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* ALL SOLID STATE 

* THE LATEST DESIGN IN RADIO EQUIPMENT 

* MODULAR CONST RUCTION 

* FLEXIBILIT Y OF USE 

* MAINTE NANCE SIMPLIFIED BY ALARMS 
AND REPLACEABLE MODULES 

HIGH CAPACITY 

- up to 1800 telephone channels 
-1 TV program+ 4 sound channels 

C(;efeflra · · · · · · · 
TELECOMMUNICATION EQUIPMENT AND INSTALLATIONS 
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GEC Stored Program Co 
/.I� l s· lli �-. �·, tgna n 

-.11ll 
Y GEC SPC Developed 

GEC's ten-year investment in Stored 
Program Control techniques has 
an outstanding record of achievement. 

The Mark I processor, designed 
primarily for call-e_stablishment, or 
register, functions was installed 
in Belgravia exchange, London in 1 966, 
followed in 1968 by a MK 18. 

The experience of 5 years successful 
operation in public service was 
incorporated into the Mark IC design 
which is now in quantity production 
for, and is operating with: 

Strowger Systems. 
Electromechanical register 

translators are being replaced in nearly 
1 00 Director exchanges in the U.K. 

Crossbar Systems. 
Seven new Sector Switching Centres -
huge exchanges that will decentralize 
London's trunk traffic- are each being 
equipped with 30 MK IC processors, 

Motor-Uniselector Systems. 
The first SPC for telecommunications 

to be exported from the United Kingdom 
is now operating in Johannesburg in South 
Africa's STD network. 

The M K II processors, which 
complement the MK I, are more powerful 

• and more versatile real-time 
multiprocessor computers capable of 
handling all exchange control functions 
including network management, exchange 

misoperation and fault diagnosis. 
A MK II A processor was installed in 

the Post Office ISC at Wood Street, 
London, in 1969 and carried out'phaseA' 
test, followedbyaMKllB design 
for 'phase B' tests, of the new CCITI 
Signalling System No. 6. 

A MK 118 processor has been ordered 
by the South African Post Office for 
the main control functions of a large trunk 
exchange. . 

In 1 973, ten years after development 
started and after an 1 8 month 
evaluation of available designs, the UK 
Post Office has chosen an evolved 
GEC MK llBprocessor, theMK llBL, to 
fulfil the control functions for future 
designs of telephone exchanges for the 
British network. 

This is one of the vitally important 
decisions affecting switching system 
concept and design that will have a 
major influence on telecommunications 
networks of the future. 



ntrol and the CCITT No 6 
gSystem 
on solid foundations 

. GEC Stored Program Control installed 
in the Post Office International 
Switching Centre at Wood Street, London, 
successfully controlled the equipment 
thatformed the U.K. terminal of 
the international field trial of the new 
and advanced CCITI Signalling 
System No. 6. . 

Under contracts awarded by the UK 
Post Office, GE C Telecommunications 
Limited developed and supplied all the 
control and interface equipment, 
including an adaptation of the GEC M K II B 

real-time multi-processor, for 
theU.K. contribution. 

Key to photographs. · 
1.MK 118 processor installed in UK Post· 

Office International Switching Centre, 
Wood Street, London. 

2.MK IC-EastSectorSwitching 
Centre, London. · 

3. MK IC-Johannesburg Central 
Exchange, South Africa. 

4. M K IP (two off) -next generation 
ofMK.lrange,· 

5. MK llA-Wood Street, London. 
·cc1n No. 6 Trials. 

6. M K II B -Wood Street, London. 
CCITINo. 6Trials. 

7. M K 11 B -Extended version for 
S. African Post Office. 

Telephone Switching Systems. Microwave 
and Line Transmission. Multiplex. V.F.Telegraphy. 
Data Modems. Private Telephone Systems. 
Telephones. Total Systems Capability. 

I 
� ,R £-> 

I 
GECTelecommuni

_
cations Limited 

O'" U � Telephone Switching Group, 
'-------' Coventry, England. 
A Management Company of The General Electric Company of England. 
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At your fingertipm 
Two or three telephones on one exchange 

line and an intercom system all in one. 
Press hold button and 

appropriate button for 
executive required. 
Secretary confers 
with executive. 

Press exchange button. 
Secretary answers 
incoming call. 

Press appropriate 
button, 1 or 2 for 
intercom system. 

Executive 
presses exchange 
button, takes over call. 

Press exchange button 
for immediate outgoing call 
- from any telephone. 

I 

The versatile GEC 7 40 
switching telephone. 

There's more to the GEC 7 40 
switching telephone than meets 
the eye .... 

On one hand it provides 
independent access to a single 
exchange line from two telephones 
(1/2 system) or three telephones 
(1/3 system). 

On the other, it is a separate 
intercom system-keeping 
exchange calls secret from internal 
calls. And it's all in one basic 
instrument-controlled by push­
button switches in front of the 
hand-set on each 'phone. Neat, 
simple to use-but extremely 
versatile. 

Dial or pushbutton versions 
available for all telephones. 

GEC manufacture telephones 
for world markets: table and 
wall-mounting models in a number 
of attractive colours, loudspeaking 
telephones, pushbutton telephones 
and switching telephone systems .... 

You couldn't be in better hands. 

GEC Telecommunications Ltd., 
Telephone Division, Whinbank Road, 
Aycliffe, Co. Durham, England. 

A Management Company of �A'� 
The General Electric D"U._, 
Company Ltd. of England. 

GFI 
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: Latest Micromins 
I Widen scope 
1 of Hybrid Design 

Mullard 
component 

for 
Post Office 
electronics 

Hybrid circuits with a higher 
performance and covering a 
wider range of applications 
are being made possible by 
the steadily growing Mullard 
range of microminlature 
semiconductor devices. 

There are now thirty-eight 
types available including, 
not only general purpose 
devices, but FETs; v.h.f., 
u.h.f. and microwave tran­
sistors; double diodes; high 
speed switching diodes and 
zeners. 

Each is a miniature ver­
sion of a 'full size' item in the 
semiconductor catalogue. 
Ratings are impressively 
high, the upper limit gener­
ally being 200 to 300mW 
although each device in its 
plastic encapsulation is 

smaller than a grain of rice. 
A recent addition to the 

range is a PUT (program­
mable unijunction tran­
sistor) type 555BRY. This is 
a microminiature counter­
part of the BRY39/BRY56 and 
is a versatile p-n-p-n trigger 
device which can be used in 
motor control, oscillator, 
timer, pulse shaper and 
triggering circuits, as well 
as in place of a relay. 

Another newcomer is the 
565BA Y Schottky barrier 
diode. Comparable with the 
full-size BA280, it is intended 
for use either as a u.h.f. 
mixer or as a fast switching 
device. 

A third recent introduction 
is a variable capacttance 
diode, type 574BA Y. This is 

NEW CORES FOR 
SWITCHED MODE 
POWER 
Designers of switched mode 
power supplies no longer 
have to use transformer 
cores of a material and shape 
which are meant for quite 
different applications. A 
new range of ferrite cores, 
the FX3700 series, being 
introduced by Mullard is 
intended specifically for the 
job. Insulation and safety, 
the special stresses of 
switched mode operation, 
winding economics, modes 
of circuit failure, mechanical 
specifications and BSI re­
quirements have all been 
given extremely careful 
attention. 

The new cores may be 
used in units where the input 
is derived from rectified 

I, 
mains or from batteries, and 
are suitable for designs 

'l _____ _ 

covering a wide range of 
outputs. When used in 
25kHz push-pull circuits at 
the unfavourable end of the 
application spectrum (sup­
plying low voltage, 5V, out­
put) d.c. output powers from 

a microminiature version of 
the BA182 which, in addi­
tion to its application in 
electronically tuned cir­
cuits, can be used as a T/R 
switch in small transmitting 

50W to 500W can be obtain­
ed. In more favourable appli­
cations, higher outputs can 
be obtained, and the cores 
can, of course, also be used 
in single-ended circuits. 

Data is available on the 
four cores in the series to­
gether with an application 
note (ref. TP1450) which 
simplifies transformer de­
sign and can help save time, 
money and trouble else­
where in the circuit. 

and receiving systems. 
Full data on the whole 

range of Mullard micro­
miniature semiconductor 
devices is available. 

-·-i 

BETTER COIL 
FORMERS ... 
SAME PRICE 
Coil formers for use with 
Mullard RM inductor and 
transformer cores are now 
being made with a high qua­
lity electrical grade of glass­
loaded phenolic material. It 
can be readily distinguished 
from the earlier material by 
its dark green colour. 

Formers made with the 
new material are inter­
changeable with their pre­
decessors. Pin configura­
tion, user dimensions and 
winding space are intended 
to conform with the IEC 
specification currently being 
prepared. As previously, the 
pins meet the solderability 
requirements of IEC68 and 
BS2011 (Part 2, Method 3). 
The improved material will 
not result in any price in­
crease. 

Mui lard 
For further information please contact your Mullard representative. . \""'I ...., Mul'lard Limited, Mullard House, Torrington Place, London WC1E7HD 
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1954 UK-Norway 

1958 UK-Belgium 

1962 COMPAC Fiji-Australia 

1966 SEACOM New Guinea -
Australia 

1970 MAT-1 Italy-Spain 

1955 Denmark-Norway 1956 Italy-Tunisia 

1959 TAT-2B Nova Scotia- 1960 UK-Sweden 
Newfoundland 

1963 COM PAC Canada-Fiji 1964 UK -Germany 

1967 AFETR Grand Turk Island - 1968 SAT-1 Portugal-
San Salvador -Grand Bahama South Africa 

1971 PENCAN-2 Spain 
Canary Islands 1972 USA Bahama Islands 

STC has more experience 

1957 Italy-Sardinia 

1961 CANTAT-1 UK-Canada 

1965 PENCAN-1 Spain 
Canary Islands 

1969 Germany-Sweden 

1973 BRACAN-1 Brazil 
Canary Islands 

in submarin.e cable systems th.an any other 
company in the world. 

· 

From the beginning we've made it our business 
to be the best. 

That's why, back in 1950, we embarked on an 
intensive programme of research and development 
to increase the capacity of, and establish the reliability 
of, repeatered submarine telephone cable systems. 

And we've since demonstrated a vigorous 
capability in overall systems planning, in project 
management and in system implementation -
anywhere in the world. 

Over this period we have installed more than 70 

systems; providing some 63,000 nautical miles of 
cable for reliable high quality telephone circuits in a 

complex network linking 34 countries. 
No company in. the world can begin to claim 

this degree of involvement, this degree of experience. 
No company, that js, other than Standard 

Telephones and CabJe.s Ltd., Submarine Systems 
Division, North Woolwich, London, E.16. 

Tel: 01-476 1401. 

Standard Telephones and Cables Limited 
A British Company of ITT 



The crossbar multi-switch: 
heart of the Pentomat PABX system 

T he crossbar multi­
switch is probably the most 
important single factor in 
Pentomat PABX exchange 
systems, helping to i'mprove 
the flow of both internal and 
external communications. 

Pentomat systems are 
based on ITT's highly 
successful Pentaconta public 
exchange equipment, used in 
7 5 countries throughout 
the world. 

Pentomat PABX systems 

can caterfor installations 
from 50to 9,000 

extensions. Delivery is fast, 
on-site installation time is 
minimal. And they offer many 

features which are usually 
regarded as extras. 

· Forfull information 
contact: 

ITT Business Systems, 
Private Communications 
Division, Maidstone Road, 
Sidcup, Kent DA14 5HT. 
Telephone 01-300 7788 

· 

ITT Business Systems ITT 
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It is not surprising that leading designers 

in today's technological field much 

prefer Widney Dorlec than other 

constructional systems. 

- - - - -
., To Hallam Sleigh & Cheston Ltd., the 

makers of Widney Dorlec. P.O. Box 133, 

I Bagot Street, Birmingham, B4 7BD. 
Telephone 021 359 3044 Telex 338054 

O Please send me the Widney Dorlec Catalogue. 

I 0 Please get in touch with me personally. 

Name I 
Position/Dept. 

Company name and address I 1.:011� 
- - - - .J 

The consoles shown above and the desk 

below installed at the P.O. Radio 

Station, Burnham, Somerset, are just 

two examples of outstanding versatility, 

good looks, and hidden strength. The 

unique combination only offered by 

Widney Dorlec. 

Widney Dorlec. 
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EDITORIAL 

The centenary of the birth of Guglielmo Marconi, on 
25 April 1974, has been marked in the technical press by 
many articles and accounts of the early days of wireless 
telegraphy. These, and the contemporary articles to 
which they refer, make absorbing reading, particularly 
to those who have lived their whole lives during a period 
when radio communication is commonplace. 

One aspect of the early work of Marconi, which 
becomes clear from reading the various accounts, is the 
degree of help and co-operation given by the Engineering 
Department of the British Post Office (B.P.O.) and its 
Engineer-in-Chief at that time, Sir William Preece. 

After rejection by the Italian Ministry of Posts and 
Telegraphs, Marconi outlined some results of his 
experiments with wireless telegraphy in a letter to Sir 
William Preece requesting the assistance of the B.P.O. 
As a result, in June 1896, facilities were provided by the 
B.P.O. for short-distance tests between buildings in 
London, and in September of that year, for tests over 
distances of up to 3 · 2 km on Salisbury Plain. 

Following the satisfactory conclusion of these tests, 
the B.P.O. made preparations for a further series of 
tests in South Wales, and in May 1897, successful 
transmissions over two routes were demonstrated. The 
first of these was between Lavernock Point and Flatholm 
Island in the Bristol Channel, a distance of some 5 · 3 km, 
and the second across the Bristol Channel from Laver­
nock to Brean Down, a distance of about 13 · 9 km. 
These tests were carried out by B.P.0. staff in close 
coRoperation with Marconi, and the equipment used was 
supplied jointly by the B.P.O. and Marconi. 

The communications system of today owes much to 
the work of Marconi, and the role played by the B.P.O. 
during 1896-97, in providing support and co-operation, 
was of considerable importance to the early development 
of wireless telegraphy. 
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TXK3 Director-Area Local Exchanges 
using BXB 1112 Crossbar Equipment 

Part 1-Trunking and General Operation 

R. L. BELL, G. BLOXHAM and B. F. CALLAGHANt 

U.D.C. 621.395.344.6: 621.395.722: 621.395.31 

Part 1 of this article outlines the history leading up to the introduction of the TXK3 system into the British 
Post Office public telecom1111111ications network. The salient points of the switching area are discussed, 
together with system philosophy and trn11ki11g arrangements. Part 2 will describe some of the more important 
features of the system. It will also outline the general maintenance policy and describe various maintenance 
aids. 

INTRODUCTION 

In the late 1960s, it became apparent that the British Post 
Office (B.P.O.) would have to seek an interim solution to the 
problem of expanding and modernizing telephone-exchange 
switching. It had been hoped that, by then, electronic switch­
ing equipment would be available for all local telephone 
exchanges. The electronic exchange system which was avail­
able at that time, was one developed jointly by the B.P.O. and 
the British Telecommunications Industry. This system, 
TXE2, 1 is restricted to use in small, non-director-area 
exchanges. 

The Telecommunications Industry undertook to adapt its 
own proprietary crossbar systems to meet the needs of the 
B.P.O. This involved a measure of re-design to reproduce 
Strowger-exchange facilities and network-interface conditions, 
so that, generally, the B.P.O. would be able to offer a 
uniform service to its customers. It was decided that non­
director-area, medium-size, local exchanges and large, 
low-calling-rate, local exchanges, would be served by the 
TXK.1 system, based on the Plessey 5005 crossbar system,2 
now manufactured by Plessey Telecommunications Ltd. 
and the General Electric Company Ltd. However, director­
area local exchanges and large, high-calling-rate, non­
director-area local exchanges would be served by an existing 
crossbar system, following further development by Standard 
Telephones and Cables Ltd. 

BXB 1100 SYSTEM 

In the British crossbar (BXB) 1100 series, the design 
philosophy and equipment practice of the I.T.T. Pentaconta 
system has been used extensively. Two exchange systems are 
currently being purchased from the series. The BXB 1121 
system (TXK4)3 is being used in trunk transit switching 
centres, whilst BXB 1112, designated TXK.3, will have a 
majority use in director areas. In addition to two large non­
director-area exchanges, Newcastle-upon-Tyne and Belfast, a 
number of small exchanges are being purchased for use in 
Northern Ireland, where the decision to buy the TXK.3 
system, instead of TXK.l, was influenced by the desire to 
rationalize crossbar maintenance and training. 

t Mr. Bell and Mr. Callaghan are in the Telecommunications 
Development Department, Telecommunications Headquarters. 
Mr. Bloxham is in the Service Department, Telecommunications 
Headquarters. 
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FIG. I-General view of a TXK3 director-area local telephone 
exchange 

The non-director-area version differs from the director­
area version, described in this article, mainly in the facilities 
given by the register-translator, because of different number­
ing and routing arrangements. 

The physical aspects of the BXB 1100 system, that is, the 
main components and equipment practice, have been described 
in a previous article3 in this Joumal. Fig. 1 shows a general 
view of a TXK3 director-area local exchange. 



COHCHHl\ATION OISTRIBUTIOH EXPAHSION 

OUTGOIHG 
SUPERVISORY - -OUTGOING JUNCTION 

JUNCTOR 

LINE REGISTER 
ORIGINATING 

GROUP 
SELECTION ACCESS 

SELECTION 
UNIT JUHCTOI\ 

UNIT 
LOCAL 

SUPERVISORY 
JUNCTOR 

INCOMING 
GROUP LI NE 

SELECTION 
SELECTION 

UNIT 
UH IT 

INCOMING 

INCOMING SUPERVISORY 

JUNCTION AHO ACCESS 
JUNCTOR 

COMMm! CONTROL EQUIPMENT INCLUDING REGISTERS ANO TRANSLATORS 

FIG. 2-Simplified trunking diagram for a TXK3 director-area local 
exchange 

CROSSBAR-SYSTEM CONCEPTS 

Many large modern crossbar syste1ns available throughout 
the world have four features in common, narnely: 

(a) the crossbar-switch n1echanical action, 
(b) by-path \vorking (separate control and connecting 

paths), 
(c) con1n1on control, and 
(d) link trunking. 

The BXB 1100 system has three special features that are 
noteworthy. These features, which are described in greater 
detail later in this article, are 

(a) large-availability switches (14 horizontal bars with up 
to 22 vertical selectors giving up to 74 outlets from 22 inlets), 

(b) the by-path inforrnation, for use at the various switching 
stages, is passed over 20-wirc d.c. highways, called informa­
tion paths, which are used on a time-sharing basis, and 

(c) internal link-blocking is reduced by the use of intcraid. 

In general, it is the special features of the various crossbar 
systems that make for incompatibility between equiptnent of 
different manufacturers' designs, when considering exchange 
extensions. 

OUTLINE OF THE TXK3 DIRECTOR-AREA LOCAL­
EXCHANGE SYSTEM 

System Description 

The TXK3 system is a register-controlled systen1 having 
clearly-defined group- and subscriber-selection stages. Mark­
ing equiptncnt, incorporated in each selection stage, selects 
the S\vitching path through that stage, operation of the 
crossbar selectors being controlled by the register. Each of the 
selection units con1prises a link-trunking network, in which 
each primary crossbar-switch has access to every secondary 
crossbar-switch. Internal routing information is transferred 
using very-short-holding�time comn1on equipment. 

In a telephone-switching network serving subscribers, the 
following three successive operations take place: 

(a) concentration of calls fro1n subscribers' lines to a 
restricted number of selectors, 

(b) distribution of thes� calls to various groups of desired 
junction routes and subscribers' lines, and 

(c) expansion of the distributed calls to subscribers' 
lines. 

In the TXK3 system, concentration of originating traffic 
from calling-subscribers' lines to the common routing equip­
ment takes place in the line selection unit (1.s.u.), and the 
uni-directional distribution function takes place in the group 
selection unit (g.s.u.). The l.s.u.s are used again, in the 
reverse direction, for the expansion operation. 

Fig. 2 shows a simplified trunking diagram for a TXK3 
director-area local exchange and indicates the positions of the 
l.s.u. and g.s.u. in relation to 

(a) a calling subscriber and a called subscriber, on an 
own-exchange call, 

(b) a calling subscriber and an outgoing junction, 
(c) an incoming junction and a called subscriber, and 
(d) the comtnon-control equipn1ent. 

Numbering Range 

In director areas, units of up to 20,000 directory numbers 
are possible. For units with n1ore than 10,000 directory 
nun1bers, two all-figure nutnbering, 3-digit codes are allo­
cated, discri1nination on incoming-junction calls being 
achieved by the use of a prefix digit included in the incoming 
information. Any directory number can be allocated to private 
automatic branch exchange (p.a.b.x.) direct�dialling-in (d.d.i.) 
extensions. Individual lines in a private branch exchange 
(p.b.x.) or non-d.d.i. p.a.b.x. group are not normally allocated 
directory numbers. Each such group is identified by a single 
directory number, while access to an individual line within 

67 



the group can be achieved using a by-pass number (similar to 
night service). This means that an exchange can serve many 
more lines than it has directory numbers. 

GENERAL SWITCHING AREAS 

Multi switch 

The basic unit used in the switching areas of this crossbar 
system is the 11111/tiswitch. This crossbar switch comprises a 

SELECTION 
BAR I 

SELECTION { 
BARS 2-14 
{3R0-28TH 
OUTLETS) 

SELECTION 
BAR I 

SELECTION { 
BARS 2-13 
(STH-52NO 
OUTLETS) 

AUXILIARY 
BAR 14 

SELECT IOI! 
BAR I 

SELECTIOU 

{ 
BARS 2-12 
(7TH-72ND 
OUTLETS) 

AUXILIARY 
BAR 13 

AUXILIARY 
BAR 14 
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ONE IO·W!RE INLET 

(a) 

(b) 

(c) 

(a) Simple crossbar switch-·28 outlets 
(b) Doubling-52 outlets 
(c) Trebling-74 outlets 

FIG. 3-Multiswitch configurations 

} ST}!D-WIRE 
OUTLETS 

}"' 

range of 8-22 vertical armatures (or selectors) and 14 hori­
zontal bars. Each horizontal bar has two positions, enabling 
any one of 28 contact assemblies per vertical selector to be 
controlled. Contact assemblies can be of six, eight, nine or 
ten springs. Fig. 3(a) shows the multiswitch in a configuration 
capable of switching a maximum of ten wires per crosspoint 
to any of 28 outlets. The outlets are multipled, by means of 
rear-commoning wires, across all of the vertical selectors. 

A technique of doubling is used to increase the outlet 
capacity of the multiswitch, at the expense of a reduction in 
the number of wires switched. The 14th horizontal bar, which 
becon1es the auxiliary (or doubling) bar, is used to divide the 
inlet wires into two groups. It is necessary to operate both the 
auxiliary bar and one of the remaining horizontal bars, 
together with a vertical selector, to select one of 52 outlets. 

In Fig. 3(b), the maximum number of wires switched is five. 
By an extension of the doubling principle, a second auxiliary 

bar is used to treble the Olltlet capacity, at the further cost of 
reducing the number of wires switched. This process, known 
as trebling, produces a 3-wire, 74-outlet switch, as illustrated 
in Fig. 3(c) . 

A further configuration is obtained by splitting the horizon­
tal multiple into two halves. This is known as halved rear­
co1n1noning, and is shown in Fig. 4. With this arrangen1ent, a 
single multiswitch can be used as 

(a) two 10-wire switches, each having 11 inlets and 28 
outlets, 

(b) t\vo 5-wire switches, having 11 inlets and 52 outlets, 
where doubling is also e1nployed, or 

(c) an 11-inlet, 28-outlet switch, capable of switching 20 
wires, by paralleling the selectors in each half. 

HORIZONTAL MULTIPLE CUT 

1 
t 

18 18 
OUTLETS OUTLETS 

-6- -6-
11 INLETS II INLETS 

FIG. 4-A basic n1ultiswitch frame divided into two switches by 
means of halved rear-co111n1oning 

BANK I 
LINKS 

52 OUTLETS 

22 INLETS 

52 OUTLETS 

22 INLETS 

52 OUTLETS 

2 2  INLETS 

FIG. 5-Interconnexion of multiswitches 
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Link Trunking 
For the main selection units, the number of inlets required 

is usually far in excess of the inaxin1un1 provided by a single 
multiswitch. A single bank of n1ultiswitches would produce 
the required nun1ber of inlets, but with a limited availability, 
since any particular inlet can have access only to the 52 
outlets of the multiswitch of which it is a part. To overco1ne 
this limitation, a second bank of multiswitches is provided, 
the two banks being interconnected as sho\vn in Fig. 5. This 
is known as link trunking, and provides for full accessibility 
between inlets and outlets. 

Each multiswitch in the first bank is connected to every 
multiswitch in the second bank. Various standard selcction­
unit configurations are used. The nlost cornmon arrangement, 
employed in both the l.s.u. and g.s.u. selection areas, consists 
of five 1nultiswitches in the first bank and ten in the second 
bank. The two banks of multiswitches are linked as shown in 
Fig. 6. In this arrangement, the multiswitches in the first bank 
are designated as prilnary sections, and those in the second 
bank are termed secondary or ter1ni11al sections. In certain 
distribution-switching areas, halved rear-comn1oning is 
utilized for the secondary sections, such that one multiswitch 
forms t\VO sections, and the unit then provides 52 outlets from 
each of 20 secondary sections. 

Although the link principle is economical in the use of 
multiswitches, it introduces the possibility of link congestion. 
Referring to Fig. 6, consider the exan1ple of a call incoming to 
primary section 1, which needs to be connected to a free 
circuit available from an outlet on secondary section 1. If the 
links between these sections arc both busy, a connexion 
cannot be made and the call would fail, although there is a 
free circuit in the required route. 

The incidence of link congestion is reduced to small 
proportions by the way in which circuits are allocated to the 
inlets and outlets. The allocation of incoming circuits to 
inlets is arranged so that equal amounts of traffic are offered 
to each pri1nary section. The allocation of outlets to outgoing 
circuits is arranged so that access to an outgoing route is 
possible from several secondary sections. For example, a 

route containing three circuits will require outlet appearances 
on six secondary sections, that is, each circuit comrnoned to 
two sections, while a route of 20 circuits will have one circuit 
on each secondary section. 

lnteraid 

Link congestion (blocking) can be further reduced by 
providing an alternative path through additional selectors 
connected between the existing banks of multiswitches. In 
the BXB 1100 syste1n, these additional selectors are incorpora­
ted into the primary sections of all switching units, the prin­
ciple being referred to as interaid. 

Fig. 7 illustrates the use of an interaid connexion from a 
primary section, which has no free link to the required 
secondary section, to another primary section which does have 
a free link. 

Group Selection Unit 
As previously mentioned, the g.s.u. is the distribution stage 

of exchange switching, dealing with unidirectional traffic. 
Three types of g.s.u. are in use at present. Their basic difference 
is the number of outlets available, and, for this reason, 
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g.s.u.s are referred to by their maximum outlet capacity; this 
being 520, 1,040 and 2,080 outlets. An increase in the 
number of inlets can be obtained by using primary sections 
1nade up of rnore than one multiswitch with the outlets 
paralleled. The additional multiswitches are tern1ed auxiliary 
sections. 

The traffic-handling capacity of a g.s.u. is liinited by the 
traffic-carrying capacity of the 200 available links between the 
primary and secondary sections, and equates to 140 er1angs, 
representing a minimum grade-of-service figure for the unit. 
Normal call-holding times at this traffic level ensure satis­
factory operation of the g.s.u. control equipment. 

Line Selection Unit 

The l.s.u. is also composed of two groups of crossbar 
switches, primary and secondary sections, which are inter­
connected by links. Subscribers' lines are directly connected 
to the outlets of the secondary sections, which are kno\\in as 
ter1ni11al sections, in the l.s.u. The number of primary sections 
is variable, depending on the traffic, \Vhich is both originating 
and terminating. The inlets of each prin1ary section are 
divided into the following three groups: 

(a) call-finder selectors-connected to register-access 
equip1nent and used for traffic originating on the exchange, 

(b) interaid selectors, and 
(c) penultiinatc selectors-connected fron1 the outlets of 

the incon1ing g.s.u. for tenninating traffic. 

The allocation of selectors to these groups can be varied, 
depending upon the amount of traffic in each direction. The 
interaid selectors, although accessible to both originating and 
terminating traffic, are used almost exclusively for terminating 
calls. This is because a call arriving at a particular penultimate 
selector must be allowed to gain access to one particular 
terminal section. However, an originating call only uses 
interaid when a calling tern1inal-section has no free link to a 
primary section having access to a free register. 

There are three types of l.s.u.: 

(a) low-traffic units, the bothway capacity of which is 
104 erlangs, for up to 1,000 directory numbers having an 
average bothway traffic of 0 · 1 erlang per line, 

(b) high-traffic units, the bothway capacity of which is also 
104 erlangs, but, as a maximum of 500 directory numbers are 
served, the l.s.u. provides for an average bothway traffic of 
0 · 2 erlang per line, and 

(c) special-traffic units (special line units), which employ a 
single 1nultiswitch selection-stage. Each multiswitch serves 52 
lines and has a traffic handling capacity of 20 erJangs, giving 
an average outgoing traffic of approximately 0·4 erlang per 
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line. Incoming traffic to the associated subscribers' line�. 
mainly high-calling-rate p.b.x. subscribers, is routed directly 
from the outlets of the g.s.u. 

If the average calling rate of lines in the low- or high­
traffic units exceeds the pennissible rates of 0 · 1 or 0 · 2 er Jang 
respectively, blocks of 100 directory nu1nbers can be trans­
ferred to other Ls.u.s. Under these conditions, the new address 
of the transferred block of directory numbers is recorded in 
the common equipn1ent, which determines the appropriate 
Ls.u. by examining the early digits of the nu1nerical portion of 
the called-subscriber's directory nu1nber. 

TRUNKING ARRANGEMENT OF A DIRECTOR­
AREA EXCHANGE 

The elements of Fig. 8, which shows the trunking arrange­
ment of a TXK3 director-area local exchange, arc described 
below, broadly in their order of use during the setting up of a 
call. 

Subscribers' Line .. Circuits 

Incorporated in each 1.s.u. tern1inal section, and associated 
with each outlet of the terminal section, are the subscribers' 
line-circuits, which consist of two relays, one for detecting the 
calling signal and the other performing busying and cut-off 
functions. 

Common Relays 

As implied, this equipment is co1nn1on to all the terminal 
sections comprising an l.s.u. During pre-selection, which is the 
association of an originating register, the common relays 
respond to a signal fron1 the calling terminal-section, and 
choose a primary section which has a free link to that terminal 
section and access to a free register. The choice is made with 
the aid of a distributing device to share the traffic equally over 
all primary sections. 

Register Junctor and Finder 

The register junctor is provided on the basis of one per call­
finder selector. It serves as a connecting circuit to provide 

(a) access between the call-finder selector and the register 
for receipt of dialled information, and between the register 
and the g.s.u. primary section for setting up the call, and 

(b) a through connexion between the calling subscriber and 
line supervisory equipn1ent, after the register function is 
complete. 

Fifty-six register junctors are housed in a multiswitch 
frame, termed the register finder. Halved rear-co1nmoning is 
used without doubling, the outlets being connected directly to 
register junctors, and the vertical selectors to registers. 

Line-Unit Markers and Marking Relays 

Each l.s.u. has two 111arkers and a common set of marking 
relays. Each inarker can serve the whole of the l.s.u. inde­
pendently of the other 1narker. The two markers are provided 
as security against failure such that, if one of them fails 
completely, the other will do the work of the two. However, 
this will probably slow down the line-selection process 
marginally. 

The provision of two markers ailo\vs sin1ultaneous proces­
sing of two calls up to the point where the marking relays are 
required. One n1arker then waits for the other to finish before 
proceeding. As there is a common set of marking relays, the 
design incorporates self-checking features for security 
purposes. 

The function of the marker and marking relays is to receive 
coded signals from the register, and to decode these so that the 
required line may be marked and seized. Consequently, each 
available line on the l.s.u. is represented by an individual 
marking wire. 



FROM INCOMING 
GROUP SELECTION UNIT 

SPECIAL LINE + UNIT 

COMMON RELAYS 

REGISTER 
FINDER 

-t___3-

COJN-ANO·FH­
�----j CHECKING 

JUNCTOR 

IOliR�IG�IH�A�TlmNIG 8G�RO�UiPPl====�=::'.
-

� LOCAL-CALL 
SELECTION UNIT TIMING 

d- + JUNCTOR 

OUTGOING 
JUNCTOR 

MARKING RELAY 
MARKER I MARKER? 

I 
I 
I 

SPECIAL 
JUNCTORS 

ENGAGED TONE 
NUMBER-UNOiHA!NABLE TONE 
CHANGEO·NUMP.ER INTERCEPT!ON 

I 
I 

LOCAL-CALL 
TIMING 

JUNCTOR 

LOCAL 
FEED 

JUNCTOR 

OUTGOING 
JUNCTION 

INCOMING 
JUNCTION 

INCOMING '-;--�-------t-------7------�---; 
JUNCTOR ' 

I 
I 
I 
I I 
I I I 
I I SELECTION I 
: : COUPLER 

t 
INFORMA1100{ t + PRE-SELECTION : f 

PATHS ��---.��===�.�--� 

I 
I 
I 

OUTGOING t 

INCOMING GROUP 
SELECTION UNIT 

d- +-
MARKING RELAYS 

AVAILABILITY­
CUl·OFF 
RELAYS 

HARKER I MARKER2: / 
I TO / r."*"�""'���--, I REGISTER 

LINE SELECTION UNIT 
1 JUNCTORS d- +-- UNE 
! MARKING RELAYS CIRCUITS 

MARKER I MARKER 2 

I 
INCOMING ANO LINE S£LECTION! 

I 
I 
I 
I 
I 
I 
I 
! 

FIG. 8-Trunking arrangement of a TXK3 director-area local exchange 

The l.s.u.s have either 520 or 1,036 lines, these being the 
nearest multiples to 500 and 1,000 of the multiswitch capacity; 
that is, 10 x 52 and 14 x 74 outlets respectively. In order 
to mark the 20 and 36 additional outlets for test-access 
purposes, a two-out-of-six code is sent from the register for 
the digit representing the specific subscriber. The other 
nun1erical digits are sent in two-out-of-five code. 

The nlarking wire represents the directory number of each 
subscriber, and, to give flexibility, a cross-connexion field is 
provided between directory numbers and subscribers' line 
circuits. This allows the association of any directory number 
with any equipment number within the same l.s.u. 

Register 
The register is the heart of the control area and has a 

configuration which may be varied to accommodate the 
requirements of the particular exchange; for example, d.d.i. 
and multi-frequency Keyphone facilities. Two types of register 
are used, originating and incoming. The main functions of 
the originating register are to 

(a) return dial tone to the calling subscriber, 
(b) receive and store, in two-out-of-five code, the dialled or 

keyed information, 
(c) receive ancillary information, such as calling-line 

category (class of service), 
(d) forward necessary inforn1ation into both originating 

and local translators when required, 
(e) receive and store switching and facility information from 

the translators, 

(f) control the functions of all the equipment in the ex­
change concerned with the setting-up of a call, 

(g) send digital inforn1ation on outgoing-junction calls, 
(h) check the correct operation of the crosspoints, and 

that supervisory equipment has been seized correctly, and 
(i) release when all selection and sending processes are 

complete. 

The main functions of the incoming register are to 

(a) receive and store, in two-out-of-five code, the digital 
inforrnation arriving over an incoming junction, 

(b) forward the called-subscriber's nun1erical information 
into the local translator, 

(c) associate a loop-disconnect sender when sending to a 
d.d.i. p.a. b.x., 

(d) receive and store switching information from the local 
translator, and 

(e) control the switching functions concerned with the 
setting-up of the call. 

Pre-Selection and Selection Couplers 
A coupler is a concentration unit and is used as an interface 

between common-control equipments having different holding 
times. A group of 10 originating registers is served by two 
pre-selection couplers, providing access to information paths 
only, and two selection couplers, providing access to informa­
tion paths and translators. Both types of coupler are provided 
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in pairs for secunty reasons. lncom1ng registers, also in 
groups of 10, only require selection couplers, as no pre­
selection takes place on incoming calls. 

Pre-selection couplers are of simple design, having only to 
connect the register to the information path once during 
pre-selection when the calling-subscriber's category is returned 
From the l.s.u. 

The 1norc-co1nplex selection coupler is used, during group 
selection and line selection, to connect the register to both the 
information path and the translators, for passing routing 
infonnation, and to the information path only, for the receipt 
of the outlet category. The routing identity of coin-and-Fee­
checking equipn1ent used on coin-collecting-box cails is also 
wired into the selection coupler. 

Information Paths 

Information paths are comn1on highways linking the 
registers to the selection-unit markers. Each information path 
comprises two it1dependent groups of wires (known as 

channels), either of which may be engaged by a marker. 
Each channel consists of 20 wires, enabling fast interchange of 
two-out-of-five coded information in parallel. A sequence of 
operation, including seizure, signalling and guarding during 
release, is accomplished in approximately 130 ms. Generally, 
there are three groups of information paths, one for each of the 
switching phases: pre-selection, group selection and line 
selection. In large exchanges, the group-selection information 
paths may be further divided between the originating and 
incoming g.s.u.s. A single group can contain up to three 
information paths (six channels). 

Translators 

The translator receives coded information fron1 the registers 
and returns routing and facility information to select the 
correct line. Two types of translator are employed. 

The originating translator normally receives the exchange 
three-digit code. It may receive some numerical digits if 
further examination is required to determine the correct 
routing. Examples of this are calls to mixed seven- and eight­
digit exchanges, and own-exchange d.d.i. calls. The facility of 
eight-digit working has been included in case the existing 
three-plus-four-digit working become exhausted. 

The local translator receives called-subscribers' numerical 
information, and an exchange prefix digit where two 10,000-
line units share co1nmon incoming junctions. 

Group-Selection-Unit Markers and Marking Relays 

Each g.s.u. has two markers and a common set of marking 
relays. The arrangement is similar to that of the l.s.u., includ­
ing the security features for the marking relays, which are, 
in this case, required to mark groups of circuits. 

The function of the g.s.u. nlarker is to receive coded signals 
from the translator and to n1ark all free outlets corresponding 
to the required route, thus determining those available for 
use. The choice of a suitable secondary section, having both a 
free outlet in the required route and a free internal link, is 
made by the nlarker. To distribute the traffic evenly over the 
secondary sections, arrangements are made to change the 
order of selection after each seizure. 

The g.s.u. allocation is such that circuits con1prising one 
particular route are evenly distributed over a nu1nber of 
secondary sections, provided that they occupy the same outlet 
on each secondary section. The g.s.u. marking relays are 
designed to mark the same outlet in every secondary section 
to obtain the greatest practical flexibility. 

Incoming-Register Finder 

A single multiswitch, split into two sections, provides 
access between 50 incoming junctors and six incoming 
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registers. Interaid is necessary between register finders to 
increase the availability. An alternative nlethod of providing 
incoming-register access is to use a two-stage finder, but the 
fast-access require1nent, essential on the incoming side of 
director-area exchanges, precludes the use of such a finder. A 

further reduction in access time is achieved, with the existing 
equipn1ent, by pre-seizure, that is, a register finder associates 
and seizes an incoming register prior to its own seizure by an 
incoming junctor. 

Junctors 

The term ju11ctor refers to an assembly of relays, and other 
components, wired together as a separate entity having a 
specific function. An equivalent example of a junctor in 
Strowger terminology is a relay-set. A BXB frame of equip­
ment n1ay contain a number of identical junctors, or it may 
comprise various different junctors, when it is known as a 
composite frame, Particular junctors, co1nmonly used in 
TXK3 exchanges, are 

(a) local-feedjunctor, which provides supervisory functions, 
transmission, tones and initial metering on own-exchange 
calls, 

(b) local-call-tin1ing junctor, which provides subsequent 
metering on local calls, 

(c) outgoingjunctors, which provide supervisory functions, 
transmission, junction guard and initial metering on outgoing 
calls, 

(d) incomingjunctors, which provide supervisory functions, 
trans1nission, tones and backward busying on incoming calls, 

(e) coin�and-fee-checking junctor, which provides sin1ilar 
facilities to the coin-and-fee-checking relay-set used in 
Strowger exchanges, and 

(f) special junctors, which is a collective name for equip­
ment providing such facilities as the return of engaged tone, 
the return of ntunber-unobtainable tone, and changed-number 
interception. 

Availability-Cut-Off Relays 

Availability-cut-off relays are provided between selection 
stages to prevent the premature seizure of inlets to the 
subsequent stage. Where there is a supervisory junctor, the 
availability-cut-off relay is included in it. 

SUMMARY 

TXK3 exchanges have separate switching areas for group­
and subscriber-selection stages. Each stage is composed of 
two ranks of multiswitches, inter-connected by links. Flexi­
bility, both in the number of outlets available from a multi­
switch, and in the number of multiswitches used in a selection 
stage, enables a range of switchblock sizes to be available to 
meet individual exchange requirements. A call is processed 
under the control of a register, which instructs marking 
equipment, associated with each selection stage, to choose a 
suitable switching path. Internal signalling information is 
transferred over common information highways. 

Some of the facilities of a director-area local exchange will 
be described in the second part of this article, which will also 
outline maintenance policy and include descriptions of 
various inaintenance aids. 
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Teletraffic Studies of the TXE2 Electronic Exchange 

R .  R. STACEYt 

U.D.C. 621.395.345: 621.395.31: 621.395.722 

By the end o_( 1973, the British Post Office had 500 TXE2 exchanges in service, with new exchanges opening 
at the rate of two a week. This article describes the work that has been carried out by the Teletraffic Division 
ofTelecon11111111ications Headquarters to optin1ize and flnprove the TXE2 exchange syste111. 

INTRODUCTION 

The TXE2 electronic switching system was developed under 
the auspices of the British Joint Electronic Research Cotn­
mittee forn1ed in 1956 to co-ordinate electronic exchange 
development between the British Post Office (B.P.O.) and the 
five principal British n1anufacturers of telephone switching 
equip1nent at that tin1e. It was designed as a local exchange for 
approximately 200-2,000 subscribers' lines, offering the full 
range of subscribers' facilities. 

Limited traffic studies \Vere carried out during the original 
develop1nent stage and, although these indicated that the 
traffic-carrying capacity of the links in the subscribers' traffic 
concentrating stage could possibly be higher, a limit of 7 · 5 

erlangs per 25 A-B links was accepted. When 1nore extensive 
con1puter facilities and 1nanpower became available, a n1ore 
detailed teletraffic study \Vas initiated, including the investiga­
tion of proposals for enlarged-capacity TXE2 exchanges as 
well as a further study of the traffic loading of the A-Blinks. 

For a developed switching systen1, the nlain objectives of a 
teletraffic study, as carried out by the Teletraffic Division of 
the B.P.O. Telccon11nunications Headquarters, are to evaluate 
the traffic-handling capabilities of the system, establish 
di1nensioning standards and procedures for exchange design 
and n1anagement, and, by highlighting those parts of the 
system which govern its traffic capacity, to offer advice on 
ways of i1nproving its traflic characteristics. 

Teletraffic studies 1nainly rely on the application of t\vo 
techniques, nan1ely, mathe1natical analysis and simulation. 
To a large extent, they are con1plementary, but, in some 
areas of the \vork, the choice of technique used is detern1incd 
by such factors as the ti1nc available for the study, or the 
degree of accuracy that is acceptable in a nun1erical solution. 
These techniques have recently been discussed nlorc fully in 
an earlier issue of this Journal.1 

TXE2 SYSTEM DESCRIPTION 

The TXE2 system is a sn1all electronic exchangc,2 which 
employs a multistage switching network of co-ordinate rced­
relay switches. Jnfcrmation relating to a particular call is 
stored in a register during the setting up of a connexion, and 
all registers have access to a common-control unit which 
supervises all connexions made in the switching area. 

t Telecommunications Development D0partment, Telecom­
munications Headquarters. 

Switching Area 

In the TXE2 switching area, subscribers are connected to 
three A-switches which have access to five B-switches, three 
A-switches with their associated B-switches being known as a 
111ajor. The originating route supervisory units (outgoing or 
own-exchange), which handle calls fron1 subscribers, are 
connected to the C-switches as shown in Fig, 1. When a 
subscriber originates a call, the first path allocated to him 
through the switching area is via the A- B- and C-switches 
to either a first-choice or a second-choice supervisory ullit. The 
first-choice supervisory units are connected to the circuits of 
the inost extensively used route, either outgoing or own­
exchange. If the own-exchange route is not the first-choice, 
route, it becon1cs the second-choice, but, if it is the first-choice 
route, the nlost highly used outgoing route is made the second­
choice route. 

The selected first- or second-choice supervisory unit has 
access to the register \vhich has been allocated to that sub­
scriber. When the register has sufficient inforn1ation, it  
requests the control to carry out a route-change it  the dialled 
digits indicate that the subscriber requires a routing other 
than the one which has been allocated. If an own-exchange 
call is required, the subscriber is routed to an O\Vn-exchange 
supervisory unit whose outlet is connected to a D-switch, and, 
when the wanted-subscriber's ntunber has been received by the 
register, the call continues as if it were an inco1ning call. 

An incon1ing call arrives on an inco1ning supervisory unit, 
connected directly to a D-switch, \Vhich has five C-D links to 
five C-switches. When the register allocated to the call has 
received the wanted-subscriber's number, the control can !est 
the paths available and then establish a path through the 
switching area to the called subscriber. 

Control Area 

The control area of the TXE2 exchange system contains the 
calling-nu1nber generator (c.n.g.), registers and the call 
control (see Fig. 2). 

In the TXE2 system, the e.n.g. is necessary to identify a 
subscriber originating a ca11, or an incoming junction which 
has been seized by a distant exchange. The c.n.g. consists of an 
array of pulse transformers threaded with jumpers from the 
subscribers' line circuits and the incoming-junction supervisory 
units. After a signal from a calling subscriber, or an incotning 
junction, the identity of the caliing peripheral unit is generated 
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FIG. I-Block diagram of the TXE2 exchange switching area 

in a 2 -out-of-5 code. This number is stored temporarily in a 
high-speed storage device while a free register is selected. 
Calls which find the temporary storage engaged by a previous 
call are lost, and equipment-engaged tone is returned to the 
subscriber. 

When a free register has been found, the contents of the 
store arc transferred to it, the register then extending a calling 
condition to the call control. 
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On detecting the register-calling condition, the control 
decodes the information stored in the register and selects a 
path through the s\vitching area, connecting the calling­
subscriber's line unit to the first- or second-choice supervisory 
unit which has access to the register. The register then returns 
dialling tone. The incoming-call sequence differs slightly, in 
that the register is connected directly via the register switch to 
the incoming-junction supervisory unit. 

Once the register has been allocated to a call, it inspects the 
digits dialled into it, recalling the control when it finds that 
an outgoing supervisory change is necessary, or when con­
nexion to a subscriber on the same exchange is required. 

If the control is engaged at any time during the setting-up of 
a call, the request is queued in accordance with a predetermined 
priority selected from the following three control-calling 
priorities used by the register: 

(a) priority l-inco1ning call, first application, 
(b) priority 2-all applications requiring action in the 

inter-digital pause (i.d.p.), and 
(c) priority 3-all other applications. 

When the control has received all the information it needs 
to switch the conversation path through the exchange, the 
register is released and is then available to accept another call. 

STUDY OF EARLY SMALL ELECTRONIC 
EXCHANGE SYSTEMS 

The B.P.O. had two different proposals3 from the manu­
facturers for the small electronic exchange system which was 
to become the TXE2 exchange system, and a limited traffic­
evaluation exercise to compare the two proposed systems was 
carried out by the B.P.O. 

With the results of the comparative evaluation of these two 
proposals to hand, development of the prototype TXE2 
system was continued. The early traffic work, which used 
analytical techniques and the now obsolete electronic traffic 
analyser,4• 5 concentrated particularly on the A-B link 
traffic capacity. Although this work indicated that a higher 
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traffic loading of the A-B links might be possible, a lirnit of 
7 · 5 erlangs per 25 A-B links was accepted. 

At first, the prototype TXE2 system had only three stages 
of switching (A, B and C), and the call losses in these switch­
ing stages were found to be excessive. Simulation studies were 
undertaken to determine the effect of an additional switching 
stage (D) for both inco1ning and outgoing calls. No worthwhile 
advantage accrued from an outgoing-call fourth stage, and the 
trunking as now standardized was chosen; that is, with a 
D-switch in the incoming-call and own-exchange-call paths. 

The early work sho\vcd that there was not an equitable 
distribution of losses between the control and switching areas. 
The next series of studies had, therefore, as their objective, the 
extension of the system designs to a capacity capable of 
catering for 225 erlangs of total A-B link traffic, that is, 10 
1najors or approximately 3,000 subscribers, without changes 
to the control-area design. 

ENLARGED-CAPACITY TXE2 EXCHANGE 
PROPOSALS 

More recently, the B.P.O. teletraffic studies have included 
the evaluation of the 1nanufacturers' proposals for a TXE2 
exchange system having an increased capacity. The original 
TXE2 system, described earlier, had a n1axin1um single-unit 
capacity of 10 majors. The nlanufacturers proposed raising 
this to 20 majors a unit, for both a single-unit exchange and a 
double-unit exchange, thus effectively doubling the size of the 
exchange. The proposed single-unit exchange could, therefore, 
cater for approximately 7,000 subscribers (assuming 125 
subscribers per A-switch), but these must be basically low­
calling-rate subscribers, because the TXE2 system is limited 
by its single-processor-per-unit configuration. 

It \Vas anticipated by the manufacturers that the increase in 
traffic capacity would be achieved by enlarging the switching 
area, leaving the control area as it was on the original TXE2 
systen1, except for providing extra registers. However, the 
result of the prelin1inary analytical study sho\ved that the 
proposal to leave the control area unchanged \Vas question­
able. Although the analytical study did not lead to any 
nu1nerical results, it did indicate that the temporary storage 
facilities in the c.n.g. were unlikely to be able to handle the 
extra calls. The waiting tin1e for calls queueing for the control 
would, therefore, increase and may become critical for the 
incoming call. 

For study-purposes, the B.P.O. considered that a TXE2 
exchange system should give incoming calls a grade of service 
of O · 015 at normal traffic load, 0 · 030 at 10 per cent overload, 
and O · 075 at 20 per cent overload. From the original analytical 
study of the sv.·itching area, it was decided to apportion the 

losses to give 0·013 for the switching area and 0·002 for the 
control area, with the grades of services \Vith 10 per cent and 
20 per cent overloads being two and five times the grade of 
service at the normal traffic load, respectively. 

CONTROL-AREA STUDY 

The grade of service of 0 · 002 for incoming calls in the 
control area is made up of two parts: 

(a) calls lost because the first store in the temporary 
storage of the c.n.g. is engaged by a previous call, and 

(b) those lost because the setting-up thne for the call is 
greater than the i.d.p. available. 

The time taken to set up a call is a cornbination of the time 
for circuit selection and seizure at the distant exchange and 
the TXE2 exchange register connexion time, as shown in 
Fig. 3. In this study, if a call required greater than 200 ms for 
TXE2 exchange register association, represented by periods 
C and D in Fig. 3, it was assumed to have exceeded the i.d.p. 
available and be lost. 

The originating calls in the control area can be lost in 
attempting to enter the c.n.g. However, delay arising is not so 
critical because the subscribers are \Vaiting for dialling tone, 
but it is necessary to limit the delay. The register-calling 
priorities listed earlier assist the setting�up of incoming calls 
which require the more stringent standards. 

For the control-area study, a sin1ulation program was de-
veloped which represented 

(a) the c.n.g., and 
(b) the registers and the call control. 

The necessary data relating to equipment operating times 
and traffic distributions was obtained fron1 other Telecom­
munications Headquarters Departments, and the hvo 
manufacturers concerned. 

For ease of comparison of the results, the c.n.g.s studied 
are referred to here as type A for those from one manufacturer 
and type B from the other, with numerical suffixes to indicate 
their order of design. 

The temporary storage arrangen1ents of the various types of 
c.n.g. studied are shown in Fig. 4. 

Type-A C.N.G.s 

The first c.n.g. simulated was type A2 (see Fig. 4(a)) which 
was the type installed in all but the very early TXE2 ex­
changes, having a maximum design capacity of 10 majors. 
This type was considered by its manufacturer to be capable of 
handling the traffic associated with the increased-capacity 
switching area. 
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However, the simulation showed that the control area was 
not capable of handling the heavier traffic. Although the 
control could handle the extra demands, the operational speed 
of the c.n.g. temporary storage was too slow and a high 
proportion of the calls were lost trying to enter it. 

The provision of additional registers was studied but, 
although this did reduce the numbers of calls having to wait 
for a free register, it did little to alleviate the overall proble1n. 

After discussion of these results, the manufacturer suggested 
that an extra rank of storage be added to the c.n_g., creating 
the type A3. From Fig. 4(b), it can be seen that tbi> type of 
c.n.g. had t\VO stores in parallel, each similar to store- 1 of the 
type-A2 c.n.g. However, although the extra rank of storage 
enabled an extra call to be queued, the operation ti1nes and 
transfer rates were basically those of a type-Al c.n.g. The 
revised con1putcr sin1ulation program showed that the type­
A3 c.n .g. had a perforn1ance which was only 1narginally better 
than the type A2 and, consequently, this design was considered 
unsatisfactory. 

During further discussion with the manufacturer, the 
B.P.0. suggested operation times and transfer rates which, 
fron1 the simulation results of type A3, \vould be n1ore 
appropriate for the c.n.g. temporary storage. From these 
discussions, the manufacturer developed the type-A4 c.n.g. 
A simulation study of the control area with a type-A4 c.n.g. 
proved it was capable of handling the traffic associated with the 
enlarged TXE2 exchange syste1n, and the n1anufacturer was 
notified accordingly. Although the first laboratory version 
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TABLE 1 
Traffic Distributions 

Traffic Mix Percentages 

Percentage Priority I Priority 2 Priority 3 originating/incoming 
- -

A 70/30 15 30 55 

B 60/40 21 26 53 

c 53/47 24 25 51 

D 40/60 30 19·5 50·5 

E 30/70 34 16 50 

and, later, the production version of the type-A4 c.n.g. 
(types A5 and A6, respectively) altered the equip1ncnt timings 
slightly, further simulation showed that the irnproved per­
formance was maintained. 

Type-B C.N.G.s 
The second manfacturer put forWard two proposals for 

c.n.g.s capable of carrying the traffic associated with the 
enlarged TXE2 exchange systcn1. These t\VO c.n.g.s, types B2 
and B3 (see Fig. 4(c)) which differed in operational detail, had 
a different temporary storage configuration to that of the 
acceptable type-A c.n.g. It was found that the perfonnance 
of type-B2 c.n.g. was very sirnilar to that of the type A4, and 
they would both require the san1e register-provisioning table. 
The type B3 had a slightly better performance, ho\vever, and 
this was reflected as a saving in registers on the larger exchanges 
(approximately two registers on a 20-major exchange, with 
55 registers). 
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Register Provision 

The study continued \vith an evaluation of those designs 
of control area in use at that ti1ne on the l O-n1ajor TXE2 
exchange systems. These included c.n.g.s of types A l  and A2, 
and type Bl fron1 the second nlanufacturer. The evaluation 
results sho\vcd that the satisfactory operation of these c.n.g.s 
relied on additional registers, and, consequently, the register­
provisioning tables for existing exchanges were amended. 
However, although the type-A2 and -Bl c.n.g.s were now 
capable of handling the traffic on a 10-inajor exchange, the 
type-A l c.n.g. \Vas only suitable for exchanges with a total 
A-B link traffic loading of less than 200 erlangs; that is, 
approximately 6 · 7 crlangs per 25 A-B links. 

Study Review 

The control-area study has reccnily been updated to gener­
alize the results for a \vide variety of traffic distributions, as 
the first study used average traflic patterns. In addition, this 
approach sho\ved that the delay which can be expected for 
each priority queue is a function of the percentage of priority 1 

demands in the traffic n1ix (see Fig. 5 and Table l). Thus, the 
perfonnance li1nits of each part of the TXE2 exchange 
control area have been detennined, and the results will be 
used in individual exchange design and manage1nent. 

SWITCHING-AREA STUDY 

Sectionalization 

The original TXE2 system design allowed up to l 0 111ajors 
per exchange, each of which had access to all 10 C-s\vitches. 
Every B-C inlet on a C-switch has to have access to every 
outlet on that switch. Thus, for larger exchanges with similar 
trunking, each additional major, over the original ten, would 

increase the number of cross-points required for each C-s\vitch 
by uneconon1ic proportions. 

For the enlarged-capacity TXE2 exchange, both inanu­
facturers proposed using sectionalization to increase the 
switching-area size. In this proposal, the niajors were 
allocated to sections, each section having its own C-switch 
and part of each D-switch. A typical four-section exchange is 
illustrated in Fig. 6. With such an arrange1nent, the size of the 
C-s\vitch was decreased and, although the D-s\vitch size had 
to be increased, the expansion up to 20 n1ajors beca1nc an 
economic proposition. 

The manufacturers agreed that, ultimately, the 20-major 
exchange should have four sections with five 1najors per 
section. Unfortunately, the way they allocated inajors to 
sections during exchange growth was different. An investiga­
tion \Vas, therefore, started to find the gro\Vth method which 
gave the least nu1nbers of cross-points and carried the 
maxin1un1 traffic at each growth step. An analytical approach 
was used because of the ti1ne-scale, and the assu1nptions 
niade, which were the sa1ne for all the sche1nes, were con­
sidered justifiable because only a con1parison of the different 
schemes was required. The ans\vcrs obtained will be checked 
by si1nulation in due course. 

Method of Study 

The study assun1ed that the most onerous connexion in the 
exchange was the one from a _D-switch inlet to a called sub­
scriber, this connexion being needed during the setting-up of 
an inco1ning call and an own-exchange call. During the study, 
a grade of service of 0·013 was used for this connexion through 
the s\vitching area as discussed earlier, and the A-B link 
loading was assun1ed to be 7 · 5 crlangs per 25 links. 

A fonnula was derived which could be used to calculate, 
for every section configuration, the average inlet occupancy 
for a D-switch with a specific nutnber of inlets. 

77 



Results of Study 

A table was produced for each growth proposal giving, at 
each growth step, the inlet occupancy for D-switches with 
various numbers of inlets and at a limiting grade of service of 
0·013. From these tables, it was possible to derive an optimum 
section-growth proposal which gave the maximum D-switch 
inlet occupancy at each growth point. Operational Program­
ming Department then calculated the numbers of cross-points 
which would be required on a range of typical TXE2 exchanges 
if the optimum plan were implemented, and those required 
using the manufacturers' proposals applied to the same 
exchanges. It was found that the optimum scheme required 
less cross-points at every growth point except at the lower end 
(one to four majors). After modification of the lower end of 
the optimum proposal, this scheme was then presented to both 
manufacturers for their comments. Although there were no 
objections on the validity of this scheme, the equipment 
practices of one of the 1nanufacturers precluded its adoption. 

The evaluation, therefore, had to be extended to find an 
alternative scheme, because any saving that might have 
accrued due to reduced cross-points would have been offset 
by implen1entation difficulties \Vith this manufacturer. Several 
other growth schernes were investigated and, finally, one 
which increased the number of sections on a unit fron1 four to 

five was found to be acceptable to both manufacturers. Al­
though this scheme was not as satisfactory at all points of the 
growth curve as the one proposed to the manufacturers, 
nevertheless, it requires less cross-points overall than the 
manufacturers' proposals. It has, therefore, been adopted by 
the B.P.O., and Table 2 shows the order of growth of sections 
and majors, and the range of maximum average occupancy of 
the D-switch inlets \Vith different numbers of D-switch inlets 
and outlets if the required standards of blocking arc to be 
maintained. 

OTHER STUDIES 

Several studies have been carried out by the Tcletraffic 
Division on speculative ideas 

(a) for using equipment similiar to the TXE2 system for 
different types of exchanges, and 

(b) of modified TXE2 system trunking arrangc1nents. 

Within the former category, there have been studies on the 
performance of equipment, similar to the TXE2 system, used 
as a group switching centre, and on the use of the A-B 
switching stage as a subscriber's concentration stage for a 
digitial exchange. Within the latter category, investigations 

have been carried out on the feasibility of allowing a TXE2 

TABLE 2 

Growth Scheme Standardized for TXE2 Exchanges 

Number of Majors on Sections 1 to 5 

0·30 15 

0·33 15 

0·36 15 

0-40 15 
---1----1----1---- 1 ---1----1---1--- -- ----

• 
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exchange to have direct routes into director areas and of 
increasing the maximum size of a TXE2 exchange originating 
route to above 100 circuits, this latter problem resulting from 
the enlarged TXE2 exchange study, because each C-s\vitch can 
only acconunodate ten appearances from one route. 

Thus, if each circuit from a route were commoned across 
all sections, the maximum route size would be 100 circuits. 
However, by splitting a route into circuits which are exclusive 
to a section and others which are commoned across all 
sections (see Fig. 7), the maximum route size can be greatly 
increased. When a connexion is required using this route, the 
control first hunts for a C-switch with a free exclusive circuit, 
but, if all these are engaged, it then attempts to seize a 
circuit which is commoned across all sections. 

FUTURE WORK 

Work is continuing using a simulation model of a complete 
TXE2 exchange. No other standard B.P.0. public exchange 
switching system has yet been simulated as a whole. Therefore, 
besides assisting in standardizing dimensioning rules for 
TXE2 exchanges, this work is expected to answer several 
pertinent questions concerned with the philosophy of system 
study, particularly the effects of splitting systems into sn1aller 
segments for teletraffic evaluation. Although the TXE2 
exchange system is co1nparatively s1nall, the \York has en­
countered problems of prograrn size, co1nputer run-time and 
the time taken to analyse results. Nevertheless, \Vith progra111 
refinements, these problen1s are being overcon1e and beneficial 
data has already been accu1nulated. 

Book Review 

"Reliability Engineering." D. J. S1nith, B.Sc. Pit1nan Publish­
ing. xi + 136 pp. 58 ill. £2 · 50. 

Reliability theory has been dealt with in a nun1ber of good 
books in recent years, 1nostly of American origin. This book 
contributes a forn1 of presentation which is concise, based 
upon practical applications, and, on the whole, lucid. The 
content is not new and, one feels, borrows fairly freely fro1n 
other books, but it is likely to provide a good introduction to 
the subject. 

The theoretical basis for reliability engineering is a branch 
of probability theory. The necessary probability concepts are 
presented as intuitive ideas rather than rigorous definitions. 
On the whole, this fits the book's purpose. However, it leaves 
certain gaps in the understanding which the reader n1ay 
achieve. The definition of failure rate as a conditional proba-

CONCLUSIONS 

The analytical and simulation studies of the TXE2 exchange 
system have yielded some in1portant results and provided 
valuable dimensioning information. The early work quantified 
the exchange capacity and allowed the TXE2 system to grow 
to 10 majors. The recently completed work on the control 
area has effectively doubled its capacity and resolved some 
anomalies in the register-din1ensioning tables for the 10-
major exchange, while the work on sectionalization has 
allowed the switching area to be expanded economically to 
20 majors per unit. Furthermore, for the first time since the 
introduction of TXE2 exchanges, the traffic and connexion 
capacities will be the same for all manufacturers. thus 
si111plifying the dimensioning standards and rules used for 
individual exchange design. 
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bility occurs late (chapter 5) and, as a tool for the analysis-of 
life-test results, the concept of a variable failure rate is said to 
be meaningless (chapter 6). This neglects the technique of 
cumulative hazard plotting which can often b � useful in 
practice. The Weibull model is well introduced, but median 
ranks are used for plotting a curve in an example without any 
introduction or explanation. No alternative mathematical 
inodels (e.g. lognormal and gam1na probability functions) are 
mentioned. System reliability calculations for components of 
known constant failure rate connected in series, and active 
and passive redundancy structures are quite well, but by no 
means exhaustively, treated. A number of problems are set at 
the end of each chapter. 

The book should be easy to assimilate and provides a 
useful addition to the range of introductory texts in the 
subject. c. J. 
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Recent advances in glass-1naki11g technology have substantially closed the gap between the optical losses 
obtainable iu high-silica 111aterials and in lower-melti11g-te111perature glasses. As a result, several fibre-
1nakb1g processes offer a real possibility of achieving the desired /ow-optical-loss fibre. The sources of 
optical loss, and the technology of preparing 1naterials and fibre are discussed in this article. 

INTRODUCTION 

Optical fibres were first seriously considered for use in tele­
communications by Kao1 and Werts,2 in 1966, in papers 
dealing with the electron1agnetic theory of propagation in 
such a dielectric waveguide. This was followed in 1969 by 
another i111portant paper, also by Kao,3 in which it was shown 
that very-lo\v-loss optical n1aterials existed, albeit not in a 
form readily adaptable to fibre production. This, together 
with a rapidly growing body of knowledge of coherent optical 
sources, and particularly solid-state gallium arsenide (GaAs) 
lasers, led to the promise of an optical-co1nn1unications 
systen1 for con1n1ercial use. 

Optical fibres fall into three main groups, as outlined in a 
previous article in this Journal4• These are n1onon1ode, 1nulti­
mode step-index and 1nultin1odc graded-index optical fibres. 
These are illustrated in Fig. 1. In each case, the guiding core 
of the fibre has a refractive index approxin1ately 1 per cent 
greater than the cladding which serves to prevent the electro­
magnetic field leaking out to the boundary, where it would be 
rapidly attentuated. 

Each type of fibre has its own distinctive characteristics, 
but they all have n1any features in comn1on. Typical data 
rates that the different types of fibre 1night carry, in bit/s/km 
are sum1narized in Table 1. Dispersion, due to different 

TABLE 1 

Typical Fibre Bandwith for Different Source/Fibre 
Combinations 

Typical Fibre Bandwidth 
(km x bit/s) 

Source 
M onomode Multin1ode Multimode 

graded-index step-index 

Gallium-Arsenide 5 x 109 5 x 108 2 x 107 
Laser 

Galliun1-Arsenide - ! 108 2 x 107 
Light-Emitting Diode 

mechanisms, li1nits the rates and will be discussed in much 
greater detail in later articles, but the figures are given as an 
approxin1ate guide. Two light sources are listed, the GaAs 

t Research Department, Telecommunications Headquarters. 
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laser and the GaAs light-emitting diode (l.e.d.). Since the 
laser has one tenth the line width of the l.e.d., and about 
1,000 times the power per mode, it can efficiently launch 
into a monomode fibre, whereas the 1.e.d. can only usefully 
be considered in conjunction with the multimode fibres. 

A key elen1ent in a viable optical-communications syste1n 
was recognized, at the outset, to be low-optical-loss fibre. 
Early work on the developn1ent of low-loss 1naterials, appro­
priate fibre-drawing technologies and new n1easurement 
techniques was carried out at several research centres in the 
U.K., including the British Post Office (B.P.O.) Research 
Department laboratories. From subsequent work, two dis­
tinct n1aterial systen1s have en1erged. The first was the one 
chosen by the U.I<. based effort, and involved lo\v-melting­
tcn1peratw·c glasses such as the sodiun1 calciu1n silicates 
(closely akin to window glass, but ultra pure) and the sodiun1 
boro-silicates (of which Pyrex is one \Vell-kno\vn composition). 
These glass systc1ns offer great flexibility in the choice of 
optical, mechanical and chen1ical properties, but because 
they are melted in crucibles fro1n powders, the attain111enl of 
very low contamination, and hence low loss, is difficult. The 
second distinct group includes pure silica, the glass form of 
quartz, and silica containing a few per cent of various dopants 
to produce a glass with a slightly different refractive index for 
either the core or the cladding. Work with these materials has 
been centred n1ainly in the U .S.A., and has led, in recent years, 
to in1pressively low optical losses. 5 However, the last 12rnonths 
have seen the gap start to close again, and there is now good 
reason to believe that the low-melting-temperature glasses 
will shortly rival the high-silica group. Since the success of an 
optical-communications systen1 depends to a large extent on 
the achievement of low optical loss, much of this article is 
devoted to a discussion of the various loss mechanisms re­
sponsible for the energy decay in fibres, and the niain tech­
niques for making glass and fibre are also discussed. 

LOSS MECHANISMS 

There are many sources of optical loss in glasses and fibres. 
These depend on the composition of the glass, preparation 
methods and fibre design, but they fall broadly into two 
groups, absorptive and radiative. 

Absorption Loss 

The absorption of light can arise by interaction with either 
the major glass components, or with impurities. In the infra­
red wavelength range (5-15 µ,m), there are strong absorption 
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bands due to interaction with the vibrations of the n1olecular 
structure of the glass. Dlcctronic transitions arc the source of 
strong absorption bands in the far ultra-violet wavelength 
range. Between these two extren1es, n1ost con11non oxide 
glasses have a transn1ission window in the visible and near 
infra-red wavelength range, \Vhere the absorption loss arises 
mainly fro1n the presence of trace iJnpuritics. 

At present, the n1ajor cause of loss in the low-n1elting­
tcmperature glasses in the important wavelength range, 
800-900 n1n, is due to the presence of transition metal ions.6 
Many of the transition metals in the first row of the periodic 
table of cle111ents (titanium-copper) can exist in several ionic 
states in the glass, each ion contributing absorption bands of 
different intensity, shape and position.7 The relative pro­
portions of the different ions are influenced by the glass com­
position, the nlelting conditions and the techniques used to 
make the glass. Son1e typical absorption curves,6 for the most 
significant in1purities in a sodium calcium silicate glass, are 
shown in Fig. 2. Qualitatively similar results have been found 
for other glass systems. The broad absorption bands of copper, 
iron and nickel, with maxima at wavelengths of 800, 1,100 and 
900 nn1 respectively, are due to the divalent ions. The 
presence of nlanganese results in a strong absorption band at 
a wavelength of 490 nm, \Vith a pronounced low-energy tail 
extending into the near infra-red wavelength range. The above 
ions are the <lo1ninant impurities in the spectral region of 
current interest, but other impurities such as chro1nium, 
cobalt and nickel are in1portant contributors to the loss at 
shorter wavelengths. From the intensities of the absorption 
bands, the n1aximum acceptable concentrations of such 
impurities, for an optical attentuation of 10 dB/kn1, was 
estimated to be in the range 1-100 parts in 109. Considerable 
progress has been made in reducing the loss, and recent 
glasses, made in the B.P.O. Research Department labora­
tories, have losses of about 10--15 dB/km attributable to this 
source. 

Siinilar behaviour of in1purities is found in silica and high­
silica glasses, but because of the completely different prep­
aration techniques, \Vhich ensure a higher purity 1naterial 
and advantageous transition n1ctal attentuation coemcients,8 
the transition 1netal in1purity problein is Jess severe. 

Water is a co1nn1on i1npurity in both glass and silica and is 
present as hydroxyl groups. The fundan1ental stretching 
vibrations of the hydroxyl bond occur bet\vcen wavelengths 
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of 2 · 7--4 · 2 µm, depending on the position of the hydroxyl in 
the glass network.9 These fundamental bands give rise to a 
series of overtone (harn1onic) and con1bination bands ex­
tending into the visible wavelength region.10,11 In n1ost 
glasses and silica, the water content is sufficient to result in 
substantial attentuation at the absorption peaks, a typical 
spectrum due to the water in a sodium borosilicate fibre 
being shown in Fig. 3. Fortunately, the peaks are relatively 
sharp, and the loss attributable to the high water content in 
glass, in the region 800-900 nn1 varies in the range 8-20 
dB/km. 

Colour centres can be produced in glasses by exposure 
to ionizing radiations. The induced absorptions are 
generally observed in the ultra-violet and visible regions and 
have lo\v-cnergy tails extending into the near infra-red wave­
length range. A typical background dose for a period of 20 
years is 2 rd, and this would produce an incremental increase 
in the Joss at 850 nm of about 0 · 03 dB/km and 0 · 15 dB/km 
for silica12 and sodiun1 borosilicate13 glasses respectively. 
Therefore, it does not seem to be a serious problem. 

Scatter Loss 
The 1nost fundamental loss inechanisn1 in glasses in the 

visible region is due to light scattering from inho1nogeneities 
smaller than the wavelength of light-Rayleigh scattering. The 
inho1nogeneities arise from density and co1npositional fluctua­
tions which are frozen in the glass structure on cooling. The 
density fluctuations increase with increase in freezing tempera­
ture and, consequently, the scatter loss due to the density fluctu­
ations wiII be higher in fused silica than in a glass with a lower 
glass transition temperature. Ho\vevcr, multico1nponent glasses 
have an additional scatter loss due to local fluctuations of 
composition, but the total scatter loss of son1e glass co1nposi­
tions and fused silica are comparable,14 being about 1 dB/km 
at 900 nm (see Table 2). More recent workl5 has shown that 

TABLE 2 
Rayleigh Scatter Loss in Bulk Samples of Different 

Glasses 

Glass Type Scatter Loss Reference 
(dB/km at 850 nm) 

----------- 1---------·- ------
Silica 
Potassium silicate 
Sodium borosilicate 
Sodium calcium silicate 
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some glasses have very low co1npositional fluctuations, and 
hence, scatter losses which can be half that of fused silica. 
Rayleigh scatter loss is proportional to (wavelength)-4, and 
consequently, becomes unacceptably high for viable com­
munication systems towards the blue end of the visible 
spectrum. 

Mie scattering is caused by inhomogeneities con1parable in 
size to the wavelength of light, produces mainly forward 
scatter16, and is avoidable in principle. 

A further scatter loss mechanism peculiar to fibre, arises 
fron1 any small irregularity of the core-cladding interface.17 
Such fluctuations arise fro1n vibrations or other perturbations 
during the pulling process, and lead to two effects, one that is 
beneficial and one that is not. In a n1ultimode fibre waveguide, 
such undulations scatter energy from one guided mode to 
another. This mode mixing tends to average out the delay 
time for energy launched initially into different modes, and 
hence, helps to increase the usable bandwidth. Unfortunately, 
the same undulations scatter energy fron1 the guided modes 
out of the fibre, and thus, increase its loss. In practice, striking 
a balance between these two 1nechanisn1s has proved to be a 
difficult problem. 

Non-linear effects, such as stimulated Raman and Brillouin 
scattering, have little effect on the loss below a threshold 
power level. Although, in fibres, the optical power is con­
centrated on a sn1all cross section, and consequently, high 
power densities can be obtained at 1nodest total po\vcr levels, 
the threshold levels will not be reached in the systems en­
visaged at present. 

Other more trivial sources of scatter loss are often found in 
glasses, such as bubbles, incon1pletely dissolved refractory 
starting materials, phase-separated regions, or crystals. These 
arc either n1inimized by changes to the glass-n1aking tech­
niques, or avoided by careful choice of glass co1nposition. 

MATERIALS PREPARATION 
Optical fibres manufactured from conventional glasses and 

those made from doped silicas require different experimental 
approaches. 

The glass systems generally used are sodium calciun1 sili­
cates, sodium borosilicates and sodium or potassium lead 
silicates. The glasses are prepared by heating premixed, high­
purity starting materials (oxides and carbonates) in platinum 
or refractory crucibles. A sufficiently high temperature 
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(l ,000-1,400°C) is required to decompose the carbonates and 
enable the con1ponents to react, to forn1 a viscous liquid or 
melt. Homogenization of the melt is effected by stirring at 
high temperatures, and at the same time, large bubbles rise to 
the surface and burst. Residual sn1aller bubbles (seed) are 
then dissolved in the melt by slightly reducing the temperature, 
a process known as refining. The temperature, times and 
stirring techniques required depend on the glass composition, 
the impurities present and the desired optical quality. The 
glass is then either cast into moulds, or pulled into rods from 
the surface of the melt. 

At all stages of glass making, contamination can occur. 
The three sources of conta1nination are atmospheric dust, 
transport of in1purities from the furnace18 and dissolution or 
diffusion of impurities from the crucible.6 Hence, all the 
glass-1naking operations are usually carried out in clean rooms, 
where the air is continuously filtered. 

Vapour-phase transport of the in1purities from the hot ... 
furnace refractories n1ay be minin1ized by careful choice of 
furnace materials and liners. Fig. 4 shows the improvement 
achieved by using high-purity fused silica to line the furnace 
during glass preparation instead of the usual refractory 
rnaterials. Contamination by the refractories can be con1-
pletely elin1inated by inductively heating, at a frequency of 
approxi1nately 0 · 5 MHz, a platinu1n crucible within a cool 
silica enclosure, as shown in Fig. 5. 

A third source of contamination is the crucible. If the 
glasses are made in platinum crucibles, the platinum can 
dissolve and contaminate the glass. When the platinum is 
present in an ionic form, it is less important, for its absorption 
bands are in the ultra-violet \vavclength range. If, however, 
the platinum is precipitated as metallic particles, the loss can 
be very high. Careful choice of glass compositions and melt­
ing atmosphere can practically eliminate platinum contami­
nation.19 In addition, however, even the purest available 
platinum crucibles have relatively high iron and copper 
contents, and these can diffuse into the glass at the high 
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melting ten1peraturcs. This contan1ination can be reduced 
either by leaching the impurities fron1 the crucibles, or by 
using a lower temperature for glass inaking, and thus, reducing 
the rate of impurity diffusion. 

Fused-silica crucibles, with in1purity contents siinilar to 
those of the starting n1aterials, are co1n1nercially available. 
Sodiu1n borosilicate glasses have been prepared by the B.P.O. 
in silica crucibles in a conventional resistance-heated furnace 
lined with silica, the losses of these glasses varying within 
the range 16-25 dB/km for wavelengths of 450-800 nm (see 
Fig. 6). These glasses have a lower Joss and a wider wave­
length \Vindow than any low-melting-temperature glasses 
previously reported. One disadvantage of the above approach 
is that the molten glass slowly dissolves the crucible, and this 
can reduce the ho1nogeneity of the final glass. 

A novel approach to reducing crucible contamination has 
recently been dcscribed.18 A radio-frequency (r.f.) field \Vill in­
ductively couple to molten glass. Tf the electrical conductivity 
of the glass is sufficiently large, and the frequency is chosen 
correctly for a given experin1ental geometry, the induced heat 
can readily equal, or exceed, the radiative and convective 
heat losses from the glass at the melting temperature. In 
practice, the batch inatcrials are heated in a silica crucible 
using a s1nall graphite susceptor. When sufficient molten 
glass has been n1adc to sustain the inductive coupling, the 
susceptor is removed, more glass batch materials are added 
and the glass volume is increased. The principal advantage 
of this technique is that the coupling is directly to the molten 
glass, and not through the crucible. Consequently, the 
cn1cible can be kept cool throughout the glass-Jnaking process, 
thus dran1atically reducing the interaction with the molten 
glass. Using this technique, sodiun1 calcium silicate glasses, 
with losses as low as 27 dB/Jun at a wavelength of 1,060 nm, 
have been rcported,20 and sodiu1n borosilicate glasses, \Vith 
losses under 25 dB/km in the \Vavelength range 450-800 nm, 
have been prepared in the B.P.O. Research Department 
laboratories. 

High-purity silica and doped silicas are produced using 
methods which differ from those en1ployed with conventional 
glasses, since the very high melting temperatures render 
high-purity fusion very difficult. In general, silica is prepared 
either by vapour-phase hydrolysis, or oxidation of silicon 
tetrachloride (SiCl4)-a volatile liquid easily purified by dis­
tillation-in a ftan1e or an r.f. plasma. Both these processes 
produce n1aterials substantially free fro1n transition metal 
impurities, but the fla1nc-hydrolysis technique yields a product 
with a very high concentration of water. Water-free material 
can be obtained by oxidation in an r.f. plasma. The absorption 
loss of the best water-free silica is usually below 20 dB/km at 
wavelengths of 800-850 nn1, and some measurements have 
been reported21 with losses as low as 3 dB/km. However, 
bulk silica is not readily adaptable to fibre production, and 
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the technique used to prepare high-silica fibres will be de­
scribed later. 

TECHNIQUES OF FIBRE PULLING 

An important characteristic of a glass is the slow transition 
from the solid to the liquid state with change in ten1perature. 
Typically, the viscosity of the glass changes s1noothly fro1n 
1012 to 102 Ns/1112 over a temperature range of several hundred 
degrees. Use is made of the above property in fibre-drawing 
technology, where a fine fibre filan1cnt of approxin1ately 
10-4m dian1ctcr, is pulled from the heated glass (viscosity 
102-J04 Ns/m2) and wound on to a drun1 at speeds in the 
range 1-40 kn1/h. The various techniques used for making 
fibre are described below. 

Double Crucible 

The double-crucible apparatus is illustrated in Fig. 7. The 
core glass has the higher refractive index and is loaded into 
the inner crucible, with a cladding glass in the outer. The 
crucibles are usually made of high-purity platinun1, and 1nay 
hold fron1 a few hundred grams to several kilograms of glass. 
Typically, one hundred grams of glass yields about 5 km of 
fibre. When the crucibles arc electrically heated to a tempera­
ture corresponding to a glass viscosity of about 102 Ns/m2, 
the 1nolten glass begins to flow through the concentric nozzles 
under Poiseuillc (viscous) flow. The emergent con1posite flow 
is then pulled rapidly, as it cools, into a filan1ent under the 
action of the winding n1achine coiling the fibre. Careful con­
trol of the ten1perature distribution and winding speed 
ensures that the correct dian1eter for core and cladding is 
obtained. 

To change from monon1odc fibre, with a core diameter 
of about 3-10 f-Ln1, to multimode fibre, with a core diameter 
of about 70-100 pm, a larger inner crucible with a 
larger nozzle dia1neter is used. This changes the volu1ne 
ratios of core to cladding glass and gives the required glass 
flo\VS. Control of the optical loss in the process requires 
careful attention both in the preparation and loading pro­
cedures to minimize unwanted contan1ination of the glass 
surfaces, and also in the operation of the apparatus to control 
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the optical properties of the fibre. In the B.P.0. Research 
Department, the use of sodiun1 borosilicate glass, which can 
be pulled into the fibre at relatively low temperatures, has 
inarkedly reduced contamination from impurities in the 
crucible. 

Graded-index fibre can also be produced by the double­
crucible apparatus. By choosing a suitable pair of glasses, 
sufficient diffusion can be obtained between the core and the 
cladding, as the core glass flows within the cladding material, 
but before entering the 1neniscus outside the cladding nozzle. 
The inter-diffusion of the two glasses then blurs the boun­
dary22 between the core and cladding regions. With suitable 
control, the diffusion process can lead to the formation of a 
guiding region in the centre of the fibre that has substantially 
lower mode dispersion, and hence, greater bandwidth than 
the equivalent rectangular-index fibre. The Japanese Se/foe 
fibre23 is n1ade in this nlanner. 

Preform Techniques 

Under this general heading fall n1any distinct techniques. 
All have in comn1on the preparation of a large preforn1, 
typically having a diameter up to a few centimetres and a 
length up to 1 111. This preform is then fed vertically down­
wards by a precision-feed n1echanis1n into the hot zone of a 
short furnace, which heats the tip of the preform until it 
flows. From this n1olten tip, a fibre filan1ent is pulled and 
\vound on a drum, in a similar manner to the double-crucible 
process. The distinct technologies differ in the various n1ethods 
of preform preparation. The preform is a con1posite rod with 
a core of higher refractive index material that will subse­
quently become the guiding core of the dielectric wavcguide. 

The preform n1ay be produced by sliding a rod of core 
glass into a tube of cladding glass. This is the rod-in-tube 
technique, but lin1ited success has been achieved, in practice, 
because of the difficulties of preparing the clc1ncnts of the 
preforn1 free of surface contan1ination. 

The preform processes currently attracting the most 
attention are those in which the guiding materials are de­
posited fron1 the vapour phase. The best known of these 
techniques is the Corning process, which has currently pro­
duced the lowest-loss fibre made. In this process,24 a tube of 
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silica is used to provide the support structure for the preform. 
High-purity silica is produced inside this tube by the reaction 
of SiC14 and oxygen (02) in a gas-oxygen flame. This results 
in very fine silica particles being produced at the entrance to 
the tube. The application of a slight vacuum to the other end 
of the tube draws the particles through the tube, and builds 
up a uniform deposit on the inside. The powder layer is then 
sintered at high temperature. A layer of doped silica, typically 
produced by the reaction of SiCl4, titaniun1 tetrachloride 
(TiCl4) and 02, is again produced in like Jnanner and sintered. 

The resultant preform is then collapsed and pulled into a 
fibre, with titania-doped silica core and silica cladding. A 
particular problem with the titania-doped core is to maintain 
the titanium atoms in the correct oxidation state, and this 
has involved heat treating the fibre, in an oxygen atJnosphere,25 
after pulling. The above problem can be overcome by the use 
of other dopants, such as germania (Fig. 8). 

Numerous variations on this technique are possible and 
have been tried with varying success. When small amounts of 
a second oxide are added to silica, the refractive index of the 
doped material is usually greater than that of the silica. 
Consequently, the usual preform consists of a doped-silica 
core and high-purity silica clad. However, if silica is doped 
with a small amount of boron oxide, the refractive index of 
the resulting borosilicate glass is less than that of silica. This 
property has been used to make preforms, and subsequently 
fibre, which have a high-purity silica core and a borosilicate 
clad.26 

A third distinct preform technique is one pioneered by 
Pilkington Research Laboratories.27 A crucible containing 
molten core glass has a layer of cladding glass poured over 
it (see Fig. 9). A glass rod is then dipped into the inelt, and 
with it, a composite rod with core and cladding is pulled 
from the two-co1nponent melt. This technique, in common 
with the vapour-deposition techniques outlined above, has 
the advantage that the core material is never handled in the 
solid state, so avoiding the problems of contamination that 
inevitably go with any handling, transfer or machining 
process. 

PRESENT STATUS 

Bulk Materials 

Precise data on bulk material losses are liJnited because 
there are few laboratories in the world that have the measure­
ment capability for the low levels of loss now being achieved. 
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In addition, it is not possible to quote data on the vapour­
depositcd films discussed under preforn1 techniques, since the 
substrates on which the films are deposited are only of second­
ary importance, and in general, the films cannot be 1neasured 
until they have been collapsed into fibre. Thus, inforn1ation 
is only available on bulk pure silica, and on a range of lower­
melting-te1nperature glasses. The results are summarized in 
Fig. 10. Silica sho,vs the lowest loss yet achieved, although it 
is instructive to note that samples of silica chosen range in 
loss up to values that now overlap the range of the glasses. 
Of course, glass losses could be shown as ranging up to enor­
mous figures, if ordinary optical glasses were included, and 
only specially-prepared glasses for optical communications 
are included. 

Scatter losses, listed in Table 2, show a rather sn1aller 
variation that is related mainly to composition rather than to 
the method of preparation. It is worth noting that, in con­
trast to microwave frequencies, the optical-frequency scatter­
loss 1nechanisn1s are at least as i1nportant as absorption losses. 
This is because the wavelength is n1uch shorter at optical 
frequencies, so that all materials and structures do not appear 
perfectly uniforn1. 

Fibres 

The incremental losses achieved in various fibre-pulling 
techniques are sho\vn in Fig. 11. Incre1nental loss is defined 
as the change in loss in going fro1n bulk material to fibre, or 
in the case of vapour-deposited preform fibres, it is the 
increase in loss over the li1niting loss (due, aln1ost entirely, to 
scatter in silica). This figure sho\vs that the vapour-deposited 
fibres have, at present, achieved the best results, but the gap 
bet\vcen them and the best achieved by other techniques is 
no\v quite small. In particular, the incremental loss achieved 
by the double-crucible process has co1ne very close to that 
achieved by the vapour-deposition process in the best runs 
reported. However, the double-crucible process does not yet 
appear to be sufficiently \veil controlled to reproduce this per­
formance every time. 

The actual losses in fibre, at this time, cover a wide range, 
but the best results are as follows. The Corning preform2B 
process has yielded multimode fibre with a loss of 4 dB/km, 
and single-mode fibre having a loss in the range 10--20 dB/kn1. 
Other vapour-deposition processes, based on the borosilicate 
cladding developed by Bell Telephone Laboratories, have 
yielded a range of fibres having losses of 6-20 dB/km. 
Another vapour-deposition process developed by Standard 
Teleconununications Laboratories29 has yielded a fibre with 
15 dB/km loss. Glass fibres made by the double-crucible 
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process are poor by con1parison, but this appears to be n1ainly 
because the best glass and the best fibre-pulling processes 
have not yet been brought together controllably. The lowest 
fibre loss by this technique has been achieved by the Japanese 
Selfoc fibre with a published figure of 22 dB/km. It would 
seem only a n1atter of tin1e before this result is surpassed 
either in the U.K., the U.S.A., or Japan. 

Several quite-distinct fibre production processes now show 
the capability of yielding fibres with losses well under the 
20 dB/km target figure set son1e years ago. Consequently, 
there is now no doubt that acceptable fibres will be available 
on a production scale in due course. However, it is not yet 
clear which of the 1nany processes will prove to be the best 
for optical conununications, bearing in mind that low optical 
loss is not the only parameter of significance, but that other 
faclors such as production yield, continuous run length, and 
hence, cost \Vill be important in the long tern1. 
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Book Reviews 

"Electric Lifts." R. S. Phillips, C.Eng., F.I.E.E. Pitman 
Publishing. xi+515 pp. 268 ill. £6·50. 

All interested in lifts will welcon1e the appearance of the 
sixth edition of what is probably the only comprehensive 
text-book on the subject, but it has to be admitted that the 
process of piece1neal revision take? to this stag� lea_vc� some­
thing to be desired. Much n1atenal of only h1stonc interest 
still appears and son1c inconsistencies arise, particularly from 
the introduction in Chapter III, of the 1971 BS 2655 Part 3 
standard arrang�ments and di1nensions, which conflict with 
rcco1n1nendations elsewhere in the text. A chapter on pater­
nosters has been added, but this is very brief and cannot be 
regarded as more than an introductio!1 to t�e subject. �he 
chapter on roping systems and ropes, In particular, contains 
1nuch obsolete 1naterial, and while "equal lay" rope con­
structions are mentioned, the importance of this feature to 
fatigue life, by avoiding internal cross-cutting, is not brought 
out. 

The section on solid-state control is reproduced unch;:i.nged 
from the fifth edition except for minor corrections and does 
not go further than straightforward duplex collective co�trol 
utilizing Norbit 1 elements. Contrary to some expect�tlon�, 
solid-state control has not yet made great headway In this 
field the major 1nanufacturers tending to confine its use to 
new

' 
developments in, for example, supervisory systems for 

banks of high-speed lifts. However, some makers are now 
providing lift controllers based on Norbit 2 elen1ents or 
integrated circuits. While the present text does provide a 
guide to the principles involved, a wider-ranging treatment of 
the subject would have been most useful. 

It is perhaps inevitable that in a new edition one should 
look for a solution to a particular current proble1n. For the 
reviewer, this is the problem of hand-winding high-speed 
gearless lifts on power failure, which in ti�es . of power 
rationing can become acute. However, the subject IS not even 
mentioned. 

D.M. 
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''M.O.S.T. Integrated-Circuit Engineering." J. Mavor, B.Sc., 
Ph.D., M. Inst. P., M.I.E.E.E., C.Eng., M.l.E.R.E., 

M.I.E.E. Peter Peregrinus Ltd. x + 162 pp. 129 ill. 
£3·85. 

This is a paperback book of about 170 pages, It is based on 
the I.E.E. vacation school on m.o.s.t. circuit design held at the 
University of Edinburgh in 1972, and is intended to give 
information on the design, fabrication and applications of 
m.o.s.t. integrated circuits. 

The approach has an engineering bias and is very practical 
and non-speculative \Vhich, in some respects, is advantageous. 
It is noted with relief, that the basic material physics of the 
key device

' 
often used as an introduction, is omitted. There 

is only on� energy-band diagram to be found in the book. On 
the other hand, the first chapter on m.o.s.t. analysis includes 
all that is necessary in electron physics to rnakc a valuable 
preamble to the more specialized sections of the book which 
follow. 

The two most common processes used today are described, 
the p-channel-metal and silicon-gate technologies, and 
examples of process parameters, characteristics and design­
layout rules are presented. However, it could have been 
emphasized that this situation is not static and that the design 
engineer must be prepared to consider alternatives, particu­
larly those favoured by the inanufacturer. The important 
subject of costs is raised in 1nore than one place. It would have 
been even more acceptable if other quantitative estimates 
could have been given, in tenns of engineers' time, if not in 
money, on the lines of the computer-aided-design versus 

engineer-design comparisons in chapter 6. 
The sections on design and testing, and the applications 

described in the final chapter, are particularly useful. There is, 
however, one <1;ctivity which has received less_ than its due 
share of attention. Apart from the short sections on gate­
protection diodes and test transistors, there is no emphasis on 
methods whereby the customer may ensure adequate re­
liability for the integrated circuits he purchases. The need for 
reliability is already of high importance, particularly in 
telecorrununications applications; it  can only be satisfied by 
action at the design, technology and testing stages. 

The handbook can, nevertheless, be recommended as a 
useful view of the present state of the art in m.o.s.t. intcgrated­
circuit design and technology in the United Kingdom. 

M.F.H. 
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Experimental Packet-Switched Data-Transmission 

Service: Network Design and Implementation 

D. E. HADLEY, c.ENG., M.I.E.E., and D. W. F. M EDCRAFT, c.ENG., M.I.E.R.E., M.B.c.s.t 

U.D.C. 621.394.4: 681.32: 621.394.742 

The concept of packet switching, in relation to data con1n1u11ica/;011s, ltas been covered in a previous article, 
which also outlined the syste111 defined for the British Post Office experf!nental service. This article describes 
the network-design and bnple111e11tation aspects, and the overall ailns of the experifnental service. 

INTRODUCTION 

The experimental packet-switched service (e.p.s.s.) is planned 
for introduction in 1975. Three packet-switching exchanges 
(p.s.e.s) are being installed, located at London, Manchester, 
and Glasgow. In order to achieve the implementation of an 
experimental service as early as 1975, it has been necessary 
to reduce the an1ount of development work involved, and, 
consequently, the p.s.e.s will be based on a comn1ercial 
processor, the Ferranti Argus 700E, and the network links 
and custo1ner connexions will use existing standard Datel 
equipn1ent. 

The fact that commercial processors are being used for the 
p.s.e.s poses so1nc novel problen1s in the imple1nentation of 
the service. So too does the provision of Datel cquipn1ent, 
which is normally installed at customers' pren1ises, but, in 
the case of the e.p.s.s., also needs to be provided at the p.s.e. 
sites. 

AIMS OF THE EXPERIMENTAL SERVICE 

The ai1ns of the experimental service can be su1nmarized 
as follows: 

(a) To provide a packet-switching service of sufficient 
:flexibility and geographical extent to establish the usefulness 
of such a service to customers, and to enable them to assess 
the overall technical and economic viability of packet s\vitch­
ing in relation to their own data-processing systen1s: 

(b) To enable a decision to be n1ade, based on the outcome 
of the experiment, regarding the inclusion or exclusion of 
packet-switching facilities in future digital-data services: 

(c) To provide an indication of the likely future de1nand 
for a packet-switching service, and to assist in formulating 
tariff principles, and in establishing traffic-design principles: 

(d) To enable experience to be gained in hardware and 
software maintenance. 

DETAILS OF THE SERVICE 

There are t\vo basic types of customers' data tern1inals 
which can be connected to a p.s.e. They are 

(a) packet terminals, where the customers' data-terminal 
equipment assembles the data into an agreed packet format 
before transn1ission in a synchronous n1ode to the p.s.e., and 

(b) character terminals, where the customers' equipment 
transmits data to the p.s.e. character by character, the p.s.e. 
then assembling the data into packets for onward trans­
mission. 

t Network Planning Department, Telecommunications Head­
quarters. 

88 

Character tern1inals will operate at speeds of 50 bit/s, 
110 bit/s and 300 bit/s, whilst packet terminals will operate 
at 2,400 bit/s, 4,800 bit/s, 9,600 bit/s and 48 kbit/s, although 
the 9,600 bit/s facility will not be available initially. 

A small number of Telex terminals will also be connected 
to the service, but these will only be used for in-house tests 
by the British Post Office (B.P.O.). 

Methods of Access to the Service 

Customers will access a p.s.e. via direct circuits or via the 
public switched telephone network (p.s.t.n.). 

Custon1ers using speeds of 110 bit/s and 300 bit/s will, 
nonnally, access the p.s.e. via the p.s.t.n., but a nu1nber of 
direct circuits are also being provided. 

Packet tenninals, that is, those operating at 2,400 bit/s, 
4,800 bit/s and 48 kbit/s, will be connected to the p.s.c. by 
direct circuits. A possible future requirement is for 2,400 bit/s 
and 4,800 bit/s packet tern1inals to access the p.s.e. via the 
p.s.t.n. 

Size of the System 

Table 1 shows the numbers and types of data tenninals 
which can be connected to the p.s.e.s. Initially, the Man-

TABLE 1 

Number and Types of Terminals Served at each P.S.E. 

Type of Data Rate 
Data Terminal (bit/s) 

Character: 
Tariff H 50 
Telex Dial-Up 50 
Tariff J 110 
Direct 110/300 

(Modem 
Interface) 

Dial-Up via 110/300 
P.S.T.N. 

Packet: 
1 2,400/4,800/9,600 
2 48,000 
Inter-P.S.E. 48,000 

Trunks 

Number of Terminal 
Connexions 

London 

I 
Man-

P.S.E. chestcr 
P.S.E. 

3 2 
6' 6' 
6 4 

12 6 

51' 26' 

24 16 
6 2 
6 6 

Glasgo\v 
P.S.E. 

2 
6' 
4 
6 

26' 

16 
2 
6 

• Figures relate to the number of p.s.e. input"ports. Th� number of customers 
accessing these ports will be determined by the customer traffic. Initially, the 
cus!omer"to"port ratio will be restricted to 2: I. 
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FIG. 1-General network configuration 

chester and Glasgow p.s.e.s will accommodate fewer 
connexions than the London p.s.e., but site plans allow for 
their extension to the same size as London if this proves to 
be necessary. 

Table 1 also shows the number of inter-p.s.e. link termina­
tions provided at each site. The three p.s.e.s will be fully 
interconnected by duplicated 48 kbit/s links. 

Network Configuration 

Fig. 1 shows the general network configuration, and 
Fig. 2 shows the arrangements at the London p.s.e. in more 
detail, including the items of Date! equipment. 

Numbering Scheme 

Ideally, a numbering schen1e for a new service should cater 
for the foreseeable expansion of the service. However, in view 
of the relatively small number of customers served by the 
e.p.s.s. and its experimental nature, a simple numbering 
scheme is also desirable. In order to reduce the need for 
translation in the billing terminal during processing for 

billing, traffic recording and other statistical-analysis opera­
tions, it may be necessary to include certain special identifiers 
in each customer's number. For example, depending upon 
the tariff structure finally proposed for the service, it may be 
necessary to identify the customer's geographical location, 
and this could be done by means of an identifier in the 
number. Also, identification of the speed of operation of a 
customer's terminal might be required for billing purposes, 
and would, in any case, be useful for network-management 
analysis of the traffic flows at various bit rates. 

A five-digit numbering scheme is proposed for the c.p.s.s., 
of the forn1 AA XYY, where AA identifies the p.s.e. serving 
the custon1er, and in addition, may also provide information 
of the customer's geographical location, X could be used to 
identify the speed of operation of the customer's terminal, 
and YY identifies the particular terminal. 

On the c.p.s.s., the called-customer's number will be 
indicated in the address field of the packet-header associated 
with ca11-originating (format 1) packets.1 The address field 
occupies bytes* 7-12 inclusive of the header. The actual part 

* A byte is an eight-bit character. 
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FIG. 2-Details of the London p.s.c. 

at present allocated for the custon1er's number extends over 
21- bytes, that is, five semi-bytes or 20 bits, and will cater for a 
five-digit number. However, the three semi-bytes preceding 
this are, at present, unallocated, and could be used to extend 
the numbering scheme to eight digits, if so required. 

n1ight select access to a particular progran1 facility, or 
peripheral device, served by the computer. This facility, which 
is quite separate from the e.p.s.s. nu111bering sche1ne, allows 
identification of up to 1,000 processes by packet terminals. 

The last three semi-bytes in the address field are known as 
the process field. In the case of packet terminals, three-digit 
process numbers in the address field of the call-originating 
packet1 may be used by a calling terminal to indicate the 
particular process required at the called terminal. Typically, 
where the called terminal is a co1nputer, the process nu1nber 
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Access via the P.S.T.N. 
To enable character terminals to access the p.s.e. via the 

p.s.t.n., final-selector numbers on a telephone exchange 
adjacent to the p.s.e. have been allocated. Separate final­
selector nun1bers are used for customers working at 110 bit/s 
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Note 1: This modification to Data Control Equipment No. IA reduces the risk of 
call-collision between outgoing and incoming calls. It will consist of au 
additional card for gating circuit 203 to the ON condition when theP-wire is earthed 

Note 2: Backward-busying of incoming p.s.t.n. lines is effected by applying an 
earth to the P-wire at the U-links 

FIG. 3-Bothway exchange lines providing access to the p.s.e. from the p.s.t.n. for 110 bit/sand 300 bit/s character tern1inals 

fro1n those working at 300 bit/s. A typical arrangen1ent is 
shown in Fig. 3. 

The n1ethod chosen must give full flexibility in the choice 
of the ultimate tariff structure for the service, since one of the 
objectives of the experiment is to enable methods of charging 
for packet switching to be assessed. For the first year of the 
experimental service, p.s.t.n. access charges will be at the 
local-call rate, so that it will be necessary to rebate customers 
accessing fron1 outside the local-call area. A separate system 
within the p.s.e. will provide information from which the 
difference bet\veen local-call-rate charges and charges 
recorded on customers' local-exchange meters can be 
calculated. 

The charges to be levied for p.s.t.n. access after the first 
year of the experiment have not yet been determined, but 
with the information-gathering facility provided at the p.s.e., 
it should be possible to cater for any p.s.t.n. access charging 
requirement, although rebates to customers may still be 
necessary. 

The method of p.s.t.n. access used for the e.p.s.s. has the 
advantage of being simple to i1nplement. With an expanded 
packet-switching service, a different method of access may 
prove more suitable; for exan1ple, the use of a special s.t.d. 
code for the e.p.s.s. However, in determining a different 
method, account will have to be taken of the eventual tariff 
structure and the cost of implementation. 

EQUIPMENT INSTALLED AT P.S.E. SITES 

The equipment to be provided at each p.s.e. site falls into 
three main categories. They are 

(a) processors and associated equipment, including packet 
and character line-cards, interfacing to the Datel equipment, 

(b) Date! equipment, and 
(c) packet-switching-network control equipment. 

The proposed floor plan for equipn1ent at the London 
p.s.e. is shown in Fig. 4. 

The London p.s.e. equip1nent comprises three packet 
switching units (p.s.u.s). Each p.s.u. consists of two pro­
cessors, duplication being necessary to meet the reliability 
requirement. At Manchester and Glasgow, only two p.s.u.s 
are provided, and there is no duplication of processors, 
although both installations have been designed and planned 
so that they can be upgraded to the same reliability level as 
the London p.s.e. should this prove to be necessary. By 
installing an additional p.s.u. and additional Date! equip­
ment, the Manchester and Glasgow p.s.e.s could be increased 
in size to have the same capacity as the London p.s.e. 

Equipment Accommodation Requirements 

The p.s.u.s for the London site each consist of four racks, 
each rack being 1 · 8 m high, 600 mm wide and 780 n1m deep. 
The four racks are bolted together to form an assembly 
1·8m high, 2·4m wide and 780mrn deep, which, after 
factory testing, will probably be moved to the site as an 
integral unit. The p.s.u.s for the provincial sites have one 
rack less than the London p.s.u.s since only one processor is 
provided. Therefore, they form integral units 1 · 8 m high, 
1·8 m wide and 780 mm deep. The assemblies are totally 
enclosed in cabinet form, with large doors providing access 
to each individual rack in the assembly. 

The processor equipment would nonnally be cabled from 
below floor level, as this would have provided a neater initial 
layout. However, the use of false floors has been avoided, 
since problems could be experienced if it was decided to 
extend the installation. Cables from the bottom of the equip­
ment will be taken up to the normal overhead-rack level on 
risers in spaces between individual p.s.u.s. 
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The B.P.0. Datel cquipn1ent will be 1nounted on standard 
62-type racks, 2·74 m high, and overhead cabling will b e  
carried o n  grids o r  trunking. 

Although the existing exchange air-cooling plant can cope 
with the heat generated, the reliable operation of the p.s.e. 
equipment at the London site cannot be guaranteed if a 
failure of the air-cooling plant occurs and gives rise to an 
excessive increase in the ambient te1nperaturc. Stand-by air­
cooling plant is, therefore, being provided at London. This 
will only operate in the event of failure of the 1nain air-cooling 
plant, and consists of three cooling units on the p.s.e. floor, 

Air Conditioning 

The estin1ated power dissipation at the three sites is shown 
in Table 2. 

TABLE 2 

Power Dissipation of P.S.E. Equipment 

Power Dissipation (kW) 

Datel Monitor and Control Point 
P.S.E. Site P.S.U. P.S.E. Equipment 

Processor Console 
---

London 3·1 3x3·1�9·3 5·6 ! ·O 0·4 

Glasgow/Manchester 2-4 2 x 2·4 �4·8 3·6 1 ·0 0·4 
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F10. 5-Power supplies 

supplied from a water-chiller on the roof of the building. At 
Manchester and Glasgow, the heat generated is less, due to 
the sn1aller quantity of equipJnent being installed, and it n1ay 
be unnecessary lo provide stand-by air-cooling plant until 
the size of these installations is increased. 

Power Supplies 

The p.s.e. equipn1ent, and the B.P.0. Date! moden1s, are 
both designed to operate fron1 240-volt, a.c., single-phase, 
50 Hz supplies. 

Due to the in1portance of the experhnent, in particular the 
fact that it is an operational trial involving customers, the 
risk of breakdown because of mains failures is unacceptable. 
To avoid this possibility, the equipment will be powered from 
the -50-volt exchange battery supply via d.c./a.c. inverters. 

The contractor plans to use individual 3 kW thyristor­
based inverters to supply each processor, so that, in the event 
of a failure of one inverter, the p.s.e. would continue to 
operate. 

The B.P.O. inverter systen1, being developed for the Date! 
equipment, will use banks of sn1aller, 1 kW, transistor in­
verters, feeding a common a.c. bus-bar. Failure of one 
inverter will not affect the supply, the other inverters 
maintaining the load. Distribution from the a.c. bus-bar to 
the Datel equipment racks is via a number of lower-rated, 
individuaily-fused cables, thereby ensuring that faults on 
the load will have minimum surge effects on the inverter 
supplies. 

All inverter equipment will be accommodated in power 
rooms remote fro1n the p.s.e. This will reduce -50-volt bus­
bar lengths and possible interference. If problems arise with 
the inverter supply, the facility is provided to change-over to 
the building's essential-services mains supply. This, in turn, 

is covered by a change-over to a diesel-generator supply, 
within 20 s, in the event of failure of the public mains supply. 

Fig. 5 shows a simplified diagram of the power-supply 
arrangements. The monitor and control point (m.c.p.), and 
its associated processor, will be fed directly from the essential­
services supply. Test sockets will be powered fron1 the sa1ne 
supply as their associated processor. All power feeds will pass 
via a single isolating transforn1er in order to separate the 
public 1nains neutral bus-bar fro1n the p.s.e. inverter-earthing 
arrange1nent. 

Maintenance Equipment 

A packet-net\vork service centre (p.n.s.c.) is to be provided 
at each site as the focal point for the maintenance of the 
systern, and will enable experience of maintenance problems 
to be gained. 

Within the p.n.s.c., a m.c.p. console will be provided, 
consisting of a visual-display unit, with a conventional 
keyboard and screen display, and a printer for producing 
hard copies of screen contents as required. Faults within the 
p.s.e., or system faults detected by the p.s.e. itself, will be 
processed by the m.c.p. processor, which is an additional 
processor located adjacent to the p.s.u.s, and information will 
be transmitted to the m.c.p. console. Diagnostic functions, 
and control of the system, will be performed from the m.c.p. 
keyboard. Nonnal urgent and 11011-urgent alarm conditions, 
to cover certain faults, will be extendible from the m.c.p. 
to other floors as required. Testing of Datel lines and equip­
ment will be effected from the Date! test-console located 
within a p.n.s.c. area. 

All lines to the p.s.e. will pass via the p.n.s.c., the tie 
cables from building main distribution frames and the 
repeater station terminating on a distribution frame within a 
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1 ·8 n1 high, 62-typc rack in the p.n.s.c. This will provide a 
jumpering flexibility point, enabling any pair to be associated 
with a particular modem (sec Fig. 2). The circuits will then 
pass through a test-access frame in an adjacent 1 ·8 mhigh, 
62-type rack, where they can be intercepted for testing or 
patching purposes, and, from there, will be cabled to the 
modem racks in the p.s.e. room. Backward busying of 
incon1ing p.s.t.n. lines will be effected by means of U-links 
at the test-access fran1e. 

Four-wire, and 25-way, test trunks will appear on the test­
access frame, and on the 1node1n racks in the p.s.e. room. 
This will enable re1note testing of mode1ns fro1n the Datel 
test-console, or the patching-out of faulty moden1s, if required. 
Certain tests require direct access to 1noden1s, and for this 
purpose, portable test equipment will be provided. The 
104 · 08 kHz group-reference pilot alarms on the inter-p.s.e. 
group-links will be extended to the Date! test-console. 

The p.s.e. site \Vill be provided with the following items of 
test equip1nent, either 1nounted on the Date! test-console, or 
in portable form: 

(a) a level measuring set and oscillator with variable 
attenuator, 

(b) interruption and impulse-noise detectors, 
(c) Date! testers for Modems Nos. 2 and 7 (one to be 

rack-mounted and one portable), 
(d) a Date! tester for Modems Nos. 8 and 9, 
(e) a digital voltmeter, 
(/) an oscilloscope, 
(g) a psophometer, 
('1) a group-delay measuring set, and 
(i) a telegraph-distortion measuring set. 

BILLING AND NETWORK-MANAGEMENT 
TERMINAL 

The basic data required for the billing of calls, that is, 
calling- and called-customers' identities, call duration, and 
number of packets transmitted, for each call, will be stored 
on magnetic drums at the p.s.e. Information required for 
traffic analysis and other network-management functions 
will be sin1ilarly stored. 

A billing tenninal is being provided, situated remotely 
fron1 the p.s.e. The tenninal will gain access to the information 

stored in the p.s.e. via a 2,400 bit/s packet link. Initially, 
this data will be processed directly by the billing terminal to 
produce information in a hard-copy form that can be used 
by clerical staff to produce customers' bills. If the service 
expands, it may be necessary to n1echanizc these processes. 

THE FUTURE 

If packet switching proves to be technically and economi­
cally viable, and if further den1and for the service arises, 
expansion of the net\vork might be called for. However, 
expansion based on the exchange design adopted for the 
experimental service may not be the best economic solution 
for a national public packet-switched service. Recognizing 
that only limited interconnexion is likely to be required, an 
interim solution might be to provide a number of networks 
of the e.p.s.s. type. Each network would be of limited capacity, 
and would serve terminals dedicated to a particular custon1er, 
or shared between a number of customers. 

Plans are well advanced for the introduction of digital 
transmission links which will be used to provide a range of 
private circuit digital data services. When these facilities 
become available, it will be possible to interconnect p.s.e.s 
using digital transmission equipment, and thus elhninate the 
digital-to-analogue and analogue-to-digital conversion which 
arises fron1 the use of standard Datel circuits. Economies will 
result from the use of digital trans1nission, and improved 
performance will be achieved. Sin1ilar arrangements could be 
used for the connexions from the customers' premises to the 
p.s.e. 

A nutnber of countries now have plans for providing public 
packet-switched networks, and the need for international 
interworking will arise. Connexion to overseas public packet­
switched networks could be via a special gateway p.s.c., 
located in London. Unfortunately, at this point in tin1e, there 
is little standardization in the procedures and protocols 
adopted in packet-switched net\vorks, and interworking 
problems have still to be resolved. 

Reference 

1 BELTON, R. c., and SMITH, M. A. Introduction to the British 
Post Office Experimental Packet-Switching Service (E.P.S.S.). 
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The Latest Modem for the 

Datel 600 Service-Date! Modem No. 1 F 

A. R. PUGH, B.SC.(ENG.)t 

U.D.C. 621.394.4: 621.376.3: 681.327.8 

This article describes the operation and pe1fonnance of the latest n1ode111 for the Date! 600 Service, the 
Date! Moden1 No. IF, and details the interchange circuits between the n1ode111 and the data tennina/ 
equipn1ent. 

INTRODUCTION 

The Datel Modem No. 1F provides facilities for the trans­
mission of binary d.c. data signals over the public switched 
telephone network (p.s.t.n.) or private leased circuits. A 
modem consists of a modulator and demodulator, from 
whence the word is derived. The modulator accepts the binary 
d.c. data signals from the data terminal equipment (d.t.e.) and 
converts them into voice-frequency (v.f.) signals suitable for 
transmission over British Post Office (B.P.O.) lines. The 
demodulator accepts the incoming v.f. signals from line and 
converts them back into d.c. signals for processing by the 
d.t.e. The interconnexions between the modem and the d.t.e. 
are called interchange or interface circuits, and arc described 
in more detail later in this article. 

DATEL MODEM NOS. 1A-1F 

Since the introduction of the Datel 600 Service using the 
Datel Modem No. lA,1 revision of the facilities required and 
advances in component technology have necessitated redesign 
of the modem. Table 1 briefly details the changes incorporated 
in the different versions. 

The Datel Modem No. IE was a proprietary equipment, 
a small quantity being purchased to meet a short-term 
demand for 1noden1s which could not be met from B.P.O. 
stocks. 

Moden1 
Version 

1B 

IC 

ID 

lF 

TABLE 1 

Differences in Modem Versions 

Differences in Facilities and/or Construction 

San1e construction as lA with the additional facility of 
an indication of the application of ringing current to 
the 1nodem. This extra facility was provided by 
using a lamp signalling unit in the associated tele­
phone and providing an additional relay in the 
1nodem. 

Facilities as for lB but with the n1echanical construction 
redesigned on to 62-type equipment construction. 

Same construction as for l C with the additional facility 
of switching from 4-wire-to-2-\vire operation under 
the control of a button on the associated telephone. 

Construction as for 1 C and ID, with the interchange 
circuits conforn1ing to the latest C.C.l.T.T. * Recom­
mendation V23 and redesign of lD circuitry to use 
silicon semiconductors. 

* C.C.T.T.T.-Tnternational Telegraph and Telephone Consult­

ative Committee. 

t Telecommunications Development Department, Telecom­
munications Headquarters. 

TRANSMISSION RATES 

The Datel Modem No. 1F provides facilities for trans­
mission at rates up to 600 or 1,200 bit/s, the selection of the 
lower or higher rate being governed by the condition applied 
to one of the interchange circuits by the d. t.e. The transmission 
rate is limited by the attenuation/frequency and group­
delay/frequency characteristics of the connexion between the 
transmitter and receiver and by noise and listener echo. The 
bandwidth required for 600 bit/s operation is approximately 
600 Hz and that for 1,200 bit/s, 1,200 Hz, neither of these 
fully occupying the nominal available bandwidth of 300-
3,400 Hz. However, this bandwidth is not fully available for 
data transmission due to the presence of in-band signalling 
systems. Some trunk signalling systems use frequencies in the 
band 450--900 Hz and continuous frequencies must not occur 
in this band. Other systems use the band 2,130-2,340 Hz, but, 
in this case, signals can exist in the band provided they are 
accompanied by other signals not less than 12 dB lower in 
level, in the band 1,000-2,000 Hz. Therefore, the effective 
bandwidth available for data transmission is divided up into 
two bands of 300-450 Hz and 900-2,300 Hz. 

Since there are two bands available, it is possible to use 
two transmission rates simultaneously, one in each of the 
bands, but, due to the restricted band,vidth, the lower band 
can only be used for low-speed transn1ission, in this case, 
75 bit/s. 

The 600/1,200 bit/s channel is commonly referred to as 
the forward or data channel and the 75 bit/s channel as the 
backward or supervisory channel. 

MODULATION PROCESS 

The modulation process used in the Datel Moden1 No. lF 
is frequency-shift keying (f.s.k.). For the forward channel, a 
binary 1 condition (-3 to -25 volts d.c.) applied to a 
particular interchange circuit results in the emission of a line 
signal of a frequency of 1,300 Hz. This frequency is emitted 
whether the modem is operating at 600 or 1,200 bit/s. When 
a binary 0 condition ( +3 to -i-25 volts) is applied, a line 
signal of frequency 1,700 Hz is emitted when operating at 
600 bit/s and 2,100 Hz for 1,200 bit/s operation. 

The corresponding frequencies for the backward channel 
are 390 Hz and 450 Hz for the binary 1 and binary 0 condi­
tions, respectively. 

MODEL NUMBERS 

To provide the transmission and reception facilities for 
the two channels, two modulators and two demodurators are 
required, these being the Data Modulator No. 3 and the Data 
Demodulator No. 3 for the fo1ward channel and the Data 
Modulator No. 4 and the Data Demodulator No. 4 for the 
backward channel. 
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TABLE 2 

Model Transmitted 
Number Bit Rate 

3 600/ l ,200 bit/s 
4 75 bit/s 
5 600/1,200 bit/s 

Received 
Bit Rate 

75 bit/s 
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The various facilities are provided by using combinations 
of these modulators and demodulators and are identified by a 
model number. The model numbers and their facilities are as 
detailed in Table 2. 

The various model numbers are obtained by inserting the 
appropriate modulator and demodulator into a data main 
unit, the Iatt�r consisting of a case, a power unit and a control 
unit. 

DESCRIPTION OF UNITS COMPRISING THE 
MODEM 

The various versions of the modem are made up from a 
data main unit and various combinations of modulators and 
demodulators. A broad outline description of the methods 
used to provide the facilities associated with each item is 
given below. 

OUTPUT-LEVEL OUTPUT FILTER OUTPUT 
ATTENUATOR 2,5SOHz AMPLIFIER a � V.F.OUTPUT v dB ---•011 � IJJ �--.,• I> 1,300 ANO l,700Hz 

. • � . . OR 1,300 AHO 2,IOOHz 
990Hz 

FIG. 3-Block diagram of Data Modulator No. 3A 

Fm. 4-Data Modulator No. 3A 
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FIG. 5-Block diagran1 of Data Modulator No. 4A 

Data Main Unit 

This consists of a power unit, a control unit and a case. 
The case provides the inter-unit wiring, the tcrn1inating hlocks 
for the telephone and line cords and the interface socket. 

The power unit provides the d.c. supplies for the other units 
and a supply for a local-battery telephone when necessary. 

The power unit operates fron1 a.c. n1ains supplies with 
applied voltages in the range 200-250 volts and frequencies in 
the range 45-60 Hz. 

The control unit, shown in Figs 1 and 2, provides the line­
switching and terminating arrangements associated with the 
4-wirc and 2-wire line connexions and, also, to the control and 
logic functions associated with the interchange circuits. 

Data Modulator No. 3A 

The Data Modulator No. 3A (sec Figs. 3 and 4) converts 
the binary data signals from the d.t.c., at rates up to either 
600 bit/s or 1,200 bit/s, into v.f. signals for transmission to 
line. 

The three line frequencies are derived from a voltage­
controllcd multivibrator which runs at twice the desired 
frequency. The output from this multivibrator is fed to a 
divide-by-two circuit which reduces the even harmonics and 
then the signal is fed through a variable attenuator which is 
used to set the required output level. The output is variable 
over the range -1-7 to -13 dBm in 2 dB steps. From the 
attenuator, the signal passes through a bandpass filter of 
bandwidth nominally 990-2,550 Hz and, thence, through an 
amplifier and to line via the control unit. 

Data Modulator No. 4A 

The Data Modulator No. 4A converts the binary data 
signals from the d.t.e. at rates up to 75 bit/s, into v.f. signals 
for transmission to line and a block diagram is shown in 
Fig. 5. 

LINE 
SIGNAL 

SELECT 
SPEED 

1.7'40 Hz 

SET 
BIAS 

The line frequencies arc derived fro1n a voltage-controlled 
n1ultivibrator, but, in this case, the multivibrator runs at the 
desired frequency. The output of the n1ultivibrator passes 
through a variable attenuator to a 550 Hz low-pass filter and 
then to an output amplifier. 

Data Demodulator No. 38 

The Data Demodulator No. 3B accepts the incoming v.f. 
signals from the line and converts them back into nominally 
rectangular binary data signals which are passed to the 
d. t.e. A block diagram of the demodulator is shown in Fig. 6. 

The inco1ning signals are passed through a 10 dB n1atching 
pad to a bandpass filter, nominally 920-2,400 Hz bandwidth, 
to remove the out-of-band signals and minimize the noise 
introduced into the demodulator. Fron1 this first filter, the 
received signal is fed through a second stage of filtering, the 
bandwidth of which is nominally 1,260-1.740 Hz for 600 bit/s 
operation and nominally I, 160-2,420 Hz for 1,200 bit/s 
operation. The signal is then amplified, a1nplitude 1nodulated 
by a 10 kl-lz oscillator and the upper sideband selected by 
means of another band-pass filter of nominal bandwidth 
11,130-12,450 Hz. 

The signal is then fed into a limiting an1plifier from which 
two outputs are taken. One output is fed to an amplitude­
sensing circuit and then to a level-switching circuit to provide 
the output conditions on circuit 109. The other output is 
fed to a discriminator which converts the constant-an1plitude 
varying-frequency signal to one having a varying amplitude. 
The signal is then rectified and passed to a post-discriminator 
filter (p.d.f.) which removes any residual carrier components. 
The varying d.c. signal output of the p.d.f. is then squared­
up by a high-gain amplifier and passed to the d.t.e. on circuit 
104. The output of circuit 109 is also fed into this amplifier 
so that the optional facility of having the received data 
clamped to binary 1 when circuit 109 is OFF can be provided. 

AMP LITUOE LEVEL 
DETECTOR S'fllTCH DELAY 

DATA 
OUTPUT 

t--...._-•LINE-SIGNAL 
DETECTOR 

INHIBIT�---------------------------� 

FIG. 6-Block diagrain of Data De1nodulator No. 3B 
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Data Demodulator No. 48 

The Data Demodulator No. 4B (see Fig. 7) provides the 
same facilities as the Data Demodulator No. 3B but operates 
at 75 bit/s. 

The incoming v.f. signals are passed through a 10 dB 
matching pad and a bandpass filter, having a nominal band­
width of 340-500 Hz, to a limiting amplifier from which two 
outputs arc taken. One output is taken to an amplitude­
detecting circuit and then to a level-switching circuit to 
provide the output conditions on circuit 122. The other output 
of the limiter is fed into a discriminator which converts the 
varying-frequency signal into an amplitude-modulated signal. 
This signal is then fed to the p.d.f. which removes any v.f. 
signals and the output is passed to the output amplifier where 
it is squared-up and connected to the d.t.e. on circuit 119. 

INTERCHANGE CIRCUITS 

The connexions between the modem and the d.t.e. are 
called the interchange circuits, these circuits and their char­
acteristics being defined by C.C.l.T.T. Recommendation 
V23 and are assigned a unique number. The circuits used with 
the forward and backward channels are detailed in Tables 
3 and 4. 

The modem can be used on private circuits, 2-wire or 
4-wire presented, and over p.s.t.n. circuits. C.C.I.T.T. 
recommend certain interchange circuits for use on private 
circuits and the p.s.t.n., these being selected from those detailed 
in Tables 3 and 4 and the allocation of interchange circuits 
to model number and type of connexion is shown in Table 5. 

The functions of the interchange circuits arc detailed 
below. 

C.C.l.T.T. 
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Circuit 
Nurnber 

102 
103 
104 
105 
106 
107 
108/1 or 
108/2 
109 
111 
125 

TABLE 3 

Forward (600/1,200 bit/s) Channel 

Common Return 
Transmitted Data 
Received Data 
Request to send 
Ready for Sending 
Data-Set Ready 

Circuit Title 

Connect Data Set to Line 
Data-Terminal Ready 
Data Channel Received Line Signal Detector 
Data-Signalling-Rate Selector 
Calling Indicator 

Circuit 102-Co1111no11 Return 

This circuit is the reference for all the other circuits. 

Circuit 103-Transniitted Data/Circuit I !8-Transn1itted 
Backward-Channel Data 

The data which are to be transmitted are fed into the 
1nodcm on this circuit from the d.t.e. 

Circuit 104-Received Data/Circuit 119-Received Backward­
Channel Data 

The data which have been received arc fed into the d.t.e. 
from the nlode1n on this circuit. 

Circuit 105-Request To Send/Circuit 120-Transniit Backward­
Channel Line Signal 

The signals on this circuit control the modulator functions. 
The ON condition, nominally +6 volts, causes the modulator 
to be switched on and the OFF condition, nominally -6 volts, 
causes it to be switched off. 

Circuit 106-Ready For Sending/Circuit 121-Backward­
Channel Ready 

The signals on this circuit indicate \Vhcthcr or not the 
modem is ready to transmit data. The ON condition indicates 
that the modem is able to transmit data whilst the OFF con­
dition indicates that the modem is unable to transmit. 

Circuit 107-Data-Set Ready 

The conditions on this circuit indicate whether or not the 
modem is connected to line. The ON condition indicates 
connexion and the OFF condition disconnexion. 

Circuit J08/l-Co1111ect Data Set to Line 

The signals on this circuit control the switching of the 
modem to and from line. The ON condition connects the 
moden1 to line and the OFF condition disconnects it. 

Circuit 108/2-Data-Ternlinal Ready 

The signals on this circuit control the switching of the 
modem to and from line. The ON condition, which indicates 
that the data terminal equipment is ready to operate, prepares 
the modem for connexion to line. When the modem is used 
with the automatic-answering facility, connexion to line only 
occurs in response to the combination of the ON condition on 
this circuit and on circuit 125. When used in the manual­
answcring mode, connexion only occurs in response to the 
combination of the ON condition on circuit 108/2 and the 
connexion of a loop of resistance less than 300 ohms between 
two of the terminals on the block terminal at the rear of the 
modem. 

The OFF condition causes the modem to be disconnected 
fron1 line. 

C.C.l.T.T. 
Circuit 

Number 

102 
107 
108/1 or 
108/2 
111 
118 
119 
120 
121 
122 
125 

TABLE 4 

Backward (75 bit/s) Channel 

Con1n1on Return 
Data-Set Ready 

Circuit Title 

Connect Data Set to Line 
Data-Terminal Ready 
Calling Indicator 
Transmitted Backward-Channel Data 
Received Backward-Channel Data 
Transmit Backward-Channel Line Signal 
Backward-Channel Ready 
Backward Channel Received Line Signal Detector 
Calling Indicator 



TABLE 5 

Allocation of Interchange Circuit to Model Number and 
Type of Connexion 

Interchange Circuit Interchange Circuit Interchange circuit 
for Model 3 for Model 4 for Model 5 

Private 
P.S.T.N. 

Private 
P.S.T.N. 

Private 
P.S.T.N. 

Circuit Circuit Circuit 

102 102 102 102 102 102 
103 103 104 104 103 103 
105 107 107 104 104 
106 106 108/1 108/1 or 105 105 

108/2 
107 107 109 109 106 106 

108/1 108/1 or 111 111 107 107 
108/2 

111 111 118 118 108/1 108/1 or 
108/2 

119 119 120 121 109 109 
122 122 121 125 111 111 

125 125 

Circuit 109-Data Channel Received Line Signal Detector/ 
Circuit 122-Backward Channel Received Line Signal Detector 

The signals on this circuit indicate whether the received data 
channel signal level is within certain limits, the ON condition 
indicating that the level is within limits, the OFF condition 
indicating that it is outside limits. The circuit switches to the 
OFF condition when the received line signal level falls to 
-48 dBm and restores to the ON condition before the level 
has restored to -43 dBm, but with a 2 dB hysteresis on the 
level at which the circuit switches. 

To prevent false operation to short line breaks and noise 
pulses, this circuit responds to the average level of the 
received line signal. 

Circuit 111-Data-Signa/ling-Rate Selector 

The signals on this circuit control the data signalling rate. 
The ON condition causes the modem to operate in the 
1,200 bit/s mode, and the OFF condition in the 600 bit/s mode. 

Circuit 125-Ca/ling Indicator 

The signals on this circuit indicate whether a calling signal 
is being received by the modem. The ON condition indicates 
the presence, whilst the OFF condition indicates the absence 
of a calling signal. 

The equivalent circuit of the interchange circuits is shown 
in Fig. 8. The interchange circuits defined by C.C.I.T.T. 

INTERFACE SOCKET 

r----- GENERATOR ---.f.---- LOAD 

j . _
R

o _ 

INTER CHANGE CIRCUIT 

v, 

' 
I 
I 
I 
I 

LINE OF I 
'• .......... u 

COMMON RETURH (CIRCUJT IOZ) 

FIG. 8-Equivalent circuit of interchange circuit 

Recommendation V24 are operated by nominally ± 6 volt 
signals. On control circuits, +6 volts represents the ON condi­
tion and, on the data circuits, it represents the binary 0 
condition. On control circuits, -6 volts represents the OFF 
condition and, on the data circuits, it represents the binary 1 
condition. The receiving interchange circuits are designed to 
respond to input voltages over the range +3 to +25 volts 
and -3 to -25 volts. The generating interchange circuits 
are designed to provide a voltage in the ranges +s to +9 volts 
and -5 to -9 volts across a receiving circuit whose resistance 
can be in the range 3,000-7 ,OOO ohms and shunt capacitance 
in the range 0-4,700 pF. 

FACILITIES 

As well as providing the interchange circuits between itself 
and the d.t.e., the modem also provides the following addi­
tional facilities: 

(a) connexion to line via a button on the telephone instead 
of under the control of the d.t.e., 

(b) transmission of data over 2-wire or 4-wire presented 
circuits, 

(c) speech path via an associated telephone when the 
modem is not connected to line, and 

(d) optional facility to switch from 4-wire to 2-wire 
operation under the control of a button on an associated 
telephone. 

TYPICAL SEQUENCE OF OPERATION OF A 
MODEL 3 MODEM ON THE P.S.T.N. 

If the calling end, station A, is provided with a model 3 
modem and wishes to transfer data to station B, then, clearly, 
station B must be provided with a model 4 modem. For 
simplicity, only the operational sequence at station A is 
considered. 

Once the dialled connexion has been established, the modem 
at either end is connected to line by means of either a button 
on the associated telephone or the application of an ON 
condition to circuit 108/1. The condition on circuit 107 then 
switches from OFF to oN indicating to the d.t.e. that the modem 
is on line. Circuit 105 is not provided by the d.t.e. and so the 
ON condition is applied internally within the modem. Hence, 
as soon as the modem is connected to line, a signal is sent to line. 
This signal causes circuit 109 to be switched from the OFF to 
the ON condition after a time delay dependent upon the trans­
mission time of the connexion and the response time of circuit 
109 of the modem at station B, provided that the level of the 
received signal is above the prescribed level. At station A, 
after the appropriate delay timed from the OFF-ON transition 
on circuit 107, circuit 106 switches from the OFF to the ON 
condition, and the d. t.e. then applies the data which are to be 
transmitted to circuit 103. 

The modem at station B also emits a signal as soon as it is 
connected to line and this switches circuit 122, in the modem 
at station A, from the OFF to the ON condition. This 
indicates to the d.t.e. that the conditions appearing on circuit 
119 are nominally correct data signals. 

At the end of transmission, the operator replaces the 
handset, or presses a non-locking button which releases the 
DATA button, or applies the OFF condition to circuit 108/1. 
Any of these operations disconnects the modem from line. 

This operation uses manual answering but the modem 
can provide automatic-answering, facilities, and the auto­
matic-answering procedures with both circuits 108/1 and 108/2 
are described below. 

In the Connect-Data-Set-To-Line mode, circuit 108/1, the 
incoming ringing current operates a lamp signalling unit in 
the telephone associated with the modem \Vhich, in turn, 
applies a d.c. loop to the modem. The application of this loop 
causes an ON condition to be passed to the d.t.e. on circuit 
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125. If the d.t.e. wishes to answer the incoming call, it applies 
an oN condition to circuit 108/1 and, at the end of the call, 
it applies the OFF condition 108/1. 

In the Data-Ten11i11al-Ready mode the d.t.e. applies the ON 

condition to circuit 108/2 either before, or during, reception 
of ringing current. However, connexion to line only occurs 
when an incoming call is received; that is, coincidence of the 
ON condition on both circuits 108/2 and 125. 

Manual answering is also possible with Data-Tennina/­
Ready operation and, in this case, a non-locking button on the 
telephone is operated when data transmission is required. 
If the ON condition exists on circuit 108/2, the n1odcm con­
nects to line, but if the OFF condition exists, it ren1ains off 
line. 

TEST FACILITIES 

Since the inoden1 is installed in customers' premises, 
facilities are provided so that a check can be made fro1n a 
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remote location, a datel test centre (d.t.c.), to ascertain 
whether or not the modem is faulty. 

If the modem is faulty, a call is established from the d.t.c. 
via the p.s.t.n. to the installation where the suspect modem 
is located. The modem at the d.t.c. must be compatible with 
the one to be tested; for example, a 1nodel 3 modem to be 
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tested requires a model 4 model at the d.t.c. The custon1er is 
asked to ren1ove the interface plug fro111 the rear of his 1nodcn1 
and, when he hears a tone on the telephone line, to operate a 
non�locking push button at the rear of the n1oden1. Operation 
of this button op�rates relay T, one contact of \Vhich operates 
relay DS, thus connecting the niode111 to line. The received 
signal then causes circuit J 22 to switch fron1 the OFF to the ON 

condition. This is then passed via a contact of relay T to the 
n1odulator \Vhere it is used to condition circuit I 05, thus 
causing the 1nodulator to oscillate. Circuit 119 is connected 
to circuit I 03 via a third contact of relay T, so that the 
frequency transn1ittcd to line is dependent upon that being 
received; for example, if the received frequency is 450 Hz, 
then the transn1ittcd frequency is I ,700 Hz. The ON condition 
on circuit l 06 holds relay T operated via one of the contacts 
of that relay. 

To release the nioden1 from line, the signal fron1 the d.t.c. 
is removed. Circuit 122 then switches to the OFF condition, 
causing circuit 106 to be turned OFF and releasing relay T. 

When a model 5 installation is tested re1notely, the trans­
mitted frequencies are the same as those being received and 
so a facility is provided such that circuit 104 is connected to 
circuit 103 via circuitry which inverts the received data. Son1e 
of the transmitted signal leaks across the hybrid transforn1er 
back into the receiver, and a self-oscillatory state is obtained. 
The connexion between circuit 106 and the T-relay operate 
circuit is not, therefore, provided and so the modein remains 
on line only as long as the test button is held operated. 
Detection of the self-oscillatory state by the d.t.c. indicates 
that the modem is functioning. 

PERFORMANCE OF MODEM 1F 

The two primary parameters of performance of a date! 
niodem are isochronous distortion and error probability. 

The degree of isochronous distortion of the forward 
channel does not exceed 16 per cent when operating at 
1,200 bit/s and 8 per cent when operating at 800 bit/s, this 
performance being met for any received data pattern in the 

range of receive line signals-5 to -43 dBm. The degree of 
isochronous distortion of the backward channel does not 
exceed 5 per cent for the san1e conditions as the forward 
channel. 

The error probability p�rforn1ance of the 1nodem can be 
n1easured under various test conditions which si1nulate 
various types of line plant using the test arrangen1ent sho,vn 
in Fig. 9. The noise level at the input to the receiving nioden1 
is set to be the same as that of the signal level so that the 
signal-to-noise ratio at the input to the n1odcn1 is 0 dB. The 
signal-to-noise ratio can then be set directly on the ratio 
attenuator. Three test net\vorks used are 

(a) NI, \Vhich represents three carrier channels in tandem, 
(b) N2, which represents 100 miles of standard loaded cable 

(20188/1 · 136), and 
{c) N3, \Vhich represents the no1ninal characteristics of an 

extretne connexion involving Jong junction and trunk 
circuits on the p.s.t.n. 

The error probability is detennined over the range of input 
levels of -5 dBn1 to -43 dBm by feeding the transmitted 
signal to the receiving niodem via a variable attenuator. 
Typical results of the error probability tests are shown in 
Fig:> 10-12. Fig. 10 sho\vs the results for the forward channel 
operating at 1,200 bit/s, Fig. 11 sho\vs the for\vard channel 
operating at 600 bit/s and Fig. 12 shows the results for the 
backward channel operating at 75 bit/s. 
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Book Review 

"The Electrical Principles of Telecommunications." R. Lowe, 
B.Sc., C.Eng., M.I.E.E., M.I.E.R.E., and D. Nave, 
C.Eng., M.l.E.E. Macmillan. ix+ 392 pp. 301 ill. £2 · 95. 

The authors state that this book is intended for three classes 
of reader: students studying for the City and Guilds of 
London Institute examinations in Telecom1nunication Princi­
ples B or C, technicians who sin1ply wish to keep themselves 
up to date, and lecturers of electrical principles with a Iight­
current bias. As so often happens when more than one object 
is set, none of the objects is satisfactorily achieved. 

There are a number of s1nall sections of the Telecommuni­
cation Principles B and C syllabuses which have not been 
covered, and valves and valve amplifiers have not been dealt 
with at all. Students may find the mixing of the B- and C-year 

subjects a little confusing, although the beginnings and endings 
of topics have been marked B or C for guidance. Overall, 
the treatment of the subject see1ns to have been reduced to the 
bare bones. 

The style of writing is easy to read and understand. The 
figures are well drawn and clearly reproduced. There are many 
examples, niost of which have been taken fro1n City and Guilds 
of London Institute exa1ninations, and just under half have 
worked solutions, the others having answers only. 

This book, published in paperback form, is unlikely to 
satisfy those seeking a deep understanding of the subject, but 
it should prove useful to those preparing to sit the relevant 
examinations. 

R.H. 
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Steel Masts and Towers in the British Post Office 

Part 3-Structural Testing 

D. G. CLOW, C.ENG., M.I.MECH.E.t 

U.D.C. 624.97.014.2: 624.04.001.41 

The final part of this article deals with some of the experimental work which is being carried out 011 radio 
masts and towers. The principal object of such work is to verify that structures or their component parts· 
behave as predicted by theory, and as assumed by the designer. 

THE NEED FOR STRUCTURAL TESTING 

Experimental work is advisable, or even essential, in a number 
of circumstances, examples being when 

(a) there is doubt about either the nature of the structural 
loads, or the structure strength, 

(b) theoretical methods of analysis cannot be used with 
confidence, and 

(c) a practical demonstration of the adequacy of the 
structure is necessary, especially when a failure could have 
very serious consequences. 

Tests may be carried out on complete structures, on com­
ponent parts, or on the materials of construction. The princi­
pal objective of the work carried out by the British Post Office 
(B.P.O.) has been to establish the behaviour of actual masts 
and towers with a view to improving knowledge about the 
margins of safety, and this, in turn, could lead to useful 
economies in future designs. 

FULL-SCALE TESTING 

In view of the objective stated above, full-scale testing is 
much to be preferred to model testing, the latter being liable 
to introduce too many variables for the results to be meaning­
ful. Unfortunately, full-scale work is difficult because of the 
sheer size of the structures involved, difficulties of access for 
instrumentation, and the problem of finding suitable weather 
conditions. Usually, it is necessary to have either no-wind 
conditions, or else a strong wind in a specific direction. 

It is rare for suitable structures to become available for 
tests to destruction, although the prototype of the standard 
Mast No. 1 was so tested at Rugby Radio Station.11 All 
other work has been carried out without the stresses exceeding 
the permissible values. This restriction has not been a handi­
cap, as recent work has been aimed primarily at determining 
the behaviour of towers when subjected to dynamic loads 
such as those imposed by the wind. Effort has been concen­
trated on measuring the natural frequencies of oscillation of 
towers, the first mode usually being sufficient, and the deter­
mination of the damping present. 

There are a number of methods of calculating the natural 
frequencies of towers, ranging from simple approximations 
to those requiring expensive computer analyses. The experi­
mental work which has been carried out facilitated the choice, 
for future work, of the simplest analytical method consonant 
with acceptable accuracy. 

There is no way of predicting structural damping, and 
published data gave such widely-varying results that the 
only method available was to test typical structures at 
B.P.O. radio stations. The damping is measured by exciting 
the structure, and then recording the decay of vibration. A 

t Operational Programming Department, Telecommunications 
Headquarters. 
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FIG. 22-Vibrator unit 

common method of initiating oscillation is to use a rocket 
attached to the structure. The B.P.O. have used a motor­
driven exciter which enables damping to be measured from a 
steady-state vibration and permits a much closer control 
over the energy input to the structure, so eliminating any risk 
of damage. 

The vibrator is shown in Fig. 22, and consists of a I · 5 h.p. 
single-phase electric motor, driving contra-rotating weights 
though a remotely-controlled, variable-speed gearbox. A 
variety of weights are available to give control over the 
energy output. The machine weighs 500 lb, and occupies a 
space 3 foot square in plan and 2 · 5 ft in height. It can, 
therefore, be fitted readily to most structures. A pair of contra­
rotating weights are positioned such that only a horizontal 
force is produced, with vertical resultants cancelling out. The 
maximum centrifugal force which can be applied to the tower 
is about 300 !bf ft, this being generated at the upper end of the 
two speed ranges available, namely 0-3 · 5 Hz and 3 · 5-10 Hz. 



F10. 23-Electrical-resistance foil strain gauges on tin square bar 

The damping in a mechanical system is expressed by one, 
or other of two non-dimensional quantities, the critical damp­
ing rati� fJ, or the logarithmic decrement o. The logarit�ic 
decrement is used here and is equal to the natural logarithm 
of the ratio between two successive amplitudes of the decay 
of oscillation. When the damping is very small, as is usual on 
tall structures, then o = 27T x fJ. 

At the time of writing, four towers have been subjected to 
dynamic-load tests and two of these have also undergo�e 
static-load tests. Effort has been concentrated on the dynamic 
work because of the paucity of information on this aspect. 

The ready availability in recent years of two types of 
transducer has made structural testing much simpler, these 
being the strain gauge and the accelerometer. From the 
measurement of strain, stress can be deduced and from 
acceleration, velocity and displacement can be determined. 

Strain Gauges 
Various forms of strain gauge exist, but the most generally 

useful is the electrical-resistance strain gauge which consists 
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of a length of wire or, more conunonly, metal foil bonded on 
to a non-conducting backing. The wire, or foil, is folded back 
on itself several times in order to increase the sensitivity of the 
gauge by permitting the use of a long length of conductor 
within the small overall dimensions of the gauge. The gauge 
is bonded by a special cement to the surface of the com­
ponent under test, such that the gauge is strained in the same 
manner as the test piece (see Fig. 23). The change of length 
of the test piece under load changes the gauge length, and 
hence, the resistance of the wire or foil. The change of 
resistance then gives an indication of the strain according 
to the relationship 

strain ( �1) = change of resistance ( ti.:) x constant (K). 

The constant K is called the gauge factor, and this is quoted 
for a particular type of gauge by the manufacturer. A Wheat­
stone bridge circuit is used to measure the resistance change 
in the gauge. The sensitivity of strain gauges can be very 
high, with a maximum obtainable with equipment suitable 
for use in field conditions of a few tens of microstrains. * 

Strain gauges cannot normally be used to predict stresses to 
an accuracy better than ±5 per cent, even in laboratory con­
ditions, because of variations from the assumed Young's 
Modulus (E) of the test piece (stress = strain x E), and 
variability of the gauge performance at the manufacturing 
and installation stages. Very high accuracy is usually of little 
practical interest. 

Accelerometers 
This type of transducer is used in the measurement of 

vibration and, as the name suggests, it is sensitive to acceler­
ation. There are two types in conunon use, the inductive and 
the piezo-electric types. The inductive accelerometer is most 

• 1 microstrain = a change in length of I millionth part of the 
original length. 
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FIG. 25-Tower No. 4A under test 

suitable for the low-frequency range and has a response down 
to zero hertz, while the piezo-electric accelerometer is suitable 
for applications in which very-low-frequency oscillations are 
not measured. 

The inductive accelerometer is a passive device in which 
the vibration of a suspended mass causes variations in the 
reluctance of a magnetic circuit. A carrier frequency of 
several kilohertz is fed into the coils in the device and is 
amplitude-modulated by any reluctance variation. 

The piezo-electric accelerometer has a mass supported on a 
piezo-electric element and any vibration of the mass produces 
an electric charge in the element, proportional to the applied 
acceleration. 

An example of the output of accelerometers and strain 
gauges on a tower undergoing a vibration test is shown in 
Fig. 24. The exponential decay of oscillation after the 
vibrator has been switched off is clearly visible. The pulses on 
the top trace show the speed of rotation of the weights. 

TOWER TESTING 

Tower No. 4A 

A 75 ft high example of the Tower No.4A was not required 
for immediate use, and the opportunity was taken to subject 
i t  to a program of static- and dynamic-load tests. The specifi­
cation for this work was written such that, firstly, the tower 
was thoroughly tested for adequacy in view of its unorthodox 
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Fro. 26--Hydraulicjacks and load cells between tower and scaffold 

construction, and secondly, to produce design guidance for 
the analysis of towers of similar construction. 

The work was carried out by consultants, and the tower 
was erected on the floor of an old quarry outside Edinburgh. 
The test site is shown in Fig. 25. The large scaffold was pro­
vided to transfer the horizontal pushing forces back to the 
rock face. These forces were applied by the hydraulic jacks 
to supply loads during the static-load tests. Fig. 26 shows the 
jacks in position with load cells interposed between the jacks 
and the scaffold to enable the applied forces to be recorded 
remotely. 

One feature was initially found to be puzzling and is typical 
of the sort of problem which arises when dealing with practi­
cal structures. This was that, on all of the plots of the deflected 
shape of the tower for a given load, there was a sudden 
change in slope, indicating a change in tower stiffness (see 
measured results in Fig. 27). This behaviour was finally 
attributed to a single bracing member being in compression 
under no-load conditions, when, in fact, it should never have 
carried a compressive load under any loading condition. 
When the results were corrected to allow for this bracing, 
the corrected curve of Fig. 27 resulted, which gave a deflected 
shape for the tower very close to that predicted by computer 
analysis. 

It had been thought that this type of tower might have been 
dynamically sensitive because of the extensive use of welding 
and friction-grip bolts, but the tower proved to be very 
stable. The results of the dynamic tests are summarized in 
Table 5. A dynamic test was then carried out on one of the 
taller versions of this type of tower illustrated in Fig. 17. The 
results from this are included in Table 5. 

180 ft High Tower 

A tower, formerly used for supporting high-frequency 
aerials at Criggion Radio Station, became redundant and was 
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FIG. 27-Theoretical and measured deflected shape of tower 

scheduled for demolition. In 1972, a series of tests was carried 
out on this tower, this time by B.P.O. staff. Unlike the Tower 
No. 4A, this structure (Fig. 28) was of conventional bolted­
joint; angle-member construction, and, as such, the results 
would complement those of the less-orthodox . tower. The 
Criggion tower was used as a test-bed for the development of 
test equipment and procedures prior to investigations which 
were to be conducted on towers in the microwave network. 
These towers would be carrying working circuits and so any 
testing would have to be conducted without causing any 
interference to services. 

Figs. 29(a) and (b) show predicted and measured deflexions 
and strains. The measured strains are slightly higher, and the 
measured deflexions slightly lower than the calculated values. 
The most probable reason for this was that the computer 
analysis assumed perfectly-pinned frictionless joints, whereas, 

TABLE 5 

Typical Dynamic Test Results 

Calcula- Mea-
ted sured Logarith-

Structure Natural Natural mic Remarks 
Fre- Fre- Deere-

quency quency ment 
(Hz) (Hz) 

Tower No. 4A 
75 ft high 3· 61 3·5 0· 151 no wind 
137 ft high 3·54 3·65 0· 189 no wind 

Criggion tower 
no dish aerials 1 ·29 I ·26 0· 141 dry soil, no 

wind 
no dish aerials - I ·25 0·061 wet soil, no 

wind 
two dish aerials - J ·20 0·061 wet soil, no 

wind 

Farley old tower 
- 2 · 1 0·010 no wind 
- 2· I 0·047 30miles/h 

wind 

Farley new tower - J ·42 I 0·040 no wind 

FIG. 28-180 ft tower at Criggion under test with dish aerials fitted 

in practice, the joint stiffness would be somewhere between 
the pinned and the fully-rigid cases. 

The results from the dynamic-load tests using the vibrator, 
described earlier, are summarized in Table 5. One interesting 
feature was that there was an appreciable difference in both 
first-mode frequency and damping between dry summer 
conditions and wet winter conditions. The foundations were 
in poor alluvial soil, and when water-Jogged, the concrete 
blocks could move more, thus increasing the apparent length 
of the tower and also affecting the energy dissipation in the 
foundations. 

Farley Towers 

The experience gained during the Criggion tests enabled 
tests to be carried out on working towers without fear of 
causing excessive deflexions of the structure. The equipment 
had been designed for investigating structures which appeared 
to be excessively flexible, or to provide data for use at the design 
stage of new towers. Both uses appliedatFarley Radio Station. 
The tower on the left of Fig. 30 .was one of an older type, 
which was said to be excessively flexible by staff, working on 
the upper 8 ft square, parallel-sided section. As a result of 
these reports, a loading limitation had been placed on the 
tower until the problem could be investigated more thoroughly. 

The tests showed that it was indeed easy to get this structure 
into vibration in low wind-speed conditions, but the frequency 
of oscillation was relatively high. As was discussed ·i n  Part I, 
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LOAD 
(lbf) 

0 

0·25 O·S 0·75 

DEFLEXION AT TOP OF TOWER (IN) 

10 

(a) 

20 
STRAIN x I0-6 

(b) 

(a) Deflexion of tower 

30 

(b) Strains in leg post at th� base of the tower 

l·O 

40 

Fm. 29-Theoretical and measured strains and deflexions on tower 

low damping coupled with a low resonant frequency is the 
case when gust excitation could be a serious problem, and 
fortunately, the first-mode frequency of this tower was quite 
high. It was also noted that, when the tower was vibrated 
during strong wind conditions, it was much more difficult 
to get the tower to oscillate. It is likely that the static com­
ponent of the wind takes up all the slack in the bolted joints, 
and a considerable increase in structural damping results. 
There would also be an increase in aerodynamic damping 
at high wind speeds. The results obtained are summarized 
in Table 5. 

The tower illustrated on the right of Fig. 30 is a new 
structure which will replace the older tower discussed above. 
This galleried tower has been investigated by the same tech­
niques, this time to give design data for future designs, as 
this type of construction could have further application 
in situations where a modular tower would not be suitable. 

106 

Fm. 30-Farley towers 

The test results are included in Table 5. It should be empha­
sized that this table does not indicate the flexural stiffness of 
the structures concerned. The stiffness has considerable effect 
on the response of the towers to the wind, but it can be pre­
dicted theoretically, with sufficient accuracy. The new Farley 
tower is much stiffer than the older one, and this, combined 
with higher damping, has led to a very stable structure. 

It is evident from the structures so far tested that the 
dynamic performance of structures is rather more complex 
than published references would indicate. However, sufficient 
data has been gained to give confidence that, in general, 
B.P.0. towers are relatively insensitive to dynamic excitation. 

WIND-TUNNEL TESTS 

There is an appreciable area of uncertainty in the process 
of calculating drag on skeletal structures. For example, there 
are three distinct methods of computing wind loads in the 
British Standard 17 and when comparing results from the 
various methods, significantly different answers are often 
noted. When these differences are translated into costs of 
structures, in terms of steel and concrete to resist the wind 
loads, there is good justification for resorting to wind-tunnel 
testing to obtain realistic drag values. 

Wind-tunnel work can be considered under two headings, 
tests on full-scale components and tests on scale models. Full­
scale or large-scale model testing is relatively straightforward, 
provided that care is taken. The testing of small-scale models 
of complete structures is much more difficult if valid results 



(a) (b) 

(a) Model under test in wind tunnel 
(b) Detail of model showing s1/11g 

FIG. 31-Wind-tupnel tests 

are to be obtained, and such work requires the services of 
experienced aerodynamicists. 

The principal problem in wind-tunnel testing of small­
scale models is to ensure that the Reynolds number is the 
same for both the full-scale structure and the model. The 
Reynolds number (Re) is the ratio of the inertia forces to the 
viscous forces in the air-flow; that is, 

R = wind speed x linear dimension of the body
. e kinematic viscosity 

and the kinematic viscosity is the ratio of the fluid viscosity 
to its density. The Reynolds number can then be adjusted, 
when a small-scale model is under test, by varying the wind 
speed or the air density (by using a compressed-air tunnel). 
Such methods are not usually convenient, and the aero­
dynamicist often resorts to other methods of adjusting the 
Reynolds number. 

Fig. 3l(a) shows a half-scale model, in wood, of part of a 
column unit of a Tower No.SA in a 5 ft by 4 ft wind tunnel. 
The model is mounted on a base-board flush with the tunnel 
floor. This board is, in turn, mounted on a sting, which is a 
thin-wall, steel tube, the bottom end of which is fixed to the 
building floor. The sting is fitted with strain gauges permitting 
the bending and torsional strains on the tube to be measured, 
from which the drag may be derived. A model showing the 
sting is shown in Fig. 3l(b). Table 6 compares the aerodynamic 

drag as calculated by the British Standard methods, and as 
measured for the structure shown in Fig. 3l(a). 

TABLE 6 

Comparison of Calculated and Theoretical Drag 
on a Tower Component 

Wind Force in a 50 miles/h wind 
(lbf) 

Method 

Wind on face Wind at 45° 
to face 

British Standard CP3 
Overall force coefficient 12·08 14·5 

British Standard CP3 
Multiple-frame calcula-

tion 14·25 -

Using force coefficients 
for individual members 
from British Standard 
CP3 13·35 -

Wind-tunnel test 10·9 12·49 
(maximum drag 
occurred at 30° 

to face 
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FIG. 32-Tower units under test 

TEST ON TOWER COMPONENTS 

An example of another useful feature of structural testing 
is shown in Fig. 32, in which some doubt about the flexural 
and torsional stiffness of the principal components of the 
daffodil tower (Fig. 14(c)) was resolved by full-scale load 
tests on production components. The illustration shows a 
32 ft length of lattice box section undergoing a bending test 
with an 80-ton load applied at mid-section by a special test­
rig. 

Strain gauges and accelerometers have been used for a 
wide variety of tasks other than those already described. 
These range from the investigation of the vibration of aerials 
on concrete towers to the continuous recording of stresses in 

lifting equipment, such as construction derricks and safety 
gear. Modern compact battery-operated instrumentation has 
proved to be as powerful a tool in field work as the computer 
has been for design, and it is quite often cheaper to carry 
out measurements than to attempt to produce an adequate 
theoretical model which can be analysed. 

CONCLUSION 

It is 43 years since Walmsley reviewed radio tower design 
in this Jouma/21, and it is interesting to read his comments in 
the light of present-day knowledge. The greatest change 
since then has been the advent of the computer; for example, 
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the analysis of a tower such as the Tower No. 5A in its more 
complex assemblies would be impractical without powerful 
computers. It is a little disturbing to note that, until very 
recently, little progress had been made in the very important 
fields of realistic wind-speed prediction, and the estimation of 
drag resulting from the action of the wind on masts and 
towers. Much work remains to be done on these aspects. No 
major failure has occurred on a B.P.O. structure and this 
gives the assurance that the assumptions made in design are 
adequate. However, it is very difficult to decide whether the 
structures are being over-designed and, therefore, being 
provided uneconomically. This is a further aspect which 
requires more work. 
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Computer-Aided Design in the British Post Office 

A .  E. PULLIN, M.SC., C.ENG., M.I.E.R.E. t 

U.Ll.C. 681.31 

This article describes the present state-of-art of co1nputer-aided design applications in the British Post 
Office. The present situation and applications in the fields of con1puter-aided circuit and syste111 design is 
rel'/'ewed and the application of' con1puter graphics systen1s in design is described. 

INTRODUCTION 

Many engineers do not realize how easy it can be to apply the 
problem-solving power of a co1nputer to the solution of 
design problen1s. The days of the con1puter as a sin1ple 
"arithn1etic unit" with difficulties of access arc long past. 
Once the designer has forn1ulated his basic design concept, it is 
110\V quite feasible to perform a wide range of engineering 
design tasks very efficiently through the use of a con1puter. 
The designer only requires access to a teleprinter, usually a 
teletype (costing about £600) connected via a rented 1node1n 
unit and an ordinary telephone line to the appropriate 
con1puter. 

The design engineer is able to select a progran1 to assist hi1n 
from a range covering the fields of electrical, civil, structural 
and 1nechanical engineering, in addition to nlore farniliar 
applications. 

The user need know nothing about computer programming 
to obtain the desired results frorn the many available design 
programs held ready for use in computer program libraries. 
Simple instruction in the use of the particular program is all 
that is required. For example, to obtain the frequency 
response of an electrical circuit it is only necessary to dial up 
the computer from the teleprinter terminal, type and send the 
name of the program required for use, describe, in a prescribed 
way, the electrical circuit to the program in terms of compo­
nents (values and interconnexions) and give the frequencies at 
which the response is to be calculated. There is no need to do 
anything more to obtain the required results which are 
returned to the teletype by the computer. 

As in the example above, many programs available today 
can be used by design engineers after a few hours of study to 
give results which may save hours of slide-rule calculation and 
of prototype testing. 

Given more advanced equipment than the simple tele­
printer, the designer can also enlist the aid of computers to 
perform tasks such as printed-circuit-board (p.c.b.) design, 
microcircuit design and technical diagram production. 

The title co1nputer-aided design (c.a.d.) covers a wide range 
of applications. However, the British Post Office (B.P.O.) is, at 
present, mainly concerned with the development of computer 
techniques to aid in the design of p.c.b.s, integrated circuits 
and automatic draughting generally. 

COMPUTER-AIDED CIRCUIT AND 

SYSTEM DESIGN 

Computer techniques used to aid circuit and systen1s design 
fall into two 1nain fields, namely computer analysis and com­
puter synthesis. 

By co1nputer analysis is meant the use of a ccnnputer to 

t Telccomrnunications Developn1ent Department, Tekco1n­
munications Headquarters. 

ascertain the perforn1ance of a designed circuit, and by 
con1putcr synthesis, the use of a con1puter to design the circuit 
or syste1n automatically fron1 a given specification of the 
electrical input/output conditions. 

Except for a fc\v well-defined fonns of electrical circuits, 
such as filters, it is generally uneconon1ical with present-day 
technology and 111athematical 1nethods to use co1nputers for 
large-scale circuit or system synthesis. Co111puter analysis, 
however, is a much more profitable proposition. 

COMPUTER ANALYSIS 

With computer analysis, the designer still has to design his 
circuit, or systen1, in the ordinary way and it may at first 
appear to be pointless to analyse the design by computer 
instead of testing it in the laboratory. However, it is in this 
very matter of enabling the time-consuming, costly and 
laborious laboratory-testing stage to be performed more 
efficiently that computer application is most valuable. 
Savings in both time and cost of the order of at least five to 
one are possible. 

Manual Method 

Consider first the following typical manual or non-computer 
procedure for designing an electrical analogue circuit. 

A specification of the electrical performance required is 
used to choose a configuration which should provide the 
required perforn1ance. This is done from the engineer's 
experience and design knowledge. 

Active devices, such as transistors, are modelled (described) 
for linear (small-signal) circuits by an equivalent circuit and 
for non-linear (large-signal) circuits by a series of equivalent 
linear circuits which each represent small straight Jines 
approximating to part of the curved characteristic. A set of 
equations describing the behaviour of the configuration is 
then formulated. 

Generally, the analysis equations, which describe the 
circuit accurately, are complex and design engineers frequently 
simplify them by neglecting second-order effects. The equa­
tions are solved for the variables of interest and, if the output 
quantities satisfy the specification, the design is complete. 
Otherwise, key-element values are 1nodified and the analysis 
is repeated. This interactive procedure, leading to the optimum 
solution, depends for success upon the original choice of an 
appropriate configuration. 

It may, sometimes, be necessary to select a different 
configuration and repeat the analysis for an acceptable 
theoretical solution to be obtained. 

A laboratory breadboard hardware model of the circuit is 
then constructed for testing and, usually, trial-and-error 
adjustments of the component values are necessary to achieve 
the required practical performance. The trial-and-error stage 
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"!SDB EQUALISER CIRCUIT" 
SY!, 0, I, I, 7S 
R2, I, 2, S0 
R3, 2, 3, 43S 
R4, I, 4, 7S 
RS, 4, S, 7S 
R6, 0, s. 7S 
RA2, 0, 6, 110 
RA3, 0, 7, 13 
Cl, 1, S, 3.SE-12 
C2, 2, S, 8E-12 
C3, 3, S, 34E-l 2 
LI, 4, 6, 0.02E-6 
L2, 6, 7, 0.04SE-6 
L3, 0, 7,0.192E-6 
P RINT, 1, S 

F REQUENCY, SE6, SE6, 10E6, l4SE6 
SENTITIVITY, 1, S, DBS, 40, 3SE6 
EXECU T E  

F10. 2-Circuit Coding 
Note: Interconnexion points in circuit called nodes have numbers abitrarily 

assigned and are shown encircled 

F10. I-Equalizer Circuit 
the component values, and is typical of the type of coding 
required by this, and other, analysis programs. 

becomes necessary because of the approximations resulting 
from the simplified equations. 

The coding is fed into the computer by typing it out on the 
teleprinter, together with extra commands which activate 
the computer into translating the circuit description code, 
performing the required analysis and printing-out the results 
on the teleprinter. Fig. 3 shows the results. 

Computer Method 
Many circuit-analysis programs have very useful facilities 

for the designer, e.g., a sensitivity facility in one B.P.O. 
program enables each of the components forming the circuit 
to be increased or decreased in value one at a time, by any 
required percentage. An analysis of the circuit is performed 
after each component value variation and the corresponding 
results are printed out on the teleprinter. A histogram 
diagram for the component can be printed (see Fig. 4) which 
provides a quick indication of the most sensitive components; 
that is, those causing the largest changes in the operating 
conditions of the circuit when their values are changed. This 
information enables a designer to modify a circuit quickly 
to meet a specification. 

Although, in many practical applications, approximations 
are acceptable, for critical design work, more accurate device 
modelling and analysis equations are required, which lead to 
very tedious calculations. By using a computer, the designer 
can specify configurations and element values, allowing the 
computer to formulate and solve the analysis equations. 
Generally, the choice of configuration is made as in the 
manual method of design. 

Many circuit-analysis programs are available, some com­
mercially and some which have been developed by the B.P.O. 

To use any of these programs, the designer first has to code 
his electrical circuit design in a form required by the particular 
program. For example, consider the computer analysis of the 
electrical circuit in Fig. 1. The circuit coding required by a 
B.P.O. analysis program, available for use on the B.P.0. 
Burroughs B5500 computer service, is shown in Fig. 2. This 
coding contains the circuit topology (interconnexions) and all 

Specific programs impose particular constraints in the 
analysis of circuits containing active components. Some 
programs require the user to design the required equivalent 
circuits manually and to code and insert them in the complete 
circuit coding. Other programs have one or two fixed-configur­
ation equivalent circuits and only the element values for each 
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"lSDB EQUALIZER CIRCUIT" 11:18 TUESDAY 07/08/73 

FREQUENCY GAIN(DBS) VOLTS RATIO NODAL VOL T AGE 

(HZ) NODE (REF. NODE 1) PHASE REAL C OM P  !MAG C OM P  MAGNITUDE 

S.00E 06 S -2.068E 01 9.242E---02 63.9 2.031E---02 4.lSIE---02 4.622E---02 
1. SOE 07 S -1. S70E 01 1. 640E---01 43. 7 S. 933E---02 S. 662E---02 8. 201E---02 
2.S0E 07 S -1.427E 01 1.934E---01 41.1 7.287E---02 6.361E---02 9.673E---02 
3.SOE 07 S -l .317E 01 2.196E---01 42.1 8.146E---02 7.364E---02 1.098E---01 
4.SOE 07 S -l .216E 01 2.467E---01 43.4 8.960E---02 8.483E---02 1.234E---01 
S. SOE 07 S -1.122E 01 2. 747E---01 31S. 7 9. 82SE---02 9. 601E---02 I. 374E-01 
6.SOE 07 S -l.038E 01 3.028E---01 31S.3 1.076E---01 1.066E---01 1.S14E---0I 
7.S0E 07 S -9.617E 00 3.30SE---01 31S.3 1.17SE---01 1.163E---01 1.6S3E---01 
8.S0E 07 S -8.939E 00 3.S73E---01 31S.6 l.278E---01 l.249E-01 l .787E-01 
9.S0E 07 S -8.337E 00 3.829E-01 316.2 l.383E---01 l .32SE---01 l.91SE---01 
l.0SE 08 S-7.803E 00 4.072E---01 317.0 1.490E---01 l.389E-01 2 037E---01 
1.lSE 08 S -7.329E 00 4.301E---01 317.9 1.S9SE-0l l .443E---01 2.lSlE---01 
l .2SE 08 S -6.908E 00 4.S14E---01 318.8 l.699E---01 l .487E-01 2.2S8E--f)l 
1.3SE 08 S -6.S33E 00 4.714E---01 319.8 l.801E-01 l .S22E---01 2.3S7E---01 
1.4SE 08 S -6.l99E 00 4.898E---01 320.8 l.898E---01 1.S49E---01 2.4S0E-01 

F10, 3-Results 



active component need be entered manually, instead of the 
cornplete equivalent-circuit topology. 

More recent programs enable the user to store the different 
types of equivalent-circuit configuration that he may wish to 
use. The element values only, together perhaps with the name 
of the required type of equivalent circuit, need then be entered 
at the circuit-coding stage. 

Also, some programs maintain a library of equivalent 
circuit, for different active components. To use a library 
component, the designer specifies the library name of the 
particular component he requires in the circuit-description 
code. The computer automatically inserts the equivalent 
circuit for this component in the complete circuit coding and 
then perforn1s an analysis in the normal way. 

At first sight, it may appear that the use of a computer 
should eliminate all necessity for approximations in design. 
However, this does not always apply because of the storage 
and speed constraint of the particular computer. For example, 
to analyse accurately a circuit containing many different types 
of transistor over a wide operating frequency range would 
necessitate many equivalent circuits and, in turn, a large amount 
of input data. Several equivalent circuits might be necessary 
for each transistor with each equivalent circuit covering a 
small part of the frequency range. This can lead to large 
computer storage requirements and excessive computer pro­
cessing time and cost. Therefore, even using computer analysis, 
approximations are needed, although to a much lesser degree 
than usually occurs in manual design. 

Automatic optimization of designs can often be accom­
plished by computer, although it is sometimes costly and 
requires a lot of data preparation. Instead, if the results from 
a computer analysis of a large circuit are unsatisfactory, it is 
preferable to n1ake modifications to the circuit and perform a 
new analysis. 

To ensure efficient use of the computer system, care should 
be taken when using it for analysis purposes. The inclusion of 
non-linear elements which do not greatly affect the overall 
circuit performance, or the inclusion of high-frequency 
elements when only mid-band, or low-frequency performance 
is desired, and vice versa, should be avoided if costs are to be 
kept down. 

Another trap for the unwary user may be the modelling of 
active devices by constant parameter elements appropriate to 
small-signal operations only (leading to minimum computer 
analysis time) and then forgetting to check for non-linear 

"15DB EQUALIZER CIRCUIT" 

operation. For example, whilst the sn1all-signal circuit model 
will predict an undistorted output, a large enough input 
signal may cause a highly-distorted output. 

LOGIC-CIRCUIT ANALYSIS 

The inanual 1ncthod of logic-circuit design is si1nilar to that 
for analogue circuits and the procedure can also be improved 
by using computer techniques. The art of computer analysis 
for logic circuits is more precise than for analogue circuits. 
Programs are available which formulate accurately from the 
circuit coding the boolean equations necessary for the compu­
ter analysis, and there is no need for approximations as in the 
analogue circuit case. A logic-circuit analysis program has 
been developed by the B.P.O., based on work done by the 
United Kingdom Atomic Energy Authority. This program can 
analyse up to 1 ,OOO logic elements where an element can 
consist of a single gate or a group of gates. 

When manually testing logic circuits, it is usually possible 
to monitor only a limited number of output states at a time. 
With con1puter analysis, it is possible to monitor all the 
output states concurrently and to show the order of logic 
switching. The B.P.O. program has advanced facilities, such 
as, a fault-simulation facility which enables each of the gates in 
a circuit to be switched on or off, in turn, and an analysis to be 
performed automatically on the complete circuit at each 
setting. 

COMMUNICATION-SYSTEM DESIGN 

Another type of c.a.d. analysis program being developed in 
the B.P.O., based on work done at the Signals Research 
Development Establishment, will aid in the design of com­
munications systems. 

Faced with the design of a new communications system, the 
designer may first attempt to choose the method of modulation 
and the response of the critical filters in the main signal path. 
These, and many other equally important parameters, must be 
manipulated to achieve the final design. The solution must 
satisfy rigid constraints, such as the bandwidth allocated for 
each channel of a radio system, for example, or the peak power 
available from an individual transn1itter. 

In the past, if computers were used to aid this process at all, 
special-purpose programs were written for some relatively 

SENSITIVITY ANALYSIS FOR INCREASED COMPONENT VALUES 

FREQUENCY �3.5000000E 07 HZ REF�l.317E 01 DBS GN 
PERCENTAGE CHANGE IN COMPONENT VALUES�40.0 

VALUE 
ITEM NAME ORIGINAL MODIFIED 

1 RS25 7.500E 01 l.050E 01 
2 R2 5 .000E 01 7.000E 01 
3 R3 4.350E 02 6.090E 02 
4 R4 7 . 500E 01 l .050E 02 
5 R5 7.500E 01 l.050E 02 
6 R6 7.500E 01 1.050E 02 
7 RA2 I. IOOE 02 I. 540E 02 
8 RA3 I. 300E 01 I. 820E 01 
9 C l 3.500E-12 4.900E-12 

10 C2 8.000E-12 l .120E-11 
11 C3 3 . 400E- l l  4. 760E-11 
12 Ll 2. OOOE--08 I . 429E--08 
13 L2 4.500E--08 3.214E--08 
14 L3 I. 920E--07 I. 371E-07 

OUTPUT PERCENTAGE 
DBS GN DIFFERENCE 

l .317E 01 8.840E-10 
I. 334E 01 !. 335E 00• 
l .370E 01 4.008E 00•••• 
l.411E 01 7.123E 00******* 
l.317E 01 7.687E-03 
l .184E 01 -1.012E 01********** 
l.306E 01 -8.274E-Ol •  
I. 279E 01 -2. 870E 00••• 
l .285E 01 -2.396E 00•• 
I. 252E 01 --4. 899E 00***** 
l.328E 01 8.681E--Ol• 
I. 336E 01 1. 480E 00• 
1.355E 01 2.872E 00*** 
1.304E 01 - l.008E 00• 

FIG. 4-Sensitivity analysis results 
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FIG. 5-Tektronix Storage Tube Terminal 

narrow aspects of the problem. The advent of the fast Fourier 
transform algorithm (which transforms waveforms from the 
time domain to the frequency domain and vice-versa) and the 
increasing power of computers available, means that it is now 
realistic to develop general-purpose programs which can be 
used at a very early stage in the design process. 

The B.P.O. program enables designers to assemble proposed 
communications systems from a library of standard building 
blocks such as filters and modulators. The resulting system 
can then be analysed by extracting the waveforms and signal 
spectra at the outputs of the modules. Provision is also made 
for deriving conventional measurement values at any required 
point and printing-out the information such as r.m.s. voltage, 
peak power and occupied bandwidth. 

COMPUTER SYNTHESIS 

Although computer circuit synthesis is not generally 
economical for designing most types of circuit, it is so for 
electrical filters. The B.P.0. has implemented a suite of easy-to­
use filter synthesis programs for the design of simple filters 
using the B.P.O. B5500 computers. For example, to design a 
bandpass filter, the designer simply types the following 
specification data on a teleprinter: 

(a) the type of filter i.e. bandpass, 
(b) the filter order, 
(c) Q-factor, 
(d) passband ripple, 
(e) centre frequency, 
(f) bandwidth, and 
(g) input and output impedance. 

From this information, the computer calculates the network 
configuration and component values of the filter to meet the 
specification, and prints them out on the teleprinter. In 
addition to the B.P.0. filter design programs, there are others 
available commercially which design more sophisticated 
filters. These programs are, however, more complicated to use. 

For complex filter design, it is still usually necessary to 
resort to computer analysis for the final design. The designer 
first obtains a basic design from computer synthesis and then 
continues the design by manual modifications and computer 
analysis. 

COMPUTER GRAPHICS 

The speed of interaction between the teleprinter user and 
the computer is slow since the designer must prepare his data 
in alphanumeric characters and enter this into the computer 
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FIG. 6-D.E.C. GT40 Terminal 

by typing on the teleprinter keyboard. The output from the 
computer, again alphanumeric characters, has to be inter­
preted. By the use of computer graphics, the interaction time 
between the user and the computer can be considerably 
reduced for applications involving graphical data and/or 
results. Also, certain computer applications, such as the design 
of p.c.b.s, are economical only when designed on a graphics 
system. 

The B.P.0. is undertaking computer graphics in two ways 
for design work. The first is by the use of graphical terminals 
linked via ordinary telephone lines to a computer in the same 
way as for a teleprinter. The second is in the sta11d-alo11e 
system, where the computer processor and display are associ­
ated together as one unit. Both the graphics terminals and the 
stand-alone systems have alphanumeric and graphical display 
facilities. 

COMPUTER GRAPHICS TERMINALS 

Basically there are two types of computer graphics terminal, 
the direct-view storage tube and the refresh graphics display. 
Both use cathode-ray tubes. In the case of the storage tube, 
once an image has been created on the tube's screenphospher. 
by the electron high-energy beam, it remains visible without 
being refreshed by the beam. This is achieved by having addi­
tional electron guns which flood the tube face with low-energy 
electrons, and utilize the phenomenon of secondary emission 
to give a persistent image. In the case of a refresh graphics 
display, the image has to be refreshed at least 20 times per 
second in a manner similar to that of an ordinary television 
set. 

Storage-Tube Terminals 

The B.P.O. is using Tektronix storage-tube terminals con­
nected via the Date! 600 service to commercially-available 
bureaux. Such a terminal is essentially a graphical output 
device only, since no selective erasure is possible and the 
unwanted elements of a picture can only be removed by 
erasing and redrawing the whole picture. For large pictures, 
this can be a relatively slow process and the display of moving 
pictures is not possible. The storage-tube terminals are being 
used very successfully for producing graphs from tables of 
values. 

Refresh-Graphics Terminals 

With a refresh-graphics terminal, it is necessary to maintain 
a data file which describes the picture. The scanning hardware 
obtaiqs its refresh instructions from this file, which is held in 



F1G. 7-D.E.C. PDP 15/76 Computer Graphics System 

the core store of a computer processor dedicated to displaying 
the picture. Because of the high data transfer rate required for 
refreshing, i.e., data transfer from core store to the display, the 
latter must be located relatively close to the computer. 

In the past, the use of refresh-graphics terminals has been 
inhibited by the high cost of the associated local dedicated 
computers. However, with the falling cost of hardware and 
particularly that of mini-computers, it is now possible to 
purchase a refresh-graphics terminal at an economical price. 
The B.P.O. has recently obtained a Digital Equipment 
Corporation (D.E.C.) GT40 refresh-graphics terminal which 
consists of a graphical display and a PDP 11II0 mini-computer. 
The latter operates at a speed of 900 ns cycle-time and its core 
store consists of 8,000 words each 16-bits long. 

The terminal operates on a random-scan image-generation 
basis refreshed from data held in the main memory of the 
PDP 11/10 computer. 

The terminal has a light pen, which gives the user a graphical 
interaction facility with application programs. This a device 
which records the co-ordinates on a displayed picture and 
transmits them to the display control computer. This is done 
by placing the pen on the screen at the required position, and 
pressing a button on the pen. Hardware and software instruc­
tions, in association with the co-ordinate points registered by 
the light pen, provide facilities, such as the ability to draw and 
delete lines or symbols on a displayed picture. Program 
options can be displayed on the screen in an alphanumeric or 
other form of graphical list such as a list of symbols. The user 
can choose the option he requires by placing the light pen 
anywhere on the particular option's alphanumeric or graphi­
cal display symbol and pressing the light-pen button. 
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FIG. 8-Printed-circuit board 
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FIG. 9-Ferranti Automated Draughting System 

The GT40 terminal is able to receive data from a remote 
commercial-bureau computer over a telephone line and, by 
means of the PDP 11/10 local computer, expand the data into 
instructions forming the display file. It can also be used for 

applications involving small moving pictures. 
The B.P.O. will use the GT40 terminal for input and output 

to circuit-analysis and filter-synthesis programs to reduce 
considerably the interaction time between the user and com­
puter. This will reduce the overall design time. 

Hard-copy prints of a displayed picture can be made from 
both the storage-tube and refresh-graphics terminals by 
photographing them with a Polaroid camera. In the case of 
the storage-tube terminal, a more suitable hard-copy print 
can be made using an additional unit which, by a thermal 
printing process, produces, on request, a printed copy of the 
displayed picture. However, in time, the print from the 
thermal process fades. A more permanent and larger-scale 
plot can be made by programming the PDP 11/10 computer 
inside the GT40 to produce paper tapes suitable for driving 
an automatic printer/plotter. 

The cost of storage tube displays is in the range £2,000-
£7 OOO and the cost of the GT40 is £7,500. Fig. 5 shows the 
Tektronix storage-tube and Fig. 6 the D.E.C. GT40 terminals. 

STAND-ALONE COMPUTER-GRAPHICS 

SYSTEMS 

The largest computer-graphics system the B.P.0. is using 
is a stand-alone refresh-graphics system using a D.E.C. 
PDP 15/76 computer. The computer system has a 16-bit word, 
800 ns cycle-time and 32K core store, together with a refresh­
graphics display and light pen. The system has been pur­
chased primarily for the design of p.c.b.s. In addition, the 
machine will be used for the design of integrated circuits (i.c.s.) 
and the development of other graphics applications. Fig. 7 
shows a picture of the system. 

The software necessary for designing p.c.b.s and i.c.s has 
been developed by Rcdac Software Ltd. 
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The use of p.c.b.s in the construction of electronic circuits 
has become extensive throughout the electronics industry. 
Fig. 8 shows a typical p.c.b. Each year, the B.P.O. designs 
approximately 500 new p.c.b.s and, in the past, these have 
been designed by laying out the interconnexions by hand in 
the drawing office or contracting the work outside the B.P.0. 
Manual p.c.b. layout can be a very long and tedious task, and 
indeed, for very complex circuits, almost in1possible. By 
utilizing the automatic aids of a computer system with an 
efficient link to the designer to enable him to control and 
direct the design in the direction his experience knows is best, 
large reductions in design times, often as high as 85 per cent, 
can be achieved. Using a computer system, complex circuits 
can be readily catered for relative to manual design methods. 

To design a p.c.b., the designer codes his electrical design in 
a way similar to that for the circuit-analysis programs, 
together with information such as the size of the board. This 
information is punched on paper tape and fed into the 
computer which automatically processes it and displays the 
p.c. b. with all the electrical interconnexions and components 
contained within the outline of the board. 

With the use of the light pen, the final design is achieved by 
a series of modifications to the displayed layout. When the 
designer is satisfied with the design, a command is typed 
which causes the computer to output the design on to paper 
tape. The paper tape is then fed into an automatic plotter 
which draws the design on photographic material using a 
light beam. The drawing is developed and subsequently used 
as a mask for placing the track layout photographically on 
the unetched p.c.b. The board then undergoes a chemical 
process which retains the copper tracks on the board where it  
has been exposed to light in the photographic process. 

In the B.P .0. the actual design of p.c.b.s will be carried out 
on a bureau basis by drawing-office staff, i.e., a draughtsman 
will use the computer graphics system to design p.c.b.s for 
engineers, although for particular problems, the design engi­
neer may use the system himself. 

Similarily i.c.s are designed using the computer graphics 
system. The designer codes his component and interconnexion 
shapes for each layer on the surface of the chip. The computer 
processes this information and displays a layout solution on 
the screen. By the use of the light pen, the designer achieves the 
final design by a series of modifications to the displayed layout. 
A set of rules entered as data prevent the designer from 
making unacceptable modifications, e.g., placing component­
shapes too close to each other. 

In the same way as for p.c.b. design, the final design is 
output on punched paper-tape and used for driving an auto­
matic plotter which produces the photographic i.e. masks. 

The approximate cost of the stand-alone refresh computer 
graphics hardware is £63,000 and the software £37,000 
making a total of £100,000 for the complete system. 

AUTOMATED DRAFTING 

Another type of computer graphics system soon to be used 
in the B.P.O. on a one year field-trial basis is the Ferranti 
automated draughting system. An earlier process was des­
cribed in a previous article1• This system will consist of a 
digitizer, control computer, graphical display and a plotter. 
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The digitizer is a tool used to record the co-ordinates and other 
data at selected points on a drawing. A drawing can be des­
cribed by digitizing a sufficient number of co-ordinates and 
relevant data. 

The system is designed to aid the draughtsman in making 
complex drawings, especially those which use standard 
symbols, e.g. electrical symbols- in circuit dra\\·ings. All basic 
syn1bols e.g. solid line, circle, arc, necessary for drawing are 
stored in the system. To digitize a drawing using this system, 
the draughtsman places the digitizer graticule over the symbol 
required in the tabulated list on the side of the drawing 
board, and presses the digitizer's button. He then moves the 
digitizer graticule to the co-ordinates on the drawing board 
where the symbol is to be drawn and again presses the button. 
The symbol is immediately displayed on the screen at the co­
ordinate position together with any previously digitized 
symbols. In a similar manner, symbols can be deleted from 
the displayed drawing (see Fig. 9). 

When the draughtsman is satisfied with his displayed 
drawing, he types a command which causes the computer to 
plot his drawing automatically on a plotter. Alternatively, a 
punched paper-tape record of the drawing can be made and 
held separately. Any later amendements can then be made by 
feeding the ,Paper-tape data into the computer, which will 
re-display the drawing on the screen ready for modification 
work in the same way as before. 

The system has advanced facilities such as automatic 
dimensioning; that is, dimensions are calculated and drawn 
automatically by the computer. 

Any spare time available on either of these stand-alone 
computer graphics systems will be used for the developing of 
other potentially economical computer-graphics applications. 

CONCLUSIONS 

Rapid computer synthesis and analysis with the ability to 
simulate proven sub-circuits in many different configurations, 
together with simple modification facilities, aII provide a 
powerful tool for the designer. Perhaps the greatest advantage 
of c.a.d. circuit design is the ability to check a manufacturer's 
proposed circuit designs thoroughly, but cheaply, under many 
different working conditions. Indeed, it should become possible 
for the B.P.O. to write specifications calling for stated results 
when the design is analysed by a particular c.a.d. program. 

Computer graphics provides a very powerful interaction 
facility between the designer and the computer giving large 
savings in design time and cost. The use of computer­
graphics is already economical in some applications. To 
prove the economic justification for many other potential 
applications, it is necessary to have the use of computer� 
graphics facilities for exploratory development work. The 
B.P.0. has met this development need by introducing four 
different types of computer graphics facility. Each of these has 
been economically justified on its own for already proven 
computer-graphics applications. 
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An Automatic-Frequency-Control System 
for High-Frequency Radio Receivers 

A. ST. J. REYNOLDSj" 

U.D.C. 621.396.62.029: 621.316.726: 681.323 

A new auto111alic-frequency-co11trol systen1, using digital techniques, has been developed to replace the 
servo-1notor systenz used in high-frequency radio receivers. The principal advantages of the new syste111 are 
reliability and silnplicity, with only one frequency-setting control to be adjusted 011 installation. 

INTRODUCTION 

Most high-frequency, independent-sideband receivers continue 
to use automatic frequency control (a.f.c.) to compensate for 
drifts in oscillator frequency, both in the transmitter and 
receiver. The purpose of these controls is to reduce the fre­
quency errors of the baseband signal at the receiver output 
to a few hertz, by processing the reduced-level carrier forming 
part of the radio signal. Such systems have, hitherto, invari­
ably been complex, costly and vulnerable to signal contamina­
tion by noise and interference. The system described in this 
article has been developed for application to any modern 
high-frequency receiver employing a carrier filter. It is novel 
in that digital techniques are used in place of the electro­
mechanical approach, which has almost invariably been 
adopted previously.1•2 The new system shows major advan­
tages in reliability, cost and operational simplicity. A block 
diagram of the basic a.f.c. arrangement is shown in Fig. 1. 

DESCRIPTION OF THE SYSTEM 

The signal derived from the incoming reduced-level carrier 
is compared with a highly-stable reference frequency in a 
comparator consisting of two identical eight-bit synchronous 
binary counters (see Fig. 2). No attempt is made to measure 
the error between the two signals, the only decision required 
of the comparator being the sense of the error. 

Each counter has an eight-input NAND gate associated with 
it to indicate a full state, and the gate associated with the first 
counter to fill up causes both input signals to be blocked at 
the inputs to the two counters. The sense of the frequency 
error can be determined by the logic of the outputs of the 
eight-input gates at the end of each count, and these signals 
are used to control the frequency-correcting section of the 
system. 

The heart of the frequency-correcting part of the system is 
a reversible ten-bit synchronous binary counter. The count 
state is either increased, or decreased, depending on the 
instruction from the comparator, and so this counter replaces 
the function of the servo-motor. The correction to the 
controlled local-oscillator tuning is carried out by varactor 
(variable-capitance) diodes, the controlling analogue voltage 
being derived, via a converter, from the ten-bit output of the 
reversible counter. 

The interval between successive corrections is controlled 
by the clock-pulse rate, which resets the comparator counters, 

t Radio Engineering Services Division, External Telecom­
munications Executive. 

2·6 MHz 
INTERMEDIATE 
FREQUEf!CY f-'10.:.0k.:.H,;.'.:::±.:::/',:..cf�� TO 

IOOkllz ------�-� 
REfEAEf!CE 

DEMODULATOR 

J-�---< c;o 2.7 ""' 
ERROR \!::J 

ANALOGUE 

FIG. 1-Basic a.f.c. arrange1nent 

COMPARATOR 

EXTERNAL 
COMMANDS 

JO kHz RffER.0E:::HC:oE�_; 
D!GITAL-T04 
AHAlOGUE 

CONVERTER 

IDkHz±6.f 

/ 

REVERSIBLE 
COUNTER 

FIG. 2-Block diagram of digital a.f.c. system 

and at the san1e time, adds or subtracts one count from the 
reversible counter. Every clock pulse fed into the reversible 
counter produces a 1 Hz change in the frequency of tuning, so 
that with a 1 Hz pulse-repetition rate, the rate of correction 
is 1 Hz/s. The ten-bit counter gives a tuning capability of 
1,023 Hz, or approximately ± 500Hz, which meets the normal 
requirement for modern receivers. 

The relatively-slow correction rate of 1 Hz/s is chosen so 
that small, short-duration and reversible changes-jitter-in 
the incoming carrier are not followed. Rapid correction would 
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produce frequency modulation of the controlled oscillator 
frequency, the unwanted sidebands of which would be \Vithin 
the audio-frequency range and, therefore, appear in the final 
audio output from the receiver. 

A comparison error would occur if the comparator counters 
were started without regard to the phase relationship between 
the input signals. Therefore, a coincidence gate is used to hold­
off the reset pulse until the input signals are in phase. If 
this precaution were not taken, an area of indecision of up 
to ± 40 Hz would occur. 

In addition to a.f.c., a signal-search facility is included, so 
that when the receiver is switched to a new frequency, the 
tuned oscillator is swept over a frequency range of ± 300 Hz 
at a rate of 10 Hz/s. During search, the comparator counters 
are allowed to fill, and do not exercise any control over the 
counting direction of the reversible counter. This control is 
exercised by a tuning-limit flip-flop circuit, switched by two 
eight-bit word comparators, these being programmed to 
recognize when the reversible counter reaches each count 
state corresponding to either the +300 Hz or the -300 Hz 
frequency limit. Of the ten bits available from the reversible 
counter, only the eight most-significant bits are used. This 
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affords an economy in the word comparator and only degrades 
the recognition accuracy by 3 Hz or 1 per cent. Gates are 
included in the automatic-search control line to permit 
1nanual-search commands to be injected from the central 
control position so that the operator can assume a searching 
control if necessary. 

DETAILED CIRCUIT DESCRIPTION 

A detailed description of the circuit, a diagram of which is 
shown in Fig. 3, is given below. 

The Comparator 

The 10 kHz reference signal and the nominal 10 kHz 
carrier signal are processed by the monostable circuits Ml 
and M2 to produce 1 µs pulses at the respective pulse-repeti­
tion frequencies. These pulses are then applied to the inputs 
of the comparator counters Dt and D2 via the three-input 
NANO gates G 1 and G2. The four cross-coupled two-input 
NANO gates G 3-G6 are all opened by the a.f.c. command 
from the receiver, and allow the logic signal from each eight-



input NAND gate G7 and GS, connected to the comparator 
counters, to control the three-input NANO gates G I and G2. 

Whichever counter fills first produces a logic 0 at the output 
of the associated eight-input gate, and blocks both 10 kHz 
input pulse trains by closing the gates G 1 and G2. Therefore, 
the counter receiving the higher frequency produces a logic 0 
at this point and exercises control over both three-input gates. 
The output logic fron1 the eight-input gates is also applied to 
a toggle 09 and G 10 to control the counting direction of the 
reversible counter D3. 

The Reversible Counter 

The counter is a ten-bit synchronous up/do\vn counter, 
with an inhibit facility and a single up/down control line. 
The up/down control signal, derived from the comparator, i s  
filtered to remove any noise and is reconditioned by the 
Schmidt trigger circuit T2. The clock input, which changes 
the count state of the reversible counter, is the correction 
pulse in the system. This is derived from the correction pulse 
generator PGI, via the decade divider D9, and is selected by 
gates Gl5-017. These gates form a change-over switch with 
the 1 Hz pulse rate selected for a.f.c., and the 10 Hz pulse rate 
for signal search. The pulse trains are filtered to re1nove noise 
and processed by the Schmidt trigger circuit T3 and the mono­
stable circuit M3. 

To protect the count state, the reversible counter can be 
automatically inhibited 

(a) when the carrier-to-noise ratio is less than 10 dB, by 
means of a signal from the receiver automatic inhibit circuit 
in a signal assessor applied via the gates G21 and 022, 

(b) during the actual con1parison period, via the gates G22 
and G23, 

(c) when there is no frequency error between the two 
input signals, via the gates G18, G19, G20, G24, G21 and 
G22, and 

(d) in the absence of the correction pulse, also via the 
gates GIS, G19, G20, G24, G21 and G22. 

In this way, the reversible counter is protected by being 
inhibited for much of the time, and operated only when the 
carrier signal is of sufficient quality to render it useful and 
when correction is necessary. 

A number of gates are included in the up/down line to 
facilitate automatic search and to allow manual search in 
addition to the a.f.c. function. The gates G25 and G26, with 
the associated inverters and diodes, ensure that logic 0 signals, 
applied to the manual search lines, override the automatic 
signal search. This is achieved by disabling the gate G27 and 
allowing the gate G28 to control the count direction. Under 
automatic search, logic I signals are connected to the inputs 
of the gates G27 and G28 from the manual search lines. The 
gates G27 and G28 then pass signals from the gate 09 for the 
a.f.c. 1node, or from the gate 029 for the signal-search mode. 
The automatic search requirement is for the receiver to 
explore a frequency range of± 300 Hz for the required 
carrier. For this purpose, two binary word comparators are 
connected to the outputs of the reversible counter to recognize 
when the count state reaches the points corresponding to the 
± 300 Hz frequency limits of the controlled oscillator. Each 

word comparator is made up of three integrated circuits. 
Two eight-bit words (A and B) arc co1npared in the circuits 

(each one capable of four-bit comparisons) and a final com­
parison made in a third circuit. Three unique output states 
are available depending on whether word A is greater than 
word B, less than word B, or equal to word B. The output 
states arc used to trigger a two-input bistable circuit T4 which, 
in turn, provides the counting-direction control for the re­
versible counter via the gates G29, G30, G27 and G28. Reed 
relays, which are compatible with transistor-transistor logic, 
are also operated to energize lamp alarms at the central con-

trol position, to indicate when the search reaches the limits. 
The word comparators are also operative under a.f.c. con­
ditions, so that lan1p alarms indicate when a.f.c. action has 
varied the controlled oscillator by either + 300 Hz or 
- 300 Hz, and warns the operator that rernaining correction 
capability is, at the most, 200 Hz. 

The Digital-To-Analogue Converter 

A ten-bit digital-to-analogue converter is used to provide 
a unipolar output of 0 to - 10 volts from a natural binary 
input which is compatible with transistor-transistor logic. 
The converter has a self-contained voltage reference and 
output amplifier. The digital logic inputs operate gates to 
switch binary-weighted current sources to a summing bus-bar 
connected to the output amplifier. 

Tuning the Controlled Local Oscillator 

The local oscillator, that is tuned for the purposes of a.f.c. 
and search, is crystal-controlled and tuned over the small 
frequency range required by variable-capacitance diodes. 
These are silicon diodes used in the reverse-bias condition, 
in which the diode junction capacitance varies with the bias 
applied from the output voltage of the digital-to-analogue 
converter. 

A variation in capacitance of about 25-75 pF is required 
for a ± 300 Hz tuning range, and this is achieved by a bias 
voltage variation of about 6 volts applied to two varactor 
diodes connected back-to-back. A change of about 9 volts 
provides the full a.f.c. range of ± 500 Hz. 

SYSTEM PERFORMANCE 

Table 1 gives the main parameters for the system taken 
from measurements of the prototype unit. 

TABLE 1 

Measured Performance of Prototype Unit 

Parameter Perfonnance 

Correction speed of the a.f.c. 

Sweep speed on signal search 13 Hz/s 

Residual error after correction ±I Hz 

Signal-search range ± 300 Hz 

Follow range of the a.f.c. l 400 Hz 

Capture range of the a.f.c. ± 70 Hz 

CONCLUSION 

The automatic-frequency-control system, using digital 
integrated circuits, has been developed for use in high­
frequency communications receivers. The system is suitable 
for application to any independent-sideband receiver, and 
offers high reliability and a precise operation which is 
superior to that achieved by servo-motor systems. 
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Notes and Comments 

Articles on Topics of Current or General Interest 

The Board of Editors would like to publish 1nore short 
articles dealing with current topics related to engineering, or 
of general interest to engineers in the Post Office. 

Engineers have a significant role in modern society, and 
the P.O.E.E. Journal is an instrument whereby themes and 
ideas may be exchanged. 

As a guide, there are, on average, about 750 words to a 
page, allowing for diagrams. Authors who have contri­
butions are invited to contact the Managing Editor, NP 9.3.4, 
Room S 08A, River Plate House, Finsbury Circus, London, 
EC2M 7LY. 

Publication of Correspondence 

The Board of Editors \vould 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 October issue if they are received before 23 August 
1974. 

Regional Notes 

London Telecommunications Region 

The Lost Cords 

The invitation to submit copy for this section of the Journal 
enjoins us to " ... return this slip even if nothing worthy of 
comment has transpired."! It set me thinking that, since the 
contributions are so few, it must be either a very stable or 
even dull organization for which we work, if so little happens 
that is worthy of comment. It may be, of course, that we are 
bashful, or feel that our small problems and excitements 
could not possibly interest anyone else, and that to write 
about them in so august a journal would be singularly in­
appropriate. Perhaps, too, the experiences of other Telephone 
Areas arc so similar to one's own, that we do not feel the need 
to tell one another about them. Conunon-place difficulties we 
cope with all the time; it is only the bizarre, the improbable, 
or the herculean tasks that deserve to be shared. 

Now, the installation of a cordless auto-manual centre 
surely does not fall into any of these categories, and yet it was 
a fairly shattering experience for the North-West Telephone 
Area. Its coming had been eagerly awaited, the lads were keen 
to get on with it, and the operators ogled the close-carpeting 
and found the prospects exciting, but the South Harrow 
Cordless Switchboard System No. IA was-and still is, to 
some extent-a great disappointment. It was a tricky job to 
program, and even worse to "watch" and acceptance-test. 
The box-testers were not ready, and, when they did arrive, 
the add-on units were missing; then followed a seemingly end­
less procession of modifications and changes to specifications. 
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Letters intended for publication should be sent to the 
Managing Editor, P.O.E.E. Journal, NP 9.3.4, Room S OSA, 
River Plate House, Finsbury Circus, London, EC2M 7LY. 

Notes for Authors 

Authors are reminded that some notes are available to 
help them prepare manuscripts of 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 
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. Articles, and contri­
butions for Regional Notes, must be approved for publication 
at General Manager/Head of Division level. 

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. 

The amount of rack-mounted apparatus associated with these 
diminutive switchboards is enormous, and took a gargantuan 
chunk of the precious auto. floor. The keyset buttons kept 
sticking, and the wretched senders would not work properly. 

When, at last, we had subdued the beast to a state where 
the long-delayed opening could take place, the Service 
Division discovered another host of operational snags: the 
main-to-subsidiary queue ratios were all wrong, night con­
centration was difficult, and special arrangements had to be 
hurriedly made to cope with changed-number interception 
and subscribers' transfer facilities. The senders were still 
sulking, and kept locking themselves out-or in. Efficiency 
was down, since traffic peaks do not produce the same stimulus 
to work faster as do the mass of glowing lights of a cord-type 
board, so that the average time-to-answer tended to be longer. 
Coping with pile-ups following a sudden rush of traffic, such 
as a glut of emergency calls at night, has its problems, since 
there is no way of dealing selectively with the queued-up 
traffic. 

I hope we are on our last modifications now-a 750 h 
sender modification, besides the changing of a mere 20,000 
reed-relays-but, needless to say, nobody is taking bets! 

Maybe these comments sound too destructive for a con­
struction man, and the last thing we want is an agony page in 
the Journal, but I cannot help reflecting that the British Post 
Office has had cordless boards in service since the early-1950s, 
and that, if this is the best we can do, then perhaps we should 
go back to sleeve control; or is it my nostalgia, recalling those 
long-lost, carefree days of cord-boyhood? 

J. C. ENDERSDY 



Ho/born Exchange Manhole Fire 

On the evening of Monday 21 January 1974, at approxi­
mately 23.00, fire broke out in the exchange manhole at the 
rear of Holborn Buildings. The fire was detected as a result of 
smoke and fumes, which permeated the building and which, 
on investigation, were discovered to be coming from an 
unsealed cable-entry between the cable chamber and the 
exchange manhole in Whetstone Park. 

The Fire Brigade were called, who extinguished the fire 
by using a water spray on the cables in the exchange nlanhole, 
thereby adding to the difficulties of ultimate restoration. 

During the ensuing period, the Area Emergency Fault 
Control advised the Inspector and Assistant Executive 
Engineer responsible for heavy maintenance, and, as soon as 
permission to enter the manhole was given by the Fire 
Brigade, an assessment was made of the damage. As a result 
of this assessment, it was found that five local cables, com­
prising a total of 6,000 pairs, and seven junction cables, 
comprising a total of 4,664 pairs, had been seriously damaged. 
Consequently, some 5,000 customers in an area bounded 
by Kingsway, The Strand, Chancery Lane and Whetstone 
Park were without service, and junctions and pulse-code­
modulation system routes serving Holborn 242, 405, 
Holborn Tandem, Maxwell Trunk Unit and Kingsway Trunk 
Unit were severely affected. 

Work to restore service was started immediately, On the 
external front, jointers were set to work to shorten-up and 
piece-out damaged local cables, where this was possible, and 
arrangements were made to turn out the cable gang and 
obtain suitable interruption cable. Meanwhile, in Holborn 
building, staff had been called out, and the work of testing, 
identifying and, where necessary, isolating defective circuits 
started. By Tuesday 22 January, a clearer picture of the 
situation had emerged and, as a consequence, work in Hol­
born building progressed steadily in re-routing and re­
translating traffic, and a control point was set up for the 
purpose of testing circuits as they were restored. 

Work had continued throughout the day on the restoration 
of local cables, and by early evening, two had been completed 
and an inten·uption cable drawn-in for the restoration of a 
third. Arrangements were also made for a mobile emergency 
caravan to be brought to the site, and, from Wednesday 
onwards, this was used as the external control point. During 
the day, work had also started on the restoration of the 
junction cables, and this, like the work on local cables, con­
tinued on a round-the-clock basis. 

By Wednesday, sufficient cable had been obtained to permit 
interruption of all the remaining damaged cables, but careful 
planning was necessary to avoid disturbance to jointing 
operations, and to permit employment of the maximum 
number of jointers. Consequently, it was necessary to stagger 
the jointing sites, with the result that two 1,000-pair cables had 
to be run over the surface. The cable gang commenced 
operations at midday, working round the clock until 10.00 on 
Thursday 24 January, when all but one of the interruption 
lengths had been drawn-in or laid over the surface. The one 
remaining length was drawn in on Saturday 26 January in 
order to minimize interference with jointing operations. 
Meanwhile, jointing and testing of pairs continued without a 
break, and the jointing work on local cables was completed by 
Sunday night, closely followed by that on the junction cables, 
which was completed by 19.00 on Monday 28 January. 

There now remained the work of testing and proving all the 
circuits, a job which was hampered by the fact that, being a 
high�density business area, it was almost impossible to verify 
circuits after 17.00 and over the weekend, as premises were 
closed. Thus, although all jointing was completed, it was a 
considerable time before it could be confirmed that all 
circuits were through and tested. 

Undoubtedly, the work of restoration was hampered by 
faulty records-both distribution point and subscribers' 
records-but customer goodwill was retained, thanks to the 
Telephone Service Representatives, who maintained a close 
liaison, and by the public relations exercise mounted by the 
Area Public Relations Office and the Traffic Division in the 
early days of the incident. Our thanks are due to the Regional 
Headquarters staff, from both the Service and Works Divi­
sions, who so willingly provided help and expertise at a time 

when it \Vas most needed; also to members of the Area staff, 
who worked so hard to restore service to our customers. 

London Director-Area Reference Centre 

R. E. HOWARD 
R. E SMITH 

Reference-centre working has been accepted as an essential 
activity in trunk-network maintenance, but its effectiveness 
in local networks has been in doubt. In London, a supply of 
valuable inforn1ation on call-failures is available froin the 
operation of the turn-back procedure, whereby customer­
dialling failures are reported, and local exchanges have fre­
quently made good use of this information. Some faults, 
particularly those at the originating exchange, can be readily 
identified by exchange maintenance staff, but, for network 
faults, the pattern of failure, as seen from a single exchange, 
frequently builds up too slowly to be effective. Call-tracing 
from a number of exchanges to locate a common fault, such 
as a disconnected junction outgoing from a tandem exchange, 
can be wasteful of effort, and some co-ordination is desirable. 
It was decided, therefore, to introduce reference-centre 
working to serve the four inner-London Areas from Septem­
ber 1972, to process customer-dialling-failure reports. The 
reference centre, which is housed in temporary accon1moda­
tion at Euston exchange, has den1onstrated its worth, despite 
the limitations imposed by manual handling of the consider­
able volume of call-failure information. It is now proposed to 
place reference-centre working on a permanent footing in 
Colombo House, South-Central Area, to cater for the pro­
cessing of information from the whole of the director area. 
The opportunity will be taken to combine the present trunk 
reference centre, serving the central trunk units, with the 
director-area centre. 

At the existing Euston centre, operator reports are, at 
present, received from auto-manual centres in the four inner 
Areas, plus North Area. The reports arc entered on forms 
A9130 (national A222 procedure) by operators, and, then, 
clerical staff plot information on the routing of the failed 
calls on peg-board wall charts, showing 

(a) the code-selector levels in the originating exchange, 
(b) the levels used in tandem exchanges, and 
(c) the objective exchange selector levels. 

Engineering staff are responsible for detecting points of 
routing correlation and informing exchange staff of any need 
to initiate fault-location action. Currently, 12,000 customer 
reports are dealt with weekly, and some 30,000 pegs put into 
wall boards. 

The reference centre has been found to be a valuable means 
of detecting serious customer difficulties, as well as giving a 
rapid and sensitive means of detecting unit-perforn1ance 
variations. Cable faults and incoming-service failures can 
often be noticed at the reference centre before the exchange 
maintenance staff become aware of the problem. In the absence 
of telephone-service-observation information on the perforw 
mance of TXK3 exchanges, reports from the reference centre 
have been of value to management. In one recent instance of 
serious incoming difficulty, an hourly record of failure reports 
proved valuable both as a measure of service variations and 
as the principal source of failure information available to 
the exchange staff for the direction of fault-finding activities. 

The extension of reference-centre working to the whole of 
the director area would prove too unwieldy at a centre opera­
ting on a manual basis. A computer has, therefore, been 
ordered for use at the new location in Colombo House, and 
will be programmed with routing information for all London 
exchanges. This computer will have a capacity for 8,000 fault 
messages a day, from 10 individual inputs, and it is expected 
that ca11-failure information from other sources, such as 
call-failure-detection equipment and test-call senders, will 
be processed. It will be possible to feed out call-failure 
info1mation to individual exchanges more rapidly than at 
present, due to the additional amount of information that 
will become available and the computer's speed in diagnostic 
processing. It is hoped that this development will be of 
significant value in assisting exchange maintenance staff to 
continue the improvement in London's local-exchange 
service. 

W. J. REILLY 
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North Eastern Region 

Warning System for the Elderly 

As a result of close co-operation between the Engineering 
and Marketing Divisions of the Leeds Telephone Area, an 
order has been placed with the British Post Office (B.P.O.) by 
the Ossett Council for an alarm-and-enquiry installation to 
serve the town's old-people's bungalows. The bungalow 
complex comprises a total of 418 bungalows, grouped together 
in clusters of varying sizes around the town. Plans are in 
hand to expand this figure, in the future, to about 800. 

At a meeting with the Borough Treasurer, the question was 
put to the B.P.O. and several competitors, "What sort of 
warning system can you provide for old people to summon 
help?". 

First thoughts were of a central key-and-lamp installation, 
with separate tariff-SI private-wires terminating on separate 
telephones in the bungalows. This was quickly dismissed, 
because the large number of circuits made the cost too high. 
The next step was to consider the provision of multi-point 
circuits. Normally, a circuit of this nature would be engineered 
with a total of 10 spurs, but, as the bungalow groupings were 
in the order of 18 units, permission was obtained from Tele­
communications Headquarters to go up to 25 spurs. 

The central key-and-lamp unit attendant, when receiving a 
call, would be able to identify in which group the call origi­
nated, but would not be able to determine the particular 
bungalow. It was agreed that a lamp outside each bungalow's 
front door would provide the supervisory signal. A power 
unit and a mercury relay were to be provided on rental terms 
by the B.P.O., and the mains-powered lamp and flashing 
equipment by the Council. The supervisory lamp would flash 
as soon as the telephone handset was dislodged. 

This scheme was surveyed, costed and then submitted to the 
Ossett Council for approval. 

In the Council Chambers the B.P.0. scheme was deemed 
the best of those tendered, but the costs were considered to be 
too high, and had to be pared. 

The basic speech path could not be engineered any more 
cheaply. Any savings would have to be made with the 
supervisory equipment. It was decided, therefore, that a 
strip of low-voltage lamps would be installed in a nominated 
bungalow, or bungalows, in a group. This meant that two 
wires had to be provided from each bungalow to its own lamp 
on the strip. This idea was enthusiastically received by the 
Council, and the system was re-surveyed and the costs 
estimated. 

The decision was that, of the 418 bungalows, about 75 
would be nominated to display the lamps. The lamps employed 
were in strips of 10, and were to be housed in a plastic box 
for mounting in the window of the display bungalow. The 
lamps had to be in a position where a curtain could not be 
drawn across them, and had to be water-tight, to prevent 
condensation or window-washing from causing faults. A 
larger, pilot light was thought to be a useful addition. After 
costing, a rental of £2 · 40 per lamp installation was arrived at. 
This was readily accepted by the Council, and the only 
additional expense to them was the provision of a power-point 
in each of the 75 bungalows. 

The central key-and-lamp unit was designed to accept an 
incoming loop-calling signal from the multi-point circuits, 
with no outgoing signals required. Other circuits to appear on 
the key-and-lamp unit were 

(a) a private circuit to the Citizen's Advice Bureau, 
(b) an exchange line to call police or relatives, 
(c) a circuit to a doctor or hospital, and 
(d) a circuit to a stand-in operator. 

Whilst a caller from a bungalow can be connected to one of 
these services, the operator remains in circuit, and, in the 
event of a further bungalow call, the established conversation 
would have to be interrupted to answer that call. An extension 
ala1m can also be supplied when required, to alert a stand-in 
operator over any of the private circuits. 

Multi-point distribution is effected using local line plant, 
each circuit being two-wire to the location, and then, depend­
ing on the geographical location, spurred to the bungalows by 
various means; for example, via poles or from gable-end to 
gable-end. 
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Supervisory lamps in the window of a display bungalow 

The telephone is wall-mounted (type 714 CB) and is located 
near the front door at a height of about 0 · 9 m to enable a 
collapsed person to dislodge the handset. A call is deemed an 
alarm when the caller cannot identify himself. Such a caller 
can be localized by 

(a) the lamp indication on the key-and-lamp unit, giving 
the group, and 

(b) a visit to the nominated display bungalow, which will 
indicate which address is calling. 

A lamp-test facility is provided by a locking button on the 
display bungalow's own telephone, and, by pressing the 
button, the lamps are made to glow, and can be checked by 
the person in that bungalow. Any faults can be reported using 
the telephone itself. 

The service is adaptable, and can be expanded to serve 
single private residences of aged or handicapped people. The 
alarm application could be extended throughout the premises 
with a simple B.P.O. approved switching arrangement. 

The scheme has been working since December 1973, and, 
during the first four months, over 300 calls have been received. 
Of these, 30 per cent have been requests for a doctor, 25 per 
cent to request maintenance to the bungalows, and 30 per 
cent to services, such as the police or wardens, the remainder 
being general enquiries. 

Elderly people in Ossett have received a new link with 
life, thanks to the B.P.O. 

D. E. F. TURNER 
K. DIXON 

South Eastern Region 

Brighton's Local Teletourist Information Service 

This new telephone information service, designed to give 
details of selected entertainment within one hour's travelling 
time of Brighton, was opened by the Mayor of Brighton, 



Alderman Stanley Theobald, on l May 1972, to coincide 
with, and feature events connected \Vith, the Brighton Festival. 

Bob Gunnell, Manager of Radio Brighton, agreed to 
produce a daily tape-recording, which would include inforn1a­
tion provided by Leslie Bedford, director of Brighton Corpora­
tion's entertainment and publicity department, and other 
information which Radio Brighton broadcasts every day in 
their progra1nmc, Coastwise. 

Mr. Kenneth Burling, General Manager, Brighton Arca, 
undertook to provide the necessary engineering aiTangements 
whereby the daily message could be recorded, stored, and 
replayed on demand by calling Brighton 8042. 

The engineering brief called for a recording machine 
capable of doing justice to the high standard of audio fidelity 
practised by the B.B.C. It had to be continuously rated, 
produce instant play-back and possess a variety of technical 
features normally found only in professional-type tape 
recorders. Evaluation of standard British Post Office rccorded­
announcement equipment of the day, failed to produce any­
thing approaching the desired standard of reproduction. 
The problem \Vas eventually met by custom-modifying a 
Ferrograph Series Seven half-track recorder, and fitting it 
with a continuous-loop cassette to give a three-n1inute 
message with repetition, ad i11fi11itu111, without re-spooling. 

Further rc4uirc1nents were that the service should be closed 
down promptly at nlidnight and remain out of service until 
a fresh recording had been made, and that over-riding manual 
control should be provided \vhereby the service could be 
ceased or restored as necessary. In nonnal operation, a pulse, 
taken from the routiner fault-recorder control circuit, 
operates and holds a relay on the recorded-inforn1ation­
service rack. The holding circuit for this relay is broken when 
a new recording is made, which automatically restores the 
service. 

To enable the tape-recorder to record remotely, a type-16 
relay was fitted on a small sub-chassis, within the machine, 
to effect the necessary switching. Wiring modifications to 
the auxiliary socket reduced the external connexions to the 
recorder to just one multi-way cord. The machine was fitted 
with a continuous-loop cassette, with sufficient magnetic 

Associate Section Notes 

Aberdeen Centre 

Because of the power crisis and industrial troubles, our 
program has suffered somewhat; a talk on exchange main­
tenance, and an evening visit to the Helicopter Division of 
British Airways at nearby Dyce Airport, having to be can­
celled. We hope to be able to include both in the 1974-75 
session. 

Fortunately, it was possible to arrange another evening 
visit, at short notice, to an international firm in Aberdeen 
which specializes in electronic equipment used in gaining 
information frotn oil wells in various parts of the world. The 
information obtained is invaluable to drilling contractors, 
and our members were shown some of the equipment in 
service. 

One of our own members, Mr. M. McCabe, presented a 
talk on the intricacies of pulse-code modulation for the March 
meeting. The talk had obviously been well prepared, and the 
evening proved most interesting and enjoyable. 

J. I-f. McDONALD 

Colwyn Bay Centre 

This centre has had two lectures of note so far this session. 
On 8 November, Morris Byham, of Vickers Oceanic at 
Barrow in Furness, gave a talk on the development and uses 
of the Pisces submersible craft. Films illustrated some of the 
many uses, including cable-laying techniques. We were 

tape to provide three minute's recording time at 3i in/s. To 
reduce wear and tear to a minimum, the recorder is set to 
PAUSE; that is, \Vith the capstan motor in motion, but with the 
solenoid-controlled, tape-drive mechanism unoperated. A 
demand from the information-services rack, or Radio 
Brighton, operates this solenoid, to bring the machine into 
operation. 

Radio Brighton's studios are in the heart of Brighton, 
some 2-} miles distant from Brighton (Withdean) group 
s\vitching centre, where the information-services cquiprnent 
and recorder arc situated. A four-wire link between Radio 
Brighton and Brighton (Withdean) exchange has been 
provided, with facilities for 

(a) transn1itting the recording to the tape-recorder, 
(b) instant monitoring by Radio Brighton, 
(c) S\vitching the recorder to RECORD or PLAY, and 
(d) a point-to-point telephone link for use \Vhen setting-up 

transmission levels, and fault-finding. 

Basically, the an·angement is a high-grade, two-wire link, 
for the recording circuit, with a 10-volt, d.c. signalling system 
on the phantom, for calling between the telephones. Another 
twowwire link, which normally serves as a nlonitor circuit 
whereby Radio Brighton can check the recording instantane­
ously, has a split phanto1n which is used to control the run­
ning and switching of the recorder. When the handset of the 
telephone at the recorder point is raised, a relay auton1atically 
disconnects the 1nonitoring facility, and the second circuit 
becomes a point-to-point telephone link. Lamps at the 
recorder point indicate any facility selected by Radio Brighton. 

The service has been in operation for almost t\vo years, 
during which time, the only failures have been due to tape 
fatigue. In an attempt to overco1ne this, the cassette has now 
been loaded with Scotch 156 specially-lubricated, professional 
tape. A total of 14,200 calls were made to the service during 
the first year of operation, and figures obtained so far this 
year confinn its popularity, indicating a 66 per cent increase 
over last year. 

A. E. LUKE 
G. G. ELLIS 

pleased to have as our guest Mr. C. T. Lamping, our Regional 
Liaison Officer. 

On 26 February, we welcomed a return visit from Eric 
Salmon, of the British Antarctic Survey. His theme for this 
lecture was the various expeditions which led to the reaching 
of the South Pole. There were many questions, including 
several on the Scott tragedy. We were also treated to the 
premiere of a new film about life on Antarctic surveys, spon­
sored by the National Coal Board. It is a very human film 
with memorable photography of sculpture-like icebergs. 

E. DOYLERUSH 

Dundee Centre 

The continued support from members and friends is most 
welcome to the committee, and our thanks go to all con­
cerned. 

The meeting on small-bore coaxial-cable jointing techniques 
unfortunately had to be cancelled, but we hope to be able to 
present it during the next session. 

"Drugs" is a word heard frequently these days, and 
Detective Sergeant Doogan, of the City of Dundee Police, 
did an excellent job in explaining how people in all walks of 
life were affected by the problem, when he addressed the 
centre. He described the situation in the country as a whole, 
and in Dundee in particular. Samples were, of course, only 
on view. 
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Conuno11-Control Switching Syste111s was the title of a talk 
given by Mr. W. G. Carr, of the Scottish Telecommunica­
tions Board Headquarters, to a large gathering in Perth on 
20 March-a difficult subject to cover in such a short time, 
but one which was well received by an appreciative audience. 
Plans for the 1974-75 session are well ahead, and arrange­
ments have been made for a visit to Messrs. Robb Caledon, 
Dundee, to see cable ships being built. 

Eastern Region Centres 

Eastern Region Conference 

R. T. LUMSDEN 

Delegates met on the evening of 13 March at the Regional 
Training College, Bletchley Park, for an excellent dinner 
prepared by the college catering staff. 

An early start to the conference was made next morning 
when Mr. S. M. Sheppard, Regional Liaison Officer, intro­
duced the guests: Mr. K. E. Stotesbury, President, Associate 
Section; Mr. D. Millington, Managing Editor, Post Office 
Electrical Engineers' Journal; Mr. A. H. Watkins, Regional 
Liaison Officer, South-Eastern Telecommunications Region; 
and Mr. M. G. Turnbull, Deputy Contro1ler of Planning, 
Eastern Telecommunications Region. Mr. Turnbull is to be 
the new liaison officer for the Eastern Telecommunications 
Region. 

A full agenda included a report of the national committee's 
activities, by E. W. H. Philcox. Editorial policy and future 
plans for the Journal were described by Mr. Millington, and 
the conference heard reports from centre secretaries of 
meetings and ideas for programs. 

Mr. P. G. Freeman and Mr. E. W. H. Phil cox were elected 
as delegates to the national committee, and Mr. Freeman was 
appointed Eastern Region secretary. 

At the close of the conference, a vote of thanks was given 
to Mr. Sheppard for his work as regional liaison officer over 
the previous five years. 

P. G. FREEMAN 

Kingston Upon Hull Joint Centre 

2lst-A1111iversary Session, 1973-74 

The 21st-anniversary session conunenced on Wednesday 26 
September, when some 30 of us went to the North-Eastern 
Region Associate Section Jecture, held at York College of 
Further Education. A really excellent paper was presented 
by Dr. K. Barker, of the University of Sheffield, on multi­
channel sound. This lecture was well illustrated with both 
sound and first-class colour transparencies, using two pro­
jectors simultaneously in some cases. It was greatly enjoyed 
by all present. 

In October, some 24 members visited Derwent Plastics 
at Stamford Bridge, near York, seeing an interesting display 
of various types of precision plastic·moulding techniques 
and equipment. 

The November meeting, at Telephone House, Carr Lane, 
Hull, was a joint meeting, and was well attended by our own 
members and our colleagues of the Scarborough Associate 
Section, and by senior members. The paper, Latest Develop· 
111e11ts in Custon1er Apparatus, was given by Mr. G. B. Palmer 
of the Teleconununications Development Department, 
Telecommunications Headquarters. 

The January meeting \Vas a film show and demonstration 
of machine jointing·systems, presented by Mr. W. Knights of 
Hull Telephones. 

February saw the annual general meeting and fihn show, 
again at Telephone House, Hull. The films, loaned by the 
British Post Office, included Voices in Orbit, showing the 
development to date of salellite communications, and, also, 
The United Kingdon1-Spai11 Sub111arine Coaxial Cable. Both 
films can be reconunended. 

The following officers and committee were elected for the 
1974-75 session: 

Joint Honorary Chainnen: Mr. L. Anderson and Mr. P. 
Eglin. 

Honorary Secretary: Mr. L. Johnson. 
Honorary Treasurer: Mr. G. Mudd. 
Conunillee: Messrs. K. Gibson, J. Glasgow, R. H. Miles, 

J. A. Moor, G. E. Reed, D. Sharp, E. Shingles, W. Thomas, 
W. Timson. 

The 21st-anniversary dinner was held in Hull on Tuesday 
2 April. This was attended by some 70 members and guests, 
including retired colleagues. The guests included Mr. H. V. 
J. Harris, who was Telephone Manager, Hull, for many years, 
and was one of the people instrumental in setting up this 
joint centre. 

After dinner, Mr. P. Eglin introduced Mr. A. R. Matthews, 
Telephone Manager, Hull, who spoke briefly on the work 
done by the Institution of Post Office Electrical Engineers 
and its associate sections. 

The chairman then introduced Mr. W. Chatwin, General 
Manager, York Telephone Area, who gave an entertaining 
account of his career in the Post Office. 

Mr. Eric Hackley, who was the chairman of the centre 
for 15 years, presented the Honorary Secretary, Mr. L. 
Johnson, with a brass period mantlepiece clock, on behalf of 
members and friends, as a gesture of their esteem for the 21 
years' service he has given, to date, from the founding of the 
joint centre in 1952. 

Mr. Eglin brought the meeting officially to a close at 
22.00, following which, those present circulated freely, the 
party finishing just after 22.30. 

L. JOHNSON 

The Associate Section National Committee Report 

The last meeting of the Associate Section National 
Committee was held on Saturday, 2 March, at the Technical 
Training College (T.T.C.), Stone. The meeting proved to be 
of great use and much business was covered. 

Dr. Bray was presented with a set of six Tyrone Crystal 
wine goblets and a Life Honorary Membership from the 
National Committee for his services to the Committee and 
the Associate Section. Dr. Bray, in return, officially presented 
Mr. Stotesbury with a fine trophy, commissioned by the 
National Committee and made by the Tyrone Crystal 
Company. This trophy will be known as the Bray Trophy, 
and is to be presented annually to the finalists in the National 
Technical Quiz Competition. 
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An encouraging report regarding the growth of the National 
Committee was made by the treasurer, Mr. P. White. The 
Committee now represents 95 per cent of the Associate 
Section membership. 

The National News is also growing, and many more 
centres are purchasing copies and enjoying the articles and 
information provided. 

The projects organizer was pleased to report much enthu· 
siasm regarding the National Museum, and thanked those 
concerned with sending items of interest. 

On the whole, the National Committee is functioning very 
well and is growing from strength to strength. The annual 
conference is to be held at the T.T.C., Stone, on 18 May. 



Long Service 

It is with much regret that the National Committee has 
had to accept the resignation of our vice-chairman, Jack 
McCallum. Jack has had to resign from his Associate Section 
activities for health reasons. Jack has served the Associate 
Section for many years; he was the Scottish regional chairman 
and has been on the National Committee since its inaugura­
tion. 

We wish him a speedy recovery, and thank him sincerely 
for his services to the Associate Section. 

Bray Trophy 

The final of the National Technical Quiz Competition was 
held at the Institution of Electrical Engineers, Savoy Place, 

London, on 1 May. Mr. E. Fennessy, Managing Director, 
Telecommunications, presented the Bray Trophy to the 
South Eastern Telecommunications Region, represented by 
Worthing, who beat Northern Ireland, represented by 
Londonderry, by 54 points to 37t. The question-master was 
Mr. J. F. P. Thomas, Chairman of the Council of the 
Institution of Post Office Electrical Engineers. 

On behalf of the National Committee, I would like to 
thank all those who helped with the organization, and give 
particular thanks to Mr. E. W. Weaver, Director, London 
Telecommunications Region (L.T.R.), for his generous 
assistance in allowing us the use of the L.T.R. outside­
broadcast units, which enabled our members in Northern 
Ireland to watch the proceedings. 

P. L. HEWLETI 

Institution of Post Office Electrical Engineers 

Certificate for Mr. Revell 
The retirement of Mr. H. J. Revell, Chairman of the 

Scottish Telecommunications Board, in May, marked the 
end of an era for the Institution of Post Office Electrical 
Engineers in Scotland. Chairman of the Scottish centres for 
ten years, Mr. Revell actively promoted the aims of the 
Institution in Scotland, taking a particular interest in the 
encouragement of the Associate Section. In recognition of 
his outstanding service, the co-ordinating committee for 

Scotland has appointed Mr. Revell as Honorary Vice­
Chairman of the Scottish centres. At the April meeting of 
the Scotland East Centre, he was presented with a framed 
certificate, recording this appointment, by the centre's vice­
chairman, Mr. H. C. Stevenson. 

Mr. E. H. Truslove, Controller and Board Member for 
Service and Marketing, Scottish Telecommunications Board, 
succeeds Mr. Revell as Chairman of the Scottish centres. 

From left to right: Mr. H.J. Revell; Mr. J. H. W. Sharp, Chairman, Aberdeen sub-centre; Mr. J. W. Longyear, Chairman, Scotland 
West Centre; and Mr. H. C. Stevenson. 

123 



Institution Field Medal Awards, 1972-73 

In addition to the Institution's Senior and Junior, silver 
and bronze n1edals, the Field Medals are a\varded annually 
for the best papers read at n1eetings of the Institution on 
field subjects, pri1narily of Jlegional interest. 

A Field Medal has been a\varded to Mr. W. Piercy, North 
Eastern Region centre, for his paper, The New Leeds Postal 
Sorting Office, read during the 1972-73 session. 

Essay Competition, 1973-74 

Prizes and Institution Certificates have been a\varded to the 
following co1npetitors in respect of the essays named: 

Prize of £20: 

D. M. McGaw, Technical Officer, Glasgow. The Opti1111111i 
Use of Local Line Plan/. 

Prize of £15: 

D. E. F. Turner, Technical OJTicer, Leeds. A Post Office 
Serl'/'ce for the Elderly. 

Prizes of £5: 

T. Mackie, Technical Officer, Glasgow. All Glasgow is our 
Parish. 

D. E. G. Coles, Technical Officer, Binningham. The Effect 
of Resource Optin1izatio11 upon the Output of an Expanding 
Circuit-Prol'ision G'roup. 

Post Office Press Notices 

Strategy for New Telecommunications Systems 

With the aim of developing and planning Britain's tele­
communications services of the future with greater effective­
ness, the British Post Office (B.P.O.) is regrouping part of its 
research and development into a new department. 

The departn1ent, the Telecommunications Systems Strategy 
Departn1ent, is charged with creating an overall strategy for 
the co-ordinated development of new telecommunications 
systems, with the ain1 of securing the best and most economic 
service. 

The department will also become a focal point through 
which the telecommunications industry can work with the 
B.P.O., and can take into account the wider interests of 
equipment manufacturers when detennining the path along 
which systems for the U .K. are to be developed. 

Professor James Merriman, Board Member for Technology 
and Senior Director of Telecommunications Development, 
said, "The potential importance of new high-technology 
syste1ns, such as Syste111 X, to the future of U.K. telecom­
munications services is very great. Within the overall frame­
work or strategy created by this new department, the very 
many detailed and specific research and development projects 
that are needed can be controlled and nlanaged with the 
confidence that total system-effectiveness will be maintained." 

He added, "As well as providing the principal focus for 
industry to participate in the creation of these overall syste1n 
plans, the ne\v department will also enable industI)' to be 
involved in the follow-on tasks of drawing up specifications 
for 1najor individual development projects." 

The new department brings together elements of other 
departments, formerly concerned with the planning, research 
and development of future high-technology telecommuni­
cations systems. 

It \Vill be headed by a new director, Mr. L. R. F. Harris, 
M.A., C.Eng., F.I.E.E., formerly a deputy director and 
head of the B.P.0.-Industry Advisory Group on Systems 
Definitions, which is absorbed into the new departmenl. 

Mr. I-Tarris was educated at Nottingham High School and 
Pembroke College, Cambridge, where he gained a first-class 
honours degree in the mechanical science tripos of I 947. 
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S. E. Warren, Technical Officer, Skipton. Direct Labour 
Installation of Post Office Telephone Exchange Equip111e11t. 

Institution Certificates of Merit have been awarded to the 
following competitors: 

C. Kelly, Technician 2A, Rotherhan1. The Reliability of 
Post Office Equip111ent. 

D. W. Scott, Technical OHicer, Spennymoor. The Con­
struction Hoist. 

S. Lay, Nor\vich. The Light Fantastic. 
D. J. Middleditch, Technical Officer, Martlcsham. The 

Growth of the .Post (�ffice Research Centre, Mart{es!uun. 
F. Eastha1n, Technical Officer, Blackburn. The Late DP97. 

A total of 24 essays \vcre entered this year, the same as last 
year, and t\vo thirds of them \Vere fron1 Scotland and the 
North of England. 

The general standard was about the sa1ne as last year, but 
more essays sho\ved some originality in the choice of subject. 
There \Vere, hovvever, still a number of essays which were 
simply sumn1aries of reading on a subject. 

The Council of the Institution records its appreciation to 
Messrs. A. C. Eley, J. R. Walters and R. W. Gibson, who 
kindly undertook to adjudicate on the essays entered for the 
competition. 

A. B. WHERRY 

General Secretary 

I-le joined the Research Department at Dollis Hill, London, 
in 1947, and was involved in early research into electronic 
switching for telephony, notably into time-division multiplex 
systems. Basic and original work in this phase contributed 
to the electronic S\vitching research programme undertaken 
jointly with industry in the late-1950s and early-1960s. 

In 1964, as project leader, Mr. Harris undertook day-to­
day control of the development of the TXE2 reed-electronic 
exchange syste1n-now standard provision for small-to­
medium capacity telephone exchanges-and the TXE3 
system, the forerunner of the TXE4 system, which is a vital 
element of B.P.O. modernization plans. 

He was a founder member of a long-range studies unit 
concerned with the study of long-term service and systen1 
possibilities. 

In 1967, he returned to Dallis Hill as Head of the Elec­
tronics Switching Research Division, concerned with the 
continuing digital switching experiment at the Empress 
exchange in West London, and with the study of software­
controlled switching systems. 

A year later, he was appointed head of the joint B.P.0.­
Industry Adviso1)' Group on System .Definitions, set up to 
advise the B.P.0. on the systems required for the late-1970s 
and beyond, and on how best to reconcile the advantages of 
standardization with those of competition, flexibility and 
technical change. The group has undertaken studies concerned 
with network and systems architecture, and with specification 
and developn1ent methods and procedures. The group has 
also laid the foundation for a new fan1ily of softwarc­
controlled systems-Syste111 X-and for the creation of a 
total systen1 strategy for the network as a whole. 

During 1972, he took a leading part in discussions with 
industry, preparatory to B.P.O. decisions on exchange­
equipn1ent 1nodernization and the adoption of the TXE4 
system. 

Mr. Harris, son of the late Brigadier Sir Lionel Harris, a 
former Engineer-in-Chief, lives: at Kenton, Middlesex. He is 
married, with two daughters, one married and one at York 
University, and one son at school in Kingsbury. 



Overseas Interest in Hoverdrum 

Considerable international interest is being shown in a new 
application of the hovercraft principle by the British Post 
Office (B.P.0.) for moving 71 x 103 kg loads of submarine 
telephone cable. Successful acceptance trials have just ended 
at the B.P.0.'s new cableship depot, now being built at 
Southampton. 

When the depot opens later th1. year, the hovercraft 
technique will be used for moving giant, pre-loaded pans of 
cable about the dockside at only a tenth of the cost of a 
mobile crane, yet with much greater mobility. 

Four small hover-platforms lift the 5 · 5 m diameter cable 
pans. The power comes from a £17,000 compressor tug, 
which provides the air-flow to the hover-platforms, and 
manoeuvres the heavy pans by pushing or towing, once they 
are floating on a cushion of air. 

Use of the hovercraft principle is part of a major scheme 
designed to give the B.P.O. the finest, fastest submarine­
cable repair-service in the world. 

During the next five years, the number of international 
telephone calls handled by the B.P.0. will soar, from last 
year's 60-million to 150-million in 1978, and more cables 
beneath the sea, capable of carrying huge numbers of tele­
phone calls simultaneously, are among methods being used 
to meet this growth. 

The B.P.0. is responsible for the maintenance and repair 
of more than 24 x J03 km of submarine cable linking the 
U.K. with the rest of the world, and, with so many telephone 
calls and other communication services being carried on 
�ables, it is imperative to get them working again quickly, 
m the event of a cable failure at sea. 

Two new cable-repair ships, now taking shape at the 
Dundee yards of Robb Caledon Ltd., form the hub of the 
modernization plans. They are designed for pan loading, in 
which cable is pre-loaded in giant pans, and simply swung on 
board when needed. This compares with the traditional 
method of hauling cable in and out of the holds. The most 
outstanding feature of the new process, which can be com­
pared to loading a camera with a cassette instead of reeling 
the film by hand, is that it reduces ship turn-round time from 
days to hours, enabling cable failures to be dealt with much 
more quickly. 

At the same time, all submarine-cable repair work is being 
centred on Southampton to put cable-repair ships within 
easy striking distance of the sea areas where Britain's inter­
national cables are concentrated; that is, the southern North 
Sea for communication with Central and Eastern Europe, 
and the South-Western Approaches, where cables go out to 
Western Europe and other parts of the world. 

The B.P.O. is using its hovercraft technique for moving the 
cable pans at the Southampton depot because of the econo­
mies and flexibility of movement it offers. Although part of 
the depot complex will need to be surfaced with a special 
compound to prevent air from the hover-platforms leaking 
away through gaps in the concrete-slab paving, capital 

investment is expected to be no greater than £28,000, com­
pared with £250,000 for a crane on rails. While the hover 
system permits the cable pans to be moved to virtually any 
location on site, a mobile crane would limit movement to 
within the range of its railway track. 

Already, authorities in four countries, the U.S.A., France, 
Belgium, and Spain, have called for full details, while others 
have expressed interest. 

The compressor tug, developed to move the cable pans at 
the dockside, has an air output of 0·284 m3/s, developing 
a pressure of 70 x 103 kg/m2• This is regulated down to 
35 x 103 kg/m2• Each hover castor can lift a 36 x 103 kg load 
at 35 x 103 kg/m2• Four castors will be used to lift each 
cable pan, a maximum load of 81 x 103 kg. This gives a 
safety margin of 2:1. The driver can control the air-flow to 
each castor individually, from controls inside the cab. By 
increasing the air-flow to any one of them, he can negotiate 
any unevenness in the ground. 

The vehicle was built for the B.P.O. by F. L.Douglas of 
Cheltenham. It has a wheelbase of 2 · 44 m, a width of 3 · 36 m, 
a length of 4 · 95 m, a height (including compressor) of 2 · 75 m, 
and a turning circle of 11 · 6 m. 

The hover castors are being supplied to the B.P.O. by 
Applied Technology Co. Ltd., European distributors for the 
manufacturers, Aero-Go Castors. 

Strengthening Cross-Channel Communications 

The first sod has been cut on the Tolsford Hill site, near 
Folkestone, for a new British Post Office (B.P.O.) radio 
tower which will greatly enlarge Britain's busiest single 
international telephone link-a 30-mile microwave radio 
link across the English Channel to France. 

The radio mast already standing on Tolsford Hill has been 
strengthened to take more aerials. This was the first step in a 
two-stage program; the second will be the setting-up of the 
new tower, which will enlarge the route's call-carrying 
capacity in accordance with major B.P.O. plans to keep pace 
with a rapidly-increasing demand for communications with 
Europe. The new tower will be ready for service in 1975, when 
the old mast will be taken down. 

This route, from the Tolsford Hill microwave station to its 
French counterpart at Fiennes, near Loos, handles calls to and 
from France-people in Britain make nearly four-million 
calls there a year-and carries many international calls 
routed across France to other countries, principally Italy, 
Switzerland, Spain, Greece and Yugoslavia. 

Britain's international telecommunication services are 
doubling every five years and communications with the 
Continent account for the largest portion of the B.P.0.'s 
international telephone traffic. Of the 25-million overseas 
calls from Britain last year, 20 million were to the European 
mainland. By 1975, 77-million telephone calls a year will be 
flowing between Britain and the Continent. 

Stepping-up the cross-Channel microwave link is part of a 
big program to meet this expansion, and improve service with 
Europe generally. By 1978, expanded microwave and cable 
links will boost the number of telephone circuits to the 
Continent to 20,000-more than double the existing number. 

The new tower has been designed by the Property Services 
Agency of the Department of the Environment (project 
manager, R. F. Hughes, Directorate of Post Office Services). 
Its appearance has been commended by the Royal Fine Arts 
Commission. 

It will be 64 m high, with six galleries, triangular in plan, 
spaced at 6 m intervals. The top gallery, 42 m above ground 
level, is surmounted by a 22 m tubular-steel tower. The 
galleries are supported on five, 1·2 m diameter, circular, 
reinforced-concrete columns, arranged as a regular pentagon; 
the vertical members of the steel tower also form a pentagon. 
Dish antennae will be clamped to tubular-steel risers fixed to 
the outside faces of the galleries and some antennae will also 
be mounted on the upper tower. This arrangement gives 
flexibility in positioning and spacing of aerials for the cross­
Channel route, for which space-diversity reception is necessary 
to combat fading due to sea reflexions. Two receiving antennae 
are used for each channel, and the better output selected for 
onward transmission. 
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£5 M Communications Project for North-Sea 
Production Platforms 

A £5 . mipion project to provide reliable high-quality 
commun1catlons for gas and oil production platforms 
operating in the North Sea was announced by Mr. 
Edward Fennessy, Managing Director of Post Office Tcle­
c�mmunications. H.eart �f the new communication system 
will be two new radio stations, each costing £500 OOO. Due to 
come into service in about 18 n1onths' time the 'stations will 
be sited at �cousburgh in the Shetlands and probably 
Mormond Hill, 48 km north of Aberdeen, to provide the 
greatest area of coverage in the North Sea. 

EquipJ?ed .with 12 · 2 m dis� aerials, the stations will provide 
commun1cat1ons for production platforn1s working gas and 
oil finds more than 320 km from the shore. 

"The rapid and efficient exploitation of gas and oil finds 
in the North Sea is of great economic significance to Britain" 
Mr. Fennessy poin!ed out. "Since exploration began, the Post 
Office has recognized the need for good communication 
between the off-shore operators and the U.K. mainland and 
has been meeting the. needs of �obile drill-rigs, support and 
supply vessels, and pipe-layers since 1965. This new venture 
is to meet much more demanding needs during the production 
phase due to begin in 1975. On it, the Post Office is to spend 
up to £5 million". 

Because many of the �as and oil fields arc well out of sight 
?f land, the Post Office is to u�e � communication technique 
it has never before used. This 1s known as trans-horizon 
radio (tropospheric scatter) with powerful 1nicrowave-radio 
signals be�med into the troposphere to become scattered by 
atmosphenc turbulence, so that a very small, but still usable 
signal reaches the receiving aerials. ' 

The two new radio stations will provide direct com­
n1unications to master production platforn1s which in turn 
will relay signals to other production platfonns in t'heir are� 
by ordinary line-of-sight microwave using much smaller 
dish aerials. ' 

The Total Group, consisting of Total Oil Marine Ltd 
Elf-ARAP, and Aquitaine, will provide the first two maste;. 
platforms in the system. These will be the gas production 
platform now under construction for the Frigg gasfield 
193 km east of the Shetlands, and the manifold platform about 
172 km cast of the northern tip of the Scottish mainland. 

The Prigg field platform will be directly linked to the 
Scou�burgh s�ation in the Shetlands, and is well placed to 
provide spur lrnks to other nearby production platforms such 
as the Beryl oilfield. 

The manifold platform will be linked to Mormond Hill 
and is in a position to act as master platform for production 
platforms in t�e Piper oilfield, 161 km north-east of 
Aberdeen. Total 1s the first operator to make a firm commit� 
ment with the Post Office to use the new communications 
system to help operate the Frigg-Scotland gas pipeline. 

."In choosing this sys.tem, the: Post Office was very much 
alive to the need for highly reliable communications", said 
�r. Fe�nessy. "Al�hough we shall be handling communica­
tions with production platforms well out to sea-which is 
notorio_usly di�cult-we shall be able to guarantee a quality 
of service whrch comes very close to the reliability of our 
systems on land". 

The project is the result of a detailed study by the Post 
Office's North Sea Task Force, a team of communications 
experts formed earlier this year to examine the needs of the 
production platforms. During the study the Post Office 
worked i� close co-operation with Burmah Engineering Co. 
Ltd., de�1gn consultants to Total Oil Marine Ltd. for the 
comn1un1cations part of their project. ' 

Production platforms acting as master communication 
centres will be equipped with 7 · 62 m diameter dish aerials to 
cc;>mmur�Jcate _'Nit� the Post Office's land stations. Ordinary 
dtsh aerials w1l� hnk �earby platforms into the system . The 
Post Office stations will be able to provide exclusive service 
for each off-shore production installation. This will probably 
be over mainly private circuits to the land bases of the 
companies operating the production plaftorms carrying 
telep!1o�e and teleprinter calls, data and telem�try com­
mun1cations. 

In addition, the Post Office will provide production 
platforms with a service giving access to the U.K. inland and 
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international telephone and telex networks. It will be possible 
for an oil production platform 320 km out in the North 
Sea to send a telex message almost anywhere in the world 
without calling in the operator, and to make world-wide 
telephone calls. 

The Post Office's proposed over-the�horizon radio relay 
links with the North ea platforms will operate in the 2 
GHz band. Transmiss1 Jns will be concentrated in 1° bean1s 
between dish antennae, 12·2 km diameter, with a gain of 
47 dB, on the 1nainland, and 7 · 62 km diameter, 41 dB gain, 
on the platforms. 
. At this freq_uency, the radio beam travels in a straight path, 

hke a searchlight beam. On Britain's inland microwave net­
work, receiving and transmitting antennae are at each end of 
a line-of-sight path and the length of path is limited to a 
maximum of about 40 km-the distance to the horizon. 
At greater distances, because of the earth's curvature, there 
can be no line of sight between aerials. 

Just as a light beam is bent by passing it through a prism, 
so a radio beam bends as it passes through the lower at­
mosphere-the troposphere. The density of the air and, 
therefore, its refractive index (r.i.), decreases with increasing 
altitude. When the troposphere becomes turbulence through 
wind, and convection currents set up by the sun's' warmth, 
air of different r.i. is mixed and pockets of air of one r.i. 
become distributed through air of a lower r.i. High-fre­
quency radio waves, transmitted through this turbulence, are 
reflected at the boundaries of these air pockets and refracted 
in passing through them. The total effect is diffraction and a 
large proportion of the radio energy in the beam is scattered 
in many directions. When diffraction occurs in a volume of 
troposphere visible to the receiving as well as to the trans­
mitting a:itennae (the common volume), the radio energy 
scattered 1n the direction of the receiving antennae provides 
the second, over-the-horizon, section of the radio path. 

Over the distances to be spanned by the North Sea tropo­
scatter links, 200-250 kn1, the common volume lies about 
1 km above sea level. The scatter angle, the inclination of the 
receiver antennae beam to the transmitter antennae beam, is 
1°. The attenuation of the signal over the link will be about 
210 dB. Because turbulence varies continuously, the level of the 
signal received, on average 130 dB below 1 watt, fluctuates, 
and could fall on occasions to become indistinguishable from 
t�e general background noise. To safeguard against such 
signal loss, the Post Office is providing a quadruple diversity 
system in which there will be two transmitter antennae, one 
transmitting a vertically-polarized beam the other a horizon­
tally-polarized beam. There will als'o be two receiving 
antennae, each receiving the two signals and separating them 
to feed them to separate receivers. The terminal examines the 
outputs of the four receivers continuously to select the most 
powerful output for further amplification and onward 
transmission. With this arrangement, the signal-to-noise 
ratio on telephone calls will not be less than 40 dB for 99 · 9 per 
cent of the time, and the data error rate on telegraph trans­
missions will not be worse than 1 in 1 os at 2,400 bit/s for 
99 · 98 per cent of the time. 

System bandwidth is 1 · 5 MHz, giving up to 72 one-way 
telephone .channels in each direction, transmitted by f.m./ 
f.d.m. Mainland and off-shore transmitter output stages will 
each have a power of 1 kW, which, allowing for a 1 dB feed 
loss, gives an effective isotropic radiated power of 80 MW. 

Calling China by Satellite 

Britain ' s  telephone service with the People's Republic of 
China, which has been available for only three hours a day, 
became full-time on 4 April with a switch to satellite corn� 
munications. 

The move follows the opening, in China, of a satellite 
earth-station, using the INTELSAT IV communications 
satellite positioned 22,300 miles above the Indian Ocean. The 
British Post Office (B.P.O.) already uses this satellite for 
eastern-hemisphere communications. 

Telephone calls from Britain to China are now beamed 
from the B.P.O. earth-station at Goonhilly Downs, CornwalI, 
and received by China's new earth-station, near Peking. 



Power from the Line-Requirements for Attachments 

In June 1973, the British Post Office (B.P.0.) announced 
that it had decided to permit attachments to the telephone to 
be operated by the power-flow fron1 the telephone line, the 
technical specification to be published later. The requirements 
for line-powered attachn1ents are now available and are 
reproduced below. 

As from July 1, 1974, certain attachments are pennitted 
to draw their activating power fron1 B.P.O. exchange lines 
or private branch exchange extensions. The requirements and 
conditions applied to such devices in addition to existing 
require1nents for self-powered attachments to the public 
switched telephone network are as follows: 

1. The B.P.O. will not undertake to provide lines to a 
particular standard. Line-powered attachments must 
function with conditions normal to the telephone in­
stallation and be independent of line polarity. 

2. Suppliers and users must accept that attachments may be 
rendered unusable by B.P.0. system changes. A nlinimum 
of two years' notice of such changes is normally given 
by the B.P.0. To safeguard the interests of users in the 
event of system changes, line-powered attachments 1nust 
be supplied on rental terms. 

3. Telephone exchange battery voltage limits are 46--52 volts 
and 1nay contain ripple components not exceeding 
2 mi1livolts. P.B.X. line voltage limits are normally 45-
55 volts, but son1e p.b.x.s have lower nominal voltages 
and limits. Line current nlay be any value between 25 
and 110 inilliamps depending upon the combination of 
feeding, line and terminal resistances. It should be noted 
that additional power components exist on lines which 
might affect line-powered attachments. These are 

(a) longitudinal induced voltages up to 20 volts r.m.s. at  
50 Hz, 

(b) uniform spectrum and random noise having a power 
not exceeding --45 dBm over the band 300-3,400 Hz, 
and 

(c) random in1pulsive noise in excess of -22 dBm. 

4. Power may be drawn from line only when the line is 
diverted to the attachment by means of a telephone 
pushbutton switch which is restored by replacing the 
receiver. Power may be drawn from line only during the 

Copyright 

The entire contents of this Journal are covered by general 
copyright, and special permission is necessary for reprinting long 
extracts, but editors are welcome to use not more than one-third 
of any article, provided that credit is given at the beginning or end, 
thus: "From The Post Office Efectricaf Engineers' Journal." 

The Board of Editors is not responsible for the statements made 
or the opinions expressed in any of the articles or the corres­
pondence in this Journal, unless such statement is made specifically 
by the Board. 

Subscriptions and Back Numbers 

The Journal is published quarterly, in April, July, October and 
January, at 26p per copy, 36p per copy including post and packag­
ing (£1 ·44 per year; $3.75 Canada and U.S.A.). 

The price to Post-Office staff is 21p per copy. 
Back numbers will be supplied if available, price 26p (36p post 

paid). At present, copies are available of all issues from October 
1969 to date, with the exception of April 1971 which is now sold 
out. Copies of the October 1966, July 1967 and January 1968 
issues are also still available at present. 

Orders, by post only, should be addressed to The Post Office 
Electrical E11gi11eers' Jo11r11al, 2-12 Gresham Street, London, 
EC2V7AG. 

Employees of the British Post Office can obtain the Jo11r11al 
through local agents. 

Binding 

Readers can have their copies bound at a cost of £2 · 25 
including return postage, by sending the complete set of parts, with 
a remittance to Press Binders Ltd., 4 Iliffe Yard, London, S.E.17. 

cha1 geable duration of a call. The line-terminating 
condition consists of the following conditions presented 
to line by the attachment: 

(a) a direct-current (d.c.) circuit with resistance not 
exceeding 300 ohms, and 

(b) an alternating-current circuit with impedance in the 
range of 400-900 ohms with angle not greater than 
45 degrees in the frequency range 300-3,400 Hz. 

The circuit must be capable of carrying d.c. up to 120 
1nilliamps without going outside the limits in 4(a) and 
(b) above. 

5. Motors, or other components liable to introduce elec­
trical interference into the telephone line, may not use 
line power. 

6. Attachments connected to line through B.P.0. 1nodems 
may not use line power. 

7. The decision to permit line powering is most likely to 
affect multi-frequency data devices, but is not restricted 
to such attachments. 

8. The terms of Technical Guide No. 26 (Protection) apply 
if the attachment is powered partly by a private power 
supply or is connected to another device which is powered 
by a private power supply, 

9. Designers and suppliers are advised to consider the need 
to protect the attachment from voltages which may be 
impressed on B.P.O. lines by lightning and other ex­
traneous sources. These voltages may be unidirectional 
or alternating and of a transient nature. Transient and 
prolonged voltages are also on many B.P.O. circuits as 
normal functional characteristics. They may reach a 
peak value of several-hundred volts. Prolonged voltages 
of at least 100 volts peak may be encountered (e.g. from 
ringing current). Circuits containing semi-conductors 
are particularly vulnerable to damage by comparatively 
small excess voltages, even of short duration. The B.P.O. 
will not accept any responsibility for damage caused to 
attachments by any of the above conditions. 

10. The B.P.O. reserves the right to withdraw the line power­
ing concession at reasonable notice. AII applications for 
consideration by the B.P.O. should be sub1nitted to Post 
Office THQ, Svl.1.3, 45 Moorfields, London EC2Y 
9TH. 

Remittances 

Remittances for all items (except binding) should be made 
payable to "The P.O.E.E. Jour11al" and should be crossed"& Co." 

Advertisements 

All correspondence relating to advertisement space reservations, 
copy, proofs, etc., should be addressed to the Advertisement 
Manager, The Post Office Electrical Engineers' Journal, 2-12 
Gresham Street, London, EC2V 7AG. 

Distribution and Sales 

Correspondence relating to the distribution and sale of the 
Journal should be addressed to The Post Office Electrical Engineers' 
Journal (Sales), 2-12 Gresham Street, London, EC2V 7AG. 

Communications 

With the exceptions indicated above, all comn1unications should 
be addressed to the Managing Editor, The Post Office Electrical 
Engineers' Journal, NP 9.3.4, Room S 08A, River Plate House, 
Finsbury Circus, London, EC2M 7LY. 

Model Answers Books 

Books of model answers to certain of the City and Guilds of 
London Institute examinations in telecommunications are pub­
lished by the Board of Editors. Details of the books available are 
given at the end of the Supplement to the Journal. 
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ERSKINETECHNOLOGY:l 

D� Power Supp ies 
flllliiiiiiillliiiiiiimliii� Lead Acid or Alkaline battery back-up facilities. 

- • 

0 . 2 .4 .6 .8 

MILLIAMPERES D.C. 

I 
IHl. ltU. • 100 OHMS 

• Solid state thyristor control. 

• 24, 50, 110 and 220 volt systems . 

• Single or three phase to 1000 amps. 

• ±2% regulation for 0 to I 00% load as standard, 
+0.5% to order. 

• Current limit with full overload protection. 

• Smoothing to Telecommunications requirements. 

• Standard units or custom built. 

• Chassis chargers available ex-stock. 

Erskine Systems Ltd., Scarborough, Yorkshire YO 12 6UE. Tel: 07232433 
Telex: 52562 A Member of The Dale Group of Companies 

Rustrak Miniature 
Strip Chart Recorder 
Rustrak miniature strip chart recorders are available as potentiometric 
or galvanometer type instruments which produce a permanent record 
of virtually any parameter that can be converted into an electrical 
signal; temperature, pressure, flow, level, watts, frequency, humidity, 
events and many more. 

Data Is recorded on pressure sensitive paper, obviating the many 
problems that can result from the use of Ink. A wide range of motor 
speeds and interchangeable gearboxes is available to give over 50 
chart speeds . 

Of attractive design, the low-cost Rustrak recorder measures only 
sr high by 3f .. wide. 

Considerable savings in time and cost are made by hand from indicator 
readings. 

Delivery of the standard Instrument Is 2-3 weeks and a complete 
advisory service on your particular recorder problems is available 
from our experts. 

Gu I ton 
[§�[g1(g)�[§ 

Rustrak Instrument Division -

BRIGHTON BN2 4JU 
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Meet the Sales Force. 

OW' wide range of telecommunications cable almost sells itself. 
With help, of course, from Olli' experts at Dagenham who control its 

manufacture. TCL dry core, plastic and coaxial cables have lo be per­
fecl to survive the stringent quality control imposed. All materials are 
initially tested, and retested al each stage through lo the final overall 
production tests of the finished product. So if you want to be sure on 
every aspect of cable design, manufacture and installation, contact us. 

(Our Technical Advisers are tried and tested too.) 

Telephone Cables Ltd, 
Dagenham, England. 
Tel: 01-592 6611. 

Cables: Drycore, 
Dagenham. 

�llliiiiiiiiiiiiiiil-liiiiiiiiiiiil...,;iiiiiiiiiiiiiiii� Telex: 896216 



11 

We've added something !mportant to 
our new transceivers •. 



Silence. 

We've reached a new low in dB and a new high 
in reception. 

Our noise ratings are as low as 6 or 7 dB, com­
pared to the usual 9 or 10 dB for a good, conven­
tional transceiver. 

So now-with Lhis increased clarity of receplion 
-its possible to set microwave stations farlher apart 
or eliminale one or more stations in a chain. 

Our new 140-series transceivers are all high­
capacil y inslruments. They handle from 960 to 1800 
telephone calls simultaneously. The designs are all­
solid-state and use inlegraled circuils, thin-film tech­
niques and compact conslruction. 

Here's a brief rundown on all four: 
The CTR-140. It operates at 1700 to 2300 MHL, provides 

1260 FM channels, is rated at 6 dB. 
The CTR-144. 3600 to 4200 MHz. 960 lo "1800 FM 

channels.6 dB. 
The OR-141. 5650 to 8.500"1\Hz.1260FM channels. 7 dB. 

The CTR-142.12,700 to 13,250 MHz. 960 FM channels or 
480 PCM channels. Its 9.5 dB raling is outstanding for 
a transceiver" operating at such high frequencies. 

In each of the transceivers, the telephone 
channels can be replaced by one television channel 
rlus four sound programmr.s. 

We have lots more informalion to offer. After all, 
we have had systems in continuous operation in the 
UK since early 1970, so let us hear from you. 

It's good for our transceivers to be silent, but no­
body wants silence from his customers. 

Please write or phone: Chris Gannon, GTE 
International, Central Way, Feltham, Middlesex. 
Tel: o-J-890 ·1455. Telex: 934830. 

Or, GTE Telecomunicazioni S.p.A., Via Turati 27, 
20121 Milan, Italy GTE International, 909 Third Ave.,. 
New York, N.Y 10022, U.S.A. 

(?ii� lnTERnATIDnAL 
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. System CD30A is the latest advance in 
pulse code modulation transmission equipment, 
providing 30 high-grade junction telephone 
circuits on a single four-wire cable circuit. 

Designed to the latest CEPT and CCITI 
recommendations, CD30A provides a versatile 
system suitable for use with any type of 
telephone exchange. 

Line signal bit rate is the standard 
2048 kbit/sec., providing 32 time slots per 
frame (30 standard speech circuits). 

Regenerators spaced at intervals in the 
transmission path ensure that the bit stream is 
reconstituted-you get out what you put in. 

Fault location and alarm facilities form an 
integral parl of lbe syslem design and include 
remote location of faulty regenerators. 

Environment: 0-50°C with 95 % humidity. 

Discuss your increasing traffic problems with 
us-the CD30A could be the answer. 

For further information please write or 
telephone: 
PLESSEY TELECOMMUNICATIONS 
LIMITED 
Edge Lane, Liverpool, England L 7 9NW 
Telephone: Liverpool (051) 228 4830. 
Telex: 62267 

The picture shows a regenerator assembly box containing six 
regenerator units together with a supervisory unit. Other boxes 
are available holding up to 36 regenerator units. Only those 
cable pairs immediately required for transmission of PCM 

signals are equipped with regenerators, the remaining pairs being 
equipped with plug-in loading coils-readily replaceable by 
regenerator units when additional PCM circuits are required. 

o/!J 720 PTG 
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the PO 

are proud to serve 

55 million people 

WHITElEY 
are proud to serve 

the PO 

The development and manufacture of telecommunications equipment requires 

forethought, research, technical expertise and a great deal of co-operation. 

Whiteley of Mansfield have been providing these services to the P.O. and 

Industry for many years, producing anything from a control knob to complete 

electronic and telecommunications equipment. 

WHITELEY ELECTRICAL RADIO CO. LTD., Mansfield, Notts, England. Tel. Mansfield 24762 

London Office: 109 Klngsway, W.C.2 Tel. 01-405 3074 



Marconi 

Radio/Telephone 
Terminal Systems 

Marconi radio/telephone terminal equipment pro­

vides the essential interface between h.f radio 
circuits and associated telephone networks, and 

ensures the maintenance of high quality speech 

during adverse propagation conditions. 

The Marconi advanced range is the most com­

prehensive available, and Marconi systems are in 

use by more than 40 administrations throughout 

the world. 
The wide choice of assemblies meets the tech­

nical and operational needs of large or small 

operators and includes split-band privacy, echo 
suppression, speech band inversion, two-channel 

multiplex and speech processing by conventional 
techniques or Lincompex. 

Marconi 

PCM Systems 

Marconi is the foremost manufacturer and exporter 

of PCM systems in the United Kingdom. More 

than 100,000 channel ends have been sold to the 
British Post Office, overseas telephone authorities 

and public utilities, because of technical quality, 

cost effectiveness and prompt delivery, coupled 
with highly experienced planning, installation and 

commissioning services. 

Marconi PCM interfaces with most modern 

automatic exchange systems, and is also suitable 

for future integrated switching systems. It toler­
ates low-quality audio cable and operates in 

adverse environments. It can be expanded econ­

omically and flexibly and can also provide tele­
printer channels and data transmission facilities. 

Marconi Communication Systems . 
Complete civil and military static and mobile communication systems ' 

Marconi Communication Systems Limited, Chelmsford, Essex, England 

A GEC·Marconi Electronics Company 

16 

LTD 
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Send now for details of the powerful, 
portable Pionjar petrol driven drill 
and breaker to 

ITT Flygt Pumps Limited, 
Colwick, Nottingham. 

p•• --------·· 
Please send details of the 

I Pionjar Rock Drill/Breaker to I 
I NAME ______________ I 
I ADDRESS I 
I I 
Ii---------�--· 

For Audio Equipment 
Electrical Appliances 
lntercomm Systems 
Control Panels 
*,Made in U.K. * Good Delivery 
'* Competitive Prices 

B:].B ff. 

�32mm--i 

Writ• now for 9•3mm (%") 
d1t1 and prices 

' 
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Do you knoW' whal else 
Heranan S1nilh can do? 

"62" type equipment is the 
aspect of our output you probably 
already know about. It's worth 
remembering however, that we 
produce many other types of 
presswork and sheet metal 
assemblies which may be of use 
to you. 

We are acutely aware of the 
needs of the electrical and 
electronics industries and our 
experience in these spheres 
is comprehensive. 

Contact Peter Bowen 

We are prepared for any 
challenge, complex or simple, 
large or small. Try us. 

We produce the ran�e of "62" 
type equipment, including the 
racks themselves shelf 
assemblies, card locks, card 
guides, slide brackets, dummy 
front plates, etc. We also 
undertake electrical and 
electronic assemblies. 

.-------. 

HERMAN SMrrH 

• 
Herman Smith Limited Cinderbank Works Netherton Dudley 
Worcester_ ire._Telephone .�dley 52791 

,0 approvecl 
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