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Telephone Cables Limited, 
Dagenham, England.

Telephone: 01-592 6611.
Cables: Drycore, Dagenham.

Telex 896216.

Here’s 
something 

to start 
a lot of people 

talking.

Meet our latest 18-tube coaxial cable 
for MHz systems.

Developed by Telephone Cables Ltd. in 
conjunction with the British Post Office, it makes 
possible 97,200 simultaneous conversations.

This is yet another example of TCL’s experience 
in the design and manufacture of telecommunication 
cables: an experience reacdly adapted to meet your own 
particular needs, whatever they may be.

In addition to coaxial cable, TCL also manufacture
a wide range of plastic and paper insulated telephone cables 
to meetthe requirements of the B.P.O. and other telephone 
administrations throughout the world.

So why not talk to us first.
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PYE TMC......... PHILIPS

Together we’ve developed a 
60 MHz Line System 
forthe70’sand 80’s

The 60MHz coaxial transmission 
system developed for the UK Post Office 
by PyeTMC in association with Philips, 
and field tested at Marlborough, England, 
hasfully met the stringent performance 
standards specified by the Post: Office.

The Post Office is planning to usethe 
system on the most rapidly growing inter­
city routes in its network. With its 
capacity of 10,800 simultaneous 
telephone channels per pair of tubes the 
60MHz system will playa key role in 
meefing the demand ofthe next decade.

This PyeTMC development is based 
on tried and proven principles established 
by Phiiips'Telecommunicatie lndustrie 
for 1 2M Hz systems.

Repeater unit and housing with covers removed.
The photograph on the let shows a‘ 

commissioning engineer checking 
’regulation' on terminal andmain station 
equipment at Marlborough.

UKenquiriesto PyeTMC Limited - Overseasenquiriesto Philipsf Telecommunicate lndustrieB.V.,Hilversum, The Netherlands.

Pye TMC Limited
Commercial Division, City House, London Road, Croydon CR9 3QR Telephone 01-689 2151 

Cables Bubastis Croydon • Telex 946949 Phonemakers Croydon.

A wobecce fheFeo of wbrhge Gmp
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comprehensive
telecommunications
Australia extends its links with 
GECTelecommunications networks ?
GEC of England is proud to have acted as main contractor for 
the EasstWest 2GHz microwave radio system now in service, 
which brings Western Australia into the national broadband 
trunk telephone and television relay network. The largest 
single telecommunications project carried out in Australia, 
and one of the longest: systems in the world, it carries trunk 
telephone calls, at the present rate of 1.3 million per year, 
over 1500 miles between Western Australia and the 
Essiem States, and provides circuits to all centres en route. 
Working in close collaboration with the Australian Post 
Office, GEC was responsible for the engineering, 
manufacture, installation and commissioning of 
the radio equipment, and the desipn parameters 
for antennas and feeders, power plant,equipment 
shelters and towers, and overall project 
msnagement—an A$8,000,000 responsib¡lity. 
The 2GHz system is part of the 
GEC total systems capabiilty 
which includes'2GHz, 4GHz, 
6GHz, and 6.8GHz systems for 
speech or colour television on 
long haul main routes, and 
7.5GHz for speech on medium­
haul and spur routes, all in 
accord with CCIR requirements, 
together with associated 
equipments including frequency 
division multiplex, for up to 1800 
circuits, supervisory alarm indication 
and remote control systems, IF and 
baseband switching, narrowband 
auxiliary radio for serviceband, 
and antenna systems. _

■
New transcontinental route
Other main routes for which G.E.C. equipment 
has been supplied
Terminals and intermediate switching stations
Repeater stations

MICROWAVE AND LINE TRANSMISSION • MULTIPLEX • V.F. TELEGRAPHY 
DATA MODEMS • TELEPHONE SWITCHING SYSTEMS ' PRIVATE 
TELEPHONE SYSTEMS • TELEPHONES • TOTAL SYSTEMS CAPABILITY
GEC TELECOMMUNICATIONS LIMITED of Coventry, England.
A Management Company of The General Electric Co. Ltd. of England, “3BS1

GEC Microwave Systems in Australia
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comprehensive 
telecommunications

Some kinds of 
•flexibility are easier 
to show than others

The modular construction! the GEC 26Hz system, 
the latest example of systematic improvement to a 

successful and proven system, reduces field 
maintenance to a minimum and enables qualified 

maintenance enginaers to walk from a strategically 
located central depot. Replacemant transmitter 

receiver modules need no tuning or alignment on 
site and can be plugged in simply and quickly.

MICROWAVE AND LINE TRANSMISSION 'MULTIPLEX ' V.F. TELEGRAPHY 
DATA MODEMS ' TELEPHONE SWITCHING'SYSTEMS ' PRIVATE 
TELEPHONE SYSTEMS "'TELEPHONES ' TOTAL SYSTEMS CAPABILITY

The design of tho 2GHz system is flexible in 
another less obvious but equally important 

sense: it offers considerable system planning j
flexibility with complete band ceveragefr!OBF

1.7 to 2. 3 GHz and a capacity of 960 jfl 
telephone circuits or one colour television 

channel and one sound channel, or one 
monochrome teievision channel and

two sound channels. System­
planning engineers will be pleased X

to demonstrate some of the /

of the 2GHz system to you. £

i pments 
;uency

GEC TELECOMMUNICATIONS LIMITED of Coventry, England.
A Management Company of The General.Electric Co. Ltd. of England. ibbsZ
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O Reseaach,Devvloommnn,Design
Surveying. Planning.Systvms Dvssgn, 
InstalIvtion.Commissioning
Maintvnancv.Training
Transmission by Radio, Cable and Open-Wiro 
Line.Lincompvx and Echo Suppressors

All-round capability in telecommunications calls fov a rare 
combination of experience, skills and resources to pi 

research, development and manufacturing complex on which comple 
in telecommunications depends. GEC Telecommunicat 

the largest company in this field in England and one of the foremt 
the world. These are some ofthe facets of the service off

0 Frequency Divieion and Digital Multiplex, 
Audio, Programme, Signalling, 
T elegraph and Data Equipment

comprehensive 
telecommunications

MICROWAVE AND LINE TRANSMISSION ' MULTIPLEX " V.F. TELEGRAPHY:
DATA MODELS ■ TELEPHONE SWITCHING SYSTEMS ' PRIVATE 
TELEPHONE SYSTEMS ■ TELEPHONES ' TOTAL SYSTEMS CAPABILITY
GEC TELECOMMUNICATIONS LIMITED of Covvntry, England.
A Management Company of Thv General Electric Co. Ltd. of England. IBCss
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^Telecommunications
The Post Office plans to [ink Manchester, Birmingham and 
London with a 60 MHz cable system tomeet the telephone 
requirements of the '70's.
Pirelli General has already produced several lengths of 
18-tube 9.5 mm coaxial cable for Post Office evaluation 
on an experimental installation.

GENERALhas the future well in hand

PIRELLL GENERAL CABLE WORKS LTD, P.O. BOX 23.EASTLEIGH SO5 5YU, HAMPSHIRE. TEL: EASTLEIGH 2126 & 2709. TELEXl4770B5
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An i integrated cable and 
multiplexing system

'This little box 
will handle 

10,800 simultaneous 
telephone conversations. 

It is a dependent 
repeaterfor 

our 60 MHz system.

pmuvsi Telecommunication
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E39

for 97,200 telephone 
circuits is available-now

The multiplexing and the line equipment for this 60 MHz system have been designed together 
and this gives both significant advantages over systems in which the two are designed in isolation. 
But, quite apart from that, we have the advantage that we design and make our own 
semiconductors and were, therefore,in a position to develop a new technology for the integrated 
circuits required by the system. The system as a whole is a logical extension of the 12 MHz systems 
which, as far as we can ascertain, have a long-term stability never previously attained. Each pair 
of coaxial tubes carries 10,800 telephone channels. The capacity of an 18 - tube cable, therefore, 
becomes 97,200 channels.

To achieve a very low noise levee and a failure rate 
lower even than that of previous Philips’ transmission 
systems, the IC’s for modulators and amplifiers were 
designed for reduced junction temperature. In the 
buried repeaters the junction temperatures are even 
kept below 70°C.

Line equipment

Long term stabbilty. The unique approach to the 
electrical design of the automatic remote control of the 
regulators ensures a long-term stabbiity that is 
unmatched (as far as published data show) by any 
other system in the world, without requiring periodic 
adjustment. This system is the solution to stabnity 
in both amplitude and group delay.

Very low noise. The noise figure is' of the order of 
1pW/km.

Transmission O colour TV. The entire system is 
suitable for the transmission of such wideband signals 
as those for high-speed data and colour T.V.

Multiplex equipment

Meets CCITT plans 1 & 2

No separate through-connection filters required for 
900-channei blocks.

Duplicated master frequency generator. Two master 
frequency oscillators with automatic change-over are 
always running. A third is available as a hot standby.

J
Line protection switching equipment is also available 

in the total system.

Simple installation resulting from wide-range, 
accurately adjustable equalizers, and flexible level 
adjustment.

For more information apply to the following addresses:
In the U.K.
Pye TMC Ltd. 
Martell Road 
West Dulwich 
London

Outside the U.K.
Philips’TelecommunicatielndustrieBV.
P.O. Box 32
Hilversum
The Netherlands

PHILIPS
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Subject: Consoles at monitoring and testing 
area of Telegraph Transmission Centre.

Location:- 5th Floor, St. Botolph's House, Aldgate, 
London.

Built with: WIDNEY DORLEC.

It is not surprising that leading designers 
in today’s technological field much 
prefer Widney Dorlec than other 
constructional systems. 

’

The consoles shown above and the desk 
below installed at the P.O. Radio 
Station, Burnham, Somerset, are just 
two examples of outstanding versatility, 
good looks, and hidden strength. The 
unique combination only offered by 
Widney Dorlec.

To Hallam Sleigh & Cheston Ltd., the 
makers of Widney Dorlec. P.O. Box 133, 
Bagot Street, Birmingham, B4 7BO.
Telephone 021 B59 B044 Telex BB8054

Please send me the Widney Dorlec Catalogue.

Please get in touch with me personally.

Name________________________________ _____

Position/Oept. ________________________________

Company name and address r

Widney Dorlec.

I
I
I
I
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This issue of the Journal is devoted to articles describ­
ing the new British Post Office 60 MHz analogue trans­
mission system. The design is the latest in a line of 
succession, starting with the first coaxial cable system 
introduced into the U.K. trunk network in 1938. Initially 
the successson of designs used thermionic valves, but 
the limit of economic exploitation of valves was reached 
at a bandwidth of 12 MHz. Development of the transistor 
favoured the economics of wideband cable systems and 
this, together with the limited availability of microwave 
spectrum, increased the attraction of wideband cable 
systems in recent years.

The 18-pair cables to be used on main inter-city routes 
incorporate an improved version of the Standard 
2-6/9-5mm coaxial pair. The enormous capacity of 
such cable systems, carrying as they do -6,400 telephone 
circuits or their equivalent, means that special arrange­
ments will be needed to ensure their security and 
reliability. These factors, coupled with the advances in 
technology needed to create the various elements of the 
system, have demanded co-operation from a wide range 
of interests in the British Post Office and the Tele­
communications Industry. This co-operation has been 
freely given.

Will this be the last in the line of succession for high 
capacity analogue systems? Will the next increase in 
capactty he with digital transmission on coaxial pairs, 
hollow guide or optical fibre? Only time will tell as the 
economics of new system designs can be more closely 
assessed. What is certain is that this system will form the 
backbone of inter-city communications in the United 
Kingdom for some years to come, and the British Post 
Office and the Telecommunications Industry can be 
justly proud of their achievement.

Chairman of Board of Editors 
Director of Network Planning
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The 60 MHz F.D.M. Transmission System: Foreword

W. G. SIMPSON, B.SC., C.ENG., M.I.EE.f

U.D.C. 621.394.44.029.62:621.315.212

This issue of the Journca is entirely devoted to the 60 MHz 
f.d.m. Transmission system which is the latest deveeopmeut 
in land-type coaxial-cable systems. The art of coaxial-cable 
trausmissiou has advanced gradually over the years since the 
first systems appeared in the U.K. trunk network in 1938. 
These pioneer systems had a 1-3 MHz bandwidth and 
carried 320 telephone circuits. Improvements in valve 
technology and amplifier-design techniques led to systems of 
greater bandwidth until, in I960, the valve technique finally 
reached a capacity of 12 MHz yielding 2,700 telephone 
circuits. About this time the advent of the transistor resulted 
in a similar pattern with initial systembandwidthsof l -3 MHz. 
Later advances in transistors allowed systems of 4 MHz and 
12 MHz to be produced in 1965. Each new system has 
been a significant step forward but none has involved quite 
the breadth of co-operative development that has been 
applied to the 60 MHz system. Quite apart from the line 
system itself, new methods of power feeding, cable desgn, 
manufacture, installation and jointing, duct route planning 
and of maintenance repairs have been developed, and articles 
appeal- in this issue on most of these topics. Much of this 
development work is capable of wider application, the 
technique of duct lubrication, to facihtate long-length cabling, 
for example.

The requirement for high-capaccty transmission systems in 
the U.K. was foreseen several years ago when our major 
trunk routes were growing at the rate of 4 broadbands*  
per year. They are now growing at 6 broadbands per year and 
by 1985 are forecast to be expanding by 10 broadbands per 
year. These figures exclude any requirements for new services 
such as Viewphone which could further increase these 
requirements. To provide for such growth with existing 
systems would require the laying of a new cable every two 
or three years between our majior cities, together with the 
assoccated duct work. In these circumstances, the practicat 
arguments for a 60 MHz system are competing and for 
growth rates in excess of about 5 broadbands per year the 
economics are advantageous.

On the fastest growing routes in our network—-London- 
Birmingham, Birmingham-Mancheeter—it is planned to 
lay cables having 18 coaxial pairs equipped with 60 MHz 
systems together with similarly equipped 8-pair cables on spur 
routes terminating at Reading anil Leeds. Each 60 MHz

T Network Planning Department, Telecommunications Head­
quarters.

* A broadband has a bandwidth of 4 MHz and a capachy of 
900 circuits.

system has a capacity of 10,800 circuits and thus the 18-jpair 
cable has a total capaccty of 97,200 circuits. However, one 
60 MHz system in each cable will be reserved to afford 
protection to the other systems within that cable so that the 
net capachy is, therefore, 86,400 circuits. This capacity is 
roughly equivalent to the combined capacity of all other 
existing routes between the centres concerned. Spedal 
attention to system reliability is, therefore, necessay. The 
design objective for an individual 60 MHz system, 100 mites 
in length, is an availability of 99-99 per cent with a mean time 
between failures of four years. In other words, faults must not 
occur, on average, more than once in four years and should 
not cause a loss of service in excess of 52 minutes per year on 
average over the whole life of the installation, assumed to be 
25 years for this purpose. Such an objective puts stringent 
demands not only on the plant itself, but also on the environ­
ment in which it is installed.

A total systems concept has been adopted in the design, 
engineering and planning of the 60 MHz systems resulting in 
the improved techniques described in this issue. Planning for 
reliability has involved a number of departures from usual 
practice. Terminal equipment will be installed in accommoda­
tion reserved for 60 MHz purposes only and fed from an 
independent power supply of high reliability. The duct track 
(including manholes) will be completely segregated from all 
other B.P.O. external plant. Furthermore, the duct will be 
laid at twice the normal depth (or given equivalent protection) 
and on routes spcccally selected to minimize the risk of 
interference from other activities. All systems on any one 
cable will be co-terminal (i.e. no cable spurs will be made) 
and, as mentioned earlier, one system in a cable will give 
automatically-switched protection against the failure of any 
other system within the cable. These measures are calculated 
to afford the reliability required of the overall installation.

Attention nowadays is increasingly being directed towards 
digital techniques and it may well be that the 60 MHz system 
is the last major development of an analogue cable trans­
mission system for the U.K. network. The improved cable 
which has been developed as the transmission medium may 
ultimately have to play a part in a future digital network. 
Speciiaa attention has been given to evolving a cable design 
favourable to later exploitation by means of high-speed 
digital systems.

The co-ordination of the development and planning of this 
project has required a considerable effort, involving, as it has, 
both the cable and equipment industries and many duties in 
the British Post Office Headquarters, Regional and Area 
offices. The outcome is a tribute to all concerned.
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The 60 MHz F.D.M. Transmission System: 
Some of the Design Problems

L. J. BOLTON, b.sc, c.eng., mi.ee..* and J. PRITCHETT, e.r.d., b.sc.(eng.), c.eng, m.i.mech.e, m.i.e.e.

U.D.C 621.394.44.029.62:621.315.212.001

The decision to introduce 60 MHz f.d.m. transmission systems working over 2-6/9-5 mm coaxial cables 
has posed a number of special problems. This article identifies some of the problems, and later articles in 
this issue show how they have been solved.

INTRODUCTION
The introduction of an f.d.m. transmission system operat­

ing at much higher frequencies than existing systems has 
posed a number of exceptional problems. Some of these 
arise from the difficulty of working at 60 MHz and others 
result from the need to ensure that such a high capacity 
system is sufficiently secure. This article outlines some of 
these problems.

REPEATER DESIGN
In the 60 MHz system, repeaters are required at intervals 

of only 1- 5 km and thus it is particularly important for 
their cost to be kept law. This can best be accomplished by 
reducing to a minimum the amount of equipment in each 
dependent repeater, a process which also increases the overall 
reliabihty and avaiiaabiiii.;/. What’s not there can’t go wrong— 
and the most reliable component is the one that isn’t there. 
With this philosophy in mind a regulation system, new to the 
B.P.O., was applied, one of its major advantages being a 
reduced number of components.1

Another major- problem of repeater design arises from the 
need to obtain a stable performance, the traditional approach 
bring the application of negative feedback. At 60 MHz, to 
keep the feedback negative the loop path has to be very short. 
Conventional transistors with their lead-out wires would give 
too long a path. All the transistors, therefore, have been 
mounted on to one smaU ceramic substrate and the circuit 
configuration arranged so that the necessary interstage 
couplings could also be provided on the subssrate. It is 
worthy of note that, although maaor dessgn and cogstruction 
problems in the repeater design have had to be solved to take 
a repeater from the previous limit of 12 MHz to the present 
60 MHz, the present design approach is applicable to fre­
quencies appreriably higher and, already, 200 MHz systems 
are bring talked of in some quarters.

POWER FEEDING
The B.P.O. has always been very careful to ensure the 

safety of those who have to work on cables or equipment. In 
recent years this has been achieved in line systems by applica­
tion of certain rules to the power feeding of dependent

* Telecommunications Development Department, Telecommuni­
cations Headquarters.

1 Operational Programming Department, Telecommunications 
Headquarters.

repeaters, one principal requirement being a maximum 
current of SO mA d.c. Using this current on the 60 MHz 
system, it was found not possible to obtain an adequate level 
of linear output. A new power-feeding circuit had, therefore, 
to be developed which, together with agreed safe operating 
procedures, has resulted in a system at least as safe as the 
earlier ones. Again the solution evolved for the 60 MHz 
system will be applicable to any other line system of the 
future either analogue or digital.

RELIABILITY/A VAILABILITY
One consequence of introducing a line system carrying a 

greater number of telephony channels than any previous one is 
that a fault on the new system may result in interruption of 
service to a greater number of telephone conversations than 
would have been so with the smaller capacity system. Unfortu­
nately, higher capacity involves higher bandwidths which, in 
turn, means more dependent repeaters because they have to 
be more closely spaced. A 60 MHz system provides 4 times 
the number of telephony channels as does a 12 MHz system 
and requires 3 times as many dependent repeaters (assuming 
2-6/9-5mm cable). A 12-fold increase in reliability is thus 
needed to achieve comparable results on the individual 
telephony channel. One design approach, namely that of 
reducing the number of components, has already been 
mentioned. Another has been the provision of a spare 
system with automatic changeover on an end to end basis in 
the event of failure of any one of the (up to) eight working 
systems in an 18-pair coaxial cable? One disadvantage of this 
arrangement is that all systems have to pass through a 
common switching equipment—a site of extreme vulnerability. 
Very special measures have been taken—Including facilities 
for rapid manuaa patching of the 60 MHz hypergroups in the 
unlikely event of the switching apparatus going faulty. It is, 
however, noteworthy that experience has shown that the 
major cause of outage time arses from cable damage, rather 
than faults on transmission apparatus and so it is on the 
cable aspects that there is most scope for improvement of the 
availability.

TRANSLATING EQUIPMENT AND FREQUENCY 
GENERATING EQUIPMENT

Many of the solutions found for problems in the line 
system were also applied to the translating equipment, e.g. 
design of suitable amplified. To meet, at 60 mHz, the overall 
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frequency devvation permitted, frequency generating equip­
ment of a higher order of stabiiity than previously necessary 
has had to be designed? To avoid the necessity for distri­
buting very high frequencies around repeater stations where 
the irrnsiating equipment is housed, the final derivation of the 
required frequencies is carried out on the translating equip­
ment racks. This is a practice new to the B.P.O.

ROUTE CONSTRUCTION
The importance of the 60 MHz system justified a critical 

review of the route environment. The damage rate currently 
suffered by existing trunk cables would be unacceptably high 
for a single 18-pair cable carrying up to eight working 
systems each with a 60 MHz bandwidth. Damage to existing 
cables is mainly due to roadworks works by other under­
takings on their own plant and works on other B.P.O. plant. 
The man requirements for the new cable are, therefore, 
physic^ separation from other plant and, where possble, 
avoidance of routes along roads that might be subject to 
later widening. The main desgn features of the new route 
thus became:

(a) the avoidance of routes clearly subject to hazards to the 
cable,

(b) the adoption of increased depth of cover (or equivalent 
protection),

(c) isolation from other plant.
In order to meet these requirements it was clearly necessary 

to examine the whole field of past, present and po--iblr 
future coinsruction methods, bearing in mind the need for 
standards high enough to ensure satisfactory service relia­
bility. At an early stage the po-sibiiity of using an armoured 
cable installed by moleplough was considered but it was 
realized that sp<rciai plant would have to be developed to 
handle the long and heavy lengths of cable which would be 
needed. A study showed that the nature of the projected 
routes would allow only limited scope for moleploughing 
and that development of the necessary plant could not be 
justified. Calculations showed that a ducted cable would be 
less costly to instail and simpler to maintain, and tests 
reveaied that the duct would provide adequate mechanical 
protection for the cable.

Cable for high-integrity routes (sometimes called hard 
routess have been instaled in America by trenching and 
direct burial, while a moleploughing technique has been 
adopted in Australia.5 Both methods are appropriate for a 
cross-counti-y environment but neither would be widely 
applicable to the U.K. because of the shorter route lengths 
involved and the nature of the terrain.

Polyvinylchloride (p.v.c.) duct with 102 mm inside diameter 
was chosen as this size allows the- use of rod-pushed gas­
leakage detectors. From trials it was known that 500 metre 
lengths of the 18-pair coatial cable could be pulled in without 
exce-sive tension provided the cable was lubricated. Repeater 
spacing at 1,500 metres then requires two joints per section 
although practicaa difficulties in sting jointing points may 
increase the number of joints. The cable joints and repeater 
housings will generally be installed in manholes, but in 
speciai circum-ance- they may be buried directly in the 
ground and suitably protected against damage.

PRODUCTION AND INSTALLATION OF CABLE
The various types of 2-6/96 mm coaxial cable in current 

production in the U.K. are all suitable for use with a 60 MHz 
f.d.m. irrn-mi--ion system despite the fact that the original 
design was intended for lesser systems. It is historically true 
that every cable— of whatever kind—which has been in-trllrd 
for a particular purpose for the B.P.O. has been succes-Sully 
converted at some time or other for use at a higher frequency 
than that originally intended. This is to be expected in an 
ever-deveeoping cable network6 and the fact that such con­
versions can take place at all indicates that the quality of the 
original product was high enough to match the rapid develop­
ment of telecommunications technology.

The drci-ion to use the 2-6/9-5 mm coaxial cable for the 
new 60 MHz system gave the opportunity to review the 
po-sibility of extending its electrical performance even further 
and to assess its potential for eventual use with digital systems. 
It was soon apparent that the current cable designs could, 
indeed, be exploited in this way but there was some doubt 
that the digital iran-mi--ion rate achievable would make such 
use economic. fit was realized that anything which could be 
done at a reasonable cost to enhance the digital capability 
of the cable would probably be worth while in the long run. 
A review of the current cable designs and manufacturing 
processes showed that such an enhancement would be possible 
without making any radical changes to the fabrication 
machinery and this has now been done with the full co­
operation of the British cable makers.7

Improved installation techniques have had to be developed 
to suit the needs of the new cable, whether for use on public 
highways or across country and with proper preparation 
there is every reason to suppose that the integrity of the 
routes will be amply high enough to meet the service require­
ments of the system.

Much of the development which has been done on the cable 
design itself, on the production processes and on the installa­
tion techniques will eventually influence other parts of the 
cable network. Already the technique of lubricating the duct 
rather than the cable has found its way into the local network. 
Furthermore, fundamental thoughts on the reliability of 
60 MHz routes are being increasingly applied to the wider 
telecommunications field.
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The 60 MHz F.D.M. Transmission System:
The Line System

B. HALL, and J D. BUFFINT

U.D.C 621.395.457.029.62:621.315.212

This article describes the development of the 60 MHz line system giving a total capacity of 10,800 
telephone circuits on two 2-6/9-5 mm coaxxal pairs. Compared with earlier narrower-band systems, the 
noise performance has been improved and the reliability enhanced.

INTRODUCTION
The 60 MHz f.d.m. transmission system has been designed to 
provide over two coaxial pairs 10,800 high-quality telephone 
circuits to C.C.I.T.T.:: standards or the equivalent quantity 
of television and data signals. For television and data signals, 
facilities for one-way transmission are desirable and the 
power-feeding and supervisory systems have been designed 
so that the equipment associated with each coaxial pair is 
self-contained and independent of the other direction of 
transmissson.

The system has been designed to operate on 2-6/9-5 mm 
type coax! cable, with a maximum length between terminal 
stations of 278 km. Main stations (power-feeding stations) 
are required after 66 km, and, with dependent repeaters 
spaced at 1’5 km intervals, there is a maximum of 43 repeaters 
between power-feeding points. The principal component 
parts of the system are shown in Fig. 1.

MAIN FEATURES
A dominant consideratton in the dessgn of the line system 

was its availabiiity, that is, the proportion of time that the 
system performs slltisfacto^iiiy, and to achieve this, the 
objective for reliabiiity was set at one fault per 160 km of 
bothway system per 4 years.1 To meet this target, three 
main measures were taken.

(a) The amount of active equipment underground has been 
kept to a minimum, and so the dependent-repeater equipment 
has been designed to be as simple as possible. The more 
complex equipment has been confined to the surface stations 
where it is readily accessible and replacement: of faulty items 
can be affected fairly rapidly.

(b) The cable has been buried to a depth of 1-2m, which 
is twice the depth of existing cables. On present line systems, 
cable faults account for a major proportion of the system 
outage time, due to the vulnerabihty of the cable environment 
and the difficulty of locating and repairing such faults quickly.

(c) A11 systems within the same cable sheath are co­
termin! and each cable has been equipped with one standby 
system. In the event of a fault on a working system, automatic 
changeover to the standby takes place.2

1 Telecommunications Development Department, Telecom­
munications Headquarters.

1 C.C.I.T.T.—Intenaationa1Telegraph and Telephone Consulta­
tive Committee.

The main features of the system are that

(a) the nominal repeater spacing is 1-5 km on 2-6/9‘5 mm 
coaxial pair,

(b) the distance betweenmain stations is 66 km maximum,
(c) the power-feeding system is safe,
(d) the spread of the overafi gain/frequency response on a 

278 km route is less than 0'5 dB,
(e) over a cable temperature range of 0-20° C, the change 

in insertion loss of the system does not exceed 0-5 dB for a 
278 km route length,

(f) the total psophometrically weighted noise in any 
telephone channel does not exceed 1-5 pW/km, assuming a 
mean absolute power loading of —15 dBmO per channel on 
all channels, and

(g) the system supervision is routed over the coaxi! pair.

POWER-FEEDING SYSTEM
Power is fed to the dependent repeaters over the inner 

conductors of two coaxial pairs. Power-feeding equipments 
for coaxial line systems used by the British Post Office 
(B.P.O.) have always been designed to ensure the maximum 
safety of personnel working on such systems. With valve 
systems, high voltages and currents were necessary and very 
elaborate power interlocks were needed.3 These precautions 
were expensive and irksome to operate. With the advent of 
the transistor, it became possible to operate line systems 
from a direct currenf of 50 mA with a voltage limitation of 
250 volts to earth. It has been accepted that, provided the 
current through a man (assumed to be 2,000-ohms resistance) 
touching a power-feeding conductor is reduced to 50 mA or 
less within 250 ms of contact with the line, precautions are 
not necessary to prevent the man coming into contact with 
the line.4 To achieve an adequate linear output from the 
dependent repeaters, it has been necessary to use a power­
feeding current of 110 mA for this system. In addition, as the 
voltage drop across each dependent repeater is approximately 
21 volts with repeaters spaced at 1-5km intervals and a 
spacing between main stations of 66 km, a maximum 
power-feeding voltage of about 1,000 volts is required. The 
safety requirements of previous systems have been fully 
respected in a new power-feeding equipment that has been 
designed for the 60 MHz f.d.m. transmission system but 
which may be used in other systems. This will be fully 
described in a later issue of this journal.
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Fig. l —Block diagram of the line system

A simplified block diagram of the power-feeding arrange­
ment is shown in Fig. 2. Under normal conditions, the inner 
conductors of the two coaxial pairs are used to complete 
the power-feeding loop and the four generators are connected 
in series aiding.

As the power-feeding circuit for each coaxial pair is similar, 
only one coaxiaa pair need be considered to understand the 
principle of operation, see Fig. 3. The normal voltage distri­
bution along the coaxial pair is shown in Fig. 4. This shows 
that, at one point between stations A and B, the voltage to 
earth (coaxial outer) is zero. Accidental contact of a man 
between the inner conductor and ^air.h can be represented 
by a resistance R shown in Fig. 5. Under these conditions, 
the power-feed current 1b from station A, flows through 
resistance R. In addition, the power-feed current 12 from 
station B, also flows through resistance R, but in the opposite 
direction. The power-feed generators are designed to give 
a constant current ouput of UO mA and, with resistance R 
connected between the inner and outer conductors of the 
coaxial paii", the output voltages of the power-feed generators 
automatically and rapidly adjust so that the voltage gradient 
along the coaxial pair is as shown in Fig. 6. Because 
currents 1j and 12 are designed to be equaa for all loads, the 
current through resistance R and the voltage across it will 
both be theoreticafly zero. However, in the practicaa design, 
it is not possible to make the currents 1 and 12 always 
eiactly equina and a smaH residual current flows through 
resistance R, but, under the most adverse conditions, this 
unbalance current does not exceed 30 mA. Similar argu­
ments apply for acctdental contact of a man between the 
inner conductors of the two coaxial pairs shown in Fig. 2.

Both generators must be present and working correctly 
if the current through resistance R is to be reduced to a 
minimum. To this end, a control system is provided to ensure

Fig. 2—Simplified block diagram of the power-feeding system

that both generators are operating correctly at all times. 
See Fig. 7.

The Control System
The power-feed system can be switched on from either end 

of the section. On operating the start key at the appropriate 
station, a switch-on tonefo is transmitted to the other station 
and, because it is a low frequency (6-3 kHz), it can traverse 
the system unamplified and bypass the line amplifiers via the 
power-feed path. The /0 detectors at both stations operate, 
disconnecting the generators from the line, and connecting 
them to their dummy loads. Once each generator is delivering 
the correct current into its dummy load, a monitor tone, f i 
or f2 according to the station, operates the local f\ or f2 
detector. At the same time, the monitor tone is transmitted 
to line. The receipt of this tone at the other end of the power­
feed section operates the appropriate detector. The operation 
of both detectors at both stations switches the generators to 
line, simultaneous:/. The switch-on tone f, is now removed 
and only the monitor tones, flj (5 kHz) and f2 (8 kHz) are 
transmitted to line whilst the system is working normally.

Safety Features of the Power-Feeding Equipment

The safety featur-es of the power-feeding equipment are 
summarized below.

(a) If either of the control tones fj or/2 fails to arrive, the 
generators do not switch to the line and close down after 
a short period during which they are connected to their 
dummy loads.

(b) If the line is not continuous, then the switch-on tone f( 
will not be received, and nothing happens at the receive 
station. At the send station, the generator is connected to its 
dummy load and, after a short time, it automatically closes 
down.

(c)Should an additional load, for example, a man, be 
connected in series with the line, the level of the switch-on

STATION A STATION B

Fig. 3—Powei-ffeeding over one coaxial pair
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Fig. 4—Normal voltage distribution along the coaxial pair

STATION A STATON 3

Fig. 6—Redistribution of voltage during a fault

Fig. S—Balancing of power-feed circuit during a fault

tonefo will be attenuated and be below the operate threshold 
of the detector. At the receive station, the generator is not 
energized and the generator at the send station closes down.

(d) The line current is monitored continuously and alarms 
are given if the line current deviates by more than 2 per cent. 
The power-feeding system closes down if the line current 
deviates by more than 7 per cent.

(e) The control-logic circuitry has been designed so that 
the balancing action of the generators is maintained at all 
times and, if this is not possible, then the system is closed 
down.

AUTOMATIC LEVEL REGULATION

To compensate for the change in cable attenuation due to 
the change of cable temperature, the gain of about one in five 
of the dependent repeaters is regulated. The regulation is 
controlled by a 61-16 MHz pilot which is transmitted over 
the full length of the system and monitored at all main 
stations and the receive terminal. If the level of the pilot 
changes by more than +O-2dB from its nominal level, it 
is corrected by adjusting the gain of the pilot-controlled 
regulated amplifiers at these stations. At the same time a 
remote-reguLation system is brought into action by trans­
mitting a command signat in the reverse direction over the 
transmission path. The command signals are either 14 kHz or 
17 kHz and can traverse all the dependent repeaters between 
two surface stations, unamplified, in the reverse directionvia 
the power-feed path. See Fig. 8.

At the transmit station, these command signals are received 
and used to control a variable osctilator operating in the 
range 8-32 kHz. Receipt of the 14 kHz signal decreases the 
frequency of the variable osriilator, whilst receipt of the 
17 kHz signaa increases its frequency. The frequency produced 
by the variable osriilator is_amplitude modulated onto a 
2-9 MHz regulating pilot which is then transmitted from 
that station to the next main or terminal station. Regulated 
dependent repeaters are sited at intervals between these 
stations. Here, the modulation signal is detected and the 
derived d.c. signaa is used to conteo! the gain of that repeater. 
The frequency of the modulating signal nominally 2o kHz 
for a cable temperature of 10° C, increases for higher tem­
peratures and decreases for lower temperatures. The amount 
of correction bring applied at the main or receive stallion is 
evenly distributed to the dependent regulated repeaters in that 
sucton and the gain of the pilot-regulated amplifier at the 
main or the receive station is restored to nominal All regu­
lated dependent repeaters obtain the same information and, 
hence, change their gam by the same amount. The 2-9 MHz

Fig. 7—The control system

regulating pilot is suppressed at each main station and so 
each power-feeding section is self contained.

The command signals are only transmitted whilst a change 
in gain is required, but the modulated 2-9 MHz regulating 
pilot is transmitted continuously. If the 2-9 MHz regulating 
pilot or the modulating frequency fails, the dependent 
regulated line amplifiers automatically switch to a low-gain 
setting to prevent overloading of subsequent systems. Failure 
of the 61-16 MHz pilot, however, results in the receive 
regulated amplifiers in the main stations and the receive 
terminal switching to nominal gain and the command signals 
being inhibited. Thus, the dependent regulated line amplifiers 
remain on the same gain setting as they had before the failure 
occurred.

Pre and Post Regulation

On existing B.P.O. line systems, post regulation is used, 
that is, the change in cable attenuation due to change in 
cable temperature is fully compensated for by the regulator 
at the receiving end of the section. It can be seen from Fig. 9 
that, if post regulation were used on the 60 MHz line system, 
the level of the 61-16 MHz pilot received at each regulated 
repeater would deviate by ±2-8 dB from nominal for a 
+10° C change in cable temperature, and the pilot level would 
be restored to nominal at the output of each regulated repeater. 
This would result in the overall system having a higher 
intermodulation noise in winter, when the output level of all 
unregulated repeaters would be higher than nominal, and a 
higher thermal noise in summer, when the gain of the regulated 
repeaters would be higher than nominal.

On the 60 MHz system, pre and post regulation are used 
simulianeousiy, that is, the change in cable attenuation due 
to change in temperature is corrected, in part, at the transmit 
end of the cable section and the remainder at the receive 
end of the section. In this arrangement, shown in Fig. 8, 
at maximum cable temperature, the output levri of the pilot 
transmitted from each dependent regulated repeater is 1-4 dB 
above nominal and it is received 1-4 dB below nominal at 
the next dependent regulated repeater. At minimum cable 
temperature, the converse is the case. Thus, between two main 
stations, not more than half of the repeaters have a lower 
input level than nominal and, at the same time, the other
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half are operating at higher levels. In this way, the total noise 
of the system is about the same at all cable temperatures.

It can be seen from Fig. 8 that a repeater sited at a mid 
point; between two regulated repeaters has a constant output 
levee at all cable temperatures. Therefore, by siting the 
regulated repeaters such that the distance from the transmit 
station to the first dependent regulated repeater and the 
distance from the last dependent regulated repeater to the 
receive station is half the nominal distance between regulated 
repeaters, the output levels of the transmit and receive 
terminal amplifiers can also be kept constant. The nominal 
sign! levee at these points is then independent of the seasonaa 
variation of cable temperature.

THE DEPENDENT REPEATER
In any coaxXa-line system, the maoir unit; is the dependent 

repeater which amplifies the transmitted signal at regular 
intervals along the cable. For a 278 km route, equipped with 
a 60MHzsystem, about. 186 repeaters areconnectedin tandem, 
and the system behaviour, both in terms of performance and 
reliabiiity, is largely determined by the dependent repeater. 
Thus, the repeater design has been kept as simple as possible 
and the number of components reduced to a minimum.

Each dependent repeater caters for only one direction of 
transmission. Block diagrams of a regulated and a non­
regulated dependent repeater are shown in Fig. 10 and aphoto- 
graph shown in Fig. 11. The amplifier has four stages and uses 
overaH negative feedback to achieve the extreme gain stability 

required. The large amount of negative feedback necessary 
over the frequency band 4-60 MHz requires transistors with 
a high cut-off frequency, this being about 2-5 GHz and, in 
addition, a very short physical length of feedback loop is 
essential. The transistors are, therefore, mounted on a single 
ceramic substrate, together with small coupling capacitors, in 
one encapsulation 14 mm in diameter and 6 mm high. The 
physical length of the feedback loop is about 20 mm. A 
stud mounted on the encapsulation provides an efficient heat 
sink so that the highest junction temperature is less than 75° C 
at the ambient temperature that exists in the underground 
housing. To obtain confidence in the reliability of the tran­
sistors, batch samples of each type were subjected to acceler­
ated-life tests and a program of stress tests at elevated tempera­
tures was carried out jointly by the manufacturer and the 
B.P.O. Research Department.5

The amplifier has a nomin! gam of 27-75 dB at 61-16 
MHz and a shaped-gain characteristic which compensates for 
the cable attenuation, the most important characteristic being 
the match to the cable shape. Both the regulated and fixed- 
gain repeaters are similar in design; in the regulated repeater, 
the gain is under the control of the modulation on the 2-9 
MHz regulating pilot, whilst, in the non-regulated repeater, 
the gain is strapped in 0-5 dB steps over the range — 1 -0 dB 
to +2-0 dB relative to the nominal. Line build-out networks 
of 2- 5 dB and 5-0 dB are provided in both types of repeater. 
The repeaters can be sited so that the distance between them 
is in the range 1,100-1,610 m but the running average of the 
eleccrical lemg(;th should always be within 55 m of 1,500 m.
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Fig. 10—Bilock diagrams of the dependent repeater

Planning rules have been designed to achieve this aim. The 
output level of the non-regulated repeater can be adjusted 
to be within 1 dB of nominal at 10° C, whilst the regulated 
repeaters should be set to have nominaa output at 10°C.

In the regulated dependent repeater, the modulation on the 
29 MHz regulating pilot is detected, and the d.c. signal 
produced is applied to a network in the feedback path of the 
amplifier to change its gain. A failure of either the modulating 
frequency or the 2 - 9 MHz regulating pilot drives the amplifier 
to minimum gain, that is, 4 dB lower than nominal.

The power to operate the dependent repeater is extracted 
from the inner conductor of the coaxial pair' by means of the 
power-separating filters at the input and output of therepeater. 
Each repeater is equipped with its own fault-location oictllator, 
the output of which is injected at the input of the amplifier.

THE TERMINALlSTATION TRANSMIT 
EQUIPMENT

A simplified block diagram of the terminal transmit 
equipment is shown in Fig. 12. The incoming traffic is fed 
to the transmit-in unit. This unit provides

(a) a high-pass filter to cut-off all frequencies below 
3-96 MHz which could interfere with the system supervisory 
signals and the 2-9 MHz regulating pilot,

(b) a hybrid network for combining the traffic with the 
2-9 MHz regulating pilot and the system rirrm signals, and

(c) a band-stop filter to give 40 dB suppression in the 
61 -16 MHz pilot band and a hybrid network for combining 
the traffic with the 61 -16 MHz regulating pilot.

The output from this unit is fed directly to the transmit­
out unit where, after amplification, the combined sgnal is 
split into two equal outputs. One output is pre-emphasized by 
10 dB, making the levee of signals at 61-16 MHz 10dB 
higher than the levee of signals at 4 MHz. The purpose is to 
achieve a balance between the basic thermal noise and the 
intermodulation noise so that, at the output of the system, 
each speech channel has the same signal-to-noise performance. 
The signal is then equalized to correct the attenuation/ 
frequency distortion introduced by the transmit terminal and 
fed to the power-separating filter unit. The second output is 
fed to a wideband sgnaa monitor- which indicates the traffic 
load being applied to the system and gives an alarm if the 
load is excessive.

A monitor of the 2-9 MHz regulating pilot at the output 
of the transmit terminal is also provided.

The power-separating filter unit combines the traffic output 
with the line power for transmission to line. In addition, it 
extracts the regulation command signals, in the frequency 
range F4-17kHz, from the line and feeds them to the 
regulation-frequency generator where the 2 - 9 MHz regulating 
pilot is modulated with the regulation information and 
injected into the system via the transmit-in unit. It also 
monitors the lev! of the regulation-frequency output.

THE TERMINAL-STATION RECEIVE 
EQUIPMENT

A simplified block diagram of the terminal receive equip­
ment is shown in Fig. 13. The incoming line is connected 
direct to the power-separating filter unit which separates the 
h.f. transmission signals from the power-feeding and regula­
tion command signals. After passing through the line build­
out network, the signal is fed to the receive-in unit. This unit 
contains

(a) the receive amplifier which has a gain/frequency shape 
identical to the dependent repeater-, but the gain is regulated 
by the 61-16 MHz pilot, the regulation information being 
derived from the pilot-receiver unit,

(b) the mop-up equalizer for the section from the last 
main station and the de-emphasis network, and

(c) a variable residual equalizer, the attenuation/frequency 
response of which is under the control of the 2-9 MHz 
regulating pilot.

Because the gain/frequency characteristic of the dependent 
regulated repeaters cannot exactly match the change in the 
attenuation/frequency characteristic of the cable over the 
required temperature range of 0-20° C, err ors occur in the 
overall equalized response of the line system owing to seasonal 
variations in cable temperature. However, as the modulating 
frequency present on the incoming 2-9 MHz regulating pilot 
is directly related to the amount of remote regulation being 
applied and, hence, the cable temperature, this information 
can be used to control the attenuation/frequency character­
istic of the equalizer. By this means, the error in the overall 
attenuation/frequency response of the system due to seasonal 
changes in cable temperature can be reduced to less than 
0-1 dB.

The receive-in unit provides
(a) a man transmission output for connexion to the 

universal equalizer, this being a variable equalizer consisting
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Fig. Il—The dependent repeater
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Fig. l2—Simplified block diagram of the terminal transmit equipment

CONTROL

I GENERA!OR

l I
|_POWER FEED_j

of twelve cosine terms used to reduce the overall attenuation/ 
frequency distortion of the system to less than 0-5 dB,

(b) an output for connexxon to the wideband load monitor 
to check the system traffic loading, an alarm being given if 
the loading exceeds a predetermined maximum, and

(c) an output to the pilot receiver.
The receeve-out unit provides 40 dB suppression of the 

61-16 MHz pilot, extraction of the traffic band signals for 
connexion to the multiplex equipment via a 3-96 MHz 
high-pass filter which suppresses the regulation and 
supervisory signals and extraction of the regulation, alarm 
and supervvsory signals for connexion to the regulation­
frequency receiver. In the regulation-frequency receiverr the 
2-9 MHz regulating pilot is selected via a band-pass filter, 
amplified and detected to provide a d.c. output signal to 
control the system variable residuat equalizer.

MO

The 61-16 MHz system regulating pilot is modulated 
with the output of a local oscillator of frequency 65 -56 MHz, 
the lower sideband (4-4 MHz) being extracted and fed into a 
detector unit. One output from the detector is used to control 
the gain of the pilot-regulated receive amplifier. A second 
output is used to control the output of the unit producing the 
14 kHz and 17 kHz command signals, which are routed via 
the power-separating filter unit to line for transmission to the 
transmit terminal.

MAIN STATION
Main stations are spaced up to 66 km apart and provide 

power feeding to the dependent repeaters on either side. Each 
power-feed unit is identical to those used in terminal stations 
and the h.f. transmission path consists of units identical to
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those in the terminal Nations. Additional supervisory 
facilities are provided to isolate the supervisory tones of one 
regulation section from the next. Amplification of the 4-wire 
audio speaker, which is smiler to that used on the B.P.O. 
standard 12 MHz Coaxial Line System (C.E.L. 4000)6 is 
also provided.

SYSTEM SUPERVISION
Two distinct types of supervision are provided which can 

function separately and independently of each other. The first 
is concerned with the supervision of terminal and main station 
alarms and the second with supervision of the dependent 
repeaters.

Terminal and Main-Station Alarm System
At the terminals and main stations, a number of conditions 

are monitored continuously by equipment which gives an 
alarm if any of these conditions are outside pre-set limits. See 
Fig. 14. Each monitoring circuit has a standard output 
terminal which is normally at a reference potential designated 
0 or the good state. If a fault condition is detected by the 
monitor, its output changes to a different voltage designated 
1 or the alarm state. The outputs from all monitors are fed 

to a local-station alarm unit and, in addition, are fed to an 
alarm encoder. In the encoder, an rlrctromc switch examines 
the state of each alarm wire in turn and causes a pulse to be 
generated, the width of this pulse being modified by the 
presence of an alarm condition. Up to 20 of these alarms 
can be scanned by the encoder, the total alarm sequence 
being repeated about once per second. In this way, a series 
of pulse trains is produced which represents the state of all 
the selected alarms, at that time, as wide or narrow pulses. 
This information is fed to an alarm transmission system which 
is concerned only with transmitting the alarm information 
to a remote station. The pulse train is amplitude modulated 
onto an alarm carrier whose frequency is unique to that 
station. Each teinninal and main station is allocated one of the 
following alarm carriers, 3-720, 3-724, 3-728, 3-732 and 
3 ‘736 MHz which allows sufficient spacmg for the separation 
of each modulated carrier.

At the receive terminal, a selective detector is provided for 
each of the above frequencies. The recovered pulse train is 
decoded and the information is fed to a display showing the 
state of each alarm at the corresponding station. Each set 
of detection and display equipment is independent.

Normally, when the line system has been set up for both- 
way transmission, the alarm information from each station
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Fig. 15—Dependent repeater alarm system

will be extended in both directions, so that each terminal has 
information about both directions of transmission. If one­
way transmission is used, for example, for television or data, 
such that, both coaxial pairs associated with one power-feed 
system are transmitting in the same direction, alarms from the 
transmit terminal and power-feeding stations can only be 
displayed at the receive terminal.

The Dependent-Repeater Supervisory System
The dependent repeaters are supervised by monitoring the 

frequency and level of a tone in the frequency band 3-2­
3 ‘3 MHz generated within each repeater and injected into the 
input of the amplifier. SeeFig. 15. Every dependent repeater in 
a power-feed secion is allocated a different frequency, 
enabling the source of each tone to be recognized.

The individual fault-location oscfllator tones from all the 
dependent repeaters along one power-feed section are 
transmitted to the main station where they are available for 
direct monitoring (by additionaa equipment) should this be 
required. A high-pass filter in the main station at the receiving 
end of each power-feeding section, prevents transmission of 
the tones into the adjacent section. At each main station, 
the tones incoming from the preceding section are modulated 
with a frequency produced by a local oscfllator and the side­
bands extracted for onward transmission to the receive 
tormina. The frequencies of the locaa oscfllators are chosen 
in 50 kHz steps, in the range 300-450 kHz, to place the tones 
from each section into a separate frequency band. This 
arrangement permits all the tones from each power-feeding 
section to be extended to the receive terminal without mutual 
interference.

At the receive terminal, equipment is provided which 
continuously monitors all these tones in a fixed sequence and 
gives an alarm if any one of them falls outside pre-set limits. 
The equipment consists of a selective receiver which can be 
remotely tuned to each tone in turn. The receiver is swept 
over the range in 1 kHz steps, pausing at each frequency long 
enough (approximatriy 20 ms) to obtain a measurement of 
its level so that the 250 tones available on a maximum length 
system will be interrogated once every five seconds. The 
scanner will normally operate continuously and automaticany. 
The presence of an alarm condition causes a 3-digit numerical 
display to be illuminated which shows the code number of 
the alarm or, for multiple alarms, the code number of the 
first alarm condition to be detected. A manual control is 
provided to enable a particular tone to be identified and 
monitored continuously. Equipment for monitoring the tones 

is normally provided only at the receive terminal. The same 
equipment could be installed at the main stations, if required, 
but this should not normally be necessary since the location of 
a fault can be determined from the receive tenninal. Fault­
location tones are not fed back to the transmit tenninal.

SPEAKER SYSTEM
Four-wire duplex engineering speakers are provided on the 

audio quads in the cable, each bothway system having an assocc- 
ated speaker. Each speaker pair is loaded with an inductance of 
88 mH at the dependent repeaters. Access to all the speakers 
is available within the dependent-repeater housing. A nomi­
nated speaker is made available externally to the repeater 
housing so that communication can be established with the 
terminal station before work is commenced. Access to all 
the speakers is also available on the protection switching 
equipment. The facilities and operation of the speaker 
are identical with those on the C.E.L. 4000 system.6

CONCLUSION
The 60 MHz f.d.m. transmission system is currently under­

going a field trial at Marlborough, Wiltshire and the results 
obtained so far indicate that the performance parameters 
specified have been achieved. The transmission-path per- 
formance is superior to that obtained with any of the earlier 
systems.
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The 60 MHz F.D.M. Transmission System: 
Evaluation of Active Devices
D. BAKER, b.sc., A.INST.P.T

U.D.C. 621.394.44.029.62:621.382,001.4

INTRODUCTION
One of the most important requirements for the 60 MHz 
systems was the development of suitable active devices. These 
had to

(a) be capable of being used in circuits giving the required 
gain to offset the cable loss,

(b) be sufficiently reliable to withstand the ravages of time, 
of lightning, and of man-madeinterferenceso that, even though 
several hundred are connected in cascade along a trunk-cable 
route, the failure rate is acceptably low (The target for the 
system was 1 fault per 160 km of bothway circuit per 4 years 
from all causes.),

(c) be capable of being produced in sufficient quantity and 
at a price low enough to make the 60 MHz system viable.

To enable overall negative feedback at 60 MHz to be 
maintained, interconnexions have to be very short. The 
design approach was, therefore, to mount all the transistors, 
together with interstage coupling components on to a small 
alumina substrate.

The large amount of experience accumulated by the 
British Poss: Office Research Department in ass<e>s>sn.g the 
reliabiiity of transistors for transoceanic telephony cable 
systems was applied to the related problem of evaluating the 
60 MHz system active devices.

Evaluation was divided into two discrete aspects:
(a) evatuation of transistors, and
(b) evaluation of assemMed composite devices.

A photograph of one of the devices is shown above.

EVALUATION OF TRANSISTORS
An mitial design study of the current transistor types 

chosen for use in the system suggested that a change from an 
aluminium contact system to titanium/gold contacts would 
provide a better long-term performance in the 60 MHz 
system.

To evaluate each type of transistor used, samples (of the 
order of about 25 of each type) were produced and encapsu­
lated individually in the normal way (using hermetic seals). 
The parameters of each transistor were first measured at a 
case temperature of 50°C. The temperature of the case was 
then raised to 100°C, the transistor energized to dissipate 
an appropriate power and left for 20 hours. The temperature 
was then reduced to 50°C and the parameters again

t Research Depanmentt Telecommunications Headquarters. 

measured. The process was repeated, at each stage raising 
the temperature by 20°C until failure occurred. A typical 
definition of failure was an emitter-base (or collector base) 
current of 2 pA or a change of gain of 50 per cent or more.

From these measurements it was established that the current 
gains, leakage currents and contact resistances exhibited good 
stability during the tests. It was predicted that the devices 
as tested in their individual hermetic encapsulations would 
be adequate from the reliability and stability points of view 
for the 60 MHz system.

EVALUATION OF ASSEMBLED COMPOSITE 
DEVICES

Having proved that the individual transistor chips were 
potentially adequate, it was then necessary to prove that 
fixing them to their substrate, providing the necessary inter­
connexions (including coupling capacitors), fixing the sub­
strate and sealing the whole into a hermetic encapssllation 
would not cause deterioration.

To this end, some units were fully equipped and subjected 
to temperature cycling from —65°C to +175°C at least 
10 times and changes of performance monitored.

Other encapsulations had ceramic substrates fixed and 
were tested for the possible adverse effects due to moisture 
and metal migration.

Tests were also carried out on other batches to:
(a) see whether stresses caused by mechanical shock 

adversely affected the metal glass seals of the package,
(b) prove that the leads remained sufficiently flexible and 

solderable after being subjected to the heating rssocirted 
with the fixing of the substrate, and

(c) to verify, by electrical means, that no hair cracks 
appeared in the substrate as a result of its being brazed to the 
base of the encapsulate

The results of all these tests indicated that the device, 
with individual transistors and coupling components inter­
connected by titanium/gold contacts and a gold-wire inter­
connecting system, fitted to an alumina substrate in firm 
mechanical and thermal contact with the base of a hermetic 
encapsulation, was suitable for use as an active device on the 
60 MHz system. Later, protective diodes, to prevent dangerous 
energies arising from lightning discharges or other surges from 
damaging the high performance transistors were also mounted 
on the substrate and inter-cornected as an integral part of the 
assembby.
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The 60 MHz F.D.M. Transmission System: 
Frequency Translating Equipment
F. A. FRANKS and K. R. HARRkSpN, m.sc, b.sc.(eng.), A.c.G.i.f

U.D.C. 621395.452:621.372.632

For the 60 MHzfÊd.m. transmission system it is necessary to translate 15-supergroup assemblies into one 
frequency spectrum. This arlicle dismisses the equipment needed for this assembly and deals in particular 
with the line frequency spectrum.

INTRODUCTION
This article gives a general outline of the multiplex equipment 
required at a 60 MHz system terminal with the main emphasis 
on the line frequency spectrum assembly. The centralized 
frequency-generating equipment which forms an essential 
part of the multiplex function is also described in this issue?

In view of the need for extreme relialuiiii^ty, the higher 
frequencies involved and the requirement for a much higher 
order of frequency stabiliLy, a field trial of the multiplex 
equipment has been established in connunction with the 
60 MHz line system also described in this issue? This has 
enabled a complete system, i.e. master frequency-generating 
equipmenit, translating equipment and the line system to be 
tested in a repeater riation environment.

UTILIZATION OF SYSTEM BANDWIDTH
There are numerous ways in which the line frequency 

speccrum of the 60 MHz transmission system can be utilized. 
Obvious aims are maximum channel capaccty and the desire 
to facilitate interconnexion with existing 4 MHz and 12 MHz 
systems. Other considerations include the need to keep to a 
minimum the number of modulation and demodulation stages 
(to minimize their noise contribution) and to keep to a 
minimum the number of frequency bands handled by the 
translating equipment, to reduce the number of different types 
of filter.

To ensure good transmission performance of intemational 
circuits the C.C.I.T.T.*  make recommendations for the main 
characteristics of transmission systems likely to form parts of 
international connexions, and it is evident that a standard 
system would have many advantages. However the need for 
compatibility with existing national multiplexing arrange­
ments and the requirement for an economic solution force a 
compromise. Fig. 1 shows the two multiplexing procedures 
recommended for assemMing wideband multichannel systems. 
There are operations and technical advantages in being able 
to connect large blocks of channels from one system to 
another, particularly by using only filters to select the 
appropriate part of the frequency speccrum since additional 
noise contributions are avoided if no active equipment is 
needed. However the bands shou! not be too large or too 
tmali if the block of channels is to be a suitable size for the 
operating needs of the national trunk networks.

From the foregoing it is apparent that there are many 
aspects to be considered, some of which are a function of the 
different and changing needs of the telephone administrations. 
Having chosen a 4 MHz band for assembbmg the 60 MHz 
line speccrum, the formations of the brtir-tul^rrmrttrr 
group and 15-supergroup assembby No. 3 (15 s.g.a.3) have

1 Telecommunications Deve!opment Department, Telecom­
munications Headquarters.

* C.C.I.T.T.—International Telegraph and Telephone Consulta­
tive Committee.

convenient similarities and each is assembled by the same 
number of modulation stages.

A number of technical advantages gained by assemMing 
the line spectrum from 900-rhannr1, 4 MHz bands instead of 
2,700-channrl, 12 MHz bands, are listed below.

(a) Modulators capable of translating 4 MHz bands are 
already in existence, and although for the 60 MHz application 
they are required to operate with carrier frequencies up to 
68 MHz, the problems associated with the design of a suitable 
modulator to translate 12 MHz bands are greater due to the 
increased load capacity and bandwidth.

(b) The two sidebands produced by a single modulation 
process are separated by twice the lowest fiequrncy of the 
input signal. lit follows that the design of filters to extract one 
sideband is eased if the input frequency speccrum is of the 
order of 8-12 MHz, rather than the 0-3-12 MHz as would 
be the case if the existing 12 MHz line spectrum were directly 
modulated.

(c) Assembling from 12 MHz bands invokes more modula­
tion stages in the transmission path, thus introducing more 
noise and distortion.

(d) The lower load-rapactty and bandwidth of 900-channel 
bands eases the design of amplifiers and other networks 
used in the translating equipment up to the broadband 
combining point.

One obvious disadvantage of the scheme is that a 12 MHz 
system must be broken down to 4 MHz bands for connexion 
to 60 MHz systems.

The line frequency allocations and modulation stages 
recommended by the C.C.I.T.T. are shown in Fig. 2. The 
frequency limits of 15 s.g.a.3 fall within those of super­
mastergroup No. 3 (s.m.g.3), and with one exception the 
carrier frequencies are identical for both plans. Therefore, if 
the basic 15-supergroup attembiy, i.e. 312 kHz-4-028 MHz 
has first been translated into the 15 s.g.a.3 spectrum, a single 
design of translating equipment can be used for both plans.

To ease filter requirements, it is desirable to have as much 
separation between signal bands as possible and theoreti­
cally the ratio of the width of the gap to the mid-gap frequency 
should be constant for all gaps if the filter designs are to be of 
the same complexity.

In considering economy of band-width, it is necessary to 
determine the importance placed on the facility for extracting 
bands directly from the line frequency spectrum (direct line 
filtering). The plans enable the four lowest bands to be 
extracted directly from the line frequency spectrum, but to 
save bandwidth, the separation between the higher bands is 
restricted and these bands can only be extracted in blocks of 
four. The gaps for extracting these blocks need to be wider 
than those for separating the modulated bands from each 
other, and it can be seen from Fig. 2 that the plans con­
veniently accommodate a 40 MHz system also covered by the 
C.C.I.T.T. recommendations.
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Fig. 2—line frequency allocation

EQUIPMENT DESIGNATIONS AND FACILITIES 
FOR 'NTERCONNEXIONS

In the British Post: Office (B.P.O.) the bassc 15-supeeigoup 
assembly, also known as a basic hypergroup, is designated 
BAND 1 in the line frequency spectrum, and 15-supeigroup 
assemblies 2-13 as BANDS 2-13. For the B.P.O. C.C.LT.T. 
plan 2 (Fig. 20>7» is appropriate and a decision was made to 
develop two new equipments to provide the required transla- 
tion.Gacilities. These are:

(a) hypergroup modulating equipment (h.m.e.) which trans­
lates the BAND 1 frequency range to the BAND 3 frequency 
range, and

(b) 60 MHz-hypergroup translating equipment (60 MHz 
h.t.e.) which accepts 11 inputs in the BAND 3 frequency range 
and one input in the BAND 1 frequency range, and translates 
them to form the 60 MHz line frequency spectrum. These 
equipments are also required to perform the complementary 
functions.

If the modulation stage provided by the h.m.e. had been 
included in the 60 MHz h.t.e., through connexions would 
have required additional modulation stages, and a single 
design to suit both C.C.LT.T. plans would have been more 
complicated. Since the requirements of an h.m.e. already 
existed as part of the translating equipment designed for the
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Fig. 3—Main items of 60 MHz multiplex equipment
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Fig. 4—Interconnexion of 4 MHz bands

12 MHz f.d.m. transmission system, the introduction of the 
h.m.e. presented no difficulties, and some advantages.

The main items of translating and associated equipment 
are shown in Fig. 3.

Through connexions of 4 MHz bands in the B.P.O. net - 
work are at present; made only at the BAND 1 point, but with 
the introduction of 60 MHz systems the BAND 3 interface 
will become an additional flexibility point (Fig. 4).

TRANSLATING EQUIPMENT
The general requirements of f.d.m. multiplex equipment 

have been reviewed in an earlier article in the Journal.3 In the 
process of multiplexing, each channel is translated into a 
separate frequency band and a combined f.d.m. signal is 
produced. One-stage multiplexing of large numbers of 
channels is not normally economic, and a structure using 
multi-stage translation has evolved (Fig. 1). This has certain 
advantages, but one big disadvantage is that the spurious and 

unwanted products caused primarily by the modulators and 
demodulators have to be very strictly controlled. This can be 
achieved by careful system design and the use of adequate 
filtration. For telephony applications, the channel translating 
equipment has always been relied upon to provide most of 
the filtration and subsequent translating stages, e.g. group and 
supergroup, were designed with the minimum of filtration. 
The economic desirability of through-connecting groups and 
supergroups calls for special filters to prevent unwanted inter­
ference. For the 60 MHz dessgn a decision was made to 
incorporate sufficient filtration to enable through connexions 
to be made without having to insert additional external 
filters. Standard input and output levels were also defined to 
facilitate interconnexions. However, for both technical and 
economic reasons this recent decision is only likely to affect 
the design of the higher-order translation equipments, i.e. 
where through connexion of basic 15-supergroup assemblies 
is involved.
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The Basic Arrangement of the H.T.E.
A block diagram of the arrangement of the equipment is 

shown in Fig. 5.
The equipment is designed on the one-stage modulation 

principle, but signal combining is achieved in a number of 
stages. The transmit path is made up of twelve modulator 
units, three combining amplifiers and a 60 MHz transmit 
amplifier After modulation has taken place, the first com­
bining stage produces three 4-band signal blocks. These are 
BANDS 2-5, BANDS 6-9 and BANDS 10-13. The two 
largest inter-band gaps occur between these signal blocks, 
thus facilitating direct-line filtering of complete 3,600-channel 
blocks. The method of composition of the first block is some­
what different from the other two in that the first modulator 
accepts a BAND 1 ssgnaa and translates it to BAND 2. In 
addition, the BAND 3 postion in the 60 MHz speccrum is 
obtained by filtering an incoming BAND 3 signal. The 
remaining BAND 3 inputs are modulated into BANDS 4 and 
5. The second and third 4-band blocks are each assembled by 
four modulators, all accepting BAND 3 inputs. The combining 
of the three 4-band blocks is accomplished by means of the 
hybrid transformers located in the 60 MHz transmit amplifier. 
In acdidtion, a frequency-comparison pilot input point and a 
broadband injection point have been provided. The latte- is 
to provide facilities for the injection of television signals or 
wideband data, if required. It can also be used for measuring 
and testing. The receive path is complementary.

Essential Performance Requirements
One of the most important aspects of translating equipment 

is the action of filtering to ensure that all the unwanted 
products are adequately rejected while allowing the required 
signals to pass without impairment. This must take place 
under all posssble interconnexion arrangements, some of 
which are shown in Fig. 4. With an equipment which multi­
plexes twelve individual bands of telephony, the possible 
interconnexions are numerous and this inevitably results in 
an extremely long list of frequency-rejection requirements. 
The 60 MHz translating equipment is designed to ensure 
that the wanted transmission band is flat to within l dB 
(transmit looped to receive). Any possible direct interference 
path must be suppressed by 80 dB, while an indirect path 
(involving two or more stages) is suppressed by at least 40 dB 
per stage.

Noise is an additive impairment in f.d.m. circuits and must 
be kept to a minimum. The basic noise (i.e. that produced by 
an unloaded system) for the 60 MHz h.t.e. has to be very low, 
and a figure of better than —77 dBmOp for a telephone­
channel band has been achieved for a combined transmit and 
receive equipment. It is also necessary that the equipment 
should not generate excessive noise (due to intermodulation) 
when loaded with traffic. White noise is used to simulate 
the condition of traffic loading, and measurements are made 
in a small unloaded portion of the transmission band. The 
increase in noise, which has been specified at 2 dB, represents
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Fig. 6—Part of h.t.e., showing monitoring facilites

the extra contribution of intermodulation and other un- 
wanted signal paths. First-order intermodulation products 
have been specified at ~75 dBmO, but, in general, considerably 
better performance is required if the equipment is to meet 
the white-noise speciiication.

The crosssaak-to-signal ratio is always expected to be 
considerably better than 80 dB.

Any speefication usuafiy contains a number of secondary 
performance parameters and among those specified for this 
equipment are the generation of stray electromagnetic fields, 
interference that might be caused by extraneous radiation 
and power-borne interference. In addition, due to the 
frequency-dependent losses of station cables, speccal equalizers 
have been developed for each band so that frequency­
independent interconnexions can be made at the BAND 1 and 
BAND 3 connexXon points. A 4-60 MHz equalizer is also 
included to facilitate connexion to subsequent equipment.

Special Features
Reliabiiity is an important design feature of transmission 

equipment, espe^aHy when a common path failure could 
resuR in 10,800 circuits being disconnected. For this reason, 
rack-mounted spares are provided for all active units which 
carry more than 900 circuits. This enables a faulty unit to be 
replaced as soon as possible and thus helps to reduce the 
cird-uit out-of-service time.

In addition, an amplifier specially designed for the 60 MHz 
line system has been utilised in the combining and distribution 
paths. The active elements of these amplifiers are completely 
encaplulated and mounted on a ceramic sllbsii■air and are 
believed to ofer extremely high reliabiilty. OveraH negative­
feedback is used to achieve the high gain-ssabiiity required.

Active modulator circuits are used which consist of four 
transistors in adouble push-puH configuration, housed in a 
single package. These offer a number of technical advantages 
such as improved balance sttabilty. It is also claimed that 
improved noise figures and better reliability are achieved.

Fig. 7—nnsertion gain/frequency response (equipment looped) 
No. 4 BAND 3 IN-No. 4 BAND 3 OUT

Carrier Supplies
The 60 MHz h.m.e. requires only one carrier frequency, 

12,648 kHz, which is available from slightly modified existing 
62-type equipment. However, the h.t.e. carrier supply system 
departs from conventional design. It was considered unwise 
for high levels of carrier supplies of frequencies up to 68.200 
kHz to be distributed throughout the station. The probability 
of interference was considered to be too high to risk, and the 
central generator concept, although retained in essence, has 
been modified to provide three comparatively-low-frequency 
primary carrier suppHee—124 kHz, 440 kHz and 2,200 kHz. 
Separate carrier generators, working on the phase-locked 
oscUlator principle, are located within the h.t.e and provide 
the eleven carriers required by the modulators and demodu­
lators. They are similar to the oscillators which form part of 
the master generating equipment. Each of these eleven 
generators is dependent on only one of the primary carriers, 
and their outputs are substantially unaffected by all normal 
ranges of supply level.

As with the translating equipment used in other parts of 
the hierarchy, it is necessary to ensure that the carrier supplies 
are maintained within the specMed limits and checks can be 
made on the master oscillator frequency against the standard 
60 kHz reference supply. However, it is not practicable to 
transmit 60 kHz over a 60 MHz line system, and the standard 
reference is directly converted by multiplication to 4,200 kHz 
for transmission purposes. The phase-locked oscHlator 
princcple 1 also used for this circuitiy.

At the distant end, the incoming 4,200 kHz signal is 
extracted by the h.t.e. and can be down-converted to provide 
a reference for the master generating equipment. This pro - 
cedure is used whenever a local reference is not available, or 
a second source is required for security reasons.

SYSTEM MONITORING FACILITIES

The system monitor represents a significant departure from 
existing B.P.O. policy. It has become normal practice to 
provide a line-system pilot to give an indication of total 
system failure. This is quite distinct from the individual band 
pilots, and is normally inserted by the line-terminating 
equipment. However, it does not protect the wideband 
portions of the translating equipment.

Hypergroup Pilot Supervision Equipment
No separate pilot is provided between the 60 MHz h.t.e. 

terminals. Since each band is provided with its own hyper­
group pilot introduced by the supergroup translating equip­
ment (s.t.e.), an effective system monitor is provided by a 
centralised scanning-system which monitors each pilot in 
turn. The BAND 1 pilot is 1,552 kHz which becomes 11,096 
kHz in BAND 3.

A scanning control unit (see Fig. 6) has access to a static 
switch located in each of the demodulators and scans each 
pilot in turn at intervals of about one second. If the incoming 
pilot leve deviates beyond the pieset high or low limits, an 
alarm is given automatically. In addition, the scanner unit 
checks the existence of the locally-generated calibration 
signals (high, low and nominal levels for each 1,552 kHz and 
11,096 kHz pilots). If a failure occurs, the scanner unit 
continues, even though an alarm condition exists, until it is 
switched to the locate mode. A small lamp, one of which is 
assoccated with each pilot, then lights and identifies the failure. 
The alarm can be silenced by a simple mechanical operation, 
i.e. withdrawing and inserting in the reverse direction a small 
peg housed alon i th l n lamp. When the scanning 
procedure is resumed in the alarm-silenced condition, a 
further alarm occurs when the fault condition is cleared. 
In addition, the automatic procedure can be inhibited and the 
scanner can be stepped manually to ease fault location.
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Fig. 8—Insertion gain/frequency response (equipment looped) 
No. 10 BAND 3 IN-No. 10 BAND 3 OUT

By logicaa interpretation of the fault conditions it is possible 
to locate the faulty apparatus without difficulty. For example, 
if failure of all the pilots occurs rimultannousiy, a common­
path fault is assumed. Hence, it was considered unnecessary 
to provide a separate pilot between the h.t.e. terminals.

Measuring Unit
In addition, a measmlng unit is provided as part of each 

h.t.e. (see Fig. 6). This unit: is provided for maintenance and 
fault-location purposes only. It is not accurate enough for 
system alignment, but enables quick checks to be made in the 
■ event of a failure. In this way a fault can be located com­
paratively quickly and the correct remedial action taken.

The unit can measure power supply voltages and currents, 
pilot levels and carrier supplies. The power-supply measure­
ments are simply made by the rotation of a switch. Signal 
measurements are made with the aid of a test cord which 
is plugged into the relevant test point. The frequency response 
of the unit: enables wideband measurements to be made at 
all accesssible points provided on the equipment.

FIELD TRIAL
One main object of the field trial at Marlborough is to 

enable a full set of electrical and mechanical tests to be 
carried out on the coaxial line system. However it was 
considered that the extra benefit that could be gained from 
the installation of the line system and its assoccated trans­
lating equipment down to 4 MHz baric hypergroups fully 
justified a field trial of the combination. This is a departure 
from normaa practice because theB.P.O. has hitherto approved 
translating and frequency-generating equipment as a result 
of the inspection of prototype equipment at the manufacturers’ 
premises.

In chooring the field-trial equipment configuration of the 
translating equipment every effort was made to ensure that 
many combinations of equipment would be posrible. The 
multiplex equipment layout is derigned so that it can be split 
easfly into two hypothetical, but essentiafiy separate, ter­
minals. Each terminal consists of one h.t.e., two h.m.e.s and 
ther assoccated master frequency-generating equipment.

In addition to technical performance, the operational and 
serviceabfiity aspects of the equipment are being studied. This 
is particularly important as there have been severa! major 
changes in derign concepts. Some minor modifications may be 
made to parts of the mechanical design to improve certain 
operational aspects.

Test Results
The results of the electrical tests performed so far have 

given the designers confidence in the performance of the 
equipment. Some of these test results are shown in Table 1. 
Only the major performance parameters have been shown.

TABLE 1
Test Results

Test Result

Insertion gain/ 
frequency 
response

Two typical responses are shown in Figs. 7 
and 8. These have been measured with the 
equipment looped at the 60 MHz point, and 
include thecabling to the BAND 3 distribution 
frame.

Basic noise The worst measurement made on a looped 
system for a BAND 3-BAND 3 connexion 
was —78-5 dBmOp.

White noise A BAND 3-BAND 3 connexion with the 
equipment looped at the 60 MHz point gave 
a worst resuR of —77-7 dBmOp.

Crosstaik (far end) The worst transmit-receive crosstalk figure 
was —97 dB. The majority of measurements 
gave figures better than —110 dB.

Crosstalk (near 
end)

Most measurements were better than —100 
dB. The worst figure was —92 dB.

Intermodulation The intermodulation products were too low 
to measure directly and epnctal test methods 
had to be adopted. The results all point to 
figures of better than —120dBmO for two- 
tone products.

Overload The overload measurements indicate that the 
translating equipment has an overload margin 
well in excess of the dessgn figure.

CO N C LU S l O N S
This article has dealt briefly with the development of a 

B.P.O. 60 MHz translating equipment. It has covered only 
the broader aspects of the design and the principles behind 
the more important decisions. Some measured equipment 
performance parameters have been given which are the result 
of the field trial at Marlborough. As this article has been 
written at a comparatively early stage in the trial, the multiplex 
equipment and line system have not yet been operated in 
conjunction with one another for any appreciable length of 
time. Howeve', the results of the electrical tests so far carried 
out suggest that the performance of the complete system will 
be entirely satisfactory.
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The 60 MHz F.D„MB Transmission System:
Carrier Frequency Generating Equipment

L. E. HUGHES, b.sc., a.m.i.e.e., and D. C. WALKER, m.b.e., b.sc., c.eng., M.i.E.E.f

U.D.C. 621.395.452: 621.373

A new design of carrier frequenry-generatmg equipment is described, with better fi-equency stability than 
existing types and giving the extra frequencies required for the translating equipment for the 60 MHz 
f.d.m. transmission system, It is intended primarily for use in 60 MHz system stations, but is also suitable 
for more general application.

INTRODUCTION
This article describes the carrier frequency-generating equip­
ment of the 60 MHz f.d.m. transmission system, The terminal 
equipment used to translate the basic hypergroups (4 MHz) 
into the line frequency spectrum is described in another 
article.1

The primary stage of translation in the hypergroup modula­
ting equipment (h.m.e.) requires many 12,648 kHz supplies 
and these are provided by a speciiil. single-frequency version 
of a standard generator for 8,432 kHz and 12,648 kHz. This is 
driven by a 124 kHz master frequency and has conventional 
working/standby change-over facilities; it provides 16 
outlets at a level of +15 dBm in 75 ohms. As it has no new 
features it is not considered further here.

In order to avoid the station distribution of high-frequency 
carriers, the hypergroup translating equipment (h.t.e.) includes 
the generators for the carrier supplies required for the final 
translations. However r supplies of 124 kHz, 440 kHz and 
2,200 kHz are required to drive the translating equipment 
generators, and the latter two frequencies are a new require­
ment for frequenry-genel■ating equipment. Also, for 60 
MHz systems, the carrier supplies must have a frequency 
stabiiity five times better than that required for existing 
12 MHz systems so as to maintain the same maximum overah 
channel-to-channel frequency shift limit of 2 Hz—the 
C.C.I.T.T.*  recommend a stability of better than $1 in 108 
In addition, the frequency supplies must be extremely reliable 
in view of the high revenue-earning capacity of the systems 
which they serve. Thus, it was decided to speccfy a new 
carrier frequenry-gencraling equipment for 60 MHz system 
stations. This was developed under the contract for the 
other terminal equipment, and two models were made for 
the field trial described in another article.1

GENERAL DESCRIPTION
This equipment2 is a proprietary design. Fig. 1 shows a 

close-up of the mast«' osciilators, generators and the test 
equipment. Fig. 2 illustrates the conssruciion of a typical unit.

1 Telecommunications Development Department, Telecom­
munications Headquarters.

* C.C.I.T.T.—InteraationalTeeegraph and Telephone Consulta­
tive Committee.
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Fig. 2—The 60 kHz, 124 kHz, 440 kHz and 2,200 kHz generator 
unit

Although only frequencies of 124 kHz, 440 kHz and 2,200 
kHz are essential for the 60 MHz system Staton translating 
equipment, the design has been made more univers! and 
includes 4 kHz and 12 kHz supplies with levels compatible 
with existing equipments. 60 kHz is also generated for 
comparison with the national frequency standard, and 1,552 
kHz and 11,096 kHz as calibration signals for the special 
hypergroup pilot supervisory equipment on 60 MHz systems.

The principle of the gnnenating equipment is illustrated in 
the block diagram shown in Fig. 3. To give the desired 
reliability, all generators are duplicated and arranged to give 
automatic working/standby change-over facilities. This is 
achieved by switches on each output (Fig. 3) controlled from 
level monitors via a logic circuit as illustrated for the master 
generator in Fig. 4. The working generators feed the distribu­
tion units giving outputs as shown in Table 1

TABLE 1
Distribution Unit Outputs

Frequency 
(kHz)

Number of 
Outputs

Level 
(dBm)

Impedance 
(ohms)

4 20 - 6 600
12 20 ~ 6 75
60 l 0 140

124 40 - 6 75
440 20 0 75

1552 4 — 19 75
1552 4 + 4 75
2,200 20 0 75

11,096 4 — 19 75
11,096 4 + 4 75

The 4 kHz and 12 kHz generators and distribution units 
are optional as they are used with channel and group carrier­
geneeating equipments3 which may not be required at 60 MHz 

system stations. Some 124 kHz outlets could be used for 
supergroup and hypergroup carrier-generating nquipmnnte3 
for other than 60 MHz systems.4 The —19 dBm, 1,552 kHz 
and 11,096 kHz outputs are used for 60 MHz system hyper­
group pilot supervisory equipment, and if necessary, 8 outputs 
at this level can be obtained from each +4 dBm output by 
means of an optional distribution unit. The fmquency- 
generating equipment can provide primary carrier supplies 
for up to twenty 60 MHz h.t.e.s having a total capacity of 
216,000 telephone circuits, hence the need for extreme 
reliability particularly in any common path of the generating 
equipment.

The master oscillators are in triplicate because of the 
considerable time required for a replacement osciilator to 
warm-up to a stable-frequency condition. Two of the oecilia- 
tors are connected to the working and standby generator 
chains which have automatic change-over facilities, and the 
third acts as a spare which can be manually switched in place 
of either of the other two by means of U-links (see Fig. 4). 
A new supervisory system has been developed in which a 
frequency comparison is made between the three oscillators 
to identify any one that drifts off frequency.

MASTER OSCILLATOR
The master oscUlator is a fifth-overtone quartz-crystal- 

controlled oscUlato^ with an output frequency of 2-5 MHz. 
The crystal is housed in a temperature-controlled oven which 
is kept at approximately 61° C, the precise temperature being 
chosen for each individual crystal to correspond with that for 
zero slope in the frequency/temperature characteristic. The 
oven temperature is sensed by a platinum resistor situated in 
the crystal oven and forming one arm of a bridge in the 
feedback circuit of a 10 kHz osciilator. The oven-heater 
power supply is also derived from this 10 kHz oscillator and 
is thus controlled by the out-of-balance current from the 
bridge in such a direction as to restore balance and maintain 
the temperature constant to within about 0-015° C. Should 
a fault occur in the oven temperature-control circuit, the 
circuit arrangements ensure that the oven temperature does 
not exceed 75° C (approximately) in order to safeguard the 
oven and components in the oven from damage.

Frequency adjustments are normally made on a variable 
capadtor, but provision is made for further adjustment during 
the life of the equipment by means of padding capacitors. 
The movement of the variable capadtor is under the control 
of an electric motor which synchronizes the 60 kHz obtained 
from the master generator associated with the master oscil­
lator requiring the frequency adjustment with the 60 kHz 
national frequency standard. This form of adjustment has 
been adopted because manual control would not be very 
practicable for the high accuracy of frequency required. It has 
the advantage of offering a choice between allowing the master 
o^cHMtor to be free-running, and locking the master osdllator 
to the nation! frequency standard. However, it is intended 
that the master oed^aiors will be operated as free-running 
oscillatore, and only periodically synchronized to the 60 kHz 
national frequency standard. The design also allows operation 
at master frequencies of 124 kHz, 300 kHz or 308 kHz if a 
suitable standard exists.

GENERATORS
The multiplication and division stages in the generators 

utilize a variety of circuit techniques. Besides the more 
conventional non-linear circuits, use is made of phase-locked 
oscUlators and a novel synchronized oscUlator circuit. How­
ever, the prime consideration in any design using an oecillator 
principle is that there should be no output other than when 
the system is locked at the correct frequency. The use of
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Fig. 3—Block diagram showing principles of frequency generation
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oscillator techniques provides filtration and oflers considerable 
saving in convennional filters. Phase-tocked oscfllator tech­
niques are also used in the carrier supply generators and the 
60/4,200 kHz and 4,200/60 kHz frequency converters in the 
translating eqmpment.

Each set of generators is assembled as six units, the main 
unit, illustrated in Fig. 2, provides the 60 kHz, 124 kHz, 
440 kHz and 2,200 kHz outputs and drives the other generator 
units to give the remaining output frequencies.

ALARMS AND CHANGE-OVER CIRCUIT
Shodd any master o^cclliator output level change by more 

than 1-5 dB, or the oven temperature by more than about 
8°C, or the frequency difference between any pairs of oscflla- 
tors exceed 1 in 108, then an alarm is given. This can be 
selected to be urgent or non-urgent by altering iniernai 
strapping on the alarm logic board shown in Fig. 4.However, 

a frequency change due to oven temperature change will 
normally raise the alarm long before the temperature alarm 
is given.

Level monitors on each output of the master generator, and 
all other generators associated with it, give an alarm and can 
initiate change-over. In the typical arrangement given in 
Fig. 4, the two generators are commoned via transistor 
switches which are under the control of the level monitors 
which operate at 1-5 dB drop in level. Monitors are also 
situated on the generator side of the switches, and the one in 
the standby unit operates a non-urgent alarm and prevents 
change-over should the level drop by more than 1 -3 dB. To 
prevent possible undesirable change-over whilst units are 
exchanged, a manual facility is provided to inhibit change­
over for a 90-second period.

The alarm logic board gives flexibility in choice of alarms 
and also enables change-over to be controlled by oscfllator 
level or frequency changes as well as by the generator output­
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level changes. The maximum restoration time specified for a 
failed supply is 20 ms, and the interruption on all other 
supplies changed-over should be less than 2 ms. The longest 
restoration time measured was 3 ms in the 4 kHz supppy, and 
on many supplies the change-over interruption was negligible.

TEST FACILITIES
A test meter is provided to check d.c. power supplies and 

to measure the output lev! from each oscUlator, generator 
unit and test-point on each distribution unit. When normal, 
all levels read OdB on the meter. Also, a control unit is 
provided on the right-hand ride of each, sub-frame (see Fig. 1) 
which can be used in astociation with the alarm-location 
units to identify which set is working and to locate the faulty 
unit.

FREQUENCY MEASUREMENT AND 
ADJUSTMENT

The 60 kHz national frequency standard is provided to 
enable the frequency comparator (see Fig. 4) to measure the 
actual frequency from either the working or standby master 
generator 60 kHz supply to an accuracy of better than 1 in 109. 
The principle of the comparator is similar to some existing 
types, but is improved to obtain the higher degree of accuracy 
required. It virtually multiplies the frequency error by 1, 10, 
100 or 1,000 so that the periodicity of the beat signaa can be 
observed on the meter within a reasonable time—at X 1,000 
an error of 1 in 109 gives a beat period of 16 seconds. Alterna­
tively, an integrating circuit can be used to give a direct 
reading of error, full scale deflexion bring 10 in 105 107 108 
or 109, and throwing a key causes a mete- kick, the direction 
of which indicates the sign of the error. This comparator can 
also be used with the o^ccil^tor synchronization circuit 
previously mentioned to speed up the process of automatically 
locking the osriilator frequency to the national standard. 
This facility is used for initial setting up, osriilator changing, 
or when frequency drift makes readjustment of frequency 
necessary. However it is hoped that the reliability and stability 
will make the need for such adjustments infrequent.

The frequency comparator is derigned to work with 
alternative frequency standards of 200 kHz and 300 kHz, 
shouM these be available (e.g. off-air standards). It can also 
be used to compare the frequencies of the two master genera­
tors at 60 kHz.

PERFORMANCE
The target requirement for master osriilator frequency 

stability was for a total variation of less than 4 in 109 over 
the ambient temperature range 10-40°C, and normal power­
supply voltage variations. In addition, the drift rate shouto 
be less than 2 in 109 per month after 2 years. The first mode 
varied by 2-5 in 109 over the temperature range 10-40°C, but 
the variation with power-supply voltage was negligible; most 
of the six field trial models were very similar. As the ageing 
characteristics on the field trial models have so far only been 

obtained for three months it is too early to confirm that the 
long-term stability requirement will be met, but one osriilator 
is already within the target and at present has a drift rate of 
1-4 in 109 per month. Other osrillators are stabilizing much 
more slowly, and one has a small but noticeable daily cycle 
rss<ocirttd with temperature variations.

On switching on from a cold condition the oven should 
reach operating temperature (and extinguish the oven alarm) 
within about one hour, but the frequency will be outside 
limits for a much longer period and may take a few days to 
stabilize. However, when the oven alarm is extinguished, the 
osriilator can be synchronized rapidly to the national fre­
quency standard, and held in synchronism until stabilized. 
In emergencies, such as if all three oscillators were cold, this 
method could be used, but a new spare osriilator would 
normally be allowed to stabilize before adjustment. This 
is an automatic adjustment, there being no manual control.

All generator output supplies met the sperification require­
ments and the change-over facilities operated as intended. The 
field trial equipment has been in operation at Marlborough 
for over three months and so far has pr oved very satisfactory.

CONCLUSIONS
The carrier frequency-generating equipment described, 

although containing a number of new features, should prove 
to be satisfactory in 60 MHz system stations, but some 
minor changes may be necessary for production equipment. 
The field trial has enabled a thorough check to be made of 
performance in conjunction with other equipments. It is, 
however, too early to draw firm conclusions about the long­
term drift rate of the master osrillators as tests over many 
months are necessary before an accurate assessment can be 
made.

Although primarily intended for the 60 MHz system 
stations the equipment is suitable for other applications, 
esperially where there is a requirement for higher frequency 
stability than can be obtained from existing equipment, 
or where there is a need for the additional frequencies of 
440 kHz and 2,200 kHz.
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The 60 MHz F.D.M0 Transmission System: 
Protection Switching Equipment
G. G. STEPHENS,* grad, i.e.r.e., and D. E. PORTSMOUTH,} M.I.E.E.

U.D.C. 621.315.212.029,62: 621.395.5.004,15

The high level of avaiiabdity demanded from a high-capacity transmission system calls for protection 
switching equipment. This article describes the main features of the equipment bemg developed for the 
60 MHz f.d.m. transmission system where one standby line system is used to protect up to eght w°rking 
systems,

INTRODUCTION
The British Post Office (B.P.O.) has not so far used automatic 
protection switching for coaxial line systems. Automatic 
point-to-point protection switching is commonly specified 
for radio systems to improve avaiisilbiiit.y. The reliability 
target for the B.P.O. 60 MHz coaxial line system of a mean- 
time-between-failures (m.t.b.f.) of four years and availalbiiliiy 
of 99-99 per cent per 160 km—a considerable upgrading of 
coaxial line system requirement—is a currenn B.P.O. 
objective for which automatic protection switching is needed.

Under operating conditions, the line system is subject to 
working party interference, intermittent faults which may 
prove difficult to locate surges, occasional operating mistakes 
and random failures.

Early failures during the setttlng-m period can also be 
expected to occur more frequently than the reliability target 
would suggest. Because some of these factors are outside the 
designers control, the design of the line system to meet the 
calculated m.t.b.f. objective may not, in itself, secure 
the avaiiabfiity objective throughout the working life of 
the system.

Fast switching to a spare transmission path is one method 
of reducmg the out-of-service time caused by these largely 
unpredictable interruptions. A ratio of one spare transmission 
path for up to eight working systems is considered adequate 
to achieve the availability targee of 99-99 pct cent for the 
additional cost of one spare line system.

A changeover time of 10 ms was set as the target for a line 
up to 278 km in length. When not in use for protection, the 
standby system is connected to its own input and output 
ports and may be used for some classes of traffic. Its availa­
bility will be less than the other systems in the group because 
it will be seized when required to make good the failure of a 
working system. The performance requirements specified 
ensure that the switching equipment does not significantly 
worsen the overall transmission performance of the line 
systems being protected.

RELIABILITY REQUIREMENTS
The theoretical aspects of reliabiilty, and the rnliability of 

present day coaxial line systems, have been discussed in a 
previous article in the Journal.1 It was shown that the 
availability of a group of systems is enhanced if a spare 
system and an ideaa switching equipment is available. The

* Telecommunications Development Department. 
1 Pye TMC Ltd.
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reliability of this equipment is required to be greater than 
the line systems it is protecting and an order of improvement 
was suggested as a possible target. An availability objective 
of 99-999 per cent (5-3 minutes out-of-service time per year) 
is feasible if the equipment is installed in a staffed repeater­
station and spares are to hand. However, a m.t.b.f. of eight 
years, i.e. twice that of each line system being protected, was 
specified as realistic for an equipment of this type, operating 
continuously for a period of some 25 years. Standard com­
mercial components, suitably derated for stability and long 
life, have been used throughout for low cost and ease of 
replacement.

A simplified block diagram of a transmit/eceive switching 
equipment is shown in Fig. 1. The transmission paths of one 
of the eight working systems and the standby are shown to­
gether with the associated logic and signalling paths for one 
direction of transmission.

Reliability requirements are eased by separating the trans­
mission function from the control functions. Analysis yields 
two reliability structures. (Figs 2(a) and 2(b).) The first 
structure applies for static operating-conditions, when all 
systems are working normally.

The transmission path is kept simple and its failure rate 
is likely to be at least an order better than that of its associated 
160 km line-system because of the very many more compon­
ents and active devices required by the latter. A fast-acting 
bistable memory circuit is built into each changeover switch 
to maintain the switch state independently of any logic 
signals other than the signal to change state.

The reliability of the power units is critical. Three power 
units, each derated by 50 per cent, energize the switching 
rackside and a fourth, in reserve, is available via the customary 
switching diodes, (Fig. 3). Each power unit is allocated its 
own end-of-suite fuse. Power units required to operate 
continuously for 25 years do not require an input on/off 
switch and this switch has been eliminated in the interests of 
reliability.

Power unit availability is enhanced by the additional diodes 
in each transmission unit which gives access to more than 
one power unit. Two power units may fail simultaneously 
without loss of traffic with this arrangement.

The reliability of the logic and monitoring functions appear 
in the structure when a working system fails and a switch is 
required (Fig. 2b). Additional elements are the backward 
signaHing path and the standby line-system itself. Failure of 
any element in this structure, when a working system fails, 
results in failure to switch. The gainful use of the standby to 
improve availability relies on the small probability of the
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(a)

(6)
Fig. 2—Reliability structures

simultaneous failure of a working system and any element 
in the structure.

The reliability of the signalling path is improved by trans­
mitting the switching command signals simultaneously over 
the high frequency (h.f.) path of as many working systems as 
are available in the opposite direction of transmission. The 
signals are available for connexion to a 2-wire path, required 
for unidirectional working, or as a back-up signafiing path 
over an alternative route if only one working system is 
available transmitting in the opposite direction of trans­
mission.

Sold state switches are used for reliability and speed of 
operation. Posstive intrinsic negative lay« diodes (known as 
PIN diodes) are used in a conventional series-shunt-series 
switch anangement.

The monitors and oscillators are simple devices using 
comparatively few components and, hence, a low failure-rate 
results. The logic makes extensive use of integrated-ch-cuit 
devices, and has been subjected to many thousands of 
operations during devdlopmen:.

The continuity of the line systems is monitored by a 4,092 
kHz pilot injected into each transmission path (see Fig. l). The 
pilot also monitors the two amplifiers required by each traffic 
path through the equlpment. A measure of self protection 
resuhs: shoUd either amplifier fail, continuity is maintained 
by switching to the standby transmission path and line system.

TRANSMISSION PATH
The equipment dessgned for zero insertion loss, operates 

at a nominal channel test level of —33 dBm. Transmit 
equipment handling traffic to each of the nine line systems 
in one direction of transmission is mounted on the same 
rackside as the receive equipment for the return paths. One 
of two sources of traflic may be seeded by the input coaxial 
U-link (see Fig. 1). The normaa input is from the translating 
equipment the alternative input is from another switching 
equipment. Any spurious output from the translating equip­
ment which could affect the continuity pilot amplitude is 
prevented from entering the switching equipment by the 
4,092 kHz pilot-stop-filterr which also confines the pilot to 
its own equipment. The incoming traffic passes via the 
continuity-pilot injection hydrid to the second hybrid where it 
divides. One output passes via a flat amplifier to the hybrid 

which feeds the traffic-in U-links of the line system and allows 
the continuity pilot level to be monitored via a narrow band­
pass filter. The monitor gives high- and low-level alarms and 
has meter outputs so that a continuous record may be made 
of the pilot lev! transmitted to line. The other output of the 
hybrid is routed to a changeover switch which normally 
terminates in a resistive load. When a changeover to the 
standby is required, the switch operates to set up a parallel 
path over the standby line system. Simultaneously, another 
switch operates to isolate the standby system from its own 
input.

Traffic reaching the remote terminal of the line system 
passes over the traffic-out U-links into the receive equipment 
of the switching rack where it is amplified and equalized. 
A hybrid with a narrow band-pass filter on one output is 
used, together with a receiver, to measure the received level 
of the continuity pilot, while the second output of the hybrid 
is connected to a changeover switch. The receiver has high- 
and low-lev! alarm circuits coupled to both the alarm equip­
ment and the switching logic. The switch selects either the 
worker or the standby line system as its source of traffic. A 
final hybrid with narrow band-pass filtering on one output 
allows the monitor to check the level of the continuity pilot 
after the switch. The second output of this hybrid is connected

BUS-BAR

Fig. 3—Power unit switching arrangement
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to the equipment output coaxial U-link via an optional 
attenuator and a band-stop filter tuned to reject the contin­
uity pilot and its ridebands.

If two switching equipments (and line systems)’are to be 
operated in tandem, the output of the first is cabled to the 
alternative input of the second equipment. The loss of 6-5 dB 
introduced by the statton cabling equalizer (s.c.e.) is made 
good by strapping out the optional 3-5dB and 3-OdB 
attenuators.

SWITCHING AND CONTROL FEATURES
Ideat arrangements would permit the continutty pilot to 

monitor the entire traffic path from the input to the output 
(see Fig. 1). Practicat engineering considerations, however, 
intervene. In this design a separate continuity pilot is generated 
and injected into each traffic path as near as possible to the 
input port. A change in level of the pilot exceeding the limit 
set for the system may be sensed by the monitor in the receive 
equipment in 2ms, 1 or 2 seconds, as desired. This information 
is signalled to the receive logic, which, if more than one failure 
exists, decides in accordance with certain wired-in priorities 
which source of traffic to switch to the standby line system. 
The logic signals switching instructions to the transmit 
equipment at the distant terminal by modulating the con­
tinuity pilots of the return h.f. transmisrion paths with 2-out- 
of-5 v.f. tones. In Fig. l the two tones fl and f2 instruct the 
transmit equipment to connect the standby system to its own 
input. Failure of a protected system results in a change to a 
different combination of tones. Each of the nine systems is 
identified by its own unique combination of two tones. 
Demoduuatton, tone detection and tone checking occur at the 
transmit terminal after which the changeover switches in the 
transmit equipment operate. The received-tone code is 
modulated onto the 4,092 kHz continuity pilot of the failed 
traffic path only, so that the source of traffic arriving over the 
standby may be identified. The logic operates the receive 
switches only when the code is verified, and the incoming 
pilot-levee checked. Signalling and switching operations are 
completed in about 8 ms. Under normat operating conditions 
the reception of an unmodulated continuity pilot over the 
standby system indicates that it is connected to its own input 
and output ports and is available for use.

The logic may be strapped for automatic or manut 
restoration after a traffic path restores to nontnal. Manut 
restoration avoids the problem of frequent switching under 
marginat operating conditions. When strapped for manuat 
control howeveer restoration will occur automatically if a 
line system having a higher priority than the first fails or if 
any second failure occurs after the first transmission path 
restores to normal, i.e. the standby is used to protect the 
second failure automatically.

Each direction of transmisrion is switched independentiy 
of the other. Two simultaneous failures, one in each direction 
of transmission, may thus occur without loss of traffic. This 
switching arrangment is also suitable for unidirectional 
working. A return signatling path independent of the coaxial 
pairs is required for unidirectional working. The velocity of 
propagation of this path is likely to be less than the h.f. 
path used previousy and the switching time will increase 
accordingly.

SERVICE FACILITIES
Manual control over the switching functions is available 

via a control panee mounted at a convenient height on the 
rackside. The controls may be earily extended, if required, to 
a remote point in the repeater station. The controls work via 
the logic and do not override the safety features e.g. if a 
planned changeover to the standby is initiated, the switch is 

not completed if the standby is unfit for service. In this event, 
an incomplete switch alarm is given. The fast operating solid­
state switches permit changeovers during normal hours and 
facilitate maintenance of the line systems. A planned change­
over introduces a break in the transmission path equal to the 
transfer time of the switch of about 3ps and is unlikely to be 
noticed by the majority of customers.

A simple manual ovemde-connrol is available to set and 
lock all the receive changeover switches to their normal 
operating state. This action bypasses the logic and acts 
directly on the switches. It is provided to restore a traffic path 
to normal working should the logic fail.

Manual routine facilities are available to check the logic 
and the signatling path without interrupting a working traffic 
path. An inhibit key is operated and a manual signal given to 
route a selected traffic source over the standby. The appro­
priate two tones are signalled to the transmit equipment 
which sets up the parallel path, the logic checks the returned 
signal over the standby and the lamp indicating that the 
standby system is connected to its own input and output 
ports extinguishes i.e. the logic is used to check itself. Pro­
tected logic test points are provided for fault localization in 
situ using the rack mounted test meter.

Systems may be excluded from protection if desired. Lamp 
indication of this exclusion may be arranged at the remote 
point via a loop, available when the control is brought into 
use.

Access to the 60 MHz f.d.m. transmission system is 
provided via the test hybrids and associaied s.c.e.s mounted 
on the switching rackside i.e. the nine systems may be tested 
from one location in the repeater station. The line systems 
engineering speakers are extended to the switching rackside 
and selective calling facilities are available.

ALARMS
The alarm unit is similar to that developed for the line 

system and a receivmg attention facility is available. Failure 
of the static signalling conditions results in an invalid code 
alarm. The incomplete switch alarm checks active per­
formance. A successful switch also gives rise to an alarm 
to indicate failure of a traffic path. Failure of a changeover 
switch or a 4,092 kHz oscfllator does not resuR, however, in 
a switch and the stability of both is monitored and alarmed. 
The alarm arrangements may be used therefore to localize 
faulty units.

CONCLUSIONS
Automatic switching equipment permits prompt and 

efficient use of spare transmission capacity e.g. with this 
design one spare line system may be used to improve the 
availabflity of up to eight traffic paths. Check features have 
been incorporated which should safeguard the accidental loss 
of a large volume of traffic. The service facilities have been 
chosen to improve the maintainability of the switching equip­
ment and the line systems being protected. Short term 
stabflity is improved by limiting the breaks in iransmlffion 
caused by failures and interruptions, to some 10 ms if desired.

Automatic switching increases availabflity, minimizes the 
loss of revenue when a failure occurs and results in a marked 
improvement in service flexibility.

Reference
1 Hansen, M. G., and Stephens, G. G. The Reliability of 

Coaxial Line Transmission Systems. P.O.E.E.J. Vol. 65, p. 177, 
Oct. 1972.
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The 60 MHz F.D.M. Transmission System: 
Cable Design and Manufacture
J. PRITCHETT, e.r.d, b.sc.(eng.), c.eng, m.i.mech.e, m.i.e.e., and G. A. BARTLETT, b.sc.(eng.), c.eng, M.i.E.E.f

U.D.C 621.315.212

Developmeni of new 2-6/9-5 mm coaxxal cables is described. These are to be used, mitially,for 60 MHz 
fi.d.m. transmission systems but the poestbility of their late' use in the digital mode has been recognized. 
The types of 2-6/9-5 mm coaxxal cable which have been instated in the network over the last 20 years are 
basically adequatefor 60 MHz operation and for limited use with digital systems. A critical study hasshown 
that their digital capabHity can be considerably enhancedby minor alterations to the manufacturingprocessses 
and close controo of the mech<anaa aspects afpooduction.

INTRODUCTION
The 2-6/9-5mm coaxial cable* was first introduced into the 
British Post Office (B.P.O.) network in 1938. (The dimensions 
denote the outer diameter of the inner conductor and the 
inner diameter of the outer conductor, respectiveey.) The 
original coaxial structure has since been improved in succes­
sive steps as bandwidth requirements for system operation 
have widened, as new constructional materials have become 
available, and as techniques of manufacture have been pro - 
gresstvely dnveloped.

Electricaa tests on 2-6/9-5 mm coaxia cables in current 
production for the B.P.O. showed that the requirements for a 
60 MHz frequency-division multiplex (f.d.m.) transmisson 
system could be met satisfactooiiy, but the performance of 
the cables above 60 MHz would limit their later exploitation 
for digit! working. It was realized that the need for such 
nxploitation would almost inevitably arise within the useM 
lifetime of any new cable instated for a 60 MHz system. 
For this reason, it was considered essential to investigate the 
possibiilty of improving the ftectric! performance of the 
2-6/9-5 mm coaxial cable to enhance its potential for digital 
use and a transmission rate in the region of 800 Mbit/s has 
been suggessed as a target. Such a figure might wen be 
appropriate for a new cable dedicated to digital working at 
the outset but: a lower rate codd well be acceptable for the 
later conversson of an establishfd 60 MHz f.d.m. route.

The 2-6/9-5mm claxi! cables in current production 
(hitherto only required to operate up to 12 MHz) showed, at 
particular frequencies between 60 MHz and 500 MHz, the 
presence of reflexions of sufficient magnitude to hinder high­
speed digital operation. The cause of these reflexions has been 
traced to very sm!l but regularly-spaced dimensional 
irregularities in the coaxial structure which arose, primarily, 
during the process of stranding a number of individual 
coaxid pairs into a multi-par cable. A critical review of the 
manufaccurmg techniques showed that relatively minor 
modifications to the machinery would suffice to achieve a 
substantial reduction in the amplitude of the reflexions and 
this, together with close contnol of material quality and 
dimension! tolerances, wodd allow for high-speed digital 
operation.

This article describes the cables which have been developed 
for the new 60 MHz f.d.m. transmission system and shows 
how the etectric! performance has been improved to allow 
for their later exploitation in the digital mode.

T Opfrattonal Programming Department, Telecommunications 
Headquarters.

* Then known as the 0-375 inch or type 375 coaxial cable.
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Fig. l —The 1935 design of 3-0/11-4 mm (0-450 in) coaxial cable

EVOLUTION OF THE 2-6/9-5mm COAXIAL 
STRUCTURE

The 2-6/9 -5 mm coaxial-cable structures in current use in 
the U.K. and elsewhere were developed progrfsstvely1 from 
a design adopted for the first coaxial trunk cable in Great 
Britain which was installed between London and Birmingham 
during 1935 and 19362'3 This was, in fact, a 3-0/11-4mm 
coaxial structure (0-450inch) having a solid copper inner 
conductor held centrally within an outer conductor of 12 
interlocked copper tapes by a helical wrapping of feterifted 
cotton cord, as shown in Fig. 1. In 1938, a new design was
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Fig. 2—The 1947 desiign of 2 - 6/9 ‘ 5 mm coaxial pair (notched seam)
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Fig. 3 —The 1950 dnsige of 2-6/9-5 mm coaxial pair (corrugated 
edge)

introduced in which the inner diameter of the outer conductor 
was reduced to 9-5 mm (0-375 inch) and hard rubber disks, 
clipped on to the centre conductor at intervals, replaced the 
cotton cords.

In 1944, the use of interlocking tapes for the outerconductor 
was abandoned because they caused slight instabiiity of its 
effective diameter. They were replaced by a flat copper strip 
formed into a tube as a continuous process during manu­
facture. The edges of the tape were notched with teeth using 
a flat punch so as to interlock as a longitudinal seam. This 
form of outer conductor was based on a Western Electric 
Company desiign for a 6-86 mm (0-270 inch) cable installed 
between Stevens Point and Minneapolis in 1940.4 In 1947, 
polyethylene superseded hard rubber as the disk material to 
take advantage of its superior electrical qualities and, thus, 
reduce the dielectric-loss component of the attenuation. The 
1947 dessgn is shown in Fig. 2.

A restriction on the speed of manufacture is inherent in 
the use of a flat punch for cutting teeth on the edges and the 
use of a punch implies constant attention to the sharpness 
of its cutting edges. For these reasons some manufacturers 
have preferred to adopt the corrugated-edge designs which 
was introduced in 1950. In this design, shown in Fig. 3, the 
two edges of the outer conductor were butted together but 
corrugated in such a way as to avoid any tendency to overlap.

Recent Practice
During the last 20 years, production for the B.P.O. has 

included both the notched-seam and the corrugated-edge 
construction for the outer conductor. The notching technique 
has been improved by the replacement of the flat punch by a 
rotating cutter and the direct-moulding method of disk 
application has been introduced to a limited extent. Thus, 
both Fig. 2 and Fig. 3 are typical of recent U.K. production.

In recent years, the Cloax cable6 illustrated in Fig. 4, 
has been developed in the U.S.A. The outer conductor is a 
laminate of copper and steel which is corrugated then formed 
into a tube. The copper edges butt together while the steel 
edges are overlapped and soldered. This construction uses 
less copper than the original design and corrugation of the 
outer conductor is claimed to provide a structure which is 
more resistant to crushing and more amenable to bending 
without permanent distortion than the plain tube. A similar 
design,7•8 in which both copper and steel butt together and a 
separate lapping strip is soldered over the seam, has been 
introduced in Canada.

Development of the New Design
When the 2-6/9 -5 mm coaxial cables in current production 

were first considered for a 60 MHz system, it was realized 
that the man impediment to their later exploitation in the 
digital mode was the occurrence of reflexions above 60 MHz. 
These reflexions, which were at harmonically-related fre-

SOLDERED SEAM

STEEL

INNER CONDUCTOR

OOIER CouoUCTo OF 
COPPER I STEEL LAMINATE

Fig. 4—Thie Cloax coaxial pair

POLYETHYLENE DISK 
SLIT AND PRESSED ON

qunecint, appeared to be based upon a fundamental some­
where between 150 and 250 MHz and it was recognized that 
their presence was attributable to the phenomenon of structural 
return loss9 which is caused by regularly-spaced irregularities 
in the dimensions (and hence the impedance) of the coaxial 
structure.

A single imperfection, such as a distortion of the outer 
conductor of a coaxial pair, causes an impedance irregularity 
at a point and this causes part of the transmitted signal to be 
reflected back to the sending end. If there are a number of 
distortions spaced evenly along its length, as shown in 
Fig. 5 (a), reflexion occurs at each one and, at a particular 
frequency (where the spacing between distortions is equal to 
half the wavelength), all are in the same phase; their sum is, 
therefore, comparatively high in level relative to the trans­
mitted signal and the pair tends to act as a band-stop filter. 
Thus, although such a coaxial pair may have an attenuation/ 
frequency characteristic which is basically smooth, it exhibits 
an increase in attenuation at one frequency. This increase may 
be very smafi in amplitude for a single repeater section but, 
for a whole coaxial system, the cumulative effect could well 
be significant for f.d.m. working where one or more channels 
might be rendered ineffective. For digital operation, it is more 
important to consider the effect of multiple reflexions of the 
kind shown in Fig. 5(b), because these could cause unaccept­
able distortion of the received signals and give rise to inter­
symbol interference.

It was clear that the problem of developing a coaxial cable 
suitable for digital transmission was esseetially a mechanical 
one which would involve a survey of the whole process of 
manufacture to identify the various parts which could give 
rise to structural return loss by building periodic dimensional 
irregularities into the coaxial structure. Examination of the 
input impedance/frequency characteristics of 2-6/9-5mm 
coaxial cables in current production showed that the presence
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(a)
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(a) towardsthesending end
(b) towards the distant end

Fig. 5—Reflexions from irregularities in a coaxial pair

of the deviations was directly related to the length, of lay of 
the cable and, thus, their cause was immediately traceable to 
the stranding process. It was realized that other aspects of the 
manufacturing process, e.g. coaxial-pair fabrication, might 
have to be considered as well and that as each source of 
structural return loss was located and corrected, another 
less noticeable, would come to the fore and assume im­
portance.

The merits of the laminated and corrugated construction 
for the outer conductor of the American Cloax cable had 
been noted; the possibiiity of adopting a similar design for 
use in this country was considered, but rejected on economic 
grounds. For the comparatively smaU demand of the B.P.O. 
for 2-6/9-5 mm coaxial cable, the savings on copper would 
be very slight and would be more than offset by the cost of 
developing, constructing and installing new production 
machinery. Instead, it was considered preferable to use the 
existing plant, improve it where necessaay, and exploit to the 
full the potentiaa of the current British design of cable.

REVIEW OF CURRENT MANUFACTURING 
METHODS

Materials
The dimrenssonal tolerance allowable for the mnerconductor 

is too stringent to permit the use of a material as supplied 
commercially in the form of copper wire and, therefore, a 
sizing process is carried out in the cable factory. Fully - 
annealed high-conducctvity copper wire, very slightly larger 
in diameter than that finally needed, is passed through a 
spectai die dessgned to yield a product which does not vary by 
more than one or two parts in a thousand from the required 
diameter. Stringent tolerances also apply to the copper strip 
used for the outer conductor.

Polyethylene for the disks is supplied in the form of strips 
with a close tolerance on their thickness. The disks punched 
from these strips are stored in air-tight cans pending use in the 
corxiri-prr fabrication machine. Where the disks are moulded 
directly on to the inner conductor, no such transfer of 
materials is necessaay. For either method, the quality of the 

polyethylene is subject to very close control to ensure 
uniformity of the dielectric.

The hehcal steel tapes and lapping paper are of the normal 
high quality used in the manufacture of telecommunications 
cables but the precise dimensions are of little importance.

Coaxial-pair Fabrication
The following sequence of operations is involved in the 

fabrication of a coaxial pair:

(a) The polyethylene disks are applied to the inner con­
ductor at intervals of 33 mm either by an applicator which 
clips the punched disks on to the conductor, or by a direct 
moulding process in which the disks are formed on the 
conductor itself.

(b) The flat copper strip for the outer conductor is corru- 
gated (or notched) at the edges and then formed over the 
polyethylene disks.

(c) Two steel tapes are lapped over the outer conductor to 
provide electrical screening at low frequencies.

(d) Paper lappings are applied over the steel tapes.

The principle of the disk applicator is shown in Fig. 6. 
Each polyethylene disk is punched with a central hole slightly 
smaller than the diameter of the inner conductor. A magazine 
filled with punched disks feeds the applicator wheel which 
takes up one disk at a time and passes it down to the centre 
conductor which passes tangentially benealh it. As each disk 
passes round the wheel, it is slit radially by a fixed knife and 
opened out by a wedge-shaped part of the knife blade so as to 
clip over the centre conductor just before it leaves the appli­
cator wheel. This design of disk applicatorlo was introduced 
for the 1947 design (the first to use polyethylene disks) and 
was a direct development of the earlier one1“ used for the 
hard-rubber disks of the 1938 design.

For the direct-moulding process, a number of split moulds 
mounted on caterpillar tracks are arranged to embrace the 
inner conductor. An extrusion device feeds each mould in 
turn as the inner conductor passes continuously through the 
machine. Fig. 7 shows a machine designed for this process. 
The extruder is to the right of the photograph and the inner 
conductor, with moulded disks attached, can be seen coming 
towards the cooler in the foreground. The polyethylene 
flash (later stripped off) is visible alongside.

After application of the polyethylene disks to the inner 
conductor, the corrugated (or notched) copper tape is formed 
round them, and the steel tapes and paper covering are 
addee—all as a continuous process in a single enclosed 
machine. In general, the copper tape is corrugated (or 
notched) while in a horizontal plane and, thus, it is con­
venient to form the longitudinal seam at the top of the 
resulting tube. This is done in some designs of machine but, 
in others, the tape is rotated before forming so that the 
seam appears at the side, thus, coinciding with the neutral 
axis of bending round the haul-off capstan and storage drum. 
This arrangement is claimed to reduce the likelihood of tube 
distortion but, in view of the subsequent processes, this 
claim is of doubtful significance and, in practice, either 
arrangement of the longitudinal seam is acceptable.

Stranding
The elements of a laying-up machine for stranding a number 

of coaxial pairs into a multi-pair cable are shown in Fig. 8. 
The machine comprises a main rotating carriage carrying a 
number of drums, each on its own sub-carriage and filled with 
single coaxial pair. All the pairs are brought together in a 
closing die and all are pulled through the machine together 
by a haul-off capstan and passed to the storage drum. A 
multi-pair cable formed in this way consists of a helical 
arrangement of coaxial pairs in which the length of lay 
depends upon the relationship between the speed of the haul-
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off capstan and the rate of rotation of the main carriage. The 
drums are geared so as to rotate counter to the man carriage 
and, thus, they remain in the same attitude as the stranding 
process proceeds.

There are severna configurations of stranding machine in 
common use but: they fall basicafiy into two groups—those 
in which the axes of the sub-carriage are parallel to the main 
axis of the machine (type A) and those in which they are 
inclined (type B). These, together with variants, are shown 
in Fig. 9.

Rotational Bending

As each coaxial pair passes through the closing die, it is 
constrained to bend to take up its alignment in the laid-up 
cable core but, as each par is rotating round the main axis 
of the machine (and thus round the axis of the closing die), 
the direction of the brad is continuously changing relative to 
the longitudinal seam in the outer conductor. Now a tube 
having a longitudinal seam of any kind is not uniformly 
resissant to bending in all directions. Furthermore, when bent 
and straightened agam, the extent to which it regains its 
original shape depends on the direction of the bend relative 
to the longitudinal seam. It follows, therefore, that the 
curvature of the closing die must be large enough to allow the 
tubes to pass without residua distortion if periodic dimen­
sional irregularities (and consequent regularly-spaced changes 
of impedance) are to be avoided. Experiments with single 
coaxial pairs showed conclusively that the curvature of the 
closing die had a marked effect on structural return loss.

Rotationaa bending is not confined entirely to the closing 
die as it may occur at any point in which the tubes change 
direction while passsng through a rotating orifice. One such 
point is the hollow journal by which the front end of each Fig. 7—Moulding machine for forming disks on inner conductor
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sub-carriage is suspended. The effect is more marked in A type 
machines than in type B.

Cyclic Tension
Where the axes of the sub-carriage are inclined relative to 

the main axis of the stranding machine (as in type B), the 
rate of rotation of the individual drums must, perforce, vary 
cyclically as the main carriage rotates. This is apparent from 
Fig. lOwhich shows that, for a rotation of 180° of the main 
carriage (lower transit to upper transit), any one drum must 
move forward through an angle 6 in order to accommodate 
the new angular configuration within the main carriage. The 
stranding process is a continuous one and all pairs pass 
through the machine at a constant speed. Thus, the rotational 
speed of each drum varies cyclically during the stranding 
operation and the tension in each coaxial pair varies in 
consequence.

Such cyccic variation of tension might well cause periodic 
distortion of the coaxial structure but this has not been 
proved. The magnitude of the forces involved is small in 
relation to the strengtti of the coaxial pair and this suggests 
that ther effectt if any, would be insignificant. Stranding is, 
in general, a fairly slow process; the speed of rotation of the 
man carriage is low and the cyccic variation in tension small. 
However, it is desirable that the hollow journal of each sub­
carriage should be a fairly close fit over the coaxial pair which 
passes through it, thus avoiding any tendency for the pair to 
move about within it as the tension varies. Sum movement 
could posssbly cause sight but regularly-spaced indentations 
in the coaxial structure.

Capstan Pressure
During the stranding process, tendon is transmitted to the 

individual pairs by the drive to the haul-off capstan around 
whose barree the multi-par cable core is passed several times. 
It is quite possible, therefore, that the consequent norm! 
pressure between the core and the capstan could cause slight 
flattening of the outer conductor thus producing irregularities 
of impedance spaced apart by the length of the helical lay. 
For this reason, each multi-par layer of the new design is 
cushioned with some kind of resilient material.

Residual Helix
In the completed multi-pair cable core, the helical-lay 

conssruccton implies that each coaxial pair finally takes up a 
postion in which it is shghtly bent and the direction of the 
bend changes continuously along the length of the core. The 
radius of curvature can be calculated for any core diameter 
and lay length, and this figure can be used to indicate an 
appropriate curvature for the closing die or the exiit from the 
hollow journals of the sub-carriages.

Passage of the multi-pair core around the haul-off capstan 
causes each coaxial pair to be bent and straightened again, 

and this process can, in itself, cause further distortion. In 
practice, the bending and straightening process occurs several 
times during the complete manufacturing operation before 
the cable is finally delivered to site, drawn off the drum and 
installed in a duct for use.

Layer Interaction
For a layered cable, such as the 18-pair 2- 6/9 ~5 mm desgn, 

in which each layer has a different length of lay, slight 
indentation of the outer conductors occurs where pairs of one 
layer lie across pairs of the other. This effect, although slight, 
has been observed. It is similar to the problem of capstan 
pressure and it is minimized in the new design in the same 
way, i.e. by cushioning the layers.

Fig. 9—Various configurations of cable-stranding machine
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Fig 10—Sketch to show basic source of cyclic tendon

Choice of Coaxial-Pair Construction
It became apparent from the review of manufacturing 

techniques that minor improvements to the stranding 
machinery would reduce the likelihood of adding periodic 
irregularities to the coaxial structure during the stranding 
process. Nevertheless it was realized that, so long as the 
helical arrangement of pairs was retained in a multi-pair 
cable, the ability of each coaxial pair to be bent in any 
direction and then to be straightened again without distortion 
would remain as a very important mechanicai property of the 
coaxial structure. The main influencing feature was, clearl;y, 
the longitudmai seam in the outer conductor and, since the 
notched-seam version (Fig. 2) and the corrugated-edge 
version (Fig. 3) were fundamentaHy different in mfchanicai 
construction, there seemed no reason to suppose that they 
would react in the same way to bending and straightening. 
Accordingly, controlled tests were made on coaxial pairs with 
each type of longitudinal seam and the results showed the 
corrugated-edge conssructton to be better able to withstand 
such treatment than the notched-seam conssruction. It was 
evident that the notched seam tended to open slightly when 
bent and then failed to recove' its original form completely 
when straightened agam. In contrast, the butting edges of the 
corrugated edge merely slid relative to each other to accom­
modate the bending and straightening without noticeable 
distortion. For this reason, the corrugated-edge construction 
has been adopted for the new cable.

DESIGN OF THE NEW CABLE
Fig. 11 shows 18-pair 2-6/9-5 mm coaxial cables devrioped 

for initial use with 60 MHz f.d.m. system and later exploitation 
for digital working. The 18 coaxiaa pairs are arranged as an 
inner layer of six pairs and an outer layer of 12 pairs, both 
laid hriicafly over a cental paper core. To preserve the 
inherent flexibility of the cable structure, both are laid in the 
same direction although a different length of lay is used for 
each. Twelve 0-63 mm copper quads, which together occupy 
approximately the same space as one coaxiaa pair, are included 
in the outer layer. A cushion of resilient material covers each 
of the two layers and is hed in place by a belting of paper. 
The whole is sheathed in lead, coated with bitumen, and 
protected by an extrusson of polyethylene overall. Each 
coaxial pair is of the corrugated-edge design and the poly­
ethylene disks are attached to the inner conductor by one of 
the two methods already described.

A 6-pair version of the cable has been developed for 
stmplifying the task of terminating, and for use in tunnels 
where access difficulties would retttict the use of the h--^lalr 
size to short lengths. An 8-pan- dessgn is bring developed for 
routes on which the 18-pair size would not be justified.

A solid-core (i.e. with solid-polyethylene dielectric) single­
coaxial-pair interruption cable of rugged construction is 
under development and one version of it is shown in Fig. 12. 
Its electrical characteristics are subssantiany identical with 
those of the 2-6/9 - 5 mm coaxial cable up to 60 MHz.

Identification
Hitherto, it has been customary to identify every pair of a 

coaxiaa cable by printing numbers on the paper covering of 

each tube, but a different arrangement has been adopted for 
the new cables.

It is intended that faults should be repaired in situ but it is 
undesirable that power should be removed from the whole 
cable in the event of a fault on a single coaiial pair. A safe 
method of working has now been developed12 by which itt 
will be possible to effect a repair on a single damaged coaiial 
pair without interrupting service on the remainder. An 
etssnttal feature of this method is positive identification of 
pairs by eleccrical means, and, in these circumstances, number­
ing of tubes is unnecessary; in fact, the presence of a line of 
figures on each might well cause confusion. However, it is 
essential to retain some means of identification for use during 
factory testing and the marker/reference system has been 
adopted. Thus, in each layer, one tube is printed with a red 
line as the marker and another with a blue line as the reference. 
For the inner layer, the marker and reference tubes are 
adjacent in the usual way but, for the outer layer, they flank 
the core of 0-63mm quads. This arrangement allows the 
core of quads to be distinguished from the coaiial pairs.

Protection

The polyethylene oversheath is added, primarily, to give 
protection against corrosion while the underlying coating of 
bitumen provides a seal between the lead sheath and the 
polyethylene covering. Additionally, the polyethylene over- 
sheaih plays an important part in the cabling operation be­
cause it has a much lower coefficient of friction in a duct than 
has plain lead. The outer polyethylene protection is coloured 
so that the new cables can readily be distinguished from 
those already in the network.

Installation

The cable will be installed in ducts. To aid installation, all 
cables will be fitted with a specially-designed pulling eye and 
pressurized with dry air before despatch from the factory. 
Laboratory tests followed by field trials have shown that 
500 m lengths can be drawn in without difficulty or hazard 
to the cable provided a suitable lubricant (e.g. liquid paraffin) 
is used?3 It is possible, therefore, to have only two joints in a 
repeater section of 1,500 m. Study of the trial results showed 
that lengths of 750 m could, in fact, be drawn in but ths aspect 
has not been pursued because the consequent saving of joints 
would not compensate for the eitra cost of the very large and 
heavy drums and drum-handling equipment which would be 
needed.

Jointing

By close control of the manufacturing process, it is possible 
to reduce impedance variations between individual coaxial 
pairs to a minimum and, thus, the need for sriection on the 
basis of impedance matching at joints is obviated. This, to­
gether with the absence of a numbering scheme, allows each 
coaxial pair in one length to bejointed directly to the opposite 
one in the next length* thus simplifying the jointing layout 
and allowing the diameter of the jointing sleeve to be smaller 
than it otherwise would be.

As the method of jointing14 does not depend upon a colour 
code or numbeemg system, there is no need for any re - 
drumming of cables in the factory to allow for a particular 
direction of pull during the drawing-in process to ensure 
proper correspondence between the two ends.

* This is termed a straight-across joint in contrast to a straight 
joint in which the colour coding or numbering is preserved. Itt is not 
to be confused with a randan joint in which pairs arejointed without 
reference to identification or position.
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Electrical Performance
The specified eleccrical characteristics recognize the follow­

ing baric requirements of the 2-6/9 -5 mm coaxial cable:
(a) a satisfactory performance for the new 60 MHz f.d.m. 

transmissiion system,
(b) a performance in the range 60-500 MHz suitable for 

later exploitation in the digital mode at an acceptable rate, and
(c) a performance up to 12 MHz equivalent to that of existing 

cables so that the, new design can be used- for maintenance 
in the present network.

Attenuation
E^clh coaxiaa pair is dessgned to conform to the following 

expresrion for attenuation at 10°C:

a = 0-013 + 2-3005/+ 0-0033 ........ (1)

where o is the attenuation in dB/l,000m(coaxial-pair1ength)*  
and f is the frequency in MHz. In expresrion (1), the root 
frequency term is dominant: and is a function of the copper 
loss which is mainly attributable to skin efect. The frequency 
term is a function of the dielectric loss contributed by the 
polyethylene disks.

It is not possible in a production length of multi-pair cable 
for the coaxial pairs to conform exactiy to this expresrion and 
Fig. 13 shows the practical limits allowed at 10°C for diver­
gences provided that the spread of attenuation is restricted. 

* ™ > c , (coaxial-pair length \ ,* The take-up factor (-----,—8— is not to exceed1-012 \ sheath length /
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This spread is controlled so that, within any layer, the 
difference between any two coaxial pairs must not be more 
than 0-5 per cent of the mean attenuation of the cable at all 
frequencies in the range 4-64 MHz and 1 per cent at all 
frequencies in the range 64-500 MHz.

The temperature coefficient of attenuation is expected to be 
0-0019/°C of the 10oC value.

End Impedance
Each coaxial pair is designed to conform to the following 

expression for impedance:

Z^P^0-012« j ........  (2)
L Vf .j

where Z is the impedance in ohms and f is the frequency in 
MHz. This expression implies a non-reactive value of 74-4 
ohms at infinite frequency. In practice, a tolerance of ±0-4 
ohms is allowed.

Uniformity of Impedance
Peaks in the return lossfrequency characteristic, due to the 

small but regularly-spaced impedance irregularities arising 
in manufacture, must not exceed 35 dB relative to the smooth­
mean impedance/frequency characteristic up to 60 MHz. 
Between 60 MHz and 500 MHz, 20 dB is allowed but there 
is an additional restriction on the mean power returned in any 
10 MHz band.

High-Voltage Test
Every coaxial pair is required to withstand a potential 

between the inner and outer conductor of 4 kV d.c. applied 
gradually and maintained for one minute. Furthermore, to 
allow for operation of the power-feeding system with the outer 
conductors of all the coaxial pairs insulated from earth, each 
is required to withstand a potential of 2-8 kV d.c. relative to 
the remainder, the 0-63 mm quads, and the lead sheath. As 
before, the testing voltage is to be applied gradually and 
maintained for one minute.

TRIAL CABLES

Marlborough
In 1972, a 6-75km route length of 18-pair 2-6/9-5mm 

coaxial cable was installed at Marlborough, Wiltshire, to 
provide facilities for a trial of the repeaters and terminal 
equipment designed for the new 60 MHz f.d.m. transmission 
system.15 The coaxial pairs of this cable were of the notched- 
seam type. The cable construction differed from the later 
design shown in Fig. 11 in that each of the 0-63 mm quads 
was placed in one of the interstices between the outer layer of 
coaxial pairs and the sheath. This earlier design has already 
been noted!6

Manufacture, installation, jointing and testing of this cable 
allowed the value of various newly-developed techniques to 
be assessed in the field. As a result, a new method of duct­
lubrication was shown to be practicable, a new jointing 
method was proved for field use, and the need for improved 
mobile testing facilities was recognuted?7

Marlow
In 1973, a 6 km route length of the new 18-pair 2- 6/9-5 mm 

coaxxal cable (Fig. 11) was installed at Marlow, Buckingham­
shire, to asses the value of the new cable design when 
installed in conditions typical of those expected for projected 
2- 6/9-5 mm routes. It gave an opportunity to commence pilot



Fig. 1Z—Interruption cable

production and to consolidate the new installation13 and 
testing18 techniques developed as a result of experience gained ‘ 
at Marlborough. It will be used as a test bed for experiments 
on pressurization methods and fault location techniques, and 
may, possibly, be incorporated into the new trunk network, 
as could the Marlborough cable.

CONCLUSIONS

In recent years, two versions of the original 2-6/9 -5 mm 
coaxial-pair structure have been manufactured in the U.K. 
Both are suitable for 60 MHz f.d.m. transmission systems 
and either could be used in the digital mode. A critical 
review of the coaxial-pair design and the whole process of 
manufacturing a multi-pair cable has shown that the extent 
of this digital use could be enhanced considerably by slight 
modification to the cable design and minor improvements in 
the manufacturing processes. These modifications and im- 
provements have been made and one of the two versions of the 
2'6/9’5mm coaxial structure currently available has been 
chosen for general production for the new cables intended for 
60 MHz f.d.m. working. As a result, these cables will be 
suitable for later conversion to digital operation at an accep­
table transmission rate should this ever be required. The 
electrical performance for f.d.m. systems of less than 60 MHz 
bandwidth remains unaltered and, thus, the new cable can 
be used for the maintenance replacement of any 2-6/9-5 mm 
coaxial cable already in service.
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Thanks are due to the authors’ colleagues in the Research 
Department of the B.P.O. for their assistance in making 
many of the slectrical tests involved in the assessment of the 
various designs of cable.

References
1 Baguley, E. Modern Coaxiid Cable Technique in Great 

Britain. Electl■ical Communication, Sept. 1953
2 Mumford, A. H. The London-Birmingham Coaxial-Cable 

System. P.O.E.E.J., Vol. 30, p.206, Oct. 1937, and p. 270, Jan. 1938.
3 British Patent 457,280, 24 May 1935.
4 Markuson, O. S. Stevens Point-Minneapoiis Coaxiaa Cable. 

Bell Laboratories Record, Vol. 19, p. 138, Jan. 1941.
5 British Patent 650,442, 16 Nov. 1948.
6 Masters, C. H., Garrett, W. H., and Atkins, D. H. Manu­

facturing Cloax Coaxial Cable. Western Eleccric Engineer, Vol. 15, 
p. 65, July-Oct. 1971.

7 Carruthers, D. Planning for a Long-Haul Digital Trans­
mission System. I.T.U. Telecommunication J. Vol. 40, p. 304. 
June 1973.

3 LD-4 Long-Haul Digital Coaxial-Cable System. Bulletin TB 
312. Northern Electric Co. Ltd., Canada.

9 Olszewski. J. A., and Lubars. H. Structural Return-Loss 
Phenomenon in Coaxial Cables, Proc. I.E.E.E. (U.S.A.), Vol. 58, 
No. 7, July 1970.

10 British Patent 631,914, 29 Aug. 1947.
11 British Patent 458,772, 25 June 1935
12 Walters, J. R. The 60 MHz F.D.M. Transmission System: 

Cable Maintenance (in this issue, p. 198).
13 Bissell, D. R., King, W. T., and Gibbons, R. B. The 60 MHz 

F.D.M. Transmission System: Cable Installation (in this issue, 
p. 192).

14 Stenson, D. W., and Slaughter, W. G. I7. The 60 MHz 
F.D.M. Transmission System: Cable Jointing (in this issue, p. 170).

15 Bolton, L. J., Weller, J. M., and Baker, H. L. The 60 MHz 
F.D.M. Transmission System: Test Results of a Field Trial (in 
this issue, p. 202).

1 A New Multi-Pair Coaxial Cable P.Q.E.E.J., Vol. 62, p. 30, 
Apr. 1969.

11 Perrins, E. V. T. The 60 MHz F.D.M. Ti'ansmission System: 
Cable Test Vans, P.Û.E.E.J. (in this issue, p. 179).

13 Still, L. H., Stephens, W. J. B., and Bundy, R. C. HI. 
The 60 MHz F.D.M. Transmission System: Cable Testing (in this 
issue, p. 174).

Book Reviews
“‘The Atlantic Telegraph.” W. H. RusseH (New Impressson). 

David & Charles Reprints, vi + 117pp. 26ill. £3-50.
“If the labours of Men of science could ever- create any 

material revolution, direct or indirect, in our condition, and 
in the impressions which we habitually receive, the Poet . . . 
will be ready to follow in the steps of the Men of science, not 
only in those general indirect effects, but he will be at his side, 
carrying sensations into the midst of the objects of science 
themselves.” Gene-ally speaking, alas, the men of science and 
their achievements have failed to eicct the poetic response 
that Wordsworth so confidently predicted. The poet obstin­
ately continues to be preoccupied with emotionaa matters of 
a more personaa kind, leavmg science and technology to the 
exclusive attention of the profsssional journalist.

Dr. W. H. RusseH (later Sr William Howard RusseUl 
LL.D.) was probably one of the earliest to practise in this 
role, being appointed Times correspondent on board the 
Great Eastern in 1865 when the Atlantic Telegraph Company 
made a further attempt to lay a submarine cable between 
Ireland and Newfoundland. RusseH’s despatches from the 
ship appeared in The Times under the title “Diary of the 
Cable,,’ and were described as “one of the most complete 
chronicles of its kind which has ever appeared in a public 
journal.” In History of Wondeeful Inventions by John Timbs, 
1868, Robe! Dudley, artist and contributor to the Illustrateed 
London News also accompanied the expedition. Russels 
Diary was subsequentty published as a “handsome folio with 
truly artistic illustrations,” the latte' bang lithographs of 
Dudley’s drawings.

The present volume is apparently a facsimile reprint of 
RusseH's book, and hence, bibliographicahy speaking, 
cannot be regarded as another edition as its eesignation 
implies. A publishers’ note about the author and his original 
publications would have been heepf! to readers in the 1970’s. 
The Diary of the 1865 venture is preceded by the familiar 
story, in an abbreviated form, of the earlier attempts to link 
the Old and New Worlds by telegraph, and it ends in 1866 
before this aim had been successsuhy realized.

The value of works of this kind lies in their importance to 
the historian as records by eye-witnesses of great events: 
their reproduction makes them more easHy available to 
students in a wide range of disciplines at a reasonable cost. 
The generaa reader is however likely to find the period flavour 
of the prose, not to mention the type-face, unattractive.

D. A. J.

“Modern Data Communication.” William P. Davenport. 
Pitman Publishing. 200pp. 11411. £2-75.

The subtitle of this book is “Concepts, Language and 
Media” and the preface states that it is written “to explain the 
theories and concepts of data transmission to the operators 
and managers of information systems and students of infor­
mation handling. An attempt has been made to reduce intri­
cate theories to clear and understandable terms without 
losing the essence of their meanings.” The attempt has failed 
and, frankly, the reviewer is unable to recommend this book 
as a reliable source of information.

The first three chapters define data source, data sink and 
transmission medium and briefly explain binary notation and 
bits and bauds. Storage codes for paper tape, punched cards 
and magnetic tape are given fairly detailed treatment and 
start/stop transmission is briefly mentioned (7.42 elements 
per character). There is little scope for going wrong in such 
matei'i! but nsverthslsss there are some errors.

The next three chapters concern transmission and abound 
in disputable statements. For instance, on the first page 
alternating currents are explained and “either half of the 
cycle is called a baud”. Three pages later “There are three 
types of distortion that a channel may impart to a signal: 
delay distortion, attenuation distortion and jitter”. Jitter is 
revealed to be telegraph distortion measured as a percentage 
of two signal elements duration instead of the normal one. 
Later on, in the modulation chapter, concerning frequency- 
modulated (f.m.) modems we find that “an f.m. signal is said 
to be fully modulated when it has reached + 75 kHz from the 
carrier frequency”. Phase-modulated modems are described 
in terms of absolute rather than differential phase and the 
diagrams are not consistent with one another. The above 
examples are only a small selection of the p^cufiar snippets of 
information which can be found in these chapters.

The final chapters mention the transmission channels and 
services offered by the U.S. common carners, give a muddling 
description of switching systems and methods, and an 
extraordinarily terse mention of data sets (modems).

The author concentrates almost entirely on American data 
transmission and American terms are used throughout. The 
language is authoritative and plausible and between the 
errors some clear and simple descriptions occur. Therein lies 
the danger for the non-expert. The treatment is far too shallow 
to contribute anything of significance to the knowledge of the 
expert. R. H. T.
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The 60 MHz F.D.M. Transmission System 
Housings for Dependent: Repeaters

N. E. FLETCHERT

U.D.C. 621.395.4.029.62:621.315.212:621.395.724

New repeater housings have been designed to accommodate the repeaters requiredfor the 60 MHzf.d.m. 
transmission system. Two designs are described, one of which differs radicaUy from established B.P.O. 
practice. The considerations which led to their adoption are discussed.

Fig. l■—The rectangular repeater case

BACKGROUND
For the new 60 MHz f.d.m. transmission system, use of 8-pair 
and 18-pair 2-6/9-5mm coaxial cable is envisaged and 
dependent repeaters will be required at 1-5 km intervals 
between power-feeding stations. The basic requirements for 
the repeater housing, therefore, were that it should be capable 
of containing 18 line amplifiers and terminating the cables.

Initially, it was thought that 60 MHz working would not 
permit the use of flexible connexions to the amplifiers and an 
attempt was made to dessgn a repeater housing in which the 
coaxial pairs terminated directly on the amplifiers. This 
proved extremely difficult since the housing had to be suitable 
for installation in a manhole or for burying directly in the 
ground. It led naturally to the concept of making the repeater 
housing large enough for a man to work inside it, thus 
rendering the manhole superfluous. This type of housing 
came to be known as a silo because the prototype was, in 
fact, a modified grain silo. The title has persisted, despite 
attempts to change it, and is still used for current desgns.

DEVELOPMENT
As the new system evolved, it became obvious that the 

amplifier would be considerably smaller than at first thought 
and that suitable flexible connexions would be permissible 
between the coaxial pairs and the amplifiers. As a result of

1 Operation! Programming Department Telecommunications 
Headquarters.

this, a rectangular repeater case was evolved containing two 
rows of nine amplifiers with cable terminations between them. 
An alternative design was produced, consisting of a circular 
base-unit fitted with two entry glands for the cables and a 
central column supporting vertically-mounted amplifiers. The 
amplifiers were enclosed in a circular “‘top hat”-shaped cover 
bolted on to the circular base unit. A rectangular case was 
also developed in which the amplifiers were arranged in 
three rows of six. This gave a more compact case than the 
previous design but required an extension cover at each end 
to cater for the cable terminations. This case also had the 
advantage that it was cast in an aluminium alloy and was, 
therefore, much lighter and easier to handle than the earlier 
design. During this period, work on the silo continued. The 
smaller amplifier and flexible connexions reduced the space 
requirement considerably, but it was decided that, as a man 
was required to work inside the structure, its original dimen­
sions should not be reduced.

THE18-COAXIAL-PAIR REPEATER CASE
Fig. 1 shows the repeater case finally adopted: it is 

1350 mm long, 576 mm wide and 500 mm deep; it is cast 
in a silicon-alumimum alloy and is coated externally with 
nylon to reduce the risk of corrosion. It incorporates a 
number of interesting features differing from current designs. 
The lid, which is retained by 14 itamleii-iteel bolts, seals 
on to a double rubber gasket. By pressurizing the annulus 
between the two seals, it is possible to check the lid seal for 
leaks before the case is pressurized. The case can be pres­
surized from the cable by means of an air-switch mounted
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on the ride of the case. The switch permits the cables on 
either side to be connected to the case or isolated from it. 
Schrader valves are provided adjacent to the switch so that 
pressure checks can be made on the case and the cables 
without opening the case. In normal circumstances, the case 
and the cables are coupled together and an air-tight cover is 
fitted over the switch and Schrader valves. This cover has an 
internal projectton which ensures that the switch. is left in 
the correct position when the cover is in place. Inside the 
case, a mounting rack is provided to carry the 18 amplifiers. 
These are connected by flexible coaxtal cables to the cable­
termination units at either end of the case. These units provide 
the cable air-seal and sealed leads--hrough for the coaxial 
pairs and the 0-63mm quads provided in the cable for 
supervisory purposes. The units have gunmetal tubes extending 
through the end walls of the case and through these pass 
extensions of the flexible cables, as shown in Fig. 2. The 
joint to the main cable is made outside the case, the flexible 
cable bring jointed to the coaxial pairs using a speriany- 
designed joint.1 A lead sleeve covers the joints and is plumbed 
to the cable sheath and to the gunmriaa tube. A split coupling 
mounted on either end of the case provides mechanical 
protection for each joint and also permits the use of a filling 
compound to protect the lead sheath and jointing sleeve 
against corrosion.

The 0-63 mm audio quads also pass through air seals in 
the cable-terminating unit and are connected to loading coils 
and a U - link pane which enables any sriected speaker circuit 
to be extended to a socket adjacent to the air switch and 
Schrader valves. A pressure contactor is mounted on the 
U-link pane and connected to an audio pair to monitor the 
case pressure.

Three repeater cases of the above type have been installed 
on the field-trial route at Marlborough2 and, because of the 
possible corrosion risk associated with aluminium, have been 
provided with two magnerium anodes as additionalprotection.

Fig. 3-—Caíble arrangement in the silo

Fig. 2—Lead-through arrangements in the cable-terminating unit

THE SILO BURIED REPEATER STATION

The internal diameter of the silo is 1,800 mm and the 
height 2,100 mm. The cables enter through steel ducts 
welded tangentially into the wall. This allows the cables to be 
positioned close to the inside wall as shown in Fig. 3. The 
layout of the amplifiers and cable-terminating units is similar 
to that of the rectangular case so that the parts are inter­
changeable. The cables are connected to the cable-terminatmg 
units by a lead sleeve enclosing the coaxial-to-flexible joint. 
A standard air-pressure panel is provided above the amplifier 
rack and is connected to the air-boxes so that cable pressure 
can be monitored and cables isolated as required by means of 
a three-way valve mounted on the panel.

Entry to the station is through a short steel shaft in the 
roof and a pipe is provided to carry services to ground level. 
These include a pressure-test pipe for monitoring the cable 
pressure, a power cable and two small-diameter pipes for 
carrying out gas tests before the silo is opencd.The power 
cable serves three bulkhead lights and a power socket fitted 
inside the silo. It is not intended to provide mains electricity 
however. If it is convenient to bring a 110-volt portable 
generator to the site, it can be connected to the power input 
socket beside the entry shaft.

The first silos designed were provided with a manhole 
cover fitted with 24 studs and nuts, and sealed with a flat 
rubber gasket. This design required considerable time for 
opening and reclosing, and alternative methods of sealing the 
entrance were investigated. Two designs are currently being 
tested. The first is a hinged lid closed by four bolts and a 
double gasket, and the second is a hinged lid with a self- 
seafing device contained within it. Release of the lid in the 
latter design is effected by the use of a double handle and the 
seal is broken as the lid is raised.

The silo is protected externally with zinc spray and an
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Fig. 4—The silo buried repeater station

epoxy paint and then wrapped with a tape impregnated with 
petroleum jelly as a corrosion inhibitor. Fig. 4 shows a slo 
awaiting installation. When installed, four magnesium anodes 
are provided to further reduce the corrosion hazard. Repeater 
housings of this type may find particular use in wet situations 
where they offer a considerable advantage over the norma 
manhole installations.

At an early stage in the desgn of the silo repeater station, 
it was realized that the concept was a radicaa departure from 
current British Post; Office practices, and the ability of the silo 
to provide the right conditions for the successful operation of 
equipment would have to be proved. It was, therefore, 
decided that a slo would be installed at a test site and instru­
mented to determine the changes in environment resulting 
from normal operating conditions. The msiallation of this 
unit has now been completed and tests are under way.

Facilities have been provided to measure and record the 
following:

(a) temperature inside the slo,
(b) temperature outside the slo at ground leveli
(c) relative humidity of the air within the slo,
(d) relative humidity of the externaa atmosphere,
(e) oxygen content of the air within the slo, and
(f) carbon monoxide and carbon dioxide content of the 

air within the slo.

A program of tests has been agreed to determine the effects 
of men working, and equipment operating, on the atmosphere 
inside the unit. The results will indicate whether the silo 
concept can be used in the network generally.

CONCLUSIONS
This article has described development work executed 

primarily for the 60 MHz f.d.m. transmission system. How­
ever, a number of new design features have been evolved 
which will, no doubt, find application on other standard line 
systems.
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The 60 MHz F.D.M. Transmission System:
Cable Jointing

D. W. STENSON, b.sc.(eng.(, and W. G. F. SLAUGHTER!

U.D.C. 621.315.212.4: 621.315.687.1

A new type afbrazedjoint has been developed which meets the exacting tnechanicai and eleccrical require­
ments of the 18-pair coaxial cable to be usedfor the 60 MHz f.d.m. transmission system. The philosophy 
behind the new joint design isgiven together with a description of the jointing sequence and the situations in 
which the joint is used.

INTRODUCTION

The history of coaxial-pair joint design parallels the develop­
ment of the cable in reflecting the progressive increase in 
bandwidth exploited. An equally important: aspect is the 
mechanical performance of the joint. The earlier joint designs 
adequately met the eleccrical standards required by the then 
current systems but long-term stress conditions, mainly due 
to cable creepage, imposed forces on the joint that could lead 
to mechamcai failure. These joints used soft-soldered inner 
and outer-conductor ferrules, and in every case failure was 
traced to solder fractures. These mechamcai problems were 
solved by the introduction in 1960 of the brazed form of 
joint. This was designed originally for the 12/4-4 mm 
coaxiai-pair cable and was subsequent extended to the 
2-6/9-5 mm coaxial-par cable. With the proposed design of 
a 60 MHz f.d.m. system, and the posribiiity of future digital 
exploitation, the design of coaxial-pair joint was examined 
critically and found to give a satisfactory electricat perfor­
mance. However, a major problem area was the derign of a 
satisfactory joint for the proposed new two-layer 18-pair 
coaxial cable. Other requirements for the new system that 
conditioned the joint design are as follows.

(a) Electritat performance needed to be such that the 
joint had little ressriction on the further exptoitation of the 
cable.

(b) The mechanicai performance needed to be adequate for 
field conditions. This is generraly based on past experience 
that the strength of thejoint in the coaxial pair should be not 
less than about -0 per cent of the parent conductors.

(c) The complete joint needed to have a long-term high 
integrity.

(d) The coaxial-pair joint needed to be adaptable for 
on-rite locai repair of a damaged cable.

The deveeopment of an 18-pair coaxiai cable joint to 
meet: these derign requirements and the factors that have led 
to the design are described. A description is also given of a 
joint between the normai underground coaxial par and a 
soiid-dielectric flexible coaxiai cable at the repeater housing.

1 Operational Programming Department, Telecommunications 
Headquarters.

THE NEW 2.6/9.5mm COAXIAL-PAIR JOINT
. From earlier work carried out on 18-pair coaxial cables it 
was clear that the standards of skill and experiiee demanded 
of the jointers was such that there were doubts about the 
quality that could be achieved in a complete 60 MHz cable 
system. A new approach to coaxial-pair jointing was therefore 
considered necessary.

The decision to use only electrical means to identify the 
coaxial pairs in the cable between terminations eases the 
jointing problems1. It allows the coaxial pairs on one cable 
end to be jointed to the coaxial pairs appearing directly 
opposite on the other cable end. The pairs are identified only 
at the cable terminations. Since pairs can be jointed straight 
across, movement of the tubes is kept to a minimum and the 
joint can be designed with the minimum working space 
around individual tubes. In this way the overail diameter of 
the 18-pair joint is kept to a minimum.

The new derign of joint combines existing and specially- 
developed methods. As shown in Fig. 1, the inner conductor 
is butt-brazed, whilst a ferrule is used to join the outer 
conductor. To avoid the tedious and difficult task of unwind­
ing and rewinding the steel tapes around the copper outer­
conductor the former are removed over the area of the j’oint 
during the initial preparation of the coaxial-pair ends. The 
necessary screening of the joint is provided by a steel ferrule 
which is held in place with a heat-shrinkable polyolefine 
sleeve on completion of the joint. (Certain features of this 
joint are the subject of a British Post Office (B.P.O.) patent).

Jointing Sequence
The saiient points of the jointing sequence are given below, 

and illustrated in Fig. l.
A steel tube and a polyolefine sleeve are passed over one of 

the coaxial pairs to be jointed. The paper lapping tapes, steel 
tapes and the outer conductor of the other pair are then 
removed to expose the inner conductor. One polyethylene 
disk is removed from inside the coaxial pair by passing a 
heated wire between the two conductors. The protruding 
end of the inner conductor is then cut to size with the aid of 
a specca! jig and the coaxial-pair end is temporarily sealed with 
a wooden plug. The other pair is prepared in a similar manner.

The temporary wooden plugs are removed and the pairs 
aligned so that the inner conductors just meet. Each inner

170



(a)

(b)

(a) Preparation of the outer conductor
(b) Brazing the inner conduco-
(0) Partially-assembled outer conductor prior to brazing
((11 Completed outer-conductor
(2) Completed joint.

Fig. l —The 2-6/9-5 mm coaxial-pair joint

conductor is then gripped firmly in the tongs of a brazing 
unit. A thin strip of silver solder is trapped between the inner 
conductor ends, and a low a.c. voltage is applied to the tongs, 
causing the junction to heal:, and thus braze the conductors 
together. Three polytetrafluroethylene (p.t.f.e.) disks are then 
placed in appropriate positions over the inner conductor.

A spectally-shaped two-piece copper ferrule is placed over 
the jointing gap so that the slightly-enlarged ends rest over 
the ends of the outer conductor. The ferrule has an intern! 
diameter which is the same as that of the cable pair. Rings 
of silver solder are placed between the outer conductor and 
the ferrule ends, and the ferrule is eleccrically brazed in a 
similar manner but using shaped carbon tongs.

The steel sleeve is slid over the joint which is then insulated 
by hea^sth-iriking the polyolefine sleeve with a hot-air blower. 
The audio pairs are jointed in the traditional way, and the 
completed 18-p!rjoint is enclosed! a 90 mm X 760 mm lead 
sleeve which is then wrapped, together with the exposed lead 
sheath, with protective tape.

The time taken for the complete joint is about 26 hours, 
compared with the 72 hours needed for all-brazed joints of 
earlier design.

To asssst the jointer in avoiding error s such as the omission 
of p.t.f.e. disks, and to ensure that the parts are available in a 
clean condition when required, the components for the 
completion of one coaxial-pair joint are supplied in a 
packaged form. The jointer, therefore, unpacks only sufficient 
parts for one coaxial-pair joint at a time, and this gives him 
some check on the parts as the joint is completed. The 
completed 18--p¡lii•jol.itnt is shown in Fig. 2.

Electrical Characteristics

The electrical variability of the earlier all-brazed joint is 
almost completely eliminated in the new design. Changes in 
the impedance of the cable across the joint due to the use of 
p.t.f.e. disks, with their slightly higher dielectric constant 
than that of polyethylene, is partly offset by suitable spacing 
of the disks. Also, the internal diameter of the outer conductor 
is maintained constant across the joint. During the design of 
the joint considerable use was made of the time domain reflec­
tometer (t.d.r.) which gives a very convenient and ready 
indication of changes in eleuc-t'ical characteristics of the joint:' 
with the mechanical changes that are made. A typical t.d.r. 
trace for the new joint is given in Fig. 3 for pulses with rise 
times of 5 nanoseconds and 150 picoseconds which are 
approximately equivalent to 60 MHz and 2-3 GHz. With 
the slower rise-time pulse, the joint is almost indiscernable 
from other irregularities in the cable, and even with the 
faster rise-time the reflexion peaks shown are equivalent to a 
return loss which is always greater than about 38 dB. Thus, 
the electricat performance is well within the standards 
required. Joints made in this way by various jointers have 
been tested and found to give consistent results of this order.

Some joints have been constructed with a number of 
possible jointer errors or omissions and also subjected to 
tests. Such faults were found to be almost undetectable, 
except for one where grossly-excessive heat was applied to 
the outer-conductor during brazing, causing some melting 
of the polyethylene disks adjacent to the joint. Such a joint, 
in fact, only fails the high-voltage test between inner and 
outer- conductor, whilst the other faults only become elec­
trically detectable after long periods of vibration.

BURIED JOINTS
Because of the need to carry out in situ repairs, where 

practicable, rather than length replacement, some joints will 
be buried directly in the ground. There are two aspects which 
could affect the initial quality of the joint and its subsequent 
mechanic! integrity. Firstly, it is essential that the two cable 
ends are supported firmly in relation to one another whilst 
the coaxial pairs are jointed. Secondly, since the joint must of 
necesssty be made above the trench bottom, there is a risk of 
subsidence in the backfill material below the joint once the 
hole has been filled in. To meet both these problems, the 
cable is supported both initially and permanently in the trench 
by steel sections driven firmly into the ground on each side 
of the joint. Adjustable horizontal tie-bars are then fixed 
across the trench to give full support to the cable. On com­
pletion, the protected joint is enclosed in a glass-fibre-rein­
forced plastic coupling which also encloses, at its ends, the 
exposed ends of duct. The coupling rests on the steel supports 
and is filled with a cold-setting bituminous compound to give 
addition! mechanical and corrosion protection, before the 
excavation is backfilled.

JOINTS IN MANHOLES
In manholes, the joint is supported on adjustable cable 

supports. This form of support permits adjustment both 
horizontally and vertically to avoid setting the cable. Moulded
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(«)

(b

(n) Jointing complete
(b) Completed joint with protective tape

Fig 2—The completed joint of an 18-pair 2-6/9-5mm coaxxal 
cable

plastic cable clamps which fit to these bearers have been 
designed to permit rotation through two planes, thus ensuring 
that the cable can be clamped firmly and without risk of 
distortion and damage. The clamp is illustrated in Fig. 4.

JOINTING TO REPEATER HOUSINGS
Entry and exit cables are jointed on rite to the repeater 

housings. 18 solid-dielectric flexible coaxial leads and 24 
plastic-insulated audio pairs are led out through gunmetal 
pipes fitted at each end of the case.2 During manufacture, the 
ends of the flexible leads are prepared with a crimped ferrule 
applied to the outer-conductor of the flexible cable and a 
ferrule soldered to the inner conductor. Numbered collets 
are also fitted and the prepared leads are seeaed into the gun­
metal tube by a lead cap.

The cable coaxial-pairs are identified by tapping through 
from the previous repeater housing to ensure correct 
appearance at the amplifier in each case.

REFLECTION 
COEFFICIENT

TIME

The on-site jointing sequence is then as follows.
The 2-6/9 -5 mm cable pairs are prepared by removing the 

outer conductor and inserting a p.t.f.e. disk over the inner 
conductor. A prepared tinned-brass ferrule, threaded at one 
end, is passed over the cable pair together with the heat- 
shrinkable polyolefine sleeve. The inner conductor is soft- 
soldered to the centre ferrule of the flexible cable. The 
tinned-brass ferrule is passed over the inner conductor and 
screwed onto a nut attached behind the flexible cable outer­
conductor ferrule and then soft-soldered to the outer con­
ductor of the coaxial pair. The joint is then insulated with a 
heat-shrinkable polyolefine sleeve. When all pairs are jointed, 
a lead sleeve is plumbed between lead cable-sheath and the 
gunmetal pipe of the repeater case. A protective coupling is 
fitted over the joint and filled with a cold-setting bituminous 
compound. The joint is illustrated in Fig. 5.

The use of the crimped connexion for the outer-conductor 
braids of the flexible cable avoids softening of the solid 
dielectric which results if soldering is attempted. Experience 
shows that such softening allows small displacements of the 
inner conductor, with a consequent affect upon the electrical 
characteristics of the joint. The p.t.f.e. spacer on the flexible 
cable inner-conductor reduces the risk of similar trouble 
when soldering the inner-conductor ferrule, although the 
heat applied is considerably less than that required for the 
braids. The electrieal performance of this joint is adequate for 
60 MHz systems, however, its performance is almost entirely 
limited by the impedance tolerance of the flexible cable.

IN SITU REPAIRS
As mentioned earlier, a technique of in situ repair of the 

cable has been developed for maintenance. The repair 
method depends on the nature of the cable fault and the 
prevailing site conditions. However certain techniques have 
been developed to enable maintenance staff torestore quickly, 
and to maintain service on, as many systems in the cable as 
possible until permanent repairs are complete. The safety 
procedures and safe-working facilities provided by the power­
supply system permit the jointer to work on cables carrying 
working systems.t>4 A basic principle is that the coaxial 
pair on which he is actually working at any time shall be 
isolated at the adjacent repeater points.

Where a cable length has been damaged, temporary 
restoration of service can be given with either standardcable 
or a spectal interruption single coaxial-pair cable. Similarly, 
where damage is localized or even restricted to one coaxial 
par, it may be necessary to piece-out temporarily with short 
lengths of flexible cable. Use is made of a prepared plug- 
ended length of flexible cable mating with a socket end that 
can be quickly soldered to the prepared coaxial cable-pair.

The use of these flexible cables for patching permits 
access to a faulty coaxial pair which is awkwardly placed for

(1

REFLECTION
COEFFICIENT

TIME

(b)

(a) 150 picosecond
(Zb 5 nanosecond

Fig. 4—Cable clampFig. 3—Time domain reflectometer traces

172



(a)

(b)

(e)

(«) Inner conductor jointed
(b) Outer-conductor ferrule in position
(c) Completed coaxial-pair joint

Fig. 5—Flexible cable to 2-6/96 mm coaxial-pair joint

the jointer. In such cases, restoration of the coaxial pairs 
requires a small amount of slack, even with the new ferrule­
type brazed joint. Although, exceptionahy, it may be necessary 
to piece--n a short length of coaxial pair, a repair joint has 
been designed which is longe', but otherwise similar to the 
new ferrule joint.

The use of patching cable and the repair type of coaxial­
pair joint requires only a small working space, thus enabling 
thejointer to carry out a repair on a tight cable with minimum 
disturbance of adjacent undamaged coaxial pairs.

CONCLUSIONS
The new design of coaxial-pair joint is both mechanically 

sound and electrically consistent. The tedious features com­
mon to many of the earlier joint designs have been removed 
or at least reduced. Thus, thejointer is able to produce coaxial­
pair joints that are more consistent. Cable joints should 
therefore have a higher integrity than before, and an electrical 
performance which promises to permit the exploitation of the 
cable beyond the present 60 MHz.
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Book Reviews
“Wave Transmission.” vii + 107 pp. 61 ill. £1. “Antennas.” 

vii + 99 pp. 56ill. £1. F. R. Connor, Ph.D., M.Sc., 
B.Sc.(Eng.)Hons„ A.C.G.I., M.I.E.E., M.I.E.R.E., 
M.Inst.P. Edward Arnold.

There are six books in this series, namely, Vol. 1—Signals, 
Vol. 2—Networks, Vol. 3—Wave Transmisson, Vol. 4— 
Antennas, Vol. 5—Modulation and Vol. 6—Nose. Volumes 
1 and 2 were reviewed inP.O.E.E.J., Vol. 66, p. 9, Apr. 1973, 
Volumes 5 and 6 are in the course of preparation and Volumes 
3 and 4 are reviewed below.

In writing this series, the author’s intention is to prepare 
texts on introductory topics in eLctronics and telecommunica­
tion mainly for students who are studying for L.U. examina­
tions, degrees of the C.N.A.A., examinations of the C.E.I. and 
for other qualifications such as H.N.C. and H.N.D.
VOL. 3—WA VE TRANSMISSION

The man topics dealt with in this book are—analysis of 
lines, refleions on lines, field phenomena, waveguide theory 
and microwave techniques. There are also appendices deahng 
with—'vector analysis, boundary conditions and cavity 
resonators. Included in the book are 14 worked examples and 
15 problems with the numerical answers provided at the end of 
the book. In addition, there is a list of references for further 
reading on transmission.

The only important omission is the use of the Compensation 

Theorem for solving certain types of transmission problems on 
mismatched lines, lossy or loss-less.

GeneraHy, the book could be recommended to students 
studying for the professional examinations previously 
mentioned, and those taking the City and Guilds Advanced 
Line Transmission examination.
VOL. 4—ANTENNAS

The main topics dealt with in this book are—elementary 
antennas, vertical and horizontal antennas, antenna arrays, 
microwave antennas and electromagnetic waves. There are 
also appendices dealing with—effective aperture, radiation 
field, loop antenna, half-wave dipole electron collisions and 
earth’s field. Included in the book are 15 worked examples and 
12 problems with the numerical answers provided at the end 
of the book. As with the previous volumes, 8 list of references 
for further reading is provided.

As is to be expected this book is rather more speccalized 
than any of the previous volumes in the series, and will only 
be of use to those whose course of study requires a good 
knowledge of aerials at a fairly advanced level. It could, 
therefore, only be recommended to students studying for 
professional examinations, and those taking the radio 
subjects of the City and Guilds Telecommunication Supple­
mentary syllabus.
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The 60 MHz F.D.M. Transmission System:
Cable Testing

L. H. STILL, W. J. B. STEPHENS and R. C. H. BUNDYf

U.D.C 621.315.2122 621.31*7.34: 621.394. 029.63

Testing equipment and testing techniques developed for the assessment of the new 2-6/9’ 5 mm coaxxal cable 
are described. Although the cable is to be used initially for 60 MHz f.d.m. transmission systems, the feasi­
bility of its late- use for high-speed digitaa systems has rrcrssitated the extension of the testing frequency 
range. Close connroo and defimtion of cable parameters is required and this has resulted in the further 
development of existing measuring techniques and the deve/opment of methods new to trunk coaxial-cable 
testing.

INTRODUCTION

As the cable developed for the 60 MHz f.d.m. transmission 
system is likely to be ^xjploited later for high-speed digital, 
systems, the cable performance requirements have been 
specified up to 500 MHz. There is very little commerical test 
equipment readily available for cable testing in the region of 
500 MHz and much of the testing equipment required has 
had to be speccally drsignrd and constructed.

This article describes the test equipment and testing 
techniques which have been developed to allow the eleccrica 
performance of the new 2-6/9-5mm coaix! cable to be 
assessed in relation to the requirements sprcified for its 
initial use for the 60 MHz f.d.m. transmisson system and for 
later digital exploitation. These requirements are outlined 
in another article.1 Test equipment of the kind described 
requires controHed conditions of temperature and humidity 
for its performance to be consistent and accurate. Some of 
the equipment developed is required in a mobile form for 
field testing, and standard test-vans adapted for this purpose 
are also described in another article.2

TESTING PHILOSOPHY
Measurement of the specified deccrical performance of the 

new 2-6/9-5mm coaxial cable calls for high-calibre test 
equipment which is costly to provide, operate and maintain.

Although comprehensive checks of all aspects of cable 
performance are rsssntial during the deveeopment stage, it is 
probable that the same scale of testing during production 
would lead to a significant and unjustifiable increase in the 
total cost. Close control of the various manufacturing 
processes for the new cable will undoubtedly lead to a very 
consistent product and thus allow less rigorous procedures 
to be adopted in the various factories. It is expected that full 
assessment of the comprehensive tests carried out on pilot 
production cables recently installed at Marlow will enable 
an appropriate scale of factory and field tests to be specdied 
when full production commences.

1 Operational Programming Department, Telecommunications
Headquarters.

CABLE MEASUREMENTS

Attenuation
The manufacturing sprcification requires the coaxial-pair 

attenuation a at 10°C to conform to the following express son:

a = 0-013 + 2-3)5vV+ 0-003f,
where a is the attenuation in dB/1,000 m and f is the frequency 
in MHz. Figures calculated from this expressson, together 
with the appropriate specification limits, are shown in Table 1.

TABLE 1
Attenuation/Frequency Characteristics

Frequency 
(MHz) 4 16 64 256 484

Attenuation 
(dB/1,000 m) 4-635 9-281 18-645 37-661 52-175
Allowable 
limits (dB) ±0-07 ±0-14 ±0-28 +0-56 +0-78

For a 500 m length of cable the limits are: ±0-07 dB at 
16 MHz, ±0-14 dB at 64 MHz and +0-39 dB at 484 MHz.

To make confident measurements within these tolerances 
requires measuring equipment having an uncertainty of 
measurement one order better, i.e. 0-007 dB at 16 MHz and 
0-04 dB at 484 MHz. Uncertainties of measurement achieved 
by laboratories approved by the British Calibration Servlet 
over the cable specification frequency and attenuation ranges 
are typically 0-02-0-4 dB. Therefore, current measurement 
technology has had to be extended in order to measure the 
specified performance of the new cable.

The comparison method of measurement has been used for 
many years for the assessment of coaxial cables and has 
already been described4 However, more sophisticated 
equipment is needed to cater for the increased frequency 
range and closer tolerances demanded for the new cable. 
Some suitable equipment is available commercially and 
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in addition at British Post; Office (B.P.O.) design is now in 
production.5

A block diagram of the comparison-type attenuation 
measuring equipment used for the cable measurements is 
shown in Fig. 1. The accuracy is dependent upon the integrity 
of the calibrated attenuators but: is independent of the long­
term stabiiity of the osciilator and detector. The effect of the 
test leads is eliminated by making measurements with the 
leads coupled together and using the resuUting readings as 
references.

Fig. 2 shows typical results for the 18-pair 2-6/9-5 mm 
coaxial cable laid at Marlborough for the 60 MHz system 
field trial. All pairs are within the specified attenuation limits.

A further attenuation requirement of the specification is 
the limit on the spread of attenuation between any two coaxial 
pairs within the same layer To check this requirement, an 
attenuation difference measurement is made with one coaxial 
pair connected in the reference patilh and every other coaxial 
par connected in turn in the measure path. Fig. 3 shows 
typical resets from the Marlborough cable. Again, all pairs 
are within the specched limits.

Length Estimation
Coaxial-pair length is estimated from a measurement of 

delay using the Meyer test.6’7 A block diagram of the equip­
ment is shown in Fig. 4. lit consists of a bridge, the reference 
arm of which has a virtually constant phase-delay char­
acteristic. The measure arm (including the coaxial pair under 
test) has a phase-delay characteristic which is a function of 
frequency. As the oscillator frequency is advanced from zero, 
the signals in the two arms of the bridge are summed in the

CABLE PAR UNDER TEST

Fig. 4—Block diagram of Meyer test

TEST
LEAOS

Fig. 1 —Block diagram for looped-pair attenuation measurements

delta network, nulls being detected at frequencies where the 
signals are in anti-phase, i.e. at intervals of 2277 radians. The 
bridge is balanced by alternately adjusting the frequency of 
the osctilntor and equalizing the attenuation in the reference 
and measure paths. The nulls are counted from zero frequency 
and given a number N. Delay is then calculated using the 
formula:

2N - 1 
T_

wherer is the delay in us and f is the frequency in MHz.
The length of coaxial pair under test is then determined 

using the stannard delay figure for 2-6/9-5 mm coaxial cable 
(3-4511 js/l,000m at 30 MHz).

Pulse-Echo Test
The pulse-echo technique has been in use for many years 

in the testing of coaxial cables for impedance irregularities. 
Various methods have been described elsewhere.8^^”11!2 
For the 60 MHz system it was realised that a 10 ns raised- 
cosine pulse would suffice, but for checks of performance at 
500 mHz a 2 ns pulse would be necessary. Fig. 5 shows the 
basic block diagram of a pulse-echo test set. Fig. 6 shows 
a typical trace.

A time-domain reflectometer (t.d.r.) is more suitable for 
assessiing irregularities which are very close to the testing-end 
because of the greater resooution which can be achieved. It

Fig. 2—Maximum attenuation deviation of any coaxial pair from 
the specified attenuation

SPECIFIED LIMIT
0-4-

MAXIMUM
DIFFERENCE 0-3-
(PER CENT) 

0'2- • o OUTER-LAYER PAIRS

Ol- x X
„ X X x TTER-LAYER PAIRS

-------- 1-------1-------1------ 1------- 1------ 1-------1------ I—
o I 4 9 [6 25 36 49 64

fMHz)

OSCILLOSCOPE
PULSE 

GENERATOR

Fig. 5—Block diagram of pulse-echo equipment
Fig. 3—Maximum difference in attenuation between any two 

coaxial pairs in the same layeir.
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RETURN o 
LOSS 
(d9)

DISTANCE FROM TEST END (m)

Fig. 6—Pulse-echo trace of 2-6/9-5 mm coaxial pair showing major impedance irregularity

is, thus, extremely useful for checking the quality of tail-cable 
joints in the repeater housing. A block diagram is shown in 
Fig. 7. A typical trace of a tail-cable joint is shown in Fig. 8.

Enid Impedance
The end impedance of a coaxial pair is measured with the 

pulse-echo test set: shown in Fig. 5. It is necessary to balance 
the cable-impedance simulator against the cable end under 
test, the simulator itself having been previously calibrated 
against a standard network or a length of cable.

Each coaxiaa pair is designed to conform to the following 
expression:

Z — P +0O012X^]

where Z is the impedance in ohms and f is the frequency in 
MHz. The impedance of each coaxiaa pair at infinite frequency 
is required to be within the range 74-4 ±0-4 ohms.

It is extremely difficult to define the construction of a 
variable simulator network to match the cable impedance 
over the whole frequency range, but sufficient accuracy can 
be achieved to determine the relative impedance of coaxial 
pairs and thereby allow the consistency of the manufacturing 
process to be assessed.

To overcome the difficulties assodated with the cable 
timulator, a method employing a standard t.d.r. has been 
developed13 in which the cable impedance can be compared, 
using a bridge, with a d.c. calibrated resistor having a good 
high-frequency performance. A block diagram of such an

Fig. 7—Block diagram of time-domain reflectometer

CABLE LENGTH (m)

A —12 m test lead. 
B—connectors 
C,E—flexible coaxial tail cable 
D—air seal 
F —joint 
G—ooaxial pair

Fig. 8—Time domain reflexion trace of main cable to tail cable 
assembly of a 60 MHz system repeater housing
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TIME-DOMAIN REFLECTOMETER-

75 OHM 
TERMINATION

Fig. 9—Block diagram of equipment for end-impedance measure­
ment using the raised-step method.

equipment is shown in Fig. 9. The resultant impedance 
characteristic is recorded on a pre-calibrated chart using an 
X-Y plotter. Fig. 10 shows an example of a typical recording.

Uniformity of Impedance
It is important to assess the effect of the regularly-spaced 

impedance irregularities which can occur during the manu­
facturing process. The probable cause of these irregularities 
and their possible effect on the cable performance are con - 
sidered in another article.1

Sweep-Frequency Return Loss
One method of assessing the uniformity of impedance of a 

coaxial par is to use a sweep-frequency return-loss technique. 
The baric arrangement: of a suitable testing apparatus is 
shown in Fig. 11. The measured impedance of the cable is 
compared with a standard 75-ohm reference resiistoi-. A 
typical trace is shown in Fig. 12. It would be preferable to 
use a variable cable-impedance simulator network for this 
test rather than a 75-ohm rcststt^lr but as has already been 
noted, the problem of constructing such a simulator to cover 
the whole frequency range is almost insurmountable.

Return Loss by Carrier- Wave Burst
Another method.14-15 of astesstilg uniformity of impedance 

involves a technique in which bursts of carrier wave are 
applied to the cable under test and the reflected signal 
detected and recorded. By suitable timing of the bursts and 
adjustment of the detector it is possible to assess the reflexions 
from any particular portion of the cable. In this way the 
effect of a test lead, a tail cable or a connector can be elimi­
nated from the results. A typical recording is shown in Fig. 13.

Returned Power in Band
Return-loss measurements are insufficient for judging the 

performance of coaxial pairs for digital transmission. Ideally, 
an assessment of unwanted signals reaching the distant end 
after multiple reflexion (forward echo) is required, but this 
presents measurement difficulties. As a compromise, the ratio 
of returned mean power to the power sent in a defined 
frequency band is measured by processing the signals from 
the carrier-burst return-loss equipment. The returned power 
is integrated over 10 MHz bands to give the mean power 
returned in each band. Various methods have been described.16

Crosstalk
Crosstalk measuring techniques have been described else­

where.17 For the new cables a capability for measuring 
crosrialk attenuation up to 160 dB and up to 500 MHz is 
required.

High-Voltage Test
High-voltage tests are made on cable lengths in the factory, 

and on repeater sections in the field, to ensure freedom from 
incipient breakdown in service. Standard testing techniques 
are used.

D.C. Resistance
It is necessary to measure in the factory the d.c. resistance 

of the inner conductors with an uncertainty not worse than 
0-1 per cent at a stable temperature. These figures can then 
be used for assessment of the temperature of the cable when 
laid. The accuracy of this assessment thus depends largely 
upon the precision with which the temperature of the cable 
in the factory can be estimated.

Fig. IO—Fad-impedance trace of 2’6/95 mm coaxial pair 
(measured using the raised-step method)
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Fig. ll —Block diagram of equipment for conventional sweep­
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Insulation Resistance
The minimum requirement for ai coaxial pairs is 

25,000 Mohms between inner and outer conductors and 
120 Mohms between outer conductor and the lead sheath. 
Both figures are for a 1,000-metre length.

For the 0-63 mm quads in the cable, the insulation resist­
ance between any one conductor and the remainder (earthed) 
is required to be better than 10,000 Mohms on drum and 
6,000 Mohms when laid and jointed (again, for a 1,000- 
metre length). The quads are otherwise generaUy required 
to be in accordance with a standard 24-pair P.C.Q.T. cable.

CONCLUSIONS
The electrical tests required for the 2-6/9-5 mm coaxial 

cables designed for the new 60 MHz f.d.m. transmission 
system have been described and an indication of the nature 
of the testing techniques has been given. While the develop­
ment of new techniques has been necessary, it has been 
posssble to adapt many of the old-established methods to 
suit the very stringent requirements of the new cables. It is 
essantiat that the scale of production testing shouid be fixed 
at a suitable level, and as cable production progresses and 
experience is gained, an economic scale of testing will become 
increasingly evident.
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The 60 MHz F.D.Ma Transmission System:
Cable Test Vans

E. V. T. PERRINS, b.e.m.T

U.D.C. 621.317.361: 621.394.44.029.62: 621.317.2-182.3

The introduction of precision high-frequency test equipment for field testing of coaxial cables has created a 
need for a new design of test van. The design and construction of such vans for initial use with the 60 MHz 
f.d.m. transmission system is described.

INTRODUCTION
The proposed installation of 2-6/9-5 mm coaxial cables for 
initial use with 60 MHz frequency division multiplex (f.d.m.) 
transmission systems and posssble later exploitation for 
digit! working has demanded the use of mobile precision 
testing equipment. This has posed new problems for the 
field-test engineer. The need for test gear, suitable for 
high-precision measurements, to satisfy the system require­
ments implies the use of equipment designed for use in a 
laboratory environment, and the need for high-frequency 
operation involves the permanent assembly of a number of 
individual items of equipment rather than temporary con­
nexion of severaa portable pieces of apparatus.

New test vehicles have been designed and constructed so as 
to provide an appropriate environment for both the equip­
ment and the testing personnel.

1 Operationaa Programming Department, Telecommunications 
Headquarters.

DESCRIPTION OF THE VEHICLES
Experience with a standard British Post Office test van 

during installation of the 13-jpiir 2-6/9-5 mm coaxial cable 
for the field trial at Marlborough, showed the need for 
considerable improvement to the internal layout in order 
that high-frequency tests could be conducted efficiently and 
with confidence. Considerable difficulties arose in operating 
laboratory-type equipment within the environment of a 
standard test-van and the need for some degree of temperature 
control became apparent.

The new layout, shown in Fig. 1, was designed to make 
proper provision for rack-mounted equipment and to give 
adequate working space for the testing personnel. Space was 
allotted for an air-conditioning unit and storage capacity 
allowed for spare equipment and test leads. The need for a 
teletype and modem for direct computer access for rapid 
calculation of test result was recognized.

To accommodate all the equipment required for testing 
the new 2-6/9-5 mm coaxial cable, two separate test
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Fig. l —nnterior layout of the test-van, after modification
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Fig. 2—Rack of equipment for transmission-measurement vehicle 
(before fitting auxiliary roof)

vans are needed, each having the same basic layout but 
differing in detail. Two standard vans have been stripped 
of all interior fittings and equipped with completely new 
custom-built function! items to suit the new arrangements. 
The equipment racks are constructed so that they can eafily 
be converted to take modified layouts and changes of eqmp- 
ment. The main framework, constructed of 25-4mm 
square steel section, is divided vertically into three equal 
divisions, each 500 mm wide. In one vehicle, the rack is 
equipped with vertically-adjustable shelves, and the other- 
vehicle is similarly equipped, except that fix of the shelves 
are fitted with ball-bearing sliders enabllng the eqwpment 
to be pulled into a forward’ position. The equipment is 
secured to the shelves by rubber straps and prevented from 
sliding by smaU wooden blocks. Fig. 2 shows the arrangement 
for the transmission-measurement vehicle and Fig. 3 shows 
that for the pulse-echo and sweep-frequency return-loss 
measurement vehicle.

Fig. 3—Rack of equipment in vehicle (before fitting auxiliary roof) 
for pulse-echo and sweep-frequency return-loss testing

Temperature Control
Preliminary calculations showed the need for approximately 

2kW of heating to maintain a temperature of 20°C inside 
the van when the outside temperature was 0°C. During hot 
weather, a cooling capacity of 3-1 kW would be required to 
maintain the internal temperature of the van at 15°C when 
the external temperature was 30°C. Standard commerical 
air-conditioning units are installed in the spaces previously 
occupied by the front near-side lockers. The units chosen have 
a heating capacity of 2-5 kW and a cooling capachy of 3-5 
kW, the dimensions being such that the units can be installed 
through the locker doors without disturbing any of the 
interior fittings in the vans. These units use a non-toxic 
refrigerant and thermal cut-outs protect the units from 
overheating.

It has been necessary to duct some of the conditioned air to 
the upper part of the van bodies, thereby removing the tend­
ency for the air to stagnate in layers of differing temperatures.

To overcome the solar gain (greenhouse efiect) of the 
translucent fibre-giass roofs, auxiliary outer roofs made of 
alumimium-alloy sheets have been provided. These alloy roofs 
are painted matt black on the underside, the reflecting outside 
surface being the natural polished alloy protected by clear 
varnish. The auxiliary roofs are separated from the original 
roofs by wooden spacers.

Comparative measurements of the internal air temperature 
of an air-conditioned van and a standard van were made

Fig. 4—Comparison of climatic conditions inside a modified van and a standard van
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Fig. 5—New van complete with trailer generator
Fig. 6—External view of trailer caravan showing air conditioner 

intake
using thermographs. Fig. 4 shows how the temperature 
fluctuations were restricted by the air-conditioning units for 
a typical period in summer. This degree of control has proved 
to be adequate for both equipment and personnel and, 
although humidity control is not provided, the air tempera­
ture is sufficiently high to prevent reaching the dew point and 
consequentty no condensation problems arise.

Power Supply
In each van, the test equipment requires a 2 kW supply at 

230 volts 50 Hz and the air conditioner requires a supply of 
3-5 kW capac^y. Separate power supplies are needed so 
that the test equipment is isolated from the transients arising 
from load switching in the air conditioner. Two similar 
3-5 kVA petroo generator sets are mounted on a single 
trailer to meet these requirements.

Ring mains, with outlets at strategic points (as indicated in 
Fig. l) and protected by earth-leakage trip units are installed 
in each of the vans to power the equipment. Two 50-watt 
fluorescent lights are also energized from this supply. Part of 
the existing low-voltage lighting is retained for emergency use. 
Fig. 5 shows the external appearance of one of the new’vans 
complete with trailer generator.

TESTS ON THE CONVERTED VEHICLES
After conversson, each of the vans was subjected to a series 

of tests to determine whether the equipment would be affected 

by vibration and also to prove the strength of the fittings 
under adverse conditions. For a road test, the vehicles were 
driven over rough surfaces and unmade roads at speeds 
higher than would normally be used in practice. Emergency 
stops were made and the equipment inspected for movement. 
None of the equipment moved or sustained damage due to 
the vibration. The electrical performance of the equipment was 
unimpaired by these tests.

FURTHER DEVELOPMENT
In the early planning stages it became apparent that some 

parts of the new 2-6/9‘5 mm coaxial cable routes might weh 
be difficult of access by a test van and for this reason a new 
unit is being developed. This is basically a commerical trailer 
caravan with inside dimensions 356 m X 2'13m x 2-06 m 
fitted with lifting eyes to allow placement by crane if necessaay. 
It has the additional merit of housing all the test equipment 
in a single vehicle rather than in two separate ones. Fig. 6 
shows the exterior view of the partly finished prototype unit.

CONCLUSIONS
Two standard test vans have been converted to suit the 

housing of equipment for precision high-frequency testing of 
cables. They have proved reliable in service, and acceptable 
to the testing personnel. The new layouts of equipment 
and temperature-control arrangements have both contributed 
to an improvement in working conditions.
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The 60 MHz F.D.M. Transmission System: 
A Loss-and-Gain Measuring Set

G. J. CRANK, b.sc.)eng.), c.eng, m.i.e.e, and H. O. J. SMITH, c.eng, M.i.E.E.T

U.D.C. 621.317.361:621.315.212.029.62

The advent of higher-frequency inland and submarine coaxiaa systems has led to a need for an accurate 
high-frequency loss-and-gain measuring set. An equipment developed by the British Post Office (B.P.O.) 
Research Departmenn and now in limited commercial production for geneeaa B.P.O. use is described. Both 
the Research Departmenn models anti the commerccal prototypes have been used extensively on the initial 60 
MHz coaxial cabiefeasibility studies and the later field trials.

INTRODUCTION
The two fundamental parameters in a coaxial cable system 
are the loss of the cable sections and the gain of the associated 
amplifying elements. Consequent, the need to measure loss 
and gain arises frequently during the deveeopment, manu­
facture and installation of such systems. Measurement of loss 
or gain also arises in many other fields, and requirements for 
preccson, dynamic range and frequency speccrum vary widely.

In the past, many equipments for loss and gain measure­
ment have been produced and this has sometimes led to 
difficulty in relating results from different sources, obviously 
undesirable where the final objective is to match the gain of 
a repeater agamst the loss of a cable section.

With the progressive increase in system bandwidths, testing 
requirements have become more onerous; measuring sets 
having greater precision over wider frequency ranges are 
needed and ideaHy these should be simple and quick to 
operate.

Following the development, some years ago, in the British 
Posit Office (B.P.O.) Research Department of a wide range 
loss-and-gam measuring set, designed for submarine and 
inland coaxiaa system applications,1 (Fig. 1), this was made 
the basis of a standard B.P.O. set and there was sufficient 
demand to arrange for limited commercial production.

Target specffication requirements were formulated as a 
result of consultation with prospective users and on the basis 
of the known performance of the B.P.O. prototype. These 
are summarized in the table.

A deveeopment contract was placed for the production of 
two commercca! prototypes, (Fig. 2), and these have now been 
in the field between one and two years.

Both the B.P.O. models and the commerccal prototype 
equipments have proved success! and have been in con­
tinual use for some time on submarine and inland coaxial 
cable system applications, including the initial 60 MHz 
frasibiiity studies and the later field trials?

Fig. 1—B.P.O. Loss-and-Gain measuring Equipment 
(B.P.O. model)1 Research Department, Telecommunications Headquarters.
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TABLE
Target Specification

Frequency range 0-1 GHz (with limited extension to 2 GHz)

Uncertainty 0-02 dB up to 100 MHz, over a dynamic 
range off 60 dB

0-2 dB from 100 to 500 MHz, over a 
dynamic range of 60 dB

0-5 dB from 500 MHz to 1 GHz, over a 
dynamic range of 60 dB

UncertainRyof 
difference 
measurement

0-002 dB up to 60 MHz, over a dynamic 
range of 5o dB

Resolution 0-001 dB ova- a dynamic range of 60 dB

Maximum dynamic 
range 160 dB (1 dB bncertainty)

METHOD OF TEST
Before development of the equipment started, a choice had 

to be made between direct substtiution, where the unit under 
test (u.u.t) is compared with a measuring standard at the test 
frequency, andmdiiecttubstituiion,’’4’5 where themeasuring 
standard operates at an intermediate frequency (i.f.) or at a 
low frequency. A detailed ditcusston of the relative merits is 
outside the scope of this article but the choice depends largely 
on the frequency range to be covered.

Where wide frequency ranges well up into the microwave 
region, are required, and for most computer-controlled 
applications, the indirect substitution technique is more 
appropriate.

When considering equipments for manuaa operation over 
ranges where variable standards of sufficient accuracy can be 
obtained, the direct substitution technique, sometimes known 
as radio frequency (r.f.) tubstitution, offers advantages of 
greater simplicity and reduced time to make measurements 
and has been selected for the present application.

There are two baric direct substitution test methods 
available, simple -eries-substitution where the u.u.t. is in 
series with the measuring attenuator, and parallee substitution, 
where they are in opposite paths. Although either of these 
methods may be used in the equipment, a combination of the 
two techniques, referred to as series-substitution comparison, 
is chosen for most purposes.

This method has many advantages, including the less 
stringent demands it makes on long-term level-s-abStity com­
pared with rimple series-suUstitution. Also, it does not suffer 
from the disadvantage of wide variation in receive levels 
a-sociated with paralic! substitution.

The method is illustrated in simplified form in Fig. 3. 
The variable attenuator is adjusted until the indicated output

Fig. 2—B.P.O. Loss-and-gam measuring equipment 
(commercial prototype)

levels of the measure and reference paths are the same; 
firstly with the u.u.t. in eircuit(leads plus unknown run), and 
secondly with the u.u.t. out of circuit (leads run).

The loss or gain of the u.u.t. is then given by the difference 
in attenuator readings for the two balance conditions.

OUTLINE DESCRIPTION OF THE SYSTEM
Fig. 4 shows a typical lay-out of the system. The basic units are:

(a) A signal source comprising an o-ciilator, or frequency 
synthesizer, covering the required frequency range and 
capable of providing adequate signal level. For precise work 
the oscUlator must have good amplitude and frequency 
stability, pure waveform and negligible spurious radiation. 
A frequency counter is also required sometimes.

UNDER TEST

Fig. 3—Series-substitution comparison technique

TELEPRINTER 
LOCAL 

recoro

-EI

COMPARISON 
PANEL

LINE No.

m:pE punch

coturtR

OSCILLATOR

DIGITAL 
DISPLAY

SELECTIVE
DETECTOR

UNIT UNDER | 
rEST .

Fig. 4—■Loss-and-gain measuring set

EMOOTE PROOESSOR

oat*____LOOZER [“

, MANUAL 
jCOMPARATOR

183



(b) A comparison pan!, containing the necessary high - 
frequency components for direct-substiiution measurements,

(c) A selective detector having the required frequency range 
and sensiiivity and providing either a d.c. or an i.f. output 
signal. For preccsion applications the detector should have good 
amplitude and frequency stabiiity and should provide adequate 
discrimination against spurious signals.

(d) A levee-comparator unit which processes the output 
signal from the selective detector and provides the necessary 
visual display of the results.

(e) Automatic electronic data-processmg (e.d.p) facilities 
for use where a large number of measurements are to be 
made. Suitable bmary-coded-dectmal (b.c.d) facilities are 
provided in the comparison pane and in the lev! comparator 
for this purpose.

The oscUlator, frequency counter, and detector units used 
are all standard commerctai items and are not discussed 
further.

Referring to Fig. 5, the r.f. test signai is applied to the 
comparison pane where it is divided between the measure and 
reference channels by means of a series resistive spllitting- 
network, which effectively provides a precise 50-ohm source 
impedence for each channei irrespective of the output impe­
dance of the occlator6 Facilities are provided in the measure 
and reference channels for seeting up a variety of direct 
substiiution tests, but the method shown in Fig 3, where the 
u.u.t. is connected into the measure channel, is used for most 
purposes. Signa levels at the output of the two channels are 
compared by means of a coaxial switch and passed via a 
terminating amplifier to the sekctive detector. The output 
signai from the detector, either at i.f. or d.c. is applied to the 
input circuit of the level comparator of the loss-and-gain set. 
Depending on whether i.f. or d.c. operation is selected, the 
signal is passed «the- through a high-linearity rectifying 
circuit, or directly to a buffer amplifier, after which the 
signal is again divided between the measure and reference 
channels by means of a second resistive sppitting network. The 
purpose of this second division of the test signal, now at d.c., 
between measure and reference channels is two-fold,

(a) to provide a means for correcting known errors in the 
r.f. attenuators, and

(b) to provide finer attenuation steps than can be achieved 
using the r.f. attenuators.

Correction of errors in the r.f. attenuators is achieved by 
switching-in appropriate correction resistors in the d.c. 
circuiitry of the levee comparator; ganged switching being 
provided for this purpose. From the correction networks, the 
d.c. test signal passes to mcrementai attenuators having 
steps of 0-01 dB and 0-001 dB, which provide interpolation 
between the 0-1 dB steps of the r.f. attenuators. The outputs 
of the two d.c. channels are compared by means of a mercury- 

wetted relay, which operates synchronously with the coaxial 
switch in the comparison panel and the resulting test signal is 
fed to the level and expanded-scale meter circuits.

The Comparison Panel
The comparison pane, which is the lower unit shown in 

Figs. 1 and 2, contains the necessary components for r.f. 
substitution measurements.

Referring to Fig. 6, both measure and reference paths 
contain three resistive attenuators variable in 10, 1 and 0-1 dB 
steps respectiveey. The u.u.t. is normally connected between 
ports E and F or G and H, i.e., in series with the measure 
attenuator. Measurements are made by balancing the measure 
channel against a fixed pre-set reference setting. The coaxial 
switch, used for comparing the output levels from the two 
channels, may be operated either manually, by a push button 
on the front pane, or automaticafiy, by electronic circuitry 
in the level comparator.

Attenuators
The attenuators use modified commercial turret assemblies 

containing non-spiralled metal-film resistors mounted in 
cylindrical cavities. Considerable experimental work on 
contact materials coupled with extensive life testing was 
undertaken to obtain a constant low-resistance contact and, 
thus, ensure good repeaaabiiity of measurements and long life.

Extension spindles, fitted to the attenuators, operate switch 
wafers connected in the d.c. circuitry of the comparator. The 
additional switching functions so provided are:

(a) deccmal outputs for digital indicators etc.,
(b) binary-coded-decmal outputs for data processing 

applications, and
(c) selection of d.c. correction networks to compensate for 

errors in the attenuators.
Thirty-six degree switch indexing is used in preference to 

standard 30° indexing as it is more compatible with the 
digital circuitry and, by obviating the need for end stops, 
permits direct progression from nine to zero, with consequent 
reduction of balancing time and attenuator wear.

Selected fixed resistors, which are fitted in the d.c. circuitry 
of the comparator after calibration of the attenuators, are 
used to correct for small errors in the attenuators.7

Coax/Td Switch
In addition to meeting stringent return-loss and spurious­

coupling requirements the coaxial switch must provide 
constant low contact-resistance coupled with long life under 
continuous high-speed operating conditions. The only 
element adequately fulfilling the latter requirements is the 
mercury-wetted reed relay. This has a quoted life expectancy 
of a least 109 operations, with contact resistance variations

Fig. 5—Layout of measuring equipment
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Fig. 6—Loss-and-gain measuring set (functional diagram)

less than 2 milliohms. Unfortunately, such relays have not 
been designed for high-frequency applications and the pur - 
pose of the present design is to obtain the necessary r.f. 
performance using available relays.

Connexion to the Unit Under Test
The design impedance of the comparison panel is 50 ohms 
and connexion to external circuits is via 50-ohm coaxial 
sockets on the front panel.

In the design, emphasis has been placed on the achieve­
ment of a high return-loss at each port with negligible spurious 
internal couplings. For precise work, these factors should 
not be signtficantly degraded in the inter-connexion between 
the panel and the u.u.t. Ideally, rigid 50-ohm airlines should 
be used, but in many practical situations flexible test leads are 
necessary', in which case precision double or triple braided 
cables need to be used. The return loss of such cables is 
rarely in excess of 30 dB and errors due to mismatch are 
reduced by the use of additional masking between the test 
leads and the u.u.t. For measurements on networks of 
impedance other than 50 ohms, the use of precision matching 
pads fulfils both the matching and masking functions. A 
range of 10dB matching pads has been designed for generaa 
use on submarine and inland coaxial systems. Over norm! 
system frequency ranges these should yield return losses of 
the order of 50 dB.

Identicaa layouts have been used for the reference and 
measure channels and, as a result| they have closey matching 
frequency responses. In certain cases, it is advantageous to 
duplicate the test lead and matching-pad arrangements in 
both channels. With sufficient care it is possible, for most 
applications, to obviate the need for the uaual calibration 
run for the leads.

Ancillary Units
A number of ancillary units have been designed for use with 

the comparison panel. These comprise:

(a) Plug-in terminating amplifiers to provide a precise 
50-ohm termination to the equipment when connected to a 
selective detector which may have only a nominal impedance.

(b) A combining network used for the measurement of 
phase and group-delay by means of the Meyer method.8

(c) A plug-in unit to enable crosstalk loss of 160 dB to be 
measured in accordance with present coaxial-cabie specifica­
tion requirements.

Gemivi
Interconnexion between individual r.f. units in the com­

parison panel is by means of precision 14 mm coaxial airlines. 
Particular attention has been given to the elimination of 
spurious coupling within the comparison panel; heavy screen­
ing being used throughout.

A five-digit display is provided, with facilities for extin­
guishing either of the two least significant digits where not 
required.

An optional locking facility is provided to lock the refer­
ence attenuators at any chosen setting.

The comparison panel is temperature controlled, normally 
at 37-5°C (100’F), the temperature being sensed by a ther­
mistor fitted in the attenuator assembly and indicated by a 
calibrated edge-meter on the face of the comparison panel. 
In the event of failure of the main controlling thermostat, a 
second series thermostat, operating at a higher temperature, 
takes over the control function and brings up an overheat 
alarm.
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rRACTnOUAtCORRECTION MEASURE

Fig. 7—Manual comparator

Level Comparator
The level comparator, which is the top unit in Figs. 1 and 2, 

processes the output signal from the selecTive detector to 
provide the final visual display.

The input circuitry (Fig. 7) accepts an i.f. signal from the 
selective detector in the range 1-100 kHz, or alternatively, a 
positive or negative d.c. signal. Where only higher frequency i.f. 
signals are available, it is necessary to provide additional 
frequency changing.

Operating levels are set by calibrated gain controls and 
i.f. to d.c. conversion is achieved by means of a high-linearity 
rectifyingcircuit.

The attenuator correction networks, sited in the comparison 
panel are connected by flexible interconnecting leads. Also, 
in this part of the circuit, are the fine inTl•ementai step atten­
uators which provide interpolation between the smallest 
steps on the r.f. attenuators. To reduce switching complexity, 
only one resistor is switched in each d.c. attenuator network, 
sufficient loss being provided in the networks to maintain the 
resuming mismatch errors beow 0-0001 dB.

Varying degrees of resolution between 0-001 and 1 dB are 
provided by the three levee meters; the main meter Ml being 
calibrated between -20 and +3dB, the expanded scale 
(suppressed-zero) meters M2 and M3 between —0-5 and 
+0-5 dB and —0-05 and +0-05 dB respectiveey.

A buffered output is available for use with external sweep 
displays, XY recorders etc.

Alternating to Direct Current Conversion
Since there will normally be smial differences between the 

iff reference and measure levels at each balance point, it is 
essenttat that all processes in the a.c. to d.c. Tonverston are 
linear over the dynamic ranges involved. Care must be taken 
to ensure that all modulators and amplifiers in the chain are 
operated over linear portions of their characteristics. Rectifi­
cation circuits in commercial seeective detectors are unlikely 
to be sufficiently linear for precise applications, thus, an i.f. 
output should be used in conjunction with the high linearity 
a.c. to d.c. converter in the levee comparator, wherever 
posssble.

Corrected/ UnTorreTted Operation
The attenuator correction circuits have been provided for 

users not having access to a computer. Howeverr where the 
equipment is used in conjunction with a computer it may be 
preferred to store the attenuator corrections and apply them 
as part of the computer program. To allow for either mode of 
operation, the attenuator correction networks can be strapped 
in or out of circuit by the insertion of a shorting plug in the 
appropriate socket. SelecTton of ether mode is indicated by an 
illuminated legend on the front panel.

Circuit and ConstrucTionat Details
The components are mounted on double-sided plated- 

through fibre-glass printed-wiring boards, readily aTcesstble 

for maintenance. Standad integrated circuits are used, 
together with a small percentage of discrete components. 
Switch contacts are duplicated, wherever possible, and 
switches are mounted inside dust covers to improve reliability.

AUTOMATIC ELECTRONIC DATA PROCESSING 
(E.D.P.)

Where large numbers of measurements are to be made, the 
use of e.d.p. facilities results in large savings in time and 
effort. Human error associated with manual logging and 
calculation is also removed.

A typical e.d.p. arrangement is as follows:
(a) a line-number generator for identifying each measured 

retuit,
(b) a data logger (or serializer) for accepting the b.c.d. 

outputs from the line-number generator, the frequency 
counter (or synthesizer), the comparison panel, the level 
comparator and other devices that may be involved in the 
measurement, such as temperature sensing devices, digital 
clock, or 7 point counters,

(c) a teleprinter, operating from the serializer, to provide a 
local printed record of the test results and a punched paper­
tape for subsequent proTessng by a computer, and

(d) a graph plotter operating from the remote computer 
terminal.

A spedfication for a data logger for use with the loss-and- 
gain measuring system has been prepared and a number of 
commercial versions provided. The equipment serialises 
32 of 44 x 4 wire b.c.d. characters and presents them at 10 
TharaTtrIt/t in USASClP code to a teleprinter. The data 
logger can be operated by local, or remote command signals.

FURTHER DEVELOPMENT
In the development of the present loss-and-gain set, an 

effort has been made to reduce complexity of operation and 
time required to make a measurement. Typically, measure­
ments to 00)01 dB resohition take several seconds, which 
compares favourably with indirect substitution equipments 
where the time per measurement may be of the order of 
minutes.

A semi-automatic levee comparator sometimes known as a 
time-shared comparator has been developed by the B.P.O. 
and makes further significant reductions in the time and 
expertise required to make a measurement. The semi-auto­
matic comparator has been produced in a fully compatible 
form and in an identical cabinet with that of the existing 
commercial manual levee comparator already described, and 
the comparison panel may be used with either version.

Both digital and analogue display facilities are provided. 
The former are normally preferred for measurements at set 
frequencies, while the latter are more useful, for example, in 
investigating peaks and troughs in the frequency response of 
the u.u.t.
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Using the semi-automatic comparator, it is only neces­
sary to obtain a balance to within 1 0-99 dB, the remaining 
unbalance being measured digitally. The range of unbalance 
measured corresponds to the dynamic range of the integrator; 
when this is out of range the digital display is extinguished.

To make a measurement, the attenuators are adjusted to 
give a within range condition and the record button pressed. 
This results in:

(a) integration of the unbalance signaa for a pre-selected 
time period,

(b) combination of the processed unbalance signal in digital 
form with the b.c.d. outputs of the measure and reference 
attenuators,

(c) display of the net loss or gain result with appropriate 
sign,

(d) transmisson of b.c.d. outputs to peripheral equipments, 
and

(e) generation of a frequency advance signaa for use with 
programmable synthesizers.

The switching and integrate periods are locked to the mains 
frequency in order to eliminate errors due to spurious mains 
frequency components that may be superimposed on the 
measure signal during certain types of measurement A 
choice of three switching speeds, corresponding to one, ten and 
a hundred mains periods is offered. This permitsthemeasuring 
time to be optimized according to the dynamic range of the 
measurement i.e. the signaa-to-noise ratio of the received test 
signal. For most purposes, the fastest speed can be used and 
this resuhs in virtually instantaneous operation of the meters.

The analogue display is similar to that of the mamlal 
comparator except that the expanded-scale meters, M2 and 
M3, indicate levee difference between channels instead of 
absolute level.

Buffered outputs are provided for level and level difference 
for application to sweep or remote displays.

CONCLUSION
Considerable experience has been obtained from extensive 

laboratory and field use of the prototype equipments, 
amounting to six years continuous use for the first B.P.O. set 
and two years for the first commerccaa prototype.

During this time, numerous measurements have been made 
in connexion with such projects as the CANTAT 2 and TAT 6 
submarine systems and 60 MHz f.d.m., 120 Mbit/s and higher 
speed digital systems. The equipment has proved extremely 
reliable in such diverse environments as laboratories, cable 
factories, field test-vans and cable ships. Crosschecks made at 
nationaa standards levee and with predsson equipments 

developed by Bel Laboratories indicate that the target 
specifications have been adequately realised.

Where the equipment has been used in conjunction with 
a computer, the uncertainty of measurement has been 
very considerably improved by storage of attenuator fre­
quency corrections in the computer program. As the equip­
ment has a very high degree of repratabiilty, the uncertainty 
of measurements then corresponds closely with that of the 
original national standards calibration source. In this way, 
the accuracy of the equipment up to 1 GHz has been made to 
correspond with that of the best available indirect-subssttu- 
tion equipments, whilst retaining the advantages of speed and 
simplicity of the direct-subssttution equipments.

Compared with earlier equipments, a reduction of measur­
ing time of about 90 per cent has been achieved and in a 
side-by-side comparison on submarine cable tests there was 
little differ'ence in time taken to complete a frequency run 
between the B.P.O. set and two computer-controlled equip­
ments.
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The 60 MHz F.D„M. Transmission System:
Civil Engineering Requirements for the Cable Route

S. RATA, e.r.d., b.sc.(eng.), F.I.E.E., and P. SAYERST

U.D.C. 621.315.232: 621.315.212: 621.394.44.029.62

For the 60 MHz f.d.m. transmission system, the duct and cable must be routed so as to minimize the risk 
of accidental damage. The ducts and associated civil engineering works, which are described, are planned 
to give the protection required.

INTRODUCTION
One of the essenti! requirements of a high-integrity com­
munication route, such as the 60 MHz coaxial-cable system, 
is that once installed it should be free from interference of 
any kind. Duct and cable laid in footpaths and roads, 
although protected from many hazards, are sttll very vulner­
able to damage.

The conditions for placing duct in the ground for local, 
junction and trunk-network cables are, basicafly, governed 
by the mechamcat strength of the type of duct used, the width 
and depth of excavation, whether there is sufficient room, and 
the need to keep costs to a minimum. The British. Post Office 
(B.P.O.) does not have exchissve rights to lay duct in foot­
paths and roads and has to share the available space with 
other' statutory undertakers ;* in addiltion, there are drainage 
and sewerage networks, and other miscellaneous services.

The activities of statutory undertakers, installing new plant 
and maintaining existing plant, and Ioc! and highway 
authorities undertaking roadworks etc., continually put 
B.P.O. plant: at risk. It therefore becomes necessary to 
consider new minimum standards of conssruction and the 
use of different routes to ensure the security of the coaxial 
cables used on the 60 MHz project, and the plant for other 
high-capachy/hiigi-inteigrty routes.

NEW STANDARDS
An initial conssderation was to continue to use the existing 

routes of roads (and the footpaths alongside them) but place 
B.P.O. plant at a greater depth. Evidence of damage to B.P.O. 
duct and cable in the past has shown that the majority of 
damage occurs in the first 0-9 m from the surface. Therefore, 
it was decided that the minimum depth at which the duct 
shouM be laid was 1-2 m although it was realized that 
damage, on a much reduced scale, can still occur at this 
depth and the process of laying the duct at extra depth is 
more costiy.

Complementary to laying the duct at the increased depth, 
conssdeeation was given to making the routes for the 60 MHz 
system a dedicated route i,e. a route on which the duct and 
assoccated jointing chambers would be laid separately from

1 Operational Programming Department, Telecommunications 
Headquarters.

* Statutory under■iaaers—a term embracing all those bodies 
empowered to provide public services in excavations on highways; 
it includes water, gas and ell2ci|■i^ity services as well as the B.P.O.
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IoccI, junction and trunk cable routes and remain for the ex­
clusive use of coaxial cables for the 60 MHz system, The 
main objection to this proposal was that the B.P.O. would be 
occupying yet more space in already-congested footpaths 
and roads. Nevertheless, this concept has been adopted.

NEW ROUTES
Alternatives to footpaths and roads have not been seriously 

considered for duct routes in the past, primarily because of 
wayleave difficulty. The desire, however, to find a route 
uncluttered with other undertakers’ plant and reasonably 
free from interference or damage resulted in the B.P.O. 
giving thought to other routes such as can! towpaths, 
railways and across country.

There still exists in the United Kingdom an extensive canal 
network, but, preliminary surveys showed that the canals are 
far from straight and that a number of ductlaying problems 
were likely to arise at locks, basins, bridges and intersections, 
Although not insurmountable, these would need solving 
and could be costly. In addition, the gas and electricity 
authorities have already taken the opportunity of laying 
their plant in the canal towpaths and its presence could 
present problems at a number of locations,

Motorways, which probably offer the best path for trunk 
cables, are excluded from B.P.O. use by the Highways Act 
of 1971.

Railway routes have been surveyed and some could have 
application for 60 MHz ccblepusposrs. The main advantages 
of a railway route are that it can afford a direct path with 
the minimum of deviations, either vertically or horizontafiy, 
for the duct, Furthermore, only one wayleave has to be 
negotiated and there should be less risk of interference or 
damage to B.P.O. plant. One disadvantage would be the 
need to adopt a strictly-controlled safety code of practice 
for staff working in the railway environment.

DUCT
At the present time, the B.P.O. uses p.v.c. duct, having 

intern! diameters of 51mm, 89 mm and 102 mm, and 
earthenware duct, which has an internal diameter of 92 mm; 
all are intended for use by cables in various diameters up to 
72 mm. The 18-pair 2-6/9'5 mm cocxidccblr for the 60 MHz 
system will be the largest cableinuse, and can have a maximum 
diameter of 78 mm. This, together with the maintenance 
requirement of sufficient space within the duct to use thin 
nylon rods with a “iniffer”,l to detect leaks of air from the
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cable sheath, has resulted in the need for a duct with a larger 
internal diameter.

The minimum acceppable internal diameter to accommo­
date the cable and the sniffer, which is approximately 
19 mm in diameter, is 102 mm. Existing p.v.c. duct of 102 mm 
internal diameter has a wdl thickness of 3’4 mm and, at the 
varying depths the duct Wil be laid on the 60 MHz project:, 
would not be strong enough to withstand earth pressures and 
traffic loads without distortion or damage. The duct chosen 
for 60 MHz routes is standard 102 mm Class C p.v.c. 
water pipe which has in fact, an intern! diameter of 
105 mm. Its wall thickness is 4-5 mm and it is manufactured 
in lengths of 3 m and 6 m. Jointing is by means of spigot 
and socket; the 6 m length has a 102 mm socket formed at 
one end and, for reasons outlined later, the 3 m length has 
sockets formed at both ends.

The naturat minimum bending radius of a 6 m length of 
102 mm p.v.c. duct is approximately Mm which does not 
easily permit small deviations in the line of route when 
obstructions are encountered. Therefore, HT2 mm pre-formed 
p.v.c. bends, approximately 12m in length and 5-1 m 
radius, have been introduced.

Where there is a risk of damage, e.g. because of the need to 
reduce the depfh of cover, the p.v.c. duct will be replaced by 
102 mm internal-diameter mild-iteet duct.

The 102 mm mild-steee duct in current use is internally 
coated with bitumen compound and extemUy clad in high- 
denssty polyethylene. The coefficient of friction of the internal 
lining to polyethylene-sheathed cables is almost twice that of 
p.v.c. duct; the introduction of stcee duct into sections of the 
route containing p.v.c. duct would, therefore, increase the 
cabling tensions and could result in a reduction of the cabling 
lengths and, pcssibly, require addition! manholes andjoints. 
It therefore became apparent that there was a need for a steel 
duct with an improved internal coating which gave a co­
efficient of friction comparable to p.v.c. duct.

Following discussions with manufacturers, a new lining 
of epoxy red-oxide paint: has been succetsSLllly tested and 
introduced; it has a coefficient of friction to polyethylene- 
sheathed cables almost the same as that of p.v.c. duct and 
has improved protective qualities over the existing bitumen 
lining. The cost of the new steel duct is approximately 18 per 
cent greater than the bitumen-coated steel duct but this 
increase is less than the cost of any alternative method 
necessary to obtain maximum cabling lengths.

Normaa practices, as outlined in standard specifications, 
are employed for jointing and laying of both p.v.c. and steel 
duct. Where it is necessary to joint p.v.c. duct to steel duct a 
satisfactory joint is made when the spigot of steel duct is 
jointed to the socket of p.v.c. dud; a lapping of p.v.c. tape is 
required, however on the spigot of p.v.c. duct when jointed 
to the socket of steee duct. A final lapping of p.v.c. tape with a 
50 per cent overlap is placed on each p.v.c.-steel duct joint.

One requirement for the 60 MHz system duct route is that 
all jointing chambers and duct should be, as far as posable, 
free from water; therefore, all duet enteringjointing chambers 

will be sealed. Due to the high pre-manufacturing costs of an 
injection moulding for a caulking gland for the 102 mm p.v.c. 
duct, it has been decided to use caulking disks and compound. 
This arrangement requires that all duct shall terminate in 
jointing-chamber walls with a sockett; a disk is placed inside 
and against the shoulder of the socket, the socket is then 
tightly packed and slightly overfilled with a compound, and a 
second disk forced home in the socket until recessed approxi­
mately 10 mm. A draw-rope will be left in every bore and 
secured to the back caulking disk. To provide a satisfactory 
seal between the duct and the concrete of the jointing chamber 
wall, the outside of the p.v.c. duct socket is coated with a 
solvent compound, rolled in sand and cast in the wall of the 
jointing chamber during construction.

The requirement that all duct should terminate with a 
socket in all jointing chambers neceisiiaiei either a double­
socketed length of duct or a connecting sleeve for every duct 
section. In addition, there is the need for 1-5 m lengths of 
p.v.c. duct for laying duct in tunnel headings, negotiating 
difficult sections or where only short sections of trench may 
be open at a time. To meet these requirements, 5 per cent of 
all duet manufactured will be in 3 m lengths with a socket 
formed at both ends; one of these cut in hall" gives two 
1-5 m single-socketed lengths.

DUCTLAYING

Duct routes for 60 MHz purposes will normally consist of 
two duct ways. However, where it would be impossible to 
provide an overground route for interruption cables (such as 
road crossings) to maintain service whilst cable faults are 
cleared, additional duct ways will be provided for maintenance 
purposes. The maintenance duct will, usually, be laid from 
jointing chamber to jointing chamber but sometimes it will 
only be laid for the affected section and then both ends of 
the duct will be terminated with a socket, sealed with caulking 
disks and compound, and marked on the surface. To assist 
the maintenance engineer in identifying the correct working 
duct and cable, when repairs are necessary, the duct will be 
two colours, light grey and black.

Surveys undertaken to date have shown that there are a 
number of locations where there will be difficulty in getting 
the cable-drum trailer and/or the cable winch to the site of an 
amplifier point (a.p.) or jointing point (j.p.). A way of over­
coming this problem is to provide an additional duct (or make 
use of any maintenence duct) for roping purposes between the 
inaccessible a.p./j.p. and the j.p./a.p. on each side (Fig. 1 
refers). This arrangement enables the cable drum and the 
cabling winch to be set up at points A and C respectively and 
to cable through point B. The procedure is:

(u) Pull in the first length BC—ducts 1 and 2 used.
(b) Pull in the first length AB—ducts 1 and 4 used.
(c) Pull in the second length BC—ducts 3 and 4 used.
(d) Pull in the second length AB—(iucts 3 and 6 used.

Duct 5 is provided in case the cable drum and cabling winch 
positions are reversed.

The 1-2 m depth of excavation for duct-laying results in a 
wider trench than would be required for a lesser depth and, to 
give the maintenance engineer easier access to the duct and 
cable for repairs, the ducts will be laid with the maximum 
separation afforded by the trench. Each separate duct forma­
tion in the trench will be maintained in its appropriate 
colour throughout the whole route.

A British Standard Institution sub-committee has for some 
time been discussing methods of identifying buried plant and 
the responsible undertaker; the agreement so far is that 
embossed or engraved lettering would be used on p.v.c. 
duct and buried plastic-sheathed cables. In addition, colours 
may be used as added identification; the colour agreed 
for B.P.O. plant is green and it has been decided that a
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Fig. 2—Marking tape with legend

marking tape of this colour should be placed directly above 
the 60 MHz system duct; at an approximate depth of 
300 mm below ground level. The marking tape is heavy-gauge 
polyethylene film, 150 mm wide and 0-1 mm thick, highly 
resistant: to acids, alkalis and other soi components, and 
having high tensile strength. The tape colours are opaque 
and permanent, and the green is overprinted in yellow with 
the legend shown in Fig. 2. A typical layout for two working 
duets, two maintenance ducts and the marking tape is shown 
in Fig. 3.

The 60 MHz system duct-routes in footpaths and roads 
are considered to be standard in that the majority of the 
problems that are expected to arise are likely to be similar 
to those normally encountered and can be d^alt with by 
current practices. Other routes could pose problems e.g. 
crossings of rivers, streams and canals, land drains, wooded 
areas, steep inclines and marsh;/ ground.

In addition, vehicle access will be required to every ampli­
fier and jointing point, and sufficient room, and possibly 
hard standmg for cabling, testing and maintenance vehicles.

Railways are largely free from undertakers’ plant and duct 
could,therefore, be laid with reduced depthofcover (750 mm). 
The duct would sj.Il be in two colours, with maximum 
separation and marking tape; where the depth of cover 
was less than 750 mm, the p.v.c. duct would be replaced by 
steel duct. To maintain the safety of the railway track and 
ensure the safety of all personnel requiring to work on the 
cable, any B.P.O. plant would, gcncralll/, avoid the immediate 
vicinity of the track.

JOINTING CHAMBERS
The following types of jointing chamber will be used:

(a) Amplifier Manhole: a rectanguuar manhole (modified 
M.R.ll) detigned to house two repeater cases,2 one adjacent 
to each side wall. A xox-strxdard frame and cover with an 
entrance hole 760 mm square will be fitted so that the repeater 
case can be lowered safely into the manhole without risk of 
damage.

(b) Jointing Manhoe: a rectanguuar manhole (modified 
M.R.Z or standard M.R.ll) to house a maximum of four 
(M.R.2) or eight (M.R.H) 2-6/9-5 mm coaxial-cable joints; 
a maximum of four joints per side wall.

(c) Turning Manhole: a triangular manhole (modified 
M.R.T.9) dessgned to turn the route through 90° and accom­
modate a maximum of eight cables and joints.

(id) Turning and Lead-m Manhole: a double-triangular 
manhole (modified M.R.T.8) for lead-in purposes to terminal 
and power-feed stations, providing accommodation for 
turning and through cable routes and cable joints; a maximum 
of four coaxial cable joints per wall.

(e) Amplifier Joint-Box: a rectanjgfiar, non-standard, pre­
fabricated, reinforced-concrete joint-box, approximately, 
1 m X 1 m X 3 m long with 18 concrete covers, suitable for 
direct burial.

(f) Binned Repealer Housing: a non-standard pre-fabricated 
mild-steel cylinder, 1-8 m in diameter and 2 m internal height. 
It has a square std base plate welded into petition at one 
end, and a submarine-type entrance hatch at the other end. 
The duct entries are paraUd to one tide of the base plate and 
offset from the centre by approximately 450 mm.
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MISCELLANEOUS CONSIDERATIONS
As has been stated in another article,2 the repeater case will 

be manufactured from an aluminium alloy and will be 
protected overall with a nylon coating. As the possiioiiity of 
water entering the mmhole and the posssbiiity of damage to 
the nylon coating of the repeater case cannot be discounted, 
sacrificial anodes will be installed at all amplifier positions to 
protect the repeater case from corrosion and provide an 
adequate earth. Magnesium-alloy anodes will, therefore, be 
provided at all amplifier points on the basis of two per 
repeater case. To keep excavation costs to a minimum, the 
anodes will be placed 1m from each end of the jointing 
chamber and 300 mm beneath the duct. The anode leads 
will be housed in 19 mm polyethylene duct and taken direct 
to the amplifier case, where manholes are constructed, and 
via a link box fixed to a marking post, where pre-fabricated 
concrete joint boxes are installed; the latter arrangement 
permits check of the current flow without the need to excavate 
the top soil to gain access to the amplifier.

Some situations will require the use of auger-boring 
techniques, subject to acceptable ground and on-site condi­
tions. Auger-boring involves pushing a steel pipe through the 
ground from a thrust pit to a receive pit. A rotating cutting 
head leads the pipe by 50-75 mm and a rotating auger moves 
the spool from the head of the pipe to the thrust pit.

The size of the thrust pit is dependent upon the type of 
machinery and the length of steel pipe sections used; the 
normal dimensions range from 5 m long by 3 m wide and 
approximately 1m deeper than the depth of cover on the 
steel pipe, to 8 m long by 4 m wide. The receive pit is usually 
2 m square and the same depth as the thrust pipe. When each 
section of steel pipe has been pushed into the ground, the 
next section of pipe is lowered into the thrust pit, welded into 
place and pushing recommences.

Auger-bore methods would also be used to lay duct 
beneath rivers and canals. As in all the above situations, a 
300 mm ixternrl-dirmcter mild-steel pipe would be installed, 
a minimum of three 102 mm p.v.c. ducts placed inside it, and 
any remaining space filled with 89 mm or 51 mm p.v.c. duct 
or both. f xcccssary, the interstice of the duct, and the 
space between the duct and the inside wall of the steel pipe 
will be filled with a sard/cement or pulverized-fuel-rLsh/cemcnt 
mix.

The proposed 60 MHz system routes are expected to 
encounter areas where there is a high ground-water table. 
Ground water is one of the biggest problems encountered 
when ductlaying and when working in jointing chambers. 
Therefore, all duct and jointing chambers will require parti­



culm.- attention at the works stage to ensure they are water­
tight on completion. In locations where the water table is 
high, the best: results are obtained if all groundwater is 
removed or immobilized during ductlaying and construction 
of the jointing chambers.

DE-VATERING PLANT

Fig. 4—Ground de-watering

Pumping equipment can satisfactorily remove the ground­
water normally encountered in duct and jointmg-chamber 
excavations. Where the level of the groundwater is high and 
normal pumping will not cope, ground de-watering is 
necessry. This involves sinking into the area adjacent to the 

excavation a number of well points with very fine sieves to 
prevent the removal of fine particles of the sub-soil, linking 
them together and connecting them to a high-caprctty pump; 
the water is then discharged into a suitable outlet such as 
river or a drain. (Fig. 4).

There are locations where the use of ground de-watering 
plant is dangerous, such as when buildings or embankments 
are close to the excavation. In such cases, chemical con­
solidation or ground freezing of the area outside the excava­
tion may be required. The basic action of the latter two 
methods is to create a barrier to prevent water entering the 
work area. Both methods are, however, very costly.

The introduction of new duct, new jointing chambers, new 
practices, and change of standard depth of cover on duct to 
1,200 mm will require new spedfications, drawings and 
amended contract documents. Prior to the commencement 
of any ductwork, it will be necessary to inform all ductwork 
contractors and B.P.O. ductwork supervisors of the changes 
and new practices. It is proposed to hold a number of one- 
week courses at the Technical Training College at Stone, 
Staffs for B.P.O. staff; the syllabus will include the majority 
of points raised in this article and other relevant information.

CONCLUSION
The need to make the cable and duct for the 60 MHz 

system free from interference requires improvements to 
existing working practices. Those described in this article 
may well form the basis for many new systems to be 
provided in years to come.
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Book Review
“Transistor Circuits in Eleccronics.” 2nd Edition. S S 

Haykin, B.Sc. Ph.D., D.Sc., M.I.E.E., and R. Barret, 
B.Sc., C.Eng., F.I.E.E. The Butterworth Group. 367 pp. 
356 ill. £2-50 (limp), £3-80 (cased).

The first edition of this book was published in 196^4, when 
transistors had already been commercially established for 
some time. They had, by then, taken over the functions of 
thermionic valves and baric forms of circuits using this form 
of semiconductor were already virtually stereotyped. The 
authors were then both lecturing to engineering students, the 
former in the University of Manchesterr Hamilton, Canada, 
and the latter at Hatfield Polytechmc, and like many other 
teachers of engineering had no doubt been worried by the 
lack of a good text book on transistor circuit technology 
suitable for engineering students. So they produced a book 
giving a comprehensive coverage of baric transistor circuitry 
that comprises most of the day-to-day transistor applications. 
This is a restricted field that had not been adequately covered 
for engineering students who needed a book on circuitry 
applications rather than physicaa explanations of theories of 
semiconductor operation.

The authors, in their preface to the second edition of this 
work, make it clear that they have seen no need to change 
the original presennation. However the recent commercial 
appearance of microelectronics and the perfection of single­

wafer silicon and diffused-planar techniques for the pro - 
duction of microelectronic monolithic circuits has led to new 
concepts of transistor circuitry. As a result, additional 
material was necessary to bring the original book up-to-date. 
Chapter 10, on integrated circuit techniques has, therefore, 
been added in the second edition. In this new chapter, are 
simple clear descriptions of planar process for forming 
monolithic integrated circuits on a slice of silicon. The photo­
resist process is described and also the diffused-planar process 
in which bipolar transistors are formed as part of an integrated 
circuit. The field-effect transistor and the construction of 
metal-oxide semi-conductor transistors are outlined.

Chapters 1-9 of the book comprise the first edition which is 
now too well known to need detailed comment. The first 
chapter contains a brief conventional account of the simple 
physics of transistor operation. Successive chapters develop 
the theory of transistors through equivalent circuits using 
h- parameters, and so analyze most of the basic types of 
circuit including multi-stage, negative feed-back amplifiers, 
switching and logic circuits, modulators and demodulators.

This second edition has a wide coverage and provides a 
good text book for telecommunications and electronic 
engineering students at H.N.D. or even degree leve.

The book is well prepared and presented and the text is 
illustrated with very clear diagrams.

C. F. F.
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The 60MHz F.D.M. Transmission System:
Cable Installation

D. R. BISSELL, c.eng., m.i.mech.e, W. T. KING and R. B. GIBBON1L

U.D.C. 621.315.22: 621.315.232

The decision to provide new trunk routes based upon the use ofmulti-pair 2-6/9-5 mm coaxial cables has 
necessitated a review ofexisting installation techniques and the development of new methods. The medhanical 
aspects of the cable design are considered and the proposed methods of cable handling are given tn some 
dead.

INTRODUCTION
The concept of using a large and heavy cable for a dedicated 
route embracing carriageway, footway, cross-country and 
other environments has raised many installation problems. 
Some involve the redesiign of plant and equipment while 
others require changes to current cabling practices. This 
article reviews the mechanical properties of the new multi­
pair 2-6/9-5 mm coaxial cables, describes various laboratory 
tests and field trials which have been made and shows how 
the experience so gained has led to the development of 
appropriate methods of cable instaHation.

USE OF DUCT

Initial;,, cable installation by the direct buria of a suitably 
aimroured cable was considered, using either moleploughing 
techniques or conveniona! trenching methods. However, 
economic studies indicated that direct burial, in this particular 
application, would not offer significant savings over duct, 
espeNaHy as it was envisaged that a second cable, over the 
same route would probably be required at a later date. 
Additionally, mechanical tests on various ducts and cables 
had shown that duct offered comparable protection to 
armouring, and route surveys showed that there would be 
little scope for direct buria in long continuous lengths. For 
these reasons, it was decided that ducted cable rather than 
armoured cable would be used and that cabling and duct 
work would take place as two distinct operations.

The ducted cable will, however be treated as a directly- 
buried one for maintenance purposes and this implies 
repairing faults in situ rather than renewing faulty lengths of 
cable.

MECHANICAL FEATURES OF THE CABLE

The desígn of cable chosen for the project; has been ade­
quately described elsewherei and Table 1 shows the important 
mechanical features.

1 Operational Programming Department, Telecommunications 
Headquarters.

TABLE 1

2-6/9‘5 mm Coaxial Cable

Number of 
Pan’s

Weight 
(kg/m)

Maximum Overall 
Diameter (mm)

18 10-3 78
8 5-9 54
6 4-5 46

The following points are of special interest.

(a) The rabies have a high tensile strength when the load 
is evenly distributed between the conductors.

(b) The coaxial pairs are susceptible to damage should the 
rable be bent excesssvely or crushed.

(c) The 18-jpaiir cable is large in diameter in relation to the 
standard British Post Office CBP-O.) duct.

To essalblish the limiting parameters for the instHation of 
the cable, a number of laboratory tests were performed to 
determine the tensile, bending and crushing characteristics. 
It was apparent that the design itself was sound but that all 
aspects of handling would have to be carefully controlled 
in order to avoid damage which, although slight, might 
cause significant degradation of the electrical performance of 
individual coaxial pairs.

Cable Sheath
Experience has shown that plain lead sheathing is com­

paratively simple to extrude but is liable to fatigue failure 
when subjected to vibration as, for example, on a bridge. In 
these conditions, a sheath of lead alloy B (99 per cent lead, 
0-95 per cent antimony, 0-01 per cent tin and 0-04 per cent 
other materials) is to be preferred. Although more difficult 
to extrude, this alloy has a greater resistance to fatigue str-ess 
and is less prone to creep. Furthermore, it is less susceptible 
to crushing.
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CABLING IN TUNNELS
Access to tunnels for cable mstailation may be difficult. 

Sometimes, direct cabling may be possible, but often, cable 
drums will have to be lowered to tunnel levee by lift so that 
individual cable lengths will be limited by lift capacity. 
For this reason, it is intended to provide a 6-pair cable so 
that an IS-pair route can be split into three separate cables, 
thus avoiding the multiplicity of coaiiai-pair joints which the 
use of short lengths of 18-pair cable would involve. It will be 
prudent to use lead alloy B eheaahing for tunnel cables rather 
than plain lead as a lead alloy B sheath is less susceptible to 
damage in handling and less prone to long-tram crushing on 
cable bearers.

PULLING EYE
For the new 2-6/9 • 5 mm coaxial cables, the need for some 

kind of pulling eye to replace the existing braided-steel 
stocking was recognized. An effective moisture seal was 
essential and it was realized that a properly-designed pulling 
eye fitted to each cable length in the factory could be used to 
form a pneumatic s<eal so that it was possible for cables to be 
delivered to rite under pressure. Some years ago, a pulling 
eye was devised for polyethylene-sheathed cables and it has 
been fully described.2 This derign has been adapted for use 
with the 2-6/9-5 mm coaxial cable and the component parts 

are shown in Fig. 1. The essential feature is a tapered nylon 
pin. A cross section of a completed fitting is shown in Fig. 2.

The cable end is first cut off at right angles and dressed 
back to its circular shape. The polyethylene oversheath is 
then cut back from the end to expose the lead. Using a 
hollow tube, the polyethylene disks of each coaxial pair are 
then pushed back along the cable to allow the pairs to collapse 
when the nylon pin is driven in. The disks then form a block 
for the rerin.

The nylon pin is then driven into the centre of the cable 
end and the coaxial pairs are distributed around the steel 
shank of the nylon pin. The resin filling is next mixed and 
used to fill the exposed coaxial pairs and the air space in the 
cable end to the level of the lead sheath. Whilst the resin is 
still fluid, the lead sheath of the cable end is dressed into a 
conical shape to fit inside the tapered collar which is then 
fitted over the sheath. The rerin is topped up to the top of the 
collar and the washer and nut fitted to the steel shank of the 
nylon pin. The nut is then tightened against the washer to 
draw the pin back into the collar and the whole fitting is left 
for 24 hours to allow the resin to cure. During the fitting 
operation, the cable end must be supported vertically to 
prevent spillage of the resin.

Tensile tests on short lengths of l8-pair cable, fitted with 
pulling eyes in this manner, have given consistent values in 
excess of 40 kN without failure and repeated loading up to 
40 kN (200 repetitions) has shown no disturbance of the 
resin filling or fracture of the component parts.

Use as pmi Li

Underground, F 3272

G P Ct Husk" Puck Nu. 1 
Item Coda No. 070998 
DOBECKOT 2030/2031 
Belch No. of Ruhin ‘9830 

Batch No. nl Hamlrn 
Dam of fAro

Fig. l —Oomponent parts of pulling eye
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Fig 2—Cross-section of pulling eye fitted to an 18-pair2- 6/9- 5mm 
coaxial cable

CABLE LENGTHS
Preliminary calculation and experiment indicated that 

individual lengths of 18-pair cable would have to be limited 
to 250 m unless some kind of lubricant were used. It was, 
therefore, apparent that the successsul development of an 
appropriate lubricating technique would lead to considerable 
financial savings by reducing the number of joints in any 
1,500 m repeater section. In any case, the use of the minimum 
number of joints was seen to be desk-able for reasons of 
reliability and cost, although the introduction of a new and 
improved jointing technique3 has made this aspect less 
significant than was at first thought.

A slurry of talc and water was in widespread use at the 
time for lubricating local network cables, but laboratory 
tests had suggested that liquid paraffin (medicinal grade) 
would be just as effective and more easily handled. Experi­
ments in the laboratory with short lengths of cable showed 
that it should be possble to pull in 500 m lengths of 18--paii' 
cable, without trouble, provided liquid paraffin was used as 
a lubricant.

Installation of a cable at Marlborough, Wiltshire, provided 
for a field trial of the new 60 MHz f.d.m. transmission system, 
presented the opportunity of proving the practicability of 
500 m lengths and a controlled experiment was carried out 
in 1970 to confirm the calculations.

The part of the route chosen for the experiment is shown in 
Fig. 3, and it was necessary to draw through an intermediate 
manhole to allow for a 500 m length of cable. The duct had 
been previously lubricated with liquid paraffin and more 
paraffin was sprayed on the cable as it entered the duct. 
Despite the fact that this part of the route was on a rising 
gradient of about 1 in 20 and was not entirely straight, the 
pulling tensions observed were very close to those predicted 
and well within the allowable limit for the cable. Use of

DISTANCE (m)nor
WINCH END

0 moms mun unsidns ammo dorihg mum

Fig. 3—Marlborough field trial graph sho-wing pulling tensions
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Fig. 4—Lubricating brush and storage container

500 m lengths was, thus, seen to be a practical proposition, 
although it was realized that the method of lubrication would 
need to be improved. This experiment showed that the use of 
750 m lengths would be possible, but it was recognized that 
the consequent saving of one joint in each 500 m repeater 
section would not compensate for the extra cost of the 
special plant which would be needed for handling 750 m 
lengths of cable.

The results of this experiment, together with further 
laboratory assessments, formed the basis of the recent 
succesful installation of 700 m lengths of cable in polye­
thylene ducts laid beneath the bed of Beauly Firth.4

DEVELOPMENT OF LUBRICATION TECHNIQUES

There are various methods of applying lubricant to a ducted 
cable and they fall into two distinct categories which are

(a) application of lubricant to the cable as it enters the duct, 
and

(b) application of lubricant to the duct before cabling 
commences.

Each, of these techniques has been assessed in relation to 
the new 2-6/9 - 5 mm coaxial cable and a combination of both 
methods was used for the first cable lengths installed at 
Marlborough. For late ones, it was found that lubrication 
of the duct itself was quite sufficient. This was done by 
passing a pad of cotton waste soaked in liquid paraffin 
through the duct bore—a comparatively crude procedure, 
but necessary to prove the pofsibiiity of the method.

In the event, a horsehair brush as shown in Fig. 4 replaced 
the cotton pad. Each. brush is supplied in a storage container 
in order to minimize the handling of the lubricant-soaked 
brush. The method of using the brush is fairly simple and 
requires little or no modification to the normaa cabling pro - 
cedure. The brush is connected between the drawrope and the 
cabbing rope and is automatically pulled from its container, 
prcviousiy filled with liquid paraffin, as the cabling rope is 
pulled into the duct, as shown in Fig. 5. On reaching the far 
end, the brush is removed and dropped into a second smilar 
container already charged with liquid paraffin ready for 
re-use Thus, in one operation, the wall of the duct is lubri­

cated and a winch rope is provided ready for pulling in the 
cable.

A single charge of liquid paraffin is sufficient to lubricate 
some 550 m of duct. There is little, or no, spillage of lubricant 
and the technique has been found acceptable to the staff. 
Use of this method of lubrication is now being extended to 
the remainder of the cable network and it has already been 
shown to be particularly effective when a new cable is to be 
drawn over others already occupying a duct. A range of brush 
sizes will be necessary to cover all requirements.

EFFECT OF DUCT ALIGNMENT

Whateverthetypeof cable, thekind of duct or the lubrication 
method adopted, the acceptable pulling length depends upon 
the duct alignment. In general, the presence of deviations 
increases the pulling tension. The planner must, therefore, 
take the alignment of the proposed duct route into account 
when determining the acceptable length of cable between any 
two jointing points. Each individual case could well involve 
tedious calculations and, in order to simplify the task of the 
planne-, a guide has been prepared by'which the effect of 
deviations can be assessed rapidly.

EXPERIENCE AT MARLBOROUGH

The installation of 6-75 km of 18-pair 2-6/9-5 mm coaxial 
cable in Duct No. 54 at Marlborough, in 1972, provided 
valuable experience in handling the new cable. The route 
was partly in footway, partly in grass verge alongside the 
carriageway and partly across cultivated land. As each length 
of cable was drawn in, the pulling tension was recorded and 
compared with the forecast which had been calculated from 
a knowledge of the duct alignment.

The main points which emerged from the Marlborough 
installation were that

(a) the pulling eye was entirely satisfactory,
(b) the method of lubricating the duct was effective,
(c) accurate calculations of probable pulling tension were 

possible given detailed information of duct alignment,
(d) it was a practical proposition to use flexible guides, up 

to 30 m long, to allow a cable drum to be placed some 
distance from the entering manhole and so remote positioning 
of a cable drum would be possible in cases where direct 
access is difficult, and

(e) wooden drums were not sufficiently robust to withstand 
the harsh treatment received during cross-country operations.

REQUIREMENTS FOR NEW CABLING PLANT
As a restUt of experience gained at Marlborough, it was 

recognized that new cabling plant would have to be developed 
to cater for the problems of using the 18-pair 2-6/9-5mm 
coaxial cable on routes which were not entirely along the 
public highway. The essential requirements included a new 
winch unit, a new cable drum and trailer, a long flexible 
cable guide and a method of assessing accurately the length 
of an existing duct line without reliance on surface measure­
ments. These requirements are detailed below.

Winch unit
The winch unit should consist of a cross-country vehicle, 

preferably with four-wheel drive, having large wheels and 
tyres with low values of ground pressure. The vehicle should 
be fitted with a winch capable of providing a tension of 
35-5 kN and containing 550 m of flexible steel rope. Storage 
facilities for cabling odds and ends will be required and the 
provision of a compressor and ductmotor will be necessary

195



Fig. 5 —Lubricating brush entering duct

Fig. 6—Cable drum less battens

to cater for the accidennal breakage of a drawrope during 
installation of the cabling rope. The vehicle should be fitted 
with a towing hitch of sufficient strength to tow a fully-laden 
cable-drum trailer. The unit is required to operate in a cross­
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country environment and should be able to pull into manholes 
or precast concrete boxes not fitted with anchor irons.

Cable-drum trailer
The cable-drum trailer should be suitable for cross-country 

and normal carriageway use and should accommodate a 
fully-laden cable drum the dimensions of which are:

flange diameter 2,700 mm,
overall width 1,360 mm, and
maximum weight fully loaded 7,200 kg.
The trailer should be fitted with a towing eye suitable for 

use with the winch unit or other suitable towing vehicles.
The design should include a drum-override facility to prevent 

the drum overrunning during cabling operations and should 
allow for the drum to be driven for handling convenience 
(this facility is not required for the cabling operation). A 
draw-rope winch unit for pulling in the cabling rope, prior 
to cabling, is required and storage facilites for the recovered 
drawrope should be provided.

Cable Guides
To facilitate cabling when the drum is remotely positioned 

from the duct entry, cable guides of lightweight flexible 
construction are required. They should be manufactured in 
section lengths of 5 and 10 m and be fitted with couplings for 
attachment to each other and for duct entries.

Cable Drum .
The drum should be of robust construction suitable for 

repeated operations and should be suitable for use with 
wishbone and flatbed trailer’s having a cable capacity in 
the region of 550 m. The barrel diameter should be such that 
the cable will not be bent to too small a radius. A testing 
ramp is required to enable the inner end of the cable to be 
brought out for testing purproses.



Fig. 7—Cable drum ready for transit

Fig. S—-Length-measuring device and close-up of ferrule

Length-Measuring Device
Duct-length measurements between manholes or jointing 

points are initially obtained from records which are compiled 
in conjunction with the duct-laying contractor. At a later 
date, after the in-filling has been completed, it is not always 
possible to determine accurately the exact course of the duct 
route in order to measure duct lengths, although planners 
frequently need to do this. Difficulties can arise over wayleave 
access if a surface measurement is required immediately prior 
to cabling and, in any event, a double survey is uneconomic. 
Some simple kind of measuring device is clearly needed.

DEVELOPMENT OF NEW PLANT
Implementation of the proposals for a winch unit, a cable­

drum trailer and flexible cable guides is proceeding. Design 
of the cable drum and length-measuring device has been 
completed.

Cable Drum
The new cable drum design is shown in Figs 6 and 7 and 

the dimensions are:

coaxial cable.

overall diameter of flange 2,700 mm,
barre diameter 1,500 mm,
width between flanges 1,020 mm,

(excluding ramp)
ramp thickness 80 mm,
overall width 1,360 mm, and
capacity 550 m of 18-pair 2-6/9-5 mm

The drum is made from pressed steel, protected by 
galvanizing and painted golden yellow to match B.P.O. 
telecommunications vehicles. Steel has been chosen in pre­
ference to wood because of its robustness and lasting qualities, 
particularly for the long-term storage of strategically-placed 
spare lengths.

Length-Measuring Device
Two different forms of measuring device have been assessed. 

One comprised a 3 mm outside-diameter, galvanized-steel- 
wire rope on which were swaged small aluminium ferrules at 
set intervals. The other was a flat resin-bonded, ^lliie5g5a^ss 
tape marked in ink. Tests soon showed that the flat tape 
deteriorated rapidly in use and was insufficiently robust. The 
steel-wire rope was, however successful and is illustrated in 
Fig. 8.

The steel rope is 550 m long. The first ten metres is marked 
at 1 m intervals and the remaining 540 metres at 5 m intervals. 
Each ferrule is marked sequenniafly.

During the course of the normal acceptance testing, a 
mandrel and brush followed by a draw rope are pulled 
through the duct. The draw rope is then left in the duct for 
future use on cabling. It is intended that the steel measuring 
rope shall be pulled in behind the mandrel and brush during 
the acceptance test and the duct length observed. The draw­
rope is then attached to the end of the measuring rope and 
the drawrope is pulled in as the measuring rope is recovered.

This length-measuring device was used successfuiy on the 
cabling survey for the Marlow pilot installation and is now 
being employed on surveys of the route of the first 60 MHz 
system to be installed in the U.K. There is every reason to 
suppose that it will be used in cable installation operations 
generafly and, thereby, lead to considerable savings in the 
planning stage.

CONCLUSIONS
The problems of cable installation for the 60 MHz f.d.m. 

transmission system have been reviewed and the needs for the 
development of new cabling plant have been identified. 
Although the 2-6/9-5 mm coaxial cable is basicafiy of robust 
construction, it is apparent that careful route planning will be 
necessary and appropriate installation techniques adopted 
if success is to be assured.
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The 60 MHz F.D.M. Transmission System:
Cable Maintenance

J. R. WALTERST

U.D.C. 621,315.21X0(04.5: 621.395.457.029.62

Special attention has been paid to all aspects of cable maintenance and reliability during the development 
of the 60 MHz f.d.m. transmission system. New designs and techniques have been produced with the object 
of reducing maintenance and repars to a minimum and serrerai spedaa features have been introduced with 
the aim of improving the overaH reliability of the cable system.

INTRODUCTION
For the new 2-6/9-5 mm coaxial cables used with the 
60 MHz f.d.m. transmission system some special maintenance 
procedures will be required for live-working on the cable, 
that is with power supplies connected to all working coaxial 
pairs. In other respects normal maintenance procedures will 
be adopted. .

The system is designed for protection against the influence of 
nearby lightning discharges and it will continue to work 
satisfactorily under extreme conditions of power induction.

In all circumstances at present: foreseen interference will 
not be excessive and the system has all the outer conductors 
of the coaxxal pairs, the lead sheath and the metalwork of 
the repeater housings connected to earth at the terminal 
ends by means of magnessum-ahoy anodes at each repeater 
housing (15 km intervals). However the system has been 
so dessgned that if required it is possible to isolate the outers 
of the coaxxal pairs from earth should this be necessary in 
order to reduce any severe interference due to earth faults 
on powe’ lines or electiric railways.

A much better availability is required from the new system 
than is at present attained on the existing high-frequency 
trunk network, and a careful balance has been made between 
the initial capitaa cost of the new features and the improvement 
in service required.

DUCT ROUTE
Wherever possible a route with a minimum cover of 1-2 rr 

has been chosen, separate from the normal trunk and junction 
routes. This is not always possible in urban areas and in these 
circumstances the duct route may be laid with other ducts, 
passing through jointing chambers, tunnels, etc, designed to 
accommodate cables carrying both old and new systems. How - 
evei’r where the jointing chamber is common the layout is 
such that there is fpecial segregation and protection for the 
new system to obviate disturbance by working parties entering 
and working in the underground structures. At a few sites, silr- 
type buried fteeI. chambers are provided as described else­
where to house amplifier equipment.

Provision has been made for two duct-ways to be provided 
to permit the mstaUation of a maximum of two high-capaccty 
cables. At river road and rail crossings a third duct is laid 
to accommodate interruption cable if required. Jointing

T Operationaa Programming Department, Telecommunications 
Headquarters.

chambers are sited to permit safe and proper mounting of 
cable drums, winches and vehides should maintenance 
replacement of cable lengths be required.

ROUTE MARKING
In general, cable joints are provided at 500 m intervals, and 

in addition to precise plant records, specca! marking of ducts, 
joint positions and cable sheaths is required. Because of the 
high electrical performance of the speccal coaxial-pair joints 
it is the intention, wherever possible, to repair damaged 
cable in situ without regard to the position of existing joints. 
This policy is not always practicable, for example, where 
road surfaces cannot be broken up the cable length between 
consecutive jointing points may need to be replaced in the 
event of a cable fault.

To ensure that the correct duct is exposed and opened up 
at an excavation, the polyvinylchloride (p.v.c.) ducts are 
coloured individually and the polyethylene protective sheath 
on each cable is also provided with a distinctive colour. 
Marker posts are used to indicate the line of route and the 
position of joints, and tone-location techniques are employed 
to identify the duct when excavating at a fault point.

A warning to working parties excavating in the vicinity of 
the duct route is provided by means of a green 150 mm wide 
p.v.c. marking tape with the legend “Caution, High Voltage 
P.O. Telephone Cable Below”. The tape is buried longitudi­
nally immediately above the ducts at a depth of about 
300 mm.

PROXIMITY TO RAILWAYS
At present, it is envisaged that the 60 MHz system will not 

be laid adjacent to electrified railways, but should part of a 
railway system be subsequently electrified the cable system 
screenmg that will be provided initially can be supplemented 
by installing booster transformers with return conductors 
and the system operated on an eatth-free basis. Additional 
earthing to the cable sheath will be provided at amplifier 
points in order to safeguard adequately the system and 
personnel against voltages induced by traction and fault 
currents should this be necessary.

CABLING AND JOINTING METHODS
Spucal cabling equipment is held at strategic points for 

subsequent maintenance work. To ensure that this apparatus 
is kept in perfect working order for emergencies it may be
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Fig. l —Temporary repair using patching cable

dessrable to use this equipment occassonfily for other cabling 
work. Jointing vehicles and equipment, together with special 
tents, wooden shuttering and protective sheets, will also be 
provided at various points to enable rapid jointing repairs 
to be made. The jointing equipment1 includes ample mobile 
power supplies, thus enabling the coaxial pairs to be brazed 
and eledric lighting and deccric pumps to be operated.

Spedfi split outer-conductor jointing fermles are used to 
repair damaged coaxial pairs, usmg portable brazing equip­
ment. Repair- kits comprising sleeves, insulating disks and 
shrink-down sleeves are made up in packets to ensure that 
the piece parts are clean and undamaged and also to provide 
a method of checking that the correct number of insulating 
disks are inserted in each conductor joint.1 The cable joint 
and jointing methods have been speccaHy designed to meet 
stringent eledrical and safety requirements.

INTERRUPTION CABLES
Because of its location and the mechanic! protection pro - 

vided it is expected that most cable repairs will be concerned 
with smail perforations in the lead sheaih, involving repairs 
to one or two coaxial pairs in the outer layer rathe- than 
catassrophic damage to the whole cable. Despite the depth at 
which the cables are laid, and the various methods of marking 
the depth, course, posstion and identity of the cables, severe 
damage by excavating plant or from other causes may how­
ever also occassonaily occur. Most repairs will therefore 
involve an excavation at the fault point in order to repair- the 
cable in situ. At times, this may involve a length of cable being 
replaced within the few metres exposed at the excavation. 
At points where access may be difficrdl:, spare duct is provided 
so that interruption lengths up to about 500 m long can be 
installed.

Long lengths of cable for repairs are kept on metallic 
cable drums that will give long storage life and these will be 
held and maintained at suitable sites along each route. Single- 
coaxiat-pair flexible interruption cables are also available for 
the rapid restoration of damageci coaxi! pairs. Flexible 
patching-out cables (see Fig. 1), about 1 m long, prepared 
with sped! coaxial connectors at each end are held by 
jointers as aids in the jointing techniques prescribed so that 
individu! coaxial pairs at joints or at repair sites can be 
rapidly restored to give temporary service. Similar arrange­
ments will apply shodd route diversions or rearrangements 
of cables be necessary.

Fig. 2—Casing for protection of joints

SAFE POWER FEEDING
A apecirl method of power feeding and sped! terminal 

power-feeding equipment has been developed2 to enable 
jointers to work in safety on a coaxial pair with power applied 
to all the other working pairs in the cable. At all amplifier 
housings the eiposed metalwork is earthed, but if the pre­
scribed method of working is not followed it may be possible, 
exceptional, for a jointer to touch a live inner conductor 
when working at a repeater housing or on the cable core. In 
this event, a moderate but safe electric shock could be felt, 
but the action of touching the inner conductor should very 
rapidly switch off the power supply.

All the maintenance jointers are trained in a step-by-step 
method of working which ensures that a live inner-conductor 
cannot be touched. The procedure requires access to be made 
in the first instance to the amplifier housings on each side of 
the fault point, the disconnexion of power from the coaxial 
pairs concerned, the removal of the amplifiers aasociated 
with the coaxial pair to be worked on and their replacement 
with sped! test boies to assist in identifying the correct pair. 
To ensure that the correct identifying procedure is used, and 
more espedaily to simplify the layout of coaxial pairs at the 
joints, the pairs are not numbered in the cable lengths.

The plugging-in of test boies in place of amplifiers enables 
the coaxial pair at the two amplifier points to be earthed 
leaving the coaxial pair between the two teit boies isolated, 
thus providing frcilii.e:a to enable tones, d.c. pulses or test 
equipment to be applied as required to assist in precision 
fault location on the faulty pair.

SPEAKER CIRCUITS
During cable repairs, co-operation is required between the 

cable repfir party and staff at the power-feeding stations, 
and also between jointers working at the fault point and those 
aasisamg at the adjacent repeater housings. For this purpose, 
communication can take place, before the repeater housings 
are opened, by means of a speaker circuit terminated under a 
sealed cover mounted on the side of the repeater cases.

Silo-type buried repeater stations also have the same speaker­
circuit facilities as the repeater housings.3 Access to one 
speaker circuit is obtained in the entry shaft of the silos, and 
power for lighting the buried repeater station is supplied by 
portable 110 volt, 50 Hz a.c. generators which are connected to 
waterproof plugs which are also fiied in the entry shafts. 
To assist maintenance staff working on the cable route, 
portable loudspeaker equipment is provided for intercommuni­
cation via the speaker circuits.

CORROSION PREVENTION
Speciai care has been taken in designing the cable and 

repeater housings to ensure that failures due to corrosion 
of metalwork are eradicated or kept to a negligible amount. 
The lead-sheathed cable is provided with an outer polyethy-
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lene protective sheath and a bitumastic-layer seal is added 
between the lead sheiitth and polyethylene outer covering. At 
all buried joints the lead sleeves are protected with a glass­
fibre-reinforced plastic outer-casing filled with a protective 
compound. Joints in jointing chambers are given specced 
supports and additional corrosion and mechanicaa protection 
(Fig. 2).

At repeater housings, the joints between the cable and the 
gunmetai tube of the housing are made by plumbed lead 
sleeves protected by outer aluminium-alloy split couplings 
filled with a protective compound. The split couplings and 
the aluminium-alloy repeater housings are protected on the 
outside with a nylon coating. The whole housing is mounted on 
racking at a comfortable working level so that the case is 
well clear of the floor of manholes or concrete joint boxes.

After installation, an epoxy paste is applied to coverpinholes 
andareasofthenyloncoating damaged duringinstallation. Asa 
further precaution, two magnessum-alloy anodes are buried 
in the adjacent soil and connected to each housing to provide 
sufficient cathodic protection to safeguard for the foreseeable 
future against subsequent deterioration of the nylon and 
epoxy-paste coatings. A link box is provided in the con - 
necting lead to the anodes so that output current and the 
potentiaa between the aluminium-aHoy case and temporarily- 
installed copper/copper-sulphate reference electrodes can be 
measured to provide a check of the condition of the 
coatings.

Similar corrosion protection is provided at silo-type 
buried repeater stations. The outside of the cylindrical stee! 
housing is zinc coated, wrapped with impregnated tape and 
cathodicaHy protected by means of four magnessum-aHoy 
anodes buried in the adjacent soil. The inside of the housing 
is protected with white epoxy paint and the humidity moni­
tored by means of humidity detectors connected to an 
alarm which operates at the power feeding stations when the 
humidity rises to above about —10° C dewpoint.

If the route passes close to a cathodically-protected buried 
structure, or near a cathodic-protection ground bed, joint 
cathodic-protection tests are initiated to decide whether the 

amount of corrosion interaction justifies bonding between the 
cathodic-protection schemes.

VIBRATION AND CREEPAGE
Lead alloy B is specified for sections of the cable sheath 

where severe vibration is expected, for example, on bridges. 
Sufficient damping is provided inside the repeater housings 
to protect the amplifier equipment against vibration caused 
by traffic.

Standard anti-creepage devices are not entirely suitable for 
the 18-pair coaxial cable and for parts of routes exceeding 
about 1 in 10 gradient consideration may be given to burying 
the cable directly into the ground. Trials are in progress of a 
new design of anti-creepage device, and if this is successful, 
the new design will be used in preference to current anti­
creepage devices or to direct burial in the ground. Creepage 
of the cable core or of individual coaxial pairs is not expected, 
but the specíal brazing technique adopted for jointing takes 
account of possible stresses.

CABLE PRESSURIZATION
The large traffic capacity of the cable system justifies a 

high degree of protection by air pressurization. A combination 
of the best features of the continuous flow and static pres­
surization systems has been adopted so that a uniform static 
pressure is attained from end to end of the cable pressure 
section, including the repeatee housings. The repeater 
housings are normally connected to the cable pressurization 
system.3 In addition, air is fed automatically into the system 
for topping-up and also to provide instantly a large supply 
of air if an abnormal leakage occurs. A large reservón- of 
air is needed in view of the exceptionally large pneumatic 
capacity of the cable system and the very low pneumatic 
resistance of the cable. A modified form of the pressurization 
equipment at present used for trunk and junction cables is 
utilized, and a stringent control is exercised of air leakages 
from the various pressurized parts of the system together 
with the use of improved methods of pressure-leak location 
and detection.
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Each power feeding section is treated as a separate cable 
pressure section and air is supplied io ihe cable from each end 
of the section at a pressure of 621 millibars.

PRESSURIZATION EQUIPMENT
It is thought desirable from a servvceabiiity point of view 

to adopt standard well-tried compressors and dcsiccators, and 
the equipment provided at the power feeding stations there­
fore consists of standard rotary siding-vane compressors 
suppling air to standard large-capacity desiccators feeding 
the dried air, via humidity detectors, to 0-12 m3 vertical air 
receivers. The dry air from the air receivers is then passed via 
flow meters and pressure gauges into the cables (Fig. 3). 
Sufficient dry air is available to pressurize other cables 
terminating at the power feeding stations.

The power supply to the 1- 5 kW 3-phase induction motors 
driving the compressors is by direct on-line starting from the 
mains, and arrangements are made to run the motors if 
necessaay from the 3-phase emergency supplies at the station. 
The compressors are each capable of supplying a free-air 
delivery of nearly 12 m3 per hour, and are provided with 
automatic oil filters and water drains on the outlets of the 
after-coolers.

The air receivers have four man functions:

(a) to supply dry air at very low flow-rates to sustain 
residual leakages so that the compressors are not required to 
run continuously,

(b) to suppfy, instantty, on demand, dry air at high flow 
rates to cater for leakages in the cable or at amplifier housings,

(c) to provide a reserve of air in the event of a power 
failure or a fault occurring in a compressor, and

(d) to provide alternative reserves of air in the event of a 
power failure or loss of air from a compressor or receiver at the 
far end of a pressurized section.

If the cable system is maintained in good condition with 
the speccfied leak rate for the whole cable pressure section not 
exceeding about 1 m3 per month, the two receivers at each 
end of each cable pressure section are able to maintain 
adequate pressure in the cable for several weeks, even if both 
compressors are out of commission. With a snbssjanttal 
leakage at the mid point of a pressurized section, the two 
receivers alone can maintain adequate pressure for at least 
24 hours.

The air supply system is arranged so that dry air is stored 
at a maximum pressure of about 4,800 millibars, and when 
the pressure falls to about 1,400 millibars the compressors 
start-up automatically to recharge the receivers in about 
30 minutes.

With the speeffied low ar flow, the desiccators would lie 
idle for long periods and moist air collecting in them could 
be passed through the humidity detectors as the compressors 
are switched on. To avoid this, timers are provided to switch 
on each compressor for about five minutes in every six hours, 
and during this period the desiccator output is vented to the 
atmosphere.

A speefficatton has been prepared giving maximum per­
missible leakage rates for sections of the repeater housings, 
for the housings as a whole, for l-5km sections of cable 
and for the whole pressurized section.

IMPROVED METHODS OF LEAK LOCATION 
AND DETECTION

Initially, close-tolerance pressure-sentitivc switches (con­
tactors) will be installed in all repeater housings. At each 
poWer feeding station a chart rrcoi■deir receiving signals via 
supervisory quads in the cable in the event of a pressure fault, 
records which particular contactor first operates and the 
time of operation, followed by timings as other contactors 

operate succcssivcly on each side of a leak. If the contactors 
are all uniformly adjusted to operate when the pressure falls 
to, say, 500 millibars, the approximate position of the leak can 
be calculated from the recorded information. A more accurate 
location can then be made from the repeater housings in 
the vicinity of the estimated position of the leak, and 
finally by making accurate pressure measurements using 
portable manometers. A graph of the local pressure gradient 
can then be prepared after making corrections for height, 
atmospheric pressure and any differences in pneumatic 
resistance of the various cable lengths. An excavation can 
then be made at the calculated fault position and a final, 
precise location made on site with sulphur hexafluoride 
(5F6) tracer-gas or other appropriate equipment. SmaH- 
diameter rodding equipment with a small-diameter detector 
head is pushed along the gap between the cable and the duct 
waH in order to locate the actual leak. The perforation in 
the lead sheaah may not necessarily coincide with the per­
foration in the polyethylene sheath and allowing for the 
effects of the intermediate bitumastic layer the leak location 
will be at the perforation in the polyethylene.

To facilitate leak location and other work on the cable, a 
three-prsition gas switch and Schrader valves are provided 
on the outside of each repeater housing. This enables repeater 
sections and repeater housings to be isolated so that the 
pressure in each section, or in the housing, can be separately 
measured, and if necessary air can be applied to the cable 
from air cylinders via the Schrader valves.

PRESSURE TRANSDUCERS
Development work is in progress with the aim of providing 

accurate prcssurc-acnainc transducers at each repeater 
housing in lieu of contactors. These transducers are required 
to maintain their accuracy over many years, and in view of 
the large number required for each system, they must be 
reasonably economic to provide and install. The aim is to 
provide a pressure transducer system on these high-capacity 
cables as quickly as developments and trials permit, so that 
the state of cable and repeater housing pressures throughout 
the length of the cable can be continuously monitored and 
leakage points identified from the terminal ends.

CONCLUSIONS
The design aim for a 60 MHz line system carrying 10,800 

telephone channels is a mean time between failures of four 
years and an availability of 99-99 per cent per 160 km4 On 
some existing systems, interference and damage caused by 
Post Office and other external working parties and cable 
failures not caused by human activity accounted for 70 per 
cent of all rut-rf-acrvrce time. The high percentage of rui-rf- 
service time is primarily due to the effects of travelling time, 
siicpreparatirn and time-consuming repairs to cables. Theaim 
of all the new dessgn features and maintenance precautions 
for the 60 MHz system is to reduce the number of faults or to 
bring them to attention immediately.

In addition, it should be possible to reduce the number of 
long-duration faults and to provide maintenance attention 
before services are affected.
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The 60 MHz F.D.M. Transmission System: 
Test ResuUts of a Field Trial

L. J. BOLTON, 1.SC., c.eng., m.i.e.e, J. MI. WELLER, c.eng., m.i.e.e., andlR. H. L. BAKKERT

U.D.C. 621.315.212.001.41: 621.395.4.029.62

This article describes briefly the facilities and apparatus provided for the experimentaa 54 km section of 
60 MHz line system which has been see up at Marlborough, and then summarizes the test results so far 
obtained. These results indicate that the 60 MHz line system is capable of meeting the planned design 
objectives with very comfortable margins.

INTRODUCTION
After studies of the problems and frasibiiity of a 60 MHz 
f.d.m. transmission system,1 the British Post Office (B.P.O..) 
placed a contract in July 1970 for the development and 
manufacture of equipment for a field trial of the line system, 
the form and performance aims of which have been described 
in another artice.2

For the trial, the B.P.O. installed a length of about 6-C 
km of cable sailing from the repeater station at Marlborough, 
Wiltshire and roughly following the line of the A4 trunk 
road. In January 1973, an initial installation of the line 
system was carried out and results obtained from the tests 
conducted are summarized in this article.

FEATURES OF THE TRIAL ROUTE

Cable
The cable comprises eighteen 2-6/9-C mm coaxiia pairs laid 

up in two layers, 6 in the inner and 12 in the outer, lead- 
sheathed with an overaH protective sheaah of poly-ethene. 
Twelve quads are also provided for such facilities as engi­
neering-speaker circuits and gas-presurizaaton monitoring. 
The coaxial pairs, of type laid down by the C.C.LT.T.}, have 
been made using existing cable-making machinery as far as 
possble. Special attention was pad during manufacture to 
obtain as high a uniformity of product as was economically 
possible. Joints between factory lengths of cable (between 
185 and 379 m) have also been upeclally designed to obtain 
good matching at high frequencies? The cable is laid in 
p.v.c. duct at a depth of 1-2m, the cable almost completely 
filling the duct.

Electricat Properties ofthe Cable
The individual lengths of cable were measured in the 

factory and the impedance, attenuation at given temperatures 
and the temperature coefficient of attenuation were all 
accurately known. In order to enable the gains of individual 
repeaters to be set: accurately before installation, the lengths 
of laid repeater sections were measured in the field by means 
described elsewhere.4

T Mr Bolton is in the Telecommunications Development Depart­
ment of Telecommunications Headquarters, Mr Weller ls with 
Pye T.M.C. Ltd and Ir Bakker is with Philips’ Telecommunicaiie 
IndustrieBV. _ „ ,}C.C.I.T.T.—Intrrnaiional Telegraph and Telephone Consul­
tative Committee.

The Repeater Accommodation
At the amplifier points APl, AP2 and AP3 of Fig. 1, the 

repeaters are housed in riisan-toated silumin repeater 
housings5 accommodated in precast concrete manholes, access 
to which is via a manhole cover at ground level. At amplifier 
point AP4, an alternative type of accommodation known as a 
silo is used. This comprises a large cylindrical tank with axis 
vertical, access again being via a cover at ground level.6

Marlborough Repeater Station
This is a surface station at which the multiplex equipment 

(for 4 MHz hypergroups), line-protection switching equip­
ment, together with the 60 MHz line terminal equipment 
and a main-s-ation equipment are installed. In addition, a 
repeater housing and apparatus forming, in effect, a dependent 
repeater station, are mounted on a bench in the station. To 
facilitate the setting up of various circuit arrangements for 
the trial, patching facilities as indicated in Fig. 1 were also 
provided.

ADJUSTMENT OF REPEATERS
The gain/frequency characteristic of the repeaters is of 

major importance. Accurate measurements of the cable-loss 
characteristics were, therefore, made shortly after the cable 
was laid and this, togethee with information on this type of 
cable from other sources, was used in determining the 
required gain/frequency functions of the repeater amplifiers. 
A pilot production batch of 60 repeaters has been made to 
cover the trial and other purposes. The gain/frequency 
responses obtained on a pilot production batch were within 
0 02 dB of the required characteristic and uniform to within 
0-01 dB.

The repeater gain can be set to cope with section lengths 
deviating from the nominal 1 -5 km, or the 27-45 dB nominal 
gain at the pilot frequency of 61-16 MHz. The gain can be 
set to values between 26-45 and 29-45 dB. More adjustments 
may be made by using the line build-out networks enabling 
the effective gain to be reduced to about 20 dB.

On the basis of the detailed route information and the loss 
per kilometre of the coaxial pairs at the pilot frequency, the 
settings of line build-out networks and/or gain-adjustment 
networks were tabulated for the 35 repeaters to be used on 
the trial. Due allowance was made for the differences in 
length of pairs in inner and outer layers in the cable and for 
the effect of additional end cables in the surface station. In

202



«,388m

Fig. l —Lay-out of Marlborough field trial

accordance with normal installation procedure, the repeater 
gains were set: to these requirements (by soldered straps). 
This soldering can be done at any convenient place, for 
example, in surface station or factory, thereby reducing the 
inst!lation work to simply plugging-in the units.

TEST RESULTS
Residual Gain

The system was set up as shown in Fig. l to allow the 
measurement of the residual error in gain/frequency response 
over the 36 cable sections having a total length of about 
54 km. For this purpose, the gains of the regulated amplifiers 
were set by manually controlling the remote regulation 
frequency applied to bring the received leve of the 61-16 MHz 
pilot to nomin! level. From the resuhant value of regulation 
frequency arrived at in this way, the cable temperature was 
calculated to be about 3°C. This appeared to be in accordance 
with temperature measurements carried out in different ways. 
Curve A of Fig. 2 shows the residual error before adjustment 
of correction equalizers in the surface station. The maximum 
deviation occurs at about 35 MHz and has a magnitude of 
about 0-8 dB or approximately 2 mB (0-02 dB) per repeater. 
Repeating this measurement with a half-length system of 17 
repeaters showed that the res!t was proportional to length. 
After proper setting of a correction equalizer in the receivíng 
equipment, the curve B of Fig. 2, showing a maximum devia­
tion of 0-1 dB, was obtained. In this case, a better adjustment 
is impracticable. On longer systems, for example, the 
C.C.I.T.T. 300 km homogeneous section, the level deviations 
are greater, a more effective seeting of the equalizer is possble 
and it is, therefore, confidently expected that the objective of 
+0-5 dB for a 300 km length, will be met.

Roll Effect
With the resolution of the levee measurements increased by 

a factor of 20, a fine structure ripple in the characteristic of 
curve B of Fig. 2 can be observed. Figs. 3 and 4 show this 

roll effect, which is caused by mismatches between repeater 
and cable impedances and/or between cable impedances at 
cable joints. Repeated reflexions between the different 
reflexion points give rise to the rolls, the frequency spacing 
of which is a measure of the distance of these points and the 
amplitude a measure of the degree of mismatch.

At the lower end of the transmission band, Fig. 3 shows 
rolls with an amplitude of about 0-5 mB peak-to-peak and 
a spacing of 100 kHz corresponding to 1,400 m between 
reflexion points, which accords with the repeater intervals. 
Near the upper edge of the band, Fig. 4 shows the roll 
amplitude to be about 1 mB peak-to-peak and the spacing 
corresponds to repeater-to-cable--oint distances. The small 
amplitudes of the rolls show that the quality of matching of 
both repeaters and splices is high. Since the trial installation 
consists of 8 looped pairs, reflexion distances are repeated 
very systematically, which is unlikely to be found on norm! 
routes. If random distances are applied, the rolls will increase 
with the square root of the length. For the reference circuit 
of 2,500 km, this results in a roll amplitude of the order of 
0-1 dB.

The effect is of most importance in considering the suita­
bility of the system for television transmission and the results 
indicate that completely acceptable performance is possible, 
even for circuits up to 2,500 km in length.

Group-Delay Distortion
Another important system property, when television or 

wideband data transmission is considered, is the group-delay 
distortion. It must be possible to reduce this type of distor­
tion, by means of group-delay equalizers, to within the 
tolerated limits at intervals in the order of 300 km. The 
group-delay distortion introduced by 35 dependent repeaters 
is shown in Fig. 5.

A television channel situated at the lower end of the band 
is the most affected and will suffer a distortion of about 
130m or 2-5ns/km. To make an estimate of the distortion on 
a system length of 300 km, about 10 per cent should be
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Curve A is without equalization and curve B is after equalization 

Fig. 2—Residual gain

Fig. 3—Roll effect at low frequencies
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Fig. 6—Grain change with change of line current

Fig. 5—Group-delay distortion

added for the influence of main stations, thus arriving at 
2- 8 ns/km. As shown in Fig. 5, group-delay distortion in other 
parts of the band is only fractional and, often, equalization 
will be superfluous.

Line-Current Variation
On the 54 km length, a change in the line-feed current of 

5 mA, in either direction, from the nominal 110 mA produced 
a corresponding change in received level of 0-25 dB. See 
Fig. 6. The normal current stability of the generator is better 
than 1 mA which corresponds to a change of less than 
5mB. Since a homogeneous section will consist of several 
power-feeding sections and current variations of the same 
magnitude and polarity are unlikely to occur simultaneously, 
the effect of the system behaviour will be negligible.

Frequency Response of the Regulating Action
To investigate the influence of the seasonal cable tem­

perature changes on the system level stability, a temperature 
increase of the cable was simulated by inserting in the main 
station an artificial cable network. This represents the 
loss of a 1-5 km section. As the total cable loss equals 
54 km x 18-3 dB/km = 990 dB and the temperature co­
efficient of the loss is about 0-2 peraent/°C, the 27-45 dB loss 
increase, caused by the artificial cable, corresponds to a 
temperature rise of 14°C.

This loss increase is compensated for by a gain increase of 
the regulated repeaters, remotely controlled by the pilot 
regulator in the main station. The difference between the 
residuaa responss before and after this action then gives the 
shape error introduced by the regulation system. As shown in 
Fig. 7, the maximum error is just greater than 0-5 dB at 
about 25 MHz. The range of loss variation on a 300 km
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Fig. 7—Regulation design deviation

Fig. 8—Gain enhancement characteristic for one regulator

system is expected to be ±110dB for a + 10°C temperature 
excursion, which is exactly four times more and, thus, the 
regulation error may be expected to be about +ZdB. In 
view of the simple shape of the curve, reduction to well within 
the dessgn objective of +O-SdB is possible by means of 
additionaa compensating networks at surface stations. These 
networks are automatically controlled by the regulation 
frequency.

Gain Enhancement
The dynamic performance of the pilot reguhtor fitted at 

each surface station may be expressed in terms of gain 
enhancement defined as follows:

If the pilot-frequency signal, applied to a pilot regulator, 
is modulated with a low frequency f{ (1-1,000 Hz) and a 
voltage amplitude A and, as a resultl the pilot frequency at 
the output of the regidator is modulated to amplitude B, 
then the gain enhancement is 201og]0 B/A dB.

Fig. 8 shows the gain enhancement characteristic for one 
regulator as a function of the frequency fi which shows that 
the only positive value of gain enhancement observed is 
about 0 01 dB at 200 Hz. The dessgn objective was for a 
minimum positive value, but, in any case, not more than 
6dB for a 300 km route. Even in the unlikely case of 10 
main stations on succh a route, the gain enhancement is 
negligible.

Noise Performance
The noise performance of the system was measured by 

loading with a white-noise signal in accordance with the 
C.C.I.T.T. conventional loading of — 15dBmO per channel 
and observing the noise performance in narrow bands 
representing telephone channels situated at about 5-4 MHz, 
35-7 MHz and 55-5 MHz. Fig. 9 shows an extrapolation of

TOTAL NOISE POWER 
PER KILOMETRE

PSOPHOHETRICALLY 
WEIGHTED 
(PWVkm)

Fig. 9—Nose performance results extrapolated to a 300 km circuit

the results to a 300 km circuit taking power addition of 
thermal and second-order intermodulation noise and voltage 
addition of third-order intermodulation noise.

The results are expressed in pWp/km (psophometrically 
weighted and referred to a point of zero relative level) against 
line level shown relative to the nominal level of —19dBr 
at 61‘16 MHz.

As levels are reduced below nominal, the graphs rise be­
cause the signal-to-thermal noise ratio falls. Because the 
graphs are linear and increase by 1 dB for each reduction of 
1 dB in input levee, the contribution of intermodulation noise 
may be taken as negligible. Several decibels above nominal 
levee, the increasing intermodulation noise becomes the 
major factor. In the low-frequency slot, the graph rises initially 
by 1 dB for each increase in input level of 1 dB, showing that 
second-order distortion is predominant, while, at the higher 
frequencies, the slope is doubled, indicating third-order 
distortion. At about 8 dB above nominal, the system goes into 
overload. At nominal level, the worst channel noise is about 
0-8 pWp/km. An objective 1 -5 pWp/km is, thus, met over a 
level range of about —3 dB to +5 dB relative to nominal. 
The range increases to -66 dB to +-7 dB for the C.C.I.T.T. 
limit of 3 pWp/km.

Hum Modulation
To gain an impression of the quality of the performance of 

the system with respect to hum modulation as a resuh of 
power-line frequency induction, 30 mA (50 or 60 Hz) was 
superimposed on the 110 mA power-feed current over the 
54 km section. Fig. 10 shows that a telephone channel at the 
top of the band is the most affected. At a frequency of 
60 MHz, the ratio of the envelope amplitude (50 or 60 Hz) 
to the amplitude of the signal is about —52 dB. In a C.C.I.T.T. 
document, it is recommended that a minimum side com­
ponent attenuation of —57 dB should be observed on a 
power-feed section under the influence of 150 volts r.m.s. 
induced cable voltage. Expressed in terms of envelope-to- 
signal amplitude ratio, this is —51 dB. Assuming the 
150-v01t induction and coaxial pairs having earth-isolated 
outers, the iimer-conductor current could be of the order of 
5 mA. As the hum modulation is proportional to the alternat­
ing current, figures 16dB better than shown in Fig. 10 
would be obtained in this case, eashy meeting the C.C.I.T.T. 
requirements.

205



Fig. 10—Hum modulation

CONCLUSIONS
The results obtained from this preliminary trial have shown 

that the 60 MHz line system is capable of meeting the planned 
design objectives with very comfortable margins. In many 
respects, these objectives were set even within the recom­
mendations of the C.C.I.T.T., and thus, the system has a 
potential for very high standards of transmission in a wide 
field of application with all types of traffic.
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Notes and Comments
Publication of Correspondence

The Board of Editors would like to publish correspondence 
on engineering, technic! or other aspects of articles published 
in the Journal.

Letters of sufficient interest will be published under “Notes 
and Commenns”. Correspondents should note that, as it is 
necessary to send copy to the printer well before publication 
date, it will only be possible to consider letters for 
publication in the January issue if they are received before 
18 November-, 1973.

Letters intended for publication shodd be sent to the 
Managing Editoir P.O.E.E. Journal, 2-12 Gresham St., 
London, EC2V 7AG.

Notes, must be typed, with double spacing between lines, 
on one side only of each sheet of paper.

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

Correction
In the article “‘Cabling Across Estuaries” by W. T. King 

published in the July 1973 issue, line 8 of the first paragraph 
on p. 117 should read

“‘The cables were then pressurized to 690 mbar (10 lb/inz)

Notes for Authors
Authors are reminded that some notes are available to 

help them prepare the manuscripts of the Journal articles in 
a way that will assist in securing uniformity of presentation, 
simplify the work of the Journal’s printer and draughtsmen, 
and help ensure that authors’ wishes are easfiy interpreted. 
Any author preparing an article for the Journal who is not 
already in possesion of the notes is asked to write to the 
Managing Editor to obtain a copy.

It is emphasized that all contributions to the Journal, 
including those for Regiond Notes and Associate SeePon

Note
Associate Section Notes and Region! Notes have been 

held over this quarter because of shortage of space.

Selling Price of the Journal
The Board of Editors regrets that, from January 1974, the 

price at the Journal to non-Post Office readers will be in­
creased to 26p per copy (£1-44 per year) $3.75 Canada and 
U.S.A. per year. The price to Post Office staff remains 
unchanged.
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Institution of Post Office Eeictrical Engineers
Essay Competition 1972-73

To further interest in the performance of engineering duties 
and to encourage the expression of thought given to day-to­
day departmental activities, the Council of the Institution of 
Post Office Electrical Engineers offers prizes totalling £40 for 
the five most meritorious essays submitted by Post Office 
engineering staff below the rank of Inspector. In addition to 
the five prizes, the Councìl awards five certificates of meat. 
Awards O' prizes and certificates made by the Institution are 
recorded on the riaff dockets of the recipients.

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

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

Copies of previous prize-winning essays have been bound 
and placed in the Institution Ceniral Library. Members of the 
Associate Section can borrow these copies from the Librarian 
I.P.O.E.E., 2—12 Gresham Street, London, EC2V 7AG.

Competitors may choose any subject relevant to engineer­
ing activities in the Pori Office. A4 paper should be used, 

and the essay should be between 2,000 and 5,000 words. 
An inch margin should be left on each page. A certificate 
is required to be given by each competitor, at the end of the 
essay, in the following terms:

‘In forwarding the foiegoing essay of......words, I certify 
that the work is my own unaided eflort both in regard to 
composition and drawing”

Name (in Block Capitals') ...................................................

Signature ...................................................................................

Official Address ..................................................................

The essays must reach:
The Secreeary,
The Institution of Post Office Electric! Engineers,
2-12 Gresham Street,
London, EC2V 7AG

by 15 January, 1973

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

The Associate Section National Committee Report

The National Committee Conference was held at Stone 
Training College in April and was wril attended. All member 
Regions and Centres were represented.

Some lively business was covered and some very contro- 
vcrii! propositions were discussed. South West Region 
were particularly active bringing three propositions to 
Conference.

The Chairman gave reports on all of the member Regions 
and gave ipecial mention to Northern Ireland who have 
continued so wril unde' the appaffing circumstances. Northern 
Ireland were also the first winners of the “Cotswold Trophy” 
which was presented by the Gloucester Centre and shall be 
awarded annually to the Centre or Region that has in the 
opinion of the National Committee done the most for the 
aims of the Associate Section. Wril done Northern Ireland; 
this award was very wril deserved.

The Treasurer gave a very good financial report detaHing 
our past expenses and our possible future costs. He also 
thanked the Main Institution on beh!f of the Associate 
Seetion for the £100 cheque which was handed to him by 
Mr. B. Wherry, Geneeaa S<ccirctia^:y of the Main Institution.

The new committee was eleeted—-there is only one channe— 
and reads as follows:

Chairman: Mr. A. J. Dow, London Telecommunication 
Region; Vice-Chairman: Mr. J. McCallum, Scotland Direct­
orate; General Secreeary: Mr. P. L. Hewlett London Tele­
communications Region (Telephone 01-261-4860); Assistant 
Secreeary: Mr. T. F. Kinnaird, South Western Region; 
Treasurer: Mr. P. G. White, South Western Region; Editor: 
Mr. C. F. Newton, North Eastern Region; Quiz Organizer: 
Mr. T. Hopkins, Northern Ireland Directorate; Projects 
Officer: Mr. E. W. F. Philcox, Eastern Region; Visits 

Secreeaay: Mr. B. Hcckie, Wales and ihe Marches Region; 
General Purpose and Finance: Messrs. B. Hickie and E. W. F. 
Philcox.

This is a brief report of Che meeting which took place at 
Stone, bui many points were covered and from them I would 
like to ask for your co-operation in helping with certain 
matters.

The National News will now be printed to order, that is to 
say that from now on members or Regions will order and pay 
for their own copies. Providing that the Journal can get more 
advertising revenue we may revert Co free copies sometime 
in the future. Please support Chis journal by buying your own 
copy it only costs five pence and is well worth ii.

The Quiz Organizer needs as many questions as possible. 
If you think of any good technical questions or general 
B.P.O. questions send them along to Tom in Northern 
Ireland.

The Visits Secretary would like as much information about 
interesting visits as possible. Send him details of your pro - 
grammes, past and present. Also ihe Projects Officer would 
like Co hear of any Associate Section activities going on in the 
Centres; please keep in touch with him and keep him in - 
formed.

Mr. Hickie would like to start a list of talks and lectures. 
Please send him your current program cards, together with 
any other papers on interesting talks which you may have had 
in your centre.

All names and addresses and telephone numbers of the 
Committee Officers can be found in the National News.

For further information please do not hesitate Co contacc 
the Generaa Secretary on the number given.

I*. I.. Hewlett
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When

De adefs 1VDigest 
wonted to enrich 
their word power 
they came to us.

With over 1.5 million copies of the Dilgest published in the U.K. 
each month, plus condensed books, reference books, gramophone 
records and Drive publications, the Reader’s Digest Association 
staff lean very heavily on the efficiency of their communications 
system.
When a new PABX was needed, they sought advice - helpfid 
advice. They wanted a system for now and the foreseeable future - 
to link al departments, al locations; and they wanted it installed 
on time, at a reasonable price. Of course they had special 
problems. Who hasn’t?
But of the suppliers contacted, only Pye Business Communications 
could meet every requirement:.
We kept our word. And helped to enrich the power of theirs.



Ki0 Pye Business Communications Ltd
Cromwell Road • Cambridge CB1 3HE ■ Tel: 0223 45191 • Telex: 81 547
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Itwould be difficult seriouslyto imagine 
the world today without telephone 
communications.

i The dramatic growth of national and 
international telephone traffic in our time 
underlinesthe deep dependence of the 
modern world on automatic switching 
systems. And avital stimulanttothis growth 
continues to be the advancing technology of 
telecommunications.

STC has made a notable contribution 
to this progress, producing step-by-step, 
crossbar and electronic switching systems 
which serve public telephone exchanges in 
the UK and overseas. TXE4. an advanced 
electronic system for networks of high 

traffic density will play a major part in the 
Post: Office programme of modernisation of 
the United Kingdom network.

In addition to telephone switching, STC 
is a leader in other major branches of 
telecommunications:telephone instru­
ments, transmission systems, 
communication cables, submarine 
telephone cable systems, private communi­
cations, telecommunication electronics and 
marine radio.

A new brochure ””STC Worid-wide 
Telecommunicationsand Electronics'“ is 
available on requestfrom Department810, 
Standard Telephonesand Cables Limited, 
190 Strandi London WC2R1DU.

StandardTelephones and Cables Limited JETT
ABrrtish Company uf ITT
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When you 
we have behind us, 

why we keep
Since 1950 when we first began laying 

submarine cable systems, we've never looked 
back.

Our sales have increased steadily over 
the years.

And 1972 has been no exception. The 
new contracts we were awarded last year now 
puts our total number of cable projects at 71, 
involving 34 countries.

Providing over 12,000,000 circuit miles 
towards the world's growing needs for a high 
quality, reliable international telephone network.

Butthat's not all.
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realise what 
you’ll understand 
in front.

We also maintain a multi-million pound 
programme for developing sophisticated 
new equipment.

A programme which has led towards 
some of the major achievements and 
innovations in submarine cable technology, 
and which is today researching into even more 
sophisticated systems for the future.

With this kind of experience behind us 
it's not really surprising we keep in front.

Standard Telephones and Cables Limited, 
Submarine Systems Division, North Woolwich, 
London E.16.Telephonn:00-476 1401

StandardTelephones and Cables Limited ITT
A British Company of ITT j
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400 to 10,000 c/s...tell us what you need, and our little plug­
in fixed frequency oscillator will supply it, dependably! It’s 
solid state, based on a single silicon transistorand available 
encapsulated in epoxy resin, with all the Whiteley experience 
of the technique, or in a cased form as illustrated—both 
giving a long working life. Output is 10 mW into a 600 ohms 
load. Standing on its octal base, it is very proud of its 
P.O. approval. There's no doubt, when you need a single 
audio frequency sine wave output for any purpose .. .this 
is a very useful little chap to have around. Ask us for details.

Whiteley
_____ ^ersalility...

WHTEOEY ELECTRICAL RADIO CO. LTD.,
Victoria Street, Mansfield, Notts., England.
Telephone: Mansfield 24762.
London Office: 109 Kingsway, W.C.2. Telephone: 01-405 3074

r«» it^ 
”T3

Do you read Electrical Review over someone's shoulder? 
Or hope to borrow a copy sometime? Or depend on the 
office copy being passed on to you? If you have any of I these bad habits our serious advicels to cut it out- n

for your own good.
Comprehensive news coverage of projects. people and 

produucs.”.the latest In research and development. “
■ businesstrends, business opportun¡t¡ee...appointments _ 

- you need to know about all these things- and referto 
them. Electrical Review isn't cheap butthen it'5very good 

value for money indeed. Cut outthis coupon send it to 
us-and join the club ofthe well-informed.

| electrical review I
■ To: "PC EldCtflcal*Electronic Press Lid“ Electrical Review. Room 15. Dorset Houmef I

Siamiord Sireel. London 851 9LU
IH I enclose chdqsd/p.o. lor£10.75(peyabid to IPC Business Press Ltd.) for a year's n 
■ subscription (51 Issues) of Electrical Review. Please send il each week to:

H Name:

■ Address: 1

For he purpose:! of V.A.T. subscriptions are zero rated. Company Registered In 
England Registered Office: Dorset House. Stamford street. London SE19LU 
Reglniered Number: 677128 eEJ

NEON& 
FILAMENT 

INDICATORS
:—.. r- .--  f^otr Audio Equipment | 

Electrical Appliances | 
Intercomm Systems |
Control Panels
*lil7Madd m U.K. *f Good Delivery 
★ Competitive Prices

34

3 2 mm

t 9-3mm(3f)

j61

v

o z 
> I 
m 
1

Write now for 
data and prices

Associates Ltd.
Cricketfield Lane, Bishop'« Stortford.Hertz.3Telephone: 0279-56347
Telex: 81599 REMO STORT



18

EHIP"
it takes over where 
MTBF leaves of f
While others talk of MTBF we 
introduce a new concepp—EHPL, 
Estimated Half-Power Life. Our400W 
and 1kWall-solid-state broadband HF 
linear amplifiers have over five years of 
it, counted in operational hours. Which, 
with a remarkably low Mean Time To 
Repairr means 99.9% up-time.
The multiple p.a. modules of these 
compact units, arranged in parallel for 
maximum rellabiiity, ensure that even 
in the unlikely event of several 
component failures occurring together, 
the amplifiers go on working—long 
after others have stopped.

Moreover, thanks to Redifon's unique 
Transmit Level Control,they always 
deliver to any antenna—even to a 
badly damaged one—the maximum 
power that is safe, whatever the 
mismatch.

All of which meansthatthepairof 
transmitters in the picture represent 
thefinest and most rellable in the 
world, whether in fixed, mobile or 
containerised stations. And they are 
in productioaar^d service, right now.

Redifon Telecommunications Ltd, 
Radio Communications Division, 
Broomhill Road, London, SW18 4J0. 
Telephone: 01 - 874 7281 Telex: 264029

RedifonTelecommunications Limited *88*
19 73
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We foundawaythrough this problem.
,You are looking through a rack in a new kind of telephone 
multiplex system. Growing demand for telephones means 
that more circuits must be housed in less space.
Pye TMC has pioneered new techniques of construction 
and miniaturisation to produce this compact, versatile 
equipment now in quantity production.

>X< Pye brings to every system project; an overall capability 
that is unique - in technical scope and in the quality
of proj eels management.

Profit from Pye systems [Q(^ ÿ
Automation & Control ~ Business Communications • Closed Circuit Television Systems - Cpmpoonent Technology 'Data Handling & 
Computer Peripherals - Electricaa Appliances - Industrial, Scientific & Analytical Instrumennation - PlasticsMouldmg & Finishing- Radio 
& Television Transmitters & Receivers - Radio Frequency & Low Voltage Heating Equipment - Telephone & Radio Commurncation Systems
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SupErStHPS
HIGH-PERFORMANCE MF-HF RECEIVERS for 

96P&T Stations ^Civil Aviation Networks *£ Naval & Military Forces 
*£ Maritime Mobile Service

High-grade receiver designs with a choice of tuning wide 
enough to span the whole world of MF-HF 
communications.

Here is simply unbeatable performance. Outstanding 
frequency stabiilty. Unyielding front-end protection. 
L_j|valledAGC. Plus exceptional dynamic range and 
blocking characteristics. Fromthis great twosome:

R551 Selection of continuously variable orfull 
frequency synthesis tuning 15kHz-30MHz. Supplied 
to leading P & T authorities and adopted by the Royal 
Navy. Type approved by British Ministry of P&T and 
overseas administrations as a ship's main receiver and in 
use by major shipping companies.

R499 10 switched channels, 255-525kHz, 
1.5-30MHz. Optional filters, BFO and carrier reinsertion 
to provide any or all of CW, MCW, USB, LSB, ISB 
and D83 modeswith choice of bandwidths and remote 
control over morethan 25km. In service with P&T 
organisations, in civil aviation networks and in coast 
stations throughout the world.
RedUon Telecommuni°ations Limited
Radio Communications Division
Broomh.ii Road London SW18 4JQ.TL:71-874 17281 Tel§x : 264029

*Aa member of the Rediffusion organisation

RedifonTelecommumcations Limited &*
19 7 J
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MILLIAMPERES D.C.
100 OHMS

Rustrak Miniature
Strip Chart Recorder
Russrak miniature strip chart recordersare available as potentiometric 
or galvanometer type instruments which produce a permanent record 
of virtually any parameter that can be converted into an electrical 
signal; temperature, pressure, flow. level.watts, frequency, humidity, 
events and many more.

Data is recorded on pressure sensitive paper, obviating the many 
problems that can result from the use of ink. A wide range of motor 
speeds and interchangeable gearboxes is available to give over 50 
chart speeds.
Of attractive dessgn, the low-cost Rustrak recorder measures only 
5%” high by 3%" wide.
Considerablesav¡ogsin time and costaremade by hand from Indicator 
readings.
Delivery of the standard instrument is 2-3 weeks and a complete 
advisory service on your particular recorder probems is available 
from our experts.

Guitón
EUUJERO^ES

Rustrak Instrument Division
BRIGHTON BN2

IT’S RE-ENTERABLE

ECHO GEL" COMPOUND
NEVER BRITTLE- ALWAYS PLIABLE
NO EXOTHERM HEAT IN SETTING
ALWAYS CRYSTAL CLEAR!
WATERPROOFS AND ENCAPSULATES
SPLICES»- FAST!
NO EXPANSION, NO SHRINKAGE

New Echo Gel™ encapsulation compound can always be re-entered easily for 
changes and repairs; its crystal clarity makes wires and splices always visible; does 
an excellent job of waterproofing and encapsulating. And you can add to it any time, 
yet maintain its waterproofing capability. Packed in 150, 300, and 500-gram mixer paks 
for hands-off mxfoftatoo^ PERFECTANSWER
1,000 and 2,000 gram can paks. ECHO GED."

communicaTions <*>\recHt0L00u corpooctioo
USA'CANADA-EUROfESO. AMERICA MIIf 2237 COLBY AVENUE, LOS_ANGELES, CALIF 90064

FOR INFORMATION WRITE-
U.K. Office:— 45-49, High Street, Bletchley, Milton Keynes' MK2 20L.
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Hewlett-Packaid announces 
atruly portable Amplitude and 
Delay D$torttonAnalyser that 

betten: CCITT recommendations
* Transmitter and receiver combined in single, 

rugged, easy-to-carry case.

* Measures group delay and attenuation 
distortion using CC ITT approvedprinciples.

* Measuring frequency range 200 Hz to 20kHz 
Reference frequency 400 Hz to 20 kHz. 
synthesiser accuracy of the generator 
gives enhanced repeatability of results.

* Absolute level measurements from +10dBm 
to ~50dBmfrom 200 Hz to 20kHz.

9 Solid state digital displays. Selectable digital 
averaging faciiity to improve noise rejection.

* Facilities providedinclude: automatic 
continuous/single frequency sweep and 
incremental stepping; XtY recorder outputs.

* gptions: loudspeal«gitelephonefaciiity 
dc 100p h01dmg; flexible tone bl0ckmg.

For full details on thS portable,ptactlcal 
instrument, which sets new standards of accuracy 
in this field,piease contact Hewlett-Packard Ltd., 
224 Bath Road, Slough, Bucks., SL14DS.
Tel: Slough33341. _,

HEWLETTM PACKARD
Sales, service and support int72 centres in 65 countries.
224 Bath Road, Slough. Bucks SL1 408. Tel: Slough 33341.



The two ranges:

NAME

To Aerialite Cables Limited: Please send me your brochure 
entitled Aerialite Television Distribution Cables.

COMPANY
ADDRESS

Aeraxial Semi Air Spaced

1.27 mm to 3.05 mm.

0.73 mm to 3.65 mm.

Our two new ranges of 75 ohm TV distribution 
cables are now made on an extrusion line unique in
Western Europe
We’re one of the most technologically advanced cable manufacturers. using new 
techniques to produce TV distribution cables at a consistently high standard to 
tolerances much closer than previously possible. At very competitive prices.

Polyethylene dielectric copper
taped braided and polythene
sheathed television distribution
cables. Five cables in the range,
with inner conductor sizes from

Solid Polyethylene dielectric 
copper taped and polyethylene
sheathed television distribution 
cables. Five cables in the range,
with inner conductor sizes from

Aerialite
Aerialite Cables Limited,
Castle Works,
Stalybridge, Cheshire_SK15 2BS.
Telephone: 061 -338 2223
Cables: Aercables, Stalybridge. 
Telex: 669902

Aerialite will specially 
manufacture TVdistribution 
cables for any special TV 
application—also, you can 
make use of the Aerialite free 
technical advisory service to 
help you in the selection and 
application of distribution 
cables.

For further information, send for 
Aerialite's new publication giving 
full technical specifications of the 
latest range of TV Distribution 
Cables.



make solid progress 
with Astralux

0 Long life
0 Fast response time
0 Rugged construction
0 Zero current turn off
0 High Inrush protection
0 Direct Logic drive
0 Diode Input suppression
0 Low DV/DT
O Triac gate — circuit 

protection
(Patent applied for)

0 All 500v breakover

Models available io switch 
7, 15 and 30 Amps.

The Astraiux range of Reedacs combine the advantages of Reed 
Relay switching with Solid State depernlabbilty.

The Synchro Reedac switches on at zero volts and delivers vir­
tually zero R.F.J.

The Phase Control Reedac is a low cost AC voltage controller 
ideal for simple speed control, light dimmers etc.

Contact us for further information

ASTRALUX dynamics limited
Biighdlnget, dthnw, Essex CO7 05W Tel: Brighllingm (0206-30) 2571(5 YELEX: 98775!

These active filters are designed to take over the functions 
of passive filter networks in audio telecommunications 
systems. They offer several advantages, in space—saving, 
economy and reliabiiity.
As a size comparison, one active filter will take up the same 
space as two Post Office Type 3000 relays. Byusingthesame 
fixing and terminal holes as the relays, it offers an extra 
convenience when baseboards are being prepared. By 
replacing inductive components with solid state devices, 
filter characteristics have been obtained at less cost, without 
insertion loss, and with increased flexibility and economy. 
These new active filters have B.P.O. approval, and have wide 
applications, in the audio area and in signalling and control 
systems.

Whiteley
_____ | versatility...

NO
' rampressor

NEEDED

Send now for details of the powerful, 
portable Pionjar petrol driven drill 
and breaker to

ITT Flygt Pumps Limited, 
Colwick. Nottingham.

Please send details of ihe 
Pionjtr Rock DriU/Breaker to

I NAME__  

Iaddeess.

WHITELEY ELECTRICAL RADIO CO. LTD.
Mansfield, Notts, England. Tel. Mansfield 24672 
London Office: 109 Kingsway, W.C.2. Tel. 01-405 3074
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More from Mallard
for SMPS

Switched Mode Power Supplies are now very much 
in the limelight since a wide range of transistors 
is now available to provide the required performance 
and reliability. Mullard have developed many new 
types for this duty and the table below summarises 
the present position.

These devices combine high 
voltages with the necessary 
fast fall times and are suutable 
for power supplies up to 
800W output power.

The current range includes 
the BDY93 and BDY96 
families of output transistors 
for mains-operated power 
supply units and the BDY90, 
BD131 and BDX35 families 
for Battery systems. Drive 

*ASso available as CV9936.

Type Vceo Ic ir max. Encapsulation

BDY90 100 V 10A 0.2ps at SA;Q.QSus at 0.5A TO-3
BDY91 80V 10A 0.2gs ai S0.S/0.SA TO-3
BDY92 60V 10A 0.2,1s at 5/0.5/0.5A TO-3
BDY93 350V 3A 0.6#5 at2.S/0.S/0.SA TO-3
BDY94 300V 3A 1 us at 2.S/0.S/0.SA TO-3
BDY95 250V 3A 1ps at2.5/0.S/0.SA TO-3
BDY96 350V 10A 0.4[45 at S|/|1A TO-3
BDY97 300V 10A 0.9psai 5/1 |1A TO-3
BDY98 250V 10A 0.9psat 51/1A TO-3
BD131 45V 3A 0.1Spsat2/0.2/0.2A TO-126
BDX35 60V 5A ioff:0.8/^sat5/0.S/0.SA TO-126
BDX36 60V 5A iûff: 0.8#5 at5/0.5/0.5A TO-126
BDX37 80V 5A Ì0ffh0.8/usat S/0.S/0.SA TO-126
BD232 300V 0.25A fT(typ.):20MHz TO-126
BSW66 100 V 1.0A i om 1us ai 500/50/50mA TO-39
BSW67 120 V 1.0A i off: 1 ys ai S00/S0/SQmA TO-39
BSW68 150 V 1.0A tom /usaiS00/S0/SQmA TO-39
458BDY/A 400V 10A 0.8#satS////A.9S°C TO-3
458BDY/B 400V 10A L2psatS//|/A.9SoC TO-3
424BDY/A* 100 V 7A toff:Q.6Spsat7/L7/Q.7A TO-3
426BFY/A 300V 0.5A fT (typ.) : 60 MHz TO-39
426BFY/B 250V 0.5A fT (typ.): 60 MHz TO-39

All devices are NPNpolarity except the 426.BFY which is PNP.

transistors include BD232 and 
BSW66.

In addition to the types 
shown, others are in advanced 
stages of develoopnent—in­
cluding improved versions of 
the BDY90 and BDY96, and 
also a PNP complement to 
theBD232.

Full technical data on any 
or all of these types are, of 
course, available.

Microwave transistors
Additions to the high-frequency families

A recenn addition to the 
Mullard range of devices for 
Post Office high-frequency 
equipment is the 551 BFY/A: 
this transistor has a typical 
fT of 5GHz and is in a true 
microwave encapsulation
which makes it suitable for

Operating curreni fT: 1.5—2GH2 fr: 3—5GHz
14mA BFX89 BFW92

BFY90 BFS17R
BFR90 551 BFY/A
BFR92/3

30mA BFW30 BFW93 BFR91 BFR96
75mA BFW16A/17A BFR94

New Linear IC’s
Additions to the Mullardrange 
of linear integrated circuits 
include:
Level sense switching device, 
TAA320A: this device acts as 
a switch circuit with very high 
input impedance (lpA input 
leakage current) and high 
output capability (60mA). The 
switching reference voltage is 
so constant that the device can 
be employed as a stable refer­
ence in RC timing circuits.
Drain sourcevoltage: 20V max. 
Drain current: 60mA max.
Gate source voltage (selected): 
Group 1 10.0 to 11.2V

2 10.7 to 11.9V
3 11.4 to 12.6V
4 12.1 to 13.3V

Gate source leakage current 
(typical: lpA.

‘S’-band amplifiers.
In addition microminiature 

versions of BFR90/1 are now 
available (new number 
BFR92/3) and for BFY90 
(new number BF817R). Please 
ask for data sheets on any or 
all types.

Clock circuit, SAJ250: a 
32kHz clock comprising an 
osciilator, lS-stage frequency 
divider and supply current 
regulator.
Frequency division:

215 (32768) 
Supply voltage range:

0.9 to 3V 
Supply current: 20pA (typical) 
Outputcurrent :

15mA (typical) 
Full technical information will 
be sent on request.

Ç7
Mullard

Mullard components for Pest Office electronics
Mullard Limited, Mullard House, Torrington Place, London WC1E 7HD

M7!

S0.S/0.SA
at2.S/0.S/0.SA
2.S/0.S/0.SA
at2.5/0.S/0.SA
sat5/0.S/0.SA
S/0.S/0.SA
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Marconi Marconi

Tropospheric Scatter
Marconi is a world leader in the provision of 
complete tropospheric scatter systems.

Its new range of fully solid-state drive and 
receiver equipments and t.w.t. and klystron 
amplifiers can be engineered into a wide variety 
of systems capable of meeting the exact: require­
ments of users.

Various combinations of frequency, space, polar 
and angle diversity are available in order to 
achieve the highest circuit performance.

Marconi offers a complete service covering 
feasibility studies, geographical and propagation 
surveys, systems engineering, civil engineering 
installation (including complete ’turnkey' projects) 
and personnel training.

Communication 
Receivers
Marconi pioneered the use of s.s.b and i.s.b and 
its latest range of high quality professional re­
ceivers is in use throughout the world in the most 
sophisticated point-to-point services, military and 
transportable systems, shipborne applications, 
as well as with smaller administrations and 
commercial operators requiring power facilities.

The range includes 
H2900 Series
The most advanced h.f receiver in the world with 
the highest standard of performance and reliability. 
Fast frequency selection down to 1.0Hz with a 
stability of 0.5Hz. Digital synthesis and remote 
operation.

H100

Hydrus H2001 Series
General purpose receivers for international trunk 
routes. Versatile and reliable. High stability perform­
ance with built-in frequency synthesis.

H2311
Economical general purpose receivers with 
exceptional wide coverage from 10kHz to 3OMHz. 
Compact, reliable, stable.

N2020 andh\2050 (Apollo)
Designed to stringent defence specifications, these 
high-stabiiity, robust h.f and m.f receivers are 
designed for naval or similar applications.

H99

Marconi Communication Systems
Complete civil and military static and mobile communication systems

Marconi Communication Systems Limited,Chelmsford, Essex, England

A GEC-Morconl Electronics Company LTD
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Do you know what else 
Herman Smith can do?

“62” type equipment is the 
aspect ofouroutputyou probably 
already know about. It's worth 
remembering however, that we 
produce many other types of 
presswork and sheet metal 
assemblies which may be of use 
to you.

We are acutely aware of the 
needs of the electrical and 
electronics industries and our 
experience in these spheres 
is comprehensive.

We are prepared for any 
challenge, complex or simple, 
large or small, Try us.

We produce the rangeof “62” 
type equipment, including the 
racks themselves, shelf 
assemblies, card locks, card 
guides, slide brackets, dummy 
front plates, etc. We also 
undertake electrical and 
electronic assemblies.

Contact Peter Bowen
Herman Smith Limited CinderbankWorks Netherton 

Telephone Dudley 52791

PO approved

Dudley
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