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Here comes the future 
It's all happening. Population explosion ... 
demand explosion ... and, along with it, the 
explosion in communications technology. 
Tomorrow's Australians will inherit a brave 
new world. A world changed radically by the 

impact of such developments as synchronous 
satellites, laser, micro-miniaturisation, and 
revolutionry ideas and techniques yet to be 
discovered. STC of Australia is preparing now 
to meet the challenge of the future. 
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NEW 
DIRECTOR­ 
GENERAL 

J. L. KNOTT, C.B.E. 

The appointment of Mr. J. L. Knott, 
C.B.E. to the position of Director-Gene­ 
ral, Postmaster-General's Department, 
was announced by the Minister, the 
Hon. A. S. Hulme, on 5th December, 
1968. 
Born on 6th July, 1910, Mr. Knott 

was educated at Cobram State School 
and Melbourne University, gaining the 
Diploma of Commerce. He is a Qualified 
Accountant, Auditor and Company Sec­ 
retary, and successfully completed the 
1949 course at the Imperial Defence 
College, London. He was awarded the 
C.B.E. in 1961. 

Mr. Knott brings to his new position a 
wide experience in management and 
administration in a variety of areas. He 
joined the Commonwealth Service in 
March 1926 as Telegraph Messenger in 
the Postmaster-General's Department 
and has served in a number of depart, 
ments, including Customs and Excise, 
Munitions, Post-War Reconstruction, 
Defence Production, and Supply. 
From 1935 to 1938 Mr. Knott was 

Private Secretary to the Minister for 
Trade Treaties. He attended the Eastern 
Group Supply Conference in Delhi in 
1940 and was Secretary of the Army 
and Munitions Co-ordination Committee 
during the war years under the general 
direction of Sir Essington Lewis. 
Immediately post war he was Executive 
Officer of the Secondary Industries Com­ 
mission, and a member of the Joint War 
Production Committee. He was thus 
closely associated with Australia's war 
production activities and with the efforts 
of the Division of Industrial Develop­ 
ment in the Department of Post-War 
Reconstruction. 

Subsequently, Mr. Knott occupied 
senior positions concerned with Defence 
Production Planning; he became Secret­ 
ary to the Department of Defence Pro­ 
duction in 1957. 
In 1959, Mr. Knott was appointed Sec­ 

retary, Department of Supply, becoming 
responsible for the administration of a 
large Department concerned with such 
matters as supply of aircraft and 
munitions, including management of 
government factories, operation of stor­ 
age and transport facilities, and de­ 
fence research. He became associated 
with many significant developments in 
both the scientific and defence fields, 
including:- 
• Production of aircraft - 

the Avon Sabre Fighter, 
Canberra Bomber, 
Mirage Fighter, 
the J indivick, 
Anti-submarine System Ikara, 

• The building and equipping of St. 
Marys Filling Factory. 

• The commercial exploitation over­ 
seas of research laboratory develop­ 
ments. 

• Formation of the European Laun­ 
cher Development Organisation. 

• The establishment of working 
facilities in Australia by NASA, 
U.S.A. 

o The development and adminisra­ 
tion of the Industrial Mobili­ 
sation Course, Australia. 

His work in the Department of Supply 
brought Mr. Knott into close associa­ 
tion with leaders of industry not only in 
Australia but also overseas in such 
countries as U.S.A., U.K., France and 
Ja pan. He was a member of the Austra­ 
lian Defence Mission to the United 
States in 1957 and was the leader of 
the Australian Mission to ELDO Con­ 
ferences in London in 1961 and 
Paris in 1965, Rome in 1967 and Bonn in 
1968. He was Senior Vice-President, 
during 1967/68, of the ELDO Council 
which met regularly in Paris. 

Mr. Knott was appointed as Deputy 
High Commissioner for Australia in the 
United Kingdom and took up this post 
in London in March 1966. He has since 
been closely involved in representation 
of Australia in Britain and has at­ 
tended a number of International con­ 
ferences. He was a member of the 
Review Committee set up in 1966 by 
Commonwealth Prime Ministers to re­ 
port on the operations of the Common­ 
wealth Secretariat in London. He was 
also active as a member of the Common­ 
wealth Foundation official Sub-Commit­ 
tee of Trustees appointed to deal with 
out-of-session applications by Common­ 
wealth Countries for financial ~d pro­ 
fessional help by that body. He is a 
Freeman of the City of London. 

Mr. Knott has a wife, three sons, one 
daughter and one grandson. He is a 
Member of Rotary and a former Senior 
Vice-President of the Royal Victorian 
Bowling Association; his main hobbies 
are golf and gardening. 
The Board of Editors, on behalf of the 

Telecommunication Society of Austra­ 
lia, congratulates Mr. Knott on his new 
appointment. We look forward eagerly to 
the prospect of working with him and 
feel sure our members would have us 
offer full support on the many tasks that 
lie ahead. 
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LIKELY DEVELOPMENTS IN 1ELECOMMUNICATIONS 
Editorial Note: On 9th December, 

1968, Dr. Henri Busignies of the I.T.T., 
New York, addressed senior staff of the 
Central and Victorian Administrations 
on likely developments in telecommuni­ 
cations over the next 20-30 years. The, 
following precis of some of the main 
points was prepared in consultation wltb 
Di:'. Busignles, and should be of general 
interest to readers. The Editors grate­ 
fully acknowledge Dr. Busignies' assis­ 
tance in preparing this precis. 

GROWTH IN WORLD 
TELECOMMUNICATIONS BY 

THE YEAR 2000 

World telephones are expected to 
increase from 220 million to 1,000 mil­ 
lion by the end of the century, i.e., in 
the next 32 years. This increase will not 
be in the high density networks like 
U.S.A., Canada or Sweden, but rather 
in the low density areas. Some typical 
densities in telephones per 100 popu­ 
lation are: 

France 
Latin America 
Russia 
U.S.A. 
Australia 
Sweden 

-14 
-2.5 
-3.9 
-52 
-27 
-50 

average 

A major problem for the lower den­ 
sity countries is the rapid rate of growth, 
which could be equivalent to doubling 
the network every five years. Generally 
this is too fast for Administrations to 
handle, especially in the areas of train­ 
ing, programming and logistics. 
There is a similar growth problem in 

the international traffic area where the 
present growth rate is around 30% per 
annum. The nature of this traffic is such 
that the growth does not seem to pre­ 
sent a large problem. It is expected that 
the number of people employed in tele­ 
phone companies will rise from two 
million today to a world total of ten 
million by the year 2000, and that plant 
investment will reach U.S. $5 billion by 
year 2000. 

50% of the computers are connected 
to communication systems today and by 
the year 2000 the figure is expected to 
reach 80%. Therefore, data transmission 
will be a major growth area in general 
communications, and in educational com­ 
munications. 
The widespread availability of wide­ 

band transmission facilities at reasonable 
rates will permit a big increase in data 
and educational information transmitted 
over the communications network. In 
fact the availability of wide band trans­ 
mission facilities is a key to the next 
stage of development in communications 
services, both in volume and range of 

services. For instance, the cost of chan­ 
nelling transmission equipment has re­ 
duced by a factor of ten in the last 12 
years, with no parallel reduction in 
switching costs per line. A break through 
in transmission cost reductions can 
happen in the future, for instance, by 
the use of fibre optics, or other new 
techniques, but there is no correspond­ 
ing reduction in switching costs in sight. 

APPLICATION OF SATELLITES 
AND CABLES 

Dr. Busignies reported that a Presid­ 
ential Task Force had been set up to 
examine the domestic communications 
problems of the United States, and par­ 
ticularly the relative fields of use of 
satellites, microwave systems, coaxial 
cables, and urban communications. The 
efficient use of the frequency spectrum 
is a major problem currently in the 
U.S.A. especially having regard to future 
growth expectations. The National 
Academy of Engineering is attempting 
to assist the decision makers by design­ 
ing some process by which the relative 
values of spectrum uses could be appre­ 
ciated correctly. 
Regarding the relative costs of cables 

and satellites, multiple access satellite 
communications are attractive compared 
with cable facilities when many points 
are to be interconnected particularly in 
the international network, but on main 
point-to-point routes the economics are 
not clear. In the domestic network it 
would appear that the economic break­ 
even distance for satellite communica­ 
tions is about 1,300 miles, but it could 
come down further. The economic field 
of use of PCM on cable pairs will re­ 
duce from 15 miles to a few miles in 
the next few years. 

Satellites 
Satellites will find national or regional 

application where the use of cables or 
microwave links is difficult. Examples 
are: Brazil, India, Africa and other Latin 
American countries. There are two Rus­ 
sian satellite systems - 

(i) Molniya satellites in elliptical 
orbit, each visible over Russia 
for a period of eight hours and 
used for TV relay and some 
communications. 

(ii) An experimental synchronous 
satellite for communication of 
moderate capacity. 

In America there are pressures for 
educational and normal TV relays to 
stations via satellite. There is the 'Tele­ 
club' system proposed for developing 
countries such as India by means of 
which educational and informative TV 

programmes would be transmitted over a 
satellite and received on a cheap antenna 
of 15 to 20 ft diameter used to operate 
a group receiver for the village. An ex­ 
perimental installation to prove this 
'village receiver' concept has been tested 
with great and continued interest on the 
part of the villagers. The receiver output 
can also be re-transmitted from a low­ 
power transmitter for local reception by 
standard TV receivers. 

Use of Frequency Spectrum 
At present some frequency bands are 

shared between microwave and satellite 
systems and mutual interference is kept 
to tolerable levels by some restrictions 
imposed by agreed regulations and by 
geographical separation between stations. 
The frequency bands of 4 GHz and 
6 GHz are used for this purpose and 
will be -sufficient for some years into 
the future. However, this will not last 
indefinitely and other parts of the spec­ 
trum will need to be made available for 
use by communication satellites. 
To connect communication satellite 

earth stations to the rest of the tele­ 
communications network, microwave 
feeder systems can be used provided 
that the feeder system uses different fre­ 
quency bands from the satellite system. 
The alternative is to use coaxial entry 
cable. Interference isolation can be pro­ 
vided by installing the satellite ground 
station in a valley or between mountains; 
an example of such an arrangement 
exists at Hawaii. It is not possible to 
locate satellite earth stations close to 
heavy centres of population such as 
the eastern seaboard of U.S.A. be­ 
cause of the number of microwave 
systems focussing on such centres. 
Intensive studies of propagation of the 

frequencies above 10 GHz for satellite 
use are to be undertaken for future 
satellite applications. In view of the 
shortage of frequency spectrum within 
urban areas in the U.S.A. for mobile 
radio telephone services, consideration 
will have to be given to releasing one 
or two UHF channels up to 960 MHz 
at present held in reserve as TV trans­ 
mission channels so that these may be 
made available for mobile radio tele­ 
communications. 

Submarine Cables 
Cable capacity of up to 2,500 circuits 

in 1970, growing to 10,000 circuits by 
1980 is foreseen. The cost per circuit 
mile should fall from $30 in 1970 to 
less than $10 by 1980. 

80% of world communications flow 
between Japan, Europe, U.S.A., and Aus­ 
tralia. Therefore having regard to the 
growth forecasts there is likely to be 
spectacular development on routes to 
other parts of the world. Satellite de- 

BUSI GN I ES - Likely Developments 
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velopment work has stimulated cable 
transmission improvements. An example 
is a project to produce a submerged 
repeater with a power consumption of 
only three watts. Isotope power supplies 
which could be used with each sub­ 
marine repeater at present cost $50,000 
to $80,000 and are very heavy. However, 
their cost may come down and if this 
were the case, repeaters could have 
their own power supply. 

SWITt.:IDNG SYSTEMS 

The Bell system plans envisage no 
crossbar remaining in the network in the 
year 2000. However, crossbar will con­ 
tinue to be installed up to 1975, and 
electronic equipment will be added to 
crossbar and step to provide new facili­ 
ties up to this date. There will be no 
step-by-step in the Bell System network 
by the year 1990 and all Panel will have 
been removed by 1980. At present there 
are about 44 E.S.S. exchanges in service 
in the civil network. 

Switching networks will be developed 
to handle different bandwidths to allow 
for data transmission and message 
switching; the switching equipment will 
be computer controlled. Bandwidths 
under consideration are 8, 12, 48 and 
up to 500 kHz. Computer users would 
wish to transmit data between computers 
at computer speed, therefore on large 
bandwidths, but it could well be that 

BOOK REVIEW 

this transmission would be over leased 
lines. 

SUBSCRIBER FACILITIES 

The subscribers facilities will increase 
with push-button (4,000,000 sets in use 
in the U.S.) and card dialling, data 
phone, loud speaking telephone, video­ 
phone, telemetering, news library and 
other data bank access facilities and 
facsimile. In developing equipment to 
meet the abovementioned needs there 
is clearly a circular relationship between 
the technique, its cost, and the use to 
which it can be put. As long as telephone 
lines exist the data phone system will 
find application. In addition rented lines 
will continue to be used. Several wider 
band switching systems are in service 
and the American Government Services 
Administration network has switches 
capable of connecting lines with band­ 
widths of 12, 24, 48 and 60 kHz. 

Private users may consider grouping 
their requirements to obtain economy 
and efficiency, and the proposed A.P.O. 
common user message switching network 
is an example of such a grouping. 

PULSE CODE MODULATION 

Dr. Busignies opinion is that if a new 
network was being established today, 
P.C.M. would be an immediate attractive 

prospect; however, with the existing 
investment in F.D.M., which would be 
controlling, there will be a continued 
development of conventional systems 
and P .C.M. will thus take longer to 
introduce. There are still some essential 
standardisation problems to solve for 
P.C.M. transmission facilities including 
whether 24 or 32 channels should be the 
standard. In U.S.A. P.C.M. is used widely 
and the B.P.O. is planning extensive use 
of P.C.M. 24 channel equipment. In 
Japan also 24 channel P.C.M. is being 
produced. The 96 channel group is now 
available and work is being done all 
the way to 224 megabits. 

P.C.M. Switching 
Dr. Busignies confirmed that introduc­ 

ing P.C.M. switching into an F.D.M. 
environment was difficult. The Russians 
are looking seriously at P.C.M. switch­ 
ing in view of the low telephone density 
in their network. There will not be 
product stabilization from some 10 to 
15 years from now. The real economies 
in P.C.M. switching may be first in tan­ 
dem switching where many P.C.M. trunks 
are converging and later in subscribers 
networks, and therefore I.T.T. are work­ 
ing on an efficient and cheap coder for 
the subscribers telephone. A study has 
been made on hybrid switching, a com­ 
bination of semi-electronic and P.C.M. 
switches, which seems quite encouraging 
from a cost standpoint. 

ATMOSPHERIC ELECTRICITY 

(2nd Edition) 
J. Alan Chalmers 1967 
Pergamon Press pp.515 
Australian price $14.50 

Chapter Headings: Historical survey 
- General principles - Clouds, water 
and ice - Ions and nuclei - The Ver­ 
tical potential gradient - Space charge 
- The conductivity of the air - The 
Air earth conduction current - Point 
discharge currents - Precipitation cur­ 
rents - The transfer of charges - The 
Thunder cloud - Non stormy clouds - 
The lightning discharge - Atmospherics 
- The separation of charge - Con­ 
clusion - Appendices - References - 
Index. 
This book is a revised and updated 

version of an earlier edition, first pub­ 
lished in 1956. It is essentially a refer- 

B USIGNI ES -Likely Developments 

ence volume dealing with electrical 
phenomena in the atmosphere up to a 
height of about 50 Km. The style and 
presentation will permit the non­ 
specialist in this subject to gain an 
understanding, whilst the specialist will 
obviously want to probe more deeply 
into the original papers liberally refer­ 
red to in the text. Mathematics are kept 
to a minimum and never go beyond 
simple calculus. 
Each subject is briefly introduced and 

defined, and is then followed by a his­ 
torical survey of the findings and 
measurement techniques up to 1965 in 
summary form, quoting from an exten­ 
sive reference literature. The chapter of 
perhaps greatest interest to the Telecom­ 
munication engineer is the one dealing 
with lightning discharges, but such sub­ 
jects as lightning flash incidence, wave­ 
shape and energy distribution are only 

very briefly dealt with, and the con­ 
siderable experience accumulated in these 
matters by various investigators includ­ 
ing those at the University of Queens­ 
land over the past 10 years get little 
mention. 
The book could have been improved by 

the inclusion of a list of symbols used, 
thus preventing the necessity of having 
to refer back to earlier chapters to find 
symbol definition. The Greek letter rho 
is used both for volume charge density 
(p. 24) and specific resistance (p. 27). 
The book achieves its author's aim of 

presenting a survey of present knowledge 
in the field of atmospheric electricity. As 
the book deals with basic physical pro­ 
perties, its contents are equally pertinent 
to the Australian reader, and constitute a 
valuable source of reference to both the 

_ specialist and those seeking some insight 
into this subject. - (G.F.) 
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PERT IN THE LIGHT ENGINEERING FIELD S. A. HOW ARD, A.M.l.l.E. * 

Editorial Note: This article is reprinted 
from 'The Industrial Engineer', February 
1969 with the kind permission of The 
Institute of Industrial Engineers. 

INTRODUCTION 

General 
The introduction of critical path 

analysis and resource scheduling tech­ 
niques has resulted in significant sav­ 
ings being achieved in many organisa­ 
tions throughout Australia and over­ 
seas. These techniques have particular 
application to specific work such as tele­ 
phone exchange installation, and can 
be extremely helpful in planning and 
controlling many types of project. 
Experienced work project managers 

and supervisors intuitively recognise 
those critical factors which ensure the 
smooth and efficient undertaking of a 
project such as the installation of a 
telephone exchange. In an informal way 
they quickly recognise inefficiencies re­ 
sulting from lack of material, insufficient 
instructions, unsuitable tools and insuf­ 
ficient co-ordination with other depen­ 
dent projects. Critical path analysis and 
resource scheduling are methods of for­ 
malising these intuitive processes so that 
project managers and supervisors, irres­ 
pective of their experience can very 
considerably improve the effectiveness of 
project supervision. 
The introduction of these new methods 

of project control into an administration 
or organisation is not simply a matter 
of training the staff concerned. In 
addition to formal training it is neces­ 
sary for the managers and supervisors 
to subject themselves to new disciplines 
which require a more analytical ap­ 
proach to project control than has been 
used in the past. Experience shows that 
when people are familiar with the new 
methods they soon prove them to be 
indispensable for effective manage­ 
ment. 
Network planning requires greater 

effort than would be normal for 
traditional methods such as bar charting. 
However, having experienced the bene­ 
fits of network analysis and planning 
there is no doubt that the users find 
the extra effort of little significance when 
weighed against the saving achieved. The 
preparation of a network can be de­ 
scribed as a feasibility study requiring 
numerous decisions to be made at the 
networking stage before commencement 
of the project. Using traditional plan­ 
ning methods, many of these decisions 
would probably not be made at this 
early stage and consequently holdups, 
which could have been avoided, become 

* Mr. Howard is a Technical Officer, Grade 2, 
(Work Study), Metropolitan Branch, Queens­ 
land. 

inevitable during the course of the pro­ 
ject. 
This paper presents the application of 

networking techniques, resource schedul­ 
ing and control in the light engineering 
field of an Exchange Installation Divi­ 
sion of the Postmaster-General's Depart­ 
ment, Brisbane. 
The term PERT (Programme Evalua­ 

tion Review Technique) will be used 
from this point on to embrace network­ 
ing, resource scheduling and control. 
Definitions of other networking terms 
used in this paper are given in Appen­ 
dix I. 

Background 
A little background information on 

the extent of the use of PERT in the 
installation field will provide an indica­ 
tion of how the use of such techniques 
can provide the basis of a management 

control system for an organisation con­ 
cerned with project type work. An instal­ 
lation division undertakes some 10 to 
12 major projects at any given time, 
with the duration time for any project 
varying from 4 to 12 months. Equipment 
is supplied from a common pool and 
availability of many items is limited. A 
technical staff in the order of 100 per­ 
sons is available to be allocated to the 
projects. The resulting situation is one 
involving the problems of multi-project 
scheduling and resource allocation. 

PERT was introduced into this area 
in 1963. Since then all major projects 
have been subjected to PERT analysis 
and control. During the initial 12 
months each project was considered as 
a separate identity and the indications 
of the need for multi-project scheduling 
soon emerged. This was largely a period 
of gaining exerience with the technique 
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Fig. 1 - Basic Flow Chart. 
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Fig. 2 - A Portion of the Main Equipment Room in a Typical Modern Automatic 
Telephone Exchange. 

and overcoming the many problems as­ 
sociated with implementing a major 
change in project planning and control. 
Full implementation of changes such as 
this is a slow and often difficult task but 
one that will result in extensive savings 
through improved planning and control. 

Multi-Project Co-ordination 
It became evident that co-ordination 

of a larger area through multi-project 
planning was desirable and in fact neces­ 
sary in order to achieve overall 
divisional control and improved resource 
utilisation. After the initial 12 month 
period a divisional scheduling system was 
evolved. In this overall planning which 
takes place before network preparation 
for any project, each project is repre­ 
sented by one activity on a large schedul­ 
ing board. Broad divisional planning is 
undertaken on this board to ensure that 
the available resources are capable of 
achieving a given programme of work 
over a period of 14 months. 
The flow chart, Fig. I, illustrates the 

basic steps involved in this system of 

scheduling and control for both com­ 
puter and manual methods. 

Since gaining some two years exper­ 
ience using manual methods of computa­ 
tion and resource scheduling, standard 
computer programs have been utilised 
to process numerous networks and 
provide resource limited schedules. 
Manual methods are still used and will 
continue to be used on the smaller pro­ 
jects or where minor adjustments to an 
existing schedule will enable it to be 
used for another project. 

THE APPLICATION OF PERT 
TO A PROJECT 

Selection of Activities 
While all major projects are scheduled 

using PERT techniques, this paper dis­ 
cusses the steps involved in the applica­ 
tion of networking and resource 
scheduling to one project using computer 
processing. The project is the installation 
of automatic telephone equipment in a 
new building. The building houses other 

equipment areas such as power plant, 
batteries, air-conditioning plant, testing 
equipment, etc. A view of the main 
equipment room in a typical exchange 
is given in Fig. 2. 
When the objective is clearly estab­ 

lished, a list of activities to be perfor­ 
med is necessary to enable networking 
to proceed. Because of the nature of the 
installation work, it has been possible to 
prepare a manual which lists most of 
the activities expected to be encountered 
during most projects. (See Fig. 3). The 
preparation of the initial activity list 
required a careful study of the equip­ 
ment, floor space restrictions and skills 
required. Where an activity requires a 
team effort, e.g. a team to run a group 
of cables or erect a bulky or heavy 
item of equipment, it is important to 
take these practical considerations into 
account and the activity definitions have 
been prepared along these lines. 

Correct activity definition is most im­ 
portant if practical and acceptable 
schedules are to be produced. Another 
important consideration when selecting 
activities is the way the supervisor sees 
the work under his control. Each activity 
must represent to him a distinct and 
controllable task. 

Preparation of the Network 
The network is the basis of all further 

calculations relating to the project, hence 
it is important to ensure that it is a 
true representation of relationships, re­ 
strictions and decisions. The schedule 
ultimately produced from the network 
will be a much more acceptable plan 
of work if supervisory personnel have 
been involved in the discussions and 
decisions associated with the network 
preparation. 

Since the introduction of PERT in the 
Division, there has been an awareness 
of the possibility of utilising a series of 
standard networks to cover a majority 
of the projects likely to be undertaken. 
Over the years, a library of networks 
and schedules have been produced and 
are used where possible to reduce net­ 
working effort. However, in most pro­ 
jects it is necessary to make at least 
some minor modifications to the stand­ 
ard networks to cope with particular 
problems. Any project requiring par­ 
ticular technical features or confronted 
with other than the usual difficulties, 
usually cannot be successfully related to 

Activity State 
Sub-Group No. Equipment Type or Operation Unit Unit Time Notes 

G2 D.C. Power Distribution G201 Fit power box and connect suite Power Box 
Work in equipment room cabling 

only, but including con- G202 Cable for suite distribution 10 Metres 
nection to discharge or of Cable 
distribution panel G203 Connect rack to suite cabling Rack 

G204 Cable main distribution. Fit lugs Metre of 
and terminate each end. Cable 

Fig. 3 - Extract From Activity Journal. 
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Fig. 4 

a standard network and a new network 
must be drawn. 
To determine whether a standard net­ 

work can be utilised, the following steps 
are taken:- · 
(a) A study of the equipment layout, 

equipment interconnections and 
equipment quantities. 

(b) The site is inspected and any unusual 
difficulties discussed with the pro­ 
ject engineer. 

(c) An assessment of the extent of varia­ 
tion from a standard network is 
made. 

Whilst a definite yardstick has not yet 
been determined, if changes to a stand­ 
ard network in the order of about 30% 
are necessary, it is usually better to 
prepare a new network. 
Setting the network out on the drawing 

board is often a problem because of 
the network size and complexity. Many 
of the networks range from 220 to 550 
activities and can be prepared on a 
30 in. x 60 in. sheet. Initially the pro­ 
ject details are studied to enable the 
networker to visualise the broad outline 
of the project. If this is committed to 
paper, in simplified form, it may appear 
as Fig. 4. 
Network numbering and activity dura­ 

tion times are not considered in this 
broad context. Having established an 
overall impression of the project, the 
detailed network can be prepared. This 
process can be completed in stages to 
some extent, bearing in mind that a net­ 
work is a working diagram and not an 
exercise in art. A networker must be 
prepared to modify his network in the 
light of new information or decisions. 
A segment of the broad network, e.g. 

activity X-Y of Fig. 4, is taken as a 
sample in Fig. 5 for finer breakdown 
into working activities. The delivery 
times for equipment are shown against 

the appropriate supply activity. This is 
essential to build all known delays into 
the network. 

Activity Duration Times 
When the network or logic diagram 

is completed and checked, activity dura­ 
tion times are added. The necessity for 
fairly accurate duration times is obvious, 
but the calculation of times for activities 

INSPECT 8' MODIFY 
) 5UPPLY JUNCTIOIJ RE.LAY 5ET~ )(re)JUNCT!ON RELAY SETS 

T£RMINAT£ CABLE: GROUP SELECTOR. 
INLETS & OUTLETS 

encountered in project work presents dif­ 
ficulties as the usual work measurement 
techniques are often difficult and un­ 
economical to apply under such condi­ 
tions. 
Initially, to establish duration times 

for the listed activities, several confer­ 
ences both formal and informal were 
conducted to arrive at a set of times 
which were agreed to and accepted by 
all concerned. Reasonably accurate esti­ 
mates were made of most activity times, 
but for some, only an approximate 
estimate could be made. 
The first PERT schedule introduced 

was accompanied by a system of infor­ 
mation feedback for control purposes 
and data regarding time taken for each 
activity. From this data the duration 
times have been reviewed regularly to 
maintain realistic planning information. 
The method of providing feedback infor­ 
mation has been revised from time to 
time, but essentially it consists of the 
recording of activity times on standard 
activity cards in the field. 
Single time estimates are now used on 

all activities. In the early stages of 
implementation three time estimates 
were used on selected projects for the 
variable activities associated with equip­ 
ment testing. This enabled the probability 
of achieving a target to be calculated, 
provided that the activities of a more 
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Fig. 5 - Group Selector Stage. Activity definitions are abbreviated in actual 

practice. 
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FORM AND TERMINATE 
GROUP SELECTOR RACK 

D211 
(ACTIVITY CLASSIFICATION No.) 

No. OF WORK 
UNITS MANHOURS 

No. OF WORKING 
DAYS 

stable nature were performed as schedul­ 
ed. As the probability of meeting a target 
proved acceptable, it was decided that 
single time estimates would suffice for all 
activities, provided the recorded times 
did not disclose a range for any activity 
beyond specified limits without an 
assignable cause. 
From the activity list the data as in 

Fig. 6 is added to the network. 

COMPUTER PROCESSING 

Preparation 
As this network processing and re­ 

source levelling is to be performed by 
the computer, all events are numbered to 
meet the requirements of the computer 
PERT programme. Random numbering 
is acceptable and less time consuming 
than sequential numbering. The identi­ 
fier used on parallel activities in Fig. 
5 is a time saving feature of the pro­ 
gramme aimed at reducing the number 
of dummy activities in the network. 
If manual methods are used, the net­ 

work events would not be numbered 
until all calculations have been com­ 
pleted and the network extended onto a 
time scale for resource levelling. When 
resource levelling is complete, the event 
numbers are entered on the schedule 
from the start of the project. This method 
of numbering produces a set of activity 
cards numbered in sequence according 
to activity scheduled start time. 
When all data is inserted on the net­ 

work for computer processing the in­ 
formation is entered on 80 column 
punch card data sheets. One line of a 
data sheet represents one activity. The 
data preparation can be considered in 
two groups. 

No. OF MEN FOR 
ACTIVITY 

Group I - Network activity data as 
in Fig. 7. As far as the computer pro­ 
gramme is concerned, the project is 
the entire division and a sub-project 
is an individual installation. The activity 
data includes the division and individual 
installation identification codes, network 
event numbers, activity duration time, 
activity description, classification num­ 
ber, resource types and requirements for 
the activity. 
Transcription from network to data 

sheets requires considerable care to avoid 
errors. The type of errors encountered 
have been:- 
(a) Omission of an activity which can 

result in incorrect logic analysis but 
not show up as an error. 

(b) Omission of an activity resulting in 
start or finish dangles in the network. 

(c) Data entered in incorrect columns 
or card punching errors. 

(d) Duplication of an event number 
which can produce a network loop. 

Group 2 - Control directives regarding 
the decision table to be used and output 
format. Also information regarding re­ 
source availability, activity costs, holi­ 
days and overtime. 
In the particular PERT computer 

programme used, there are nine basic 
decision tables designed to place re­ 
strictions on the computer programme 
in order to achieve a particular type of 
processing and result. Examples of the 
decision tables are:- 
Decision Table 4 - The computer pro­ 
cess is:- 
Attempt to schedule the project in the 
network time using normal level of 
resources. If the normal level of re­ 
sources is inadequate extra time is 
used. This extra time has to be 

specified as threshold time. 
If the extra time is not sufficient, extra 
resources which have been specified as 
threshold resources are used. 
If the extra time and resources are 
still insufficient, additional time is 
used to complete the project. 

Decision Table 8 - The computer pro­ 
cess is:- 
Attempt to schedule the project in 
the network time using normal level 
of resources. If the normal level of 
resources is inadequate extra resources 
are used. The extra resources have to 
be specified as threshold resources. 
If the extra resources are still not 
sufficient to complete the project, 
threshold time is used. 
If the extra resources and time are 
still insufficient, additional resources 
are used to complete the project. 
To decide which decision table will be 

used, the divisional schedule board is 
studied to enable the following ques­ 
tions to be answered:- 
(a) Must this project be completed to 

meet a firm time commitment? 
(b) If the commitment cannot be achiev­ 

ed using the specified resources, will 
extra resources be made available. 

(c) If the answer to (b) is yes, when 
will the extra resource be available 
and how much extra? 

(d) Must this project be completed as 
economically as possible using 
limited resources, irrespective of 
completion date? 

Computer Output 
Because of the variety of outputs 

available from the programme, careful 
consideration has to be given to this 
aspect and the desired output selected 
and specified in the control directives. 
When considering types of output, one 
must remember that a scheduling system 
is actually an information system, the 
results of which are useless unless they 
are easily understood and lead to cor­ 
rective action. The usual output for this 
type of project is:- 
(a) Listing of input data. 
(b) Time analysis in which the activities 

are listed in the order of minimum 
total float to maximum total float. 
Earliest and latest start and finish 
dates, along with total float and 
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I.C.L. 1900 SERIES PERT PROJECT M3 20/11 /68 OUTPUT SHEET NUMBER 13 
SUB PROJECT TITLE TIME NOW 25NOV68 PAGE 5 

TIME ANALYSIS 

S/P PREC succ REPORT DESCRIPTION OUR EARLIEST EARLIEST LATEST LATEST TOT FREE 
COE EVENT EVENT CODE START FINISH START FINISH FLOAT E FLT 

YA 83 89 H13 1031 TEST SVCE CONTROL 6 10MAR69 18MAR69 2JUN69 10JUN69 57 57 
YA 27 86 DUMMY 0 10MAR69 10MAR69 3JUN69 3JUN69 58 0 

YA 86 89 16 1 TEST FACILITIES 5 10MAR69 17MAR69 3JUN69 10JUN69 58 58 
YA 161 34 DUMMY 0 10FEB69 10FEB69 9MAY69 9MAY69 61 30 
YA 27 85 DUMMY o 10MAR69 10MAR69 6JUN69 6JUN69 61 o 
YA 85 89 16 1 TEST TFC RCDR 2 10MAR69 12MAR69 6JUN69 10JUN69 61 61 

Fig. 8 

I.C.L. 1900 SERIES PERT PROJECT M3 20/11 /68 
SUB PROJECT TITLE 

OUTPUT SHEET NUMBER 32 
TIME NOW 25NOV68 PAGE 14 

ACT SCHED 

S/P PREC succ u REPORT DESCRIPTION OUR EARLIEST SCHED SCHED LATEST REM RESOURCES R2 
EVENT EVENT I CODE START START FINISH FINISH FLOAT R1 

YA 83 89 H13 1031 TEST SVCE CONTR 6 10MAR69 9MAY69 19MAY69 10JUN69 16 2SF 6 
OL 

YA 86 89 16 1 TEST FACILITIES 5 10MAR69 12MAY69 19MAY69 10JUN69 16 1SF 5 
N 

YA 160 90 H20 2001000 TEST SUBS LI 12 1MAY69 3JUN69 20JUN69 17JUN69 ..,'3 2SF 12 
NES 

YA 63 91 G70 30 1 FACILITY CHECK 4 27MAY69 27MAY69 2JUN69 23JUN69 14 1SF 4 
CNTE 

Fig. 9 

free float, are given for each activity 
in this listing as in Fig. 8. 

(c) Resource listing, showing the re­ 
sources required for each day of the 
project. 

(d) Activity schedule, listing all activi­ 
ties in order of scheduled start date. 
This schedule incorporates the re­ 
source restrictions specified in the 
control directives, The earliest start 
and latest finish dates are given, in 
conjunction with the scheduled start 
and finish dates, and the remaining 
float and resource requirements for 
each activity, as in Fig. 9. 

(e) Cost histogram. This is a graph 
which indicates the progressive man­ 
hours ( or cost if desired) for each 
day of the project. 

Computer printed bar charts have been 
used on a few projects but because 
inter-relationships are not shown, diffi­ 
culties have been experienced in their 
use for control purposes. 

THE WORKING SCHEDULE 
It is most desirable for the working 

schedule to display the project graphic­ 
ally, showing the inter-relationships be­ 
tween activities. For this reason the 
information provided by output (d), the 
activity schedule, is transcribed into a 
time scaled drawing of the network as 
in Fig. 10. This becomes the working 
resource limited schedule for the project. 
Resource requirements and equipment 
supply times are entered on the 
schedule along with any important infor­ 
mation regarding the timing of activities 
associated with other projects. The 
schedule is used in conjunction with the 
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Fig. 10 - Portion of a Working Schedule. 
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Fig. 11 - Activity Card. 

manhour graph to control the progress 
of the work. 
A copy of the schedule and a set of 

activity cards are given to the project 
supervisor prior to commencement of 
the work and another copy of the 
schedule is displayed in the engineering 
office. An activity card is prepared for 
each activity in the network. (See Fig. 
11). 
The cards are typed automatically from 

the punch cards on a machine program­ 
med to select data from the required 
punch card column and reproduce it on 
the activity card in specified type spaces. 
These cards become the job cards and 
provide a major source of feedback 
information. 

PROJECT CONTROL 
When resource levelling has been com­ 

pleted, it is not unusual to find that the 
critical path time for the network has 
been extended because of limited re­ 
source availability. Under these con­ 
ditions, the critical path loses some of 
its significance and the important con­ 
sideration becomes the overall pattern 
of the schedule. Every effort must be 
made to work as closely to this pattern 
as possible otherwise rescheduling .will 
be necessary. 
During the course of the project, the 

supervisor allocates activities and their 
associated cards according to the 
schedule. Each week, progress is plotted 
on the schedule and an evaluation of 
progress made. When the pattern of 
progress deviates from the schedule, the 
supervisor must take appropriate control 
action. 
When unforeseen holdups or changes 

occur, as they do from time to time, 
rescheduling is usually necessary. This 
may require a new network or simply 
modification to some of the activity 
duration times. 

CONCLUSION 

The PERT system of scheduling and 
control has been firmly established in 
the exchange installation area of work 
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and provides a degree of control far 
superior to that provided by previous 
methods. Multi-project scheduling and 
co-ordination has resulted in major sav­ 
ings being achieved through:- 
(a) Improved decision making based on 

network analysis. 
(b) More efficient utilisation of men and 

equipment. 
(c) Improved project control. 
(d) Improved communication between 

the various levels of staff concerned 
and other divisions or sections. 

Management and supervisory person­ 
nel involved in planning and controlling 
complex engineering projects requiring 
co-ordination of men, material, infor­ 
mation and time can benefit from the 
application of network techniques and 
resource scheduling. The use of these 
techniques is in an early stage of de­ 
velopment in limited areas of the De­ 
partment and it is envisaged that their 
use will spread into other areas as the 
advantages and benefits are realised. 
Widespread application can only be 
achieved if management and supervisory 
personnel are prepared to play an active 
role in development and operation. 
As a result of the experience gained 

in Queensland and of studying systems 
in other organisations, the following 
three factors have emerged as essential 
to the successful acceptance and open, 
tion of a project scheduling and control 
system:- 
(a) The realisation by management of 

the need to use modern techniques 
to gain improved control over 
functional activities. 

(b) The need for active participation 
and co-operation by both mange­ 
ment and supervisory personnel. 

(c) Selection and training of a suitable 
person to perform the following 
duties:- 

(i) Co-ordinate the implemen- 
tation of the scheduling 
system. 

(ii) Provide the required staff 
training. 

(iii) Undertake networking and 
scheduling to ensure smooth 

and continuous operation of 
the system. 

It is the author's opinion that network 
based management control systems have 
wide application in the Department and 
their implementation in project oriented 
divisions will result in economic gains 
and improved operating efficiency. 

ACKNOWLEDGMENT 
The Author wishes to thank Inter­ 

national Computers (Australia) Pty. Ltd. 
for their approval to publish infor­ 
mation regarding the ICU 900 series 
PERT programme. 

APPENDIX I 

TERMINOLOGY 

Three Time Estimates is the term used 
to embrace a method of estimating a time 
for an activity when the work content 
is of an extremely variable nature. The 
activity time derived by this method 
has a 50% probability of being achiev­ 
ed. 
Resource Levelling is the process of 

allocating a specific start and finish date 
to each activity in the project to ensure 
that a given target can be achieved 
without exceeding a limited number of 
resources such as men. 
Events in a network are points in time 

when an activity or activities commences 
or finishes. The network symbol for an 
event is a circle. 

Control Directives are a set of com­ 
puter instructions designed to select the 
appropriate segments of the programme 
and produce a desired output format. 
Earliest start date is the earliest date 

on which an activity can commence be­ 
cause of network restrictions. 

Latest start date is the latest date on 
which an activity can commence and not 
delay the project completion time. 

Earliest finish date is the earliest date 
on which an activity can be completed 
because of network restrictions. 

Latest finish date is the latest date on 
which an activity can be completed and 
not delay the project completion time. 

Total Float is the maximum amount 
of free time available to the completion 
of an activity. It indicates how long the 
start of an activity can be delayed with­ 
out causing delays in the project com­ 
pletion date. 
Free Float is the part of total float 

which can be utilised by a particular 
activity without affecting the amount of 
float or free time available to any follow­ 
ing activities in the network. All activities 
do not necessarily have free float avail­ 
able to them. 
Remaining float is the amount of float 

remaining when an activity has been 
scheduled to be completed earlier than 
its latest finish date. 
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ERLANG METERS IN ARM CROSSBAR EXCHANGES 
T. ALLAN* and I. W. LARSSON, A.R.M.l.T., Grad. I.E. Aust.** 

INTRODUCTION 
In a recent edition of the Journal 

Rubas and Carroll (Ref. 1) briefly out­ 
lined the use of erlang meters as a means 
of gathering traffic and revenue statis­ 
tics in automatic exchanges. This paper 
deals specifically with the use of erlang 
meters in ARM 201/4 crossbar exchanges 
and discusses the ARM erlanghour meter 
survey diagram, erlang meter rack lay­ 
outs and some of the facilities offered 
by this equipment. 

Direct reading route occupancy indi­ 
cators (See Fig. 1) are known as erlang 
meters; in the Australian Post Office, the 
accumulating erlang meters (See Figs 2 
and 3) are known as erlanghour meters. 
In ARM exchanges the erlanghour met­ 
ers are to be used for two distinct 
functions, namely, revenue recording and 
traffic recording. The types of erlanghour 
meters to be used will be the Siemens 
and Halske Company Model Fg69/5012, 
(Fig. 2), and the Masters Instruments 
Pty. Ltd. Model ECSQ144, (Fig. 3). 

REVENUE RECORDING 
ERLANGHOUR METERS 

Revenue recording erlanghour meters 
are used to record the following statis­ 
tics. 

Tariff Rates A to Y: Fourteen meters 
are required for this purpose, 7 for re- 

* Mr. Allan is Supervising Technician, ARM 
Networks, Victoria. 

** Mr. Larsson is Engineer Class 2, ARM De­ 
sign and Co-ordination, Victoria. See Vo]. 19, 
No. 1, Page 77. 

Fig. 1 - Route Occupancy Measurement Control Panel. 

cording the day-time tariff rates between 
9 a.m. and 6 p.m. and 7 for the night­ 
time tariff rates betwen 6 p.m. and 9 
a.m. To provide this facility the 'total 
metering per tariff' leads 1- 7 on all 
FIR-ZM and FDR-ZM type relay sets 
are cabled away via. an IDF to the 
erlanghour meters. Fig. 4 shows the 
details of these connections. 

Unit Fee, No Fee and Repeats Remote· 
Multi-metering: Three erlanghour meters 
are provided, one for each function, and 
operate continuously. The 'total metering 

per tariff' leads 9-10 on all FIR-ZM and 
FDR-ZM type relay sets are cabled 
away via an IDF and connected to the 
appropriate erlanghour meter. A facility 
to allow for the repetition of remote 
multi-metering signals is being intro­ 
duced to allow for charging analysis to 
be carried out for unique network 
destinations such as New Zealand, United 
Kingdom and United States of America, 
at the point of entry to that network. 
The immediate use of the facility is re­ 
quired for International Subscriber 
Dialling (I.S.D.) calls, where the Austra- 

Fig. 2 - Siemens and Halske type Erlang Meters. 

ALLAN and LARSSON - Erlang Meters 
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Fig. 3 - Master Instruments type Erlang Meter. 

lian network tariff setting will be per­ 
formed by FUR-ZTM-A relay sets at 
the Haymarket ARM exchange in Syd­ 
ney. These relay sets will connect to 
direct links to the Overseas Telecom­ 
munications Commission terminal ex­ 
change in Sydney. 

Total Traffic: A reading of total traffic 
is required as part of the revenue statis­ 
tics and the total traffic meter will 
operate continuously except during the 
annual traffic recording sessions. This 
-facility of recording the total volume of 
trunk traffic, paid and unpaid, is provid­ 
ed to obtain an accurate estimate of the 
total ineffective and unpaid traffic for 
local area originated calls. To accom­ 
plish this all TKTi leads in FIR-ZM 
and FDR-ZM type relay sets must be 
extended through to the total traffic 
erlanghour meter, as shown in Fig. 4. 

TRAFFIC RECORDING 
ERLANGHOUR METERS 

Outgoing Routes: For economic 
reasons it is necessary to restrict con­ 
tinuous traffic flow measurements to final 
choice (backbone) trunk routes. Some 
of the important high usage routes may 
also be observed if their dimensioning is 
regarded as critical. In this case however, 
the connection of erlanghour meters 

ALLAN and LARSSON - Erlang Meters 

need not be permanent, the instrument 
being transferred to another route after 
a period of observation. Connection is 
made to the TKTu leads of FUR and 
FDR type relay sets which are extended 
to the I.D.F., all relay sets on a particu­ 
lar route having their TKTu leads 
common ed. 
Incoming Routes: Normally, the 

er!anghour meters should be installed to 
record traffic flow at the originating 
end of the routes. However, for instal­ 
lation and reading convenience, the 
measurement of traffic on routes be­ 
tween minor switching centres and their 
parent secondary exchange may be car­ 
ried out from the secondary exchange. 
This will avoid the installation of erlang­ 
hour meters at minor centres, and allow 
the meters to be centralised at secondary 
centres, thus simplifying the recording 
arrangements. 

Seasonal Correction Indicator: Erlang­ 
hour meters may also be used to 
measure the total exchange originating 
traffic over the year, to provide a more 
accurate record of seasonal variations 
than that obtained from battery dis­ 
charge readings. For this application the 
daily observation period could be one, 
two or three hours, but must include the 
exchange busy hour. In ARM exchanges 
the total link traffic will be used to 
indicate seasonal variation? the link 

groups being commoned and then strap­ 
ped to an erlanghour meter. 

Traffic Erlanghour Meter Control: To 
confine the recording of traffic flow only 
to the busy periods of business days, 
erlanghour meters must be time switch­ 
ed. This time may be arranged as a 
single 2-hour period, or two one-hour 
periods (Ref. 2). For recording con­ 
venience a single observation period 
which must include the busy hour, is 
to be preferred. 

THE ERLANGHOUR METER 

The erlanghour meter (Ref. 3) is 
essentially an integrating counter, con­ 
sisting of an ampere hour meter and a 
contact mechanism for the emission of 
pulses. It is used to integrate current 
flow through traffic recording resistors 
in telephone equipment. The pulses emit­ 
ted can be used for remote indication in 
lieu of visual readings taken at the 
instrument. In the usual application of 
measuring the flow of telephone traffic, 
each traffic carrying device is provided 
with a 100K ohm resistor, which is con­ 
nected into the erlanghour meter circuit 
whenever the device in question is busy. 
The recording resistors will be connec­ 
ted in parallel between ground and the 
erlanghour meter, with 50 volt negative 
battery applied behind the meter. One of 
the operational requirements set down 
in A.P.O. Specification 1065, is that the 
voltage drop across the erlanghour meter 
terminals at rated current shall not ex­ 
ceed 0.5 volt. Thus, with a nominal bat­ 
tery potential of 50 volts, 0.5 milliamp 
will flow through the meter for every 
grounded traffic recording resistor, each 
grounded resistor representing one oc­ 
cupied circuit in the observed group. 
Since all traffic recording resistors are 
connected in parallel, the current flowing 
through the erlanghour meter at any 
given time is directly proportional to the 
total traffic flow during the period con­ 
cerned. 

To obtain the average traffic intensity 
the erlanghour meter reading must be 
divided by the elapsed time in hours 
and then subjected to range scaling 
factors. 

Range Scaling Factors: In order to 
maintain a linear relationship between 
the erlanghour meter movement speed 
and the measuring current driving it, 
three measuring ranges are provided. 
The ranges are obtained by connecting 
different shunt resistors in parallel, or 
series/parallel, with the meter move­ 
ment. The range selected is determined 
by the size of the measuring group, also 
taking into account the expected traffic 
density in that group. The scaling fac­ 
tors and impulsing rates for the 3 ranges 
are shown in Table 2. 
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TABLE 2: MEASURING RANGES OF ERLANGHOUR METERS. 

Pulse Couut Number of 
Range I Number of Circuits \ Counter Reading I Scaling Pulses per 

in the Route Scaling Factor Factor Erlanghour 

I 

I 
21 - 100 

I 
1 

I 
0.1 10 

II 101 - 500 5 0.5 2 
III 1- 20 0.2 0.02 50 

For example, if the counter of a cor­ 
rectly calibrated meter operating on 
Range II advances by 42.3 units during 
one hour, the average intensity of the 
traffic carried is: 

a= (42.3 X 5)/1 = 211.5 erl. 
During the same period 423 pulses 
would have been emitted from the mer­ 
cury switch, yielding the same traffic 
load measurement: 

a= (423 X 0.5)/1 = 211.5 erl. 
Accuracy: A.P.O. Specification 1065 

states that error in the analogue to digital 
conversion process shall not exceed 2% 
when the measuring current is between 
20% and 100% of the maximum value 
on any range. At lower current values 
a larger error can be tolerated, but it 
must be always less than 10%. That is, 
the reading over any given hour shall 
be within the stated percentages of the 
current analogue. The same accuracy 
standards apply also to the pulse output. 

TIME SWITCH 
The type of switch used is a Venner 

Time Switch Type TJD2SPS and is an 
electrically wound, spring driven time 
switch, carrying spring reserve power 
sufficient for a minimum of 9 hours 
running. Winding of the clock spring is 
effected automatically by a high torque 
synchronous motor, and once fully 
wound, the clock has a reserve of 9 
hours guaranteed minimum. The clock 
can also be wound by hand for testing 
purposes or to prevent the clock stopping 
during a power failure exceeding the 
length of spring reserve. 
The mechanism is designed for a 

seven day cycle and allows one or two 
'on' and 'off' switchings during each 24 
hours. Provision is made for automatic 
cancellation of the switching action dur­ 
ing part of the seven day cycle, e.g., 
no switching on Saturdays and Sundays. 
The unit is supplied with a large dial, 
which gives a visual indication. 

SURVEY DESCRIPTION 
The survey diagram Fig. 4 indicates 

the effective circuit elements of the types 
of line signalling relay sets observed in 
ARM exchanges. The diagram also shows 
the manner in which connections are 
made to the enlanghour meters via the 
IDF and TM miscellaneous rack. 
Revenue Recording: One lO0K resistor 

connected to ground is provided in each 

FIR-ZM and FDR-ZM type relay set 
for this function. Depending on the 
combination of the tariff relay contacts 
when the called party answers, this re­ 
sistor will be extended through to one 
of the TKTr leads 1-11. These leads are 
commoned at the IDF over all charging 
type relay sets and jumpered via day­ 
night change over relays (in the case of 
tariff rate leads 1- 7) or directly to their 
respective erlanghour meters. 
During the 6 p.m. to 9 a.m. measur­ 

ing period the night tariff charging rates 
are applied to FIR-ZM and FDR-ZM 
type relay sets. Connection of the 7 
night rate erlanghour meters is estab­ 
lished via normally released contacts of 
relays DNE, which are mounted on the 
erlanghour meter rack. From 9 a.m. to 
6 p.m., however, the tariff change relay 
set CE-15173 is operated, applying the 
day tariff charging rates to the FIR-ZM 
and FDR-ZM type relay sets. The DNE 
relay operates in sympathy with the 
tariff change relay set, thus facilitating 
connection of the 7 day rate erlang­ 
hour meters to the TKTr groups. 
Traffic Recording: One 1 00K resistor 

connected to ground is provided in each 
FIR, FUR and FDR relay set, regard­ 
less of type, for this function. This re­ 
sistor will be extended through to the 
TKTi lead on FIR and FDR relay sets, 
or TKTu lead on FUR and FDR relay 
sets upon seizure. The TKTi or TKTu 
leads for each route are commoned at 
the IDF and then taken away as fol­ 
lows:- 
(a) Incoming and outgoing routes not 

connected to erlanghour meters shall 
be jumpered direct to the route 
occupancy access switch. 

(b) Incoming and outgoing routes con­ 
nected to erlanghour meters shall be 
jumpered to the erlanghour meters 
via erlanghour meter interrupt 
circuits (initially by programme 
plugs) located on the TM miscel­ 
laneous rack. Connection of the TKT 
groups to the erlanghour meters will 
be via the interrupt circuit except 
during traffic recording sessions, when 
connection of TKT groups to the 
route occupancy measuring equip­ 
ment is required. 

(c) Incoming routes using FIR-ZM and 
FDR-ZM type relay sets, if not 
already connected to individual 
erlanghour meters, shall be connected 
to the total traffic erlanghour meter. 
This is carried out by individually 

connecting these TKTi groups to the 
erlanghour meter interrupt circuits 
as in (b) above. However, in this 
case these groups are commoned be­ 
fore connection to the total traffic 
erlanghour meter. This arrangement 
will enable individual routes to be 
connected to route occupancy equip­ 
ment by the substitution of pro­ 
gramme plugs, and later by relay 
operation in the erlanghour meter 
interrupt relay set. 

If incoming route erlanghour meters 
are provided, the total traffic reading 
is obtained by the sum of the readings 
on both the total traffic and incoming 
route erlanghour meters. This is facilit­ 
ated by the provision of change-over 
contacts on the BH relays used for 
connection of erlanghour meters during 
the busy hour. Over the greater part 
of the day when these relays are nor­ 
mal, the total traffic erlanghour meter 
will accumulate traffic from the incom­ 
ing routes via these change-over con­ 
tacts. 
It should be noted that all traffic 

erlanghour meters are controlled by time 
switched BH relays to record busy hour 
traffic only, whilst the total traffic erlang­ 
hour meter, which is provided to sup­ 
plement revenue statistics, operates con­ 
tinuously. 
Circuits Free Indicator: One 1 0OK re­ 

sistor connected to ground is provided 
in each FUR-TM-C, FUR-T3M-C and 
FDR-TM-Yl/C relay set for this func­ 
tion. If the relay set is in the released 
and unblocked condition, this resistor 
will be extended through to the TKF 

· lead which is cabled to the IDF. The 
TKF leads for each backbone trunk 
route are commoned at the IDF and 
taken away to the 4-wire manual assis­ 
tance centre. A direct reading erlang 
meter, Fig. 1, will be provided on the 
supervisor's position, to indicate the 
number of circuits that are free on selec­ 
ted backbone routes to trunk distance 
centres, and which carry both subscriber 
dialled and operator switched traffic. 
Erlanghour Meter Interrupt Circuit: 

Periodic full scale traffic studies will be 
carried out using the route occupancy 
measuring equipment located on the TM 
rack. This can be in the form of man­ 
ually controlled measurements using a 
direct reading route occupancy meter, 
Fig. 1, or by the use of a portable 
automatic traffic recorder. 
To avoid interference between this 

equipment and the erlanghour meters, 
special switching arrangements must be 
made. It is necessary to interrupt the 
erlanghour meter for a short time to 
connect the traffic measuring groups to 
route occupancy equipment. 
Cabling is provided to cater for 10 

measuring groups per 80 point knife 
jack position on the TM miscellaneous 
rack. Initially, 80 point fork plugs will 

ALLAN and LARSSON - Erlang Meters 
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be strapped as shown in Fig. 4, to 
perform the interrupt function, and 
inserted on the TM miscellaneous rack. 
One bar relay sets to perform these 
functions automatically have been de­ 
signed at the Central Office Circuit 
Laboratory and when delivered, will re­ 
place the 80 point plugs. 

MEASURING GROUP SIZE 

Total Traffic: The maximum instan­ 
taneous capacity of erlanghour meters 
is 500 erlangs. At 0.7 erlang per incom­ 
ing line this suggests a maximum measur­ 
ing group size of approximately 700 
measuring leads that can be accommod­ 
ated by one instrument. At large met­ 
ropolitan exchanges, where the measur­ 
ing group size exceeds this figure, it 
will be necessary to provide more than 
one erlanghour meter and measuring 
group for this function. 
Revenue: The maximum group size 

will vary for individual installations de­ 
pending on the outgoing route provision­ 
ing. For example, Haymarket ARM 
exchange has approximately 2000 
FIR-ZM type relay sets connected to 
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1
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revenue recording erlanghour meters. As 
only 400 outgoing circuits on routes re­ 
quiring application of the 'Y' rate exist, 
this dimensioning is satisfactory. It can 
be seen that an examination of the 
charging analysis and trunking diagrams 
is necessary when providing this facility. 
Route Occupancy: The maximum in­ 

stantaneous capacity of route occupancy 
equipment is 200 erlangs, therefore, 
measuring groups connected to this 
equipment should be restricted to 200 
TKT leads. 

ERLANGHOUR METER RACKS 

Type 1 Rack: This rack will be the 
'first in' rack and accommodate revenue 
and traffic erlanghour meters as shown 
in Fig. 5. Two positions, 19 and 20, 
have been reserved for future revenue 
recording facilities. Relays for the con­ 
trol . of revenue and traffic erlanghour 
meters are provided in a BCG relay 
set mounted in a central position, 
separating the revenue and traffic er!ang­ 
hour meter groups. 

Type 2 Rack: This rack will accom­ 
modate traffic erlanghour meters and as- 
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FRONT VIEW 
Type 1 Rack 

Fig. 5 - Erlanghour Meter Racks. 
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FRONT VIEW 

Type2 Rack 

sociated time switches only, as shown 
in Fig. 5. Relays for busy hour control 
are provided in two BCG relay sets at 
the centre of the rack, relays for the 
upper half of the rack being mounted 
on panel 6 and for the lower half on 
panel 7. 

Installation Aspects 
The time switches should be mounted 

on the lowest panel so that erlanghour 
meters which need to be read frequently, 
can be placed at a more comfortable 
height. 
Two erlanghour meter mounting plate 

designs are available, one design pro­ 
viding for 4 Siemens and Halske type 
erlanghour meters or 4 Venner type TJD 
2SPS time switches, and the other de­ 
sign providing for 4 Master Instrument 
type erlanghour meters. Both panels are 
the same overall size and thus inter­ 
changeable on the one rack. Each erlang­ 
hour meter/time switch position on the 
mounting plate is provided with a 30 
point knife jack, see Fig. 6. 
The 20 point knife jack provides for:­ 

(a) complete rack wiring commons and 
cabling of partially equipped racks, 

16 -,,-- 6 1 0 

20 15 10 5 
0 

20 POINT KNIFE JACK 
FITTED TO EACH POSITION 
(VIEWED FROM WIRING SIDE) 

SIEMENS ERLANG 
HOUR METER 
I TYPE Fg69/5012 FO:K ~~~~ 

1 ~ 20 
2 16 

6 5 

7 6 

B 10 

3 RANGE 1 } •I RANGE 2 8 

!; RANGE 3 

TIME SWITCH 
TYPE TJD 

2SPS 

6-WIRE I 
CORD 
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FORK PLUG 

6 
10 

16 

,w,., co,J 
1 

2 
3 
4 

Fig. 6 - Details of 20 Point Knife Jack. 
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(b) a strapping point for selection of 
busy _hours and connection to total 
traffic erlanghour meter, 

(c) the instruments to be fitted with 
flexible cords and 20 point fork 
plugs, thus simplifying replacement 
and recalibration. 

The 50 V d.c./32 V a.c. power panel 
will be provided on all racks where 
Siemens and Halske type erlanghour 
meters are installed. Although the Mas­ 
ter Instrument type erlanghour meters 
do not require 32V a.c. for the telemetry 
function, there is still a need to provide 
32V a.c. for the operation of time 
switches. 

Wiring and Strapping 
On the initial rack designs, the method 

of wiring provides the following faci­ 
lities: 
(a) Outgoing and incoming routes may 

be connected to erlanghour meters 
in any position on the rack allocated 
for traffic requirements. 

(b) Four time switch commons are pro­ 
vided in each half rack of traffic 
erlanghour meters. These commons 
allow a maximum of four busy 
hours per half rack and also instal­ 
lation of time switches in any 
position allocated for traffic require- 

ments although for reasons pre­ 
viously stated, the preferred posi­ 
tion is the bottom rack panel. 

(c) Terminal Block A is provided on 
each rack in the BCG relay sets to 
facilitate connection of time switch 
commons to the selected BH relays, 
and also for extending these busy 
hour control leads, and the total 
traffic common, between erlanghour 
meter racks. 

(d) Two BH relays are provided per 
panel of 4 erlanghour meters. These 
relays will facilitate the use of 2 
busy hours on one panel, thus allow­ 
ing full utilization of the rack. 
Connection of measuring groups to 
the erlanghour meters is via straps 
on the rear of the 20 point knife 
jacks. 

CONCLUSION 
The accurate recording of traffic flow 

and dispersion data provides some of 
the basic statistics necessary to plan the 
economic development of the telephone 
network. The use of erlanghour meters 
in ARM trunk exchanges, as outlined in 
this paper, helps to provide some of 
these statistics. With the ever increasing 
rate of growth of the A.P.O. STD net- 

work, the introduction of this type of 
equipment as an integral part of the 
initial installation is highly desirable. 

ACKNOWLEDGEMENTS 
The authors wish to record their 

appreciation of the assistance given by 
Headquarters and Victorian Engineers 
in the original discussions on the pre­ 
paration of the survey diagram and rack 
layouts. The assistance offered by Ex­ 
change Installation No. 3 Drafting Sec­ 
tion, Victoria, in the preparation of 
documentation required for the satis­ 
factory manufacture and installation of 
the erlanghour meters is also acknow­ 
ledged. 

REFERENCES 

l. Rubas, J. and Carroll, B. J., 'Super­ 
vision of Plant Congestion'; Telecom. 
Journal of Aust., Feb., 1968, Vol. 18, 
No. 1, P. 54. 
2. A.P.O. Engineering Instruction, 

PLANNING, Traffic D1310, Venner 
Time Switch. 

3. A.P.O. Engineering Instruction, 
PLANNING, Traffic D1330, Siemens 
and Halske Erlanghour Meter. 

TECHNICAL NEWS ITEM 
TRIALS OF DIGITAL SWITCHING 

SYSTEMS 

With the advent of pulse code modu­ 
lation (P.C.M.) transmission systems, 
interest has been intensified in time divi­ 
sion multiplexed switching systems. Many 
telephone manufacturers and .adrninis­ 
trations are developing model integrated 
switching and transmission (I.S.T.) 
systems to switch P.C.M. channels with­ 
out the need to demodulate and re­ 
modulate the digital signals. 
An experimental digital switching ex­ 

change has been developed by the British 
Post Office to test the feasibility of this 
type of switching. Although small, the 
model exchange contains many of the 
features of a full size exchange suitable 
for metropolitan tandem applications. It 
is now installed in Empress telephone 
exchange in West London where it will 
carry live traffic originating from three 
nearby Strowger exchanges. These three 
exchanges, Acorn, Ealing and Shepherds 
Bush serve an area with a common com­ 
munity of interest so that in the normal 
course much traffic passes over direct 
audio junctions between them. A propor­ 
tion of this traffic is automatically direc­ 
ted to P.C.M. transmission systems instal- 

led at these exchanges, where the 
information is converted into P.C.M. 
form and passed to the experimental 
switching unit. Each exchange is equip­ 
ped with two 24-channel P.C.M. systems. 
In addition there are two P.C.M. mul­ 
tiplexers at Empress exchange but these 
are used solely for testing and demon­ 
stration purposes. Thus, the experimental 
exchange handles only 144 live channel 
connections (40 Erlangs of traffic). 

Work commenced on the detailed de­ 
sign of the model exchange at the 
British Post Office Research Station, 
early in 1965, and on 11th September, 
1968, the exchange was opened for live 
traffic by the Postmaster-General. In his 
address the Postmaster-General noted 
the growing experience with· .P.C.M. 
transmission systems at home and abroad 
and said that the particular significance 
of the Empress exchange was that it was 
the first example of switching P.C.M. 
signals carrying live traffic anywhere in 
the world. 
The Australian P.M.G. Research 

Laboratories are investigating many 
aspects of future telephone networks, 
including a current study of the I.S.T. 
concept. The purpose of this project is 
to examine under field conditions the 

effectiveness and applicability of I.S.T. 
in the Australian telephone network. A 
laboratory model of a digital switching 
stage has been constructed. Speech and 
data transmission tests through this 
model switching stage were conducted 
for the first time on 18th October, 1968, 
with very satisfactory results. 

Work is now in progress to construct 
an experimental digital switching ex­ 
change for trial in the Melbourne tele­ 
phone network. The proposed A.P.O. 
field trial bears a resemblance to that of 
the B.P.O. It is planned to install the 
A.P.O. trial exchange at a tandem switch­ 
ing centre, Windsor, late in 1970. The 
exchange will switch junctions between 
Gardenvale (Strowger primary equip­ 
ment with crossbar first stage switch­ 
ing), South Oakleigh (Strowger), Clayton 
(crossbar) and the Windsor ARP tan­ 
dem. Initially, it will have a total of 
96 P.C.M. circuits connected, but the 
basic design allows for considerable ex­ 
pansion limited only by the capacity 
of the controlling processor. Although 
the field trial is similar, the A.P.O. digital 
switching system differs in a number of 
respects from that being tested in 
London. 

ALLAN and LARSSON - Erlang Meters 
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INSTALLATION OF LEAD SHEATHED CABLES ON BRIDGES 
M. F. LETTE, A.S.T.C., M.l.E. Aust.* 

INTRODUCTION. 

The failure of lead sheathed telephone 
cables on bridge structures has, in the 
past, received considerable publicity. 
The result of this is that over the years, 
a certain distrust has developed to­ 
wards this type of construction, based 
mainly on rumour and contributed to 
by inadequate installation practices. 
This article sets out to investigate 

whether this distrust is justified, what 
causes failures on bridges, and what con­ 
stitutes good installation practices. 

CABLE FAILURE 
MANIFESTATIONS. 

The usual mode of failure of lead 
sheathed cables on bridges is for the 
integrity of the sheath to be impaired 
either at one point, or over a consider­ 
able area along the length of the cable. 
Where joints are installed on bridges, 
failures of the joints have also occurred. 
For cables not under pressure, sheath or 
joint failure allows moisture (or even 
water) to enter the cable destroying the 
insulating properties of the paper around 
the conductors. For cables under gas 
pressure, failure results in loss of pres­ 
sure which is detected by pressure sen­ 
sitive alarms so that repairs can usually 
be effected before moisture entry occurs. 
The loss of sheath integrity and joint 

failures are usually a result of inter­ 
crystalline fracture of the lead. Such 
fractures occur where lead (and other 
metals) are called upon to withstand 
many cycles of varying stresses and 
strains. 

Stress Variations in Cables 
On Bridges 

Bridges vibrate in a variety of modes 
due to the impulsive effect of vehicle and 
wind loads and are also subject to con­ 
siderable and often rapid temperature 
changes. Cables attached to bridges have 
these temperature changes and vibra­ 
tions transmitted to them in a greater 
or lesser degree depending on the de­ 
sign and placement of the cable sup­ 
ports. In addition the cable structure 
itself, e.g. a rigid pipe supported at 
intervals, has a natural or resonant vib­ 
ration frequency and may be subject 
to additional temperature change by 
virtue of exposure to the sun, rain or 
even water from waves or tides. 

Both vibrations and temperature chan­ 
ges induce stresses into the cable sheaths 
and joints but the quantitative assess­ 
ment of stress from vibration and tem­ 
perature does not appear possible. How­ 
ever Ref. 1 indicates that the effects of 

* Mr. Lette is Engineer Class 2, Primary Works, 
Sydney. 
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vibration can be assessed adequately by 
determining, with instruments, the strain 
and the acceleration to which the cable 
is subjected. It indicates that provided 
the strain is below 30 x 1 o~6 and the 
acceleration is below 0.6 g (where g 
is the acceleration due to gravity) the 
cables should be 'safe', i.e. have an ac­ 
ceptable service life. 

Other references (Ref. 2 to 6) dealing 
mainly with structures indicate that de­ 
signs based on maximum accelerations of 
about 0.6 g are satisfactory provided a 
moderately high safety factor is used. 

Relation between Vibration and 
Acceleration 

The bridge vibrations and, through 
them, the cable vibrations, are a damped 
harmonic motion and therefore, for any 
cycle of a given amplitude and fre­ 
quency the classical formulae of simple 
harmonic motion lead to the expres­ 
sion - 

so 
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Acceleration = Aw2 Sin w t where 
A is the amplitude and w is 2r; 
times the vibration frequency, and the 
acceleration is expressed in length 
units per second per second. To ex­ 
press the acceleration in terms of g 
the expression becomes - 

4r; f2 A 
a= --- where 

12 g 
a is acceleration (in terms of g) 
A is the amplitude in inches. 
f is the frequency of vibration in 
cycles per second. 
g is 32.2, the acceleration due to 
gravity in feet per sec. per sec. 

Thus for any given amplitude and fre­ 
quency there is a discrete value of 'a' 
and conversely for a set (or design) 
value of 'a' a graph of frequency versus 
amplitude can be plotted. The full line 
of Fig. 1 is such a graph for 'a' = 0.15. 
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Fig. 2 - The Cambridge Vibrograph with Carrying Case and Viewing Screen. 

June, 1969 

INVESTIGATION PROCEDURE. 

The investigation aimed to determine 
whether acceleration alone can explain 
the majority of past cable failures and 
of successful installations, thus providing 
a simple guide to future practices. 

Instrument Used to Establish Vibration 
Amplitudes and Frequencies. 

The instrument used in the investi­ 
gation is a Cambridge Universal Vibro­ 
graph, which is best described as a 
stylus-on-celluloid recorder. Figs. 2 and 
3 show this machine, while Fig. 4 is a 
typical recording. This machine can re­ 
cord either horizontal or vertical vibra­ 
tions. In Fig. 2 it is shown set up to 
record vertical vibrations, and in Fig. 3 
for horizontal vibrations. In all bridges 
measured, the vertical vibrations were 
larger than the horizontal vibrations. 

RESULTS 

Cases Where Cables Failed 
Of all the bridges on which cable 

failures have occurred, only 16 are still 
in existence and available for vibration 
measurements. These bridges varied, but 
14 of the 16 were of timber construc­ 
tion, and, of these, timber truss types 
were the most common. Figs. 5 and 6 
show typical timber bridges on which 
these early cables were installed. N.S.W. 
Department of Main Roads statistics 

Fig. 3 - Close-up of the Vibrograph set up for Recording Vibrations in the Horizontal Plane. 

LETTE - Cables on Bridges 
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Fig. 4 - Photograph of a Recording on the Viewing Screen. The time base, recorded simultaneously with the vibration, is 
in tenths of a second. The grid represents 0.004 in. 

TABLE 1- YEARS OF SERVICE BEFORE FAILURE 

Type of Construction Vibration Amplitudes 

0.060 in I 0.070 in. I 0.080 in. 0.120 in. 0.140 in. 
1--- ---- 4 years ---·-- 

Armoured Cable 15 years 4 years 
I year 

----- ---- --·--. 
Armoured in Conduit 40 years 

---- -·--- 
Lead Sheath in Conduit 8 years 18 years 5 years 120 years 

20 years 3 years 1 year 
11 years 23 years I year 

·---- ----- 
Lead Sheath not in Conduits 20 years 

Note: Items in italics are for cables or conduits which are exposed to the sun. and 
may therefore be subjected to more rapid temperature changes. · 

show that out of its 4,000 bridges, over 
two-thirds are of timber construction. 
Although cables are placed on a very 
small percentage of these bridges, it is 
likely that the majority of cables on 
bridges are on timber bridges. Table 1 
shows failure vibrations and types of 
cable construction. 

The table shows that cables exposed 
to the sun have lasted from 1 to 22 years, 
and that cables not exposed to the sun 
have lasted· from 1 to 40 years over 
similar vibration amplitudes. 

Table 2 relates the diameter of cables, 
amplitudes and years of service before 

TABLE 2- DIAMETER OF CABLES AND YEARS OF SERVICE BEFORE FAILURE 

Diameter Years Vibration 
of before Amplitude Type of Cable 

Cable (in.) Failure (in.) 

0.6 20 0.070 Lead Sheath 
0.7 8 0.060 Lead Sheath in Pipe 
0.8 18 0.070 
0.8 20 0.140 " " " " 0.8 40 0.120 Armoured in Pipe 
1.0 15 0.120 Armoured 
1.0 22 0.070 Lead Sheath in Pipe 
1.0 4 0.080 Armoured 
1.11 20 0.060 at 25 cps. Lead Sheath in Pipe 
1.5 I 0.140 
2.02 5 0.080 
2.32 11 0.060 at 25 cps. 

Exposed to the Sun 

Yes 
No 
Yes 
No 
No 
Yes 
Yes 
Yes 
Yes 
No 
Yes 
Yes 

Notes: (1) All frequencies are 5-6 cycles per second unless otherwise stated. 
(2) Four cables are not listed in this table as their diameters were not 

recorded on replacement. 
LETTE - Cables on Bridges 
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Fig. 5 -Timber Truss Bridge at Murwillumbah, Northern N.S.W. 

Fig. 6 - Timber Beam Bridge at Gundagai, Southern N.S.W. 

failure. This shows that the smaller 
diameter cables appear to survive the 
longest. 
Longest Service to Date Before Failure. 
The cable which lasted the longest be­ 

fore failure was at Gladstone on the 
N.S.W. North Coast. The bridge is 
across the Belmore River on the main 
road between Kempsey and Gladstone. 
The cable was wire armoured and was 
installed in a G.I. pipe well clamped to 
the underside of the bridge every 8 feet, 
and consequently was not exposed to 
the sun. The cable lasted 40 years before 
failure, and was subjected to vibrations 
of 0.120 in. at 6 cps. It is significant to 
note that this cable which lasted so well 
was armoured, and may have had alloy 
'B' lead sheath. 

On the graph (Fig. 1), the known 
failures have been ploted as 'X'. It can 
be seen at a glance that all the plots full 
above the a = 0.15 line i.e. all failures 
have occurred on cables subjected to 
accelerations in excess of 0.15 g. On the 
same curve, the results from the inves­ 
tigation of 'safe' bridges have been plot­ 
ted as 'o'. 

Cases where Cables have not Failed 
The safe bridges measured are those 

on which cables have been in situ for 
at least nine years, and are still in ser­ 
vice without any failures. A total of 48 
bridges were examined in various parts 
of N.S.W. including the Sydney Metro­ 
politan area. The 'safe' bridges were of 
all types, and included the longest steel 
truss span in the State (the Pacific High- 

way Bridge over the Hawkesbury River, 
30 miles North of Sydney), which has 
two main spans of 452 feet each. 

Bridge with Longest Cable Life 
The cable which has lasted the long­ 

est to date (without failure) is at Mur­ 
rurundi (50 miles South of Tamworth) 
where the New England Highway is 
bridged across the Pages River. The 
cable is a 216/10 installed in a 4 in. iron 
pipe well supported under the bridge, 
and consequently not exposed to the 
sun. The cable was installed in 1931 
and is still in service. The bridge is 
subjected to continuous traffic, the vibra­ 
tion being 0.070 in. at 6 cps on the 
passage of heavy vehicles. 
Table 3 lists the years of service 

against the type of construction, whether 
exposed to the sun, and the vibration 
the cables are experiencing. 

It will be noted that marry of these 
cables are subjected to small vibrations 
(up to 0.006 in.), but are exposed to the 
sun. The majority of these 'small vibra­ 
tion bridges' are in the Riverina Irriga­ 
tion Area crossing the numerous canals, 
some of which are 100 feet wide. 
The remainder of the cables listed in 

Table 3 are on bridges spread over 
eastern N.S.W., all on highways or main 
roads; measurements were not taken on 
bridges on lesser roads where traffic was 
light. The majority were on three high­ 
ways, namely Newell, New England and 
Pacific Highways. Fig. 7 indicates these 
Highways, and the location of all the 
measured bridges. 

Summary of Vibration Data 
Comparing Tables 1 and 3, it is noted 

that failures occurred between vibration 
readings of 0.060 in. and 0.140 in. (the 
limit of the Cambridge Vibrograph) at 
5 cps. On the other hand safe bridges 
recorded vibrations of up to 0.120 in. 
at 5 cps. Thus it is apparent that factors 
other than vibration play a significant 
part. However, most 'safe' cables are sub­ 
ject to accelerations less than 0.15g 
leading to the tentative conclusion that 
this may be a safe limit. This limit as 
shown by Fig. 1 is 0.070 in. at 5 cps. A 
reservation must be placed on this limit, 
as the data available has referred mainly 
to cables less than 1 in. in diameter. 

Effect of Temperature 
Temperature changes need considera­ 

tion as they impose stress variations on 
the lead sheath, which may add to the 
effects of vibration induced variations 
to an unknown extent. Failures attribut­ 
able to temperature change are described 
below. 
Case 1: A cable in a 4 in. G.I. pipe on 
the approaches to Glebe Island Bridge 
in Sydney. The conduit was installed 
only a few inches below the surface 
of the footpath, which was black 
bitumen. During the summer months, 

LETTE - Cables on Bridges 
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TABLE 3 - DIAMETER OF CABLES ON 'SAFE' BRIDGES 

Years 

I 
Vibration Whether 

Diameter 
I in Amp. Freq. Exposed I Type of Construction 

(in.) Service (!:,.) (cps) to Sun 

0.5 9 0.120 5 No Lead sheath in iron pipe. 
0.5 15 0.006 5 No * 
0.5 14 0.100 7 Yes " " 0.5 11 0.030 5 Yes Armoured. 
0.5 15 0.030 5 Yes Armoured. 
0.5 14 0.006 20 Yes Lead sheath in iron pipe 
0.5 15 0.001 15 Yes 
0.5 12 0.001 20 Yes 
0.5 8 0.070 5 No 
0.6 22 0.040 5 Yes 
0.6 17 0.120 5 No " " 0.6 10 0.020 7 Yes Armoured. 
0.6 15 0.006 5 No Lead sheath in iron pipe 
0.6 10 0.120 5 Yes " " 0.6 20 0.008 5 No Armoured. 
0.6 10 0.002 15 Yes Lead sheath in iron pipe 
0.6 25 0.009 25 Yes 
0.6 11 0.001 5 Yes 
0.6 8 0.001 5 Yes 

I 
" " " " 0.7 11 0.070 5 No Armoured cable in troughing. 

0.7 10 0.020 14 Yes Armoured. 
0.7 9 0.060 5 Yes 
0.7 16 0.140 5 Yes 
0.7 24 0.002 5 Yes Lead sheath in iron pipe 
0.7 15 0.006 5 No " 0.9 10 0.020 5 No " (4 cables). 
0.8 20 0.001 5 Yes 
1.0 17 0.025 10 No 
1.0 15 0.070 5 No 
1.0 25 0.001 5 Yes 
1.0 12 0.003 5 Yes 
1.1 l 3 0.050 5 No 
1.1 11 0.070 5 No " 1.2 15 0.050 4 Yes Armoured. 
1.2 34 ! 0.070 5 No Lead sheath in iron pipe 
1.4 9 0.001 5 Yes Lead sheath in iron pipe 
1.7 15 0.004 5 No 
1.7 15 0.004 5 No 
1.7 8 0.080 5 No 
2.0 15 0.004 5 No 
2.0 17 0.040 10 No 
2.67 25 0.001 5 Yes 
2.67 25 0.001 5 Yes 
2.67 25 0.001 5 Yes 
2.67 25 0.001 5 Yes 

Note: * Bridge at Peats Ferry, Hawkesbury River. The longest truss span road bridge 
in N.S.W. 

the footpath temperature went over 
!00°F, and it is quite likely that the 
conduit temperature was similar. When 
the cable failed, and was withdrawn, 
the lead sheath where it had been in 
the pipe was literally falling apart 
due to inter-crystalline fracture. Vibra­ 
tion readings were taken on the site, 
but proved to be negligible. 

Case 2: This occurred in the foothills of 
the Blue Mountains, where the West­ 
ern trunk cable passed through a 
short exposed length of 4 in. G.I. pipe 
approximately 10 feet long. After 
about 8 years service, the cable failed 
and was withdrawn. On examination it 

LETTE - Cables on Bridges 

was found to have inter-crystalline 
fracture, but only over the short sec­ 
tion of cable that was in the pipe; the 
balance of the sheathing was sound. 
Again, vibration measurements were 
taken, but were negligible. In this 
area temperatures drop below freezing 
in the Winter and rise above 100°F in 
the Summer, consequently daily varia­ 
tions in temperatures of up to 40°F 
are not uncommon. The pipe was ex­ 
posed to the sun for most of the day. 

Case 3: This involved a submarine cable 
across Georges River, Sydney, between 
Oatley and Como. When the cable 
failed it was found that the wire 

armouring had rusted away between 
the low and high water marks, and 
over this section the sheathing had 
inter-crystalline fracture. The sheath­ 
ing was checked at other locations and 
was found to be sound. The cable at 
the water line, after the armouring 
had rusted away, would be subjected 
to the cooling effect of the rising 
tide, and then heating due to the sun 
after the tide fell. The cable was check­ 
ed for vibrations, but again the re­ 
sults were negligible. 
The question which should now be 

asked is, "Why haven't cables in other 
areas failed through temperature cycl- 
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TABLE 4-TEMPERATURE DIFFERENCE BETWEEN GRIFFITH AND 

PARRAMATTA IN °F ing?" As considerable data was available 
for cables installed in the Riverina Irri­ 
gation Area, it was decided to compare 
temperature variations in this area with 
the greater Sydney area. Griffith was 
selected as representing the Irrigation 
Area and Parramatta for the Sydney 
Area. The Bureau of Meteorology sup­ 
plied temperature records for the last 30 
years. Table 4 shows the average maxi­ 
mum and average minimum for each 
month. 
As shown by Table 4, the temperature 

variations in the two areas are similar 
and the two regions are very much alike 
as regards average maximum and mini­ 
mum temperatures. 

GRIFFITH PARRAMATTA 
Month Max. Min. Diff. Max. Min. Diff. 

Jan. 89.2 61.8 27.4 83.2 62.1 -if] 
Feb. 89.2 62.2 27.0 82.3 61.4 20.9 
March 83.7 57.6 26.1 79.9 58.4 21.5 
April 72.9 50.8 22.1 74.7 52.6 22.1 
May 65.5 43.3 22.2 69.0 46.7 22.3 
June 58.3 39.7 18.6 64.0 42.0 22.0 
July 57.8 38.4 l9A 62.7 40.5 22.2 
Aug. 61.0 40.0 21.0 66.2 41.6 24.6 
Sept. 67.7 43.6 24.1 71.3 46.3 25.0 
Oct. 74.7 49.1 25.6 75.4 51.5 23.9 
Nov. 81.6 54.7 26.9 78.8 56.3 22.5 
Dec. 86.3 59.7 26.6 82.1 60.4 21.7 

Average Difference 23.9 Average Difference 22.5 

LETTE - Cables on Bridges 
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A significant difference between the 
areas could be the rate at which this 
variation occurs. The Metropolitan area 
is subjected to very rapid changes in 
temperature when the cooling Souther­ 
lies sweep up the coast. Griffith, however, 
being surrounded by very large land 
masses cools slowly during the night, 
and is not subjected to the cooling 
Southerly winds so prevalent along the 
coast. Generally, the Griffith area would 
start heating from just after sun rise to, 
say, about 2 p.m., then it would com­ 
mence cooling, and would cool until 
about sun rise. In the hottest month, 
February, the heating would take place 
over 8 hours, and the cooling over about 
16 hours, but as the average difference is 
only 27°, both the cooling rate and heat­ 
ing rate would be very gradual. In the 
Sydney area it is not uncommon to 
have several cold Southerly changes in 
a week, particularly in the summer 
months. During these changes the tem­ 
perature may drop 15 - 20°F in 30 
minutes, which would produce stresses 
in a lead sheath. In addition to this, 
daily oscillations in temperature occur 
due to the cooling effect of the sea 
breezes. 

EFFECT OF CABLE SIZE 

In N.S.W. the cables installed on 
bridges have been of relatively small 
size and little data is available in respect 
of larger cables. Theoretically it appears 
that the effect of vibration on large 
cables will be worse than on smaller 
cables on two counts - 

(a) The force required to cause a 
given acceleration is proportional 
to the mass being accelerated. Thus 
force which is transmitted via the 
cable sheath, is larger for heavier 
cables. 

(b) For a cable to remain in contact 
with a duct vibrating between two 
supports, the cable must flex. Such 
flexing will induce stresses in the 
sheath and the magnitude of the 
stresses is proportional to cable 
diameter. 

Of these (b) may control and accord­ 
ingly Table 5 has been prepared to 
show suggested design limits (at 5 cps) 
for cables up to 3 in. diameter. 

LETTE - Cables on Bridges 

TABLE 5 - TABLE OF CABLE DIAMETERS AND VIBRATION LIMITS 

Cable Diameter 
(in.) 

0 - 1.0 

1.0 - 1.5 

1.5 - 2.0 

2.0 - 2.5 

2.5 - 3.0 

AMPLITUDE OF VIBRATION 
LIMITS 

(in.) (Notes 1 and 2) 

0 - 0.070 

0 - 0.060 

0 - 0.040 
0.040 - 0.070 if split into 2 cables. 

0 - 0.30 
0.030 - 0.060 if split into 2 cables. 

0 - 0.20 
0.020 - 0,030 if split into 2 cables. 
0.030 - 0.050 if split into 3 cables. 

Notes: 1. Assuming alloy 'B' sheath and polythene jacket. 
2. These limits are for vibration frequencies of up to 5 cps. For bridges 

which vibrate at higher frequencies. the limits are lowered accordingly. 

TABLE 6 - COPPER PAIR CABLES AND COAXIAL CABLE WEIGHTS 

Copper Cables Coaxial Cables (Non Layer Polythene 
jacket) 

Dia. I Av, Weight per Yard Size Weight 
(in.) (lbs.) (No. of Tubes) per Yd. (lbs.) 

5.6 4 7.2 

l½ 9.5 6 11.6 

2 17.0 8 14.0 

2½ 24 12 23.0 

3 32.5 

EFFECT OF SHEATH STRESS DUE 
TO G.P.A. SYSTEMS 

When cables are placed under gas 
pressure alarm (G.P.A.) systems, the 
sheath is subjected to an additional 
stress. Data on past cable failures and 
on successful installations on bridges is 
not sufficient to allow conclusions to be 
drawn regarding the importance of the 
adverse effect on lead sheaths, of the 
additional stress when superimposed on 
the stress due to vibration. TABLE 7 -TABLE OF VIBRATION LIMITS FOR NON LAYER POLYTHENE 

JACKET COAXIAL CABLES 

Cable Size 
(No. of Tubes) 

4 

6 & 8 

12 

Amplitude of Vibration Limits Assuming Alloy 
'B' Sheathing (in.) 

0 - 0.060. 

0 - 0.040. 
0.040 - 0.060 split into 2 cables. 

0 - 0.030. 
0.030 - 0.040 split into 2 cables. 
0.040 - 0.060 split into 3 cables. 

Note: These limits are for vibration frequencies of 5 cps. For bridges which vibrate 
at higher frequencies, these limits are lowered accordingly. 

COAXIAL CABLE 
Coaxial cables are from 4 to 20% 

lighter than copper conductor cables of 
equivalent diameter (Table 6), and there­ 
fore if the limits based on Table 5 are 
applied to them, the design will be 
slightly more conservative. As this is de­ 
sirable for such important cables, Table 
7 has been prepared accordingly. 

NEW DEVELOPMENTS 
Cables 

Installations of two new types of 
cables are currently being carried out in 
the various States. These cables have 
moisture barrier sheaths and are avail­ 
able with either paper or polyethylene 
insulated conductors. The moisture bar­ 
rier sheathing is essentially a polyethy- 
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lene sheathing with a thin layer of 
aluminium firmly bonded to its inner 
surface. This sheathing can withstand 
much higher vibrations than lead sheath­ 
ing and is ideally suited for placing on 
bridges, provided that in the case of 
paper insulated conductors a suitable 
gas protection system is available. 
The jointing on both these cables is 

carried out using epoxy resin and auxil­ 
iary lead sleeves, which also means that 
they may be readily plumbed onto exist­ 
ing lead sheathed cables; but special 
precautions would still be necessary for 
any joints on the bridge. 

Bridges 
Many present types of stressed and 

reinforced concrete bridges being built 
offer very good platforms for cables. 
Fig. 8 shows a good example of this 
type. This is a photograph of the Com­ 
monwealth A venue Bridge across Lake 
Burley Griffin at Canberra. This bridge 
consists of five spans varying between 
185 feet and 240, and the maximum 
vibration recorded was 0.010 in. at 5 cps. 
Examples of other modern concrete 

bridges are listed below: 

(a) Cook's River Bridge, Princes High­ 
way at Tempe, Sydney, spans of 
I 30 feet, maximum vibration 0.01 O 
in. at 5 cps. 

(b) King's Bridge across Lake Burley 
Griffin at Canberra, 7 spans ranging 
from 95 feet to 154 feet, maximum 
vibration 0.006 in at 5 cps. 

(c) Captain Cook Bridge across Georges 
River in Sydney, 7 spans ranging 
from 184 feet to 250 feet. Maxi­ 
mum vibration 0.005 in at 4 cps. 

(d) Gladesville Bridge across the Par­ 
ramatta River, 1 main span of 1000 
feet. Maximum vibration 0.001 in at 
4 cps. (This bridge has the roadway 
on top of a 1000 feet span concrete 
arch). 

CONCLUSION 

There is no doubt that more bridges 
could be used to carry cables, and that 
Engineers should weigh carefully the 
following advantages and economies of 
construction on bridges before deciding 
on a river crossing: 
(a) Expensive excavation in river beds 

is avoided. 

(b) The cable costs less and is more 
readily available than the armoured 
cables required for installation in the 
river bed. 

( c) Cables are readily accessible and 
may be withdrawn. 

(d) Cables on a bridge are unlikely to 
be affected by floods, particularly on 
the downstream side. 

(e) The cable if damaged, may be re­ 
paired in situ. or, if this is not pos­ 
sible, can easily be replaced. Actually 
in some situations it may be more 
economical to allow for the cable 
to fail on a bridge, say every 10 
years, than to construct an expensive 
river crossing, particularly if a 
G.P.A. system is available to ensure 
that the sheath failure does not 
cause service interruptions. 

(f) Approaches to bridges are generally 
sound. 

The following design and installation 
practices are recommended: 
(a) Bridges should be used in prefer­ 

ence to a submarine cable crossing, 
where the bridge is suitably sited 
and vibration readings confirm that 
the amplitudes are lower than the 

Fig. 8 - Commonwealth Avenue Bridge, Canberra, A.C.T. 
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limits of Tables 5 and 7 appro­ 
priately adjusted for frequency. 

(b) All cables installed on bridges should 
be sheathed using Alloy 'B', and 
be jacketed with polythene, unless 
moisture barrier cable is used. 

(c) Large size cables should be split into 
smaller diameter cables in accor­ 
dance with Tables 5 and 7 if single 
cable is outside limits. 

( d) All cables and conduits should be 
shaded from the direct rays of the 
sun. If this is not possible, a sun­ 
shade should be installed over the 
conduits, and painted with aluminium 
paint. 

(e) Special precautions should be taken 
where duct (or supports) cross ex­ 
pansion joints in the bridge so that 
stress concentrations do not occur in 
the cable sheath. 

(f) Particular care should be taken with 
any cable joints on the bridge itself. 
Ideally these should be at nodes in 
the bridge vibration pattern, i.e. 
usually immediately above piers. 
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TECHNICAL NEWS ITEM 
TELEX SERVICE EXPANSION 

Expansion of the Australian Post Of­ 
fice telex system, converted to automatic 
operation in June 1966, is continuing at 
a rapid rate. For each year since cut­ 
over, the annual subscriber growth rate 
has been 29%, 900 subscribers having 
been connected in the financial year end­ 
ing 30th June, 1968. There are now ap­ 
proximately 4,500 subscribers connected 
to 16 exchange points, the number of 
services having doubled since cutover. 
Australian telex subscribers, operating 
through the Overseas Telecommunica­ 
tions Commission's international telex 
exchanges at Sydney, now have access 
to 108 overseas destinations. Fully 
automatic operation on telex calls to 
the U.K. was introduced on 16-9-1968, 
and it is expected that this facility will 
be extended to calls to several other 
overseas destinations within the next few 
years. The layout of the national network 
is shown in the attached diagram. 
Calls within Australia increased in the 

last financial year by 51 % while inter­ 
national telex calls increased by 42 % . 
The average telex subscriber now origin­ 
ates approximately I ,400 national calls a 
year, of which some 70% terminate be­ 
yond 400 mile radius, emphasising the 
long-distance nature of telex traffic. 
The introduction of on-line, time­ 

shared computer services opens up a 
likely avenue for further development of 
the telex network. The conditions for 
providing access to such a computer ser- 
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vice by selected telex subscribers from 
any point in the network have been 
established, and several subscribers are 
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at present negotiating with the A.P.O. 
regarding the introduction of such a 
facility. 
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A.P.O. FOUR WIRE CORD TYPE SYSTEM AFM. 402: THE 
MAND AL ASSISTANCE CENTRE: PART 2 F. M. SCOTT, A.M.l.R.E.E. (Aust.) 

INTRODUCTION 
This article is a continuation of Part 

One which appeared in Volume 19 No. 1 
of the Journal. The previous paper dealt 
with the general aspects of both trunk 
assistance (T.A.) and special services 
(S.S.) positions, then followed with a 
more detailed treatment of the facilities 
and circuits used on the T.A. positions. 
Components, signalling, cabling and the 
design group organisation were also 
discussed. 
The purpose of this part (Part 2) is 

to provide a description of the line relay 
sets and the turrets and positional relay 
sets associated with the miscellaneous 
service positions, i.e., Special Service, 
Monitor and Supervisor. The S.S. 
position being cordless in operation re­ 
quires an external switching device. A 
description of the specially designed 
crossbar line finder is given. 

It is current practice in telephony to 
refer to the more commonly used relay 
sets by a coded designation. This avoids 
giving a rather lengthy description of 
the relay set functions each time a 
particular relay set is identified in de­ 
scriptions, catalogues, order forms, draw­ 
ing titles, etc. The designation codes 
applied to equipment used in this system 
are listed for reference. 

EQUIPMENT DESIGNATION CODES 
Many of the line and positional relay 

sets are identified by a code comprising 
three groups of letters. Key panels are 
also coded in this manner. A typical 
code for a line relay set would be 
FUR-LM-MOC. The first group (FUR) 
describes the general function of the re­ 
lay set and its direction of operation. 
The intermediate group indicates the 
type of signalling employed and the 

location of the relay set in relation to 
the first group of letters. Thus in the 
example quoted - 
F indicates a junction relay set 
U indicates outgoing at the M (ARM) 
exchange 
R indicates relay set 
L indicates local type signalling on 
the ARM side. 

The third group indicates facilities and, 
if necessary, the type of signalling em­ 
ployed on the other side of the relay 
set. Thus M in this case refers to a 
facility, while OC refers to the four­ 
wire cord type exchange. There is a 
series of codes referring to different 
types of manual exchanges each com­ 
mencing with O (for operator), e.g., OA, 
OB, OC, OD, etc. 
Table 5 lists the line relay set desig­ 

nation codes applicable to System AFM. 
402. 

TABLE 5: DESIGNATION CODES USED IN SYSTEM AFM402 
FOR LINE RELAY SETS 

Code Meaning Code Meaning I Code Meaning Code Meaning Code Meaning 
! 

FIR Junction, trunk, or L Local, connecting F ARF Crossbar C Repeats decadic OA AFG20l 
interexchange i/c re- two exchanges at exchange. pulsing. OB Siemens 
lay set. the same location. M ARM Crossbar L Access to Reg-L. Cordless 

FUR Junction, trunk, or L1 Loop disconnect, exchange. M Seizes forward to oc AFM402 
interexchange o/g re- two wire, 0-2000 OA A.P.O. Cordless manual, with re- OS Sleeve 
lay set. ohm. exchange (System call. Control 

FDR Junction, trunk, or L2 Loop disconnect, AFG201). N Repeats decadic 
interexchange both- four wire, 0-2000 0B System AFM402. pulsing and recall 
way relay set. ohm. OS Sleeve control. signal. 

R 17 Hz, two wire, p Seizes forward to 
manual to manual. manual, without 

u D.C. four wire, recall. 
manual to manual. Y2 Access to Reg-Y2. 

T L.M.E. Pulse. 

Function 

I 
Signalling Location Facility I Works to or 

from 

First Group Intermediate Group Last Group 

The positional relay sets for the 
operating positions and turrets are 
coded in a similar manner. Tables 6A, 
6B and 6C show a list of the desig­ 
nation codes used for these relay sets. 

PULSES 

A number of D.C. pulses is required 
for the operation of the exchange. A 
description of the pulses is given in 
Table 7. 

LINE RELAY SETS 

The line relay sets provide intercon­ 
nection between System AFM 402 and 
other systems. Switchboard lines may 

connect to adjacent local exchanges, e.g., 
ARM or ARF in the same building or 
be extended over carrier channels or 
trunk cables circuits to distant exchanges. 

Each line relay set can be considered 
as two separate halves merged together. 
The circuit conditions in each half are 
complementary to those existing at the 

TABLE 6A: DESIGNATION CODES USED FOR POSITION RELAY SETS - 
FIRST GROUP 

Code Meaning 

OKR 
OPI 
OPR 
OTR 
SNOR 

Key logic relay set 
Position panel for keys, lamps, etc. 
Position switching relay set 

,, telephone 
Connect circuit 

Manual Exchange Equipment Primary 
Classification 

SCOTT - System AFM. 402 
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TABLE 6B: DESIGNATION CODES USED FOR POSITION 
RELAY SETS - INTERMEDIATE GROUP 

Code Meaning 

Z Multimetering 

(If Z facility is 
not required the 
first symbol is 
omitted) 

Special Facilities 

Code Meaning 

A Appointment & reminder 
B Complaints 
C Supervisor 
D Trunk assistance 
E Emergency 
F International 
G Supervisor & Monitor 

(C+ M) 
I Information 
L Control 
M Monitor 
P Pricing 
R Routing 
S Special Services 
T Trunk enquiry & Suspense 
U Trunk assistance & 

Special services D + S) 
V Interception 
X Observation 
Y Switchboard end section 

Type of Position 

Code Meaning 

OA 4W cordless AFG201 
OB 2W cordless (Siemens) 
OC 4W Cord (APO System 

AFM402) 
OD CB multiple A position 
OE CB non-multiple position 
OM Magneto 
OS 2W sleeve control 

(APO) 

Type of Exchange 

distant end of the link. For example, if 
an outgoing line on the switchboard 
trunks to a distant exchange and T type 
line signals are employed then the line 

side circuitry of the terminating relay 
sets at each end must interwork with T 
pattern signalling. These portions of the 
relay sets are therefore complementary. 

Similarly the switchboard side circuitry 
of the line relay set must be compatible 
with that of the cord circuit. A conver­ 
sion within each line relay set occurs to 
change the signalling conditions on one 
side to those required on the other. Fig. 
15 illustrates the merged half relay set 
concept. 

LINE RELAY SET. SWITCHBOARD 

LINE 
LINK 

½ RELAY SET I½ RELAY SET 
TO MATCH TO MATCH 
LINE SWITCHBOARD SWBD. , .,/ 
SIGNALLING SIG~ALLING I LINK I 
CONDITIONS CONDITIONS 

Fig. 15 - Merged 
Half Relay Set Concept. 
Incoming Line Relay Sets 

Two line relay sets are designed to 
provide for inlets to the switchboard 
from other local exchanges. One inter­ 
connects ARM and AFM; the other 
ARF and AFM. Each relay set may be 
strapped in a number of ways to control 
supervisory signals and service tones. 
Four distinct groups of incoming traf­ 
fic are recognised (see Table 8). 
The incoming from ARF line relay set 

(FUR-LlF-POC} has a two wire speech 
circuit on the ARF side and a four wire 
speech circuit on the switchboard side. 
It may be trunked directly from the 

TABLE 6C: DESIGNATION CODES USED FOR POSITION RELAY SETS- LAST GROUP 

Cod,e Meaning 

A Demand traffic - i/c & o/g on ANS side, o/g on CALL side. 
B Originating traffic - o/g on CALL side. 
C Revertive traffic - o/g only on ANS & CALL sides. 
D Thro' terminating traffic - i/c on ANS side, o/g on CALL side 
E As for E, but extendable to monitor &/or supervisor. 
G Misc. traffic - Auto exchange line, Swbd. service line, extend 

lines from SS positions. 

KO Key 
Kl 
K2 
K3 
K4 
KS 
K6 
K7 
KS 

logic relays - position key functions 
speak & hold functions 

,, selection for listen & speak 
- Exch. management functions 
- Route control 
- Traffic 
-NA " - Eq. alarm control 

Door lock control 

L Control & Supervision 

P Switching functions - Spk., listen, ring, TCO, 
INF. OW, PA system, dual register coupling. 

R Switching functions - Spk listen. 
S ,, ,, - ,, ,, , TCO., 

Auto-exchange line, swbd. service, lines 
tech.OW. 

U Telephone cct. - 2W bi-directional 
V ,, - 4W directional 
W ,, - 4W bi-directional 

First 
Group 
Classn, 

Applicable 
to 

SNOR 

OKR 

OPI 

OPR 

OTR 

Type of Facility 

Code Meaning 

A Access to Reg-OA 
Cl ,, ,, ,, -OCl 

(m.f.c. output) 
C2 Access to Reg-OC2 

(decadic output) 

First 
Group 
Classn. 

Applicable 
to 

OPR 

Type of Register 

SCOTT - System AFM. 402 
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TABLE 7: D.C. PULSES USED IN SYSTEM AFM402 

Pulse Source Periodicity 
--- 
FL.l R.M. 0.2 sec on, 0.2 sec off. 

FL.2 R.M. 0.75 sec on, 0.75 sec off. 

sec M.C. 0.15 sec on, 0.85 sec off. 

6 sec M.C. 0.5 sees on, 5.5 sec off. 

P.T.C. I M.C. I 0.15 sec on 
0.85 sec off 
0.15 sec on 
0.85 sec off 
0.15 sec on 
3.85 sec off 

Use 

Fast flash on lamps. 

Slow flash on lamps. 

Time supervision in REG-OC2. 

Cord circuit timers, time 
supervision in REG-OC2, 
used to derive 18 sec pulse 
in Relay Set Pulse REG-OC2, 
call monitor gong pulse. 

Pip tone control pulse 
to cord circuit. 
Connects 3 pips of 900 Hz 
tone every 3 minutes 
at 2.8, 5.8 and 8.8 minutes 

Notes: 1. RM = Ringing Machine 
MC = Pendulum type master clock 

2. Suffixes E and B are sometimes affixed to the pulse designations to 
indicate earth or battery source; e.g. FL.1.E indicates earth backed FL.1 
pulse. 

GVB selector stage as it provides suit­ 
able 'c' and 'd' wire connections. Alter­ 
natively it may be approached using 
only two wires from a FUR-LlF-L re­ 
lay set after the GVB stage. The same 
line relay set is suitable for trunking 
2,000 type step-by-step exchanges to the 
switchboard, in which case it can con­ 
nect either to a selector outlet or to 
the outgoing side of an auto-to-manual 
repeater. 
The incoming from ARM line relay 

set (FUR-LM-MOC) is designed to 
operate from a local ARM exchange. No 
other relay set is required between the 
GU stage and the switchboard. 
An incoming line relay set with 'T' 

type signalling (FIR-TOC-MOC) is 
available for carrier channels having 
standard E and M leads. T3 type signal­ 
ling is not required on manual to manual. 
links. For physical four wire trunk 
circuits an incoming line relay set using 
L2 type signalling is available. (FIR-L2. 

OC-POC). A T3 type signalling relay 
set (FIR-T3.03-MOC) may be required 
at a later stage for auto-to-manual opera­ 
tion. 

Outgoing Line Relay Sets 

Relay set FIR-LF-LOC provides ac­ 
cess from the switchboard to a local 
ARF exchange. The line relay set has 
connections to an ARF local register 
REG-L and a GV A selector inlet. A 
four wire to 2 wire speech conversion 
is provided. Digits are keyed by the 
operator to REG-OC2 and repeated to 
REG-L at a sending speed of 20 i.p.s. 
REG-L converts the decadic digits to an 
M.F.C. code for sending in the crossbar 
network, but may revert to 10 i.p.s. de­ 
cadic sending if the call is to a distant 
step-by-step exchange. The line relay set 
provides ringing and battery feed for 
the 'B' subscriber's telephone on local 
calls and a loop back bridge with a 

TABLE 8 

Dialling 
Code 
011 

010 

0176 

1194 

Service 

Subscriber Trunk 
Assistance 

Operator Trunk 
Assistance 

Crossbar Coin 
Telephones 

Time of day 

Special Signalling Requirements 

Answer signal is not passed back to the A sub­ 
scriber except on calls originating from coin 
telephones in S x S exchanges. No recall is 
possible. 

Full backward supervision is provided. Recall is 
possible. 

Coin telephone tone is connected in the incoming 
line relay set. The switchboard operator dis­ 
connects the tone by pressing the Tone Cut Off 
key. Recall is not possible. No backward super- 

visory signals are applied. 
Answer signal is sent when the operator answers. 

polarity reversal sensing relay for 
calls to distant exchanges. The back­ 
ward M.F.C. signals received by REG-L 
cause one of three settings to occur in 
the line relay set prior to register dis­ 
connection, viz., B subscriber idle, B 
subscriber busy, equipment congestion. 
The idle setting results in through con­ 
nection and the sending of a register 
disconnect idle signal to REG-OC2. Busy 
and congestion are both signalled to 
REG-OC2 as 'register disconnect busy' 
but separate audible tones are applied in 
the line relay set so the telephonist may 
distinguish between the two conditions. 

When a switchboard plug is inserted in 
the line jack of an outgoing line relay 
set, the relay set is busied to other 
operators (the F.L.S. lamp is extinguish­ 
ed, and the 'C' wire engaged) but REG-L 
is not called. The digits are keyed by 
the operator and stored in REG-OC2. 
When all digits have been keyed, the 
finished key is pressed. REG-OC2 sends 
a seize forward signal (closure of for­ 
ward cailho path) to the line relay set 
which calls for a REG-L. When REG-L 
is connected and ready to receive digits 
a proceed-to-send signal (closure of 
backward cailho path) is sent from the 
line relay set to REG-OC2. As a further 
safeguard REG-OC2 times an interdigital 
pause before transmitting the first digit 
of the stored number. 
Relay set FIR-LM-Y20C gives out­ 

going switchboard access to a local ARM 
exchange. Both sides of the line relay 
set have four wire directional speech 
paths. This relay set has access to 
REG-Y2 in the ARM exchange. Signal­ 
ling between REG-OC2 and REG-Y2 is 
on the same system as in the ARF ex­ 
change. 
As for incoming trunks, outgoing con­ 

nections are provided to distant ex­ 
changes using T type and L2 type sig­ 
nalling. Outgoing' line relay sets FUR­ 
TOC-N and FUR-L20C-C cater for these 
modes of signalling. In each case REG­ 
OC2 commences sending on the receipt 
of the proceed-to-send signal which is 
returned from the line relay set follow­ 
ing receipt of the seize forward signal. 
Digit transmission is at 10 i.p.s. As no 
back signals are received under non­ 
M.F.C. sending conditions REG-OC2 
releases immediately when all digits are 
sent. If the B subscriber is busy, or 
congestion is encountered at a further 
stage in the network, suitable tones will 
be applied at the distant exchange. 

Outgoing line relay set FUR-LOC­ 
NOS is essentially a conversion circuit 
connecting the AFM switchboard with 
an outgoing sleeve control type 2VF 
signalling relay set. As well as a change 
of signalling mode, the relay set provides 
for a conversion from four wire direc­ 
tional speech to four wire tail eating 
as used in the A.P.O. 2VF network. 
This is the only relay set designed so 
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far to interwork with 2VF. Further de­ 
signs may be necessary to interwork 
with other types of 2VF line relay sets 
providing incoming, outgoing or bothway 
access. 
Relay set FUR-LOC-NM satisfies a 

requirement met frequently at a country 
centre. It provides for connection to an 
ARM FDR (of any type) at the point 
where outgoing access from the ARM 
GU selectors is normally wired. The dis­ 
tant end of the line terminates at a 
small country office and provides the 
office-keeper with outgoing access to the 
ARM exchange, while incoming traffic 
is switched by the AFM operator. 

Bothway Line Relay Sets 

At a country exchange there is fre­ 
quently a requirement to handle traffic 
to and from a small group of lines using 
magneto 17Hz ringing. For various 
reasons these services cannot be con­ 
nected to automatic equipment. Typical 
cases are multi-office trunk lines, sub­ 
scribers party lines, earth circuit lines, 
fire lookout points and certain emergency 
services. Relay set FDR-ROC-MOC/M 
provides a line circuit termination for 
two-wire physical lines using I ?Hz line 
signals. It allows for traffic in both 
directions. Two appearances of each 
line are required in the switchboard 
line multiple - one for the incoming 
line jack and call lamp, and one for 
the outgoing line jack and busy lamp 
or F.L.S. lamp. A hybrid transformer 
and two amplifiers are provided. A delay 
circuit is included so that inter-party 
calls may be set up on the line without 
calling the AFM exchange operator. The 
delay necessitates a ring exceeding five 
seconds before a switchboard call is 
recognised. The delay circuit may be 
strapped out if not required. When an 
inter-party call is in progress no busy 
indication is given at the switchboard 
so that it is necessary for an operator 
to make a verbal challenge before ring­ 
ing. Because of the absence of positive 
line signals with 17Hz working certain 
compensation must be made within the 
line relay set for signals not forthcoming 
from the line. These are self generated 
to preserve the correct supervisory con­ 
ditions on the AFM switchboard. After 
a telephonist has rung on a line the line 
relay set generates an artificial answer 
signal which it applies towards the cord 
circuit. This occurs after each succeed­ 
ing ring forward or recall signal. As 
there is no distinction between ring off 
and recall signals received from line 
both conditions are treated by the relay 
set as recall and it is up to the tele­ 
phonist to determine which condition 
applies by speaking and listening on the 
line. 
A four-wire version of the above re­ 

lay set is available for use on carrier 
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channels and V.F. amplified cable pairs. 
It provides the same manual-to-manual 
ring down facility but uses D.C. signals 
in place of l 7Hz AC. The bothway 
relay set is coded FDR-UOC-MOC/M. 
The U type signals may take one of 
four forms:- 
Ul - has sending and receiving com­ 

bined on a single wire such as a 
phantom cailho circuit over two 
side circuits. An earth backed 
relay is connected at each end 
of the circuit. To signal, the re­ 
lay at one end is removed and 
replaced with 48V negative 
potential for the duration of 
the ring key operation. 

U2- Current-off-idle normal poten­ 
tial E and M leads. The signal 
lead terminations are similar to 
those used on a standard carrier 
channel. Suitable for use on 
standard carrier systems. 

U3 - Current-off-idle reversed poten­ 
tial E and M leads. Similar to 
U2 but with reversed potentials 
on the E and M wires, i.e., 
Signal to the M wire is 48V 
negative, E wire relay is earth 
backed. This is the most suitable 
variation for use on four-wire 
cable circuits. 

U4 - Current-on-idle E and M leads. 
The potentials used are similar 
to those in U2 but continuous 
current flows in both E and M 
leads in the idle condition. A 
signal consists of a break in 
current. Suitable for use on 
rural carrier systems. 

Auxiliary Line Relay Sets 

A small group of relay sets are as­ 
sociated with the line relay sets to 
control or augment their functions. 
The relay sets have the functions de­ 
scribed below. 
A four stage gating (Ref. 1) is provid­ 

ed between the incoming line relay sets 
and the switchboard call lamps. While 
gating does not ensure that all calls 
are answered in exactly the order in 
which they arrive as with a full queue­ 
ing system it is nevertheless adequate 
for a small installation with a relatively 
low calling rate. The more stages there 
are in the gating, the better the separa­ 
tion of calls and the closer the gating 
system is to providing full queueing. 
The main disadvantage of a queue is 
its high cost. A quite useful facility can 
be obtained by having a queue with a 
limited number of seats, which is really 
what the gating system amounts to. 
Consider a group of ten lines on an 
incoming route to the switchboard. In 
a slack traffic period the calling rate 
will be low and no delay will be ex­ 
perienced in answering calls as they 
arrive. In the busy period most of the 

lines should be carrying traffic. Say six 
are engaged. In a group of this size 
it is unlikely that more than two or 
three calls would be waiting answer at 
any one time. Even with four calls 
waiting the four stage gating will ade­ 
quately separate them in distinctive 
stages provided that answering of calls 
is fairly regular and calls are not ac­ 
cumulating in the fourth stage to any 
great extent. A typical country exchange 
would have a number of such groups of 
incoming lines. The basic principle of 
gating is not to answer all calls in pre­ 
cisely the order in which they arrive, 
but to give an approximate priority 
mainly to avoid any particular call wait­ 
ing appreciably longer than the average. 
Two gating control relay sets are pro­ 
vided. One controls traffic to the trunk 
assistance positrons while the other 
gates special services calls. 

Calls waiting in each of the four 
stages of the gating system are timed 
and should the speed of answer de­ 
teriorate so that some calls experience 
more than the pre-determined delay aD 
alarm is given to the supervisor. The 
length of this delay may be 10, 20 or 
30 seconds as selected 1Jy the supervisor. 
Calls enter the gating circuit at stage 
1 and pass progressively through stages 
3 and 2 until they reach stage. 1. Only 
those calls in stage 1 are marked for 
immediate answer. Optional strappings 
on the incoming line relay sets provide 
the following lamp conditions:- 

(i) Stage I flashing call lamp, stages 
2, 3, 4 no call lamp. 

(ii) Stage 1 steady call lamp, stages 
2, 3, 4 no call lamp. 

(iii) Stage 1 flashing call lamp, stages 
2, 3, 4 steady call lamp. 

In periods of light traffic each call 
will pass directly to stage 1 and will 
probably be answered before the next 
call arrives. As traffic increases the first 
call will be waiting in stage 1, the second 
in stage 2, the third in stage 3 and any 
overflow in stage 4. When the first call 
is answered, the second call moves from 
stage 2 to stage 1, the third call from 
stage 3 to stage 2, and the fourth call 
from stage 4 to stage 3. This procedure 
is repeated each time a call or calls in 
stage 1 is answered - the unanswered 
calls moving up one stage at a time 
until they reach stage 1. With a further 
increase in traffic a point is reached 
where more than one call enters stage 4 
before the call in stage 1 is answered. 
Stage 4 is normally open to an unlimited 
number of calls, but if the density is 
sustained at a level in excess of the 
answering capacity of the exchange, the 
supervisor may operate the Restrict Gat­ 
ing key to close off stage 4. Under 
these conditions the number of calls 
from the main routes which are await­ 
ing answer is restricted to three (one 
in each of the stages 1, 2 and 3). Other 
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calls will receive busy tone. Routes 
without back busying facilities cannot 
be restricted in this manner. Temporary 
blocking of traffic under restricted gating 
conditions is accomplished through the 
use of Group Busy relay sets. If stage 
4 of the gate is open and a number of 
calls arrive, these will advance stage by 
stage as other calls ahead are answered. 
When stage 1 is reached the corres­ 
ponding number of call lamps will light 
simultaneously. Once stage 4 is vacated, 
it will start collecting further calls for 
answering. The number of calls waiting 
in each stage during the busy period 
depends upon the traffic arrival and 
answering rates. The pattern would tend 
to produce groups of calls in stage 1 
consisting of one, two or three calls, 
but this depends entirely upon the ran­ 
dom arrival rate of calls and the random 
availability of free operators. 
The Group Busy relay sets are merely 

a collection of individual relays having 
varying numbers of make contacts. The 
relay coils and contacts are wired to 
the I.D.F. where the coils may be jurn­ 
pered to control devices such as the 
restrict gating circuit and the contacts 
to individual line relay set BK leads. 
They may be used to provide blocking 
on a route basis or on a carrier system 
basis. 
Free line signalling is normally pro­ 

vided on all outgoing switchboard lines. 
Should visual engaged signalling (V.E.S.) 
or busy lamps be required in lieu of 
free line signalling (F.L.S.), the F.L.S. 
relay sets are still retained but the 
I.D.F. strappings are altered. There is 
an F.L.S. relay for each outgoing line. 
The relay coils are jumpered on the 
I.D.F. to the appropriate line relay sets. 
Lines in the same group would be 
jumpered to adjacent relays, the con­ 
tacts of which are wired to adjacent 
lamps in the switchboard line multiple. 
A chain circuit through the relay con­ 
tacts ensures that only one lamp - that 
corresponding to the first free line in 
the group - is lit at any one time. When 
a designated free line is taken into use 
the associated F.L.S. lamp will go out 
and another F.L.S. lamp corresponding 
to the next idle relay set in the group 
will light. Should a relay set placed 
earlier in the chain become free its 
F.L.S. lamp will light and the previous 
lamp will extinguish. 
If all lines in a group are engaged no 

F.L.S. lamp will be lit. Provision is 
made for the lamp to the right of the 
last F.L.S. lamp in the group to func­ 
tion as a congestion lamp. Thus if a 
group is congested no F.L.S. lamp will 
be alight but the congestion lamp will be 
glowing. The multiple jack and lamp 
to the right of the congestion lamp may 
be used for delay working. 
V.E.S. lamp operation creates a 

fluctuating demand on the lamp power 

supply between idle and busy periods. 
At peak periods when most of the lines 
are engaged there is a dazzling optical 
effect. F.L.S. lamps have a constant power 
requirement which is of particular ad­ 
vantage with six volt D.C. working. The 
number of lamps glowing remains con­ 
stant in busy and slack periods. Lamps 
used in the line multiple are of the 
standard No. 2 type and may be either 
six volts 40 mA, or 60 volts 20 mA 
(for use on 48V). The nominal 60 volt 
lamp when under-run on 48 volts has 
long life. 

Miscellaneous Line Relay Sets 

Service line relay sets are used on 
intra-exchange links between the T.A. 
switchboard and the special services 
position, the monitor's posts, the super­ 
visor's table and the exchange equip­ 
ment room test jacks. The line connec­ 
tions may be strapped for 2-wire or '.f­ 
wire speech. D.C. signalling may be 
superimposed on the side circuit cailhos 
or connected on two separate wires. 

A conference line relay set provides 
line circuits and amplifiers for five par­ 
ties. A maximum of two relay sets may 
be combined to provide for up to ten 
parties on the one conference call. To 
establish a conference call the main party 
is obtained and extended via a cord 
circuit to one of the conference line 
jacks. The other parties are obtained on 
other cord circuits and extended to the 
conference line jacks. The timer on the 
cord circuit used for the main party is 
started to time the duration of the call. 
Lamp supervision is given on each 

cord circuit. 
Each delay tone relay set contains 

equipment for two routes. A maximum 
of six routes can be controlled. Five 
different delay periods in addition to 
the normal condition of no delay can 
be set on each route. The Supervisor 
places a route in delay by manipulating 
keys on the Supervisor's turret. This 
causes the route delay lamp to glow in 
the switchboard line multiple. (Refer 
back to description of F.L.S. working). 
A telephonist may determine the length 
of delay by plugging into the jack be­ 
low the delay lamp and hearing a re­ 
corded announcement or special tone 
(usually a service tone). 
The test tone relay set enables a tech­ 

nician at a distance exchange to per­ 
form transmission level measurements 
on channels terminating on the trunk 
assistance switchboard, without the aid 
of technical staff at the switchboard. 
The technician calls the switchboard 
over the channel to be tested and re­ 
quests the operator to extend the cord 
circuit to the Test Tone relay set. When 
the call plug is inserted into the Test 
Tone line jack, answer signal is given 

and an identifying tone (820Hz) applied 
for two seconds. The technician then 
applies low level tone to the forward 
speech path and gradually increases the 
sent level until tone is heard on the 
return speech path. The level of tone 
being sent at the instant that received 
tone is heard, is noted. The detector 
in the Test Tone relay set triggers at 
-20dBm. The difference between the sent 
level arid -20dBm gives the loss or gain 
of the channel in the forward direction. 
A careful reading of the received tone 
level is made, and the reading com­ 
pared with the known level at the 
Test Tone relay set (at present + ldBm). 
The difference between these two read­ 
ings gives the channel loss or gain in the 
return direction. The Test Tone relay 
set applies the reference tone for six 
seconds, but a further period of six. 
seconds nay be obtained by triggering 
the detector again, with a pulse of tone 
in the forward direction. This process 
may be repeated as often as required. 
The cord circuit Test relay set pro­ 

vides a comprehensive series of tests for 
the cord conductors and the cord circuit 
functions generally. A full test cycle 
comprises over 30 manipulations of keys 
and plugs on the switchboard, but a 
scaled-down procedure is available for 
the use of telephonists in the perfor­ 
mance of a simple routine test on the 
cords. One relay set per exchange is 
provided and wired to a pair of test 
jacks in the switchboard miscellaneous 
multiple. A separate lamp box is avail­ 
able for association with the test relay 
set so that indications of relay opera­ 
tions may be obtained at the switchboard 
position. This requires a third jack in 
the switchboard multiple. 

THE SPECIAL SERVICES 
POSITION CIRCUITS 

Operating Position 
The operating requirements on a 

Special Services position vary in a num­ 
ber of ways from those on a trunk 
assistance position. In the first place, the 
class of traffic is different, requiring an 
altered handling procedure. The four 
groups of inlets - enquiry, information, 
time and complaints each require dif­ 
ferent answering phrases and handling 
techniques. Information traffic neces­ 
sitates access to a large number of met­ 
ropolitan and country telephone direc­ 
tories which must be within easy reach 
of the operator. Space must be available 
on the table in front of the operator to 
spread an open directory. In slack traf­ 
fic periods the duties of an operator 
may include sorting and pricing of 
trunk line dockets. This also requires the 
provision of ample table space. 
These operating requirements do not 

favour the use of cords and a horizontal 
key shelf area occupying table top space. 
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For this reason it has been the prac- 
tice in the A.P.O. to make use of turret 
positions for S.S. traffic. A number of 
installations are in use employing cord-< d~ 
less operation, usually with ratchet drive 
-0r motor drive uniselectors as the switch- 
ing medium. The major differences in the 
AFM402 system are that the turrets use 
push button keys (ERGA) in lieu of 
lever keys and a crossbar marker con­ 
trolled line finder replaces the uniselec- 
tor for switching. 
Three groups of connect circuits are 

provided on the S.S. position. 
(i) Two connecting circuits (SNOR­ 

SOC-F) are employed for an­ 
swering terminating type traffic, 
i.e., enquiries, information and 
time. Calls on these services have 
a comparatively short holding 
time but require the operator's 
full attention. One connect cir­ 
cuit would therefore be sufficient 
in these circumstances, but a 
second is provided for flexibility 
particularly in the event of a 
fault placing one of the circuits 
out of order. Although the traf­ 
fic is terminating by definition, 
an extended facility to the super­ 
visor and monitor is available 
through key operation. The ex­ 
tension is to fixed points and not 
to the general telephone network. 
Extended calls would be those 
requiring lengthy discourse or in­ 
vestigation, information not 
readily available to the S.S. 
operator without leaving the 
position, or calls from sub­ 
scribers making special requests, 
e.g., for priority in handling of 
calls. 

(ii) Three connecting circuits (SNOR­ 
SOC-D) are used for answering 
complaints calls. As a proportion 
of these calls must be extended 
to a wanted number, a through 
switching facility into the general 
network is required. Holding time 
is therefore longer. The extension 
of calls is key controlled and two 
alternatives are available. Firstly, 
if a local ARM exchange is in­ 
stalled the Extend Auto. key is 
used to complete all trunk and 
local calls which can be obtained 
via the ARM exchange. The Ex­ 
tend Switchboard key is used to 
switch calls via the switchboard 
over direct trunks or to places ac­ 
cessible only by this means. 
Secondly, if no local ARM ex­ 
change is available, the Extend 
Auto. key gives access to 
the local ARP or step-by-step 
exchange which switches local 
calls for two-wire speech. The 
route via the switchboard is used 
for trunk line calls or four wire 
local traffic. 
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All traffic in groups (i) and (ii) 
above is switched to and by the 
S.S. position for four wire direc­ 
tional speech. 

(iii) One connecting circuit is included 
as part of the position circuit for 
switching the Operator to miscel­ 
laneous lines as follows:- Test 
access, Interception 1 and 2, Ex­ 
change line, Technicians order 
wire, demonstration tones, and 
incoming order wire from the 
T.A. positions. With the excep­ 
tion of the demonstration tones, 
these services function with two 
wire speech. 

Fig. 16 shows the face layout of the 
turret key panel. 

On the top horizontal surface of the 
turret on the right hand side two posi­ 
tion pilot lamps indicate call waiting 
and monitor call, respectively. In the 
top horizontal row of lamps are five 
call waiting lamps as follows: enquiry, 
complaints, interception order wire and 
miscellaneous. Service level calls await­ 
ing answer are divided into two groups 
according to the type of connect circuit 
(SNOR-F or SNOR-D) which must be 
used for answering and one or both of 
the two call waiting lamps will light. If 
the call is in the first group (enquiry) 
the telephonist does not know on which 
service level (012, 013, 1194) the call is 
waiting. In fact, calls could be waiting 
simultaneously on all three levels. A 
call is answered by pressing the speak 
key of an idle connect circuit. This 
gives a start signal to the line finder 
marker CSM which identifies the con­ 
nect circuit, selects the call to be 
answered and switches the call to the 
operator via a path in the finder relay 
set C.S. While the marker is working, a 
by-path is set up to pass category in­ 
formation from the line finder line relay 
set CRA to the connect circuit SNOR-F 
where it is stored on relays Sl 1-14. One 
of the lamps designated 012, 013 and 
1194 lights according to the category 
identified. It is at this stage that the 
telephonist knows the type of call being 
switched so that the appropriate answer­ 
ing response may be applied. 
The left hand side lamp in each of 

the connect circuit keys is a Key Operat­ 
ed lamp and lights when the key is 
pressed. The right hand side lamps are 
supervisory indicators. It will be noticed 
that keys which have a switching and 
lamp function are mounted with the long 
edge of the key knob horizontal, while 
those having a lamp function only are 
mounted vertically. The two keys directly 
above the enquiry connect keys have 
no function. The two lamps above these 
keys are busy lamps associated with the 
monitor and supervisory extend circuits. 
Clearing of calls is automatic when the 
A party restores and the speak key is 
unoperated. While a speak key is operat- 

ed the line finder remains held to assist 
in call tracing. 
The answering of complaints calls 

follows a similar pattern to that ex­ 
plained for enquiry traffic. If more than 
one source of complaints is distinguish­ 
able no indication of the route is given 
until the call is answered by pressing 
the speak key of an idle connect circuit 
The category signal will reach SNOR-D 
via the marker by-path where it is stored 
and one of the lamps designated local, 
distant 1, distant 2 and distant 3 will 
light. In practice, these designations 
would be replaced by the name of the 
exchange or district. The monitor key 
is additional in the complaints connect 
circuit so that the telephonist may check 
the progress of through switched calls. 
When the speak key is restored the 
incoming category lamps extinguish 
They will re-light each time a speak 
key is operated. 
Through the test access circuit the 

complaints telephonist may dial subscrib­ 
ers Jines for test via the SNPR or a 
group of FIR-P's. A listening test and 
busy lamp indication are the normal 
facilities, but speaking may take place 
while the speak key (non-locking) is 
pressed. The Fault and Test O.K. lamps 
have no function at this stage. 

A bothway exchange line is provided to 
the local ARP or S x S exchange. 
Two interception answering circuits 

are provided. Both re-direction and put­ 
through types of interception can be 
handled. 
The tone demonstration keys enable 

the various service tones to be connec­ 
ted to a subscriber for his education and 
in particular to help in the diagnosis of 
vague complaints such as "When I pick­ 
ed up the 'phone there was a buzzing 
noise". 
The technician's order wire keys may 

be used to give access to the test desk 
for the reporting of faults, ordering a 
line test, or clearing fault dockets. In 
some exchanges additional order wires 
to the automatic equipment and long 
line equipment rooms may be justified. 
In the lower right hand corner of 

Fig. 16 is the positional equipment. The 
dial is used for impulsing on the ex­ 
change line circuit, the test access circuit 
and in the complaint connect circuits via 
the Extend Auto. keys. The keys have 
the following functions:- 
Meter control - Associated with the 

complaints connect circuits. If pres­ 
sed, causes metering of an extended 
call. 

T.C.O. - Enables operator to discon­ 
nect coin telephone tone on calls from 
coin telephones. 

Call Monitor - Similar function to the 
call monitor key on the T.A. positions. 
Calls monitor to the position or re­ 
quests her to speak on the call monitor 
line. 

N.A. Connect - Enables operator to 
connect N.A. buzzer on her position 
only. Used when sorting dockets, etc. 
or when concentration is not directed 
on the call waiting lamps. 

Release Answer - Functions as a forced 
release key for incoming traffic. En­ 
ables a connect circuit to be freed in 
the event of a subscriber failing to 
release. Also provides lock-off facility 
on interception circuits. 

Release Call - Associated with the Ex­ 
tend Auto. and Extend Switchboard 
keys and enables release and reseizure 
of an outgoing line circuit. 

Speak Answer, Speak Call - Speech path 
divide keys associated with the three 
complaints connect circuits. 
On the initial operation of the Extend 

Auto. and Extend Switchboard keys the 
position circuit is divided and the opera­ 
tor is placed in the speak call condition. 
This is so that the call may be extended 
without the caller hearing the telephonist 
making the attempt. 

Above the dial, the device designated 
11-59 on the face layout is a 24-hour 
digital time of day clock. 
Two telephone jacks are provided on 

the front edge of the table used for the 
S.S. turret and these are wired to main­ 
tain stable conditions of current, level 
and impedance termination as on the 
T.A. positions. 

Position Relay Sets 
The use of non-locking type pushbut­ 

ton keys to perform locking functions 
requires the use of logic circuitry to 
provide the push-on-push-off control of 
functions. This is a type of memory 
circuit. Contacts of the memory relays 
are used to form chain circuits for the 
control of 'one only' and 'mutual release' 
functions. All speak keys are included 
in a 'one only' and 'mutual release' chain 
so that the operator can connect to only 
one speak position at a time and the 
pressing of a speak key will release any 
other speak key already operated. A 
similar chain is wired through each of 
the monitor keys. In addition, mutual 
release is provided between speak and 
monitor keys within each connect circuit. 
These functions are performed by the 
Key Logic relay set, OKR-SOC-KO. 
The Telephone Circuit relay set OTR­ 

UOC-W is the same type as is used with 
type 'E' trunk assistance positions. Refer 
to Fig. 14 in Part One of the article. 
The Position Circuit relay set OPR­ 

SOC-S controls the switching of the 
operators speaking and monitoring com­ 
mons, and contains the relays associated 
with the miscellaneous connect functions 
and the relays controlled by position 
keys on the turret. 
No coupling is provided between posi­ 

tions. If none of the S.S. positions is 
staffed traffic is automatically diverted to 
the T.A. positions. 
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THE LINE FINDER 
As indicated on the block diagram 

(Fig. 6 in Part One) the line relay sets 
used for terminating S.S. traffic are to 
the same designs as those used for T.A. 
traffic. In fact, the special services incom­ 
ing line relay sets are terminated on 
both the T.A. positions and L.F. banks. 
Calls may be answered at all times on 
the S.S. positions, but lighting of the 
call lamps on the T.A. positions is con­ 
trolled by the night switching arrange­ 
ments. A line finder group comprises 
the following:- 
Two line finder line relay sets CRA 
(20 lines) 
Three line finder relay sets CS (30 
verticals) 
One marker relay set CSM 
If used for complaints traffic a CRB 

relay set must be associated with each 
CRA relay set. 
The twenty incoming lines connect to 

the 20 horizontal positions (HA and HB 
switching) in the crossbar selector of the 
first C.S. and are multipled over the 
horizontals of the other two C.S. relay 
sets. The ten verticals on each switch 
connect to 10 individual connect circuits. 
Thus 30 connect circuits can be wired to 
each line finder group. A group may be 
fitted with one, two or three C.S. relay 
sets according to traffic requirements. 
Each through connection via the C.S. 
is a five wire circuit. The allocation of 
the conductors is as follows:- 
al, b l Forward direction speech pair 

and backward signalling cailho. 
a2, b2 Backward direction speech pair 

and forward signalling cailho. 
h Holding of the connection and 

signalling tone-cut-off with the 
application of a superimposed 
positive potential. 

Three basic connecting patterns are 
available to meet the needs of a variety 
of exchange sizes. 

(i) The small exchange. One L.F. 
group is fitted. All S.S. levels 
(012, 013, 1194 and 1100) are 
handled by the one marker and 
the total number of inlets on all 
routes must not exceed 20. The 
number of C.S. relay sets fitted 
depends upon the number of 
special service positions required. 
Each S.S. position has a total of 
five connect circuits so each C.S. 
will cater for two S.S. positions. 
At small exchanges two positions 
may be adequate. If a third S.S. 
position is installed then a second 
C.S. will be needed. With two 
types of traffic available at the 
horizontals ( enquiry and com­ 
plaints) and two types of connect 
circuits (SNOR-F and SNOR-D) 
available at the verticals the 
marker must ensure that only the 
allowable cross-connections are 
made. 
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(ii) The medium sized exchange. Two 
L.F. groups are fitted. Enquiry 
traffic is handled in one group 
and complaints in the other. This 
permits up to 20 lines in each 
group or a total of 40 for the 
exchange. The enquiry group if 
equipped with three C.S. relay 
sets will serve up to 15 positions 
each with two connect circuits 
type SNOR-F. The complaints 
group with three C.S. relay sets 
will serve 10 positions each with 
three connect circuits type 
SNOR-D. 
At this stage of development the 
special services positions may be 
divided into two specialised 
groups each handling exclusively 
enquiry or complaints traffic. A 
number of universal positions 
may be retained for light traffic 
periods. 

(iii) The large exchange. A combina­ 
tion of specialised and universal 
positions would be used. A 
minimum of three L.F. groups 
would be established. Enquiry 
routes would be arranged in two 
groups and connected to L.F. 
groups 1 and 2. The third group 
(and a fourth if necessary) would 
switch complaints traffic. This 
would provide a total of 60-80 
inlets and 90-120 connect circuits. 

The test leads (TI and TI) from the 
20 inlets on each C.S. are selected for 
test in the marker by the Gl-6 relays. 
The 20 inlets are divided into six 

groups as follows:- 
Inlets 1-4 G 1 

5-6 G2 
7-10 G3 

11-14 G4 
15-16 GS 
17-20 G6 

Provision is made for up to four 
category markings to be signalled from 
the 20 inlets to the connect circuits. 
These are controlled by the Bl-4 relays. 
A strapping field is provided between 
contacts of the B relays and the coils 
of the G relays. For example if inlet 
9 is in category 2, then B2 is strapped 
to G3 as inlet 9 is accessible only 
through the G3 relay. The vertical to be 
used is determined by the connect circuit 
engaged for the call and is identified 
in the marker by the Al-10 relays. Be­ 
fore switching takes place the marker 
ensures that only one relay in each of 
the A and B relay groups is operated. 
Two preference chains are wired to the 
A relays and holding preference is given 
to Al and Al O on alternate calls. An 
allotter steps on each call handled by 
the marker and gives priority to each 
of the B relays in turn. The functioning 
of the marker is time supervised and 
released followed by an alarm to the 

service control room occurs if calls are 
not switched within a pre-determined 
time. 

THE MONITORS POST CIRCUITS 

Monitor's Turret 
Fig. 17 shows the face layout of the 

monitors turret key panel. Across the 
top are ten keys giving access to the 
ten T.A. or S.S. positions for which the 
monitor is responsible. Two-way calling 
and speaking is provided and listening 
one-way from monitor to telephonist. 
When a telephonist on a T.A. or S.S. 
position presses the call monitor key the 
lamp in the right hand side of the ap­ 
propriate key on the monitor's turret will 
light. The monitor's pilot lamp on top 
of the turret will also light. In addition, 
a pilot lamp on the calling position and 
a lamp in the annunciator panel will 
glow. The monitor may acknowledge 
the call in two ways:- 

(i) By walking to the calling position 
and speaking to the telephonist. 
The monitor will release the call 
monitor key, or 

(ii) By pressing the Connect key on 
the monitor's turret. In this case 
the turret call lamp will extinguish 
(also all pilot lamps) and the left 
hand side lamp in the key will 
light indicating that the key func­ 
tion is operative. The monitor call 
lamp on the calling position will 
flash until the telephonist restores 
all speak keys. When this is done, 
and the monitor presses the Speak­ 
on Monitor key the two parties 
may converse. The Call Monitor 
key on the T.A. or S.S. position 
(if ERGA type) will restore auto­ 
matically. 

The monitor may listen across each 
of her 10 telephonists for supervisory 
purposes by pressing the appropriate 
position connect key (with the Speak­ 
on-monitor key normal). 
Two lines to the trunk assistance 

switchboard line multiple are provided 
and separate speak and hold keys are 
fitted to each. These are bothway lines. 
The extend circuit from special services 
positions terminates on speak and hold 
keys. This line is incoming only to the 
monitor. A bothway line to the local 
ARF or S x S exchange is provided and 
associated with this are dial, speak and 
hold keys. A night alarm cut off key 
temporarily disconnects the buzzer until 
all waiting calls are answered. The 
buzzer circuit is then reset automatically 
so that it will function again on the 
next incoming call. Two telephone jacks 
are provided on the front of the turret 
and wired so as to maintain stability of 
transmitter current, speech level and 
terminating impedance with one or two 
handsets plugged in. 
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Position Relay Sets 

Key logic relays are required to con­ 
trol the functions associated with the 
non-locking type push button keys. The 
relays are divided into two groups and 
fitted in two separate relay sets OKR­ 
GOC-Kl and OKR-GOC-K2. The 
OKR-Kl relay set contains the logic 
relays for the speak and hold functions. 
"One only" and "mutual release" chains 

Fig. 17 - Monitors Turret Key Panel Layout. 

are provided for the speak key functions. 
There is mutual release between each 
pair of speak and hold keys and over­ 
lapping of functions during switchover. 
The OKR-K2 relay set is associated 

with the ten monitor connect keys. It 
provides 'one only' and 'mutual release' 
chains between the ten keys. 
The Telephone Circuit relay set OTR­ 

GOC-V may be associated with either 
a monitor's or supervisor's position. Its 
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Fig. 18 - Simplified Circuit of OTR-GOC-V. 
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design is rather different to the OTR 
used on trunk assistance and special ser­ 
vices positions. The four-wire line con­ 
nections comprise two speech pairs SA 
and SB but these provide 600 ohm ter­ 
minations and convey directional speech 
only. In the speech condition the circuit 
functions as an amplified four wire 
terminating telephone. Fig. 18 shows a 
simplified diagram of the OTR. Speech 
signals from the telephone transmitter 
are amplified and applied to line on the 
SA pair which is connected to the al, 
bi wires of a switchboard line circuit, 
e.g., service line relay set. A sample of 
the output voltage on SA is returned via 
a 60dB pad to the receive amplifier and 
telephone receiver where it is heard as 
side tone. Received speech from line is 
connected to the SB pair, passed through 
a 41 dB pad, amplified and supplied to 
the telephone receiver. Monitored 
speech on the MA and MB pairs is 
attenuated by a further 7 dB to produce 
a lower volume in the telephone receiver. 
The purpose of the pads is to de-couple 
the SA, SB, MA and MB leads and 
thus reduce crosstalk between them. 
The Position Circuit relay set OPR­ 

GOC-R is usable on either a monitor's 
position or supervisor's position. It is a 
comparatively simple circuit containing 
mainly the switching functions on the 
SA, SB, MA and MB leads. A new 
facility is the six second reminder bell 
which operates under call monitor con­ 
ditions. When a telephonists presses a 
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call monitor key, in addition to the lamp 
indications mentioned previously, a bell 
gong in the monitor's turret is struck 
once. This is followed by reminder 
'gongs' every six seconds, until the call 
is answered. The OPR contains this cir- i5-' 
cuitry. "'::; d 
A miscellaneous connect circuits relay ., ::J ~ 

set (SNOR-GOC-G) also usable on a u" 
supervisor's position contains termina­ 
tions for the exchange line circuit, the 
two service lines, the extend circuit from 
the S.S. positions and the demonstration 
tones. The tone circuit is used on the 
supervisor's turret but not on the 
monitor's turret. 

THE SUPERVISOR'S TURRET 
CIRCUITS 

Supervisor's Turret 
The so-called supervisor's turret is 

provided for the in-charge officer whether 
her status is supervisor or monitor. It 
is supplied with the initial installation. 
The facilities of the monitor's turret are 
duplicated on the supervisor's turret and 
in addition keys and meters for ex­ 
change management functions are in­ 
cluded. At a small exchange with a 
monitor in charge there would be no 
monitor's turret. The monitor would 
operate the supervisor's turret. When the 
exchange grows so that a supervisor in 
addition to the monitor is justified, a 
monitor's post would be installed and the 
call monitor functions transferred to the 
monitor. As the monitor's turret is 
equipped for only 10 call circuits any 
excess over this number could be ter­ 
minated on the supervisor's turret until 
a second monitor's turret is installed. 

On the left of the key panel (see Fig. 
I 9) are forty keys corresponding to the 
forty operating positions which is the 
maximum number the system is designed 
to handle. The lamps in the right hand 
side of each key are used for the dual 
purpose of indicating positions occupied 
and positions blocked. The appropriate 
indications are given when the Posi­ 
tions Staffed and Positions 0.0.0. keys 
to the right of the block of forty keys 
are pressed. To observe across a staffed 
position the Set Observation key is 
operated followed by the position key 
in the 1-40 group. The left hand side 
lamp in the position key will light when 
the key function is operative. The 
supervisor may move from observing on 
one position to another merely by pres­ 
sing the key associated with the second 
position. When she is finished observing, 
the Set Observation key is pressed to 
restore the set observation facility. 
The priority facility is not available 

in the present design of System AFM402. 
Before it can be introduced a new 
operators register capable of signal­ 
ling with compelled sequence multi­ 
frequency code must be designed. The 
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designation REG-OCl is reserved for 
the new register. In the meantime the 
switchboard and associated circuits have 
been designed to include the priority 
facility so as to avoid further changes 
at a later date. The facility would be 
available to a maximum of five T.A. 
positions and positions 1, 3, 5, 7 and 9 
would be those concerned. To make the 
priority facility available on a particular 
position, say position three, the super­ 
visor would press the Set Priority key 
and the Position Three key. The L.H.S. 
lamp in the position three key flashes 
until the Telephonist avails herself of 
the facility when it will extinguish. 
The five, Set Delay keys, the Release 

Delay and the Read Circuits Free keys 
are connected in a logic control chain 
circuit. These are associated with the 
six route keys. It is thus possible to 
cope with up to six major outgoing 
routes, placing each route independently 
in one of five delay conditions or con­ 
necting the Circuits Free meter to the 
traffic resistors for a direct reading of 
idle circuits on these routes. The mani­ 
pulation of the keys in the 1-40 positions 
and 1-6 routes blocks are arranged for 
single finger operation. 
There are two calls waiting meters. 

One is associated with traffic incoming 

to the T.A. positions while the other is 
associated with enquiry and complaints 
calls on the S.S. positions. The keys 
and lamps below the meters control the 
two gating circuits and enable a meter 
reading to be taken of calls waiting in 
each stage of the gates. The Restrict 
key closes the fourth stage of the gate 
limiting the number of calls awaiting 
answer to three. Blocking of all incoming 
routes occurs when the Close key is pres­ 
sed. The By-pass key isolates the gating 
and allows the call lamps to light 
immediately calls arrive. 
The speed-of-answer objective is nor­ 

mally 10 seconds. If the waiting time 
of a call in either gating system ex­ 
ceeds this period the urgent lamp will 
light and call pilot lamps in the exchange 
will flash. If the traffic increases to a 
point where the available staff is un­ 
able to maintain a 10 second speed-of­ 
answer the supervisor may increase the 
time by presing either the 20 second or 
30 second key. 
Twelve cyclometer type meters record 

traffic data. Seven are associated with 
the T.A. positions and four with the 
S.S. positions. Some are resettable. The 
exchange line meter is wired in parallel 
with the normal meter associated with 
the supervisor's bothway exchange line 

in the local exchange. It is used by the 
supervisor to check metering on self­ 
dialled S.T.D. calls. 
The rectangle displaying the figures 

11-59 on this layout represents the face 
and digit wheels of a 24 hour clock 
showing the time in hours and minutes. 
Automatic diversion of the special 

services traffic to the T.A. positions 
occurs when all S.S. positions are un­ 
staffed. The supervisor also has manual 
control of this function through the key 
marked Spee. Serv. N.S. When the key 
is pressed incoming traffic from the 
special services routes may be answered 
at either the T.A. or S.S. positions. This 
facility may be used to improve the 
speed-of-answer on special services calls 
during busy periods. A similar facility 
may be provided on phonogram traffic 
by using the key designated Teleg. N.S. 
The Fire key directly controls a local 

fire bell used in the practice of fire 
drill. The key to the right of the Fire 
key has no function, but the lamps are 
associated with the two control locks 
mounted immediately above. The N.S. 
Disc. control Jock is used to disconnect 
the night alarm in the event of a per­ 
manent alarm condition developing when 
the alarm bell and buzzer are controlled 
by the synchronous time switch. Once 
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Fig. 20 - End Section Key Panel Layout. 
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operated by the control key, the N.A. 
lamp remains lit until the reset key on 
the GOC rack is operated. A lamp 
indication is given to the service control 
room also. The Night Switch Exchange 
control lock is used to close down all 
operating positions and divert the traf­ 
fic to a larger manual assistance centre. 
It would have connections to the com­ 
mon control equipment in the ARF and 
ARM exchanges. Above the control locks 
on the top of the turret are two position 
pilot lamps indicating call waiting and 
monitor call conditions. Dual telephone 
jacks are provided as on other positions 
and these are mounted on the front edge 
of the table. 

Position Refay Sets 

The relay sets associated with the 
supervisor's turret comprise two groups. 
First is the group associated with speak­ 
ing, monitoring and line signalling. These 
are the same family of relay sets as 
used for the monitors, namely - 

OKR-GOC-Kl Key logic for speak 
and hold functions. 

OKR-GOC-K2 Key logic for call 
monitor functions. 
SNOR-GOC-G Miscellaneous connect 
circuits. 
OPR-GOC-R Position switching 
OTR-GOC-V Telephone Circuit 
The second group is key logic· relay 

sets associated with control functions, 
as follows:- 

OKR-COC-KE Key logic for obser­ 
vation, priority, positions staffed and 
positions blocked, functions. 
OKR-COC-K4 Key logic for route de­ 
lay and read idle circuits functions. 
OKR-COC-K5 Key logic for the con­ 
trol of gating and speed of answer. 

MISCELLANEOUS APPARATUS 

Switchboard End Section 
One panel of line multiple space on 

the end section is occupied by control 
keys and lamps. Fig. 20 shows a face 
layout of this panel. In the night alarm 
field, twenty non-locking keys are as­ 
signed for night alarm isolation. Each 
key is associated with a separate incom­ 
ing route so that a permanent alarm 

fault may be isolated to a particular 
route The Night Alarm connect keys 
enable the alarm buzzer to be connected 
on selected routes in times of light traf­ 
fic. The Loud Bell key is used for the 
routine testing of the delay circuit and 
bell, and for connecting the loud bell 
during hours when the time switch is 
not operative. 
Equipment alarms are normally sig­ 

nalled to the exchange technicial staff. 
After hours when the test desk Alarm 
Extend key is operated, alarms are re­ 
ceived by the traffic staff. Up to twenty 
separate alarms may be received, iden­ 
tified and acknowledged. 
Three special alarms terminate on the 

end section at all times. These are the 
burglar, fire, and pip tone fail alarms. 
Each of these alarms must be acknow­ 
ledged both on receipt and when cleared. 
The building entrance door used by 

the traffic staff may be fitted with a 
solenoid type lock for remote operation 
from the End Section. This saves the 
operating staff leaving the switchboard 
to admit staff to the building when a 
change of shift is due. Lamps on the 

Fig. 21 - The AFM402 Exchange Tesler. 
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panel supervise the door and indicate 
whether it is open or shut, locked or 
unlocked. The lock solenoid is normally 
operated. An alarm is provided in the 
event of an open circuit in the control 
pair due to either a fault or manual 
interference. A person wishing to gain 
entrance to the building presses the call 
button outside the door and gives a 
pre-arranged code of signals. When 
suitably identified the person may be 
admitted by pressing the Unlock key 
on the control panel. This key sounds 
a buzzer at the door which indicates to 
the person waiting that the lock has 
been released. The Disconnect key is used 
in the event of an unauthorised person 
indiscriminately pressing the call button 
and creating a nuisance. 

A multiple continuity test set is built 

into the End Section for point-to-point 
and end-to-end testing of continuity in 
the line multiple wiring. Testing is done 
with local 1.5 volt dry cells and each 
of the six wires in the jack multiple is 
tested in turn. The low voltage ensures 
that high resistance connections will not 
be broken down and thus will show up 
as faults. The six lamps on the control 
panel light in turn as the six wires are 
tested. The test set· is wired to test 
jacks in the switchboard miscellaneous 
multiple. Testing is performed by patch­ 
ing from the test jacks to the line jacks 
of the line under test, using double 
ended cords. 

End Section Relay Sets 
Key logic relay sets associated with 

the end section keys are mounted on 

Rack GOC in the equipment room. 
Four relay sets are involved, namely:­ 

OKR-YOC-K6 Key Logic for night 
alarm and urgent lamp control 
OKR-YOC-K7 Key logic for ex­ 
tended equipment alarms. Each relay 
set contains ten circuits. Two re-lay 
sets may be installed. 
OKR-YOC-K8 Key logic for door 
lock control. 
OKR-YOC-K9 Key logic for burg­ 
lar, fire, and pip tone fail alarms. 

Miscellaneous Relay Sets 
A Lamp Pulse relay set is required 

on each GOC and SOC rack. The relay 
set receives FL.l, FL.2, and six second 
pulses from the exchange pulse distri­ 
bution and repeats them to turret lamps 
and their associated control relay sets. 

TABLE 9: PRINTED CIRCUIT BOARDS USED IN SYSTEM AFM402 

ROA 
Number Name 

ROA213A5 

ROA213A6 

ROA212A10 

ROA214A4 

ROA211A4 

ROA213A17 

ROA212A15 

ROA213A13 

ROA212A16 

Amplifier Type 

Amplifier Type 2 

Amplifier Type 3 

Amplifier Type 4 

Attenuator 0-15½ dB 

Oscillator 900 Hz 

Oscillator 820 Hz 

Combining Network 
Type 1 

Combining Network 
Type 2 

Essential Characteristics 

Input level : -13 dBm to +1 dBm 
Output level : 0 dBm to +4 dBm 
Gain : 14 dB 
Used as line amplifier 

Input level : -38 dBm to --40 dBm 
Output level : -6 dBm to + 2 dBm 
Gain : 42 dB 
Used as receive amplifier in OTR's and in conference 
relay set. 

Input level : -8 dBm 
Output level : + 13 dBm 
Gain : 21 dB 
Used as transmit amplifier in OTR on T.A. and S.S. 

positions. 

Input level : -3 dBm 
Output : 25 watts into 8 ohm load. 
Used in P.A. system relay set. 

Contains strappable pads having the following 
attenuations:- ½, 1, 2, 4, 8 dB 
Used in line relay sets to adjust level. 

Frequency : 900± 10 Hz 
Output 

3 volts R.M.S. into 600 ohm load. 
1.5 volts R.M.S. into 15 ohm load. 
Used to supply 3-pip tone to cord circuits. 

Frequency : 820± 5 Hz 
Output : Odbm to + 3dbm into 600 ohms 
with stability of ±0.ldB. 
Used for reference tone in Tone Test relay set. 

Provides for transmitting and receiving speech on two 
bi-directional pairs forming a four wire circuit. 
Also has two high impedance tapping paths for 
monitoring. 
Used in OTR relay sets on T.A. and S.S. positions. 

Provides 4 pad combinations for side tone, received 
speech and monitored speech. 
Used in OTR relay sets on monitor and supervision 
positions. 
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The One Minute Pulse relay set re­ 
ceives a half second (approximately) 
pulse from the exchange master clock 
every minute. These are repeated to the 
digital slave clocks on the operating 
positions as polarity reversals. 

The Exchange Tester 
A comprehensive tester for line relay 

sets is provided in the form of a 
mobile test trolley (See Fig. 21). It com­ 
prises a rack, jack box, and three relay 
sets designated SPR I, II and III. The 
SPRI contains circuit elements to simu­ 
late the distant end of each of the 
signalling types used in the exchange 
line relay sets. These are as follows:- 
Ll, L2, T, TI, R, Ul, U2, U3, U4, 
GV outlet, GU outlet. 
SPRII simulates the answer side of a 

cord circuit used on the trunk assistance 
positions and also the essential func­ 
tions of the OPR-DOC. SPRIII con­ 
tains the four-wire telephone circuit and 
speech path switching. The exchange 
tester may be plugged into the line side 
and/or switchboard side of any incom­ 
ing, outgoing or bothway line relay set. 
An additional 80 point plug on the end 
of a cord is used to connect the tester 
to Jack 68 on the line relay set rack. 
This provides access to battery and 
earth, an inlet on the RS multiple for 
connection to REG-OC2, a service line 
terminating on the trunk assistance 
positions, and other common services. 

To test a particular line relay set, the 
tester keys are operated in the follow­ 
ing groups - 
Incoming or outgoing. These keys 
nominate the direction of the test 
call with respect to the switchboard. 

Signalling type. The type of signalling 
required on the line side is selected. 

Connect line, connect switchboard. 
Connect the exchange tester to either 
or both sides of the line relay set 
under test. 

Control keys. These keys apply the 
various test conditions. There is a 
group applying distant end condi­ 
tions in the forward direction, e.g. 
seize, clear forward, recall; and a 
group applying supervisory con­ 
ditions, e.g, answer, clear back. An­ 
other group includes speak, monitor, 
dial, digit keys, etc. associated with 
the switchboard side. 

A large array of lamps indicates the 
progress of the test and the response to 
the various control signals applied. Two 
dials, one delivering 10 i.p.s. and the 
other 20 i.p.s. are included in addition 
to the digit keys. 

Printed Circuit Boards 

All amplifiers, oscillators, attenuators 
and combining networks used in the 
line and positional relay sets are mount­ 
ed on printed circuit boards of the plug- 

TABLE 10: SYSTEM AFM402 RACKS 

Designation 

SNOR-OC 

DOC 

REG-OC 

L.R.S.-1 (30) 

L.R.S.-2 (20) 

L.R.S.-3 (15) 

OC-MISC. 

LF 

soc 

GOC 

Use 

One per two trunk assistance positions Type 'S' 

One per two trunk assistance positions Type 'E' 

One per eight registers Type REG-OC2. 

One per 30 line relat sets of Type BCH121, except 
FIR-LM-Y2OC. 

One per 20 line relay sets of Type BCH131. 

One per 15 line relay sets of Type BCH141. 

One per exchange.Eounts the following relay set types: F.L.S., 
Pulse Distributor, ulse Alarm, Central Alarm, Gating, Cord 
Circuit Test, P.A. S stem, Conference. 

One per two line finder groups. Mounts the following relay sets 
in each group: 2-CRjA, 2-CRB, 3-CS, 1-CSM. 

One per two special services positions. Also mounts Test Access, 
Interception, and Technicians Order Wire Relay Sets on a non­ 
positional basis. 

One per exchangegContains relay sets for one supervisor, four 
monitors and the fol owing miscellaneous relay sets: 
OKR-YOC-K6, 0 R-YOC-K7, OKR-YOC-K8, OKR-YOC-K9, 
Delay Tone and On Minute Pulse. 

in type. Standard ROA type mountings 
are used. Table 9 lists the essential 
characteristics of each ROA board. 

Racks 

Ten rack types were specially designed 
for System AFM402. In addition use is 
made of the ARM rack type FIR-M for 
mounting line relay set FIR-LM-Y2OC 
and the ARF RS rack for the register 
finders. The racks and their functions are 
listed in Table 10. 

CONCLUSION 

The AFM402 system provides a 
manual assistance centre designed to 
meet the present and future needs of 
the A.P.O. trunk network. It offers a 
new conception in manual cord type 
switchboard operation styled to provide 
a working environment closely allied 
to that of a modern office. The system 
emerges as an attractive competitor to 
the proposed cordless type manual as­ 
sistance exchange - at least for the 
smaller sized installations. It combines 
a contemporary appearance with simple 
operating procedures, while providing 
improved transmission performance, bet­ 
ter facilities and a wider range of 
circuit operating limits compared to pre­ 
vious cord type switchboards. 

Considerable laboratory work preceed­ 
ed the adoption of the various circuit 
elements used in the design. Prototype 
models of the operating positions, the 
associated relay sets and also the line 
relay sets were constructed and sub­ 
jected to exhaustive laboratory and 
simulated service tests. No effort has 
been spared to ensure that the finished 
design contains the best of facilities 
provided in a reliable manner consistent 
with long life and low maintenance. 
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POLING PATTERNS FOR PEAK VOLTAGE REDUCTION 

INTRODUCTION 
High voltage peaks are caused in 

wideband carrier systems as a result of 
additions of sinusoidal signals, if these 
signals occur in groups with uniform 
frequency separation and if, at the 
same time, they originate from a single 
coherent generating source. (The word 
coherent used in this context implies 
that all signals forming the frequency 
group concerned are produced with the 
same initial phase). 
Well known examples are the 

'spikes' observed in systems using 
continuous out-of-band low level sig­ 
nalling tones. These tones appear as 
a group of signals, 4 kHz apart; they 
all usually originate from a single 
3.825 kHz oscillator and the peaks 
which result occur at a repetition fre­ 
quency of also 4 kHz. Pilot tones, if 
coherent, could in a similar way be 
responsible for the formation of volt­ 
age peaks. Group pilots for instance, 
which occur at a frequency displace­ 
ment of 48 kHz could cause high volt­ 
age peaks at a repetition frequency of 
48 kHz. A further source of potential 
trouble could arise due to carrier leaks 
which, although occurring at low 
levels, could nevertheless cause sub­ 
stantial resultant peaks if the number 
of channels in a system is very large. 
The load capacity of a carrier system 

depends, among other things, on the 
rating of line amplifiers which have to 
cope with the multiplex signals trans­ 
mitted. Since the nature of these sig­ 
nals is such that an accurate prediction 
concerning the variation with time of 
their voltage waveform is impossible, 
statistical methods have to be em­ 
ployed to express their characteristics 
and the load formulas which are 
currently used for the design of wide­ 
band carrier systems (C.C.I.T.T. 
Recom. G223, Blue Book Vol. III 
p. 80) are based on the assump­ 
tion that for N > 64, where N is the 
number of active channels, the distri­ 
bution of instantaneous voltages is 
normal. Such an assumption is per­ 
fectly reasonable, as has been shown 
by Holbrook and Dixon (Ref. 1), if the 
individual communication sources, 
which combine to form the multiplex 
signal, consist of speech or other non­ 
coherent signals. If, however, a sub­ 
stantial proportion of the transmitted 
signal includes coherent tone groups, 
the application of the conventional de­ 
sign formulae could lead to the sys­ 
tems being grossly underrated. The 

* Mr. Minz is Engineer Class 3, Transmission 
and Line Planning, Headquarters. 

excessive voltage peaks. formed by 
such coherent groups, may then cause 
overload conditions with the incidence 
of prohibitive distortion products spill­ 
ing over all channels so that in order 
to keep the system operative, a drastic 
reduction in channel capacity will be 
necessary. 

In addition to limiting the system 
capacity by causing the amplifier over­ 
load point to be exceeded and . thus 
generating excessive intermodulation 
products of low as well as high orders 
(Ref. 2), the coherent tone groups with 
uniform frequency spacing are also 
responsible for another undesirable 
effect described by Gronberg and 
Johannesson (Ref. 3). 
This effect is a type of 'intelligible 

crosstalk' which occurs because the 
difference frequency concerning any 
two tones of a group with uniform 
frequency spacing must be an integral 
multiple of that spacing and therefore 
some of these difference frequency 
tones will coincide with tones of the 
original group. If the signals of this 
original group are coherent, then the 
interference tones will add on a volt­ 
age basis and reach objectionable mag­ 
nitudes. If, however, the same signals 
occur at random phases, the difference 
products add in accordance to the 
power addition law. It is on this latter 
assumption, that the design of repeat­ 
ers is currently based. 

Fortunately methods are available 
which can be employed to reduce the 
voltage peak incidence referred to 
above. The purpose of this paper is 
to describe these methods in some 
detail and to explain the underlying 
principles. 

THE NATURE OF THE VOLTAGE 
PEAKS CAUSED BY COHERENT 

TONE GROUPS 

(Ref. 4, 5) 
Let: 
8w = common frequency interval be­ 

tween tones of group 
w1 = 2?Tf1, lowest angular frequency 

in tone group 
N = number of tones in group, each 

of unit peak amplitude 
wn = highest angular frequency in 

tone group 
Llw = frequency range of group = (wn - w1) + 8w or: N8w 
wm = mean angular frequency 
T = period between successive peaks 

S. MINZ, B.E.E., M.l.E.Aust.* 

The following relationships hold: 
The voltage function F(t) = 
N-1 

= L cos(w1+k8w)t 

k=o 
ow ow 

= sin N 2 t/sin 2 t 

( 
N - 1 ) X COS W1 + -~

2
- OW t 

N-1 
Since w1 + ---8w = Wm, 

2 
ow ow and writing H(t) for sin N 2 t/sin 2 t 

(1) can be rewritten: 
F(t) = H(t)cos wmt .... (2) 

This is a function cos wmt modulated 
by the envelope H(t). 
Also, by inspection, 
H(t) max: at -t=2?Tn/8w, n = 1, 2, 3, 

=N 
A trace of this envelope H(t) is shown 
in Fig. 1. 

.... (1) 

Also: 
Period of successive peaks: 

2?T 
T=- (3) 

8w 
Width of main peaks: 

2?T 
=2- (4) 

.:l.w 
Width of subsidiary peaks: 

2'7T 
=- ,,,,, ..... (5) 

Liw 
Successive zeros between peaks occur 
at: 

2?Tn 
t=---, n ee I, 2, 3 

Llw 
(where t is measured starting from the 
commencement of a main peak) 
Auxiliary peaks occur at: 
t = 3n / Llw, Sn/ Llw, 7n / Llw, etc. 
Height of successive auxiliary peaks: 

2N / 3n, 2N / Sn, 2N / 7n 
The height of the main peak is N times 
the common height of the single tone 
peaks, assuming the single tone peaks 
are all of the same magnitude. 
Since Llw = N8w, it follows that as N 
increases, the width of the main peak 
decreases and in the limit; as N..., co : 

2?T 
Main peak width= 2 -- --, 0 

Now 
2'7T 

The repetition period T = -·- is 
ow 
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TIME DOMAIN H(t) FREQUENCY DOMAIN F(s) 
I I 

T= ~ 11.., 

( I\ ( I\ 
I ' I ' 

N 

I 7~F : 
I 

0, /\ I ___ I ___ T 
I 
I 
I 

V ' .. , I "'" ' ' : ' I I ' ' V V V V ""' I 
I 

•. '!.!! ..• ~--- 2,r 2,r 2,,- N~7 ~ 
llw ""' ,,---;:; ,,--;:, ,,:, 

ow I ow Fig. 1. Left: Trace of Envelope H(t) = sin N - t sin - t 
. 2 2 

Spectrum of7 Coherent Tones with Uniform Frequency Separation. 

independent of N and remains un­ 
changed provided the common fre­ 
quency interval ow is not changed. It 
is inversely proportional to 8w. 

Plotting the Function 
The function 

N-1 

F(t) = L COS (w1 + k8w)t 
k=0 
=H(t) COS wmt 

can be plotted with the aid of a com­ 
puter. Figs. 2 to 6 are a series of such 
plots for N= 1, 2, 3, 6 and 12. The 
evolution of the 'spikes' can be clearly 
seen. 
Fig.7 shows a photograph of wave- 

forms actually observed when 3.825 
kHz signalling tones were added to a 
12 channel group, one at a time and 
the bottom trace represents the result 
of adding 60 signalling tones in a 
supergroup. Note the narrow 'spikes' 
of this last trace. It is also of interest 
to observe that in the case of this 
example of an actual physical circuit, 
the main peak is shown to be split 
into three parts. Obviously the coher­ 
ence is not absolutely rigid as the three 
channel carrier paths are each subject 
to different phase delay characteristics. 

ESTIMATE OF PEAK VOLTAGE 
AMPLITUDES 

In the last section it has been shown 

that for N tones of unit magnitude the 
maximum height of the voltage 'spikes' 
under conditions of rigid coherence is 
equal to N. If the phase distribution of 
the same signal tones is random, then 
the probability density function p(z) 
for the resultant instantaneous voltage 
peaks is gaussian. (Ref. 6). Thus if 
the individual signalling tones consist 
of sine waves given by the equation: 

x.=Ak sin o. 
where k = integer 1 to N for N tones 

x, = Instantaneous height of 
voltage due to the kth 
rone 

A, = max height of the kth 
tone 

ok = random phase angle of 
kth tone ( -w to +w) 

It can be shown that the probability 
density function p ( z), where 

N 

z= )Xk 
L.__, 
k=l 

is given by: 
p(z) = 1/u v1 (2n) x exp. ( -Z2/2a2) 

where o-2 = 1/2 (A12 + A22 + .. + A.2) 
To estimate the reduction of peaks 

which is possible if a coherent group 
of tones is replaced with one which 
exhibits a completely random distribu­ 
tion of phases as far as the component 
tones are concerned, we compare the 
peak factor for coherent tones P(N) 
with the peak factors for tones with 
random phases R(Nho and R(N)i, 
where P(N) is defined as the highest 
voltage occurring in the wave train due 
to the addition of N coherent signals, 
each of unit amplitude, and R(N) 10 
and R(N)i are the peak voltages with 
a 10% and 1% probability of being 
exceeded, respectively, when the same 
component waves are at random phase. 

These estimates are given in Table 1. 
Both positive and negative voltage 
peaks are included. In practice, the 
improvements that can be achieved 
will be less than the maximum stated, 
because neither rigid coherence nor 
perfect randomisation are normally 
encountered. 

TABLE I: ESTIMATE OF PEAK VOLTAGE REDUCTION 
Maximum Reduction Possible 

No.of [ [ R(Nho I R(N)i I (in dB) 
Channels " (z=l.65<T) (z=2.5&) P(N) 10% probability 

I 
1 % probability = 20 lg(P(N)/R(N)10) = 20 lg(P(N)/R(N)1) 

1 0.7 1 
12 2.5 4.0 6.3 12 9.5 5.6 
60 5.5 9.0 14.1 60 16.5 12.6 

240 11.0 18.1 28.2 240 22.5 18.7 
300 12.3 20.2 31.5 300 23.4 19.6 
960 21.9 36.2 56.4 960 28.5 24.6 

2700 36.7 60.6 94.6 2700 33.0 29.1 
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Fig. 2. Evolution of High Voltage Peaks. N = 1. 
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Fig. 3. Evolution of High Voltage Peaks. N = 2. 
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Fig. 4. Evolution of High Voltage Peaks. N 3. 
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Fig. 6. Evolution of High Voltage Peaks. N 12. 
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Fig. 5. Evolution of High Voltage Peaks. N 6. Fig. 7. Photograph of Observed Waveforms. 
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METHODS TO REDUCE THE 
VOLTAGE PEAKS 

General 
As already mentioned, two factors 

are responsible for the generation of 
the high voltage peaks under dis­ 
cussion, namely: 
(a) The presence of signals forming 

a group in which each signal is 
separated from the next by an 
equal frequency interval; (in the 
case of low level continuous tone 
signalling systems, this common 
frequency interval is 4 kHz). 

(b) Coherence of all signals in the 
group. 

The conditions leading to the pres­ 
ence of equal frequency intervals are 
not easily changed as this would 
involve extensive modifications to 
established modulation plans, which 
clearly is not practical. 
The second factor, however, does 

provide a key for the solution. Any 
method which can upset the rigid 
coherence of the tone group and sub­ 
stitute some degree of randomisation, 
must contribute towards the reduction 
of the high peak votages. 

One method to achieve this aim 
could be to provide a number of sep­ 
arate oscillators for the generation 
of the tones involved. A second poss­ 
ibility is to interpose suitable delay 
networks in the path of the signals. 
Both these methods, however, suffer 
from the disadvantage of not only 
being costly but also of adding to the 
complexity of the comunication system 
concerned. 
Fortunately, there is a third method, 

which requires no additional circuit 
elements for its implementation. It is 
based on the possibility of causing a 
phase change of '1T radians, i.e., a 
change of paling, by simply trans­ 
posing the two wires carrying a signal. 
Such transpositions are relatively easy 
to apply in practice. 
In what follows, the development 

of useful pole changing patterns is 
described as well as the principles on 
which they are based. The examples 
given are illustrated with traces actu­ 
ally obtained with the aid of computer 
simulated plots. 

Theoretical Considerations 
In accordance with the well known 

shift theorem associated with Fourier 
Transforms: (Ref. 7). 

If f(t) has a Fourier Transform F(w) 
then f(t - t0) has a Fourier Transform 

exp( -jwto) F(w) (6) 
Applying this principle to the case of 
continuous tone signalling systems, 
which have a discrete frequency spec- 
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trum with a unit frequency interval of 
ow corresponding to 4kHz and a funda- 

2n 
mental period in the time domain of T= fw 
expression (6) must then be inter­ 
preted to imply that the rate of phase 
change required per unit angular fre­ 
quency change (in this case= ow), 
i.e., the phase change from one tone 
to the next, to cause a shift to in the 
time domain, is ow t0• 

The shift theorem therefore shows 
that it is possible to manipulate the 
voltage trace in the time domain and 
change its form in a predictable 
manner. How this can be done in 
practice using transpositions, i.e., phase 
changes in units of '1T radians only, is 
best illustrated with the help of ex­ 
amples. 

Example 1: 
Object: To shift voltage trace by a 

half period. 
to=T/2='17/ow (from (3)) 

Rate of phase change required: 
owto='lT 

Let the initial phase of a signal be 
represented by a line with an arrow­ 
head pointing up the page, and the 
reverse phase ( change by '1T radians), 
by one pointing down the page. Then 
Fig. 8 represents a coherent group of 
6 signals. 

1 2 3 

!· fukH~t 
4 5 6 

! 1 ! 
Fig. 8. 

This corresponds to the voltage trace 
shown in Fig. 9. 

A group of 6 signals having a rate of 
phase change of '1T radians per fre­ 
quency is represented by Fig. 10, 

1 3 5 

14kHz 4kHz1 

;, ., 
2 4 6 

Fig. 10. 

This corresponds to the voltage trace 
shown in Fig. 11. Fig. 12 shows a 
combination of 12 signals, with 6 in 
their normal state and 6, transposed 
to a pattern having a phase change of 

'1T radians per tone. Note that the 
maximum peak of this combination 
does not exceed 6 units of height. If 
all 12 tones were coherent, the total 
peak height would be 12 units as shown 
in Fig. 6. 

Example 2: 
Object: To shift voltage trace by a 

quarter period. 
to=Tl4='1T/2ow 

Rate of phase change required: 
owto='lT/2 

Now a rate of change of '17/2 
radians per frequency displacement of 
ow corresponding to 4kHz, is equivalent to 
a rate of change of n radians per frequency 
displacement of 2ow corresponding to SkHz. 
Thus the configuration of signals 

will be as shown in Fig. 13. 

1 3 

! . ' . ! 
r 

;.-akHzl ···-··- 
2 

Fig. 13. 

The corresponding voltage trace is 
shown in Fig. 14. 
Note, the distance between peaks 

is halved as the unit frequency dis­ 
placement is doubled. 

Since in actual carrier systems sig­ 
nalling tones are present every 4kHz, 
the solution is to superimpose 2 trains 
of the type shown in Fig. 13. The res­ 
ult is shown in Fig. 15 where it can 
be seen that the first train consists 
of all odd number signals, and the 
second train consists of all even 
number signals. The voltage trace 
corresponding to this configuration 
is shown in Fig. 16. 

ii .. tf tt 
:4kHz; I I r r I 1 r-----it't 78 

3 4 

Fig. 15. 

• l 
4 

Continuing in the same manner, we 
can obtain a frequency shift of 
to= T /6, requiring a rate of phase 
change of '1T /3 per signal or '17 every 
3 signals. For to=T/12, the rate of 
phase change is '17 /6 or '1T every 6 
signals. These cases are illustrated in 
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Fig. 14. Voltage Trace for a Rate of Phase Change equal 
to w/2 per Tone or w per Two Tones. 
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Fig. 12. Combination of Two 6 Tone Groups, One Normal, 
the Second with a Shift t0 = T /2. 

TIME J1SEC5 -+- 250 500 

Fig. 16. Superposition of Two Sets of Tone Groups, Such as 
Shown in Fig. 14, to Account for all Tones Placed 4 kHz 
Apart. 
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Fig. 17. Voltage Trace for a Rate of Phase Change Equal to 
w/3 per Tone or w per Three Tones. TIME ).JSECS - 

Fig. 18. Voltage Trace for a Rate of Phase Change Equal lo 
w/6 per Tone, or w per Six Tones. 

Figs. 17 and 18 respectively. When 
these figures are compared with the 
resultant waveform of the original 12 
coherent signals shown in Fig. 6, the 
main peak which occurs at T=250 
microsecs appears to be split. 

Practical Application-A Pole Chang­ 
ing Pattern for 12 Channel Groups 

The principles illustrated in the 
previous section may be applied to 
develop a great variety of poling 
patterns. A particularly useful pat­ 
tern, based on 12 channel groups as 
units for the transposition scheme 
and achieving a high degree of 
randomisation has been proposed by 
Siemens & Halske (Ref. 8). 

The relative phase disposition of 
tones following this pattern is shown 
in Fig. 19. 

ll!illjil!ll 
'---,------) ~ ~ ~ 

a b C d 

t 2 ~ 
>:; 
0 
> 

"' 
~ 0 

"- 0 ~ 
f-- 
z 
::, 

500 

Note that groups 'a' and 'd' form 
two 3-tone groups, one having its 
time domain trace shifted a half 
period with respect to the other. 
Group 'b' represents the beginning of 
a quarter period shift pattern and 'c', 
with tone 8 reversed when compared 
with tone 5 of 'b', represents a half 
period shift with respect to that sec­ 
tion. 

250 

The combined waveform trace is 
shown in Fig 20. Note, that this trace 
is the resultant due to 12 tones and 
should be compared with Fig. 6 which 
gives the trace due to the addition of 
the same number of tones in a coher­ 
ent mode. 
Fig. 21 shows a photograph taken of 

a supergroup (5 groups) with 60 co­ 
herent signalling tones and the same 

Fig 19. 
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O TIME µ SECS- 250 500 

Fig. 20. Resultant Trace Due to the 12-Channel Group Poling Pattern. 

500 
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Fig. 21. Comparison of Waveforms due to 60 Signalling 
Tones. 

Upper trace - normal connection 
Lower trace - after application of poling pattern. 

supergroup after transpositions have 
been applied to each of the 5 groups 
in accordance with the pattern out­ 
lined above. 
Poling Pattern for a Large Number 
of Channels: 
Futher randomisation can be ach­ 

ieved if in addition to the poling in 
the signal paths of each 12 channel 
group, phase reversals are carried out 
in the supply paths of channel 
carriers and pregroup carriers to the 
scheme shown in Table 2 (Ref. 8, 9). 

CONCLUSION 
It has been demonstrated that the 

high voltage peaks caused in coherent 
tone groups consisting of signals with 
uniform frequency separation can be 
effectively reduced by using pole 
changing systems. 
A very effective method is a scheme 

based on a pole changing pattern 
developed for a 12 channel group and 
complemented with a further system 
of phase reversals in the supply paths 
of channel and pre-group carriers. 
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Channel Carriers (kHz) Pregroup Carriers (MHz) 

Group 12 16 20 120 108 96 84 

1 • • • • • • • 
2 • • • X • • • 
3 • • • • X • • 
4 • • • • • X • 
5 • • • • • • X 
6 X • • • • • • 
7 X • • X • • • 
8 X • • • X • • 
9 X • • • • X • 
10 X • • • • • X 
11 • X • • • • • 
12 • X • X • • • 
13 • X • • X • • 
14 • X • • • X • 
15 • X • • • • X 
16 • • X • • • • 
17 • • X X • • • 
18 • • X • X • • 
19 • • X • • X • 20 • • X • • • X 

X represents phase reversal 
• represents no change 
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C.C.1.1.T. IVth PLENARY ASSEMBLY- ~AR DEL PLATA, 
ARGENJINA, 1968 S. DOSSING, M.Sc.E.E., M.E.E., F.l.E. Aust.* 

INTRODUCTION 

The International Consultative Com­ 
mittee on Telephony and Telegraphy 
(C.C.I.T.T.) met for its IVth Plenary 
Assembly in October, 1968, in the sea­ 
side resort of Mar Del Plata in Argen­ 
tina for a period of two weeks. 

Over a period of three weeks immed­ 
iately prior to the Plenary Assembly 
meetings, there were meetings of most 
of the C.C.l.T.T. Study Groups, each 
Study Group meeting for a few days. 
The purpose of this article is to give 

a brief account of the main events at 
the Plenary and Study Group meetings 
and the work done since the Illrd Plen­ 
ary Assembly, in Geneva in 1964. 

C.C.I.T.T. OBJECTIVES 

The organisation of C.C.I.T.T. has 
been referred to in earlier Telecommuni­ 
cation Journals (Refs. 1 and 2). 
The C.C.I.T.T. is a permanent organi­ 

sation of the International Telecom­ 
munications Union (I.T.U.), which itself 
is the specialised agency of the United 
Nations (U.N.) in the field of telecom­ 
munications. The 1.T.U. and the C.C.I. 
T.T. maintain and extend international 
co-operation for the improved national 
and international use of telecommunica­ 
tions. They also have a responsibility 
for promoting the development of tech­ 
nical facilities with a view to increasing 
their usefulness to the public and to 
harmonise the actions of nations. The 
C.C.I.T.T. is specifically oriented towards 
public telephone and telegraph telecom­ 
munications as well as sound and T.V. 
broadcast links. Radio matters are dealt 
with by the C.C.I.R. (International Con­ 
sultative Committee on Radio) and the 
I.F.R.B. (International Frequency Regis­ 
tration Board). 
The Union had its origin as early as 

1865 with the founding of the Inter­ 
national Telegraph Union which was 
later expanded. Its permanent seat and 
the Secretariat is in Geneva. The pre­ 
sent name of C.C.I.T.T. was adopted in 
1956, and there have been four Plenary 
Assemblies, two in Geneva, one in New 
Delhi and one in Mar Del Plata. 
The Australian Delegation to the Mar 

Del Plata meetings consisted of Mr. E. 
Sawkins (Leader), Messrs. I. A. New­ 
stead, S. Dossing and R. McKinnon re­ 
presenting the Engineering Divisions of 
the Postmaster-General's Department, 
Messrs. D. Rhys-Jones and P. F. Connell 
representing the Telecommunications 
Division, Messrs. W. G. Gosewinckel, R. 
Brown and K. Reid representing the 

* Mr. Dossing is Assistant Director-General 
Systems, P.M.G. Research Laboratories. 
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Overseas Telecommunications Commis­ 
sion, and Messrs. J. Scott (S.T.C.) and 
K. Casey (L.M.E.) representing industry. 

VENUE FOR THE MEETINGS 

Argentina 
Argentina is the second largest country 

in South America and eighth largest in 
the world. It has a population of over 
24,000,000. Buenos Aires, the Argentine 
capital, together with its suburbs ac­ 
counts for nearly 6,400,000 inhabitants. 
Buenos Aires is the largest city in the 
southern hemisphere and the most 
populous 'Latin' city in the world. 
Topographically Argentina is usually 

divided into six main areas, one of which 
is the pampas; the region of very fertile 
central plains which extends to the rich 
forest lands of the subtropical North, 
known as the Chaco. The pampas, which 
embraces the province of Buenos Aires 
(in which Mar Del Plata is situated) and 
four other provinces, is an immense, un­ 
broken plain. The pampas is mainly 
agricultural and pastoral, being specially 
suitable for wheat, rye, corn, oats, 
barley and linseed and for the breeding 
and fattening of livestock on alfalfa 
and other pastures. 
The early history of Argentina is that 

of a Spanish colonial possession for 
nearly three hundred years. This period 
began in 1515, when the Spanish 
navigator, Juan Diaz de Solis, sailed 
along the coast of the River Plate, and 
ended with the Revolution of 25th May, 
I 810, when the first governing council 
'Primera Junta de Gobierno' was set up 
in Buenos Aires. The formal indepen­ 
dance of the United Provinces of the 
River Plate was to be declared six years 
later on 9th July, 1816, at San Miguel 
de Tucuman. 
The population of the Argentine Re­ 

public is 98% of white European race 
with a predominantly Spanish and 
European strain. The largest foreign 
born community is the Italian, followed 
by the Spanish. There are also Polish, 
Russian, German, Yugoslav, French and 
Portuguese migrants. 
Argentina is one of the leading pro­ 

ducers of grains, wheat, oats, barley, 
etc., and the world's largest exporter of 
chilled and canned beef. It also exports 
by-products such as wool, hides, casein 
and vegetable oils, dairy products, forest 
products (chiefly quebracho extract). The 
good quality of its livestock which 
includes cattle, dairy cows, sheep, pigs 
and horses is known the world over. 
Constant efforts and expenditure have 
been devoted during the last 30 years 
towards improvements of livestock, which 
today is very high grade. 

Argentina is also an important pro­ 
ducer and exporter of high quality 
fruit including apples and citrus fruits. 
The mountain regions in the provinces 
of Mendoza and San Juan are famous 
for its vineyards, the Argentine produc­ 
tion of wine is the fourth largest in the 
world. Local wines are cheap and form 
part of the daily diet. 
The electrical industry is in a phase 

of development (telecommunication 
equipments, electrical appliances, etc.). 
This industrial development is being ac­ 
complished through the growth of local 
industries and by the establishment of 
branches of foreign corporations. 
Argentina rates one of the highest cul­ 

tural levels in Latin America. Illiteracy 
accounts for 8.5% of the population, and 
is the lowest in Latin America. The 
educational system provides free primary 
and secondary schooling. There are eight 
State Universities (Buenos Aires, La 
Plata, Cordoba, Santa Fe, Tucurnan, 
Bahia Blanca, and a Technical Univer­ 
sity), and a number of provincial and 
private universities. Private, foreign and 
religious schools and universities are 
permitted, but they must conform to a 
nationally-prescribed pattern of teaching. 

Mar Del Plata 
Mar Del Plata is Argentina's most 

Iashionable, as well as most popular 
seaside resort. It is situated on the 
Atlantic about 400 km (250 miles) south­ 
east of Buenos Aires. 
It is an important city as well as a 

sea port, with magnificent residences, 
parks, beaches, hotels, restaurants and 
shops of all kinds. It has a permanent 
population of 320,00-0 inhabitants which 
increases in the summer season to about 
2,000,000, tourists coming from all 
points of the country. It is an attractive 
place to visit in the summer season and 
it has the added attraction of a huge 
Casino. It may be said that everything 
in Mar Del Plata 'revolves' around the 
Casino. 
The main attraction of the city is its 

beautiful beaches. Other points of 
interest include the busy sea port and 
the fishing centre with its restaurants 
offering italian style sea-food in a 
friendly atmosphere. 

Climatically speaking, Mar Del Plata 
is similar to Melbourne. Cold ocean 
currents from the Falkland Islands cause 
regular (and usually cold) winds from 
the sea, and at night the temperature de­ 
creases sharply. 

Gran Hotel Provincial 
The C.C.I.T.T. meetings were held at 

Gran Hotel Provincial, where, on the 
first floor, four main and three auxiliary 
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Fig 1 - Frontal View ·of Gran Hotel Provincial, the Seat of the C.C.I.T.T. Meetings in Mar Del Plata. The view shows a 
small portion only of the hotel and the casino. 

meeting halls were made available as 
well as restaurant services and offices 
for the C.CJ.T.T. Secretariat. Other faci­ 
lities such as typing, document service, 
post office, tourist office, reception, 
medical services and accommodation 
were provided on other floors. The Aus­ 
tralian Delegation stayed at this hotel. 

Hospitality 
On the social side, one or the greatest 

difficulties encountered was the language 
problem. Very few Argentinians, even 
in hotels, shops and public offices, speak 
English, and all the delegation members 
by necessity had to learn sufficient 
Spanish to manage. In spite of this, we 
were made to feel at home and a con­ 
siderable amount of hospitality was 
shown. There were, for instance, or­ 
ganised excursions to a stud farm, a 
fish canning factory, the port of Mar 
Del Plata, a satellite earth station under 
construction, the hills of Sierra de los 
Padres, an old mission station and a 
horse rodeo. In addition, there were 
various special theatre performances, re­ 
ceptions, free access to the Casino, and 

special stamps were issued to mark the 
C.C.I.T.T. meetings. The Australian Dele­ 
gation was mentioned at least three 
times over the local radio and television 
stations. 

THE WORK OF THE C.C.I.T.T. 

General 
The highest authority of the C.C.I.T.T. 

is the Plenary Assembly which met for 
two weeks to revise, approve and 
modify as appropriate the work which 
had been carried out by the individual 
Study Groups (S.G.'s) during the 1964/ 
1968 period. Almost all of the individual 
S.G.'s met for some days during the 
three weeks immediately prior to the 
Plenary Assembly. 
About 600 delegates from some 70 

countries attended some or all of the 
meetings. 
A brief description is given in the 

succeeding paragraphs of the past and 
future work of each of the individual 
S.G.'s. The results of this work will in 
due course be available in the C.C.I.T.T. 
'White Book' and other C.C.I.T.T. pub- 

lications. The White Books will make 
the present Blue Books obsolete. They 
will be comparable in size to the Blue 
Books, that is nine volumes occupying 
about seven inches of shelf length. 

Many of the problems confronting 
the S.G.'s are in principle the same as 
they were many years ago, but the rapid 
advances in technology and world-wide 
communications demand constant up­ 
dating of the recommendations resulting 
from the work of the S.G.'s. 
The topics under study are in C.C.I. 

T.T. terminology referred to as 'Ques­ 
tions'. The answer to each Question is 
in the form of a 'Recommendation' and 
being a democratic establishment, these 
Recommendations are usually unanim­ 
ously agreed. It is of course a difficult 
task to ensure unanimous agreement, 
but the C.C.I.T.T. is to be commended 
on its achievements in the past, and it is 
hoped that it will be no less successful 
in the future. 

S.G. I: Telegraph.Operation and Tariffs, 
including Telex 

This S.G. is mainly concerned with 
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Fig 2 - One of the Squares in Mar Del Plata Showing Modern Flats and Offices. 

operational procedures and tariffs and is 
thus basically of a non-engineering 
nature. 
As an example of the type of work 

done by this S.G. may be mentioned a 
few of the Questions for the current 
Plenary period: 'New principles for 
telegraph tariffs'. 'revision of the telex 
regulations', 'simultaneous photo tele­ 
graph transmission to multiple destina­ 
tions', 'revision of telegraph regulations' 
and 'photo telegram rates and telegraph 
tariffs in the extra European system'. 

S.G. II: Telephone Operation and 
Tariffs 

This S.G. has Questions similar to 
those of S.G. I, but dealing with tele­ 
phony instead of telegraphy. 

Some of the Questions for the current 
Plenary period are: 'Review of the new 
accounting procedures for international 
automatic and semi-automatic telephone 
traffic', 'standardisation of call tickets', 
'arrangements for the payment for pub­ 
lic service telephone calls by persons 
travelling abroad' and 'standardisation 
of the use and printing of symbols in 
national and international telephone 
numbers'. 

In addition to these Questions, the 
S.G. has a number of Questions con­ 
cerned with human factors in telephony. 

S.G. III: General Tariff Principles: 
Leased Telecommunication Circuits 
This S.G. attacks tariff Questions on 

a broader basis than S.G.'s I and II. 
Questions for the current Plenary period 
include: 'Leasing of a wideband trans­ 
mission facility', 'tariff conditions for re­ 
placing faulty leased circuits', 'distribu­ 
tion of rates charged for leased inter­ 
national circuits' and 'study of costs and 
fixing of basic tariff components for the 
telephone and telex services'. 

S.G. IV: Maintenance of Lines, 
Circuits and Chains of Circuits 

This S.G. is responsible for all main­ 
tenance Questions related to the national 
and international networks. It also 
studies the transmission performance of 
these networks based on extensive sample 
measurements. 
It has evolved an organisational pat­ 

tern for international maintenance cen­ 
tres and international service co-ordina­ 
tion centres. These centres analyse fault 
reports and generally supervise the per­ 
formance of the telephone networks. 

The international service co-ordination 
centres will work in conjunction with 
international transmission maintenance 
centres and international switching main­ 
tenance centres. 
Another achievement of the S.G. has 

been the specification of a new model 
(Mark 2) of automatic transmission 
measuring equipment, and field trials of 
this equipment should be made during 
the current Plenary period. In addition, 
the S.G. has also prepared performance 
specifications for transmission measur­ 
ing equipment of various types. 

Some of the Questions to be studied 
during the current Plenary period are: 
'Maintenance of groups, supergroups, 
etc., not routed over a communication 
satellite system', 'maintenance of groups, 
supergroups, etc., routed over a com­ 
munication satellite system', and 'auto­ 
matic noise measurement'. The S.G. has 
a total of 23 Questions. 

S.G. V: Protection against Dangers 
and Disturbances of Electromagnetic 

Origin 
S.G.'s V and VI, and to some extent 

S.G. VII, are different from most other 
S.G.'s in so far as they relate to Ques- 
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tions of national practices. They serve 
as a forum for the exchange of infor­ 
mation between countries carrying out 
work in the fields under consideration. 
The Questions entrusted to S.G. V 

are grouped under the title of 'Protec­ 
tion against Dangers and Disturbances 
of Electromagnetic Origin'. At the 1964 
Plenary Assembly o:f C.C.I.T.T., a list 
comprising 26 Questions was allocated 
for consideration during the ensuing 
four years. 
Attention has been directed to distur­ 

bances of ground potential caused by 
earth fault currents on high voltage 
transmission systems, in the neighbour­ 
hood both of the fault and of the 
transformer feeding the line on which 
the fault occurs. A Recommendation 
relating to separation between telephone 
cables and earthed parts of power instal­ 
lations has been prepared. Other Ques­ 
tions relate to problems of induction 
into plastic insulated cable and to 
earthing problems associated with such 
cables. 

One Question provides for the inter­ 
change among Administrations of infor­ 
mation on practices of joint use of 
poles and underground works, and 
another Question deals with the balance 
to earth of exchange and repeater equip­ 
ment, a factor of importance in relation 
to induced noise, and recommends, 
provisionally, a balance attenuation of 
40 dB minimum. 

Methods of calculation relevant to 
induction problems and general recom­ 
mendations relating to tolerable values 
of induced voltage in relation to both 
danger (under power fault conditions) 
and noise (under normal working con­ 
ditions) have been collated and publish­ 
ed for general reference in a Handbook 
entitled 'Directives concerning the Pro­ 
tection of Telecommunication Lines 
against Harmful Effects from Electricity 
Lines'. Handbooks are also being pre­ 
pared embodying information on lightn­ 
ing protection and on the design and 
construction of earthing systems. 
The S.G. has 22 Questions during the 

current Plenary period. 

S.G. VI: Protection and Specifications 
for Cable Sheaths and Poles 

Like S.G. V, S.G. VI is a S.G. in 
which information regarding national 
practices is exchanged between the var­ 
ious countries. 
The S.G. has 20 Questions for the 

current Plenary period, and the follow­ 
ing Questions serve as an example of 
its activities: 'Protective covering of 
aluminium cable sheaths', 'cable sheaths 
made of metal other than lead or 
aluminium', 'cable sheaths made entirely 
of plastic', 'joint cathodic protection of 
several networks' and 'problems result­ 
ing from the use of non-conducting 
pipes'. 

S.G. VII: Definitions and Symbols 
(Means of Expression) 

S.G. VII was not very active during 
the 1964/68 period, and it is proposed 
that it be merged with C.C.I.R. (Inter­ 
national Radio Consultative Committee) 
S.G. XIV. Pending agreement on this 
matter by C.C.I.R. the S.G. has been 
provisionally retained in its present form 
but without any detailed assignment of 
Questions. It is hoped that this combin­ 
ed S.G. may also be able to work closely 
with the I.E.C. (International Electro­ 
technical Commission). 

S.G. VIII: Telegraph Equipment and 
Local Connecting Lines 

This S.G. has two Questions only for 
the current Plenary period. 
During the past Plenary period the 

S.G. prepared Recommendations dealing 
with 100 baud start-stop apparatus using 
international alphabet No. 2, and one of 
the two Questions facing it during the 
current Plenary period is: 'What stand­ 
ards should be set for the characteristics 
of apparatus working on modulation 
rates up to 200 bauds and above, with 
the data oriented international alphabet 
No. 5'. 

S.G. IX: Telegraph Transmission 
Quality; Specification of Equipment and 

Rules for the Maintenance of 
Telegraphy Channels 

Mr. R. A. Brown, Overseas Telecom­ 
munications Commission (Aust.), was 
elected as the new Chairman of this 
S.G. for the current Plenary period. 
The S.G. has in the past dealt mainly 

with conventional 50 to 75 baud voice 
frequency telegraph systems, but in the 
new Plenary period, some new and 
interesting Questions have been set. The 
first of these deals with the formulation 
of transmission plans above 50 bauds. 
The second Question deals with 'time 
sub-division of a telephone channel or 
a primary group for telegraph or data 
transmission', and the third question 
deals with 'time division of a PCM 
system for telegraph and data transmis­ 
sion'. The total number of Questions 
facing this S.G. is 16. 

S.G. X: Telegraphy Switching 
This S.G. has prepared Recommenda­ 

tions in a number o:f areas such as in 
the specification of re-tests for telegraph 
circuits failing to respond to a signal­ 
ling sequence; this Question is related 
to the designs prepared by the Austra­ 
lian Post Office for its telex system. 
Other matters dealt with are the use of 
radio telegraph circuits with ARQ equip­ 
ment for fully automatic telex calls 
charged on the basis of elapsed time, re­ 
quirements of synchronous multiplex 
equipment for telex and gentex opera­ 
tion, amendments to the type 'C' 
signalling, and automatic tests of trans­ 
mission quality of telegraph circuits. 

The new study programme includes 
ten Questions, the most interesting of 
which is the Question: 'New telegraph 
type network for message and data 
transmission'. A number of administra­ 
tions are considering the introduction 
of such networks; these include the 
Australian Administration and in par­ 
ticular the German Administration. 
Other Questions are 'Standardisation of 
signalling in the telex and gentex ser­ 
vices', 'automatic service over intercon­ 
tinental circuits' and 'world-wide routing 
plan for telex and gentex services'. 

S.G. XI: Telephone Switching and 
Signalling 

International signalling systems cur­ 
rently standardised are the No. 3, No. 
4 and No. 5 C.C.I.T.T. Systems. During 
the last Plenary period and the Mar 
Del Plata meetings, the 5 bis system 
was standardised and the Specification 
for a new 'common channel' signalling 
system known as the No. 6 System (Ref. 
3) was prepared. In addition, the Plenary 
Assembly adopted the 'Berne MFC' and 
the 'North American MFC' signalling 
systems for regional use. 
Australia is vitally interested in the 

C.C.I.T.T. No. 6 Signalling System and 
has participated in the preparation of 
the specification for this system. During 
the current Plenary period, national and 
international field trials of this system 
are proposed, and Australia intends to 
participate. The No. 6 Signalling System 
is particularly suitable for signalling 
between the processors of processor con­ 
trolled exchanges and the Australian trial 
will be conducted jointly by the P.M.G. 
Research Laboratories and O.T.C., using 
processor controlled crossbar switches 
to be installed at Windsor (Melbourne), 
and O.T.C. Paddington (Sydney). The 
No. 6 Signalling System is expected to 
lead to very substantial savings in net­ 
work signalling costs, and is the first 
signalling system specifically being de­ 
veloped for processor controlled switch­ 
ing centres. 

S.G. XII: Telephone Transmission 
Performance and Local Telephone 

Networks 
This S.G. deals with all aspects of 

transmission performance of an overall 
connection from subscriber to subscriber. 

One of the main points on which a 
new Recommendation was agreed in 
Mar Del Plata is that of permissible 
delay. This point is of particular interest 
in connection with synchronous com­ 
munications satellites and the new Re­ 
commendation in effect says that one 
hop, and one hop only, of synchronous 
satellite should be used in a connection. 
During the current Plenary period, it is 
intended to study the effect of two hops 
of synchronous satellite under the gene­ 
ral Question of: 'Users tolerance of echo 
and propagation time'. Other Questions 
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deal with the permissible loss and noise 
in national trunk and local networks, 
network characteristics such as trans­ 
hybrid loss at a 4/2 wire conversion 
point, and the transmission performance 
of pulse code modulated transmission 
and switching systems. 
S.G. VII is also in charge of the 

C.C.I.T.T. Laboratory which has recently 
established a reference system capable of 
simulating a complete international con­ 
nection from subscriber to subscriber 
including artifically produced propaga­ 
tion delays. 

S.G. XIII: Automatic and 
Semi-automatic Telephone Networks 
Mr. I. A. Newstead of the P.M.G.'s 

Department was elected as the new 
Chairman of S.G. XIII for the current 
Plenary period. 

S.G. XIII concerns itself mainly with 
such matters as traffic engineering, world 
routing plan and with international main­ 
tenance aspects as related to the above 
topics. 
The world routing plan has to take 

account of satellite communications and 
the associated long propagation delays 
which are an inherent feature of synch­ 
ronous satellites. Furthermore, economies 
can be achieved by making use of the 
fact that the 'busy hours' in various parts 
of the world differ by a substantial 
number of hours. Thus if sufficient 
flexibility is obtained, groups of circuits 
can be diverted from one route to an­ 
other during the 24 hour period as re­ 
quired to meet the busy hour traffic de­ 
mands. 
In the 1964/68 period, S.G. XIII also 

studied human factors in telephony but 
these Questions are now being studied 
by S.G. II. 

S.G. XIII is also providing basic 
material for the specification of the new 
signalling systems referred to under S.G. 
XI, particularly Signalling Systems, No. 
5, No. 5 bis, and No. 6. 
A Joint Working Party (JWP) between 

S.G.'s XI and XIII has been set up to 
supervise the field trials of the No. 6 
Signalling System. 
Another topic to be studied by S.G. 

XIII is that of planning and operation 
of network management; network 
management will be required to an 
increasing extent as the national and 
international networks become fully 
automatic and the 'supervision' hitherto 
exercised by the telephonists will be 
reduced in relative terms. It is there­ 
fore necessary that technical features be 
built into the networks to ensure that 
the network can be 'managed' without 
the feedback of information from the 
telephonists. 

S.G. XIV: Facsimile Telegraph 
Transmission and Equipment 

This S.G. has a total of 11 Questions 
under study. These Questions relate to 
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all aspects of facsimile operation. How­ 
ever, it is worth nothing that a new 
Question regarding the transmission of 
colour facsimile has been included. This 
is just one example of the multitude of 
new tasks which present day transmis­ 
sion systems will have to cope with in 
the future. Colour facsimile is already 
in regular service in Japan on a modest 
scale. 

A new facsimile standard test chart 
was agreed upon with a picture sub­ 
mitted by Argentina being recommended. 

S.G. XV: Transmission Systems 
The Questions before this S.G. total 

44. S.G. XV is traditionally the S.G. 
dealing with the largest number of 
Questions. The S.G. endeavours to make 
specifications about new transmission 
systems as detailed as possible, and also 
to specify existing transmission systems 
in detail to advance international stand­ 
ardisation. 
The S.G. has made very considerable 

progress towards the further standardisa­ 
tion of frequency multiplex carrier 
systems, including systems operating at 
frequencies up to 60 MHz. It has also 
produced fundamental specifications for 
PCM type transmission systems, and it 
has specified a number of other trans­ 
mission equipments notably cornpan­ 
dors and echo suppressors. 
A fully up-to-date echo suppressor has 

now been specified representing a major 
step forward relative to the echo sup­ 
pressor adopted by the 1964 Plenary 
Assembly. Further work on the echo 
suppressor problem is proposed during 
the next Plenary period because of the 
realisation that absolute delay is of 
relatively small concern as long as the 
mean one-way propagation delay is be­ 
low 300 to 400 mS; the main disturbing 
effect as far as the user is concerned is 
not the absolute delay but mal-operation 
of echo suppressors due to the fact 
that, in many practical networks, they 
are not given operating conditions en­ 
abling them to function properly. A new 
concept known as the 'adaptive echo 
suppressor', is being examined in a num­ 
ber of laboratories, including the 
P.M.G. Research Laboratories, and it is 
hoped that such echo suppressors 
capable of operating under more adverse 
conditions than the present specified 
type, may be approved by the 1972 Plen­ 
ary Assembly. 

The importance of PCM is now 
considered to be so great that it would 
not be possible for S.G. XV to cover 
PCM together with its other normal 
functions as it has done in the past, and 
a new S.G. to be known as S.G. Special 
D (Sp. D) was created to cover all 
aspects of PCM and IST (Integrated 
Switching and Transmission). 
The S.G. will further deal with a 

number of Questions which are of very 
acute interest. As examples of these may 

be mentioned, transmission of high 
quality monophonic programmes, trans­ 
mission of steorophonic programmes, 
videophone transmission and standards, 
transmission of data at various band­ 
widths, and characteristics of wideband 
signals of various types transmitted on 
group and supergroup links, etc. Some 
of the facilities referred to are already 
established in some countries, and will 
be demanded by the public in a number 
of other countries. The problems of 
accommodating these new services are 
formidable in so far as mutual inter­ 
ference between these new services and 
existing (and new) pilot and signalling 
frequencies must be avoided. As a first 
step towards the specification of trans­ 
mission systems to carry these new ser­ 
vices, S.G. XV has decided to attempt 
to specify just what services need to b1:, 
accommodated and what will be the 
characteristics of the signals which these 
services will need to transmit. 

S.G. XVI: Telephone Circuits 
This S.G. deals with the overall 

transmission aspects of national and 
international networks. The main task 
in front of it is to examine the implica­ 
tions of the new international trans­ 
mission plan which was agreed at the 
1964 Plenary, and which specifies inter­ 
national circuits of nominally O dB 
loss. The main considerations relate to 
the control and effects of echo and 
stability against 'singing'. The importance 
of the differences in definition of the 
'relative levels' used in various countries 
has furthermore come to be realised, and 
this will affect many aspects of the work 
of this S.G. as well as other S.G.'s. 
Another important Question under 

consideration is that of carrier systems 
for very short distances (notably PCM 
systems). Suitable specifications for these 
systems are to be prepared including 
the important aspect of permissible noise. 
The S.G. also proposes to investigate 

the characteristics of national systems in 
greater deail, and it is concerned with 
transmission aspects of circuits routed 
via communication satellites, including 
the proper and efficient use of echo 
suppressors. 

S.G. Special A (Sp, A): Data 
Transmission 

This S.G., which has a total of 30 
Questions under study, studies all aspects 
of data transmission at all speeds. 
It has already, in co-operation with 

other international bodies, agreed on 
the new data-oriented international 
alphabet No. 5 (seven intelligence bits), 
and it has also standardised data 
modems for speeds up to 1,200 bauds on 
the switched network. It is now working 
on the standardisation of modems for 
higher speeds such as 2,400 bits per 
second and 48 k bits per second. The 
presently standardised data modems 
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operate with one high speed 'serial' bit 
stream, but new modems operating with 
several (slower) bit streams in parallel 
are being considered for use in the 
telephone network. The tasks facing Sp. 
A are very difficult in so far as the inter­ 
ests of the operating administrations 
and the computer manufacturers have 
to be reconciled. This has lead to dual 
standards and in some cases will prob­ 
ably result in more dual standards for 
the future. 
The S.G. co-operates with other S.G.'s, 

for instance, on such Questions as 
transmission constraints on wideband 
data systems with respect to the con­ 
centration of energy in a given fre­ 
quency band and the permissible dura­ 
tion of such concentration. Another 
point in which co-operation with. other 
S.G.'s has been necessary is that of 
specifying a disabling frequency for 
echo suppressors to allow simultaneous 
bothway data transmission and ensuring 
that the data signal spectrum contains 
enough energy near that frequency to 
retain the echo suppressor in the dis­ 
abled condition. 

Several users are pressing for acoustic 
coupling of data sending and receiving 
equipment to the microphone and re­ 
ceiver of the telephone handset, and this 
problem is being considered. The S.G. is 
further vitally interested in the new 
Question: 'Further integrated data net­ 
works'. 

S.G. Special B (Sp, B): Worldwide 
Automatic and Semiautomatic Networks 
This S.G. was not very active during 

the 1964/68 period. It has been abolished 
and replaced by a Family Co-ordination 
Group consisting of Chairmen and 
Vice-Chairmen of S.G.'s II, IV, XI and 
XIII. 
The purpose of Sp, B was to co-ordin­ 

ate and check on the progress made in 
the various S.G.'s to ensure maximum 
benefit from their work. 

S.G. Special C (Sp. C): Reliability 
and Noise 

This S.G. is a joint C.C.I.R./C.C.I.T.T. 
S.G. being managed by the C.C.I.T.T. 
In the past its title has been simply 
'Noise', but during the Plenary Assembly 
at Mar Del Plata, it was given a number 
,of general reliability Questions, and it is 
now known as 'Reliability and Noise'. 
The S.G. has prepared detailed Re­ 

commendations regarding permissible 
circui t noise on various types of circuits, 
such as trope-scatter systems, submarine 
cables and long distance coaxial and 
microwave links. 

It has also been instrumental in 
specifying instruments and methods for 
the measurement of impulsive noise on 
voice-data circuits, and this will be 
expanded to cover specifications for 
impulse noise measuring instruments for 
wideband data circuits. 

Other studies have led to the specifica­ 
tion of noise on programme circuits 
and the distribution of overall noise 
allowances between national and inter- 
national circuits. I 
The S.G. will continue to study akin 

Questions during tlie current Plenary 
period in addition to its reliability 
studies covering all aspects from the 
reliability of a single component to the 
reliability of a complete subscriber to 
subscriber connection. 

S.G. Special D (Sp, D): Integrated 
Switching and Transmission (1ST) and 

Pulse Code Modulation (PCM) 
This S.G. is a new S.G. established 

by the Plenary Assembly at Mar Del 
Plata. In the field of PCM, it has taken 
over the work previously done by S.G. 
XV. It has been charged with the study 
of all Questions relating to PCM and 
1ST and has therefore, become very 
important and will have to co-operate 
with other S.G.'s as necessary. The S.G. 
is of special importance to the Australian 
Administration because it is planning 
to have an experimental 1ST network 
designed by the P.M.G. Research 
Laboratories in operation in the Mel­ 
bourne network in 1970. 

Joint Working Party (JWP) 
Fourteen JWP's were set up by the 

·Plenary Assembly. These WP's are under 
the joint management of two or more 
S.G.'s and cover fields in which the 
S.G.'s are interested. They report to 
the S.G.'s in charge of the JWP. 
As mentioned before, one of the 

JWP's is that set up by S.G.'s XI and 
XIII for the field trials of the No. 6 
Signalling System (JWP; GM FT6). 
Other JWP's deal with such problems as 
regional tariffs, use of alphabet No. 5, 
protection and earthing systems. 

Special Autonomous Group No. 1 
(GAS 1): National Automatic Networks 
GAS 1 has been in existence for eight 

years under the Chairmanship of Mr. 
E. R. Banks, P.M.G.'s Department. The 
tasks of GAS 1 like that of other GAS 
groups, has been to prepare handbooks 
for new and developing countries to 
assist in the development and training 
in those countries. The handbooks have 
also been found useful for the training 
of young engineers in more advanced 
countries. 
The task of GAS 1 had been success­ 

fully completed and the group was there­ 
fore abolished. 

Special Autonomous Group No. 2 
(GAS 2): Local Networks 

GAS 2, like GAS 1, was faced with 
the preparation of handbooks. GAS 2 
has virtually completed its work, and it 
was decided that it should be abolished 
when its handbooks have been fully pre­ 
pared. 

Special Autonomous Group No. 3 
(GAS 3): Economic and Technical 

Comparison of Transmission Systems 
GAS 3 estimated that they would need 

approximately half a year more to com­ 
plete its handbooks. The Plenary 
Assembly decided to extend the previous 
terms of reference of GAS 3, and it is 
now to make a comprehensive com­ 
parative study of satellite systems, sub­ 
marine cable systems, PCM, 1ST, and 
other new systems which may be of 
interest to administrations. The results 
of these studies are to be prepared in 
handbook form for presentation to the 
1972 Plenary Assembly. 
The GAS 3 handbooks being prepared 

during the 1964/68 period should be 
available in print by late 1969. 

Special Autonomous Group No. 4 
(GAS 4): Primary Power Sources 

Approximately half a year's work is 
needed for completion of the handbooks, 
and these should be available in print 
by late 1969. When the handbooks are 
completed, GAS 4 will be abolished. 

Special Autonomous Group No, 5 
(GAS 5): Economic Conditions and 
Development of Telecommunications 
GAS · 5 has almost completed the 

handbooks covering its previous terms of 
reference. However, nine new Questions 
were adopted for study for the 1968/72 
period as a result of pressures from 
developing countries to broaden the 
scope of GAS 5 to cover Questions of 
internal organisation, finance, funding 
and profitability of administrations. 
Draft handbooks covering these new 
topics are to be presented to the Plenary 
Assembly in 1972. 

AUSTRALIAN -PARTICIPATION 
IN C.C.I.T.T. WORK 

Until the late 1950's the work of the 
C.C.I.T.T. had mainly been carried out 
by the European countries. However, 
with the advent of submarine cable 
techniques and the possibility of satel­ 
lite communications, it was clear that 
truly global communications would soon 
materialise and that non-European 
countries had to increase their partici­ 
pation in the work of the C.C.I.T.T. 
Thus Australia and a number of other 
non-European countries became active 
in C.C.I.T.T. work in the 1950's. 
The P.M.G.'s Department is the regis­ 

tered Australian member of the I.T.U., 
and thus of the C.C.I.T.T. and the 
C.C.I.R. 
In order to discharge its responsibili­ 

ties, it nominates a small number of 
officers from Headquarters to participate 
in the proceedings of individual Study 
Groups and the Department invites the 
Overseas Telecommunication Commis­ 
sion, and in some cases industry, to 
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nominate officers as appropriate. The 
nominated members receive the rele­ 
vant documentation from C.C.I.T.T. and 
after study prepare written contributions 
stating the results of Australian investi­ 
gations together with appropriate 
opinions and points of view. These 
contributions are forwarded to the C.C.I. 
T.T. for distribution to other member 
countries. 

There are usually a number of meet­ 
ings of Study Groups in between two 
Plenary Assemblies, and the more im­ 
portant meetings are attended by an 
Australian delegate (or in some cases 
more than one), to ensure that the Aus­ 
tralian point of view is appropriately 
represented and that the decisions of the 
meetings were taken with due regard 
to our conditions. The Plenary Assem­ 
blies are attended by larger delegations 
and the Second and Third Plenary 
Assemblies were attended by delegations 
of comparable size to that of the dele­ 
gation attending the Fourth Plenary As­ 
sembly in Mar Del Plata. 

It is indicative of the Australian 
activity that in addition to the Chair­ 
manships mentioned previously, Mr. R. 
D. Kerr of the P.M.G.'s Department 
was chairman of the Study Group dur­ 
ing the 1960/64 period, and that Mr. W. 
G. Gosewinckel of the Overseas Tele­ 
communication Commission was Chair­ 
man of a Joint Working Party during 
the 1964/68 period. During the Mar Del 
Plata meetings, Messrs. R. McKinnon 
and S. Dossing were chosen to chair 
important ad hoe Working Parties. 

A significant number of C.C.I.T.T. 
Recommendations and other C.C.I.T.T. 
publications have been influenced by 
Australian activities. 

IMPORTANCE OF C.C.I.T.T. 
RECOMMENDATIONS 

C.C.I.T.T. Recommendations reflect 
world standards and practices in tele­ 
communications and aim at ensuring that 
the national networks of the various 
countries are inter-connectable to form 
one global automatic network. 
The standards implicitly and explicitly 

embodied in the Recommendations 
represent the world trend in commercial 
and engineering practices and in the 
long term it could have serious con­ 
sequence for a country to deviate from 
these standards in so far as at some 
future date, due to pressure from all 
other countries, it could be forced to 
embark on extensive and expensive 
changes in tariff and technical areas. 
Furthermore, adherence to C.C.I.T.T. 
Recommendations ensures that the 
methods and practices adopted have been 
subjected to critical examination and 
approval by world experts, and con­ 
sequently, there is a greater chance that 
no unforeseen difficulties will arise 
immediately or in the future. 

CONCLUSION 
References to the organisation of the 

I.T.U. and the C.C.I.T.T. are made in 
the paper, and attempts have ben made 
to describe the activities of the C.C.I.T.T. 
in general terms, but with particular 
reference to the meetings at Mar Del 
Plata. A brief indication is given of 
past and future work and the extent of 
participation by Australia. 

C.C.I.T.T. may be considered as the 
only truly international body concerned 
with international and national standards 
of telephony, telegraphy and all other 
electrical communications facilities. It 
is obvious that the days when national 

networks could be developed indepen­ 
dently of each other are rapidly drawing 
to a close and the paper emphasises the 
importance of developing national and 
international networks in accordance 
with C.C.I.T.T. Recommendations. 

C.C.I.T.T. meetings provide an excel­ 
lent opportunity to make valuable per­ 
sonal contacts with people from other 
administrations. Such contacts are con­ 
ducive to good co-operation and under­ 
standing between countries and adminis­ 
trations, and also provide the opportunity 
of obtaining early information as to the 
thinking in other administrations regard­ 
ing the probable future developments 
and standards in electrical communica­ 
tions. 
There is no doubt that the C.C.I.T.T. 

activities are of great practical value to 
the continuing growth and extension of 
telecommunications, both at the national 
and international level. The Mar Del 
Plata meetings demonstrated the excel­ 
lent international co-operation achieved 
through the C.C.I.T.T., and it is hoped 
that the same degree of understanding 
and co-operation will be encountered at 
all future meetings. 
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SPACE SYSTEMS AND RADIO ASTRONOMY: 1968 INTERIM 
MEETINGS OF C.C.I.R. STUDY GROUP IV E. R. CRAIG, B.Sc. M.I.E.E.* 

INTRODUCfION 
From the 18th September to the 8th 

October, 1968, Study Group IV of the 
International Radio Consultative Com­ 
mittee (C.C.I.R.) held a series of meet­ 
ings in Geneva, Switzerland. Study 
Group IV is responsible for the con­ 
sideration of space systems (which 
includes communication satellite ser­ 
vices) and radio astronomy. 
The C.C.I.R. is that part of the Inter­ 

national Telecommunication Union 
(I.T.U.) which studies technical questions 
and makes recommendations and reports 
relating to radio communication. It 
comprises fourteen study groups and 
meets in Plenary Assembly every three 
years to issue formally the results of all 
studies, as approved C.C.I.R. texts. The 
study groups normally meet immediately 
prior to the Plenary Assembly to pre­ 
pare the texts for which they are respon­ 
sible but this practice may alter in 
the future because of the difficulty in 
providing accommodation and secretariat 
facilities for the large number of people 
involved in the total activities of Plenary 
and Study Groups. This number at Oslo 
in 1966, where the last Plenary Assembly 
was held, was about 1,500. Consequently, 
the next Plenary Assembly which it is 
planned to hold in New Delhi in Jan­ 
uary/February 1970 will not immediately 
follow study group meetings held in the 
same place. Instead, the study groups 
will meet separately in September and 
October of 1969 in Geneva. The time­ 
table of meetings has been arranged to 
allow discussion between study groups 
with overlapping interests such as, for 
instance, between Study Group IV and 
the Study Group dealing with radio relay 
systems (Study Group IX). 
In addition to the meetings associat­ 

ed with the Plenary Assembly, most 
study groups hold an 'Interim Meeting' 
about half-way through the period be­ 
tween Plenary Assemblies. This practice 
was introduced to allow new draft re­ 
commendations and reports and extensive 
alterations to existing ones to be pre­ 
pared early enough so that time was 
available for adequate consideration of 
new proposals. It was also intended as a 
means of spreading the secretariat load. 
The rate of change of technology has 

increased to such an extent over recent 
years that the output from interim meet­ 
ings is being used in practice in advance 
of formal approval of the texts in Plen­ 
ary Assembly. Consequently, it has been 
found desirable to publish the results of 
Interim Meetings in special booklets. 

* Mr. Craig is Engineer Class 4, Transmission 
Media, P.M.G. Research Laboratories. 

This has been done since the 1965 
Interim Meetings and booklets are avail­ 
able for the 1968 meetings. (Ref. 1). 
The remainder of this article deals 

with the 1968 Interim Meetings of Study 
Group IV. These meetings were attended 
by 197 delegates representing 20 · Ad­ 
ministrations and about 50 Operating 
Agencies, International Bodies, etc. The 
Australian Delegation was made up of 
the author and Mr. N. S. Fcltscheer, 
Overseas Telecommunications Commis­ 
sion. 

Organisation of the Work 
The work of Study Group IV is split 

up into several 'Working Groups' which 
had been maintained unchanged since 
1962. However, in Geneva, the Work­ 
ing Group which dealt with propagation 
matters was replaced because this sub­ 
ject is more properly the province of 
Study Group V, to which the propaga­ 
tion questions and study programmes 
of interest to Study Group IV have 
been referred. The new function of the 
Working Group is to consider the prob­ 
lems of service to aircraft and ships. 
The work of the Study Group is now 
organised as follows:- 
Working Group A: Deals with the tech­ 
nical characteristics of communication 
satellite systems but excluding sharing 
problems and telemetry, telecommand, 
control and silencing. 
Working Group B: Deals with the prob­ 
lems raised by the sharing of fre­ 
quency bands between communication 
satellite services and other services. This 
working group must therefore take into 
account the views of Study Groups deal­ 
ing with other services such as Study 
Group IX. 
Working Group C: Deals with the 
technical characteristics of space re­ 
search systems and of space-to-space 
communication links and including tele­ 
metry, telecommand and control for all 
spacecraft. This working group deals with 
sharing problems related to these systems 
and also includes meteorological satellite 
systems. 
Working Group D: Deals with com­ 
munication satellite service to aircraft 
and ships including radionavigation 
satellites. 
Working Group E: Deals with radio 
astronomy and radar astronomy. 
Terminology Working Group: This is a 
small working group which deals with 
those definition and terminology mat­ 
ters of particular interest to Study Group 
IV. There is a specialist Study Group 
(XIV) to deal with all C.C.LR. termin­ 
ology. 

HIGHLIGHTS 
The 1968 Geneva meetings of Study 

Group IV reflected the experience built 
up over the past two or three years 
with commercial communications satel­ 
lite systems but in addition have initiat­ 
ed several studies of systems and tech­ 
nological extensions now foreshadowed 
for future space systems. This is follow­ 
ing the trend of C.C.I.R. work 
on space systems generally which 
has been characterised by an effort 
to produce guidelines for systems im­ 
plementation at the feasibility study 
stage rather than waiting until a 
system is in being. The practical need 
for such an approach is most obvious 
when one considers that a single satellite 
transmitter can affect nearly one-third 
of the surface of the earth; a wise choice 
of technical characteristics is to the ad­ 
vantage of all. In line with this thought, 
the C.C.I.R. is addressing itself to the 
use of the gee-stationary satellite orbit; 
to the use of frequencies above 10 GHz; 
direct broadcasting from satellites; 
integrated systems for communications 
and navigation for ships and aircraft, 
and so on. These items and others 
which are mainly a consolidation of 
experience over the last few years are 
outlined below. I am indebted to Mr. 
Feltscheer for some of the comments on 
these items. 

Utilisation of the Geo-Stationary 
Satellite Orbit* 

A special working party was set up 
by Working Group B to provide an 
informal exchange of views between 
interested Delegations on the specific 
subject of sharing of the geo-stationary 
satellite orbit by a number of satellites 
operating in common frequency bands. 
This working party made a list of tech­ 
nical factors which were considered to 
be relevant to the determination of the 
minimum safe separation between geo­ 
stationary satellites, for systems using 
frequency modulation. In addition men­ 
tion was made of the possible use of 
other modulation systems (such as P.C.M. 
or Delta) in the future and the probable 
need for systems to operate in frequency 
bands above 10 GHz. 
These technical factors were incor­ 

porated in a Draft Study Programme in 
Document IV/191 (Rev. 2) which is to 
* The geo-stationary satellite orbit is the special 
case of the class covered by the possibly more 
familiar 'synchronous orbit'. It is the circular 
orbit which lies in the plane of the earth's 
equator at the altitude (about 22,300 miles) at 
which a satellite turning about the polar axis of 
the earth in the same direction as the earth's 
rotation will appear stationary in the sky from 
a point on earth. 'Synchronous' is now taken 
to apply to any satellite of period 24 hours 
irrespective of the orbit inclination. 
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consider the technical factors influencing 
the efficiency of use of the geo-stationary 
satellite orbit by communication satel­ 
lites sharing the same frequency bands 
(See Ref. 2). The International Working 
Party which was set up by a Draft 
Resolution of Study Group IV (Docu­ 
ment IV /201 refers) is intended to 
facilitate the exchange of views prior 
to the next meeting of the Study Group 
later this year. It is to review and con­ 
sider contributions and report to the 
Study Group. To carry out this task the 
International Working Party is to meet 
in Ottawa in June, 1969. 
There are two main reasons which 

give an urgency to these studies. These 
are:- 
(a) Operating systems have shown that 

use of the orbit for space services 
is indeed practicable and its advan­ 
tages, economical and operational, 
are such as to preclude other 
solutions except for special purposes 
such as coverage of high latitude 
areas. Satellites must be spaced suf­ 
ficiently in angular distance to allow 
antenna beams to discriminate one 
from its neighbours so early study 
and planning will help to maximise 
the total capacity of the orbit. 

(b) A conference to consider frequency 
allocations - the World Adminis­ 
trative Radio Conference (Space) is 
to be held in late 1970 or early 
1971 and C.C.I.R. has a responsibility 
to study these matters so that 
it will be in a position to provide 
technical guidance. 

To illustrate Australia's interest in use 
of the geo-stationary orbit, one might 
cite the case of satellite communications 
to Europe. For a one-hop link, the 
satellite position is quite critical. As the 
service expands, no doubt more than 
one satellite will be required and the 
limit of expansion will be set by the 
number of satellites which are mutually 
visible to both terminals. Obviously, the 
closer the allowable spacing, the greater 
the expansion possible. 

Use of Frequencies Above 10 GHz 
There was general recognition that 

satellite communications will quickly 
outgrow the presently allocated frequency 
bands, and that additional spectrum be­ 
low 10 GHz is virtually unattainable. As 
a result a new Study Programme has 
been proposed (Document IV/133) to 
study the use of frequency bands above 
10 GHz. 
Apart from equipment problems, rain 

and cloud can affect system perfor­ 
mance and reliability and certain fre­ 
quency bands in the range suffer extra 
attenuation due to absorption effects in 
atmospheric gases and water vapour. The 
Study Programme directs attention to 
some of these problems and calls for 
study of techniques which could be used 
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to overcome them. In addition a study 
of the sharing problems at frequency 
bands above 10 GHz is on the Pro­ 
gramme. 

A Draft Report has already been pre­ 
pared under the new Study Programme 
(Document IV/187). It has been accepted 
as only a first provisional report on the 
subject but some interesting points are 
suggested, which are:- 

( a) Frequencies above 10 GHz offer 
some technical advantages particul­ 
arly when multiple narrow beams 
from a single satellite are required 
for regional systems. 

(b) The narrow antenna beams readily 
achievable should allow more satel­ 
lites in a given arc of the geo­ 
stationary satellite orbit. 

(c) The fact that the basic transmis­ 
sion loss over a given path increases 
with frequency (f) at a rate between 
about 20 log f and 30 log f means 
that the difficulties of co-ordination 
would generally be reduced as the 
frequency is increased. This means 
that earth stations may be sited 
closer to terrestrial radio relay 
stations and the provisional report 
takes this to imply that earth 
stations could be closer to traffic 
centres. 

Direct Broadcasting from Satellites 
The use of frequencies above 10 GHz 

was referred to in other documents from 
the Study Group meetings. One of some 
general interest is the document dealing 
with the feasibility of direct sound and 
television broadcasting from satellites 
(IV/199). This document is a major re­ 
vision of C.C.I.R. Report 215-1 and in 
the revised tables the examples given for 
operation at 12 GHz are considerably 
less pessimistic than in the original re­ 
port. For a 0.5 kW satellite transmitter 
power through a 1.4° beamwidth antenna 
(which would cover an area on the earth 
about 1000 x 1000 km) a receiving 
installation using a 1 metre diameter dish 
and a 7 dB noise factor pre-amplifier 
would allow high quality television re­ 
ception (weighted luminance signal-to­ 
noise ratio about 45 dB). 
Despite the generally more optimistic 

note of the draft revision compared with 
the original report, a cautionary note 
is still sounded on the problems of heat 
dissipation and thermal balance in the 
satellite. There is a statement that, 'For 
many years the maximum practicable 
radio-frequency power is likely to be 
limited to about 5 kW'. From this and 
the tables of examples, it can be con­ 
cluded that frequency modulation or 
some equivalent method of trading band­ 
width for signal-to-noise ratio will be 
required to make satellite broadcasting 
feasible. 

Communications and Navigation 
for Ships and Aircraft 

Prior to the Geneva Meetings, C.C.I.R. 
had adopted by correspondence a new 
Study Programme (2 G/IV). The recon­ 
stituted Working Group D revised this 
Programme to clarify the meaning. The 
salient points of the new programme 
(Document IV/165) are:- 

(a) That satellites could be used to 
provide communications and navi­ 
gation services to aircraft and ships 
of sufficient reliability for general 
use. 

(b) To conserve radio-frequency spec­ 
trum and to minimise the equip­ 
ment which aircraft and ships carry, 
it might well be advantageous to 
have joint usage of a frequency 
band by aircraft and ships for com­ 
munications either direct or via 
satellite and to use the same satel­ 
lites for radio determination (i.e. 
position or direction fixing) also. 

The study programme calls for studies 
of preferred orbits, frequencies and 
technical characteristics and of the tech­ 
nical feasibility of systems based on the 
above premises. 

Communication Satellite System Items 
Under this general heading, there are 

two items which may become of increas­ 
ing importance in the future:- 
(a) The present hypothetical reference 

circuit as defined in C.C.I.R. Re­ 
commendation 352 and the accom­ 
panying Recommendations 353-1, 
354 and 356-1 apply only to inter­ 
continental connections. In the 
future there will be a need to give 
special attention to regional systems 
and it was decided that it would be 
useful for these problems to be 
studied. 

(b) The definitions relating to circuits 
with multiple access proposed in 
C.C.I.T.T. Document COM XIII - 
No. 76 were discussed by Working 
Group A and the Terminology 
Group and some suggestions made 
to overcome the difficulties seen. 
The preliminary views on C.C.I.R. 
usage are presented in Document 
IV/198 which includes a pictorial 
representation of Multiple Access 
Classifications. There are in all 
seven variations shown from a fixed 
pre-assignment (all dedicated chan­ 
nels) at one extreme to fully variable 
(random) assignment at the other. 
One variation not covered by the 
C.C.I.T.T. definitions received by 
C.C.I.R., but of particular interest 
because of its application to the 
INTELSAT system, is that proposed 
for use with the 'multi-destination 
carrier' technique. In this case the 
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transmitting ends of the channels 
are pre-assigned and received by 
several stations only one of which 
uses a particular channel for traffic 
at any one time so that the receive 
end is variably assigned. 

Receiver System Performance 

The performance of present day com­ 
munication satellite systems is critically 
dependent on the characteristics of the 
receiver installation at the earth station. 
There is thus a great deal of interest in 
the exchange of information and at the 
Geneva meetings papers were produced 
concerning two key aspects. These 
were:- 
(a) The overall figure of merit of the 

radio frequency portion of a re­ 
ceiving installation is commonly 
given in terms of G/T where G is 
the antenna gain and T is the effec­ 
tive receiving system equivalent 
noise temperature. It would be de­ 
sirable to establish a practical 
method of measuring this ratio 
directly with high accuracy because 
of the errors which often arise when 
the ratio is inferred from separate 
measurements of the quantities G 
and T. Methods have now been 
evolved to measure the ratio directly 
using radio stars as signal sources. 
(The use of radio sources for 
antenna measurements and a table 
of suitable radio stars will be dealt 
with in an article by Wielebinski 
to be published in this Journal.) 
Volume N(2) of the C.C.I.R. 

'Green Book' (Oslo 1966) contains 
report 390 dealing with 'Earth 
Station Antennae for the Communi­ 
cation Satellite Service'. Major re­ 
visions of this report were proposed 
at the Geneva Meetings in Docu­ 
ments N/132 and IV/182. The for­ 
mer document modifies the main 
text in some respects but the main 
change is to remove the five annexes 
giving details of particular antennae 
that have been built. A new Annex 
is put forward in Document IV/182 
concerning G/T Measurements with 
the aid of radio stars. 

(b) In F.M. systems, threshold extension 
demodulators permit the use of 
lower carrier-to-noise ratios than 
is possible by conventional limiter/ 
discriminator demodulators. Pro­ 
posed modifications to Report 211-1 
on the Comparative Study of Pos­ 
sible Methods of Modulation and 
Multiple Access are given in 
Document IV/181 and in this a sec­ 
tion is devoted to threshold exten­ 
sion demodulators. One point of 
some substance concerns what is 
meant by 'threshold'. It has been de­ 
fined as the point at which the 

curve of signal-to-noise ratio as a 
function of the carrier-to-noise 
ratio, for the top channel, departs 
by 1 dB from linearity; some dif­ 
ficulty has been found in applying 
this definition. A new definition, 
which has had some use, is now 
proposed, which is, 'The input car­ 
rier to noise temperature ratio (C/T) 
at which the weighted noise in the 
worst channel is 50,000 pWop'. An 
empirical formula is given to de­ 
scribe the threshold in terms of 
available demodulators. The formula 
is:- 
Threshold C/T (in dBw per °K) 
= -171.7 +8.7 log n 
where n = number of channels 

It is of interest to note that the de­ 
modulators at the O.T.C. earth station 
at Moree come very close to this per­ 
formance. 

Frequency Sharing Problems 
The problems arising from the shar­ 

ing of frequencies between space ser­ 
vices and terrestrial services have been 
the subject of continuing study; re­ 
finements have been proposed to exist­ 
ing methods of calculation to ease the 
co-ordination procedure and allow closer 
spacing between Earth and terrestrial 
stations. The impetus of this work was 
maintained at Geneva in view of the 
forthcoming Space Conference. 
So far as communication satellite ser­ 

vices are concerned, a draft revision of 
Report 382 on the Determination of 
Co-ordination Distance was prepared as 
Document IV /180 (Rev. 1). This revision 
does not alter any principles but clarifies 
the methods used for calculation and 
suggests that specific paremeters be used 
when known, even for initial co-ordina­ 
tion negotiations. In addition, a draft 
New Report entitled 'Calculation of 
Interference Probability Between Earth 
Stations and Terrestrial Radio-Relay 
Systems' has been prepared as Docu­ 
ment IV/178 (Rev. 1) and some subjects 
have been referred in Doc. IV/204 (Rev. 
1) to Study Group V (Tropospheric 
Propagation) for examination. The over­ 
all trend of the work in Study Group 
IV on sharing problems is to interrelate 
the technical data for the consideration 
of 'co-ordination distance' (which is an 
administrative concept) with the purely 
technical problem of controlling mutual 
interference. 
The problems of frequency sharing be­ 

tween stations in the space research 
service and with other services were 
discussed in Working Group C who pro­ 
duced a draft Annex to Report 218 
concerning radio frequency powers re­ 
quired (Document IV/148). A noteworthy 
conclusion is that deep-space explora­ 
tion of the four nearest planets requires 

radiation of equivalent isotropically 
radiated powers (e.i.r.p's.) up to 1,000 
OW, or more from Earth Stations with 
the result that in horizontal directions 
the e.i.r.p's. of these transmissions may 
be of the order of 100 MW. Such pow­ 
ers could require separation distances be­ 
tween deep-space earth stations of 500 
km or more and raise formidable prob­ 
lems for sharing with other services. It 
was recognised that further quantitative 
study is needed. 

General Comment and Conclusion 

The delegates to the Study Group 
IV meetings in Geneva included repre­ 
sentatives from Administrations and 
Operating Agencies who have been re­ 
sponsible in some degree for the imple­ 
mentation of the INTELSAT communi­ 
cations satellite system. These included, 
in the U.S. Delegation, members of 
Comsat Corporation staff. As a con­ 
sequence, the output from the meetings 
reflects the experience and the problems 
arising from INTELSAT activity. A 
typical example of this is the importance 
attached to the use of the geo-stationary 
satellite orbit. 
The next meetings of C.C.I.R. Study 

Group IV are to be held in September/ 
October 1969 and these are to be fol­ 
lowed by the Xllth Plenary Assembly 
in January/February 1970. The results of 
the work at Geneva in 1968 have pointed 
to several subjects that require study in 
preparation for these meetings. The main 
points have already been covered in 
this article so will not be further elabo­ 
rated here, but the preparatory work 
will be of importance not only for the 
C.C.I.R. meetings but also for the World 
Administrative Radio Conference (Space) 
which will follow in late 1970 or early 
1971. Such activities are of real prac­ 
tical significance because system develop­ 
ment and equipment design now takes 
full account of C.C.I.R. recommenda­ 
tions. Thus it is in Australia's interest 
to participate in the work of C.C.I.R. 
to ensure that Recommendations are 
acceptable and our point of view put 
forward in time to influence results. In 
thts connection, documentary contri­ 
butions provide an effective vehicle of 
influence. 
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CONDUCTOR JOINTING IN PART PRIVATELY ERECTED 
TELEPHONE LINES K. E. KEIR* and N. J. SADLER, B.Sc.** 

INTRODUCTION 

High resistance joints in part privately 
erected (P.P.E.) lines (Ref. 1) are the 
cause of many faults and complaints of 
poor service. When these lines are con­ 
nected to a magneto-signalling exchange, 
the voltage produced by the magneto 
may be sufficient to break down high 
resistance films and thus permit conver­ 
sation until such time as the high 
resistance films re-form. Such a situation 
can at best be marginally satisfactory, 
but before a magneto-signalling exchange 
is converted to common battery or 
automatic working, it is essential that 
high resistance joints in the associated 
lines be permanently removed. 
In order to be able to suggest methods 

of obtaining the necessary improvement 
in existing lines and develop satisfactory 
practice for new ones, a large number 
of jointing techniques was assessed by 
the Postmaster-General's Research Labo­ 
ratories (Refs. 2, 3 and 4). Emphasis has 
been placed on the evaluation of existing 
jointing techniques whilst at the same 
time giving attention to the design and 
development of a new type of compres­ 
sion sleeve for making joints in rusty 
200lb/mile galvanised iron (G.I.) wire. 

JOINT REQUIREMENTS 

The fundamental (and obvious) elect­ 
rical problem is to obtain a low, reliable 
resistance between the two lengths of 
wire. This is effected by bringing two 
clean metal surfaces into direct physical 
and electrical contact, or by bringing one 
clean metal surface from each wire into 
direct physical and electrical contact with 
a third low resistance metallic path. It 
can be shown (Ref. 2) that stable resis­ 
tances of up to 2.2 ohm/joint for 20016/ 
mile G.I. wire, and up to 0.55ohm/joint 
for 400lb/mile G.I. wire are acceptable. 
In practice, the resistance of a well made 
joint is very much less than these values. 
Most joints produced by acceptable tech­ 
niques have a joint resistance less than 
the resistance of an equal length of line 
wire. 
It is shown in Ref. 2 that an electric­ 

ally clean surface is essential if a reliable 
joint is to be made. The cleaning of 
rusted G.I. wire in the field is not an 
easy process. Experiment has shown 
(Ref. 2) that vigorous rubbing with 
coarse emery paper does not always pro­ 
duce a surface which is electrically 
conducting over its entire area. For 
example, when one sample of corroded 
20016/mile G.I. wire was rubbed vigor- 

* Mr. Keir is MetaUurgist Class 2, P.M.G. 
Research Laboratories. 

•• Mr. Sadler is Physicist Class 2, P.M.G. 
Research Laboratories. 

TABLE I-APPROXIMATE CLEANING TIMES 

Length of Wire 
Joint to be cleaned 

(ins) 

Twist 2 X 12 = 24* 
Britannia 2 X 3 = 6 
Crimp (Using 
currently avail- 
able sleeves) I 2 X 1½ = 3 
Crimp (Using 
developmental 
spring-sleeve) I 0 

Approximate Time Required 
(minutes) 

32* (10) 

8 

4 

0 

* Actually, these figures are too pessimistic. In practice, it is only necessary to clean 
thoroughly those portions of wire which will be soldered together (see Fig. 1). 
The remainder of the wire contributes to the mechanical strength of the joint but 
it is not required that there should be high grade electrical contact under the 
tightly wound sections at either end of the joint. The figure shown in brackets, 
10 minutes, is more appropriate. 

ously with very coarse emery paper for 
five minutes, over a distance of one and 
a half inches from the end of the sample, 
most, but not all, of the corrosion was 
removed, and electrical measurements 
showed that the exposed surface had a 
high surface resistance over some por­ 
tions. Further rubbing with a fresh piece 
of emery would have eventually produced 
a bright, clean, conducting surface, but 
five minutes was regarded as a long time 
to spend in cleaning one piece of wire. 
The use of a file turns out to be more 
satisfactory than emery paper. On the 
average, a piece of rusty 200lb/ mile G.I. 
wire may be cleaned over a one and a 
half inch length in about two minutes 
to give an exposed surface which is 
clean and bright and electrically conduc­ 
ting over its entire area. It is important, 
however, to continually rotate the wire 
as the filing proceeds in order not to 
produce flat areas of too great a width. 
If this technique is used, Table 1 gives 
the approximate average times required 

to clean the curved surface areas of badly 
corroded wires: 
It is quite understandable that an 

operator would find the cleaning process 
irksome and try to speed it up by making 
only a perfunctory attempt at cleaning 
the wire. It would, however, be difficult 
to lay too much emphasis on the im­ 
portance of having a clean metallic 
surface available. 

EVALUATION OF EXISTING 
TECHNIQUES 

The making of soldered twist joints 
(Fig. 1) in wire heavier than 200lb/mile 
is physically quite strenuous. For heavier 
wires, e.g., 400lb/mile, the use of a 
Britannia joint (Fig. 2) provides a less 
arduous construction procedure. In Ref. 
I, the Britannia joint is recommended 
as the most effective alternative to the 
sleeve joint for copper wire. It is shown 
in Ref. 2, however, that it is quite suit­ 
able for jointing G.I. wires if the solder- 

JOINT TO BE WELL SOLDERED 
BETWEEN THESE POINTS 

Fig. 1 - Twist Joint. 

Fig. 2 - Britannia Joint. 

KEIR and SADLER - Conductor Jointing 
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c:i===~= BORE SPRAYED 1 ~ NOMINAL ID= .134" I t 
WITH NICHROME EXTERNAL ID= .248"/252" I 

TIN PLATED 50% OF THE NOMINAL THICKNESS 
X 30° CHAMFER AT BOTH' ENDS 

,..__ 1½11MIN. -----------.i 

Fig. 3 - Press type Jointing Sleeve for 2001b/mile G.I. Wire. 

ing is done carefully. When making 
Britannia or twist joints, or using a 
soldered by-pass, some attention should 
be given to the soldering process. The 
surfaces to be soldered would have al­ 
ready been cleaned. The next step is to 
apply a suitable soldering flux (e.g. 
Baker's Solution) to the joint. The solder­ 
ing iron should be of large thermal capa­ 
city and hot enough to allow the solder 
to flow freely into the whole of the 
space between the wires. At the same 
time, especially if copper wire is being 
soldered, care must be taken to guard 
against 'burning' the wire by using an 
excessively hot soldering iron. This 
weakens the wire at the joint and could 
later result in a broken wire. After the 
solder has solidified, it is important to 
wash off any surplus flux, as this may 
corrode the wire. If the wires are not 
adequately cleaned and the soldering 
is not properly performed, it may mean 
that the outside of the joint only is 
covered with solder and that there is 
no firm metallic connection between the 
two wires. In this case, the joint will 
be only equal in performance to an un­ 
soldered or dry joint and will cause 
faults. The soldering of cleaned copper 

wire is quite straightforward. New gal­ 
vanised iron wire can be soldered with 
only slightly more trouble, but care and 
perseverance is necessary to get a good 
soldered joint in G.I. wire from which 
the galvanised surface has been removed. 
It is recommended (Ref. 2) that all 

future P .P .E. lines using new clean 
200lb/mile wire be jointed using cur­ 
rently available crimping sleeves (Fig. 3). 
Such joints are reliable, of low, stable 
resistance, low cost and easily made. 
This method is also recommended for 
the upgrading of existing lines in 200lb/ 
mile wire when cleaning off the insulat­ 
ing film does not decrease the diameter 
of the wire to such an extent that it is 
impossible to obtain a crimped joint of 
adequate strength. When it is necessary 
to joint wires of different diameters, 
Britannia or soldered twist joints should 
be used as illustrated in Figs. 1 and 2 
and described in detail in Ref. 1. To 
improve existing lines in which joints 
are mechanically sound but have high 
resistance, the soldered by-pass (Ref. 1) 
is suitable if it is desired not to cut the 
existing line. The commonly encounter­ 
ed use of knots as a jointing technique 
is entirely unsatisfactory. 

COMPRESSION SPRING SLEEVE 
JOINT 

A joint specifically designed for re­ 
pairing rusty 200lb/mile galvanised P.P.E. 
telephone lines is shown in Fig. 4 and 
has been fully described in Refs, 3 and 
4. This method of jointing utilises a 
sleeve containing an internal compres­ 
sion spring. To make a joint, the ends 
of the wire to be joined are wiped free 
of loose rust and dirt, and are then cut 
with pliers to expose a small but clean 
surface or edge. The wire ends are then 
inserted into the sleeve, fully compres­ 
sing the spring, whereupon the ends of 
the sleeve are crimped onto the wire. 
Relaxation effects that can occur when 
contact is made by crimping alone are 
virtually eliminated by this technique 
due to the length of compression of the 
spring. The use of this type of joint 
also eliminates soldering which, in the 
field, is a difficult and uncertain practice 
when dealing with heavily rusted wire, 
and is also time consuming. 
Tests were conducted (Ref. 3) with 

wire cut by two methods, one giving 
pinched ends on the wire as would be 
obtained with ordinary pliers or side 
cutters, and the other method giving a 
square cut end by shearing in slots such 
as are provided in many pliers. Whilst 
from an electrical point of view there 
was no difference between the two types 
of cut, physically it is much easier to 
cut 200lb/mile wire with slotted pliers, 
and for this reason the sheared type 
of cut would be recommended. 
Loose rust is wiped off the wire to 

make sure that it does not get between 
the ends of the wire and the spring 
thus creating a high resistance, but it is 
most important that firmly adhering rust 
remains, because this is what gives the 
joint sufficient mechanical strength, par­ 
ticularly when old wires have become 
considerably reduced in size. The 

CRIMPING TOOL STOP 

COPPER SLEEVE TIN PLATED / 
EXTERNAL DIA.= .248" /.252 STAINLESS STEEL SPRING 
INTERNAL DIA.= .134 NOMINAL WIRE SIZE .022" DIA. (24 SWG) l No. OF COILS 24-26 

50% OF THE TUBE THICKNESS 
X 30° CHAMFER AT ENDS 

BORE SPRAYED WITH 
NICHROME SUCH THAT 
WIRE OF MAX. DIA .. 124" 

WILL FREELY PASS INTO SLEEVE. 

i 
I. l :':;,T= ~~,': SPRING .I .I 

1.125"to 1.250" 

i+----------------2,5"MIN. -.i 

Fig. 4 - Jointing Sleeve for Rusty 2001b/mile G.I. Wire. 
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nominal size of 200lb/mile G.I. line wire 
is 0.121 ins. diameter but tests (Ref. 3) 
on two wires each of diameter 0.090 ins. 
showed that when crimped into a sleeve, 
the rusty wire joint held a load 3½ times 
that of a cleaned wire joint before the 
wire pulled out of the sleeve. 
This compression spring joint is not 

a heavy current type of joint due to 
the small area of contact, but tests have 
proved the stability of the joint under 
severe environmental (tropical cycling) 
conditions. In actual fact, the joints pre­ 
pared for testing were made on wire 
with more than 0.005 ins. thickness of 
rust and where no conduction at all 
occurred between the crimped sleeve and 
the wire. This represented the worst pos­ 
sible conditions that could exist, whereby 
the electrical connection depended wholly 
on contact between the freshly cut ends 
of the rusty wire and the internal spring. 
One connector manufacturer was ap­ 
proached and indicated his willingness 
and ability to manufacture this type of 
sleeve. Some prototypes were made by 
him and have been tested (Ref. 4). After 
a period of 18 weeks exposure in a 
tropical cycling cabinet, the final resis­ 
tances of these joints were actually lower 
than the initial values. 
In the most extreme case which could 

occur where the conduction through this 

type of joint would consist of the two 
end contact resistances, plus the resis­ 
tance of the full length of stainless steel 
wire used in forming the spring, the 
total resistance of the joint would be in 
the vicinity of 750 milliohms. In prac­ 
tice, however, when the spring is 
compressed, shorting will occur between 
various coils of the spring and the spring 
will also make side contact onto the 
sleeve wall. It can be thus seen that 
joints will vary quite widely in initial 
values. In the case of the prototypes 
(Ref. 4), initial values varied from 
15-212 milliohms, and these dropped to 
13-140 milliohrns after the tropical 
cycling treatment. In many cases where 
the rust would be less severe than on 
the wire used for testing, the crimping 
of the sleeve would crush the rust suf­ 
ficiently to cause conduction onto the 
line wire and this would lower the overall 
resistance considerably, but relaxation 
of the crimp and further possible cor­ 
rosion may cause this conduction path 
to subsequently rise in resistance. The 
new joint described does not rely on 
any conduction path between the line 
wire and sleeve. 
This type of joint requires two persons, 

one to hold the wire ends in the 
sleeve, compressing the spring, whilst 
the other crimps the sleeve onto the 

wire, but despite this, compression 
spring jointing would require less man­ 
hours of labour than soldered jointing. 
Where extensive jointing would be re­ 
quired, a clamp designed to enable 
single handed operation would no doubt 
be used. 

Compression spring sleeve jointing 
would be a simple and effective means 
of upgrading rusty 200,lb per mile gal­ 
vanised iron P.P.E. telephone lines, but 
as yet the method requires to be tested 
in the field. 
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ACTIVITIES OF THE SOCIETY 
The following extracts from the An­ 

nual Report of the Council of Control 
of the Australian Telecommunication 
Society of Australia will be of interest 
to members. 

Council Activities 
Decisions were taken on the following 

• reciprocal advertisements with the 
Institution of Post Office Electrical 
Engineers (U.K.) were arranged; 

• participation in exhibitions and con­ 
ventions as an exhibitor was rejec­ 
ted; 

• advertising rates in T.J.A. were in­ 
creased; 

• experimental changes were made in 
the typesetting and paper quality of 
T.J.A. and readers' opinions obtain­ 
ed, with a view to possible changes 
in format for 1969; 

• as from 1969 individual off-prints of 
T.J.A. articles would be provided 
(as for A.T.R.); 

• $5,000 was transferred to interest­ 
bearing deposits, to obtain a higher 
rate of interest; 

• payments for casual secreterial assis­ 
tance were authorized. 
Activities started, but incomplete at 

KEIR and SADLER - Conductor Jointing 

31 December 1968 were: 
• design of seal and badge for the 
T.S.A.; 

• review of further assistance which 
might be requested from the Depart­ 
ment; 

• a review of costs, subscription rates, 
and membership activities, 

Telecommunication Journal of 
Australia 

Journals ordered by State Committees 
for distribution by agents are shown be­ 
low. They include a small margin for 
stock. 

grades), Technical Officers and Techni­ 
cians' Assistants) is shown below. 

1968 1967 

N.S.W. 41.7 27.34 
Vic. 36 36.12 
Qld. 37.8 37.5 
S.A. 40.9 34.71 
W.A. 42.9 41.97 
Tas. 38.8 37.11 

-- - 
National 39.5 33.5 

Average Journals 
per issue 

State 1968 1967 as 
N.S.W. 2500 15'67 
Vic. (inc. H.Q.) 1733 1700 
Qld. 840 807 
S.A. 667 553 
W.A. 537 473 
Tas. 222 213 

-- -- 
National 6499 5313 

Penetration of T.J.A. per 100 engineer- 
ing staff (Engineers, Technicians (a'l 

Australian Telecommunication 
Research 

Average paid circulation for 1968 was 
follows:- 

N.S.W. 114 
Vic. 121 
Qld. 55 
S.A. 32 
W.A. 26 
Tas. 4 
Overseas 97 
Director-General 280 

Total 729 
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SAFETY ASPECTS OF VOLTAGES APPLIED 
TO TELEPHONE LINES G. BY ASS, B.E. * and T. G. PIMM, Grad. I.E. Aust.** 

INTRODUCTION 
Telephone lines, as well as carrying 

speech signals, low level signalling tones 
and data information, are also required 
in some cases to carry voltages for sig­ 
nalling purposes and for feeding power 
to remote equipment. These voltages are 
usually considerably higher than those 
employed for the carrying of infor­ 
mation, and there is a trend to use even 
higher voltages to gain economies from 
the use of lighter gauge conductors, to 
improve signalling, and to increase the 
distance between power injection points 
for power feeding of remote equipment. 
But increased line voltages make work­ 
ing conditions less comfortable for tech­ 
nical staff, and increase the hazards re­ 
sulting from electric shocks. 

Therefore, the maximum voltages al­ 
lowable are necessarily a compromise 
between the limits desirable for com­ 
fort and possibly safety and the higher 
values desirable for economic and tech­ 
nical reasons. Safety must of necessity 
be the major consideration, but the 
limits should be realistic within the 
range of present knowledge. 

This article presents a summary of 
previously published papers on electrical 
safety and deals with the various aspects 
of electric shock; the main purpose is 
to provide a guide to the determination 
of the most suitable approach to safety 
in any particular case. In addition the 
results of some measurements of human 
body and skin resistances carried out 
by the authors are discussed. The article 
indicates voltages that may be considered 
safe under most circumstances but the 
figures given have not been adopted as 
A.P.O. standards. 

ELECTRIC SHOCK 

General 
Early experimenters in the field of 

electrical safety attempted to relate the 
applied voltage to the severity of an 
electric shock but were unable to obtain 
any conclusive results. Then in 1936, the 
experimental work of Ferris, (Ref. 1) 
and of Kuowenhoven (Ref. 2) estab­ 
lished a relationship between the current 
flowing through the body and the effect 
on the heart. Since then a number of 
further observations have been made, 
correlating the current flow and dura­ 
tion with such effects on. the victim as 

* Mr. Pimm is Engineer Class 2, Kempsey, 
N.S.W. See Vol. 16, No. 1, Page 87. 

* Mr. Byass is Engineer Class 2, Country Sec­ 
tion, W.A. 

sensation, muscular contraction, respira­ 
tion and heart action. 

It has been established that there are 
four basic categories of electric shock. 
In order of increasing severity these are 
the threshold of perception, the 'let-go' 
value, the fibrillation value and the 
paralysis value. 

The Threshold of Perception 

This is the value of current through 
the body which first becomes perceptible. 
Dalziel and Mansfield (Refs. 3 and 4) 
showed that the average threshold of 
perception through the body of males 
for 60 Hz sine-wave a.c. is about 1 mA 
and for d.c. is about 5 mA. They further 
determined that the peak current and not 
the r.m.s. value is the controlling factor 
for nerve stimulation and that the per­ 
ception threshold increases with increas­ 
ing frequency. Fig. 1, which is taken 
from Ref. 4, presents these results as 
three curves. The 0.5% curve shows the 
current value at which 0.5% (1 in 200) 
of the subjects would just be able to 
detect the current flow through their 
body. Similarly the 50% and 99.5% 
curves show current which would be 
detected by 100 and 199 out of 200 
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persons. These values are for percep­ 
tion by the hand holding a small copper 
wire. Tests with different electrode areas 
show variations in the threshold as 
some areas of the body are more sen­ 
sitive than others. For example, on the 
tongue 45 micro-amperes d.c. is percep­ 
tible to 50% of persons. 

'Let-go' Value 

For a.c., as the current flow is 
increased above the perception threshold, 
the effect on the muscles becomes more 
severe with pain increasing and the 
muscles tending to contract. Eventually 
muscular control is lost and a person, 
who is firmly holding terminals or elec­ 
trodes, may be unable to release himself 
from· the circuit. The current at which 
this occurs is referred to as the 'let-go' 
value. The value is also known as the 
threshold of decontrol and as the 'can't 
let-go' value. 

For d.c., Ref. 5 indicates that the 
'let-go' value is related to the voluntary 
endurance of pain rather than loss of 
muscular control, D.C. produces sen­ 
sations of heating rather than muscular 
contractions and the reaction and shock 
produced by the sudden change in cur- 
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current of 12.5 mA (crest value). Before 
using Fig. 3 for combined a.c. and d.c. 
currents, Ref. 5 should be consulted. 

The Fibrillation Value 

In some electric shocks, a heart con­ 
dition known as ventricular fibrillation 
occurs. This is an unco-ordinated action 
of the muscle fibres in the ventricles of 
the heart, in contrast to their normal 
co-ordinated and rythmic contractions. 
The heart seems to quiver rather than 
beat, its pumping action ceases and the 
failure of blood circulation results in 
death in a few minutes. It is also stated 
(Ref. 1) that once ventricular fibrillation 
is started it is unlikely to cease naturally. 
However, external heart massage can 
keep a victim alive pending defibrillation 
at a hospital. 

Because of the dangers involved, ex­ 
perimental work (Refs, 1 and 6) was 
carried out on animals of various types 
and the results form the basis for 
estimating the corresponding danger 
values for humans. 

The fibrillation value varies with the 
duration of the shock and with the 
body weight. For a.c., Ref. 6 indicates 
that currents as low as 7.4 mA and 5.4 
mA may result in fibrillation in shocks 
exceeding 5 seconds in duration for body 
weights of 70 Kg (154 lb.) and 50 Kg 
(110 lb.) respectively. These values, of 
course, apply to currents flowing on a 
path, for example, through the chest 
cavity, that takes them close to the 
heart. Published data of fibrillation 
values for d.c. were not reviewed by 
the authors. 

rent when releasing the test electrode 
causes the subjects to decline releasing 
at higher current values. 

The danger in currents at or just above 
'let-go' currents is that they may cause 
fibrillation (see next section) within a 
few seconds. If not, the continued con­ 
tact will cause blisters which lower the 
contact resistance and result in the cur­ 
rent rising and perhaps reaching fibril­ 
lation values. 

Considerable experimental work has 
been carried out on human subjects to 
determine 'let-go' values for current 
flow through the body (Ref. 5). Owing 
to the wide variations between the re­ 
sponses of different subjects it is not 
possible to define a current that is safe 
for all persons, however, for practical 
purposes the value at which 99.5% of 
healthy adults can still 'let-go' is usually 
regarded as being safe. Graphs of 'let­ 
go' values are shown in Figs. 2 and 3 
(taken from Ref. 5). The two important 
points are the d.c. maximum safe cur­ 
rent of 62 mA and the a.c. maximum safe 
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The Paralysis Value 

When the body is subjected to electric 
currents in excess of about 10 amps for 
a few seconds the chances of the victim 
surviving may be greater than for more 
moderate shocks. The reason for this 
apparent anomaly is that while lower 
currents may cause ventricular fibrilla­ 
tion, a large current produces paralysis 
involving severe contraction of the body 
muscles, including those of the heart. If 
the duration of the current flow is 
brief, the heart will usually automatically 
resume its normal action. However, the 
passage of large currents has severe 
secondary effects such as severe tissue 
burns and temporary paralysis of varying 
severity due to disruption of the nervous 
system. 

Intermittent Shocks 

When electric shock is caused by a 
series of individual short pulses or bursts 
of current through the body, the mag­ 
nitude of the individual shocks and the 
time interval between them are impor­ 
tant. If the time interval between the 
current bursts is very short the victim 
may not be able to release the circuit 
before the next current pulse and the 
effect is similar to a continuous current. 
Tests carried out by Dalziel (Ref. 5) 
using 60 Hz current 2 to 4 mA above 
the individual's 'let-go' current, indicate 
that the 'let-go' time is about 0.4 
seconds. 

When the time interval between 
shocks with current in excess of the 'let­ 
go' value, allows the circuit to be re­ 
leased during off time the possibility of 
fibrillation after the initial shock is 
critical. Work in this field is described 
in Ref. 1, 6, 7, 8 and 9, but there is no 
general agreement among researchers as 
to the current levels and durations that 
should be considered dangerous. In par­ 
ticular the effects of duration relative to 
the heart beat period are in dispute. 

Examples of intermittent voltage in 
use are electric fence controllers which 
employ a repetitive capacitor discharge 
with off times of between 0.75 and 1.0 
seconds and interrupted ringing voltage 
in telephone systems which have off 
times of 2 seconds. 

Shocks Caused by Single Pulses 

Single pulse shocks can be caused by 
lightning, discharge of high voltage 
capacitors or by power circuits protected 
by fast acting circuit breakers. 
When the current pathway is through 

the chest, a far greater shock than is 
required to produce venticular fibril­ 
lation is necessary to cause respiratory 
inhibition and damage to the nervous 
system. Thus the danger criterion is the 

rmrnmum energy likely to cause ven­ 
tricular fibrillation in healthy adult 
males. 

Ref. 10 suggests that for shocks shorter 
than one heart beat cycle, it is necessary 
to consider the energy absorbed by the 
body, and suggests safe limits of 0.054 
Rb watt-seconds for oscillatory dis­ 
charges and 0.108 Rb watt-seconds for 
surge discharges assuming the external 
circuit resistance is negligible. (Rb is the 
resistance of the body). In the case of 
high voltage discharges, Rb may be 
taken as 500 ohms since the skin resis­ 
tance breaks down to an insignificant 
value. Thus it can be assumed that for 
short high voltage discharges, the limits 1 

are 27 watt-seconds for oscillatory dis­ 
charges and 54 watt-seconds for surge 
discharges. 

Other researchers however favour 
criteria <b'ased on currents and suggest 
that currents up to one amp may be 
safe if the duration is less than about 
half a heart beat cycle. 

Analysis of known cases of high vol­ 
tage accidents indicate that some victims 
have lived after receiving energy from 
surge discharges of up to 25,000 watt­ 
seconds although in one fatal accident 
the energy absorbed from an oscillatory 
discharge was only 23.5 watt-seconds. 
Hence it can be seen that, at this stage, 
limits for pulse shock, must be regarded 
as tentative only. 

RELATION BETWEEN CURRENT 
AND VOLTAGE 

General 

The foregoing has served to indicate 
the importance of current rather than 
voltage as the main criterion in electric 
shock. However, the voltage must be 
considered; frequently it is the only 
known parameter and the current has 
to be calculated from it. 

The current flowing depends on the 
applied voltage and the total circuit re­ 
sistance and hence before a voltage can 
be regarded as safe, an estimate must 
be made of the total resistance of the 
circuit. In a practical case the internal 
impedance of the voltage source and 
other fixed circuit parameters are 
usually known, but the resistance of the 
current path through the body is not. 
This resistance is affected by internal 
body resistance, skin resistivity and area 
of contact. 

The internal resistance of the body, 
i.e. underneath the skin, is relatively low 
because body fluids due to their salinity 
are good conductors. An internal resis­ 
tance of 500 ohms between any two 
limbs is typical. The resistance decreases 

with increasing voltage and current flow, 
and has been shown to be proportional 
to the voltage raised to the power 1.98 
(Ref. 11). The resistivity of dry skin 
can vary between about 70,000 to 100,000 
ohms per square centimetre with the 
value depending to a certain extent on 
the callousness of the skin, its clean­ 
liness, and its chemical and moisture 
content. When the skin is thoroughly 
wet the value can fall as low as 1000 
ohms per square centimetre while in the 
case of contact with high voltages or 
prolonged contact with lower voltages, 
sufficient heat can be developed to cause 
blistering which considerably reduces 
the resistivity of the skin. 
Thus with dry skin and a contact area 

of 10 sq. ems. the skin would contribute 
about 7,000 ohms to the 7,500 ohms re­ 
sistance of the path through the body, 
but the contributions could fall to as 
little as 100 ohms for the same contact 
area of wet or blistered skin, leading to 
total resistance of only 600 ohms. 

A.P.O. Tests 
A series of measurements, intended as 

a pilot study, were carried out by the 
authors to test the relationship between 
current and voltage, and to determine 
the range of body resistances to be ex­ 
pected in work on telephone lines. The 
subjects were a group of 33 Australian 
Post Office Engineers of various ages 
and the measurements were made under 
controlled conditions of temperature 
(70°) and humidity ( 45%). 
The tests simulated two extremes of 

skin contact area. In the first (Test 1) 
the subject was required to hold a wire 
between the thumb and forefingers of 
each hand thereby completing a circuit 
through the body. In the second, (Test 
2) the subject held an aluminium tube 
(1 in. diam.) with one hand and com­ 
pleted the circuit with a firm grip on a 
pair of pliers. 
The tests were conducted with d.c. 

starting at 10 volts and increasing in 
steps of 10 volts to 60 volts. The sub­ 
ject resistance in the first test varied 
from about 20,000 ohms to 400,000 
ohms; in the second test, with a greater 
contact area, resistances ranging from 
3,000 ohms to 10,000 ohms were re­ 
corded. A feature of the results was 
the variation of resistance with voltage 
throughout the tests. Fig. 4 shows the 
average of all results obtained. 
The subjects also commented on the 

degree of discomfort experienced. No 
subjects experienced discomfort in Test 
1 and most experienced some discomfort 
in Test 2; five subjects were unable, or 
unwilling, to proceed beyond 50 volts. 
The current flow in these five either 
equalled, or exceeded, the value for other 
subjects at 60 volts. 
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VOLTAGES PERMITfED BY A.P.O. 

There are a wide range of voltages 
used in the A.P.O., determined to a large 
extent by the technical requirements of 
the particular circuits. These range from 
magneto local battery requirements of 
3 volts d.c. up to 150 volts d.c. for 
'charge over trunk' circuits to remote 
country exchanges and even higher a.c. 
and d.c. supplies for some special pur­ 
poses, e.g, up to 1,500 V for coaxial 
cable power feeding system. Some A.P.O. 
specifications have specified maximum 
a.c. voltages ranging upwards from 40 
volts (r.m.s.) (Refs, 12, 13, 14 and 15). 
The standard d.c. voltage for C.B. and 
automatic exchanges is a nominal 50 
volts but in special cases higher d.c. 
voltages are used, e.g. I 00 volts for 
signalling repeaters over high resistance 
junctions and trunks. 
The alternating voltage for ringing 

purposes has an r.m.s. value ranging 
from 7 5 volts to 100 volts, but is inter­ 
rupted having a maximum break of 2 
seconds. 
In each case the hazard to field staff 

of the voltages used has been considered 
and special safety precautions have been 
applied. 
For example, the power supplied for 
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remote repeaters on coaxial cables is 
removed before staff are allowed to work 
on the cables or associated equipment; 
stringent precautions are taken to ensure 
that the supply cannot be reconnected 
during work. 
Impulse voltages are also applied to 

lines e.g. dialling impulses and telegraph 
signals. Oscillographs taken for typical 
circuit configurations show that the vol­ 
tage between lines during dialling 
reaches almost 200 volts for about 10 
milliseconds and is around 50 volts for 
the remaining period of each impulse. 
Between the battery leg and earth the 
peak voltage is about 150 volts for 10 
milliseconds. In telegraph work, the tests 
showed that voltage did not exceed 50 
volts. 

BASIS FOR SAFETY STANDARDS 
The determination of voltage stand­ 

ards for safety purposes is difficult as 
shock hazard is more directly related to 
current than to voltage. The current 
although a function of the voltage is 
far more dependent on the surface con­ 
tact area and the condition of the skin. 
The current is also dependent on the 
impedance of the voltage source. 

Standards for safety may be determin- 

ed in several ways. Firstly, the voltage 
may be limited to a value which has 
been accepted and used without accident 
for a long period of time. This approach 
however, also limits possible technical 
developments and thereby hinders pro­ 
gress and mitigates against cost reduc­ 
tion. The second method, arising from 
the dependence of shock hazard on cur­ 
rent flow, imposes a current limitation 
by circuit design (impedance of voltage 
source) thereby allowing a higher line 
voltage than would otherwise be safe. A 
third method, used with a.c. power sup­ 
plies, employs a relay to remove power 
when the earth leakage current of a 
superimposed d.c. exceeds a given value 
(Ref. 16). It may be desirable in some 
cases to deny access to high voltage 
circuits until all power has been remov­ 
ed. This approach is used on coaxial 
cables and associated equipment. 
Each of the foregoing implies that no 

special training is needed of staff re­ 
quired to work on the associated line or 
equipment. The alternative to all of these 
is to thoroughly train staff in the pre­ 
cautions required to safely maintain 
lines and equipment when operating at 
high voltages. 

SUMMARY 

There is no voltage (a.c. or d.c.) which 
can be said to be unconditionally safe 
for all people or even for all adult 
males. 
The difficulty in determining a safe 

voltage arises from the variability of 
the resistance of the current path 
through the body and of the 'let-go' cur­ 
rent of individuals. Conservative values 
must be placed on these to obtain a 
reasonably safe voltage. During normal 
A.P.O. activities, this resistance is rarely 
lower than 2000 ohms. Using this value 
and the currents at which 99.5% of 
subjects can let-go, i.e. 62 mA d.c. and 
12.5 mA crest value for a.c., the safe 
voltages would be:- 
D.C. - 120 volts 
A.C. (Sinusoidal) - 18 volts r.m.s. 
A.C. (Other waveforms) - 25 volts peak. 
These values may be conservative, be­ 

cause the skin contact area with wires 
or terminals is usually much smaller. 
However, these voltages although con­ 
sidered safe, may cause mild to painful 
shock, depending on the particular skin 
conditions. It should be realized that 
even the present exchange battery vol­ 
tages applied to auto and C.B. lines 
may cause similar painful shocks in some 
conditions but the incidence of such 
shock would rise considerably if signific­ 
antly higher, but still safe, voltages 
were used extensively in the local cable 
network. 

Safe conditions may be obtained by 
current limiting devices and some pre­ 
sent specifications provide that circuit 
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design shall be such that no more than 
10 mA a.c. or 60 mA d.c. can flow 
continuously through a resistance of 
2000 ohms placed across the power feed­ 
ing terminal. Frequently 50 mA d.c. is 
specified. 
Under current limited conditions, the 

total circuit voltage is less important and 
may be quite high. The voltage limit will 
then be determined by the capacitance 
of the line and the maximum energy 
which may be stored. This may then be 
related to the maximum energy which 
can be discharged through the body 
without causing ventricular fibrillation. 
As an example, the high voltage test on 
coaxial cable is applied with a current 
limited device capable of charging the 
line to 2kV but limited in continuous 
current to some hundreds of microamps. 
Calculations show that a repeater length 
(approximately 6 miles) of coaxial cable 
charged to 2kV would probably cause 
heart fibrillation if discharged across the 
chest. 
High voltage from non-limited cur­ 

rent sources must be restricted to those 
applications where power is removed be­ 
fore access to the high voltage conductors 
is permitted, unless special staff training 
and equipment can be shown to be 
effective. 
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TECHNICAL NEWS ITEM 
EXTENSION OF OPERATING 
FREQUENCY OF OPEN WIRE 

LINES 

Consideration is being given to the 
possibility of utilising the frequency 
spectrum of open wire pairs of wires 
above the conventional 12 channel open 
wire frequency of 143kHz. A new 48 
channel open wire carrier system which 
operates in the frequency range from 
312-808kHz developed in France by 
Telecommunications Radioelectriques et 
Telephoniques (TRT), provides C.C.I.­ 
T.T. quality circuits and offers a pos­ 
sibility of exploiting the vast as-set in 
open wire lines available in Australia. 
The exploitation of higher frequency 

capabilities of open wire lines to pro­ 
vide substantially increased capacity per 
pair is dependent on being able to re- 

duce the mutual pair couplings between 
pairs to a very low level when more 
than one system is to be installed on a 
route. It may in fact be pos·sible to in­ 
stall one system only on a suitably 
transposed pair of wires on any existing 
pole route. For the installation of 
two 48 · channel systems· on a route plus 
two standard 12 channel systems, two 
possible special wire configurations are 
being examined:- 

(i) Using two pairs of wires with 
wire to wire spacing of 8 in. and 
between pair spacings of 93 in., 
with the wires arranged in a 
parallelogram formation result­ 
ing in zero mutual couplings be­ 
tween pairs. Two pairs of wires 
on any existing route with pole 
spacings up to 4 chains could be 

readily converted to the correct 
geometrical configuration. 

(ii) For new construction a special 
route configuration deve'opment 
by TRT for 48 channel open wire 
systems employs two pairs of in­ 
sulated copper-clad steel wires 
with wire to wire spacing of 
2 in. and at least 24 in. between 
pairs. Very frequent relative 
transpositions are installed using 
light polythene, inspan, roll type 
transposing devices on long span 
(8-10 chain pole spacing) con­ 
struction. 

While it is too early to draw positive 
conclusions as to the future role of the 
48 channel open wire systems, prelim­ 
inary economic studies indicate that 
there could be a sizeable field of ap­ 
plication in Australia. 
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M. F. LETTE 

M. F. LETIB, author of the article, 
'Installation of Lead Sheathed Cables on 
Bridges', joined the Department in 1947 
as a Cadet Draftsman. After qualifying 
as a Draftsman in 1951 he spent five 
years in the Equipment and Survey Sec­ 
tions. In 1956 he qualified as an Elec­ 
trical Engineer and took up an appoint­ 
ment as Grade 1 Engineer, No. 2 Primary 
Works in 1957. He was promoted in 
1958 to the position of Group Engineer, 
District Works and was later transferred 
as Group Engineer, Primary Works. 
In 1961 when installing ducts and 

cables for the COMPAC Cables project 
Mr. Lette became interested in the prob­ 
lem of damage as a result of blasting 
operations in built up areas and under­ 
took formal studies in this field at the 
Sydney Technical College in 1962. 

Mr. Lette is a Member of the Insti­ 
tution of Engineers, Australia. 

* S. S. MINZ, author of the article, 
'Poling Patterns for Peak Voltage Re­ 
duction', was in charge of production 
planning in one of Tata's engineering 
works which was manufacturing com­ 
munication equipment under the con­ 
trol of the R.A.F. in Bombay during 
the last war. He obtained a B.E.E. 
degree from Melbourne University in 
1952 and joined the Postmaster­ 
General's Department as an Engineer 
in the Traffic and Trunking Division, 
Victoria, in 1953. He transferred to 
the Radio Section where he was ap­ 
pointed a Class 2 Engineer in charge 
of Lyndhurst H.F. Radio Station. He 
was responsible for the installation 
of radio transmitters, and took part 
in the construction of a novel high 
power h.f. line switching system at 
this station. From 1957 he was in 
charge of installation of radio tele- 

S.S. MINZ 

phone systems in Victoria and later 
joined the Engineering Studies Divi­ 
sion where he was working on pro­ 
blems of engineering management and 
industrial engineering. In 1966 he 
joined the Long Line Equipment Sec­ 
tion, Headquarters, where he has been 
engaged in transmission testing of 
signalling equipment, the installation 
of a Data Logging System for the 
automatic recording of transmission 
levels, and in studies of broadband 
carrier loading problems. 

* E. R. CRAIG, author of the article, 
'Space Systems and Radio Astronomy - 
1968 Interim Meetings of C.C.I.R. Study 
Group IV', joined the P.M.G.'s Depart­ 
ment as an Engineer Grade 1 in Novem­ 
ber 1949. He served in the Radio Sec­ 
tion, Headquarters, and then in the South 
Australian Administration where he was 
concerned with radio-telephone and 
broadcasting equipment design, installa­ 
tion and maintenance. In 1954 he 
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G. S. BYASS 

was promoted to the Research Labo­ 
ratories, as Divisional Engineer and 
for the three years 1961 to 1964 
was on loan to the British Post 
Office for work on the satellite com­ 
munication projects 'Telstar' and 'Relay'. 
On his return from the U.K., Mr. Craig 
took charge of the Transmission Media 
Sub-Section in the Research Laboratories 
and was appointed Sectional Engineer 
in 1965. This sub-section is responsible 
for research in radio propagation, trans­ 
mission lines, computational techniques 
and satellite communications. 

* G. S. BYASS, co-author of the article, 
'Safety Aspects of Voltages Applied to 
Telephone Lines', commenced with the 
Postmaster-General's Department in 
Western Australia as a Cadet Engineer 
in 1958. He graduated Bachelor of En­ 
gineering, from the University of W.A. 
in 1961. After appointment as Engineer, 
Class 1 in 1962, he served in Country 
Workshops and Equipment Service Divi­ 
sions in W.A., before going to Head­ 
quarters, Lines Section, on temporary 
transfer for two years as Acting Engineer, 
Class 2 with the Service and Mainten­ 
ance Sub-Section. During this period 
special investigations into the potential 
safety hazaz ds of electrical voltages in 
use in the telephone network were 
carried out. 

* K. E. KEIR, co-author of the article, 
'Conductor Jointing in Part Privately 
Erected Telephone Lines,' studied Metal­ 
lurgy at the Melbourne Technical Col­ 
lege, and after a period of employment 
in private industry joined the P.M.G. 
Research Laboratories in 1963. He is at 
present a Metallurgist Class 2 in the 
Chemistry and Metallurgy Sub-section of 
the Laboratories. 
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S. DOSSING, author of the article, 
'C.C.I.T.T. IVth Plenary Assembly - 
Mar Del Plata, Argentina, 1968', receiv­ 

-ed his M.Sc.E.E. Degree with Honours 
from the Technical University of Den­ 
mark in 1945. After a period as assistant 
to the Professor of Telecommunications 
he joined the Engineering Sales Division 
of Philips in Copenhagen transferring 
later to Messrs. H. Buch and Company, 
Copenhagen, where he was responsible 
for sales, installation and service of a 
wide range of telecommunications equip­ 
ment, radar equipment and scientific 
instruments. 
He was employed by the P.M.G.'s 

Department in 1949 and spent the period 
from 1949 to May, 1964, in the Long 
Line Equipment Section where he ad­ 
vanced to Sectional Engineer, Design. 
Throughout this period, he was concer­ 
ned with type approval of new equip­ 
ment and overall network aspects. In 
May, 1964, Mr. Dossing was promoted 
to Assistant Director-General, Systems, 
P.M.G. Research Laboratories. 
Mr. Dossing has been actively associat­ 

ed with C.C.I.T.T. work and participated 
in meetings in Montreal in 1962 for a 
period of four weeks, Plenary Assembly 
and Study Group meetings in Geneva in 
1964, and also in the Plenary Assembly 
and Study Group meetings in Mar Del 
Plata, Argentina for five weeks. 
Mr. Dossing has contributed a number 

of articles to Danish, English and Aus­ 
tralian Journals, the present article being 
his seventh published in this Journal. 

* T. ALLAN, co-author of the article, 
"Erlang Meters in ARM Exchanges', 
joined the Postmaster-General's Depart­ 
ment in Melbourne as a Technician-in­ 
Training in 1952, qualifying as a Tech­ 
nician in 1957 and later as a Senior 
Technician. Following completion of 
his training he was employed in the 
Country Installation, No. 2 Division, 
Victoria, and was engaged· on the instal- 
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lation of magneto, sleeve control, 2VF 
and Step-by-Step Equipment. Mr. Allan 
constructed the initial model ARK 521 
Crossbar Exchange in Victoria, which 
provided training facilities for Technic­ 
ians and Senior Technicians in the early 
stages of the ARK installation pro­ 
gramme. In July, 1964, he was promoted 
to Acting Supervising Technician, Grade 
1 in Country Installation, No. 5 Division, 
where he supervised the installation of 
Step-by-Step, S.T.D. and coaxial carrier 
equipment. 
For the past 3½ years he has been 

associated with the Victorian ARM De­ 
sign and Co-ordination Group and as­ 
sisted with the establishment of the 
Geelong ARM Exchange network, pre­ 
paring installation and testing instruc­ 
tions. Mr. Allan took an active part in 
prototype and commissioning tests for 
the Geelong network. Since the Geelong 
ARM cutover, he has been carrying out 
special investigations in connection with 
the documentation of outstanding mis­ 
cellaneous service control equipment for 
ARM exchanges. It was during this 
period that an investigation was made 
into the provisioning of erlanghour 
meters in ARM Exchanges, this work 
culminating in the issue of a survey 
diagram, Erlang Meter Rack appro­ 
priation and wiring details, together with 
a comprehensive instruction on the instal­ 
lation of erlanghour meters in ARM 
exchanges. 
Mr. Allan is currently occupying the 

position of Supervising Technician, 
Grade 2, Special Investigations. 

* S. A. HOWARD, author of the article, 
'PERT in the Light Engineering Field', 
joined the Postmaster-General's De­ 
partment as a Junior Postal Officer 
in 1948. He transferred to Exchange 
Installation in 1954 and qualified as a 
Senior Technician in 1959. In 1962 he 
moved into the position of Technical 
Officer Grade:?(Work 'Stuµy Officer) and 

S. A. HOWARD 

participated in a seven weeks full time 
Work Study Course with Central Office. 
As Work Study Officer, he introduced 
PERT to Exchange Installations in 
Queensland and has implemented the 
project scheduling and control system 
used by the Brisbane Exchange Instal­ 
lation Divisions. 
He completed a Work Study Certi­ 

ficate Course at the Brisbane Technical 
College in 1964 and has presented numer­ 
ous lectures and training courses on 
Project Management, with particular 
reference to PERT/CPM and resource 
utilisation. These included lectures and 
courses for the Institute of Industrial 
Engineers, the Commonwealth Public 
Service Board Regional Management 
conference, Work Study Certificate stud­ 
ents, senior staff of the Ipswich City 
Council, and numerous Departmental 
personnel. 
For the past two years he has been 

on the Queensland Divisional Council of 
the Institute of Industrial Engineers, and 
is an Associate Member of the Institute 
of Industrial Engineers. 

* 
N. J. SADLER, co-author . of the 

article, 'Conductor Jointing in Part Pri­ 
vately Erected Telephone Lines', com­ 
pleted a B.Sc. in Physics at Melbourne 
University in 1956 and part-time studies 
at Melbourne University Electrical Engi­ 
neering School during 1957. From 1958 
to 1959 he was employed as an Engineer 
Grade I by the Laboratory Equipment 
Division of the P.M.G. Research Labora­ 
tories and was admitted to Fellowship 
of the Royal Astronomical Society in 
1958. During 1959 and 1960 he was 
employed as a Geophysicist Grade I by 
the Bureau of Mineral Resources, Geo­ 
logy and Geophysics and as a Technical 
Officer by the Radio Branch of N.Z.P.O. 
in Wellington. Mr. Sadler has been a 
Physicist in the Physics Division of the 
P.M.G. Research.Laboratories since 1961. 
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ANSWERS TO EXAMINATION QUESTIONS.· 
Examination No. 5789, 26th June, 1969, and subsequent dates, 
to gain part of the qualifications for promotion or transfer as 
Senior Technician (Telecommunications) Telegraphs, Post- 

master-General's Department. 

TELEGRAPH EQUIPMENT. 

QUESTION 1 (a): 
Describe with the aid of Fig. 1 the transmission from a 
Siemens Model 100 keyboard of: 
(i) current. 

are assigned to the variable elements of the five unit code, and 
the sixth cam controls the transmission of start and stop 
elements. Operation of the transmitter cam sleeve is controlled 
by a one-revolution clutch tripped at the time the code-bars 
are set to the combination selected. The MIO0 has only one 
transmitter contact which is adjustable by means of a locking 
screw, the transmitter shaft has a zero-setting and anti-bounce· 
facility, and the unit is of such a design that an answerback 
facility can be associated with the transmitter. 

29 

28 

26 ----~~ 

25 ~----- 

QUESTION 2: 

An inverse neutral hub circuit is in full conference connection 
to a single current machine loop. Relay PRA accepts signals 
from the hub and repeats them to the machine loop and repeats 
them to the hub. 

QUESTION 2 (a): 

Sketch the basic circuit needed to arrange this signalling con­ 
version. Component values may be omitted but designations 
or notes to explain the relay conditions for mark and space: 
should be included. 

ANSWER 2 (a): 

See Fig. 2. 

5 
Fig. 1 

(ii) no current signals. 
~f-11, 

ANSWER 1 (a): 

(i) When code bar 8 is moved to the right it causes bell­ 
crank 1 to move setting lever 24 out of the path of code 
lever 22. This allows the code lever to follow the surface 
of cam 25, and raise the bail 23. The bail swings the 
rocker 27 under the right arm of the switching shaft 20. 
When the rocker cam peak 26 raises the rocker lever 21 
the switching shaft 20 is turned counter clockwise, turning 
the switching plate 30 away from the lever spring, allowing 
the contacts to close. 

(ii) Code bar 8 moved to the left causes the bellcrank to place 
the setting lever in the path of the lower extension of the 
code lever. The code lever cannot follow the cam surface 
and does not raise the bail. Spring tension on the bail 
holds the rocker under the left arm of the switching shaft. 
When the rocker cam raises the rocker, the switching shaft 
is turned clockwise, and the switching plate opens the 
contacts. 

QUESTION 1 (b): 

Describe the Teletype Model 15 keyboard transmitter and 
indicate what advantages the Siemens Model 100 system may 
have over it" 

ANSWER 1 (b): 
The M15 KT has six signalling contacts each cam-controlled 
by a contact lever. Five contacts and associated locking levers 

PEFiM"-NENT 
SP.o.CE BIAS 

Fig. 2 

(i) When there is current in the hub, it is approximately 
double bias current, and controls PRA to space. 

(ii) When there is current in PRB line coil, it is approximately 
double bias current, and controls PRB to mark. 

QUESTION 2 (b): 

Discuss the possible sources of bias being introduced in the 
signalling in the hub. 

ANSWER 2 (b): 

The transit times M-S and S-M both add to the no-current 
period in hub relays and introduce space distortion. CR net­ 
works added to the hub correct the space bias by prolonging 
the current period after the signalling tongue lifts off space. If 
too much capacity is employed, for instance when the number 
of connections is variable, the overcorrection can introduce, 
mark distortion. 

QUESTION 3: 
A Creed Model 7 teleprinter is installed at a metropolitan Tress 
outstation, and distortion measurements are to be made on 

A.nswer, 
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incoming signals on line at the outstation. A B.A.T.E. T.D.M.S. 
type 6 with the following controls is to be used: 

Speed Range 
Fine Speed 
Signal (Mode and Polarity) 
Unit Code 
Cont.jStart-Sto p 
High/Low Sensitivity 
Display 

QUES'l10N 3 (a): 

Describe the procedure to set up the instrument and read 
incoming text from the exchange. 

ANSWER 3 (a): 

Speed Range-50 bauds. 
Fine Speed-adjusted to known correct setting or by fork if not 

known. 
Signal mode-D.C. -ve M. 
Unit Code~?. 
Cont-Start Stop-Start Stop. 
High-Low Sensitivity-Low. 
Display-M.S. & S.M. 
Connect Input 1 or 2 to receive side of line and select correct 
input by switch. 

QUES'l10N 3 (b): 

What is implied if the incoming signals were said to be 
isochronous? How should the degree of isochronous distortion 
be measured and how would this differ from the degree of start­ 
stop distortion? 

ANSWER 3 (b): 

Isochronous signals are signals in which transitions are 
separated by unit element intervals or whole number multiples 
of unit element intervals. It is implied they are not hand sent, 
and not sent by start-stop apparatus. 
Isochronous distortion should be measured on the Continuous 
setting, and after observation over a specified period, the 
maximum difference between the earliest and latest transitions 
quoted as a single reading. It differs from start-stop distortion 
in that it does not separate "early" and "late" distortion, but 
lumps them together as the sum. 

QUES'l10N 4 (a): 

Draw current and voltage waveforms you would expect to see 
at the tongue of a 4H39 relay sending polar signals into an 
artificial wholly resistive line. 

ANSWER 4 (a): 

See Fig. 3. 
S +SOY 

M -SOY 

7 I I C l I I I 

S +25,....A 

M·25mA=:=J 
7 C7 r:= I I I I 

Fig. 3 

QUESTION 4 (b): 

Discuss why this signal should not be transmitted into telephone 
cable. 

ANSWER 4 (b): 

It contains considerable energy in the audible spectrum, and 
would cause audible interference in other circuits in the cable. 

QUES'l10N 4 (c): 

Show in a circuit the standard filter section included to modify 
the send waveform and sketch the modified current waveform. 
What has happened to the waveform in terms of its frequency 
spectrum? 

ANSWER 4 (c): 

See Fig. 4. 

Fig. 4 

The higher frequency components have been removed. These 
contribute to the square edge on the leading edge of the wave­ 
form. The rounding is the result of their removal. 

QUES'l10N 5 (a): 
Show in simplified or block diagram form the method of 
deriving: 
(i) a single telegraph circuit on a physical speech pair; 
(ii) a number of telegraph channels from a speech channel. 

ANSWER 5 (a): 
(i) See Fig. 5. 

[_ 
l.P. 
FILTER 

Fig. 5 
(ii) See Fig. 6. 

FROM 
TELEG. 
EQPT 

SEND 
FILTER I BEARER 

(SPEECH 
CHANNEL 

.,_ 

Fig. 6 

Answers 

\ 
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QUESTION 5 (b): 

Explain, for each of the cases above, how the· telegraph signal­ 
ling does not interfere with other circuit on the same bearer. 

ANSWER 5 (b): 

(i) Each transformer has balanced centre-tapped coils, and the 
lines are of equal resistance, shunt capacitance and leakage. 
D.C. signals divide equally in the transformer line winding 
halves and there are equal currents in each leg of the line. 
These currents produce cancelling flux fields in the trans­ 
former coils at both ends of the line. 

(ii) This is referred to as frequency division multiplex. The 
energy from each channel is assembled into its own band 
in the spectrum. Filters at the send end ensure that no 
components outside the band are injected, and at the receive 
end, no components outside the band are accepted. In 
practice, the filter rejection is not infinite, but interference 
is avoided by keeping the filter characteristics sharp enough 
to avoid trouble. 

QUESTION 6 (a): 
Draw the magnetic circuit and explain the operation of: 
(i) the Carpenter type 4 each side stable polarised relay; 
(ii) the Clare HGS5000 series each side stable polarised relay. 

ANSWER 6 (a): 
(i) See Fig. 7. 

Fig. 7 

When current flows in the relay coil as shown, the electro­ 
magnet flnx aids the permanent magnet flux in gap A and 
opposes it in gap B, so that the armature is attracted at A as 
this is the area of greater flux. This results in the right hand 
contact making. When current direction is reversed the 
permanent magnet flux is weakened at A by the electromagnetic 
flux and strengthened at B. The armature movement is 
dependent upon the direction of current in the coil, and is each 
side stable. 
(ii) See Fig. 8. 

Fig. 8 

When current flows in the coil, the top end of the armature 
becomes either N or S polarity, depending on the direction of 
current, and reacts with the fields of the permanent magnets. 
Suppose that when terminal 4 is negative, the armature assumes 
a south polarity at the contact end. As the poleface of the 
permanent magnet on the left is north polarity, the armature 
does not move. 

However, when terminal 6 becomes negative, the contact end 
of the armature assumes a north polarity and is repelled from 
the north pole of the permanent magnet on the left, and is 
attracted to the south pole on the right. 

QUESTION 6 (b): 

Describe the action of the motor uniselector in driving and 
tripping, by reference to the explanatory diagram of Fig. 9. 

Fig. 9 

ANSWER 6 (b): 
An outlet is marked and the start contact closed. The latch 
magnet operates and its off-normal contact closes the motor 
circuit. Only one magnet will energise at a time, under control 
of the rotor shaft cams. The energised magnet attracts the 
rotor, and when the rotor pole face is opposite magnet 1 the 
cams change the circuit to energise magnet 2, which then 
attracts the rotor and the sequence repeats. When the marked 
outlet is reached, high-speed relay T is energised and releases 
the latch, stopping the rotor and wiper movement at the correct 
outlet. 

QUESTION 7 (a): 

A Telex subscriber 30150 calls subscriber number 20153. The 
originating subscriber T and K characters are combination 
number 14 (N) and combination number 17 (Q) and the Z 
character is combination number JO (J). 
List for- 
( i) the originating register; and 
(ii) the terminating register 
in the correct sequence the 5 unit start-stop International No. 
2 Alphabet combinations received and transmitted during the 
establishment of the call. Indicate the origin or destination of 
eacli signal. 

ANSWER 7 (a): 

See Fig. 10. 

30150 

l4{N)& 17(0) 

17'(Q) FIGS 20153 

20153 

'T' & 'K' 

FIGS 20153 

'z' 
IQ{J) 

153(Q) 

Fig. 10 
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QUESTION 7 (b): 
What 'class of service' originating subscriber classifications are 
at present defined for private subscribers connected to the 
Telex exchanges? 

ANSWER 7 (b): 
K2-Ordinary subscriber 
K3-Part time subscriber 
K4-Conference-Broadcast 

SLA • LR 

Tfl TKI 

I 

AM 

ANSWER 8 (b): 

Free line 
Call 
Call Confirmation 
Proceed to select 
Selection signals 

-Space, both directions. 
-Mark forward. 
-25mS Mark backward. 
-25mS Mark backward. 
=-Figs. and digits in five unit code forward. 

QUESTION 9: 
Fig. 11 shows the ARBIJJ 'A' Marker circuitry associated with 
the 'c wire' test on calls incoming to a subscriber. 

FOR 

WRU OCC ABS 

I 

KMT 

M 

FID 

Fig. 11 

QUESTION 8 (a): 
Define the following terms associated with signalling in a 
telegraph system: 

QUESTION 9 (a): 

Describe the circuit operation in the case where the called 
subscriber is free and the call proceeds. 

ANSWER 8 (a): 
Free line. Circuit not seized but available for traffic. 
Calling signal. The signal transmitted over the forward signal­ 
ling path to indicate seizure for a call. 
Call co-nfirmation signal. The signal transmitted over the back­ 
ward signalling path following the initiation of a call, to prove 
the continuity of the line and the response of the distant 
terminal equipment. 
Proceed-to-select signal. The signal transmitted over the 
backward signalling path after the call confirmation signal, to 
indicate that the selection information may be sent. 
Selection signals. The signals transmitted over the forward 
signalling path to indicate the number required. 

QUESTION 8 (b): 

Indicate how these apply in the Automatic Telex system by 
describing this sequence in an ARM to ARM trunk. 
Answers 

ANSWER 9 (a): 

When the call sub is free there is -50V on the 'c' wire. Reception 
of the A and B digits operates AB, which operates TF2. TF2 
releases TKl which releases TK2. During the release of TKl, 
PL samples the 'c' wire potential and does not change over. 
When TKl has released, WRU operates. WRU operates GK 
in KMT. GK operates BL in FDR. 

QUESTION 9 (b): 

Indicate briefly the operation of the circuit in the case where: 
(i) called subscriber is busy; 
(ii) the called subscriber has ABS condition. 
TWO~ds - 2/5/69 

ANSWER 9 (b): 

When the sub - is busy, the 'c' wire has earth ori it, so PL 
changes over when it samples the 'c' wire potential. PL operates 
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DER, which connects OCC to the 'c' wire. Relay OCC causes 
OCC service code to be transmitted to the calling subscriber. 
An absent subscriber is one who temporarily closes down his 
telex service over holiday breaks, etc. In such a case a strapping 
is provided between A contacts in AM, and D contacts in 
MIR-A. When TF2 is operated, ABS operates and causes ABS 
service code to be transmitted to the calling subscriber. 

QUESTION 10: 

Describe, with reference to CG1004 sheet 3, the circuit opera­ 
tion when a call from a line finder Tress outstation occurs 
when all per/orators are busy. 
Commence the description with the allotter resting on the 
25th contact and relay LS in the line relay set just operated. 

ANSWER 10: 

Positive battery on R wire operates LS. LS5 connects earth 
to TR which operates. TR operates TRA. TRAl cuts the drive 
circuit of UAL. TRA2 connects earth to UOC, which drives 
to calling outlet. T relay operates to 56011 negative battery 
from LS4. T operates H. Hl connects 'S' pulse to BS and H2 
prepares BS hold circuit. H3 operates HA, H5 operates K, and 
H4 extends the OCC signalling path to PRS via K3 to BS2. 
HAl starts the code generator, HA2 completes the line alarm 
circuit via KS, HA3 opens the UOC drive circuit, and HA4 
connects LA to the R wire via K2. Kl busies the selector 
multiple outlet and K4 disconnects B from the 'P' wire. K6 
releases LS and K7 opens the call lead. 
The S pulse from the code generator operates BS, and BSl 
holds BS. BS3 prepares BZ for the Z pulse. After 'OCC' is 
transmitted to the outstation, Z pulse operates BZ. BZl 
releases H and HA, and BZ2 releases BS. The circuit restores 
to normal when H5 releases K. 

QUESTION 11: 

The parts of this question refer to CG1004 Sheet 3. 

QUESTION 11 (a): 
Describe the events in the cross office circuits that immediately 
precede and lead to the operation of the NA relay. 

ANSWER 11 (a): 
When the line relay set is free, H relay operates to the 
Sequential Start test pulse, and causes B in the Line Relay Set 
and HA in the Cross Office relay set to operate. HA releases 
NS in the Sequential Start relay set, which stops the hunting 
action. 
Bl completes the 'B' wire lead to start the Auto. Numbering, 
and operates NA. 

QUESTION 11 (b): 
Describe the automatic numbering unit operation following the 
operation of relay NA. 

ANSWER 11 (b): 
NAl operates P and energises USU. NAZ prepares to energise 
USP, and NA4 starts the Character Generator. 
The cadence pulse operates NB and NB energises USP. USP 
steps at the end of each cadence pulse. USPl steps around 
the programmed bank and the character generator output leads 
are connected in turn to control PRN in the line relay set. PRN 
repeats the programme to PRS and the Number Bulletin 
Printer. After USP2 releases NA, it steps to the 25th contact 
and earths the B wire. The Reperforator is then identified if 
necessary before transmission proceeds from tape. 

QUESTION 11 (c): 
When an automatic numbering unit is to be used on an outgoing 
interstate channel what wiring change is necessary on USP? 

ANSWER 11 (c): 
The destination state letter is wired to the programme bank 
USP4 and 20011 positive battery is wired to USP2. USP2 wiper 
applies this to the B wire to allow the transmitter clutch to be 
operated for 160mS. The two characters following the interstate 
letter are transmitted from the tape to the N.B.P. and to the 
outgoing reperforator. 

QUESTION 12: 
A Siemens Model JOO Teleprinter is fitted with a tape trans­ 
mitter attachment which has tape in the gate and the tape 
transmitter running. 
Describe with the aid of Fig. 12. 

201 269 243 270 

242 243 244 
244 B 

'#--!--4 ~ if' 244 C 
266 

248 

------249 A 

269 A 

268 249 
Fig. 12 
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QUESTION 12 (a): 

The stopping of the TD by operation of the OFF key. 

ANSWER 12 (a): 
242 pushed down turns 249A counter-clockwise, - which dis­ 
engages 248 from 2. Springs 9 and 267 restore ON key 2 and 
bail 247. Throwout cam 3a bearing on 247A disengages the 
clutch driven member 244, whose abutment stops against 247A. 
266 accurately locates the rest position of the transmitter cam 
sleeve. 

QUESTION 12 (b): 
Two other means by which the TD may be stopped without 
o per at or intervention. 

ANSWER 12 (b): 
End of Tape. Cam 255 offers 269 via 254 to sense the presence 
of tape each cam shaft cycle. When the tape is fed clear of the 
sensing nose, 269 is drawn clockwise by a spring and disengages 
bail 248 from ON key 243. Spring 9 controls the arresting 
action already described. 
Remote Control by Distant Operator. To stop an incoming 
tape transmission from this transmitter the distant operator 
repeatedly hits T key. When the spacing elements of the T 
character coincide with the tape transmitter's stop pulse, the 
GM armature 270 is released. This allows spring 273 to draw 
272 into depression 274A. 272A disengages bail 248 from ON 
key 243 and the transmitter is again arrested. 

QUESTION 12 (c): 
The purpose of the part numbered 301. 

ANSWER 12 (c): 

301 is the feed pawl, controlled by cam 255 via feed lever 254. 
At the beginning of each cycle it slips behind the next tooth 
on the feed ratchet, and at the end of each cycle is drawn 
forward, feeding the tape one character space. 

QUESTION 13 (a): 

What function in a teleprinter is performed by the receiver 
selector mechanism? 

ANSWER 13 (a): 

The selector mechanism responds to the information in serial 
mode in the receive circuit, mechanically stores a mark or 
space condition for each element, and presents the character 
in parallel form to the printing mechanism. 

QUESTION 13 (b): 

Describe briefly the operation <>f: 
(i) a pulling magnet Selector; 
(ii) a holding magnet Selector. 

ANSWER 13 (b): 

A pulling magnet selector has an armature which must be 
attracted by the force generated in the selector magnet by the 
Answ,rs 

received signal, to select a mark condition. If the armature is 
not attracted, a space condition is selected. 
A holding magnet selector has its armature offered to the 
receive magnet pole face under the control of timing cams on 
the receiver shaft. The armature is then freed to sense the 
condition of the magnet before being locked in either marking 
(held) or spacing (released) condition. 

QUESTION 13 (c): 
How could you explain an improved range in a machine fitted 
with the holding magnet selector? 

ANSWER 13 (c): 

Less current is required to hold the armature than is required 
to attract the pulling magnet selector armature. On a given 
circuit, the time during mark elements for which the current 
remains above the value necessary to hold the armature could 
be greater than the time between the operate value and the 
release value of the same signal in the pulling type magnet. 
This would increase the possibility of selecting mark elements. 

QUESTION 14 (a): 

The transmitter shaft clutch in both the Siemens Model 100 
and the Teletype Model 15 teleprinters is engaged following 
the depression of a key on the keyboard. 
Describe for each of these machines the principle of this clutch 
mechanism and its engagement. 

ANSWER 14 (a): 

The clutch of a Model 100 has 3 pawls arranged around a star 
wheel located within a driving drum whose circumference has 
a number of internal teeth. The pawls are disengaged when the 
star wheel projection is held. When the projection is released, 
the pawl springs cause a pivoting action of the star wheel, 
which offers the pawls to the drum teeth. To reduce clutch 
take-up time the pawls are displaced relative to each other by 
1/3 of the drum tooth pitch, and only one pawl engages to drive 
the shaft. 
The Model 15 has two clutch members with equally-spaced 
radial teeth. The clutch members are disengaged by a clutch 
throwout lever. Withdrawal of the clutch throwout lever allows 
the driven clutch member to move (under the control of a 
compressed spring) axially along the transmitter shaft into 
engagement with the driving member. 

QUESTION 14 (b): 

How does the Model JOO printer shaft clutch differ from its 
transmitter shaft clutch and why is the difference necessary? 

ANSWER 14- (b): 

The printer shaft clutch has a fourth pawl which engages in 
the opposite sense to the driving pawls. The purpose of the 
fourth pawl is to maintain the driving and driven clutch 
members in mesh during the load variations which occur 
within the printing cycle. 

QUESTION 15 (a): 

Facsimile recorders in use in the Weather network incorporate 
circuits for level setting, phasing and synchronism. Explain 
these terms and the need for these circuits. 
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Fig. 13 

ANSWER 15 (a): 

Level Setting. The adjustment within the recorder of the 
amplifier gain so that the signal is offered to the marking 
circuit at a set level irrespective of the received level (provided 
the received level is within the adjustment range). Its function 
is to ensure that Marking Power gives the correct degree of 
marking on the chart. 

Phasing. The release of the helix drum at the point on the 
incoming signal corresponding to the point at which the 
transmit drum was released. Its function is to ensure that the 
chart is not divided, but placed correctly on the paper. 
Synchronism. The phased condition, once achieved, is main­ 
tained over the duration of the whole chart. Its function is to 
ensure that the chart does not drift out of shape. 

QUESTION 15 (b): 

Describe the techniques used in the D-649 type Mui ax Chart 
Recorders to achieve these functions. 

ANSWER 15 (b): 

Level Setting. The received amplified level is compared with 
a reference level, and the voltage difference generated is used 
to control a motor which drives an input level adjustment 
potentiometer. 
Phasing is achieved by transmission of phasing pulses before 
transmission of the chart commences. The recorder's response 
to one of these pulses trips the helix drum drive at the right 
instant. 
Synchronism. Both the transmitter and recorder drums are 
driven from local highly stable tuning-fork controlled 
oscillators. 

QUESTION 16 (a): 
Describe the operation of the circuit in Fig. 13 when a call 
from the exchange arrives while the motor is running. 

ANSWER 16 (a): 
The 'on speed' contacts have operated SP, and SP4 has 
operated LR. An incoming call controls PRR to mark and S 
operates. Sl operates M which operates MA. MA3 opens the 
circuit of LR .which has a release delay of 3 seconds. During 
this time MA3 and LR2 operate the buzzer which warns the 
operator a call is incoming, and PRS 1-3 coil and both sets of 
transmitter contacts are short-circuited by MAS and LRl. 
PRSl sends space to the exchange until LR is released. MA6 
extinguishes the Local Run lamp and puts the motor under 
the control of the line circuit instead of the time delay motor 
switch. When LR releases, LRl removes the short circuit from 
the transmission circuit, and PRSl sends mark to the exchange. 
LR2 releases the buzzer. 

QUESTION 16 (b): 
The circuit as shown is not suitable for operation with the 
automatic telex exchange. For the calling condition of Section 
(a), how does the circuit malfunction? 

ANSWER 16 (b): 

MAS normal short-circuits PRS 1-3 coil, and PRS is controlled 
to space by the bias coil. During the changeover of MAS, PRS 
is momentarily controlled to mark, which is interpreted by the 
exchange as an indication that the sub is ready to receive the 
call. 

A;nswers 
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Examination No. 5802, 20 July 1968 and subsequent dates to 
gain part of the qualification for promotion or transfer as 
Technician (Telecommunications), Postmaster-General's Depart­ 
ment. 
(Some of the answers include more detail than would be 
required to obtain full marks.) 

'IRANSMISSION EQUIPMENT. SECTION A. 

QUESTION 1: 
The output of the oscillator in Fig. 1 is 2mW, and the level 
at the termination at the distant end is 0dBm. 

QUESTION 1 (d): 

With the aid of a simple sketch explain how a 'terminated 
measurement' is made of the level at the output of Amp 2. 

ANSWER 1 (d): 
See Fig. 2. 

OSCILLATOR PAD AMP.I I AMP.2 PAD TERMJ NATION 

----- I --~ ~ LINE -- 
LOSS 
!8 dB 

OUTPUT LOSS GAIN I 'GAIN LOSS OdBm 
2mW IJ 08 20d8 I ? 13dB 

Fig. 1 

QUESTION 1 (a): 
Calculate the gain required in Amp. 2. 
Given that log 20 = 1.30, log 18 = 1.26, 

log 2=0.30, log 13 =l.11, 
log 11 = 1.04, log 42 = 1.62. 

ANSWER 1 (a): I 
(i) Convert oscillator output level to dBm. 

I Pl 
dBm,-- JO log10 - 

lmW 
2 

= 10 log10 - 
1 = 10 X 0.3 

. ·. Oscillator output= + 3dBm 

(ii) Calculate gain of amplifier 2 . 
Overall circuit loss= 3dB ( + 3dBm input, OdBm output) 
. ·. Total circuit gain is 3dB less than total circuit loss. 
Total circuit loss = 11 + 18 + 13 = 42dB. 
Total circuit gain= 42 - 3 = 39dB . 

. ·. Gain of amplifier 2 = 39 - 20 = 19dB. 
Answer 1 (a) = 19dB. 

QUESTION 1 (b): 

What is the level in dBm at the input to the line? 

ANSWER 1 (b): 
Overall gain to input of line= 20 - 11 = 9dB . 
Oscillator output level = + 3dBm. 
. ·. Input level to line= 9 + 3 = + 12 dBm. 
Answer 1 (b) = +12 dBm. 

QUESTION 1 (c): 

What type of testing instrument would be used to measure 
levels in the circuit? 

ANSWER 1 (c): 

Transmission Measuring Set (T.M.S.) or Level meter. 
Answers 

AMP. 2 LOSS 13dB 

-{3-{ 
- ARTIFICIAL LOAD 

- (N.I.R.) 
EVEL METER 

--=---...J 
Fig. 2 

To make a terminated measurement it is necessary to break 
the circuit at the output of Amp. 2, and replace the normal 
circuit load with an artificial load or reference load (N.I.R.). 
The level is then measured across this reference load with a 
high impedance level meter. 

QUESTION 2: 

Multiconductor cable pairs are often 'lumped loaded': 

QUESTION 2 (a): 

With the aid of a sketch show the principles of lumped loading. 

ANSWER 2 (a): 

See Fig. 3. 

CABLE ( I 
PAJR i I 

', 
I I L _J I I L._ ...J 

Fig. 3 

QUESTION 2 (b): 

State the advantages gained by lumped loading. 

ANSWER 2 (b): 

Within the limits of a particular frequency range (which is 
largely dependent on coil values and spacings), the following 
advantages are gained: 
Decrease in attenuation constant. 
Decrease in frequency and delay distortion. 
Characteristic impedance increase. 

QUESTION 2 (c): 

What is the main reason for: 
(i) V.F. loading? 
(ii) Carrier frequency loading? 

ANSWER 2 (c): 

(i) V.F. loading is introduced mainly to reduce cable pair 
attenuation. For example, the loading of junction pairs 
reduces attenuation and allows increased operating lengths. 

(ii) Carrier frequency loaded pairs have a characteristic im­ 
pedance similar to that of open wire pairs. For this reason 
carrier frequency loading is mainly used on trunk entrance 
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pairs to enable matching of open wire to cable pairs with 
a minimum of reflection, particularly in the lower 
frequency range. 

QUESTION 2 (d): 

What restriction does lumped loading place on the use of a 
loaded cable pair? 

ANSWER 2 (d): 

The addition of loading coils at intervals along a cable pair 
produces a low pass filter effect. The actual cut-off frequency 
depends on the coil values and spacings, but all lumped loaded 
pairs have a high frequency limitation to their use. 

QUESTION 3: 

A number of measurements are made on an audio amplifier to 
check its performance. 

QUESTION 3 (a): 

List three of these measurement and briefly explain the purpose 
of each. 

ANSWER 3 (a): 

Any three of the following: 
Gain versus frequency. 
Amplifier overload (Power handling capacity). 
Harmonic distortion. 
Noise. 

QUESTION 3 (b): 

With the aid of a sketch, briefly describe how to perform one 
of these measurements. 

ANSWER 3 (b): 

Any one of the following measurements. 
Gain versus frequency. This can be measured by either a 
direct method or a comparison method. A simplified test set-up 
for a direct measurement is shown in Fig. 4. 

AMP L.t,[)ER 
TEST 

Fig. 4 

An audio test oscillator of the required impedance is connected 
to the input of the amplifier under test, and the amplifier 
output level is measured with a T.M.S. The input level 
is measured across a reference resistance before application to 
the amplifier. The input level should be relatively low to 
prevent overload of the amplifier. The gain of the amplifier 
is equal to the difference in dB between the measured input 
and output levels. · 
This measurement is repeated at various frequencies in the 
audio range to obtain the frequency versus gain characteristic. 
A simplified test set-up for a comparison measurement is 

shown in Fig. 5. The output of an audio oscillator of the 
required impedance is connected to a 'comparison set' which, 
when switched to the 'adjust' position, includes a calibrated 
attenuator and the amplifier under test between the test oscil­ 
lator and an indicating device (level meter). In the 'compare' 
position, zero loss exists between the oscillator and the level 
meter. By switching from 'compare' to 'adjust', and setting 
the calibrated attenuator to obtain the same meter deflection 
for each position, the amplifier gain is obtained. When the 
same meter deflection is obtained for both switch positions the 
amplifier gain is equal to the calibrated attenuator loss and can 
be read directly. 

TEST 
OSCILLATOR LEVEL METER 

~ !ADJUST ~ 

1 COMPARE r 

Amplifier Overload. Overload of an amplifier occurs at the 
point when the input level is sufficiently high to cause one or 
more of the electron tubes or transistors to drive into the 
non-linear portion of their characteristics. A number of 
methods can be used to determine this point. Fig. 6 shows a 
simple arrangement to measure overload. This test set-up 
makes use of the fact that the gain of an overloaded amplifier 
is reduced. 
A frequency about the middle of the amplifier working fre­ 
quency range is applied via a calibrated attenuator to the 
amplifier input. The output is taken to a T.M.S. via a calibrated 
attenuator similar to the one in the input. Attenuation is 
removed from the input attenuator in steps and at the same 
time attenuation of the same value is added in the output 
attenuator. When the overload point is reached, the amplifier 
gain decreases and a unit increase in input level does not give 
a unit increase in output level and the meter deflection 
decreases. 

SIGNAL 
SOURCE 

CALIBRATED AMP UNDER 
ATTENUATOR TEST 

CALIBRATED 
ATTENUATOR 

Fig. 5 

EQUIPMENT 
UNDER TEST 

Fig. 6 

CALIBRATED 
ATTENUATOR T.M.S, 

Harmonic Distortion is a form of non-linear distortion. The 
basic test arrangement to measure harmonic distortion is shown 
in Fig. 7. A pure sine wave signal is applied to the amplifier, 
and the amplifier output is taken to the noise and distortion 
(N and D) measuring set. With the function switch in the 
'calibrate' position the meter is adjusted to give full scale 
deflection ( 100%) . The function switch is next switched to the 
'distortion' position and a frequency selective circuit is adjusted 
to remove the fundamental frequency (the applied signal 
frequency). The harmonic frequencies produced in the ampli­ 
fier, plus noise frequencies, are applied to the meter. The 
meter deflection indicates percentage distortion. When the 
noise requirement for the amplifier is satisfactory, the noise 
frequencies are ignored in the measurement of % distortion. 
The fundamental test signal should be low enough in frequency 
to allow sufficient harmonics to be received to make the test 
realistic. For example, 400 Hz is suitable for most audio 
amplifiers. The test signal level should be suitable to test the 
amplifier under peak operating conditions. 
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CALIBRATE 

DIST. 

FREQUENCY SELECTIVE 
CIRCUIT 

Fig. 7 

Noise. The calibrate procedure for a noise measurement is 
the same as that for harmonic distortion. ( 100% distortion and 
OdB noise are both represented by full scale deflection.) 
Referring to Fig. 7, the second stage of the noise measurement 
is to switch the function switch to the 'noise' position, remove 
the test signal from the amplifier input, and terminate the 
amplifier input in its characteristic impedance. The only 
frequencies present are noise frequencies and the level of these 
are recorded on the meter in dB below the reference point. 
The second stage of the test arrangement to measure noise is 
shown in Fig. 8. 

dB 

TERMINATING 
R EQUAL TO 
Zo OF AMP. 

INPUT 

QUESTION 4 (a): 
Define the term 'fading'. 

CALIBRATE 
NOISE 

Fig. 8 

QUESTIQN 4: 

Unsatisfactory reception of radio signals is sometimes due to 
'fading': 

ANSWER 4 (a): 

The term fading is used to define the variation of received 
radio field strength, caused by the transmission medium. 

QUESTION 4 (b): 

List three types of 'fading' that occur in the Very High Fre­ 
quency range and briefiy describe each type. 

ANSWER 4 (b): 
(Only three of the four types are required.) 
Two-ray or two-path fading. As indicated in Fig. 9 a direct 
wave and a ground reflected wave reach a receiving aerial. 
The received signal strength is the vector sum of the two 
signals; that is, it depends on their relative amplitudes and 
phases. The amplitude relationship depends on the reflecting 
ability of the ground surface at the reflecting point, and the 
phase relationship depends on the relative length of the two 
paths. The length of the direct path is fixed but the length 
of the reflected path changes with variations in the refractive 
index of the air. This is indicated in Fig. 9a where the 
standard refractive index of air is regarded at 4/3. Under 

Answers 

these conditions the two signals should be in phase at the 
receiving aerial but, as indicated in Figs. 9b and 9c, with 
changes in refractive index the reflected path decreases or 
increases and the phase relationship changes. 
The change can be sufficient to cause cancellation and there­ 
fore severe reduction of signal strength at the receiving aerial 
occurs. (A change in refractive index causes a change in the 
bending of the electromagnetic wave but this can be repre­ 
sented by showing an apparent change in the radius of the 
earth.) 

REFLECTED WAVE 

-~.' 
~ < ~ 

' ' 

(o)Stondord (b) St1b-stondord (c) Super-~tondo,d 

Fig. 9 

Multi-ray or multi-path fading. This is similar to two-ray 
fading but in addition to the ground reflected path, other 
reflected paths, for example from cloud masses, exist. This is 
illustrated in Fig. 10. The received signal strength is equal 
to the vector sum of the received waves. The phase relation­ 
ship of these waves depends on the refractive index of the 
air and also the position of the cloud masses or other reflecting 
items. 

--- OIRECT WAYE 

------ REFLECTED WAVE 

Fig. 10 

Duct fading. Large air masses having different refractive indexes 
may lie one above the other in the troposphere. These layers 
form a duct which traps the electromagnetic waves and takes 
them beyond the receiving aerial. Ducting can also occur be­ 
tween the earths surface and a heavy air layer above the sur­ 
face; this is called ground ducting. 

Obstruction fading. This occurs when the value of the refrac­ 
tive index of air becomes so small that the electromagnetic 
wave bends into some ground obstruction before reaching the 
receiving aerial. This is shown in Fig. 11 where for simplicity 
the change in refractive index is considered to have increased 
the earth's radius. 

Fig. 11 

QUESTION 4 (c): 

Briefly describe the principles of 'diversity reception' and ex­ 
plain how diversity reception is used to reduce the effect 
of 'fading'. 

ANSWER 4 (c): 

The principle of a diversity system is the simultaneous recep­ 
tion of two signals; these signals may be of different fre­ 
quencies or signals of the same frequency but with different 
path lengths. The stronger of the two signals, at any time, 
is selected by a diversity combining unit. 
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The first method (frequency diversity) is illustrated in Fig. 
12. Two independent frequencies are transmitted on a common 
path. Because of the difference in wavelength of the two 
frequencies it is unlikely that simultaneous deep fades will 
occur. 

Fig. 12 

The second method (space diversity) is illustrated in Fig. 
13 where a common frequency is transmitted on different 
paths. When cancellation of the direct and reflected waves 
occurs at one receiving aerial, no cancellation should occur at 
the other. 

·~: 
--- 

lllAl'l~lollTTINC 
.O.E.111.0.L 

Fig. 13 

QUESTION 5: 
With regard to radiotelephone systems, answer the following 
questions: 

QUESTION 5 (a): 
What is meant by the term 'line-of-sight' transmission? 

ANSWER 5 (a): 
'Line-of-sight' transmission is the term used when a trans- 

mitting aerial is just above the horizon when viewed from its 
receiving aerial. 

QUESTION 5 (b): 

What is the approximate spacing of repeaters on S.H.F. radio­ 
telephone routes? 

ANSWER 5 (b): 

About 30 miles. 

QUESTION 5 (c): 
State the frequency ranges and approximate channel capacities 
of radiotelephone systems in the following frequency bands. 

ANSWER 5 (c): 

Approximate Channel 
Bands I Frequency Range J Capacity 

of System 

V.H.F. 30-300 MHz 1 and 4 

U.H.F. 300-3,000 MHz 12, 24, 120 

S.H.F. 3-30 GHz Broadband 
300-1,800 

QUESTION 5 (d): 
An electromagnetic space wave commonly consists of two 
components. 
These are: 

ANSWER 5 (d): 

(i) Direct wave. 
(ii) Ground reflected wave. 

SIGNALLING 
TRANSMIT 

L.PF. 

(CHAN) MOD. IN 

CHAN. MOD. DEC SUBGROUP MC'O. M.B.F. DEC. GRP. AMP. 
MOD. OUT (GRP) 

CHANNEL 
CARRIER 

FREQUENCY 

SUBGROUP 
CARRIER 

FREQUENCY 

SIGNALLING 
RECEIVE 

DE MOO. IN (GRP.) 

Fig. 14 
A,nswers 
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SECTION B 

QUESTION 1: 
Draw and label a block diagram of typical twelve channel 
modem equipment using two stages of modulation. Briefly 
explain the function of each block shown. 

ANSWER 1: 
A suitable diagram is shown in Fig. 14. The basic functions 
of the blocks are: 
Limiter. Attenuates voltage peaks in excess of a predetermined 
value. 
Low Pass Filter. Helps separate the voice frequencies from the 
signalling frequencies and establishes an upper limit of 3.4kHz 
for the voice. 
Channel Modulator. Translates the input voice frequencies to 
the required channel frequency band. 
Modulator Band Pass Filter. Selects the required sideband and 
rejects all other frequencies. 
Decoupler (Hybrid). Combines sidebands from a number of 
channels into a subgroup (pregroup) or isolates M.B.F.'s 
adjacent to one another in the frequency spectrum. 
Subgroup Modulator. Translates the subgroup frequencies into 
the required section of the basic group frequency range. 
Subgroup Modulator Band Pass Filter. Selects the required 
sideband and rejects all other frequencies. 
Decoupler and Group Amplifier. The decoupler combines the 
sidebands of the four subgroups but isolates filters adjacent to 
one another in the frequency spectrum. The group amplifier 
obtains the required level at the MOD. OUT (GRP) point. 
Decoupler (Subgroup). Isolates subgroup D.B.F.'s adjacent to 
one another in the frequency spectrum. Helps to separate sub­ 
group frequencies from the received basic group. 
Subgroup Demodulator Band Pass Filter. Selects a subgroup 
from the basic group frequencies and directs them to the 
appropriate subgroup demodulator. 
Subgroup Demodulator. Translates the received sideband into 
the appropriate subgroup frequency range. 
Subgroup Amplifier. Raises the power level of the subgroup 
frequencies before channel demodulation. Helps maintain 
suitable signal to noise ratio. 
Decoupler (Hybrid). Isolates D.B.F.'s adjacent to one another 
in the frequency spectrum or helps to separate channel fre­ 
quencies of the received subgroup. 
Demodulator Band Pass Filter. Selects the appropriate channel 
frequencies. 
Channel Demodulator. Translates the received channel fre­ 
quencies back to the voice frequency range. 
Low Pass Filter. Selects the voice frequencies and rejects all 
other frequencies. 
Channel Amplifier (I). Amplifies voice and signalling fre­ 
quencies. Used to adjust channel level. 
Channel Amplifier (2). Amplifies voice frequencies. 
Signalling (Transmit). Converts signalling pulses to pulses 
of 3.825 kHz for transmission with the channel frequencies. 
Signalling (Receive). Selects 3.825 kHz signalling pulses and 
converts them to signalling pulses suitable for application to 
the exchange equipment. 

QUESTION 2: 

A simplified block diagram of a pulse echo tester is shown 
in Fig. 15. 
Answers 

X SIi IFT 

Fig. 15 

QUESTION 2 (a): 

Briefiy explain the function of each component (assuming that 
the instrument is connected ta a faulty line). 

ANSWER 2 (a): 

Pulse Generator. Produces 'sine squared' (raised cosine) 
pulses which are transmitted to line. 
Hybrid. Separates the transmit and receive circuits; that is, it 
directs pulses to line without materially affecting the receive 
circuit. 
Marker Generator. Generates positive marker pulses for the 
time scale. 
Receiver Amplifier. Amplifies received echoes and marker 
pulses and applies them to the cathode ray tube. 
Time Base. Generates a sawtooth wave to move marker and 
test trace across the screen at a uniform rate. 
Cathode Ray Tube. Displays separate marker and test traces. 
Master Control. Synchronises pulse generator, marker genera­ 
tor and time base. 

QUESTION 2 (b): 

Sketch the typical marker and test patterns appearing on the 
screen if the line under test is open circuit. Assume that the 
line has a pulse echo time of 11 microseconds per mile and 
the fault is situated 20 miles [rom. the testing point. 

ANSWER 2 (b): 

See Fig. 16. 

0 100 •••. s 200 ••. s 300,.._5 

Fig. 16 
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QUESTION 3 

The simplified circuit of a typical oscillator-modulator used in 
F.M. V.F. carrier telegraph systems is shown in Fig. 17. 

QUESTION 3 (b): 

Briefly describe its operation. 

CB 

L11 c__,,JLIO 

O'JTPUT 

Fig. 17 

CJ 

QUESTION 3 (a): 

What is the function of the oscillator-modulator? 

TO 
O!JCILL .•• TOR 

ANSWER 3 (a): 

To change the double current telegraph signal into the V.F. 
frequency range. 

ANSWER 3 (b): 

With no telegraph signal applied to the modulator, it would 
produce a 'rest' frequency determined by the resonant circuit 
LIO and C3. (This is not a normal operating condition for 
the modulator because either a positive or negative telegraph 
signal would be applied to the input at any time). 
With a negative signal applied at SIG. IN the diodes SCI and 
SC3 are biased non-conducting and diodes SC2 and SC4 are 
biased conducting. L12 and CS are removed from the circuit 
and L13 is connected across Lll. The oscillator tuned circuit 
is effectively altered and the frequency is shifted by 30Hz. 
With a positive signal applied at SIG. IN, the diodes SC2 and 
SC4 become non-conducting and SCI and SC3 conduct. L13 
is removed from the circuit and LI2 and CS are connected 
across Lll. The oscillator tuned circuit is again effectively 
altered and the frequency is shifted by 30Hz from the rest 

frequency. The shift for the positive signal is in the reverse 
direction to that for the negative signal. 

QUESTION 4: 

Some carrier telephone systems employ automatic pilot 
regulation: 

QUESTION 4 (a): 

State the advantages gained by using automatic pilot regulation. 

ANSWER 4 (a): 

Automatically maintains correct levels over a Jong period of 
time. 
Reduces time out of traffic for maintenance purpose. 
Gives an alarm when the degree of level variation indicates a 
possible fault condition. 

QUESTION 4 (b): 

Why are two pilot frequencies used in some open-wire carrier 
telephone systems? 

ANSWER 4 (b): 

A relatively wide range of frequencies is transmitted to line 
and changing weather conditions have greater effect on the 
higher frequencies than the lower frequencies. One pilot, 
located at the centre of the band, could not cater for the 
changes at either end of the band so two pilots are used - 
one at each end of the frequency range. One pilot controls a 
variable flat gain amplifier and the other controls a variable 
equaliser. The two combined obtain the required level and 
an overall flat response. 

QUESTION 4 (c): 
Draw and label a block diagram of the group equipment of a 
typical twelve channel open-wire carrier telephone system. On 
the diagram show clearly the pilot injection and pilot pick-ofj 
points. · 

ANSWER 4 (c): 

See Fig. 18. 

I----------- GROUP EQUIPMENT - ONE TERMINAL -J 

T. B.F. INi. AMP. L.P.F. 

FROM 12 CHANNEL 

MODEM EQUIP. 
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TO LINE EQUI~ 
& LINE 

TO 12 CHANNEL 
MODEM EQUIP. 

TO REGULATION 
EQUIP. 

1ST. GROUP 
DEMOO CARRIER 

FROM LINE EQUIP. >------- & LINE 

Fig. 18 
A,nswers 
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QUESTION 5: 

An audio programme channel should meet certain fundamental 
requirements to ensure the satisfactory transmission of pro­ 
grammes: 

QUESTION 5 (a): 

List these fundamental requirements. 

ANSWER 5 (a): 

Adequate frequency range. 
Minimum frequency distortion. 
Minimum non-linear distortion. 
Minimum delay distortion. 
Adequate volume range and minimum noise. 

QUESTION 5 (b): 

Briefly describe each of these requirements and state their 
limits. 

ANSWER 5 (b): 

Frequency Range. The average human ear can detect sounds 
in the range from about 30Hz to 15kHz but suitable audio 
programme transmission can be made using more restricted 
ranges. Typical limits are: - 
50Hz-10kHz (Carrier programme) 
50Hz- ?kHz (Carrier programme) 
50Hz- 5kHz (Physical lines) 
Frequency Distortion. All frequencies in the required range 
should be transmitted with equal efficiency; that is the 
frequency response of the channel should be substantially 
independent of frequency. The limit for distortion is a 
variation of ±2dB from the level received at !kHz within the 
limits of the frequency range to be transmitted. 
Non-linear Distortion is the production of new frequencies 
and is caused by over-loaded amplifiers, transformers, etc. It 
has two undesirable effects:- 
(i) Harmonies of the various frequencies present are produced. 
(ii) Intermodulation occurs between the various frequencies 

present and new frequencies are produced. 
Harmonic distortion only is measured and total harmonic 
distortion should not exceed 4%. This test is normally made 
with a 400 Hz sine wave frequency at a level SdB above the 
nominal line-up level. 
Delay Distortion. The velocity of propagation of an electro­ 
magnetic wave through most lines and equipment varies with 
frequency. Some frequencies are delayed more than others, and 
when this delay is excessive it becomes noticeable in the 
reproduced sound. Delay is not a normal routine measurement 
but the limits are expressed, over the frequency range, with 
respect to the frequency with the lowest velocity of propagation. 
Volume Range and Noise. These features are considered 
jointly because one affects the other. The volume range of a 
programme channel is the difference, expressed in dB, between 
the lowest and highest signals that can be satisfactorily trans­ 
mitted. The lowest signal is limited by the noise factor; a 
margin of about 1 OdB should be maintained between the noise 
and the lowest signal level transmitted. The highest signal is 
limited by the power handling capacity of the equipment and 
by the possibility of crosstalk into adjacent circuits. In 
practice, occasional programme peaks up to about lOdB above 
the line-up level, should not cause overload of amplifiers or 
crosstalk problems. 
Noise should be kept to a minimum and a signal to weighted 
noise ratio of 49dB should not be exceeded. 

Answers 

QUESTION 6: 

Some carrier stations are supplied with A.C. power from A.C. 
no-break sets. 

QUESTION 6 (a): 

Draw a block diagram of an all electric A.C. no-break set. 

ANS"°'ER 6 (a): 

Either of the diagrams shown in Fig. 19 is satisfactory. 
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Fig. 19 

QUESTION 6 (b): 

Draw a simple diagram showing how power from an A.C. 
no-break station is fed to a remote station over coaxial tubes. 

ANSWER 6 (b): 

See Fig. 20. 

:]1 
Fig. 20 

QUESTION 7: 

Draw a block diagram showing the various stages of a typical 
V.H.F. radio-telephone terminal and state briefly the function 
of each block shown. (Order-wire and supervisory equipment 
need not be shown.) 
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Fig. 21 

ANSWER 7: 

See Fig. 21. 

Input Amplifier. Amplifies input signal (voice or output of 
carrier equipment) to the required level for application to the 
phase modulator. 
F.M. Correction Circuit. A frequency modulated output is 
obtained from the phase modulator by modifying the input 
signal before application to the modulator. This modification 
is achieved in the R.C network in the F.M. correction circuit. 
Crystal Oscillator. Produces the original carrier frequency; 
normally a relatively low frequency, for example, 4.5MHz. 
Phase Modulator. Phase modulates the incoming signal but in 
conjunction with the F.M. correction circuit, an F.M. output 
is obtained; or translates the incoming modulating frequencies 
to another section of the frequency spectrum. 
Multipliers. Multiply the frequency and frequency deviation 
to the required values for transmission. For example, 160MHz 
± 300kHz. A number of multiplier stages are used. 
Power Amplifier. Amplifies the R.F. signal to the required 
power level for connection to the transmitting aerial. 
Transmit Aerial Filter. Eliminates unwanted frequencies; that 
is, limits the frequencies transmitted to the required frequency 
range. 
Transmit Aerial. Directs the transmitted R.F. signals to the 
distant receive aerial. 
Receive Aerial. Receives R.F. signal beamed from transmit 
aerial and applies it via the aerial feeder to the receive filter. 
Receive Aerial Filter. Limits the received frequencies to the 
required frequency range. 
R.F. Amplifier. Amplifies the received signals before frequency 
conversion to help maintain the required signal-to-noise ratio 
at the output of the frequency changer. 
Frequency Changer. Translates the received R.F. to an inter­ 
mediate frequency, for example, 21MHz, before amplification. 
The carrier frequency is supplied from a local oscillator. 
I.F. Stages. Amplify intermediate frequencies to a suitable level 
before detection. · 
Limiter. Removes any A.M. and helps improve signal-to-noise 
ratio. 
Discriminator. Converts the received frequencies back to the 
original modulating signals. 
Receive Amplifier. Amplifies received signals (voice or carrier 
equipment frequencies) to the required level for application to 
the local equipment. 

QUESTION 8: 

Standing Wave Ratio (S.W.R.) tests and White Noise tests are 
made on radio-telephone systems or associated equipment: 

QUESTION 8 (a): 

What do the results of these tests indicate? 
(i) S.W.R.; 
(ii) White Noise. 

ANSWER 8 (a): 

(i) The S.W.R. test gives an indication of the power reflected 
from a poor termination or a discontinuity. The test is 
performed on waveguides, antennas and filters. 

(ii) The white noise measurement gives the intermodulation and 
thermal noise performance of telephone channels when a 
radiotelephone system is fully loaded. (The white noise 
simulates the fully loaded condition.) 

QUESTION 8 (b): 

Briefl-y describe how one of these tests is performed. 

ANSWER 8 (b): 

A description of one test only was required. 
Standing Wave Ratio. Fig. 22 shows a test set-up to measure 
the S.W.R. of a waveguide. The output of a swept microwave 
oscillator is applied to the waveguide under test, via a 
directional coupler. If the waveguide presents a perfect 
termination over the swept frequency band, no power will be 
reflected. When a mismatch is present some of the power is 
returned to the launching circuit where it is measured and 
compared with the forward power. This comparison can be 
made with a C.R.O.; the S.W.R. (ratio of forward power to 
reflected power) is given on the vertical axis and the frequency 
is given on the horizontal axis. 

TO WAVEGUlOE 
UNDER TEST 

DIRECTIONAL COUPLER 

Fig. 22 

White Noise consists ideally of a signal having a uniform level 
at all frequencies in a band to be considered. For radio­ 
telephone bearer systems this represents the band occupied by 
the frequency multiplexed telephone traffic. To measure the 
intermodulation in one telephone channel, due to all others, 
white noise is sent over the system, but with the output 
eliminated over the band of frequencies occupied by one 
channel. At the receive terminal any signal present in this 
frequency slot is either due to intermodulation or thermal 

Answers 
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noise. A selective level measuring set is used at the receive 
terminal to measure intermodulation and noise. Fig. 23 shows 
a typical test set-up. 

o--04 _ _:ADC _:ARER- -rfil-0 
WHITE NOISE BASEBAND BASEBAND WHITE NOISE 

GENERATOR INPUT OUTPUT RECEIVER 

Fig. 23 

QUESTION 9: 

Microwave radio systems are used as bearers for telephone or 
television channels. 

,QUESTION 9 (a): 

With the aid of a simple diagram show how 300 telephone 
channels are assembled before application to a radiotelephone 
system. 

ANSWER 9 (a): 

See Fig. 24. 
0·3-3·4kHz 

60-IOSkHz 312-552kHz 

5 X60 
1 I 300 

CHAN 

BASIC 
SUPERGROUPS 

Fig. 24 

QUESTION 9 (b): 

What frequency bandwidth is occupied by a standard 625 line 
television channel? 

ANSWER 9 (b): 

7MHz. 

TO & FROM 
RAOtO · BEMER 

QUESTION 9 (c): 

Briefly explain the following terms as applied to microwave 
radiotelephone systems: 
(i) Baseband. 
(ii) Demodulating Repeater. 
(iii) Long Haul and Short Haul Systems. 
(iv) Drop-out and Replenishing. 
(v) Intermediate frequency. 

ANSWER 9 (c): 

Baseband. In broadband radiocommunication the term base­ 
band is used to describe the overall supergroup frequency 
range, that is, the output and input frequency range of the 
broadband carrier telephone system. 

Answers 

Demodulating Repeater. A radiocommunication repeater that 
converts back to baseband is called a demodulating repeater. 
Long Haul and Short Haul Systems. Long haul radiocom­ 
munication systems are primarily used for long distance routes 
with a limited number of drop-out requirements. Short haul 
systems are much less complex and less expensive and are 
suitable for short distances; typically with hops up to about 
30 miles with three such hops a maximum for one system. 
Drop-out and Replenishing. At a demodulating repeater it is 
possible to drop-out selected supergroups, from the baseband, 
for use for local telephone traffic. When a supergroup is 
dropped for use in both directions at a repeater this is known 
as dropping and replenishing of the supergroup. Supergroups 
1 and 2 only can be dropped and replenished. 
Intermediate Frequency. In radiocommunication receivers, 
amplification of the radio signals takes place at an intermediate 
frequency. Typically the incoming U.H.F. or S.H.F. radio 
signals are converted to the intermediate frequency of 70 MHz. 

QUESTION 10 (a): 

What advantages are gained by single sideband transmission as 
used by some radiotelephone systems? 

ANSWER 10 (a): 
Compared with double sideband, single sideband operation has 
several advantages. These are:- 
An economy in frequency space. For the same audio signal, 
single sideband transmission takes up half of the bandwidth 
taken by double sideband transmission. 
An improvement in signal to noise ratio. A total improvement 
of 9dB in the signal to noise ratio can be achieved by single 
sideband transmission. 
A reduction in transmitter power consumption. During periods 
of no modulation the transmitter emits low level pilot carrier 
only. 
Selective fading and wave interference due to multi-path fading 
is reduced. 

QUESTION 10 (b): 

With the aid of a simple diagram explain how two voice 
channels are obtained in an Independent Sideband (l.S.B.) 
System. 

ANSWER 10 (b): 

A simplified diagram of the drive unit of an I.S.B. system is 
shown in Fig. 25. Two separate audio frequency channels, each 
with an effective frequency range of O.l-6kHz are applied to 
separate balanced modulators with a common 1 OOkHz carrier 
supply. The output of one modulator is applied to a 94- 
99.9kHz band pass filter and the lower sideband is selected. 
The output of the other modulator is applied to 100.l-106kHz 
band pass filter and the upper sideband selected. These two 
separate sidebands are combined and applied via a lOOkHz 
band stop filter to a modulator, with a 1.7MHz carrier 
frequency, where they are converted to a 1.6MHz input for the 
transmitter. The lOOkHz band stop filter rejects carrier leak 
from the two balanced modulators. The carrier frequency 
(pilot carrier) is injected at a controlled level at the input to 
the common modulator. 



June, 1969 THE TELECOMMUNICATION JOURNAL OF AUSTRALIA 193 

AUDIO 
INPUT 

A 
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6 

8.P.F, 
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99·9kHz 

COMBINING 
NETWORK 

BALANCED 
MOD- OUTPUT 

B.P. F. 
100-1 - 
106 kHz 

o sc. 
1.7MHz 

Fig. 25 

QUESTION 10 (c): 

Why is a pilot carrier frequency transmitted by an Independent 
Sideb and system? 

ANSWER 10 (c): 

The pilot carrier frequency is continuously monitored at the 
receive terminal and any variation of more than ± 3dB in pilot 
level brings in an alarm. 

HEAVY DUTY - MAINS OPERATED 
REGULATED POWER SUPPLY 
A Regulated Power Supply designed basically for the replace­ 
ment of storage batteries used in the design and testing of 
mobile radio equipment, and other laboratory, production test­ 
ing, manufacturing and service installations. 

Input: 
Output: 

Circuitry: 
Metering: 
Size and Weight: 

SPECIFICATIONS 
240V ± 10% 50 Hz. 
Range l, 5-8V DC 20A max. 
Range 2, 10-16V DC 17A max. 
Range 3, 22-32V DC lOA max. 
Load and Line 0.2% on all ranges. 
Less than 20 mV p-to-p on all ranges. 

Regulation: 
Ripple and Noise: 
Output Impedance: 
Overload Protection: 

Less than 5 milliohms. 
Fixed electronic tripout at 20% 
overcurrent on all ranges. 
Pushbutton reset on front panel. 
All silicon solid state. 
Separate 4" voltmeter and ammeter. 
18¼" wide, 14" deep, 12" high. 
Approx. 58 lb. 

Made in Australia by: 

A & R Electronic Equipment Co. Pty. Limited 
44-46 Lexton Road, Box Hill, Vic., 3128 

Telephones: 89 0238, 89 0239 
REPRESENTATIVES IN ALL STATES 

The regulator is of conventional design using a differential comparator 
to provide an error signal to control the operation of the four parallel 
connected power transistors via a voltage amplifier and two Darlington 
connected low-power transistors. Base current for the Darlington connection 
is supplied from a constant current source which may be adjusted to 
minimize the output impedance. The output voltage may be adjusted by 
a front panel control within the limits stated for each range. 
An overload circuit, which operates if the output current exceeds 1Z0% 
of full load current, is provided to turn off the regulator thereby protect­ 
ing both the regulator and the external circuit. A current sensing circuit 
is used to fire an SCR which completely removes base drive from the 
series transistors. Normal operation is restored by removing the overload 
and pressing the reset button on the front panel. Thermal cutouts are 
used on each power heat sink for overload protection under excessive 
ambient temperature conditions. 

>fiS.W. SOANAR' ELECTRONICS P/1.., 82 Carlton cres., Summer HUI Phone 798 6999 S.A. SCOTT THOMPSON P/L., 93 GiUes sr, Adelaide Phone 23 2261 

'u•IA~DIJ. A. VENft<l'it. .• 71,73 Oogget; St., Valley, Brisbane Phone 51 5421 W.A. EVERETT AGENCY P/l., 17 Northwood St., West leedeiville Phone 

Answers 
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Radiography certifies 
tiny electronic parts 
onTelstar 

The thousands of parts in Telstar must perform perfectly, 
including solid tantalum capacitors shown in the 
radiograph reproduced here. These capacitors were 
radiographed on Kodak film to show whether their 
anodes were positioned and plotted properly, and to 
search for stray solder globules. 
The uses of radiography in industry are practically 
endless. Castings and welds can be inspected for 
soundness. Even sealed internal assemblies can be 
inspected. For quality control of the smallest capacitor or 
largest transformer radiography can save you time and 
money and help you build a reputation for quality. 
Kodak's outstanding range of industrial x-ray films 
includes general-purpose films; fine-grain films for 
highest quality production radiography, as well as for 
extra critical radiography; also single-coated films for 
maximum detail under high magnification. 
Ask your Kodak technical sales representative for 
further information or write to: 

Radiography Markets Division, 
KODAK (Australasia) PTY. LTD. 
Branches in all States. 

K,1986 
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Sony replaced IFT in this 
4-band transistor radio 

with the new Murata 
ceramic filter SF-455D. 

mullnln 
SF-455D 

• 
Throughout the world electronic design engineers have 
begun to realise the many benefits offered by Murata 
Ceramic Filters. These include high gain, low spurious 
response, negligible ageing characteristics (0.4% over 
10 years) and, since no alignment is necessary, consider­ 
able cost saving in production. 
Sony engineers have taken advantage of these benefits 
and have incorporated two Murata Ceramic Filters 

SF-455D and BF-455A in the quality model TR-1000 
4-band transistor radio. 

Combining excellent overall response and selectivity 
characteristics with space saving and produqtlon 
economy, the Murata Ceramic Filters are-p,l"d'°ving 
superior to conventional IF transformers. 

Include Murata Ceramic Filters in your next design. 

MODEL BF-455A improves the selectivity 
of transistor radios when used as an 
emitter by-pass in transistor IF Stages. 

SERIES TYPE (Model SF-455) is a reson­ 
ance type filter of 455 Khz. It replaces 
the transistor radio's IFT or can be used 
in combination with IFT's. 

LADDER TYPE Ceramic Filters CF-455 
and CF-455P (Popular Type) are ideal for 
IF stages of high quality communication 
receivers. 

lliH COMPONENTS PTY. LIMITED 
A subsidiary of International Resistance Holdings Limited 

THE CRESCENT, KINGSGROVE, N.S.W. 2208. TEL. 50 0111 

IRH. M.I. 
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t 
SIEMENS 

1800 Voice Circuits per Radio Bearer 
Based on the experience overseas and in this country with 
the proven Siemens system FM 960-TV /4000, which was 
the first broadband bearer system to be put into service in 
Australia*, Siemens has developed a new transistorised 

Radio Link System FM 1800/6000 
(with TWT) working in the 6000 MHz range, This system 
has a capacity of 1800 speech channels per radio bearer 
according to CCITT, or alternatively a television channel 
and up to 4 sound programme channels, 
A fully equipped route has, for example, a capacity of 
10,800 voice circuits (6 x 1800) and one TV channel, 
leaving one bearer available for standby, 

Our equipment spectrum offers also technically 
and economically favourable solutions for smaller 
voice circuit requirements, 

*Commissioned by ?,MG 's Department in 1959 between 
Melbourne and Bendigo, 

An FM 7 800/6000 installation. 

For further information contact: 
Siemens Industries Limited 
544 Church Street, Richmond, Vic. 42 0291 
Branches at Sydney, Brisbane, Newcastle 
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• I • I 
• Wide range • Accurate • Solid-state reliability 

NE\N 
u. Goltermann 

THE 
Wandel 

SlliDAl liEDERATDR 
mli-1&4 

8 Frequency range: 10 Hz to 40 MHz. 8 Maximum output 5 volts. 
e 5 overlapping bands selected by e 70dB attenuation in step and continuous illuminated push-buttons. 
8 Effective scale length 2.5 metres for each control. 

band. e Impedance: Switchable 50, 60, 65, 75, 8 2000 crystal check points. 135 and 150 ohms. e Resetting accuracy: 1 part in 103 

8 Integrated circuitry-completely e Frequency or amplitude modulation 
internally or externally derived. solid-state. 

The MG-164, with all its qualities has a wide range of application in 
measurements in the fields of audio, R.F., television and telecom­ 
munication. A complete instrument for the engineer in all spheres. 
For full technical information, contact the Australian agents. 

Distributed by- j a CO by, mi IC he 11 & co. ply. ltd. 
469-475 Kent Street, Sydney. 26-2651 

MELBOURNE 
"30-2491/2 

ADELAIDE 
53-6117 

BRISBANE 
2-6467 

PERTH 
28-1102 

LAUNCESTON 
2-5322 

JM/12-68 
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Facts 
ON COAXIAL LINE 
EQUIPMENT 

Facts and only facts count for Philips' family of 
coaxial line equipment. There are many striking 
facts worth mentioning. 

Fact No. 1: Sound Design. 
Firstly, for the automatic compensation of the cable attenua­ 
tion changes, the principle of pre/post-regulation is used. 
Half of the compensation is effected at the transmitting side 
(pre-regulation), the other half at the receiving side (post­ 
regulation). 
Secondly, only one of 36 repeaters is a surface station with 
one master regulator per direction. The remaining 35 are 
buried, three of them being remotely regulated and the re­ 
maining 32 non-regulated. 
All level regulation is by remote control from surface stations 
thus simplifying the underground repeaters. 

Fact No. 2: Proven Reliability - Experience. 
The fact that many of these repeaters are submerged under 
the sea in Denmark and are used in Belgium, Sweden, Switzer­ 
land and the Netherlands indicates the confidence these ad­ 
ministrations have in this series of equipments. Remember too 
that Philips was one of the first companies in the world to 
introduce underground repeaters. 

Fact No. 3: Quality. 
Quality is expressed in figures. Here are some for the 12 
MHz system on normal coaxial cable (which is only one of 
the family). 
Noise figure of the non-regulated dependent repeater: 3dB 
at 12 MHz. 
Intermodulation noise: negligible (less than 10% contribution 
of total noise). 
Total noise: 1 pW/km, under all operational conditions and 
for all channels. Accuracy of automatic compensation of 
seasonal cable-loss variations: within 1 %. 
Distance between power feeding points: 166km, all stations 
in between being underground. Line current: 50 mA DC. 
Maximum feeding voltage: 500 V between two inner conduc­ 
tors, with possibility of making a section voltage-free. Nom­ 
inal repeater spacing: 4.7 km (max. acceptable repeater spac­ 
ing: 5.2 km). 

Fact No. 4: Installation. 
All dependent repeaters (regulated and non-regulated) are 
suitable for direct burial. The installation of these repeaters 
is', not critical because they are highly insensitive to ambient 
temperature. 
Special sea-cable cases are available. 

Fact No. 5: Maintenance. 
Maintenance is very simple and does not require any special 
skills. Philips actually taught a tea lady to operate the main 
line-up equaliser in a few minutes. This is possible because 
semi-automatic devices are employed to aid alignment and 
fault finding and such operations can be carried out during 
normal traffic. 

Fact No. 6: Flexibility in Application. 
Philips' coaxial line equipment is a family consisting of 
4, 6 and 12 MHz versions for small-diameter (1.2/4.4 mm) 
and normal diameter (2.6/9.5 mm) cable. Bays, repeater 
cases, etc. are identical. Replacing a 4 MHz system by a 
12 MHz system, for instance, merely means interposing new 
repeaters, while in the existing repeaters only plug-in con­ 
clave units need be replaced. All have the same safe line 
current of 50 mA. The repeater is so small that it can be 
mounted in a variety of underground housings including that 
designed by the Australian Post Office. 

Philips 
e 

Telecommunications 
of Australia 

Limited 
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Plessey 
Series 331 
Connectors 
*lntermateable and interchangeable 
with similar types of connectors 
*Crimp contacts *Monobloc insulators 

Contact Removal Tool 
Designed for the removal of plug pins and 
socket inserts. 

PLESSEY • 
Components 

AC109 

Plessey sub-miniature rectangular connec­ 
tors provide maximum space utilisation on 
rack/panel chassis equipment and com­ 
bine the important factors of weight-saving, 
strength and operation ruggedness. 
Five versions are available of 9, 15, 25, 37 
and 50-way capacity each containing size 
_20 contacts for crimp connection. 
Contacts are rated at 5 amps continuous 
working and their -finish is gold flash on 
silver. Plug pins are of brass and socket 
inserts are made of phosphor bronze. 
Monobloc insulators house contact-retain­ 
ing clips which enable contacts to be 
inserted and extracted from the rear. 
The moulding material enables the con­ 
nectors to operate within a temperature 
range of -55°C. to +150°C. 
Styles can be supplied for either fixed or 
float mountings. Coupling is by friction and 
the keystone shell polarisation prevents 
mismatinq, reducing the risk of contact 
damage. 
The connectors in this range are inter­ 
mateable and interchangeable with similar 
connectors meeting the dimensional re­ 
quirements of DEF5325 and U.S. Specifica­ 
tion SCL/6020. This type also meets or 
exceeds the applicable requirements of 
MI L-C-8384. 
For further information on this or other 
types of connectors within the Plessey 
range, please contact Professional Corn­ 
ponents Department, Villawood, N.S.W., or 
Ducon Interstate Offices. 

Cable Outlet Covers 
Moulded, grey coloured nylon, 90° cable outlet 
covers avai I able to suit each shell size. Covers 
adaptable to either plug or socket. 

4-lndenl Service Crimping Tool 
Approved to MIL-T-22520 (Class 1) and 
MS3191-4, this one-handed crimping tool con­ 
tains a 7-position wire-size selector to cater 
for all contacts up to size 12. 

Ducon Division 
Plessey Components 
Box 2 PO Villawood NSW 2163 
Telephone 72 0133 

Melbourne 42 3921 
Brisbane 2 3287 
Adelaide 76 3434 
Perth 21 4821 /21 7867 
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Rememberwhen an 
interstate phone call 
was a big deal? 

You don't have to go back too many years to the days 
when it was a big decision to call somebody interstate. 

Today it's a vastly different story. You can simply 
pick up your telephone, and with the help of S.T.D., dial 
an interstate call- direct. 

Distances are shrinking rapidly. At the moment, 
there are 20 millionmiles of wire cable laid in Australia, 
over .which 8,000 voices are travelling every minute, 
at a speed of 186,000 miles a second. The suppliers of 
rri.uch of this cable? Austral StandardCables. 

Soon you will be even able to call an overseas number 
direct. When the day comes, you can be sure that 
somewhere along the line, an A.S.C. cable will be 
making it possible. 

-·1 

Austral Standard Cables Pty. Limited 
Head Office: 325 Collins Street, Melbourne, 3000, Vic. 
Works at: Maidstone and Clayton, Victoria; 
Liverpool, N.S.W., Australia; and Hornby, 
Christchurch, New Zealand; 
Laboratories at Maidstone, Vic. As.2000.A 
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GEC of England 
get down to earth to achieve 
flexibility in Multiplex Equipment 

From deep down in the earth come the quartz crystals to form the heart of 
GEC Multiplex Equipment. From top-quality crystals like this, GEC 
manufacture the channel filters that give its Multiplex Equipment high 
selectivity and flexibility. 

This versatile equipment can 
e carry speech, telegraphy, data or music 
e by radio, cable or open-wire/transmission systems 
e with built in out-of-band signalling or in-band signalling 
e with or without standby generator 
e with mains or battery operation 

It is fully transistored, and standard group or supergroup bricks 
can be assembled into any combination to meet both CCITT and 
North American standards. 

With 40 years' experience in the design and manufacture of Multiplex 
Equipment to meet the needs of the world's markets, GEC continues to 
maintain its leading position in this field. 

This is one facet of the total capability in telecommunications that is offered 
by GEC. 

Takes telecommunications 
into tomorrow 
GEC-AEI TELECOMMUNICATIONS LIMIT.ED, OF COVENTRY, ENGLAND. 
A Management Company of The General Electric Co. Ltd. of England. 

18/J-4 
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MELBOURNE BRISBANE PERTH 
I R H Components Pty. Ltd., K.H. Dore & Sons Simon Holman & Co. 
Phone 489-1088 Phone 2-1391 (except Magnetic Devices) 1--P_ho_n_e _8-_2_27_1 ---1 

HOBART & LAUNCESTON ALSO ADELAIDE 
Underhill Day & Co. . . Collet.t ~; C;in,_t_P(y., Ltd. 
Phone 70-2141 (Magnetic Devices only) Phone 23-1971 

W.P. Martin Pty. Ltd., 
Phone 34-2811 22-844 

-,·':,,,J.',·,' 

l ~, 
;_'i :;,· ., ,.\ 
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Three exomnles 
from the Mulloril m•e ofodvonced 
microwove devices 

Gunn diodes 
:5to15mW . . , 
8to 12GHz 

Planar 
varactors 

New solid-state 
X-band 
oscillators 
Three new series, all electronically 
tuned-compact solid-state 
alternatives to the reflex klystron, 
needing only a 7V negative 
stabilised supply. Prices compare 
very favourably with klystrons and 
their associated power supplies. 
CL8420 Series 
General purpose 9.2-9.5 GHz 
oscillators. 
50M Hz electronic tuning. 
Power output to 1 OmW. 
For local oscillators in X-band radar. 
Coaxial or waveguide output. 
CL8300 Series 
For local oscillators in radars with 
automatic frequency control. 
Frequency range 9.2-9.5G Hz. 
200M Hz electronic tuning. 
Power output to 3mW. 
Coaxial or wavequide output. 
CL8400 Series 
Precision oscillators for laboratory 
use. 
50M Hz electronic tuning with up to 
3G Hz mechanical tuning range. 
Power output to 1 OmW. 
Coaxial output. 

Mui lard Microwave tubes, semiconductors 
paramps, components and 
solid-state sources 

High production rates have brought 
down prices to very low levels. 
The CXY11 series are gallium 
arsenide, bulk-effect devices. They 
are encapsulated in varactor-type 
pill packages suitable for most types 
of cavity. Depending on the cavity, 
they will operate at any frequency in 
X-band. 

Here's some quick reference data- 
CXYIIA CXYIIB CXYIIC 

Operating 
voltage 7.0V 7.0V 7.0V 
ptotmax 
(Tamb = 25oq 1.0W l.OW l.OW 
Operating frequency X-band X-band X-band 
p outmin 5.0mW lOmW 15mW 

These varactors are efficient, rugged, 
reliable and inexpensive too. 
After all, they're made by Mullard, 
Britain's largest suppliers of planar 
semiconductors. 
Check these brief details of the 
comprehensive planar varactor 
diode range. 

Type Min. Frequency Multiplication 
pout(W) . (GHz) Factor 

BAY96 22.0 0.5 X3 
BAY66 10.0 1.0 X2 
BXY27 5.0 2.0 X2 
BXY28 3.5 4.0 X2 
BXY29 0.3 9.0 X4 
BXY32 15mW 9.0 X10 
CXY12 50mW 36.0 X4 

Further details are available from Mullard oflices throughout the Commonwealth. 

N.S.W.: 35-43 Clarence St., Sydney 2000. Phone: 29 2006 
VIC.: 123-129 Victoria Pde., Collingwood 3066. Phone: 41 6644 
OLD.: Cnr. Light St. & St. Paul's Terrace, Bowen Hills 4006. Phone: 51 5151 
S.A.: 176 Wright St., Adelaide 5000. Phone: 51 3123 
W.A.: 579 Murray St., Perth 6000. Phone: 21 2561 
TAS.: MEDHURSTS LTD., 163 Collins St., Hobart 7000. Phone: 2 2911 
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For further information contact 

Siemens Industries Limited 
544 Church Street, Richmond. Victoria 42 2371 
Branches at Sydney. Brisbane, Newcastle 

t 
SIEMENS 

Vertical High Density Equipment 
for Carrier Telephone Systems 
Siemens vertical high density packs with various plug-in 
sub-units can be connected directly to the station cabling via 
plug-in connectors. Rack wiring is eliminated. 

Versatile racks can be equipped with several differenttypes of 
vertical packs. Terminal panels are included in the vertical packs. 

Siemens rack equipment gives considerable space savings: 
channel modem and group modem racks have 2½times the 
channel capacity of the equipment previously used. 

Planar Station Cable Shelf 
The high packing density of Siemens vertical equipment racks 
permits the additional requirements of station cabling per unit area 
to be easily accommodated on top of the planar cable shelf. 
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the KEY to better switching 

Fifty years of specialist experience is the 
reason why switches designed and manufac­ 
tured by TMC Australia are specified by lead­ 
ing electrical and electronics manufacturers. 
Other manufactures of TMC Australia are: 
24-channel High-speed FM-VF Telegraph 
Equipment, Open-wire Telephone Carrier 
Systems, Transistorized Test Instruments. 
TMC Australia specialises in the design and 
manufacture of Filters used with Long Line 
Telecommunications. 

TMC 
AUSTRALIA 

Actual size of · a 
TMC Illuminated 
Push-Button Key­ 
Sw itch. Available 
with magnetic hold 
or standard.' 

Key Switches by the Key Switch Specialists 

TELEPHONE MANUFACTURING CO. (A'ASIA] PTY. LTD. 
174 Canterbury Road, Canterbury, N.S.W. Phone: 78-3407. Telegrams and Cables: TEEMSEA, Sydney. -r ac-a 
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i 
SIEMENS 

~your Data 
by Telephone 
A modem is required at the beginning and end of each telephone 
circuit established for data transmission. Siemens modems cover 
the entire range of data transmission by telephone for any speed, 
tailored to your requirements. They are of advanced design and 
conform to all relevant CCITT recommendations. 
These are the advantages you gain: You pay only for the 
electronics required for the application in question. Whatever your 
choice -a modern desk model or a rack mounting model - 
whenever you choose a Siemens modem you choose the latest 
technology and highest reliability. 
Modem 8332 2400/1800/1200/600 bits/s (selectable). 
Synchronous operation. Suitable for operation over switched lines 
as well as 2-wire or 4-wire point-to-point circuits. Adjustable line 
equalizer. Also available in special housing for mobile service. 
Modem 8331 600/1200 bits/s (selectable). Synchronous or 
start-stop operation. Clock and synchronous receiver incorporated 

for synchronous operation. Adaptable to operation over switched 
lines as well as 2-wire or 4-wire point-to-point circuits. 
Modem 8335 2 x 200 bits/s. Synchronous and start-stop 
operation. Adaptable to operation over switched lines as well as 
2-wire or 4-wire point-to-point circuits. 
Modem 8340 (outstation). 
Modem 8342 (central station). 
Parallel modem, 20 or 40 characters/s for data acquisition or 
information systems. Operation over switched lines, digital 
or speech return signal. 

Siemens Industries Limited 
544 Church Street, Richmond, Victoria. 42 0291 
Also at: 
Sydney, Brisbane and Newcastle. 

Modem 8335 

Siemens Data Systems 
SH353 
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What's • new 1n • epoxies 
starts 
with 
CIBA 

Since the discovery and 
development of epoxies, a 
whole new world of pro­ 
ducts and manufacturing 
techniques have been intro­ 
duced that would never have 
existed otherwise and right 
from the beginning CIBA 
have been in the forefront 
of their development. 

Superior strength, out­ 
standing adhesion, high 
electrical insulation and ex­ 
cellent chemical resistance 

of CIBA's ARALDITE 
Epoxies have led to count­ 
less improvements in old­ 
established products and 
helped to develop numerous 
new ones. 

CIBA-first in epoxies, 
still leads the way with new 
developments and formula­ 
tions which will help the 
end user to improve his 
products and increase his 

H igh-voltage rating transformer 
(]00KY), cast in Araldite, for U.K. 
Atomic Energy Authority. 

Araldite adhesive applied to steel girders during construction of section of 
motorway. Pre-stressed concrete planks are lowered on to the girders and 
bonded into position bv the Araldite, [orming a permanent weatherproof 
ioint. 

profitability. ARALDITE 
Epoxy Resin Adhesive is 
probably the best known 
epoxy in Australia. Not so 
well known, however, is the 
fact that ARALDITE is 
CIBA's trade mark for all 
their epoxy resin formula­ 
tions covering such fields as 
electrical, tooling, building, 
flooring, adhesive, reinforced 
plastics, etc. 

The availability of all the 
technical information from 
any CIBA Organisation 
around the world makes the 

CIBA Technical Service 
unique and as up-to-date as 
tomorrow. For technical 
service, technical literature 
and any help you may need 
please contact CIBA. 

CIBA Company Pty. Ltd. 
SYDNEY: Orion Rd., Lane Cove 
-2066-428 1966. 
MELBOURNE: 22-24 Rvan si; 
East Brunswick-3057-38 4/ 21. 
BRISBANE: 21 Cribb Street. 
Milton-4064-36 0011. 
ADELAIDE: 222-230 Torrens Rd., 
Renown Park-5008-46 I 296. 
PERTH: Cruickshank Bros., 578 
Murray St., Perth-6001-21 926/. 

CA.47 

f ff 
.. t ~~? 

designed or e 1c1en, -zj ~ 
communication networks .. ,7 ~ 

4 WIRE 1~iMINATING SETS 
HYBRID COILS 

Illustrated - 4 Wire Terminating Sets - one with cover re­ 
moved. Standard mounting is 12 Units on a 19" x 5¼" panel. 

For use on high quality amplified 
voice frequency circuits at points 
where a 2 wire to 4 wire conver­ 
sion is required. All units incor­ 
porate blocking capacitors in the 
line and network windings and 
basic components to provide for 
the average line balance network. 
Terminating sets contain variable 
attenuator pads in both the 
Hybrid-In and Hybrid-Out sides. 
For further information please 
write giving application details. 

LM ERICSSON 
lffl"'iP.1tinJl1'10Y1·ll'Al--iM:I 

, • FACTORY: 
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ELMEG 
gives you printout and readout 
counters with a solution to every 

digital counting and recording problem in industry 
and research. 

A versatile range: Non-reset impulse counters • Impulse counters 
with mechanical reset • Impulse counters with electrical reset • 
Impulse counters with auxiliary contacts • Impulse summation 
counters • Pre-selective impulse counters • Differential counters 
• Unidigit counters with digital readout contacts • Three, seven, 
ten and twelve channel recording counters 

For further information 
on world-famous 
Elmeg Equipment contact 

E. S. RUBIN & CO. PTY. lTD~ 
73 Whiting Street, Artamon, N.S.W. 2064. Tele­ 
phone: 439-2333. Telex: 21175 • 6 Kemp Street, 
Woodville, South Australia 5011. Telephone: 
45-3579. Telex 82529 • 138 Berkeley Street, Carlton, 
Vic., 3053 • Telephone: 34-6469. Telex: 30948 • 
Queensland - Telephone: 79-2207 • Western 
Australia - Telephone: 21-7861. 
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The TELECOMMUNICATION JOURNAL of Australia 

ABSTRACTS: Vol. 19, No. 2 

ALLAN, T. & LARSSON, I. W.: 'Erlang Meters in ARM 
Crossbar Exchanges': Telecom. Journal of Aust., June 1969 
page 120. 
A brief summary of the use of erlang meters in ARM 

201/4 crossbar exchanges to provide revenue and traffic statis­ 
tics is given. The types of erlang meters to be used are 
discussed together with a general description of the erlang 
hour meter survey diagram. Some installation aspects, and 
the types of racks used to mount the equipment are also dis­ 
cussed. 

BYASS, G. and PIMM, T. G.: 'Safety Aspects of Voltages 
Applied to Telephone Lines'; Telecom. Journal of Aust., 
June 1969, page 170. 
This article presents a summary of previously published 

papers on electrical safety and deals with the various 
aspects of electric shock pertinent to the determination of the 
most suitable approach to safety in any particular case. The 
result of some measurements of human body and skin re­ 
sistances are discussed. 

CRAIG, E. R.: 'Space Systems and Radio Astronomy - 1968 
Interim Meetings of C.C.I.R. Study Group IV'; Telecom. 
Journal of Aust., June 1969, page 164. 
Interim meetings of C.C.I.R. Study Group IV were held in 

Geneva in September/October, 1968, and this paper describes 
generally the scope of the subjects covered and a selection 
of the more important results are treated in more detail. 
Among the highlights of interest in the field of communication 
satellites are consideration of use of the geo-stationary satel­ 
lite orbit, use of frequencies above 10 GHz, direct broadcasting 
from satellites and the measurement of receiver system perfor­ 
mance. 

DOSSING, S.: 'C.C.I.T.T. IVth Plenary Assembly - Mar Del 
Plata, Argentina, 1968'; Telecom. Journal of Aust., June 
1969, page 157. 
The Plenary Assembly, which is the highest authority of 

the International Consultative Committee on Telephony and 
Telegraphy (C.C.I.T.T.), meets every three to four years usually 
preceded by meetings of the individual C.C.I.T.T. Study 
Groups. The last such meetings were held in Mar Del Plata 
during September/October, 1968. The paper gives a brief 
summary of these meetings which were held over a period 
of five weeks and attended by a number of officers from the 
P.M.G.'s Department, Overseas Telecommunications Com­ 
mission and industry. 

HOWARD, S. A.: 'PERT in the light Engineering Field'; 
Telecom. Journal of Aust., June 1969, page 114. 
This paper briefly outlines a system of project planning, 

scheduling and control which has been implemented in the 
Exchange Installation Divisions, Brisbane. The system is based 
on networking techniques (PERT/CPM) utilising both manual 
and computer methods of processing. Some of the difficulties 
encountered during the implementation and development of 
the system are discussed. 

KEIR, K. E. and SADLER, N. J.: 'Conductor Jointing in 
Part Privately Erected Lines'; Telecom. Journal of Aust., 
June 1969, page 167. 
Existing jointing techniques for galvanised iron wires are 

reviewed. A new type of compression sleeve incorporating an 
internal compression spring is described. 

LEITE, M. F.: 'Installation of Lead Sheathed Cables on 
Bridges'; Telecom. Journal of Aust., June 1969, page 127. 
This paper describes investigations of the performance of 

lead sheathed cables installed on bridges in N.S.W. and the 
associated vibration and exposure environment provided by 
the bridge installation. The effects of temperature variation, 
cable type and cable size are discussed and recommended 
practices for successful and economical installations on bridges 
are given. 

MINZ, S.: 'Poling Patterns for Peak Voltage Reduction'; 
Telecom. Journal of Aust., June 1969, page 150. 
The paper describes methods of reducing peak voltages in 

coherent tone groups in wideband carrier systems. In par­ 
ticular the principles of a method based on phase changes 
by systematic wire transpositions are developed. A practical 
application is described. 

SCOTT, F. M.: 'System AFM 402: The A.P.O. Four Wire 
Cord Type Manual Assistance Centre'; Telecom. Journal of 
Aust., Feb. 1969, page 41, and June 1969, page 136. 
This paper describes the general electrical design features 

of A.P.O. System ARM 402, which comprises a cord-type 
operating position for manual assistance traffic, a cordless 
type operating position for special services traffic, monitors 
and supervisors' turrets, positions and line relay sets, and a 
marker-controlled crossbar switching stage. The manual 
assistance position is described in detail. 
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Electrically Speaking ... 
. . . we live in an Electronic-Age. 
Which involves Telecommunications . 
Both of which involve NEC. 
From telephones to satellite earth stations. 
Over 5000 integrated-items. 
For government. 
For private industry. 
For you . 
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Telephone Equipment 
Telephone Sets, Step-by-step Auto­ 
matic Switching Equipment, Cross­ 
bar Switching Equip., Electronic 
Switching Equip., Videophones (TV 
telephone system with exchange 
equip.). 

Carrier Transmission Equipment 
Carrier Communication Equipment, 
PCM Transmission Equip., Measur­ 
ing and Testing Equip., Loading 
Coils. 

Radio Equipment 
HF, VHF, UHF and SHF Radio Com­ 
munication Equipment, Portable 
and Mobile Radio Equip., Over-the­ 
Horizon Communication Equip., 
Earth Station Equipment for Satellite 
Communications, Radio and TV 
Broadcasting Systems, Navigation 
Equipment. 

Electronic Data Processing 
Equipment 
Electronic Computers, Data Com­ 
munication Equipment. 

Other Electronic Equipment 
Automation Equipment, Defense 
Electronic Equip., Educational Elec­ 
tronic Equip., Closed Circuit TV 
Equip., Picture Transmission and 
Facsimile Equip., Remote Super­ 
visory and Control Equip., Medical 
Electronic Equip., Laser and Infra­ 
red Ray Application Equip., Ultra­ 
sonic Application Equip., Electrical 
Home Appliances. 

Electronic Components 
Electron Tubes, Semiconductor De­ 
vices, Integrated Circuits, Circuit 
Components, Printed Circuit Boards. 

Products for today - 
Innovations for tomorrow 

P.O.Bo,I,Takaoawa,Tokyo,Japan Nippon Electric Company.limited NEC 
Melbourne Office: P.O. Box No. 895G, G.P.O., Melbourne Tel.: 67-5321, 5322 



We took a 
6 day holiday 

1968 • Ill 

• 

;)• 

After installing 
360 Telephone Exchanges 

in Australia 
In. 1S69 we will install even more exchanges and perhaps still 
have a holiday; it just means we will have to install more than 
one exchange each day. Fortunately, we have the capacity to do it 
with our experience in - 

Large city telephone exchanges. 
Transportable telephone exchanges for the rural areas. 
Large trunk exchanges for STD calls. 
Telex exchanges. 
PABX and PAX of all sizes. 

We are busy, but not too busy to help you with your com­ 
munication problem. 2261 

L M ERICSSON PTY LTD 

- 

Head Office & Factory: Riggall St., Broadmeadows, Vic. 3047. Tel. 309 2244 
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Agents: 
W.A. Milligan Enterprises Pty. Ltd. 81 2188. S.A. F. R. Mayfield Pty. Ltd. 8 4131. 
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