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It's a new Danube

thanks to STC Coaxial Cable Systems.

Communications on the Danube are now a
quick waltz around a national coaxial cable
network. Based on an STC 12MHz coaxial cable
system, it’s capable of carrying up to 2700
telephone circuits.

The first link in the new chain was an all
solid state system installed by the Austrian
P.T.T. between Salzburg and Bischofshofen
in 1968 the first such system in Europe. The
success of this operation has led to a steady
build up to more than 1000 kilometres of STC
12MHz systems. In fact Austria will soon have a
total of 35 terminal and main repeaters and 300
dependent repeaters.

These purely Austrian internal developments
have important international ramifications,
because European telephone traffic can now pass
through Vienna along the Danube to Budapest
and other points east like Prague and
Bucharest. in fact STC transmission know-how
has helped to make Vienna a highly developed
communications centre for the whole of Eastern
Europe. It's a new Danube thanks to STC
coaxial cable systems.

Standard Telephones and Cables Limited,
Transmission Division, Chesterhall Lane,
Basildon, Essex. Tel: Basildon 3040
Telex: 99101

Standard Telephones and Cables Limited ITT

A British Companyof ITT




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.

But that’s not all.




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. Telephone: 01-476 1401

Standard Telephones and Cables Limited ITT

A British Company of ITT




About three years ago we achieved a characteristics, since each of the 28 cores
major breakthrough in the manufacture of type  at each jointing position must be
174 Coaxial Cable — we produced the first one  electrically compatible with the corresponding

ever with 20 cores. And, as far as we know, core in the adjoining cable.
we're still the only Company This is a good example of STC philosophy.
in the world to have made production When we come up with an idea there's no
quantities of a cable containing so many sitting back on our laurels.
type 174 coaxial cores. We are constantly making improvements
Now we’ve gone not one, but eight better.  and modifications to keep our products and
We have manufactured an even larger processes as advanced and sophisticated
multicore cable — this time with 28 cores. as possible. After all, we've our hard
Strict engineering control throughout earned reputation to consider.
manufacture ensured constant end Standard Telephones and Cables Ltd.,
impedence levels, essential to obtain Telephone Cable Division,
the required overall transmission North Woolwich, London E16 2EJ.

Standard Telephones and Cables Limited ITT

A British Company ol (1T




Post Office enterprise

and IDCknow-how
make a fair exchange

The new Banbury Cross Telecommunications Centre is
now built. This major national switching centre is part of the
Post Office’s extensive programme formodernisingBritain’s
telephone service. Some of the most sophisticated equip-
ment yet adopted by the Post Office is being installed to
provide a fast, efficient telephone service for commerce,
industry and general public.

The Post Office, from the outset, recognisedthe problem
of obtaining a building with a highly complex specification,
equipped to house intricate switching equipment requiring
humidity controlled dust-free conditions. Heating involved
particularly complicated design problems. The building has
to be heated during the protracted period of equipment
installationbut once allequipmentisinstalled the heat output

fromitwill havetobe extracted. The design of the system has
to cater for both situations. Finally the centre had to be built
to atight schedule and an accurate costing.

IDC were selected by the Property Services Agency for
theirability to provide a fullyintegrated design and construc-
tion service and worked closely with them and the Post
Office. This is the firsttimea Government Department has
entrusted detailed design and construction of this type of
project as oneentity to any contractor.

Dedicated to dissecting problems and providing clients
with the most feasible, economic solutions, IDC’s inter-
nationally experienced team could be working for you. Inthe
United Kingdom or Europe. For a first exchange — just
telephone.

i
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Why the PO uses

Capacitors ayear

Mullard capacitors are the preferred choice for PO equipment for two basic
reasons. They offer designers and engineers an exceptionally high electrical
performance. And they have proved their long-term reliability many millions of

times over.

Most widely used by the Post Office are the C281VV capacitors. These are of
metallised film construction with a capacitance range from 0.01 uF to 2.2 uF,
voltage rating 250V. Mullard research and development departments are never
idle however, so here are three new types.

Three new
long-life electrolytics

Electrolytic capacitors present
quite a problem in Post Office
applications wherc lifetimes
are wanted in tcrms of dec-
ades. Elcctrolytics just can’t
match the almost indefinite
life of metallised film types.
And shclf lifc is another
limiting factor.

Now with the introduction
of the Mullard electrolytics
scries 108 and 071/072, the
Post Office requirements to
D2186 spccification arc fully
met, with all internal connec-
tions cold welded.

Series 108 axial lead electro-
lytics have capacitance values
from 33 pF to 2000 pF with
voltage ratings from 6.3V to
63V and life expectancy of
10000 hours at 85°C or
160000 hours at 40°C.

Series 071 and 072 are de-
signed for applications in-
volving very high capacitance
values, again meeting D2186
requirements. Of conventional
construction with tag con-
nections, they have very con-
servatively assigned ripple cur-
rent ratings. The capacitance
range is from 680 p©F to 22000
uF, voltages from 6.3V to 63V.

Where cxceptionally small
can sizes are nccessary, Mul-
lard type 121 solid electrolyte
capacitors arc recommended.
They are Post Office approved
and have much higher tcm-
perature ratings than conven-
tional types. Thanks to their
unique construction, drying
out is no longer a problem
assuring virtually unlimited
working and shelf-life ex-

pectancy. Mullard 121 type
capacitors have no limitation
on charge and discharge cur-
rents as other conventional

Can size :
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‘solid’ types have.

For further information,
please contact your Mullard
representative.

Raled voltage

6V | 6.3V | 6IV| 6.3V

\
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Tyear 2500
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S0 60 70 80(°CI%0
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Gompact, easily assemb

ed

RM Inductor Gores

Mullard RM inductor corcs
are now being widely spccified
for PCM and FDM equip-
ment. Compact and easily

[

assembled, thcy require fewer
accessories and are designed
for direct mounting on printcd
circuit boards.

The cores are in two sec-
tions, sccured by a metal
clip, and the coil former
carries the pins which connect
with thc printed board, pin
spacing bcing suitable for
2.54mm (0.1 in) grid boards.

These high quality cores are
now available in A13 and AlO
material, in sizes equivalent to
Vinkor range pot cores.

Ask your Mullardcontact for
the new data shects covering
the series RM6-R, RM7, RMS8
and RMI10 inductor cores.

New VR37
Metal Glaze

Resistors

High stability
voltages
up to 2-5kV

The new Mullard VR37 range
of metal glaze resistors offers
engineers significant advan-
tages in all applications where
very high limiting voltages and
higher resistance values are
required.

Based on the same techno-
logy as mectal film types, the
new VR37 range employs a
metal glaze instead of film. So
voltages can be as high as
2.5kV and resistance values
extend from IMQ up to
33MQ, Stability is far better
than with carbon types.

With very highstability, high
limiting voltages, low temp-
erature coefhicient, economi-
cally priced, of proven relia-
bility and meeting BS415
safety requirements, the new
Mullard VR37 range of metal
glaze resistors is an essential
choice in CRT power supplies
and other high voltage cir-
cuits. There’s no limit now to
the ingenuity of your designs.

Ask your Mullard represen-
tative for the full data.

\:l
Mullard

Mullard Limited, Mullard House, Torrington Place, London WC1E 7HD

Mullard components for Post Office electronics

36



If you think we can
produce high quality
cables without constant
thought and expertise;
you're wrong.

We've got another
think coming.

The latest thinkfromTCLis ~ Today we offer you re- project. A full layout design
already on its way. A bigger- search and planning assis- service. And total control of
than-ever capacity in the tance with your next cable manufacture and installa-
world’sfirst 13-tube coaxial tion —both in the develop-
cable - produced for The ment areas throughout the
Post Office. world and at our factory in
It's all part of our total Dagenham.

expansion In service, in If you'd like us to think
supplying cable and cable about your particular cable
know-how. problem, contact us.

Telephone Cables Ltd., Dagenham, England. Tel: 01-592 6611. Cables: Drycore, Dagenham. Telex 896216
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you need ourLD-3 to
measure group delay distortion
to CCITT standards

Exceeds the latest CCITT recommendations:
Group delay distortionrange & 50 usto & 10 ms.
Attenuation distortionrange + 0-5to 4- 50 dB.
60 dB dynamic range of receiver.

15 years experience in the application of our CCITT recommended,
patented Modified Nyquist principle.

Retransmission of results from receiver to transmitting end and control
of generatorfrequencyand level from receiving end duringend
to end measurements.

Digital display with 1 Hz resolution of measuring or reference
frequency as well as sweep limits.

Crystal accurate time base, dial-tone blocking, loop holding and speaker
facilities available as accessories.

Receiver input [evel range : + 10 to — 50 dBm without switch-over.
Digital display with 1 Hzresolution of measuring or reference frequency.

Calibration voltage for recorder X axis and frequency markers are
digitally adjustable.

Small dimensions, easily portable.

Send for our illustrated literature giving full technical data
and general information.

Wandel and Goltermann (UK) Limited

40-48 High Street, Acton, London W3 6LG
Telephone 01-992 6791
Telex 934489.



comprehensive
telecommunications

Lowither Hill Q

Belfast
D

Mothercrom @

Lancasler
O

Belmont Q

Lichfield
Leicesfer

O Massingham
O Aberystwyth

2 Maidstone

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. 1BB63




comprehensive
telecommunications

There are many facets to i
all.round capability in telecommunications

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. 18C59
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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. ttd. of England, 18857
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Stored Program Control.
Plessey System 250

-

Three pre-production systems on test in a.

mults- processor-configuration.,

System 250 is unique. It has been designed specifically
for controlling telephone and data exchanges and
similar reliability-conscious real-time applications. It is
modular in design in order to be flexible and easily
extensible in operation and to provide economy in usc.

A particular feature is that it can provide the
system reliability required in these types of application.
Not only are faults in both software and hardware
quickly detected and the relevant module isolated,
but the system automatically reconfigures in order to

ensure continuity of service. Basic checks built into the
system permit time-sharing of programs without errors
corrupting good program modules.

PLESSEY

TELECONMMUNICATIONS

Edge Lane, Liverpool L7 gNW, England.
Telephone: Liverpool (051) 228 4830 Telex: 62267
@ sa1 PTG



13

Marconi
Professional
Receivers

Marconi, pioneerofs.s.bandi.s.b,
produces a range of professional
receivers, that meetthe widest
requirements of users, including the most
sophisticated point-to-pointservices,
military transportable systems, shipborne
applicationsas well as those of smaller
operatorsrequiring fewer facilities.

All receiversin the range are solid-state
and aredesigned to take fullaccount of
environmental conditions and cost
effectiveness.

H2900 Receiver

Therangeincludes the following high-quality
series:

H2900 Series

‘The most advanced h.f receiver in the world’ with the
highest standards of performance and reliability. Fast
frequency selection down to 1.0Hz with stability of
0.5Hz. Digital synthesisand remote operation. Designed
forthe highest reliability in the most arduous conditions.

HYDRUS H2001 Series

General purpose economical receivers with high-grade
performance, for use on international trunk routes. Very
versatile and reliable. High stability performance with
built-in frequency synthesis.

N2020 and N2050 (Apollo)

Designed to stringent defence specifications, these
high-stability robust h.f and m.f receivers are suitabie
for naval or similar applications.

Marconi Radio Division, designers and suppliers of
h.f and l.f point-to-pointsystems, line-of-sight and
tropospheric scatter microwave systems and civil
space communications earth stations—part of the
total systems capability of Marconi Communication
Systems.

Marconi Communication Systems

Complete civil and military static and mobile communication systems

Message switching
Digital and data systems

Mobileradio telephones
Specialized components

Satellite communications earth stations
H.F.and |.f. point-to-point systems
Microwave and tropo systems Television and broadcasting stations
Maritime and naval systems

Surveys, planning and commissioning

Marconi Communication
Systems Limited,
Chelmsford, Essex, England

A GEC-Marconi Efectronics Company

LTDIHSS
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Subject: Consoles at monitoring and testing ,
‘ area of Telegraph Transmission Centre.

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

Buitt with- WIDNEY DORLEC.

It is not surprising that leading designers The consoles shown above and the desk
in today’'s technological field much below installed at the P.O. Radio
prefer Widney Dorlec than other Station, Burnham, Somerset, are just
constructional systems, two examples of outstanding versatility,

good looks, and hidden strength. The
unique combination only offered by
Widney Dorlec.

r_____1

To Hallam Sleigh & Cheston Ltd., the
makers of Widney Dorlec. P.O. Box 133,
Bagot Street, Birmingham, B4 7BD.
Telephone 021 359 3044 Telex 338054

D Please send me the Widney Dorlec Catalogue.
I D Please get in touch with me personally.

I Name _ =
Position/Dept.

I Company name and address _

L = == == == =] Widney Dorlec.
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EDITORIAL

The national press has recently given publicity to a
spate of fraudulent long-distance telephone calls, some of
which are of a scarcely-believable nature. It has been
suggested, by at least one national newspaper, that the
“phone phreaks”, as the originators of the calls have been
alliteratively dubbed, can obtain some of their data from
the Journal. 1t is true that Journal articles sometimes
include information that might conceivably be used for
this purpose, but normally both author and editor are
at pains to exclude sensitive material.

One of the purposes of the Journal is to disseminate
technical information on telecommunications subjects to
a wide range of interested readers. As in any other field
there is some danger that such information will be
misused by a very few dishonest individuals with a
distorted and immature outlook. Against that must be
set the immensely useful function of the Journal in
promoting a better understanding of telecommunications
developments throughout the world.

From time to time readers enquire if the earlier
practiceof publishing lists of promotions, retirements, etc.
of L.LP.O.E.E. members can be restarted. Unfortunately,
the necessary information is no longer available in a
suitable form from staff units and this, together with
the large increase in numbers that would be involved,
makes revival impracticable.



A New Code Translator for the

Letter-Sorting System

Part 2—The Code-sort Translator: Design and Testing

K. H. C. PHILLIPS, C.ENG., M.LER.E. and A. W, STURGEON, B.sC.(HONs.)}

U.D.C. 656.851: 681.187

Part 1 of this article described the application of the Postcode and other address-coding techniques in
the organization and control of mechanized letter sorting. This part deals with design and testing of a new
code-sort translator which provides new facilities and offers scope for the sorting office management to
rationalize sorting methods by using sorting machinery more effectively. The equipment forins the first
“real time" application of computers to control systems in postal engineering.

INTRODUCTION

The letter code-sorting system was originally designed to
function within the long-established manual letter-sorting
and distribution framework. For machine sorting, the
Postcode or other address information is encoded by the
coding translator in the form of two codemarks which are
printed on the letter; one codemark identifies the delivery
town or district, the other, the address within that district.
The original sorting-translation equipwment was designed to
control the operation of sorting machines using information
derived from either the outward or the inward part of the
Postcode, but not both simultaneously. The decision to
concentrate mail sorting into a limited number of Mechanized
Letter Offices (M.L.O.s) highlighted this limitation and showed
a need for a new sorting translator which would be sensitive
to both rows of codemarks.

This change in the sorting-translator function had reper-
cussions on the facilities required of the coding translator.
A study of these together with the desire to introduce some
new translator facilities culminated in the decision to develop
a second-generation coding and sorting translator system
as a single unit. From an appraisal of the translator system
requirements, and after investigation of a number of methods
of realizing the objectives, it was decided that the use of a
number of small “off the shelf”” computers in conjunction
with a magnetic-drum store and purposc-designed electronics
would best suit the application. The primary design aims
were to reduce the capital cost of translation equipment in
each M.L.O. whilst providing a means of improving the cost
effectiveness of mechanized letter sorting.

CODE-SORT TRANSLATOR FUNCTION

In the mechanized letter-sorting system adopted by the
British Post Office, the address information used in the
letter-sorting process is encoded and printed on each envelope
in a form suitable for automatic reading by letter-sorting
machines. The process of reading the address from the
envelope is a manual task, and letter codemarking is carried
out at operator-controlled letter-coding desks. At each coding
desk, letters are presented individually to the operator, who
copy-types the Postcode, or spccified parts of the address, on

1 Postal Mechanization and Buildings Department, Postal Head-
quarters.

2

a near-conventional keyboard. The keyboard code is then
translated, by the coding translator, into one or two groups
of codemarks which are printed on the face of the envelope.
Automatic lctter-sorting machines, cach capable of handling
up to 20,000 letters per hour, sort the codemarked letters
into 144 separate groups. The phosphorescent codemarks
are detected by the sorting-machine reader after stimulation
by ultra-violet light and thc information derived from them
is then used to control the path of the letter through the sorting
machine and into the selection box associated with the address.

In mechanized sorting, it is impractical and uncconomic
to provide an individual sortation box for each of the 1,700
postal delivery districts in the United Kingdom, or even for
each delivery point within the local postal distribution area.
Also, it would be uneconomic to install sorting machines
having fixed sorting methods. Thus, to secure sorting flexi-
bility, it is necessary to be able to route letters bearing any
codemark to any sorting-machine selection box. The con-
version of the codemark data into sorting-machine command
signals is implemented by the sorting translator.

On a codemarked letter (Fig. 1) the outward codemark
identifies the delivery town or district; the inward codemark
denotes the delivery location within the area defined by the
outward codemark. Each 14-bit codemark (one start bit,
plus 12 code bits, plus one parity bit) can identify 4,096
different locations. Thus, it is theoretically possible to identify
one address in 16 million.’

The achievement of an optimum mechanized sorting
arrangement is conditional on all the available codemark
information being used for machine control at each sorting
stage. The sorting translator to be described has been designed
to meet these requirements through

(a) being sensitive to both rows of codenarks (when
present) at all stages of sorting, and

(b) permitting the alteration of the sorting-machine com-
mand signal, associated with each codemark, to facilitate
alternative machine-sorting methods.

These features offer the means of equating the letter-traffic
load of the sorting office to the sorting capability of the
machines. This permits the number of sorting machines
required to be minimized, thusreducing the capital investment.

Fig. 2 illustrates a simplified mail-flow arrangement within
a mechanized letter-sorting office, and shows the function of
the code-sort translator.
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Fig. 2—Simplified mail flow arrangement in a mechanized letter office

DESIGN CONSIDERATIONS

The translator is required to operate reliably in the letter-
sorting office where even short-duration system failures could
result in significant disruption to the distribution and delivery
of mail throughout the country. Consequently, sufficient
redundancy has to be built in to allow continued operation in
the event of partial equipment failure.

Since the number of coding desks and sorting machines
installed in M.L.O.s can vary significantly, the equipment has
to be modular in design and capable of serving, economically,
the varying machinery complements within each M.L.O.
The translator has to afford the sorting-office management
with an effective means of organizing and controlling the
flow of mail through the office, and must be capable of
providing new facilities which might be needed in the future.

Data conversion caa be achieved using a variety of tech-
niques. The choice of method was influenced by the following
factors:

(a) In both the coding and sorting translation processes,
no direct relationship exists between the form of the input
data and that of the translated output data.

(&) In the sorting process and, to a lesser extent, in the
coding process, the translated information associated with a
specific input is frequently changed—sometimes at short
notice—to accommodate alterations to the sorting methods
employed within the M.L.O.

(¢) To allow the coding-desk operator to work effectively
without distraction, the translation process must be completed
without perceptible delay. Both to avoid frustrating the
operator and to satisfy the existing (and possible future)
sorting-machine control requirements, the translator must
return an answer to each input question within 60ms.

The absence of an algorithmic relationship between the input
and the translated output results in the need for a dictionary
capable of storing all the reference and conversion data
appropriate to the translation process. A store with a capacity
of up to 3 million bits was needed and a magnetic storage
drum, operating in parallel-read mode, was chosen.

SYSTEM REALIZATION

In the translator system, a number of small, relatively
inexpensive (less than £4,000) computers were used in

3



From left to right this photograph shows two translator cabinets, a common-
equipmeat cabinet and two magnetic-drum cabinets.

Fic. 3—The prototype translator equipment

preference to a single large computer, since this provides
modularity and a means of achieving security of operation
through computer interchangeability. The computers are
identical and each has a memory of 4,096 16-bit words. The
function required of a computer is governed by the program
which is loaded. These separate system programs include

(a) translation control,

(b) system monitoring,

(¢) magnetic-drum data loading and verification,
(d) translator dictionary updating, and

(¢) maintenance diagnostics.

The translator equipment is shown in Fig. 3. There are two
identical drum cabinets, each storing all the dictionary data
for an M.L.O. The drum systems arc interfaced to the trans-
lator cabinets via the common equipment cabinet. This
cabinet also contains two computers, one of which normally
holds the system-monitoring program but is loaded with
programs (¢) or (d) (above) whenchangesto the data stored on
the drums are required; the other is a spare which is provided
in larger installations. The translator cabinets are identical, and
each is capable of carrying the traffic of 24 coding desks and
10 sorting machines. The number of translator cabinets fitted
in the system is determined by the number of machines to be
connected. Up to four translator cabinets can be accommo-
dated with no modification to the system programs or
electronics.

Since all the computers are interchangeable, the effects of
one, or two, computer failures can be tolerated by using the
spare, and even the monitoring computer, to secure full
service. In the event of a major failure in a translator cabinet,
changeover facilities enable all, or some, of the associated
machine control to be transferred to the remaining operational
equipment.

SYSTEM DESIGN

Outline of Translator Operation

The data conversion principle used in the translator can be
likened to the process of looking up a word in an English—
foreign-language dictionary. The word for which the trans-
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lation is required is compared with all the other words until
a correlation is found, and the corresponding translation is
read out. In mechanized letter sorting two dictionaries are
required. The two groups of information stored give the
relationship between

(a) the operator-generated keyboard address code, and the
corresponding codemark to be printed on the envelope, and
(b) the codemark information detected at the sorting-
machine reader, and the sorting-machine command signals.

In the translator equipment, all the reference and conversion
data necessary for the coding and sorting translating processes
is stored on a magnetic storage drum. By loading the trans-
lation dictionary so as to present input question and corres-
ponding answer information at the drum output in parallel,
all translator reference information can be presented sequen-
tially for interrogation during each drum revolution.

Dictionary interrogation is carried out by loading question
data, originating from the coding desk or sorting machine,
into a comparator. The comparator sequentially compares
the question data with ail the similar data stored on the drum.
When exact correlation is detected, the associated answer
data is copied from the drum and staticized in the comparator.
The answer data is subsequently returned via the data proces-
sing and control equipment to the machine originating the
translation request. Control of both coding and sorting
translation operations is exercised by a common digital
computer. A diagram of the translator system organization is
given in Fig. 4.

Drum System

The magnetic drum provides a reliable and secure memory
for the translator data and control information. By operating
the drum store in parallel-read mode, the entire memory
contents can be presented at the drum outputs in data
formats convenient for high-speed interrogation. The maxi-
mum drum-data output rate in the translator application is
equivalent to 100 Mbits/s.

The data associated with each group of dictionary infor-
mation is connected to separate parallel drum data highways
which serve the comparators in the translation equipment.

The processes involved in preparing the data, the method
of loading and storing the dictionary information on the
drum, and the magnetic-drum-store operating system are
described in the concluding article of this series.

Translation Equipment

Since the input and output data formats pertinent to each
translation process are different, the two dictionaries are
interrogated via separate coding and sorting comparators.
To service the inputs generated by a number of coding desks
and sorting machines within the translator access time of
60 ms, a number of comparators of each type are required.
The number of comparators connected to each dictionary
data highway is determined by

(a) the translation-request rate generated by the coding
desks and sorting machines,

(b) the mean access time of the magnetic-drum store, and

(¢) the mean processing time of the translator computer.

The translator computer distributes the questions sequentially
amongst the available comparators in each group. If all the
comparators within a group are engaged, the computer
queues the question inputs until a comparator becomes free.

Since all the comparators within each group are connected
in parallel to the respective drum data highways, individual
comparator occupancy times are determined by the time taken
to detect data correlation. This can vary between a few
microseconds and up to 40 ms. Drum interrogation is,
consequently, controlled by the comparator, and the com-
puter is concerned only with the allocation and loading of the
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comparator followed some time later by unloading the
answer. This feature ensures that the processing capability of
the computer is used effectively.

The translator communicates with the letter-handling
machines over parallel data highways, some of which are
time-shared. Highway interface voltages (0 volts and + 12
volts) and data transmission rates (S kHz) are chosen to mini-
mize the effect of electrical interference within the M.L.O. A
block diagram of the translator is given in Fig. 5.

Computer Processing Method

Within the computer, each translation process is treated
separately although, in practice, thc computer interleaves the

processes concerned with both translation functions. Each
computer executes data processing or control functions on
demand. Each of these functions is assigned a servicing
priority. When two or more requests for service are present,
the computer deals first with the function having the highest
priority, if necessary interrupting any current processing
activity concerned with a lower priority function. Subse-
quently, the computer reverts to dealing with other processing
requests in decreasing order of priority, eventually returning
to the original processing activity. This mode of computer
operation is referred to as inrerrupt working and, in the
translator, is used to ensure that time-critical processing
functions are implemented without significant delay.



CODING TRANSLATOR
Operational Features

In the letter-coding process, for each Postcode copy-typed
by a coding-machine operator, the translator is required to
provide two 14-bit binary codemark-printer-control signals.
These cause the outward and inward codemarks to be printed
on the envelope. When the postcode is not present, the
keyboard code generatedis translated into a single 14-bit code.

At the output of each coding desk, letters are separated into
groups by means of a letter diverter which can be translator
controlled. This feature provides a means of segregating the
mail into two groups categorized by the code keyed by the
operator, and enables mail to be sorted at the coding stage
into groups convenient for further mechanized sorting. Up to
five different modes of coding-desk sorting can be selected by
the operating staff to suit the mail-flow arrangements required
at any stage of mail processing.

System Description

The keyboard associated with each coding desk is connected
directly to its own single-character store in the translator.
The operator-generated keyboard codes are loaded asynchro-
nously from each coding desk, one character at a time, into
the translator computer store. The characters originating
from each coding desk are compiled in dedicated areas within
the computer store. On receipt of each character, the alpha-
numeric format of the currently-assembled code is checked
until a data format cortesponding to a complete, valid,
address-code is recognized. Twenty-six difterent address- or
question-code formats, assembled from 2-7 character codes,
are acceptable.

After recognition of a valid question code, the computer
sends the keyboard code to a free comparator. If the question
code has a Postcode format, the question data is divided into
outward and inward sections and loaded into separate
comparators. Within the comparator, the question data is
assembled into a 31-bit word. The computer notes the number
of the comparator to which the question was directed, and
the coding desk from which the input was received, and
relinquishes control of the comparator. When the comparator
detects a correlation between the staticized question code,
and the identical code in the dictionary, the associated 14-bit
codemark-printer-control answer is staticized. The current
computer-processing activity is then interrupted to transfer
the staticized answer into the computer store. If, after a
complete scan of the dictionary, no correlation is detected,
the comparator interrupts the computer and a no-answer-
Jound word is transferred to the computer store. The com-
parator is then made available for further access by the
computer.

The codemark-printer control data is subsequently format
checked and associated with the number of the coding desk
to which the answer is to be returned. If the answer received
from the comparator forms part of the response to a Post-
code-type question, the computer waits for the second
comparator to answer before routing the two-part translation
to the appropriate coding desk. The answer data is routed
to the calling coding desk over a common time-shared
output-data highway. Since the serial transmission rate
over this 13-bit parallel highway is limited, to secure high
noise immunity (pulse width 200 pus), it is sometimes necessary
to queue the answer data on to the output highway under
computer control.

The translator computer can deal with traffic originating
from up to 24 coding desks each making up to 2,000
translation requests per hour and giving a worse-case answer-
back time not exceeding 60 ms.

SORTING TRANSLATOR

The codemark data detected by the sorting-machine reader
comprises one or two groups of 14-bit codemarks. The
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28-bit codemark-question data originating from all sorting-
machine readers is sent in parallel over a time-shared input
highway to the translator. This data is augmented by a 7-bit
sorting-machine function word which defines the sorting
method or plan to be implemented, and the method to be
adopted in sorting incorrectly-codemarked mail. The trans-
mission of data over the 35-bit parallel input highway is
controlled by the computer. The translator accepts inputs
over the data highway on demand from each sorting machine.

On receipt of each input, the computer checks the format
and correct parity of the codemark data together with the
sorting-plan-selected code. Inputs having incorrect parity in
the outward codemark are automatically routed to the
parity-fail selection box on the sorting machine. Inputs having
incorrect parity on the inward codemark arc either sorted,
using the valid outward codemark, or routed to the parity-
fail selection box as determined by the destination of the
codemarked letter and the parity-fail sorting method selected
by the sorting-machine attendant. Inputs having correct
format are loaded into a sorting comparator where a 26-bit
codemark word and 6-bit plan-selection word are assembled
for comparison against the sorting dictionary. The two start
bits associated with each codemark and the parity-fail
sorting-control bit are not loaded into the comparator.

In the dictionary, a number of sorting-machine command
signals are associated with each 26-bit codemark. The
comparator seeks, initially, a dictionary correlation with the
codemark data and, when one is found, a correlation with
the sorting-plan data. When the double correlation is detected,
the corresponding sorting-machine-control data is staticized
in the comparator answer register. Subsequently, the com-
parator interrupts the computer and the 8-bit answer code
copied from the drum is transferred into the computer
memory. This 8-bit code is then converted by software into
the 1 from 5 plus 2 from 10-bit form necessary to control the
path of theletter into one of the 144 sorting-machine selection
boxes. The translator sends the answer data to the sorting
machines over a time-shared answer highway using the same
transmission techniques as described previously.

As mentioned earlier, a 26-bit codemark combination read
from the letter can identify 16 million delivery locations.
In practice, the sorting dictionary stores only those codemark
combinations which are necessary to the sorting of mail
circulating through the office in which the translator is used.
Since the address information contained within the outward
codemark is, usually, sufficient to enable machine sorting to
distant delivery offices, only the outward codemarks pertinent
to distant sorting offices are stored. Letters bearing codemarks
which are not held in the sorting dictionary in combination
with the sorting-plan code are routed to a common sorting-
machine selection box. Such mail is dealt with by the sorting
office staff.

The translator computer can deal with traffic originating
from up to 10 automatic letter-sorting machines, each sorting
up to 20,000 letters per hour. The equipment translatcs any
26-bit codemark combination into sorting-machine control
signals on up to nine difterent sorting plans (a capacity to
accommodate up to 61 different sorting plans is provided).

SYSTEM MONITORING

In the mechanized letter office, the effect of a translator
malfunction could misdirect mail, or introduce delays, and
increase the proportion of letters requiring manual sorting.
In order to minimize this, the system incorporates a number
of self-testing and monitoring facilities.

The correct operation of the translator is verified by
generating test coding- and sorting-translation requests and
monitoring the responses. By careful selection of the test data
used (a group of test questions and answers is written on to
the drum), the majority of the translator-system hardware
and software can be exercised fully.



Three levels of system monitoring have been incorporated
and these are described below.

Routine Testing

All the comparators associated with one translator com-
puter are cyclically tested by that computer. The operation of
each comparator is checked by monitoring the replies to the
test questions. When unscheduled answers are received the
comparator is busied to normal traffic. The test program
retests a busied comparator regularly and returns it to service
when correct operation has been established. If a drum system
fails, all comparators are busied sequentially to prevent the
miscoding and mis-sorting of mail.

Performance Monitoring

The computer in the common-equipment cabinet is utilized
to monitor the overall performance of the translator system.
This is achieved by sending test questions to each translator
equipment via any normal coding and sorting translator-
input interface, and monitoring the replies at the appropriate
output interface. Most of the translator system hardware
and software is exercised in this way. The performance of
the drum systems is checked using dedicated comparators
associated with each drum.

Faults detected in the system are brought to the attention
of the maintenance staff by a fault-indicator panel on the
equipment. Descriptions of all current faults in the system
can be obtained by the maintenance staff through a faults-
report output on the system-control teletypewriter. Faults
detected in the translator equipmnent are communicated to
the monitoring computer over the normal translator output
interfaces. In the event of a teletypewriter failure, all error
conditions present in the system are stored in the monitor
computer and an indication of the presence of each type of
fault is given by indicator lamps on the comnputer control
panel. In the absence of a monitor computer, fault indications
are given on the control panels of each translator computer.

Manual Testing

The performance of the translator system can be manually
checked using the control teletypewriter, In most manual
testing operations, a conversational mode of communication
is employed. Any coding or sorting translator input can be
simulated and the answers are printed using a number of
formats to aid maintenance. From the teletypewriter, the
operator can select any translator or drum system, and even
any comparator within any translator, and conduct a range
of tests, For example, any selected input question can be
routed, repetitively, to any comparator to facilitate checking
of the translator circuitry. Any computer can be halted if it
is found to be malfunctioning due to hardware or memory
corruption fault.

TRANSLATOR TESTING

Since a real-time cotnputer-based translator was to be used,
it was deemed necessary to build a testing device capable of
exercising the translator system as completely as possible.
This presented a number of problems. The translator system
is program-controlled, and program performance is not as
easily checked as with a hardware-based systein. In order to
establish that the translator system was operating correctly
and that the predicted performance of the equipment for
different densities of traffic had been achieved, it was decided
that the tester should take the form of a traffic generator.
By simulating realistic traffic inputs to the translator from a
number of coding desks and sorting machines, most conditions
involving simultaneous requests for service can be presented
to the computer operating system. Also, all the data and
control paths through the system can be exercised. Though
all the combinations of conditions which can occur within
the system cannot be directly predicted, the probability that

the system is fully exercised can be increased by conducting a
number of tests, each generating large amounts of traffic,
Individual test runs could be made to generate in the order of
100,000 requests for translations.

Additionally, the tester had to be used as a tool in de-
bugging the translator programs. This necessitated a different
emphasis on the type of testing required. Such a multi-
functional tester is not easily realized using purpose-built
hardware so, to achieve the required flexibility, tester control
was implemented through a small computer of the type used
in the translator. This computer can be programmed to
produce a range of tests and present the results in any required
form. Hardware had to be designed to interface the computer
to the translator and simulate correctly the connexion of a
number of sorting machines and coding desks.

Testing Facilities
The tester provides the following facilities:

(a) simulation of {2 coding desks and 10 sorting machines
(to simulate the 24 coding desks necessary to test the trans-
lator, the trafficrate of the 12 coding-desk inputs was doubled),

(b) ability to produce all valid and invalid types of coding-
desk and sorting-machine data,

(c¢) variable programmable translator calling rates,

(d) monitoring of all translator responses and detection of
system malfunction,

(e) calculation of translator answer-back delay for each
simulated input and presentation of this performance data in
histogram form,

(f) a time-dependent record of all tester input and output
operations,

(#) on-line production of error messages, and

(/1) generation of simple tests to check translator input and
output interface performance.

General Description

The sorting machines each send a 35-bit question to the
translator and operate, typically, at a rate of 350 translation
requests per minute. Coding desks can operate at speeds up
to 50 letters per minute. Every letter requires a translation of
a message consisting of a number of keyed characters, each
comprising six bits of character data and three bits of mode
information. To simulate the keyboard signals which go to
make up a coding-desk message, inter-key depression times
are simulated as being, typically, 200 ms with a minimum
value of 35 ms. The time between completed keyboard mes-
sages, typically 450 ms, is also simulated.

To generate traffic realistically, the time between sequential
outputs from the tester must be random. Three-groups of
inter-output data are required; one for the coding-desk inter-
character times, one for the coding-desk inter-message times,
and one for the sorting-machine inter-message times. These
time-values are stored in three separate tables in the com-
puter, each time-value appearing a number of times. The
number of appearances of each time-value is proportional to
the ordinate of the standard Normal curve for any specfic
inter-ouput time-value (see Appendix). A time-value is chosen
from a table using the random number found in a suitable
counter to determine the position in the table. Hence, the
ouiput characteristics of the simulated coding desks and
sorting machines approximate to normal distributions of
given means and standard deviations. This method was
chosen because it minimized computer processing time. The
data in the tables can be altered to vary the simulated traffic
densities.

The tester has a system time-clock, the period of which is
1 ms. All outputs and calculations are made with respect to
this clock. Each of the simulated coding desks and sorting
machines has a number of program parameters which specify
the position that the simulated coding desk or sorting machine
has reached in its testing cycle, for example, whether it is
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Fig. 6--Simplified flow diagram of coding-desk and sorting-
machine question-output system

waiting to transmit a question or waiting for a translator
answer. One of these parameters is a counter value which is
compared with the clock and, when the values are equal, the
appropriate data is transmitted. The coding-desk and
sorting-machine question/answer data is stored in the same
manner, with minor modifications to identify the particular
requirements of each equipment. There is a common store
of questions and associated answers for all coding desks and
all sorting machines. After sending each complete question,
the answer parameter of the coding desk or sorting machine
is set to the corresponding answer and its question parameter
is incremented to the next part of the question data. The
question parameter of the coding desk is incremented a
number of times to produce a complete message.

There are approximately 50 different questions and answers
stored for both the coding-desk and sorting-machine simula-
tions. The contents of both these stores can be changed to
suit test purposes. At the beginning of each test run the
compu.er arranges a suitable mix of test questions which
establishes a random start-up condition. A simplified flow
diagram of the question-output system is given in Fig. 6.

Hardware Interface

When question data is sent from the computer it is
associated with a coding-desk or sorting-machine number.
This number is decoded by the interface to direct the data to
the correct translator inputs. Similarly, the interface creates
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Fig., 7—Printout of translator performance data.

the correct coding-desk or sorting-machine number to be
loaded into the computer with any answer data received from
the translator.

Operation

To prepare the tester for a test run, paper tapes specifying
the operating rate, and the question and answer data, are
loaded. The number of coding desks and sorting machine
inputs to be simulated is selected using the control switches on
the front panel of the computer. Once the tester is running it
can be stopped in a number of ways.

(a) A switch can be set on the computer which inhibits all
further outputs and, after 100 ms, halts the computer by which
time all answers will have been returned by the translator
and processed by the tester.

(b) The system can be programmed to shut down auto-
matically after a predetermined number of translation
requests.

(¢) The computer halts when an error state is found which

could corrupt the computer program.
While the tester is running, it can produce a print-out of error
messages as they occur. These messages usually specify the
error type, the coding-desk or sorting-machine number, and
other pertinent information, for example, the question asked,
and the actual answer received to a particular translation
request. The error types are

(a) an incorrect translation from the translator,

(b) no answer returned from the translator within 70 ms
(the translator has been specified to return the answer within
60 ms), and



(¢) an answer directed to the wrong coding desk or sorting
machine, or an answer returned after 70 ms.

A number of other error messages, concerned with the
internal opcration of the tester, are also available.

When a test run has been completed, the translator per-
formance data can be printed by the teletypewriter. This is
presented in histogram form as shown in Fig. 7. When a fault
is detected in the translator, it is useful to be able to recon-
struct the state of the traffic through the translator at the time
the fault occurred. The coinputer keeps a record of all the
input and output operations performed by the tester during
the previous 120 ms. This record can be printed, if required,
and specifies the time of the fault occurrence with respect to
the computer’s clock, the coding-desk or sorting-machine
number and the actual question-data output or answer data
received by the tester.

The performance of the translator was specified in terms
of the number of times that the equipment failed to respond
to a translation request under traffic conditions. A failure
rate of one request in 10,000 inputs was considered acceptable.
To check this, the tester was programmed to generate batches
of 100,000 requests for translation at high traffic densities
and monitor the system performance. During the testing
period, program faults were encountered which would have
proved difficult to find other than by exercising the translator
under variable traffic conditions. In this respect, the tester
proved to be an invaluable tool in locating faults under
dynamic conditions.

CONCLUSION

This article has described an application of general purpose
computers in a real time controlling function in the field
of postal engineering. The design philosophy, the realization
of the translator, and the system testing procedures used
for design evaluation have been described.
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APPENDIX

Normal Distribution

A histogram can be drawn from collected data by counting the
number of occurrences of an event within a specified limit for a
number of such limits, The mean and standard deviation can be
calculated from the data and a Normal curve, with the same
parameters, can then be superimposcd over the histogram.

V2

X1 X2 X X

In this case, the histogram data is produced from a Normal
distribution with predefined mean (¥) and standard deviation o.
The number of occurence (M) within a class (¢), with a total number
of occurrences (N), is proportional to the ordinate (y) of the Normal
curve,

The ordinate of a standard Normaldistribution curveis given by
m=f lx;,;_x{) and is readily accessible in tabular form.

The number of occurrences in the class can then be calculated
from the formula M, = y, CTN where M), rounded up or down

to the nearest integer, gives the number of entries of a value x, in
a table of length N,

Book Review

“Signals.” vii+100 pp. 67ill. £1. “Networks.” 104 pp. 67 ill.
£1. F. R. Connor, Ph.D., M.Sc., B.Sc.(Eng.)Hons.,
A.C.G.1.,, C.Eng.,, M.LLE.E.,, MIE.R.E.,, M.Inst.P.
Edward Arnold.

These are the first two books in a series of six. The other
books, which are in the course of preparation, are: Vol. 3—
Wave Transmission, Vol. 4—-Antennas, Vol. 5S—Modulation
and Vol. 6—Noise. The author’s intention is to prepare texts
on introductory topics in electronics and telecommunication
mainly for students who are preparing for degrees of L.U. and
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. 1—Signals

The main topics dealt with in this book are analysis of a
signal, network response, transmission of signals, signal
techniques and information theory.

The section on signal analysis is concerned mainly with the
steady-state analysis of well-known waveforms using Fourier,
the appreciation of bandwidth requirements for the trans-
mission of these signals being the main objective. Network
response is largely concerned with repetitive and non-
repetitive waveforms applied to a network having a complex
image-transfer function. To understand this, a knowledge of
the Laplace transform is required. The sections on trans-
mission of signals and signal techniques include principles of
frequency- and time-division systems; the section on basic
information theory includes the sampling theorem and also
principles of redundancy in codes.

Included in the book are 14 worked examples, and there is
also a list of references for further reading on the subject of
Signals. It is just as well that these references have been
provided because the scanty treatment given to one or two

topics in the book will make it necessary for some students
to do a good deal of supplementary reading,.

The book could be useful to students studying for degrees
and other professional examinations, and for those taking
the Advanced Line Transmission examination of City and
Guilds of London Institute. It could be recommended to
planning/development engineers on digital transmission
systems who need to revise on bit-rates and system band-
width.

Vol. 2—Networks

The main topics dealt with in this book are one-port net-
works, two-port networks, prototype filters, m-derived filters
and modern filter theory.

In the section on one-port networks, Foster’s reactance
theorem and the principles of circuit synthesis are covered.
The sections on two-port networks and prototype filters deal
with the transmission properties of passive networks of
standard configurations; m-derived filters are included.
Modern filter theory deals with the principles of Butterworth
and Chebyshev methods and also mentions active filters.

Included in the book are 22 worked examples, and there is
also a list of references for further reading on networks.

An important omission is Bartlett’s bisection theorem in
the sections on two-port networks and prototype filters. Its
inclusion would have enabled the subjects to be treated on a
half-section rather than a full-section basis, thus substantially
reducing the amount of algebraic manipulation.

Generally, the book could be reconunended to students
studying for the professional examinations previously men-
tioned, and expecially to those taking the Advanced Line
Transmission examination of City and Guilds of London
Institute. J.F.

9



Time-Interval Measuring Equipment

A. H. ELKINS and A. S. DHANJAL, Mm.sc. §

U.D.C. 681.39: 519.2

Detailed statistics of telephone and data traffic characteristics are frequently required for theoretical traffic
studies. In the past, information was collected using pen recorders or devices equipped with counting nieters.
Processing data, particularly from pen recordings, was tedious and time consuming. This article describes
an electronic equipment with incremental tape recording, an arrangement which allows large amounts of
data to be computer processed with niininuon effort.

INTRODUCTION

For many years various purpose-built devices have been used
by the British Post Office for recording the different para-
meters of telephone and data traffic. In the main, the output
from these measuring devices has been to electromechanical
counters (meters); extensive use has also been made of
commercially-available pen recorders.

The results using meters may be in error owing to incorrect
manual reading or transcribing and also, owing to sheer
numbers, insufficient time may be available for these processes.
Pen recorders, although automatic in operation, require
considerable maintenance and operating attention and the
subsequent evaluation of the results is a very laborious process.

For some purposes, large amounts of data must be recorded
at short time-intervals and all types of measurement may
need to be continued over long periods. There is, therefore,
a need for a recording equipment suitable for unattended
operation and which requires minimum eflort to evaluate the
results obtained. Such an equipment has been designed on
the basic principle of recording events by measuring them as
time-intervals from a fixed datum. It has been, accordingly,
designated time-interval measuring equipment (t.i.m.e.).

A long-outstanding need is an improved and more wide-
spread knowledge of the behaviour of different classes of
subscriber, and the initial design of the t.i.m.e. was based on
obtaining measurements of subscriber-dialling over a wide
range of exchanges. It was envisaged that the first measure-
ments would be inadc in electromechanical Strowger exchanges
and, as the equipment was to be electronic in design, a feature

1 Telecommunications Developnient Department, Telecomniu-
nications Headquarters.
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of the development was the determination of its performance
and the use of magnetic-tape recording in the environment of
electromechanical exchange equipment. In this initial design
the events recorded are

(a) the pre-dialling pause (p.d.p.),
(b) each digit dialled, and
(c) the duration of each inter-digit pause (i.d.p.).

The sequence of events which occurs during the set=up of a
typical call is shown in Fig. 1.

GENERAL DESCRIPTION OF THE T.I.M.E.

Since convenience and accuracy in processing data are
required, it is necessary to use an output medium suitable for
direct input to a digital computer. Thus, magnetic-tape
recording has been adopted and the instrument used is an
incremental-type machine, i.e. tape movement only occurs
when data is recorded. This technique conserves tape, thus
minimizing the need for maintenance visits, a useful feature
when recording in remote situations. However, for security
reasons, for an early knowledge of the results obtained and
for an even flow of work to the computer, it is usually desirable
to replace tapes at regular intervals depending on the amount
of data recorded.

In order to obtain the maximum amount of information in
the shortest possible time, the connexion point for the t.i.m.e.
is at the Strowger exchange first-selector stage, and provision
is made for the connexion of up to 10 first selectors. Provided
the t.i.m.e. is free, the first call to arrive on any connected
selector is extended to the t.i.m.c. and the setting-up details
of the call recorded. Since the equipment is measuring at

——
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FiGg. 1—Typical subscriber call set-up
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FiG. 2—Block diagram of the t.i.m.e.

the first-selector stage, an allowance has to be made to the
pre-dialling pause measurement for the time that has already
elapsed for the seizure signal to reach this point. The t.i.m.e.
also disconnects itself from an input after a pre-selected time
interval, thus further increasing the amount of seizure and
dialling data which can be collected.

A visual indication is given of both the timc intervals and
the dialled digits which are being measured. This display
facilitates the setting-up procedure and provides subsequent
confidence of satisfactory operation. Without some such
arrangement the results of a measurement would only be
obtained following computer processing at the end of a
recording period.

To understand the more detailed circuit arrangements it is
necessary to appreciate the coding arrangements for the data
recorded on the magnetic tape, Burroughs Computer Lan-
guage (B.C.L.) code being used since processing is carried
out on a Burroughs B5500 machine. This language code
requires six binary digits (bits) for each character and one
parity bit, i.e. seven-track recording.

The tape recorder used has a packing density of 200 bytes
per inch (b.p.i.), a byte consisting of seven bits. Versions with
higher packing densities are available, but in most situations
regular tape changing is preferred to long periods of un-
attended operation and, therefore, in practice, the con-
sequential reduction of potential storage capacity is accept-
able.

In the tape format of a call, each time-duration is repre-
sented by five numerical characters and each dialled digit by
a single numerical character. Time-durations and digits arc
separated by a single space, and there is a double space after
each digit. The end of each call is signified by a time-duration

C

indicating 00000 followed (after a single space) by digit 0.
Calls are grouped into blocks of 10 calls by leaving an inter-
block gap of 0:75in after every tenth call. Using 1,200 ft
spools, with the recording arrangement described, each tape
has a capacity for approximately 3,300 calls each of seven
digits.

Control of the tape recorder is by two forward signals
generated in the read-out control and one backward signal
sent from the tape recorder. In the forward direction a write
step conunand (w.s.c.) signal causes the tape to advance by
one increment and, when eflective, generates within the tape
recorder a write data conmmand (w.d.c.) signal causing the
data at the input of the tape recorder to be written as a
character on the tape. The other forward signal is the infer-
block gap (i.b.g.) generate signal. While the forward move-
ment of the tape is taking place a backward signal, i.b.g. in
progress is returned and is used to inhibit the inputs to the
1-out-of-10 selector (discussed later) until the forward move-
ment which produces the gap has been completed.

The t.i.m.e., which uses commercially-available transistor-
transistor-logic (t.t.l.) integrated circuits, has three main
sections, apart from the subsidiary display section and the
incremental tape recorder. The main sections are

(a) a 1-out-of-10 selector,
(6) a timer-counter, and
(¢) control circuitry.

A block diagram of the t.i.m.e. is shown in Fig. 2 and Figs.
3, and 4 show photographs of the t.i.m.c.

The power supply for the integrated circuitry is derived
from the public a.c. mains supply, which is also used to drive
the tape recorder.
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Fi1G. 4—Photograph of the complete equipment

THE 1-OUT-OF-10 SELECTOR

The incoming private wire (p-wire) and positive speech-wire
of each of the exchange first selectors to be monitored are
connected by high-impedance tapping circuits to the inputs of
the l1-out-of-10 selector which provides for
12
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(«) monitoring up to 10 input circuits,

(b) detection of a loop on a selector speech path followed
by earth on its p-wire,

(¢) connexion of the timer-counter to the first of the
monitored circuits on which a call originates,

(d) isolation of the other nine input circuits while any one
input circuit is connected to the timer-counter,

(e) transmitting the incoming loop-disconnect pulses to the
timer-counter with a minimum of distortion, and

(f) the subsequent connexion of the timer-counter to the
first input circuit to receive a call after its release from a
previous monitored call.

A change of the p-wire potential to earth occurs at the
beginning of a call and this event, together with the change in
positive-wire potential, is used to ensure that only complete
set-up conditions are recorded.

The monitoring of a call ceases after a pre-selected time-
interval and the equipment then awaits the next call to arrive,
an event which may occur on any of the input circuits.

The operation of the 1-out-of-10 selector can be described
in terms of a call received on circuit No. 1, using the simplified
circuit shown in Fig. 5 which illustrates the basic logic
arrangements. With no call on any input, each of the bistable
circuits (A) inhibits its associated nand gate (G). A change in
line-loop conditions is presented via the inverter I1 to gate
G1 where it remains inhibited unless accompanied by a change
of p-wire potential to earth. When contact P1 closes, mono-
stable circuit M1 operates, bistable circuit Al changes over,
thus removing the inhibition from gate GI and, hence,
extending the seizure condition to the timer-counter. At the
same time, bistable circuit Bl changes over and extends an
inhibit condition to gates G2 to G10 thus excluding any other
call which may originate while the first call is being recorded.

Any further changes, due to dialling, of line-loop conditions
of circuit No. | are repeated to the timer-counter. Finally, at
a pre-determined time after the completion of a dialled digit,
since end of dialling cannot be determined, the circuit is
released and recording is terminated by a time-pulse from the
time-out control. Bistablecircuits Al and Bl are reset and the
inhibition placed by circuit No. 1 on gates G2 to G10 is
removed. However, the gate of any circuit which has a call in
progress remains inhibited since its own bistable circuit (A)
is also reset by the same time-pulse; A1 inhibits its own gate
Gl.
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Fi1G. 5—Circuit diagram of the 1-out-of-10 selector

THE TIMER-COUNTER

The section of the t.i.m.e. which provides the timing and
counting functions contains two identical timer-counters, odd
and evcen, sclected by a change-over arrangecment; the timer-
counter selector (scc Fig. 6). The facilitics provided arc

(@) measurement of the p.d.p.,
(b) measurement of each i.d.p., and
(c) counting the pulses of each dialled digit.

The time-durations measured in (a) and (b) are recorded in
five-digit numbers either as tens of milliseconds (i.e. 0 to
999:99 seconds) or in milliseconds (i.e. 0 to 99-999 scconds).
The alternatives arc presclected by an cxternal control which
changes over an internal pulsc supply from 100 Hz to ! -0 kHz.
For each timer-counter thc first five clcments are used for
storing, in binary-coded decimal form, the five numerical
characters of time durations Element 6 is permanently wired
to provide thc codc for the space character, and element 7
stores the dialled digit.

The first two events of a call are the p.d.p. and the first
dialled digit; these are registered in the odd timer and the
odd counter, respectively.

The next two cvents, i.e. the first i.d.p. and the sccond
dialled digit, arc similarly registered in thc even timer-counter.
A changc-over sequence between the odd and even timer-
counters occurs for successive pairs of events.

The timer-counter selector initiates the change-over of
timer-counters on detecting the first brcak period of the pulsc
train of a dialled digit. The counter is stepped by detecting
the break periods while, concurrently, the duration of each
make period is timed in the opposite timer. If a break period
occurs within 70 ms of the beginning of a make period the
timing is reset, Thus, at the end of a pulse-train, when there

are no further break periods, the subsequent i.d.p. is timed in
full. A change-over of read-out is effected immediately
following the completion of a pulse train. Thus, whilst timing
followed by counting is being registercd in one timer-counter,
the information already recorded in the other timer-counter
is being read out to the tape recorder. The sequence of events
continues until the monitored linc stabilizes in the loop
condition.

CONTROL

The control section provides the read-out and time-out
facilities and incorporates a pulse generator to effect their
control. The timing of the pulses relative to a call is shown
in Fig. 7.

Read-out
The following read-out facilities are provided

(a) output compatible with the tape recorder,

(b) output-data coded in binary-coded decimal,

(c¢) transfer of the timer-counter information to the tape
after each measurement.

The function of the read-out control is to extend the in-
formation stored in a timer-counter to the tapc recorder
whilst controlling the latter, in order that it may receive it.
Each numerical character stored in a timer-counter as four
binary digits is transferred as a six-bit B.C.L. character.
Read-out is alternatively from the odd and cven timer-
counters under the control of bistable circuit F (Fig. 6), the
correct rcad-out sequence being effected by strobe pulses
obtained from a 10-bit shift-register used as a ring counter
(Fig. 8) whose action is as follows. The 100 Hz supply provides

13
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clock pulses ata 10 ms periodicity which step the ring counter
to give strobe pulses I, 2, etc. At the same time these pulses
open the output gates of the timer-counter (Fig. 6); the
write-step command signals are also provided. The ninth
strobe pulse, in addition to sending the last space character,
also resets bistable circuit T (Fig. 8) thus inhibiting the
associated nand gate G and cutting off the 100 Hz supply.
This pulse supply is subseguently reconnected by an R’ pulse
provided there is further data to be read out from the other
timer-counter.

Time-Out
The timing facilities provided are

(a) generation of 100 Hz and 1-0 kHz pulses as a basis for
timing measurements, and

(b) time-outs of one, three, 10, 14, 30 and 140 seconds,
The time-out pulses serve the three following purposes.

Forced Release.

There is no subscriber end-of-dialling signal and, to cnsure
that the equipment records the maximum amount of informa-
tion, a monitored circuit is disconnected at a pre-determined

INFUT  WAYEFORM

70ms TIME
PULSE
RESET AT
END OF CALL
8Y TIME-OUT

Fi6. 9—Circuit diagram of the pulse generator

time after receipt of a dialled digit. This time is variable in
two ranges, pre-selected to give a time of one, three or 14
seconds in range 1, or 10, 30 or 140 seconds in range 2.

Detection of Clear-down.

Discrimination between the break period of a dial pulse
and the release of a call is cffected by timing the line dis~
connexion. The timing circuit provides a pulse after 110 ms
and clear-down is assumed if the disconnexion has persisted
for this length of time. The figure of 110 ms allows for dials
of speed seven pulses per second and for the break period to
be up to 80 per cent of the total pulse period.

Recognition of i.d.p..

As already described under the action of the timer-counter,
timing is reset if a break period occurs within 70 ms from the
beginning of a make period. The figure of 70 ms allows for
dials of speed seven pulses per second and for the make
period to be up to 50 per cent of the total pulse period.

Pulse Generator

The output waveforms of the pulse generator are shown in
Fig. 7 and its circuit in Fig. 9. For completeness the pulses
from the read-out pulse circuit (Fig. 8) are also shown in
Fig. 7. Activation is by detection of the line-seizure condition
when the 1-out-of-10 selector extends a call. The pulse train
of each dialled digit initiates an internal pulse P, the length
of which exceeds the pulse train by 70 ms i.e. the pulse is
continued for 70 ms after the completion of the last break
period of the pulse train. The output is a set of pulses Q, R,
R’ and R” unique to each dialled digit, having durations and
relative timings as shown,

DISPLAY

Besides the necessity of a display for setting up a recording
and also for confidence as discussed in the general description,
immediate, if somewhat limited, results can be obtained by
reading and manually recording the displayed information.

Provision is made for two groups of seven-segment display
lamps. The first group with five lamps provides for time-
durationdisplay, and the second group with 15 lamps provides
for digit display for calls of up to that number of dialled digits.
Each time-display remains until replaced by its successor,
although a manual control which permits retention of a

tus
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FiG. 10—Call format for part of one block

Serial No. Digits Dialled Pllc,;llals?t' Inter-Digital Pauses

341 637 1273 3193 1123 811 3601 674 793 748

342 946 7488 1441 1098 1233 1114 1012 2751 1342

343 946 7488 1143 981 1003 1189 1158 1339 1334

344 070 1781251 1337 1891 1337 920 1189 2257 10775
1254 1076 1042

345 046 4040008 1372 1145 1189 1208 1358 1007 1086
1000 1148

346 590 4824 1077 1193 1460 1164 1022 950 939

347 623 2030 6328 1231 1864 2426 1469 1260 1383

348 981 2587 4340 1337 1452 2264 1446 1910 1461

349 024 3321513 3224 947 1031 899 797 883 1284

350 142 2580 998 850

351 051 2273711 2211 1003 890 1117 858 1133 1084
1833 1310 784

352 022 524615 2313 704 719 1382 1377 786 1287
694 845

353 192 3283 1271 1025

354 790 2411 2599 1900 1779 1583 1557 1761 1420

355 531 0060 1233 1210 959 1229 1195 1146 1235

356 455 2638 1417 947 974 896 857 790 851

357 493 8827 1707 802 842 791 759 1024 776

358 010 411447711 3324 904 825 902 896 824 822
894 894 898 899 823

359 010 3110282700 1571 4891 797 662 520 457 787
697 989 740 110 828 746

360 226 0547 758 711 896 1129 868 1008 1175

Fi1G. 11-—Magnetic-tape record (edited) {sec Fig. 10]

selected time-measurement, is provided. For simplicity in
design, the displays are activated direct from the timcr-
counters, a method which, although having the disadvantage
of not necessarily indicating that data is actually being re-
corded, docs have the merit of obtaining results in the absence
of a tape recorder.

RESULTS

The tape format of the calls rccorded is shown in Fig. 10
and an edited version is given in Fig. 11. Some of the initial
results obtained, relating to distributions of p.d.p. and i.d.p.
are given in Fig. 12 and 13, respectively.
CONCLUSIONS

An equipment based on time measurement and using
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commercially available t.t.l. integrated circuits has been
developed for use, initially, in Strowger electromechanical
telephone cxchanges. The output is passed to an incrcmental
magnetic-tape recorder and subsequent tape processing is on
a Burroughs B5500 computer. No difficulties have been
experienced in using the cquipment in Strowger exchanges.

Further development to provide intcrfaces allowing access
to different switching and control equipments, and to permit
detcction of various tones and supervisory conditions, will
enable this technique to bc applied to a variety of traffic
measurements including

(¢) route and destination analysis,
(h) subscriber repeat-attempt behaviour, and
(¢) holding times of calls and common-control equipment.



Frequency of

Cell (ms) Pre-digit-pause
1: 500 7
501 : 1,000 58
1,001 : 1,500 168
1,501 : 2,000 173
2,001 : 2,500
2,501 : 3,000
3,001 ; 3,500
3,501 ;: 4,000
4,001 : 4,500

4,501 : 5,000
5,001 : 5,500

5,501 : 6,000
6,001 : 6,500
6,501 : 7,000
7,001 : 7,500
7,501 : 8,000
8,001 : 8,500
8,501 ; 9,000
9,001 : 9,500

9,501 : 10,000
10,001 : 10,500
10,501 : 11,000
11,001 : 11,500
11,501 : 12,000
12,001 : 12,500
12,501 : 13,000
13,001 : 13,500
13,501 : 14,000

—
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Total = 825

Mean = 2,774-88 ms

Standard deviation = 2,254-94

Note: These results do not include the time that has already
elapsed for the scizurc signal to reach the measurement point.

FiG. 12—Distribution of Pre-Digit-Pause (ms)

Book Reviews

“Principles of Carrier Communication.”” N. N. Biswas, Ph.D.
(Eng.), A.LLSc.,, D.LIL.Sc., B.Sc.(Hons.), SSM.ILEEE.E.,
M.A.S.E.E. Asia Publishing House. vii+ 232pp. 150 ill.
£2-00.

This book is unusual in many respects. Firstly, because it
is written by a former professor of an Indian university
whilst at a university in the U.S.A,, its language is always
strange, often confusing and sometimes even amusing.
Secondly, the range covered is enormous. In less than 250
small pages, with diagrams on almost every page, audio
circuits and v.f. signalling, modulation theory, noise, carrier
generation, all types of carrier systems, f.d.m., and p.c.m,,
microwave radio and line carrier systems are all treated—and
somctimcs ill-treated. Yet, it is easy to be too critical of this
book. At the end of each chapter, there arc numerous refer-
ences to other works (mostly American) and a large selection
of problems on which the student can test his knowledge.
Nevertheless, it is not a book that I could recommend to the
student. He would find it difficult to follow and sadly lacking,
in places. For example, there is no clear explanation of the
reason for the low-pass filters at the channel inputs of a
p.c.an, system. As a reference book, for a person who already
has a good knowledgc of the subject, it would be much more
useful. It is a pity that the book was not more carefully
edited; it has more than the usual number of typographical
errors, but these arc of less moment than some of the errors of
technical fact.

L.J. B.

‘ Frequency of

Cell (ms) Inter-Digit-Pause

301 ;400 1
401 : SO0 0
501 : 600 2
601 : 700 26
701 : 800 70
801 : 900 98
901 : 1,000 98
1,001 : 1,100 112
1,101 : 1,200 68
1,201 : 1,300 42
1,301 : 1,400 39
1,401 : 1,500 27
1,501 : 1,600 7
1,601 : 1,700 15
1,701 : 1,800 3
1,801 : 1,900 8
1,901 : 2,000 6
over 2,000 38

Total = 660
Mean = 1,164 -40 ms
Standard deviation = 558 -46

Fig. 13—Distribution of Inter-digit-pause (ms)
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“Thermistors.” F. J. Hyde, D.Sc., M.Sc., B.Sc. Butterworth
Group, Iliffe Books. 94-197 pp. 96 ill. £3-20.

This distinguished author has produced a comprehensive
book on the properties and applications of thermistors. Both
positive and negative temperature-coefficient type thermistors
are dealt with and their characteristics are fully defined
mathcmatically with equivalent circuits given where appli-
cable. A wide range of practical applications are described,
each fully defined by equations so that variants or adaptations
can be made by the reader. A long list of references is given
at the end of each of nine chapters, each chapter dealing with
a related group of applications. The first four chapters deal
with material aspects and theoretical considerations of
thermistors, while the following chapters discuss practical
applications. To those engineers not familiar with thermistors
it may be surprising that they can be used to form phase-
advancing and retarding circuits, low-frequency oscillators,
direct-reading thermometers, a.g.c. circuits for amplifiers as
well as a variety of the more usual regulator and limiter
circuits.

This book will be found extremely useful by those interested
in applications of this versatile device.

W.T. L.



A Fresh Look at Facsimile for

Document Transmission

H.E. WESTAWAY }

U.D.C. 621.397.12

There has been a resurgance of intevest in the use of facsiniile for transmitting documents ever the public
switched telephone network. This article outlines the basic principles involved, examines the techniques
enmployed to exploit these, mentions some of the problemis encountered and looks at possible future

developments.

INTRODUCTION

Facsimile transmission involves the transmission of a perfect
copy. This is clearly rather ambitious, but the fcasibility of
transmitting a legible reproduction of a shect of typescript
over most circuits likcly to be encountered in the British Post
Oflice (B.P.O.) public switched tclephone network (p.s.t.n.)
can readily be demonstrated.

The principles of facsimile transmission have been known
for more than 130 ycars, but despitc many attcmpts to
popularize it as a communication medium, its use has been
limited to certain specialized ficlds. Thesc include picture-
telegraphy and meteorological-map transmission, where no
alternative means of rapid communication is available. The
apparatus used in these fields is of extremely high quality,
which, coupled with the restrictcd market, has resulted in very
costly hand-built equipment, The prescnt rangc of document-
facsimile machines owes much to the mass-produced office
copier concept, and holds out thc possibility of document
transfer between offices without the aid of skilled keyboard
operators, at a cost that is competitive with Tclex.

The principles of operation are akin to those of television
in that the picture to be transmitted is scanned as a series of
lines and that thc shadc of the picture instantancously
encountered along the scanning line is used to control a
signal sent over the communication medium. At the rcceiving
end, a scanning system, carefully synchronized and phased
with the send scanner, uses the incorning signal to vary the
recording intensity and thus re-construct the picture.

The main difference between television and facsimile
communication lies in the bandwidth employed and thc time
taken to transmit one picture. A facsimile transmission over
a circuit of 3 kHz bandwidth takes from 3 to 20 minutcs and
a single picture is recorded in a permanent form. A television
picture requires a much larger bandwidth and is continuously
reconstructed on the face of a cathode ray tube.

PICTURE TELEGRAPHY

Facsimile communication is at present best known in its
picture-tclcgraphy application, a system developed mainly
for the newspaper industry. In this application, the picture to
be transmitted is wrapped around a drum and secured by a
longitudinal clip. The drum is then rotated at a constant

1 Telecommunications Development Department, Telecommuni-
cations Headquarters.
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speed and either it, or a scanning head, is moved axially so
that thc latter scans the whole picture. The scanning head
consists of a photo-sensitive ccll onto which light reflected
from the spot on thc picture being scanned is focused by a
lens-and-aperture system. Thc scanning head normally has
a lamp toilluminate the area of the picturearound the scanned
spot. The amount of light reflected at any instant from the
surface of the picture being scanned causcs the photo-sensitive
cell to modulate an clectric current which is used to control
the transmitted signal

At the receiver, a sheet of photo-sensitive paper or film is
secured to a drum similar to that used at the transmitter. To
receive a picture, the drum is rotatcd in thc same direction
and at the same specd as that at the transmitter, furthermore,
both druins must be correctly phased, i.e. the paper-securing
clips must pass the reading and writing heads at thc same
instant. The maintenance of similar drum speeds is an onerous
task as, unlike tclevision, no synchronizing puises are sent
during the transmission of a picture.

The writing head, which must make a similar relative
traversing motion to that of the reading hcad, consists of a
modulated-light source which is focused into a spot on the
photographic material fixed to the drum surface. The light
intensity is under the control of the received signal and the
provision of an optional inverting stage in the driving ampli-
fier can rcsult in the production of positive or negative copy,
as required. Picture-telegraph equipment is operated mostly
over privatc dcdicated cable or radio circuits by skilled
staff who select the most appropriate drum speeds, scanning
pitches and modulation systems to achieve thc best possible
picture. The apparatus is carcfully adjusted to give a linear
reproduction of the half-tones.*

Phototelegraphy Standards

In order to facilitate interworking of equipments from
different countries and manufacturers, a number of para-
meters have been defined as follows:

drum diameter )
3

a) index of co-operation — (7
(@) P scanning pitch**

* Half-tone—image in which there is a continuous range of
contrast between black and white.

** Scanning density, which is the reciprocal of scanning pitch,
is often quoted.
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(b) drum speed—a range of standard speeds are prescribed,

(¢) dead sector—the proportion of the drum circumference
which may not be used (the difference between the whole
line length and the effective line length, usually about 5 per
cent),

(d) drum factor (the ratio of drum diameter to drum length),

(e) time-base stability—of the order of 1 part in 18>—and

(/) phasing arrangements—pulses are sent preceding the
transmission of a picture to align drums. Phasing is normally
achieved in less than 15 s.

DOCUMENT FACSIMILE

There has recently becen a rcsurgence of interest in the
possibility of using facsimile principles to transmit documents
containing little or no half-tone information. To provide a
simple and reliablc scrvice, steps must be taken to overcome a
number of problems associated with picture telegraphy. These
include:

(a) reduction of equipment and materials costs,

(b) removal of the requirement for photographic dark-
room facilities,

(¢) simplification of operating procedure, and

(d) provision of access to other facsimile stations over a
switched network, preferably the p.s.t.n.

A considerable relaxation in the quality of reproduction is
permissible, in the limit it being necessary only to differentiate
between black and white, although the ability to transmit a
limited range of half-tones is advantageous. The main use
envisaged for document facsimile equipment is to transmit
sheets of type-written information, although line drawings

and specialized symbols can be transmitted with equal facility.
A surprisingly poor quality of reproduction can be accepted
duc to the high degrec of redundancy in the presentation of
each character, and also in the language of the text
transmitted.

Document Transmitters

A number of variants exist, some based on the revolving-
drum system of the phototclegraph machines and others
which are classcd as flat-bed machines. The latter seldom
have truly flat beds and embrace types in which the document
is laid in a concave tray, is drawn past a slit or is wrapped
around a stationary drum. The distinction would seem to be
in whether the scanning of a line requires the paper or the
reading device to move. A further advantage of the so-called
flat-bed type of machine is that no limit is placed on one
dimension of the document to be transmitted, although
time-base accuracy may prevent very long transmissions
without intermediate re-phasing operations.

In most cascs, loading the document to be transmitted has
been simplified. Generally, it is necessary only to lay it in a
tray or insert the end into a slot, and then to operate a control
to initiate transmission.

The scanning reading-head is usually similar to that em-
ployed on phototelegraph machines, but the relaxed require-
ments for half-tone representation may permit photo-
transistors or photo-diodes to be used in place of the expensive
electron multiplier tubes used in more sophisticated equip-
ment. In some cases, the illuminated area, including the line
being read, is flood-lit by fluorescent tubes instead of a filament
lamp coupled to the reading head.
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F1G. 2(a)—Muirhead Courier K-400-D (transmitter)

The time-base used to control the drum speed or scanning
device is usually controlled by a crystal which gives adequate
stability without the need for temperature-controlled ovens.

Most of the document-facsimile transmitters used in the
United Kingdom (U.K.) have standard drum speeds of 180
r.p.m., an index of co-operation of 264 and a dead sector of
approximately 5 per cent. They transmit, automatically,
phasing pulses corresponding with the scanning of the drum-
clip position for 10-15 s after the operation of the send
control.

Document Receivers

It is in the field of document receivers that the major
departures from picture-telegraphy practice are found. The
use of photographic papers, with the consequent requirement
for dark-room and wet-process development facilities, is
quite unacceptable in the normal office environment, apart
from the high cost of photographic paper. It is, therefore,
necessary to employ alternative methods of recording the
received signals. A number of methods exist, none of which
is clearly superior to all others, and at present virtually all
the machines being offered on the U.K. market employ
different writing principles. These systems are summarized
below.

(a) Ink roller, percussion. Writes on ordinary paper, but
cannot record half-tones.

(b) Carbon Paper, percussion. Writes on ordinary paper
through a sheet of carbon paper. The recording cannot be
seen until the carbon paper has been stripped away. For
best results, paired carbon-paper and paper sets must be
used, and they should be fresh, as carbon paper tends to
deteriorate with storage.

(¢) Electrolytic. The passage of a current from a writing
edge of stainless steel into a spot on special, damp, chemically-
impregnated paper causes local blacking to occur. The image

F1G. 2(b)—Muirhead Courier K-401-D (receiver)



can be seen immediately after writing, but requires drying,
and even then may deteriorate with age and may damage
documents placed adjacent to it in a file. The unused paper
also has a limited shelf life.

(d) Electro-sensitive. A white surface coating on the paper
is locally destroyed by the passage of an electric current
flowing from a scanning stylus, thus exposing a black sub-
surface and recording a black mark. Some half-tones can
be recorded. The special paper used is relatively expensive, is
damaged by surface pressure and may emit objectionable
fumes during recording. An alternative version makes use of
paper having a thin surface-layer of aluminium deposited
over a black sub-surface. The passage of recording current
from the scanning stylus causes local melting of the aluminium
to occur. The metal recedes under the influence of surface
tension revealing the black sub-surface. This method of
writing does not appear capable of recording half-tones, and
the unconventional appearance of the documents may not be
acceptable to some users. This method is, however, relatively
cheap and is odourless.

(e) Electrostatic. A special paper with a dielectric coating is
required to prevent dissipation of static charges deposited on
the surface. A minute or so has to elapse after recording for
the image to develop. Machines using this principle require a
potential of several hundred volts. The paper may be difficult
to write on with normal pens, and problems with charge
leakage could be encountered when operating in humid
conditions.

The foregoing writing principles may be applied to a variety
of drum or flat-bed recording designs. Flat-bed machines can
readily employ continuous rolls of paper, which facilitates
unattended operation. Drum machines, however, require
hand-loading with individual sheets, or the use of a hopper-
fced mechanism with its attendant problems.

Drum Receivers. The scanning of a line is achieved by rotating
the drum, thus drawing the paper attached to it past the
recording point. Scanning of successive lines is achieved by
traversing the recording point along the drum surface and
parallel to its axis. This method has been employed in con-
Junction with the ink stylus and the electro-sensitive recording
systems. It has the advantage that the receiving drum may be
adapted from the transmitting drum, simply by substituting a
writing point for a reading point on the same axial traversing
carriage. Such machines, known as transceivers, are unable
to send and receive at the same time, but apart from test
operation this facility is seldom required. The drum-type
receiver system suffers from the disadvantage that the received
copy cannot be inspected until the drum is halted when
reception is complete. Thus, it might not be possible to
detect and interrupt a faulty transmission.

Flat-Bed Receivers. As with transmitters, the termn flat bed is
something of a misnomer. The distinguishing factor is that
the scanning of a line does not require movement of the paper.
Generally, however, the advance to subsequent scan lines is
achieved by slowly moving the paper past the recording point.
The writing methods employed are, percussion (carbon paper),
electrolytic and electrostatic.

With the percussion method, the paper is laid in a semi-
circular trough. The curved surface is then traversed altern-
ately with one of a pair of percussive recording heads rotating
on an axis placed at the centre of curvature. The paper is
drawn slowly through the trough past the recording point
whilst the heads rotate and cover the sheet with a succession
of recorded lines reproducing the transmitted document.
This method of recording necessitates a bulky machine
requiring precision engineering, but although it is capable of
acceptable reproduction quality it lacks high speed potential
and is thought to be approaching obsolescence.

With the electrolytic method, the paper is drawn over a
stainless-steel blade. Recording is achieved by traversing the

opposite side of the paper with a second electrode. The
scanningof a line is achieved by traversingthesecondelectrode
which may take the form of a stylus, or more usually a helix.
This causes the spot of paper pinched between it and the
blade to traverse a line across the paper. Successive line
tracing is arranged by slowly advancing the paper. Peak white
and peak black are less intense than with some other systems,
resulting in poorer contrast, nevertheless, under favourable
conditions, very satisfactory recording can be achieved.

With electrostatic recording, the paper is traversed by a
stylus which deposits an electrostatic charge proportional to
the density of the spots being scanned at the transmitter. The
tracing of successive lines is arranged by slowly advancing
the paper. As the paper advances beyond the recording point,
it passes through a development process in which toner
powder is attracted by the electrostatic potentials deposited
on thesurface by the scanning stylus. The coated paper is then
passed over a heater-bar to fuse the adhering powder into the
surface to provide a permanent copy. Electrostatic recording
is the most recently evolved system and much development
effort is still being concentrated on it, particularly in Japan.
Even in its present state of development, good-quality
recording can be obtained. It does, however, have the dis-
advantage that about one minute must elapse after scanning
has taken place before the processed image comunences to
emerge for inspection by the recipient.

Modulation System

The output signal from the photocell at the transmitter
consists of one potential representing the scanning of black,
a second for white and intermediate potentials for half-
tones. The signal is analogue in form, and, as completely
black or white areas may occur in the document being scanned,
the transmission of the photocell output directly to line
requires circuits with a d.c. transmission capability. If it is
desired to use the p.s.t.n. for facsimile transmission, it is
necessary to modulate a carrier frequency in order to confine
the signals within the normal telephone-channel bandwidth.
Mainly because of the range of attenuation which may be
experienced on a succession of calls over the p.s.t.n., fre-
quency modulation (f.m.) has been recommended by the
C.C.LLT.T.* and has been adopted by a number of manu-
facturers. There is, however, at least one manufacturer who
is a firm advocate of amplitude modulation (a.m.) for this
purpose. A.M. systems require reference-level pulses to be
sent by the transmitter to adjust automatic-gain-control
circuits at the receiver.

LINE TRANSMISSION

The p.s.t.n. was constructed and is maintained to provide
satisfactory telephone speech communication at a reasonable
cost. Certain transmission impairments which have no notice-
able effect on speech communication can adversely affect the
transmission of facsimile and data signals. Facsimile trans-
mission can be seriously affected by group-delay distortion
introduced by filters and loading coils. Listener echo with
delay times of only 2 or 3 ms may also iinpair received copy.

Equalization can be provided at the receiver to compensate
for delay distortion, but on the p.s.t.n. the latter varies
from circuit to circuit, and equalization is always a comprom-
ise. A further constraint on the use of the p.s.t.n. is the neces-
sity to choose modulation systems and frequencies which
avoid interfering with in-band signalling equipment on long
lines.

It is probable that acceptable document facsimile communi-
cation can be achieved over most circuits which are encoun-
tered on calls over the p.s.t.n., but it is difficult to be dogmatic
about the point at which a docunent ceases to be considered

* C.C.I.LT.T.—International Telegraph and Telephone Con-
sultative Committee.
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TABLE 1

Machine Characteristics

Uscablc
Machine Country of Type of Rccording Index of Scanning | Scanning Portion Modu- | grequencics
Tycl . " : . N ati Pitch Rate of Whole lation .
Dcsignation | Manufacturc Machine Process Co-operation (m.m.) (lines/min)) | Scan Line | System Used (Hz)
(per cent)
E.M.L Germany Drum | Inked stylus 264 0-265 180 90 f.m, 2,100
Emifax transceiver percussive (white)
HF 1464 on ordinary 1,300
paper (black)
Muirhead, U.K. Separate ! Helix and 264 0-28 180 92 f.m. 2,100
Courier flat-bed writing edge (white)
K-400-D & transmitter on damp 1,300
K-401-D and receiver | electrolytic (black)
paper
Plessey, Japan Flat-bed Electrostatic | 296 or 198 0-265 180 88 f.m. 2,100
Remotecopier transmitter charge, (operator or (black)
KD 111 and recelver | deposited by | selectable) 0-395 1,500
mounted in | stylus on (white)
same cover electrostatic
sensitive
paper
Rank-Xerox U.K. Drum Electrosensi- | 264 or 176 0-265 180 94-9 f.m. 2,100
400 Telecopier transceiver tive paper, (operator or (black)
marked by selectable) 0-395 1,300
current flow (white)
from stylus |
i

satisfactory. This is influenced by the message conient, and
is very much a matter of personal judgement.

OPERATIONAL PROCEDURE

To send a document, it is first necessary to establish
telephone communication with another telephone station
which has a compatible facsimile machine. When the call is
established, the calling operator asks the receiving station to
switch to facsimile whilst he connects his facsimile machine
to line in place of the telephone. The operator who wishcs to
transmit a document then starts his machine, For the first
10-15s the send machine sends phasing pulses each of approxi-
mately 5 per cent linc-scan duration repeated at line-scan rate.
On detection of these pulses the receiving machinc starts but
runs at a modified line-scan rate until the received phasing
pulses coincide with the dead sector of the receive scan,
whereupon the receiver line-scan is restored to the standard
rate. Alternatively, an electro-magnetic clutch can be
operated by received phasing pulses to couple the rcceiver
scanning mecchanism in the corrcct angular rclationship to
the transmitter. Transmission of the document commences
automatically as soon as the phasing period has expired, and
continues until the image has bcen passed. Controls may be
provided at the transmitter to define the length of document
to be sent. On complction of transmission, the receiving
machine senses the cessation of information flow, comes to
rest and indicates by an alarm that reception is complete.
On some machines, supervisory tones outsidc the main
signalling bands are exchanged between sender and rcceiver
before, and at the end of a transmission to ensure correct
interaction between machines.

At the completion of a call, the operators at both ends
switch back to telephone, and having certified acceptable
reception, the call is cleared in the normal manner. Most of
the machines at present being offered for p.s.t.n. service
transmit an A4-size document in 6 minutes, which whilst
appearing slow, compares favourably with Telex which
requires at least 9 minutes to transmit a full 60-line page of
600 words.
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DOCUMENT-FACSIMILE TRANSMISSION
STANDARDS

Facsimile transmission over the p.s.t.n. lacks much of its
potential attraction if the machines used areable to communi-
cate only with those from the same manufacturcr. It is recog-
nized that compatibility between all makes of machine is
necessary if the service is to grow, yet at present there is
virtually no compatibility between machines from. different
manufacturers and often little within a single manufacturer’s
range.

A large measure of agreement exists—that f.m. should be
employed, that the drum speed should be 180 revolutions/
minute and that the index of co-operation should be 264.
There is some controversy as to whether the upper frequency
of the f.m. signal should be 1,900 Hz or 2,100 Hz, and the
lower 1,300 Hz or 1,500 Hz. The major point of contention is
as to whether the higher or lower of the two frequencies
should be transmitted wherc black is scanned at the sending
machine. The majority usage at present is for the higher
frequency to rcprescnt black, but the C.C.1.T.T. recommends
the transmission of the lower frequency for black. No clear
advantage for either system has been demonstrated but
theoretical arguments favouring the higher frcquency for
black have been advanced.

Agreement on supervisory signalling arrangements are
also necessary if interworking is to be achieved, cven between
machines with compatible modulation systems.

A list of the principal characteristics of four machines at
prescnt being offered for use over the p.s.t.n. is shown in
Table 1. The machines, with covers removed to show the
internal layout, are illustrated in Figs 1-4. All use f.m. for
their line signals, and despite the inversion of black and
white frequencies on two machines, they may be considered
potentially compatible.

FUTURE DEVELOPMENTS

The quality of a facsimile copy for a given design of machine
is directly related to the channel bandwidth and the time taken



FiG. 3—Plessey Remotecopier KD 111

FiG. 4—-Rank-Xcrox 400 Telecopier
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for transmission over the channel. If a standard of quality is
set, such as the ability to transmit a legible copy of a sheet
of typescript, then, if simple modulation techniques are used,
and the bandwidth available is that provided by the p.s.t.n.,
the time for transmission will be fixed and is approximately
6 minutes on the machines discussed. This period, although
competitive with transmission time by Telex, appcars long to
the scnder, and the reduction of this period to possibly less
than one minute is the aim of many researchers.

Therc are three possible ways in which transmission time can
be reduced:

() the use of a nore efficient signal-modulation technique,

() the skipping of lines containing no information, and

(c) the redistribution of the information within a scanned
lin¢c to give a more cven flow of signal transitions fed to the
modulator.

These are discussed further below.

More Efficient Modulalion

Techniques have becn proposed which should enable a
grcater amount of information to be passed over a given
bandwidth in unit time. Typical of these is a system in which
alternate high and low-frcqucncy signals represent black, and
an intermediate frequency represents white. The transmission
of a white, black, white, black, white sequence results in the
transmission of intermediate, high, intermediate, low and
intecrmediate frequencies, giving a fundamental modulating
signal of half that which would be obtained if black and white
were represented by single frequencices, This system, which is
akin to the alternate-mark-inversion technique employed on
some pulse-code modulation systems, usually precludes the
transmission of half-tones and rcquires a transmission systemn
having a higher signal-to-noise ratio.

Blank-Line Skipping

Most documents to be transmitted have arcas which contain
no information, such as inter-typescript-line and inter-
paragraph gaps. Where the scanning linc runs parallel to the
typescript lines, a considerable saving of time should be
possible. Each line is scanned and if it contains information
it can be re-scanned or the information can be held in storage
before being transmitted. If no inforination is present, a skip
signal is sent to line, and time is allowed for the scanning and
writing devices to advance one linc. This time requirement can
present problems, particularly if a run of sequential blank
lines is detected.

Information Compression

In most documents transmitted over a facsimile link,
black or white predominates, probably by a factor of 10 : 1
or even more, There is, therefore, considerable scope for
saving time by speeding the transmission of the predominating
shade. Still further economy can be achieved by speeding the
transmission of either shade and pausing only where a
transition is to be transmitted. Various methods can be
cmployed for this purpose, but it is necessary to provide
cither variable-velocity scanning, or storage of one line of

information (approximately 800 bits), at both transmitter and
receiver if the flow of information to the modulator is to be
kept near to the maximum that the circuit can convey.

An alternative method is to inspect blocks of line infor-
mation in, say, 10-element blocks, and if all elements are
black or white a simple code is transmitted, otherwise the
information is transmitted as scanned. This method also
requires storage or variable-velocity scanning.

Other methods include signalling the length of any block
of one shade, or the intervals between shade transitions.

All of these methods of information compression introduce
considerable complexity into the cquipment, and this is
reflected in cost and reliability, and most imply black-and-
white transinission only. Furthermore, one of the factors
which permits facsimile comununication over the p.s.t.n. is
the large amount of redundancy present in the original
message. If this is considerably reduced then the ability to
communicate may be seriously impaired.

CONCLUSIONS

The feasibility of document-facsimilc communication over
the p.s.t.n. has been demonstrated. The cquipinent can be
simple to operate and avoids the requircment of special skills,
such as the ability to touch-type. Document transmission
should be well within the capacity of any oflice junior. Work-
ing over the p.s.t.n, ,which is designed primarily for speech
communication, means that occasionally circuits will be
cncountered which are unsatisfactory for facsimile trans-
mission. This beccomes more probable when long-distance
international calls are attempted. Therc is considerable scope
for improvement of the recording equipment to give good
contrast and definition whilst avoiding objectionable features
such as odours or unstable copy, to reducing the time taken
to transmit a document and to arranging for unattended
operation of the cquipment.

All these points are, however, secondary considerations in
comparison with the need for compatibility between all
machines connccted to the network. Facsimile is unlikely to
grow into a popular communication medium whilst any one
facsimile user is only able to transmit documents to a fraction
of the facsimile stations that can be contacted over the
p.s.t.n.
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Construction Practice for Transmission Equipment

M. R. WALKDEN, C.ENG., M.I.LER.E. T

U.D.C. 621.395.461

Evolution of equipment construction practice is closely related to component and system advances. Au
outline of historical development is given and the present standard form of construction used by the British
Post Office is described. Any studies related to futire equipment practices must take account of already-
established trends towards higher component-packing densities, higher power dissipation and a greater

degree of automation in production.

INTRODUCTION

British Post Office (B.P.O.) transmission systems are required
to meet exacting requirements for stability, reliability and
maintenance over a service life which often exceeds 25 yeais.
Many modern electronic components are, however, essentially
delicate, both mechanically and thermally, so that achievement
of the objectives is, to a large extent, bound up with physical
design, involving considerations of mechanical engineering,
properties of matcrials, thermal design, electrical connector
techniques and manufacturing technology.

A standardized system for physical design of a whole range
of equipment, facilitating its interconncxion with other equip-
ment, is generally known as an equipment practice. Whilst
many such equipment practices are possible, there are
economic and service advantages if the transmission systems
which are supplied to the B.P.O. by a wide range of manu-
facturers are designed and produced using a common equip-
ment practice.

The article reviews the historical development of standard
equipment practices for B.P.O. transmission cquipment and
indicates the reasons for some of the changes that have taken
place in the physical form of equipment. The need to meet
frequency-division multiplex (f.d.m.) channel equipment
requirements economically has invariably been the primary
reason for the development of new forms of construction
to complement advances in electrical component technology
and availability of ncw materials. Apart from improved
overall performance, the chief benefits derived from the
advances have been reduced initial cost and increased relia-
bility of equipment. Each new equipment practice has also
had an impact on maintenance techniques, generally leading
to reduction in costs and improvement in scrvice.

As circuit operating speeds increase towards and into the
nanosecond region, fundamental limitations are imposed on
the spacing of circuit elements, and this adds impetus to the
already established trends to higher-density circuit configura-
tions and increased penetration of the various types of
integrated-circuit techniques—monolithic, hybrid, thick and
thin films. This could lead to relatively high levels of power
dissipation and consequently to excessive temperature rises
within equipment units which could impair system perfor-
mance and reliability if insufficient attention is paid to thermal
design. The problems can be tackled economically by the
present standard form of construction for the time being, but
in the future, alternative approaches may well be needed.

HISTORICAL DEVELOPMENT OF TRANSMISSION
EQUIPMENT PRACTICES

The form of construction used prior to the early 1950s
comprised strong vertical steel sections, carrying metal panels
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on which electrical components were mounted. Pancl wiring
and components were accessible for maintenance adjustment,
fault location and repair, after removal of steel dust-covers.
There was, however, little possibility of using centralized
repair-centre techniques on a large scale since panels could
not conveniently be removed from the rack for secrvicing.
Overhead cabling between racks terminated on tag blocks at
the tops of racks and rack cabling was via vertical rack
channelling to tag blocks on cquipment panels which were
mounted on both sides of the rack. It was often difficult to
provide rack wiring to pancls subsequently added to an
installed rack.

During this period, components were comparatively bulky,
and packing density was low so that generally there were no
particularly onerous problems of heat concentration. By
about 1950, however, valves and components of greatly
reduced size, improved performance and better reliability
were available and a new form of construction was necessary
to obtain an economic packing density consistent with the
need for high reliability and improved maintenance facilities.

51-Type Construction

A form of construction which became known as B.P.O.
51-type! was developed by a contractor and introduced by
the B.P.O. as the standard practice for transmission equip-
ment. The rack-side was of folded sheet steel and panels were
of the jack-in type, being connected to the rack wiring by
means of U-links engaging with rack-side and panel sockets.
The rack was permancntly wired from rack-side connectors
to connexion strips at the top of the rack where station
cabling terminated. Racks were usually placed back to back
in suites.

Perhaps thc most significant innovations, apart from the
method of manufacture and appearance, were that the perma-
nent cabling down rack-sides could be carried out in the
factory and individual panels could readily be removed from
the rack without disturbance to permanent cabling. This
innovation, facilitated by the rack-side connectors, enabled
improvements to be made in maintcnance methods. Service
could rapidly be restored using spare panels, faulty items
being removed for fault location remote from the rack, often
at specialized repair centres.

56-Type Construction

Component technology advanced rapidly during the 1950s
and it was clear that semiconductor devices would replace the
thermionic valve as soon as development reached a stage when
reliability and performance were considered adequate for
long-life telecommunications equipment. The S1-type form of
construction was not ideally suited to fully exploit the new
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(a) Front view showing general appearance .
(b) Rear view with covers removed showing cabling
and maintenance access

Fi1G. 1—62-type rack

potential for size reduction and a development, known as
B.P.O. 56-type, was introduced. This practice, which utilized
the basic 51-type rack, enabled several separate equipment
units to be placed side by side across the width of the rack.
Individual equipment units were connected to permanent
shelf wiring by U-links and could be readily removed for
maintenance etc.

The construction was more complicated mechanically than
51-type, but it was possible to achieve lower equipment cost
due to higher packing density and better spacc utilization in
vepeater stations.

62-Type Construction

During the early 1960s the B.P.O. made careful study of
equipment practices being developed by a number of suppliers,
and after consideration of alternatives, one of these was
adopted as the new standard equipment practice for trans-
mission equipment and designated 62-type by the B.P.O.
This form of construction, the present standard, is designed
specifically around the use of printed-wiring-board techniques
and high reliability connectors between permanent rack-
wiring and individual equipment units. 62-type racks conform
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to internationally established dimensional requirements and
are compatible with older types of rack.
A description of the practice is given below.

EQUIPMENT COSTS

The cost of transmission equipment has fallen steadily over
the years. This is due to a number of favourable trends but
advances in equipment practice have had a part to play,
principally in the direction of increased packing density to
exploit modern technology and materials and to facilitate
more economical manufacturing methods. For f.d.m. channel
equipment, for example, the greatest capital cost reductions
have tended to coincide with the introduction of a more
advanced equipment practice to complement advances in
component technology and circuit techniques. Equipment
practice advances have also given rise to other savings,
principally due to more efficient space utilization in repeater
stations, and improved maintenance methods which lead to
improvements in service.

The capital cost of f.d.m. channel equipment has continued
to fall in the period since 1964 when the 62-type equipment
was introduced and there is every prospect that the favourable
cost trends will be perpetuated with equipment now under
development.

62-TYPE CONSTRUCTION

With earlier forms of construction, the rack was the basic
unit for planning purposes. Partially-equipped racks could
be installed but it was often difficult subsequently to cable
the remainder of the rack without disturbance to working
equipment. Alternatively, if partially-equipped racks were
fully cabled at the outset, it was difficult subsequently to
accommodate different types of equipment on the same rack.
The space economy which is obtained with modern com-
ponents and printed-wiring boards readily permits the quantity
of equipment which might formerly have required a whole
rack or more to be housed on a single shelf within a rack.
In the 62-type form of construction the shelf is therefore the
basic unit of provision. Station cabling terminates directly
onto connectors at the rear of the shelf with no intermediate
connectors or soldered joints so that separate rack cabling is
largely eliminated.

Any number of shelves, up to the maximum determined
by the rack height, may be provided at the outset, and there
is no restriction on the future provision of remaining shelves
or on the type of equipment they are to house, nor is there
any disturbance to existing shelves when this subsequent work
is carried out. Individual shelves may be factory wired and
supplied fully or partly equipped at the outset, any additions
or alterations subsequently being made without disturbance
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FiG. 2—Typical 62-type shelf assembly
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to working cquipment. This flexibility is largely facilitated by
the single-sided nature of thc rack whereby one whole face
(the rear) can be exposed by rcmoval of covers, thus giving
cxcellent access to all cabling which runs vertically from
overhead ironwork and can utilize the whole width of the
rack, as shown in Fig. 1.

Cabling upwards from floor level can be accommodated if
required.

The Rack

The rack which s illustrated in Fig. 1 comprises two formed
sheet-steel sides (1 -6 mm gauge) 450 mm deep and in a range
of standard heights up to 3-23 metre, 2-74 metre being stan-
dard for repeater stations. The sides are bolted to top and
bottom members which give the rack a total width of 520 mm.
Accommodation is made in the sides of the rack for the fitting
of shelf-supporting slides, the positioning of which is flexible
in 50-8 mm vertical increments. The base of the rack has
facilities for provision of power for tcst equipment and
soldering irons etc. The top of the rack is connected to the
overhead ironwork which carries power distribution and
inter-rack cabling etc.

A fuse unit for d.c. power distribution within the rack is
mounted at the top rear of the rack. Powcr from the station
bus-bar is connected to this unit by an individually-fused
cable from an end-of-suite distribution unit which also serves
the other racks in the suite,

The Shelf

The shelf comprises a base and a front and rear stirrup as
shown in Fig. 2. The standard shelf height is 152 mm but
other heights in multiples of 50-8 mm can be accommodated.

Shelves are usually inclined at 15° to the horizontal and
this helps to increase airflow over the components. (Shelves
which mount horizontally are also available.) Air enters the
rack via louvres in the rear covers and passes over the com-
ponents housed in the shelf and is then discharged at the
front (top) of each shelf as shown in Fig. 3, Each shelf has a
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F1G. 4—Details of socket mounting on 62-type shelf

solid-steel base for strength and also to encourage the flow
of air from rear to front, thus minimizing vertical air flow
and temperature rise in the rack.

Mctal card-guides, which also scrve to a certain cxtent as
electrical screens, are fitted in appropriate positions in the
shelf. The positioning of the guides is determined by location
holes in the front and rear stirrup at 5-08 mm centres. Studs
on the rear of the card guides project through the holes in
the rear stirrup and serve for mounting the socket onto which
station cabling is terminated. The arrangemeut is shown in
Fig. 4. Thereis, thus, a closerelationship between the guidance
system for cards and the socket. The socket mounting is such
that there is a certain amount of free movement or float to
acconunodate tolerances in the guidance systein. A useful
facility from a maintenance and service viewpoint is that any
socket can be removed from the rear of the rack without
disturbing adjacent cards.

Cards and Chassis

Printed-wiring boards are mounted on steel card-frames
which also mount the plug for electrical connexion to the
shelf-mounted socket. A front plate and handle with any
necessary test points and controls is also fastened to the card
frame.

Larger items are often constructed in the form of a chassis
which connects with sockets at the rear of the shelf as for
smaller units, but within which the designer is largely frce to
dctermine the particular mechanical arrangements. An indi-
vidual equipment unit can be of any width from 15-2 mm up
to the full width of the shelf, in increments of 5:08 mm. A
typical 62-type card unit is illustrated in Fig. S.

Cards and chassis can be replaced very rapidly by simply
withdrawing the unit out of the guides after lifting a simple
gravity-operated retaining strip which prevents inadvertent
removal of units. It is necessary to be able to withdraw
certain cards, for example fuse cards, without disconnecting
the circuits, and arrangements exist for this facility., Suitable
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FiG. 5—Typical 62-type card

adaptors are available to facilitate in-service adjustments and
fault finding on individual cards.

Connectors

Some of the types of connector used with 62-type equipment
are illustrated in Fig. 6. Contact springs are typically of
phosphor bronze or beryllium copper, plated over mating
surfaces with hard gold about 5:0 microns thick, to give low
contact resistance (less than 5 milliohms) and durability.
Contact pressures are consistent with limits for insertion and
withdrawal forces for equipment units-—equivalent to 14 kg
and 8-25kg + 0-25 times unit weight, respectively (for 15°
inclined shelves). Termination of rack cabling onto sockets
can be by soldering or wire-wrapping. The maximum number
of connexions with the standard connector is 40. Also available
are composite connectors which have a maximum of six
coaxial and eight single connexions. For economy, and to
keep insertion/withdrawal forces low, only the number of
contact springs or coaxial incerts acutally required are fitted.

Moulding materials used to hold contact springs and
coaxial inserts are, typically, glass-filled polycarbonate and
di-allyphthalate (various proprietary names are often used
for these materials). Materials are selected for dimensional
stability and hardness, and for the socket, resilience to
prevent damage when thc plug is inserted many times over
a long life. The degree of insertion of the plug into the socket
is positively limited by an extension ef the card frame which
touches the shelf rear stirrup when the plug and socket are
fully engaged (Fig. 4). This arrangement prevents damage to
sockets if an equipment unit is inserted into position with
excessive force.

The electrical and mechanical interface represented by the
connector is of prime importance in determining overall
reliability of the equipment practice and hence of transmission
systems. It is not surprising, therefore, that great attention is
paid to the aspects of design which directly influence the
reliability of this interface. 3. The assessment includes
systematic consideration of:

(@) dimensions and tolerances of parts which determine
positioning of the plug and socket and of the assembly of
these parts,

(b) dimensions and tolerances of plugs and sockets,

(¢) properties and performance of materials used,

(d) results of tests to determine long-life capability of
parts. These tests are aimed at determination of the effects of
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F1G. 6—62-type connectors

exposure to repeater-station environment over the life of the
equipment, say 25 years. The method is to accelerate the effects
by exposure to highly deleterious atmospheres, rapid cycling
between extreme temperatures and damp heat, etc., and

(e) results of special testing for certain parts, e.g. deter-
mination of hardness of gold on mating parts of connector,
study of scctions by microscope, electrical testing of connec-
tors etc.

Design and Manufacture

The equipment practice is specifically designed for printed-
board equipment. It allows flexibility in equipment layout
while at the same time requiring a relatively small number of
standard parts. Inevitably in a system aimed at long life and
high reliability some parts have to be designed and constructed
to rclatively close tolcrances. This particularly applies to those
parts associated with the plug and socket interface.

Fabrication is mainly from standard gauges of sheet steel
and production accuracy depends primarily on tooling rather
than assembly operations which are operator dependent. An
empty rack is designed to have sufficient strength to withstand
stresses incurred during handling and installation and is also
strong enough to support up to 135 kg of overhead ironwork
and cabling if required. When the rack has been fitted with a
complement of shelves the strength is such that it may be
equipped to a total weight not exceeding 540 kg.



B.P.O. designevaluation encompasses dimensional tolerance
analysis, assessment of strength and stability of materials and
suitability of finishes. Testing for compatibility of parts from
different sources is also most important to ensure continued
acceptability of parts from several sources. Thus, once design
and tooling have been approved, consistently high conformity
with dimensional requirements is achieved and parts from
different sources are readily interchangeable.

Availability of racks and parts from a number of manufac-
turing sources enables equipment designers to exploit the
practice with adcquate assurance of production supplies.

Recent Developments

The standard practice is highly successful in the transmission
field with its features such as economy, suitability for purpose,
flexibility and ready availability. There are also an increasing
number of applications for the practice in the telephonc-
exchange environment, for example, pulsc-code modulation
(p.c.m.) transmission and junction-signalling equipment, trunk
signalling equipment, wideband alarm schemes, and electronic
directors.

The seven or eight-year period since the introduction of the
standard form of construction has seen unprecedented
advances in component technology, materials and circuit
techniques. Adaptation of the equipment practice has ensured
exploitation of these advances, and development of the next
generation f.d.m. and p.c.m. multiplex equipment will no
doubt see further adaptation. Some recent developments
include the following:

(a) horizontal and inclined standard-width shelves, card
guides and frames all having reduced depth (89 mm shorter)
giving a higher ratio of cabling space to equipment space on
a rack. These items will be used on the test access and gain
adjustment racks (t.a.g.a.r.) being developed for use with next
generation f.d.m. channelling equipment,

(b) wide shelves and housings (673 mm wide) to take
reduced-depth equipment for fitting on ccrtain existing types
of racks in Strowger tclephone exchanges,

(o) special rack enclosures for transmission and data
equipment fitted in customer’s premises. These racks, 2 m
high, have a high standard of finish making them suitable for
use in computer rooms, offices and other prestige areas,

(d) security covers for racks and housings

(e) integral gold-plated edge connectors on printed-wiring
boards instead of the use of a separate plug (Fig. 7). This can
lead to economies in production and elimination of all
conventional wiring from the printed-wiring board,

() flexible retractilc connector (Fig. 7). This allows a unit
to be withdrawn without disconnexion and cxploits modern
flexible-wiring techniques, and

(g) crimped coaxial connectors having superior electrical
properties making them suitable for use at the higher frequen-
cics now being exploited (Fig. 7). Crimping can also lead to
savings in production comparcd with soldered-type coaxial
connectors.

There are still some flexibility features not yet exploited, for
example, only one shelf height (152 mm) has bcen found
neccssary up to the present but other heights, in increments
of 50-8 mm, will be allowed if they become necessary.

Metrication

The 62-type practice documents are now in metric terms
and metric materials will be employed as soon as they are
available. It is expected that industry will cope with the
changeover with little difficulty.

THERMAL DESIGN

The thermal design of tclecommunication equipment must
aim at providing satisfactory working tcmperatures for

(b) Printed edge connector

(¢} Crimped coaxial connector

Fi16. 7—Recent developments

electrical components, consistent with acceptable room con-
ditions. This involves relating equipment dissipation firstly to
the room environment and secondly to ambient conditions
within the equipment itself and to componcnt temperatures.
Thesc considerations are clearly not mutually exclusive but it
will be convenient to consider them separately here.

Room Conditions

Rack dissipation is limited to a level which can be economi-
cally handled by natural ventilation within the rack, coupled
with standard schemes of room environmental treatment to
maintain acceptable room temperatures. For planning pur-
poses, in the case of 62-typc equipment, this is achieved by
setting a 400 watts limit to rack dissipation and providing the
necessary room cooling arrangements on thc assumption that
a certain proportion of racks will actually dissipate 400 watts,
the remainder of space being occupied by non-dissipating
equipment, c.g. distribution frames. Generally, adhcrence to
this limit is not unduly restrictive on designers but there are
certain equipments, particularly those involving line signalling,
where vacant spaces must be left on racks in order to keep
within the limit. Immediately apparent alternatives to accom-
modate higher rack dissipation are:

(@) to provide more room cooling plant. This approach
could cater for marginally-higher dissipation but would
involve higher capital and running costs for the extra cooling
plant. This plant could, moreover, take up some of the space
gained in the equipment area, albeit in a different room, and

(b) place fewer racks in a given area and use the space
gained for purposes not involving heat dissipation.
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The room-cooling approach will maintain staff comfort
conditions but care is nccessary to avoid excessive within-rack
temperatures which could impair equipment reliability and
possibly performance.

Equipment Conditions

Performance, reliability and life of many components are
adversely affected by high operating temperatures. Every
effort is made to minimize dissipation by good design, and
in some cases dissipation on a per-function basis has fallen
an order or so in rccent years. Unfortunately, howcver, this
has often not kept pace with size reduction achieved, nor does
it seem likely that there will be any reversal in the trend
towards greater dissipation per unit volume as operating
speeds and the use of integrated circuits increase.

Having established a dissipation limit for a rack consistent
with satisfactory room temperature, the thermal design of
equipment aims to optimize heat transfer from heat-producing
components to the room so that exccssive comnponent tcm-
peratures are avoided. Tt is also important for safety of
personnel that thc tcmperature of external surfaces is
kept low. In the casc of 62-typc equipment, cooling is
principally by natural convection of air over the componcnts
and radiation and convection at external surfaces (Fig. 3).
Because the shelf is the basic provision unit, shelves in a rack
can house a varicty of equipment, perhaps from different
suppliers. Cooling air is therefore deliberately ducted through
the shelves to be exhausted at the rack front and discouraged
from travelling vertically through the rack. The ambient
temperature within a shelf can be estimated from the empirical
formula:

temperature (°C) = T,,,,, + 0-3 P, + 0-18 P,
+ 0-105 P, + 0:06 Py,

where P, = power dissipated in shelf in question (watts),

and
P, P, P,==power dissipated in shelves below, in order
(watts).
T,o0m = room ambient temperature (°C),

The temperature rise from a shelf four or more beclow is
usually negligible. The overall heat-transfer efficiency from
components to the ambicnt air in the shelf space ultimately
determincs component temnperatures. The transfer usually
involves elements of all three modes of heat transfer—
radiation, convection and conduction, and an analytical
approach is nccessary for an accurate evaluation of conditions
in an equipment unit*. A proper understanding of heat transfer
problems becomes most important as circuit-packing density
and power dissipation increase, although intuitive and experi-
mental assessments have often served in the past.

Some methods of improving heat transfer from components
are as follows:

(a) Use of heat sinks. Many materials used in inodern
cquipment are poor thermal conductors. A heat sink will
effectively increase component surface area and sometimes
will also provide a path of good thermal conductivity to say
equipment framework. Heat is first conducted from a com-
ponent to the heat sink and is removed by convection, radia-
tion and sometimes conduction from the larger body. It is
important that the thermal resistance between the component
and heat sink is kept low, and this is often achieved by
increasing contact pressure between the two and/or the use of
grease compounds having good thermal conductivity, which
tend to fill any voids at the joint.

(b) Increase in convection air flow. This is achieved by
suitable design to ensure that large components do not block
air flow over smaller heat-dissipating components or by
providing larger inlet and outlet apertures for cooling air etc.
Alternatively, air flow can be increased by provision of
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blowers on racks. This latter course has up to now largely
been avoided in telecommunications equipment sincc the
reliability of the cooling apparatus could become a major
element in determining the rcliability of a transmission system.
The ancilliary equipment would of course also cost money
and take up somc space.

(¢) Use of heat exchangers. Again, cost, space, and
possibly reliability considerations are involved, but these
methods could be adaptced to deal with hot-spots, i.e. com-
ponents dissipating a high power on a rack which would not
otherwise require special cooling.

FUTURE DEVELOPMENTS

The use of semiconductors and high-reliability connectors
and the refinement of printed-wiring techniques have been
key influences on circuit and equipment-practice design during
the past 15 years. Indeed, at the present time, all cquipment
practices involve the use of these elements in one form or
another. Packing dcnsity has been such that natural ventila-
tion of racks is ‘both practical and economic and circuit
performance objectives have been adcquately met.

There is a close relationship between circuit design and
physical design. This is particularly so as circuit opcrating
speeds incrcasc to the microsecond and nanosecond range,
when satisfactory circuit operation often depends directly on
physical design. For example, spacing of componcnts becomes
critical to performance and the control of electrical and
magnetic interaction between elements, so that intercon-
nexions must be kept short or a prescribed length related to
the circuit operating speed. In many cases integrated circuits,
both monolithic and film type, present an ideal solution
since they are of very small size, amenable to batch processing,
accurately reproduceable and of low cost. The increased use
of such circuits in the future will lead to further substantial
reduction of equipment volume and consequent saving in
space. Any cost savings from greater packing density must of
course be related to the cost of extra cooling required.

To makc maximum use of the potential for space saving,
any new equipment practice should be able to deal with levels
of dissipation about an order higher than present limits. Such
levels could not be dealt with solely by natural ventilation
within the rack so that enhanced cooling capability of one
form or another would be an important optional feature. The
reliability of the cooling arrangements would of course be of
paramount importance.

Weight Concentration

Higher component densities in the future could lead to
problems of weight concentration, even though individual
components may be of reduced size and weight. The solution
could rcquire new mounting and interconnexion methods to
cater for the increased weight distributed within the rack.
From a planning point of view, floor loading limits might
have to be modified and this could be reflected in incrcased
building cost. Alternatively, serious consideration should be
given to reducing the height of racks for telecommunications
equipment to, say, 2 m. This would produce a number of
benefits such as, building requirements simplified due to
reduced floor loadings and lower ceiling requirements,
improved access to equipment for maintenance from floor
level without need for ladders, etc., and lower heat dissipation
per unit floor arca.

Automation in Production

There is obviously a close connexion between the design of
an equipment practice and the method of manufacture. This
is becoming more so with increased use of new materials and
new device technologies. New forms of construction should
be amenable to automated production methods such as
automatic machining, drilling, component insertion, wiring,
testing, etc., to keep manufacturing costs low.



The usc of computcrs® for the design of printed-wiring
boards and integrated-circuit layouts is already established and
it is foreseen that their use could be steadily extended to cover
the whole process of physical design and production.

FUTURE EQUIPMENT PRACTICE REQUIREMENTS

Any new form of construction practice should ideally
possess all the features of accessibility for cabling, flexibility,
maintenance facilitics, reliability etc. possessed by the present
form of construction and should also bc compatible with
present designs from a station planning point of vicw. The
construction must be suitable for long service lifc, have high
heat dissipation capability and ofter prospects of reduced cost
per function compared with present practice. Attention should
also be given to appearance and external design features and
standard rcquircments for safety, including earthing.

Mass production of accurately-reproducible parts from
basic matcrials should be possible by simple processes or by
automation methods. Costly on-site work will be kept to a
minimum if much of the wiring and testing is carried out in
the factory by automatic machincry.

Equipment should have sufficient strength to withstand
shock and vibration during shipment to sitc and installation.

CONCLUSION

The article has briefly reviewed devclopment of cquipment
practice in the transmission field and highlighted the close
relationship between component and material developments
and form of construction. In the past, major changes have
been made when the scope for adaptation within an equip-
ment practice has become exhausted and limiting features
identified. The 62-typc practice has proved very versatile and
adaptable to changes which have occurred since its inception,
and continues to facilitate economical and reliable housing
for the latest transmission system dcvelopments. More

recently, because of its technical suitability and ready availa-
bility, it has been adopted for use in the telephone-exchange
environment, and this emphasizes the growing similarity
between the needs of switching, signalling, transmission and
data equipment.

The tendency for cquipment to become even more compact
will continue, not necessarily because size reduction is
required, but because development of components will govern
the size of circuitry which is cheapest to manufacture. In
certain cases involving high speed circuits, however, high
packing density will be dictated by tcchnical necessity to
achicve a rcquired performance objective, and the equipment
practice must cater for this.

Somc cmphasis has been given to the problems which stem
from increased packing density because these will be central
to any study of possible new equipment practice techniques
in the future.
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Book Review

“Radio Communication.” J. H. Reyner, B.Sc.,, A.C.G.I,
D.1.C.,, CEng.,, F.LE.E., Life Member 1LE.E.E., and
P. J. Reyner, M.A.(Cantab.), C.Eng., M.LLE.E. Pitman
Publishing. xi + 864 pp. 569 ill. £5-00 (cascd), £3-75
(paperback).

The authors state that thc basic coverage is that required
for the City and Guilds Telccommunication Technician
Course. Despite the rapid development of solid-statc devices
for use in radio communication, thermionic devices are
retained in the book on the grounds that they still play an
important role in certain applications, and will continue to
do so for many years. This also conforms to the requirements
of the City and Guilds radio syllabuses.

The chapters of Part I are much the same as those of the
1967 edition although certain obsolete matter has been
omitted and some new material included. Part 11 of the book,
which deals with practical applications, likewise is very
similar to the earlier editions, but there are cxtended sections
on the subjects of transistors and television. Also, two new
chapters have been included on solid-state switching and
control circuitry, and specialized communication techniques.
These chapters are the best in the book.

The main criticisms are as follows.

(a) The book is too bulky. Tt would have been preferablc
if the subject mattcr had been spread over two or three
volumes. This would have catered more directly for the needs
of those who only intend to study specific parts of the radio
syllabuses.

(0) The authors have attempted to cover too much ground
in the space of one volume. They start with basic conccpts
such as Ohm’s law, alternating currents and then progress
through 19 chapters to deal with about 90 important items.
This wide coverage makes it impossiblc to give cvery item
adequate trcatment with the result that the book is patchy.

(c) At the end of the book, there are about 100 questions
with answers provided. It would, however, have been better,
from the students point of view, if some of thc more difficult
questions had been fully worked-out and included in the
main text at appropriate points.

The book can be recommended for referencc purposes, but,
students of the City and Guilds radio syllabuses should have
no difficulty in finding other books which cover the ground
more effectively.

J. F.
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Efficiency in the Telecommunications

Motor Transport Fleet

A. C. LORD and T. NEWBY{, B.SC.(ENG.)

U.D.C. 629.114.004.15

The teleconununications motor transport fleet is used mainly in the provision and maintenance of the
telephone system and, thus, faces different problems from those which heset the conventional large-flieet
operator. This article discusses some of the methods used to improve the efficiency of the fleet and the

service that it provides.

INTRODUCTION

To provide and maintain the public telephone system in the
United Kingdom requires a motor transport (m.t.) fleet of
considerable size. The British Post Office (B.P.O.) telc-
communications business has a flect of about 47,000 vchicles
and trailers with a nct book value of £24M; it runs 270M
miles and uses I13M gallons of fuel a year. In addition,
employees in Regions and Telephone Areas using their
private cars on telecommunications work run 97M miles a
year which is equivalent to 12,000 6 cwt vehicles.

The vehicles range from 6 cwt to 10 tons payload and in
complexity from what is, virtually, a manufacturer’s standard
van as shown in Fig. I to a pole-erection unit, as shown in
Fig. 2, which is equipped with a pole-hole borer, extensible-
Jjib crane and various hydraulically-operated tools. The more
complex vehicles and trailers, such as the pole-erection unit,
are known as vehicular mechanical aids (v.m.a.s). Vehicles
which can be used for a number of different functions carrying
men, stores, and equipment are known as utility vehicles.
Table 1 shows the composition of the fleet.

TABLE 1
M.T. Fleet Vehicles and Trailers

Type Number
6 cwt vans 16,200
1S5 cwt utilities and stores carriers 13,800
1-2 ton utilitics and stores carricrs 5,800
Over 2 ton utilities and stores carriers 900
. . motive units 50
Articulated vehicles { semi-trailers 60
V.M.A:s and trailers 7,700
Various special-purpase vehicles including
passenger cars 2,400
Total 46,910

The fleet is, notionally, divided into engincering occupa-
tional group sub-fleets, i.e. mainly installation, maintenance
and construction, and the vehicles are manned by technicians*

T Operational Programming Department, Telecommunications
Headquarters.
* Technician is used here in the general sense, not as a rank.
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working singly or in small parties of up to, exceptionally,
four men. While the technician drivers are responsible for
minor daily servicing such as the checking of water, oil and
tyres, other maintenance is carried out by the m.t. organiza-
tion. Both the telecommunications and postal businesses of
the B.P.O. have m.t. organizations which provide and main-
tain their respective fleets. The two businesses operate over
600 workshops which arc about equally apportioned between
them and, where it would be uneconomical to do otherwise,
provide a repair agency service for each other.

The United Kingdom is split into 10 Telecommunications
Regions sub-divided into 62 Telephonc Areas. Fleet utiliza-
tion is controlled by the Arcas via the heads of occupational
groups with general oversight by the appropriate regional
efliciency groups; an Area Transport Control Officer
(A.T.C.0O.) acts as a liaison point in the Area for all transport
matters and assists local management in controlling the
number, suitability and efficient use of vehicles. The m.t.
maintenance organization, however, is directly controlled at
regional level by a Regional Motor Transport Officer
(RM.T.0)).

About 3,600 staff are cmployed by the Telecommunications
business on vehicle design, provision and maintenance. The
total cost of providing, running and maintaining the m.t.
ficet is about £27-6M a year of which about £4-6M is spent
on the employec’s cars mentioned earlier and £7M is invested
in new vehicles and capitalized plant and equipment. These
sums are small by the standards of the Telecommunications
business but huge by those of the road-transport industry.
They justify considerable monitoring effort in ensuring that
maximum fleet effectiveness is achieved at minimum cost,
the primary objective being to ensure that fleet economics
do not impair the efficiency of the telecommunications
service as a whole.

FLEET EFFICIENCY

The conventional m.t. fleet exists to carry loads from point
to point. Tt is being operated efficiently when its annual fixed
charges can be divided by a high average mileage to give a
low cost-per-mile figure. Judged by this yardstick, B.P.O.
Telecommunications vehicles are not operated efficiently
since they are mainly used to transport men, stores and
cquipment to the place of work where the vehicle lies idle.
The more effective working time a technician has in a day



Fig. 1—Bedford HA 6 cwt van

FIG. 2—Pole-erection unit
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the lower is the mileage on the vehicle he uses. This results
in a low average annual mileage and higher costs per mile.
The Electricity and Gas Boards arc examples of other fleet
operators whose efficient operation cannot properly be
measured by the conventional means; the B.P.O. uses a
technique which provides average vehicle-type costs quarterly
on a moving-annual basis.

Efficient operation depends also on efficient maintenance.
Whilst minimum acceptable standards of mechanical main-
tenance are set by the requirements of the law, the B.P.O.
sets, above these, its own standards which are determined by
the level of serviceability of the fieet. One aspect of main-
tenance which is arbitrary is the standard of vehicle clean-
liness. As a commercial organization with a public image to
maintain, this standard is sct accordingly.

CONTROL STATISTICS AND COSTING

A working party was set up in 1969 to decide what informa-
tion was required to show, at Area, Regional and national
levels, the effectiveness and cost of m.t. services both as a
whole and in enough detail for effective management of all
aspects of provision, operation and maintenance. A scheme,
based on the recommendations of the working party, is now
undergoing a field trial in two Regions to determine its
workability.

The trial has been running since April 1972 and the first
set of statistics are now being collated. The scheme is designed
to produce the information three times a year to coincide
with the budgetary forecast periods and the statistics will be
on a moving annual basis. Experience has shown that this
is the best basis for the control of m.t. in terms of performance
and cost. It is important that such statistics should be
produced regularly, quickly and at minimum cost ; because of
this they will eventually be compiled by automatic data
processing and the system was designed with this in mind.

The statistics which the system presents to management
are divided into seven basic groups.

(@) Overall costs—includes overheads, agency working
between posts and telecommunications, depreciation and
interest, fuel, licences, use of employee’s cars for telecom-
munications work and maintenance and cleaning, including
that done by the driver.

(b) Disposition of staff and vehicles—statistics concerning
numbers of technicians, numbers of vehicles (including
reserve vehicles and employee’s private cars), ratios of reserve
vehicles to those in service, and numbers of m.t. staff,
authorized and in post.

(¢) Indices of operating efficiency—statistics indicating how
well vehicles are being used by showing how staff numbers
vary with vehicle numbers, total costs per effective day and
the days vehicles stand idle. Each day the vehicle is in use is
considered to be an effective day.

(d) Indices of m.t. maintenance cfficiency -maintenance
costs and m.t. manhours spent per effective day, and a
weighted vehicle/mechanic ratio which allows for vehicle type
variations and work done by contractors.

(e) The national cost index---enables Areas and Regions to
compare their costs with the national cost for a fleet of
similar composition.

(f) Vehicle type costs-—costs in the form of £ per vehicle
per annum. For this purpose, vehicles are divided into four
main types by payload.

(g) Standing charges—provided annually for each of the
four main types.

First reports indicate that the field trial is progressing well
and it is hoped that the information provided during 1973
will be adequate for the development of a national scheme in
time for introduction in 1974,

Vehicle Age-Related Costs
Vehicle age-related costs are an important factor in deter-
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mining a replacement policy. To facilitate the collation of
such costs, every vehicle has now been allocated a 9-digit
number divided into three groups; the first two digits indicate
the year of manufacture, the next three provide the vehicle-
type code and the last four identity the vehicle individually.
For example, 72 314 0812 indicates the 812th Commer
15 cwt utility vehicle (code 314) supplied in 1972. The change
was introduced retrospectively and will result in full age-
related costs for all vehicle types being available one year
from the completion of the changeover.

Vehicle Records

A primary document from which much of the basic
information on vehicle performance and utilization is derived
is the vehicle log sheet. A new-style log sheet, designed to
suit the new cost-control system, was introduced in March
1973. It calls for fewer entries to be made than the old sheet,
is presented at monthly intervals, instead of weekly as pre-
viously to the Area vehicle records centre, and is expected to
result in considerable savings in clerical effort.

Local Control Procedures

To help the A.T.C.O. in his duties, a control system
operating on the principle of management by exception has
recently been introduced. The system is based on serviccable-
not-required (s.n.r.) time and mileage. Serviceable not required
is a term used by the B.P.O. to identify the period when
vehicles are fully serviceable and available, but are not used.
Because of the relatively-low-mileage characteristics of the
fleet, mileage alone cannot be used as the measure of effective
vehicle use; it is, however, useful to be able to identify those
vehicles whose mileage is exceptionally high or low. The
system therefore highlights, monthly, individual vehicles
having s.n.r. times, or low or high mileages, which are
outside the limits set by local management. Generally, the
limits are set so that the system highlights between S to
10 per cent of the fleet.

From the figures provided, A.T.C.O.s may investigate cases
of apparent under- or over-utilization and, subsequently,
make the appropriate recommendations to Area efficiency
engineers. This system also provides the A.T.C.O. with
information concerning the mileage of employee’s cars used
on telecommunications work. Where this mileage is high, in
relation to the circumstances, the A.T.C.O. might recommend
the use of a B.P.O. vehicle which would be more econoinical
above a certain level of mileage, currently about 8,000 miles
a year.

FLEET UTILIZATION

Vehicle Pooling

One of the most important proposals for improving
efficiency is the pooling of vehicles. The principle of vehicle
pooling is based on the fact that, for any group of workmen,
there will always be absentee time, e.g. time spent on holiday,
on sick leave, and attending courses. Where the vehicles are
provided on a one-man/one-vehicle basis which, hitherto,
has been standard practice for the majority of B.P.O. tele-
communications vehicles, there are always some vehicles not
being used due to theabsence of technician drivers. A detailed
study at a number of Telephone Engineering Centres, has
produced imformation which indicates that vehicle pooling is
justifiable in certain circumstances.

The basic requirements for pooling are that

(a) the staff concerned should all perform a similar type of
work,

(b) the vehicles should be equipped with a standard layout
of tools and stores, and

(¢) normally, a minimum of ten units or working parties
is required in the group.



Field trials, concerning the operation of telephone installation
staff and their vehicles, have shown that, for a Telephone
Area, a vehicle/working party ratio of 0-86 is workable.
This means that, normally, a minimum of ten vehicles must
be employed on the same class of work at a centre before a
vehicle can be saved by pooling. In practice, this ratio varies
according to local circumstances and it would he the respon-
sibility of local management to adjust the ratio to suit.

The most important point to guard against in this exercise
is the wasting of a technicians’ time which, currently, is worth
about six times that of vehicle idle time, depending, to some
extent, on the vehicle type.

A further difficulty in interchanging staff and vehicles is the
loss of pride of ownership which exists in the one-man/one-
vehicle system. To overcome this problem in a pooling scheme
the vehicles would be allocated to the senior men in the group
who would be regarded as regular drivers, the junior men
making use of the vehicles made spare by the absence of the
regular drivers. Other problems are the responsibility for the
tools and equipment on the vehicles and the workman’s
pride in the care of what may be classed as personal tools.
This would be overcome by dividing the tools and equipment
into two categories

(a) small personal tools and equipment which would be
kept in a special container and moved from vehicle to vehicle
with the man, and,

(b) the remaining tools and equipment which would be
recorded as part of the vehicle and for which the technicians
would not be held closely accountable.

The extension of the pooling scheme to all types of work at
present involving the one-man/one-vehicle ratio would un-
doubtedly result in worthwhile savings of vehicles and, hence,
their standing costs; the running costs would mainly be trans-
ferred to the remaining vehicles. The disadvantages of
pooling, which will need to be carefully weighed against the
obvious advantages already mentioned, are the risk of
wasting the technicians’ time and the increased local-manage-
ment load which results from the loss of flexibility, These
factors have already been taken into account in draft instruc-
tions which are currently being negotiated with the staff
associations concerned.

Specialist Vehicles

Over the last few years there has been a steady increase in
the number of v.m.a.s from 7-4 per cent of the fleet in 1968,
to 16-3 per cent at the present time. The two main types are,
currently, the pole-erection unit and the rodding-and-light-
cabling vehicle. The pole-erection unit enables two trained
technicians to install or renew poles in almost any circum-
stances. Therodding-and-light-cabling vehicle, with its highly-
sophisticated power-operated equipment, enables its crew of
two men to rod ducts and install or replace cable of up to
100 pairs. Although these vehicles are very expensive they
result in high increases in manpower productivity.

The opposite of the specialist vehicle is the utility vehicle.
These are relatively cheap and arc extremely flexible in use.
The advantages of the utility vehicle can be easily overlooked
when consideration is being given to the need to specialize
the fleet. To maintain the flexibility that is required there
will always be a need for such vehicles and a balance between
the two types provides for the most efficient working.

Increased Fleet Utilization in the Future

Seventy-four per cent of the fleet is comprised of 6, 15
and 20 cwt payload vehicles of the general utility type. By
varying the binning and equipment carried, these three
vehicle types cover 14 classes of work which, in turn, occupy
about 61 per cent of the engineering work force. This, as
previously mentioned, produces problems when attempting

to pool vehicles and to loss of time when changing over tools
and equipment from service to reserve vehicles, e.g. when
the service vehicle requires overhaul.

One way of partly overcoming this problem is to use the
principle of containerization, one of the latest techniques in
the transport industry. At present, this system is based on
using demountable bodies which can be easily removed,
complete with contents, from the vehicle chassis and stored
on supporting legs. This is a very flexible system because a
number of bodies may be used with each chassis. The system
could only be applied to the larger of the three types of
vehicle currently available, i.e. the 20 cwt types which com-
prises about 9 per cent of the fleet. To extend it to include
the smaller vehicles would need a special exercise to design
and develop a container which could be adapted to the needs
of the various classes of work and which might be used within
a conventional van or carried on a pick-up truck. In either
case it would need to be waterproof because, when not in use,
it would be stored fully equipped. Both aspects of this project
are currently under consideration.

A further project for the future may be to investigate the
possibility of having the stock of materials carried in tele-
communications vehicles replenished by somebody other than
the technician driver—perhaps, for example, by staff normally
responsible for the issuing of stores. This type of system
would benefit from a containerization scheme but would of
course, introduce problems, not the least of which would
arise from the present design of stores accommodation and
the approach thereto.

M.T. WORKSHOP PRODUCTIVITY

The m.t. organization’s primary function is to ensure that
the operational fleet is maintained so as to achieve maximum
availability for use by the technicians. To this end, it is neces-
sary to provide a suitable range of reserve vehicles and to
organize the work on the basis of preventative maintenance
carried out according to a predetermined program. The
program used by the B.P.O. consists of safety checks at
1,000 miles or two months, full inspection at 3,000 miles or
six months, and a major service, known as a dock, at 12,000—
24,000 miles or two to four years, depending on the size and
complexity of the vehicle. To run such a program efficiently
and economically requires very careful consideration of
optimum staff levels.

The system used to determine the staff complements of
m.t. workshops is based on work-unit values for each vehicle
type. The work-unit values are reviewed annually from
information built up from workshop primary documentation
and an assessment of the eflfect of predetermined vehicle
replacement programs. This system is simple and facilitates
changes in authorized complements resulting from policy
changes, e.g. a change in the average age at which a vehicle
type is replaced. Such changes can be reflected in the com-
plementing of workshops by adjustment of the relevant work
units. Other changes, such as increased annual leave entitle-
ment, can be catered for by the use of an overall correction
factor.

The nature of the system is such that the m.t. staffing of
one year is based, broadly, on the performance of the previous
year. This means that the existing situation, including in-
efficiencies and inadequacies, tends to be perpetuated instead
of being progressively improved. Further, it has the dis-
advantage of setting a common labour productivity standard
throughout the United Kingdom regardless of any variations
in operating and maintenance conditions which may exist. In
practice, however, allowance is made for operational varia-
tions by the granting of limited local discretionary powers and
the exercise of engineering judgement by the R.M.T.O. and,
thus, a trend in the right direction is maintained.

There is a need for some independent scale against which
the performance of m.t. workshops can be measured and
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monitored—perhaps some form of work-study—but difficulty
has been experienced in finding a suitable technique. The
conventional type of work-study, involving the measurement
by stop-watch of the time takcn to complete jobs, is viewed
with suspicion by those observed and, consequently, often
produces untypical and unreliable results. However, one
technique which does appear to be suitable is the Method
Time Measurement (MTM) technique. This is a well-
established procedure widely used in production work and
many other activities involving repetitive processes. It has
been successfully applied in several spheres in the B.P.O.
MTM-2 is the current version of the technique, and a special
application of it to maintenance work is known as the
MTM-2 Maintenance Data System.

One advantage of the system to the m.t. organization is
that it enables standard times to be assessed which take
account of variations in local circumstances and the types of
vehicles maintained. This facilitates the assessment of the per-
formance rating of a particular workshop and, consequently,
the setting of targets for improvement.

A report based on a relatively small sample made by
consultants specializing in MTM indicated that, while the
B.P.O. m.t. organization is operating relatively well, there is
a need for better management-control information on the
utilization of staff and, consequently, on productivity. The
report indicated that the MTM-2 Maintenance Data System
is likely to be the one most suited to the m.t. organization
and that there is a potential for a marked improvement in
labour productivity. However, the report recommended that
the highest level of improvement would only be attainable
if strong incentives in the form of local, direct, and immediate
pay bonuses were paid. This is not a practicable idea in the
B.P.O. due to the national pay scales and agreements. An
alternative was offered in the report that it might be possible

to increase labour productivity by a lesser but, nevertheless,
substantial extent without differential bonus schemes but with
some form of national incentive scheme, if the MTM-2 system
were to be fully applied. Since the report was based on a small
sample, it would be necessary to substantiate the claims in
the report by applying the system to a large sample such as
a whole Region. There is one problem which prevents this at
present, that is, that the control scheme is not worth its
running cost unless the consequential substantial productivity
increase can be takcn advantage of without resulting in staff
redundancies. Since the growth rate of the m.t. organization
is too slow and natural wastage inadequate and too un-
controllable to meet this problem, the only solution would
seem to be to take on work from outside the B.P.O. Action
of this sort is fraught with problems which would need to be
solved before a trial could be introduced to a whole Region.

VEHICLE CLEANING

Vehicle cleaning can be time-consuming and costly for a
large-fleet operator. To wash large numbers of commercial
vehicles manually consumes many manhours and can require
considerable space. To achieve savings in this respect the
B.P.O. is installing automatic vehicle washing machines
(a.v.w.m,s) at centres with at least 50 vehicles. The program
calls for 350 machines to be installed by 1976 and, so far,
120 have been supplied. When this program is complete,
consideration will be given to extending provision to centres
with a smaller number of vehicles. Six different makes of
a.v.w.m. have been tested, all similar in construction and
mode of operation. In general, the machines consist of a large
frame containing three rotating brushes, two vertical and one
horizontal, and a series of high-pressure water jets overhead
and at the sides. The brushes automatically follow the contours

F1G. 3—An automatic vehicle-washing machine in operation
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of the vehicles which can be up to 10 ft 6 ins high, 8 ft wide
and 36 ft long. The ability of the machine to accommodate
vehicles of various sizes can be seen from Fig. 3.

A small kiosk housing the control panel (Fig. 4) is sited
so that the operator can watch the progress of the machine.
For vehicles with awkward projections a series of over-ride
controls is incorporated to allow for a certain degree of
manual control. However, vehicle design has been modificd
with a.v.w.m.s in mind to enable the machines to operate
fully automatically as much as possible. For example, ladder
racks on utility vehicles have been redesigned and awkward
projections such as driving mirrors are spring loaded so that
they yield to allow the brushes to follow the contour of the
vehicle as closely as possible.

The washing procedure is extremely fast and simple. The
vehicle is parked in the wash area in a marked position and
the operator presses a button to start the washing cycle.
The frame moves over the vehicle with the jets cascading
detergent solution over the top, sides, front and rear. Simul-
taneously, the brushes revolve and maintain contact with the
surface of the vehicle, the horizontal brush cleaning front, top
and back and the vertical brushes the sides. Finally, this
sequence is reversed, using clean water, to complete the cycle.
Wherever possible, the machines are sited to provide a drive-
through facility, usually in the open and with side screens to
confine the spray. The whole washing cycle takes only 24-3%
minutes, depending on the length of the vehicle. Where there
are large concentrations of vehicles, the machine is operated
for some of the time by m.t. staff so as to avoid time being
wasted by several drivers having to wait to clean their vehicles.
When fully effective, the machines will produce a 100 per cent
per year return on capital on the basis of cleaning tclecom-
munications vehicles only. Even so, the machines still have
spare capacity which is being exploited by allowing other fleet
users access to them for a realistic charge.

VEHICLE REFUELLING

Most telecommunications vehicles set out from, and return
to, their headquarters at approximately the same time. In
some centres there are several hundred vchicles. The normal
procedure for obtaining fuel requires a pump attendant who
operates the fuel pump and records the issue. The driver
must also record the fuel issue and check that the figures
recorded agree with those of the pump attendant. Ideally,
the pump attendant should only be available at the peak
times when vehicles arec leaving or returning to the centre.
This system results in congestion in the centre due to vehicles
queuing for fuel and, therefore, a waste of manpower.

To overcome this problem, self-service fuel dispensers have
been introduced. There are already 170 dispensers installed
with another 180 planned thus covering all engineering centres
serving 50 or more vehicles. Self-service installations are
available for dispensing fuel at any time and no pump atten-
dant is required. It is estimated that each installation saves
about £2,000 a year, in staff and waiting time, representing a
200 per cent return on capital. Where these installations are
used each driver carries a small printed-circuit plate (an
example is shown in Fig. 5), which is exclusive to his vehicle.
When refuelling, the plate is inserted into an electronic reader
to switch on the pump and select the individual counter and,
thus, the fuelissued to the vehicle is recorded. The counters are
arranged in groups as shown in Fig. 6. To speed up refuelling
and avoid spillage, an automatic cut-off switches off the
pump when the tank is full. This form of refuelling cuts
queuing time, eliminates manual recording and signatures,
and frees pump attendants for other work. 1t has been well
received in the field.

CONCLUSIONS

The total annual cost of m.t. is very high and, therefore,
justifies close control by all concerned with its use. Managers,
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F1G.4—The control panel of an automatic vehicle-washing machine

FiG. 5—Key used to operate a self-service fuel dispenser
(actual sizc)

F16. 6—Bank of counters used to record individual fuel issues.

however, need to assess relative priorities and it is in this
context that there is an apparent conflict between the impor-
tance of the facility and the control of its cost. In the terms of
current account and capital expenditure, the cost of transport
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is about two per cent of the total and the major problem
facing management, especially at first-line level, is that of
achieving an optimum level of provision.

An efficient m.t. organization is vital to the productivity of
the business. Theintroduction of a.v.w.m.s. and self-service fuel
dispensers are outstanding examples of the service provided
in that they result in more efficient and economic working by
increasing the time that drivers and m.t. staft can spend on
useful work., The new m.t. costing and performance control
system, which is in the early stage of experiment, should

provide managers at all levels with useful control statistics.
Although the first complete set of statistics has yet to be
produced, the information so far available is already proving
to be of value.

Acknowledgements

Fig. 3 is reproduced by permission of Wilcomatic Ltd. Figs.
S and 6 are reproduced by permission of C.I. Automation
Ltd.

F.D.M. Multiplex Equipment
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The methods used to assemble telephony channels into frequency spectra to suit the various types of trans-
mission systemare described, together with the techniques used by the translating equipments which carry out

this function.

INTRODUCTION

Before 1932 all United Kingdom long-distance telephony
was provided by single-channel physical circuits which
required heavy-gauge copper conductors. The introduction
of audio amplifiers enabled the size of conductors to be
reduced but it was not until the introduction in 1932 of the
Carrier System No. 1 (a one audio channel + one carrier
channel system) that any increase in the number of channels
per physical circuit was obtained. This system was followed
by others! which provided an increased number of channels.
All these systems transmitted the channels over twisted-pair
cables of various types.

The London-Birmingham No. 3 cable system,? installed in
1938, marked the introduction of coaxial cables, which
allowed wide-band systems to be provided.

The exploitation of these wideband systems required
equipment which enabled a large number of channels to be
multiplexed. This equipment was developed using frequency-
division multiplexing (f.d.m.) techniques—the only practicable
system available at the start of development. This article
describes the pattern in which the multiplexed channels are
assembled.

t Formerly Telecommunications Development Department, but
now Research Department, Telecommunication Headquarters.
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CHANNEL TRANSLATING EQUIPMENT

The first standard assembly of channels is the twelve-
channel group. The method of assembling larger blocks of
channels follows the same pattern, and a description of the
equipment which assembles the channels is used to introduce
and define some of the terms used, and to show the general
arrangemcnt of equipment design. This equipment is called
channel translating equipment (c.t.e.).

Each channel is made to occupy a separate frequency band.
This function is carried out in a modulator, a non-linear
device which has two inputs and one output. The channel-
band signal (f;) is applied to one input and the carrier signal
(/) to the other. The result of mixing these signals in a non-
linear device is to produce a complex waveform which, when
analysed, can be shown to contain two major modulation
components, the upper and lower sidebands. These have
frequencies of (f; - f,) and (f, — f), respectively, and the
lower sideband is selected for transmission. There are also
many additional products, having the form (xf, + yf}).
Some of these, e.g. (f, - 3/;) fall in the wanted-signal range
and give rise to distortion, in the same channel, or crosstalk,
in a different channel. By careful design, e.g. by using suitable
operating levels, these can usually be kept to a low level.

The lower sideband is referred to as an inverted sideband
in which anincrease in the input frequency resultsin a decrease
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of the sideband frequency. This term is used to describe any
sideband in which this relationship occurs. Similarly, a side-
band where an increase in the input frequency results in an
increase of the sideband frequency, is an erect sideband.

The selection of the wanted sideband and the suppression of
the majority of the unwanted products is accomplished by
filters. The main requirement is that the filter should suppress
the unwanted sideband. In the c.t.e. the frequency gap between
wanted and unwanted sidebands is only 600 Hz, and very
steep-sided crystal filters are used to achieve adequate
separation.

The twelve channels are modulated from the audio fre-
quency range (300-3,400 Hz) using twelve separate carriers
spaced at 4 kHz intervals in the range 64-108 kHz. (See
Fig. 1.). The twelve lower sidebands, after selection by means
of filters, are then combined to form a twelve-channel group
in the range 60-108 kHz. This assembly is called the basic
group.

In equipment designed before 1965, the sidebands were
combined by means of hybrid transformers. Since then,
increasing use has been made of a low-impedance combining
technique. (Fig. 2). This technique, which has become popular
because transisiors provide cheap and reliable amplification,
is one in which the signals are combined by means of a resis-
tance network. The filter outputs are each terminated in a
separate series resistor each having a value equal to the
characteristic impedance of the filter, and a common low
resistance. The latter can be the input impedance of an
amplifier which compensates for the loss in the resistance
network. This method of combining has the advantage of
economy and easier filter design as the hybrid transformers
are replaced by resistors and transistors and the filters can be
designed to operate between resistive impedances. The
removal of one filter does not affect transmission through the
other paths, and this assists maintenance.

YV v —
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SIGNAL~SELECTION«
FILTERS

—"NV——2 COMMON LOW- IMPEDANCE
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FILTER TERMINATING RESISTORS

F1G. 2—Low-impedance combining technique

THE FORMATION OF LARGER MULTICHANNEL
ASSEMBLIES

One obvious method of increasing the number of assembled
channels would be to use a ct.e. of higher capacity to fill the
available frequency spectrum. The main objection to this
inethod is the increasing difficulty of filter design at higher
frequencies, and to avoid this problem, a number of twelve-
channel groups are each modulated a second time so that

BASIC GROUP BAND
60 -— 108kHz

CARRIERS
420 46% 5t6 564 612kKz

BASIC
SUPERGROUP | 2 3 4 5
312k Hz 5s2kHz

FiG. 3—Group translation.

each group occupies a difterent frequency band. This assembly
is known as a supergroup. The equipment which performs
this function is the group translating equipment (g.t.e) in
which five basic groups are modulated with carriers of 420,
468, 516, 564 and 612 kHz. The lower sidebands are selected
and combined to form the basic supergroup in the frequency
range 312-522 kHz. (See Fig. 3.)

At each stage, the basic assembly is used not only as the
building block for the next larger assembly but also to provide
an assembly of channels for transmission over a high-
frcquency (h.f) system of appropriate bandwidth, e.g. a
supergroup can be used on a 60-circuit carrier-on-deloaded-
audio system in the band 12-252 kHz. This is provided by a
supergroup modulating equipment which modulates a basic
supergroup using a carrier of 564 kHz.

The next stage in the basic assembly process takes place in
the supergroup translating equipment (s.t.e.) which modulates
and combines 15 or 16 supergroups to occupy the band
60-4,028 kHz. (Sec Fig. 4).

An assembly of any number of supergroups is called a
hypergroup, but the assembly of fifteen supcrgroups in the
band 312-4,028 kHz is called the basic hypergroup.

The largest assembly of channels currently in use is formed
by the hypergroup translating equipment (h.t.e.) which
assembles 2,700 channels for transmission over a 12 MHz line
system (Fig. 5). The h.t.e. accepts three basichypergroups and
modulates two of them using carriers of 8,432 and 12,648
kHz. The lower sidebands are then combined with the third
basic hypergroup to occupy the range 312-12,336 kHz.

FLEXIBILITY AND INTERCONNECTION

To allow circuits to be provided economically, interconnec-
tion between transmission systems is performed at the
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basic group* or supergroup stage, e.g. the basic group input
ona g.t.e. may come froma c.t.e. or the basic group output of
another g.t.e. (See Fig. 6). As the g.t.e. is basically designed
for working into and from a c.t.c., it does not provide enough
suppression against the unwanted signals present at the
output of the g.t.e. to permit through connexion, and addi-
tional filtration is required. This is provided by through-
group filters. A similar problem occurs when basic super-
groups are through-connected, and a through-supergroup
filter is provided.

In a typical h.f. repeater station (Fig. 6) these intercon-
nexions are made on the group and supergroup distribulion
frames (g.d.f. and s.d.f. respectively).

Ina network which is expanding and altering, flexibility is an
important consideration and the existance of the g.d.f. and
s.d.f. readily permits altcrations to be madc to the routings of
the multichannel assemblies.

PRESENT DEVELOPMENT

To meet the increasing demand for telephone circuits, a
wideband transmission system operating at a maximum
frequency of 60 MHz is being developed.

For this system it is proposed to assemble twelve hyper-
groups into the range 4,404 — 59,580 kHz (Fig. 7). The
assembly used as the building block is not the basic hyper-
group but a hypergroup in the range 8,620-12,336 kHz, i.e.
the highest of the three hypergroups used in the 12 MHz
system. In addition to technical advantages, such as a
reduction of difficulties in the design of the filters, there is
also a commercial advantage. This hypcrgroup, which is used
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by many overscas administrations, is approximately the same
as the basic super-mastergroup (8,516-12,388 kHz, see
Appendix 1) and it may be possible to design an equipment
capable of handling both assemblics and hence having a
wider market. The frequency allocation, which has been
agreed on an international basis, has been arranged so that
a system using four, eight or twelve hypergroups can be used
if required. The carriers used in this cquipment are multiples
of either 124 kHz or 2,200 kHz.

In addition to providing increased numbecrs of circuits,
current developments are taking into account the changing
nature of the traffic. With the increasing use of various types
of non-speech signals such as data and facsimile, a require-
ment has arisen for circuits having bandwidths greater than
that provided by a speech channel. These can be provided by
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FiG. 6—Typical group and supergroup distribution frame interconnexions
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means of group and supergroup links which are extended to
the subscribers premiscs. One of the chief requirements of
such links is freedom from spurious signals. It can be sccn
from Figs. 3 and 4 that the g.t.e. and s.t.e. carrier frequencies
fall in the frequency band of a nearby group of supergroups.
It is thercfore essential to ensure that any carrier-frequency
signal appearing at the output of an equipment is kept at a
very low level. The versions of g.t.c. and s.t.e. rccently
developed provide this clean-band facility.

CONCLUSION

This brief outline deals only with the translating cquipinents
uscd in the network. Associated equipment such as carrier
generating equipment,® gain control equipment’ and the
specialized types of equipment used on international circuits®
has been previously described in the Journal.
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APPENDIX

An alternative pattern of assembling channels, as used by somc
other administration, is as follows:

12 channels are combined to form a basic

group (60-108 kHz),

5 basic groups are combined to form a
basic supergroup

S basic supergroups are combined to
form a basic mastergroup

(312-552 kHz),

(812-2,044 kHz), and

3 basic mastergroups are combined to

form a basic super-mastergroup (8,516-12,388 kHz).

The basic super-mastergroup approximates to the top hyper-
group in the 12 MHz system, i.e. 8,620-12,336 kHz.
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Maintenance of Trunk Transit Routes

B. R. MUIRY

U.D.C. 621.395.74.004.5

The introduction of the new inter-register signalling system S.S.M.F. No. 2, using multi-frequency codes
Jor digit transfer, into the inland trunk network for transit and certain direct links has necessitated changes
and additions to the test equipment provided for trunk circuit maintenance. This article reviews circuit
maintenance methods and briefly describes the new testing equipment,

INTRODUCTION

In the United Kingdom, the network provided for carrying
telephone trunk traffic, 83 per cent of which is customer
dialled, comprises some 400 main network switching centres
(m.n.s.c.s) interconnected by over 120,000 long distance
circuits utilizing a range of transmission and line-signalling
systems. Collectively, the equipment involved represents a
large part of the total investment in telecommunications plant
and the incomc from a fully utilized circuit is high. From the
business point of view, it follows that when the demand for
circuits is heavy the maximum possible number of installed
circuits should be available for carrying traftic and that each
of these should be in good working order. The maintenance
purpose is to achieve maximum serviceability on trunk routes
at minimum cost. These objectives begin to be realized at the
equipment design stage when system performance standards,
security rcquircments and maintenance facilities are specified.
The first aim is to obtain a satisfactory order of reliability in
the engineering of the individual items of equipment and then
to ensure, as far as possible, that performancc variations arc
automatically corrected and failures affecting service auto-
matically indicated at a maintenance point so that prompt
repair action can be taken.

Trunk routes utilizing modern transmission systcms and
modern line-signalling systems, therefore, include a number
of in-built monitoring features which combine to bring
quickly to maintenance attention many defects of a service
affecting nature, hence the quality of service, as seen by the
customer, is improved. Other defects are detected by supple-
mentary tests applied frequently by automatic test-equipment.
Failuredetection, in itself, does not achieve good route service-
ability. An eflective location and repair capability is also
essential to minimize the outage time per fault and to restore
equipment to service quickly so that more calls result in ring
tone rather than equipment-engaged tone or congestion
announcement.

Maintenance of transmission terminal equipment and line-
signalling equipment is a function of repeater station and
exchange staff, respectively. Day-to-day control of the overall
serviceability of trunk circuits and routes, switching point to
switching point, is vested in trunk maintenance control
centres (t.m.c.c.s) located in or near m.n.s.c.s. These t.m.c.c.s
may be considered as operating at the interface between the
switching equipment and the line plant, and are equipped to

T Service Departinent, Tclecommunications Headquarters.
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(a) monitor and test the circuits controlled,

(b) localize faults down to an item of equipmcnt or section
of line plant for attention by the appropriate maintenancc
staff, and

(c) progress repair.

The circuit surveillance and maintenance methods adopted
apply, in general, to all trunk routes, but with the introduction
of the inter-register signalling system, Signalling System
Multi-Frequency No. 2 (S.S.M.F. No. 2), into the inland
trunk network and the application of 4-wire switching in
transit switching centres (t.s.c.s.), the testing equipment in
t.an.c.c.s and m.n.s.c.s has been augmented to accommodate
the new systems.

The maintenance of a typical route utilizing S.S.M.F. No. 2
is outlined in this article.

SYSTEM FEATURES

For maintenance purposes, a trunk route consists of a
number of trunk circuits connecting switch outlets in one
m.n.s.c. to switch inlets in another m.n.s.c. Included in this
traffic path are elements of the transmission system or
systems utilized, the line-signalling equipments at each end
interfacing the transmission and switching systems and items
of switching equipment directly associated with each trunk
circuit. A transit connexion between two group switching
centres (g.s.c.s) switchcd through a t.s.c. is shown in block
form in Fig. 1. Typically, the two interconnecting circuits
may take into use channels in frequency division multiplex
line systems and be terminated by the inband single frequency
line-signalling system Signalling System Alternating Current
No. 11 (S.S.A.C. No. 11) relay-sets or junctors necessary to
convert direct current connexion, control and supervisory
signals in both directions into a form suitable for transmission
over the line system. Line signalling is on a link-by-link
basis with repetition of signals in d.c. form at intermediate
switching points. Numerical and inforination signals passing
between registers during call set-up are in multi-frequency
code (m.f.c.) and are, therefore, suitable for direct transmission
to line, The multi-frequency senders and receivers used during
call set-up are associated with registers at each switching
point in the conncxion.!

Reliable performance of the systcm as a whole depends on
the maintenance of circuit transmission levels at specified
points, the correct functioning of the line-signalling equipment
and the correct operation of the register cquipment and



switching-control equipment common to the trunk circuits
connected. The usefulness of the completed connexion
depends on the overall, customer to customer, transmission
quality it provides. Some of these operational requirements
are automatically monitored by in-built features, others are
controlled by supplementary maintenance measures.

Line Transmission System

Using pilot-tone monitoring techniques, changes in line-
section transmission gain due to variations in the attenuation/
frequency characteristics of the coaxial cable-pairs with
temperature are, to a great extent, automatically compensated
by the regulators built into the line system. Changes in the
overall gain owing to cumulative residual regulation-errors,
together with changes in gain in the parts of the transmission
path outside the regulated section, are held within acceptable
limits by additional automatic-gain-control equipments
associated with each group of 12 channels within the system.
Should these control limits be exceeded for any reason, an
indication is given at the receive end of the group affected.
This indication is arranged to give an alarm in the repeater
station and in the t.m.c.c.

The circuit-group-fail signal is further utilized to automa-
tically busy to traffic those circuits outgoing with respect to
traffic direction, from the alarm point, and is to be used to
act on the group pilot in the transmit direction so as to
effect busying of all circuits utilizing the group.

The t.m.c.c. and repeater station staff subsequently co-
operate to determine the cause of failure and to restore
circuits to service. 1n the event of major damage to line plant
or multiplexing equipment which could result in prolonged
route outage, use is made of alternative routes or the service
protection network, as co-ordinated by regional and national
network co-ordination centres, to restore service quickly.

Line Signalling Systems

Excessive transmission loss in individual channels, as well
as particular line relay-set misoperations, are automatically
detected during the normal circuit release sequence which
comes into operation when the caller clears. During this
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sequence, if the clear-forward signal is not recognised by the
incoming line relay-set or the release-guard signal in the
reverse direction fails to be recognised by the outgoing line
relay-set, the circuit remains busied to traffic and the con-
dition is indicated in the t.m.c.c. for attention. This sequence
also serves to ensure that equipment at the distant end is
fully released before the circuit is marked as free for use at
the outgoing end. The clear-forward signal is automatically
repeated at intervals to avoid continuing to hold circuits in
the busied state as a result of some transient condition which
could have disturbed the initial clear-down sequence.

In the event of a relay-set or channel developing a fault of
this type when in the idle state, the first call attempt taking
the circuit into use is likely to fail but the circuit will then be
automatically busied to subsequent attempts through failure
to complete the release sequence.

Inter-Register Signalling

In most controlling register-translator (c.r.t.) configurations,
loss or mutilation of numerical and information signals
between registers during call set-up results in

(a) the release of the S.S.M.F.No. 2 equipment taken into
use,

(b) the release of the connexion forward of the outgoing
line-signalling relay-set (types 2, 3 and 4 c.r.t.) or register-
access relay-set (type 5 c.r.t.), and

(¢) automatic initiation of a second call attempt in which
there is a high probability of different trunk circuits being
selected.

This feature safeguards service against intermittent dis-
continuities or transients in the connexion path and specific
equipment misoperations during the critical call set-up period.

MAINTENANCE MEASURES

The system features outlined, automatically monitor and
control circuit transmission levels between line multiplex
equipments and serve to identify individual circuits in which
the line-signalling equipments may have failed or in which
the circuit transmission levels have deteriorated to a point
where the exchange of line signals between relay-sets fails.
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F1G. 2—Trunk circuit routiner transmission test sequence

Note: Nominal 3-5dB circuit loss, test tolerance * 1dB assumed.

Other defects in relay-sets, some of a marginal nature, can
occur which would not be brought to maintenance attention
by these features, e.g. failure to apply a seizure signal, failure
to busy on seizure or under line-fail conditions. These defects
could degrade service and are best checked by comprehensive
tests applied directly to individual relay-sets.

In addition, the overall transmission loss or gain of indi-
vidual trunk circuits requires to be checked to close limits
between switching points to ensure that speech transmission
on any connexion which, in the trunk transit network could
include up to five circuits in series, will be satisfactory.
Maintenance testers are used to provide control over these
functions and parameters.

Line Relay-Set Testers

Depending on the size of each installation, an automatic
routiner or manually-operated tester is used to apply com-
prehensive tests under limiting conditions to individual line-
signallingrelay-sets. Each testing device is arranged to connect
directly to the input and output leads of the relay-set under
test, thereby excluding external equipment from the test
path. Routiners are arranged to start on receipt of a clock
pulse and to test automatically relay-sets in sequence, usually
during the night when the number of circuits engaged by
normal traffic is at a minimum. Faults are automatically
recorded for the attention of equipment maintenance staff
on the following working day. The objective is to busy
manually all faulty items as soon as possible, thus minimizing
call loss arising from defective equipment, and then to repair
the relay-sets and to restore the circuits to service before the
onset of the peak traffic period. Existing routiners and testers
have been modified to test S.S.A.C. No. 11 relay-sets in
g.s.c.s whilst new testers have been provided for use in t.s.c.s
in which S.S.A.C. No. 11 relay-sets and junctors are entirely
4-wire.

4

Trunk Circuit Routiners

Trunk circuit routiners are provided in g.s.c.s. and are
used to verify that a call can be established to a distant
answering relay-set over each outgoing trunk circuit in turn
and that the transmission loss between switching points is
within maintenance tolerance in both the transmit and receive
directions of transmission. This routiner is also operated
under clock control during the night with automatic recording
of faulty and busy circuits and during the day under manual-
control to detcct faulty circuits and circuits marked as busy
but which are not carrying traffic, the latter condition may be
caused by a held connexion or simply human failure to
restore a circuit to service after work has been done. Existing
trunk circuit routiners, designed for loop-disconnect sending,
are not suitable for testing routes utilizing S.S.M.F. No. 2.
A new generation of trunk circuit routiners has been developed
which caters for all current types of trunk circuit; a 4-wire
version is provided in t.s.c.s.

The new trunk circuit routiners check for excessive trans-
mission gain as well as excessive loss on circuits, so catering
for the more exacting requirements on transit routings. The
rejection limits may be selected by key operation. Earlier
designs of routiner were arranged to wait on a circuit testing
busy and to print a busy docket if the circuit did not become
free during the waiting period. Experience has shown that
since the network carries traffic well into the early morning
hours the maintenance time spent the following morning
giving attention to such dockets printed during the night
test cycle is considerable. The new routiners meet this situation
by following the busy test by a check for speech and/or
answered conditions on the circuit, if either are detected the
identity of the circuit is stored and the access stepped on.
After a further 100 circuits have been tested, or when the
store is full, the circuits in the store are automatically re-tested
and a docket is printed for any circuit found busy on this
re-test.
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Fi6. 3—Trunk circuit testing facilities in t.s.c.s.

The routiners also provide for a noise test to be applied on
each test connexion established, the extent of the use of this
facility is currently being considered by the Service Depart-
auint of Telecommunications Headquarters.

Trunk circuit routiners are programmed to establish a test
connexion over each circuit to a routiner answering relay-set
connected to switch outlets in the exchange at the incoming
end of the circuit and to interwork with this relay-set to check
repetition of called-subscriber-answer conditions and trans-
mission levels. The test sequence on accessing an answering
relay-set is shown in Fig. 2. New solid-statc answcring rclay-
sets have been developed for use in g.s.c.s and t.s.c.s. The
t.s.c version provides for 4-wire connexion and for correct
multi-frequency response signals on seizure in addition to
the test sequence described. The new equipment is more
stable than earlier designs using thermionic valves, thus
permitting improved control over circuit transmission levels
between virtual switching points.

T.M.C.C. TESTING FACILITIES

Twelve-circuit group and higher order line transmission
system failures are indicated in the repeater station for

attention. However, to ensure effective follow-up by t.m.c.c.
staff on circuits indicated as faulty or reported as being the
cause of service difficulty by operating or engineering staff
the t.m.c.c. should be able to

(a) gain testing access to trunk circuits, and
(b) be equipped with test equipment with which to localize
failures.

The testing requirements for routes using S.S.M.F. No. 2
coincide with those for existing circuits. These requirements
are

(a) automatic monitor and test access to the exchange side
of any outgoing trunk line signalling relay-set, by code
dialling from a test position,

(b) signalling relay-set substitution facilities,

(¢) monitor and test access at the line-side of the signalling
relay-set with facilities for testing towards the line and
exchange, usually provided by 4-wire test jacks located in
the t.m.c.c., and,

(d) circuit busying facilities.

It is also required to establish test calls over the circuits to
verify correct opcration and to gain access to automalic
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transmission test-number equipment in the distant exchange.
This equipment has been augmented to provide for S.S.M.F.
No. 2 signalling.

T.M.C.C. Test-Register

The 2-wire and 4-wire automatic test-access provided in
gs.c.s and t.s.c.s, respectively, allows the t.m.c.c. to gain
access to the exchange side of the outgoing line-signalling
relay-set. A call is established by associating a test register
with the access which accepts the dialled routing code and
subsequently seizes the line circuit and interworks with the
distant register in m.f.c. to establish the connexion required.
The arrangement is shown in block form in Fig. 3.

Automatic Transmission-Test Relay-Set

The automatic transmission-test relay-set is combined with
the trunk-circuit routiner answering relay-set and its response
is determined by the separate paths of entry. When accessed
by the transmission-test code-number from a test desk it
responds to a 800 Hz tone of the appropriate level on the
receive pair by returning a 800 Hz tone for six seconds at
—4dBm level on the transmit pair. The level of this tone is
measured by the testing officer.

Manual Transmission-Test Relay-Set

Where testing co-operation is required between t.in.c.c.s, a
connexion is established over the circuit to be tested to the
manual transmission-test relay-set which terminates on test
jacks on the distant t.m.c.c. test positions. The relay-set
provides for speech, the exchange of test tones and for a tone
to be applied to the transmit pair for as long as is required by
the calling t.m.c.c.

CONCLUSIONS

The service security features embodied in the design of the
transmission systems and line-signalling systems used on
trunk transit routes, combined with the form of information
signalling used and the crossbar switching techniques applied
in t.s.c.s, to protect the customer from the majority of equip-
ment misoperation, thereby increasing the percentage of calls
successful at his first attempt. The improved trunk-circuit
routiners and associated answering equipments enable
transmission levels to be controlled within closer limits
resulting in a consistently acceptable quality of transmission
on all multi-link trunk calls.

References
L MiLLer, C. B., and MurRAY, W. J. Transjt-Trunk-Network

Signalling Systems, P.O.E.E.J., Vol. 63, p. 43, Apr. 1970, p. 91,
July 1970 and p. 159, Oct. 1970,

Book Review

‘“‘Communications Systems Analysis.” P. B. Johns, B.Sc.(Eng.),
M.Sc.,, C.Eng., M.LE.E.,, and T. R. Rowbotham,
B.Sc.(Eng.), M.Sc., C.Eng., M.L.E.E. Butterworth Group.
X -+ 207 pp. 65 ill. £3-40.

This book covers a number of aspects of modern commu-
nications problems. The authors, one of whom is with
Research Department of Telecommunications Headquarters
and the other who was formerly with the Post Office but is
now a lecturer at Nottingham University, have evidently set
out to bridge the gap which they found to exist between the
published literature on mathematical theory of communica-
tion systems and the requirements of the practising system
design engineer.

The authors describe their work as an ‘“‘undergraduate
level book™ and it is true that aspects of the presentation,
such as, the inclusion of worked examples in the text and the
problems at the end of each chapter do make it a valuable
learning aid. However, it would be misleading to suggest, on
the one hand, that the practising communications system
designer would not find the book a useful reference work in
certain areas, or, on the other hand, that the undergraduate
will necessarily find the material to be within the scope of the
normal curriculum. It might, however, prove valuable when
the student wishes to delve a little more deeply, such as, in
project work.

For a proper understanding of the book, many readers
would no doubt need to revise their understanding of some
of the basic theory of frequency modulation (f.m.) and also
to brush up on their mathematics, particularly in the use of
the Fourier transform. Chapter 1 of the book does cover the

46

main mathematical concepts used in the subsequent text, but
is not in sufficient detail for those who are not already
reasonably familiar. The Appendices summarize some of the
useful mathematical results and good references are also given
for more comprehensive reading.

The areas which are dealt with in considerable detail are
the analysis of interference between analogue modulated
systems and the analysis of non-linear devices. It is in these
areas that the book has its greatest value. The treatment of
interference between analogue systems will be particularly
useful for those concerned with the design of f.m. systems.
A number of methods are presented on how to determine the
spectra of modulated signals and how these are used to
determine the baseband interference level. The work on
frequency modulation is continued in the treatment of the
effects of delayed echo and of non-linear phase characteristics
(a.m. to p.m. conversion). Both these effects can arise in
modern microwave systems, satellite and terrestrial. The
chapter on non-linear devices is a comprehensive treatment
of the effects of various types of amplitude non-linearity on
various types of signal. This material is of interest in many
situations where a signal plus noise or several signals pass
through non-linear stages such as power amplifiers or limiters.

In addition to these detailed treatments, the book contains
a chapter on thermal noise and another on digital-modulation
systems. These chapters appear to be aimed at a somewhat
lower level and may be of less interest to the readers of the
rest of the book but, nevertheless, useful to undergraduates
and to those who require an introduction to these subjects.

A K. J.




Development of Group-Delay Measuring Sets

B. N. S. ALLENt

U.D.C. 621.317.74

The introduction of data transmission facilities over the U.K. telephone network has resulted in the need
Sor certain transmission properties of the network to be more closely controlled than was hitherto necessary
Sfor the transmission of speech. This article describes the development of group-delay measuring sets intro-
duced to measure one such transmission property.

INTRODUCTION

Intheearly 1960s, data transmission facilities became available
to customers using the U.K. telephone network as the trans-
mission medium. To make the data signals suitable for trans-
mission over the telephone network, modems were provided
to translate the data signals into analogue signals. It was
evident that, with the proposed increases in data speeds, the
relative phases of the received analogue signals must be
controlled to avoid transmission errors. An earlicr article!
explains the basic problem and the nature of group delay.
Even so, it may be useful in an article on group-delay
measuring sets to review the transmission property to be
measured.

PHASE DELAY AND GROUP DELAY

The phase shift of a circuit can be measured at each discrete
frequency by comparing the wave at the input and output
simultaneously, and determining bywhat angle the two differ,
provided that the input and output terminals are not widely
geographically scparated.

If the circuit has a phase-shift/frequency characteristic as
shown in Fig. 1 and is used to transmit a complex wave
consisting of frequency f, (angular velocity w, rad/s) and
frequency f, (angular velocity w, rad/s) where f, == 2f), then
the waveform at the sending end is as shown in Fig. 2(a).
At the receive end the component at frequency f; is shifted in
phase by f3; rad and the wave is changing at w, rad/s. There-

forc, the component at frequency fj, is delayed by L} s, that
is, the phase delay at frequency f. (See Fig.2(0)). ¢!

Similarly, for the component at frequency f,, the phase
delay is % s, as shown in Fig. 2(c) and the received complex

2
wave is the sum of these two. (See Fig. 2(d/)). The received
waveform differs from that transmitted because each com-
ponent has a different phase delay.

Letr, = E s, and

w

T, = Ez s, then, in the example,
Wy

B, 3 .
T, = Z—ai =571, Since B2 = 3B, and
Wy = 2w1.

1 Telecommunication Development Department, Telecommuni-
cations Headquarters.
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Fic. 1—Typical phase-shift/frequency characteristic

For distortionless transmission, the phase delay must be
constant at all transmitted frequencies and this is not the
case in the example shown in Figs. 1 and 2. For constant
delay with frequency the phase-shift/frequency characteristic,
when plotted on a linear scale, must be such that

(a) a single straight linc may be drawn through all the
points, and

(b) this line when extended to the phase-shift () axis must
intersectat O rad or 2nmrad where 2 is any integer.

Condition (¢) may be determined by a group-delay
measuring set which measures the rate of changc of phase
with respect to angular velocity. Condition (b) is a measure
of phase-intercept distortion. A phase-delay measurement
covers both conditions.

Now suppose the circuit is used to transmit a signal of
frequency f,, (angular volocity w,, rad/s amplitudc modu-
lated on a carrier frequency f, (angular velocity w, rad/s).

When a signal 4 sin w,,t is modulated onto a carrier
frequency sinw.f, two side frequencies are produced in
addition to the carrier. The input signalis, therefore, given by :

V =sinw.t (1 + 4 sin w,t),

. A A
= sin w,! -+ 7 ¢os (w, — w,)f — ~ €08 (w, + wy M.
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Fig. 2—Effect on complex wave of characteristic in fig. 1.

The phase of each frequency component, that is, £, f, —
and f, + f,,, is shifted by a different angle as shown in
Fig. 3.

The received signal (¥,) is, therefore,

V, = sin (et +B) +75 [c0s flw, — 0,1 + By}

— cos {(w + w,)t + Ba}],
= sin (w.t + B)

+ A{sin (wct +B‘—_2i_&> sin (wm, + B: ;Bx)}

If £,, is very much smaller than f, so that in the region
fe — [, to [, + f,, the phase characteristic is linear, then

1+ B
Bib_p

Therefore, V, = sin (w,t + P)
. . B2 — By
4+ A4sin ((Ucf + B) s ((U,,,t + —2__>}’

= sin (w,t + ,8){1 + Asin (w,,,: + &%&)}

Comparing the received signal with that transmitted, it will
be seen that the received modulating signal (that is, the
B — B

information) is displaced by 5 rad.
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FiG. 3.—Effect of typical phase-shift/frequency characteristic on
amplitude-modulated signals

Thercfore, the phase delay of the received modulating signal
_B—B .

zw")

B: — B
2(1)"'
shown in Fig. 3.

However, is the slope of the phase characteristic

d

— as w tends
dw

Thus, the limiting value of phase delay

to zero. The phase delay suffered by the received modulating
signal as w,, tends to zero, is the group delay.

The carrier frequency is delayed byc—f— which is the phase

c
delay at frequency /... The group delay may be numerically the
same as the phase delay such as when the phase character-
istic is linear and passes through the origin but this is gener-
ally not the case.

When the input and output terminals of the network or
circuit under test are widely separated geographically, the
group delay can be measured relative to the value at a chosen
reference frequency. Phase delay and absolute group delay
cannot be readily measured under these conditions. Relative
group delay is, therefore, a useful measurement of the per-
formance of a circuit whichisto beused to transmit carrier
signals modulated, for example, with teleprinter or computer
data, since it gives the relative delay of the various frequencies
carrying the information.

Group-delay measuring sets normally attempt to measure
the rate of change of the phase-shift/frequency characteristic
by using a low modulation frequency as proposed by Nyquist
and Brand.2 The maximum range of group delay that can be
measured with certainty is dependent on the periodic time
of the modulation frequency. For a modulation frequency of
20 Hz, the range is s second.

If the circuit is used to transmit a carrier frequency with a
high modulation frequency, the group delay is different
from the group delay with low modulation frequencies
unless the phase characteristic is very linear. This is illus-
trated in Fig. 4 in which T is the rate of change of the phase-
shift/frequency characteristic (group delay) at the carrier
frequency f.. However, T} is the group delay that would be
measured using a high modulating frequency f,,. The two
values of group delay will only be equal if the phase-shift/
frequency characteristic is linear and the group delay is’
therefore, constant with frequency.

Where there are ripples in the group-delay/frequency
characteristic being measured and the ripple periods extend
over only a small change in the measuring frequency, the
effect of the measurement is to smooth out the characteristic.
Fig, 5 shows the theoretical response of a group-delay
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FiG. 4--Variation of measured group delay with modulating
frequency

measuring set with a modulation frequency of 41:66 Hz
when measuring group-delay/frequency characteristic having
ripple periods corresponding to changes in measuring
frequency of 10 Hz to 10 kHz.

It can be seen from Fig 5 that this type of set has eight
blind spots* for ripple periods above 10 Hz change in the
measuring frequency and comes within 90 per cent of the
actual delay at ripple periods greater than 340 Hz. However,
this effect, which is inherent using the Nyquist principle,
causes no difficulties in most practical applications.

The foregoing description of the group-delay measuring
technique is in terms of an amplitude-modulated carrier signal
although frequency modulation can also be used. If the
modulation index is small, there are only two prinicpal side
frequencies and the line signal is very similar to that produced
by amplitude modulation.

* Blind Spots. Specific variations in group-delay/frequencycharac-
teristic not measured by group-delay measuring sets occurring at
ripple periods corresponding to changes in the measuring frequency
of twice the modulation frequency and its sub-harmonics.

MEASURED GROUP-DELAY RIPPLE AMPLITUDE
ACTUAL GROUP-DELAY RIPPLE AMPLITUDE

RELATIVE GROUP DELAY

Although group delay is an absolute quantity, in most
practical methods of measurement it is only possible to
measure group delay at one frequency relative to that at
another. This restriction causes no difficulty in measuring
group delay/frequency distortion but leads to measurements
being referred to a reference frequency. Since the reference
frequency may not be the frequency of minimum group delay,
this makes negative relative values possible.

HISTORICAL SURVEY OF EVENTS

By 1965, specifications had been prepared by the British
Post Office (B.P.0O.) detailing the performance requirements
for two group-delay measuring instruments, namely, a low-~
frequency (1.f.) set {200 Hz to 20 kHz) covering the audio and
music frequency bands and a high-frequency (h.f). set (10 kHz-
600 kHz) covering the basic group and supergroup frequency
bands. These specifications detailed the performance require-
ments for measuring accuracy, stability of measurement,
measuring range, power supplies, the working conditions and
form of construction. However, the mcasuring principle,
which is so important for compatibility betwecn instruments
on end-to-end tests, was not detailed because of foreseen
difficulties in meeting synchronization requirements between
instruments. It was decided that whatever signals were needed
for synchronization purposes should be sent over the circuit
under test and, to this end, invitations to tender were sought
from prospective suppliers to demonstrate their designs. As a
result, in 1967 the B.P.O. adopted a set, shown in Fig. 6,
based on the stable-oscillator measuring principle.

STABLE-OSCILLATOR MEASURING PRINCIPLE

The stable-oscillator measuring principle is illustrated in
Fig. 7 from which it can be seen that the chosen measuring
frequency (carrier frequency) is modulated by a low-frequency
signal (modulation frequency) and the resulting waveform
is transmitted to line. At the receive end of the circuit, the
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Fig. 5—Variation of measured group-delay ripple with ripple period
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F1c. 6—First stablc-oscillator group-delay measuring set

MEASURING -
FREQUENCY

O0SCILLATOR MODULATOR

CIRCUIT

MODULATION-
FREQUENCY
OSCILLATOR

FiG. 7—Stable-oscillator principle of group-delay measurement

modulation-frequency signal is recovered from the delayed
received waveform and a pulse is generated at the start of
each cycle. This pulse is used to stop a timer circuit which
is started previously by a similar pulse derived from a local
oscillator of the same modulation frequency. Hence, the
period during which the timer is running is a reference
measure of the time difference between corresponding points
on the waveforms of the local signal and the recovered
modulation-frequency signal at the chosen measuring fre-
quency. With a constant modulation frequency modulated
onto different measuring frequencies any change in time
difference from that at the reference measuring frequency is
indicated on the meter and is a measure of the variation of
the group delay of the circuit at the measuring frequencies
relative to the reference measuring frequency. The stability of
the frequency and phase of the local modulation-frequency
oscillator with respect to the sending modulation-frequency
oscillator is particularly important during the measuring
period and hence, the title stable-oscillator method.
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SECOND GENERATION GROUP-DELAY
MEASURING SET

The second generation of group-delay measuring set
supplied to the B.P.O. in bulk is illustrated in Fig. 8 and is
also based on the stable-oscillator method. However, the
mechanical arrangements of the case and chassis have been
improved and active filters have been incorporated which
replace ferrite-core tuned-circuits previously used, resulting
in improved phase-shift/temperature characteristics.

Five switched modulation-frequencies are provided to
meet various user requirements, these being 20 Hz, 25 Hz,
83% Hz, 200 Hz and 250 Hz. To enable the user to check
readily the relative group-delay distortion at a known fre-
quency within the band of interest without readjusting the
main measuring-frequency control, facilities have been
provided on the send part of the set to switch to one of
three preset reference measuring frequencies, these being
1:8 kHz, 85 kHz and 432 kHz. Another new feature which
has been provided is the remodulation facility.
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Fic. 8—Second generation stable-oscillator group-delay measuring set
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Fic. 9—Remodulation facility

Remodulation Facility

This facility enables the transmitting set at Station A
(see Fig. 9) to be used to measure the relative group-delay
distortion of the line in the A-to-B direction provided a
return channel is available. To provide this facility, the set at
Station B is switched to rREmobpuLATION and adjusted to
transmit at a midband measuring frequency, say 1-8 kHz for
audio circuits. At each measuring frequency transmitted from
Station A, the set at Station B extracts the modulation
containing the relative group-delay distortion information
of the circuit in the A-to-B direction and returns this infor-
mation modulated on its own transmit measuring frequency
(1-8 kHz). Because the measuring frequency transmitted in
the B-to-A direction is constant, the measurement at Station A
is unaffected by the B-to-A group-delay/frequency distortion
and enables the operator at Station A to measure the relative
group-delay distortion of the line in the A-to-B direction.
Once adjusted, the set at Station B may be left unattended
during the test.

FUTURE DEVELOPMENTS

To ensurecompatibility between instruments when measure-
ments are made on international circuits, the C.C.I.T.T.* has
recommended the requirements for the characteristics of a
group-delay measuring set for audio circuits based upon the
time-division principle of measurement.> The B.P.O. has
decided to adopt this set for audio group-delay measurements
of both overseas circuits and inland circuits. A specification

* C.C.LT.T.—International Telegraph and Telephone Consulta-~
tion Committee.

has, therefore, been prepared and contracts placed for the
development and provision of audio group-delay measuring
sets based on the time-division principle, first deliveries
being expected in 1973.

Instruments employing the stable-oscillator method will
continue to be used at frequencies above 20 kHz at least
until international agreement has been reached on the basic
specification for a high-frequency group-delay measuring
instrument, at which time the position will be reviewed.

TIME-DIVISION METHOD OF GROUP-DELAY
MEASUREMENT

In the time-division method of group-delay measurement,
illustrated in Fig. 10, the modulation frequency (41-66 Hz)
alternately modulates the measuring frequency (200 Hz-20
kHz) and a reference frequency (1-8 kHz) at a switching rate
of 4-166 Hz. If the circuit under test has different group delay
for the measuring frequency and the reference frequency, a
phase surge occurs at the changeover point which can be
detected and measured by the receiver of the measuring set.

To ensure compatibility between instruments, the line
signal has been rigidly defined. The reference frequency is
identified from the measuring frequency by an identifying
signal of 166-6 Hz which is transmitted during the last
24 ms of the reference frequency signal. The various signals
used to generate the composite line signal are shown as a
function of time in Fig. 11.

Additional Facilities

Additional facilities are being provided by the group-delay
measuring set being developed for the B.P.O. and these are
outlined below.

(a) Because the insertion-loss/frequency characteristic of
a circuit is also important for the transmission of distortionless
signals, it has been decided to incorporate in the group-delay
measuring set, the ability to measure the level of the
measuring frequency. This facility will reduce the number of
separate test instruments required for the commissioning
and subsequent maintenance of line circuits used for data
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FiG. 10—Time-division mecthod of group-delay measurement
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F1c. 11—Line signals transmittcd in time-division method

25 T A typical response of the group-delay/frequency character-
istic of an audio circuit routed over carrier plant is shown in
Fig. 12.

20 (¢) Speaker facilities have been incorporated to allow the
test operators to be in telephonic contact over the circuit to
be tested. In addition, hold facilities are provided to enable
the set to be used on the public switched telephone network.

s
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/

05 \

o 800 1,600 2400 3200
FREQUENCY (H2)

3,000

Fi1G. 12.—Typical group-delay frequency characteristic of an audio
circuit

transmission, this being important where test equipment has
to be transported to customers’ premises.

(b)) A means whereby the measuring frequency can be
swept automatically for both group-delay and level measure-
ments has been included, together with measuring outputs
for association with an X-Y plotter. These facilities will
reduce the time taken to measure the characteristics of the
line circuits and provide a permanent record of the results.
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network have been provided. This article describes the present
position with respect to the development of group-delay
measuring sets.

During 1973, there will be a gradual penetration into the
telephone network of audio group-delay measuring sets
based on the internationally-agreed time-division system
which will not be compatible with the existing sets based on
the stable-oscillator measuring principle. Care will need to
be taken by users during the period of change to ensure
compatibility between instruments on end-to-end circuit tests.
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A Progress Report on Heavy Cabling Equipment

A. E. LUND C.ENG., M.I.LMECH.E, }

U.D.C. 621.315.235: 65.011.54

The problems involved in heavy cabling work are described briefly and an account is given of the equipment
which has been developed to mechanize the work and improve productivity.

Fic. 1—Cable-carrier vehicle

One of the most laborious jobs in the external field of opera-
tions in the British Post Office is the laying of large under-
ground cables. Basically, the task is that of pulling a cable
through a duct between one manhole, or joint-box, and
another. Because the cables are large, they are heavy and
the tractive force required is high. Often, the mouth of the
duct is many feet below ground level and it is difficult to keep
the pull in line with the duct-mouth, as is necessary to reduce
friction and prevent damage to the cable. Often, the presence
of other cables in the manhole limits the space available for
the provision of pulling tackle. The work nearly always has
to be carried out in the open and extremes of weather have
to be allowed for. All these factors describe a job which is
heavy, dirty, labour-intensive—and, therefore, expensive.
Also to be taken into account are the problems of trans-

_t Telecommunications Development Department, Telecommu-
nications Headquarters.

porting large, heavy drums of cable to the site, of setting up
the drums to permit the cable to be pulled fiom them, of
providing facilities for storage of tools and equipment and—
very importantly—facilities for the men to take meals and
store their protective clothing.

The first attempt to obtain a rationalized solution to the
problem led to the development, by Civil and Mechanical
Engineering Branch of Telecommunications Development
Department, of equipment aimed at reducing the manual
effort involved and increasing productivity. A field trial of
this early equipment in Birmingham clearly demonstrated the
feasibility of the concept but showed that greater reliability
was required. A second generation of equipment was, there-
fore, developed and put on field trial in London Telecom-
munications Region (L.T.R.) in 1971-72,

These two trials showed that a mechanized approach to
heavy cabling could increase productivity significantly but
that further improvements to the equipment were needed,
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F16. 2—Pulling-in unit

particularly to improve the facilities and accommodation for
the crew. The outcome of further development was the
Mark 3 equipment presently on trial in the L.T.R.

The equipment consists of two vehicles—a cable carrier
and a pulling-in unit, shown in Figs. 1 and 2 respectively. In
use, the two vehicles are positioned at opposite ends of the
length of duct to be cabled. Using the drawrope existing in
the duct, the winch on the cable carrier is used to draw in the
steel winchrope of the pulling-in unit. The cable is attached
to the winchrope and pulled into the duct by the winch
on the pulling-in unit. Radio communication between the
vehicles assists in synchronizing operations.

The cable carrier is an articulated low-loader which can
carry two four-ton cable drums on its dropped deck. The
drums are supported in frames which can be lowered to the
ground by extensible hydraulic arms to permit easy loading
and unloading. An auxiliary engine powers the hydraulic
system which serves a 1,000 1bf, 300 ft/min winchand a 2 kVA
110-volt generator as well as the loading mechanism. The
generator provides power for a submersible pump.

The pulling-in unit is basically a hydraulically-operated,
vehicle-mounted winch incorporating a rope-guiding system
in the form of a tower-mounted telescopic boom with a 25 ft
outreach. Attheend of theboom s pivoted a telescopic drop-
arm carrying, at its lowerend, a large-diameter cabling sheave
which can be lowered into a manhole by operation of the
boom controls. Recent and final development work on the
unit has consisted of improving the reliability and efficiency,
both mechanically and electrically, and providing more

sophisticated methods of control. As now designed, the unit
can exert a pull of 8,000 1bf at 150 ft/min.

The pulling-in unit is provided with lockers specially
designed and located to hold all the tools and equipment
which have to be carried. Directly behind the driver’s cab is
a crew compartment with a separate door on the near side
of the vehicle. This compartment is fitted with a folding table,
bench seats, a gas ring, small personal lockers for the men
and a space for them to hang clothes and stand boots.
Natural light is admitted through a translucent roof and a
fluorescent tube is fitted.

Trials of the earlier versions of the pulling-in unit showed
the need for a fine degree of control of the hydraulic equip-
ment. This has been achieved, in the latest unit, by extensive
use of electro-hydraulics in which control is exercised by
electric switches rather than by manually-operated hydraulic
valves. The speed at which the selected service or function
operates is governed by potentiometer control of the servo
system which, in turn, regulates the output from the main
hydraulic pump. The switches and potentiometers are
mounted in a control box which is linked to the relays and
connexionstrips on the vehicle by a flexible cable. By carrying
the control box, an operator can stand close to a manhole
entrance and control the unit from up to 30 ft away from the
vehicle.

Specifications are being prepared for the purchase of
15 cable carriers and pulling-in units to be distributed amongst
Regions in accordance with an agreed plan and programmed
to go into service during 1974,
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Regional Notes

London Postal Region

Conmmissioning of Mail-Processing Equipment

The installation and commissioning of the largest group of
automatic letter-sorting machines installed to date in a British
post office has been successfully completed by British Post
Office staff. This code sorting installation is at the New
West Central District Post Office, New Oxford Street. The
provision of power supplies and signal highways for the code/
sort equipment and the commissioning of the coding desks,
translators and 17 sorting machines has taken 18 months.

Commissioning the system requires a large amount of mail
passing through the machinesin order to set them up and then
run a meaningful trial. Since all the items have to be coded
and subsequently analyzed it is not practical, at present, to
use live mail and a large quantity of dummy mail, to test
specification, was made available for local addressing and
coding. The total number of items was about threequarters
of a million, or looked at another way about six tons. This
has very small residual value, and disposal was as scrap.

Since the office was operational during most of the com-
missioning, it was neccssary to make the area out-of-
bounds to normal office staff. This was done most economi-
cally by roping off the area with a single rope on standards
about one metre high, this was effective and gave separation
without isolation.

A specialist commissioning team, led by an Assistant
Executive Engineer, was used for the testing and com-
missioning work. As the job progressed, the team became
very experienced and effective, proving the value of this

approach.
R. New

The Regional Engineering Training Centre of the London
Postal Region

The recently completed Regional Engineering Training
Centre of the London Postal Region, is located at Garrett
Street, London E.C.1. The building, which has been completely
modernized, contains approximately 16,000 ft2 of accommoda-
tion arranged on four floors.

The training accommodation comprises two large lecture
rooms (24 students), one of which also serves as a cinema,
one smaller lecture room (12 students) and two demonstration
rooms, together with the following workshops:

hand tool, machine tool, welding, sheet metal and heat
treatment, electric light and power, electrical machinery
and electronic and light electrical.

The building also has a library and a conference/interview
room as well as office accommodation for the training staff.

Welfare facilities include a students’ tea bar and lounge, a
games room and a staff lounge. Showerbaths have been
provided in addition to the usual first aid, washing and
toilet facilities.

Provided primarily to meet the formal training needs of the
three-year T.T.A. training program, including the preliminary
recruitment selection texts, the centre has complete facilities
for the following range of T.T.A. courses:

induction, hand tools, electric light and power and hot
water fitting, machine tools, advanced equipment,
drawing office familiarization, heat treatment and
welding and sheet metalwork.

From time to time there will be capacity available which
will be utilized for London Postal Region adult training
requirements, which include courses on pulse clocks, relay
adjustment, electric light and power wiring, electronics, and

lifts.
I. W. S. BErRG

London Telecommunications Region
Provision of Emergency Radiophone sets for use at Disasters

During October 1972 the London Telecommunications
Region (L.T.R.) made available an emergency communica-
tions facility using portable radiophone sets. These provide
immediate access to the public telephone network at the scene
of a disaster, wherever the location, in advance of any other

Fig. I—An emergency radiophone unit complete with battery and
aerials, The lid containing the aerials is removed before use.

|

F1G. 2—An emergency radiophone unit ready for use in a vehicle.
Sufficient table space is available for two units to be operated
simultaneously.

communication which might be provided. The service is
intended for use by police and rescue services, and not by the
press or public. It may also be used to provide skeleton
communication where, for example, a hospital is isolated by
loss of normal telephone services.

Two portable radiophone units are held at North Central
Area Emergency Fault Control, Karen House. Each unit
comprises two wooden cases with carrying handles, a jointer’s
tent and a table with hinged hanging brackets for use in the
tent. A J4-type 15cwt planning vehicle is available for
transportation.

The radiophone equipment (system 3) is compactly housed
in the two specially-adapted wooden cases for easy transit.
One case contains the radiophone equipment and the other
a 12-volt battery (Fig. 1).

The radiophone components comprising the transceiver,
control unit, handset and loudspeaker are fixed inside the
case which is normally operated in an upright position, after

55



FiG. 3—An emergency radiophone unit ready for use in a jointer’s
tent. For clarity one tent section only is shown.

the lid has been removed. The case also contains a removable
battery-operated hand lamp as well as inbuilt illumination
powered from the radiophone battery supply, a removable
magnetic-adhesion aerial and a card with guidance notes on
operating procedure. The lid of the case houses the aluminium
mast sections and aerial for use if a tent is used, and also
feeder cables for both aerials.

The battery in the battery case, when fully charged, has a
capacity for 24 hours of continuous service. Separate battery
leads are also provided in the case to enable the radiophone
equipment to be operated from the planning vehicle battery
or any other available car battery.

In disaster situations, the radiophones will normally be
operated on the table surface in the vehicle which conveys
them (Fig. 2), or on the table provided in each jointers tent
(Fig. 3). When operated in the planning vehicle, the magnetic-
adhesion aerial is used and is positioned on the roof, which
then acts as a ground plane,

When operated in a tent, a sleeve dipole aerial plus five
mast sections are assembled and fixed to the end of the tent
by the clamps provided.

A set of London Postal Area and Outer London Telephone
Directories with writing paper and clip boards are included
with each set of equipment.

Whilst it is hoped that the need to use the equipment will
be minimal, experience has shown that there have been occa-
sions when rapid access to and from the public telephone
network at the scene of a disaster would have proved
invaluable.

This emergency facility was called for by the Directing
Board of the L.T.R. and the project was executed by its
Service Divisions. The Operations Division of the L.T.R.
was responsible for co-ordination of the project and issue of
all relevant instructions covering call-out procedure and
operation., The Maintenance Division of the L.T.R. designed
the sleeve dipole aerial and this was constructed in its Develop-
ment Workshop, which also designed and constructed the
portable equipment, incorporating commercial radiophone
units,

R. CLEGG
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Midlands Telecommunications Region
National Westminster Bank Computer Centre

National Westminster Bank opened their new computer
centre recently and became the first British Post Office (B.P.O.)
customer to have multipoint private circuits and out-of-area
standby exchange lines connected over pulse code modulation
(p.c.m.) links. The centre is on the site of a building purposely
build for a previous computer concern at Kegworth and the
B.P.O. was able to use a large existing equipment room. This
room houses the main distribution frame, the equipment for
seven p.c.m. systems, two racks of single voice-frequency
signalling relay-sets, miscellaneous equipment for key and
lampunits, and a private automatic branch exchange (p.a.b.x.).
In an adjacent room are the rectifiers and batteries for the
B.P.O.equipment and the p.a.b.x. Standbypower is provided
by the customer should the mains fail.

Because of the large amount of traffic involved, and the
need for security, every possible precaution is taken to
provide the customer with alternative routing in the event of
a catastrophic failure of cables and equipment. Sixty out-of-

Fig. 1—DT 102 switchboards in the teleprocessing area

FiG. 2—Seven 62-type racks mounting Datel Modems 1D



area standby exchange lines are provided over four p.c.m.
systems routed between Kegworth and Leicester, with alter-
native routing in two cables. An additional 20 out-of-area
standby exchange lines are provided over the remaining three
p.c.m, systems between Kegworth and Nottingham. These
are at present routed in one cable, but an alternative routing
is planned for the middle of 1973. The alternative routing
requirement also necessitated the provision of two separate
spurs from the computer centre to the main cables giving
security in the event of damage to one duct track. Signalling is
achieved by single voice-frequency relay-sets at the group
switching centres at Leicestcr and Nottingham, and at the
customer’s premises.

Under failure conditions of the private circuits, the bank’s
branches arc connected over the public switched network and
the standby exchange lines to four DT102 switchboards sited
in the teleprocessing area adjacent to the computer hall
(Fig. 1). Operation of keys on these switchboards connects
the standby exchange lines to modems via the control racks.
A complex of 30 key and lamp units is also provided in this
area for gencral data transmission enquiries.

The modern installation sited in the computer hall for the
Datel 600 service comprises 14 62-type modem racks mounting
128 Datel Modems 1D (Fig. 2), and three control-racks for
patching and testing. All the cquipment, the six initial private
circuits, and 20 standby exchange lines were to be installed
for a ready-for-service date of 1 September 1972, and because
some of the accommodation was not ready until the
middle of May the Leicester Area was committed to a very
tight schedule. With the exception of the p.c.m. equipment
the work on site was planned and co-ordinated by the recently
formed Area Customer Works Group in co-operation with
Telecommunications Headquarters and Regional Head-
quarters. Access to the equipment room was made available
in late February and work commenced there soon afterwards.
Accommodation for a workshop was provided by the
customer and this proved invaluable for constructing and
wiring the modems and control racks, and in removing the
modems from their normal cases and refixing them in shelves
on the racks. In spite of this being the first installation using
62-type modem racks attempted by the Leicester Area, the 14
modem racks and three control-racks were rcady for posi-
tioning and fixing in the computer hall on 15 May, the modem
installation and DT 102 switchboards were completed by the
middle of June and commissioning of the modems to the
datel test centre was commenced. By the middle of July the
relay-set installation at Kegworth and Leicester and the 30
key and lamp units were completed. The 60 out-of-area lines to
Leicester were connected and tested by the middle of August
followed soon after by the provision of the 20 remaining lines
to Nottingham, The initial six multipoint tariff S3 circuits and
a Datel 48k bit service to London were provided by the ready-
for-service date,

The project was a major achievement for Leicester Area
and the co-operation and assistance given by Telecommunica-
tions Headquarters and Regional Headquarters staff and all
in the area who participated, is gratefully acknowledged.

E. G. WiLsoN
D. J. WORTLEY

Scotland Directorate
Lochboisdale Exchange Fire

Lochboisdale is the romantic-sounding name of a small
manual exchange located in remote South Uist, one of the
misty Isles of the Outer Hebrides. However, there is nothing
romantic about an exchange fire, particularly when the
exchange happens to be a single-position CBS No. 2 switch-
board located in the house of the caretakcr-operator. In
addition, the exchange is a vital link in the life of the local
community and the three adjacent communities of Bornish,
Southboisdale and the island of Eriskay, which are served by
country-satellite exchanges. More important, the exchange is
located in an area not served by a regular full-time fireservice.

The fire occurred within the switchboard at about 17.30
hours on Friday 24 November 1972 and only the prompt
action of the exchange staff with the willing assistance of
nearby volunteers prevented major damage to the house. Fire
extinguishers alone could not contain the flames and ulti-
mately sand and water had to be used to complete the job.

By 18.00 hours the house had been saved but the switchboard
was a blackened, ruined, shell. While clearing up was in
progress, emergency action was being taken by the local
maintenance staff and by midnight temporary service had
been given to all emergency subscribers, using a 10 + 50
private branch exchange switchboard. Work continued
through the night and by Saturday afternoon temporary
service had been given to about half the subscribers.

On Saturday, a combined operation was mounted in the
Gencral Manager’s Office which resulted initially in a 10 - 30
switchboard being flown from Glasgow to South Uist. This
was installed by Sunday afternoon by the maintenance staff
and temporary service given to more subscribers, A replace-
ment CBS No. 2 switchboard and associated equipment were
obtained and loaded into a 15 cwt vehicle which on Sunday
started a 300-mile journey by land and sea to Lochboisdale.
This was driven by two construction engineers who would
form part of the team for permanent restoration, On Monday
a joint Traffic, Engineering Planning and Construction team
flew by charter plane, through force nine gales, to South Uist
and timing was such that the equipment and full team arrived
together at Lochboisdale in the afternoon.

Installation work started at once and by the following
Thursday service was restored to those subscribers who had
so far been without service since the fire. By Saturday 2
December all the subscribers’ lines on one of the temporary
switchboards had been transferred to the new switchboard
and the next day those on the other temporary switchboard
were changed over, Service to the country satellites had been
given by means of single telephones located at suitable places
in the areas concerned and these were also restored to full
service.

The cause of the firc is not known and may never be. The
switchboard was of an old pattern using Resistors Spool No. 1
and waxed cable forms, but the cxchange staff were not aware
of any prior sign or smell of over-heating,.

The above is a brief summary of the actions of many who
were involved, but the mostimportant action was undoubtedly
that of the exchange staff in their prompt handling of the fire.
Without this the Lochboisdale subscribers would probably
have been without service for a much longer period.

G. C. Dick

South Eastern Telecommunications Region

Prototype Datel Test Console

The Service Division of South Eastern Telecommunications
Region has produced a prototype datel test console in con-
junction with Telecormmunications Headquarters and the
firm of Trend Electronics Ltd.

The console is a 2-position suite and each operator can
connect any of a range of standard British Post Office modems
in the 2-wire mode to any of the exchange lines terminating
on the console. There is also a facility for extending modems
in the 4-wire mode to a patching jack field remote from the
console, Switching is based on conventional key and lamp
circuitry, with the necessary modem switching performed by
recd relays.

In addition to a comprehensive range of modems, each
operator has cxclusive use of a Datel Tester 1C, a frequency
counter and a loudspeaker. The two positions also share
access to a Datel Tester 2C, audio transmission measuring
equipment and an oscilloscope.

The modems can be accommodated in the rear of the
console or separately if prcferred. Removable pigeon holes
provide spacc on the facing panel for additional equipment if
desired.

R. BAYFIELD

Wales and the Marches Region

International Subscriber Dialling

On the 6 November 1972 international subscriber dialling
(i.s.d.) was introduced to 18 exchanges in the Cardiff and
Barry charging groups serving some 78,000 customers.

Although i.s.d. facilities have been available in the larger
director areas for some time, Cardiff is the first exchange to
use the new type of equipment developed for non-director
areas. The initial installation consists of 14 international
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registers, 56 international call-timers and associated control
and testing equipment. Fourteen direct circuits between
Cardiff and Wood Street international exchange are in use.
The equipment provides facilities for routing traffic over
the trunk transit network.

The contract for the provision of this equipment was placed
with Plessey Telecommunications Ltd in January 1970, and
the installation commenced on the 22 February 1971.

All the i.s.d. and associated equipment was installed and
ready for acceptance testing by the British Post Office (B.P.O.)
in November 1971. Being prototype equipment, many design
difficulties were encountered during the next six months, but
owing to the excellent co-operation between Telecommunica-
tions Headquarters, Plessey and local B.P.O. staff, these
problems were overcome. During these six months, many
direct labour works associated with this contract, and also
modifications to existing equipment, were completed.

It is interesting to see how the critical path analysis (c.p.a.)
charts prepared by the Wales and the Marches Telecommuni-
cations Board staff helped our progress. The c.p.a. charts
pin-pointed the areas of difficulty and helped with staff
allocation to the numerous direct labour works required to
be completed before i.s.d. could be brought into service.

Since the Cardiff i.s.d. equipment would use the outgoing
Signalling Systems Multi-Frequency No. 2 group switching
centre (g.s.c.) transit portion of the equipment it was essential
that the g.s.c. transit call-through test be completed before
the i.s.d. call-through test could start; this was achieved by
the 30 June 1972,

The call-through test for the i.s.d. equipment was divided
into three stages

(a) to prove that every controlling register within its own
unit had access to every international register,

(b) to prove that international calls could be made from
every register-access relay-set and that the metering and call
barring facilities were correct, and

(¢) to prove that international calls could be made from
all the outlying exchanges and that metering and call barring
facilities were correct.

The first two stages were carried out in the quiet periods
i.e. calls to America were made between 07.00 hours and 12.00
hours and to Europe between 06.00 hours and 09.00 hours and
the results were excellent.

Stage 3 tests were carried out by both engineering and
traffic staff and the results from these proved to be above the
national service-observation figures.

Traffic recordings over the Christmas period showed that
on several occasions the traffic was over the design figure of
7-7 erlangs.

The provision of i.s.d. at Cardiff was an excellent example
of teamwork. We would take this opportunity to thank all the
staff in the Cardiff Area, Telecomminucations Headquarters
and the International and Maritime Telecommunications
Region for their interest and help in overcoming the many
problems.

B. G. HiLL

Associate Section Notes

Aberdeen Centre

So far this session the Centre has had one day visit, one
evening visit and two talks. The first of the talks was on
“Townplanningand the history of Aberdeen’’ while the second
was on ‘‘Mountain rescue’’. Both talks were illustrated by
excellent slides and proved to be very interesting and in-
formative.

Our first day visit took place on 10 October 1972. Twenty-
three members went on a visit to the South of Scotland
Generating Board Power Station, Longannet, in Kincardine.
The station was very impressive, the visit being worthwhile
and enjoyed by all who attended.

We had an evening visit to the Marine Laboratory on 6
December. This was a return visit and on this occasion we
saw the Aquarium, following two short films and a talk on
exhibits in the Demonstration Hall.

J. H. McDoONALD

Bournemouth Centre

Our summer 1972 season started in June with the annual
general meeting, followed by a film show, with films kindly
loaned by the Ford Film Library.

In July a very successful evening was held, with our General
Manager Mr. B. H. Berresford giving a most interesting talk,
and taking the opportunity to meet many of our members.
We completed the evening with a buffet organized by members
of the committee.

After a quiet August and Septcmber, due to the pcak leave
period, we started the Autumn program on 5 October with an
interesting talk on the T.X.E. No 2 Exchanges, given by our
local guest speaker Mr. M. H. Woodsford.

On 14 October, 18 of us visited the Police Driving School at
Devizes, each member being taken out in a Police car, and
also given practical instruction on the skid pan.

On 24 October some of our members attended a lecture
and demonstration of the latest techniques in hi-fi. The guest
speaker was Mr. B. J. Webb a frequent contributor to Hi-Fi
News. This was at the invitation of the Graduate and Student
section of the I.E.E. who also invited us to lectures in February
and March 1973.
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A party of 19 of our members visited British Broadcasting
Corporation Radio Solent at Southampton on 9 November,
where we spent a very interesting and informative evening,

At the end of January 1973 a visit was made to Mullard
of Southampton.

G. H. SEAGROATT

Colchester Centre

The Colchester centre began its winter session of meetings
with a talk on ‘““Alaska” by a member of the staff of British
Petroleum. The theme of the talk was the country, its inhabi-
tants and climatic conditions. The climate ranged from near
sub-tropical in the south, during the summer months, where
150 inches of rain is not unknown, to the snow mountains in
the north with temperatures of 50° below zero during the
winter months.

Our winter program continues with a demonstration of
hi-fi stereo equipment and talks on:

Fibre glass by the Strand Glass Co., submarine cables by
Mr. T. Emery, big game fishing by Mr. L. Moncrieff, ending
the session with a talk on the use of triacs and thyristors by
Westinghouse.

The summer visits included a tour of the Shellhaven refinery
in Kent and visits to the Police Driving School Chelmsford,
Booths distillery and a lunch and tour of the Mullard valve
factory.

A visit to a National Coal Board mine had to be postponed
and will take place during the early summer next session.

During last summer, one of our committee members,
M. T. Shanks, a long-standing holder of the honorary
secretaryship of the local centre, retired and was made an
honorary member of the local centre.

In addition to our normal winter program, the committee
have agreed to put on a concert of classical records for those
members interested. The first was an experiment and went
down quite well, although there was a shortage of members,
as always.

R. L. E. DURRANT



Dundee Centre

During the first half of our 1972/73 Session we have
enjoyed a varied and interesting program. On a visit to the
Departinent of Civil Engineering, Dundee University, we
were shown how tests were made on inany different inaterials
from soil samples to road-making aggregates. Special interest
is being taken in the Tay Estuary, ineasuremcnts bcing taken
to determine among other things the flow of water and
pollution; a really worthwhile evening.

A visit to the muscum gave us an insight behind the scenes,
allowing us to seec how itcms are prepared for exhibition. The
changes envisaged by the director show the forward view
taken by the management of the establishment nowadays.

Our first talk was “North sea oil”” by Mr. Kenny of Aber-
deen and as anticipated proved to be most interesting. The
lecture, suitably illustrated by film, slides and samples was
first class.

The second lecture was given by Mr. W, Crook, Scottish
Telecommunications Headquarters, and his subject “Post
Office statistics” left those attending a bit wiser as to the
reasons behind all the facts and figures which play such a
large part of our day-to-day life in the British Post Office.

R. T. LuMsSDEN

London Centre

The London Centre are having a very successful session so
far. Attendances at the monthly talks have been inuch better
this year and are improving each time. The Tower quiz
trophy competition final was held in November and South
Eastern Region held the trophy after narrowly beating London
Telecommunications Region’s (L.T.R.) South West Area in a
fine quiz. We have many interesting projects underway at the
moment and some fine workshops are being built up in the
L.T.R., a good example being in the South Central Area.

Our program of visits is comprehensive and is being enjoyed
by our members. The L.T.R. have adopted a lapel badge and,
as with our ties, they may be purchased by any associate
member. The London general secretary may be contacted for
further information.

P. L. HEWLETT

Notes and Comments

Publication of Correspondence

The Board of Editors would like to publish correspondence
on engineering, technical or other aspects of articles published
in the Journal.

Letters of sufficient interest will be published under ‘‘Notes
and Comments”. 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 July issue if they are received before 25 May
1973.

Letters intended for publication should be sent to the
Managing Editor, P.O.E.E. Journal, Post Office Factories
Headquarters, Bovay Place, London, N7 6PX.

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 easily interpreted.
Any author preparing an article for the Journal who is not

Oxford Centre

The present session’s meetings are marred by very low
attendances but the faithful band of members who regularly
come along arc enjoying a very interesting program.

This began with a talk and demonstration of amateur
radio equipment when two stations were set up in a local
public house by the Oxford Radio Club.

In December we visited the Nuffield Orthopaedic Centre to
hear about artificial limbs and invalid cars.

Our next talk, in February, was on submarine cables by
Dr. Bray, our Associate Section President, and in March one
of our members spoke about his hobby, photography.

If our talks have been sparsely attended our visits to local
places of interest are always very popular.

This year we visited Didcot power station, the Thames
Valley Police Headquarters and the new presses of the Oxford
Mail and Times.

We hope those of our members who find it difficult to leave
their armchairs and television sets will realize what they are
missing and attend at least one ineeting next session.

D. A. GREEN

Swansea Centre

It is very pleasing to report that, after a period rather in the
doldrums, the centre at Swansea has now become very inuch
alive. At the annual general meeting on 8 November 1972
Malcolm Connor was elected Chairman and Phil Evans,
Secretary, together with other officers and committee. This
was followed by a talk on appraisements and promotion by
E. S. Armstrong, Area Engineer, Swansea. On 7 December
there was a visit to the Royal Naval Reserve (R.N.R.)
Headquarters at Swansea for a quiz and darts match. The
R.N.R. proved very hospitable and it was a most enjoyable
visit.

For the new year a full program has been arranged including
a visit to the A.T.V. Studios at Birmingham.

Perhaps the most encouraging aspect is that during the last
few months the membership has increased from 52 to 141.

P. Evans

already in possession of the notes is asked to write to the
Managing Editor to obtain a copy.

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

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

Letters to the Editor

Dear Sir,

Mr Laver’s letter published in the January 1973 issue
reminds me that many years ago I read that when poles were
being introduced into urban areas it was customary in
“better class residential locations’ for poles to be painted
not creosoted. To further improve their appearance they were
fitted with turned wooden finials instead of bent metal roof
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shapes used elsewhere. More recently of course trials of
hollow steel poles were carried out,

Presumably additional cost andfor reduced durability
terminated both these approaches.

Yours faithfully,
T. D. BEASOR

Telecommunications Headquarters,
Purchasing and Supply Dept,
207 Old Street,
London EC1V 9PS

Dear Sir,

Reading Mr. Laver’s letter in the January edition brings
to mind another problem relating to the Post Office image
in the urban landscape. This is the increasing size of telephone
exchange buildings. If I may extend Mr. Laver’s metaphor,
many urban telephone exchanges have grown into large oaks
compared with the small acorns of Sir John Gavey’s day.
Consequently, town planners consider that the urban land-
scape is being disfigured by our tall buildings, with their
15 ft storey heights.

Storey height and rack height are related, but it is not
clear which one came first. It would be of interest to know
the origin of the 10 ft 6 in high standard apparatus rack and
I would be grateful if any reader can supply the answer. One
theory is that some of the independent telephone companies
installed equipment in old warehouses prior to take-over and
standardization by the General Post Office. The 15 ft storey
height then applicable to warehouses seems to have lingered
on ever since.

The services of architectural design consultants have been
employed from time to time but even the most ingenious
and pleasing architectural schemes still seem alien to an
urban or rural background where lower storey heights are
common.

The question therefore arises as to whether it is not time
to consider a shorter equipment height in our modernization
plans, thereby reducing storey height for TE buildings? This
would accord with the urban rather than the industrial
landscape into which many environmentalists would wish to
place our telephone exchanges.

Yours faithfully,
P. CANNONS
Eastern Telecommunications Region,
Director’s Office,
St. Peter’s House,
Colchester,
Essex CO1 1ET

Dear Sir,

Mr. Laver, in his letter on telephone poles, has missed one
or two vital points. The first is that the pole has changed
considerably since the days of Sir John Gavey. Docs he really
believe that the introduction of ring-type distribution was a
regressive step when compared with the old single or double
poles, carrying 4, 6, 8 and even 10-way arms? The second
point is that the distribution pole had its aesthetic uplift a
few years ago, with the streamlining of drop-wire and pole
fittings, which enabled light poles to be used forsubscribers’
distribution.

No one will dispute that underground service is better
aesthetically, and the Post Office will provide underground
service if the local authority or estate developer is prepared
to help pay for this amenity; at present 80 per cent of all
dwellings on new estates are served by underground distribu-
tion. However, we must have poles for many years to come,
as overhead drop-wire distribution is normally the cheapest
and most suitable way of providing telephone service. Perhaps
Mr. Laver can suggest how the pole can be improved at a
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reasonable cost, so that the resulting design is sufficiently
elegant to overcome most pole-objectors dislike of overhead
distribution?
Yours faithfully,

D. E. FAGG
Telecommunications Headquarters,
Operational Planning Dept,
Lutyens House,
1-6 Finsbury Circus,
London EC2 M 7LY

Dear Sir,

The following extract from the fermanagh Times, Ennis-
killen, dated September 1907 is of interest in view of the
comments made by Mr. K. S. Laver.

“Our fastidious Town Improvement Conunittee have been
most careful to exclude from the main thoroughfares the
ordinary tall poles which are to carry the telephone wires
soon to be erected in our midst. They have not banished the
lines, but they have relegated their supports (o the least
conspicuous positions. Now a factory has just been opened
in Germany for the manufacture of glass poles which are
to take the place in our progressive world of the old and
clumsy wooden arrangements which have been so long in
evidence. These I fancy would be quite an ornament to
the streets in which they are located. They will probably
be coloured in various light and handsome hues; in fact
different fanciful devices may be interwoven through them
according to the taste and artistic yearnings of the Munici-
palities utilizing them, Could not our City Fathers insist
upon this most admirable substitute being employed here;
might not they call upon the Telegraphic Department to
make what would really be a chrystal colonnade along our
leading footpaths from bridge to bridge ? Quite a charming
idea is it not? and quite practicable too seeing that the
Improvement Committee has for its chairman, a venerable
and Nationalist M.P.!”’

It would appear that over 65 years ago there was concern
being expressed about wood poles.

Needless to say the engincers at that time paid due regard
to the suggestion and did a cost study and evaluation of this
revolutionary pole. The conclusion reached was that the new
pole was not an economic proposition. This was in the days
when a 24 ft light wood pole (creosoted) was quoted in the
Rate Book at 7s. 3d. whilst the estimated cost of the glass
pole was 25s.

Production of the glass pole never got off the ground as
the Germans found that the cost of setting up a production
line was prohibitive.

In the ensuring years, generations of external engineers
evaluated alternative types of poles, e.g. concrete, asbestos
cement, steel, iron, glass fibre reinforced, etc., and even today
are investigating other possible alternative materials.

There are many reasons why after all these trials and often
tribulations (remember the sheet steel pole) we have to admit
that the wood pole has many virtues which modern man-made
materials lack.

When looking for a suitable substitute one must consider,

Cost—Wood poles are still relatively cheap, considering
that the poles are obtained from the far North of Finland.

Handling—Wood poles can take a lot of hard knocks
during loading and unloading without apparent damage or
ill-effect.

Weight—Concrete, steel and iron poles are generally much
heavier for the same strength characteristics as those for a
wood pole. They also have to be handled with greater care.

Long life—Wooden poles last for up to 50 years and there
are no doubt many still around older than this and still in
good condition.



Timber of course is an easy material to make attachments
to and offecrs flexibility for a change of use during the life of
a pole, e.g. open-wire or armed poles are easily converted to
ring type, cable dropwire poles. Man-made poles on the other
hand have to be very carefully designed to ensure that all our
fitments can be accommodated without further expensive
drillings and fittings.

The real solution to all overhead problems is of course to
put all the services underground, which is of course being
done whenever possible on new housing estates, but the cost
of doing this restrospectively for all the existing overhead
plant is prohibitive, bearing in mind that the present U.K.
pole population is in the order of some 3-5-4 million poles
and annually the Post Office purchases some 125-128 thousand
new poles.

In spite of this, however, there have been great improve-
ments in overhead distribution, with the change from open-
wire construction to the present cable dropwiring construction,
particularly in urban areas. Together with this has been an

increasing practice of burying cable directly in the ground by
mole-ploughing techniques in the rural arcas.

I am sorry that Mr. Laver fell back on the old or is it
new cliche, “‘cmploy a design consultant.” It is possible that
they might recommend that the branches are left on the poles
to improve the landscape, but I doubt whether they would
produce an economic alternative to the humble wooden
pole, with any more success than the present and past external
engineers have done to date.

Yours faithfully,
L. CLARK

Telecommunications Development Dept,
Carlton House,

Carlton Avenue East,

Wembley,

Middlesex HA9 8QH

Press Notices

Electronic Exchanges go Mobhile in New Attack on
Waiting List

The B.P.O. has placed a £3m order for mobile electronic
tclephone exchanges as part of its campaign to bcat the
waiting list for telephones.

Between 30 and 40 mobile clectronic exchanges, capable of
providing service to a total of 45,000 customers, arc to be
supplied by Plessey Telecornmunications.

Work has already begun on the construction of about 80
purpose-built caravan-type housings to carry the exchange
equipment—a mobile version of the TXE2 exchange. Delivery
will begin in May, and all the new electronic exchanges will
be ready for service by September 1974, They are bclieved
to be the first mobile electronic exchanges in the world.

The B.P.O. already has an extensive fleet of conventional
mobile exchanges which deal with up to 400 customers cach.
These new exchanges are considerably bigger—25 have a
capacity of 1,000 lines each and 10 of 2,000 lines each.

Mobile telephone exchanges form an important part of our
short-term program to provide service as quickly as
possible to pecople waiting for ’phones. This new order—the
fourth this year for mobile exchange equipment—is a further
indication of what the B.P.O. is doing to tackle the
waiting list problem, which arises from the massive increase
in public demand for telephone service.

The new mobile exchanges arc being fitted with electronic
equipment which has already been working successfully since
1966 in permanent electronic telephone cxchanges, of which
there are now more than 250 in service.

Like the B.P.O.’s fleet of conventional mobile exchanges
the electronic units will be moved around the country pick-
a-back on low-loader trailers. Once on site they can be
brought into service in about six weeks. The new electronic
units can be used to augment service at most types of tele-
phone exchange.

Two major uscs are planned:

bringing immediate relief to areas, particularly in towns,
where the waiting list is large; and

temporarily replacing a permanent exchange which is being
re-equipped or refurbished—this would speed re-equipment
programs and avoid interrupting service while work is in
progress.

At present the B.P.O. has 250 conventional mobile
exchanges. Because of maintenance and transit, not all are
in service at once, but more than 60,000 people who would
otherwise be waiting are now on the ’phone because of these
exchanges.

More than 350 mobile exchanges—including thc new
electronic units—are now on order and in various stages of

production, boosting the eventual size of the fleet to more than
600 exchanges. During the next three years about 200,000
customers will be connected to the telephone network by
mobile exchanges.

To help pcople get ’phones faster, the B.P.O. also uses
portable racks of equipment which can be fitted into existing
telephone exchanges. More than 600 racks, each providing
service to 200 people, are already in service providing a total
of 120,000 lines. A further 300 racks—capable of providing
60,000 extra lines—are in production or on order.

Transportable TXE2 exchanges are housed in trailers 27 ft
long, 9 ft 4 in wide and 13 ft 4 in high externally. They use
normal TXE2 equipment mounted on racks of the same
width and depth as standard racks—3ft and 22 in—but
only 8 ft 14 in high (standard rack-height is 10 ft 6 in). Each
rack is supported between the floor and overhead ironwork
by eight coil-spring anti-vibration mountings to avoid
damaging the electronic equipment when the unit is on the
move. While the trailers are moving the equipment is held in
place by aluminium bars across the rack faces.

A 1,000-linc exchange will be housed in two trailers: a line
and switching trailer housing line units, A, B, C and D
switches, supervisory relay sets, meters, distribution and
trunk connexion frames; and a control trailer with the
control equipment, registers and power plant, with batteries
providing 10-hour standby; it will also have a workbench
and test equipment. A 2,000-line exchange will comprise two
linefswitching trailers and one control trailer, with five-howr
battery standby.

All the mobile units will be equipped with heating, ventila-
tion, and fluorescent lighting.

For moving on and off the low loaders and for manoeuvring
on site each unit has four detachable wheels fitted with solid
tyres.

Trailers will be linked by cables, in metal trunking ter-
minating on sockets for connexion with plugs mounted on
the trailer housings.

The mobile TXE2 exchanges will be largely self-sufficient,
necding only a mains power supply for operation once
connexions have been made to the local cable nctwork and
to the junction cables between the mobile exchange and
selected permanent exchanges. This independence enables the
mobileunit to opcrate as an unattended automatic exchange—
where necessary completely replacing an existing exchange.
It will cater for p.b.x.s, single lines and coinbox lines and
provide s.t.d. facilities.

The local telephone numbers of the subscribers connected
to a mobile TXE2 may be of four, five or six digits. When it
is uscd as a relief exchange the numbers given to the sub-
scribers will not usually need to be changed when lines are
transferred to a permancnt exchange.
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Dial up Datel 2400

A new service for scnding computer data over the public
telephonc nctwork for the cost of a tclephone call has been
introduced by the B.P.O.

Known as Datel 2400 Dial-up, the new service enables
computer users to send data in binary form—a stream of
rapid pulses—at 2,400 bits (binary digits) per second, faster
than ever before over the U.K. switched telephone network.

In the new service, customers are able to gain advantage
from using many types of data terminal equipment—including
visual display units, remote batch terminals and front-end
processors—which were previously restricted to usc over
special private circuits or at lower operating speeds over thc
switched telephone network.

As with existing Datel 200 and 600, users of the new scrvice
have a modem (modulator/demodulator) associated with
their telephone to convert the digital data {o a form suitable
for telephonc lines. They set up calls by dialling in the usual
way and then switching over to data transmission.

Datcl 2400 Dial-up uses a modificd version of the B.P.O.
Datel 2400 modem that has already been well proved inservice
over private circuits. The modified modem provides syn-
chronous transmission of serial binary data at 2,400 bits per
second (bit/s) in one direction at a time over the public
switched telephone network. The modem can be switched to
operate at half or quarter speed where difficulties arc
experienced at 2,400 bit/s.

Transmission at 2,400 bit/s is possible on a large proportion
of calls over the public network: of hundreds of trial calls
made by the B.P.O. during|the last year between points
scattered throughout the country, between 80 and 90 per
cent were successful., In addition to these proving trials
Datel 2400 Dial-up has been tried out over the past six months
by computer users in London, Edinburgh, Birmingham,
Nottingham and Tecesside. All who took part expressed
satisfaction and willingness to take the new service.

The charge for the Dial-up service is made up of a con-
nexion charge of £50 and a inodem annual rental of £280.
The cost of transmission is the same as for a speech call over
the same distance for the same time. Users, like Datel 200
and 600 customers, are able to take advantage of the Mid-
night Line service, in which, for £200 a year, they can make
unlimited free dialled calls within the U.K. between midnight
and 6 a.m.

At the end of March 1972 there were 19,060 Datel terminals
in use in Britain compared with 15,093 a year earlicr—an
increase of 26 per cent.

Same Trench for 'Phone and Power Cables

Telephone and electricity cables serving new housing
projects are to be laid side by side in the same trench under
an agreement reached between B.P.O. Telecommunications
and Britain’s Electricity Boards. Cables laid in this *““twinning”’

scheme will be protected to ensurc that there is no danger of
electric shocks for telephone users.

Whenever possible, the Arca Electricity Board will cxcavate
the trench and lay the telephonc cable at the same timc as
its own cable, sending a bill to the B.P.O. Telecom-
munications Region in whosc area the work is carried out.
(The Board may employ a contractor.) Twinning thc two
services cut costs, speeds the provision of service, and reduces
inconvenience to the public.

Agreement on cable twinning follows successful 18-month
trials by four B.P.O. Telecommunications Regions—
London, Eastern, South-Eastern and South-Western—and
the South Eastern and Southern Electricity Boards. It will
now be possible for the B.P.O. to conclude agreements
with all other Area Electricity Boards. The agrecinent sets
out the main contracfual and administrative requirements;
detailed arrangements and charges will be negotiated between
individual telephone areas and electricity boards. Replacing a
variety of local twinning arrangements over the past five
years or so, the agreement cxtends the twinning principle
over the whole country.

Cost of the work to the B.P.O. is expected to be about
30 per cent lower than when separate trenches are used and
there will be similar benefits to Elcctricity Boards.

Cable twinning first became possible when B.P.O. studies
showed that modcrn tclephone cables and low or medium
voltage (440-volt or 660-volt, three-phase and neutral) clectric-
ity cables could makc random contact without affecting the
safety and reliability of cither service. The protcction for the
telcphone cables consists of steel wire armouring over the
polyethylenc shecath which protects the telcphone pairs, with
a second polyethylene shcath over the armouring. When the
telecphone cable is laid by an electricity board, thc jointing
of the cable will still be carried out by B.P.O. technicians.

Twinning arrangements are a limited form of co-ordinated
installation of underground services: full co-ordination
between all services-—electricity, telephone, radio and TV
relay cables, gas, water, and sewage pipes, in a common
trench—has been studied since 1966 by an Advisory Com-
mittee set up by the then Ministry of Public Building and
Works (now Department of the Environment). The Com-
mittee has issued two reports on the technical and manage-
ment problems involved. These are published as R. & D.
Bulletins, available from H.M.S.0.; copies of both have
been supplied to all Regions by Post Office Telecommunica-
tions to provide general guide lines for co-operation with
other services.

Trials carried out under Advisory Committee principles
have shown that full co-ordination is of greatest advantage
for major projects such as new towns, or large municipal
housing estates. The more modest schemes benefit from
twinning arrangements with two coinparable services, such
as electricity and telephone cables, sharing the same trench.
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Hewlett-Packard announces
a truly portable Amplitude and
Delay Distortion Analyser that
betters CCITTrecommendations

* Transmitter and receiver combined insingle,
rugged, easy-to-carry casc.

* Measures group delay and attenuation
distortion using CC ITT approved principles.

* Measuring frequency range 200 Hz to 20KHz
Reference frequency 400 Hz to 20 I(Hz.
Synthesiser accuracy of the generator
gives enhanced rcpeatability of results.

——

* Absolute level measurements from +10dBm . o _
to —50dBm from 200 Hz to 20 KHaz. For full details on this portable, practical
instrument, which sets new standards of accuracy
* Solid statc digital displays. Selectablc digital in this ficld, pleasc contact Hewlett-Packard L.td.,
averaging facility to improve noise rejection. 224 Bath Road, Slough, Bucks.,SL1 4DS.
o o ) Tel: Slough 33341.
* Facilities provided include: automatic £

continuous/single frequency sweep and HEWLETT 'hp PACKARD

incremental stepping; X-Y recorder outputs.

* Options: louglspeaqu; telephone fa(_:'l'tlﬁ Sales, service and support in 172 centres in 65 countries.
de loop holding; flexible tone blocking. UK: 224 Balh Road, Siough. Bucks SL1 4DS. Also Scuth Oueensferry, Scoliand.
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| When

ader’s
Digest

wanted to enrich
their word power
they came to us.

With over 1.5 million copies of the Digest 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 — helpful
advice. They wanted a system for now and the foreseeable future —
to link all departments, all 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.




Pye Business Communications Ltd

Cromwell Road + Cambridge CB1 3HE - Tel: 0223 45191 - Telex: 81547
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alperstars

HIGH-PERFORMANCE MF-HF RECEIVERS
for ¥ P & T Stations ¥ Civil Aviation Networks ¥ Naval & Military Forces
¥ Maritime Mobile Service

. R )
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High-gradereceiverdesigns with a choice of tuning wide
enoughtospanthe whole world of MF-HF
communications.

Hereis simply unbeatable performance. Outstanding
frequency stability. Unyielding front-end protection.
Unrivalled AGC. Plus exceptional dynamic range and
blocking characteristics. From this great twosome:

R551 Selection of continuously variable or full
frequency synthesis tuning 16kHz - 30MHz. Supplied
to leading P & T authorities and adopted by the Royal

5

s notinsl

off.

fast. fe)
(tuna) -.1l'
slow

g stand by

supply

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 10switched channels, 255-525kHz,
1.6-30MHz. Optional filters, BFO and carrier reinsertion
to provide any or all of CW, MCW, USB, LSB, |SB
and DSB modes with choice of bandwidths and remote
control over more than 25km. In service withP & T
organisations, in civil aviation networks and in coast
stations throughout the world.

Redifon Telecommunications Limited
R E D l F 0 N Radio Communications Division
Broomhill Road London SW18 4JQ.

A Member Comgpany of the Rediffusion Organisation. Tel : 01-874 7281
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Next time you need instrument cases, cabinets or
consoles, made in wood talk it over with Whiteley. It
could be a very profitable discussion for you. Our new
woodworking plant is ready with the most up-to-date
machinery, to provide speed and quality in volume
production. We can work from your drawings, or design

to meet your needs. Tell us the problem. Qur specialist
experience spans acoustics, heat dispersal and many
other problems met in instrument packaging—and it's
all at your service.

We can produce cases and cabinets of all kinds, acoustic
hoods, desk consoles, wall boards, loudspeaker enclo-
sures etc., in veneers to any specification, polished or
lacquered, and finishes in cellulose or melamine. We
can assemble the electronics in the case if you so desire.
In fact, we can provide as many facilities as you need,
from instrument design to sheet metal work and plastics
moulding. Many of the big names in industry cure their
production headaches by calling in Whiteley. When can
we meet you?

Whiteley

versatility...

ELECTRONIC & ELECTRICAL DESIGN

PRODUCTION CAPABILITY
CABINET MAKING
SHEET METAL FORMING/FINISHING

PLASTICS MOULDING
ENCAPSULATION

WHITELEY ELECTRICAL RADIO CO. LTD.
Mansfield, Notts, England. Tel. Mansfield 24762
London Office: 109 Kingsway, W.C.2. Tel. 01-405 3074

See us on stand 405 I.L.E.C. Olympia

ol
a!ked

Aerialite
forit!
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MUIRHEAD IS THE LARGEST BRITISH
DESIGNER AND MANUFACTURER OF

FAGSIMILE COMMUNICATIONS EQUIPMENT

Since 1946 Muirhead have been developing and:
producing the outstanding series of Muirhead
equipments — and in addition have become the
acknowledged specialists in communication net-
work engineering, providing complete facsimile
communications systems.

THE COMPANY'S IMPRESSIVE
RECORD SPEAKS FOR ITSELF:

The widest facsimile equipment range in
the world. Systems include: Weatherfax,
Wirephoto, Pagefax, Docfax, Policefax,
Mobilefax and Satellite systems.

Over 10,000 (6,000 Docfax) machines
operating throughout the world.

More than 60% of our turnover is exported |
and we have up to 90% of the world market [
in certain sectors.

Our market includes : Government Authori- 6
ties, Military, Civil Service, Major Industries, _;.:- .
Financiat and Commercial Concerns.

Muirhead Facsimile world’s first:
National weatherfax network (Canada).
Ship-to-shore picture transmission,
Newspaper page facsimile system.
Mobile facsimile system.

ONLY MUIRHEAD FACSIMILE SYSTEMS GIVE
YOU THESE ADDITIONAL BENEFITS:

Unlimited systems scope — automatic switching

ALL MANUFACTURERS  DOCUMENT
FACSIMILE EQUIPMENTS GIVE:

ie Error-free transmission — without transcription — of 1.

the original e.g. handwriting, signatures, drawings,
pictures, invoices, orders, etc., etc.

units are available to build up facsimile networks to
your unique specification.

24 Speed — faster than teleprinter or messenger, — 2, The right units for any application — considerable
use any telephone line. variety of transmitter and receiver units and
3 Transmission over any distance —~documentscan be combinations.
sent anywhere you can phone. 3L Automatic transmission and reception with Stack
Loader if required.
4. High speed, available now.

Confidential facsimile transmission — that's why
Muirhead no longer offers an Accoustic Coupler,

Our advisory service is free

MUIRHEAD LIMITED,

BECKENHAM, KENT. BR3 48BE

Telephone: 01-650 4888

Docfax 01-658 0941 - Telex: 262710

Grams and Cahles: MUIRHEAD BECKENHAM

FACSIMILE
COMMUNICATIONS
THAT'S BRITISH
—AND BEST

MUIRHEAD




The
Cole-Boyd Group
Delay Measuring Set
M1010

Accuracy at a sensible price

The new version of the Cole-Boyd Group
Delay Measuring Set is even better than
before. Wide range of modulation
frequencies — reference frequency facilities
— improved front panel design for ease

of operation.

The M1010* measures group delay variation
over the frequency range 200 Hz to 600 kHz.
An accuracy of 5 microseconds can be
achieved up to 20 kHz and +1 microsecond
at higher frequencies. Carrier frequency

is digitally displayed for precise setting.
Delay is indicated via ‘backing off
thumbwheel switches and on an analogue
meter for maximum sensitivity. For full
details of the outstanding capability of the
M1010 send for our illustrated data sheet.

*#The M1010 is supplied to the British Post Office
as Measuring Set No.37B.

r--- N N S N
MANUFACTURING

1

DIVISION l
[

|

I

|

I Cole Electronics Ltd.,
Industrial Estate,

I Wickford, Essex
Tel: Wickford (037 44) 6141

Please send me details of GROUP DELAY SET M1010

NAME._ B o )
POSITION . I
COMPANY__ E—

ADDRESS § I

-----------J

Aenalite
made
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12-CIRCUIT CARRIER TELEPHONE SYSTEM

E LINES @Tmlﬂ@
£ @S| % TERMINAL, REPEATER AND LINE EQUIPMENT

# C.C.LT.T. STANDARD PERFORMANCE
# INSTALLATION IS NO PROBLEM

*0FF THE SHELF DELIVERY

Celellra

LABORATORI DI TELEFONIA ELETTRONICA E RADIO
20059 Vimercate-Milano (Italy)viaTrento,30-tel.{039) 63301-63551 - telex 31158

< N00AQ000aaRE,




Here

tis!

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.

Aerialite will specially
manufacture TV distribution
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.

The two ranges:

Aeraxial Semi Air Spaced
Polyethylene dielectric copper
taped braided and polythene
sheathed television distribution
cables. Five cables in the range,
with inner conductor sizes from
1.27 mm to 3.05 mm.

Solid Polyethylene dielectric
copper taped and polyethylene
sheathed television distribution
cables. Five cables in the range,
with inner conductor sizes from
0.73 mm to 3.65 mm.

For further information, send for
Aerialite’s new publication giving
full technical specifications of the
latest range of TV Distribution
Cables.

To Aerialite Cables Limited: Please send me your brochure

[ | [ |
Aerlallt . entitled Aerialite Television Distribution Cables.
NAME

Acerialite Cables Limited, . POSITION
Castle Works, COMPANY

ADDRESS

Stalybridge, Cheshire SK15 2BS. —
Telephone: 061-338 2223 -

Cables: Aercables, Stalybridge.
Telex: 669902
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TYPE 62

FULL RANGE

7 TO |4 DAY DELIVERY

OR INSTRUMENT ELECTRONIC
HIGH PREC'SION MECHANICS AFND AUTOMbAqTION INDUSTRIES

TELECOMMUNICATIONS
MECHANICS

P.O. APPROVED

IMMEDIATE QUOTATIONS AND
TECHNICAL SERVICE

SHELF ASSEMBLIES

P.C.M. TRANSIT JIG DATEL MODEM

CRAY ELECTRONICS LTD O ELERLONE: CRAYEGRD 3528);




MODEL
ANSWER BOOKS

CITY AND GUILDS OF
LONDON INSTITUTE
EXAMINATIONS FOR THE
TELECOMMUNICATION TECHNICIANS’
COURSE

Six model answer books are available, each covering
one of the following subjects,

TELECOMMUNICATION
PRINCIPLES A

TELECOMMUNICATION
PRINCIPLES B

TELEPHONY AND TELEGRAPHY A

ELEMENTARY
TELECOMMUNICATION PRACTICE

RADIO AND LINE TRANSMISSION A
Price 374p each; 42p (Post Paid)

LINE PLANT PRACTICE A
Price now reduced to 371p each; 42p (Post Paid)

Orders should be sent to
The Post Office Electrical Engineers’ Journal,
2-12 Gresham Street, London EC2V 7AG
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When you’ve got componentsthat call forencapsulation
—bring them along to Whiteley. With efficient potting,
your components will be totally insulated and environ-
mentally protected —and Whiteley experience in
developing this advanced plastics technique will ensure
that it is applied to full advantage.

We can encapsulate in epoxy resin or polyurethane—
hot setting or cold setting as required. Where fillers
offer advantages, we can apply them, expertly. We are
ready to handle small quantities or volume production
for you. it's one more way in which you can capitalise
on our production resources. For electrical and electronic
work—right through from design to final assembly—
you can safely follow the example of many famous
names—and call in Whiteley.

Whiteley

versatility...

ELECTRONIC & ELECTRICAL DESIGN

PRODUCTION CAPABILITY
CABINET MAKING
SHEET METAL FORMING/FINISHING

PLASTICS MOULDING

ENCAPSULATION

WHITELEY ELECTRICAL RADIO CO. LTD.
Mansfield, Notts, England. Tel. Mansfield 24762
London Office: 109 Kingsway, W.C.2.Tel. 01-405 3074

See us on stand 405 I.L.E.C. Olympia
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HOW T0
BEGOME A
QUALIFIED
ENGINEER

Send for your copy of this helpful FREE Bt;ok

Many first-class appointments in the Telecommunications industries are going
begging for lack of qualified men to fill them. Yet, by means of aB..E.T. homestudy
course, you could give yourself the technical know-how to achieve rapid a2dvance-
ment in these great industries. We have a wide range of instruction in all aspects of
Telecommunications including examinations for City & Guilds Telecommuni-
cations Examinations, Radio and T.V. Servicing, PMG Radio Operators
Certificate, Radio Amateurs Exam and many other valuable and important
Engineering subjects including Constructional, Mechanical, Draughtsmanship,
Electrical and Electronic, Automobile and Aeronautical, Computers,
Management and Production.

You have no books to buy. Fees are moderate and payable monthly. 8.I.E.T. has
achieved thousands of professional examination successes. Post coupon today for a
FREE copy of our fully-illustrated guide New Opportunities. No obligation—but
it could open your eyes to opportunities you are now missing.

Send for your FREE copy of NEW OPPORTUNITIES to:
BRITISH INSTITUTE OF ENGINEERING TECHNOLOGY

(Dept. BPO 01), Aldermaston Court, Reading RG7 4PF.
Accredited by the Council for the Accreditation of Correspondence Colleges.

POST COUPON S EEENSEENEsEEEN)
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BRITISH INSTITUTE OF
ENGINEERING TECHNOLOGY

COMPRESSOR

Send now for details of the powerful,

portable Pionjar petrol driven drill
and breaker to

ITT Flygt Pumps Limited,
Colwick, Nottingham.

r-- ---------1
Please send details of the

B Pionjar Rock Drill/Breaker to |

I NAME

IADDRESS

L------------‘

Published by The Post Office Electrical Engineers’ Journal, 2-12 Gresham Street, Lendon, E.C.2,
and printed in Great Britain by Unwin Brothers Limited, ®Id Woking, Surrey



Only one facsimile system for
the transmission of
documents doesnt involve the use
of expensive special papers.
EMIFAX uses ordinary office

~ stationery to give crisp,
accurate, instant copies.
EMIFAX is also fully compatible
with the system most widely
used throughout Europe.
And this is only one of a
comprehensive range of facsimile
- systemsfor a wide variety
of applications.

Ask for full details and a demonstration.
EMIFAX

m DOCUMENT
TRANSCEIVER

SE Computer Peripherals, SE Laboratories (Engineering) Ltd., Spur Road, Feltham, Middlesex.
Telephone: 01-890 4266. Telex: 2395

A member of the EM! Group of Companies. International leaders in Electronics, Records and Entertainment.




| Do you know what else
| Herman Smith cando?

1 g ‘62" type equipmentis the We are prepared for any =
‘ aspect of our outputyouprobably challenge, complex or simple,
already know about. It's worth large or small. Try us.
remembering however, that we We produce therange of “62'"
produce many other types of type equipment, including the
presswork and sheet metal = racks themselves, shelf
assemblies which may be of use assemblies, card locks, card
to you. guides, slide brackets, dummy
We are acutely aware of the frontplates, etc. Wealso
needs of the electrical and undertake electrical and

electronics inc{gstries ahnd our  electronic assemblies. e
experience in these spheres ;
iscomprehensive. HERMAN SMITH

Contact Peter Bowen
Herman Smith Limited Cinderbank Works Netherton Dudle
Worcesterihire Telephone Dudley 52791
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