour sub-carrier is superin1posed on each lumin­
ance tread of the staircase waveform as shown by 
Fig. 14(b), all bursts having the same phase and 
amplitude. After trans1nission, the sub-carrier signal 
is filtered from the lun1inance signal and the a1npli­
tude and phase of each burst is compared to that 
at black level. The tentative limits for a main link arc 
2 per cent for differential amplitude and I 0 for differential 
phase change. 

(b) Other Distortio11. Other forms of distortion that 
have to be considered are lu1ninance/chrominance gain 
and delay inequalities. These distortions result in 
changes in the general saturation and mis-registration of 

!N.T.S.C.-American National Television Systen1 Conunittee. 
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colours in the final picture. The effect can be measured 
by transmitting a "scaled down" pulse-and-bar wavefonn 
over the lu1ninance channel and a double-sideband 
amplitude-n1odulated version of the same wavefor1n over 
the chrominance channel,.i. and comparing the an1pli­
tudes and times of arrival of the two pulses. Suggested 
target Ihnits are ± 4 per cent for gain inequality and 
± 40 ns for delay inequality. 

Gain Stability 

The overall stability with ti1ne of the trans1n1ss1011 
gain of a microwave television link is of great importance, 
particularly with the growth of network switching, 
which enables progra1ns for a given trans1nitter to be 
taken fro1n 1nany different sources in the course of an 
evening. Li111iters fitted in receivers and repeaters, 
backed up by rapid-acting auto1natic gain control, 
1naintain output-signal levels constant for all but the 
n1ost severe fades, and long-tenn equip1nent deterioration 
is checked and corrected by regular 1naintenance. Also, 
power-supply variations may cause the gains of video 
an1plifiers to vary, and equiptnent designers 1nake every 
effort to 1nini111ize this effect. 

British Post Office stability require1nents are that the 
overall trans1nission gain of a television link for any 
frequency between 10 kc/s and 6 Mc/s shall not vary by 
more than ± 0·3 db per day or ± 0·7 db per month, 
and, in general, these lin1its are achieved. 

Stability of the transmission gain with titne is also 
important for rnulti-channcl telephony, and the require­
ments for a link of any length up to 175 miles are that the 
gain variation shall not exceed ± 0·25 db per day or 
±0·5 db per 1nonth. Certain earlier links required auto-
111atic baseband gain-regulation to achieve the requisite 
stability, but this is unnecessary for 111odern equipn1ents. 

MAINTENANCE 

One of the most noteworthy i1nprove1nents that has 
occurred as 111icrowave radio-link equip1nent has been 
progressively developed has been the reduction in the 
a1nount of routine n1aintenance work necessary. Links 
are now being installed that require only one-third of the 
111aintenance attention needed by older links still in 
service, and as confidence in the new designs grows it 
should be possible to reduce 111aintenance effort still 
further. The itnprove1nent in reliability that inakes such 
saving possible steins fron1 t\vo lines of develop1nent 
\Vhich have been proceeding together since the exploita­
tion of inicrowaves for con1111unication purposes first 
began. 

In recent years, refine1nents in technique and the 
gradual introduction of equip111ent operating in the 
higher 111icro\vave-frequency bands have led to con-
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siderable reductions in equipment size so that, for a 
given standard of performance, the actual volume of 
equipment to be 111aintained is now very much less than 
hitherto. This trend, coupled with the general improve-
111ent in circuit design and of electronic components 
that is taking place, should improve reliability still 
further. 

The second line of development that has made for 
reduced 1naintenance has been the i111provement of the 
testing methods used. Early testing methods were 
unrelated to the nature of the traffic to be carried, and 
performance limits were set \Vhich related the link 
para1neters in an en1pirical way to the tolerable distor­
tions of the traffic. Such nlethods have now been replaced 
ahnost entirely by tests in which the test signal sitnulates 
the traffic carried by the link, and the distortions 
measured are those \Vhich affect the type of traffic 
carried. In this way no effort is expended in unneces­
sarily maintaining those aspects of the link perfonnance 
which are without significance to the type of traffic 
involved. Such prag111atic testing 1nethods give results 
that are easily interpreted in terms of day-to-day per­
formance, and per1nit the use of test equipn1ent that is 
easy and quick to operate. 

CONCLUSIONS J 
Progressive developn1ents in microwave-radio 'f;;� 

niques during the last 15 years now enable the Post Office 
to provide 111icrowave radio-relay links as a practical 
alternative to coaxial line links for the trans1nission of 
multi-channel telephony or television) and the construe· 
tion of a national network of 1nicro\\'ave radio-relay 
links is now in hand to 111eet the growing demands for 
trunk telephone circuits and for the distribution of 
625-line television. 

International standards for 111ost of the important 
characteristics of 111icrowave systems have no\v been 
recommended by the C.C.l.R., and the British Post 
Office, which takes a leading part in the work of this 
body, specifies its own links to co111ply with these reco1n· 
1nendations. 
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On-Site Adjustment Checks of Telephone Exchange Equipment 
Installed by Contract 

L. G. TJTE, A.M.LE.E.i· 
U.D.C. 621.395. 722: 621.395.6.001.41 

The methods adopted for checking the adjustment of equipntent 
during the acceptance tests of the earlier automatic exchanges are 
recalled, and the difficulties associated with these n1ethods when 
applied to the later 2,000-type equipment are discussed. The 
evolution of on-site testing 1nethods that have enabled these 

difficulties to be avoided is described. 

INTRODUCTION 

F
ROM the early days of automatic telephone ex­
changes, when the need for a clearly defined method 
of accepting equipment fro1n the n1anufacturers 

beca1ne apparent, adjustment checks have been made 
on a proportion of the n1echanical devices used for 
automatic switching. The first sche1ne, which consisted 
of a check of a small percentage of the equipment, was 
introduced in conjunction with a series of acceptance­
testing specifications and acceptance testers at the start 
of the conversion of the London area to director-type 
automatic-exchange working. 
Early Methods 

In the early days of automatic switching equipment 
each 111anufacturer installed equipment to his own design, 
and, hence, there were no Post Office specifications with 
reference to which the cquipn1cnt could be exa1nined 
and, if unsatisfactory, rejected. Nevertheless, at each 
exchange, small quantities of equip1nent \vcre checked 
for correct adjustn1ent using the 1nanufacturer's bulletin, 
and if in the opinion of the Post Office Clerk of Works 
the results were unsatisfactory then the attention of the 
1nanufacturer's installer \Vas drawn to any discrepancies 
found. In the latter part of this pre-2,000-type equipment 
era, agree1nent was reached with the manufacturers that 
the Post Office inaintenance-adjust1nent instructions 
should be used as criteria for accepting adjustments. 

With the introduction in the mid-1930s of Post Office 
standard equipment such as the 3,000-type relay, the 
No. I type uniselector and the 2,000-type two-motion 
selector, for which standard manufacturing specifications 
with adjustment require1nents were produced, it became 
possible to take 1nore positive action on site when 
specification requirements were not met. During this 
period it was usual to examine 5 per cent of all uniselector 
and selector mechanisms and 1 per cent of all relays 
except 3,000-type red-label relays; these relays were 
given special treatment and 20 per cent of each code type 
were examined. Additionally, of all types of relays 20 per 
cent were examined for visible buffer-block clearances. 
However, as with the earlier types of equipment of the 
1nanufacturers' own designs, it was left to the Clerk of 
Works to decide whether the results of the examination 
could be considered satisfactory and the mechanisms 
accepted, or the quantity of adjustments failing to meet 
the specification was excessive and likely to cause trouble 
in service; in the latter circumstances he was able to 
reject the mechanisms affected. This rejection might 
apply only to certain features, but, if the adjustments 
were generally bad, the complete exchange would be 

tExchange Equipment and Accomn1odation Branch, E.-in-C.'s 
Office. 

rejected as unsatisfactory for the type of mechanism 
under consideration. 

This method of treahnent, whilst reasonably satis­
factory for items such as relays requiring only a small 
number of adjusttnent checks per item, became a serious 
problem when the 2,000-type selector mechanism was 
considered. There are over 100 different adjustment 
checks for this item, and if the installer was given a 
general rejection for a whole exchange he had a most 
difficult task to decide how best to clear up the trouble 
to the satisfaction of the Clerk of Works. This could 
seriously delay the completion of an installation, and, as 
a result, the Clerk of Works tended to accept selectors 
in a poor state of adjustlnent. This becan1e nlore 
apparent in the post-war period when 2,000-type equip-
1nent was installed in larger quantities. 

The method of acceptance of adjustments was severely 
criticized by the 1naintenance staff in inany different 
parts of the country, and in son1e instances, immediately 
after the equipment had been accepted from the manu­
facturer and before the exchange was put into service, the 
exchange-1naintenance staff were co1npletely overhauling 
selectors and adjusting them in accordance with the Post 
Office n1aintenance adjushnent instruction. It was 
doubtful in many instances whether this was justified, 
but the position was made worse by the fact that this 
type of selector was still affected by minor design 
problems, and the standard of adjustment offered by the 
different contractors varied considerably. It was obvious 
that this situation could not be allowed to continue, and 
consideration was given to a sche1ne of acceptance testing 
whereby the Clerk of Works would be able to reject the 
equipment if a required standard of adjustment was not 
reached, 

INTRODUCTION OF A SAMPLING METHOD 

To assist Clerks of Works to apply a consistent check 
a sampling inethod of acceptance testing was introduced, 
the basis of which was to check a fixed percentage of 
items of each type on a rack before the equipment was 
subjected to functional tests. In order to obtain a 
reasonable size of sa1nple it was necessary to increase 
the percentage of all types of items checked, except 
3,000-type red-label relays; the percentages used were 
5 per cent of all other relays and 10 per cent of uniselector 
and two-motion-selector mechanis111s. Acceptance of 
each particular adjustment was dependent upon the 
number of faults found, but, if this figure was reached 
or exceeded, a "general rejection" was made for this 
feature only. In these circumstances the contractor was 
expected to check over all items on the rack for this 
adjustment before re-offering it to the Post Office for 
further examination. The second examination consisted 
of a check of items previously found faulty plus a check 
of a further sample of similar size. To safeguard the 
position, where the adjustments were generally bad, an 
overall rejection for all adjustments was made if the 
total number of faults exceeded 4 per cent of the checks 
made. 
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The scheme suffered from the fact that the samples in 
1nany cases \Vere too small to obtain reliable results, 
mainly because the tests were done on a rack basis­
a convenient "unit" of equipn1ent for 1nost other tests, 
and the normal quantity for a contractor to offer for 
test. It also doubled the time previously spent on these 
tests. In the circumstances, however, the scheme fully 
justified itself, as, apart from producing a more consistent 
standard for accepting adjustlnents throughout the 
country, at first it resulted in 1nany rejections being made, 
bringing to light a considerable variation in the standards 
of the adjustments on equipment supplied by different 
n1anufacturers. At about the sa1ne titne the manu­
facturers abandoned the practice of 1naking final adjust­
ments on site and agreed to the introduction of a quality­
control sampling inspection scherne for selectors at their 
works. As a result of the itnproved methods of accept­
ance testing both at the factories and on site the overall 
quality of adjustment was substantially improved about 
1954-55, and the practice of readjusting equipment before 
it was put into service died out. Having thus achieved 
the 1nain object of a consistent and in1proved quality of 
adjustment, thought \Vas then given to irnproving the 
method of san1pling and reducing the amount of 
acceptance-testing titne spent on site. 

PRESENT SAMPLING METHOD 

With the present sampling method, which was first 
tried out on 2,000-type selectors in 1956, all the two­
motion selectors supplied on a contract are treated as one 
batch, and from this batch a sample is taken and used to 
assess the quality of the adjusttnents for the whole 
exchange. The principle of rejecting the batch of 
mechanisins in respect of individual adjustments is 
retained, but the general rejection of the batch of 
mechanisms in respect of their total faultiness is aban­
doned; an adjustment is considered to be faulty if it does 
not 1neet the requirements of the nlanufacturing specifi­
cation. It does not follow, however, that adjustments 
which are outside the limits of the specification will 
necessarily prevent a selector from \Vorking, although 
they could cause early service failure. 

One important difference of the present sampling 
method from previous methods is that the check is made 
before the selectors are jacked into the racks and as early 
as possible in the installation period of the contract. 
This gives the contractor a1nple opportunity to examine 
and correct any adjustments that have been found unsatis­
factory, and delays at a late stage in the installation due 
to faulty adjustments arc, therefore, largely avoided. If 
the deliveries of selectors are delayed then it may be 
necessary to sample items in n1ore than one batch as the 
deliveries are made. This is avoided as far as possible, as 
it increases the a1nount of time spent on the check by 
Post Office staff. The sampling method is divided into 
two parts: (i) initial check, and (ii) final check. 

Initial Check 
For the initial check a double sampling scheme is 

used in which 25 mechanisms fron1 each batch are first 
examined for all features except wiper adjustments and 
those adjustments that can only be checked with the 
selector on the rack. These are considered as part of the 
"final check" described later. When the check of the 25 
selectors has been completed, the results are summarized 
for each adjustment check and compared with the 
"accept" and "reject" figures. Most of the adjustments 
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checked occur only once on each mechanis1n, but a fe\v 
adjustments occur three times on average on each 
mechanistn, e.g. so1ne 1nechanically-operated spring-sets. 
Hence two sets of figures are used: 

For adjustments occurring once 
For adjustments occurring three 

Accept 
0 

Reject 
2 

times 2 6 
If the number of faults for particular adjustinents are 

between the accept and reject figure a second sa1nple is 
taken and only these adjustments checked. All other 
adjustments are either accepted or rejected \vithout 
further tests. If during the second sample check the 
reject figure is reached, i.e. by su1n111ing the first and 
second sa1nple check faults, then no further tests are 
made for this adjustment and it is rejected. On the other 
hand, if by the end of the second sample check the 
rejection figure has not been reached then these adjust-
1nents are accepted For the adjustments which are 
rejected the contractor is expected to exa1nine, and 
correct where necessary, every selector in the batch fro1n 
which the sa1nple was taken, before installing the selectors 
on the racks. Any individual faults found during the 
initial check and which were insufficient to justify 
rejection are cleared by the contractor. 

With the above figures, it can be shown that if the 
percentage of mechanis1ns faulty for a particular adjust� 
1nent is 2 per cent or less then there is a 90 per cent or 
better chance of acceptance. On the other hand, if the 
percentage of mechanisms faulty is 10 per cent or more 
then there is a 90 per cent or greater chance of rejection. 

Final Check 
In order to be sure that the contractor has taken the 

appropriate action following the initial check, a further 
check of the adjustments that were rejected is made 
when the contractor hands over the racks to the Post 
Office for functional testing. A similar size of sample is 
taken, i.e. 25 selectors, and these are spread over as 
1nany racks as possible, so as to reduce the amount of 
final checking. If any faults are found for a particular 
adjustment then the test is abandoned and the equipment 
returned to the contractor for further action. 

The second part of the final check, which consists of 
a wiper check, is not made until the first part descrihed 
above has shown the selectors to be acceptable; at this 
stage the selectors are unlikely to be removed from the 
rack for further attention. A 100 per cent exan1ination 
is made of the wiper adjustinents. However, a pre­
liminary exa1nination of two shelves of selectors is first 
made to assess the general quality of the wiper adjust­
ments, and if this shows the adjustments to be unsatis­
factory the Post Office does not proceed with the 
remaining shelves until the contractor has given the 
wipers further attention. 

CONCLUSIONS 

The above method was introduced in 1959 as a new 
standard form of adjustment check for both 2,000-type 
and 4,000-type selectors, uniselectors, motor-uniselectors 
and regenerators, and the introduction of a similar 
method for relays is being considered. For selectors the 
method shows a saving of Post Office time of 30 per cent 
for an installation with 500 selectors and of 70 per cent 
for an installation of 2,000 selectors, when considering 
an installation for which the adjustments are of average 
standard. 



Third Plenary Assembly of the International Telegraph and 
Telephone Consultative Committee (C.C.I.T.T.), 

Geneva, June 1964 
U.D.C. 061.3:621.395 

T
HE Third Plenary Assembly of the International 
Telegraph and Telephone Consultative Committee 
(C.C.I.T.T.) was held in Geneva from 15-26 June 

1964; it had been immediately preceded by meetings of 
most of the Technical Study Groups between 25 May and 
12 June 1964. A total of approximately 309 delegates, 
experts and observers attended, representing 67 Inter­
national Telecommunications Union (I. T. U .) Member 
Administrations, 14 Recognized Private Operating 
Agencies, and 6 International Organizations. The 
United Kingdom delegation of 12 was under the leader­
ship of the Post Office Deputy Engineer-in-Chief, Mr. 
D. A. Barron, C.B.E. The increasingly world-wide 
character of the C.C.I.T.T.'s work, which had become 
apparent at the Second Plenary Asse1nbly,1 was again in 
evidence-even more countries being represented for the 
first time at this Plenary Assembly. 

The Plenary Assembly was opened at a formal inaugural 
session by the Director of the C.C.I.T.T., Mr. Rouviere, 
and was also addressed by Mr. A. F. Langenberger, head 
of the Swiss delegation, who had been elected Chairman 
of the Plenary Assembly, Mr. Gross, Secretary General 
of the I.T.U., and Mr. Wettstein, Director General of the 
Swiss P.T.T. All the speakers emphasized the value of 
the work being accomplished by the C.C.I.T.T. 

In addition to the inaugural meeting 11 full sessions of 
the Plenary Assembly were held. At the first meeting 
four committ�es were set up to make recom1nendations 
on specific matters: 

(a) Committee A for questions of working methods 
and organization of Study Groups. 

(b) Committee B to examine, and allocate to Study 
Groups 3:nd Working Parties, questions proposed for 
study during the next 3 years, and to prepare a proposed 
program of meelings for such Study Groups and Working 
Parties. 

(c) Committee C to deal with budget control. 
(d) Committee D to deal with technical assistance to 

new and developing countries. 
These Committees, each of which had a heavy program 
of work to complete, met between the formal meetings of 
the Plenary Assembly. 

ORGANIZATION 
Study Groups 

Appreciable changes in the number and terms of 
reference of the Study Groups of the C.C.I.T.T. were 
made at the Second Plenary Assembly of the C.C.I.T.T., 
and, although some discussion took place on the terms of 
reference of certain Study Groups, no changes \Vere, in 
fact, made to the arrangements set up at New Delhi. The 
19 Study Groups remain as before.' 

Plan Co111111ittees 

Some changes were made in respect of the Plan Com­

LSecond Plenary Assembly of the International Telegraph and 
Telephone Consultative Committee (C.C.I.T.T.), New Delhi, 
December 1960. P.O.E.E.J., Vol. 54, p.130, July 1961. 

mittee and its Regional Sub-Committees. The Plan Com­
mittee had, up to this Plenary Assembly, acted in a dual 
capacity: as a Regional Sub-Committee for Europe and 
the Mediterranean Basin, and as a Co-ordinating World 
Plan Committee. It was, therefore, decided to reorganize 
the Plan Committee and its Regional Sub-Committees as 
follows: 

(i) World Telecommunication Plan Committee, 
(ii) Telecommunication Plan Committee for Africa, 

(iii) Telecommunication Plan Committee for Asia-
Oceania, 

(iv) Teleco1nmunication Plan Co1nn1ittee for Latin 
America, and 

(v) Telecommunication Plan Committee for Europe 
and the Mediterranean Basin, 
it being understood that the Regional ComLnittees, as 
previously, should report to the World Telecommunica­
tion Plan Co1nmittee. 

Joint U'nrking Parties 
As some questions requiring study are rather broad 

and fall within the province of more than one Study 
Group, it was decid�d to set up a number of Joint 
Working Parties, the membership of which would be 
drawn from representatives of each of the Study Groups 
concerned, one of those Study Groups being nominated 
as the Controlling Study Group. Eight such Joint 
Working Parties were set up as shown in the following 
table. 

Study Controlling 
Name Groups Study 

Involved Group 

1. Costs I, II, III III 
2. Use of Lines for Telegraphy IX,XV IX 
3. Message Retransn1ission I, VIII, X I 
4. New Telegraph Alphabet I, VIII, I 

Special A 
5. World Routing Plan for Telex I, IX, X x 

and Gentex Traffic 
6. Synchronous Telegraphy VIII, IX, X IX 
7. Automatic Maintenance of VIII, IX, X x 

Telegraph Circuits 
8. Efficiency Factor I, VIII, X x 

Standb1g Joint �Vorking Parties 
At the Second Plenary Assembly, a Working Party of 

Study Group XI was set up to deal with Question 8, 
which was worded as follows: 

"Considering the provisions of Article 13, paras. 177, 
178 and 179 of the Intemational Telecommunications 
Convention, Geneva, 1959. 

What guiding principles can be established to assist 
Administrations in the comprehension, examination and 
analysis of the problems associated with the development 
of national telephone switching networks and the 
determination of the suitable equipment, taking into 
account the various local, inter-local, and international 
aspects concerned? 
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What general recom1nendations can be given with 
regard to special items such as the acco1nmodation for 
the equipment, power plant, air conditioning, etc.?" 

To provide an answer to this question, 1natters outside 
the terms of reference of Study Group XI had to be 
considered, and, in fact, portions of the ans\ver to the 
first part of the question (which has been produced in the 
fonn of a printed manual con1prising son1e 241 pages) 
were provided by other Study Groups. 

In the light of the experience gained in handling this 
question, and the undoubted success achieved by the 
Working Party, Committee D suggested, and Committee 
A agreed to, the setting up of four Joint Standing 
Working Parties to deal with different aspects of problems 
associated with national networks. These Working 
Parties will be autonomous-that is, they will report 
direct to the Plenary Assembly. The four Joint Standing 
Working Parties are as follows. 

(i) National Automatic Networks-this is the one 
which started as a Working Party of Study Group XI; 
it now has to provide material for the second part of the 
question quoted above. 

(ii) Local Networks-Study Groups V, VI, VIII, XII 
and XV may be interested in this matter. 

(iii) Comparative, Technical and Economic Studies on 
Transmission Systems-Study Groups IX, XV and XVI 
of the C.C.l.T.T., and Study Groups Ill, IV and IX of 
the C.C.I.R. * 1nay be interested in this 1natter. 

(iv) Primary Power Sources. 
Other aspects of questions of concern to the new 

or developing countries were left with the Plan Com­
mittees, as had been decided at the Second Plenary 
Assembly. In addition, it was proposed that after each 
meeting of a basic Study Group a digest of what had 
been achieved, and what it was hoped to accomplish, 
should appear in the l.T.U. Journal. It was also suggested 
that the principal Consultative Con1mittee reco1nmenda­
tions should be su1nmarized and extracts therefro1n 
published in clear and practical form. 

WORK OF STUDY GROUPS AND WORKING PARTIES 

One of the most important functions of a Plenary 
Assembly is to consider the work carried out by the 
individual Study Groups since the last Assembly and to 
approve any new or a1nended recommendations proposed 
by these Study Groups. The following is a brief summary 
of the work of the Study Groups. 

Study Group I (Telegraph Operation and Tariffs) 
The most important achievements were acceptance of 

the reports of t\VO joint Working Parties, one on the 
codes and operating procedures to be adopted for the 
automatic retransmission of telegraph inessages, the 
other on a world-wide numbering plan for telex and 
gentex and the basis of an intercontinental transit­
switched telex and gentex network. 

The agreed message-retrans1nission fonnat provides 
codes for nu1nber checking, routing, classification of 
priorities of telegran1s, and accounting, leaving adminis­
trations free to determine their O\Vn engineering solutions 
and the degree of sophistication they desire. Some 
problems are still to be studied including those of interface 
between circuit-switching and message-switching pro­
cedures. 

*C.C.I.R.-International Radio Consultative Comn1ittee. 
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Among other points of interest were the following: 
(i) The Study Group decided against adopting a 

uniform mo1nent in the telex signalling sequence when 
charging should begin since the speed of subscriber 
selection varies with different conditions. A uniform 
moment of charging would have necessitated complicated 
adjustlnents by ad1ninistrations between subscribers' and 
inter-ad1ninistration accounts. 

(ii) A recommendation was agreed revising the rates of 
ren1uueration for telex terminal and transit services on 
the basis of a cost study undertaken earlier. 

(iii) It was decided to study further the basis of 
charging for auto1natic telex calls made over automatically 
error-corrected (ARQ) radio and mixed cable and radio 
circuits, and, as a separate question, the pattern of 
intercontinental telex rates. 

(iv) Agreement was reached on operating procedures 
for intercontinental photo-telegraphy. So1ne questions 
remain for further study. 

Study Group II (Telephone Operation and Tariffs) 
New operating instructions for the intercontinental 

telephone service were adopted. They provide for the 
eventual introduction, by bilateral agreement, of station­
to-station calls, and the replacement of the present 
person-to-person call service by a somewhat different 
personal call service carrying a fixed surcharge for each 
call in addition to the station-to-station call charge. 

The Study Group also dealt with the operating 
procedure and charges for collect calls, but the study of 
the use of credit cards is to be continued. 

New questions \Vere set for study concerning methods 
of accounting for calls in semi-auto1natic and automatic 
service, especially in view of the difficulty of recording 
the route followed under conditions of automatic 
alternative routing. 

Study Group Ill (General Tariff Principles. Lease of 
Telecon1111unication Circuits) 

A new recommendation was approved on the subject of 
conditions and rates for leased circuits. Another reco1n­
mendation was issued on costs and services rendered 
when rates are fixed. It was also decided to set up a 
working party to study the economic aspects of tele­
co1nn1unications, such as, for example, the proportion of 
a national investment plan, or of an economic budget 
expressed in terms of national revenue, set aside for 
teleconununications. 

Study Group IV (Maintenance of the lntemational 
Network) 

Study Group IV has extensively revised the maintenance 
reco1n1nendation for international circuits which will be 
published in the new Volume IV of the C.C.l.T.T. Blue 
Book. A major part of the work of Study Group IV has 
conce111ed the modification of the existing recommenda­
tion and drawing up new ones to cover the needs of very 
long circuits, groups, etc., in the intercontinental tele­
phone network. The study of automatic testing, to 
replace manual testing for circuits, has continued and a 
specification for automatic transmission-measuring 
equipment has been drawn up. There is to be a field trial 
of the latter equipment in Europe during the coming 
session of the C.C.I.T.T. In the future, automatic 
testing will replace the present manual methods for 
routine testing on international circuits, and this will 
result in significant savings in man-power and reduce the 



time that circuits are taken out of service for testing. The 
field-trial equipment will enable circuit losses to be 
measured at 400, 800 and 2,800 c/s, and the circuit noise 
to be checked; the results of the 1neasurements will be 
printed out automatically on teleprinters at each end of 
the circuit being tested. Experience on batch-testing 
methods of large groups of circuits has been accumulating, 
and these n1ethods are now being used for routine testing 
of circuits in the international network. 

Study Group V (Protection Against Dangers and Disturb­
ances of Electron1agnetic Origin) 

The 1nain effort has been to 1nake available two 
additional parts of the Directives for approval and 
publication.' These are: Chapter XVIII-compensating 
effects of rails, booster transfor1ners, and return con­
ductors in the case of alternating-current electric-traction 
lines; and Chapter XXII-protection of telecommunica­
tion installations against the adverse effects of high earth 
potentials in the neighbourhood of electric installations. 
Both these subjects have current and world-wide interest. 

Other work In hand but not completed includes, in co­
operation with Study Group VI, the preparation of a new 
set of instructions on 1neasures of protection against 
lightning, and, in co-operation with Study Group XV, 
the protection of power-feeding syste1ns on s1nall-dia1neter 
coaxial cables against the effects of lightning and of 
1nagnetic induction fro1n power syste1ns. 

There is a general expansion in the work of the Study 
Group because of the proble1ns associated with in­
creasing use of electric po\vcr in industry and for traction, 
coupled with the wider application of telecom1nunication 
cables with plastic sheaths. Both these factors call for 
watchful attention to interference and earthing problems. 

Study Group VI (Protection and Specifications of Cable 
Sheaths and Poles) 

When revision of the text of the reco1nmendations for 
the protection of underground cables against corrosion 
was agreed at New Delhi in 1960 certain parts were not 
then complete and the main work of the Study Group in 
the interim period has been to 1nake outstanding sections 
available. Additional parts submitted for Plenary 
approval were: 

Chapter IV-stray currents and how to reduce the1n, 
Annex to Chapter VII-protective measures against 

explosive gases and toxic gases which may be encountered 
in cable chambers or other underground structures, 

Chapter VIII-arrangements, other than cathodic 
protection, for protecting cable networks against stray or 
other harmful currents, 

Chapter IX, Part B-cathodic protection against stray 
currents, and 

Chapter X, Part B-stray currents. Measurements of 
special application to the determination of the value of 
stray currents and also of earth currents. 

The pattern of the Study Group's work is necessarily 
changing to so1ne extent due to the increasing use of 
plastic cable sheathings and the need for considering 
their physical and mechanical properties and related 
jointing proble1ns. There is also an increasing interest in 
methods of keeping cable sheaths under gas pressure. 

Study Group VII (Means of Expression) 

Study Group VII is responsible for the C.C.I.T.T. 
2The C.C.l.T.T. Directives. (In this issue of the P.O.E.E.J.). 

"List of Essential Definitions" (Yellow Book). The 
International Electrotechnical Commission (I.E.C.) also 
publishes an "International Electro technical Vocabulary," 
which covers the whole field of electro-technology, and 
has been working for some years on a section dealing with 
telephony and telegraphy. Both organizations agree that 
for concepts of co1n1non interest, there should be, so far 
as possible, a single international wording approved by 
each of the bodies concerned, although progress so far 
has been slow. 

It was therefore proposed to, and accepted by, the 
Plenary Assembly that the Director of the C.C.l.T.T. 
should investigate with the l.E.C. an organization, and 
the working methods to be used, for drawing up a 
co1nmon vocabulary of tclecom1nunication terms and 
definitions. 

In the meantin1e, as supplies of the Yellow Book were 
running low, it was proposed to the Plenary Asse1nbly, 
and agreed, that a new volume should be published 
incorporating: 

(a) Part I (2nd impression 1961), in English and 
French, 

(b) Supplement I to (a), 
(c) additional terms and definitions approved at the 

Third Plenary Assembly, 
(c[) items (a), (b) and (c) in Russian and Spanish, and 
(e) terms only in Gennan, Italian, Dutch, Polish and 

Swedish. 
In addition, a separate publication should contain 

terins and definitions concerning data transmission in 
English, French, Russian and Spanish. 

An earlier reco1n1nendation that the I.T.U. and its 
Administrations should use the system of units known as 
the M.K.S.A. (or Giorgi) System was brought up to date. 
The recom1nendation is now in respect of the "Systeme 
International" (abbreviated as S.I.). 

Study Group VIII (Telegraph Apparatus) 

A reco1n1nendation was issued on the technical 
standards for start-stop telegraph apparatus suitable for 
operation at 75 bauds, to International Alphabet No. 2. 
The characteristics for start-stop apparatus with modula­
tion rates of JOO and 200 bauds (to Alphabet No. 2) will 
be studied, 

To enable a subscriber's telex number to be included 
in the answer-back code, agreement was reached to make 
one additional character available for this purpose. 

The Working Party on Synchronous Telegraphy was 
maintained and given a wider question for the study of 
the characteristics of a synchronous telegraph system 
using the full bandwidth of the bearer circuit. 

For ARQ systems a modified recommendation 
corresponding to No. 342 of the C.C.I.R. was adopted: 
the changes mainly relate to the abandonment of the 5-
character repetition cycle and to the adoption of auto· 
matic phasing. Interest was also expressed in character­
storage devices and in the need to fix the minitnum 
storage capacity. 

The Study Group felt that it was desirable to hold an 
early meeting of the Joint Working Party for the New 
International Telegraph Alphabet. The study of a 
Regional Alphabet was abandoned, the proposal having 
elicited insufficient interest. 

Study Group IX (Telegraph Transmission) 

The study of 15 questions was completed. Greater 
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prec1s1on was given to son1e of the definitions and 
procedures for measuring telegraph distortion and error 
rates. Some outmoded recommendations were deleted 
while others were amalgan1ated. In conjunction with 
Special Study Group A (see report below), a draft list of 
terms and definitions for data trans1nission was drawn up. 

For v.f. telegraph systems, a series of recommendations 
was issued for f.m. systems capable of operation at 100 
and 200 bauds, and also for a cornposite syste1n providing 
circuits for operation at 100 and 200 bauds in existing 50-

baud syste1ns. A recon1mendation was also issued on the 
maintenance of f.m.v.f. telegraph systems. 

In conjunction with the C.C.l.R., further study was 
given to the preferred 1nethods of operation for various 
types of radio-telegraph circuit, e.g. h.f., line-of-sight, 
and tropospheric scatter. 

New questions set for study included pern1issible noise 
limits and distortions for various types of telegraph 
trans111ission, and Jimits to 1nains-frequency harmonics 
in telegraph bearer-circuits. 

The Working Party on Use of Lines for Telegraphy was 
maintained. Trans1nission planning was added to the 
functions of the Working Party for the World-wide Telex 
and Gentex Numbering and Routing Plan. A Joint 
Working Party was set up to study Automatic Routine 
Testing on International Telegraph Circuits. 

Study Group X (Telegraph Switching) 

Agree1nent was reached on a nu1nber of new reco1n� 
1nendations and the a1nendment of son1e existing ones. 
The new recon11nendations agreed were concerned with 
the establishment of an automatic intercontinental 
transit-switching telex network, including the allocation 
of a list of telex destination codes for a world-wide 
numbering plan, and the standardization of a new 
signalling system (Type C) for the transit network. This 
new signalling system was originally proposed by the 
British Post Office and the detailed development has been 
almost wholly done by the British Post Office. This was 
acknowledged by the Chairman of the Study Group when 
he gave his report to the Plenary Assembly in specially 
expressing his thanks to the British Post Office for the 
leading part they had taken. 

Further new reco1n111endations which were agreed were 
concerned with the 111essage re-transmission net\vork, 
specifying the message format and factors concerning the 
operation of the network, and also with a list of destina­
tion indicators. The recommendation concerned with 
telex signalling generally (Types A and B) was amplified 
to cover access to switchboard and service points, whilst 
that concerned with telex signalling over ARQ radio 
circuits was amended to include provision for fully� 
automatic operation. A new question on the use of the 
efficiency factor, alone or together with other facilities on 
radio eircuits operated with ARQ equipment to ascertain 
whether they can be used for automatic switched calls, 
was set for study. 

Study Group XI (Telephone Signalling and Switching) 
The main task completed by this Study Group during 

the period was the production of a specification for an 
intercontinental signalling systen1 suitable for both semi· 
auton1atic and automatic operation over either 3 kc/s or 
4 kc/s spaced channels, whether equipped with time 
assignment speech interpolation (T.A.S.I.) systems or not. 
Incidental to this, recom1nendations were also made in 
respect of the inter-working between this system and the 
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European international 2 v.f. syste1n. Recom1nendations 
were also made with regard to the changes required in the 
latter system to cater for the new world-wide numbering 
scheme (see report on Study Group XIII below). The 
new intercontinental signalling system was based on the 
system which had been designed primarily for semi­
automatic operation over transatlantic T.A.S.1.-equipped 
circuits. Modifications have been incorporated in this 
system to make it more suitable for subscriber dialling 
and more attractive for use on non-T.A.S.I. circuits. 

The second n1ajor task co1npleted was the production 
of the first two parts of the Manual on National Auto-
1natic Networks, which has been referred to earlier. 

Other 1natters covered included reco1nmendations with 
regard to the frequency-response characteristics of the 
guard circuits of in-band voice-frequency signal receivers, 
and interi1n recon1n1endations as to the lin1its of psopho­
metric and unweighted noise generated in an international 
or national 4-wirc-switchcd exchange. Matters carried 
over for further study include all aspects of the noise 
perfonnance of exchanges, and the question of control of 
the insertion and re111oval, or disable1nent, of echo­
suppressors in a 111ulti-link international connexion. 

The 1nain new question for the current period is the 
specification of a new intercontinental signalling system 
\Vhich will provide 1nore facilities both for ad1ninistra· 
lions and subscribers. Another matter which will be of 
great interest relates to the possibility of internationally 
standardizing subscriber push-button telephones, both as 

regards the layout of the buttons and the signalling 
systen1 used. 

Stud)' Group XII (Telephone Transmission Pe1for111ance) 

The study group has now established a new reference 
system (NOSFER)* which will, in future, provide the 
basis for 1neasuring reference equivalents, the old 
SFER Tt having now been discarded. Reference 
equivalent values to be respected for 95 per cent of calls 
from or to any given country have been fixed in co­
operation with Study Group XVI. 

Work is in hand on the performances of artificial 
mouths, ears and voices that should eventually lead to an 
instrumental method for measuring reference equivalents 
that could replace the present subjective method. 

The effects of long propagation time and the per­
formance of echo-suppressors have been studied and 
this has led to provisional recommendations. 

Study Group XIII (Semi-Automatic and Automatic 
Telephone Networks) 

The principles of a world-routing plan were approved, 
based on the concept of automatic alternative routing of 
traffic through a hierarchy of automatic transit-switching 
centres. Extension of these principles will be studied to 
pennit the maximum flexibility of routing, taking into 
consideration the effect of time differences in inter­
continental relations and also the concept of network 
management in relation to fluctuations of traffic fio\v. A 
world·numbering plan was also approved. 

It was appreciated that some changes might have to be 
made at a later Plenary Assembly, and in the meantime 

*NOSFER-Nouveau syste1ne fondarnental pour la determina� 
tion des Cquivalents de reference (NC\V fundamental systen1 for 
the detern1ination of reference €quivalents). 

tSFER T-Systen1e fondamental Europeen de reference pour la 
trans111ission tel6phonique (European fundamental telephone 
transmission reference systen1). 



the World Plan Committee and the various Regional 
Plan Committees were to study what changes might be 
made without infringing the decisions taken by the 
Third Plenary Assembly. 

Study Group Xlll at an earlier meeting had decided 
to n�com1nend that, as the objections to its use for fully­
automatic service were relatively 1ninor, the telephone 
signalling system used for semi-automatic service on 
transatlantic calls should, with some relatively small 
modifications, be standardized as C.C.l.T.T. Signalling 
System No. 5; the Plenary Assembly, with the support of 
Study Group XI adopted this recommendation. It was 
believed that this system might be in service for a long 
time, perhaps 10 years, before it would be superseded by 
a new standard system (No. 6). It was decided, ho\vever, 
that because System No. 5 did not provide sufficient 
scope for full advantage to be taken of all the signalling 
facilities planned or foreseeable in national networks, the 
study of a new signalling system (No. 6) should be started 
immediately. This study is heing conducted by Study 
Group XI, and a question has been set for study by 
Study Group XIII so that it  can keep in touch with 
progress and consider facilities and cost questions that 
may arise in the course of develop1nent. 

Other matters dealt with included checks on the 
quality of service, including 1naintenance questions, and 
reco1nmendations dealing with the measurement of 
traffic flow, definition of the busy hour, determination of 
the number of circuits required in auto1natic service, and 
automatic methods of recording and analysing traffic. 

Study Group XIV (Facsimile Telegraphy) 

The study of two questions, dealing, respectively, with 
the use of f.m. for phototelegraphy and the remote 
control of facsinllle receivers for weather-maps (in 
conjunction with the W.M.O.), was concluded. 

A new recomtnendation was issued on the character­
istics of apparatus for black-white facsimile telegraphy 
over circuits permanently used for this service. 

Other questions relating to facsimile-transmission 
problems were left for further study, together with a new 
question relating to phototelegraph trans1nission over 
long submarine cables. 

Study Group XV (Transmission Systems) 

Study Group XV has completed standardization of the 
small-diameter coaxial cable, l ·2/4·4 mm, corresponding 
to the l 74A Coaxial Cable now standard in the British 
Post Office network. Considerable progress was made in 
defining the characteristics of systems for use on this 
cable covering the transmission of960 or 1,260 telephone 
channels, with repeater spacings of 3 or 4 km. 

Orderly expansion of trunk networks by radio and 
cable requires close co-ordination between the standards 
adopted for cable and radio systems, and general 
principles and details of the interconnexion of line and 
radio-relay systems in main repeater stations were 
formulated during the working period and were taken 
note of by theC.C.I.R. in time for them to be incorporated 
in the C.C.l.R. recommendations adopted by tl1e Tenth 
Plenary Assembly of that organization. 

Although the use of group and supergroup reference 
pilots was agreed as desirable many years ago, their 
introduction has been gradual, and various difficulties 
which have arisen have only recently been resolved. 
Recommendations affecting the protection and sup-

pression of reference pilots have been formulated, and 
necessary modifications made to the reco1n1nendations 
for translating equipment. 

A comprehensive program of bringing the recom­
mendations for symmetrical-pair cable systems up to date 
on the basis of transistor-type repeaters has been largely 
completed. Study of the application of transistor-type 
repeaters to other wide-band syste1ns on coaxial cables 
will continue during the next study period. 

The study of compandors has shown the need for two 
types of specification: one for compandors to be used on 
circuits of 1nediun1 length and a 1nore exacting specifica­
tion for compandors to be used on very long inter­
national circuits. Study of co1npandor characteristics for 
telephony continues. 

Study of program circuits was concentrated largely on 
the use of carrier program equipn1ent on long cable or 
radio-relay systems provided to the standards appropriate 
to multi-channel telephony. Associated with this study 
is that of program compandors, and study of these 
devices continues during the next study period. 

Considerable interest has been shown in the use of 
digital methods of modulation, e.g. pulse-code n1odula­
tion, for telephony transmission over cables, especially 
non-loaded audio cables, and a general study of the 
ch�racteristics of such systen1s has begun and will 
continue during the next study period. 

The growth in the importance of world-wide telephony 
had focussed attention on the characteristics of individual 
circuits which may form part of a complicated chain of 
circuits in a world-wide connexion. In co-operation with 
Study Group XVI, study has begun of improvements in 
the specification of the channel-translating equipment 
which essentially determines the characteristics of long­
distance circuits. 

Study Group XVI (Telephone circuits) 
The main task of this study group has been to formulate 

a transmission plan suitable for world-wide telephone 
connexions, established over as 1nany as 12 circuits in 
tandem (six of them international circuits) and via II 
intermediate telephone exchanges. The trans1nission plan 
takes due account of such factors as attenuation, 
distortion, noise, echo, delay, crosstalk and instability. 
The appropriate sections of Volume III for the C.C.l.T.T. 
Blue Book have been completely redrafted. 

The continued expansion of the international network 
has increased the number of telephone connexions with 
long propagation times. Long propagation times, 
particularly when accompanied hy echo, seriously impair 
conversation. This problem has been highlighted by the 
continuing provision of long transoceanic cable systems 
and the projected use of satellite com1nunication systems 
for telephony. A provisional recommendation, based on 
subjective tests carried out for Study Group XII, has 
been made which unreservedly permits the use of 
connexions with up to 150 ms mean one-way propagation 
time but which prohibits the use of connexions with 
greater than 400 ms, except in exceptional circumstances. 
In the range 150-400 ms connexions may be pennitted 
when compensating advantages are obtained. The 
recomn1endation effectively prohibits connexions 
established over two high-level satellite co1n1nunication 
systems being offered for public telephony. The problems 
of successfully integrating satellite circuits into the world­
wide network will be studied in the next study period. 

In conjunction with Study Group XII, information 
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concerning transn1ission planning has been provided for 
the Manual on National Automatic Networks produced 
by Study Group XL 

Among the many topics to be studied in the future are 
measuring the loading of transmission systems and 
reducing the attenuation distortion* on multi-circuit 
world-wide connexions. 

Special Study Group A (Data Transmission) 
The studies undertaken have covered data transmission 

over private and switched telegraph and telephone type 
circuits. Six new recommendations were approved 
covering the following subjects: 

VIO for the conditions for data transmission over the 
telex network. 

V21 for a modem for duplex data transmission at a 
modulation rate of 200 bauds, primarily for use on the 
switched telephone network. 

V22 for the standardization of modulation rates and 
data-signalling rates for synchronous data trans1nission 
on switched telephone circuits. 

V23 for a standard modem for data transmission at 
modulation rates of 600 and 1,200 bauds. 

V24 for the conditions for a standard interface between 
data-transmission equipment and data-processing equip­
ment. 

Special Study Group A thought it desirable to define 
more clearly its responsibilities for the study of data 
transmission vis-a-vis the International Organization for 
Standardization (I.S.0.) and the I.E.C., and to this end 
Recommendation A20 was approved which should 
avoid overlap of work with these other organizations. 
An extensive program of the problems yet to be studied 
was agreed and included the standardization of data­
transmission modems for use at signalling rates higher 
than 1,200 bauds, data transmission over 48 kc/s group 
and 240 kcls supergroup bands, error control, and the 
problems of data transmission in a parallel mode over 
telephone-type circuits. 

Study Group Special B (Co-ordination of all Matters 
Requiring Attention for YVorld-1vide Se111i-Auto111atic 
and Automatic Telephone Operation) 

The work of this study group was to ensure that all 
study groups which would be required to provide 
information to enable the intercontinental telephone 
signalling system to be specified, 1naintained and 
operated, were apprised of the contributions required 
from them and the dates by which such information was 
required. This involved the following aspects: operating 
facilities and procedures, world-wide numbering and 
routing plans, intercontinental signalling syste1n, 1nain­
tenance of intercontinental circuits, and transmission 
questions having to do with intercontinental working. 
The 8uccc�!:l of the work of this study gn;,up is apparent 
from the fact that the new signalling system was specified, 
world-wide numbering and routing plans were recom­
mended, and general maintenance procedures outlined. 
The task of this study group for the next period is to 
effect similar co-ordination in respect of the further 
development of intercontinental working. 
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Special Study Group C 

Special Study Group C is a joint C.C.I.T.T./C.C.I.R. 
study gronp for the special study of problems of circuit 
noise, co-ordinating the design objectives for carrier 
systems on cable and radio-relay links. 

During the past study period an important feature has 
been the consideration of world-wide telephony and 
telegraphy transmission in the light of recent develop­
ments in ocean cables and the experiments in con1muni­
cation satellites. Recommendations have been prepared 
governing the noise performance of plant which may form 
part of a world-wide connexion.t 

Many points of detail have been referred to Special 
Study Group C by other study groups; design objectives 
for noise on tropospheric-scatter radio-relay links have 
been agreed, and general recommendations inade for 
v .f. telegraph transmission. 

New topics for study during the next study-period 
include: the measure1nent of impulsive noise, including 
instruments and techniques, with particular reference to 
data trans1nission; equipment and techniques for inter­
modulation 111easure1nents on wide-band systems with 
"white-noise" loading; noise contributions from national 
circuits. 

FOURTH PLENARY ASSEMBLY 

An invitation to hold the next Plenary Assembly at 
Buenos Aires during the first half of 1968 was given by 
the Government of Argentine, and accepted with 
acclamation by the Plenary Assembly. 

CONCLUSIONS 

This note of the proceedings of the Third Plenary 
Assembly cannot be concluded without referring to the 
work of the Secretariat under the direction of the 
Director of the C.C.I.T.T., Mr. J. Rouvicre. In spite of 
organizational difficulties due to the location of various 
services in different parts of Geneva, the work of the 
Assembly proceeded smoothly, and documents were pro­
duced and distributed with a speed that was amazing. 
Warm thanks must also be extended to the Swiss Govern­
ment for providing an interesting and informative day's 
visit to the Swiss National Exhibition at Lausanne, and 
to the Canton and City of Geneva who, in collaboration 
with the Swiss P.T.T., provided a magnificent reception 
at the Grand Theatre in Geneva. 

W.J.E.T. 

*Attenuation distortion-defined by C.C.I.T.T. as distortion 
due to the variation of Joss or gain with frequency. 

tAn important feature of the studies was the establish1ncnt of a 
reference point for the complete connexion to which the total noise 
power can be referred. This point is the input to the chain of 
international and intercontinental circuits; at this point the 
average \Vorld-wide call should not encounter a \Vorse noise level 
than-43 dbmO psophometric power. The design objectives for the 
various types of plant involved in \Vorld-wide telephone con1-
munications have been examined and found to permit this 
objective being reached. For exan1ple, the design of the Con1mon­
\Vealth cable systems (average noise po\ver for all channels of one 
direction of transmission not to exceed 1 pW/km) and of the asso­
ciated overland plant (noise power better than 2 pW/km average) 
is in line \vith these Recon1mendations. 



New Safety Belt for Overhead Work-Safety Belt No. 3 

R. L. HEARSEYt 
U.D.C. 614.89:621.315.66 

The advent of synthetic-fibre webbing has made it possible to 
produce a safety belt stronger and more resistant to wear than 
the con,·entiona1 leather belt. The design and testing of such 

a belt, to be kno\vn as Safety Belt No. 3, is described. 

INTRODUCTION 

T
HE date of introduction of the leather safety belt is 
obscure; the present specification was written in 
1933, but it is thought that similar belts were in use 

very much earlier. Thus, the design has proved satis­
factory over a very long period, but leather is inherently 
a variable material and very close inspection has always 
been necess�ry to maintain a satisfactory quality. In 
recent years it has become increasingly difficult to obtain 
the necessary high-grade leather, but at the same time 
alternative materials have become available with advan­
tages over even the best-quality leather. A new safety 
belt made of t.erylene webbing has, therefore, been 
develoJ?ed. In view of the long and satisfactory experi­
ence with leather belts the general design of the existing 
Safety Belt No. I has been followed for the new belt, but 
advantage has been taken of the new material to incor­
porate a number of improvements. 

Design Require111ents 
The points to be considered when designing a safety 

belt are as follows: 
(a) The strength must be adequate, and the appearance 

of the belt must be such as to give the user confidence 
in it. 

(b) Resistance to wear and attack by chemicals sun-
light, etc., must be good. 

' 

_(c) The maintenance required must be kept to a 
m.1n1mun1. 

(d) It must be possible to fasten or release the pole 
belt with one hand. 

(e) Adjustment of the belt must be as easy and safe as 
possible. 

COMPARATIVE TESTS BETWEEN VARIOUS BELT MATERIALS 

During 1961 tests were made to compare the resistance 
to abrasion and the shock-absorption characteristics of 
various materials, and the effects of various chemical 
and physical agents upon them. The materials examined 
were: 

(i) leather, 
(ii) cotton impregnated with balata, 

(iii) woven nylon, and 
(iv) woven terylene. 

Resistance to Abrasion 
Balata belting is used for machine-driving belts· it 

abrades readily and is, in any case, too stiff to m�ke 
a comfortable safety belt. 

The abradability of leather depends very much on its 
conditi�n; a dry_ leather belt can be readily abraded, but 
a well-oiled one 1s vutually unabradable. However, since 
most of the strength of leather resides in the external 

tExternal Plant and Protection Branch, E.-in-C. 's Office. 

(or hair) side, abrasion of this surface has a seriously 
weakening effect on the total strength of the belt. 

A woven belt comprising several hundred strands of 
1naterial retains a high proportion of its maxin1un1 
strength even after many strands have been cut through. 
One nylon belt examined had an inner core of red nylon 
which became exposed when the grey outer layer was 
worn through; a belt worn to this state was found to 
have a strength of 40 per cent of the unworn state. Both 
nylon and terylene have good resistance to abrasion and 
a high ultimate tensile strength. 

Shock Absorption 
An important feature when selecting a material for 

car safety belts is the elasticity of the material: an 
inelastic belt would stop the motion of the wearer too 
abruptly for comfort and might damage him in the 
process; an elastic belt would stretch and rebound with 
almost the same amount of energy as before and the 
wearer could be damaged by impact following the back­
ward motion imtead of the forward motion. Clearly, 
the ideal matenal should absorb the energy in some form 
less likely to damage the wearer. The synthetic materials 
do this by plastic deformation and conversion to heat; 
some of the energy is used in elastic recovery, hut the 
major portion is dissipated in causing permanent 
stretching of the material. Terylene has more permanent 
stretch and less elastic recovery than nylon, making it 
preferable for use as a belt material. Belts made from 
flax or cotton have low elasticity, as well as very little 
permanent stretch before they reach the breaking point. 
In consequence, a relatively small input of energy is 
sufficient to cause a high-enough stress to break the belt. 
The synthetic materials, with their much lower decelera­
tion due to the stretching, can absorb a much higher 
m�ut of energy without reaching their breaking stress. 
This can be shown diagrammatically by plotting the 
�trammg force against the deformation induced by it, as 
illustrated for three different materials in Fig. 1. 

I0,000,-------------� 
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FIG. !-DEFORMATION CHARACTERISTICS OF FLAX 
TER YLENE AND NYLON 

' 

In one series of dynamic tests a weight of 170 lb was 
dropped through a vertical distance of 3!, ft on to a 
flax belt-the belt broke, but the same weight dropped 

251 



through 13 ft failed to break belts made of nylon and 
terylene. These experiments were performed using a 
metal weight, and it must be realized that a human 
body, because of its compressibility, would absorb some 
of the energy; the shock to a belt caused by a human 
body would, therefore, be correspondingly reduced. 

Effects of Chemical and Physical Agents 

The materials were tested for resistance to attack by 
the following agents: water, oil, grease, fungus, sunlight, 
frost, heat, acid and alkali. Heat, acid and alkali made 
the leather become brittle. The only condition likely to 
affect nylon or terylene in service is prolonged exposure 
to sunlight, which would cause slight deterioration; it 
would also have the same effect on leather. 

These results proved that nylon or terylene is a suitable 
material for the manufacture of safety belts. 

CHOICE OF MATERIAL FOR POST OFFICE SAFETY BELTS 

Safety belts are used in the Post Office Engineering 
Department primarily to prevent a man from falling 
rather than to break his fall after it has begun. They 
are, therefore, usually subjected to static load conditions 
and only rarely to dynamic shock. The sudden whip of 
a pole when the wires are cut could, however, result in 
a shock of this type. In such circumstances the terylene 
belt would be the least likely to break. This, with the 
high shock-absorption and good resistance to degradation 

webbing of the new safety belt. It was considered 
undesirable to make use of the greater strength of 
terylene to produce a much thinner belt than the leather 
ones; instead a similar size of webbing has been used and 
this has resulted in a belt having two to two and a half 
times the strength of the existing type of belt. 

Metal Fittings 

The metal fittings used on the new safety belt are 
essentially parachute fittings and are designed to be of 
similar strength to the webbing. With the exception of 
the snap hook they are manufactured from a nickel­
copper alloy. The features of this material are its ability 
to withstand shock loads, high percentage of elongation 
before fracture, resistance to corrosion by sea water, and 
its self-polishing characteristic. The snap hook is a solid 
forging manufactured from a chromium-molybdenum 
steel and suitably plated. 

The proof loading of these fittings are: 
Pole-belt adjuster 2,500 lb. 
Triangular D-ring 5,000 lb. 
Body buckle 2,500 lb. 
Body-belt adjuster 1,500 lb. 
Snap hook 2,500 lb. 

SAFETY BELT NO. 3 

The general form of the new safety belt, Safety Belt 
No. 3, is shown in Fig. 2. The belt is made from con-

A-Release tab. B-Pole-belt adjuster 

FIG. 2-SAFETY BELT NO. 3 

by light, heat and chemicals, makes terylene the first 
choice as a material for making safety belts, while a 
serious disadvantage of leather belts is the necessity to 
dress them at monthly intervals. 

It should be noted that if a nylon or terylene belt has 
become elongated through severe shock loading it should 
be immediately discarded. 

Strength of Webbing 

As a result of the tests mentioned earlier, it was 
decided to set a minimum breaking strength of 5,000 lb 
for the pole-belt webbing and 2,500 lb for the body-belt 
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tinuous-filament terylene, woven into a webbing I� in. 
wide. It bas two parts: a body belt which has a 
double width of webbing at its back section, and 
a much longer pole belt. When the Safety Belt No. 3 is 
to be used the body belt is first adjusted to suit the 
user's individual requirements by means of the two 
body-belt adjusters. Although this initial adjustment 
takes a few minutes, once set it rarely needs to be 
altered. The body belt is then fastened by two rectangular 
metal fittings. 

The pole belt, which passes through a detachable anti­
friction pad, is passed round the pole or fixture, the snap 



hook is engaged with the D-ring-this can be done with 
one hand-and the anti-friction pad is manoeuvred into 
position between the pole belt and the pole or fixture. 
The working position in relation to the pole can be 
altered, without the user becoming detached from the 
pole, by means of a self-locking sliding-bar pole-belt 
adjuster. This adjuster allows the webbing to slide in 
one direction only, i.e. that required to shorten the loop 
of the pole belt, and to lengthen the pole-belt loop the 
locking device bas to be released by pulliog on a tab 
attached to the adjuster. As an extra safety precaution 
the free end of the pole belt is thickened so that it 
cannot pass through the pole-belt adjuster. Fig. 3 illus-

FlG. 3-SHORTENING THE LOOP OF THE POLE BELT 

trates the operation of shortening the pole-belt loop and 
Fig. 4 shows it being lengthened. 

Proo/Testing 

Apart from a selected number of belts that are tested 
to destruction, every Safety Belt No. 3 will be tested 
before use as follows. The body belt will be buckled and 
the loop subjected to a load of 500 lb. The snap hook 
on the pole belt will be engaged with the D-ring, and 
the loop formed will be subjected to a load of 2,240 lb. 
Any belt showing signs of damage by these tests will be 
rejected. 

FIG. 4-LENGTHENING THE LOOP OF THE POLE BELT 

Care in Use 

The belt requires no special treatment or dressing 
during its entire life. It can be cleaned with soap and 
water, and persistent stains can be removed with white 
spirit. 

CONCLUSIONS 

The Safety Belt No. 3 is intended to supersede both 
Safety Belt No. 1 (for work on poles) and Safety Belt 
No. 2 (for work on steel radio masts). Field trials have 
shown that it is more convenient in use than the super­
seded belts, because of the improved fittings and the 
greater flexibility of the belt material. Laboratory tests 
show that it is stronger and more durable than the old 
belts and that there should be less difficulty in maintain­
ing a uniform standard of quality. There is no longer 
the need for the 2-slot and 3-slot slides on the new belt 
with its increased safety factor. 
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The Selective Tray Conveyor at the Accountant General's 

Department, Chesterfield 

J. H. ALDERSON, M.A., A.M.l.E.E., and F. G. CUMMINGS, A.M.I.E.E.t 
U.D.C. 621.867: 651.4 

The selective tray conveyor described is the first conveyor of 
this type to be installed in the British Post Office, and is par· 
ticularly suited for the transmission of documents from point to 
point in large buildings. The principal features of the conveyor 
are the flexible construction which enables it to ascend and 
descend steeply and to negotiate sharp bends without loss of 
efficiency and the simple mechanism for selecting the discharge 

points for the trays. 

INTRODUCTION 

A
NEW building at Chesterfield to accommodate 
a large part of the Accountant General's Depart­
ment was officiaJJy opened by the Postmaster 

General on 28 November 1963. This building, known as 
Chetwynd House, is named after a 19th century Head 
of that Department who is remembered as the originator 
of the Postal Order. Chetwynd House was designed at 
the outset to accommodate mechanical equipment to 
reduce porterage to a minimum and to facilitate the 
various clerical and other processes to be performed 
there. 

A selective tray conveyor (see Fig. 1) plays a vital 

-

working week, and the majority of them are conveyed 
on the tray conveyor. The capacity of the conveyor is 
more than adequate to deal with the present volume of 
work, and any large increase could be handled by in­
creasing the speed of the conveyor. 

The documents are brought into the building through 
the reception block on the ground floor, adjacent to the 
loading bank, where sortation into the different types 
is carried out at 18 specially-designt>d sorting desks ad­
jacent to the conveyor (see Fig. 2). The documents 
are packed in fibre boxes having a total weight ranging 
from 3-13 lb. The main flow of work is from the recep­
tion block to discharge stations on the ground, first, and 
second floors, and provision is also made for the return 
of empty boxes and certain documents from the first 
and second floors to the reception block. 

When the problem was first studied, it was apparent 
that, to meet the functional requirements within the 
limitations dictated by site and building considerations, 
a flexible conveyor system able to ascend and descend 
steeply and to change direction in the horizontal plane 

was necessary. Noise, he'1droom and 
appearance were factors of especial im­
portance in the office-type accommo­
dation, and a high degree of reliability 
was essential, since it would be ex­
tremely difficult to operate a portering 
system in a building economically 
designed and staffed for mechanical 
conveyance. 

Automatic discharge at six pre­
selected stations was called for, and five 
of these stations required automatic 
storage capable of receiving and storing 
boxes from the conveyor without 
manual intervention. 

FIG. I-TYPICAL SECTION OF CONVEYOR WITH LOADING GAUGE 

The foregoing considerations led to 
the adoption of a conveyor that is basi­
cally a chain equipped with tipping 
trays each having a selection mechan­
ism. In order to meet the requirements 
of the instaJJation, the design of the 
conveyor departs radically from that of 

part in the organization of the work of the office and 
is the first of its type to be used by the British Post 
Office. This conveyor is provided to assist in the hand­
ling of paid postal orders, postal drafts, money orders, 
pension and allowance forms, and cash accounts re­
turned to the Accountant General's Department by Head 
Postmasters. The work involved is the sorting, check­
ing, and subsequent storing of these documents for 
appropriate periods, after which certain documents are 
returned to other Government Departments and others 
destroyed by a shredding process." Between eight and 
nine million documents may be handled in a normal 

tPower Branch, E.-in-C.'s Office. 
•SMITH, W. J., and ROGERS, J. D. Chain Conveyors in Postal 

Engineering. P.O.E.E.J .. Vol. 51, p. 53, Apr. 1958. 
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the conventional chain conveyor used 
for carrying mail.* 

A spiral chute has also been installed; it Jinks the first 
and second floors directly with the shredding and baling 
room so that documents from the files due for destruc­
tion can be readily dispatched in bags, thus minimizing 
handling. 

DESCRIPTION OF CONVEYOR 

The conveyor is 732 ft long with trays at 4 ft pitch. It 
consists of a 6,000 lb 3 in. pitch hollow-bearing-pin 
chain to which are attached carriers running in guides. 
The chain, which is sprocket-driven at 30 ft/min, is fitted 
with "bi-planar" links every 2 ft along its length, and, 
hence, has horizontal articulation at 3 in. intervals and 



trolleys running on guide rails, B, fitted 
at lhe bottom of the track, the entry to 
and exit from the guides being tapered 
so that the carriers are gently lifted 
clear of the top of the track when the 
trolleys are in action. 

Sliding action is also adopted for a 

short length of the track in the 
immediate vicinity of each discharge 
station. At these points a check rail 
is provided on the discharge side of 
the conveyor to prevent tipping of the 
carriers due to the forces applied by 
the tray-tipping mechanism. At certain 
points on the vertical bends it is neces­
sary to add a third pair of guide rails, 
C, over the trolley wheels to counteract 
the tendency of the trolleys to move out 
of the track due to the tension of the 
chain. 

FIG. 2-PART OF RECEPTION BLOCK. SHOWING SORTINO DESKS 
AND LOADING SECTION OF CONVEYOR 

The majority of chain conveyors of 
conventional design "bend" with equal 
facility in the vertical and horizontal 
planes, being guided by the track con-

vertical articulation at 2 ft intervals. At each bi-planar 
link a casting known as a trolley carrier is supported 
above the chain. Suspended below the chain from each 
carrier is a trolley (see Fig. 3) fitted with two wheels 

A-Trolley carrier. B-Two-whtcl trolley 

FIG. 3-DRIVING GEAR, SHOWING CHAIN AND 2-WHEEL TROLLEYS 

having sealed ball-bearings. Alternate trolley carriers 
support the conveyor trays, and J 2 of the carriers, 
approximately equally spaced, are fitted with oil-im­
pregnated felt pads for lubrication of the top guides of 
the track. 

The action of the conveyor is unusual by comparison 
with a normal chain conveyor since it is the carriers, 
rather than the chain itself, which are guided in the 
track (Fig. 4). At low conveyor levels the carriers are 
suspended from guide rails, A, at the top of the track, 
the sides of the rails preventing lateral movement. When 
the conveyor is in motion, carriers slide along these rails 
and bearing noise in the vicinity of working positions is 
thus eliminated. If this sliding action were retained 
throughout the length of the conveyor, however, fric­
tional resistance would be considerable and a large 
driving torque would be necessary to overcome it. At 
high levels, therefore, the conveyor is supported by the 

tours. With the selective tray conveyor, 
however, as the trolley carriers are rigid and run between 
guides, changes of direction in the horizontal plane are 
achieved by suitably diverting the chain around 
sprockets of 1 ft 3 in. radius, the clearance between the 
sic.Jes of the carriers and the top guide rails being in­
creased to permit "chording" around the bend. Between 
sprockets the conveyor route, in plan. is always a straight 
line. Three sprockets fixed to the ground-floor ceiling 
are used in this manner at Chesterfield. In addition, 
sprockets are used at 90° and 180° bends, which is more 
in accordance with normal conveyor practice. At vertical 
bends the 2 ft spacing between bi-planar links permits 
the chain to chord around a minimum radius of 4 ft. 
allowing a maximum angle of slope of 45°. 

A-Guide rails from which trolley carriers arc sus�ndcd at low conveyor 
levels. B-Guldc rails on which trolleys run at high conveyor levels. c­

Chcck rails over 1rollcy wheels. 

FIG. 4-SECTION OF TRACK 

Hardwood blocks, approximately 2! in. thick, and 
suitably shaped to cater for the bi-planar articulation, are 
fixed to the upper surface of the chain to fill in the 
space between the top of the chain and the top of the 
track. These effectively prevent access to any portion 
of the conveyor contained within the track, and present 
a smooth and finished appearance consistent with the 
office decor. 

To cater for a range of box sizes the conveyor trays 
are 12 in. (in the direction of the track) by 16 in. (at 
right angles to the track) and 6 in. high. They are of 
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hard¥,:ood, sheet n1etal, and pressboard construction, 
open at the discharge side and wax polished where neces­
sary to minimize friction. In the unoperated position 
the bottom of the tray slopes slightly backwards to 
retain the box in the tray. When operated, the tray 
tips at an angle of 45". 

Each tray is fitted with a row of six keys or "triggers," 
each key being coloured to correspond with the colour 
of the label on the fibre box which it is desired to dis· 
charge at the station corresponding to that selection. 

At loading positions the height of the conveyor from 
the floor is such that the bottom of the tray at the open 
side is about 2 ft 6 in. from the floor. The main loading 
section ill in the reception block on the "outward" side 
of the conveyor and there are also short loading sections 
on the first and second floors, on the "return" side of 
the conveyor. 

The headroom available in the office is restricted and, 
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to allow the necessary clearances for tray tipping, the 
distance from floor to centre line of the track at high 
level was fixed at 7 ft 6± in., providing headroom of 6 ft 
11 in. under track hangers and 6 ft 7t in. under drive 
units. 

Tray Selection and Tipping Mecha11isn1 
The mechanism for effecting discharge of a box from 

a conveyor tray at a selected station is entirely mechani­
cal; the mechanism is illustrated in Fig. 5 and 6. 

Each station is equipped with a primary lever, A, 
and a secondary lever, B, which are mechanically 
coupled so that they rotate about their respective pivots. 
The upper portion of the primary lever is approximately 
triangular in shape but with a projection at each end 
of its top edge. Each tray on the conveyor carries a 
projecting striker, C, which engages the front projec­
tion of the primary lever and rotates the primary and 
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(c) Third Phase 
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A-Primary lever. B-SecondarY lever. C-Projecllng striker. D-Tray trigger E-Plvoted bar 

FIG. 5-TRAY DISCHARGE SELECTION MECHANISM 
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(n) Tray Approaching Station 

RAMP PULLS LEVER BACK 

(c) Roller Engaged with Ramp 

A-Primary lever B-SecondarY lever. C-Projecling striker. 
0-Tray trigger. E-l'ivoced bar. F-Roller. 0-Horizonlal steel ramp 

FIG. 6-TRAY TIPPING MECHANISM 

secondary levers at each station through an arc of a 
circle. the levers restoring under spring pressure when the 
tray has not been selected to discharge there. 

The characteristics of the selection system are such 
that the position of the primary lever with respect to the 
station is fixed, but the distance between primary and 
secondary levers varies at successive selections by an 
amount equal to the pitch between tray triggers. 

When a tray trigger, D, for a selected station has been 
pressed, the distance between the striker on the tray and 
the depressed tray trigger will be such that at that station 
only, instead of the primary and secondary levers being 
allowed to restore as the primary lever disengages from 
the tray striker, the secondary lever engages with the 
trigger and rotates the coupled levers further. The 
rear projection on the primary lever raises the front end 

(b) Roller Lowered to Engage With Ranip 

of a pivoted bar, E (Fig. 5 (a)), below the tray at right 
angles to the track, lowering the back of the bar and 
permitting a roller, F (Fig. 6), carried at that end to en­
gage with a horizontal steel ramp, G (Fig. 6), fitted at 
right angles to the conveyor track. The motion of the 
roller along this ramp provides the necessary laterol 
motion to tip the tray about its point of pivot, the carrier 
being prevented from tipping by contact between the 
discharge-side trolley wheel and the underside of the 
check rail. The tray restores under combined gravity 
and spring control. 

The discharge chute at each station is provided with 
a short section, hinged and sprung, which restores the 
operated trigger to normal when the tray tips. 

The sixth key selection on each tray discharges boxes 
into a chute at the entrance to the reception block. This 
is for the return of empty boxes and for outgoing des­
patches from the first and second floors. 

Drive Units 
Due to the length of the conveyor and the necessity 

to limit chain tension, two drive units are required. These 
are identical ceiling-mounted equipments, both installed 
on the ground floor approximately 280 ft apart. Each 
drive consists of a li h.p. "super-silent" motor driving, 
through a hydraulic coupling, a vee-rope reduction drive 
which in turn drives a 60: I reduction worm gear. The 
output of the worm gear is applied to the drive sprocket 
of the chain through a further vee-rope reduction drive. 

Chain tensioning is achieved by separate tension 
sprockets, one on the "down-stream" side of each drive 
unit. Each tensioning unit is fitted with a ramp-operated 
switch that interrupts the chain drive if the tension in­
creases by a pre-determined amount. 

Storage Racks 
The boxes on the selective tray conveyor are nor­

mally discharged at the various stations on to a straight 
chute or gravity-roller conveyor, and stored until re­
quired. The storage capacity of a chute with a slope 
of 30" is very limited compared with a gravity-roiler 
conveyor with a slope of 4 °, but the latter occupies a 
great deal of floor space. Jn order to economize in 
floor space a series of short gravity-roIJer conveyors, 
arranged in zig-zag ·formation one under the other and 
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connected together by gravity-operated hinged tipping 
sections, was devised for use at Chesterfield (see Fig. 7). 

FIG. 7-GENERl\L VIEW OF STORAGE RACK. SHOWING LIGHT-RAY 
UNIT 

The hinged tipping sections (Fig. 8) are counter­
balanced and arranged so that a minimum-weight box 
will overcome the counterbalance weight and move the 
section, transferring the box to a lower level. The box 
passes through successive tipping sections and thus des­
cribes a zig-zag motion until brought to rest at the bot­
tom of the rack. As each tipping section moves away 
from rest it inserts a stop in the track immediately pre­
ceding it. This stop is not restored until, under the con­
trol of the counterbalance, the hinged section latches back 
in position on completion of the transfer, when another 
box may be received. Two light-ray units are provided 
on each storage rack to prevent the storage racks be­
coming completely full and fouling the passing con­
veyor trays. The first light ray sounds a warning buzzer 
if it is interrupted for a period of approximately 3 
seconds, and the second operates after a similar delay to 
shut down the conveyor and light an alarm lamp in the 
reception block. The light-ray units are arranged so 
that, under normal conditions of operation, shut down 
occurs if a further four boxes are received with the 
original alarm condition uncleared. The ends of the 
racks containing the hinged sections are enclosed within 
panels lined with sound-absorbing material. 

Five storage racks are provided with storage capacities 
varying between 30 and 37 boxes, except for one rack 
where storage of 18 boxes is adequate. 

Loading Gauges 

Where the conveyor runs at the high level, especially 
at holes in the ceiling and below sprockets and driving 
gear, the available horizontal and vertical clearances 
between the trays and parts of the fixed structure or con­
veyor mechanism are necessarily limited to minimize 
the space occupied, and jamming may occur if a box 
is incorrectly loaded on to the tray, or, of course, if in­
correct material is placed in the tray. To prevent damage 
due to this cause, hinged "loading gauges" are fitted at 
the end of each loading section. Projections above or 
beyond the tray which would be likely to cause a 
jam will displace the loading gauge and open a switch in 
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(11) Tipping Sec1ion in Normal Posilion 

(b) Tipping Sec1ion in Bollom Posi1iou 

FIG. 8-0PERATION OF HINGED TIPPING SECTION 

the emergency-stop circuit, bringing the conveyor to 
rest and lighting the emergency-stop lamps. The loading 
gauge fitted at the end of the loading section on the first 
floor can be seen at the left-hand side of Fig. 1. 

CONTROL GEAR 

The main electrical control cubicle is located in the 
reception block. A "station-full" alarm panel, operated 
from the station light-ray units, is also located here. 
Emergency-stop switches are fitted at every loading and 
discharge point, and at the supervisor's position in the 
reception block. Operation of the loading gauges func­
tions in a similar manner to an emergency stop. Start 
and normal-stop controls are provided at the supervisor's 
position and at the loading points on the first and second 
floors. A warning buzzer sounds at all points where the 
conveyor is at low level, immediately before a start. The 
normal-stop control applies a "delayed-stop" condition 
for a period of about 141 minutes to allow the last loaded 
tray to clear the furthest discharge station; at the end 
of this period, if no cancelling start condition has been 
applied, the conveyor stops. 

Starting and stopping facilities for the maintenance 
staff are provided at each drive unit. 



PERFORMANCE 

The selective tray conveyor has given satisfactory 
service since it v.1as brought into use and experience to 
date suggests that a high standard of reliability will be 
achieved. In particular, the performance from the noise­
level point of view has amply justified the care put 
into the design and instaIIation to achieve this end. In 
general, the equipment is of more robust construction 
than would appear to be justified by the loads conveyed, 
but this is part of the price paid for quiet operation; most 
of the heavier steelwork used on the storage racks is, 
however, covered from view by the sound-absorbing 

panels. The conveyor track is exposed to view, but its 
finish and appearance is not inconsistent with the office� 
type accommodation in which it is installed. 
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The Ninth Plenary Conference of the Commission Mixte 

lnternationale, Paris, October 1964 
U.D.C. 06 l.3: 621.391.82: 620.197 

T
HE Commission Mixte Internationale (C.M.l.)­
con1prising the international co-ordinating bodies 
of the teleconnnunications, railway, electricity and 

gas industries together with various national bodies a11 
having interests in the protection of external plant 
against electrical interference and corrosion-met for 
their 9th Plenary Conference in Paris from 19-23 October 
1964. Nearly 60 delegates from 10 countries attended. 

The technical 1neetings were devoted to reports of 
practical de1nonstrations held at Freiburg in Gern1any 
and Bournemouth in England, together with general 
reports fro1n sei.:tion "rapporteurs." 

The Freiburg meeting had been concerned with: 
(a) 1neasurement of cable-screening factors, 
(b) measurement of telephone-equipment unbalance, 
(c) interference caused by an a.c. electrified railway, 
(d) demonstration of n1easuren1ents for corrosion 

investigation, 
(e) measurc111ent of disturbing currents and voltages 

in the traction circuits of an a.c. electrified railway, 
(f) measurement of disturbing currents and voltages 

in an electricity line, and 
(g) circuit protection by lightning arrestors. 

The Bournen1outh meeting* had been concerned with: 
(a) joint construction-low and high voltage lines with 

Post Office lines, 

*Meeting of the Con11nission Mixte Internationale, 
Bournetnouth, Septen1ber 1961. P.O.E.E.J., Vol. 54, p. 258, 
Jan. 1962. 

(b) single-wire high-voltage earth-return power lines, 
(c) cathodic-protection installations embracing water, 

gas and Post Office plant, and 
(d) Post Office polythene cables and joints. 
The section rapporteurs covered a wide range of 

subjects, reporting on the present state with regard to 
a large number of outstanding questions and proposing 
some additional subjects for study. 

In addition to the technical meetings, budgetary 
proposals and a1nend1nents to the constitution were 
approved. The constitutional an1end111ents were small 
but directed to ensuring that a wider variety of problems 
affecting users of pipes, conduits, etc., could be ventilated. 
In particular, it is hoped that there will be greater 
participation by water and oil interests. 

Since its inauguration in 1927 there has been a tendency 
for the C.M.l. to undertake work based very much on the 
initiative of the International Telegraph and Telephone 
Consultative Committee (C.C.I.T.T.) Study Groups V 
and VI which deal, respectively, with interference and 
corrosion matters. Although the C.M.I. will obviously 
continue to be concerned \vith these problems, it seems 
possible that the exchanges of views and information 
which take place at the practical detnonstrations-or 
"Validations" as they are called-might gradually lead 
to a more co-ordinated use of the earth for the various 
distribution networks with \Vhich the rnen1bers are 
concerned. In the n1eantime, the C.M.l. retnains a 
valuable forutn for the exchange of practical information. 

D.W.R.C. 
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Developments in Overhead Construction 

G. E. HAINES, B.Sc.(Physics), A.M.I.E.E., and W. T. WILSONt 
U.D.C. 621.315.17 +621.315.24 

The standard methods of overhead construction have, for many 
years, utilized both cable and open wires. The use of plastic 
sheathed and insulated cables now makes it practicable to dispense 
with open wires; the ways in which this can be done economically 

on various types of route are described. 

INTRODUCTION 

F
OR many years the standard methods of overhead 
construction have included the use of both cables 
and open wires. Due to the increasing use of plastic 

sheathed and insulated cables, it is now economic to 
dispense with open wires. A description is given in the 
following paragraphs of some of the items now being 
used with this end in view. Several other items which, 
although not on large-scale trial, are being developed to 
improve the appearance of overhead plant or make its 
construction simpler are also described. 

Overhead routes may be divided into four broad 
categories: 

(i) long rural routes, 
(ii) suburban routes, 

(iii) subscribers' drops, and 
(iv) overhead spurs. 

Each type of route has its own problems and will be 
dealt with separately. 

LONG RURAL ROUTES 

Long rural routes are characterized by long sections 
with no change in the number of circuits. Junction 
routes are often of this type, and so are some subscribers' 
routes where the spurs are more than t mile apart, or 
where, for example, the underground-cable network has 
been extended by an overhead route to a remote cluster 
of houses. 

The main advantages of open wire over cable for such 
routes have hitherto been 

(a) low resistance, 
(b) spreading of capital costs, as wires and fittings 

can be added as needed and do not all have to be provided 
initially, and 

(c) appearance-open wires are nearly invisible against 
a dark background. 
With the increase in permissible exchange-line signalling 
resistances, advantage (a) is now of lessening importance. 

Small-sized self-supporting cables, such as the type 
mentioned below, can make aerial cable cheaper than 
open wires where more than one pair is required, es­
pecially if the lower maintenance charges are taken into 
account. A cable is admittedly more conspicuous in 
some circumstances than open wires, but shorter poles, 
lower routes, and much less conspicuous pole furniture, 
since no arms or insulators are necessary, more than 
compensate for this. 

For subscribers' work, combined-type cable in which 
the steel suspension wire and the cable core share a 
common plastic sheath* can be used. This type of cable, 
in the range 10-75 pairs, has been used for local work 

tExternal Plant and Protection Branch, E.-in-C.'s Office. 
*BLURING, J., and SNow, H. F. Experiments in Aerial Cable 
Construction. P.O.E.E.J., Vol. 52, p. 47, Apr. 1959. 

260 

since 1959. The range bas recently been extended to 
include 4-pair and 7-pair sizes, and it will, in future, also 
include cables larger than 75 pairs. Ultimately, it is 
intended that all new aerial cables should be of the self­
supporting type. 

The 4-pair (Fig. 1) and 7-pair cables differ from the 
other combined-type cables in having a single 12-gauge 

A-Suspension wire 

FIG. I-FOUR-PAIR AERIAL CABLE 

suspension wire with a breaking weight of 1,300 lb 
instead of a stranded wire with a breaking weight of 
3,500 lb. The breaking weight of the 12-gauge suspension 
wire is equivalent to that of only six 40 lb cadmium­
copper conductors, and the cable can therefore be erected 
on existing routes of the lightest construction without 
additional strengthening of the route being necessary. 
The low erection tension (200-300 lb) of this type of 
cable permits it to be erected with the same tensioning 
equipment as that used for the larger line wires, and, if 
flagmen are not required, only two men are needed. 

SUBURBAN ROUTES 

Suburban overhead routes occur in areas of low 
telephone density, where arm-type distribution poles 
(d.p.s) may feed routes of about six spans serving 10 or 
12 subscribers (Fig. 2). 

The advantages of open wire in this situation used to 
be flexibility and economy: a pair is run from the d.p. 
to the subscriber's premises and no further, and only 
when required. On the other band, an aerial cable must 
usually be run the full length of the route at the outset. 
However, aerial eable has the advantage of using smaller 
and hence cheaper conductors, and cheap and simple 
fittings suffice instead of the arms, spindles and insulators, 
etc., needed for open wires. Therefore, as for rural 
routes, aerial cabling can now be cheaper than open 
wiring. 

Several types of aerial cable exist that could possibly 
be used for suburban routes. These types include: 

(a) sheatbless cable with a central suspension strand, 
(b) cable with high-strength conductors, e.g. hard­

drawn cadmium copper, 
(c) polythene-insulated underground-type cable used 

as a self-supporting aerial cable, and 
(d) combined-type cable. 
Type (a) is much larger than any of the others, and is 

therefore the most unsightly; it is also the most expensive. 



The alternatives to this "parallel" 
method are to provide block terminals 
at a number of poles along the route, 
or to use a suitably-designed methocl 
of jointing. Terminal blocks have the 
disadvantage that they must either be 
provided initially at any pole from 
which an individual service may be 
required, or be introduced sub­
sequently, an operation which may 
sometimes even require the renewal 
of a span of the aerial cable to give 
adequate jointing length; in any 
event considerable rearrangement is 
involved. Both these methods are 
inflexible, and although this disad­
vantage could be overcome by some 
form of teeing, connecting a circuit 
to a number of terminal blocks 
increases the fault liability. 

FIG. 2-TYPICAL SUBURBAN ROUTE WITH ARM-TYPE DISTRIDUTION 
POLE 

The most desirable jointing method 
is one with which it is possible to 
connect the subscribers' spurs directly 
to the aerial cable as required, without 
any need to renew spans to obtain 
jointing lengths. Couplings have there­
fore been designed that enable this to 
be done, and it is now possible to 

Type (b) can be difficult to joint, and has the disadvan­
tage common to all cables in which the conductors also 
do duty as the suspension strand: a joint weakens the 
cable, which, therefore, has to be mechanically terminated 
at every pole where a joint may occur-on this type of 
route, at every pole. 

The use of types (a) or (b) would also entail the 
introduction of an additional type of cable, when the 
aim is to reduce the number of overhead items to a 
minimum. 

Although type (c) is the cheapest and smallest, it 
suffers from the same disadvantage as (b) as regards the 
necessity for mechanical terminations; it is also mechani­
cally weak, and the elastic limit of the soft-copper 
conductors is very low. This means that only light initial 
tensions can be used, and when the cable is subjected to 
stress it stretches and remains stretched, thereby in­
creasing its sag. Hence, large and increasing dips must 
be allowed for, especially in long spans, and this 
requires the use of tall poles, with added cost and un­
sightliness. The use of this type of cable is therefore 
limited to unexposed sites; where sag is important, such 
as at road crossings, the cable is supported by a suspen­
sion strand. 

Type (d), although a larger cable than types (b) or (c), 
is smaller than type (a), and the strength given by the 
suspension strand enables the cable to be used in all 
situations, with minimum sag. It is therefore considered 
the best cable for suburban routes. 

There remains the problem of jointing the cable pair 
to the feed to the subscriber's premises. In the past this 
has generally been done by providing a few d.p.s along 
the aerial-cable route and running wires along the route 
above the cable until the subscriber's spur is reached. 
This practice is undesirable for several reasons: a 
multiplicity of wires and cables is unsightly, taller poles 
are necessary and, especially where the extra circuits 
parallel unused pairs in the main cable, it is uneconomic. 

use an aerial cable for continuous 
distribution, using drop-wire for subscribers' spurs, and 
to take out small cables from the main cable either to 
feed a subsidiary route or a terminal block. 

The couplings, which can be used on lashed polythene 
cables as well as on combined-type cables, are made in 
two sizes. The larger size (coded Coupling, Aerial 
Cable, No. 1) for cables up to 0 ·840 in. external diameter, 
enables up to four drop-wires to be connected as well as 
spur cables of up to 7-pair 10 lb/mile in size. The 
smaller coupling (No. 2), for use on cables up to seven 
pairs in size, enables two drop-wires to be connected. 

A coupling (Fig. 3) consists of two semicircular 
sections of high-density polythene which fit over the 
cable, the longer section being uppermost. The two 
sections are drawn together by self-tapping screws, and 
the ends of the joint are enclosed by rubber plugs that 
fit between ridges near the end of the upper semicircular 
section. This section projects beyond lhe ouler face� of 

the rubber plugs and protects them from rain. 
The rubber plugs for the larger-type coupling are each 

provided with a hole for the main cable, and the plug is 
split from the hole to the outside of the plug. Each plug 
has a subsidiary cable-hole and two holes for subscribers' 
leads, shaped and stepped to provide a tight fit for 
various sizes of drop-wire; ebonite plugs are fitted in 
holes not occupied by leads or cables. The rubber plugs 
for the smaller couplings are similar, but have no 
subsidiary cable hole, and one plug has no holes for 
subscribers' leads; this plug is fitted to the coupling-end 
remote from the pole. 

A metal spacing-bar is bolted to the rubber plugs 
inside the coupling. The aerial-cable pairs are connected 
to drop-wires by connectors screwed to the underside of 
the spacing bar. The connectors are small ebonite 
blocks with metal inserts in which four single-way 
connexions (two pairs) are made under the leading ends 
of grub screws. The inserts and grub screws are designed 
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A-Top section of coupling 
B-Bottom section of coupling 
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D-Connectors 
E-Rubber plugs 

FIG. 3-AERIAL-CADLE COtJPLING 

to grip a conductor as small as a 6! lb/mile wire without 
cutting through the wire. One or two connectors are 
used in the larger coupling, and one in the smaller 
coupling. When cable pairs are jointed together in 
a coupling, normal polythene-insulated-wire jointing 
methods are used. 

The joint is made within reach of a pole (Fig. 4). For 
combined-type cable the suspension wire is separated 

FIG. 4-AERIAL-CABLE COUPLING INSTALLED 
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from the cable by cutting through the web and using 
wedges to hold the suspension wire away from the cable. 
A length of sheath equal in length to the spacing bar is 
removed to give access to the cable pairs. The cable is 
placed in the split holes of the plugs, after it has been 
built up by adhesive rubber tape as necessary to be a 
reasonable fit in the holes. Connexions are then made 
and the coupling assembly completed. Spur cables and 
drop-wires are bound into the main cable to give a neat 
appearance. 

The method is suitable for use with an aerial-cable 
route in which the number of pairs required gets pro­
gressively less along its length, but for cables larger than 
15 pairs subscribers' sp�.:rs are connected to the outer 
layer of the cable. The inner layers are connected to the 
next smaller-size cable to feed subsequent d.p.s, thus 
overcoming the difficulty of gaining access to the inner 
layers of an aerial cable that is under tension. 

In suburban areas, the aerial cables may link ring-type 
d.p.s (Fig. 5). 

SUBSCRIBERS' DROPS 

The section between the pole and the subscriber's 
premises is usually known as the subscriber's 
"drop". Where several pairs are needed, service is best 
provided by means of a self-supporting aerial cable of 
one of the types already described. 

The great majority of subscribers' drops are single 
pairs only, and, hitherto, to take two wires into a sub­
scriber's premises, there has been a choice between using 
two types of drop-wire, two sizes of bare conductor, two 
types of insulated single conductor, seven different types 
of brackets and five types of spindle and insulator, 
besides a number of miscellaneous items. There are 
hundreds of possible combinations of these items, and 
most of them are in use. 

The reduction of these various arrangements to the 
use of two sizes of drop-wire (one for power crossings), 
requiring only one size of house-bracket and two sizes 
of clamp, therefore offers obvious advantages both in 
reducing the variety of items in use and in standardizing 
construction methods. 

A single drop-wire is quicker to erect than two open 
wires, it can be run from the coupling or terminal block 
straight to the termination of the subscriber's internal 
wiring, thereby saving labour and avoiding the fault 
liability of intermediate terminations of leading-in 
cables. For these reasons, drop-wire i s  considerably 
cheaper than open wire both in stores and labour, but 
the obstacle to its universal use in the past has been its 
appearance. The house and pole furniture for drop-wire 
items are much smaller than those for open wire, but the 
cable has unfortunately been much larger than bare 
wires. 

Before the use of open wire could be abandoned, 
therefore, a smaller alternative to the existing type of 
drop-wire was needed. For such a cable both insulation 
and conductor had to be made thinner. Cadmium 
copper, as used in earlier drop-wires, was not strong 
enough in the required diameter (0·025-0·028 in.), and 
an alternative had to be found. Two types of conductor 
were tried: steel and bimetallic, the latter having a 
high-tensile steel core with a thick (0·0016 in.) copper 
coat. Both types gave a cable with a breaking weight of 
approximately 150 lb. The bimetallic type was finally 
adopted, because plain steel, although cheaper, had a 



fabric and synthetic rubber. Experi­
ments are, therefore, being made 
with single-material sheathed cables 
of double-D cross-section using bi­
metallic conductors and having a 
breaking weight of 600 lb, in the 
hope of producing a drop-wire suitable 
for use near high-voltage power lines 
and for line-of-route work, at a cost 
not greatly in excess of the existing 
type of drop-wire. 

OVERHEAD SPURS 

Overhead spurs are small routes of 
one or two circuits diverging from a 

main route. They are best dealt with 
in the same way as long rural routes. 
Sometimes, where transmission and 
signalling limits allow, drop-wire can 
be run in the line of route. 

FUTURE DEVELOPMENTS 

Pules 

FIG. 5-AERIAL CADLE USED TO LINK DISTRIBUTION POLES 

The new drop-wire cable, which has 
a lower breaking weight than previous 
drop-wire cables, enables light poles 

to be used with safety for d.p.s. This also means 
that steel poles, similar to the type used for lamp stan­
dards, might be suitable for use as d.p.s. One such pole, 
now being tried, is only 4t in. in diameter, except for 

much higher resistance (1,280 ohms/mile loop compared 
with 550 ohms) and it also had a tendency to rust. 

The sheath of the new cable (coded Cable, Drop-Wire, 
No. 3) is of grey or black p.v.c. of double-D formation. 
It was 0·010 in. thick in the original version, but this 
proved too thin for cleating on rough-faced walls and 
the thickness was increased to 0·015 in. minimum. The 
cross-sectional area of the cable is less than half that of 
the No. 1 type. 

The greatest difficulty with the new cable was in 
finding an effective means of clamping it. The insulation 
being thin and the conductor of small diameter, too 
great a pressure cannot be exerted at any one point, or 
the wire will cut through the insulation. At the same 
time, the force of the clamp must be transmitted to the 
wires and not taken by the sheath, or the sheath will be 
stripped off. 

Over 500 hand-made clamps involving various prin­
ciples were tested in an attempt to find a satisfactory 
design. The majority either failed to hold the cable up 
to its breaking weight or only did so with damage to the 
sheath. Three types passed laboratory tests: a 2t; in. 
diameter reel, a spirally-grooved rod, and a plastic­
coated helical wire. Of these, the first failed in field 
trials, and the other two were successful; the wire type 
was adopted as being the least conspicuous. The 
present version (coded Clamp, Drop-Wire, No. 3) is 
18 in. long, and is of p.v.c.-coated stainless steel (Fig. 6). 
A short helical tail is twisted back on the main helix to 
form a closed eye round a pole ring-head, as shown in 
Fig. 7, or round a house bracket. 

The cable is fixed to the wall by means of U-shaped 
plastic cleats which surround the cable and cushion it 
against the roughness of the wall when the cleat is being 
nailed. Masonry nails are used to fix the cleats to the 
wall. 

The new cable has severely limited use at power 
crossings, and the present type (Cable, Drop-Wire, 
No. 2) is only suitable for use at low-voltage crossings, 
and, moreover, is of 3-layer construction: rubber, 

FIG. 6-DROP·WIRE CLAMP NO. 3 WITH LENGTH OF DROP-WIRE 
CADLE NO. 3 

FIG. 7-SKULL·CAP RlNG AND DROP-WIRE CLAMP ::-10. 3 

263 



the bottom 3 ft, which is 7 in. in diameter. The drop­
wire is fed down the hollow centre of the pole to a 
terminal block fitted in the base, thus giving a tidy 
appearance. The chief disadvantage is likely to be cost. 

Pole Caps 
As an alternative to the old-type ring, a fitting that 

sits on top of the pole like a skull cap (Pig. 7) is being 
tried. This cap is neater than previous rings, does not 
waste pole height, and makes conversion fron1 ar1n-type 
to ring-type distribution easier. 

Stays 
In an attempt to reduce the high labour costs associated 

with the present type of stay, experi1nents are being made 
with i variety of stay anchors and driven-rod type stays 
suitable for installation with mechanical aids or by 
hand. 

CONCLUSIONS 

Overhead telephone plant has had many changes in 
the past. The change-over fro1n open wire to self­
supporting cables is probably the last major change that 
will be made to the overhead line, although improve­
ments in materials will no doubt produce s1naller and 
cheaper cables in time. The next 1najor developments 
will undoubtedly be in the supports, i.e. in paling and 
in staying. 

Some Aspects of Data Transmission 

G. D. ALLERY, B.Sc.(Eng.), A.M.1.E.E.t 
U.D.C. 621.394.4:681.142 

Flexible multi-speed data-transmission connexions by n1eans of 
switched networks or by point-to-point circuits are important to 
the future of data-processing systems. A detailed consideration of 
future system requirements will enable internationally agreed 
standards to be formulated and economic use to be made or the 

public telecommunication network. 

INTRODUCTION 

I
N most people's minds the term "data transn1ission" 
is associated with the transmission over the tele­
communication networks of information for computers 

in a digital form. This will be the general assumption in 
this article. However, it is well to remember that digital 
transmission has been used for a considerable period of 
time. Most telegraph systems transmit information in 
this way, and many telephone signalling systems are also 
concerned with the trans1nission of digits. Is the trans­
mission of speech signals data transmission? Perhaps 
not-nevertheless, a recently developed data-processing 
system accepts binary signals, processes them, and sends 
the results back as synthetically produced speech! 

many instances the locations of the sources of data 
generation are widely scattered, and at present the chief 
problem in developing more ambitious and efficient 
a.d.p. systems is to transmit the data from these sources 
with speed and flexibility. 

Data-processing installations can be cotnpared with a 
general-purpose factory that utilizes processes from the 
very simple to the highly complex, and employs these to 
produce a variety of different products each requiring 
quite different amounts of raw material to be supplied to 
maintain the output of the products. The raw material 
of data processing is the data itself. A large and powerful 
data processor, when employed on business applications, 
may, typically, demand to be fed at the data-transfer 
rates shown in the table. 

The figures for total processing times shown in the 
table are the integrated times for which the central 
processor is actually being used, and therefore a I 00 per 
cent utilization of available processing time is assumed. 
The total volumes of data refer to changes or to variable 
data incoming to or outgoing from the system; they do 

Average Data-Transfer Rates for Input and Output 

Total 
Processing Total Volun1e 

Job Time of Input Data 
(Hours) (Bits) 

-- l_jj "" Stores Accounting, Job A 10' 

Stores Accounting, Job B I I 
--

90 x 10' 

File Updating, Job A -I 15 _ 10 x J06 

File Updating, Job B 2-1 57 x 10' �I 
Reconciliation of Accounls I I'S 56 x 10' 

THE PROBLEM 

It is generally accepted that the major limitation 
affecting the design of an auto1natic data-processing 
(a.d.p.) system lies in getting the data into the system. In 

tTelegraph Branch, E.-in-C. 's Office. 
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Approxi1nate Approxin1ate 
Total Volun1e Average Rate of A veragc Rate of 

of Output Data Input of Data Output of Data 
(Bits) (Bits/second) (Bits/second) 

364 x 10' I 60 I 250 

I 14 x 10' I 250 I 40 

I 
350 x ion I 1,250 I 6,500 

- I 7,500 I -

I 9 X JOG 
I 

10,000 I 1,600 I 
not include move1nents of fixed or existing data within 
the 111achine, e.g. internal n1agnetic-tape-file movements. 
The average rates of input or output of data indicate the 
steady :flo\v required from a single source to keep the 
computer fully occupied. This assumes that a suitable 
reservoir, e.g. paper tape, cards, magnetic tape or core-



stere buffering, is used to cater for the peaky nature of 
the computer demands (which may be up to 500,000 bits/ 
second for very short periods of time). 

If a reservoir is used for such a purpose, it \vill by its 
nature introduce a delay into the syste111. The delay that 
can be tolerated will depend upon the particular job. 
Ho\vever, in so1ne 1nodern co1nputers a nun1ber of 
diITerenl jobs can be tirne-rnultiplexed, and this facility 
can act as an alternative to the reservoir to s1nooth out 
the den1ands on a particular data source. Generally, 
systems working in real tilne* can only tolerate a small 
amount of delay, and in these circu1nstances the peak 
demands for sending and receiving data 1nay have to be 
catered for by the data-trans1nission system. If the 
exa1nple of 011e co1nputer having direct access to the 
contents of the internal store of another re1note computer 
is considered, then the peak trans111ission rate required is 
likely to be of the order of several millions of bits/second. 

Consideration of the table entries showing the volun1es 
of data involved indicates that unless a very low error­
rate in preparation and trans1nission of the data is 
maintained the effect on the results of the data processing 
may be disastrous. For exarnple, if the error-rate due 
to data transnlission alone is 1 in 10� bits, e.g. due to a 
telephone-switched connexion without error control, 
there would be 90 errors and 7 ,OOO errors, respectively, 
fed into the system during the processing time of the 
stores accounting Job B and file updating Job A shown 
in the table. 

The 1nain factors to be considered, therefore, are the 
volume of data, the total delay in transmission and in the 
reservoir, and the error-rate that can be tolerated. All 
these factors have to be weighed in assessing the 1nost 
economical method of data transmission to be adopted. 
For example, in a particular application, about 100,000 
bits could be transmitted by a telephone line with error 
control for a total cost of 2s. 6d., whereas the same 
amount of infor1nation recorded on punched paper tape 
could be sent by unregistered post for about ls.  9d.; the 
times of transn1ission would be approximately 1 t minutes 
and 24 hours, respectively. The error risk in many 
practical applications would be regarded as comparable 
in the two methods, but in other applications the 
possibility of loss in the post would be unacceptable. For 
small or relatively simple a.d.p. systems postal trans­
mission or similar n1ethods are justified if the delay can 
be tolerated, the main advantages being that the volume 
of data can be high and the costs of transmission may be 
low. 

Nevertheless, it seems that automatic data generation 
and transmission from the source is likely to be essential 
for the future of fully integrated a.d.p. systems. The 
justification of quick methods of transmission over the 
telecommunication network is then not that of competing 
in price in the narrow sense, e.g. with the cost of trans� 
mission by post, but of being essential to an overall 
efficient and economic solution of a.d.p. problems. 

FACILITIES AVAILABLE 

The telex network as well as private point-to-point 
circuits provided by the British Post Office enable data 
to be transmitted at 50 bits/second, and later, on some 
private circuits, this rate will be extended to 100 bits/ 
second.1 Over the switched telephone network, work to 

*Real-time \Vorking-an operation of a data-processing 
system \Vhich proceeds at a sufficient speed to analyse or control 
external events happening �oncurrently. 

date indicates that reliable transm1ss10n at 600 bits/ 
second, and on 1nany connexions at 1,200 bits/second, 
will be possible.' On speech private circuits, depending 
upon the elaboration of the techniques used, practicable 
rates of up to 2,400 bits/second have been achieved. 
On wider-bandwidth connnunication syste1ns, including 
coaxial-cable syste1ns, up to 1 1negabit/second has been 
achieved, and, clearly, with n1ore elaborate techniques, 
1nuch greater rates are possible. 

The li1nitation of data-signaIIing rates on the switched 
network is partly due to having to cater for the "worst­
casc" transmission characteristics that may be en­
countered on subscriber-to-subscriber connexions. In 
addition, a particular linlitation on telephone trunk 
circuits is the presence of in-band voice-frequency 
signalling systems using the band 500-900 c/s or the 
voice-frequency spectrum above about 2,100 c/s. This 
confines practical high-speed data transmission broadly 
to the band 1,000-2,000 c/s. 

Consideration of the average data-transfer rates shown 
in the table indicates that 1nost of these are of the same 
order as the rates achievable on telegraph or speech· 
bandwidth circuits. For the higher average data rates 
shown, buffering could be arranged by time-multiplexing 
of the data sources or computer programs, thereby 
reducing the effective average data-transfer rate required 
from a particular source. 

For the foregoing reasons, and also because utilization 
of existing telegraph and speech bandwidth-circuits on 
the national and international telecommunication net­
works n1akes for an econo111ic solution, most of the 
applications of data transn1ission have been concentrated 
on telegraph or speech circuits. 

STANDARDIZATION 

To permit a number of differently located data sources 
or receiving devices (sinks) to co1nmunicate via the 
existing telecomtnunication network to a remote data 
processor, perhaps employing equipment made by 
different manufacturers and routed on connexions of 
different telecom1nunications ad111inistrations, technical 
standardization of the method of operation is required. 

For this reason the C.C.I.T.T.t have agreed various 
Recommendations for data trans1nission,3 including the 
following: 

Recommendation V 10: Use of the Telex Network for 
Data Transmission at the Modulation Rate of 50 Bauds. 

Recommendation V 21: Two-Hundred-Baud Data 
Transmission on Telephone Circuits. 

Recommendation V 22: Standardization of Modula­
tion Rates and Data-Signalling Rates. 

Recommendation V 23: 600/1,200-Baud Standardized 
Modem for Use in the Switched Public Telephone 
Network. 

Recommendation V 24: Standardization of the Type 
and Form of Signals to be Exchanged at an Interface 
Between Data-Processing Terminal Equipment and Data­
Communication Equipment. 

Three of these Recommendations are particularly 
important and are summarized below. 

(i) Recommendation V 21 lays down the modulation 
conditions for a simultaneous bothway modem for data­
signalling rates up to 200 bits/second over the switched 

tC.C.LT.T.-Intemational Telegraph and Telephone Con­
sultative Committee. 
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telephone network. The modem uses frequency modula­
tion with mid-band frequencies of 1,080 and 1,750 c/s; 
the frequency deviation is ± 100 c/s. 

(ii) Recommendation V 23 deals with simultaneous 
bothway trans111ission where the for\vard channel can 
work at 600 or 1,200 bauds and the return channel at 
75 bauds. The 1node1n uses frequency inodulation, the 
frequency allocations being 1,500 ± 200 c/s for 600 
bauds, I, 700 ± 400 c/s for 1,200 bauds and 420 ± 30 c/s 
for 75 bauds. 

(iii) Recommendation V 24 lays down standards for 
the signals to be exchanged at the junction or interface 
of itc1ns of data-transmission equipment. This Recom-
1nendation gives a list of standard interchange circuits and 
the form of the signals that may appear on them. From 
this list, appropriate interchange circuits may be selected 
to appear at the interfaces between the data source (e.g. 
con1puter), error-control equipment and 1node111. 

The agree1nents so far have dealt with serial n1odula­
tion tnethods up to 1,200 bauds for speech-bantlwi<llh 
circuits. Study within the C.C.I.T.T. and elsewhere 
continues on the many other aspects of data-trans1nission 
systems, including higher data-signalling rates, parallel 
transmission, error-control and automatic ansv.1ering and 
calling, etc. Some of these aspects are briefly discussed 
in the following paragraphs. 

Higher Data-Signalling Rates 

The maximum theoretical modulation rate in a serial 
binary channel whose characteristics are such that signal 
elements do not mutually interfere is 2 W bauds, where 
W c/s is the bandwidth of the channel.' However, 
according to Shannon, 5 a channel has a capacity of 

C � Wlog2 (1 + S/N) bits/second, 
where S/N is the signal-to-noise power ratio. 

On this basis, for C to have a value of 2W bits/second, 
the ratio SJN would have to have a value of 3, i.e. a 
signal-to-noise ratio of approximately 5 db. On practical 
circuits the signal-to-noise ratio is much better than this 
for most of the time, and the possibility of data-signalling 
rates in excess of 2 r,V bits/second, therefore, exists. One 
way of achieving this is by limiting the modulation rate to 
2 W bauds, as with serial binary transmission, but n1aking 
each signal element represent one of, say, four conditions, 
i.e. a quaternary channel. The capacity is then increased 
to 4Wbits/second. The price of this is that the theoretical 
signal-to-noise ratio 1nust no\v be approximately 12 db, 
i.e. 7 db better. Modulation systems using such multi­
condition coding have been tried with four, eight and 32 
conditions. A practical system using a 4-phase double­
sideband method of modulation within a bandwidth of 
1,200 c/s has worked satisfactorily at 2,400 bits/second. 

Parallel Transn1ission 

The systems discussed so far have all been serial. 
These are affected particularly by group-delay frequency 
distortion and impulsive noise. To offset these effects it 
has been proposed that a number of narrow-band 
channels, say n, working in parallel be used. The signal 
and noise power per channel (assuming white noise) will 
then both be reduced by a factor n. The signal-to-noise 
ratio, therefore, remains the same. If W bits/second is 
the data signal rate in the serial channel, then for n 
parallel channels the rate in each channel need only be 
W/n bits/second for the same total traffic capacity. Due 
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to the longer signal ele1nent and the narrower band, the 
effects and magnitude of group-delay/frequency dis­
tortion will be reduced. Also, the amplitude of voltage 
peaks of impulsive noise will be attenuated. However, 
the effect of periodic or single-frequency interference 
compared with that of the serial system will be worse. 
Non-linear distortion will produce intermodulation 
products, and these will be worse for the parallel channels. 

Multi-Freque11cy Trans1nission 

Systems using a 1nulti-frequency rnethod of trans-
1nission have usually been proposed for relatively cheap 
low-speed applications. Actually, a combination of the 
basic ideas of the two previously described methods of 
trans1nission is used in an attempt to benefit by the lower 
signal-to-noise ratio de111anded by slower syste111s by 
employing a cruder and cheaper method of modulation. 
One forn1 of the system ntili?es two oscillators each 
switchable to one of four frequencies under the control of 
the data signal. Each of the four frequencies represents 
one of four conditions, and the frequencies in each group 
of four frequencies are different. The two groups together 
can, therefore, signal one out of 16 conditions, which is 
equivalent to 4 bits of information. The oscillators are 
simple and usually directly switched by the data source. 
Systems proposed have a data signalling rate of 80-160 
bits/second. The receiver basically consists of eight 
filters and detectors to detect the two times one-out-of­
four frequencies. 

Error Control 

The need for error control has been indicated. It is an 
ever-present require1nent throughout a data-processing 
system and not simply of the data-trans111ission link. 
Error control as applied to the data-transmission link 
may be analogue or digital. The ter111 "analogue error­
control" here refers to any method of determining that 
the received signal has departed from an acceptable form, 
but does not include checks involving the significance or 
value of the demodulated digital signals. Such a check 
would be digital error-control. 

Most analytical work on error detection has been 
concerned with the introduction of digital redundancy 
into the data, and various 111ethods of coding have been 
devised. Due to the fact that a high proportion of 
disturbances on telephone lines used for data trans111ission 
affect adjacent signal elements, simple parity-check 
digits do not give sufficient protection. Ho\vever, by inter­
lacing the signal elements of a number of parity-check 
groups the effect of an interference burst can be spread 
over several such groups. This reduces the chances of the 
burst affecting more than one element in a group. 
Different ways of doing this, including a rather more 
general approach by means of cyclic codes,6 have been 
tried. Cyclic codes enable protection to be arranged 
against specific types of error bursts and are highly 
flexible. The name derives from the method of genera­
tion, which is by means of a cycling shift-register. 

Error correction, after an error has been detected, is 
achieved by requesting the transmitting end to repeat 
that part of the message containing the error. Error­
correcting codes are not economic nor do they give 
sufficient protection where interference-burst types of 
error occur. 

In practical analogue error-detection systems three 
techniques have been used. These are sometimes used 
simultaneously, and consist of: 



(i) checking that the level of the carrier of the received 
signal exceeds a predetern1ined datu1n level, 

(ii) checking that, in a multi-frequency system, 11 and 
only 11 carriers are above a datun1 level, and that all 
others are below a lower datu1ni and 

(iii) checking that the demodulated digital signal is 
sustained \vithout change of state for a given minitnu1n 
tin1e. 

Failure of any of these three require1nents \Vould 
initiate a request for a repetition. 

Data Sil'itclzed Network 

Where the trans1nission of data between two stations 
connected to a data-processing con1plex is fairly con­
tinuous, direct connexions are likely to be econonlic. 
However, the 111ajor requirement in the future is likely 
to be for a large nu1nber of dispersed stations, originating 
or receiving short data messages, either regularly or at 
random. Where the data-signalling rate at the data 
source or sink is less than 1,200 bits/second the existing 
telephone switched network will be suitable if there is 
adequate error control. Auto1natic call origination and 
answering facilities will probahly be required in order to 
reduce the time required for access to the co111puter. 

As mentioned earlier, in the case of direct connexion 
between computer stores or between data locations 
operating at rates in excess of 1,200 bits/second in real 
time, the switched connexion will have to be capable of 
dealing with the peak data-signalling rates. It has been 
proposed that a switched 4-wire network specifically for 

Book Reviews 

"Current Papers." A 1nonthly guide to current papers on 
electrical and electronics engineering. No. 1, August 
1964, 4 pp. Published by the Institution of Electrical 
Engineers, Savoy Place, London, W.C.2. Annual 
subscription £1. 

The number of published articles in the field of electrical 
and electronics engineering is increasing so rapidly year 
by year that anyone wishing to keep abreast of develop1nents 
must find the task more and more time-consuming. The 
production of"Current Papers," a new n1onthly publication 
in broadsheet form, is a very praiseworthy atten1pt to help 
the electrical and electronics engineer in this task. 

It is clain1ed that each issue of "Current Papers" will 
contain 600-700 references selected mainly from over 150 
of the current and more important British and foreign 
periodicals. It is also claimed that, generally, each issue 
will list titles of articles which have appeared within the 
month prior to its publication. The references, which are 
listed in five columns on each of the four pages, are arranged 
under some 20-30 broad subject headings. The bibliographi­
cal details are brief but sufficient for the location of the 
article, while the titles are printed in block capitals to 
facilitate quick scanning. 

One of the prime aims in the production of this publica� 
tion has been to keep the subscription rate down to a very 
low level, and by so doing the publishers hope that every 
engineer will want to have his own personal copy. 

D.C.G. 

data transmission, making full use of the bandwidth 
available and using high-speed switching techniques, 
could be the solution if the volume of traffic made it 
economically justifiable. 

CONCLUSIONS 

The future exploitation of data-processing syste1ns is 
likely to be very dependent on the data-transmission 
facilities available. Such facilities will have to be closely 
related to the overall systen1 considerations. For the 
inost effective use of the teleco1nn1unication networks and 
techniques, a proper understanding of data-processing 
systen1 require1nents is needed by the transn1ission 
engineer. 

Standardization through the C.C.I.T.T. and other 
international bodies is important in order to produce a 
flexible net\vork so that, ultimately, any con1puter 1nay 
"talk" to any other computer. 
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Isaac Pitman and Sons, Ltd. x + 468 pp. 273 ill. 65s. 

This book covers the whole field of voltage regulation 
from the control of large power systems to smalJ electronic 
apparatus. The author classifies auton1atic voltage regulators 
into t\vo categories: those \Vhich control generators and 
those designed to correct variations in the norn1al supply 
voltage. Both classes of regulator are dealt with, a.c. and 
d.c. types being included. 

The subj ect is dealt whh under three broad headings, 
the first three chapters covering the fundamental principles 
which apply to aJI types of regulator, two chapters are 
devoted to voltage regulators of the electro-mechanical 
type and three further chapters deal with regulators 
incorporating purely electrical or electronic circuits with no 
mechanical moving parts. In addition, there is a chapter 
devoted to the special requirements of generator regulators 
including the measurement of three-phase voltage, parallel 
running, voltage-drop compensation and hunting. 

First published in 1954, this book has now been brought 
up to date with the addition of sections on the Zener diode 
and transistor stabilizers. The section dealing with alternator 
regulators has also been extensively revised to take account 
of the more widespread use of electronic and magnetic 
amplifier regulators for machine regulation. There is a 
list of over 1,300 references in addition to author and subject 
indexes. M.H.J. 
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The C.C.I.T.T. Directives 
U .D.C. 061.6.055 :621.391.823 

W
HEN, . in 1924, the International Advisory 
Co1n1n1ttee for Long Distance Teleco111111uni­
cations (at first called the C.C.I., then the 

C.C.I.F.t, and later the C.C.l.T.T.t) was set up, its work 
of investigating the 1nany problen1s of international 
telephony was divided amongst eight study groups, each 
of \Vhich was made up of engineering experts drawn 
fro1n n1any telecommunications administrations. Of these 
eight groups, the First Group was entrusted with the task 
of investigating, among other problems, those relating 
to the coexistence of teleco1n1nunication lines \vith electric 
power lines and electrified railways. 

It was not, of course, possible for tcleco1n1nunication 
engineers alone to resolve 111any of the problems posed 
by the pheno1nena of power induction, and the advice 
and experience of experts in the fields of high-power 
trans1nission and electric traction were essential. Conse­
quently, since 1925 the problems have all been examined 
in conjunction with representatives of the International 
Union of Railways (U.I.C.), the International Union 
of Producers and Distributors of Electric Power 
(U.N.!.P.E.D.E.), and the International Conference on 
Large Electric Systems (C.I.G.R.E.). 

In order that the results of its work in the field of 
power induction could be made readily available, the 
First Group of the C.C.I., with the advice and con­
currence of the representatives of the other organizations 
mentioned above, published in Paris in 1926 its first 
"Guiding Principles Concerning Measures to be Taken 
in Order to Protect Telephone Lines Against the Disturb­
ing Influence of Heavy Current or High Tension Power 
Lines," \vhich subsequently became known as "The 
Directives." 

With the development of high-power transmission 
lines, electrified railways and telecon1mu11ication net­
works, the Directives proved of immense value in the 
avoidance of interference that would otherwise have 
been inevitable, and did much to promote between 
power and telecommunication engineers an understand­
ing of each other's problems. 

The coexistence of teleco1nmunication lines with 
power-trans1nission and electric-traction lines can pose 
somewhat difficult problems, and in the course of its 
work the First Group of the C.C.I. found that in order 
to resolve some questions, actual tests involving both 
power and telephone lines were necessary. To facilitate 
these tests, an International Mixed Commission (C.M.I.) 
was set up in l 927. This Commission included repre­
sentatives of the C.C.l., U.l.C., U.N.I.P.E.D.E., 
C.I.G.R.E. and other bodies. Since its inception, the 

tC.C.I.F.-lnternational Telephone Consultative Committee. 
,tC.C.I.T.T.-lnternational Telegraph and Telephone Con­

sultative Comn1ittee. 
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C.M.I. has staged 1nany de111onstrations, the last in the 
United Kingdom being at Bournemouth in September 
1961 * when the joint use of poles, for power and 
telephone lines, and the cathodic protection of under­
ground plant were de111onstrated. 

In the years following the publication of the 1926 
Directives, theoretical studies and experin1ental work 
to which latter the C.M.I. largely contributed, indicated 
that it was desirable to prepare a ne\v edition. This new 
edition was published in Paris in 1930 and re1nained 
current until the 1nid-1930s, when further revision was 
undertaken and the title of the document changed to 
"Directives Concerning the Protection of Telecommuni­
cations Lines Against the Adverse Effects of Electric 
Power Lines." This edition, which became known as 
the Rome 1937 Edition, received further modification at 
a meeting in Oslo in 1938. There was then an interval 
until 1952 when further minor modifications were made. 
At

. 
t�is ti1ne it :vas decided, however, that a 1najor 

rev1s1on was desirable and, at a n1eeting in Paris in 
March 1955, a specially constituted sub-group of the 
First Group of the C.C.I.F., under the chairmanship of 
M. J. Collet of the French P.T.T., commenced the work. 

The Administrations of Chile, Czechoslovakia, Den­
mark, France, Germany, Italy, Switzerland, the United 
Kingdom, the U.S.S.R. and Poland were represented 
on the Committee and there were, in addition, repre­
sentatives of the U.l.C., C.I.G.R.E. and U.N.I.P.E.D.E. 
The Directives Revision Group thoroughly revised and 
brought up to date the text of the Directives, which now 
include a Foreword explaining that technical guidance 
only is given and that questions of administration or 
eco1101nics, especially those concerning regulations and 
legislation, are outside the scope of the Directives. 
Immediately following the Foreword is an Introduction 
stating that the object of the Directives is to set out 
measures to mitigate the harmful effects on telecomn1uni­
cation systems of electric power lines and electrified 
railways, which �an �ause dange� to personnel or equip­
ment, a reducllon m the quahty of telephone trans-
1nission, or a disturbance to signalling. However, the 
effects of contacts between the power and telecommuni­
cation systems are not taken into account. There is then 
a Ust of defitlltions of terms used in the Directives 
followed by eight Parts and 21 Chapters. The ne� 
Directives are published by L'Union Internationale des 
Telecommunications and are obtainable from le Service 
des Publications du Secretariat General de l'U.I.T., 
2 rue de Varembe, Geneva 20, Switzerland. At present 
a French edition only is available but a translation in 
English will shortly be published. 

S.J.L. 

*Meeting of the Com1nission Mixte lnternationale, Bourne­
mouth, Septen1ber 1961. P.O.E.E.J., Vol. 54, p. 258, Jan. 1962. 



Application of Program Evaluation and Review Techniques 
to P .A.B.X. Installation 

Part 2-Development and Installation Programming for a Large Non-Standard P.A.B.X. 

G. HATTON, B.Sc.(Eng.), A.M.I.E.E., and T. E. PATTEMOREt 
U.D.C. 658.5:621.395.25 

The critical-path 111etlwd of progran1 control described in Part 1 
of this article is currently being applied to the development and 
installation of a 5,500-Jine cordless P.A.B.X. with magnetic-drum 
register control. An outline of the project is given together with 
details of the method by which a logical network was developed 
and the way in which this is used to control progress on the project. 

INTRODUCTION 

W
HEN a request is made by a customer for the 
provision of P.A.B.X. service, the nor1nal Post 
Office practice is to 1neet the custo1ner's require­

ments from the range of standard P.A.B.X.s available, 
either on rental terms for the srnaller sizes or by purchase 
fro1n an approved n1anufacturer for installations with 
50 or 1nore extension lines. Exceptionally, as an interitn 
nleasure pending the introduction of the standard 
P.A.B.X. No. 4, demands for large installations with an 
associated cordless manual board are inet by recom­
mending the customer to purchase from the appropriate 
manufacturer one of the five different "pre-standard" 
versions of the P.A.B.X. No. 4* that have been indivi­
dually approved. From tiine to time requests are 111ade 
for the provision of additional facilities, and, subject to 
approval on policy and engineering grounds, thes� may 
be incorporated into standard or pre-standard instal­
lations. 

When the Post Office was approached by the B.P. 
Trading Co1npany for permission to install in their 
proposed new headquarters building a very 

_
large i�on­

standard P.A.B.X., it was clear fro111 then· outlined 
requirements that the more complex facilities required 
could not be provided by any of the standard or 
approved pre-standard designs available. After con­
siderable discussion at Post Office Headquarters of the 
ad111inistrative and engineering aspects of the require-
111ents, permission was given to proceed with a proposal 
by the Automatic Telephone & Electric Co., Ltd., to 
develop a 5,500-line cordless . P.A.B.X. based on 
conventional 4,000-type switching eqmpment with 
register control using magnetic-drum stores and tran­
sistor logic circuits. In addition to the standard facilities 
of the P.A.B.X. No. 4 the design would provide for: 

(a) push-button signalling from all extension instru­
ments, 

(h) short-code calling (4-digit) to enable extensions to 
call an initial total of 2,000 (ultnnately 3,000) selected 
local, national (S.T.D.) or international (I.S.D.) numbers 
by keying a 4-digit code, 

(c) short-code calling (2-digit) to enable each of 50 
specified extensions to call a maximum of 40 selected 
local, S.T.D. or I.S.D. numbers by keying a 2-digit code, 

(d) automatic re-routing of private-circuit calls to 
remote P.B.X.s when route-busy conditions are encoun­
tered, the call to be re-routed over the public-exchange 
network, 

D 

tSubscribers' Apparatus and Miscellaneous Services Branch, 
E.-in-C. 's Office. 

*MARCHANT, P. A. An Introduction to Large Cordless 
P.A.B.X.s. P.O.E.E.J., Vol. 53, p. 231, Jan. 1961. 

(e) visual indication to the P.A.B.X. operator of the 
identity of the calling line on assistance calls, 

(f) direct dialling-in from the public-exchange network 
to extensions or to the P.A.B.X. switchboard, 

(g) absent-extension service to enable an exte�sion 
user to arrange for incon1ing calls to be automatically 
re-routed to an alternative extension, and 

(Ii) mechanized accounting of outgoing calls to the 
pu blic-exchangc network. 

CONTROL OF THE PROJECT 

The function of the Post Office Engineering Depart-
1nent in the provision by an appr?ved contractor .of a 
P.A.B.X. purchased by a customer 1s normally restncted 
to approval of the proposed installation as suitable for 
connexion to Post Office lines and for subsequent 
maintenance by the Post Office. Such approval includes 
verification of all documents required for installation 
and maintenance, and once approval has be�n given 
responsibility passes to the Post Office Reg1011 and 
Telephone Area concerned for all subsequent act1v1t1es 
such as provision of block wiring and power plant, 
supervision of installation and cabling .of equipment, 
acceptance testing and fitting of telephone 1nstrum�nts. 

The normal procedure was clearly not appropnate to 
the project under consideratio�, since, i�1 addition to the 
extensive introduction of techniques which were novel to 
subscribers' installations, the time scale of the provision 
was such that design and development of a large propor­
tion of the equipment would have to proceed con­
currently with manufacture. Fo� som

.
e item?•

. 
act�on by 

the Region and Area was requlI'ed in ant1c1pat1on of 
approval by the Engineering Department. For example, 
planning of block wiring by the City Telephone Area on 
a 3-wire basis had to be commenced at an early stage, 
on the assumption that the push-button signalling 
system, which had not then been submitted for laboratory 
tests would subsequently be approved, and that a 
satisfactory telephone instrument would. be .developed 
fro1n the prototype and n1an:ifactured 1n ttn;e . to be 
fitted. These conditions required close assoc1ahon of 
the Engineering Department with the Region, Area, 
custo1ner and contractor throughout the period of 
developn1ent and installation of the equipment. 

Following approval in principle by the Post Office of 
the contractor's proposals, a comn1ittee was set up with 
representation of all parties concerned, and t�e Post 
Office Engineering Departn1ent became resp?ns1ble [or 
co-ordinating all activities to ensure that the installation 
was completed as speedily as possible in an endeavour 
to meet the ready-for-service (R.F.S.) date required by 
the customer. 

Past experience had shown that the delays which 
occurred in the provision of large P.A.B.X. mstallat10ns 
usually arose fro1n difficulties that w�re not apparent 
until a late stage in the progra1n whe� 1t was too late. to 
introduce remedial measures to avoid the completion 
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date being postponed. To control the program for the 
B.P. Trading Company installation and at the same time 
to gain experience of the application of modern control 
techniques it was decided to make this project the 
subject of a critical-path exercise. 

DEVELOPMENT OF LOGIC DIAGRAM 

As described in Part I of this article the first step in 
the application of PERT control is the production of 
a logic diagram or network showing in strict time· 
sequence the various activities required to progress from 
the start to the finish of the project and the common 
events which link these activities. For the B.P. Trading 
Company project the starting event (order placed by 
customer) had already occurred, and a date had been 
fixed by the customer for the final event (P.A.B.X. ready 
for service). It was now required to construct sequences 
of activities linking these terminal events. This process 
was carried out in three stages, as follows: 

Stage I. The work was broadly divided into a number 
of concurrent activities, represented as parallel paths, 
e.g. provision of po\ver plant, manufacture and instal· 
lation of electromechanical equipment, etc. This 
preliminary stage of representation is shown in Fig. 6, 
and it will be seen that although the divergence of these 
paths from the starting event "order placed" is definite, 
the convergence from the terminal events of each path, 
e.g. "staff trained," "building ready," etc., to the end 
event "P.A.B.X. R.F.S." is indefinite. More detailed 
knowledge of each path is required before the ends can 
be interconnected. 

Stage 2. Each main line of activity shown in Fig. 6 
was then exa1nined to deter111ine to what extent it should 
be subdivided into a nu111ber of consecutive activities and 
whether the start of any of these activities was dependent 
on the completion of activities in other paths. The 
extent to which each main path is broken down into 
separate activities, either consecutive or concurrent, 
depends on the level of control that is to be applied to 
that part of the project. For example, the main activity 
shown in Fig. 6 as "provision of electromechanical 
equip1nent" can be subdivided into the consecutive 
activities: design, approval of design, manufacture, 
shipment to site, installation, and testing. Considering 
from these the activity "design of electromechanical 

FIG. 6------DIAGRAM SHO\VING BROAD DIVISIONS OF CONCURRENT 
ACTIVITIES 

equipment," this equipment n1ay be treated as a whole 
and represented by a single activity, or, alternatively, it 
may be broken down to the extent of showing a separate 
activity for each different type of selector and relay-set. 
While such sub-division into ultimate individual activities 
would be necessary for the control of actual manu­
facture of the equipment, it would not be appropriate for 
control at the level proposed for this project and would 
add unnecessary complexity to the logic diagram. For 
this reason it was decided to treat the electromechanical 
equipment as an entity and only to show such consecutive 
activities as were required by interdependence with other 
paths. Similar reasoning was applied to the expansion 
of the other paths shown in Fig. 6. As a typical example, 
the effect on the path "provision of power plant" is 
shown in Fig. 7. Synthesis of the expanded parallel 
paths produced a first draft logic diagram. 

COHSTRUCT!Oll Of lllTTfRY 

270 

ACCEPTAllCE Of 
BATTERY ROOK 
ACCOKKODATIOH 

PRHIHIHARY 
ASSESSMENT Of 
Pll'll'ER PLANT FOR 

ACCOH. PURPOSES 

ROOK 

flNALIZATION 

" 
FlOOR PlANS 

' 

\ 

FIG. 7-"'PROVISION OF PO\VER PLANT" PATH AFTER STAGE 2 CONSIDERATIONS 



Stage 3. The draft diagram was circulated to all parties 
for comment. This was particularly necessary for 
development and manufacturing activities, since it was 
required to check that the outline activities shown were 
consistent with the contractor's internal organization. 
The order in which apparently separate concurrent 
activities could be started would depend on factors such 
as availability of 1nanufacturing plant and inanpower. 
Similarly, the rate at which proposed circuits could be 
passed to a developing team could depend on the load 
on the manufacturer's testing laboratory. While details 
of these internal activities were not required for overall 
control, it was essential that the overall logic should 
satisfactorily match the detailed organization. 

In fact, a number of changes to the Stage 2 draft logic 
diagra1n were necessary as a result of comments by the 
contractor. For example, the activity "approval in 
principle of electronic documentation" had been shown 
as one continuous activity, but after discussion with the 
contractor it became known that the provision of docu­
ments was tied to the program for equipping the electronic 
installation for factory commissioning ("test set-up") 
and that this would be split into four consecutive phases. 
Thus, submission of documents for approval would also 
occur in four phases. Although estimates of time 
required for the various activities had not been made at 
this stage, it was clear that there was a possibility of 
submission phases overlapping approval phases, and it 
was necessary to amend the logic diagram for this 
activity by adopting the configuration shown in Fig. 8. 

ESTIMATION OF ACTIVITY TIMES 

The overall duration of the project to the required 
ready-for-service date was approximately 31- years, but 
some of the individual activities were expected to be of 
short duration. The unit chosen for estimates of activity 
times was I week. The importance of obtaining the 

estitnate of time required for con1pletion of an activity 
from the person directly responsible for that activity has 
been stressed in Part 1 of this article; esti1nates of 
activity times were accordingly obtained by direct dis­
cussion with the individuals concerned, and the estimates 
were 111ade as far as possible in isolation, i.e. without 
reference to other activities or to key dates in the 
program. The application of these principles to activities 
outside the direct control of the program authority may, 
in general, be expected to present some difficulty. For 
the present project the Post Office was fortunate in 
having direct access to the leaders of the various design 
and production groups within the manufacturer's 
organization, and all estin1ates were obtained at a round­
table conference at the contractor's works. When all 
estin1ates had been obtained, the ti1nes in ¥.:eeks were 
added to the activity arrows of the logic diagram, which 
was then produced in its final form. Fig. 9 shows part 
of this diagram, corresponding to the lower left-hand 
portion of Fig. 4. 

PROCESSING OF INFORMATION 

Deter1nination of the critical path or paths and 
calculation of slack time on other paths is a simple 
arithmetical procedure, but with over 200 activities to be 
considered the repeated additions and comparisons 
would he time-consuming, boring, and hence liable to 
error if carried out manually. The B.P. Trading Company 
were already using an electronic computer to process the 
PERT control of the erection of the new building in 
which the P.A.B.X. was to be installed, and their offer 
to provide computer facilities for the P.A.B.X. program 
was gratefully accepted. Since the computer program 
for PERT processing was already established it was only 
necessary to transfer the input data from the logic 
diagram to standard stationery, an example of this being 
shown in Fig. I 0. Each activity is defined by the serial 
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nu1nbers of its start and finish events, entered in columns 
i and j, respectively, with the esti1nated activity duration 
entered in the adjacent column, y. For dummy activities, 
i.e. non-ti1ne-consu1ning ones, a zero is entered in colu1nn 
y. For the first co1nputer run aII entries were designated 
B, n1eaning basic, the designations A, C and D, for 
Addition, Change and Deletion, being used for subse­
quent runs. An extract from the computer print-out is 
shown in Fig. 11. The activities are listed in order of the 
numbers of their starting events, the activity duration (Y) 

is repeated fro1n the input data, and the week nu1nbers 
for earliest start (ST), latest finish (F), and the amount of 
slack time (SLACK) on the particular path are given for 
each activity. 

CRITICAL PATH 

The activities for which the slack time is printed out 
as zero are those which lie on the critical path, i.e. the 
path, from start to finish of the logic network, which 
has the longest duration. To examine this path (or 
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events, and it \Vas clear that these were the holding 
factors. The activity times which had been used for 
building operations were based on infonnation that the 
original building program was in delay, and it was clear 
that this delay would affect the R.F.S. date for the 
P.A.B.X. At this stage the B.P. Trading Company were 
unable to guarantee that delays in the building program 
would subsequently be 1nade good although they \Vere 
hopeful of son1e i1nprove111ent and would be able so111e 
9 1nouths later to give a definite date for con1pletion of 
the parts of the building involved. It was decided to 
proceed with control of the project on the basis of R.F.S. 
in week 194 (i.e. 20 weeks late) but to regard the 20 weeks 
slack time on the sub-critical paths as "not available." 

CONTROL CHART 

All the infor111ation required for control of the project 
\Vas now available, either on the logic diagran1 or in 
tabular forn1 in the print-out fron1 the con1puter. This 
infor1nation could have been consolidated in a single 
docu1nent by transferring the earliest-start and latest­
finish week nu1nbers fron1 the print-out to the logic 

PROJECT-BP PABX PO ENG SJ-4 CRITJCAL PATH PAGE NO I 

RUN NO 9 ACTIVITY SET 9 RF.SOURCE SET 0 PROJECT DURATlON-183 
TIME NO\V- 0 139 NODES 212 ARROWS 

J CODE DESCRIPTION y EAC TS TC S T  F SLACK RESOURCE SCHEDULE 

I 2 4 0 0 4 0 N 
2 ] 4 4 8 0 N 
3 4 24 8 47 15 N 
] 5 I s 9 0 N 
3 6 18 8 38 12 N 
3 7 7 8 18 J N 
3 8 4 8 IS 6 N 
3 9 6 8 94 so N 
3 10 26 8 62 28 N 
3 11 " s 38 15 N 
3 12 4 s 1 8 6 N 
3 13 0 8 14 6 N 
3 14 10 8 18 0 N 
3 15 22 8 36 6 N A 
3 16 7 8 21 6 N 

FIG. I I-COMPUTER PRINT-OUT 

paths) it is convenient to transfer the inforn1ation fron1 
the tabulated print-out to the logic diagram by marking 
in bold colour those activity arrows with zero slack time. 
Other paths with relatively small amounts of slack time 
can be similarly derived and marked on the diagram 
\vith different colours. It is worth 1nentioning here that 
the computer print-out acts as a check on errors of logic, 
for if these are present it will produce a critical path 
quite different from that expected. 

Examination of the critical path produced by the first 
computer run showed that the R.F.S. date would be 
week 244 and not week 174, as required by the customer, 
and that the critical path involved provision of block 
wiring and the design and provision of the 1nain distri­
bution frame (M.D.F.). The logic diagram was a111ended 
to provide for inforn1ation of Post Office requirements on 
the M.D.F. to be passed to the contractor at an earlier 
stage than that originally shown. Certain other activities 
were re-scheduled, and the revised data processed by 
computer. The second print-out indicated a R.F.S. date 
of week 194, with two critical paths involving the events 
"apparatus room ready for equipment" and ''battery 
room ready for equipment." All other paths had a 
minimum slack time of 20 weeks. 

It was not possible to improve the estimated times for 
activities on the critical paths subsequent to the 
"apparatus room ready" and "battery room ready" 

diagra1n, but the infor1nation would then have been 
presented in a form which did not lend itself to regular 
monthly checks or to an itnn1ediate appreciation of the 
position at any tin1e. 

To facilitate control on a 4-weekly basis a control chart 
was produced fron1 the printed-out data, an extract fron1 
it being sl10\1,111 in Fig. 12. A hodzontal line was provided 
for each activity, with a description of the activity added 
for convenience to the pair of event numbers which 
defined the activity. The week nu1nbers for earliest start 
and latest finish, together with estimated activity time and 
total slack on the path, were shown in vertical colu1nns 
against the activity, and a further colun1n drew attention 
by incans of asterisks to critical-path activities. The 
party Tesponsible for con1pletion of the activity \Vas 
indicated, the activities being arranged in groups accord­
ing to the responsible party. The remainder of the chart 
was divided into vertical colu1nns indicating 4�week 
periods, so that each activity could be represented in ti1ne 
sequence across this space by a horizontal bar extending 
from the earliest-start week to the latest-finish week. 
Prints of the control chart \vere circulated to all parties, 
without the horizontal bars entered. These were entered 
by hand for all activities on the master control copy, and 
it was left to the other parties to fill in the activities for 
which they were responsible. This procedure reduced 
drawing-office effort and speeded up the circulation of 
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documents after amendment, since changes corresponding 
to a new computer print-out required amendments only 
in the left-hand columns. 

Entries on the master copy were made in contrasting 
colours for critical-path activities, activities with 20 weeks 
path slack time, and activities with path slack times 
greater than 20 weeks. As discussed above, the 20-week 
slack-time paths could become critical if the delays in the 
building program were recovered. On each bar the 
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latest-start date, i.e. earliest start plus slack time, was 
also indicated except for those on the critical path, where 
by definition the latest and earliest start dates coincide. 

CONTROL PROCEDURE 

The control chart is used as a wall chart available for 
instant reference. A vertical cursor indicates the current 
4-week period and enables the controller to read off those 
activities in progress at any time. During the second 



week of each 4-week control period an enquiry form is 
sent to the individual responsible for each activity in 
progress or due to commence within the current or the 
next 4-week period. This form is phrased to ask the 
definite question "Will the activity be completed by the 
scheduled time?", and asks for a reply before a specified 
date in the last week of the 4-week period. The control 
chart is kept up to date on the basis of these replies, 
activities in progress being indicated by hatching and 
completed activities by cross-hatching. The effect of any 
reported delay is investigated and action taken accord­
ingly. It should be emphasized here that where slack 
time exists it is on the path concerned and not on 
individual activities. Thus, if an activity with path slack 
time of 32 weeks is reported as completed 2 weeks later 
than its indicated earliest-finish date, all subsequent 
activities on that path will have their path slack time 
reduced to 30 weeks. To assist supervision, the latest 
date for the completion of an activity to permit the stated 
slack time to be inaintained 111ay be 1narked on the 
control chart. 

Some 12 months after the PERT procedure for this 
project was initiated, delays 'vere reported on certain 
activities on paths with 20 weeks slack time and at the 
same time an improvetnent of 13 weeks in the building 
program brought forward the ready dates for the 
apparatus and battery rooms. These changes could not 
be acco1nmodated by increased effort on later activities 
�lone, and it was necessary to an1end the logic diagran1 
1n addition to re-scheduling certain activity-duration 

Book Reviews 

"Properties and Applications of Transistors." J.P. Vasseur. 
Pergamon Press, Ltd. xxvii + 434 pp. 298 ill. 1 OOs. 

This book is a con1prehensive introduction to the theory 
and practice of linear transistor circuits, and covers a wide 
range of topics. However, it completely ignores switching 
circuits, despite the generality of its title. It contains seven 
chapters, of which the first is devoted to the fundamentals 
of semiconductors, including crystal structure, the properties 
of p-n junctions, the basic properties of the transistor, and 
so1ne information on transistor technology. The first 
chapter forms a good introduction to the subject, though it  
contains no n1ention of planar technology_ Chapter 2 
deals with the fundamental properties of linear 2-port 
networks, giving particular attention to the relationships 
between the various parameter systems, and between the 
three possible tenninal-grounding configurations of a 
transistor. Unfortunately in section 2·3 there is confusion 
between reciprocal and passive networks; the conditions 
given in equations 2·6 and 2·8 apply to the forn1er, not the 
latter. The section on Th6venin's theorem could well have 
been placed 1nuch earlier in the chapter. In Chapter 3, 
transistor parameters are dealt with, first as families of 
curves and later from the point of view of linear equivalent 
circuits; son1e methods of para1neter measure1nent are 
given_ This chapter contains some dubious statements; 
most workers would not agree with its opening sentence, or 
with the statement that the equivalent circuits of Fig. 3·34 
are of practical use up to the maximum frequency of 
oscillation. Chapter 4 is devoted to linear amplifiers; it 
contains a large nun1ber of formulae useful to the circuit 
designer and devotes much space to neutralization, 
including purely reactive neutralization. It is a pity that 
10 pages are devoted to the now obsolete point-contact 
transistor. Chapter 5 describes d.c. bias circuits in consider-

estimates on the paths concerned. The whole program 
was again processed on the co1nputer, and all activities 
are currently on schedule to meet a revised R.F.S. date 
of week 179, which is now acceptable to the customer. 

CONCLUSION 

The application of PERT to this project has proved 
of great benefit in the first third of the prugran1 in 
enabling a complex undertaking to be integrated on 
a realistic time-scale. It has not eliminated delays, but 
has brought these to attention at a much earlier stage 
than would otherwise have been the case, and present 
indications are that the remedial actions to reduce 
overall delay will be effective. Considerable initial effort 
was required to produce the logic diagram and to 
establish the control procedure, but the continuing 
effort to control the established program is small. The 
experience gained in this first exercise will greatly reduce 
the effort required to produce control documentation for 
subsequent siinilar projects. The network diagra1n pro­
duced for the B.P. Trading Company installation is based 
on the general procedure which has been agreed for the 
supply of all large privately purchased P.A.B.X.s, and 
is applicable, \Vith relatively n1inor modifications, to 
other similar projects. 
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able detail; it includes so1ne nlaterial on d.c. coupled stages 
and also on compensation of temperature effects by the 
use of p-n junctions. Chapter 6, devoted to nlaximum 
ratings of transistors and rectifiers, is mainly a detailed 
treatise on thern1al runaway, with a useful section on thermal 
1neasurernents. The final chapter <leals with transistor 
noise; it covers the basic properties of noise signals, noisy 
2-port networks, noise figure and the nature of transistor 
noise. It includes some information on noise measurements. 

H.G.B. 

.. Basic Matrix Algebra and Transistor Circuits." G. 
Zelinger, M.Brit.l.R.E., Sen.Mem.I.R.E., Mem.A.I.E.E. 

Pergamon Press, Ltd. xv + 116 pp. 34 ill. 42s. 
The complicated nature of the transistor as a circuit 

clen1ent has led to the use of increasingly powerful methods 
of circuit analysis, in which matrices play an essential part. 

The book is intended as an introduction to this topic, and 
its first section, occupying about half of the book, deals 
with the elementary properties of determinants and nlatrices 
and their application to 2-port networks. The main emphasis 
here, and throughout the hook, is on the transmission 
�atrix. The remainder of the book deals with the application 
of these ideas to transistor circuits. 

It is a pity that the book contains nlisleading state1nents 
and implications about the basic properties of 2-port 
networks. The author confuses passive networks with 
reciprocal networks, as for example on p.18 where it is 
stated that "for passive networks the detern1inant of the 
(trans1nission) matrix is unity." This condition applies to 
reciprocal networks, and it is well known that both passive, 
non-reciprocal, and active reciprocal networks exist. There 
are some other inconsistencies, and, in addition, the literary 
style is not always beyond criticism. 

H.G.B. 
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Notes and Comments 

Retirement of Mr. R. J. Halsey, C.M.G., B.Sc.(Eng.), 
F.C.G.I., D.I.C., M.I.E.E. 

On 31 December 1964 Mr. R. J. Halsey retired from 
his position as Director of Research in the Post Office 
after a long and remarkable career as a telecommunica­
tions engineer. Like many others who have climbed 
high in the Post Office, he received his engineering 
initiation in one of the Royal Dockyards, where he won 
a place in the City and Guilds Engineering College in 
1923. After graduating with a l st Class Honours degree 

he spent a short time in university teaching and then 
entered the Post Office as an Assistant Engineer (old 
style) in 1927. 

Soon after joining the Transmission Section of the 
Research Branch in Marshalsea Road, Mr. Halsey took 
up the then new subject of electrical filters and rapidly 
established himself as an authority on their design and 
construction. His first published paper was concerned 
with filters, and for this he received the Bronze Medal of 
the I.P.O.E.E. As a natural consequence of this first 
interest he moved into the new field of carrier telephony, 
where he established himself as a leading authority and 
had a large influence in the build-up of the national 
carrier trunk network. 

Towards the end of the Second World War the 
practical possibilities of valve-repeatered submarine 
telephony became apparent, and Mr. Halsey took over 
the task of developing cables and repeaters-laying the 
first-ever submarine repeater in the Irish Sea in 1943. 

The success of this venture led to an upsurge of interest 
in overseas cable telephony and, after a number of 
successful repeater-insertion operations in North Sea 
cables, he went to the United States to join the consulta­
tions which led eventually to the inauguration of the 
first transatlantic telephone cable in 1956. Since then, as 
Director of Research and a Government-appointed 
director of Cable and Wireless, Ltd., he has carried a 
wide measure of technical and planning responsibility 
for such schemes as CANT AT, SEA COM and COMP AC. 
These global cables have changed the whole character of 
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Commonwealth telecommunications and have given 
Mr. Halsey an international reputation as a leading 
authority on the submarine telephone-cable art. Such 
achievements were recognized in the New Year's 
Honours List in 1957 by the award of the C.M.G. 

As a professional engineer Mr. Halsey has been active 
in the affairs of the I.P.O.E.E., contributing some 15 

published papers which have been recognized by the 
award of two Senior Bronze Medals and one Senior 
Silver Medal. In the I.E.E. he has served as Chairman 
of the Electronics and Communications Section, and as 
a Member of Council. His many I.E.E. published 
papers have gained him the John Hopkinson (twice), 
Fahie, Ayrton and J. J. Thomson Premiums. 

And now a word as to the man himself. High 
endeavours tend to stand or fall on the character of the 
man at the top-and the success of the British submarine 
telephone art is something of a reflection of R. J. Halsey 
himself. He has the qualities that go to the making of a 
great engineer: unlimited personal energy, a wide and 
unusually penetrating professional background, and that 
elusive "something" which bas enabled him to lead an 
enthusiastic tide of men on a long and exhausting march. 
All who have worked for him are grateful for the 
experience. And so his many friends in the United 
Kingdom, on the Continent, in the United States, and in 
the Commonwealth countries will wish him and Edna 
Halsey every happiness and good health in their retire-
ment. G.H.M. 

G. H. Metson, M.C., D.Sc., Ph.D., M.Sc., B.Sc.(Eng.), 
M.I.E.E. 

Dr. G. H. Metson succeeds Mr. R. J. Halsey as 
Director of Research, becoming the first "scientist" to 
occupy the post. He was not always so graded, for he 
joined the Research Station as a Youth-in-Training in 
1925 and worked for some years in close association 
with Sir Gordon (then Dr.) Radley. Whjle still an S.W.I 
he obtained a B.Sc.(Eng.) external degree and passed the 
examination for Probationary Assistant Engineer (old 
style), a rare feat in 1933. He was posted to Northern 



Ireland, where he acquired 6 years' experience in the 
field and carried out research on magnetron oscillators 
at Queen's University, Belfast; this earned him first an 
M.Sc. and, later, a Ph.D. degree. 

As a Territorial, he went to France with the Royal 
Corps of Signals in 1939. He took with him the material 
for his Ph.D. thesis and wrote it up during the "phoney 
war," only to lose it at Dunkirk during the evacuation. 
Altogether, 1940 was an eventful year, for he earned 
both an M.C. for gallantry and his Ph.D.-and, for full 
measure, was promoted Executive Engineer (old style) 
in absentia. He subsequently served with distinction in 
North Africa, Italy and India, rising rapidly to the rank 
of Lieutenant-Colonel, after which he returned to the 
War Office as a General Staff Officer, Class 1. 

On demobilization in 1946 he returned to Dollis Hill. 
About this time the development of thermionic valves of 
extreme reliability, for use in submerged repeaters, 
assumed considerable importance, and soon after his 
return he took charge of the Thermionics Group, newly 
formed for this purpose. With the introduction of 
scientific grades into the Post Office he became a P.Sc.O. 
and, with his work on submerged-repeater valves growing 
in magnitude and importance, he became a S.P.Sc.O. 
in 1951. His personal contributions to the understanding 
of the behaviour of oxide-coated cathodes have been 
extensive and have led to many published papers and to 
world-wide renown. His l.E.E. contributions under the 
heading of "The Conductivity of Oxide Cathodes" have 
run (so far) to 16 Parts and have brought him both the 
Kelvin and Institution Premiums; he has also received 
three minor premiums from the I.E.E. 

It is not only his personal scientific work but his ability 
as the leader of a team which have been outstanding; 
production of some 18,000 valves at Dollis Hill for 
submarine-cable projects has required organizational 
ability and tact far exceeding those of a research worker. 

In 1956 he received "Special Merit" promotion to 
D.C.Sc.0.-the only Post Office scientist, so far, to 
achieve this rank or to receive merit promotion at any 
level. In 1958 be was awarded a D.Sc. by Queen's 
University for his work on oxide-coated cathodes, and 
in 1962 he became a Deputy Director of Research in 
succession to Mr. C. E. Richards. 

When the Engineer-in-Chief set up a Working Party 
in connexion with the proposed move of Research 
Branch, the choice of Gilbert Metson as its Chairman 
was both obvious and, in the event, thoroughly justified. 
A location satisfactory to ail parties concerned having 
been agreed, his term of office should see the first moves 
to Martlesham Heath effected. He has enormous 
patience and diligence and is very conscious of the needs 
of th e  Station and of its Staff. The future of the Research 
Branch is in good hands. R.J.H. 

N. C. C. de Jong, B.Sc.(Eng.), A.M.I.C.E., A.M.I.E.E. 

Mr. de Jong, appointed Assistant Engineer-in-Chief 
in September 1964, joined the Post Office as a Proba­
tionary Inspector in 1934 after 2 years post-graduate 
experience with a Westminster firm of civil-engineering 
consultants in ferro-concrete design, mainly of bridges. 
His early years as a Post Office engineer were passed 
mostly in Wales and the West Country-in the Technical 
Section, Cardiff, and in the Gloucester and Bournemouth 
Telephone Areas. He also worked in the Telegraph 
Branch and at the Research Station, Dollis Hill. 

Then, between 1943 and 1946, he was commissioned 
for Civil Affairs work in North-West Europe and 
appointed to S.H.A.E.F. Headquarters. His concern 
there was the restoration of communication services, 
and he acted as a liaison officer between the P.T.T.s of 

Belgium and the Netherlands and the Allied Forces. 
For his services he was awarded the Bronze Star Medal 
of the U.S.A. and was appointed an Officer of the Order 
of Orange Nassau. 

Soon after his return to the Bournemouth Area in 
1946 Mr. de Jong moved to Swansea as the Area Engineer, 
and in 1953 he left the Engineering Department to 
become the Telephone Manager in Preston. One of the 
occasions there he recalls with pleasure was the 
installation of ERNIE at Lytham St. Annes, both as 
regards the technical interest of new electronic devices 
and as a winner of a small prize in the first draw! He 
stayed in Preston for 4 years, during which time he 
visited Cyprus and various islands in the West Indies to 
advise their Governments on telecommunication matters. 

His recall to the engineering fold began in 1957 on 
his appointment to Northern Ireland as Regional 
Engineer and Telecommunications Controller, although 
in this dual capacity he was also responsible for advising 
the Regional Director on all aspects of telecommunica­
tions policy. His wartime experience no doubt stood him 
in good stead in dealing with some of the difficulties met 
in both Cyprus and N. Ireland! 

In 1961 he came to Headquarters as Staff Engineer to 
take charge of the newly formed Organization and 
Complements Branch of the Engineering Department, 
where he was quickly immersed in a variety of problems 
ranging from computers to complementing, from 
recruitment policy to research-expenditure apportion­
ment. 

Mr. de Jong bas for long had a keen interest in the 
efficiency and economics of the telephone service, most 
recently shown by his I.P.O.E.E. paper on engineering 
productivity. This interest plus his exceptionally wide 
range of experience, including a first-hand knowledge 
of the problems of Regional and Area work, should 
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prove of great value in his new appointment. In this, 
his numerous friends at Headquarters, in the Regions 
and overseas will join in wishing him all success. 

F.J.M.L. 

Retirement of Mr. L. F. Salter, B.Sc.(Eng.) 

Mr. L. F. Salter retired on the 30 September 1964 at 
the end of nearly 37 years service in the Post Office. 
He was one of the many Post Office engineers who 
commenced their engineering training in one of the Royal 
Naval dockyards, having been an apprentice in the 
Portsmouth Dockyard from 1919-23. He was, however, 
unique among Post Office engineers in that he trained for 
and became a fully qualified Naval Constructor at the 

Royal Naval College, Greenwich, between 1923 and 1926. 
During this period he also studied for and obtained a 
London University lst Class Honours external degree in 
engineering. 

He entered the Engineering Department by open 
competition as au Assistant Engineer (old style) in 
January 1927, when there were no standard training 
courses as now, and, after short periods in various offices, 
was posted to the Telephone Section of the Engineer-in­
Chief's office and employed on subscriber's apparatus 
design. In June 1929 he was transferred to the London 
Engineering District, Superintending Engineer's Office, 
and employed on trunking and junction-cable design 
duties. Some 3 years later he moved to the London 
Centre Internal Section, where one of his main tasks was 
the organization of the opening of the largest automatic 
exchange in the country in the Mayfair Building. After 
some 2i years in the telephonically densest area of the 
country he moved to the relatively rural Swansea Section 
and was promoted to Sectional Engineer in May 1936. 

Two years later he joined the Telephone Branch of 
the Engineer-in-Chief's Office, and, apart from dealing 
with maintenance procedures, was concerned with the 
design of emergency-exchange equipment and in drawing 
up plans for the rapid restoration of damaged exchanges. 
His design and plans were put to the test when South­
ampton exchange was completely destroyed at the end of 
1940, and under his personal on-site direction both 
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design and plans were shown to be completely successful. 
Promotion to A.S.E., Telephone Branch, in 1945 placed 

him in charge of all telephone-exchange circuit, apparatus, 
routiner and tester design, and also led him to play a 
major part in the re-organization of the British Technical 
Telephone Development Committee. 

Nine years later Mr. Salter was made Deputy Chief 
Regional Engineer on Planning and Provision in the 
Loudon Telecommunications Region, and until July 
1958 carried a heavy responsibility with distinction in 
coping with the provision of external and internal plant 
to meet the ever increasing demand for telephone service 
in one of the most congested areas in the world. 

When it was decided in 1958 to split Telephone Branch 
into two Branches it was almost axiomatic that Mr. 
Salter should be chosen to take charge of the Telephone 
Exchange Standards and Maintenance Branch. For the 
last 6 years of his career he has led this Branch through 
very difficult times, with the high pressure of new 
development to meet a rapid expansion of the facilities 
offered to subscribers, many of which involved the 
application of new techniques, competing with the 
requirements to improve service and at the same time 
reduce maintenance costs. Apart from his undoubted 
technical ability, his success can without doubt be attri­
buted to his ability to "get on" with people. He has 
always shown a strong personal interest in the well-being 
of his staff, and has played a leading part in sports and 
social activities organized within each office in which he 
has served. For many years he was Chairman of the 
Engineer-in-Chief's Branch of the Post Office (later Civil 
Service) Sanatorium Society and worked bard in this 
deserving cause. Soon after his return to Headquarters 
as Staff Engineer he initiated the reconstitution of the 
Engineering Department Billiards and Snooker Club and 
was its President until be retired. 

The esteem in which Mr. Salter was held by all ranks 
was fully apparent at the very large gathering on the 
occasion of his farewell presentation of 28 September 
1964, and there is no doubt that he leaves the Service 
with the sincere wishes of many hundreds of the people 
who knew him for a long and happy retirement. 

W.J.E.T. 

T. F. A. Urben, B.Sc.(Eng.), A.M.I.E.E. 
Mr. T. F. A. Urben, recently promoted to Staff 

Engineer, Telephone Exchange Standards and Main­
tenance Branch, takes justifiable pride in the fact 
that he started at the foot of the ladder as a Youth-in­
Training in the Exeter Section in 1936-a fact from which 
any young entrant of today can take encouragement at 
the commencement of a career in the Post Office. 

Successful in the Limited Competition for Probationary 
Inspector in 1938, and completing his probationary 
period shortly after the outbreak of war, Mr. Urben was 
seconded to the Admiralty Signals Establishment, 
Portsmouth, early in 1940. For the next 4 years he was 
employed in the A.S.E. Production Department on the 
engineering and control of naval radio equipment, 
transferring to the Development Department in 1944 and 
engaging in circuit design of control systems for ships' 
radio. 

In spite of several interruptions to his evening studies 
at technical colleges, caused by wartime moves, he 
graduated with a lst  Class Honours B.Sc.(Eng.) degree in 
1943. 

In 1945, by which time he had received two promotions 



and attained the rank of Admiralty Technical Officer, Mr. 
Urben returned to the Post Office and, following a brief 
period in the Subscribers' Apparatus and Miscellaneous 
Services Branch of the Engineering Department, was 

promoted to Assistant Engineer (old style), Telephone 
Branch. This first period of association with Telephone 
Branch continued for 12 years during which he covered 
many aspects of the Branch responsibilities. As an 
Executive Engineer, Mr. Urben was engaged in automatic 
routiner development and later in the circuit design and 
development of a.c. signalling systems. 

Promoted to Senior Executive Engineer in 1950 he 
was put in charge of a Group dealing with the standards 
for, and specification of, exchange equipment, and took 
a particular interest in improvements to apparatus design, 
the introduction of modern plastics in selector-bank 
construction being a typical example of his work in 
this field. 

An opportunity to apply his specialized knowledge and 
experience in a broader field of responsibility arose in 
1957 when he was selected for the post of Chief Factories 
Engineer, a capacity in which he contributed much to the 
further mechanization of factory operations and the 
change-over to flow-line production. He returned to his 
present Branch as Assistant Staff Engineer on 
maintenance in 1963. 

Mr. Urben takes over the position of Staff Engineer 
at a time when the problems associated with giving an 
improved quality of telephone service and reducing the 
cost of maintenance are very much to the fore. To these 
particular problems and the many others facing the 
Branch he brings proved technical ability, an incisive 
approach, and considerable experience in the handling 
of a large staff. This combination, allied to a friendly 
disposition, augurs well for the success confidently wished 
him by his friends and colleagues in the Post Office and 
in the exchange-equipment manufacturers' organizations. 

G.E.S. 

F. J. M. Laver, B.Sc., M.I.E.E. 
The appointment, in absentia, of Murray Laver as a 

Staff Engineer on 23 September 1964 has been widely 

welcomed by his many colleagues and friends in the 
Post Office, other Departments, and in industry. 

Since April 1963 he has been seconded to H.M. 
Treasury, for a nominal 3 years, as an Assistant Secretary 
in the Management Services Division. He is responsible 
there for the introduction and utilization of computer 
systems throughout all Government Departments. His 
originality of mind and other special talents for this work 
are particularly valuable at this time when progress is 
beginning to be made into the use of automatic data­
processing systems as management tools as distinct 
from their proven use as clerical aids. 

Mr. Laver is an accomplished and entertaining lecturer, 
and his numerous lectures and talks on computers have 

done much to unravel the mysteries of a complex 
subject to thousands of Civil Servants and others. 

His Post Office career has been an interesting one. Born 
in Plymouth in 1915, be entered the Post Office as a 
Probationary Inspector in June 1935, and passed the 
Limited Competition for Probationary Assistant 
Engineers (old style) in May 1939. In both examinations, 
he attained first place. 

His official life until March 1948 was spent in the 
Radio Experimental Development (WE) Branch, Dollis 
Hill, where be worked on frequency and time standards. 
This work brought him into close contact with the B.B.C., 
the National Physical Laboratory, and the Royal 
Observatory. 

He became a Senior Executive Engineer in WE 
Branch in March 1948, responsible for the group which 
designed, produced and installed the repeater equipment 
for the I in. diameter London-Birmingham coaxial 
cable which subsequently carried television signals to 
the B.B.C. Sutton Coldfield transmitter. After this 
project he was engaged on comparative tests of f.m. and 
a.m. broadcasting on v.h.f. and began development of 
an auto-scanning receiver for radio monitoring. 

In 1951 he was transferred to the Radio Planning 
and Provision (WP) Branch to study radio systems, 
navigational aids and radio frequency allocation 
questions. He also contributed to the work of the 
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International Radio Consultative Committee (C.C.1.R.) 
on radio telegraphy, f.m. for ships, and colour television, 
and was a delegate to meetings in Brussels (1953) and 
London (1954). 

From September 1955 he was a temporary A.S.E. in 
WP Branch, planning and providing microwave television 
and telephone radio-relay systems. In July 1956 he 
joined the Organization and Efficiency (0) Branch as an 
A.S.E. to take charge of its newly formed computer 
group and was intimately concerned with the LEAPS 
computers and the launching of the highly successful 
Dollis Hill National-Elliott 803B computer, including 
programming training for engineers. Whilst in 0 Branch, 
he was involved in productivity and manpower-deploy­
ment studies and did much to initiate the use of critical 
path analysis techniques. In connex_ion with his computer 
work he has made two tours of the U.S.A. to study 
automatic data processing i n  business and Government, 
and to visit computer manufacturers. 

He has been an active supporter of the Institution of 
Post Office Electrical Engineers and of the Institution 
of Electrical Engineers and has made numerous contri­
butions to their technical literature. 

He is a voracious reader over a wide field, and has 
special interest and facility in communicating ideas. This 
has found expression in articles in the engineering 
volume of the Oxford Junior Encyclopaedia and books 
for children on "Electric Power," "Electrons at Work," 
"Waves" and "Energy." 

We congratulate him warmly on his promotion and 
wish him every success in his future career. 

J.W.F. 

N. V. Knight, B.Sc.(Eng.), M.I.E.E. 

Mr. Knight, who was appointed Staff Engineer of 
the newly formed Organization and Efficiency 
(Maintenance and Computers) Branch on 5 October 1964, 
started his business career in the Headquarters Office 
of the National Union of Railwaymen as office boy to 

the late J. H. Thomas, who was Colonial Secretary in 
the J. R. MacDonald's first Labour Government in 1924. 
Eye trouble necessitated a change to outdoor duties, and 
he has subsequently enjoyed an unusually wide range of 
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experience in telecommunications engineering and 
management since he joined the Post Office, as a Youth­
in-Training, in the old South Midland District in 1925. 

In I 929 he was one of the group of young men selected 
by Mr. B. 0. Anson for service in the rapidly expanding 
Circuit Laboratory, and he remained with the Laboratory 
when, in 1931, he was appointed as a Probationary 
Inspector. Then, following his success in the limited 
competition for Probationary Assistant Engineer (old 
style), he was employed in the Exchange Equipment and 
Accommodation Branch of the Engineer-in-Chief's 
Office from 1933 to 1937. Apart from a spell with the 
Control Commission, as Controller, P. & T., Lower 
Saxony, between. 1946 and 1948, Mr. Knight spent the 
next 15 years in Telephone Area work-being appointed 
successively as Assistant Engineer (old style) in the 
London Telecommunications Region (L.T.R.) South 
East Area 1937, Area Engineer at Stoke in 1940, Deputy 
Telephone Manager in the L.T.R. North Area i n  1948 
and North West Area in 1949, and Telephone Manager 
in the L.T.R. City Area in 1950. 

In 1952 he returned to the Engineering Department as 
au A.S.E., and rejoined the Equipment Branch of the 
Engineer-in-Chief's Office. In the following 5 years he 
was particularly concerned in studies of the planning 
and recoveries of telecommunication systems. It was 
during this period that he earned the unique distinction of 
being awarded senior medals of this Institution in two 
successive years; the Bronze Medal in 1955 for his paper 
"Depreciation and Service Life of Telecommunications 
Plant," and the Silver Medal in 1956 for his paper 
"Economic Principles of Telecommunications Plant 
Provision." Also, during this period he undertook 
short-duration special assignments as Adviser to the 
Singapore Government on the take-over of the Oriental 
Telephone Company's assets (1954), and as Adviser to 
British Honduras and Jamaica (1956). 

From 1957 to 1962 Mr. Knight served in "approved 
employment" as General Manager in the newly formed 
Singapore Telephone Board, a post which provided him 
with opportunities to visit other Telecommunications 
Administrations in Europe, North America, Africa and 
Australia. He returned to the Post Office for a brief spell 
in 1962-3 as an A.S.E. in the Joint Post Office and 
Ministry of Public Building and Works Research Group 
and then went abroad again, on secondment, to Nigeria, 
first as Director, P. & T., and later as Adviser to the 
Nigerian Government. Since returning from Nigeria in 
June 1964, as an A.S.E. in the Equipment Branch of the 
Engineer-in-Chief's Office, he has been concerned with 
economic studies and consultative services, and recently 
has made a further visit to Singapore, on behalf of the 
Post Office, as adviser to the Ministry of Defence. 

Throughout his career, Mr. Knight has been an 
enthusiastic student of telecommunications in its widest 
context. In recent years, he has concentrated more on 
economic aspects of telephone service, and bas been 
admitted to Fellowship of the Royal Economic Society. 
He was a prize winner, in his early days, in the I.P.O.E.E. 
essay competitions and a silver medallist in the City and 
Guilds of London Telegraphy examination; be lectured 
at Northampton, Regent Street and S.E. London 
Polytechnics; and was co-author of the "Telephone 
Handbook." In spite of the many demands of these 
professional activities, he has, wisely, cultivated a wide 
range of other interests and hobbies, notably in music, 



motoring, including competition driving, and tennis, in 
which he still takes an active part. 

His world-wide circle of friends wish him every success 
in his new appointment. W.A.H. 

Retirement of Mr. R. S. Phillips, M.I.E.E. 

After 40 years of Post Office service, Mr. R. S. Phillips 
retired from the post of Staff Engineer, Power Branch, 
on 31 December 1964. 

His early training was as an engine fitter in H.M. 
Dockyard, Pembroke, after which he came into the 
Post Office as an open competition Inspector. Two 
years later he succeeded in the open competition for 
Assistant Engineer (old style). 

For the first 10 years of service he was at Dollis Hill 
Research Station, which was the scene of great re-building 
activity. The old hutments were being replaced by new 
laboratories in grand style and he was engaged on the 
wide range of special electricity supplies and engineering 
services which were needed. Subsequently he transferred, 
as a power specialist, to the Manchester headquarters of 
the old South Lanes District until 1936, when the North 
Eastern Region was constituted. He was a natural choice 
as Power Engineer, Leeds, and became the first of this 
new grade ever to be appointed. 

Jn 1942 he came back to London as A.S.E., Power 
Branch. In 1951 he was promoted C.R.E., London 
Postal Region, returning to Power Branch as Staff 
Engineer in 1956. 

Although he was concerned with power engineering 
throughout his career he kept in touch with a wider range 
of subjects and for several years was an evening lecturer 
at the London Polytechnics. He also studied telegraphy 
and was awarded the City and Guilds Silver Medal and 
the Pewterers Prize in that subject. But he will be 
remembered, more particularly, for his excellent text book 
ou "Electric Lifts," which was first published in 1939 
and has been in regular demand ever since, running to 
four editions with a fifth in course of preparation. He 
was also keenly interested in developments in the field 
of postal mechanization and visited Canada, U.S.A. and 
European countries to study their techniques. He 

contributed several Institution papers and articles on 
this and allied subjects. 

"Phil" was always a keen sportsman, participating in 
soccer, rugby and cricket. There are probably a number 
of old-timers who will remember his exploits with the 
soccer teams at Dollis Hill in the early days. One of 
his favourite relaxations was gardening, with the emphasis 
on ornamental shrubs and fruit. He won many R.H.S. 
prizes for fruit and also carried off several "coups" with 
the L.P.R. Horticultural Society when he was C.R.E. 

He will be remembered for his friendly disposition, his 
fairness and competence in handling official matters, 
and his ability to offer adverse comment without giving 
offence. His many friends and colleagues will miss him 
and will wish him a happy retirement with the opportunity 
to spend more time at his holiday bungalow on the 
Pembrokeshire coast. G.M.M. 

J. Piggott, B.Sc.(Eng.), M.I.Mech.E., M.I.E.E. 

John Piggott has been promoted Staff Engineer of 
Power Branch, a post for which his experience and 
outlook befit him admirably. The appointment will be 
warmly welcomed by all his many friends in and outside 
the Post Office. 

Leaving Emanuel School in 1930 he commenced his 
engineering apprenticeship with the B.T.H. Co., at 
Rugby. He later completed a full-time course at London 
University and obtained l st Class Honours in the 
B.Sc.(Eng.) examination in 1935. Attracted to a Civil 

Service career 2 years later he entered the Post Office 
Engineering Department by Open Competition as 
Assistant Engineer (old style). He was soon seconded to 
the Postal Services Department and studied the potential 
for mechanization of all kinds in the postal services. 
During the war years he was in the External Plant 
Group of the Research Brauch carrying out overhead 
line and cable measurements. At that time carrier 
working was prominent, and the requirements of 
overhead routes and cables for civilian and service use 
needed investigation. He also contributed to the design 
of buried-pipe and cable-pair locators and suggested 
means for greater consistency in high-voltage protection. 
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Soon after the war he received pro1notion to Senior 
Executive Engineer, Power Branch, and took charge of 
the Postal Engineering Development Unit at Mount 
Pleasant. This period was possibly the most challenging 
in his career in which a 6-operator mechanical letter­
sorting machine had to be designed and constructed­
the first of its kind. A Goliath of a machine took shape 
providing 144 selections: it laid the foundation of the 
British system. A considerable improvement in operating 
speed was demonstrated by the use of non-synchronous 
operation. It was also during this period that he worked 
on numerous cable-ship problems and originated the 
idea for the handling of rigid repeaters by the use of 
"Vee" sheaves. 

Promotion to Assistant Staff Engineer in 1955 in the 
Research Branch saw him in charge of the Research 
Services Section. In this he has controlled, and knows 
individually, a staff of some 300, comprising over 20 
different ranks, who supply a design and production 
service to the 13 Scientific and Engineering Divisions. 
The work is im1nensely varied and ranges fron1 heavy 
mechanical plant to fine precision scientific apparatus. 
In this field he has been concerned with many develop­
ments already reported in these pages. 

His youthful enthusiasm and unfailing courtesy allied 
to a naturally kind and sympathetic disposition has 
always brought out the best in others and attracted a 
loyal staff. His success in his new post is assured, but 
his colleagues in Research Branch in particular will be 
sorry to lose him. J.P.H. 

Reprint of Articles from the Special S.T.D. Issue of the 
Journal (Vol. 51, Part 4, Jan. 1959). 

Copies are still available of the reprint of selected 
articles from the special subscriber trunk dialling issue of 
the Journal (Vol. 51, Part 4, Jan. 1959). This 32-page re­
print, price 2s. 6d. (3s. post paid) per copy, contains some 
notes drawing attention to developments that have taken 

place since the original publication of the selected 
articles and which affect the infonnation contained in 
these articles. The articles in the reprint are as follows: 

The General Plan for Subscriber Trunk Dialling. 
Controlling Register-Translators, Part !--General 

Principles and Facilities. 
Local Register for Director Exchanges. 
Periodic Metering. 
Local-Call Timers. 
Metering over Junctions. 
Subscribers' Private Meter Equipment. 
Orders and remittances, which should be made pay­

able to The P.O.E.E. Joumal and crossed" & Co.," should 
be sent to The Post Office Electrfr·al Engineers' Journal, 
G.P.0., 2-12 Gresham Street, London, E.C.2. 

Reprint of Article Entitled "Outline of Transistor 
Characteristics and Applications." 

Copies are available of a reprint of the article entitled 
"Outline of Transistor Characteristics and Applications" 
(Vol. 56, pp. 122, 196 and 268, July and Oct. 1963, 
and Jan. 1964). The 22-page reprint, price 3s. (3s. 6d. 
post paid) per copy, contains the three parts of the 
article, which had the following subsidiary titles: 

Part I-Transistor Para1neters and Stabilization of 
Characteristics. 

Part 2-Application of Linear Characteristics. 
Part 3-Applications of Non-Linear Characteristics. 
Orders and re1nittances, which should be made pay-

able to The P.O.E.E. Joumaf and crossed "& Co.," 
should be sent to The Post Office Electrical Engineers' 
Jouma/, G.P.0., 2-12 Gresham Street, London, E.C.2. 

Journal Binding. 

This issue completes Vol. 57 and readers wishing to 
have this volume bound should refer to page 296 for 
details. 

Institution of Post Office Electrical Engineers 
Annual A"'ardsfor Associate Section Papers-Session 1963-64 

The Judging Con1mittee having adjudicated on the papers 
submitted by the Local Centre Committees, prizes and 
Institution certificates have been awarded to the foilowing 
in respect of the papers named: 
First Prize of£? ?s. 

L. Vranch, Technical Officer, Bath Centre-"Some 
Observations on Going S.T.D." 

Prize of £4 4s. 
P. Garrett, Technical Officer, Hastings Centre-"Taped 

Sound." 
The Council of the Institution is indebted to Messrs. 

W. L. A. Coleman, F. Summers and G. A. Probert for 
kindly undertaking the adjudication of the papers, and to 
Mr. W. L. A. Coleman, Chairman of the Judging Comn1ittee, 
for the following report: 

The paper submitted by Mr. Vranch was both interesting 
and stimulating. The author, who is clearly an enthusiast, 
produced a paper of interest and value to engineers concerned 
with S.T.D. and also to a wider audience. 

The first part of the paper introduced the principles of 
S.T.D. working, and the explanation of the equipment 
functions by relating them in detail to the functions other-
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wise carried out by operators was very well done. In the 
second part, the author dealt with maintenance aspects and 
the subscribers' point of view, and described the role of the 
maintenance engineer in an S.T.D. network. He underlined 
the fact that the quality of service and the public reaction 
to it depends in large measure on the interest and enthusiasm 
of each individual maintenance engineer and on their 
co-operation with each other and with their traffic colleagues. 

Mr. Gorrett's paper was an interesting resume of the 
history and technique of magnetic�tape recording, and 
touched briefly on the use of tape recorders in the creation of 
electronic music. The author's treatment of the basic 
technical problems of recording and playback was adequate 
without being too detailed. His demonstrations, which were 
well chosen, undoubtedly contributed effectively in the 
presentation of the paper. 

President of the Associate Section 

Mr. E. Hoare, Regional Engineer, Home Counties 
Region, has been appointed President of the Associate 
Section, succeeding Mr. A. J. Leckenby, M.B.E., whose 
term of office is complete. 

S. WELCH, 
General Secretary. 



Regional Notes 
Scotland 

CALEDONIAN CANAL CABLE CROSSING 
AT CORPACH 

Scotland West Telephone Manager's Office was informed 
that, due to urgent reconstruction and repair work, the 
Caledonian Canal at Corpach would be empty between the 
end of April 1964 and the end of July 1964. 

This provided an ideal opportunity to cross the canal with 
two steel pipes, and a contract was placed with Messrs. 
Christie and Co., Banchory. The work was duly commenced 
on 15 June and finished on 26 June. 

The actual work consisted of placing two steel pipes in a 
trench from the canal bank to the bottom of the canal, 
across the bed of the canal and up the other side. A re­
inforced-concrete joint-box was required in the bank at each 
end of the pipes. 

The total distance involved was approximately 56 yd. A 
preliminary inspection of the empty canal revealed that, 
although the locks were empty, the canal reach where the 
pipe was due to cross contained about 2t ft of water and 
that the canal bank was inclined at 45° to the bottom. 

To completely empty the canal where the trench was to 
be excavated on the canal bed, it was necessary to place a 
sand-bag dam on each side of the crossing position. Once 
the dam was in position the area between was pumped out 
to allow the work to proceed under reasonably dry conditions. 

To facilitate the building of the sand-bag dam and the 
easier carriage of materials, a wire rope with a pulley was 
fixed across the canal as the access to one bank of the canal 
involved a walk of over a mile. In four days from the start 
of work 27 tons of sand was filled into 900 sand-bags and 
the dams completed on each side of the crossing position. 
Three motor pumps were then placed in position and the 
crossing area between the dams emptied of water. The two 
steel pipes were placed in position on the canal bed. 

As a safety measure three concrete anchors each contain­
ing t yd3 of concrete were placed in position at the middle 
and ends of the steel pipes. The tracks in the canal banks 
were next excavated and the pipes laid up to the joint-box 
positions on each bank. The sand-bag dams, apart from 
their actual purpose, proved tu be admirable bridges for 
crossing the canal during the execution of the work and 
saved a great deal of time. On completion of the jointing 
chambers a test-piece was pulled through both steel pipes 
from jointing chamber to jointing chamber. The test was 
carried out quite easily with one man pulling the testing 
rope. 

On successful completion of the tests the sand-bag dams 
were dismantled and the site cleared up, thus concluding a 
very successful and unusual duct-laying job. 

C.H.M. 
North Eastern Region 

ROAD WORKS ON THE Al AT NEWCASTLE 
CITY CENTRE 

Major alterations to the road system have been undertaken 
in the city of Newcastle-upon-Tyne at the point where the 
Al leaves the north bank of the Tyne. The new system will 
incorporate a roundabout tu distribute trattic within the 
city and a low-level road slipping underneath to take north­
bound traffic through to what will eventually be a city­
centre by-pass road. The works cover an area of about four 
acres, between Telephone House and the Tyne bridge. All 
the cables passing north and south through Newcastle go 
through the reconstruction area. 

The diversion of these cables has been a major task and a 
new routing has been selected which by-passes some of the 
works and passes underneath others at a level which would 
be unaffected by later operations. The depth of road 
reconstruction was such that all undertakers' plant had to be 
diverted early in the program to allow the new road levels 
to be excavated. 

The new duct line was built up of pitch-fibre pipes set in 
concrete and incorporates several unusual features. Over 
one section the line of the duct route runs underneath that of 
a temporary diversion of one of the railways and has had to 
be. built le_> withstand the dead weight of a temporary 
railway bridge. Over two other sections the deviations 
required were too great to allow pitch-fibre ducts to be used 
and for these portions p.v.c. ducts had to be specially 
manufactured. The change-over manholes also presented 
considerable difficulties because of the number and size of 
cables being diverted, and at the Telephone House end of the 
diversion the manhole could not be roofed until after the old 
cables had been recovered; here a weatherproof temporary 
roof of polythene sheeting was constructed and proved very 
satisfactory. 

As is common in work of this magnitude there were times 
when the staff had to work under considerable discomfort 
and interference was caused by other services, notably ga� 
and sewage. There was also a period of about a month 
when, as shown in the photograph, the entire north and 

CABLES SUSPENDED OVER ROAD WORKS AT NEWCASTLE 

south communication cables were suspended on a beam over 
the excavations for about 25 yd. 

During the whole of the works there was no disruption of 
service and the only sheath fault which occurred did not 
affect any of the conductors. 

J.E.W. 
North Western Region 

BLOCK-RELEASE COURSE RESULTS­
LANCASTER AREA 

Important changes in the system of technical education 
for Youths-in-Training in the Lancaster Area were intro­
duced in September 1963. Details are as follows: 

Following the Government White Paper, "Better 
Opportunities in Technical Education," published in 1961, 
the three-year Ordinary National Certificate (O.N.C.) 
course has now been replaced by a two-year course, O 1 
and 02, requiring higher entry qualifications, e.g. G.C.E. 
"O" level certificates including mathematics and a suitable 
science subject. To permit the inclusion of liberal and general 
studies, an increase of study time was recommended, and 
was one of the major factors which led to experimental 
block-release courses as an alternative to the normal 
one-day per week arrangement. 

With the co-operation of Lancaster and Carlisle Technical 
Colleges, it was arranged that the first-year block-release 
course should cover, by the inclusion of a specialist tele­
communications subject, the City and Guilds of London 
Institute Intermediate Telecommunications Technicians 
Course (T.T.C.) syllabus as well as O.N.C. (01). (The 
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second-year bloc�-release course will cover 0.N.C. (02) and 
the T.T.C. "B" year). The idea of combining the O.N.C. 
and T.T.C. courses may not be unique, but it is not thought 
to have been widely adopted and is, therefore, considered 
to be worthy of special report. 

The results for the O.N.C. (O 1) course showed that at 
Lancaster nine out of ten Youths-in-Training passed, with 
seven out of seven passing at Carlisle. The following table 
gives the results subdivided into subjects. 

Subject I Distinction Credit I Pass I Fail 
1_M_a_t_h-em-a-ti -cs 

_____ l ___ 
J
_0 _ __ 1 ___ 7--:J--==--i__::::::__ 

I 4 JO I 3 I -
Electrical Engineering 

Science 

1 __ s_c_ie_1_1c
_
e 
______ :----

'
---i� 3 __:__ 

Mechanical Engineering 
I . . ljj

-

1_
P _h _ys_i _cs 

___
____ :J ____ 1 ___ 1 __ 

1 _4
--:J 2 --==--

Totals j J 6 j 43 j 8 I 1 

The City and Guilds results for the Lancaster Youths 
were that seven out of the ten gained the intermediate 
T.T.C. achieving the following results in individual subjects. 

' 
Subject Passes Fail 

M athematics A JO -
Telecommunication 

Principles A 4 (I st Class) 5 (2nd Clnss) J 

Selected Subject 4 (J st Class) 3 (2nd Class) 3 

Whilst due credit must be given to the students, there is 
no doubt that the new system is a big improvement on the 
day-release system. In addition to the advantage of more 
effective technical education, the block-release courses seem 
to be developing group friendship and co-operative spirit 
amongst the youths concerned. Without exception they 
have been most enthusiastic towards this form of training. 

The success of this new pattern of training must depend 
on having the right student material, and this is partly en­
sured by the required entry qualifications for the O.N.C. 
(01) course. The technical education scheme now being 
offered is becoming more widely known and is undoubtedly 
helping to attract suitable youths, mainly those who just 
miss going on at school to G.C.E. "A " level sc ience studies. 

G.C.S. 
London Telecommunications Region 

DAMAGE TO THE HIGH WYCOMBE-LONDON 
No. 2 CABLE 

Prior to the construction of the M4 motorway in the area 
where it was due to cut Sipson Road, West Drayton, 
Middlesex, some diversions and improvements of the 
existing trunk routes were necessary. 

A 36-way pitch-fibre duct route was, therefore, con­
structed for some 320 yd, with a formation of 6 x 6 ducts 
in a position and depth thought to be immune from sub­
sequent disturbance when not only the motorway was 
constructed but also when a pedestrian subway and a new 
County road were built. 

Ten trunk and junction cables were changed over and it 
was with some surprise that, a year later on 14 April 1964, 
faults were reported on the 122 pr 40 lb/mile High 
Wycombe-London No. 2 cable and were located to a point 
within the pitch-fibre block. A visual inspection of the 
ground, however, showed no signs of recent disturbance. 

Interruption cable was pulled in and the circuits were 
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changed over during the night. Attempts were then made 
to recover the faulty cable, which was located in a top 
outside bore. This was achieved with some difficulty and the 
cable was found to be flattened and partially cut at one point. 
Subsequent measurements pin-pointed the damaged area 
to be under the newly laid and bitumen-proofed concrete of 
the entrance to the new County road. 

The road contractors could throw no light on the situation, 
but it was noticed that the estimated point of damage was 
directly in line with two drainage gully pots on opposite 
sides of the road. 

Fortunately, the road was of dry lean concrete con­
struction and breaking out was not difficult. The final 
excavation revealed that the cover concrete of the block 
and the top row of six pitch-fibre ducts had been completely 
cut out to lay a 4 in. earthenware drain, the cable, as shown 
at the bottom of the accompanying photograph, being 
flattened out in the process. 

""" . ' 
tv• i �I..\ 
. .... , t� 

� ' ..... 

DAM'AGE TO DUCT ROUTE CONTAINING HIGH WYCOMBE-LONDON 
No. 2 CABLE 

Repairs to the duct block were effected by carefully 
cutting out the remains of each of the six pitch-fibre ducts as 
far back as a spigot-and-socket joint, the other ends being 
carefully levelled off. The semi-circular bed of concrete in 
which each had rested was not disturbed. 

Six new lengths of duct were then accurately cut to a 
length just slightly shorter than the broken out lengths, and 
these were fitted over the joints and the other ends dropped 
into line with the cut ends. The joints were then wrapped 
with Denso tape to prevent ingress of cement and the whole 
then concreted over to the original thickness above the ducts; 
after this, tests with mandrel and brushes were satisfactorily 
carried out. 

The cable being located in a top bore at least served as an 
early warning system for the duct block as a whole. Had no 
faults been reported, the damaged ducts would not have 
been discovered until some time in the future when attempts 
were made to use them. 

B.S.T. 
Midland Region 

BIRMINGHAM NEW TELEVISION NETWORK 
SWITCHING CENTRE 

Since 1949 the equipment associated with television links 
in Birmingham has been accommodated in an area of 



E 

I, 100 ft2 at the end of the main repeater station in Telephone 
House, Birmingham. This space became overcrowded, and 
further development was restricted by the telephone 
transmission equipment already installed. 

A new television network switching centre has therefore 
been provided in another wing of Telephone House, and 
has now been brought into service. An area of 4,100 ft2 has 
been allocated and this is expected to cater for 20 years 
development. This area accommodates the apparatus room 
of 3,000 ft2 and the control room of 1,100 ft2• 

The control room accommodates the following equipment. 
(a) The video distribution frame-the main flexibility 

point where cabling to apparatus room, video distribution 
rack and switching equipment is terminated. 

(b) The video distribution rack (V.D.R.), on which 
test points for all links are provided. Facilities have been 
provided for the connexion to any link of the standard pulse­
and-bar test signal and for the monitoring of waveform or 

(a) VIDEO DISTRIBUTION RACK AT BIRMINGHAM TELEVISION 

NETWORK SWITCHING CENTRE 

picture. It is at this point that links are interconnected by 
standard coaxial "U" links. Three units have been provided 
and each unit will accommodate 50 incoming and 50 out­
going circuits. The video distribution rack is shown in 
photograph (a). 

(c) The network-switching console, comprising switching 
panels, 23 db gain video amplifiers and waveform correctors. 
This equipment will switch any of 10 sources to any of 10 
destinations for both sound and vision. It employs a 10-way 
splitting network on each of the I 0 sources. Associated with 
each destination is a 10-way push-button Yaxley-type switch 
with a locking bar which permits only one button to be 
operated at one time. From the splitting networks each 
source is connected to each destination switch, the video 
output of which is fed to the high-impedance input of a 
video amplifier. Each video circuit is provided with a wave­
form corrector so that when a source is connected to any 
destination the distortion is less than t per cent. 

(b) SWITCHING AND TEST CONSOLES TOGETHER WITH THE MONITOR 
SUITE 

(d) The monitor suite, comprising six video monitors and 
two monitors for monitoring local transmitters. The 
monitors are mounted in cubicle-type racks (Racks, 
Apparatus, No. 52) and can be seen in photograph (b). 

(e) The test console, comprising waveform generators, 
oscilloscope, picture monitor, noise and linearity measuring 
equipment, speaker switchboard, and monitor-selection 
unit. The test console is provided with special low-loss 
trunks to the V.D.R. The appropriate test equipment is 
connected to these trunks by low-capacitance relays con­
trolled by push-buttons on the desk of the console. 

The monitor selectipn unit consists of six sets of illum­
inated push-button switches, one set for each monitor. 
These switches remotely control the monitor-switching 
relays fitted on the monitor-selection equipment installed 
in the apparatus room. To give additional flexibility all 
monitor points and the inputs to the monitor-selection 
equipment are cabled to the video monitor distribution 
frame. The monitor points are jumpered to the inputs of the 
monitor-selection equipment so that each of the six monitors 
can be switched to one of nine monitor points. Associated 
with each monitor is an indicator panel showing the designa­
tion of the link being monitored. 

The layout of the apparatus room has been arranged on a 
functional basis, i.e. two suites are devoted to coaxial line 
terminal equipment, another two suites to frequency­
translating equipment, etc. Coaxial cables carrying power 
for feeding to dependent intermediate stations terminate ou 
the line equipment concerned. All other external cables 
terminate on a cable terminating-rack (C.T.R.) at the end of 
the apparatus room remote from the control room. 

The installation has been planned by the Midland Region 
transmission group and the Engineering Department. The 
whole of the installation work has been carried out by the 
staff of the Telephone Manager, Birmingham. 

The setting up and correcting of links was performed by 
the Engineering Department. 

R.C.M., L.T. and F.C.S 
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Associate Section Notes 

London Centre 

The final of the quiz con1petition bet\veen the Associate 
Section Centres within the ambit of the London Centre 
took place in the Pavilion, Brighton, on 16 October. 

A large gathering, including a contingent from London 
\Vho had generously provided tea, taken earlier, together 
\Vith a nun1ber of distinguished visitors from both the 
Home Counties Region and the London Telecommunications 
Region, saw a keenly fought "20 questions" progran1 which 
Brighton finally won by a narrow n1argin. However, 
London (represented by a team from the South West Area) 
had no reason to hang their heads as the President of the 
Associate Section, Mr. E. Hoare, \Vho also acted as Question 
Master, made clear when he presented the trophy to the 
\Vinning tean1. 

This trophy, a handson1e silver-plate-on-copper niodel 
of the Post Office Tower in Ho\vland Street constructed by 
the well-known model 1naker Mr. F. A. A. Pariser of the 
Midland Region, was recently presented by the London 
Centre Committee to be contested annually by all the 
Associate Centres covered by the Committee. The pre­
liminary rounds of the competition were fought out in 
London and in the South Eastern Group. It is hoped that 
the fonnal recognition now given to the competition \Viii 
encourage n1ore Associate Centres to take part. 

R.V.S. 
Cornwall Centre 

In April a further visit to the Rosewarne Experimental 
Horticulture Station at Camborne to see the numerous 
species of daffodils was n1arred by rather adverse weather 
conditions. Nevertheless, those men1bers who attended 
appreciated the forn1idable sight of approximately 1,200 beds 
of daffodils, each bed containing a different variety. 

Messrs. B. J. Woollett and L. B. Handley gave their paper 
entitled "Local Line Networks in Sweden" in late April. 
As both Mr. Woollett and Mr. Handley had visited Sweden 
on an interchange of staff, their information and comparisons 
were first hand and the paper proved to be very interesting 
indeed. 

The annual general meeting held in May revealed that 
men1bcrship of the Centre had no\v reached 213; the 
meeting was followed by a visit to the pre1nises of the 
West Briton Newspaper Co., at Truro. Here an extremely 
enjoyable evening was spent, ending by each member being 
handed a copy of the latest edition as it came off the press. 

D.J.G.C. 
Barnstaple Centre 

The elected officers for the 1964-65 session are as follows: 
Chafr111a11: Mr. R. H. Palmer; Secretary: Mr. H. J. 
Hutchings; Treasurer: Mr. F. D. Colwill; Co111111Utee: 
Messrs. W. W. Holbourn, C. H. Langdon, C. L. Wright, 
F. Gaskin, A. G. Somerviile and R. G. Lawrence. 

The winter program includes the following papers. 
"The Training of Youths," by Mr. E. H. Piper, Bourne­

n1outh. 
"Modern Maintenance-Serving the Subscriber," by 

Mr. T. F. A. Urben, Telephone Exchange Standards 
and Maintenance Branch, Engineering Department. 

"The Traffic Division," by Mr. Young, Telephone 
Manager's Office, Taunton. 

"The Royal Observer Corps." 
"Illustrating Lectures and Technical Articles," by Mr. 

W. R. Paul, F.l.B.P., F.R.P.S., Post Office Research 
Station, Dellis Hill. 

"Subscribers' Telephone Instruments-Some Possible 
Future Developments," by Mr. Harding, Subscribers' 
Apparatus and Miscellaneous Services Branch, 
Engineering Department. 

Although the membership of the Centre is now 62, 
attendances have not been good lately and better support 
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for future papers, which pron1ise to be as excellent as past 
talks, is hoped for fro1n our members. H.J.H. 

Exeter Centre 
The annual general meeting was held on Thursday, 8 

October. It was especiaily well attended by members fron1 
out-stations. 

The following officers \Vere elected: President: Mr. R. 
Clinnick (Telephone Manager); Chainnau: Mr. R. 
Powlesland; Vice-C'1airn1a11: Mr. B. Byrne; Secretory: 
Mr. T. F. Kinnaird; Treasurer: Mr. C. Chandler; Librarions: 
Messrs. M. Saunders, Exeter, and N. H. B. West, Torquay; 
Con11ni11ee Men1bers: Messrs. P. C. James, J. Curwood, 
B. J. Rolston, G. A. B. Sealey and J. L. Petherick; Auditors: 
Messrs. W. R. Coles and L. J. Squires. 

The meeting unanimously carried a proposition that the 
retiring Chairman, Mr. W. J. Foster, be made an Honorary 
Life Member in recognition of his services to the centre 
since its re-formation. 

The meeting also saw fihns on the development and 
progress of helicopters, hovercraft, long-length cabling and 
paint. 

During the summer session nien1bers visited the Aton1ic 
Energy Establishment at Winfrith and enjoyed a very 
interesting tour. T.F.K. 

Aberdeen Centre 

The opening meeting for the 1964-65 session, on Thursday 
17 September, was a broadcast joint meeting with the 
newly forn1ed Inverness Associate Centre, and took the 
forn1 of a quiz, Aberdeen 11• Inverness. The questions 
covered recent developments in 1nost aspects of the Depart-
1nent's work, including underground cabling, subscribers' 
appara!us, automatic exchange equipn1ent, power plant, 
transmission and electronic apparatus. Competition was 
very keen and there \vas nluch discussion of the plan 
nu1nbers introduced and made obsolescent in recent years. 
There were n1any fro\vns during the discussion on the 
methods of working register-translators. Everyone see1ned 
to learn something. The broadcast \Vas received by out­
stationed nien1bers at Lerwick, Kirkwall, Wick, Gairloch, 
Stornoway and Huntly. After a break for tea, our President, 
Mr. J. B. Duff, Area Engineer, gave a talk on "Develop­
ments in External Construction" in v-.rhich he nientioned the 
rodding niachine, pole-erection unit, directly-laid cable, 
fibre-glass poles, and the use of drop-wire to elin1inate 
open wire. 

On Thursday, 24 September, 19 of our members enjoyed 
a visit to the Aberdeen Journal. We were shown through 
the wire room, photography department and typesetting 
machines, and followed the news all the way to the presses. 
As with our own service, the morning paper is very much 
taken for granted, and one tends to forget the organization 
required to find the news, write it down, gather it together, 
edit and print it. Our visit was recorded with a picture in 
the "Press & Journal." D.W. and G.D.A. 

Inverness Centre 

The session opened with a broadcast quiz against the 
Aberdeen Centre. The broadcast was received b y  a large 
number of out-stations. The contest \vas close, Aberdeen 
\Vinning by 35 to 27} points. The questions were con1piled 
in the Regional Training School, Edinburgh. 

An interesting program of talks and visits has been 
arranged, and it is hoped that program cards will be circulated 
to men1bers before these notes are printed. 

The Centre·s first Chairman and one of the Founders, 
Mr: J. C. Hines, has been pron1oted to Welfare Officer, 
Edinburgh. We extend our congratulations and good wishes 
to hin1 in his ne\v sphere. W.C. 



Darlington Centre 

Darlington Centre members were guests of the Royal 
Air Force at Topcliffe on 28 September when they attended 
a lecture and den1onstration entitled "Air Electronics." 

On 16 Nove1nber Dr. Torday of Messrs. Torday, Ltd., 
North Shields, presented a paper describing precious-metal 
electro-plating. We visited Messrs. Westool, Ltd., at St. 
H�lens, Auckland, on 11 December to see, among other 
things, the manufacture of windings and coils. This firn1 
transferred its premises fron1 London to South Shields in 
1964 and now provides ernployn1ent for nearly 1,000 people. 
Among its products have been the Warner electromagnetic 
clutch and the Sovac ultrasonic sensing and switching system. 

A further attractive item in our program is a lecture and 
demonstration concerning Burgot automatic burglar alarms. 

Middlesbrough Centre 

At the annual general meeting the following officers were 
elected: Chainnan: JV1r. L. E. Sparkes; Secretary: Mr.D. 
Campbell; Treasurer: Mr. K. J. Ash\vorth; Librarian: Mr. 
J. Whittington; Assistant Secr·etary: JV1r. R. D. Purvis; 
Co111111illee: Messrs. H. _Daggett, J. O'Conner, J. C. Meek 
and D. A. Pratt. 

The Centre anticipates an interesting and successful 
session i n  1964-65 since the progran1 includes some seven 
lectures, two visits and two filn1 shows, and we are favoured 
by 7ontributions from the Area Engineer, other senior­
sect1on members and also our own niembers. 

Visiting lecturers include Mr. C. E. Hitchens, of the 
Local Authority Parks Committee, and Mr. H. Leslie, a 
Probation Officer. 

D.C. 

Huddersfield Centre 

At the annual general meeting on 22 July the following 
officers and con11niltee were elected: Cliair111a11: Mr. P. 
Williamson; Secretary: Mr. I. R. Gunson; Assistant 
Secretary: JV1r. I. A. Roberts; Librarian: Mr. A. Longstaff; 
Treasurer: Mr. B. B. Howell; Connnittee: Messrs. D. Haigh, 
P. Firth, D. Boulton, J. Nelson, R. Beaun1ont, L. W. 
Parkinson and S. Sunderland (Halifax representative). 

Dinner at a local hotel brought the meeting to an enjoyable 
conclusion. 

The program for 1964-65 was arranged to 1neet the prior 
demands of the recent conversion of Huddersfield exchange 
to auton1atic working, but it has been possible, nevertheless, 
to plan the following program: 

September: Afternoon visit to Belling & Co., Ltd., 
Burnley. 

October: Regional Lecture. 
November: A talk on "Building Societies," by Mr. J. S. 

Kaye, manager of the Brighouse branch of the Halifax 
Building Society. 

Dece1nber.: Afternoon visit to H. J. Heinz, Wigan. 
January: ''Some Aspects of External Maintenance," by 

Mr. T. A. Slater, A.M.l.E.E. 
February: Talk on "Athletics," by Mr. D. Ibbottson. 
March: Full-day visit to Boots, Ltd., Nottinghan1, and 

Whiteley Radio, Ltd., Mansfield. 
April: Evening visit to J. Tetley, Ltd., Leeds. 
June: Annual general meeting. 

Sheffield Centre 

On 9 January 1964, the Telephone Manager, Mr. J. D. H. 
Martin, gave a very interesting lecture on the future develop­
ment of the telephone service and the effect of these develop� 
1nents in the Area, and nationally. 

Also in January 1964, we held our annual Christmas social. 
About 70 members, families, and friends enjoyed a short 
film-show, followed by supper and gan1es, the latter being 
organized by Mr. A. Knowles. 

In February me1nbers of the centre visited Skelton Grange 
po\ver station. The comparison between this new type of 

station and an older type, which we visited last year, \Vas of 
considerable interest. 

On Thursday 19 March Mr. N. A. Elkins, Engineering 
Department, presented a very interesting lecture entitled, 
"Microwave Techniques." The lecture \vas illustrated with 
slides and various pieces of complicated waveguide. 

A full-day visit was made on 1 April by 30 of our n1en1bers 
to the new Ford assen1bly plant at Hale\Vood near Liverpool. 
The plant is new and fully mechanized. Men1bers saw some 
of the new Post Office vehicles being finished. 

On 23 April we had another excellent lecture fron1 Mr. 
C. N. Kington, of Messrs. Husband & Co., of Sheffield, 
entitled "The Goonhilly Project" and it was an account of 
the design of the now famous satellite tracking station. 
Mr. Kingston's lecture was most entertaining and pron1pted 
niany questions. 

The annual general nieeting of the centre was held in 
May. Officers and con1n1ittee me1nbers elected were: 
Cliain11a11: Mr. A. Knowles; J?ice-Cliainuan: Mr. F. S. 
Brasher; Sel'l"elary: Mr. D. Ashton; Assistant Secretary: 
Mr. B. A. Sargent; Financial Secretary: Mr. C. S. Shepherd; 
Conunittee Me111bers: Messrs. H. S. Beddus, F. Bough, 
J. G. Buckley, S. Cottage, C. B. Gray, R. B. Lines, J. E. 
Poulton, G. T. Risdalc, J. K. Tomlinson, P. T. Weston and 
G. Woodhouse. 

At this n1eeting we said fare\vell to our Liaison Officer of 
many years past, Mr. T. C. R. Harrison, \Vho has now 
retired. 

On Thursday 9 July, 25 men1bers visited the forensic 
science laboratories at Harrogate. A conducted tour of 
the biological, chemistry and physics laboratories was 
made, and among other things the techniques of scientific 
aids in crin1e detection were demonstrated. Members saw 
1nany exa1nples of such things as counterfeit coins, various 
drugs, poisons and the niethods of stain detection. This was 
a 1nost interesting and entertaining visit. 

In August the Jodrell Bank radio telescope was open lo 
the public, and a coach party of n1embers and friends visited 
the station. This outing \Vas of particular interest after 
hearing Mr. Kingston's lecture in April. 

B.A.S. 

Bedford Centre 

Bedford Centre has now embarked upon its second 
year of activities. The annual general meeting (its first) 
was held on 30 September and there are quite a fc\v changes 
in officers and conuniltee, largely due to promotions. The 
present officers are: Chainnan: Mr. D. A. Crampton; 
Secretary: Mr. E. W. H. Philcox; Assistant Secretary: 
Mr. G. A. Coles; Treasurer: Mr. L. W. Dodd; and a 
committee of seven. 

\Ve have a varied program of lectures planned for the 
1964-65 winter session which is as follows: 

15 September: Motoring Films. 
26 October: "Engineering Training in the Post Office," 

by Mr. R. 0. Boocock, Training Branch, Engineering 
Department. 

2 December: "Space Communication," by Mr. H. E. 
Pearson, Space Communication Systems Branch, 
Engineering Department. 

14 January: "P.O. Mechanical Aids," by Mr. J. 0. 
Colyer, External Plant and Protection Branch 
Engineering Department. 

' 

22 February: "Coal Mining," by JV1r. S. L. Pepper 
National Coal Board. 

' 

6 April: "Television Switching," by Mr. W. L. Newn1an, 
Museu1n Television Switching Centre. 

The average attendance at our last year's lectures was 
34·2. If this support is maintained-or improved upon­
\Ve shall feel that we are at least succeeding in providing 
nia�erial of interest to a fair cross-section of our membership, 
\vh1ch now stands at 130. 

E.W.H.P. 
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Staff Changes 

Na111e Region, etc. 

Deputy Director of Research to Director of Research 
tvletson, G. H. E.-in-C.O. 

Staff Engineer lo Assistant E11gi11eer-i11-Chie/ 
de Jong, -N. C. C. E.-in-C.O . . . 

Assistant Staff Engineer to StaJr Engineer 
Laver, F. J. � E.-in-C.O. 

-

(111 absentia) 
Urben, T. F. A. 
Knight, N. V . . 
Piggott, J. 

E.-in-C.O. 
F.-in-C.O. 
E.-in-C.O. 

Executfre E11gi11eer lo Area Engineer 
Gilpin, F. A. Mid. Reg. 
Marsh, R. V. R. N.W. Reg. to N.E. Reg. 
.Brick, P. E. H.C. Reg. 

Exec11th1e E11gi11eer to Senior Executil>e Engineer 
Mooney, B. K. E.-in-C.O . . . 
Hall, W. F. J. H.C. Reg. to E.-in-C.0. 
Chapn1an, E. W. L.T. Reg. to H.C. Reg. 
Winterburn, G. E. N.E. Reg. 
Skinner, A. H. L.T. Reg. 
Stallard, A. F. Mid. Reg. 
Oatey, L. W. L.P. Reg. 
Fuller, W. L.T. Reg. 

Execulfre Engineer (Open Co111pelilio11) 
Rowbotham, T. R. 
Fitton, D. 
Dead1nan, D. J. 
Griffin, St. J, I. 
Sim1nonds, T. G. 
Wright, A. 
Smith, T. F. 
Beattie, J. A. 
Mcveigh, N. 
Johns, P. B. 
Rolph, P. 
Bailey, K. E. 
Reynolds, N. J. E. 
Crabtree, M. . . 
Clarke, K. E . .. 

E.-in-C.O. 
E.-in-C.O. 
E.-in-C.O. 
E.-in-C.O. 
E.-in-C.O. 
E.-in-C.O. 
E.-in-C.O. 
E.-in-C.O. 
E.-in-C.O. 
E.-in-C.O. 
E.-in-C.O. 
E.-in-C.O. 
E.-in-C.O. 
E.-in-C.O. 
E.-in-C.O. 

Assistant Executh'e Engineer to Executfre Engineer 

Stevens, H. J . . . 
Unwin, J. II. . .  
Downie, R. I. 
Patrick, N. C. 
Birch, C. B. 
Wright, R. H. 
Garnett, J. A. 
Heath, K. 
Warner, H. G. 
McBretney, P. 
Banner, G. H. 
Roberts, E. . . 

Eveling, J. E . .  . 
Colby, W. H .. . 
Alexander, A. 
Hannah, R. A. 
Blundell, R. C. 
Hall, R. 
West, G. E .  
Walker, A .  R . .  . 
Clark, R. M . .  . 
Clough, H. R. H. 
Hardman, F. E.  
Clayton, C.  E. 
Bamford, A. 
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L.T. Reg . . . 
H.C. Reg. to S. W. Reg, 
E.-in-C.0 . . . 
Scot. to N.E. Reg. 
E.-in-C.O . . . 
H.C. Reg. to E.T.E. 
L.T. Reg. 
L.T. Reg. 
L.T. Reg. . . 
E.T.E. 
E.T.E. 
H.C. Reg. to E.-in-C.O. 
E.-in-C.O . . , 
N.E. Reg . . . 
L.T. Reg . . . 
N.W. Reg . . . 
W.B.C. . . 
L.T. Reg. to E.-in-C.O. 
E.-in-C.O. to E.T.E. 
S.W. Reg . .. 
Scot. to Mid. Reg. 
W.B.C. to N.W. Reg. 
Scot. to Mid. Reg. 
Scot. to N.W. Reg. 
Mid. Reg . . . 

Promotions 

Date 

l .  l.65 

14.9.64 

23.9.64 

l.10.64 
5.10.64 

1.1.65 

4.8.64 
24.8.64 
16.9.64 

1.7 .64 
20.7.64 

6.7.64 
21.9.64 

8.9.64 
16.9.64 
28.9.64 
18.9.64 

24. 7.64 

24.8.64 
30.7.64 

1.9.64 
7.9.64 
1.9.64 
1.9.64 
1.9.64 
7.9.64 
7.Y.64 

14.9.64 
2.9.64 
2.9.64 
l.9.64 
2.9.64 

19.3.64 
1.7.64 
6.7.64 

20.7.64 
31.7.64 

2.6.64 
17.6.64 
17.6.64 
17.6.64 
17.6.64 

6.8.64 
6.8.64 
6.8.64 

10.8.64 
10.8.64 
10.8.64 

6.8.64 
4.8.64 

14.9.64 
7.9.64 
7.9.64 

14.9.64 
21.9.64 
21.9.64 
11.9.64 

Region, etc. Date 

Assistant Executfre Engineer to Exeeutil·e £11gi11eer-co11ti1111ed 
Will1not, J. W. N.E. Reg. to H.C. Reg. s']".64 

(Jn absentia) 
Paynter, W. J. W. 
Whitaker, T. H. 
Ford, A. E. 
Atkinson, W. R. 

L.T. Reg. 
N.E. Reg. 
W.B.C. 
N.W. Reg. 

Assista111 Executh•e £11gi11eer (Li111ited Con1petitio11) 
Lewis, R. E . . . 
Prest on, G. C. 
Sn1ith, T. 
Edwards, P. J. 
Haynes, D. A. 
Poulson, R. G. W. 
Fox, H. D. . . 
Whiteley, G . . . 
Milford, C. 
Markley, K. . . 
Stephenson, R. A. 
Goldie, W. L. 
Nicholls, M. C. 
Barton, D. F. 
Bathgate, J. M. 
Don1oney, R. P. 
Clouter, R. D. 
Botherway, G. 
Roach, D. G. C. 
Bland, T. A . . . 
Dix, D. C. 
Daniels, J, D . .  . 
Wiffon, R. E . .  . 
Allen, H. M . .  . 
Jannece, D. M. F. 
Martin, D. G . .  . 
Pizzey, R. E . .  . 
Cooper, w. . . 
Castle, B. P. . . 
Lawrence, R. D. 
Amey, J. F. 
McLeod, P. 
Gleaves, D. J. 
Austin, G. P . . . 
White, B. L. 
Stoddart, A. G. 
Pearson, F. 
Harry, R. J. 
Smith, P. T. 
Holmes, D. C. 
Hallam, R. 
McLeod, N. A. C. 
Barber, K. F. 
Bedson, R. A . . .  
Clarke, J. 
Carter, M. J . .. 
Rhodes, D. . . 
Hollands, D. W. 
Willis, J. M. 
Bateson, F. 
Whal!, A. J. 
Dove, B. A. 
Green, K. L . .. 
Dickinson, D. C. 

N.W. Reg. to Mid. Reg. 
Mid. Reg. 
N.E. Reg . . . 
W.B.C. to Mid. Reg. 
N.W. Reg. .. . .  
W.B.C. to Mid. Reg. 
N.W. Reg. to N.E. Reg. 
N.E. Reg. to Mid. Reg. 
S.W. Reg. to E.-in-C.0. 
H.C. Reg. 
N.E. Reg. to E.-in-C.O. 
Scot. to E.-in-C.O. 
E.-in-C.O. . . . . 
H.C. Reg. to E.-in-C.0. 
S.W. Reg . . . 
S.W. Reg. l(() Mid. Reg. 
H.C. Reg . . . 
L.T. Reg. to E.-in-C.O. 
S. W. Reg. to E.-in-C.0. 
L.T. Reg. . . 
E.-in-C.O . . . 
E.-in-C.O . .  . 
H.C. Reg, 
Scot. to E.-in-C.O. 
E.-in-C.O. 
E.-in-C.O. . . 
H.C. Reg. to E.-in-C.0. 
W.B.C. to E.-in-C.O. 
H.C. Reg. to E.-in-C.O. 
L.T. Reg. 
H.C. Reg . . . 
Scot. to E.-in-C.O. 
L.T. Reg. . . 
E.-in-C.O. to Mid. Reg. 
H.C. Reg. 
E.-in-C.O. 
Mid. Reg. 
E.-in-C.O. 
E.-in-C.O. . , 
H.C. Reg. to E.-in-C.O. 
Mid. Reg, . .  
Scot. tu E.-in-C.O. 
H.C. Reg. to E.-in-C.O. 
E.-in-C.O. . . . . 
Mid. Reg, to E.-in-C.O. 
S.W. Reg. to E.-in-C.O. 
N.E. Reg. to E.-in-C.O. 
H.C. Reg. to E.-in-C.O. 
L.T. Reg. to E.-in-C.O. 
Mid. Reg. . . . . 
L.T. Reg. to E.-in-C.O. 
H.C. Reg. to E.-in-C.O. 
L.T. Reg. to E.-in-C.O. 
N.E. Reg. to E.-in-C.O. 

Assista111 Execu/iJ•e Engineer (Special Selection) 
Hunt, A. G . . . 
Palfrey, A. 
Rump, M. R. G. 
Warry, A. . . 
Lovegrove, C. J. 

Sewell, F. H. , . 
Banks, W. A . . . 

E.-in-C.O, .. 
E.-in-C.O . . . 
L.T. Reg. to E.-in-C.O. 
E.-in-C.O. . . . . 
Factories Departn1ent to 

E.-in-C.0. 
E.-in-C.O. . . . . 
L.T. Reg. to E.-in-C.O. 

11.Y.64 
7.9.64 

30.9.64 

14.9.64 

19.5.64 
19,5.64 
!9.5.64 
19.5.64 
19.5.64 
19.5.64 
19.5.64 
19.5.64 

1.6.64 
19.5.64 
19.5.64 
19.5.64 
19.5.64 

1.6.64 
1.6.64 

15.6.64 
1.6.64 

29.6.64 
1.6.64 
I.6.64 

15.6.64 
1.6.64 
1.6.64 
1.6.64 

1.6.64 
15.6.64 
29.6.64 
15.6.64 
15.6.64 
15.6.64 
15.6.64 
15.6.64 
15.6.64 
15.6.64 

1.6.64 
15.6.64 
15.6.64 
29.6.64 
15.6.64 
15.6.64 
15.6.64 
29.6.64 
29.6.64 
29.6.64 
29.6.64 
29.6.64 
29.6.64 
29.6.64 
29.6.64 
29.6.64 
29.6.64 
29,6.64 
29.6.64 
29.6.64 

2.3.64 
2.3.64 

31.3.64 
2.3.64 

2.3.64 
2.3.64 
2.3.64 



Pron1otions-co111i1111ed 

Name Region, etc. Date Name Region, etc. Date 

Assistant Executh·e Engineer (Special Selec1io11)-co11ti11ued Technical Officer lo Assista11/ Executire E11gi11eer-co11ti1111ed :,1 

Praed, J. F. H. 
Simmonds, D. W. 
Monk. A. E . .  . 
Stroud, R. W . .  . 
Hughes, D. . . 
Clark, D. J. A. 
Sear, B. L. 
Watts, D. 
Collins, B. J. 
Martin, J. R. 
Hiett, A. E. 
Hawes, B. A. 
Whelan, D. L. 

Archer, C. 
Squelch, B. M. 
Gurr, J. W. 
Williamson, C. 
Wilson, R. S . . . 
Harvey, G. W. 
Sheekey, B. 
Smith, J. R. 
Sloan, T. 
Wilkinson, R. 
Kingett, W. A. 
Pullin, A. E. 
Filn1er, A. J. . . 
Gilmour, G. . . 

L.T. Reg. to E.-in-C.O. 
L.T. Reg. to E.-in-C.O. 
E.-in-C.O . . . 
L.T. Reg. to E.-in-C.O. 
L.T. Reg. to E.-in-C.O. 
Scot. to E.-in-C.O. 
L.T. Reg. to E.-in-C.O. 
L.T. Reg. in E.-in-C.0. 
E.-in-C.O . . . 
E.-in-C.O. . . . . 
L.T. Reg. to E.-in-C.O. 
E.-in-C.O . .. 
E.-in-C.O. 
L.P. Reg. to E.-in-C.O. 
H.C. Reg. to E.-in-C.O. 
H.C. Reg. to E.-in-C.O. 
N.E. Reg. to E.-in-C.O. 
L.T. Reg. to E.-in-C.O. 
E.-in-C.0. 
E.-in-C.O. . . . . 
H.C. Reg. to E.-in-C.O. 
E.-in-C.O . . . 
H.C. Reg. to E.-in-C.O. 
E.-in-C.O . . . 
E.-in-C.O. . . . . 
L.T. Reg. to E.-in-C.0. 
Scot. to E.-in-C.O. 

l11spector to Assista11/ Execuliiie Engineer 

SelwaY�G. E. . . Scot. 
Pannell, R. R. H.C. Reg. 
McCarty, J. W. S.W. Reg. 

Jackson, K. D. S.W. Reg. 
Vincent, R. S. S. W. Reg. 
Delaney, H. T. N.E. Reg. 
Stitt, J. A. G. Scot. 
MacDonald, W. F. Scot. 
Parry, T. R. Mid. Reg. 
Machin, H. E. Mid. Reg. 

Barrows, P. R. A. Mid. Reg. 
Smith, J, T. Mid. Reg. 
Moody, T. A. N.W. Reg . . . 

Bowden, M.A. H. S.W. Reg. 
Harding, R. W. Mid. Reg. 
Lam1nas, F. H. Mid. Reg. 
Wolvey, A. F... H.C. Reg. 
Winder, W. . . Mid. Reg. 
Munn, H. T. . . Mid. Reg. 
Evans, B. H. W. L.T. Reg. 

Tech11ical Officer to Assis/al// Execu/h•e E11gi11eer 

Strong, F.-J. H.C. Reg. 
Stalker, A. S. Scot. 
Miller, R. A. H. Seal. 
English, K. J. G. H.C. Reg. 
Holkhan1, K. W. E. H.C. Reg. 
King, D. A. E.T.E. 

Bishop, T. A. E.T.E. 
Moss, T. H.C. Reg. 
Willis, R. C. S.W. Reg. 

Rushton, J, T. Mid. Reg. 
Hill, D. A. Mid. Reg. 

Bracher, H. . . Mid. Reg. 
Rogers, V. S. . . Mid. Reg. 

Piercy, A. M. . . 1-J.C. Reg. 
Freer, B. R. L.T. Reg. 
Mccallum, T. C. Scot. 
Hallifax, W. J. S.W. Reg . . . 
Sutton, P. J. . . L.T. Reg. to E.-in-C.O, 

Butler, S. E. . . L.T. Reg. to E.-in-C.O. 
Shepherd, G. H.C. Reg. 
Armstrong, S. S. Scot. 
Clark, J. B. Scot. 
Yule, D. N. L.P. Reg. 

Booth, P. G. . . N.E. Reg. 
Harding, R. H. N.E. Reg. 

31.3.64 
2.3.64 
9.3.64 

31.3.64 
9.3.64 

16.3.64 
9.3.64 
9.3.64 
2.3.64 

16.3.64 
2.3.64 

31.3.64 
2.3.64 

18.3.64 
16.3.64 
13.4.64 

1.5.64 
15.6.64 
31.8.64 
24.8.64 
31.8.64 
28.9.64 

'14.9.64 
7.9.64 
7.9.64 

16.9.64 
14.9.64 

19.3.64 
4.3.64 
9.3.64 

11.3.64 
7.7.64 

30.6.64 
20.7.64 

6.7.64 
22.7.64 
22.7.64 
22.7.64 
14.8.64 
25.8.64 
31.7.64 

9.9.64 
9.9.64 
7.9.64 
9.9.64 
9.9.64 
7.9.64 

9.3.64 
20.2.64 

2.3.64 
5.3.64 

19.2.64 
27.2.64 
27.2.64 
25.2.64 
31.3.64 

3.3.64 
3.3.64 
3.3.64 
3.3.64 

13.3.64 
6.3.64 

18.3.64 
11.1.64 
16.3.64 
16.3.64 

1.7.64 
27.5.64 

l.6.64 
20.7.64 
30.6.64 
30.6.64 

Bound, I. . . L.P. Reg. . . io.7.76 
Crotch, J. F. . . Scot. 22.6.64 
Cowan, C. A. Scot. 22.6.64 
Gaskell, G. N.W. Reg. 7.7.64 
Woodhouse, R. 0, Mid. Reg. 22.7.64 
Palin, E. Mid. Reg. 22.7.64 
Pope, R.R. Mid. Reg. 22.7.64 

Belson, A. R. Mid. Reg. 22.7.64 
Wait, D. W. Mid. Reg. 22.7.64 
Daffon, T. J. Mid. Reg. 22.7.64 
Higgins, F. J. Mid. Reg. 22.7.64 
Everton, L. E. Mid. Reg. 22. 7.64 
Martin, R. D. Mid. Reg, 22.7.64 
Nichols, G. W. Mid. Reg. 22.7.64 

Bran1well, G. G. H. Mid. Reg. 22.7.64 
Clark, J.B. Mid. Reg. 22.7.64 
McKenzie, D. Mid. Reg. 22.7.64 

Battle, J. M .  . . Mid. Reg. 22.7.64 
Welling, G. F. L.T. Reg. 22.7.64 
Harlow, N. A. L.T. Reg. 22.7.64 

Burrell, L. A. L.T. Reg. 22.7.64 
Priest, F. A. G. L.T. Reg. 22.7 .64 
Lapwood, E. H. L.T. Reg. 22.7.64 
Vassar, C. R. T. L.T. Reg. 22.7.64 
Jones, R. L.T. Reg. 22.7.64 
Flannery, F. E. L.T. Reg. 22.7.64 

Richards, C. A. L.T. Reg. 22.7.64 
Holness, W.R. L.T. Reg. 22.7.64 
Hart, B. F. L.T. Reg. 22.7.64 
Lane, D. H. L.T. Reg. 22.7.64 
Phillips, A. L.T. Reg. 22.7.64 
Lang, V. T. . . LT. Reg. 22.7.64 
Crawford, A. S. J. L.T. Reg. 22.7.64 
Payne, J. A. LT. Reg. 22.7.64 
Leney, R. W. . . LT. Reg. 22.7.64 
Whitehouse, M. E. L.T. Reg. 22.7.64 
Sutton, L. F. . . L.T. Reg. 22.7.64 
Doe, C. F. . . L.T. Reg. 22.7.64 
Wisdom, B. G. W. L.T. Reg. 22.7.64 
Hodson, D. A. S. L.T. Reg. 22.7.64 
Wyatt, J. R. L.T. Reg. 22.7.64 
Wright, A. F. L.T. Reg. 22.7.64 
Archer, W. D. L.T. Reg. 22.7.64 
Myers, F. D. . . L.T. Reg. 22.7.64 
Mercer, A. F. L.T. Reg. 22.7.64 
Catt, B. C. LT. Reg. 22.7.64 
Sutch, E. W. F. LT. Reg. 22.7.64 
Williams, J. A. K. L.T. Reg. 22.7.64 
Jones, W. H. L.T. Reg. 22.7.64 
Poole, J. C. L.T. Reg. 22.7.64 
Cass, A. C. L.T. Reg. 22.7.64 
Long, R. W. LT. Reg. 22.7.64 
Smith, R. V. Mid. Reg. 22.7.64 
Foden, A. E. Mid. Reg. 22.7.64 
Hunter, E. R. L.T. Reg. 22.7.64 
Piper, R. S. . . L.T. Reg. 22.7.64 
Weeden, C. S. V. L.T. Reg. 22.7.64 
Phillips, W. T. L.T. Reg. 22.7.64 
Dean, J. A. C. L.T. Reg. 22.7.64 
Mealing, A. W. L.T. Reg. 7.7.63 
Davies, W. L. T. Reg. l 8.12.63 
Clayton, R. A. LT. Reg. 18.12.63 
Taylor, C. N.E. Reg. 28.5.64 
Willian1s, R. K. G. Mid. Reg. 14.8.64 
Tooke, C. T. J. H.C. Reg. 4.8.64 
March, J. E. G. H.C. Reg. 4.8.64 
Willis, D. J. Mid. Reg. 14.8.64 
Jackson, R. J. Mid. Reg. 14.8.64 
Morgan, J.B. W.B.C. 17.8.64 
Mellor, F. L . . N.W. Reg. 25.8.64 
Patrick, F. W. N.W. Reg. 25.8.64 
Jones, \V. E. . . N.W. Reg. 25.8.64 
Slater, J. A. N.W. Reg. 25.8.64 
Vranch, L. W. F. S.W. Reg. 20.7.64 
Goostray, J. N.E. Reg. 1.7.64 

Brady, D. N.E. Reg. 1.7.64 
Pearce, H. H. . .  S.W. Reg. 11.8.64 
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Promotio11s-co11ti1111ed 

Name Region, elc. Date 

Technical Officer to Assi.\"fant Exec11tire E11gi11eer-co11ti11ued 

Hobson, G. M. 
Sn1art, P. 
Walsh, E. M. 
Bree, A. E. 
Bell, C. 
Burns, R. J. 
Wood, J. G. 
Kerry, F. B. 
Cotton, H. 
Shirley, N. 
Onne, H. 
Cakebread, J . . . 
Cro1ne, A. J. 
Salathiel, T. A. 
Whiteley, A. E. 
Jones, R. E. 
Otley, B. H. 
Tarr, H. W. 
Griffiths, W. R. 
Wheeler, F. W. 
Burrows, S. 
Law, E. A. R ... 
Solo1nons, J. 
Carson, P. D ... 
Baker, V. H.J. 
Graha111, J. A. 
Welch, W. E. 
Lake, S. J. 
King, S, H. 
Lewis, R, G. 
Hawley, R, J, 
Evans, J. D. 

Cooke, J. 
Taylor, L. G. 
Tuck, A. S. 

Dalton, A. H. 
Jack, A. J. 
Jessop, P. G. 
Hurdle, P. J. . . 
Ricketts, F. G. 
Richards, R. A. 
Boon, D. R . .. 
Humphries, A. H. 
Seeds, J. H. 
Stin1pson, A. F. 
Pearce, K. M. 
Golding, F. G. W. 
Stevens, T. J. S. 
Hearsey, R. S. 
Clark, I. M. 
Wilshire, N. F. 
Allen, R. 
Jggleden, H. W. 
Driscoll, J. R. E. 
Farn, R. C. 
Ralfs, L. E. V. 
Lyon, P. M. J. 
Hobster, B. D. 
Haslan1, W. H. 

N,E, Reg. �--9.9.64 
N.E. Reg. 9.9.64 
WB.C. ll9.64 
Mid. Reg. 9.9.64 
Mid. Reg. 9.9.64 
Mid. Reg. 9.9.64 
Mid. Reg. 9.9.64 
H.C. Reg. 7.9.64 
Mid. Reg. 9.9.64 
Mid. Reg. 9.9.64 
N. W. Reg. 7.9.64 
E.-in-C.O. 17.9.64 
E.-in-C.O. 17.9.64 
W.B.C. 18.9.64 
W.B.C. 22.9.64 
W.B.C. 18.9.64 
W.B.C. 18.9.64 
W.B.C. 18.9.64 
W.B.C. 18.9.64 
W.B.C. 18.9.64 
W.B.C. 21.9.64 
LT. Reg. 2.9.64 
LT. Reg. 2.9.64 
LT. Reg. 2.9.64 
LT. Reg. 2.9.64 
L.T. Reg. 2.9.64 
L.T. Reg. 2.9.64 
L. T. Reg. 2.9.64 
L.T. Reg. 2.9.64 
L.T. Reg. 2.9.64 
LT. Reg. 2.9.64 
L.T. Reg. 2.9.64 
L.T. Reg. 2.9.64 
L.T. Reg. 2.9.64 
L.T. Reg. 2.9.64 
L.T. Reg. 2.9.64 
L.T. Reg. 2.9.64 
L.T. Reg. 2.9.64 
L.T. Reg. 2.9.64 
LT. Reg. 2.9.64 
L.T. Reg. 2.9.64 
L.T. Reg. 2.9.64 
L.T. Reg. 2.9.64 
L.T. Reg. 2.9.64 
L.T. Reg. 2.9.64 
L.T. Reg. 2.9.64 
L.T. Reg. 28.9.64 
L.T. Reg. 14.9.64 
E. T.E.  1.9.64 
E.T.E. 1.9.64 
E.T.E. 1.9.64 
E.T.E. 1.9.64 
E.T.E. 1.9.64 
E.T.E. 1.9.64 
E.T.E. 7.9.64 
N. W. Reg. 25.9.64 
N.W. Reg. 25.9.64 
N.W. Reg. 25.9.64 
N. W. Reg. 25.9.64 

Dra11ghts111a11 to Assistant Executil>e E11gi11eer 

Ro\vell, G. N.E. Reg. 
Varley, W. F. . . E.-in-C.O. 

Technical Officer to !11spector 
Wigley, E. R. . . L.T. Reg. 
Dicker, E. S. . . L.T. Reg. 
Fo\vler, J. T. L.T. Reg. 
Maidn1ent, W. J. L.T. Reg. 
Paln1er, J. L. L.T. Reg. 
Norris, C. E. L.T. Reg. 

Tech11icia11 I to btJpeclor 

Jan1es, F. 
\Villian1s, A. M. 
Ellender, F. E. 
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Mid. Reg. 
Scot. 
H.C. Reg. 

2.3.64 
6.3.64 

22.7.64 
22.7.64 
22.7.64 
22.7.64 
22.7.64 
22.7.64 

3.3.64 
16.3.64 

4.3.64 

Nan1e Region, etc. 

Te1·h11icia11 I to /11spector-co11ti11ued 

Ta
-
nner:-H.T . . S.W. Reg. 

tvloor, G. N.E. Reg. 
Green\vood, K. Mid. Reg. 
Evans, J. C. W.B.C. 
Mann, C. W. . . H.C. Reg. 
Stillwell, R. V. G. H.C. Reg. 
Price, I. T. S.W. Reg. 
Cubitt, D. N.I. 
Edwards, A. J. S.W. Reg. 
Collins, E. P. N.E. Reg. 
Edge, W. Mid. Reg. 
Hurn, R. L.T. Reg. 
Twigg, C. E. L.T, Reg. 
Ward, J. C. L.T. Reg. 
Connolly, P. N.W. Reg. 
Atherton, J. N.W. Reg. 
Jackson, J. W. N.W. Reg. 
Allonby, J. D. N.W. Reg. 
Thon1pson, R. J. N.E. Reg. 

Powell, R. A. . . Mid. Reg. 
Clews, E. R. A. Mid. Reg. 
Parker, C. E. N.W. Reg. 
White, E. F. L.T. Reg. 
Downton, W. J. L. S.W. Reg. 
Anderson, T. L.T. Reg. 
Grose, H. S. W. Reg. 
Chiswell, R. E. S. W. Reg. 
Rawlinson. W. A. N.W. Reg. 
-- --------------------

Date 

10.3.64 
2.3.64 
3.3.64 
2.3.64 
4.3.64 
4.3.64 
9.3.64 

16.3.64 
16.3.64 
30.6.64 
22.7.64 
22.7.64 
22.7.64 
22.7.64 
23.7.64 
23.7.64 
23.7.64 
28.9.64 

9.9.64 
9.9.64 
9.9.64 
1.9.64 
2.9.64 

28.9.64 
2.9.64 

29.9.64 
29.9.64 
25.9.64 

Principal Scie11tific Officer to Senior Principal Scientific Officer 

Ayers, E. W. . . E.-in-C.O. . . f�§ .. 64 

Experi111e11tal Officer to Senior Experi111e11ta! O.fficer 
kelly, L. C. E.-in-C.O. -

Senior Scientific Officer (Open Co111petirion) 

Stanley, I. W. E.-in-C.O. 
Dunkerley, B. D. E.-in-C.O. 

Experi111e11tal Officer (Open Con1petitio11) 

Moore, P. E.-in-C.O. 

Scientific Officer (Open Co111petitio11) 
Hopkins, M. G. E.-in-C.O. 
Newn1an, D. H. E.-in-C.O. 
Ray, B. E.-in-C.O. 

Assista111 (Scie11t1fic) (Open Co111petitio11) 

Espeut, K. W. E.-in-C.0. 
Dunn, P. L. E.-in-C.O. 

�Vorkshop Supet'l'isor II to Tech11ical Assistanl 

Isitt, R. A. C. E.-in-C.O. 

Mecha11ic-i11-Charge to Technical Assistant 

Waller, A. B. N.E. Reg . .. 
Brown, J. Scot. 

Senior J\1echa11ic to Technical Assis1a111 
Smith, E. D. S. W. Reg. to E.-in-C.O. 

lvleclia11ic A to Technical Assistant 

Charles, A. W. S. W. Reg. to London Reg. 

Senior Dra11ghts11u111 lo Chief Drauglits111a11 

Nichols, D. J. 
Taylor, E. W. E. 
Rawlings, L. J. J. 
Firth, D. I. 
Edwards, H. G. 
Wharmby, L. C. 
Dodds, A. T . . . 
Willia1ns, E. V. 
Craig, G. 

L.T. Reg. . . 
E.-in-C.0. 
L.T. Reg. to H.C. Reg. 
N.E. Reg . .. 
W.B.C. 
Scot. to Mid. Reg. 
N.W. Reg. . .  
Mid. Reg. to S.W. Reg. 
L.T. Reg. to Scot. 

1. 7.64 

19.8.64 
21.9.64 

26.5.64 

19.8.64 
21.8.64 
25.9.64 

6.7.64 
6.7.64 

2.7.64 

2.7.64 
2.7.64 

2.7.64 

19.8.64 

27.7.64 
27. 7.64 
27. 7.64 
27.7.64 
27.7.64 
27.7.64 
27.7.64 
27.7.64 
27.7.64 



Name Region, etc. 

Leading Draughls11ut11 fa Senior Dra11g/i1s111a11 
Eyre�J . L. S.W. Reg. 
Howell, K. G. H.C. Reg. 
Pearce, C. G. L.T. Reg. 
Macklo\v, C. D. H.C. Reg. 
Privett, A. J. L.T. Reg. 
Woods, H. E. N. W. Reg. 
Weston, H. E. H.C. Reg. 
Greening, R. H.C. Reg. 
Turner, G. N.E. Reg. 

Jan1es, L. G. H.C. Reg. 
Thomas, F. H.J. H.C. Reg. 
Wilkins, J. W. Mid. Reg. 
Court, G. H. S.W. Reg. 
Thurben, H. J. H.C. Reg, 

Dolman, C. T. N. W.B.C. 
Murphy, W. T. N.W. Reg. to H.C. Reg. 
Gallop, E. A. T. H.C. Reg . .  . 
Bloor, F. !'vlid. Reg . .  . 

Na1ne Region, etc. 

Direcior of Researcl� 
Halsey, R. J. E.-in-C.O. . .  

StaJj' Engineer 
Salter, L. F. E.-in-C.O. 
Phillips, R. S. E.-in-C.O. 

Regiu11ctl E11gi11f!f!1 
Bryden, J. E. Z. L.T. Reg. . .  

Exec111i1•e E11gi11eer 

Mann, H. F. . .  E.T.E. 
Cawood, R. J. N.E. !leg. 
Hill, B. E. ((Resigned) E.-in-C.O. 
Weatherburn, R. E.-in-C.O. 

(Resigned) 
Hobbs, J. G. E.-in-C.O. 
Copley, F. A .  N.E. Reg. 
Rivis, J. W. S.\\i'. Reg. 
Bentley, A .  N.W. Reg. 
Feltha1n, W. R. E.-in-C.O. 

Assistant Exec11ti1·e Engineer 

Easton, R. A ... E.T.E. 
Roberts, F. K. N.E. Reg. 
Martin, J. Mid. Reg. 
Sherwin, E. L.T. Reg. 
Cawte, H. M. L.T. Reg. 
Appleton, W. A. L.T. Reg. 
Walker, S. E. N.W. Reg. 
Proctor, F. A . .  W.B.C. 
Brown, M. W. V. H.C. Reg, 
Plu1n1ner, W. H. S.W. Reg. 

Jones, J. N.W. Reg. 
Wright, J. Scot. 
Taylor, A .  A .  L.T. Reg. 
Bloon1er, B. H. Mid. Reg. 
Cowie, W. J. . .  Scot. 

(Resigned) 
Clark, D. (Resigned) . E.-in-C.O. 
Arnold, W. S. L.T. Reg. 
Huby, T. A .  E.-in-C.O. 
Roper, E. K. H.C. Reg. 
Moyler, H. E.-in-C.O. 
White, E. M. E.-in-C.O. 
Kissane, T. C. E.T.E. 
Thornton, F. R. E.-in-C.O. 
Hopkins, H. H.C. Reg. 
Hogben, W. A .  L.T. Reg. 
Price, A .  N.W. Reg. 

Promotions-co111i11ued 

Date 

j l .8.64 
11.8.64 
l l.8.64 
j l.8.64 
l l.8.64 
j 1.8.64 
11.8.64 
l l.8.64 

ll.8.64 
j 1.8.64 
11.8.64 
11.8.64 
11.8.64 
l l.8.64 
j 1.8.64 
j 1.8.64 
j 1.8.64 
j 1.8.64 

Nan1e Region, etc. 

Leading Draughts111a11 lo Senior Draug/its111a11-co111i11ued 
BurgesS.- R. R. L.P. Reg. to E.-in-C.O. 
Nutt, S. R. Mid. Reg. 
Carter, N. T. G. W.B.C. 
Hen1n1ing, T. E. Mid. Reg. 
Le\vis, G. W. F. H.C. Reg. 
Fulcher, A .  S. H.C. Reg. 
Luckhan1, A. R. N.W. Reg. 
Lyon, J. C. . . Scot. 
Edwards, R. D. L.P. Reg. to L.T. Reg. 
Rickard, S. P. W. Scot. 
Wilkes, H. C. . . H.C. Reg, 

Draughlsnum (Open Co111pelitio11) 

Wright, E. J. . . E.-in-C.O. 

Executive Officer (Open Co111petilio11) 

MCMurdo, M. E.-in-C.O . . . 

Retiren1ents and Resignations 

Date Nan1e Region, etc. 

Assistant E,\ecu1i1•e Engi11eer-co11ti1111ed 

31.12.64 Brock, A. E. E.T .E . 
Constable, F. A .  L.T. Reg. 
Dickson, J. M. E.-in-C.O. 

30.9.64 
(Resigned) 

31.12.64 
Headley, M. C. E.-in-C.O. 

(Resigned) 
Hannaford, D. E.-in-C.O. 

(Resigned) 
17.7.64 Hamel, D. P. M. N.E. Reg . 

(Resig11ed) 
Walker, A. (Resig11ed) E.-in-C.O. 

22.7.64 Martin, J. R. . .  E.-in-C.O. 
(Resigned) 7.7.64 

3.7.64 Hallett, C. A ... E.-in-C.O. 

31.7.64 Braine, F. A. E.-in-C.O. 
Wright, S. C. L.T. Reg. 

5.8.64 Gardener, S. A .  L,T. Reg. 

29.9.64 Hicks, G. W. E.-in-C.O. 

26.9.64 Squire, W. J. S. E.T.E. 

15.9.64 Bates, W. L.T. Reg. 

4.9.64 Callcutt, K. L .  E.-in-C.O. 
(Resigned) 

Godwin, B. M. E.-in-C.O. 
(Resigned) 

1.2.64 Messent, W. A .  P. L.T. Reg. 
1.3.64 (Resigned) 
7.3.64 Sin1111ons, D. W. F.-in-C.O. 

19.3.64 (Resigned) 
30.3.64 Probert, P. E . . . E.-in-C.O. 
31.3.64 (Resigned) 

6.7.64 Lack, W. T. H.C. Reg. 
11.7.64 (Resigned) 
11.7.64 Mercer, R. M. E.-in-C.O. 
15.7.64 
27.7.64 
31.7.64 !11spector 
JI .7 64 Coleman, G. A. L.T. Reg. 
31.7.64 Taylor, J. Scot. 
24.7.64 MacFarlane, J. Scot. 

Chilton, G. L. L.T. Reg. 
31. 7.64 Pentlow, H. F. L.T. Reg. 

3.8.64 Harrison, A. A .  F. L.T. Reg. 
7.8.64 Martin, A .  J. . . Mid. Reg. 
9.8.64 Disley, H. N.W. Reg. 

14.8.64 Scales, W. F. . .  L.T. Reg . 
21.8.64 Press, J. E. B. L.T. Reg. 
29.8.64 Barham, H. W. E. E.T.E. 
31.8.64 Burley, A. N.W. Reg. 
31.8.64 Ra1nsay, E. N.E. Reg. 
31.8.64 Kirby, F. W. L.T. Reg. 
31.8.64 Munday, F. G. L.T. Reg. 

Date 

11.8.64 
11.8.64 
11.8.64 
j 1.8.64 
j 1.8.64 
j 1.8.64 
11.8.64 
11.8.64 
l l.8.64 
j 1.8.64 
11.8.64 

26.8.64 

29.7.64 

Date 

31.8.64 
31.8.64 
21.8.64 

21.8.64 

21.8.64 

3 l.8.64 

31.8.64 
31.8.64 

6.9.64 
25.9.64 
28.9.64 
30.9.64 
30.9.64 
30.9.64 
30.9.64 

4.9.64 

7.9.64 

14.9.64 

17.9.64 

18.9.64 

30.9.64 

30.9.64 

4.3.64 
6.3.64 

28.3.64 
31.3.64 

4.7.64 
13.7.64 
16.7.64 
25.7.64 
29.7.64 
31.7.64 
3 l. 7 .64 
31.7.64 
14.8.64 
20.8.64 
28.8.64 
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Retirements and Resignatio11s-co111i1111ed 

Name 

/11spector-co11ti1111ed 
Willcocks, F. A. 
Skinner, H. 
Mitchell, R. W. 
Caley, W. H . .  . 
Savage, B. A .. . 
Bradley, B. R. 
Hulbert, G. E. 

Experi111e11tal Officer 

Bolton, B. G . . .  
(Resigned) 

Region, etc. 

S.W. Reg. 
N.W. Reg. 
L.T. Reg. 
N.W. Reg. 
L.T. Reg. 
W.B.C. 
L.T. Reg. 

E.-in-C.O. 

Assistant Experi111e11tal Officer 
Birkby, J. W. . . -E.-in-C.O. 
Perry, R. (Resigned) E.-in-C.O. 

Assistant (Scienri/ic) 

HansComb-�TI-:­
(Resig11ed) 

Tate, D. J. 
(Resigned) 

E.- n-C.O. 

E.-in-C.O. 

Regional Motor Transport Ojfic,·r 
Dorman, A. E. H.C. Reg. 

Assistant Regional }vfotor Transport Officer 
Wilson, H. R. Mid. Reg . . . 

Name Region, etc. 

Senior Executive Engineer 

Bellew, T. K. Approved Employment 
(/11 absentia) to E.-in-C.O. 

Burton, A. J. H. Approved Employn1ent 
(In absentia) to E.-in-C.O. 

E.\·ecutil'e Engineer 

Stoole, J. D. 
Thurlo\Y, E. W. 

Bartlett, C. A. 
MacMahon, P. J. 
Scott, J. 
Knight, N. 
Marshan1, C. H. 

E.·in-C.O. to Jamaica 
E.-in-C.O. to 

Ministry of Aviation 
Adn1iralty to E.-in-C.O. 
E.-in-C.O. to L.T. Reg. 
E.-in-C.O. to L.T. Reg. 
E.-in-C.O. to S.W. Reg. 
E.-in-C.O. to L.T. Reg. 

Assistant Executil'e Engineer 

Rosbotham, F. C. 
Flynn, A. W. 
Everett, D. T. 
Quarmhy, J. 
Scott, E. 
Linney, P. J. . . 
Parrott, R. 
Wheeler, C. H. 

Nan1e 

E.-in-C.O. to East Africa . .  
E.-in-C.O. to N.W. Reg . . . 

Jan1aica to E.-in-C.O. . . 
E.-in-C.O. to N.W. Reg . . .  
E.-in-C.O. to East Africa .. 
Nigeria to E.-in-C.O. 
E.-in-C.O. to H.C. Reg. 
E.·in-C.O. to S.W. Reg . . . 

Region, etc. 
-������--

Assistant Executfre E11gineer 

Govan, J. G. L.T. Reg, 
Thomas, J. L. W.B.C. 
Leigh, R. B. L.T. Reg, 
Abel, G. P. W.B.C. 
Malpas, H. R. H.C. Reg. 
Fox, S. C. P. . . N.E. Reg. 
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Date 

11.8.64 
17.9.64 
18.9.64 
25.9.64 
25.9.64 
29.9.64 
30.9.64 

31.7.64 

31.8.64 
4.9.64 

21.8.64 

14.8.64 

6.6.64 

20.8.64 

Name 

Technical Assistant 

Jenkins, A. A. 
Reynolds, W. B. 
Palmer, S. 
Maley, A. T. 
Cooper, G. V. 
Smithson, J. K. 
Tait, G. W. 
Royer, E. V. 

Chief Dra11ghts11m11 

Benstead, E. C. 
-

Leading Dra11g!tts111a11 

Penhaflo\v, E. W. 

Drar1gltts111a11 

Ings, D. W. (Resigned) 

Higher Executive Officer 
Tucker, F. Y. (Miss) . 

Executfre Officer 

Clay, J. B. C. 
(Resigned) 

Webb, H. W. 

Transfers 

Date Na1ne 

Region, etc. 

N.W. Reg . . . 
London Reg. 
E.-in-C.O. 
Scot. 
E.-in-C.O. 
S.W. Reg. 
E.-in-C.O. 
E.-in-C.O. 

E.-in-C.O. 

E.-in-C.O. 

E.-in-C.O. 

E.-in-C.O. 

E.-in-C.O. 

E.-in-C.O. 

. .  

. .  

Region, etc. 

Date 

3.8.64 
18.8.64 
31.R.64 
31.8.64 

3.9.64 
28.9.64 
30.9.64 
30.9.64 

6.7.64 

28.7.64 

31.8.64 

19.8.64 

14.8.64 

30.9.64 

Date 
-------

27.7.64 

21.9.64 

17.7.64 

4.8.64 
3.9.64 
7.9.64 

10.9.64 
28.9.64 
28.9.64 

1.3.64 
2.3.64 
9.3.64 

16.3.64 

31.3.64 
6.7.64 
4.8.64 
4.8.64 

Drtte 

5.3.64 
27.3.64 
31.3.64 
20. 7.64 
20.7.64 

2.9.64 

Assistant Executil>e E11gi11eer-co11tin11ed 

Peake,"W. 
Hornsby, G. H. 
Simmons, H . . .  
Henniker, D. G. 
Calkin, S. W. 
Lawson, J. I. 
Farrell, F. C. 
Green, D. C. 

Jones, D. H. 
Baker, F. H. 

E.-in-C.O. to Mid. Reg. 
E.-in-C.O. to Zan1bia 
L.T. Reg. to H.C. Reg. 
E.-in·C.0. to H.C. Reg . . . 
E.-in-C.O. to Home Office 
N.E. Reg. to Home Office 
E.-in-C.O. to H.C. Reg. 
E.-in-C.O. to 

Ministry of Aviation 
E.-in-C.O. to L.T. Reg. 
E.-in-C.O. to 

Ministry of Health 
-�����������-

Senior Principal Scientific Officer 

Speight, E. A. E.-in-C.O. to 

Technical Assistant 
Norris, V. W. 
Lon1ax, H. 
Goodrun1, W. J. 

Drar1ghts11m11 

Bliss, F. H. 

Jeffs, P. 

Deatl1s 

Nan1e 

Inspector 

Lowe, C. H. 
Dwyer, C. W. 
Mulliney, H.J. 

Exec11til1e Officer 
Ryan, K. M. (Miss) 

Civil Service Con1111ission 

E.-in-C.O. to S.W. Reg. 
H.C. Reg. to N.W. Reg. 
E.-in-C.O. to H.C. Reg. 

E.-in·C.O. to 
Ministry of Defence 

E.-in-C.0. to H.C. Rep;. 

Region, etc. 

N.E. Reg. 
L.T. Reg. 
W.B.C. 

E.·in-C.O . . . 

10.8.64 
25.8.64 

1.9.64 
9.9.64 

14.9.64 
14.9.64 
14.9.64 

14.9.64 

14.9.64 

21.9.64 

5.6.64 

2.3.64 
4.8.64 
4.8.64 

31.8.64 
21.9.64 

Date 

19.8.64 
8.9.64 

14.8.64 

8.7.64 
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"Introduction to Electron Bean1 Technology .
. , 

Edited by 
Robert Bakish. John Wiley and Sons, Ltd. xi + 452 pp. 
263 ill. £5 5s. 

This volume presents for the first tin1e a review of a new 
technology. Starting with the physics of electron beams 
and surveying their many and different configurations as a 
point of departure the volume then reviews, in necessarily 
brief but systematic fashion, all areas of science where 
electron beams can be and arc used. 

It is a book which will introduce the newcomer to the 
subject, will serve the knowledgeable reader as a reference 
source and should satisfy the in1mediate and intermediate 
needs of any person working actively in the technology or 
on its periphery. 

"Ele1nents of Feedback and Control." A. M. Hardie. Oxford 
University Press. xi + 344 pp. 170 ill. 55s. 

The author's aim with this book has been an endeavour 
to fill "the need of a book, intennediate in treatn1ent 
between the very ele1nentary and the over-advanced, 
containing many nun1erical applications within the text 
in order to drive hon1e the theory and as a guide to the 
student working on his own." 

The result has been a book covering the response of 
111echanical syste1ns, simple control systems, negative­
fccdback amplifiers, in1provcment of control-system 
performance, the stability of feedback systeins, transfer 
functions, logarithn1ic gain and phase characteristics, and 
son1e electrical and mechanical components of control 
.systen1s. The standard of the book may be gauged by the 
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fact that a reader is expected to have a knowledge of 
elen1entary dynamics, an acquaintance with linear differential 
equations and their solution by the D operator, an 
acquaintance with the elements of electric-circuit analysis, 
and some familiarity with triode and pentode valves and their 
associated circuits. The book should be suitable for students 
working for the Higher National Certificate (Endorsement) 
or Part III of the Institution of Electrical Engineers' 
examination. 

As well as containing worked examples throughout the 
text there are 58 exercises for students, with numerical 
answers provided at the end of the book, where appropriate. 

"Technical Dictionary of Radio and Telecommunication 
Installations." Hans FlOhn, Wilhelm Priekshaft and 
Marian Schwertner. Pergamon Press, Ltd. 1,001 pp. £10. 

This dictionary is a useful aid for translators who have 
not already invested in bilingual dictionaries. Those who 
already have electronics dictionaries will note the on1ission 
of such terms as "radome," "vocoder," "non-director ex­
change," "Adcock aerial" and "transpander." Thev will not 
learn a great deal from this book. 

Ho\vever. those who do not already have Callahain or 
Patterson will be helped by this collection of 12.000 terms 
in four languages (Engljsb, German, French, Russian). 
The terms in each language are shown in four parallel 
colu1nns on each page, and the book is divided into four 
sections. In the first section. the English terms occupy the 
first column, and in the other sections the first column is 
occupied by the other languages in turn. This means that 
the same information is given four times. but it makes 
cross-reference much easier. The translations are concise . 
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Book Review 

"Handbook of Microwave Measurements." Third edition, 
edited by Max Sucher and Jerome Fox. Polytechnic 
Press, Brooklyn, U.S.A. 3 Volumes. 1,145 pp. 373 ill. 
£15. 

These three volumes \vould be a boon to any microwave 
engineer. They arc designed to help the experimenter to 
understand various aspects of microwave measurement 
techniques in which he may not be well·experienced: but, in 
fact, these books are more useful than that would imply 
for each type of measuren1ent is preceded by a thorough 
account of supporting theory, and followed by a biblio­
graphy giving the outstanding references on the technique. 
They can therefore be regarded as microwave text books 
with a strong experimental bias. 

The first volume deals with the more fundamental types 
of microwave measurements such as those concerned with 
frequency, power standing·wave ratio, attenuation and 
phase, and waveguide niodes. The second volun1e opens 
with a long chapter on Q measuren1ent which also includes 
some thorough and useful theory on the subject. Dielectric 
constant determinations follow naturally after this. The 
nieasurcment or the shielding efficiency of screened rooms 
and of micro\vave interference is also described. The 
second half of the second volume is devoted to nieasurements 
on waveguide components such as directional couplers and 
hybrid devices, and it closes with an account of measure· 
ments on ferrite materials. Volume three is chiefly devoted 
to measurements on parts of microwave transn1ission 
systems, for example microwave receivers, their characteris� 
ties and noise factor, microwave amplifiers, oscillators, 
tunnel diodes, aerials and feeder devices. 

The books are \vritten by some 25 separate authors, 
mostly Americaf.l, each contributing a chapter on his own 
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specialist field of microwaves. These writers seen1 to have 
been allowed freedom to shape their own chapters, because 
styles and format differ greatly. Some use extensive 
mathematical treatments, others very little-probahly not 
sufficient to satisfy many readers. One good result of this 
freedom is that each chapter is self�contained to a high 
degree and there is no need for a reader to keep referring to 
other chapters to elucidate points in the one he is reading. 
The fact that basic matter is sometimes repeated is 
immaterial: the points of view will differ in different 
chapters because they are those of separate writers and may 
therefore be independently valuable. For example, the 
chapter o n  antenna measurements gives, within itself, a 
sufficient account of electron1agnetic field phenomena, of 
polarization and voltage standing·wave ratio, to make 
reference back to the chapters specifically devoted to these 
subjects unnecessary. This particular chapter could be 
criticized, however, as being too short to give a fair presenta· 
tion of the wealth of techniques now available in n1icrowave 
aerial ntcasurements. 

In so1ne chapters, sets of experin1ental results are given 
and worked out in detail; this can be of special help to 
students. Mathematical formulae are quoted where 
required, and a reference to a suitable source of detailed 
analysis is usually given. 

The books are large \Vith 8 in. x 11 in. pages. The text 
is well spaced with clear diagrams printed in their logical 
positions. Paper and binding are of a good hard·\vearing 
quality that accords well with a first class work of reference. 
At five pounds per volume all this is expected: at half the 
price, these books could be more within the reach of 
advanced engineering students and might then become as 
\vell known as, say, Terman's "Radio Engineering" is to 
the h.f. radio engineer. 
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Marconi self-tuning H.F system­

the first in the world to be station 

planned from input to output. 

breakthrough 

MST 30kW transmitter 

type H1200 
An h.f linear amplifier transmitter for high-grade telecommunications. 

Frequency range: 4-27.5 Mc/s. 

saves 80% 
floor space 
Transmitters can be mounted side by side 
and back to back or against a wall. Floor­
ducts are eliminated and all power supply 
components are built-in. These features 
lead to smaller, simpler, cheaper buildings 
or more services in eKisting buildings. 

rugged reliability 
R.F circuits have been simplified and the 
number of mechanical parts reduced to a 
minimum. Highest engineering standards 
are applied to the design of these parts: 
stainless steel shafts in ball-bearings in 
heavy, rigid, machined castings; stainless 
steel spur gears meshing with silicon 
bronze; heavy r.f coil contacts with high 
contact pressure. Specified performance 
is maintained with ample margins. 

simplicity 
MST reliability allows continuous un­
attended operation with extended or 
remote control, saving maintenance and 
operating staff. Any fault in the servo 
control circuits can quickly be located 
with simple test routines. Transistors and 
printed wiring give these circuits maxi­
mum reliability. 

Output power: 30 kW p.e.p, 20 kW c. w. 

Meets all CCIR Recommendations. 

• 

� � 
"' "" 

. "' (I 

ll • • 

" . . . ... 

self-tuning 
The H1200 has a frequency following servo tuning 
system. Any frequency may be selected on the 
synthesizer decade dials in the associated MST 
drive equipment; the unattended transmitter auto­
matically tunes itself in an average time of twenty 
seconds. Final stage tuning and loading servos 
continuously ensure automatic compensation for 
changes in aerial feeder impedance caused by 
weather conditions. Self-tuning gives one-man 
control of an entire transmitting station. 
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Marconi telecommunications systems 

J 

The Marconi Company Limited, Communications Division, Chelmsford, Essex, England. LTD/HSI 
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harmony in 48 flats 
With the ATE 48 Line Concentrator. No sharing ... no waiting to use the 
telephone. Individual subscribers are served by an A.T.E. 48 Line Concentrator 

providing, for each subscriber, the convenience of a private metered line and, for 
the telephone authority, substantial saving in line plant and, thus, time and cost. 

With the A.T.E. 48 Line Concentrator normal telephone service can be provided 

to groups of up to 48 subscribers over only 11 cable pairs to the exchange. A com­
plete installation comprises subscriber unit (illustrated) connected by 11 cable pairs 
to a complementary exchange unit housing a transistorized signalling power unit. 

The subscriber unit, power-fed from the exchange, is completely independent of 
local power supply. The concentrator employs a crossbar switch requiring little 

or no maintenance. It is capable of interworking with Step-by-Step, Crossbar and 
other systems and of interconnection with automatic and manual exchanges. 

The A.T.E. 48 Line Concentrator is easily installed for either permanent or 
temporary service. Other typical applications are conferences, exhibitions, 
military camps, development areas, motels, holiday camps, or wherever there are 
isolated pockets of subscribers remote from the exchange. 

For full details of the A.T.E. 48 Line Concentrator please write to -

AUTOMATIC TELEPHONE & ELECTRIC CO. LTD .• 
8 Arundel Street, London W.C.2. 
A Principal Opernting Company ol tho Pleuey Group. 

.. 
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Copperply is now being used by the G.P.O., with considerable savings 
in cost, as the conductor wire for their new Cable, Drop-Wire, No. 3-to 

which reference is made in the article "Developments in Overhead Con­

struction" on pages 260-264 of this journal. The new G.P.O. specification 

calls for a copper-covered steel conductor in a diameter range of ·0275"­

·0285" having a resistance of 235 ohms per mile (at 60°F) and a breaking 

load of not less than 94 lbs. per wire. 

For further information concerning this new development and for details 
of the corresponding accessories write to:-

J 

NATIONAL-STANDARD (OVERSEAS) L-r!l 
19 G RO SVENOR PL A C E, LONDON, S.W.1 

Telephone: BELgravia 6944 

Other applications for Copperply include: Low-load Power Transmission, Earth 
and Counterpoise Wire, Indoor Telephone Wire, Open Line Wire and "G" Lines. 

Copperply is produced by: 

NA TIONAL-STANDARD CO. LTD., KI DDERMINSTER, WORCESTERSHIRE, ENGLAND 
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Most people with a 'pluge· in mind would look no further than 
the Gresham PL4. 

Like a great many Gresham instruments. the PL4 is based on re­

commendations of the British Br oadcasting Corporation. It has 

earned the confidence of engineers. in maintaining consistent 
levels of brightness and contrast throughout the station or 

network. 

The PL4 generates a composite video test signal for video picture 

monitors. Quick and accurate setting up of the monitors is 
achieved by means of two simple. yet highly sensitive controls. 

Using semi-conductors throughout. this 'super pluge' is light. 
compact and trouble free. And. with its own power supply. is 

r-- .. ,..�:�u----, 

completely self-contained. The waveform includes an overall 

pedestal. to facilitate adjustment of monitors in reasonable 

ambient light conditions. 

The waveform produces a display consisting of two narrow 

pulses (black and white) and a wide bar split horizontally­

peak white at the top. and grey at the bottom. The combination 

permits extreme accuracy in setting up. embracing all aspects 

of picture line-up. Multi standard. for 405. 525 or 625 line 

operation. 

GRESHAM LION ELECTRONICS LIMITED 

Twickenham Road. Hanworth. Middlesex. England 

TWlckenham Green 5511. Cables: Gresham. Feltham. Middlesex 

• • 
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LEFT: CPB2 sine-squared pulse and bar composite waveform 

generator. 

RIGHT: SL3 "Staircase" linearity waveform generator. 
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PLUGS, SOCKETS, JACKS -in all sizes and for every purpose -are made by 

the Special Products Division of Astralux Dynamics Ltd. They're chosen 

by the British Government and approved by the Post Office and Aircraft 

Industry. The special Astralux design service for prototype models is used by 

these organisations and by private industry. You can rely on Astralux 

efficiency and technical accuracy to produce equipment strictly to specifica­

tion-and quickly. Plugs, Sockets and Jacks are just some of the products 

of a company streamlined to serve world-wide industry today. Learn more 

about what Astralux can offer you. Write to us for descriptive literature. 

Illustrated from left to right 

1 Plug 316 2 Plug 406 

3 Plug 235 4 Jack 84A 

5 Plug 420 6 Jack 95A 

5 

7 Socket 626 with Hex. Nut 

B Plug 671 9 Socket 626 

10 Plug Electrical 119 

11 AO-way Connector 

male and female 

AS'rBALUZ dynamics limited 

SPECIAL PRODUCTS DIVISION · NEW STREET· BRIGHTLINGSEA · COLCHESTER · ESSEX 

F 
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FOR 

SOLDERING 

INSTRUMENTS 

TOTAL EFFICIENCY 

FOR CATALOGUES APPLY DIRECT TO SALES DEPT. 

ADCOLA PRODUCTS LTD. 

ADCOLA HOUSE 

GAUDEN ROAD 

LONDON, S.W.4 

Telephone: MACAULAY 4272 & 3101 

Telegrams: 50LJOINT, LONDON S.W.4 

Tells You How to Pass Your C. & G. 
Examination at First Attempt ! 

AJI Post Office personnel who are anxious to 
obtain early promotion should at once send for a 
copy o! our handbook "ENGINEERING OPPOR­
'IUNITIE9u which, among other intensely inter-

���fra':l��te[or �'[;;rb%\ 0AND''�'l1iins0��1l� 
NATIONS for the Telecommunication Technicia1U1' 
Certificate and !or individual subjects-Mathe­
matics, Engineering Science, Engineering Drawing, 
Elementary Telecommunication Practice, Tele­
communication Principles, Radio and Line Trans­
mission, Telegraphy and Telephony, Line Plant 
Practice, It also contains details of our courses 
covering the G.C.E. subjects required for promotion 
to Assistant Engineer, Telecommunication Traffic 
Superintendent and other grades; and the City 
and Guilds examinations in Electrical Engineering 
Practice, the A.nl.l.E.R.E. and A.nl.S.E. 
Examinations, In addition to a wide range of 
non-examination courses in all branches of 
engineering-Radio and Electronics, Electtical, 
Mechanical, eto. 

We also provide tuition for the Radio 
Amateurs' Examination and the P.M.G. 
Certificates for Radio Operators, with 
or without Morse training. Details are 
given in the handbook. 

• 
r JI you intend to make the most of today's oppor-

We definitely guarantee· 
"NO PASS-NO FEE" 

tunities, you cannot afford to miss reading "ENGINEER­
ING OPPORTUNITIES." It tells you everything you want 

to know to srcure advancement, and describes many oppor­
tunities you may now be missing through lack of information. 

Send for your copy today-FREE and without obligation. 

BRITISH INSTITUTE 
OF ENGINEERING TECHNOLOGY 

369 COLLEGE HOUSE, 
29-31 WRIGHT'S LANE, LONDON, W.8 

AIR 
DIELECTRIC 

TRIMMER 
NOW OBTAINABLE WITH 

TERMINALS FOR PRINTB9' 
CIRCUIT MOUNTING 

Capacities from 4·5-100 pF. Insulation 
greater than 10,000 megohms. Power 

Factor less than ·001. Acetate dust 
cover optional. 

BIET 

·670'.' 
r--�_ 

Write for technical details 
of these or any other 
Oxley products 

OXLEY DEVELOPMENTS CO.LTD. 
Ulverston, Lancashire. Tel: Ulverston 2567 
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NEW AT IE "700" 

All-TRANSISTOR 

RADIO-IElEPHONE 

DOES EVERYTHING A 

NORMAl TElEPHONE DOES 

-WITHOUT WIRES 
Whether used in telephone-to-telephone, telephone­
to:exchange, or exchange-to-exchange applications, 
AT&E's Type 700 is the newest and the best rural 
set. Best because of its low power consumption-it will 
run on one set of dry batteries for over a year without 
attention. Best because it provides by radio all the 
telephone facilities, including various party-line ser­
vices, available over a normal line transmission system. 
And best because it contains no valves-it is completely 
transistorised for exceptional reliability and the long-

·---

est possible life. Simple installation, complete weather­
proofing, operation in both the high (150-184 Mc/s) and 
low (54-88 Mc/s) bands, output power level (a supple­
mentary 5-watt amplifier is also available), and broad 
operating-ambient range (-20°C to ;t-55°C) are five more 
reasons why you should investigat� 'this-mll.jor advance 
in telephone equipment for remote areas. For complete 
details, write to AT&E (Bridgnorth) Ltd., Bridgnorth, 
Shropshire, England. A member of the Plessey Group. 
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Design conscious but supremely 
functional-the new STC 
Deltaphone represents an 
entirely new approach to 
telephone design. A choice of 
restrained colours, lightweight 
handset, electronic tone caller 
with volume control, optional dial 
illumination, compactness ... 
everything new! 

Talking point 
The STC Deltaphone is particularly 
suited for use in homes, hotels, 
reception lounges and 'front 
offices', where harmony of design, 
functional elegance and prestige 
are essential. As well as its 
super·b modern appearance, fit to 
grace any expensive service flat, 
the basic economies of space and 
effort give this new telephone 
utmost utility in offices and 
other business premises. 

High technical specifications 
match the trend-setting symmetry 
of this truly new telephone. 

Write for full details to 
Standard Telephones and Cables 
Limited, Telephone Switching 
Division, Oakleigh Road, 
New Southgate, London, N.11. 
Telephone ENTerprise 1234. 
Telex 21612. 

world-wide telecommunications and electronics ST C 
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STC MAKES LIGHT OF THE JOB 
with their lightweight headsets, designed for use by 
private and public telephone operators. These are fast 

superseding the use of the older breast-type instruments. Main advantages are: Extraordinary light 
weight, high degree of comfort, stability and manoeuvrability and constant level of transmission regard­
less of head movement. Made of a nylon plastic, and virtually unbreakable, the headsets are available in 
black and grey (colours approved by the British Post Office) and also in ivory. The "Rocking Armature" 
principle-an important STC development in telephone receiver design-which gives improved sensitivity 
and frequency response has been incorporated into these instruments. Write, 'phone or Telex for leaflet 
D/104 to Standard Telephones and Cables Limited, Telephone Switching Division, Oakleigh Road, New 
Southgate, London, N.11. Telephone ENTerprise 1234. Telex 21612. 

world-wide telecommunications and electronics ST C 

9 
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Increased 
protection cuts 
maintenance 

costs 

The latest A E I Protector-No. 16 

provides an exceptionally high degree 
of protection for communication and 

instrument circuits. 

It operates many times without 

attention and thus considerably reduces 

maintenance costs. The three-electrode 

construction enables it to replace two 

conventional protectors and, due to the 

tendency of both gaps to break down 

simultaneously, it minimises the excess 

voltages to which the apparatus is 

subjected. 

The protector will withstand momentary 

peak currents of about 20,000 amps and 

many hundreds of 100 Joule discharges. 

Prompt delivery can be offered, 

because demand from many parts of the 

world has proved so high that production 

capacity has been greatly expanded. 

The protector is available in 

three breakdown voltage ranges:-

150-350 d.c. 

300-500 d. c. 

500-900 d. c. 

.. ,,. '2'1 

Associated Electrical Industries Limited 

TELEPHONE APPARATUS DEPARTMENT 

Telecommunlcatlons Division Woolwlch London SE1B 
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SOUTH 
CHINA 

SEA 

I 

STC in first Seacom links 

STC have been chosen to 
provide the first links of the 
South-East Asia section of the 
round-the-world Commonwealth 
telephone cable. The £2,500,000 
order includes the manufacture 
of equipment and cable for the 
routes linking Hong Kong, 
Jesselton (N. Borneo) and 
Singapore: 710 nautical miles of 
armoured shallow-water cable 
and unarmoured deep-sea cable, 

70 submarine repeaters 
(amplifiers) and 10 submarine 
equalizer units using STC 
demountable housings. The 
latest STC transductor­
controlled power-feeding 
equipment will be used. 
SEACOM will carry 80 high­
quality telephone circuits or 
their equivalents in 
teleprinter or data circuits. 
At a later stage it is planned to 
link SEACOM to the COMPAC 
and CANT AT systems. This will 

provide high-quality speech 
circuits between London and 
Singapore and Hong Kong. 

Standard Telephones and 
Cables Limited, Submarine 
Cable Division, West Bay Road, 
Southampton, Hants. 
Telephone Southampton 74751. 
Transmission Systems Group, 
North Woolwich, London E.16. 

Telephone ALBert Dock 1401. 
Telex 21645. 

world-wide telecom munkaUon s and electronics ST c 
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Open-wire line ro111e in Finland. Carrier M11l1iplex Eq11i11111e111 al Toro1110 Terminal, Canada. 

G.E.C. OFFERS A COMPLETE 

TELECOMMUNICATION SERVICE 

BY LINE AND RADIO 

circuit carrier-on-ea ble equipments. 

A transistored rural carrier system is 
also manufactured which provides up 
to ten stackable subscriber circuits 
in rural areas or up to ten junction 

circuits. This equipment can be 
operated over the same pole route as 
a 3 or 12-circuit system. The wide range of transm1ss1on 

equipment manufactured by G.E.C. 
enables integrated national and inter­

national networks to be built up, 

catering for all traffic requirements. 
Ease of future expansion is an in­
herent feature of the equipment. 

Backed by more than 40 years of 

experience, Transmission Division 
can offer a complete service in­

cluding surveying, system planning, 
engineering, manufacturing, installa­
tion and commissioning. Where 
necessary. customers' engineers are 
trained by the Company locally or at 

the G.E.C. Telephone Works, 
Coventry. 
G.E.C. transmission equipment is in 
operation throughout the world, in 
climatic conditions which range from 
arctic to equatorial. Throughout the 
range of equipment, semiconductors 
are used wherever possible. 

Le(1: UHF Radio Reptaler S1flfio11 
al Cai111a, Per11. 

9.�.e. 

HIGH CAPACITY SYSTEMS 

The Company manufactures a com­
prehensive range of completely tran­
sistored carrier multiplex equip­

ment with capacities of up to 2700 
channels, for use over coaxial cable 

or microwave radio routes. Six types 
of broadband radio equipment are 
available; four in the SHF 6000 Mc/s 

and 7000 Mc/s frequency bands and 
two in the UHF 2000 Mc/s band. 
These equipments have maximum 
capacities varying between 300 and 
1800 speech circuits per radio channel 

according to type. Alternatively, 
monochrome or colour television 
signals may be transmitted. 

A small-bore coaxial cable system 
with a maximum capacity of 960 
speech circuits is also available. 

All these equipments conform to 

the recommendations of the 
C.C.l.T.T. and C.C.l.R. 

SMALL CAPACITY SYSTEMS 

Small capacity systems available in­
clude completely transistored 3 and 
12-circuit open-wire and 12+12-

Junction radio equipments, operat­
ing in the VHF and UHF bands with 

capacities of 5 or 9 speech circuits, 

are supplied. 

Belo II': .�/a.tll'e/l's Nill Rt•pealer S1<t1io11, part 
of the 6000 /\fr/s s,1·s1t•111 iu Malaya. 

., 

everything for telecommunications 
Transmission Division G.E.C. (Telecommunications) Ltd. 

Telephone Works · Coventry · England 
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take 
five of 
these ... 

and 
one of 
these ... 

/"11111!111111•••••1\ 

I 

l 
G 

and you have a complete 
2 +5 Keymaster system 

In the modern, compact business. 
the surrender of space to a 
switchboard, and the allocation of 
staff duties for its surveillance, are 
equally unacceptable. 
The 2 + 5 · Keymaster' system 
provides a basis of communication 
free from these disadvantages. 
The development of the 2 + 5 
'Keymaster' has resulted in a notably 
compact system, simpler to operate 
than its predecessors and of 
unusually low installed cost. 
The facilities offered include all 
those likely to be required by an 
intermediate-sized business and are 

comparable with those hitherto 
associated with appreciably larger 
desk units and much more complex 
central apparatus. 
An important feature of the system 
is the low operating voltage. 
Six-volt power requirements may be 
derived from dry batteries or a 
mains operated power unit. 
Normally, provision is made for 5 
stations, but 7 stations and other 
variations are available. 
For further information please 
contact Sales Dept. Ericsson 
Telephones Ltd., Beeston, 
Nottingham. 

: 

ER:J:CSSON TELEPHONES LTD • ETELC O LTD 
A Principal Operating Company of the Plessey Group. Head Office and Main Works: Beeston, Notts. Telephone: 254831. Telex: 37666 

Registered Office: 22 Lincoln's Inn Fields, W.C.2. Telephone: HOLborn 6936 
o. 101 
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FOR INFORMATION ABOUT 

ELECTRONIC EXCHANGES 

get in touch with G.E.C. 

leaders in electronic switching techniques 
Exchange Division · G.E.C. (Telecommunications) Ltd. · Telephone Works · Coventry · England 
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Take the strain on 
any type of cable 

with I I I 

Kellems grips for pulling support or strain relief 
are quickly installed, adjusted or removed. They are 
neat in appearance, safe to handle and fully salvable. 
In stainless steel or bronze, they are of simple 
construction and light weight. Available in sizes 
and shapes for most cable applications. 

IT PAYS TO HAVE GOOD CONNECTIONS 

HARVEY HUBBELL LIMITED 

MINEHEAD • SOMERSET 

Telephone: MINEHEAD 740 

' 
• 

For example, terminal blocks up to 20 way, single 
or double row-plus non-corrodable studs and 
unbreakable plastic mouldings -11lus acceptance 
of up to 8 ring terminated conductors per stud, 
all proof against rotational shorting-11lus inter­
terminal linking strips and optional covers-plus 
a choice of BA or unified threads with an extra 
choice of panel mounting, through and shrouded 
patterns. Not to mention six colours and numbered 
terminals! All this acids u11 to a Ward Brooke part! 

Send for fuller details to Department 

WARD BROOI(E &COLTD 
Westbourne St., High Wycombe, Bucks. High Wycombe4531 



COMBINED TAPE AND 

EDGE CARD READER 

5, 6, 7, 8 unit reading of • 
tape and edge card 

Tight tape, tape out, • 
tape latch alarms 

Unlimited manual forward • 
and back-spacing of 

tape and card 

Free standing or flush • 
mounting in a desk unit 

MODEL 23 Signal contacts made far • 
95 % of each reading cycle 

GREAT NORTHERN TELEGRAPH WORKS 
SY D HA V N 'S P LADS 4, C 0 PEN HAGEN S. V. DEN MARK 

LONDON OFFICE: 5 ST. HELENS PLACE, LONDON, E.C.l 

ANOTHER STEP FORWARD ... 

An IMPROVED AVOMETER 

Model 8 Mk. III 

e Fused ohms circuit provides increased protection against 
inadvertent overload. 

e Improved temperature coefficient over whole range. With 
the aid of a range of d.c. shunts measurements can be 
made up to 400 amps d.c. 

Reid. T rode Mork 

This new model incorporates increased sensitivity iu 

the lower AC ranges and wide frequency character­

istics, with the traditional AvoMeter features including 

the A VO automatic cut-out mechanism and inter­

locking rotary switches for quick range selection. 

Write for fully descriptive Brochure or for complete Catalogue of A VO Instruments • 

TEL: LONdon Wall 4567 

Designed for 

Dependability 

17 

.£.'"\Y® LTD AVOCET HOUSE, 92-96 VAUXHALL BRIDGE ROAD, LONDON, S.W.I. Telephone:VICtorio3404(121ines) IA �oor 
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G.E.C. smoll-copocily 
tronsmission systems 
for oll climotes 

G.E.C. telecommunications equipment is 
installed in many countries with widely 
differing climates - from tropical to sub­
arctic. To ensure that all systems work 

perfectly under such varying conditions, all 
equipments are subject to environmental 
tests at the design stage. Recent orders 
emphasise the reliability placed upon G.E.C. 

small capacity systems by countries all over 
the world. 

Sl"l7 

TUNISIA 

Orders have been placed with the 
Company by the Tunisian P.T.T. for 
three routes in the north of the 
country. The installations will com­
prise rural carrier equipment, pro­
viding up to ten stackable subscriber 
circuits or ten junction circuits, which 
afford an inexpensive, but reliable 
and efficient communications system. 

IC ELAND 

The Icelandic P.T.T. has ordered 
5-circuit junction radio equipment 
for use on the Reykjavik-Ketlavik 
route. A further order has been 
received for 6 terminals of rural 
carrier equipment. 

EL SALVADOR 

The Central American Republic of 
El Salvador is currently engaged on 
the first stage of a new nation-wide 
telecommunications network. 
The contract involves the supply of 
3-circuit and 12-circuit open-wire 
carrier telephone systems and tele­
graph equipments. 

... 

All over the World G.E.C. small-capacity transmission systems are 
proving themselves in widely differing temperature and humidity conditio·ns 

G.�.e. everything for telecommunications 
Transmission Division, G.E.C. (Telecommunications) Ltd. Telephone Works· Coventry· England 



GOOD COMMUNICATION 
facilities in an industrial organization are now recognized as a 
necessity at all administrative levels. Time saved by obtaining 

immediate contact with other members of the staff is of inestimable value to all, from the Managing 
Director to the junior clerk, and the capital cost of providing a properly planned system is small 
compared with the incalculable losses sustained by having inefficient communications. For many 
years STC has designed, manufactured and installed Private Automatic Branch Exchanges of 
various types. As a result of this experience, a large fund of expert knowledge is available, and any 
technical advice that may be required will be furnished gladly on request. 

New light-weight high performance handset D B.P.O. type "long life" components D Transistorized 
ringing and tone circuits D All "plug-in" type equipment D Quick and easy expansion to full capacity 
D Simple installation and maintenance D Full tropical finish. 

Details from Standard Telephones and Cables Limited, Telephone Switching Division, Oakleigh Road, 
New Southgate, N.11. Telephone ENTerprise 1234. Telex 21612. 

world-wide telecommunications and electronics ST C 

64/30 
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AEI with world-wide experience 

in communications and well­

known for its contribution to 

the success of CANTAT B and 

COMPAC in the Commonwealth 

Cable Link, introduces a further 

addition to its range of carrier 

transmission equipment. 

l�i.' - I 

T.AJ:1 4 

AEI Transistorised FMVFT 

TYPE CT 24A 

For the provision of teleprinter or data transmission circuits. 

Minimum space... Minimum maintenance ... 
Minimum power consumption ... 

* CCITT standards of performance 

* 24 channels per rackside 

* 50 baud nominal, with operation 

up to 80 bauds 

* Plug-in units 

* Pilot facility 300 cls or 3300 cls 

* Optional in-built test equipment 

comprising: a) Telegraph test set 

b) Level measuring set 

c) Frequency check unit 

* Completely self contained with all 

power supplies. 

24 frequency modulated channels are provided in the nominal frequency 
band 420-3180 c/s with 120 c/s separation between adjacent channels. 
These are built up from 4 sub-groups of 6 channels each in the frequency 
band 1140-1740 c/s. 

Compactly assembled plug-in units use printed circuit wiring boards 
with small encapsulated filter and transformer units. Equipment is protected 
by bay covers, but test 
equipment and jackfielc:!s 

are directly accessible at 
centre of rack. 

Details of the latest AEI 

Carrier Telephone and 

Telegraph Equipment 

supplied on request. 

ASSOCIATED ELECTRICAL INDUSTRIES LTD 

TELECOMMUNICATIONS TRANSMISSION DEPARTMENT 

WOOLWICH · LONDON SE18 



small diameter coaxial cable 

specially designed for use 

with transistor am pi ifiers 

Small diameter coaxial cables have now become 

an established medium for the provision of long 

distance high grade telephone circuits. Coupled 

with underground transistorised amplifiers, this 

type of cable is rapidly finding increased use 

amongst telephone administrations through­

out the world as the most economical method 

of providing groups of trunk telephone 

circuits. 

Telephone Cables Limited have developed 

their own design of small diameter .174 

Coaxial Tube to meet the recommendations 

of the C.C.l.T.T. and the requirements of 

the British Post Office. The cable has been fully 

tested and approved by the British Post Office and 

cables of this design, manufactured and ins1alled 

by T.C.L., are now in hand for supply and installa­
tion in the United Kingdom and overseas. 

Fullest technical details of 

Type 174 Coaxial Cable gladly supplied by return. 

'tAU)f011 
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J 
TELEPHONE CABLES LIMITED 

Dagenham, England Tel : Dominion 6611 Cables : Drycore Dagenham 

THE ORGANISATION WITH 125 YEARS' EXPERIENCE 
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·you COULD 
NOT WALK 
THE NUMBER 
OF MILES 
OF CABLE 
SHEATHED IN 

HIGH DENSITY 
POLYETHYLENE 
WITHOUT 

· 

FEELING very, very tired! 

Use the post to find out more about 

the range of Rigiclex cable grades. 

Please quote (Ref. 328) 

Rigidex is a reg'd trade mark of British Hydrocarbon Chemicals Ltd and one of the products they 111a1111fact11re at Grangemouth. 

Sole Selling Agents 

SALES AND TECHNICAL SERVICE DEVONSHIRE HOUSE PICCADILLY Wl HYDE PARK 8131 
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TMC 

PROGRAM· 
EQUIPMENT 

23 

Designed for use with carrier telephone systems, the TMC Type 
B5811N Equipment provides for the transmission of an audio 
program channel at the high frequency band of 72.50-83.45 kc/s, 
or 84.50-95.45 kc/s, in the CCITT Basic Group B. 

Its FEATURES include:-

• Compliance with CCITT performance recommendations. 
• Operation with either: 

(i) 4 kc/s spaced channel translating equipment 
or (ii) TMC 3 kc/s spaced band economy channelling. 

• Choice of 3 program channel bandwidths-5,8 or 11 kc/s-
by switching. 

• Low basic noise, low carrier leak. 
• High stability. 
• High level of sideband suppression by virtual carrier 

displacement. 
• Full transistorisation, minimum power requirements. 
• In-built special carrier generation equipment. 
• Modular construction to provide flexibility of application. 
• Alarm circuits. 
• a.c. mains or battery power supplies. 
• Minimum space requirements. All equipment for a two-way 

terminal is mounted on a single sided 9-ft. rack, 

with as OPTIONS 

• Group delay equaliser. 
• Compandors. 
• Its use as a bearer for high speed data transmission. 

The equipment is constructed so that a terminal can be 
provided equipped for both directions of transmission, and 
for each of the three bandwidths, or sub-equipped for one 
direction of transmission for one or more of the bandwidths. 
For further information please request leaflets No. F3737 and F3777. 

TELEPHONE MANUFACTURING COMPANY LIMITED 
Transmission Division, 
Sevenoaks Way· St. Mary Cray· Orpington · Kent· England ·Tel: Orpington 27020 ·Telex 28115 

TMC Is a Registered Trede Mark A MEMBER OF THE If� GROUP OF COMPANIES 
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and 

the 

Now-
a Fully Transistorised 

Walkie-Talkie! 

Banta 
TWO -W AV RADIOTELEPHONE 

, Once again in 

• Fully transistorised Transmitter and Receiver 

the tradition of 
the outstanding 

Cambridge and 
Vanguard Radio­

telephones, Pye 
have produced the 

Bantam, a brilliant 
fully transistorised . 

Wal kie-T al kie. 

/ , 

/ 

• Long endurance with Rechargeable or Dry Batteries • Crystal Filter selectivity 

• Reliability and accessibility of components • Very high performance Receiver 

• Lightweight 4 lbs. (1.82 kg.) • Frequency Band 25-174 Mc/s. • Weatherproof 

PYE TELECOMMUNICATIONS LTD. CAMBRIDGE, ENGLAND · Telex No. 81166 



Tape Sealing No. 3 (DENSOPOL ZN) being used lo protect a joint In 
thin lead sheathed, polythene oversheathed cables by the G.P.O. 
Experlmen/al Jointing Division. Winn & Coales Lid. have been 
suppl/ers lo /he Post Office of waterproofing and an/I-corrosion tapes 
for over 25 years. 

SECURELY SEALED 

WITH 

DENSO 
The DENSO system is the efficient, simple and 
economic answer to many needs of tele­
communications systems-waterproofing, seal­
ing, corrosion prevention above ground, below 
ground and under water. 

These DENSO PRODUCTS conform with Post 
Office Specifications: 

DENSO Tape-Tape Sealing 
DENS EL T Tape-Tape Protecting No. 1 

DENSO Paste-Paste Sealing 
DENSO Mastic (Plast.)-Compound No. 16 
DENSOPOL ZN-Tape Sealing No. 3 

WINN & COALES LTD. 

Denso House, Chapel Road, London, S.E.27 

Tel: GIPsy Hill 7511 

Also al Manchester, Belfast and Dublin. Agents throughout 
the Commonwealth. 
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WHITELEY 
cable test equipment 

in the field 

With Whiteley field equipment, both breaks 
and shorts in sheathed multiple conductor 
cables can be quickly located to within 

a fraction of an inch. 

A capacitative probe run along the cable 
rapidly and accurately reveals the position 

of a broken conductor. To locate, with 
equal speed and accuracy, shorts between 

conductors, an inductive probe is used. 
For initial detect'.on of a faulty conductor, 
a lamp type continuity tester is provided. 

The equipment incorporates a battery­
operated transistor oscillator, and a 

transistor amplifier. The oscillator frequency 
is 1000 c.p.s. ±2!% and can be 

continuous or interrupted according to 
the setting of the potentiometer. 

Whiteley Field Cable Test Equipment 
is among the most efficient of its type, 

and because it is built to stand arduous 
working conditions, is completely reliable. 

For full technical details, please write to 

WBl6' 
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THORN 
TV PATTERN SOURCES 
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GRATICULE AND DOT GENERATOR-TYPE WH.11 

The Thorn Graticule and Dot Generator provides a means 
of accurately assessing the linearity of television scan 
systems of both cameras and picture monitors. This fully 
transistorised. mains powered equipment will operate on 
405, 525 or 625 line standards when driven by the ap­
propriate Mixed Blanking and Synchronising waveforms 
and will provide a composite signal of variable Amplitude 
and Sync/Output ratio . 
The generator produces alternative white on black or 
black on white maticule or dot patterns selected by 

-I 
means of a front panel switch . 
The number of lines or dots along each axis may be ad-
justed as required, and independent shift controls enable 

::r the display to be aligned with an optical graticule when 
performing linearity tests. 
The video signal rise time is less than 0.1 pSec, ensuring 
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PICTURE LINE-UP TEST GENERATOR 
TYPE WK.21 405/625 lines (switchable) 
This fully transistorised unit generates. from input signals 
of mixed synchronising and mixed blanking pulses, a 
video test signal for use in setting up picture monitors. 
The output signal gives a display consisting of two 
narrow bars on the left and a hroarl bar. divided horizon­
tally into peak white and grey halves, on the right. The 
narrow bars have respectively an amplitude of minus and 
plus 3% peak white relative to the background level. 
The signal is used for correctly setting up brightness and 
contrast in picture monitors and to check for spurious 
limiting. 
Single standard 405, 525 or 625 line versions are also 
available. 
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PRESET LAW STEP TEST GENERATOR 
-TYPE WL.11 

This unit which is also fully transistorised, is used for 
setting up various non-linear amplifiers, having a pre­
scribed law used in telerecording. It can also be used for 
setting up the gamma units on colour scanners as well as 
providing a grey wedge for setting up picture monitors. 
The signal produced consists of a blanked step wedge 
having ten steps, together with synchronising pulses. 
The law of the step wedge can easily be changed and 
can be altered over the range Y=Xo.3 to Y=Xz.s. 

Internal preset adjustments enable this instrument to be 
operated on 405. 525 or 625 line standards. 
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Wellington Crescent, New Malden, Surrey. (MALden 8701) 
A MEMBER OF THE THORN ELECTRICAL INDUSTRIES GROUP OF COMPANIES Q. 
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Marconi Self-Tuning H.F System 

-the first in the world to be station 

planned from input to output 

saves 85o/o 

fl·oor space 
Transmitters can be mounted side by side 

and back to back or against a wall; built-in 

cooling fan; no external air-ducts. These 

features lead to smaller, simpler, cheaper 

buildings or more services in existing 

buildings. 

simplicity 
R.F circuits have only three tuning controls 

and two range switches. Final valve can be 

replaced in 30 seconds. Miniature circuit 
breakers (used Instead of fuses through­

out) can be reset instantly. All sub­

assemblies are easily tested because they 

are electrically complete units. 

breakthrough 

MST 7� kW transmitter 
H1100 series 
An h.f linear amplifier transmitter for high-grade telecommunications. 

Frequency range: H1100 and H1101, 4-27.5 Mc/s 

H1102 and H1103, 2-27.5 Mc/s 

Output power: 7-8 kW p.e.p, 5-6 kW c.w. 

The H1100 series meets all CCIR Recommendations. 

rugged 
reliability - I 
Stainless steel shafts in ball-bearings in 

rigid machined castings; stainless steel 

spur gears meshing with silicon bronze; 

heavy r.f coil contacts with high contact 

pressure-some examples of design feat­

ures giving long term endurance and 

operational reliability. Specified perform­

ance achieved with ample margins. 

· � '' 

self-tuning 
Types H1101 and H1103, used with MST 

drive equipment, give one-man control of 
an entire transmitting station and continu­

ous automatic aerial loading. 

MANUAL TUNING 

Manually tuned versions, types H1100 and 

H1102, are available which, when filled with 

built-in drive units, become entirely sel(­

conlained transmitters (or (our spot fre­

quencies and all types of modulation. 

Manual tuning lakes less than 60 seconds. 

•·••• ' I· 

..... 

Marconi telecommunications systems 
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The Marconi Company Limited, Communications Division, Chelmsford, Essex, England LTD/H50 
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�IWESTI NGHOUSE I� 

L_ . 

Silicon Diodes 

200mA-300A 

100-1800V P.l.V. 

Semi cone 

Thyristors 
500mA-250A 

100-1200V 

Constant voltage rectifier equipments for telept 
l . 

l-='7i 
I 

• • • ...., -

Dept. P0.1/65 • WESTINGHOUSE BRAKE AND SIGNAl COMPANY llMITED • 82 YORK 



r devices 

' Molecular circuits 
Digital and Linear types 

Selenium rectifier 
assemblies milliwatts 
to megawatts 

29 
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exchanges, repeater stations, switching centres 

• • • 
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UNG'S CROSS· LONDON, N1 ·TEL: TERMINUS 6432 Telex 2-3225 
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NEW from PITMAN 

ELECTRl-C CABLES 
C. C. Barnes, M.1.E.E., M.Amer.l.E.E., A.8.1.M. 

MODEL ANSWER BOOKS 
CITY AND GUILDS OF LONDON INSTITUTE 
TELECOMMUNICATION TECHNICIANS' COURSE 

TELECOMMUNICATION 
PRINCIPLES A 

TELECOMMUNICATION 
PRINCIPLES B 

Deals with the wide range of electric cables for lighting, power, 
telegraphy and telephony; and with their construction, technical 
characteristics and manufacture, in relation to use and performance. 
40s net 

ELEMENTARY 
TELECOMMUNICATION 

PRACTICE 

Price 7s. 6d. each. Post Paid Ss. 

STORAGE BATTERIES 
G. Smith, A.M.l.E.E. 

A thorough study of the main types of storage batteries in use 
today. Special guidance is given on their operation, charging, main­
tenance and repair. 

The following model answer book, although published 
for the old Telecommunications Engineering Course, is 
stil I useful and is offered at a considerably reduced price. 

TELEPHONE EXCHANGE SYSTEMS 
(Telephony and Telegraphy A, Telephony B) 

Price 2s. each. Post Paid 2s. 6d. 

27s 6d net 

Orders to 
available from all booksellers 

Pitman, Parker St., London, W.C.2 
The Post Office Electrical Engineers' Journal 

G.P.O., 2-12 Gresham Street, London, E.C.2 

�announce 
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high reliability 

Electrolytic 

Capacitors 
TO GPO SPECS. 

02085 & 02186 

3164 TCC ll4 
5000 µF 

30 v. o.c. Wi(G 

T.C.C. have developed two new 
ranges of capacitors, in con­
junction with G.P.O. Engineers, 
for use in electronic telephone 
exchanges and other electronic 
equipment requiring capacitors 
which have a high reliability and 
long life factor in ambient 
temperatures from o°C. to 50°C. 

Fully type approved, these 
capacitors conform to the new 
G.P.O. specifications Dzo85 and 
Dz186. 

Full details of these out­
standing capacitors are contained 
in T.C.C. Bulletin I06, which 
can be obtained by posting the 
coupon or telephoning us at 
Acton. 

THE TELEGRAPH CONDENSER CO. LTD., 
ELECTRONICS DIVISION, NORTH ACTON W.3. Telephone ACOrn 0061. Telex261383 
also at CHESSINGTON, SURREY and BATHGATE, SCOTLAND 

I 
.1 

SEND FOR 

TCC 

BULLETIN 

NO 10·6 
for full details of these 

two new ranges 

r----------1 
Please send me a copy of 

TCC Bulletin 106. 

NAME ........................... ............. . 

COMPANY ................................ . 

ADDRESS . 

L----------



With the environment of space beyond the control of man, only 
submarine telephone cables can provide intercontinental com­
munications of proven reliability, economy and freedom from inter­

ference. Submarine Cables Ltd. can supply cable, repeaters, cable­

laying gear and services, and-through AEl-terminal equipment. 

SUBMARINE 
CABLES LTD 
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GREENWICH· LON OOH· SE10 OWNEO JOINTLY BY AEI ANO BICC 
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FLOOR PATTERN SWITCHBOARD 

''A thing of beauty • • • • • • 

'' 

TMC 

Leading industrial designers, lop circ uit engineers, and a production team with years of 
accumulated switchboard experience have worked together to evolve this superb TMC 
switchboard. The result is a product which in appearance and performance will fulfil 
the needs of many years to come. It will blend with the decor of the most modern office 
or reception hall. It is highly ada�table and can be variously equipped, as a multiple or 
non-multiple. This switchboard will serve subscribers, operators and engineers through­
out a long working life-and serve them well. 

TELEPHONE MANUFACTURING COMPANY LIMITED 
Telephone Equifiment Division · Public Equipment Unit · Martell Road 
West Dulwich · London · S.E.21 • Telephone GtPsy Hill 2211 • Telex 28115 

.. 
A MEMBER OF THE �@ GROUP OF COMPANIES 



33 

• 

preparing 
for SOUND COMMUNICATIONS 

The safe and constant conveyance of our vital communications is ensured 
by the permanence of glazed vitrified clay conduits. With a load capacity 
of up to 1,000 messages at a time for a nine-way conduit, the choice of an 
enduring protective outer casing for electric cables, below ground, is of first 
importance to the Engineer. 

NATIONAL SALT GLAZED PI PE 

MANUFACTURERS' ASSOCIATION 
125 New Bond Street, London, W.1 
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BICC 

TYPE 174 AND TYPE 375 COAXIAL CABLE 

For television circuits and multichannel telephony 

BICC manufacture cables containing coaxial pair 

meeting the C.C.I.T.T. recommendations. These ca1 

be combined with symmetrical pairs for audio fre 

quency or short-haul carrier circuits. 

UNIT TWIN CABLES 

Large cables of unit construction are specially suite' 

to the systematic arrangement of a dense telephon 

subscriber network. Units of �5, 50 or 100 pairs ar 

first assembled, th(m the required number of units ar 
combined and sheathed to form the complete cable 

Paper insulated, lead or polythene sheathed cables o 

all-polythene types are available. 

POLYTHENE INSULATED DISTRIBUTION CABLE 

Because of their case of installation, reliability and lov 

cost, polythene insulated distribution cables are widel: 

used, particularly in sizes up to 100 pairs. They ma: 

be installed underground or, as in the case of the typ1 

illustrated, used with an integral suspension stranr 
wherever aerial installation is preferred. 

TELEPHONE 
are designed and manufactured to meet C.C.I.T.T. recommenda 

tions or any other specific requirements. They are the products o 

modern plant, specialist engineers and over sixty years of experience 

-backed by extensive research and development facilities. BICC 

undertake the manufacture and installation of cables for every type 

of telecommunication system anywhere in the World. 

Technical information on BICC Telephone Cables is contained in 011, 

publications-freely available lo Telephone Administrations. 

BRITISH INSULATED CALLENDER'S CABLES LIMITEC 

Group Head Office: 

21 B LOOMSB URY STREE T LONDON WC1 ENGLANC 

Branches and Agents throughout the world 



QUAD TRUNK CABLE 

This cable, manufactured to a British Post Office 

specification is produced in large quantities for 

audio frequency junction circuits. In common with 

other types of cable, they can be made to comply 

with any national or private specification. 

:ABLES 

35 
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Adcola Products, Ltd. 

Associated Electrical Industries, Ltd. 

Astralux Dynamics, Ltd. 

Automatic Telephones & Electric Co., Ltd. 

Avo, Ltd. 

British Institute of Engineering Technology 

British Insulated Callender's Cables, Ltd ... 

British Resin Products, Ltd .. . 

Ericsson Telephones, Ltd. . . 

G.E.C. (Telecommunications), Ltd. 

Great Northern Telegraph Co., Ltd. 

Gresham Liou Electronics, Ltd. 

Hubbell, Harvey, Ltd. 

Light Soldering Developments, Ltd. 

Marconi Co., Ltd., The 

FIVE 

ACES! 

Brochure P.O. 34 post free on request 
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Telephone Manufacturing Co., Ltd . 
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16 Ward Brooke & Co., Ltd. . . 

Westinghouse Brake & Signal Co., Ltd. 

Whiteley Electrical Radio Co., Ltd. 

Winn & Coales, Ltd .. . 
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This is a hand that can't be beaten. Five models from 

our tremendous range of soldering instruments. Superb 

performance. Amazingly compact. Developed to simplify 

YOUR soldering. Copper bits for greatest speed. 

Permatip bits for long life. May we deal you in? 

25 

25 

LIGHT SOLDERING DEVELOPMENTS LTD., 28 Sydenham Road, Croydon, Surrey. Tel.: cRo 8589 

Published by Tiie l'ost Office Eltclrical E11g/11<ers' Jonmal. G.1'.0 .. 2-12 Gresham Street. London. E.C.2, 
and printed in Groot Britain at The Baynard Press bi• Sanders Phillips and Co., Ltd., Chrysscll Road. London, S.W.9 
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EBJ: sso 
FLOOR PATTERN P.M.B.X. CORD-TYPE SWITCHBOARD 
Introduced to meet the need for a switchboard in contemporary idiom, this new design incorporates many 

exceptional features made possible by forward thinking, new materials and modern manufacturing techniques. 

Already serving with distinction in many offices, reception areas and similar locations, these switchboards set 

new standards in functional efficiency and visual appeal and will give completely trouble-free service for many 
years O Available as Magneto and C.B. types, they are designed for use as single or multiple units. The standard 

colour scheme is light buff with a faint pattern for the main surfaces, pale mushroom for the top of the keyshelf 

and black for the plug-shelf and face equipment O The main panels which are removeable for easy access to 
equipment. are held in position by aluminium trimmer strips in anodized bronze, thus making alternative colour 

schemes readily available O For further information write to Head Office, Beeston, Nottingham. 

EB:l:CS SON TELEPHONES LTD • ET E LCO LTD 

A Princioal Operating Company of the P/essey Group. Head Office and Main Works: Beeston, Notis. Phone: 254831. Telex: 37666 

Registered Office: 22 Lincoln's Inn Fields, W.C.2. Phone: HOLborn 6936 

Up to 20 Magneto, C.B. or Auto 
exchange lines can be accommodated. 

Easy identification of "thrown" keys. 

Latest lightweight "plug-in" handset. 

Cord test and night service facilities 
on C.B. switchboards. 

Magneto switchboards have single 
positive supervision. 

C.B. switchboards have through dial­
ling and clearing, double positive or 
double negative supervision, operator 
re-call, follow-on call signal, exchange 
prohibition. A lamp signalling version 
Is also available. 

Welded pressed steel frame covered 
by replaceable laminate plastic 
panels. 

Fully tropicalized 



Performance-proven multiplexing 
for radio links -with AT & E/ CM equipment 

For multi-channel speech transmission over medium capacity microwave links, 

the AT & E Type CM transistorised series of Multiplex Equipment offers you 

proven reliability, space saving, and minimum power consumption. Type CM has 

been demonstrating its superiority in installations around the world for more 

than 3 years. For full information about how these and the other versatile multi­

plex systems in the CM range can serve your specific needs, write to: 

A complete R24B terminal 

Automatic Telephone & Electric Co. Ltd., 8 Arundel St., London, W.C.2, England. 

Telephone: �ample Bar 9262. A Principal Operating Company of the Plessey Group. 

Specifications. Equipment designation: R248 R608 R120C R300A 

Transmission type: 4-wire on radio link---
Speech channels: 24 60 ( + 12) 1 20 300 

Basebandfrequency(kc/s): 6-108 12-252 60-552 60-1300 
or 60-300 

Channel bandwidth (c/s): ---- 300-3400----
Input power (watts): 50 70 200 500 

r 
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