


WHERE SOUNDS 
ARE RARELY HEARD 
Water still seeps through limestone 

caves the world over patiently adding to the 
already spectacular scene, still ticking 

the years away largely unheard. 

But where sound can be harnessed and 
turned to man's ends -- particularly in the 
field of telephony - you'll find STC in the 

forefront advancing new ideas, 
contributing to their progress. 

AN ITT 
ASSOCIATE 

worldwide telecommunications and electronics 

"Photo by courtesy of New South Wales Dept. of Tourist Activities" 

R162 



ERRATUM 

Our contributors, page 246, lines 14 
and 15 should read: 
"presenting Council's Report after the 

formal opening of the Conference in 
this, etc." 
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FOREWORD 

"MAN'S knowledge can encircle the earth by means 
of signals." So read the inscription on the medal 

struck by the Paris Mint to commemorate the first 
conference of the International Telegraph Union held 
in Paris in 1865. 

One hundred years ago this quotation adequately 
described the introduction of electrical telegraphy. The 
transmission of speech by telephone, radio techniques, 
coaxial and submarine cables, videophones and tele 
conference facilities had not been developed. Tele 
graphy had advanced as the conventional form of tele 
communication with the conversion of written telegraph 
messages into coded signals as a logical follow-on from 
the use of semaphore. Mr. F. P. O'Grady, C.B.E. 

Today, a century later, much more ambitious uses have been found or are predicted 
for telecommunications, which has a host of purposes other than the relay of Government and 
public communication services. We have the continuing fascination of man's quest in 
outer space, adding constantly to our knowledge of the universe and relying heavily on 
telecommunications for its success. The diversity of its uses is also highlighted in the 
daily activities of air and surface transportation, astronomy, health and meteorology. 

Looking to the future, prospects are developing for more important break-throughs 
in the extension of communication via earth satellites and submarine cables, in the use of 
lasers and even in the development of microwave transmission of power by radio. 

The 1.T.U. deserves full recognition for the part that it has played in fostering a cen 
tury of international co-operation, and in the orderly development of standards, and the 
adaptation of new techniques for the benefit of telecommunications generally. Without the 
Union there would be chaos where there is now order. 

Australia has been a member of the Union since South Australia joined in 1878. 
The other five States followed South Australia into the Union and membership by agree 
ment passed to the Commonwealth at Federation in 1901. We are pleased to have been as 
sociated with such a long history of international co-operation. 

At the commencement of the second century of service, we cannot overlook the new 
problems facing the Union in a period of rapid changes, and thus it is appropriate that 
the Plenipotentiary Conference should be called together this year to review Union policy 
and to establish a new Convention to meet the demands that lie ahead. 

Director-General, 
Postmaster-General's Department. 
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THE INTERNATIONAL TELECOMMUNICATION UNION IN 1965 
C. J. Griffiths, M.E.E., M.I.E.E., M.I.E.Aust.* 

INTRODUCTION 
Under Article 4 of the International 

Telecommunication Convention, Geneva, 
1959 - the basic document of the Inter 
national Telecommunication Union - 
the purposes of the Union are:- 

(a) to maintain and extend inter 
national co-operation for the im 
provement and rational use of 
telecommunication of all kinds; 

(b) to promote the development of 
technical facilities and their most 
efficient operation with a view to 
improving the efficiency of tele 
communication services, increas 
ing their usefulness and making 
them, so far as possible, generally 
available to the public; 

(c) to harmonise the actions of nat 
ions in the attainment of those 
common ends. 

For the International Telecommuni 
cation Union 1965 has special signific 
ance; it is the year of the centenary and 
for nine weeks in September, October 
and November the Plenipotentiary Con 
ference, its supreme controlling author 
ity, meets and shapes the destinies of 
the Union for the first six years of the 
second century of its existence. 
The last such Conference was held 

in Geneva in 1959. It is therefore ap 
propriate, in this October issue of the 
Journal, to set down the way in which 
the I.T.U. operates and refer to some 
of the matters which are of concern to 
Member countries in this important 
year. 

ORGANISATION 
I• its simplest form, the organisation 

of the I.T.U. is shown in Fig. 1. The 

Plenipotentiary Conference, which is re 
presentative of all Members of the 
Union, determines the policy and guid 
ing principles which are set down in a 
Convention and associated general Reg 
ulations. For the period between Pleni 
potentiary Conferences the responsibility 
for the control of the Union's activities 
on behalf of the Member nations rests 
with the Administrative Council. 
Four permanent organs of the Union, 

located at Geneva under the direction of 
the Secretary-General, implement the 
policies and decisions of the Plenipot 
entiary Conference and the Administra 
tive Council. In addition, there are 
Study Groups, Plan Committees and 
various other Conferences representative 
of the Members, which play an import 
ant part in developing the needs of the 
Member countries in establishing satis 
factory bases for the operation of nat 
ional and international communication 
networks. (Ref. 1). 

ADMINISTRATIVE COUNCIL 
The Council, which meets in annual 

session, supervises the administrative 
functions and co-ordinates the activities 
of the General Secretariat, the Internat 
ional Frequency Registration Board 
(I.F.R.B.), the International Consultative 
Committee on Radio (C.C.I.R.) and the 
International Consultative Committee on 
Telegraph and Telephone (C.C.I.T.T.) at 
Headquarters. It consists of 25 members 
representative of the five main regions 
of the world. These are Africa (4), Asia 
and Oceania (6), Eastern Europe (3), 
North and South America (6), Western 
Europe (6). The countries represented 
are:- 

PLENIPOTENTIARY CONFERENCE 

ADMINISTRATIVE 
COUNCIL 

Africa - 
Egypt 
Ethiopia 
Morocco 
Tunisia 

Asia and Oceania - 
Australia 
China 
India 
Iran 
Japan 
Philippines 

Eastern Europe - 
Czechoslovakia 
Russia 
Yugoslavia 

North and South America - 
Argentine 
Brazil 
Canada 
Colombia 
Mexico 
US.A. 

Western Europe - 
Britain 
France 
Germany 
Italy 
Spain 
Switzerland 

The Council meets for a period of five 
weeks, usually in April and May, and 
deals with its work through seven Com 
mittees. These are:- 
Committee 1 - Finance. 
Committee 2 - Staffing. 

* Mr. Griffiths is First Assistant Director-Gen 
eral, Engineering Works Headquarters, and is 
the 1965 Chairman of the Administrative 
Council of the I.T.U. See Page 243. 

MEETINGS & CONFERENCES OF MEMBERS 

j 
ADMINISTRATIVE 
CONFERENCES 

TELEGRAPH 
& TELEPHONE 

ADMINISTRATIVE 
CONFERENCES 

RADIO 

C.C.I.T.T. 
STUDY 

GROUPS 

C.C.I.R. PLAN 
STUDY COMMITTEES 

GROUPS 

PERMANENT HEADQUARTERS 

l 
C.C.I.T.T. I.F.R.S. GENERAL 

SECRETARIAT 
C.C.I.R. 

C.C.I.T.T. = International Consultative Committee for Telegr~ph and Telephone 

C.C.t.R. = International Consultative Committee fer Radio 

I.F.R.B. = tnternationa!FrequencyRetist1ati0RB0211I 

Fig. I - Organisation of the I.T.U. 
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Committee 3 - Technical Assistance 
and Relations with 
the United Nations. 

Committee 4 - Audit of Accounts. 
Committee 5 - Radio Conferences 

and Space Considera 
tions. 

Committee 6 - Resolutions and Re 
ports. 

Committee 7 - Drafting. 
The Plenary meetings of Council deal 

with the reports of the Committees and 
with major matters of policy and pro 
cedure. All members of Council attend 
meetings of Committees, which are not 
held concurrently, as well as the Plenary, 
so that matters decided in Committees 
seldom require extensive further discus 
sion in Plenary. 

Ad hoe working parties are set up to 
deal with particular aspects of problems 
arising during Committee discussions. 
The basis of discussions are documents 

issued by the General Secretariat and 
during a normal session the number 
approximates 190. These range from one 
page to as many as 167 in the docu 
ment setting out the budget of the Union. 
Formal minutes of all Committees and 

the Plenary are recorded and issued to 
all Members of the Union. An Annual 
Report and a Financial Report for each 
year's activities are prepared by the 
Council and these also are distributed 
to all Members. In addition, since 1962 
a special Annual Report has been pre 
pared for the United Nations dealing 
with Telecommunications and the Peace 
ful Uses of Outer Space and the I.T.U. 
contributions in this field. 
In 1965 a special task of the Council 

was the preparation of the Council re 
port to the Plenipotentiary Conference, 
a task allotted primarily to Committee 
6 (Resolutions and Reports). This re 
port of 265 pages records the work of 
ihe Council and the activities of the 
I.T.U. since the last Plenipotentiary Con 
ference in Geneva in 1959. In addition, 
it presents a review of problems which 
have developed since 1959 and which 
require consideration by the Plenipotent 
iary Conference. 

Some of the more important matters 
which were dealt with at this year's 
Administrative Council are discussed 
hereunder. 
Accommodation: Arising from the 

need to cope with additional staff ac 
commodation at Headquarters and the 
difficulty in obtaining adequate facilities 
in Geneva for the large number of Con 
ferences held by the I.T.U., a proposal 
has been recommended to the Plenipot 
entiary Conference to arrange for ex 
tensions to the existing building to cater 
for 100 additional staff and Conference 
facilities for up to 400, readily divisible 
into two conference rooms accommodat 
ing 150 to 200. Some idea of the Con 
ference requirements of the I.T.U. is 
demonstrated by the following figures:- 
A verage period of meetings per year 

for various attendances:- 
Weeks 

Large Conferences held at intervals 
of from three to six years - 
400-800 delegates 10 

Smaller Conferences held at one or 
two year intervals - 200-400 
delegates 10 

Study Groups and similar meet 
ings held throughout each year 
- 50-200 delegates 50 
In addition, the purchase of the exist- 

ing I.T.U. building, see Fig. 2 has been 
recommended. This building was financ- 

Fig. 2 - Headquartem Building of the I.T.U. in Geneva. 
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ed by the Canton of Geneva on a rental 
basis with an option to purchase under 
favourable terms by 31st December, 
1965. 
Broadcasting: Considerable discussion 

took place on the break down of the 
African LF/MF Broadcasting Conference 
held in Geneva in October 1964. This 
followed difficulties between South Afri 
can and Portuguese delegations and dele 
gations of other African nations. Com 
plex procedural and political factors 
were involved and the aim of the Coun 
cil was to resolve these in the best man 
ner possible and in the interests of the 
I.T.U. as a whole. 

Technical Assistance: As at previous 
sessions in recent years, much discus 
sion took place on the question of tech 
nical assistance to new and developing 
countries and the best means by which 
such assistance should be given. A 
special Technical Co-operation Depart 
ment at Headquarters exists to manage 
the expenditure of the United Nations 
Technical Assistance Funds made avail 
able for telecommunication purposes. 
Again, in such a complex matter, there 
are necessarily differing views as to the 
best and quickest way of providing tech 
nical assistance. 

Budget: The budget of the Union, 
which was approved at 20,261,000 Swiss 
francs (£A2,110,530) also involved con 
siderable discussion and in many areas 
was subject to pruning by Council from 
the figures presented in the first place by 
the Secretary-General. 

Staffing: Staffing matters, because of 
the major impact they have on the bud 
get, also come in for close scrutiny by 
the Council. 

PLENIPOTENTIARY CONFERENCE 
As mentioned earlier, this confer 

ence is the supreme authority of the 
Union and is ultimately 'responsible for 
all policy. The duties of the Plenipotent 
iary Conference are to:- 

(a) determine the general policies for 
fulfilling the purposes of the Un 
ion prescribed in Article 4 of the 
Convention; 

(b) consider the report by the Admin 
istrative Council on its activities 
and those of the Union since the 
last Plenipotentiary Conference; 

(c) establish the basis for the budget 
of the Union and determine a 
fiscal limit for the expenditure of 
the Union until the next Plenipo 
tentiary Conference; 

( d) fix the basic salaries, the salary 
scales and the system of allow 
ances and pensions for all the 
officials of the Union; 

(e) finally approve the accounts of the 
Union; 

(f) elect the Members of the Union 
which are to serve on the Ad 
ministrative Council: 

(g) elect the Secretary-General and 
the Deputy Secretary-General and 
fix dates of their taking office; 

(h) revise the Convention if it con 
siders this necessary; 

(i) conclude or revise, if necessary, 
agreements between the Union and 

other international organisations, 
examine any provisional agree 
ments with such organisations 
concluded, on behalf of the Un 
ion, by the Administrative Coun 
cil, and take such measures in 
connection therewith as it deems 
appropriate; 

(j) deal with such other telecommuni 
cation questions as may be nec 
essary. 

There are 127 full Members of the 
Union and one Associate Member 
(Zambia) and most of these are expected 
to send delegates to the, Plenipotentiary 
Conference to be held in Montreux, 
Switzerland, from the 14th September 
to the 12th November this year. 
In dealing with its work the Confer 

ence adopts broadly the same practice as 
the Administrative Council in setting 
up a series of Committees headed by a 
Plenary; one essential difference is that 
some Committee meetings will be held 
simultaneously and this can lead to more 
extensive discussions of Committee re 
ports in the Plenary. The time factor, 
however, makes this practice essential. 
The Committee structure for the Confer 
ence will probably be along the follow 
ing lines:- 

1 - Steering. 
2 - Credentials. 
3 - Finance Control. 
4 - Organisation of the 

Union. 
Committee 5 - Personnel Questions. 
Committee 6 - Finances of the 

Union. 
Committee 7 - Relations with the 

United Nations, the 
Specialised Agencies 
and other Internat 
ional Organisations. 

Committee 8 - Technical Co-opera 
tion. 

Committee 9 - Convention 
General 
tions. 

Committee 10 - Editorial. 
Some of the more important matters 

to be considered by the Conference are 
discussed briefly in the following. 

Organisation of the I.T.U.: Improve 
ments in procedure and changes in res 
ponsibility have pointed to the need to 
change certain aspects of the organisa 
tion of the Headquarters permanent or 
gans. For instance, there have been sug 
gestions that some alteration to the struc 
ture of the I.F.R.B. would be of bene 
fit, because of the changed requirements 
since the Board's formation by the Pleni 
potentiary Conference at Atlantic City 
in 1947. 

Committee 
Committee 
Committee 
Committee 

and 
Regula- 

Structure and Representation of the 
Administrative Council: A number of 
proposals have been presented for chang 
ing the method of representation on the 
Administrative Council. For example, 
since 1959 the number of African Mem 
bers of the Union has increased from 
16 to 39 and operations of the Council 
need review to streamline its proceed 
ings. 
Revision of the Convention and As 

sociated General Regulations: Apart 

from probable amendments arising from 
changes in organisation and procedure, 
there is a need for simplification in the 
layout and improvement in definition, 
again based on experience during the 
last six years. 

Policy on the Holding of Conferences: 
The tremendous expansion of internat 
ional communications during the last 
few years has emphasised the world wide 
nature of I.T.U. activities and the need 
to hold Plan Committee and other meet 
ings at locations in the various regions 
of the world. This does involve some ad 
ditional expenditure in the budget of 
the Union, compared with the holding of 
such meetings closer to or at the Head 
quarters of the Union in Geneva, which 
has to be balanced against the important 
advantages of regional meetings. - 

CENTENARY YEAR 
The original agreement which was the 

beginning of the I.T.U. was signed on 
the 17th May, 1865, in the Salon de 
L'Horloge at the Quai d'Orsay in Paris 
by representatives of 20 countries, as 
follows:- 

Austria, Hungary and Bohemia 
Baden 
Bavaria 
Belgium 
Denmark 
France 
Greece 
Hamburg 
Hanover 
Italy 
Netherlands 
Portugal 
Prussia 
Russia 
Saxony 
Spain 
Sweden and Norway 
Switzerland 
Turkey 
Wurtemberg 

The highlights of the history of the 
I.T.U. since that date and set against 
some of the significant dates in the 
development of telecommunications, are 
as follows:- 
1837 First electric telegraph. 
1849 The telegraph first used inter 

nationally. 
1865 Paris, 17th May. Foundation of 

the International Telegraph Un 
ion by 20 States with the adoption 
of the first Convention. First 
Telegraph Regulations. 

1868 Vienna Conference, Bureau of the 
Union set up in Berne. 

1871/2 Rome Conference. 
1875 Saint Petersburg Conference. New 

Convention which lasted until 
1932. 

1876 Invention of the telephone by 
Alexander Graham Bell. 

1885 Berlin Administrative Conference 
makes first 1.T.U. provisions for 
international telephony. 

1895/6 First wireless transmissions. 
1903 Berlin. Preliminary Radio Confer 

ence of nine States. 
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Berlin. First international Radio 
Conference with 27 States. Con 
vention and Radio Regulations 
drawn up. Adoption of SOS sign 
al. 
"Titanic" disaster. London Radio 
Conference. Improved Radio Re 
gulations. 
Paris. Creation of C.C.I.F. (Inter 
national Telephone Consultative 
Committee). 
Paris. Creation of C.C.I.T. (Inter 
national Telegraph Consultative 
Committee). 
Washington Radio Conference 
with 80 States. Establishment of 
C.C.I.R. (International Radio Con 
sultative Committee). First alloca 
tion of radio frequencies to the 
various radio services. 
Madrid Conferences. Organisa 
tion's title changed to Internation- 
al Telecommunication Union. 
First single International Telecom 
munication Convention. New 
Radio, Telegraph and Telephone 
Regulations. 
Cairo Administrative Radio and 
Telegraph and Telephone Confer- 
ences. 

1947 Atlantic City Plenipotentiary and 
Radio Conferences. Creation of 
International Frequency Registra 
tion Board (I.F.R.B.). New Inter 
national Frequency List. Creation 
of the Administrative Council. 
Agreement with the United Nat 
ions approved. 

1948 Seat of the Union transferred to 
Geneva. 

1952 Buenos Aires Plenipotentiary Con 
ference. 

1956 Geneva. C.C.I.F and C.C.I.T. 
merged into new C.C.I.T.T. (Inter 
national Telegraph and Telephone 
Consultative Committee). 

1958 Geneva Telegraph and Telephone 
Conference. 

1959 Geneva Plenipotentiary and 
Radio Conferences. 

1962 New headquarters building open 
ed in Geneva. 

1963 Geneva Space Radiocommunica 
tion Conference. 

1965 Centenary year and Montreux 
Plenipotentiary Conference. 

The Union has organised a number of 
functions and special commemorative 
activities to celebrate the Centenary and 
in doing this, part of the objective has 
been to publicise the work of the I.T.U., 
and the importance of telecommunica 
tions in world affairs. These are set out 
hereunder:- 

Special Commemorative Celebrations 
in Paris, 16th, 17th and 18th May: On 
the 17th May a special meeting, at 
tended by the French Minister for For 
eign Affairs (Mr. Maurice Couve de 
Murville) and the French Minister of 
Posts and Telecommunications (Mr. 
Jaques Marette), was held in the Salon 
de L'Horloge where the first meeting 
was held in 1865. A special message was 
conveyed to the meeting by the Secre 
tary-General of the United Nations (U 
Thant) televised by the Early Bird satel 
lite. Representatives of the original 20 
countries signing the first agreement 
were present, as well as members of 

1906 

1912 

1924 

i925 

1927 

1932 

1938 

Council and special guests. On that day 
also the final session of the 1965 Ad 
ministrative Council meeting was held 
at the Conference Hall at the Head 
quarters of the French Department of 
Posts and Telecommunications. 
Apart from these two formal sessions, 

the Council was entertained with true 
French hospitality at an official dinner, 
the Paris Opera, and a visit to the Cath 
edral city of Rheims. 
Issue of Commemorative Stamps by 

Member Countries: About 100 Members 
have made such issues. A special album 
containing these stamps is being pre 
pared for limited issue to Member coun 
tries. 

Commemorative Sculptured Plaque: A 
commemorative sculptured plaque is to 
be installed close to the I.T.U. building 
facing the Place des Nations. An inter 
national competition is being held and 
many sculptors from some 33 nations 
have entered the competition. 

Issue by the I.T.U. of a History of 
the Union and of Telecommunications: 
Entitled "From Semaphore to Satellite" 
and published in three separate editions 
in English, French and Spanish, it covers 
343 pages, including 365 illustrations, 
and sets out in light and entertaining 
form the main landmarks in telecom 
munications during the last 100 years. 
(Ref. 3). Twenty thousand copies have 
been printed and it is expected to gen 
erate wide interest, both within and out 
side the I.T.U. Fig. 3 shows from this 
book a landmark in early communica 
tions, the semaphore invented by Chappe 
in France in 1794, and Fig. 4 illustrates 

Fig. 3 - The Chappe Semaphore, 1794. 

the Early Bird satellite launched in 
1965, and the first communications satel 
lite in commercial operation. 

Other Activities: Publication of spec 
ial articles in the official journal of the 
I.T.U. - "Telecommunication Journal" 
- and distribution of special written 
and illustrative material to press agenc 
ies, information centres, reviews and 
newspapers. 
A commemoration to be held on the 

8th October at Berne, the seat of the 
I.T.U. Headquarters for many years. 
A special public celebration at the 

1.T.U. Headquarters at Geneva on the 
6th November. 
Distribution by Member countries of 

appropriate publicity in their countries. 
Publicity in journals of other United 

Nations agencies. 
Production by the United Nations and 

France of special film "Commemoration 
of the Centenary of the Signature in 
Paris of the first International Telegraph 
Convention (May 1865)." 

CONCLUSION 

There is little doubt that the I.T.U. 
has played a vital but generally little 
known part in the orderly advancement 
of the telecommunication art throughout 
the world. 1965, the Centenary year, 
has produced the opportunity to draw 
attention to its activities and the in 
creasing role it must play if the rapid 
advances in technology are to be proper 
ly applied to the world network of com 
munications. 
The Union is not just a body of 

people at Headquarters in Geneva, it is 
a composite of this group and a very 
large number of expert representatives 
from Member countries applying, 
through an ordered system of Radio 
Conferences, Telephone and Telegraph 
Conferences, Study Groups, Plan Com 
mittees and Special Committees, the 
knowledge to ensure understanding and 
acceptance between all countries of re 
commended procedures and standards. 
Everyone concerned looks forward to 

the second Centenary of the Union with 
optimism and enthusiasm for the ad 
vancernent of its objectives. 
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Fig. 4 - The Early Bird Communications Satellite, 1965. 
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THE TECHNICAL ASSISTANCE ROLE OF THE 
CONSULTATIVE COMMITTEES E. R. BANKS, B.E.E., A.M.l.E. Aust." 

INTRODUCTION 
This year is International Co-operation 

Year for the United Nations Organisa 
tion and it is very appropriate that it 
should also be the 100th anniversary of 
the International Telecommunication 
Union. The I.T.U. is a pioneer organisa 
tion in the field of international co 
operation and the two Consultative Com 
mittees, which form part of the I.T.U., 
the C.C.I.T.T. for Telegraphy and Tele 
phony and the C.C.I.R. for Radio, are 
essentially technical organisations con 
cerned with international technical co 
operation and assistance. 
At the first conference of Telegraph 

and Telephone Engineers in September, 
1908, the Technical Director of the 
Hungarian Administration, Mr. Kolos 
svary said, "Telegraphy and telephony 
know no political or national frontiers 
but serve the interests of all mankind, 
and we must concentrate our efforts to 
ensure that scientific progress is put to 
good use everywhere and, as far . as 
possible, in the same way and at the 
same time". (Ref. 1). This undoubtedly 
was a charter for technical assistance in 
its broadest sense. 

Since 1959 the I.T.U. has actively 
directed its technical assistance efforts 
towards meeting the specific needs of the 
new and developing countries. Between 
the Plenipotentiary Conference at 
Geneva in 1959 and the Montreux Con 
ference in 1965 the number of countries 
in Africa alone has risen from 16 to 39 
and many of these have not had the 
advantage of the more developed coun 
tries of long association with the activi 
ties of the I.T.U. For this reason it has 
been necessary for the Consultative Com 
mittees to undertake special studies in 
addition to their traditional work, direct 
ed specifically to answering problems in 
the development of communications in 
the new and developing areas of the 
world. 
This work by the Consultative Com 

mittees is complementary to the recom 
mendations that they have prepared, · as 
a result of studying problems of concern 
to the older members of the Union and 
these recommendations in themselves 
form a valuable source of basic techni 
cal information for use throughout the 
communications world. 

UNITED NATIONS 
A consideration of the role of the 

Consultative Committees in the field of 
technical assistance can only be under 
taken in the full context of the technical 
assistance activity of the I.T.U. Since 
1952 and especially since 1959 the I.T.U. 
has been responsible for administering 

* Mr. Banks in Assistant Director-Genera], 
Switching and Facilities Planning, Headquarters. 
See Page 246. - 

the expenditure of funds for "technical 
assistance in kind" and for the provision 
of experts in the field of communica 
tions. This activity has been carried out 
by the Technical Assistance Department 
of the I.T.U. as part of the United 
Nations expanded programme of techni 
cal assistance. This programme has in 
cluded the provision of I.T.U. selected 
experts to advise Administrations on all 
aspects of communications network 
development and administration, the 
provision of fellowships and scholar 
ships for nationals from developing 
countries to undergo training in tele 
communications in all its facets, and the 
provision of a limited quantity of equip 
ment for training, teaching and demon 
stration purposes. A very important part 
of this programme has been the super 
vision of the establishment and the staff 
ing of training schools in various areas 
of the world. 
However, in addition to this respon 

sibility for administering United Nations 
funds for technical assistance and the 
selection of experts in communications, 
the I.T.U. through its technical organs, 
the C.C.I.T.T. and the C.C.I.R., has a 
continuing responsibility for providing a 
foundation of internationally accepted 
technical recommendations and guidance 
in the field of communications. 

EARLY TECHNICAL CO-OPERATION 
ESSENTIALLY EUROPEAN 

Very early in the history of the I.T.U. 
it was recognised that there were funda 
mental technical problems on which 
international co-operation was essential 
and it was as a result of this recognition 
that the C.C.I.F. on telephony was form 
ed in 1923 at the stage when two basic 
questions were of concern to the Euro 
pean Telephone Administrations. These 
questions were: 
1. Are overhead wire combinations 

alone sufficient for long-distance tele 
phony, or should long-distance cables 
be constructed? 

2. Which is preferable for telephony - 
a manual service or an automatic 
service? 
The work of the C.C.I.F. and the 

C.C.I.T. (telegraphy) and the C.C.I.R. in 
the period from the 1920's up to the 
2nd World War was directed towards 
the solution of technical problems as 
sociated with the development of inter 
national communications within Europe. 
This was certainly technical co-operation. 
Immediately after the war another 

major requirement of a technical co 
operation nature existed with the need 
to plan the reconstruction of the Euro 
pean communications network. This 
challenge was met by the formation of 
a Joint Plan Committee 'between the 
C.C.I.'s and this committee opened a 

new field of technical co-operation. The 
results of the studies undertaken from 
1923 onwards together with the plans 
developed by the Joint Plan Committee 
formed a valuable mine of information 
and advice applicable to the development 
of international telecommunications ser 
vices and much of this advice is also 
applicable to national communications 
services. To cite one example, for many 
years the standards established by the 
C.C.I.'s have formed the basis for the 
specification of transmission equipment 
used in many parts of the world and, in 
addition, the transmission plans recom 
mended by the C.C.I. have been used as 
a basis in many countries for the estab 
lishment of national systems. 

TECHNICAL ASSISTANCE 
BECOMES WORLDWIDE 

The role of the C.C.I.'s in technical 
assistance expanded from a European 
into a world-wide setting as the result of 
three significant developments. The first 
development was the successful estab 
lishment of submarine telephone cable 
communications across the Atlantic in 
1956. This achievement brought with it 
the possibility of automatic telephone 
operation on a world basis and it thus 
became necessary to expand the technical 
co-operation activities of the C.C.l.'s 
from a European to a worldwide con 
text. 
This new possibility came at a time 

of increasing awareness by the I.T.U. 
of the need to provide technical assis 
tance of a documentary nature to meet 
the specific problems of the new and 
developing countries. Consequently at 
the 1959 Plenipotentiary Conference the 
C.C.l.'s were for the first time given 
explicit technical assistance responsibili 
ties - with respect to the new and 
developing world - in articles 178 and 
179 of the Convention. These articles 
and the associated Recommendation No. 
2 which are reproduced below had a 
vital influence on the activities of the 
C.C.l.'s and especially on the proceedings 
of the C.C.I.T.T. at its second plenary 
assembly in New Delhi in 1960, and the 
associated meeting of a Plan Sub-Com 
mittee. 
(178) (3) In the performance of its 

duties each Consultative Com 
mittee shall pay due attention 
to the study of questions and 
to the formulation of recom 
mendations directly connected 
with the establishment, develop 
ment and improvement of tele 
communication in new or 
developing countries in both 
the regional and international 
fields. 

(179) (4) At the request of the countries 
concerned each Consultative 
Committee may also study and 
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offer advice concerning their 
national telecommunication 
problems. 

A recommendation of the conference 
called on the C.C.I.'s to consider the 
establishment of special working parties 
and study groups with the specific res 
ponsibility for studying problems of 
interest to new and developing countries 
and of extracting from the existing 
library of recommendations those which 
would be of particular interest to these 
countries. 

C.C.I.T.T. ACTIVITY 
In New Delhi in 1960 moves were 

initiated to widen the scope of the 
technical assistance activities of the 
C.C.I.T.T. in the following ways:- 

1. Plan Sub-Committees for three region 
al areas were set up, one for Africa, 
one for Latin America and one for 
Asia (Administrative Council Resolu 
tion No. 383) and it was agreed that 
at the meetings of these Plan Sub 
Committees new questions of a tech 
nical assistance nature and of interest 
to Administrations in the region con 
cerned, could be raised and either 
dealt with during the meeting of the 
Sub-Committee or forwarded to the 
appropriate C.C.I. study group for 
an answer. The study groups con 
cerned were enabled to set up special 
working parties if necessary to con 
sider these technical assistance ques 
tions. 

2. A Working Party was established 
under the guidance of Study Group 
XI to prepare an answer to a techni - 
ea! assistance question on the specifi 
cation of switching equipment for 
national automatic networks. 

This work initiated in 1960 was review 
ed in 1964 (Ref. 2) and the C.C.I.T.T. at 
its third Plenary Assembly in Geneva 
took note of considerable progress in 
this new field of technical assistance. 
The study of the question on national 
automatic switching systems and net 
works had yielded a successful result in 
the form of a manual of guidance (Ref. 
3) of which the first two parts were ap 
proved by the Plenary Assembly. The 
interest shown in the manual by Ad 
ministrations throughout the world, as 
evidenced by its reception at the Plenary 
Assembly, was confirmed later when up 
to 6,000 copies of the first edition in 
three languages were ordered from the 
I.T.U. and moves were made to trans 
late the manual into Chinese, German 
and Polish in addition to the three 
languages English, French and Spanish. 

In fact, this work proved sufficiently 
'successful to cause the C.C.I.T.T. to set 
up five Special Autonomous Groups 
(G.A.S.) responsible directly to the 
plenary assembly each of which will 
prepare a manual of guidance on a par 
ticular aspect of national communica 
tions. The five groups will cover the 
following subjects: 

G.A.S. 1. National automatic networks. 

G.A.S. 2. Local networks. 

G.A.S. 3. Technical and economic 
studies of transmission sys 
tems. (This is a joint Work 
ing Party with the C.C.I.R.). 

G.A.S. 4. Primary sources of power. 

G.A.S. 5. Economic conditions in the 
development of national com 
munications systems. 

In addition to the establishment of 
these autonomous working parties, a 
large number of technical assistance 
questions were listed for study by the 
specialised study groups of the C.C.I.T.T. 
and, in addition, action was initiated to 
make available standard specifications 
for particular types of equipment especi 
ally in the transmission field. 

C.C.I.R. ACTIVITY 
The C.C.I.R. has also made a con 

siderable contribution in the field of 
technical assistance, partly as a by 
product of its normal deliberations and 
partly in response to specific needs of 
the developing countries. 

Until the advent of submarine tele 
phone cables, high-frequency radio was 
the classical means of overseas communi 
cations and is still very important to 
many of the developing countries. These 
countries are also faced with the need 
for rapid development of domestic 
broadcasting facilities in order to keep 
their populations informed of current 
affairs. The basic C.C.I.R. recommenda 
tions and reports, developed over the 
years, provide a course of essential read 
ing to the engineers of the developing 
countries and supplement the assistance 
given by I.T.U. experts. In recent years, 
certain specific problems have also been 
referred to the C.C.I.R. In response to 
a request from the Administrative Coun 
cil, for example, the C.C.I.R. has formu 
lated specifications for low cost broad 
cast receivers in the expectation that 
such a receiver would be used in quan 
tities measured in millions in the 
developing countries. 

A series of questions in somewhat 
similar vein but relating to simple radio 
communication systems has also been put 
to the C.C.I.R. by the Plan Sub-Com 
mittee for Asia. Other examples of the 
application of C.C.I.R. work to the field 
of technical assistance can be seen 
throughout the C.C.I R. Green Books 
(typically, the gathering of propagation 
data as a basis for the frequency plan 
ning of the African Broadcasting Con 
ference, 1964). The international techni 
cal forum which the C.C.I.R. represents 
and the recommendations and reports 
which it issues are clearly of direct value 
as media of technical assistance to the 
developing countries. 

TECHNICAL ASSISTANCE WORK 
BY THE SECRETARIAT 

In addition to the above activities in 
the field of technical assistance the 
Secretariat of both the C.C.I.T.T. and 

C.C.I.R. have been playing an increas 
ingly active role in this field of work. 
In addition to their work for the various 
study groups and working parties of the 
C.C.I.'s they provide technical advice to 
the I.T.U. experts who are selected for 
work in various Administrations under 
the control of the Technical Assistance 
Department in the general Secretariat. 
In the 1964 period the Secretariat of the 
C.C.I.T.T. produced a draft condensa 
tion of the transmission recommenda 
tions in a form more readily usable by 
national Administrations and this was 
considered at the third plenary assembly. 
Also the Secretariat have been respon 
sible for organising seminars and discus 
sions in association with the meetings of 
the Plan Sub-Committee so as to provide 
delegates to these plan meetings, with the 
opportunity to discuss basic development 
problems in the field of national com 
munications. 

SUMMARY 
It can surely be said that the origm 

of the C.C.I.F. and the other Con 
sultative Committees arose from a need 
for co-operation and mutual assis 
tance at a technical level between Ad 
ministrations who had the possibility of 
establishing communications with one 
another. 

This technical co-operation activity 
has increased in volume and diversified 
in subject matter as the total demands 
of the system and the technology have 
developed. These activities have been 
progressively broadened in their scope 
and coverage with the 1945 European 
reconstruction plan, the 1956 Trans 
Atlantic cable and the 1960 establish 
ment of Plan Sub-Committees for Africa, 
Latin America and Asia. The 1959 
Plenipotentiary Conference recognised 
this broader responsibility of the C.C.I.'s 
and since that time the development of 
technical assistance work specifically for 
new and developing countries has been 
a feature of C.C.I. activity. In 1923 the 
C.C.I. was formed as a technical co 
operation body for the then communi 
cations world of Europe, In 1965 the 
C.C.I.T.T. and C.C.I.R., :together embark 
on the same basic mission of providing 
a forum for technical cooperation and 
technical assistance but now world com 
munications are the challenge and tech 
nical assistance on a world basis for new 
and developing countries as well as for 
the older networks is the requirement. 
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AUSTRALIAN INTERESTS IN TlIE INTERNATIONAL 
TELECOMMUNICATION UNION R. E. Butler, A.R.M.T.C., A.A.S.A.* 

During the past 100 years or so the 
world has seen some astonishing scien 
tific achievements. But probably none 
has been more remarkable, nor had so 
profound an effect upon the affairs of 
man, than the improvement that has 
taken place in the means for people 
to communicate over long distances. The 
historic "break through", with the intro 
duction of the electric telegraph in the 
I830's, has been followed no less dram 
atically by the development of the tele 
phone, radio, television, the submarine 
telephone cable and, in more recent times, 
the use of the space satellite. 
One hundred years ago few communi 

ties were more interested than Australia 
in the development of the means for 
speedy and reliable long-distance com 
munication. The slow exchange of news 
and information with the old countries 
was a constant reminder of Australia's 
immense distance from the cultural 
sources of its settlers and the markets 
that sustained them. Even within its own 
boundaries, communication between the 
widely separated settlements was hazar 
dous and uncertain. 

Thus, the, introduction of the electric 
telegraph into Europe, about the time 
the first tents appeared on the banks of 
the Yarra River, was viewed in Aus 
tralia with understandable interest. 
The expansion of the European net 

work within national boundaries was 
very fast. It was favoured by the social, 
political and commercial challenge of 
the times. The first submarine cable 
was laid between France and England in 
1851 and, with the obstacle of the sea 
breached, slender links began to creep 
outwards from the old world to the new. 
During the 1850's and 1860's several 
plans were put forward with the objec 
tive of bringing a submarine cable to 
the Australian shore. Similar conditions 
stimulated the installation of internation 
al communications. 
Eventually, in 1870, the Government 

of South Australia entered into an agree 
ment with the British/Australian Tele 
graph Company to lay a cable from 
Java, already linked with Europe, to 
Port Darwin. Fig. 1 shows the cable 
being hauled ashore at Darwin in 1871. 
Here it joined the historic overland tele- 

graph line to Adelaide constructed with 
infinite labour and resource by Sir 
Charles Todd and his men along a diffi 
cult and inhospitable route explored 
some ten years earlier by McDouall 
Stuart. Fig. 2 shows a group of overland 
telegraph officers at Roper River in 1872. 
The first "through" message reached 
Adelaide from London on 22nd October, 
1872 and 12,000 miles were bridged in 
an instant. 
With the establishment of telecom 

munication with the outside world the 
individual Australian States, led by South 
Australia in 1878, progressively joined 
the relatively young International Tele 
graph Union, which had been founded 
in 1865. 
Now, 100 years later, the Union is 

widely regarded as an impressive and 
long-standing example of world-wide 

-~ Mr. Butler is Executive Officer to the Dir 
ector General. See Page 246. 

Fig. 1 - The Landi'ng of the Telegraph Cable at Darwin in 1871. 
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Fig. 2 - A Group of Overland Telegraph Officers at Roper River in 1872. From left 
to right: J. A. Little, R. C. Paterson, C. (later Sir Charles) Todd, and J. Mitchell. 

international co-operation. It is the 
oldest of the inter-governmental organi 
sations which form the specialised agen 
cies of the United Nations. Its work is 
largely of a standard-setting and regu 
latory nature. It provides the forum 
for the telecommunication authorities of 
the world to discuss the removal of in 
consistencies in the arrangement and 
conduct of their services so that the 
amazing advances that have been 
achieved in telecommunications will be 
employed to the full. 

The Union's role is to encourage and 
assist the effective and efficient utilisa 
tion and extension of the world networks 
by providing opportunity for the ex 
change of information, advice and assis 
tance in the solution of telecommunica 
tion problems. 

Australia today is no less interested 
in current telecommunications advances 
than it was 100 years ago. Certainly 
the speed, variety and range of our 
facilities have increased enormously in 
that time. However these have been 
paralleled by a vigorous national growth 
with all of the familiar and complex 
demands for service which the modern 
world generates. Telecommunications 
are now the life blood of a modern 
society and of virile and successful 
government, trade, industry and com 
merce. 

Although the physical reality of dis 
tance no longer constitutes in itself the 
problem that it presented to our fore 
bears, other barriers have been exag 
gerated or imposed which, if left un 
solved, would detract no less from the 
effectiveness of our services. 

The first of these is that the other end 
of any international communication sys 
tem is owned and operated by another 
administration or operating agency. 
Frequently a third or even fourth party 
is involved at intermediate transit or 
switching points. The most immediate 
effect of this situation is that the quality 
of an overseas call originated by an Aus 
tralian subscriber is affected by the 
standards of one or all of the networks 
through which at some time it passes and 
over which the Australian administra 
tion may exercise no direct control. 

In other words the efficiency of any 
one national network, for international 
purposes, is no greater than the weakest 
network in the chain. 

The elimination of conflicting opera 
ting standards therefore becomes a prime 
objective of the Union and forms a 
major part of the activities of the Con 
sultative Committees. 

Australia's circumstances, from the 
telecommunication viewpoint, are such 
that they require her to take perhaps 
more than usual interest in the work of 
the Union. 

Our geographical position, compara 
tively remote from our communities of 
interest in the northern hemisphere and, 
to a lesser extent, in the south-east 
Asian and Pacific regions, has led to a 
proportionately high investment in sub 
marine cable networks and international 
telecommunication installations. In addi 
tion to the long established Common 
wealth telegraph and radio telephone 
networks, we have in recent years be 
come substantial partners in the sub 
marine telephone cables COMPAC and 

SEACOM and in a proposed global 
communication satellite system. 

The development of common standards 
of equipment, techniques and procedures 
and the task of persuading the various 
nations to introduce them into their 
individual networks therefore are of 
vital consequence to the effective conduct 
of our own telecommunication opera 
tions and the full economic employment 
of our capital investments. 

Inadequacies in areas of the world net 
works can even be carried into our 
national system. The adoption of sub 
scriber trunk dialling, for instance, and 
the provision of automatic telex in our 
internal system introduces into the net 
work problems arising from inefficiencies 
or shortcomings in foreign cables or 
networks. 

A further factor affecting Australia 
more than most major telecommunica 
tion Administrations, and also arising 
from our geographical position, is the 
problem of differing world time regions. 
For example, there is no overlap of busi 
ness hours between Europe and Austra 
lia. When we are at work London is 
sleeping. Most of Sunday in America is 
Monday in Australia. This in turn af 
fects traffic volume on a particular route 
at a particular time. It imposes prob 
lems for Australian operators not shared 
to the same degree by northern hemis 
phere operators. In a modern world 
requiring large scale capacity circuits 
and imposing ever increasing demands 
for new facilities. the time differential 
must also be recognised in planning 
facilities to achieve maximum utiliza 
tion of plant. 
The word "persuasion" has been used 

in this Article when referring to the 
decisions of the Union. This has been 
deliberate in order to emphasise that 
the Union has no powers of compulsion. 
It can only recommend that a course 
of action is followed by members. 

The extent to which members will put 
this advice into effect is of course sub 
ject to a number of factors, mainly 
financial, i.e. the substitution of equip 
ment, etc. However acceptance of the 
principles expressed in the Recommenda 
tions is strongly assisted by the fact that 
the people to whom they are directed 
have themselves contributed to their 
formulation. 

The opportunity that the Union pro 
vides for joint and voluntary consulta 
tion in the widest sense is the corner 
stone in its continued success. At the 
same time this continued consultation 
presents a strong reason why Australian 
participation in I.T.U. activities should 
not diminish in the future. 

Australian conditions have provided us 
with unusual opportunity to subscribe 
to the technical studies of the Union. 
The magnitude of the areas covered by 
our domestic networks has produced tele 
communication problems in our national 
services that are repeated within the 
boundaries of very few countries. For 
example, circuits equivalent in length to 
those between Cairns and Perth would 
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stretch from London to Karachi. The 
experience gained in the solution of 
these problems has earned for Australia 
considerable recognition as a long dis 
tance telecommunication authority. 

However it should not be forgotten 
that, despite our experience in the tele 
communication field, Australia must still 
be regarded as a young and developing 
country. The expansion of our networks, 
involving continued substantial invest 
ment and technical commitment, is 
therefore inevitable. The advantages of 
avoiding decisions, in respect of world 
standards, which could be prejudicial to 
the continued compatibility of our tele 
communication networks with the world 
systems are obvious. This can best be 
achieved by maintaining the closest 
possible association with the forums at 
which these decisions are reached. 

Just as most organisations have need to 
review their responsibilities and manage 
ment, to analyse requirements and to 
re-organise their methods and structure 
where necessary, it is also desirable that 
the members' collective responsibilities 

as a Union should be regularly examined 
and appraised to ensure that they still 
are being properly discharged. This 
need is accentuated in an era of rapid 
changes. 

The most appropriate forum for such 
a review is the supreme body of the 
Union, i.e. the Conference of Plenipoten 
tiaries, which is presently convened at 
Montreux. The Conference has the op 
portunity to decide the fundamental 
aspects of the Union's working methods, 
Headquarters Secretariat requirements 
and general policies, and to provide fur 
ther avenues for international co-opera 
tion, improved telecommunication under 
standings and services generally to the 
benefit of the various. communities. 

Australia is equally interested in con 
tributing to the improved effectiveness 
of the Union and like many other coun 
tries has submitted proposals for Con 
ference consideration. 

There are few of man's activities with 
a history of peaceful international co 
operation as impressive as that pertain- 

ing to telecommunications. But it is 
only fair to say that the remarkable 
progress that has been made in this field 
would not have been possible without 
the realistic attitude with which tele 
communication authorities have ap 
proached the development of their own 
national networks, those in other coun 
tries and the international cables and 
facilities which lace them into a world 
wide network. 

The growing needs of the modern 
world demand more comprehensive, 
more rapid, more efficient means to 
communicate. The Union is making its 
contribution by encouraging the study of 
mutual problems in joint consultation, 
the sharing of telecommunication know 
ledge and the fruits of research, and by 
arranging the provision of materials, 
equipment and assistance, where needed, 
for the improvement of the world tele 
communication network. 

Australia, along with the other Mem 
bers of the Union, has much to gain by 
continuing to play a full and vigorous 
role in these activities. 

TECHNICAL NEWS ITEM 
RECENT ADVANCES IN PUBLIC 
MOBILE TELEPHONE SYSTEMS 
Radical changes have recently been 

introduced in the equipment and opera 
tional features of mobile telephone sys 
tems produced for use by the public. 
These changes have been dictated mainly 
by:- 
(a) the need to make· more efficient use 

of the limited radio channels avail 
able, and 

(b) a policy of upgrading the available 
facilities and operational procedures 
to those available to fixed subs 
cribers, such as full-duplex working 
(replacing the "press-to-talk" action 
previously required), privacy of 
conversation and subscriber dialling 
(trunk and local). 

The changes involved have been made 
possible largely by the growth of semi 
conductor techniques where the inherent 
advantages of low power consumption, 
robustness and compactness have direct 
application to the problems of vehicle 
borne equipment. With the replacement 
of relays by solid state units it has been 
possible, within the space, reliability 
and power consumption limitations, to 
introduce sophisticated logic control cir 
cuitry into a vehicle installation, thus 
furnishing the means of full automatic 
working. 
Probably the most advanced equip 

ment presently available is the I.M.T.S. 
(Idle Mark Telephone System) which 
first went into service in March this year 
in Salt Lake City, U.S.A. I.M.T.S. was 
developed by various American · corn- 

panies to meet specifications set by Bell 
Laboratories who had carried out a 
comprehensive study of existing mobile 
systems. I.M.T.S. uses up to 11 two-way 
radio channels and in a given system 
any mobile subscriber may be connected 
via any of the available radio channels. 
This provides a full trunking advantage 
compared to existing systems where a 
subscriber has access to only one radio 
channel, or can be called on only one 
pre-arranged channel. The method used 
in I.M.T.S. to achieve this multi-channel 
operation is based on marking a parti 
cular idle channel for use (hence the 
name "Idle Mark Telephone System"). 
The base station logic selects a free radio 
channel and automatically marks it for 
use by modulating it with an "idle" 
tone. All idle mobile equipments auto 
matically search through the available 
channels and park on the channel carry 
ing the idle tone. Thus all free mobiles 
may be signalled on the marked channel, 
or any mobile originating a call will 
signal out over the channel. Various 
built-in delays minimise the possibility 
of simultaneous seizure, either by 
mobiles, or by base and mobile. Directly 
the "idle" channel is taken for use, the 
base station logic transfers idle tone to 
the next free channel. This idle tone 
technique also leads to a ready method 
of providing conversation privacy, ac 
complished by incorporating additional 
features to inhibit call-action at any 
mobile and disconnect its handset, when 
idle tone is not received. 

T n addition to the above, two-way, 

subscriber-to-subscriber dialling is made 
possible by providing an individual ex 
change line for each mobile subscriber, 
with the radio system and control cir 
cuitry functioning as a line concentrator. 
On originating a call the mobile equip 
ment automatically sends an identifica 
tion code for examination by the base 
control circuitry which connects the 
radio channel to that mobile subscribers 
exchange line. On hearing exchange dial 
tone the mobile subscriber dials the re 
quired number. When a fixed subscriber 
dials the listed number of the mobile 
subscriber, the base control circuitry 
detects ringing tone on the mobile subs 
criber's line from the exchange, selects 
the particular subscriber's code address 
and transmits it to all idle mobiles park 
ed on the idle channel. The mobile 
equipment concerned, sensing its code, 
stays on that radio channel while all 
other mobiles, sensing a code mismatch, 
search for the new idle marked channel. 
The base then sends ringing tone for 45 
seconds, or until the mobile subscriber 
lifts his handset where upon the talking 
circuit is established. - 

Over the radio channel, all identity 
and selection codes are carried in se 
quential, pulsed digit form with a fre 
quency shift between two tones register 
ing as a pulse. Frequency shift pulsing 
is also used to relay ringing signals and 
dialling pulses. The use of guard tones, 
parity checks and long time-constant 
sensing circuits afford protection against 
spurious operation due to noise or 
speech.-R.K. 
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ARTIFICIAL SATELLITES FOR TELECOMMUNICATION 
F. P. O'Grady C.B.E., M.l.E.Aust., S.M.l.R.E.E.Aust. 

Editorial Note: The following article is 
a revised version of a paper pre 
sented to the Institution of Radio 
and Electronic Engineers (Australia) 
Radio and Electronics Engineering 
Convention, Canberra, 22nd-26th 
March 1965, and is published with 
the kind permission of the Institu 
tion. 

INTRODUCTION 

General 
Population growth and social and 

economic development throughout the 
world demand the provision of ever 
larger and more sophisticated communi 
cation systems. The operators of national 
telecommunication systems engage in a 
continuous process of forward planning 
and research, examining and selecting 
new technological advances for combina 
tion with established techniques so that 
their systems may be expanded to meet 
these demands economically. This paper 
reviews current developments in a new 
technology - the technology of satel 
lite communications - and the investi 
gations which the Post Office is making 
to establish its potential for furthering 
the communication service offered to the 
Australian public. 
The growth in telecommunications in 

this country and in the world at large 
has been spectacular both in its magni 
tude and in the facilities provided, and 
shows no signs of abating. Its magnitude 
can be seen from Figs. 1 and 2, 
which in addition to showing the growth 
in telephone service predict the size of 
the task ahead. It will be seen that at 
June, 1964, Australia had 2,670,000 tele 
phones in a world telephone popula 
tion of 169,000,000 and that with con 
tinuance of the historical growth rates 
of approximately 6% per annum these 
totals will double over the next 12 years. 
The growth of intercontinental traffic 
is exemplified in Fig. 2 by the doubling 
every four years of calls involving the 
United States, and highlights the reason 
for world interest in large-scale inter 
continental circuit provision via satel 
lites. Subscribers have experienced im 
proved facilities such as the conversion 
of local networks to automatic and the 
great improvement in the trunk system, 
where rapid service and good quality 
connections are now accepted as normal. 
The recent availability of top quality 
international circuits with the completion 
of the COMPAC submarine cable system 
now provides virtually "on demand" 
connections from Australia to the North 
American continent and the United 
Kingdom. 
The growth is to an extent self-sus 

taining since improved communication 
facilities are productive of economic and 
social advancement which in turn gen 
erates further demands. This interplay 
of demand, technical progress and ser 
vice has brought us to the stage in tele 
phony where nation-wide subscriber 
dialling is being introduced, anc' world- 

wide subscriber dialling is being plan 
ned under the auspices of the Internation 
al Telecommunication Union, the United 
Nations' specialised agency for telecom 
munications. (Refs. I and 2). 

Potential of Satellite Communication 
The extension of the range of tele 

communications services, the increase in 
the speed of connection and the im 
provement in the quality of service have 
always been dependent on the ability to 
provide interconnecting circuits of ade 
quate quality and in sufficient numbers. 
It is because of their potential for pro 
viding large numbers of high quality cir 
cuits over intercontinental distances that 
satellites hold such interest for telecom- 

lxl09 

munication system operators. Their suc 
cessful application would speed the im 
plementation of plans for world-wide 
automatic service and would have special 
implications for Australia because of its 
geographical isolation from the American 
and European continents. They could 
also assist in the solution of some of 
the problems of long distance internal 
circuit provision, imposed by the vast 
unpopulated expanses separating centres 
of population in this country. 

Communication by satellites offers the 
potential of large bandwidth and global 
coverage with theoretical capacity for 
providing telephone, telegraph, data and 
television channels in very large quanti 
ties. Satellites will introduce a new dim- 
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ension into intercontinental circuit pro 
vision since access to the system will, 
ia principle, be possible from any loca 
tion by the construction of a suitable 
ground station. Because of the wide ac 
cessibility of satellite systems, it may 
also be possible to exploit the time dif 
ferences in major streams of intercon 
tinental traffic to increase the amount 
of traffic carried by each circuit, to a far 
greater extent than is practicable with 
submarine cable systems with their fixed 
entry and exit points. 

MILESTONES TOWARD A 
COMMERCIAL SYSTEM 

Satellite communication experiments 
first began in 1956 when James Trexler 
transmitted and received voice signals via 
our natural satellite, the Moon, using a 
large but relatively cheap parabolic re 
flector dug into the side of a hill. The 
first public demonstration with an arti 
ficial satellite was "Score", which in 
1958 transmitted a tape recording of 
President Eisenhower's Christmas mes 
sage. Other experimental satellites fol 
lowed, using both active (amplification) 
and passive (reflection) re-transmission 
principles, culminating in the launching 
on the 10th July, 1962, of Telstar, the 
5Mc/s bandwidth active television relay 
satellite developed by the American Tele 
phone and Telegraph Company working 
in co-operation with the National Aero 
nautics and Space Administration 
(N.A.S.A.); Telestar continued to operate 
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until February, 1963. Subsequently, Tel 
star 2, Relay 1 and 2, and Syncom 1, 2 
and 3 communications satellites were 
launched and operated successfully, and 
a series of experiments conducted by the 
U.S.A. with the collaboration of other 
nations demonstrated the technical 
feasibility of providing communication 
circuits via earth satellites. 
Early Bird, the first satellite for re 

gular traffic between North America and 
Europe was launched on 6th April 1965. 
(Ref. 3). Developed for the Communica 
tion Satellite (Corn'Sat) Corporation (see 
below), by the Hughes Aircraft Company 
from the successful Syncom design, this 
project followed protracted negotiations 
both within the U.S.A. and internation 
ally between the Americans and many 
other countries, including Australia. 
The performance of Early Bird in traf 

fic will be watched with great interest, 
particularly to assess the subscribers' 
reaction to the one-way propagation 
time of 250 milliseconds, which is assoc 
iated with its synchronous orbit alti 
tude. Success of the Early Bird pro 
posals, which the ComSat Corporation 
has decribed as a "quasi-operational" 
system, will no doubt confirm plans to 
launch one over the Pacific some time 
in 1966. 
The Soviet Union's communication 

satellite Molnya 1 was launched on 23rd 
April 1965. (Ref. 3). It is designed to 
relay television programmes and provide 
two-way multi-channel radio telephone 
and telegraph links over long distances. 

The development work in satellite 
communications and its implications for 
all nations were recognised by the Unit 
ed Nations General Assembly, which in 
December, 1961, passed a resolution that 
"communication by satellites should be 
available to the nations of the world as 
soon as practicable on a global and non 
discriminatory basis" and took special 
administrative action through the Inter 
national Telecommunication Union to 
assist in the achievement of this object 
ive. 
The use of satellite systems in the 

world telecommunication networks is 
only part of the I.T.U's. interest in the 
conquest of outer space, since telecom 
munications by radio are involved in 
practically all space projects. Its 
International Consultative Committee 
on Radio, the C.C.I.R., had commenced 
studies soon after the launching of the 
first artificial satellite. After establish 
ing the formal organisation of the work 
in 1959, the C.C.I.R. in 1963 was able 
to secure important .technical agreements 
which paved the way for an Extraordin 
ary Administrative Radio Conference to 
allocate frequency bands for space com 
munications purposes later in that year. 
Other groups have been studying time 
delay and echo effects associated with 
very long transmission circuits, which 
are of particular importance in assessing 
the potential of satellite systems for 
Jong distance telephony. 
In 1962, the Government of the United 

States of America announced plans for 
an attempt to implement the United 
Nations resolution in the context of their 
private enterprise ideology. The Com 
munication Satellite Corporation was 
established and was fully subscribed 
on the American Stock Market 
to the nominal 200 million dol 
lars. In addition, the American Adminis 
tration was active in enlisting the sup 
port of other nations for a world-wide 
commercial satellite system in which 
ComSat Corp. would participate. After 
protracted negotiation, an interim agree 
ment was signed in July, 1964, by 19 
participating countries. Australia is a 
signatory to this agreement and, with 
a shareholding of £2.5 million, is a mem 
ber of the Interim Committee which, in 
effect, is the Board of Management 
which will determine the technical, fin 
ancial and operational conditions of the 
first commercial system projected for in 
itial introduction in 1965/66. In view of 
its responsibilities in regard to Aus 
tralia's international communications, 
The Overseas Telecommunications Com 
mission is the nominated communica 
tions entity for the purposes of the agree 
ment and represents Australia at meet 
ings of the Interim Committee. 

ECONOMIC, SERVICE AND 
COMPATIBILITY ASPECTS 

There is therefore no doubt that a 
commercial satellite system will be estab 
lished, but to retain a place as a regular 
means of international circuit provision, 
satellite systems must compete with other 
forms of circuit provision on the grounds 
of both economics and service stand 
ards. They must also be examined to see, 
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not only whether their adoption as part 
of the telephone service is feasible, but 
what adjustments will be necessary and 
under what circumstances they should 
be incorporated into the existing service 
and existing network. 

Not all new developments withstand 
such close scrutiny, and others, because 
of iaherent limitations, find only a tern 
porary period of usefulness. Moreover, 
technical, geographic and traffic consid 
erations vary significantly between coun 
tries, so that a development with useful 
application in one may be rejected in 
another. For example, in the 1920s the 
2-wire voice frequency repeater was ex 
tensively employed in the European 
trunk network, whereas in Australia, with 
the longer trunk distances involved, it 
found relatively little application. 
As a result, when carrier working was 

subsequently developed, the Australian 
trunk network moved directly from 
physical circuits to -l-wire carrier circuits 
avoiding the problems which the legacy 
of the 2-wire V.F. repeatered systems 
continued to pose in Europe for many 
years. Similarly, in the post-war years, 
coaxial cable and line-of-sight microwave 
radio developments have dominated long 
distance circuit provision in national 
systems, whereas systems using tropo 
spheric scatter or surface-wave transmis 
sion lines, although technically feasible, 
have failed to find a place in the Aus 
tralian network. 

One of the considerations which the 
Australian Post Office naturally gives to 
any major development is to its effect 
on the existing plant, which represents 
an asset in which the national invest 
ment is very great. There are the var 
ious physical factors such as technical 
compatibility with the new development 
and the extent to which streams of traf 
fic in the network might be altered, as 
well as the effect of the new develop 
ment on the policies and objectives of 
the telephone service. In the Australian 
telephone system which provides service 
to two million subscribers, fixed assets in 
the form of 6,888 telephone exchanges, 
line plant involving 13 million miles of 
copper wire, and extensive line carrier 
and radio equipment have been accumu 
lated to an assessed value of £579 mil 
lion. With nation-wide automatic service 
proposed, all plant items must be devel 
oped as part of an integrated system. 

Satellite systems must compete with 
submarine cable for intercontinental 
circuit provision and with line 
of-sight microwave radio and coaxial 
cable systems for national long 
distance circuit provisron. These 
will present impressive opposition on 
economic grounds. The successful opera 
tion of a number of intercontinental 
submarine cables and the rapid increase 
in the available bandwidth and reduction 
in cost per circuit mile of successively 
provided cables have shown spectacular 
progress in this arm of technology. The 
first Trans-Atlantic submarine cable 
(TAT) which was installed in 1956, pro 
vided for thirty-six 4kc/s speech circuits 
at a cost of approximately £208 sterling 
per circuit mile; COMPAC in 1962 pro 
vided sixty 4kc/s circuits at approxi- 

mately £45 sterling. Today the cost of 
a 160 circuit system is about £20 sterling 
per circuit mile, and future 640 and 1,200 
circuit trans-ocean systems would cost, 
respectively, about £10 sterling and £5 
sterling per circuit mile. Costs per cir 
cuit mile on large capacity national sys 
tems are below these figures. 
The economic justification of satellite 

systems will depend on a number of fac 
tors including the build-up of interna 
tional traffic to permit effective exploi 
tation of the wide bandwidth available, 
solution of the problems of multiple 
access, and other technical developments 
leading to increased satellite reliability 
and life, and to reductions in the cost of 
rocket launchings and ground stations. 

Some idea of the current level of these 
costs can be gained from the ComSat 
estimate of $200 million to provide 
the space segment of the first commer 
cial world system. About $60 million 
is expected to go on system development 
and $75-90 million on manufacture and 
placing of satellites in orbit (launching 
costs are of the order of $3 million 
each), $10 million on a command and 
control centre, $20 million on research, 
administration, etc. 
A high capacity station of the type 

Australia would need to build, which 
would be capable of handling TV re 
laying and several hundred telephone 
channels, would be equipped with, say, 
an 85 foot steerable antenna and would 
cost £2 million or more. The cost could 
be reduced if a stationary satellite sys 
tem were used, making it possible to use 
a fixed antenna. 
If the satellite system is appropriately 

designed, lower capacity stations for use 
where traffic requirements are small 
could be provided for a much lower fig 
ure. It might be as low as £250,000. 
These stations, however, would not have 
the capacity to handle TV relays. 
If ComSat achieves its aim of provid 

ing a world-wide coverage by 1967 with 
in its expected expenditure, and the 
bandwidth provided allows for 240 
channels or more, it will be achieving 
comparable first cost per circuit mile 
with that achieved with recently laid 
submarine cables. Operating costs would 
be a good deal higher due to the com 
paratively short life of satellites. 

SOME TECHNICAL ASPECTS 
The many technical aspects of satel 

lite communication have been adequately 
covered in the literature (Refs. 4, 5, 6, 
7 and 8). Two problems of special signifi 
cance are the effect of delay and delay 
ed echos and the problem of optimising 
the multiple access facility. 

Delay and Delayed Echoes 
Typical time delays which occur when 

a satellite system is used for a long con 
nection are:- 

Satellite at 14,000 kilometres (8,700 
miles) altitude - llOmS. 
Satellite at 36,000 kilometres (22,500 
miles) altitude - 260mS. 

If the propagation time is sufficiently 
long a telephone conversation is in 
danger of breaking down. For example, 
a speaker expecting a reply, tends to in- 

terpret a long period of silence after he 
stops speaking, as a sign that the listener 
has not heard and he begins to speak 
again, before he hears the answer. 
Recent studies by several groups 

throughout the world of the effects of 
long propagation time on telephone cir 
cuits have led to some revision of 
C.C.I.T.T. limits on this factor. The 
present Recommendation (G. 114 (p. 14) 
Geneva 1964) states that satisfactory con 
versation is possible when the one way 
propagation time is in the range O to 
150 milliseconds. For the range 150 to 
400 milliseconds it is considered .that 
conversation will probably be satisfac 
tory, but if the propagation time is great 
er than 400 milliseconds, the circuits 
would probably be unacceptable. 
D. L. Richards (Ref. 9) has estimated 

that the number of unsatisfactory con 
versations per minute is roughly pro 
portional to the propagation time. On 
average, a conversation was judged un 
satisfactory when more than two confus 
ed situations occurred in the first minute 
and at 600 milliseconds one-way propa 
gation time, 16% of conversations fell 
in this category. Furthermore, it was 
considered tha.t about 10% of the subject 
pairs were particularly prone to suffer 
confusion and for them some 44% of 
conversations would be unsatisfactory. 
It was concluded that the maximum 
practicable limit on one-way propaga 
tion time would be 350 milliseconds, 
which is close to the maximum thought 
to be feasible by C.C.I.T.T. 
In the case of the telephone system 

it is necessary to take account of delayed 
echoes which also operate to the detri 
ment of natural conversation. At least 
40db return loss is required to ensure 
substantially complete separation of the 
two directions of transmission and at 
present this is not practicable. In fact, 
any substantial improvement awaits a 
technical break-through to provide bal 
ance of very complex networks at an 
acceptable cost. It should be remembered 
that each channel must be balanced sep 
arately which means that thousands of 
units are involved. A complicated solu 
tion is thus not practicable. 
If the propagation time is short 

enough, say less than 15 milliseconds or 
so, the echo will appear as sidetone to 
the subscriber and no distinct echo will 
be perceived. At longer propagation 
times the subscriber will be aware of the 
echo of his own voice and the disturb 
ing effect produced becomes progressive 
ly more serious as the delay time and 
the echo level increase. At the worst, a 
high level echo with a long delay will so 
disturb the subscriber that coherent 
speech is virtually impossible. 
For many years, voice-operated switch 

ing devices have been used to suppress 
the echoed signal, but it can be apprec 
iated that a reasonably simple device can 
not cope with all possible situations. 
As an instance, if the speech level pro 
duced by a particular subscriber is in 
the lower range and he happens to be 
at the end of a longer than average local 
line, it is quite possible for the unwant 
ed echo level associated with a high level 
subscriber at the far end to exceed the 
wanted speech level. Furthermore, in 
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the presence of long propagation times 
the conversation confusions are applied 
as signals to the echo suppressors with 
the result that it is possible for devices 
at both ends to operate so that both 
talkers can be disconnected simultan 
eously for a time. 

Multiple Access 
The modulation system and orbits us 

ed for a satellite system may be chosen 
with a view to providing for a facility 
known as multiple access. Other methods 
of communications such as submarine 
cable systems are essentially trunk con 
nections between two terminating stat 
ions. A satellite repeater on the other 
hand is visible at any one time from 
points within a large area of the earth's 
surface so that by suitable design it may 
be worked from a number of terminal 
points simultaneously. This multiple ac 
cess facility allows increased flexibility 
for traffic routing. 
At the present state of the art, mul 

tiple access working leads to a substan 
tial loss in the total number of telephone 
channels available in a given satellite 
compared with its use as a simple point 
to-point repeater. Future developments 
may be expected to overcome the prob 
lem. For the time being and so long as 
we are tied to F.M. as the only practic 
able modulation system, we are faced 
with an engineering dilemma which has 
not yet been resolved in a really satis 
factorv manner. 
On 'the one hand, reasonably efficient 

utilisation of the total repeater capacity 
is possible by a demodulating process 
in the satellite. This method would allow 
up to a dozen or so ground stations to 
work to the satellite but at the expense 
of a very complex demodulating repeater 
which could be difficult to make suf 
ficiently reliable. On the other hand, 
the alternative approach is to pass the 
several signals through a simple non 
demodulating satellite repeater separated 
in frequency by generous guard bands. 
This method eases the problem of satel 
lite reliability but it is severely limited 
in the subdivision possible. If the cap 
acity in point-to-point working is taken 
as 100%, a typical result of frequency 
subdivision to allow two pairs of stations 
to work on a multiple access basis is a 
reduction in total capacity to 75%. Fur 
ther subdivision is even more inefficient, 
the reduction in the case of four pairs of 
stations, for instance, being to a figure 
as low as 35%. The reductions are nec 
essary to ensure that the intermodulation 
produced by several R.F. signals passing 
through a common amplifier does not 
degrade the derived telephone channels 
to a performance worse than that speci 
fied in C.C.I.R. recommendations. 
A desirable objective for a multiple 

access facility is that the total channel 
capacity should not be reduced by sub 
division between manv co-operating 
stations and in fact should be independ 
ent of the number of participating ter 
minals. Such an ideal is theoretically pos 
sible using single sideband (S.S.B.) meth 
ods in the ground to satellite direction 
and experiments along these lines were 
proposed in the Advanced Syncom pro 
gramme. However, at present these 

methods have not yet been proved in 
practice and it is likely that the first 
commercial systems will not employ the 
most efficient of the F.M. methods. This 
can only be considered an interim com 
promise, justified on the grounds of 
urgency rather than engineering require 
ments. 

IMPACT OF SATELLITES ON 
PLANNING OF NETWORKS 

Assuming that the economic and tech 
nical problems are solved satisfactorily, 
let us examine the impact which satel 
lite communications will be likely to 
have on the Australian system and the 
world network. 

National Network 
The world telecommunication system 

is an aggregation of the individual nat 
ional systems, and therefore the planning 
and setting of standards for the inter 
national interconnecting system is of 
vital interest to the operators of nation 
al systems. Subscribers of the national 
system are of course the users of the 
world system and the national operator 
has a responsibility to them to ensure 
that the procedures for making world 
wide calls are straightforward and that 
the quality of connections is satisfactory. 
This latter requirement means that nat 
ional systems must be planned with the 
capability for any one of their tele 
phones to take part satisfactorily in 
international connections, as a boundary 
condition. It also means that the trans 
mission degradations or switching losses 
in the international interconnecting sys 
tem must be kept within prescribed 
bounds; it is undesirable that the pro 
perties of the international system should 
require compensating adjustments in the 
national systems. Such compensation 
throughout a national system could result 
in considerable expenditure for the re 
latively very small segment of the total 
traffic which is destined for other coun 
tries. At present, less than .02% of the 
2,100 million telephone cans· made an 
nually by Australian subscribers are in 
ternational calls. The Australian Post 
Office as the national operator has a 
great interest in the transmission charac 
teristics of circuits provided via earth 
satellites, and in other aspects of satel 
lite communications affecting the nation 
al network, such as frequency spectrum 
management, the optimum location of 
ground stations, provision of connecting 
circuits to the national network, the 
solution of interface switching and sig 
nalling problems and the possible 
use of satellite circuits for trans-Aus 
tralian communication. 
Depending on the satellite system fin 

ally adopted, there could well be ad 
vantages in having ground stations on 
both western and eastern seaboards of 
Australia to serve separate sources of 
international traffic. This immediately 
raises the possibility of deriving internal 
circuits linking Perth with the eastern 
capitals, particularly as the traffic 
streams between these centres will have 
peak hours at times when international 
traffic to America and Europe is slight. 

It could also be that small capacity 
ground stations become economically 
attractive for the provision of circuits 
to northern Australia, particularly if 
northern development schemes result in 
substantial traffic growth over the next 
decade. 
The decision as to whether a satellite 

system which was accepted as satis 
factory for international working, would 
be utilised for national traffic would not 
depend simply on the cost of circuits 
provided in this way. Other costs would 
be incurred in the national system itself. 
Special signalling means would be re 
quired and interfaces would have to be 
established between these circuits and 
the standard compelled sequence infor 
mation signalling system of the new 
national automatic trunk system. Also, 
special measures would have to be taken 
to automatically bar these circuits from 
participation in overseas connections 
since the propagation delay of a satellite 
circuit far exceeds the prescribed limit 
of 50 milliseconds for the national sys 
tem contribution to group delay on 
international connections. Further, 
there are subjective factors to be assess 
ed. Whilst subscribers will be tolerant 
of unusual conditions such as long pro 
pagation delays and post dialling delays 
on special calls such as international 
calls, they could be critical of like per 
formance in the national system where 
standards are well established and accept 
ed. The differences would be obvious 
under the more or less direct comparison 
on successive calls to certain destinations 
which would result from the random 
selection between conventional and satel 
lite system circuits. 
The amount of extra equipment re 

quired to utilise ground stations estab 
lished for international traffic handling 
would depend on the type of satellite 
system and the coverage planned with 
the antennas provided. The minimum 
additional cost would occur with a 
stationary satellite system which em 
braced both ground stations in its 
coverage. Here only channelling equip 
ment would be required to exploit spare 
bandwidth. For other types of satellite 
systems, additional sets of antennas 
would be required at either one or both 
of the established ground stations, de 
pending on the relative locations of the 
ground stations and the ground stations 
in other countries with which they are 
working. This is illustrated in Fig. 3. 
Availability of the additional national 
antennas in Case (c) would open the way 
for further international connections 
within their coverage area. 

International Networks 
With the build-up of multiple entry 

points, which satellite communications 
facilitate, earlier concepts of a national 
communication "gateway" as a centre 
which provides the interface between all 
international and national traffic will 
tend to disappear. The international 
network has operated on a gateway basis 
since its inception, so far as Australia 
is concerned, in 1930, when the first 
radio telephone channels were installed. 
Currently, Australia gains access to the 
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world system via a gateway exchange in 
Sydney. However, as the world network 
evolution proceeds, more extensive inter 
access will become economical as the 
differences diminish between the tech 
nologies of the networks being connected. 
This changed character of internation 

al operations is consistent with the ex 
perience of network development within 
national systems, where networks now 
tend to interleave rather than intercon 
nect through defined gateways. Within 
local networks in Australia, such as our 
capital city networks, we have reached 
this stage of sophistication and the 
national system as a whole is headed 
in this direction under a plan for full 
mechanisation. Sources and destinations 
of trunk traffic will be directly connected 
wherever it is economic to do so, while 
at the same time full access throughout 
the national system will be achieved 
through a "backbone" network of trunk 
switching centres. These national switch 
ing centres will be capable of handling 
international traffic directly with little 
adaption. 
It is clear that satellite communica 

tions will cause radical changes in the 
traffic-routing concepts incorporated in 
current plans of the I.T.U. for the 
world-wide automatic system. (See Ref. 
1 and 2). These plans were framed 
principally in terms of the conventional 
circuit techniques and include a hier 
archical routing pattern whereby traffic 
is offered to a small group of direct high 
usage circuits, with the overflow traffic 
components being amalgamated on lar 
ger backbone routes and switched 
through higher order centres at maxi 
mum efficiency. The provision of large 
blocks of satellite channels available on 
a point-to-point basis between ground 
stations will greatly increase the extent 
of direct routing in the world switching 
plan. There will be a corresponding re 
duction in the extent of overflow and 
transit routed traffic, which will reduce 
to some extent the significance of the 
higher order switching centres. 
Integration of satellite and submarine 

cable channels will be necessary for 
maximum efficiency, the latter being em 
ployed to switch traffic for centres with 
out ground stations and to serve as 
feeder routes to amalgamate smaller 
blocks of traffic into sufficiently large 
entities to utilise efficiently the capacity 
of ground stations. With the diversity of 
switching points available in a satellite 
system it will be possible, when justified 
under conditions of heavy load, to ex 
ploit the changing traffic patterns which 
occur with changing coincidence of day 
light hours. This could be achieved in 
two ways:- 
(i) By time sharing of the satellite's 

frequency bandwidth. For example, 
at a time of low traffic interest be 
tween Japan and North America, 
and between Australia and North 
America, bandwidth of a Pacific 
areas stationary satellite allotted to 
carry the peak volumes of trans 
Pacific traffic could be diverted to 
cater for peak traffic between Aus 
tralia and Japan. In a more sophis 
ticated proposal the reallocation of 
bandwidth with time would be made 
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automatically in accordance with 
the changing volume of offered 
traffic under the control of ground 
computer stations. 

(ii) By appropriate changes in the 
world network switching pattern to 
permit interconnection of idle cir 
cuits. In the case quoted in (i), Aus 
tralia to Ja pan traffic could be 
switched via North America during 
appropriate times. This too could 
be done on a time scheduled basis 
or else continuously under the con 
trol of centralised computing centres 
which analysed the traffic flow and 
directed changes in the routing pat 
tern to be made automatically at 
international switching centres. 

This flexibility of routing which is 
made possible through the diversity of 
access points will bring more efficient 
utilisation of international circuits but 
will call for close co-ordination in world 
system planning and new concepts in 
circuit switching and control. 

IMPACT ON COST OF CALLS 
No discussion of satellite systems can 

avoid the recurring question, "Does this 
mean overseas calls for 6d or at least for 
much less than we pay at present?" The 
plain, honest answer is that no one yet 
knows. It is impossible to foretell the 
exact final cost of any new scientific and 
engineering development. Anyone who 
doubts this should reflect on the various 
amounts of money spent on such items as 
supersonic aircraft and guided missiles. 
An engineering estimate is necessarily 
based on known costs of somewhat simi 
lar jobs done before, with allowances for 
differences between the new job and the 
old. Every launching furnishes further 
data on real costs and makes it possible 
for the new estimate to have a higher 
degree of probability of accuracy. No 
one can do more than assess the probable 
order of cost of satellite communication 
systems at this stage. There is little 
enough to go on, even in the actual 
satellite link itself. All that can be said 
is that the best available data shows 
that satellite systems ought to be com 
petitive with cables and/or microwave 
systems if all goes well. 
There are two other aspects, however. 

First, cable and microwave systems are 
not standing still but are undergoing 
phenomenal technological development 
and the cost per channel mile is drop 
ping rapidly. Second, the whole popula 
tion does not live in, say London or 
Sydney, so that a satellite link between 
those cities is only part of the story. 
Certainly a large proportion of traffic 
happens, in our case, to come from the 
large aggregations of population close 
to these particular cities, but a new sys 
tem to be attractive financially must fit 
in with the idea of a large network at 
each end. In Australia, a large number 
of calls come from Melbourne and Can 
berra, as well as from the other main 
centres in the network. At the European 
·end, for example, the calls are distributed 
over a very wide number of cities. If, 
therefore, the satellite section of the call 
between London and Sydney incurred 
no charge, it would not mean a 6d. call 

from any subscriber, even in Sydney. 
The call has to be carried on local plant 
to the particular city or outer suburban 
area concerned. This cost of local plant 
has to be paid for. It is not reasonable 
that other people who never make over 
seas calls should necessarily bear this 
component of cost. It follows, therefore, 
that to the actual cost of the satellite 
link itself must be added the cost of 
"hauling" the overseas call to its actual 
terminal subscriber. Therefore, in the 
case of real subscribers at various loca 
tions in such a large country as Aus 
tralia, a very real charge must be includ 
ed in the total overseas call - what is 
called the terminal charge - which 
covers the cost of the local plant between 
the overseas point of entry and the actual 
location of the subscriber. 
The foregoing assumes no special and 

additional operating costs but, in fact, 
at least at present, very real additional 
operating costs are involved in overseas 
calls. The prospects of dramatic reduc 
tions in overseas call charges are there 
fore not very great. It is simply too 
early to assess this feature. All that can 
be said is that there is every reason to 
believe that satellite systems are likely 
to be competitive with other systems. 
Consequently we may some day succeed 
in reducing the real overall costs of 
connecting one subscriber to another one 
overseas, but no one can safely go be 
yond this on available evidence. 

CONCLUSION 
Experimental satellite programmes, 

particularly the Telstar, Relay and Syn 
com series, have demonstrated the prac 
ticability of satellite communication and 
the Early Bird project has brought it 
close to the fully operational stage. In 
conclusion let us consider a few of the 
technical developments that might be 
possible or desirable in the future. 
First comes a requirement for en 

hanced reliability from the satellite; life 
times of one or two years such as we 
have seen to date appear to leave little 
economic margin. Improvement by a 
factor of 10 times, although difficult, 
would be highly desirable. 

Substantial savings could be made in 
ground stations if it were possible to 
increase satellite power output consider 
ably. This is technically feasible by the 
use of nuclear power sources and would 
also give a greater margin of perform 
ance in hand. The main difficulty is 
the increased possibility of interference 
being caused to services sharing fre 
quency bands with satellite systems, but 
further study and measurement of the 
interference question may overcome this 
hurdle. 
Multiple launching techniques offer 

another avenue by which costs may be 
reduced. By this means, more than one 
satellite is launched from a single ve 
hicle. The cost per pound of satellite 
launched does tend to reduce as the total 
payload is increased and for random 
systems particularly this technique is 
promising. 
Mention was made of the flexible 

traffic routing possible if multiple access 

to a satellite is not to be restricted to 
only a small number of stations. The 
most promising line of development ap 
pears at present to be the use of S.S.B. 
for at least the "up" path. For this a 
linear transmitter capable of high capa 
city operation is required for ground 
operation at power levels of several kilo 
watts. Successful development of this 
item would enlarge the system designer's 
scope greatly. 
The problem of delayed echoes in tele 

phone circuits still awaits an elegant 
solution. Perhaps better echo suppres 
sors are the answer but at best they 
appear to be only a palliative. 
A self-adapting hybrid, which might 

reduce the impedance mismatch causing 
the effect, to tolerable proportions, is one 
approach although it is hard to see it 
paying off in economic terms. 
It is obvious that satellite communica 

tion is still in its infancy. The first traf 
fic system has yet to be proved in service 
and no doubt great developments will 
take place in the future. Perhaps some 
developments will be revolutionary but 
even in the absence of dramatic break 
throughs it can be confidently expected 
that continuous improvements will take 
place to ensure a place for satellite 
communications as an important part of 
the world network. 
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SEACOM: DESIGN AND PROVISION OF EQUIPMENT FOR THE 
BRISBANE-CAIRNS MICROWAVE SYSTEM L. Clayton, A.M.l.E.E., A.M.l.E.R.E.* 

IN'IRODUCTION 
Previous articles in this series have 

covered the overall planning aspects of 
the land section of the SEACOM cable 
system (Ref. 1) and also transmission 
performance assessments (Ref. 2) and 
route survey methods (Ref. 3) for the 
Brisbane-Cairns microwave radio section 
of the route. 
This paper covers the plant provision 

aspect of the Brisbane-Cairns microwave 
system and outlines the system arrange 
ments evolved to meet the requirements 
mentioned in previous articles. The sal 
ient features of the various items of 
equipment are also mentioned. 

PROVISION OF EQUIPMENT 
After completion of the field survey 

and selection of sites, a schedule was 
drawn up providing sufficient informa 
tion for the preparation of tenders. It 
was decided that the provision of roads, 
buildings and public power supplies 
should be the responsibility of the Post 
master-General's Department. All radio 
equipment, towers and power plant would 
be supplied by the selected contractor. 
At this stage, it was undecided how the 
installation of equipment would be 
handled. Tenders were to be submitted 
to cover complete installation by the 
contractor or alternatively, by the De 
partment. 
Few restrictions were imposed on 

equipment design so as to invite the 
widest possible range of offers. How 
ever, the unusual noise performance and 
the high degree of reliability required 
were stressed, and tenders were expected 
to give firm guarantees in these respects. 
Estimated tower heights were included in 
the schedule as a basis for tendering. 
However, path profile and site informa 
tion obtained from the field survey was 
provided also and tenderers were requir 
ed to comment on any adverse effect of 
the proposals on overall performance. 
Tenders were called for the end of 

April 1963 and it was anticipated that 
installation and commissioning would be 
completed in the first half of 1966. There 
was considerable interest in the project 
and the offers received included radio 
equipment from major manufacturers in 
seven countries. 
An offer by Standard Telephones and 

Cables Pty. Ltd. of Sydney, incorporating 
transistorised radio equipment designed 
by the Nippon Electric Company of 
Japan was selected. The equipment was 
in an advanced stage of development 
by this company, who had already an 
impressive record of achievement in the 
microwave field. The choice was made 
after inspection of prototype equipment 
and an appraisal of the company's capa 
bilities during a visit to Japan by the 
Director-General and Departmental en 
gineers. 

* Mr. Clayton is Engineer Class 2, Radio Sec 
tion, Headquarters. See Page 246. 

The contract was let in September 1963 
and the completion date for the whole 
system was set for the end of February 
1966. It was decided that the contractor 
should be responsible for the installa 
tion and testing of all equipment, in 
cluding towers and power plant. The 
five separate sections of the route would 
be accepted as they were completed and 
target dates were set for each. The first 
section, Brisbane - Maryborough was 
scheduled for completion by the end of 
September, 1965. 
EARLY STAGES OF THE PROJECT 
Although the basic system and equip 

ment requirements were firmly establish 
ed before the contract was awarded, 
many points of detail remained to be 
settled. These were the subject of dis 
cussion with the contractor and sub 
contractors in Japan as well as in Aus 
tralia. During subsequent visits to Japan 
by Departmental engineers, further pro- 
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gress towards the final designs for the 
radio and supervisory equipment was de 
monstrated. Prototype units were sub 
jected to rigorous tests, including en 
vironmental changes, with encouraging 
results. 
An important decision reached during 

this period was to inspect and test the 
equipment being manufactured by N.E.C. 
at the factory before shipment. The 
Nippon Telephone and Telegraph Pub 
lic Corporation (NTTPC), counterpart 
of the Department in Japan, under 
took to carry out both mechanical 
and electrical inspection to a mutually 
agreed specification. This arrangement 
will undoubtedly prove to have been a 
sound policy in ensuring a minimum of 
difficulties during the installation and 
testing phase of the project. 
Work began at an early stage on the 

construction of the new access roads 
and the 30 new buildings required. 
By September 1964, nine buildings were 
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Fig. 1 - Schematic Diagram of Terminal Station (Brisbane). 
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ready and roads were available to all 
but two sites. Despite difficult weather 
conditions over the northern part of the 
route, a further 11 buildings were avail 
able by March 1965. During the second 
half of 1964, the preparation of tower 
foundations was started and tower erec 
tion teams moved into the southern end 
of the route. A start was made also on 
the installation of power plant. As men 
tioned in a previous article (Ref. 1.), 
commercial AC mains power was made 
available to every station in the system, 
thus eliminating the need for continu 
ously running generating plant. 
The installation and testing of the 

equipment will be the subject of a fur 
ther article in this series. 

GENERAL SYSTEM 
ARRANGEMENTS 

The main system between Brisbane 
and Cairns includes two terminals, 
(Brisbane," Cairns) four back-to-back ter 
minals (Maryborough, Rockhampton, 
Mackay, Townsville) and 25 repeaters. 
The initial installation will provide one 
telephony bearer in each direction, one 
television bearer northgoing only, and a 
protection channel, for telephony or tele 
vision, each way. An auxiliary bearer is 

also provided to carry switching and 
supervisory signals, and engineers order 
wire facilities. Future expansion is al 
lowed for up to a maximum of five 
working and one protection channels in 
each direction. 
For control and supervision purposes, 

the system is divided into five sections 
with the intermediate control stations at 
Maryborough, Rockhampton, Mackay 
and Townsville. To meet local traffic 
requirements at these points, the tele 
phone bearer is demodulated to base 
band frequencies. For television, how 
ever, video frequencies are required only 
at Rockhampton and Townsville, The 
interconnections between sections for 
television are therefore made at inter 
mediate frequency (IF) in the case of 
Maryborough and Mackay. 
An unusual feature of the Brisbane 

Cairns system is that the protection 
channel normally carries the same traf 
fic as the main telephony channel. The 
baseband outputs of the two channels 
are combined at the end of each section. 
This arrangement is expected to give a 
small improvement in noise performance, 
which will provide a useful additional 
margin in view of the stringent specifica 
tion of lpW/km for the route. 
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Fig. 2 - Schematic Diagram of Repeater Station without Diversity. 

Switchover equipment is located at 
each end of a control section so that a 
changeover to the protection channel 
affects one section only. At Marybor 
ough and Mackay, the switching arrange 
ment automatically provides baseband 
connections for telephony or IF con 
nections for television. 
Typical terminal, repeater and back 

to-back terminal arrangements in block 
schematic form are shown in Figs. 1, 2 
and 3. 

RADIO EQUIPMENT FEATURES 
The N.E.C. equipment chosen for this 

project uses semi-conductor techniques 
throughout except for the output stage 
of each transmitter. This results in 
greatly reduced power consumption and 
makes possible the use of float-charged 
batteries instead of the continuously 
running no-break power plant required 
for valve type equipment. Also, a sub 
stantial reduction in floor-space require 
ments results from the compact con 
struction which is possible when using 
semi-conductors. A considerable im 
provement in reliability is expected also, 
the life of transistors probably being 
comparable to that of "passive" com 
ponents such as capacitors and resistors. 
The travelling-wave tube (TWT) am 

plifiers are necessary in the transmitters 
to obtain the required output power of 
4-5 watts. This cannot be achieved with 
solid-state devices at present, but the 
travelling-wave tube is a stable device 
with an expected life of 10,000-20,000 
hours. 
All equipment is designed to operate 

from a nominal 48 volt DC supply and 
variations of +20% -10% from this 
voltage are permissible without affect 
ing performance. The primary power 
arrangements are discussed later in this 
article. This supply is used directly only 
for relay circuits and lamps. Within 
each item of equipment, the various 
voltages required by the transistor cir 
cuits are derived via electronic regulators 
from the 48V primary supply. In some 
cases, both positive and negative volt 
ages are required and it is convenient to 
use a static inverter to supply 1000 c/s 
AC to multiple rectifier circuits. 
To take advantage of the reduction 

in size made possible by the use of tran 
sistors. N.E.C. have adopted a novel 
form of construction. The principle units 
of equipment are housed in bays which 
are half the height and half the width 
of a normal 19 in. bay. Thus, four of 
these units, stacked in pairs, occupy the 
same space as a standard bay, with 
overall dimensions of approximately: 
7 ft. 0 in. x 20 in. x 9 in. Each of the 
principal items of equipment, which 
make up a complete terminal or repeater 
station, is self-contained in one unit, or 
two stacked units, and can be set up and 
tested on its own. Plug-in type circuit 
modules are used in all units, and, by 
varying the complement of these, dif 
ferent system requirements can be read 
ily accommodated. The small size and 
compactness of the equipment may be 
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seen from Fig. 4 which shows a typical 
unattended repeater station equipment. 
The principal items are: 
Transmitter/Receiver (2 units) (main 

bearer) 
Modulator/Demodulator 
Switchover Equipment (2 units) 
Baseband Combiner 
Sound/Vision Combiner/Separator 
Diversity Control (2 units) 
Auxiliary Transmitter/Receiver (2 
units) (auxiliary Bearer) 

Transmitter/Receiver 
The Supervisory and Switchover Con 

trol equipment, which includes lamp-dis 
play panels, are housed in full height 
bays of normal width. 
The transmitter accepts a frequency 

modulated 70 Mc/s signal from the 
Modulator and converts this to the 4000 
Mc/s region by combining with the out 
put of a crystal oscillator/frequency 
multiplier chain. The crystal frequency 
is in the region of 50 Mc/s and multi 
plication by 72 is achieved in four cas 
caded multiplier stages, using varactor 
diodes. The travelling-wave tube ampli 
fier raises the level of the 4000 Mc/s 
signal from the transmit mixer to 4.5 
watts nominal. The receiver, which uses 
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Fig. 4. - Interior View of Typical Repeater Station Showing Transmitter/Receiver bays, 
Power Rectifier and Battery Cubicles. 
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70 Mc/s IF amplifiers, derives its local 
oscillator signal from the same source 
as the transmitters via a shift oscillator 
mixer arrangement. This provides the dif 
ference between transmit and receive fre 
quencies which, for this system is 213 
Mc/s, 198.5 Mc/s, or 227.5 Mc/s depend 
ing on the particular station involved. At 
a repeater, the IF output of the receiver 
is connected to the IF input of the trans 
mitter. 

Modulator /Demodulator 
This unit is used only at terminal 

stations where telephone traffic or tele 
vision signals are to be dropped and in 
serted. In the modulator, a 70 Mc/s os 
cillator, stabilised by an AFC circuit, 
is frequency modulated by the baseband 
signals. The demodulator is conventional 
in principle, accepting the IF output 
of the receiver and providing baseband 
telephony or television outputs. This unit 
is capable of handling a traffic capacity 
of 960 telephone channels, but, for this 
project, a limit of 600 channels is im 
posed by certain measures taken to im 
prove performance for the SEACOM 
channels. Pre-emphasis of the baseband 
signals is not used as it would degrade 
the noise performance in the 564-1052 
kc/s segment of the baseband where the 
SEACOM super group is located. The 
baseband combiner described below also 
restricts the frequency band to 600 chan 
nel capacity. 

Swltchover Equipment 
These units contain the circuits neces 

sary to switch telephone traffic or tele 
vision signals from the normal work 
ing bearers to the protection bearer. They 
include pilot oscillators and pilot/noise 
detector circuits which provide continu 
ous monitoring of continuity and noise 
level on each bearer and initiate the neces 
sary switching action when predeter 
mined limits are exceeded. Bearers must 
be switched at both ends and, in fact, 
although switching action is controlled 
by the monitoring and logic circuits at 
the receiving end, the transmit end of 
the bearer is always switched first. The 
necessary commands are transmitted via 
the switchover control equipment and the 
auxiliary radio bearer. 
The switchover equipment being. sup 

plied will cope with two working chan 
nels plus one protection channel north 
bound and one working plus one pro 
tection southbound. By adding a few 
plug-in units, a further southbound chan 
nel can be accommodated. However, the 
switching arrangement has been designed 
so that future expansion to a 5 + 1 sys 
tem in both directions is possible and 
provision is being made in the equip 
ment suites for the additional units. 

Switching is effected in most cases 
at baseband frequencies using mercury 
wetted reed relays having a "break" 
time of less than 2 milliseconds. At 
Maryborough and Mackay, however, 
television signals are not demodulated, 
as the spur routes to the television trans 
mitters are fed at IF. It is arranged, 
therefore, that the television bearer, and 
the protection bearer when used for 
television relays, are switched at IF, using 
semi-conductor switches. The telephony 
bearer, and the protection bearer when 

used for telephony, are switched at 
baseband. 
Telephone traffic is normally carried 

by both working and protection bearers 
on this system in order to derive further 
advantages in terms of performance by 
using baseband combiners. In the event 
of a fault on the television bearer, how 
ever, the telephone traffic is removed 
from the protection channel. In the 
event of a subsequent fault on the tele 
phony bearer, the television signal is 
removed automatically from the protec 
tion bearer, and telephony, which has 
overall priority, is substituted. 

Baseband Combiner 
The baseband outputs of the tele 

phony and protection bearers are applied 
to a ratio-squared combiner, which com 
pares the noise levels of the two chan 
nels and derives its output largely from 
the quieter of the two. 
As the frequency separation of the two 

bearers is 116 Mc/s, it is expected that 

some measure of improvement from 
frequency diversity will be obtained un 
der certain propagation conditions. 

Sound/Vision Combiner/Separator 
The sound signals accompanying a tele 

vision programme are carried on the 
bearers as a frequency modulated sub 
carrier at 7.5 Mc/s i.e. above the video 
spectrum. This unit contains the neces 
sary FM modulator/demodulator circuits 
and the sound/vision combining and 
separating filters. The active circuits are 
provided in duplicate with manual 
changeover. 

Diversity Equipment 
On certain paths, in particular those 

where strong reflections from water or 
flat land may be encountered, space div 
ersity is being provided. Altogether 11 
of the 30 paths of this route are being 
so equipped. Each station involved re 
quires an additional antenna above or 
below the main antenna, and a separate 
waveguide feeder. Fig. 5 shows a typical 

Fig. 5 -- Typical Repeater Station Showing Main and Diversity Antennas on 200 ft. Tower. 
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station with diversity facilities. The 
spacing between antennas is dependent 
upon the propagation characteristics of 
the path concerned, but is usually be 
tween 20 ft. and 60 ft. The signals from 
the two antennas are combined in a RF 
phase-combiner before being applied to 
the receiver. The diversity control equip 
ment, using a servo-loop action, ensures 
that the maximum signal is delivered 
from the phase-combiner to the receiver 
at all times. It is essential that the time 
delays in the two waveguide feeders 
should be matched fairly closely, and, 
to achieve this, the feeder from the 
diversity antenna is folded in a "trom 
bone arrangement" so that it has the 
same electrical length as the main feeder. 

Auxiliary Transmitter /Receiver 
The auxiliary bearers, one in each 

direction, also operate in the 4 Gc/s 
band using the same antennas and feed 
ers as the main bearers. The transmitter 
uses direct phase modulation of a crystal 
oscillator source with varactor diode 
multipliers to achieve the final fre 
quency. The output of 200 milliwatts 
achieved is sufficient so that a TWT 
amplifier is not necessary. The auxiliary 
bearers, therefore, are fully solid state. 
Repeaters are of the baseband type, this 
being necessary in order to extract and 
insert the speech and supervisory signals 
which this equipment carries. The maxi 
mum baseband frequency for this bear 
er is 60 Kc/s. 
Supervisory and Switchover Control 
The supervisory bays at terminal and 

control stations provide a lamp display 
of the state of intermediate unattended 
repeater stations, 11 indications being 
available from each site. It is also pos 
sible to start and stop the stand-by diesel 
alternator set at each remote station in 
a section from either terminal. In ad 
dition, an overall supervisory display 

is provided at Brisbane giving an indica 
tion in condensed form of circuit con 
ditions on all sections of the route. In 
formation is transmitted as audio-fre 
quency tones in standard telephone car 
rier channels on the auxiliary bearers. 
The switchover control equipment 

transmits and receives the command 
signals initiated by the switchover equip 
ment described above. Again a series 
of tones in a carrier channel on the 
auxiliary bearer are used. 

Engineers' Order Wire Circnits 
Three telephone communication cir 

cuits are provided. An omnibus circuit 
within each of the five sections of the 
system, provides speech communication 
between control terminals and repeaters 
for maintenance purposes. This is carried 
by the auxiliary bearers. There is also an 
express speech circuit linking only the 
six control stations and a second one 
linking Brisbane with the five television 
transmitting stations along the route. 
These two circuits are carried sub-base 
band by the main bearers to obtain im 
proved performance. All of these speech 
circuits have selective calling facilities. 

WAVEGUIDE BRANCHING 
All transmitters and receivers for one 

direction of transmission, including those 
for the auxiliary bearer, are connected 
to a common waveguide feeder and an 
tenna. This is effected by an arrange 
ment of circulators and waveguide filters 
mounted in a framework above the 
equipment suites. Where space diversity 
is used, the phase combiners are also 
included in the assembly as are also the 
necessary filters for an additional south 
bound television bearer which may be 
installed in the future. To reduce space 
requirements a "thin" type rectangular 
waveguide having external dimensions of 

Fig. 6 - 10 ft. Diameter Paraboloidal Antennas. 

approximately 2i in. x i 111. is used for 
the branching network, and also inside 
the transmitter/receiver bays. 

ANTENNAS AND FEEDERS 
The 10 ft. paraboloid antennas used 

throughout the route have single-polar 
ised horn feeds, vertical and horizontal 
polarisation being used on alternate 
paths. A novel feature is a 12 in. deep 
annular skirt, around the periphery of 
the dish, which substantially reduces 
minor lobe radiation. This is necessary 
to reduce interference effects which re 
sult from operating alternate paths on 
the same frequency plan. The antenna 
gain is 39.5 db and the main lobe has a 
beam width of 1.7° in both planes. Fig. 
6 shows a typical arrangement of the 
aerials on the top of a 100 ft. tower. 
Standard rectangular waveguide type 

WR229/R40 having external dimensions 
of approximately 2i in. x 1 ! in. is used 
for the external feeders. The transition 
to the "thin" waveguide is effected by 
a taper section. For tower heights of 
100 ft. and above, it was considered 
worthwhile to use circular waveguide for 
the vertical section of the feeder. This 
has a loss of 0.5 db/100 ft. as compared 
to 1.0 db/100 ft. for straight sections of 
rectangular waveguide. Taper sections are 
fitted at each end of the vertical circular 
waveguide to convert to rectangular 
waveguide. 
The external waveguide and the horn 

feeds of the antennas are pressurized 
with dry air to about two lb/sq. in. 
Motor-driven pump units with de 
hydrators are connected to a gas inlet/ 
barrier section of waveguide in each 
feeder inside the buildings. 

TOWERS 
Self-supporting tapered type towers 

are being provided at all sites except 
Mt. Gravatt (Brisbane) which has a 
suitable existing structure. Their heights 
range from 75 ft. to 200 ft. and, in each 
case, allowance has been made in the 
design for supporting additional anten 
nas. Expansion of the system beyond 
2 + 1 bearers in each direction will ne 
cessitate a second antenna in each case 
and provision is required also for a 
number of short-haul systems along the 
same route. The structures are designed 
to have the required degree of stability 
in twist and deflection for wind veloci 
ties of up to 100 m.p.h. Higher wind 
velocities are sometimes experienced 
along the part of the route north of 
Rockhampton, and in this area the tow 
ers are designed to withstand winds of 
up to 140 m.p.h. 
At two sites, Halifax and Cairns, it 

was found that soil conditions would 
not permit the use of conventional con 
crete block foundations for the towers. 
At considerable cost, special pile founda 
tions have been provided with 5 or 6 
piles for each leg driven to a depth of 
50-60 ft .. to obtain sufficient soil re 
sistance. The high cost was considered 
well worthwhile as the alternative would 
have been to use other sites involving 
much higher costs for road construction. 
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POWER PLANT 
It was found possible to supply all sta 

tions with commercial mains power, new 
lines of considerable length being con 
structed in some cases. 
The radio equipment, however, re 

quires a nominal 48 volt DC supply and 
this will be provided by two batteries, 
each of 23 lead-acid cells, float-charged 
by silicon rectifier units from the AC 
supply. The two batteries will be con 
nected in parallel normally but each 
may be isolated for maintenance pur 
poses. Transistorised regulators in the 
rectifier units maintain the float volt 
age at 50.6 volts ±0.5V. 
In the event of an AC supply failure, 

a normally-stationary diesel-alternator 
set takes over the load. However, as an 
added precaution in view of the im 
portance of this route and the isolation 
of some of the sites, the total capacity of 
1 OOO ampere-hours for the two batteries 
is sufficient to run the equipment for al 
most 24 hours. This is a valuable feature 
covering possible failure to start of the 
stand-by set. As a further safeguard, each 
station has an external waterproof power 
connector to accept an AC supply from 
a mobile power plant which can be taken 
to the site to feed essential loads. 
EMERGENCY TRANSPORTABLE 

EQUIPMENT 
The route of the system passes through 

areas occasionally affected by cyclones 
and suitable precautions have been taken 
in the design of buildings, towers and 
antenna systems. However it was felt 
desirable to have a further safeguard 
against complete failure at any one site 
from this or any other cause. This has 
taken the form of complete repeater 
station packages which can be trans 
ported to any site by road. The radio 
equipment, similar to that used for 

the main system, provides two bearers, 
working and protection, plus auxiliary 
bearer in each direction. This is ac 
commodated in a transportable shelter, 
approximately 9 ft. x 7 ft. 6 in. x 
~ tt., which can be carried on a flat 
top vehicle. 
Power is obtained from a trailer 

mounted power plant which includes a 
diesel-alternator set, rectifier unit and 
50V battery. A 150 ft. guyed tower of 
a type designed for quick erection is 
also provided to support two 4 ft. dia 
meter paraboloid antennas. These are 
connected to the radio equipment 
shelters via flexible waveguide of ellip 
tical section which can be reeled on 
a drum for storage. 

The emergency equipment will be 
kept at a central location ready for 
despatch to any site at very short not 
ice. 

MAINTENANCE FACILITIES 
From the description above it will 

be seen that precautions have been 
taken to ensure continuity of service 
under all conditions. This is to be 
backed up by a strong maintenance 
organisation. Stocks of spare units, 
which can be plugged in to replace 
faulty units, are to be held at each of 
the 2 terminal and 4 control stations. In 
addition, repair centres will be set up at 
Brisbane, Rockhampton and Towns 
ville, equipped with test benches and 
a comprehensive range of test instru 
ments, to effect repairs to faulty units. 
Spare transmitter/receiver and modem 
bays will be available at all six termin 
als for checking of spare units. 
Along the route, district technicians 

will carry out routine inspections at 
repeater stations and be responsible 
for the location of faults and replace 
ment of faulty plug-in units. At term- 

inal stations, specially trained staff will 
be in attendance during normal office 
hours and on call at other times for 
route supervision, fault location guid 
ance and the repair and testing of faulty 
plug-in units of equipment. 
Nevertheless, a high standard of re 

liability is expected and as a result of 
experience, it may well be found that 
some modification of these extensive 
maintenance facilities may be possible. 

CONCLUSION 
Some account has been given of the 

system and equipment design features 
which have been adopted to meet the 
stringent overall specification for the 
Brisbane-Cairns microwave radio sys 
tem carrying SEACOM traffic. 
The radio equipment being installed 

is the first of its kind to be purchased 
by the Department incorporating tran 
sistorisation and requiring a DC sup 
ply. Substantial savings have been ef 
fected in building costs and it is ex 
pected that reliability will exceed that 
already achieved with other microwave 
broadband bearer systems. 

REFERENCES 
1. C. J. Griffiths, "SEACOM Sub 

marine Cable System: Sydney 
Cairns Land Section ~ Overall 

Planning Aspects," Telecommuni 
cation Journal of Aust. Vol. 15, No. 
1, page 2. 

2. M. Strohfeldt, 'Transmission Per 
formance of the Brisbane-Cairns 
Microwave System," Telecommuni 
cation Journal of Aust. Vol. 15, No. 
2, page 88. 

3. V. J. Griffin, "Survey and Selection 
of Brisbane-Cairns Microwave 
Radio Route"; Telecommunication 
Journal of Aust. Vol. 15, No. 2, 
page 97. 

MR. E. J. BULTE, B.Sc. 

Mr. E. J. BUL TE has this year been 
elected a Life Member of the Telecom 
munication Society of Australia by the 
Victorian Division in recognition of out 
standing service to the Society. He has 
also been created a Life Subscriber to 
the Society by the Council of Control. 

Mr. Bulte was President of the Postal 
Electrical Society of Victoria in 1958/59 
and was Chairman of the Victorian Divi 
sion of the reconstituted Australian 
Society in 1961/62. He was an Editor 
of the Journal from June 1956 to June 
1959 and has been a sub-editor for 
Victoria since June 1959. In addition, 
Mr. Bulte has contributed many articles 
to the Journal; his first article appeared 
in the October 1938 issue and his twelfth 

in the October 1964 issue. 
The Board of Editors wish to make a 

special tribute to Mr. Bulte's services to 
the Journal. As Editor he played an 
important role in revitalising the Journal 
after a difficult period; his enthusiasm 
and energy were strong factors in the 
development of an improved and ex 
panded issue. His transfer to Victoria in 
1959 ended his work as Editor but did 
not end his active editorial participation. 
As a Sub-Editor in Victoria he has, 
since June 1959, continued to stimulate 
interest and support for the Journal and 
the Society. The Board of Editors, there 
fore, has great pleasure in congratulating 
Mr. Bulte on the distinctions now con 
ferred on him by the Society. Mr. E. J. BULTE, B.Sc. 



October, 1965 THE TELECOMMUNICATION JOURNAL OF AUSTRALIA 

CROSSBAR TANDEM SWITCHING IN THE 
MELBOURNE METRO POLIT AN NETWORK 

INTRODUCTION 
The introduction of L. M. Ericsson 

crossbar equipment with its increased 
alternate routing capabilities, into the 
large capital city networks of Australia 
has caused much attention to be paid 
to the network switching design aspects 
of the changeover of equipment types. 

The Pre-Crossbar Network 
The position in the Melbourne network 

just prior to the changeover to crossbar 
equipment was briefly as follows: 
The Melbourne uniform numbering 

scheme covered an area forming approxi 
mately three quarters of a circle of 15 
miles radius with approximately 100 
exchanges and a total of approximately 
300,000 subscribers. This part circle was '' Mr. Cupit is Engineer Class 2 Metropolitan 

Service Station, Victoria. See Page 247. 
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Fig. 1 - Present and Proposed Number Allocation Plan. 
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subdivided into seven sections, each of 
which was allocated an individual first 
digit, see Fig. 1. The main or tandem 
exchanges for each section had first and 
second selectors to handle the local traf 
fic. All traffic not carried on direct 
routes between other exchanges in the 
group was handled by the 1st and 2nd 
selectors at the main exchanges. These 
other exchanges were of two types:~ 

(i) Trombone trunked - where all 

.~11.!YlH 
••mNw~~ 31LVA~ • 

i:IAALO~,U,O, ~ 



---------------------- ---- -- -----~ 

190 THE TELECOMMUNICATION JOURNAL OF AUSTRALIA October, 1965 

originated traffic is passed directly 
to first selectors at the main or 
tandem exchange. 

(ii) D.S.R. trunked - in which local 
exchange traffic is switched locally. 
Direct routes can be provided to 
exchanges in the same first digit 
group, with overflow to first selec 
tors at the Main or Tandem ex 
change and all other traffic is 
switched via the first selectors at 
the Main. Discrimination is on the 
second digit, with direct routes 
terminating on third selectors at 
other Exchanges. 

The network was very largely six digit 
with a small but rapidly increasing seven 
digit component. This seven digit com 
ponent would have required an addition 
al rank of selectors for all terminating 
traffic under the step by step switching 
scheme employed. 
The 15-25 mile annulus surrounding the 

metropolitan area which comprised the 
Melbourne Extended Local Service Area 
(E.L.S.A.) (Ref. 1) contained approxi 
mately 50 exchanges with a total of ap 
proximately 20,000 subscribers and had 
a number of local switching schemes. 
Level 7 was used for access from the 
inner metropolitan area to these local 
switching areas. Access to the Melbourne 
metropolitan area from these local 
switching areas was by the use of an 
access code. Special access codes were 
also used for routes between these areas 
if available, otherwise access was via 
the same path as the Melbourne sub 
scribers with the addition of the Mel 
bourne access code. The number length 
in these areas was very variable and a 
number of manual exchanges existed. 

Development of Numbering Plan 
In a fully register controlled network, 

numbering and routing are not intimately 
tied as they are in a step by step net 
work which employs relatively simple 
D.S.R.'s for discrimination. In a mixed 
network however, unless register control 
is added to existing step by step ex 
changes, full flexibility of trunking can 
be maintained only when a number al 
location based on step by step principles 
is used. 
The cost of fully registerising the 

existing step equipment in a large net 
work such as Melbourne if done at all, 
must be spread over a considerable per 
iod; therefore, a seven figure numbering 
pattern based on the existing step alloca 
tion has been used. The existing and 
proposed numbering plans are shown in 
Fig. 1. 

Crossbar Equipment Features 
The features of crossbar equipment 

which are of interest from a network 
design viewpoint are:- 
(i) Increased capability for alternate 

routing together with the necessary 
high speed junction signalling. 

(ii) Larger availability of the basic 
first switching stage which replaces 
the D.S.R. making practicable the 
introduction of alternate routing on 
a larger scale. 

(iii) Together with these features we 
have the development of traffic 
measuring and design techniques 
which make it possible to produce 

effective designs under the much 
more complex conditions which 
exist when alternate routing is em 
ployed on a large scale. 

The equipment features enable almost 
complete flexibility in routing traffic orig 
inating on crossbar primary equipment. 
Saving in switching equipment is possible 
by employing alternate routing tech 
niques to by-pass tandem switching 
stages. External plant savings are more 
difficult to achieve but should come as 
a result of the possibility of introducing 
shorter cross country cable routes and 
by permitting provision of segregated 
groups of junctions requiring large and 
small gauge cable to meet transmission 
requirements. 
The interworking of the crossbar and 

step systems contains two basic restric 
tions:- 

(i) All traffic entering a crossbar stage 
from a preceding step by step stage 
must pass via a signalling conver 
sion register at significant cost. 

(ii) Traffic from crossbar terminal ex 
changes to step by step tandems 
must use decadic pulsing and can 
not revert to high speed m.f.c. 
signalling should subsequent rout 
ing lead to a crossbar terminal. 

These restrictions lead to a desire to 
introduce crossbar tandem stages as soon 
as possible to avoid, as far as possible, 
the cost associated with (i) and the post 
dialling delays associated with (ii). 

DESIGN ASPECTS 
General 

The problem of determining the func 
tions and locations of tandem switching 
equipment is basically simple. The fol 
lowing questions are consideredr+- 
(i) Where does the traffic flow? 
(ii) What is the cheapest way of pro 

viding plant to carry the traffic? 
(iii) Can improvements in plant be in 

corporated into the proposed solu 
tion at some time in the future? 

Two different lines of approach are 
possible:- 

(i) To use a computer of sufficient size 
to enable the complete design and 
costing of networks to be carried 
out for different switching assump 
tions. 

(ii) To analyse the major influencing 
factors so that the final step be 
comes self evident. 

At a very early stage in the investiga 
tion it was decided that with the avail 
able computers too much simplification 
into model networks would have been 
necessary. This would have resulted in 
many simplifying assumptions and would 
have tended to invalidate the results. 
Furthermore and possibly of more im 
portance, solutions to the immediate 
problems of planning for the introduc 
tion of crossbar equipment were requir 
ed and these individual investigations 
formed the stepping stones to the final 
tandem switching scheme for Melbourne. 

Traffic Flow 
In order to determine the location of 

tandem exchanges, the basic question 
"Where does the traffic flow?" must be 
broken into a number of specialised 
studies. 

Traffic Flow under Full Mesh Condi 
tions: The first of these studies was to 
determine where the traffic would flow 
in a fully mesh trunked network that is 
with NO restriction imposed by the 
switching equipment. 
The starting point for this investiga 

tion was an estimate of the traffic be 
tween all exchanges at the 20 year date 
which was in turn based on a carefully 
prepared estimate of subscriber develop 
ment to that date. 
Assuming a full mesh network and a 

junction cable route for each parcel of 
traffic of 50 erl or more, the traffic grid 
was turned into a hypothetical 20 year 
cable network. The result is shown in 
Fig. 2 on which the estimated 20 year 
junction cable is shown, with the major 
routes not in existence at the time the 
study was done, clearly marked. 
It can be seen that the existing, mainly 

radial junction cable routes will continue 
to carry by far the heaviest concentra 
tions of traffic and the possible new routes 
between the radials will be of secondary 
significance even in the long term. It 
should be remembered that the study as 
sumed full mesh trunking i.e. all traffic 
being handled direct. Thus although pos 
sibly a fully crossbar network could 
develop a junction network similar to 
that shown, the existing step network 
certainly could not. 
The introduction of new cross country 

cable routes will be evolutionary in nat 
ure and will be dependent on the rate of 
provision of crossbar equipment and the 
consequent build up of direct routed 
traffic. 
Availability: With the pattern of fut 

ure junction network development rea 
sonably settled, it was then necessary to 
investigate in more detail the degree to 
which alternate routing could be em 
ployed economically using . the equip 
ment available. 
Detailed analysis of network costs in 

volved in designs for originating ex 
changes, based on various assumptions as 
to the availability to be provided, show 
ed that using the standard 80 inlet 400 
outlet ARF 102 crossbar group selector 
stage, the additional cost of equipment 
to provide availability above 400 outlets 
more than outweighed the savings to be 
gained by extending the degree of direct 
routing. This conclusion has been con 
firmed using the actual tandem con 
figuration. Thus the basic 400 outlet 
group selector stage only, will be pro 
vided at originating exchanges in Mel 
bourne, unless special circumstances in 
dicate the desirability of providing ad 
ditional availability by the use of group 
selector stages in series. 
This does not of course preclude the 

provision of more availability should 
design changes in the future alter the 
cost basis of the comparisons made so 
far and this is a field for future develop 
ment. With the tandem configuration 
chosen in Melbourne the need for addi 
tional availability may come as the size 
of crossbar exchanges increases above 
8-10,000 lines. 
The basic reason for the present lack 

of justification for the provision of 
greater availability is that with the traf 
fic distribution pattern normally en- 
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countered in Melbourne, once the direct 
routes to reasonably close exchanges 
have been provided, the marginal savings 
by providing the longer direct routes, 
can in general be achieved by the pro 
vision of tandem stages strategically 
placed with respect to the junction cable 
network, such that "back tracking" is 
minimised, whilst at the same time traf 
fic is concentrated into larger, more ef 
ficient parcels. 

Traffic Dispersion 
The traffic distribution of typical 

branch exchanges in the metropolitan 
area follows a reasonably consistent pat 
tern viz:- 

(i) 15% local 
(ii) 25% to adjacent areas 

(iii) 20% to the central city area 
(iv) 20-25% to an inner area within 

approximately 5 miles of the city 
but outside the central city or the 
same 1st digit group. 

(v) 5% to trunks and the E.L.S.A. area 
(vi) 10-15% to outer non-adjacent 

areas. 
Except for exchanges on the fringe of 

the 15 mile radius all exchanges can 
reach all other exchanges in the first 
four categories above, using 10 lb. junc 
tion cable for a transmission Joss of not 
more than 12 db. Thus if no restriction 
is placed on the provision of junction 
circuits by the switching scheme, some 
80-85% of traffic originated at exchanges 
within the metropolitan area would not 
utilize any 20 lb. cable. 
Traffic from the metropolitan area 

which is destined for trunks and the 
E.L.S.A. area, has a stringent require 
ment of 7.5 db access to the trunk switch 
ing centre and will need some 20 lb. 
cable if the distance is more than 9 or 
10 miles. 

Similarly the 10-15% of traffic destin 
ed for outer areas in the metropolitan 
network will need varying proportions of 
20 lb. cable depending on location of the 
originating exchange. 
Under step network conditions the 15- 

20% of originating traffic destined for 
outer areas or to trunks and E.L.S.A. 
exerts a controlling influence on the need 
for 201b. cable. This arises because of the 
limited ability of the equipment to 
segregate traffic having varying require 
ments into different groups. Crossbar 
equipment on the other hand has the 
capability of achieving almost unlimited 
segregation. The optimum solution lies 
between these extremes. 
A prime factor in the choice of loca 

tion and trunking of a tandem switching 
exchange is to ensure that traffic through 
it does not have to use a heavier gauge 
junction than it would use if considered 
alone. 

Transmission Criteria 
The design of transmission loss alloca 

tions for the backbone or last choice 
links in any proposed switching scheme 
under crossbar conditions have not been 
finally settled. However direct routes and 
the major second choice routes within 
the metropolitan network are to have a 
junction cable loss not greater than 12 
db, with subsequent choices being toler 
able at a total loss up to 15 db. Access 
to the trunk centre must be gained on a 

total loss of not more than 7.5 db in 
order to fit into the overall national plan. 
The introduction of alternate routing 

could result in the overall transmission 
performance of any network being sig 
nificantly degraded if each link is built 
out by the use of lighter gauge junction 
cable so as to use up the transmission 
allowance. The choice lies between maxi 
mum savings by the use of light gauge 
junction cable or retention of the exist 
ing transmission performance by continu 
ing to provide junction cable to the 
existing standards. Basically this infers 
not using cable of lighter gauge than 
10 lb. for junctions. 
The major savings to be made in the 

external plant field due to the introduc 
tion of alternate routing is in reducing 
the quantity of 20 lb. cable required, 
by segregating out all traffic which does 
not require it in order to meet the 
standards. The savings due to the pro 
vision of shorter junction routes will be 
relatively small and will be of an evolu 
tionary nature as the volume of crossbar 
switched traffic increases. This segrega 
tion of 20 lb. cable requirements is of 
course much more important in ex 
changes towards the edge of the metro 
politan area. 

Sub-Metropolitan Area Tandem 
Switching 

The sub-metropolitan area is divided 
into a number of local switching areas 
at the present time and these will con 
tinue with minor changes in the future, 
the centres being self selecting by the 
nature of the development which is con 
centrated round the main centres. Cen 
tres which have tandem switching 
facilities at present are: 

Frankston 
Dandenong 
Belgrave 
Croydon 
Lilydale 
Hurst bridge 

The western zones of the E.L.S.A. area 
contain small terminal exchanges only 
at the present time, and development is 
very slow and unpredictable. 
Traffic to all the E.L.S.A. area is fed 

from the metropolitan area almost ex 
clusively on carrier channels from the 
central trunk terminal. It is anticipated 
that with minor exceptions this will con 
tinue and thus traffic from the metro 
politan area will continue to trunk in the 
same way as at present even when cross 
bar stages are installed to replace the 
existing step switching equipment. Origi 
nating traffic from crossbar exchanges in 
the E.L.S.A. area can use the routing 
flexibility of crossbar equipment so as to 
permit circuits to be provided into any 
tandem switching system proposed for 
the metropolitan area. (Similarly, any 
metropolitan crossbar exchange can 
route direct into an adjacent sub-metro 
politan exchange if such a course is 
justified by the traffic volume.) 
The traffic to and from this outer 

area is of secondary importance as com 
pared with the traffic volume within the 
metropolitan area. 
Theoretical Basis for Tandem Design 
The basis on which the initial tandem 

installations were designed is now 
clear:- 

(i) The long term junction routing 
will follow the traffic distribution 
closely because of the increasing 
influence which will be exerted by 
the need for the provision of direct 
or first choice circuits. 

(ii) The locations chosen for the in 
stallation of crossbar tandem 
equipment must take advantage of 
the intersections of major cable 
routes to avoid "back tracking". 

(iii) Suburban originating exchanges 
will normally use only the standard 
400 outlet first group selector stage. 

(iv) The 80-85% of originated traffic 
which could utilize 10 lb. junction 
cable under full mesh conditions 
must not be forced to use 20 lb. 
junction cable because of the 
switching pattern. 

(v) There must be sufficient flexibility 
in the switching scheme to permit 
easy expansion and the incorpora 
tion of future developments in both 
internal and external plant. 

Evolutionary Nature of Network 
Development 

The provision of tandem switching 
centres, and the new cross-country cable 
routes which will become necessary, with 
the increasing volume of traffic which 
originates on equipment capable of alter 
nate routing, will be evolutionary in nat 
ure much as is the provision of sub 
scriber exchanges. 

It would be normal therefore to ex 
pect that in a simple very small network 
there would be only one tandem ex 
change. In a medium size network this 
central tandem would normally be re 
tained for trunk traffic but traffic within 
the network would have a number of 
tandem exchanges away from the centre. 
In a very large complex network, at 

the same time as the tandem centres 
for metropolitan traffic become more 
numerous, the trunk centre itself could 
well become decentralised due to the 
physical size required and from the need 
to increase security. 

It would be extremely dangerous in a 
rapidly expanding network to attempt to 
accurately predict the nature of this 
evolution over a period longer than say 
10 years due to the many intagibles both 
as to the rate and pattern of develop 
ment and the methods of meeting it in 
both the internal and external plant 
fields. 
For the above reasons the Melbourne 

tandem switching scheme was based on 
the predicted 20 year junction cable pat 
tern as far as the initial locations are 
concerned. No attempt has been made 
to predict future switching developments 
accurately beyond the ten year period, 
except for ensuring that the arrange 
ments proposed are flexible enough to 
permit a wide variety of possible changes 
in switching equipment and junction cir 
cuit provision. 

Location of Major Proportion of 
Crossbar Equipment 

The major proportion of crossbar 
equipment will be installed in exchanges 
serving the rapidly expanding outer sub 
urbs and an investigation has shown that 
concentration of crossbar equipment in 
these areas is desirable, in order to 
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maintain orderly and economic develop 
ment. The distribution of crossbar equip 
ment is an important feature of any 
tandem switching scheme since many of 
the advantages gained by the use of com 
mon control switching systems can only 
be fully achieved from large installa 
tions. 
Tandem switching centres must of 

course be a compromise between the 
location of the originating and terminat 
ing exchanges. 

LOCATION AND FUNCTIONS OF 
TANDEM SWITCHING 

EQUIPMENT 

General 
The direct routing capability of cross 

bar equipment is such that direct routes 
are provided to most exchanges in the 
same first digit group and close ex 
changes in adjacent first digit groups. 
A tandem switching centre would only 
carry overflow traffic from these routes 
and thus it becomes of great significance 
that the tandem centres be located in 
such a way as to handle the inner area 
traffic which does not justify direct 
routes. 
Examination of the present and pre 

dicted junction cable pattern and assess 
ment of likely traffic volumes and hence 
size of building space required, led to 
the selection of four initial tandem loca 
tions - 

Windsor 
Hawthorn 
Northcote 
North Melbourne 

As discussed above, crossbar tandem 
centres will also be established at the 
E.L.S.A. switching centres of 

Frankston 
Dandenong 
Ferntree Gully (in lieu of Belgrave) 
Croydon (takes the function of 
Lily dale also) 

Hurst bridge 
together with others which may become 
apparent as development proceeds. 
The trunk switching centre will be 

contained in the proposed Lonsdale 
Building which is an extension of the 
present trunk switching centre. This loca 
tion will also contain a further city 
tandem centre and the main switching 
equipment for traffic to the E.L.S.A. 
area. Partial decentralization of the trunk 
centre is under active consideration at 
the present time. The trunk centre will 
use 4 wire switching A.R.M. equip 
ment. (See Ref. 2.) 
The tandem centres located in the 

E.L.S.A. area will consist of 80 inlet 
400 outlet first selector switching stages. 
These centres will enable the achievement 
of a uniform 7 digit numbering scheme 
throughout Melbourne Metropolitan and 
E.L.S.A. areas. 
The problem of major significance in 

the first instance was the method by 
which the existing two-wire switching, 
ARP 102 crossbar equipment could be 
employed, to handle the metropolitan 
tandem traffic which will of course build 
up at a considerable rate. Crossbar pri 
mary equipment is being installed to 
meet growth at a rate of 30-35,000 lines 
each year in the Melbourne network. 

Switching Functions for Metropolitan 
Traffic 

In the study of the Melbourne metro 
politan tandem scheme it was found that 
the traffic could be subdivided into five 
basic classes. The switching scheme has 
been designed to cater for these different 
classes. 

(i) Traffic to exchanges in the same 
tandem area which overflows from 
direct routes or for which a direct 
route is not provided. 

(ii) Traffic from exchanges in one tan 
dem area to exchanges in the inner 
area of other tandem groups, which 
can utilize largely 10 lb. junctions 
and which overflows from direct 
routes or for which a direct route 
is not provided. 

(iii) Traffic to the outer area of other 
tandem groups which requires some 
20 lb. junctions. 

(iv) Traffic to trunks and the E.L.S.A. 
area. 

(v) Traffic overflowing from second 
choice routes. 

The optimum location for type (i) 
switching is somewhere in the traffic 
centre of the tandem area. For type (ii) 
traffic the optimum location is a com 
promise depending on the originating 
and terminating exchange locations. The 
optimum location for one switching cen 
tre for both functions depends on the 
relative traffics. Since the first two clas 
ses of traffic are of overwhelming im 
portance compared to the other three 
the initial locations were chosen with 
little concern for the latter. 
Type (iii) traffic can either be trunked 

into the switching centre closest to the 
originating or the terminating exchange 
depending on the particular economics. 
Type (iv) traffic may need special treat 
ment because of the trunk access trans 
mission loss requirements. Type (v} traf 
fic will need to pass through at least 
two tandem stages. 

Proposed Switching Scheme 
The switching centre to handle type 

(i) and (ii) traffics will have routes to 

A STAGE. 

approximately 50 exchanges of which 
approximately 25 are located within the 
tandem area and 25 in the central area. 
Availability requirements at the initial 
tandem exchanges are such that one 400 
outlet stage is sufficient and at least 
two stages are necessary. The cheapest 
way to provide these two stages and one 
in which the traffic of type (iii) can be 
readily incorporated in the design is to 
have one stage hereafter called the A 
stage to handle all traffic destined for 
exchanges in the tandem area. A second 
stage hereafter called the B stage will 
handle traffic originated in a tandem 
area and destined for the inner area of 
other tandems. 
The A stage will therefore handle over 

flow traffic from direct routes within a 
tandem area, as well as traffic within 
the tandem area for which no direct 
route is provided. The B stage will 
handle traffic to the central area which 
overflows from direct routes together 
with traffic destined for the central area 
which has no direct route. 
The B stages at all four initial tandems 

will handle traffic destined for approxi 
mately the same area and can be consid 
ered as a distributed tandem for traffic 
terminating in the inner area. This has 
advantages over a central tandem in 
that shorter overall route distances are 
achieved. 
Terminal exchanges which are acces 

sible via the B stage are those which in 
general can be reached via 10 lb. junc 
tions with a transmission loss of not 
more than 6 db. The loss from origi 
nating exchanges to the B stage will also 
be 6 db. Thus second choice traffic 
through the B stage will have a cable loss 
of not more than 12 db. Use of 6 db 
loss on both sides of a tandem in most 
cases permitted standard types of relays 
to be used for signalling. 
The loss from the A stage to terminal 

exchanges is to be 6 db also, as is the loss 
from originating exchanges to the A stage 
serving the tandem area in which the 
exchange is located; thus traffic to ex 
changes in the same tandem area which 

0/G TO SxS AND CROSSBAR 
EXCHANGES WITHIN THIS TANDEM· 
AQEA - iST. AND 2ND. SELECTOP.S. 
(NOTE 2) 

e./e. STAGE. 

r/c rnoM ornrn I -.,, o/G TO cRossBAR EXCHANGES 
TANDEM EXCHANGES AND L___.../g-------3~ NOTE.1 WITHIN THIS TANDEM AREA - 
FROM CROSSBAR EXCHANGES---===::::;;.,, 1ST. AND 2ND SELECTORS. - 
WITHIN THIS TANDEM AREA. -- OTHER TANDEM EXCHANGES. 

B STAGE 
1/C FROM CROSSBAR 
EXCHANGES WITHIN 
THIS TANDEM AREA. 

o/G TO DISTANT SxS AND 
NOTE.1 CROSSBAR EXCHANGES IN 

THE INNER METRO AREA 
- !ST. AND 2ND. SELECTORS 
-OTHER TANDEM EXCHANGES. 

NOTE. L ON SOME ROUTES (<g. ROUTES TO 1ST. AND 2ND. SELECTORS) THE TRUNKS 
ARE COMMON TO MOQE THAN ONE STAGE. 

NOTE.2, JN ADDITION, SOME TERMINAL EXCHANGES IN OTHER TANDEM AREAS 
MAY ALSO TRUNK FROM THE A STAGE, IN SPECIAL CASES WHERE 
AVAILABILITY IS SPARE. 

Fig. 3 - Tandem Exchange Outline Trunking Diagram. 



194 THE TELECOMMUNICATION JOURNAL OF AUSTRALIA October, 1965 

' 
I 

DIRECT ROUTE - IF JUSTIFIED 
[2d.b 

i : I 

// i 
~-~ 2>10. CHOICE Gd.b ~\T ,,., 

'I IBlCKBONE ROUJ ~ ) BACKBONE OOUTE 
5d.b(NOM.) I ~, 5d.b(NOM 

~~ 
ASTAGE~~tl 

G.1.V 

JUNCTION 
BACKBONE (e,/B) STAGE 

PAIi.ENT TANDEM ORIG. EXCHANGE 
JUNCTION 

TERM. EXCHANGE 

Fig. 4 - Switching of Coils to a Crossbar or Hybrid Terminal Exchange with Same 
Parent Tandem. 

is switched via the A stage will suffer 
a cable loss of not more than 12 db. 
Traffic destined for a terminal ex 

change in another tandem area which 
cannot be reached via the B stage of the 
local tandem will be handled via the A 
stage located in the tandem area of the 
terminal exchange. Routes of this latter 
type will be permitted a cable loss of 
8 db; thus traffic on these routes will 
suffer an overall cable loss of up to 14 
db. These routes handle only 10-15% of 
originated traffic, however. 
The overflow from second choice tan 

dem routes at originating exchanges will 

I DIRECT 

be carried on the final choice route. The 
switching stage to handle this traffic will 
be located with the A and B stages ser 
ving each tandem area and will be called 
BB. Traffic to trunks and the E.L.S.A. 
area will be included with the final choice 
traffic. The majority of originating ex 
changes will of course have direct routes 
to the appropriate central switching 
stages which handle trunk and E.L.S.A. 
traffic. 
A key factor in the economics of alter 

nate routed systems is that the number 
of final choice routes should be mini 
mised. All last choice traffic destined for 

ROUTE - IF JUSTIFIED 

crossbar terminal exchanges or terminal 
exchanges with mixed equipment types is 
routed via the crossbar backbone BB 
stage throughout. Traffic overflowing 
from routes to step by step exchanges off 
the tandems will first be offered to a 
route to the appropriate step by step 
second selectors and traffic overflowing 
from these routes will be carried by a last 
choice route to step by step first selectors 
in the tandem exchange. 

Trunking Details 
The trunking diagram for all tandems 

will be similar and will be as shown in 
Fig. 3. Figs. 4 to 10 show how the dif 
ferent classes of traffic will be handled 
from originating to terminating ex 
changes. 
It will be noted in Figs. 5, 6 and 7 

that traffic overflowing from both the 
A or B and the BB stages is offered to 
a route common to both stages. Should 
availability restriction become a problem 
in the future, the traffic overflowing 
from the A or B stage onto numerous 
routes could be combined and passed via 
the BB stage. These routes would then 
only appear on the BB stage thus making 
available additional outlets on the A or 
B stages. In Figs. 5, 6 and 7 it will be 
noted that the apparent loss on over 
flow traffic from the tandem can exceed 
15 db i.e. 15 db cable loss plus 1 db 
switching loss. This cannot occur in 
practice, however, since the exchanges 
trunked off the B stage are within 6 db 
of the B stage and this will generally 
still be true even if switched via the 
distant tandem or the appropriate second 
selectors. Figs. 4, 5 and 8 show that the 
last choice routes to crossbar or mixed 
terminal exchanges pass via the crossbar 
tandem BB stages and never enter the 
step network. 
Fig. 11 illustrates geographically, the 

tandem stage to which traffic originating 
in the Windsor backbone area is directed 

-----if"' I ZMO. CHOICE I I I I ~ :>---- 
i GV \\ Gdb ROUTE I B STAGE \

1 I I Gd.b I I ;_;;;; _,I 

BACKBONE ROUTE 

~ 
COMMON ROUTE 

Sd.b(NOM) I OFF B& B{B STAGES J~J [ 5d.b(NOM) 

la,/B STAGE I 4'!b(NoM) s/s STAGE 
PARENT TANDEM DISTANT TANDEM 

JUNCTION I JUNCTION [JUNCTION 

ORIG. EXCHANGE 

!Ub 

TERM. EXCHANGE 

Fig. 5 - Switching of Calls to a Crossbar or Hybrid Terminal Exchange within Approximately Five Miles of the City Centre but in a 
Different Tandem Area. 
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Fig. 6 - Switching of Calls to a Step by Step Terminal Exchange in the Same Tandem Area. 
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Fig. 7 - Switching of Calls to a Step by Step Terminal Exchange within Approximately Five Miles of the City Centre but in a Different 
Tandem Area. 
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on second choice routes. All other tan 
dem areas have a similar routing pattern. 
The availability required at the BB 

stage in order to achieve the method of 
trunking described above will in the 
near future become greater than one 

stage can provide and it will then be 
necessary to subdivide the BB stage into 
originating and terminating sections with 
interconnection for traffic terminating in 
the same tandem area. 
The development of the tandem system 

will be by the provision of stages simi 
lar to the currently proposed A stage 
which will be located further from the 
centre of the network. The precise loca 
tion and the exchanges to be served off 
these stages will depend on the develop- 

I 
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Fig. 9 - Switching of Calls to a Step by Step Terminal Exchange More than five Miles from the City Centre but in Other Tandem Areas. 
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Fig. 10 - Switching of Calls to Trunks and the E.L.S.A. Area. 
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rnent of new cable routes as the volume 
of crossbar originated traffic increases. 

CONCLUSION 
The Melbourne crossbar tandem 

switching system was cut-over on May, 
17th, 1964, and its subsequent perfor 
mance has been in accordance with the 
design criteria established. The addi 
tional complexity of the system has been 
readily absorbed by the staff involved. 
The fact that the basic network switch 
ing pattern has been set for the intro 
duction of crossbar primary equipment 
in the Melbourne Network has been of 
assistance to all sections involved in 
the continuing work necessary for the 
introduction of further facilities such as 
S.T.D. 
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REMOTE TESTING OF SUBSCRIBER SERVICES 
USING TELEMETRY J. L. Harwood M.l.R.E.E.(Aust.), A.M.l.E.Aust.* 

INTRODUCTION 
With the rapid expansion of metro 

politan exchange networks, the intro 
duction of qualitative maintenance pro 
cedures and the difficulty and cost of 
continuous staffing of automatic ex 
changes, came the need for more com 
prehensive centralised fault testing ser 
vices from test desks situated at strate 
gic points in large metropolitan areas 
The provision of testing junctions multi 
pled to reduce overall resistance is 
costly, both in terms of initial provision 
and the loss of revenue earning capacity 
of the routes concerned. Further, the 
greatly increased capacitance mitigates 
against successful testing of subscribers' 
lines in the most distant exchange areas 
where the effect of long multipled junc 
tion arrangements is most pronounced. 
The increasing use of light gauge junc 
tions and subscribers' cables further ac 
centuates the problem. 

Substantial economies can be effected 
by the establishment of Maintenance 
Control Centres at selected locations in 
large metropolitan networks from which 
all subscribers' maintenance activities 
may be directed and co-ordinated. 
Maximum use is made of the field staff 

and greater effectiveness of vehicle usage 
is possible. Maintenance Control Centres 
of this type are staffed with highly skill 
ed staff who, if provided with adequate 
diagnostic testing facilities, are able to 
minimise the time spent in fault clear 
ance and also to reduce the average 
elapsed time from the initial report to 
the final clearance with consequent im 
provement in efficiency of the network 
(Ref. 1). 
A method of performing remotely the 

whole range of subscribers' line and 

* Mr. J. L. Harwood is Manager of Research, 
Electric Control and Engineering Limited, 
N.S.W. See Page 246. 
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equipment tests as though at the local 
exchange to which the subscriber con 
cerned is connected, has been evolved 
and is described in this article. 

GENERAL DESCRIPTION 
Fig. 1 shows the general trunking ar 

rangements employed. By utilising data 
transmission techniques between the 
control centre and the distant exchange 
via the testing junctions, the testing cir 
cuits at the remote exchange concerned 
may be set-up directly by relay circuits 
equivalent to the normal key circuitry 
in the standard test desk. The data 
transmission system employed may use 
either frequency division or time divi 
sion multiplexing, but in the system des 
cribed, time division multiplexing is em 
ployed due to the relative simplicity of 
the voice frequency signalling arrange 
ments and the absence of interference 
with other voice frequency tones and 
supervisory signals now in common use 
in modern switching systems. A small 
additional delay of approximately one 
second is involved in the transmission 
of each block of data from the instant 
the key at the control centre is operated 
to the time the test relay operates at 
the distant exchange. This delay is 
occasioned by the validity checking sys 
tem applied to each block of data before 
it is accepted at the remote exchange, 
but the Testing Officer soon becomes 
accustomed to this short delay and 
manipulates the testing keys in such a 
way as to minimise its effect. 
Telemetry of the voltmeter readings is 

achieved by D.C. "constant current" 
methods, the response time of which is 
negligible. It is also possible to use 
variable frequency telemetry whereby 
the distant voltmeter reading is changed 
into a variable frequency between 800 
and 1600 c.p.s., but the equipment des- 

TELSCAN BRANCH 

LOCAL 
DESK 

TEST 
01ST. 
SELR. 

cribed in the following caters only for 
D.C. telemetry at this stage. 

Data Transmission 
The time division multiplexing system 

employed in this application is the 
straightforward relay type TELSCAN* 
system capable of data transmission at 
10 to 20 bauds and having a word length 
of 16 binary digits (see Figs. 2 and 3). 
Five binary digits are normally required 
for address coding, although only a 
small number of addresses are employed 
in this system. If a tandem connection 
to a satellite exchange is involved and 
TELSCAN systems are connected at both 
the intermediate and terminating ex 
change, the address coding will ensure 
that only the selected exchange testing 
circuitry responds to the key manipula 
tion by the Testing Officer. 
Eight information binary digits are 

provided in each of the two message 
trains to control the operation of testing 
relays at the distant exchange. Fifteen 
test relays, plus one spare function, are 
normally provided. During data trans 
missions, which take place immediately 
a key is operated or released, a flashing 
lamp on the testing position panel will 
assist the operator in gauging the res 
ponse time of the equipment at the 
distant exchange. 

Relay TELSCAN System 
TELSCAN is a data transfer system 

for communicating information in binary 
coded digital form between one central 
controlling station (e.g., the Maintenance 
Control Centre) and several remote out 
stations (e.g., distant exchanges). The 
advantages of digital transfer (few lines, 
add-on capacity, error rejection, inter 
ference-free and accuracy) will be well 
• Registered trademark - Electrical Control 
and Engineering Limited. 
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Fig. 1 - Trunking Diagram for Remote Exchange Testing Scheme. 
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known to telecommunication engineers 
familiar with telegraphy and teleprinter 
systems. The relay version described 
here uses wire-spring relays originally de 
signed for telephone exchange use (see 
Fig. 4). Relay equipments have already 
proved satisfactory in the field and are 
providing remote supervisory control 
and telemetry facilities in the operation 
of several Australian utilities, in addi 
tion to remote exchange testing. 

Communication 
Communication can be carried over 

any voice-frequency channel, telephone 
or telegraph lines, radio communication 
system, power line carrier equipment, 
etc. Only one such channel is required 
to carry all information between the 
control centre and a group of outstations. 
The use of time division multiplexing 
requires only a fraction of the total 
band width to be occupied by data trans 
missions, leaving the remainder of the 
voice frequency channel available for 
an independent speech communication 
facility. 
For remote exchange testing, the V.F. 

signals are passed over the "operate" 
pair of the testing junction. 

Messages 
Data is translated into discrete mes 

sages, each composed of a block or train 
of 16 pulses of tone. The modulating 

COUNTER 
OPERATES 
SCANNER 
RELAY 
C.01 LS 

DEMAND FOR 
LONG PULSE 

Fig. 2 - Data Transfer System - Transmitting mode. 

envelope is in pulse-coded form in 
which there are two pulse durations 
(long and short) which can be used to 
correspond to the two bits 1 and 0 
where quantitative data has to be trans 
ferred. In each message the pulses are 
arranged in consecutive groups to con 
form to the code format of that par 
ticular equipment. After an initiating 
pulse comes an address group in simple 
binary form; then the various coded 
information groups; next is the penulti 
mate pulse for the parity error-check; 
and finally a long execute and clear-down 
pulse (see Fig. 5). 

System Operation 
The TELSCAN system can provide 

three facilities for remote operation: 
1. Control of outstation equipment by 

control commands from the central 
desk. 

2. Supervisory functions in which the 
outstation reports back to the central 
control any significant changes in the 
state of external devices. These re 
ports include alarm signals and con 
firmation that a command has been 
executed. Censors monitor the ex 
ternal equipment. 

3. Telemetry facilities in which the out 
station reports back to the central 
control precise numerical values of 
measurements. It should be noted, 

however, that D.C. telemetry is used 
in lieu of digital telemetry in this 
application. 

-TE LS CA N transmitting receiving 
equipment is provided at the Control 
Centre and at each controlled remote 
exchange. At the Control Centre, the 
operation of keys on the test desk init 
iates transmissions, while at the distant 
exchange concerned, all functions cor 
responding to the operated keys are 
performed by relays. 
At both the central control and each 

outstation, the devices (switches, relays, 
etc.) which feed information into the 
TELSCAN transmitters and also those 
which deliver it out from the receivers, 
have a hold-on property enabling them 
to be used as storage or "permanent" 
memory devices. There are two reasons 
for this:- 
1. These devices can maintain local 

control of external equipment, even 
after the transmission and line cir 
cuits have been disconnected from 
them. Thus only one communication 
channel can serve several outstations. 

2. The storage property enables the 
actual operation of external equip 
ment to be compared with control 
commands given previously. In the 
case of remote exchange testing, the 
test function "memory" relays will be 
released when the test distributor 
train is released. 
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The possibility of false operation has 
been reduced to the point where it can 
be ignored for all practical purposes. 
This degree of dependability has been 
achieved by making the system fail-safe. 
Some of the methods are:- 
1. In TELSCAN receivers, all incoming 

message data is withheld from reach 
ing the permanent memories unless 
three error-check conditions are 
simultaneously true. These are,:- 
(i) The total number of long (1) 

pulses in the message is odd 
(parity check). 

(ii) The total number of pulses in 
the message is 16. 

(iii) The final execute and clear-down 
pulse must exceed a specified 
length. 

2. More information pulses are allocated 
to pulse groups which control major 
functions, so that the more complex 
code greatly reduces the possibility 
of error. Moreover, for a change 
from a passive to an active . state 
( e.g., initiation of a starting signal) 
the data bit is changed from an "0" 
to a "1" since "O" always corresponds 
to the passive or "fail" state of the 
input device. 
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Fig. 3 - Data Transfer System - Receiving mode. 

Fig. 4 - Wire-spring Relay. 
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3. In normal industrial or public utility 
applications, cross-reference relay cir 
cuits at both the control central and 
outstations prevent the discrepancy 
lights from ceasing to flash until 
correct operation at the outstation is 
confirmed by a 'supervisory' trans 
mission back to the control centre. 

4. External equipment faults automati 
cally send alarm signals to central 
control. 

Dependability is achieved by the use 
of high-quality components and careful 
design. Checking systems are incor 
porated in the equipment and the con 
struction is in functional module form. 
Power supply is obtained from the ex- 

change batteries held on floating charge 
from 240V A.C. mains. 

TRUNKING ARRANGEMENTS 
FOR REMOTE TESTING 

From Fig. 1 it will be seen that nor 
mal inter-exchange and intra-exchange 
trunking arrangements may be employed 
due to the greatly increased sensitivity 
of the D.C. dialling path via the "oper 
ate" pair. Thus it is unnecessary to 
provide intermediate dialling repeaters 
at any of the exchanges en route. If, 
however, repeaters are provided for other 
reasons or are required to work in with 
existing testing facilities, no difficulty 
will be experienced due to the presence 
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of the D.C. amplifier at the terminating 
exchange. A general schematic of this 
system is shown in Fig. 6. 
. In cases where tandem operation is 
mvolved and test distributor selectors 
~re provided at intermediate exchanges 
m the testing network, impulse repeti 
tion may be provided as a normal func 
tion by the addition of repeaters. How 
ever, each TELSCAN system installed at 
a remote exchange will include a D.C. 
amplifier on the "operate" pair of the 
local test distributor and dialling over 
loops up to 3000 ohms will be accepted. 
The data transfer equipment, together 

with the test relay set, is associated with 
the incoming junction at the intermediate 
and terminating exchanges. By this 
means, it will be possible to have two 
TELSCAN systems attached to a par 
ticular testing train. The operator selects 
the required one by manipulation of the 
branch/satellite key which affects the 
address code associated with each out 
going transmission. Data transmissions 
not intended for a particular station are 
ignored. 
In order to cater for ultimate voice 

frequency dialling, and also to dispense 
with the supervisory relay circuit at the 
control exchange, the "Sub or Selector 
Busy" signal is transmitted via a TEL 
SCAN message. On long junctions with 
relatively low dialling currents, the 
reversal supervisory relay (relay D) at 
the control exchange may not be able 
to operate, thus making the provision of 
a TELSCAN supervisory signal essential. 
Notwithstanding this, an additional 
relay at the remote exchange is provided 
for the purpose of sending a polarity re 
versal via the "operate" pair in addi 
tion to the TELSCAN signal. This 
relay (BZ) is connected in parallel with 
the G relay of the standard test distribu 
tor circuit or from a contact of the re 
versal relay where applicable and applies 
the current reversal before the D.C. 
amplifier circuit. This is shown in Fig. 
6. 

DETAILED DESCRIPTION 
Testing Facilities 

The following test key operations are 
required to be signalled to the distant 
exchange from the Control Centre: 

Group 1. 
Line reverse 
Earth 
Loop 
Foreign battery 
Voltmeter reverse 
Resistance test (80V) 
Low scale (0-800 ohms) 
Insulation resistance (250V) 

Group 2. 
Dial test (pulse length monitor) 
selector release 
Ring (continuous) 
Howler 
Battery and buzz 
Private control 
Resistance x 10 (0 to 8000 ohms) 

Examination of Table 1 (Fig. 5) will 
illustrate the grouping within each sub 
address and also the test relays and re 
sulting functions involved. A schematic 
diagram of the test desk facilities is 
shown in Fig. 7. The complete testing 
circuit is shown in Fig. 8. 
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Operation or release of any key will 
initiate a data transmission sequence 
which will be immediately acknowledged: 
otherwise the transmission concerned will 
be repeated. Interference penetration by 
noise has no practical effect on the 
correct transmission of signals. 

By providing identical testing relay 
sets by both the control centre and each 
distant exchange, local tests at the con 
trol exchange and nearby exchanges may 
be carried out in the conventional 
manner. Manipulation of the testing keys 
will operate local relays directly and the 
necessary testing circuit end configura 
tion will be established accordingly. 

The operation of the branch/satellite 
control key will introduce the TELSCAN 
equipment at the control exchange and 
all key manipulations thereafter will 
result in data transmissions to the distant 
exchange. The local test relay set re 
mains inert at the control exchange 
under this condition. 
Certain tests have been modified to 

take advantage of recent developments 
in semiconductor circuitry. These are:- 
1. Low scale resistance tests are per 

formed by a special ohmmeter circuit 
configuration by which the Test Desk 
voltmeter reads 0-800 ohms on the 
normal 0-8 volt scale, e.g., a reading 

of 1 V would indicate a resistance of 
100 ohms. Operation of the "Resis 
tance x 10" key will change the 
scale factor to read O to 8000 ohms. 
This feature eliminates the need to 
refer to separate non-linear scales 
usually located on the Test Desk 
writing space. High resistance tests 
via the 80 volt scale and insulation 
resistance tests via the 250 volt D.C. 
supply (625,000 ohms at mid-scale) 
are still retained in their present 
form. Capacitance tests are usually 
made on the 80 volt sea le. 

2. Dial pulse length monitoring (Ref. 2) 
in lieu of the conventional impulse 
speed, weight and count tests is pro 
vided for. The supervisory tone 
heard at the conclusion of the im 
pulse train will indicate the condition 
of the dial in the telephone under 
test. Each separate impulse will be 
gauged in respect of both the make 
and break portions of each impulse, 
and the failure of any single im 
pulse will result in a rejection of the 
dial. 
With regard to the use of the ohm 

meter-type low scale resistance test, it is 
pointed out that a low voltage is applied 
to the subscriber's line in lieu of the 
relatively high voltage applied by the 
conventional low scale testing circuit. 
Further, the maximum current in the line 
is limited to 10 milliamps which is un 
likely to break down intermittent dry 
joint faults which are often the cause of 
noisy lines. Elusive faults of this type 
are often temporarily cleared by the 
relatively high test voltages and currents 
employed on the conventional low resis 
tance testing circuit. One disadvantage, 
however, with the low current type of 
circuit is the inability to hold series 
supervisory relays in substation equip 
ment on the testing current. Duplex 
services are therefore more difficult to 
test in some cases. 
In addition to the transmission of the 

various test control signals listed above, 
transmissions in the reverse direction are 
employed for the following supervisorv 
purposes:- 
(a) Ring Pilot 
(b) Subscriber or Selector Busy 
(c) Battery feed (Subscriber answer) 

Test Train "Operate" Circuits 
In order to cater for the dialling of the 

test selectors over junctions of up to 
3000 ohms resistance, a D.C. amplifier 
consisting of an emitter follower type 
circuit on each leg is provided at the 
terminating exchange (see Fig. 9). Cur 
rent and voltage limiting is provided to 
prevent excessive power dissipation in 
the transistors and to enable local dial 
ling to be achieved also. By-pass capa 
citors are included for transmission of 
the supervisory tones where required 
although the speech transmission effi 
ciency of this circuit is relatively low. 
The private control function, normal 

ly effected via the "operate" circuit, is 
catered for in the usual manner by 
applying earth potential to one side of 
the "operate" loop at the control ex 
change, but this signal is also duplicated 
by a TELSCAN message to cater for full 
V.F. working if required. 
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No provision is made for the final 
selector releasing feature as this is nor 
mally required only for routine tests on 
individual subscriber's lines at relatively 
infrequent intervals. 
The reversal detection relay in the 

"operate" circuit at the control exchange 
has been increased in sensitivity by the 
substitution of a high resistance winding 
with a greatly increased number of turns. 
Signalling to nearby exchanges will be 
unaffected by this modification. 

Ringing Circuits 
Continuous ringing under the control 

of the test panel ring key is provided 
so that the minimum period of continu 
ous ringing which can be applied to a 
subscriber's line will be approximately 
one second under TELSCAN working. 
Interrupted ringing may be applied only 
from the Control Centre by the manipu 
lation of the ringing key associated with 
the test distributor trunk circuit. 
A supervisory signal is fed to the 

Testing Officer via the TELSCAN system 
when continuous ringing current is ap 
plied to a subscriber's line. In many 
cases it will be possible to send ringing 
current from the Control Centre via the 
testing junction with the aid of TEL 
SCAN relaying system and experience 
will guide the Testing Officer in this 
regard. 

Selector Releasing 
It is not possible to apply a selector 

release circuit to a subscriber's line at a 

distant exchange without relaying equip 
ment. The TELSCAN equipment in 
cludes a selector release control relay 
which utilises the local circuit, and the 
booster battery supply already available 
at the distant exchange. 

Howler Circuit 
The howler equipment at the distant 

exchange is similarly shared with the 
TELSCAN equipment. 

Ohmmeter Circuit 
Fig. 10 shows the method of applying 

a constant current to a subscriber's line 
in order to read the voltage drop across 
the unknown resistance. A linear 
resistance scale reading is obtained. 
Unlike the conventional ohmmeter cir 
cuit configuration, no scale crowding 
will occur, but on high resistance 
lines the voltmeter pointer will slightly 
overshoot the full scale reading. 
A zener diode protection circuit 

guards the movement, but the telemeter 
circuit indicates to the Testing Officer 
the need for the operation of the "Resis 
tance x 10" key to expand the scale 
to 8000 ohms. Under this condition, the 
line current is reduced from 10 to 5 
milliamps and the maximum subscriber's 
line voltage is limited to 40 volts. 

The Telemeter Circuit 
The equivalent voltmeter circuit at the 

distant exchange is connected to an 
emitter follower type constant current 
generator input. Voltages over the range 
of O to 8 volts are translated into line 
current variations of O to 4 milliamps, 
irrespective of the length of the line to 
the control exchange (up to 3000 ohms). 
At the control exchange a 2000 ohm 
resistor in series with the line will re- 

- 
820k 

produce the O to 8 volt potential indica 
tions on the local test desk voltmeter. 
No delay between the application of the 
voltage at the distant exchange and its 
appearance on the control centre test 
desk voltmeter is apparent. Fig. 11 
shows the circuit arrangement involved. 

Testing Services in Outer 
Metropolitan Exchanges 

Outer metropolitan exchanges which 
are served by a branch or satellite ex 
change equipped with TELSCAN equip 
ment may be tested from the control ex 
change via the Data Transfer System so 
that the tests are applied as closely as 
possible to the subscribers' lines con 
cerned. These tests will be performed 
from the relay circuits situated at the 
nearest exchange so equipped. If the 
outer exchange is equipped for Selector 
release and/or pulse length monitor 
facilities, a sixth junction wire may be 
provided to relay the signals in order 
to apply these tests at the outer ex 
change and so eliminate the effects of 
any junction resistance. 

Test Desk Equipment 
The operating panel of the test desk 

has been redesigned to incorporate the 
new style of lever key. An attractive 
wood grain finish in "Laminex", or 
equivalent material, has been employed 
in preference to the matt-black finish 
conventionally used. The operating 
panel is so arranged that the voltmeter 
section may be re-located in certain 
cantilever type positions if so desired. 
Test trunk access keys and lamps are 
located on adjacent operating panels. 
The layout of the operating keys is 

similar to the standard APO test desk 
arrangement, but several additional 
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functional keys have been added. Fig. 
12 shows the arrangement employed. 

Miscellaneous Apparatus Rack 
A sub-frame is mounted on the M.A.R. 

and is arranged to contain the follow 
ing:- 
(a) TELSCAN Logic Panel (Data Trans- 

fer Control Relay Set). 
(b) TELSCAN Routine Test Panel. 
(c) The Test Relay Set. 
(d) The Alarm Identification Relay Set 

(at Control Centre only). 
( e) Interconnecting wiring column. 
Fig. 13 shows the M.A.R. equipment at 
the Homebush Exchange, N.S.W., where 
the first installation has been completed. 

OPTIONAL FACILITIES 
Alarm Identification at Remote 

Exchanges 
An important additional feature which 

may be derived from this method of 
remote exchange testing is the complete 
identification of alarms at any of the 
exchanges equipped with the TELSCAN 
System. 
A common alarm pilot is all that is 

necessary to advise the control exchange 
that an alarm condition exists at any 
one of the group of exchanges served by 
a particular branch exchange. The Test 
ing Officer then sets up a test train con 
nection to the test selector at that ex 
change and after operating the branch/ 
satellite key to introduce TELSCAN 
working, he then operates the interro 
gate key and observes on a row of lamps 
below the test keys the further identity 
of the alarm. If the alarm is local to the 
branch exchange, the appropriate lamp 
indication will be given, but if the 
alarm had originated from a TELSCAN 
equipped satellite exchange, the exchange 

Fig. 12 - Test Desk Position, (Homebush Exchange, N.S.W.). 
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identity would be indicated The Testing 
Officer has simply to dial the code of the 
satellite concerned and re-interrogate 
with the branch/satellite key now oper 
ated to the "Satellite" position. The 
ability to identify alarms by this means 
should prove a valuable adjunct to .the 
operation of centralised testing services. 

Voice Frequency Telemetry and 
A.C. Dialling 

By providing variable frequency VF 
telemetry (800 to 1600 c.p.s.) together 
with a simple form of VF dialling 
(2200 c.p.s.), a comprehensive remote ex 
change testing system could be installed 
to work over carrier or radio junction 
circuits, and if required in the future, 
could be arranged to operate on trunk 
circuits. By choosing carefully designed 
filters and employing hybrid transform 
ers, only one voice channel would be 
necessary for the entire operation of the 
Remote Exchange Testing System. 

Solid-State System 
The System described in the foregoing 

involves small delays in the overall 
operation of the test desk due to the 
time taken for the transfer and check-out 
of each set of information to and from 
a distant exchange. Data Transfer Sys 
tems employing solid-state circuits and 
operating at speeds of several hundred 
bauds have been fully developed and 
could be applied to remote exchange 
testing if the increased cost warranted 
the additional expenditure. The slight 
delay now experienced by the Testing 
Officer would, for practical purposes, 
be eliminated. 

Miscellaneous Applications of 
TELSCAN Equipment 

A number of other applications of 
data transfer equipment of the type des 
cribed in the foregoing are possible. 
These include:- 
(a) The remote control, supervisron, 

alarm indication and telemetry (by 
digital coding methods) of all types 
of power plant at unattended ex 
changes, repeater stations, carrier 
terminals, etc. 

(b) Route switching together with alarm 
identification at remotely controlled 
switching stations forming part of a 
carrier network. 

(c) Remotely operated routine test se 
quences together with relevant alarm 
indications and identifications for a 
remote exchange or repeater station. 

(d) Remote reading of traffic data from 
all sources. 

(e) Remote reporting of meteorological 
data. 

(f) Comprehensive operation of public 
utilities e.g., electric power genera 
tion and/or distribution, gas, water, 
fire alarm systems, sewerage, pump 
ing stations, etc. 

CONCLUSION 
The application of the TELSCAN data 

transfer system to remote exchange test 
ing has enabled the efficiency of cen 
tralised testing networks to be further 
increased. Junction resistance limitations 
no longer exist for practical purposes. 
Future scope exists in the employment 
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Fig. 13 - M.A.R. Equipment, (Homel:,ush Exchnng<>, N.S.W.J. 

of V.F. dialling, V.F. telemetry and 
fully electronic data transfer all of which 
will ultimately enable testing to be per 
formed over long distance carrier cir 
cuits. 
While the installation described in the 

foregoing is being used in step-by-step 
exchange networks, the concept is equally 
applicable to crossbar systems. 
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TECHNICAL NEWS ITEM 

TELECOMMUNICATIONS 
SYMPOSIUM AT 38th ANZAAS 
CONGRESS AT HOBART IN 

AUGUST, 1965 
A two-day Symposium on Telecom 

munications convened by Mr. P. R. 
Brett, Senior Assistant Director-General 
in charge of the P.M.G. Research Lab 
oratories, formed part of the programme 
of the ANZAAS Congress in Hobart in 
August, 1965. Scientists and engineers 
from four Universities and the Weapons 
Research Establishment of the Depart 
ment of Supply and from the P.M.G. 
Department presented and discussed 
papers on the two themes: 
Antennas and Propagation, and 
Communication Systems Engineering. 
The Australian and New Zealand As- 

sociation for the Advancement of 
Science (formerly the Australasian As 
sociation for the Advancement of 
Science) held its first meeting in Sydney 
in 1888, the objects of the Association 
being: 
'To give a stronger and more system 
atic direction to scientific enquiry, to 
promote the intercourse of those who 
cultivate Science in different parts of 
the British Empire with one another 
and with foreign philosophers; to ob 
tain a more general attention to. the 
objects of Science and a removal of 

any disadvantages of a public kind 
which may impede its progress." 

Over the years this objective has been 
modified and now is: 

"The advancement of knowledge and 
the promotion of a spirit of co-opera 
tion between scientific workers and 
scholars and those in sympathy with 
science and scholarship generally, es 
pecially in Australia and New Zea 
land". 

Meetings are now held at approxi 
mately 18 months intervals and provide 
a meeting ground for scientists and en 
gineers from all over Australia and New 
Zealand to discuss their work. Activities 
are divided into 16 Sections each dealing 
with a separate discipline or group of 
closely related disciplines. Because of its 
scientific as well as its engineering im 
plications, the Telecommunications Sym 
posium was classified as of joint interest 
to Section A, Mathematics, Physics and 
Astronomy, and Section H, Engineering 
and Architecture. 

The Symposium comprised 15 papers. 
The opening paper was by Professor 
A. E. Karbowiak, Professor of Com 
munications at the University of New 
South Wales who gave a comprehensive 
discussion of the possibilities and limita 
tions of lasers and optical communica 
tion systems - topics on which he is a 

world authority. Another paper of con 
siderable local interest was contributed 
by Mr. G. Larsson, Assistant Director, 
Engineering, P.M.G. Department, Tas 
mania, whose topic was The Develop 
ment of the Telecommunications System 
in Tasmania. Four papers dealt with 
antennas, six were on propagation topics 
and three on Departmental communica 
tion system engineering. Seven of the 
papers were contributed by the Depart 
ment and ranged from work done on 
antenna development and propagation 
research to developments in miniaturized 
12-channel multiplexing equipment, mes 
sage switching systems and equipment 
maintenance techniques. 

One of the major advantages of an 
occasion of this type is that it brings 
together workers with similar interests 
from all over Australia; the resulting 
exchange of ideas and discussion of 
papers enable them to see their work 
in perspective alongside related work in 
other organisations. 
All of the papers were of a high stan 

dard. The good attendances at all ses 
sions and the calibre of the discussion on 
each of the papers showed that there is 
a wide interest in Telecommunications in 
University and other research circles. It 
is proposed to organise another similar 
symposium for the 39th ANZAAS Con 
gress which is to be held at Melbourne 
University in January, 1967. 
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AUTOMATISATION OF THE AUSTRALIAN 
TELEX NETWORK - PART II 

SIGNALLING IN THE NATIONAL 
SYSTEM 

Fig. 10 shows the signalling system 
used in connecting a calling subscriber 
(or "A" subscriber) to the required called 
subscriber (or "B" subscriber), the con 
nection being through two transit ex 
changes. At the top of the figure the 
type of connection is drawn and each 
section lettered, these corresponding to 
the lettered sections of the signalling sys 
tem drawn immediately below. A typical 
call of this type would be a call from a 
Hobart local subscriber to a Newcastle 
local subscriber (see Fig. 3). Both the 
A and the B subscriber connections have 
been drawn as single current loop signal 
ling circuits, but polar signalling ter 
minals are also available. 
The A subscriber calling causes his 

loop current to rise from 5 mA to 35 
mA. The ARB marker group switches 
the calling line through to a free repeat 
er which calls forward with stop polarity 
to the distant incoming ARM trunk re 
peater as shown in Section B. The 
normal C.C.I.T.T. type "B" trunk signal 
ling sequence, as described in Part 1 of 
this article, follows. On receipt of the 
proceed to select signal, the ARB equip 
ment forwards over the trunk to the 
first ARM, the start/stop code corres 
ponding to the A subscriber's tariff zone 
(the T character) and the start/stop code 
corresponding to the A subscriber's clas 
sification (K character). Immediately 
following this, the ARB equipment sig 
nals into the A subscriber's loop (section 
A of signalling diagram) the printed 
service code "GA" as an indication to 
the subscriber that he should send the 
selection information from his keyboard. 
The subscriber then sends the selec 

tion information from his keyboard pre 
ceding this information with the register 
opening code combination "Figures 
Shift". All national subscriber numbers 
are five digit so that no end of selec 
tion signal is needed or used. (Service 
positions, printergram, test positions have 
three digit numbers but in all cases the 
first digit is O so that the register is 
able to recognise whether selection finish 
es at the third or fifth digit). This in 
formation is received in the parent 
ARM exchange and, together with the 
T and K characters forwarded earlier, 
is used to determine the appropriate 
rate for the particular call. As the rate 
information is returned from the parent 
ARM to the ARB exchange in start/stop 
five unit code, a telegraph code receiver 
(KMT) is first called in by a 25 mS 
KMT seizure pulse on the backward 
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path. The connection of the KMT at 
the ARB exchange is acknowledged on 
the forward path by a 40 mS start 
polarity pulse, following which the start/ 
stop code (Z character) indicating the 
tariff to be set up is signalled on the 
backward path preceded by a short in 
terval of steady stop polarity. Although 
the rate to be set up is now known in the 
ARB exchange, the rate lead is not yet 
connected through to the subscriber's 
metering wire. 
From the selection information sent 

into it, the parent ARM recognises that 
the required route is to a second ARM 
exchange and calls forward ( on the C 
section) in the normal type "B" mode. 
The complete selection information as 
well as the classification information is 
then sent forward to the second ARM 
exchange. This exchange recognises 
from the incoming trunk that the call 
is from a transit exchange, not from 
one of its own ARB terminals and that 
the tariff function is therefore not ap 
propriate. It also recognises from the 
selection information that the call is to 
an ARB exchange trunked off it and this 
exchange therefore requires only the last 
three digits of the B subscriber's num 
ber and the originating subscriber's K 
character. 
The second ARM therefore calls the 

terminating ARB in the usual way (Sec 
tion D), the "proceed to select" signal 
from this ARB indicating that a tele 
graph code receiver KMT is connected 
in order to receive digits in start/stop 
five unit code. This information, to 
gether with the classification character, 
is then sent and the terminating ARB 
marker tests the called subscriber's line 
and switches through if the line is free. 
The calling condition on the subscriber's 
line (Section E) causes the subscriber's 
machine to be switched on with an 
approximate t second delay while the 
motor runs up to speed, when a loop 
current of 40 mA is established. This 
current condition is recognised in the 
ARB exchange which now reverts stop 
polarity on the backward path. This 
stop polarity condition, the call connect 
ed signal, is repeated section by section 
back to the originating ARB exchange. 

Since in a telex call the receiving or 
B subscriber's machine operates unatten 
ded (its motor being started automatically 
when line connection is established) 
C.C.I.T.T. recommends a verification 
signalling procedure. For this reason, 
each machine is fitted with a special 
signal sending device known as an 
"answer-back" unit. The 20 character 
signal sequence sent under the control of 
the answer-back unit may be tripped 
from the distant end of the circuit upon 
transmission of the code combinations 
"Figures Shift D". Receipt of the "call 
connected" signal at the originating ARB 
exchange is used to initiate a ''Figure 

Shift D" signal forward. Upon receipt 
of this signal the B subscriber's "answer 
back" is reverted and is transmitted 
through the repeater at the originating 
ARB exchange to the calling subscriber's 
line circuit. Thus the calling subscriber 
receives the answer-back of the B sub 
scriber immediately below the printing 
of his selection information. In the 
Australian system the 20 characters are 
arranged to include the called subscri 
ber's number, e.g., a typical answer 
back would print as follows, BRITUBE 
AA82214. 
The call connected signal is also used 

to control the commencement of meter 
ing. However, through connection of the 
chosen rate lead to the subscriber meter 
ing wire is delayed for a period which 
may vary between 5 and 10 seconds. 
This "free" period is given so that the 
A subscriber may check the answer-back 
received and clear if the connected 
subscriber is not the wanted subscriber. 
Clearing may be initiated by either 

party but in Fig. 10 the usual case is 
shown in which the A subscriber initi 
ates the clearing action. In the Aus 
tralian system the clear condition of start 
polarity is acted upon after it persists 
for 800 mS. 
In a complete system description there 

are a number of signalling conditions 
other than the one considered. These 
may be categorised as:- 
(a) Subscriber calls which encounter a 

congestion or fault condition. 
(b) Subscriber calls which encounter a 

transit or terminating classification 
restriction. 

(c) Calls to and from service positions. 
This general title covers manual 
assistance, enquiry, directory infor 
mation, printergram and test equip 
ment ARM connections of various 
kinds. 

(d) Originating and terminating inter 
national calls. Because these calls 
are an important proportion of 
total calls some details are given 
below. 

Inter-Operation with the International 
System 

The Australian national network con 
nects to the international system via a 
single international gateway, the inter 
national telex centre operated by the 
Overseas Telecommunications Commis 
sion (Australia) at Sydney. The main 
features of this exchange may be des 
cribed in a later article but the inter 
connection conditions are of immediate 
interest. Australian subscriber making 
an outward call semi-automatically (or 
eventually fully automatically) will make 
the connection in two stages. The first 
stage will be similar to a national subs 
criber-to-subscriber call except that a 
three figure number commencing with 0 
will be sent, e.g., 022. In this stage con- 
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nection is made to the international ex 
change, which either under manual con 
trol or automatically, depending upon 
the route, will return a printing service 
code identification followed by a 
"Figures Shift D" signal to trip the 
calling subscriber's answer-back for 
ticketing identification purposes. 
Following receipt of the calling subs 

criber's answer-back, the GA service 
code will be sent backward from the 
international exchange as an indication 
to the subscriber that he may now key 
the international selection information. 
Answer-back is obtained automatically 
from the B subscriber either from the 
distant international system or by "Fig 
ures Shift D" being forwarded from the 
Sydney international exchange, depend 
ing upon the characteristics of the dis 
tant national system. From the selec 
tion information the Australian national 
system is able to recognise that no 
meter rate should be set up for the call 
and that "Figures Shift D" should not 
be forwarded when the "call connected" 
signal is received. For charging purposes 
all outward international calls are toll 
ticketed at the international exchange. 
For international inward calls, the 

international exchange is treated as 
though it is a service position connec 
tion and 5 digit selection information 
preceded by "Figures Shift" is fed into 
the national exchange register to set up 
the call in the usual way. 

SUBSCRIBERS TERMINAL 
EQUIPMENT 

Two basic types of subscriber terminal 
unit are used with the Siemens and 
Halske T typ 100 telex page printer. 
The most commonly used is that based 
on single current loop signalling condi 
tions. The essential features of the cir 
cuit are shown in Fig. 11. 
In the idle circuit condition a 5 mA 

current keeps the B relay operated, and 
the motor therefore switched off. The 
subscriber calls by operating his call key 
(part of the M.100 machine) allowing 
the A relay in his terminal unit to 
operate and hold. The exchange switch 
ing process, having recognised the call 
by operation of LR, switches through to 
a free repeater. This reverses the polar 
ity conditions to the subscriber's loop 
thereby allowing terminal unit B relay 
to release and the motor to start. A 
relay continues to hold until the motor 
runs up to speed when its centrifugally 
operated contacts OS close and short 
circuit relay A. (BR relay in the ex 
change termination operates when the 
call is switched through removing LR 
from the line circuit. The switching 
process is described in a later section). 
When a terminating call is switched 

through, BR relay is operated and the 
reverse polarity sense as compared with 
the idle loop condition is connected 
from the terminating repeater. The B 
relay releases and the motor starts so 
that via OS a 40 mA loop is established. 
The second basic type of termination 

uses two path polar signalling and ap 
proximately 20% of terminations are of 
this type. These are used where subs 
cribers are located some distance from 
the exchange and a 40 mA loop condi 
tion cannot be obtained with the cable 
circuits available. These terminals are 
also used in country areas where there is 
no exchange and subscribers are directly 
connected over a voice frequency tele 
graph link to a metropolitan exchange 
Both basic types of terminal unit have 

versions which allow "local run" opera· 
tion for the off-line preparation of per· 
forated tape, for subsequent line trans 
mission through an automatic tape 
transmitter. The T typ 100 page printer 
design makes provision for convenient 
reperforator and automatic tape trans 
mitter attachments and these facilities 
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are more freely used in the Australian 
telex network than in European net 
works. Should an incoming call occur 
during "local run" tape preparation, in 
accordance with a C.C.I.T.T. recom 
mendation, the machine is automatically 
brought on line within three seconds 
during which time an audible and visual 
alarm is given to the operator to enable 
partly prepared tapes to be cleared. 
The terminal unit for single current 

Fig. 12 - Model 100 with Terminal Unit. 

working without "local run" fits under 
the teleprinter cover ("Call" and "Clear" 
Keys are part of the teleprinter itself). 
The versions with "local run" tape pre 
paration facilities are an external attach 
ment to the rear of the machine. Fig. 
12 illustrates a typical subscriber's ter 
minal of this type. 

THE ARB111 TELEX TERMINAL 
EXCHANGE 

Fig. 13 is a block schematic of the 400 
line ARB 111 telex terminal exchange. 
(For the basic trunking see Fig. 7). 
The SLA-LR equipment provides con· 

nection capacity for 400 subscribers in 
five BDH type racks each mounting 8 
SLA-LR relay sets, each relay set mount 
ing one SLA switch and LR/BR/BLR 
relays for 10 circuits. Two MIR-A relay 
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Fig. 11 ~ Single Current Subscriber Line Circuit. 
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Fig. 13 - Block Schematic ARB 111. 

sets mount on the SLA rack, each MIR 
A handling 40 subscriber lines and ex 
tending calls from subscribers to the 
A-marker. The A marker calls for one 
of five free code sending relay set, ZR, 
via an associated marker auxiliary relay 
set, M-H. When an outgoing repeater 
has been selected through the marker 
group and a "proceed to select" signal 
has been received (as described earlier) 
the connected ZR relay set sends the 
appropriate T and K start stop charac 
ters forward and the GA signal back 
ward to the calling subscriber, obtaining 
its basic timing from a TSG. 
The A markers, telegraph code re 

ceivers, KMT, and telegraph signalling 
generators, TSG, alarm relay set, LFR, 
and PBX relay sets mount on a single 
BDH rack. As well as mounting 10 
switches each the SLB and SLC racks 
also mount their associated markers. 
Thus for each 400 line ARB group there 
are 7 switching racks, (5 SLA, 1 SLB, 
1 SLC) and 2 common equipment 
racks. An alternative grouping arrange 
ment not used in the Australian Post 
Office system allows an additional SLB 
and SLC rack, catering for heavier 
traffic conditions. 
Terminating calls via repeaters FDR 

H seize one of the two KMT's provided 
via connecting relay set FID mounted on 
the FDR rack. Provision is made in 
these relay sets for up to 5 KMT's but 
only two are provided per 400 line 
block in the Australian system. Some 
exchanges, such as Newcastle, are con 
nected to their parent ARM over voice 
frequency telegraph trunks and in this 
case the terminating repeater is coded 
FDR-Y(H). The code receiver in the 
KMT circuit receives and stores the 
selection information transferring this 
information, (or modified information as 

a result of PBX interrogation) to the 
marker group which proceeds to switch 
the call. A PBX relay set provides for 
six groups, each having up to six lines 
and, via each of the two PBX-T relay 
sets, for a further 12 groups of up to 
six lines. Thus a total PBX capacity of 
30 groups with a maximum of 180 lines 
is provided. 

Outgoing Call from ARBlll type 
Telex Terminal Exchange 

A telex call is originated when a subs 
criber operates a push-button key on his 
teleprinter thus increasing the loop cur 
rent from 5 mA to 35 mA. A simplified 
survey diagram, Fig. 14, shows the main 
circuit elements of the ARB type ex 
change and Fig. 15 shows the sequence 
of circuit operation. 
When the loop current increases to 

35 mA the line relay, LR, operates. 
Relay LR closes the operating path to 
one of the AN relays in AM which 
identifies the 40 line group in which the 
calling subscriber is located. Supposing 
this is the first 40 line group, then relay 
ANl operates from negative over a break 
of AV, make LR, break MA to earth 
behind ANl. Group relay ANA operates 
and extends earth from the AN call dis 
tributor to relay MA in the MIR-A for 
the 40 line group of the calling subs 
criber. Relay MA operates and extends 
the operating condition for the B and 
A relays in the 4 x 10 identifier in the 
A-marker. Supposing that the tens digit 
belongs to group one then relay B 1 
operates and supposing that the units 
digit is also one then relay Al operates. 
When relays Al and Bl in AM have 

operated the identification of the calling 
subscriber is completed and the number 
is then transferred to the connected 
MIR-A and its associated MIR-A-T, 

where corresponding relays Dl and Ul 
opera.e, Horizontals HA and Hl in 
SLA stage now operate secondarily to 
relays Dl and Ul in MIR-A. Over a 
contact combination of the D and U 
relays and a rectifier connection in 
MIR-A, the calling subscriber's category, 
K, is transferred to the ZR relay set 
where it is stored on X and Y relays. 
Similarly over the contact combination 
of the 1) and U relays and a rectifier 
connection in MIR-A-T the calling subs 
criber's tariff zone, T, is transferred to 
the ZR relay set where it is stored on 
relays S and B. 
while the calling subscriber's number 

is being identified by the marker, AM, 
earth is extended by ANA to operate 
relay WH in the C-marker. Relay WH 
extends connections from idle repeaters 
to operate ZQ relays in BM. Operated 
ZQ relays provide paths for by-path 
testing through the switching stages 
SLA, SLB and SLC. By-path testing 
starts with relays Fl-20 in AM being 
operated via idle vertical contacts in 
SLA, ZQ contacts, idle vertical contacts 
in SLB to earth. Each operated F relay 
represents one idle path. However 
only one idle path and its correspon 
ding F relay are selected and the other 
F relay released. 
Following the operation of the F relay 

a vertical in SLA operates and relay Ml 
in SLB also operates and as a result HI 
(corresponding to FI) operates. At the 
same time HA in SLB also operates. 
Relays Ql-10 in BM which mark idle 
verticals in SLB operate secondarily to 
Ml from earth extended over idle verti 
cal contacts, break VK, make Ml to 
negative behind Q. Only one Q relay is 
selected, the other Q relays being re 
leased. Relay VK in SLB operates 
secondarily to the selection of Q and 
closes the operating path for the verti 
cal VI in SLB from negative over make 
HV in BM, make Q, make Ml, make 
VK to earth behind vertical magnet Vl. 
In SLC relay Ml operates after the 

selection of a relay Q in BM and ex 
tends the operating paths to horizontals 
in SLC and to relays Ql-20 in CM 
which correspond to idle repeaters. 
Horizontal HA operates from negative 
over make of Q in BM and Ml in SLC. 
Horizontal Hl operates from negative 
over a make of Fl in AM and Ml in 
SLC. Relays Ql-Q20 in CM operate 
from earth on the idle repeaters, idle 
vertical contacts V in SLC, break VK, 
make Ml to negative behind Q. Only 
one Q relay is selected. Relay VK in 
SLC operates and extends the operating 
path to the selected vertical magnet 
which operates in parallel with the oc 
cupation relay BL of the repeater. 
ZQ and Q relays in ZR are controlled 

by the selected Q relays in the BM and 
CM so that ZQ and Q form an identify 
ing grid for the selected repeater, 
Relay BL in FDR connects relay Rl 

to the c-wire which is connected to relay 
BR in SLA and both relays operate in 
series. The c-wire now provides a 
holding circuit for verticals in SLA and 
SLB, the vertical in SLC obtaining a 
hold direct from the repeater. Earth on 
the c-wire also initiates release of the 
markers. The subscriber's line wires are 
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now through connected via the a and b 
wires of SLA, SLB and SLC stages to 
the repeater where negative is connected 
to wire a and positive to wire b via 
contacts of the BL relay, The repeater 
becomes connected to a free register. 
The register sends a "proceed to select" 
signal to the repeater on the b-wire of 
RS. The B relay responds to this signal 
and, as a result relay TK in the FDR 
and relay ST in ZR operate. The TSG 
generates the signal elements which allow 
ZR to transmit the T character (via the 
Sl-3, Bl-2 contact) and then the K 
character (via the Xl-3, Yl-2 contacts) 
to the register. 
The release of the C marker had re 

leased relay BL in the repeater and the 
condition in the subscriber's loop was 
reversed. On reversal of the loop current 
the teleprinter motor runs up to speed 
and under the control of signals from 
ZR the machine prints the service signal, 
"GA" and the subscriber now sends 
the required number to the register. 

When the register has received all the 
routing information it calls the route 
marker for determination of route and 

tariff. When the route marker has ad 
vised the register of the tariff character 
to be sent, the register calls KMT with 
a 25 mS stop polarity pulse on the b 
wire. The B relay in FDR receives this 
signal and AK relay operates. In this 
way negative is extended on the m-wire 
to FID where one of the F relays oper 
ates. Now negative on m is extended 
via an F contact to operate one of the 
ANl-8 relays which identifies the calling 
FID. AN relay operates the KM relay 
in FID and relay KM connects the rn 
wire to one of the Yl-4 relays in KMT 
which now completes identification of 
the calling repeater. When the repeater 
has been identified relay KM in the 
repeater is operated and the repeater 
is through-connected to KMT. The KMT 
transmits start-stop code combination 22 
(start polarity of 40 mS) to the register 
as an acknowledgement signal and the 
register then returns the tariff character 
which is received by the telegraph start 
stop code receiver via PM relay and 
is stored on lSl-5 relays. Over a com 
bination of lSl-5 contacts negative from 
UT contact is connected via the rectifier 
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Fig. 15 - Operational Sequence Diagram. 

field to operate one or more CZI-3 re 
lays in FDR. The CZ relays connect 
the required tariff lead to relay Z which 
drives the subscribers meter. In operat 
ing, relays CZ break the connection to 
the rn-wire and KMT releases. 

Incoming Call to ARB 111 Exchange 
When the FDR (repeater) has been 

seized from the ARM transit exchange 
steady stop is received by polar relay 
B. This results in negative being con 
nected to wire-m and the FID relay set 
is seized. Relay F in FID operates and 
extends negative on wire-m to KMT 
which is seized and connected to the 
FDR in the same manner as described 
for an outgoing call. 
In KMT relay IN operates and con 

nects a capacitor to a coil of the sending 
relay, PS and while the capacitor is being 
charged PS transmits stop polarity (and 
thus a "proceed to select" pulse) to 
the register over the a-wire. The register 
then sends the last three digits of the 
called subscriber's number and the orig 
inating subscriber's K character to KMT 
where they are received by the code 
receiver as described later in dealing 
with the principle of the start stop tele 
graph code receiver. 
The digit information is translated in 

KMT and the A marker is informed in 
which 40 line group the called subscriber 
is located. Identification of the 40 line 
group allows seizure of the correspond 
ing 40 line MIR-A group. The tens and 
units digits stored in KMT control the 
B, A identifier in the A marker and 
subsequently the corresponding D and 
U relays in MIR-A operate. 
The by-path testing and operation of 

horizontals and verticals in SLA and 
SLB stages takes place in the same 
manner as for the outgoing call. 

When relays D and U in MIR-A 
operate the called subscriber's category 
is transferred to KMT for comparison 
with the calling subscriber's category. 
If the categories are compatible the con 
nection proceeds, but is prevented if in 
compatible. At this time a test is being 
carried out by the marker on the c-wire 
to check whether the called subscriber 
is free. In this test the polar relay, 
PL, in the marker is connected to the 
c-wire after relay TF2 operates (at the 
beginning of the by-path testing), as 
shown' in Fig. 17. When the subscriber 
is free, there is -50 volts potential on 
the c-wire and relay PL does not operate. 
Relay TKI then releases and connects 
the c-wire to relay WRU. Relay WRU 
operates and extends negative from a 
TF2 contact to relay GK in KMT over 
break TK2, make WR U, break ABS, 
make M in KMT. Relay GK operates 
and connects negative to wire 12, thus 
operating relay BL in FDR in parallel 
with the vertical V in SLC. Relay GK 
also provides for the operation of relay 
CZ2 in the FDR. Relay CZ2 operates 
and initiates the release of KMT, and 
the marker group. 

When vertical V in SLC operates 
the c-wire is extended from the relay 
BR in SLA to relay Rl in the FDR. 
Relays BR and Rt operate in series. 
The subscriber's line is now through 
connected to the FDR but as for an out- 
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going call the loop is not reversed 
until BL releases after the release of the 
markers. Supervision circuits in the re 
peater wait for the subscriber's machine 
to come on line and run up to speed. 
When this has been achieved relay A 
is driven to the stop polarity condition. 
Communication may now proceed. 

Principle of the Start-Stop Telegraph 
Code Receiver 

In the Australian telex system in 
formation transfer is by start-stop tele 
graph signals. Certain relay sets must 
therefore be able to receive and send 
start-stop telegraph signals as for ex 
ample the register and relay set KMT. 
A simplified circuit of the start-stop 
telegraph code receiver used in the KMT 
is shown in Fig. 16. 
The code receiver used consists of a 

pulse generator, a bi-stable polarised 
relay CB3, connecting relays CSl-5, re 
ceiving relays CPl-5 and the storing re 
lays lSl-5 for the hundreds digit, 2Sl-5 
for the tens digit and 3Sl-5 for the units 
digit. As a start-stop telegraph device, 
the code receiver is started when the 
start element of the five unit code 
signal arrives and triggers the pulse 
generator. Of the pulses generated only 
the short negative pulses at 20mS in 
tervals are used, the first of these being 
arranged to occur lOmS after the com 
mencement of the start element. The 
first pulse drives the tongue of the polar 
ised relay CB3 to contact 5 where it 
remains until the next pulse. Relay 
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CS1 which is a normal speed relay 
operates from negative battery connected 
over make H, CB3 and break contacts 
CS4 and CS2. The second pulse is ap 
plied to relay CPl which is an extremely 
fast reed relay via make CSl while the 
first element of the incoming signal is 
being applied to the CPl relay over the 
receive lead. If the element is of start 
polarity relay CPI will operate and will 
lock itself. If the element is stop polar 
ity relay CPl will not operate. The 
second pulse also drives relay CB3 to 
contact 1 thus causing relay CS2 to 
operate from negative connected over 
make H, CB3, break CS3 and make CSL 
The third pulse is applied to relay CP2 
via make CS2 and tests whether the 
second signal element is stop or start 
polarity. This process continues until 
all five signal elements are tested. When 
the stop element arrives the pulse gen 
erator is stopped. 
The received digit is stored on lSl-5 

relays which operate secondarily to the 
corresponding CPl-5 relays via RV2 
contacts. The lSl-5 contacts provide a 
path which connects earth from PA to 
the required digit lead. The other two 
digits are received in the same manner 
and stored on 2Sl-5 relays via RV2 
operated and 3Sl-5 relays via RV3 
operated. 

Printed Service Code Supervision 
One of the features of the Australian 

telex system is the use of printing ser 
vice code supervision to inform the 
subscriber of the progress of his call or 
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fig. 16 - Code Receiver Principle. 

request the subscriber to proceed with 
the next setting up action such as key 
board selection. It is not possible to fully 
describe all service code injection pro 
cesses and three have therefore been 
chosen for description below. The first 
describes special marking of a subscriber 
line, the second the automatic advice to 
a subscriber of a fault condition, the 
third the frequently met "called sub 
scriber busy" condition. 
ABS Facilityi The ABS facility is 

provided for subscribers who temporar 
ily close down their offices over holiday 
breaks, etc. In such cases a strapping 
is provided between A contacts in the 
marker and D contacts in MIR-A, to 
operate relay ABS which controls the 
transmission of a service code ABS. 
When a call is received for a sub 

scriber who is "absent' the last three 
digits of the number are received by 
the KMT which transfers them to the 
marker in the usual manner. The marker 
now identifies the MIR-A group and 
transfers the tens and units digits to 
the D and U relays of that MIR-A. As 
shown in Fig. 17 a path from earth 
over make TF2, make lMDl, make D, 
the strap, make A, make TF2, break 
TKl operates the ABS relay. 
When the digits were transferred to 

the marker relay AB operated and con 
nected earth to relay TF2 which operat 
ed. Relay ABS operates secondarily to 
the TF2 relay which breaks the operat 
ing circuit to relay TKl. When relay 
TK 1 releases, a circuit is closed for 
relay WRU from negative battery on 
c-wire over make TF2 break TKl and 
break DER to earth behind WRU. 
With relay WRU and ABS operated 

a circuit is obtained to relays CZ in 
the repeater from negative battery over 
make TF2, break TK2, make WRU, 
make ABS, make M in KMT, the rec 
tifier connection, make KM in FID to 
earth behind the CZ relays. The CZ 
relays provide a connection between the 
ABS lead in TSG and the C signalling 
relay which transmits the ABS signal on 
the a-wire to the calling subscriber. 
DER Facility: When a call is received 

for a subscriber whose line is blocked a 
service code DER is sent back to the cal 
ling subscriber. The last three digits of 
the called number are received in KMT 
and transferred to the marker. Relay TF2 
operates and connects the testing polar 
relay PL to the c-wire via make TKl. 
Because the blocking relay BLR is now 
operated the potential on the c-wire 
is not -50 volts but -37 volts. Relay 
PL operates causing relay DER to oper 
ate. 
When relay TKl releases the PL relay 

also releases, but relay DER locks itself 
in. An operating path is now established 
to relays CZ in FDR from negative 
behind TF2 through a DER contact 
operated to earth behind the CZ relays. 
A service code DER is transmitted from 
the TSG over CZ contact path to the 
C signalling relay which repeats it to 
the distant subscriber on the a-wire. 
There are other possible "DER" 

signalling conditions in repeaters, and 
the condition here described is only 
one of the "DER" injection circuits. 
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OCC Facility: When a called sub 
scriber is busy a service code OCC is 
sent back to the calling subscriber. As 
before the last three digits are received 
in KMT and transferred to the marker. 
Relay TF2 operates and connects the 

testing polar relay PL to the c-wire via 
make TKI. A busy line has earth pot 
ential on the c-wire. Relay PL operates 
causing relay DER to operate. Relay 
DER connects relay OCC to wire c via 
break TKl and make TF2. Relay OCC 
now operates from earth on the c-wire 
via rectifier to -25 volts behind OCC 
from the voltage divider. A circuit to 
operate relays CZ in FDR is obtained 
from negative extended over make TF2 
and make OCC. A service code OCC is 
fed from TSG via contacts CZ to the 
signalling relay C which transmits it to 
the calling subscriber on the a-wire. 

ARM 20 TRANSIT EXCHANGES 
General Principles 

System ARM 201 consists of group 
selector stages. Crossbar switches set up 
the connections which may be through 
a single or two group selector stages. 
The system employs the bypath prin 
ciple and switches are operated under 
the control of markers (11 ). 
In system ARM 201 each group selec 

tor stage consists of two partial stages, 
GDA and GDB, which are intercon 
nected by means of links (Fig. 18). The 

GDB GDA 

-~)- l LIN KS 
Fig. 18 - Group Selector Stage ARM 201 
Consisting of Two Partial Stages GDA and 

GDB. 

AM 
WRU occ ABS 

Fig. 17 - Printed Service Code Operation. 

lines terminate on the GDA multiple, 
and the GDB verticals in the various 
group selector stages are interconnected 
by links. Thus a connection between 
two lines terminating on the GDA mult 
iples pass through four partial stages 
GDA - GDB - GDB - GDA, as 
shown in Fig. 19. 

GOB GOA 

8~)---INC. LINE 

~LINKS 

~)-ouTG LINE 

GOB GOA 

Fig. 1 9 - Connection through Four Partial 
Stages. 

The group selector stage is made up 
of units, which may have 200 GDA 
verticals and 300 GDB verticals (Fig. 20) 
when installed to full capacity. The two 
partial stages GDA and GDB can be 
built up in steps of 100 verticals and 
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(LINES) 

Fig. 20 - Group Selector Stage Unit ARM 
201 for 200 lines. 

the GDA - GDB arrangement of vert 
icals may be 100-100, 100-200, 200-200 
or 200-300. The unit is called a 100- 
group or 200-group according to the 
number of GDA verticals and will cor 
respondingly have 100 or 200 lines con 
nected to its GDA multiple. 
If the lines are to be used for two 

way traffic, the group selector stage must 
be designed for switching in both dir 
ections and is then called GD. A GD 
unit can therefore accommodate incom- 

K-MT FDR 
M GK 

i 
I 

ing, outgoing and two-way circuits. A 
selector stage for incoming traffic alone 
is called GI (partial stages GIA and 
GIB), and for outgoing traffic alone 
GU (partial stages GUA and GUB). Two 
way selector stages are used in A.P.O. 
telex exchanges. 

Lines to and from other transit ex 
changes, lines to and from dependent ter 
minal telex exchanges and from the telex 
service centre are terminated on the 
GDA multiple. GDB is used for links to 
GDB in all other groups; these links car 
ry the inter-group traffic. A number of 
GDB verticals are connected to other 
GDB verticals in the same unit for 
switching traffic between lines terminat 
ing on the GDA multiple of that unit. 
GDB verticals may also be used to ter 
minate outgoing lines to a local ex 
change but this is not used in telex be 
cause of other limitations (Fig. 21). 

GOB GDA 

Fig. 21 - Three Group Selector Stage Units 
for Two-Way Traffic. 
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Fig. 22 - Block Schematic of Telex Transit Exchange with Group Selector Stage ARM 201. 

Switching Procedure 
The block schematic in Fig. 22 shows 

in a simplified form the equipment 
employed in setting up a connection 
through the selector stage. On a call 
incoming from a line (assumed to be 
from a terminal exchange) the associated 
repeater, FDR (acting as FIR) is con 
nected to a free register, REG, via a 
register finder, RS. An indication of the 
origin of the line is sent from FDR to 
REG and stored there. 
The register win subsequently receive 

the calling subscriber's T and K charac 
ters and these will be followed by the 
numerical information transmitted from 
the subscriber's keyboard. Upon receipt 
of the routing digits, REG calls and 
seizes a free route marker, VM, via 
connecting relays, RM. The VM identi 
fies the number of the group selector 
unit accommodating the line connected 
to the register. 
The T and K characters and the rout-· 

ing digits are transferred from REG 
to VM. A maximum of four routing 
digits may be transferred from REG. 
The numerical information generated by 
a subscriber may consist of a maximum 
of five digits referred to as the A, B, 
C, D, and E digits, and of these A, B, 
C, and D may affect routing. 
The route and tariff are determined 

by contacts on the associated reception 
relays in VM. The tariff is determined 
by analysis of T, K, A and B and is 
stored in VM. The route is determined 
by A, B, C and D although T and K 
may, as discussed later, be used to im 
pose certain limitations of choice. The 
tariff information is returned to the 
calling repeater and a circuit is then 
closed for the route relay correspond 
ing to the routing information received. 
The outgoing repeaters, FDR (acting 

as FUR), associated with the line in 
the required route, are connected to test 
blocks, TB. The lines in a route may be 
divided between three test blocks .at 
most. For the lines in a route part 
connected to a particular test block 
there is a route-free indicating relay, 
VL, which is operated if any line in 
that particular group of lines is free. 
The route relay in VM connects the 

marking wires from the corresponding 
operated VL's so that VM receives an 
indication of test blocks in which there 
exist free lines in the required route. 
VM now selects one of the free test 
blocks timing out if none becomes 
available within a preset period. In 
formation about the route is passed to 
TB which now examines the lines in 
the route and selects a free line. VM 
is then informed of the group selector 
unit to which the selected outgoing line 
is connected. 
VM now selects a free marker, M, and 

passes to it information of the group 
selector units in which the incoming 
and outgoing lines are situated. Before 
the switching path can be determined, 
the marker must check whether any 
other marker is engaged in either of 
the two selector units. This check is 
made by GGD. Having established that 
no switching is in progress in either unit, 
the marker obtains access to the units via 
MG, which connects test and control 
wires between the marker and selector 
units. 
In the incoming selector unit the hor 

izontal magnet for the incoming line 
is operated. With the aid of test chains 
the marker selects a free path from the 
incoming to the outgoing line and the 

MK 
FDR 

corresponding horizontal and vertical 
magnets operate. The connection is now 
established through four partial stages 
and a circuit is closed from the out 
going line relay set through the selectors 
to the incoming line relay set. The mark 
er and route marker release and are free 
to handle fresh calls. The register 
remains in circuit if it is to con 
trol the subsequent switching process. 
Only the incoming FDR, the outgoing 
FDR and verticals in the four partial 
stages GDA-GDB-GDB-GDA re 
main occupied during the call. 

Capacity of Exchange 
Fig. 23 shows the inter-working pos 

sibilities of ARM 201 equipment being 
installed although the maximum figures 
shown will not, of course, be provided 
initially. Fig. 23 is capable of further 
extension so that 20 GD stages are pro 
vided for rather than 5. This means 
that the fully extended exchange has a 
limitation of 4,000 lines which ade 
quately provides for a predicted maxi 
mum 1980 requirement for the largest 
telex centre of a little over 2,000 lines. 

Arrangement and Function of 
Equipment 

Fig. 24 shows a detailed block dia 
gram of a telex transit exchange. The 
arrangement and function of various 
units of equipment are described in the 
following sections. 

Line Repeaters, FDR: The lines con 
nected to the transit exchange are of 
different types, and each has its own 
repeater. The various types of repeater 
and their application are as follows:- 
FDR-Y terminate inter-transit ex 

change trunks and also ter 
minate trunks between a par 
ent transit exchange and a 
remote telex terminal ex 
change. 

FDR-H terminate the junction be 
tween a parent transit ex 
change and an adjacent ter 
minal telex exchange. 

FDR-S terminate circuits to telex 
printergram positions. 

FDR-M terminate circuits to the 
Telex Service Centre. 

Register Finders, RS: A register finder 
is used to provide access between re- 

GDl-5 
MK 

M 1-5 

,Fig. 23 - Automatic Telex Transit Exchange Block Diagram. 
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Fig. 24 - Telex Transit Exchange System ARM 20 Block Diagram. 

peaters and registers. The telex register 
finder provides for 64 repeaters to be 
connected over ten signalling wires to 
20 registers. 
Register REG: A register directs and 

controls the connection to the called 
subscriber. It receives information from 
the line and passes this to the route 
marker when connected. When the mark 
er has been released, the connection is 
held under the supervision of the register 
which transmits the required signals for 
ward over the outgoing line so that a 
connection to the called subscriber may 
be obtained. The register is released 
when the connection is completed or 
when the connection has been taken over 
by another register in a subsequent tran 
sit exchange or taken over by a code 
receiver (KMT) in a telex terminal ex 
change. 

Connection of Registers to Code Re 
ceivers, RM: The connection between 

register and route marker comprises 48 
wires which are interconnected by means 
of multi-coil relays. An RM unit com 
prises one rack and serves 5 route mark 
ers and 50 registers. All registers can 
reach all route markers. The registers 
are divided into ten groups of five and 
only one register out of a group can 
be served at a time. 
Route Markers VM and Markers M: 

The marker functions of the system 
have been divided between two units, 
route marker, VM, and marker M. 
The connection, route marker to marker 
is 74 wire via multi-coil relays in relay 
set VM-M of the marker. 
Included in the functions of the route 

marker are tariff determinations, route 
determination, interaction with test 
blocks, time supervision, statistical 
metering and registration of possible 
faults by means of Centralograph. A 
route marker occupies one rack and 

can recognise up to 160 routes. If ad 
ditional routes are required, an extra rack 
may be installed to accommodate route 
relays only. In VM the following cir 
cuit blocks are included:- 
AK-REG a call chain for registers and 

interoperates with RK/M of 
GGD and RM to identify and 
select a calling register. 

KM receives the T and K charac 
ters and the A, B digits multi 
wire from the register as well 
as information regarding the 
number of the 200 group in 
which the incoming repeater 
is located. 

ZS receives the C and D digits 
stores the tariff character as 
determined by the S (tariff) 
relays. It also returns the 
tariff character multiwire to 
REG. 

S (route) analyses the A, B, C 
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and D digits to allow opera 
tion of a route relay, VR. 

S (tariff) analyses the T and K 
characters and A, B digits to 
allow operation of a par 
ticular Z relay in ZS. 

VR a route relay operated for a 
particular combination of 
routing digits and provides 
for examination of a maxi 
mum of 3 test blocks. 

TK-via, TB selects one of the test blocks 
which have lines in the re 
quired route. It also controls 
the progress of alternate 
routing. 

VMR contains control relays for 
various purposes. 

In M the following circuit blocks are 
included: 
AK-VM a call chain for route markers; 

it inter-operates with TK-M 
in the route marker so that 
one and only one marker is 
selected to operate with the 
calling route marker. 

VM-M provides the interconnection 
necessary between marker and 
route marker. 

MR contains control relays for 
various purposes. 

RR miscellaneous alarm relays. 
IS.US marks the number of the 200 

· group in which the calling 
line is located as well as the 
number of the 200 group in 
which the selected outgoing 
line is located. 

SK-H,RK/H provides for a systematic 
examination of the links 
available between the calling 
and called 200 groups until a 
link is selected by other cir 
cuit elements. 

VM Identifies idle verticals in 
row of verticals having access 
to the calling line. 

TK-VI tests the incoming GDB 
verticals and selects a free 
one. 

TK-VU tests the outgoing GDA vert 
icals which have access to the 
selected line and selects a free 
vertical. 

Test Blocks for Route Connection and 
Line Selection, TB: The lines belonging 
to a route may be in different 200 
groups but connect to the same test 
block or blocks. Each test block has 
space for 150 lines but these are limited 
to a maximum of 30 routes. Further, in 
a test block there may be no more than 
30 lines per route and the lines cannot be 
distributed among more than 10 differ 
ent 200 groups. One route should be dis 
tributed over more than one test block 
but not more than three, a limitation 
imposed by the system. Because of this 
limit a route cannot normally contain 
more than 90 lines. If a route requires 
more than 90 lines, the maximum of 
90 can be multiplied by the use of up 
to five choices. In the telex exchange a 
test block can serve 10 route markers. 
In TB the following circuit blocks are 

included: 

AK-VM a call chain for route markers 
and provides for route mark 
ers to bid for TB. 

VM-TB provides for connection be 
tween a test block and the 
route marker which has suc 
cessfully bid for the TB. 

VIR multicoil relays one or more 
of which are operated via 
control wires from the route 
marker so that lines in the 
test block may be examined 
and a selection made. 

TK-FUR tests the lines extended from 
VIR and selects a free line. 
Only 30 lines may be tested. 

Route-Free Indicating Relays, VL: 
An outgoing route can be divided into 
three route parts, each part being con 
fined to one test block so that all lines 
in the group are spread over three test 
blocks. Each such part is provided with 
a route-free indicating relay. These re 
lays are connected to group-free mark 
ing wires from the corresponding both 
way repeaters. The VL relays operate 
as soon as a line on the route part be 
comes free and this condition is marked 
on the route relays in all route markers. 

Common Group, GGD: This common 
group consists of two parts. One is an 
allotter (RK/M) which directs the calls 
from the registers so that the route 
markers are called in turn. The other 
consists of lockout chains (GGD) to con 
trol markers calling selector units. Each 
selector unit has its own lockout chain 
in which the individual relays represent 
markers. When a marker has recorded 
the condition of incoming and outgoing 
group selector units, it attempts to call 
the corresponding GGD. As soon as the 
two relay chains are free, the marker 
can seize the selector units and set up 
the connection. 
MGD Connection of Selector Stage to 

Marker: A number of wires are con 
nected between the marker and selector 
unit for testing and control functions. 
The connection to the incoming selector 
unit is on 168 wires and tn the out 
going on 96 wires. The MGD rack con 
tains equipment for connection of five 
selector units to five markers. 

ESTABLISHING A CALL THROUGH 
ARM 201 

Referring again to Fig. 24, when an 
incoming call is being handled by a 
particular FDR a REG is first called 
in and stores the information received 
from the line and then a VM is con 
nected to the REG and the necessary 
information transferred to it. The sub 
sequent circuit action may be divided 
into two general phases, (a) for the par 
ticular route, selection in the route of 
a line to be the outgoing line for this 
connection and (b) having selected the 
outgoing line, determination of the par 
ticular link path from calling inlet to 
selected outlet. 

Selection of Outgoing Line (See Fig. 25) 
The lines in a route may be spread 

over three test blocks and each such 

group (route part) then has its own VL 
relay. In Fig. 25 connection 1 in each 
test block arranges to operate a VL re 
lay if any FDR in a particular route 
part is free. The lines in a route part 
are connected by means of path 8 to 
VIR relays of the test block. 
When a particular route relay, VR, 

has been operated the condition of the 
route part VL relays associated with the 
three test blocks is extended on paths 2 
through VR to TK via-TB on path 3. 
Selection of one test block is made by 
TK via-TB and by means of paths 4 
and 5 the selected test block is seized 
by the route marker. Connection 6 be 
tween AK-VM and VM-TB in the test 
block through connects leads 7 and 9 
from the test block to the particular 
route marker. 
The operated route relay, VR, in the 

route marker will now operate the con 
nected VIR relays in the test block over 
path 7. Lead 8 in the test block pro 
vides for an examination of lines in the 
route part by TK-FUR. One free line 
is selected and an indication of which 
line has been selected is returned to 
the route marker by path 9. In par 
ticular path 9 contains information re 
garding the 200 group in which the se 
lected line is located. 

Determining the Link Path to Connect 
Calling Inlet and Selected -Outlet 

(See Fig. 26) 
After a test block has been connected 

to a route marker, the route marker 
calls for and seizes a free marker. After 
line selection has been achieved IS, US 
of the marker has stored in it the num 
ber of the 200 group in which the calling 
line is located and the number of the 
200 group in which the selected (out 
going) line is located. GGD is called 
and when both 200 groups (incoming 
assumed to be 1 and outgoing assumed 
to be 3) are free, GGD arranges that 
MGD connect GD1 and GD3 to the 
marker. 
The number of interstage GDB links 

which can be simultaneously examined 
is limited to 20. The maximum number 
of interstage links is 80 and the minimum 
is 5. Interaction between IS-US and SK 
H of the marker determines the number 
of Jinks which may be examined for a 
particular combination of incoming and 
outgoing stages; SK-H also determines 
the order in which examination is to be 
made. SK-H operates particular HL re 
lays associated with incoming GDB 
switches and hence links are through 
connected for examination. If none of 
the first twenty links examined are satis 
factory to interconnect calling inlet and 
selected outlet, a relay chain operates 
within SK-Hand the previously operated 
HL relays are released and new ones 
operated. One HL relay controls 5 links 
and only 4HL relays may be operated 
simultaneously. The interstage links con 
nect a vertical in a switch of the in 
coming stage to the corresponding vert 
ical in a switch of the outgoing stage. 
To improve the traffic handling capac 
ity of the links and obviate against 
certain fault conditions, transpositions 
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Fig. 25 - Interaction between Test Block and Route Marker to Effect Line Selection in Required Route. 

are made in the selectors of the second 
stage which are connected to selectors in 
the first stage e.g. 
20 links required between stages GD1 

and GD3. 

Selectors in GDl 
Selectors in GD3 links 1-10 

(vertical 1, say) 
Links 11-20 (vertical 6 say) 

A restriction exists on the selection 
of verticals but vertical 1 may be 
chosen for links 1-10 and 6 may be 
chosen for links 11-20. The arrange 
ment would be as follows: 

2 3 4 5 6 7 8 9 10 

67891012 
89106734 

3 4 5 
5 1 2 

The situation reached now is that the 
calling outlet is known, the selected out 
let is known and the links which may 
interconnect the two GD stages concern 
ed are known. Determination of the 
actual link path proceeds. 
A particular calling inlet confines at 

tention to a particular group of incom 
ing GDA verticals. A particular selected 
outlet confines attention to a particular 
group of outgoing GDA verticals as in 
dicated in Fig. 26. Relays VMl-20 in 
the marker operate if an incoming GDA 
vertical is free and extend link test paths 
to TK-VI where the paths traverse the 
corresponding relay coils Tll-TI20, ter 
minating on positive supplied by a con 
tact of R15 relay in MR of the marker. 
From TK-VU, coils of relays TUI 
TUIO and TUG 1 are extended to the 
odd numbered verticals in the outgoing 
GDA and the coils of relays TUl-10 
and TUG2 are extended to theeven num- 

bered verticals in the outgoing GDA. 
Leads from pairs of verticals in the out 
going GDA are extended to vertical 1 
of the GDB switches and also in parallel 
to vertical 6 of the outgoing GDB 
switches. The leads from the outgoing 
GDB verticals are transferred to the in 
coming HL relays according to the logic 
of the linking pattern. Relays Rl and 
R15 in MR of the marker are both 
operated and the link paths are exam 
ined. Positive to operate TI relays is 
provided by R15 and the negative is 
supplied by either TUGl or TUG2. TI 
relays with complete paths may operate 
but TU relays will not operate in series. 
Only one TI relay may lock as deter 
mined by RK/TV. When a TI relay 
locks a secondary TI (i.e, 2TI1 etc.) 
operates as well as the group relay TIG. 
The locking of a TI relay selects a 

particular interstage link for use so that 
the incoming and outgoing GDB verti- 

cals are now determined. A particular 
TI relay together with one or the other 
or both associated operated VM relays 
determine which incoming GDA verti 
cal will be used. 
When a secondary TI relay has oper 

ated positive is extended to operate a 
TU relay and either TUGl or TUG2, the 
combination of which determines the 
outgoing GDA vertical to be used. 
The path has been fully determined 

and the horizontals and verticals may be 
operated. The route marker and marker 
remain on circuit until the selected path 
has been successfully tested at which 
time they release and the register takes 
over its function of calling forward on 
the selected outlet. 

Reselection Possibilities 

ARM201 is described as a system 
with one reselection. A route marker 
may seize a test block in which only one 
line is available in the required route 
and this line may be taken into use 
from the distant end before it has been 
selected by the test block. In this case 
the test block indicates to the route 
marker that it no longer is available 
and the route marker selects another test 
block. Reselection executed at this time 
is theoretically possible a number of 
times but the likelihood of encountering 
the situation described above in two 
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successive seizures of test blocks is ex 
ceedingly small. 
Another class of reselection is possible 

after a line has been selected by a test 
block. Should the selected line be seized 
from the opposite end of a trunk while 
a link path is being determined, or 
should no link path be available to con 
nect the calling inlet and selected outlet 
then reselection occurs. It is this class 
of reselection which is limited to one 
occurrence. When conditions arise for 
reselection, the route marker is informed 
and takes the necessary action to arrange 
a reselection; it also remembers that one 
reselection has occurred and should a 
similar situation be encountered on the 
next attempt to through-connect the in 
coming line to a selected outgoing line 
a busy indication is reverted to REG. 

Register Operation (See Fig. 27) 
When a repeater is connected to a 

register the condition on the c and d 
wires determine whether relays TL, EM 
or TM operate. TL operates if the call 
is from a service position (manual assis 
tance or printergram), TM operates if 
the call is a transit call (i.e. coming 
from another transit exchange) and EM 
operates if the call is from a subscriber 
connected to a terminal exchange. The 
characters received by the code receiver 
are stored in the character store, the 
point of entry to the store being con 
trolled by the type of traffic source. 
For an EM call, the characters re 

ceived into the store are firstly the T 
and K characters for the particular 
calling subscriber. The character store 
expect the next character to be "figures" 
and will take no action until. it is re 
ceived. Once "figures" has been received 

Fig. 27 - Elements of Telex Register. 

the called subscriber's number (A, B, C, 
D and E digits) is stored. 
When a route marker is connected to 

the register, the T and K characters and 
the A, B, C, D information are trans 
ferred. By analysing T, K, A and B 
the route marker determines the tariff to 
be applied on this call and correspon 
ding relays are operated in the 'Z' 
character store. After the 'Z' character 
has been stored and all digits from the 
line have been received in the REG 
character store, a seizure signal is sent 
from REG on the b-wire of RS to call 
in a KMT in the telex terminal ex 
change. When the KMT has connected 
to the calling repeater in the terminal 
exchange, a confirmation signal is sent 
from KMT to REG. Relay ZS2 in REG 
now operates and a TSG provides the 
signals to drive BSO relay via the 'Z' 
character store. The 'Z' character corres 
ponding to the determined tariff is now 
returned to the distant KMT. When 
transmission of the 'Z' character has 
finished REG informs the route marker 
that route and line selection may pro 
ceed. 
After a path has been established 

between calling ARM inlet and selected 
ARM outlet and testing of the path is 
completed satisfactorily, relay GK is 
operated in REG. The contacts of relay 
PS are now connected to the c-wire of 
RS. The REG now transmits the seizure 
signal (stop polarity) forward on the 
selected outlet. The "call confirmation" 
and "proceed to select" signals are re 
ceived in REG on the d-wire and key 
relay BO. Following the receipt of 
these signals, relay B2 is operated and 
controls the operation of relay PS by 
information contained in the character 
store. The "chain for onward trans- 

ROUTE 
MARKER 
(VM) 

TSG 

ZS2 BSO 

I I l·i~ L _ 

mission of characters" determines which 
characters will be forwarded, e.g. for a 
call to another transit exchange the chain 
arranges that K, F/S A, B, C, D, and E 
are sent in that order; for a call to a 
telex terminal exchange it arranges that 
C, D, E and K are sent in that order. 
When all characters have been sent 

forward, an end of chain relay initiates 
release of the register from this call and 
the register becomes free to handle 
another call. 

ROUTE AND TARIFF 
DETERMINATION 

(See Fig. 28) 
The REG transfers its stored informa 

tion regarding T, K, A, B, C and D 
into the route marker VM. T, K, A 
and B are stored in the KM relay set 
and C and D are stored in the ZS relay 
set. 

Tariff Determination 
T, K, A and B are extended to operate 

S relays in the S (tariff) relay set. The 
various combinations of the correspon 
ding S relay contacts are jumpered to 
operate the required Z relay in ZS. 
Initially only five different tariffs will be 
used in the system. 

Route Determination 
The K character and A, B, C and D 

digits are extended to operate S relays 
in the S (route) set. When the register 
extends a "proceed to connect" signal 
to VM so that relay KF is operated in 
ZS, a negative is applied to the parti 
cular path through the S (route) relay 
set and a first choice route relay, lVR 
operates. If there are other choices 
allowed for this particular route then 
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other VR relays may also operate, e.g. if 
two choices are allowed then I VR will 
operate a 2VR relay; if three choices, 
1 VR will operate 2VR, 2VR will operate 
3VR etc. but the maximum possible 
choices are five. 
The operation of route relay IVR 

provides for the route marker to examine 
the lines connected to a maximum of 
three test blocks. The corresponding 
VL relays for these test blocks operate 
TVl relays in TK-via, TB if there are 
free lines in the required route. This 
provides for an examination of a maxi 
mum of 90 lines. 
If a second choice route is allowed, 

then a 2VR relay has been operated. 

VM 

.I 

TM 

This provides for the route marker to 
examine the lines in the second choice 
route if there are no test blocks with 
free lines in the first choice route. The 
corresponding VL relays for these test 
blocks operate TV2 relays. This provides 
for an examination of a further 90 lines. 
The operate path for TV relays 

traverse a break contact of a blocking 
relay, ST. Control of relays, ST, can 
therefore prevent examination of the 
lines in alternative choices although cor 
responding VR relays (2VR, 3VR etc.) 
may be operated. 

Some inter-transit exchange trunks 
may develop to the point where it will 
be necessary to extend them to, say, 

-----, 
I 

I 

three choices, i.e. a first choice and two 
alternative choices, so that 270 lines 
may be examined. There may subse 
quently be a further two alternative 
choices if these 270 lines are busy so 
that lines to another intermediate tran 
sit exchange may be examined. 
Now in this particular arrangement, 

because alternate routing must be avoid 
ed on transit calls (see Part I) the 
analysis of the lines to another transit 
exchange (not the one indicated by 1 VR 
operation) must be prevented if the call 
is already a .transit call. Relay TM in 
ZS has been operated if the call is a 
transit call and by means of a lVR relay 
contact a strapping may be made to 
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operate ST4 and ST5 relays so that only 
the first 270 (max.) lines of the direct 
route may be examined. 
A similar situation may arise for subs 

cribers with a particular K character. 
It may be desirable (or necessary) to 
ensure that calls from these subscribers 
are connected only to the direct inter 
transit exchange trunks and not via an 
intermediate transit. This may be ar 
ranged by providing that the K charac 
ter operate the necessary ST relays. 

Subscribers in a particular tariff zone 
have a particular T character. For tele 
graph transmission reasons, it may be 
necessary to prevent these subscribers 
from having access to the required transit 
exchange via an intermediate transit. 
This may be arranged by providing that 
the T character operate the necessary 
ST relays. 

ARMSO TRANSIT EXCHANGES 
For small transit exchange require 

ments a more economical design known 
as ARM50 is available and was selected 
for use in Canberra. The system used, 
ARM503, is a group selector stage made 
up of two selector stages GV A and GVB 
which are interconnected by means of 
links. Telex traffic considerations limit 
the use of a transit stage of this type in 
Australia to less than 200 lines capacity 
because of call handling capacity of the 
common control equipment. Reference 
(11) gives further information on this 
system. 

SUPERVISORY, TESTING AND 
TRAFFIC METERING EQUIPMENT 
In designing the automatic telex system 

care has been taken to integrate super- 

visory, testing and traffic metering equip 
ment requirements with the basic ex 
change design, rather than add these at a 
later stage. Testing has been automatised 
to a high degree enabling trunks and 
repeaters to be automatically routined 
in the low traffic periods with automatic 
print out of results. Furthermore, test 
ing into exchanges by service technicians 
has been automatised to a degree to 
avoid using exchange maintenance staff · 
on the more usual subscriber loop trans 
mission tests. It is intended to describe 
in more detail the equipment designed 
for these purposes at a later date and a 
general outline only is given below. 

Service Alarm and Service Control 
Service alarm and service control 

equipment is similar in kind but more 
advanced in circuit technique and mech 
anical detail than that currently used in 
ARF 102 crossbar telephone exchanges 
(Ref. 12). This equipment continuously 
monitors the performance of the common 
control equipment and operates an alarm 
if performance deteriorates beyond a 
preset limit. As an aid to fault localisa 
tion more detailed supervision of parti 
cular common control items by key 
switching from the test desk is available. 
This detailed examination would nor 
mally be taken following the operation of 
a service alarm indicating that there is 
some common control element malfunc 
tioning. 
Fig. 29 is a block schematic of the 

service alarm equipment provided for 
each 400-Jine ARB telex terminal ex 
change. 
The "occupation counter" is operated 

from one of the two A markers when 
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Fig. 29 - "Percentage" Type Service Alarm. 

occupied (lither for an incoming or an 
outgoing call. Since these markers are 
brought into use alternately the indi 
cation on this counter is representative 
of the total traffic through the exchange. 
The "time-outs" counter is a 64 position 
relay countmg chain operated from time 
out contacts in the various common con 
trol items. 'The occupation counter is a 
pre-dete_rmining electromagnetic unit 
made in West Germany by J. Hengstler 
K.G. which operates a set of contacts in 
the unit when the count has reached a 
preset figure. 
The circuit arrangement is such that 

these contacts on the occupation counter 
reset the time out count chain to zero 
each time the total occupation reaches 
the preset figure. However, should the 
time out counter have reached a certain 
figure before resetting occurs a service 
alarm is operated. The system as a 
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Fig. 30 - Service Control ARB 111. 
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whole thus gives a "percentage" type 
service alarm over the integrating period 
set on the pre-determining "occupation" 
electromagnetic counter. Two selectable 
alarm levels are provided, one for night 
operations, the other for operation dur 
ing normal working hours. These are 
tied into the normal exchange alarm 
system, the night alarm level, Al, being 
a service alarm level indicating trouble 
which should be corrected immediately. 
For service control purposes ARB ex 

changes have 20 counters provided on a 
service control rack which is mounted 
in the same form of construction with 
test desk facilities in the test and control 
area. Fig. 30 shows the principle of 
connection of these devices. It will be 
noted .that one set of 20 resettable meters 
is arranged through key switching on 
the service control rack so that it can 
be used on up to five ARB blocks of 
400 Jines and within each ARB exchange 
can perform five separate groups of 
measurement. The purpose of each of 
these is shown in the figure. The actual 
connection of the counters is performed 
by multi-coil relays which are controlled 
from keys. 

Similar service alarm and service con 
trol equipment is being installed for the 
ARM 201/4 equipment, service alarm 
being then by route marker group, by 
marker group, and by register group. 
One group of 20 resettable meters is 
provided for service control statistical 
metering and these can be switched as 
a group to a maximum of 40 devices 
(VM, M's, Reg. etc.) via multi-coil relay 
connecting circuits. Permanently con 
nected non-resettable meters located in 
the subscribers meter room are also 
available for long term service control 
and traffic counting purposes. Analysis 
of alarm conditions is greatly simplified 
for ARM201/4 equipment by the cen 
tralograph which via a control rack 
supervises the operation of route mark 
ers, markers and test blocks. Similar 
equipment is not immediately available 
for ARM 50 exchanges but common 
control relay sets are prepared for 
centralograph connection via control 
relay sets yet to be designed. 
For route markers and markers an 

observation lamp display is also provided 
on the service alarm and control rack in 
the test and control area. This display 
indicates which route markers are free. 
which route marker will next be seized, 
seizure of a test block from a route 
marker, seizure of a marker from the 
route marker, which markers are in 
operation and a lamp indication for each 
marker on connection of the GD stage. 

Traffic Metering 

L. M. Ericsson traffic metering equip 
ment is provided at each capital city 
exchange installation permitting simul 
raneous metering of the traffic in ex 
changes in 60 groups of up to 20 con 
nections. The traffic meter counts the 
number of occupied "devices" in a given 
metering group on the basis of the 
current in a metering conductor belong 
ing to the group, this conductor being 
connected in each busy device to the 
exchange battery via a traffic metering 

resistance. For metering the meter com 
pares the current in the metering con 
ductor with the current in an internal 
comparison circuit. This internal circuit 
is progressively built up in the meter 
by parallel-connected comparison resis 
tances with exactly the same resistance 
values as the traffic metering resistances 
in the connecting devices. The traffic 
counter of the traffic meter is stepped 
forward one step for each comparison 
resistance connected to the circuit. The 
process is interrupted when the current 
in the comparison circuit has attained 
the same value as that in the metering 
conductor. The process is interrupted 
when the current in the comparison cir 
cuit has attained the same value as that 
in the metering conductor. The traffic 
counter therefore is stepped forward a 
number of steps equivalent to the num 
ber of devices occupied in the group 
metered. In the course of metering, nor 
mally one hour, each metering conductor 
will be checked 100 times. The mean 
traffic is thus available direct] y from the 
group meters in hundredths. 

Line Testing 

Test access to subscribers lines is 
available in two ways:- 
(i) Automatically from the test desk by 

keying selection information into 
KMT through a special, SLC con 
nected input relay set, known as 
FIR-P. These relay sets must of 
course be particular to each 400 
line ARB exchange. Fig. 31 shows 
the general arrangement which per 
mits the usual range of subscriber 
line tests to be made. In addition 
functional tests can be made towards 
the subscriber's terminal unit. 

(ii) The subscriber's line may be 
patched to the test desk from the 
SLA rack. The test desk can then 
control testing such that line tests 
clear of the exchange equipment 
can be performed as well as func 
tional and machine tests toward 
either the subscriber or the exchange 
or in leak with the subscriber's line 
circuit. 

TELEPRINTER & SUBS. 
TERMIN,11. UNIT LINE 

Automatic Exchange and Tariff 
Testing 

The automatic exchange tester is a 
mobile apparatus associated with a tele 
printer enabling a variety of tests to be 
carried out. For example this tester can 
be connected via break jacks on subs 
criber rack (SLA) as a subscriber to 
the line relay equipment. In this condi 
tion it also connects to the special 
individual access testing marker (ITM) 
enabling the subscriber tariff zone to be 
varied by carrying this marking through 
ITM from the tester to the ZR relay 
set which will be used on the call. From 
SLA a programmed series of calls can 
be made to any B subscriber and an 
automatic print out of faulty tests obtain 
ed on an associated page printer. By 
utilising the individual access testing 
marker (ITM), the exchange tester can 
make an individual choice of a repeater, 
test its distortion and, in association 
with a tariff test trolley, test all charging 
functions of the outgoing repeater. These 
tariff tests may be tape programmed and 
automatic print out of faults obtained. 

An 80 point test connection jack is 
provided in each repeater rack enabling 
tests of each local repeater from the 
ARB side clear of the switching stage 
and with automatic backward busying to 
the ARM system. Tests may also be con 
ducted from the line side of local re 
peaters in order to carry out incoming 
ARB link tests. The tester may also test 
the trunk signalling function of indivi 
dual trunk repeaters FDR-Y and from 
the line side of these repeaters carry out 
incoming link tests of the common 
equipment and switching path of the 
ARM exchange as well as test the charge 
determining function of the ARM. 

Automatic Transmission· Measuring 
Equipment 

Automatic tape programmed trans 
mission measurements may be performed 
on all inter-transit exchange trunks via 
equipment associated with the test desk. 
Under tape control a connection may be 
set up to a particular repeater through 
individual ARM selection via Individual 

ARB 111 AP,M 201/4 

:TELEPRINTER 
TESTS 

SENDER 
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Fig. 31 - Subscriber Line Testing ARB 111. 
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Test Block (1.T.B.) control and a connec 
tion set up through the equipment under 
test from transmission sending equipment 
to distortion receiving equipment in a 
number of different test configurations. 
An associated page printer prints out 
the results of the test programme. This 
equipment makes use of modern distor 
tion sending and receiving equipment 
connected to ARM test outlets. 

Distortion Testing 
Each transit exchange is equipped 

with a Siemens and Halske electronic 
central test transmitter with a number 
of outlets associated with a particular 
ARM routing code allotted for testing 
purposes. One code allows connection 
to outlets providing continuous test text 
with zero distortion and another allows 
access to outlets providing this text with 
progressive, defined values of distortion. 
At each transit exchange a Siemens and 
Halske central test receiver has been 
provided and is associated with a parti 
cular ARM routing code. This device 
measures start-stop distortion, and auto 
matically returns information about the 
magnitude of maximum early and late 
distortion to the sending device under 
control from the sending end. Reference 
(13) describes the principles of these 
testers. 
Apart from the use of these testing 

equipments in routining large groups of 
trunks or repeaters, they are also avail 
able for subscribers loop tests enabling 

technical staff at the subscriber's pre 
mises to check the subscriber loop in 
both directions of transmission without 
requiring the assistance of exchange staff. 

CONCLUSION 

The technical and operating features 
of the automatic telex national network 
currently being installed in Australia 
have been outlined. It is expected that 
the entire network will cutover simul 
taneously in mid-1966, thus completing 
the second major step in the autornatisa 
tion of telegraph services in this country, 
the first being the mechanisation of the 
public traffic service (TRESS) in 1959. 
The high development rates, both in 
subscribers and traffic, show that cus 
tomer operated telex service will play 
a very important part in the development 
of telegraphy. New needs in the data 
field have become evident in this field 
recently and are currently being handled 
in somewhat cumbersome ways. Follow 
ing the introduction of the automatic 
network, the development of special 
facilities for these users employing the 
very flexible origin marking and classifi 
cation features of the network will be 
undertaken. At the same time it is 
proposed to begin the third major step 
in the automatisation of telegraph ser 
vice, the rationalising of the great 
variety of leased private wire services 
having some degree of message or circuit 
switching. These networks increasingly 

transfer traffic to and from the telex 
network and the special features of the 
automatic telex system again offer new 
design possibilities in this field. 
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TECHNICAL NEWS ITEM 
AN INVERTED VEE ANTENNA 

FOR SHORT-RANGE HF 
COMMUNICATIONS 

With the increasing use of the HF 
spectrum for communications within 
Australia, and in addition its long stand 
ing use in long-distance international 
communications, a need has arisen for 
antennae with improved directional 
properties to reduce the likelihood of 
interference between systems operating 
in the same frequency band. Such an 
tennae include rhombics, curtain arrays 
and flat-top arrays. A project has been 
undertaken by the P.M.G. Research 
Laboratories to develop a more econo 
mical type of antenna employing the 
Inverted Vee configuration. The basic 
idea was initially suggested by Dr. J. F. 
Ward of the RAAFAcademy, University 
of Melbourne, in an antenna designed 
for use in the Royal Flying Doctor 
Service. 
The basic structure· studied, consists 

of an Inverted Vee with the wire inclined 
at a low angle of 10° -20' to the ground. 
With an antenna having a length of wire 
equal to one wavelength and an angle of 
wire to the ground of JO', fed from one 
end at ground level and terminated at the 

other, a front-to-back ratio of greater than 
lOdb, a vertical beam width of about 
30° and an angle of maximum radia 
tion of 45° to the horizontal was obtain 
ed. This simple structure has two basic 
disadvantages in that high level, low 
angle side lobes are present at an angle 
of about 45° to either side of the vertical 
plane containing the antenna, and also, 
by using a resistive termination to ob 
tain a uni-directional vertical radiation 
pattern, the efficiency falls to an in 
ordinately low value, rendering the an 
tenna unsuitable for transmitting appli 
cations. 
The low angle side radiation can be 

suppressed by using a broadside array 
of two structures with a spacing of 
approximately three-quarters of a wave 
length. This arraying technique places 
nulls at about 45° to either side of the 
antenna, which suppresses the side radia 
tion by as much as 8 db. The low effi 
ciency is overcome by using open-cir 
uited structures, but this produces an 
additional disadvantage in making the 
antenna bi-directional. To restore the 
required uni-directional property, an 
end-fire array is composed of two iden 
tical structures with a separation of the 
order of one-third of the wavelength in 
the direction of propagation, each struc- 

ture being fed in a suitable phase rela 
tionship (the front .structure is fed ap 
proximately 90° lagging with respect to 
the rear structure). A front-to-back ratio 
of more than 10 db is obtained using this 
technique. A combination of both array 
ing techniques gives the best overall 
characteristics for a point-to-point HF 
antenna of this type, with a gain of 
approximately 12 db with respect to an 
isotropic antenna. A choice of antenna 
design is available ranging from a single 
structure to the end-fire/broadside array 
of four open circuited structures, de 
pending on the requirements of a par 
ticular system design. 
The chief advantage of this new an 

tenna design over that of existing an 
tenna types already available is the re 
duction in the height requirement and 
the number of. supporting masts requir 
ed for an equivalent electrical perfor 
mance. The antenna may require a lar 
ger site; however, this may not be im 
portant in the remote areas of Australia 
where HF radio systems are normally 
operated. This latest development adds 
to the number of antenna designs avail 
able from which a selection can ha 
made, depending on the requirements 
and economics involved in a particular 
case.-D.C. 



October, 1965 THE TELECOMMUNICATION JOURNAL OF AUSTRALIA 229 

AUTOMATIC PRINTOUT OF CONTROL INFORMATION 
A. DOMJAN, Grad. J. E.Aust.* 

INTRODUCTION 
It is often desirable to translate in 

formation gained by measurements into 
a form that can be easily transmitted 
and either printed out or punched into 
paper tape. The information can thus 
be accumulated for analysis. When a 
fast sampling rate is required a parallel 
type readout is the obvious choice. 
However, on many occasions a high 
sampling rate is not needed and in 
these cases a series type readout using 
the Australian Post Office standard tele 
graph speed of 50 bauds is sufficient as 
this permits up to 400 characters per 
minute to be either page printed or 
punched as required. Also, if the parallel 
readout (which can produce 6000 
characters per minute with parallel 
punches in paper tape) is then page 
printed, the overall rate of providing 
information is less than direct page 
printing. 
This article describes equipment that 

can accept measured information in 
several forms, e.g. as a pulse length, and 
convert it into appropriate series 5-unit 
code trains that will print or punch the 
information on standard telegraph equip 
ment. In the applications described the 
information is page printed for main 
tenance technical staff, but it would also 
be possible to analyse the results on 
punched paper tape with a digital com 
puter. 

The equipment, which is known as 
Series Type Automatic Readout (STAR) 
usually consists of three operational 
parts. There is the measuring equipment 
which converts the measured inform 
ation into a digital form, the pro 
gramming stage that translates the out 
put of the measuring equipment into 
suitable readout characters, and a tele 
graph signal synthesiser that provides 
standard groups of pulses for the pro 
gramming stage to turn into appropriate 
character codes. 

THE TELEGRAPH SIGNAL 
SYNTHESISER 

General 
The telegraph signal to be produced 

should be in accordance with the A.P.O. 
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Fig. 2 - The Telegraph Signal Synthesiser Produces Eight 20 ms Dura!ion Pulses in Sequence, 
from Which the Character Gate Forms the Required Telegraph Signal Code (according to 

International. Alphabet No. 2). 

standards, i.e. pulse trains of ± 25mA 
amplitude, speed of 50 bauds, and in 
accordance with the International Alpha 
bet No. 2. It is conventional to call 
the positive going pulse a "Space" and 
the negative going pulse a "Mark" when 
considering double current telegraph 
transmission. (In the case of the single 
current transmission a current represents 
"Mark" and no current "Space". Also 
in voice frequency transmission (A.M.) 
a tone is "Mark" and no tone is 
"Space," and in FM transmission, lower 
frequency "Mark" and higher fre 
quency "Space.") According to the 
abovementioned terminology the basic 
unit of intelligence, the "Character" 
which could be a letter, a number, or 
a symbol, consists of a start signal (al 
ways "Space"), a 5 unit pulse code 
carrying the information and finally the 
stop signal which is a "Mark" of at 
least 1.5 times the unit signal length. 
For STAR operation, this latter has been 
chosen to be 2X20ms = 40ms duration, 
during continuous transmission. A com 
plete signal for the letter "Y" could be 
represented graphically as shown in Fig. 
1. 
The mechanism used to produce the 

telegraph signal itself consists of: 

SDKt 
Fig. 1 - A "CHARACTER" R~presents !he Unit Intelligence (a letter, number or sign). 
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(a) Start signal from outside source 
(Monostable) 

(b) Start-stop binary. 
(c) Multivibrator. 
(d) Division by 8 (3 Binaries) and 

sequence gating. 
(e) Character gating. 
(f) Signal commoning. 
(g) Telegraph relay. 
The block schematic diagram (Fig. 2) 

shows the operation of the equipment. 
A start signal is required from an 

outside source, indicating that there is 
something to be printed -, The start-stop 
binary which normally holds the multi 
vibrator in the idle condition will 
change its state allowing the multi 
vibrator to oscillate freely. 
During the operation of the multi 

vibrator a chain of three binary stages 
divides the original pulses, and the 
sequence gating of the three binaries 
produces 8 pulses of 20 ms duration, 
at 8 separate outputs, appearing in 
sequence one after another. The se 
quence gating also counts the number 
of pulses produced by the multivibrator. 
When it recognises the required number 
of pulses it will feedback a stop signal 
to the start-stop binary, which in turn 
will prevent the multivibrator from pro 
ducing any further pulses. (It should be 
noted here that the multivibrator out 
put is not a proper square voltage wave 
form and it is not used for gating pur 
poses. Only outputs of the binary stages 
are used for this _purpose,. hence the 
multivibrator is operated at twice the 
required unit pulse frequency). 

The first pulse (i.e. the output of the 
first sequence gate) is suppressed con 
stantly to produce the start pulse. The 
outputs of the 2-6- gates are let through 
or are suppressed according to the 
character to be printed. This is the 
function of the character gate. All gates 
are extended separately to eight single 
stage transistor amplifiers which have 
separate base connections but are com 
moned on their collectors to the signal 

* Mr. Domjan is Engineer Class 2, Research 
Laboratories.. Headquarters. See Page 247. 
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Fig. 3 - Sequence Diagram of the Telegraph Signal Synthesiser Showing the Composition 
of a Character (letter "Y"). 

winding of a telegraph relay which is 
the common load resistance. The tele 
graph relay when its signal winding is 
not energised, is held in the space con 
dition by its bias winding. When there 
is an input signal from the sequence gate 
and it is not suppressed by the character 
gate the pulse will reach the relay wind 
ing changing the relay from space to 
mark. The leading edge of the 7th pulse 
is used to stop the start-stop binary 
which in turn stops the multivibrator. 
A common reset, operated from the 
start-stop binary, will ensure this rest 
position when all the equipment is back 
to normal and it is ready to print an 
other character. 
An earth potential applied to one of 

the inputs of the character gate causes 
a combination of earth potentials on the 
five outputs which provides the corres 
ponding 5 unit telegraph code. A 
positive going pulse applied to the in 
put of the monostable stage will start 
the equipment operating. The result is 
a printed character on a page printer 
·(or reperforator as required). 

The sequence of operation is shown 
on Fii:. 3. 

PROGRAMMING 
Electronic Key Board 

The equipment described is ready to 
print out any character represented on 
a teleprinter. The simplest application 
is an Electronic Key Board. The oper 
ation of any of the keys will provide 
the earth connection to the character 
gate and the readout start pulse. 
From Fig. 4 it can be seen that when 

button "A" is pressed one contact pro 
vides earth to the character gate "A" 
input and the other contact a start 
signal. The operation is identical with 
that of the mechanical key board, except 
that the key should be held down until 
the character is printed out. The print 
ing here is the result of the operator's 
hand movement directed by his sight, 
hearing or memory devices. What the 
operator does is called programming. 
His two main functions are: 

(a) Make the printer work in an 
orderly fashion (i.e. to keep 
spaces between words, not to print 
one line on the top of another 
etc.), 

(b) To receive the information with 
his sensing equipment (e.g. visu 
ally by copying from a preprinted 
form, aurally by hearing, etc.) and 
to compose a text from this in 
formation collected and stored in 
the brain. 

(A third function, the decision making 
device is not used in connection with 
STAR as this is only "Slave" equip 
ment. "Master" equipment with more 
sophisticated memory devices could pro 
vide this function also). 
In the human operator the functions 

(a) and (b) are closely associated. 
Similarly, in STAR these functions are 
only partly distinct. The division is 
such that there will always be a measur 
ing device which provides the primary 
information and gives an order signal 
to initiate the operation of STAR, but 
in other cases STAR has to search for 
any other available information. In 
general the measuring equipment will 
change from case to case and the 
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Fig. 4 - The Electronic Keyboard. A, B etc. are Pressbutton Keys on the Board. Each 
provides an earth potential to the character gate and also a positive going pulse to start 

the synthesiser, when operated. 
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Fig. 5 - Programming Equipment Controls the Printing Arrangement. Each operation of 
the Start - Stop binary produces a "WORD" .printed. Group gate controls the number of 

words in a line. 

arrangement of pnrrnng is preset in a 
definite fashion. 

The Functions of Programming 
To print words and groups is the 

function of the programming. As shown 
in Fig. 5 it is built up in a similar way 
to that of the signal synthesiser. Its 
signal input comes from measuring 
equipment and will provide a start sig 
nal through the monostable stage to the 
start-stop binary, which normally holds 
the multivibrator in the "Stop" and re 
leases it in the "Start" condition. The 
timing of the multivibrator is such that 
a complete cycle will correspond with 
the time required to print a character 
(i.e. 80mS on - 80mS off). 
Three binaries prepare the signals 

from the multivibrator for sequence 
gates to produce individual pulses on 8 
separate wires. The gate outputs are 
amplified with single stage d.c. ampli 
fiers, and used as command pulses to 
readout from the measuring equipment. 
The first pulse leading edge from out 

put 1 is used to reset the start-stop 
binary. The five outputs numbered 2 
to 6 are 160 ms duration "command 
instruction" pulses for the measuring 
equipment. Each of these triggers the 
printing of a character so that a maxi 
mum of five characters is possible in a 
group, e.g. for a 3 character group out 
puts 2 - 4 are connected and outputs 
5, 6 are not used. Hence every operation 
of the programming start-stop binary 
will cause a "word" to be printed. Each 
word or group. steps the group gate 
which can be preset to permit the print 
ing of one, two, four, or eight words. 
The group gate inhibits the generation 
of pulses on outputs 7 and 8 until the 
completion of the preset train of words 
and then carriage return and line feed 
occurs. 
Pulses from outputs 2 to 6 energise 

that part of the measuring instrument 
from which information is required and 
this information is fed to the character 
gate. The front edge of each 160 ms 
pulse serves as an input signal to the 
telegraph signal synthesiser. 

THE MEASURING EQUIPMENT 
The measuring equipment should pro 

vide. the information in digital form. 
An indication that there is inforrriation 
available to be printed, also is needed 
in certain cases. If this is not provided, 
then the programming apparatus should 
provide the initiation signal in a pre 
determined scanning period. Suitable 
commercially available measuring equip 
ment includes the E-put meter (to 
measure frequency or time), digital 
ammeters or voltmeters, optical scan 
ning devices to readout pen recorded or 
written statements, etc. 
The problem associated with coupling 

the measuring equipment to STAR is 
twofold. The measuring equipment is 
usually an electron tube device 'with 
high impedance output, and the code 
provided may not be in the form of a 
proper binary code. The first will need 
emitter follower stages to transform the 
impedance. The second will need an 
additional translator stage to provide 
the binary code required. 

PRACTICAL APPLICATIONS 
Quality Control of Voice Frequency 

· Telegraph Systems 
In one method used previously to 

establish the reliability of a telegraph 
system a reversal signal is sent con 
tinuously on one channel and looped 
back on the far-end. The returning 

signals can be recorded at the main 
station with a penrecorder, which will 
act as a centre scale zero meter and will 
indicate the loss of a mark bit by a 
deviation in one direction and a space 
bit by a deviation in the opposite direc 
tion from the zero point. On AM 
systems a mark loss could indicate a 
break on the transmission path, and a 
space Joss could be an indication of 
foreign signal interference. From the 
recorder chart then the "Probability 
of nil errors in a ±-hour message" may 
be calculated. The first step is to as 
certain from the chart whether there 
has been any loss· of space or mark 
signal during the ±-hour under obser 
vation, and if so then this particular 
±-hour is lost. By recording the fault 
free time intervals a table is set up 
from which the percentage of "fault 
free intervals" to "total recorded time" 
is calculated. The cumulative percent 
age so produced is characteristic of the 
quality of the telegraph system. The 
same quantity recorded as a function 
of a week or a month could be the basis 
of Qualitative Maintenance. The pro 
vision of such a recording system at a 
medium sized . station approximately 
20 Voice Frequency Telegraph Systems) 
would take 20 penrecorders, recording 
paper ink, maintenance and floor space, 
and economically is not particularly at 
tractive. However, the application of 
STAR, as shown in Fig. 6 will eliminate 
most of the disadvantages detailed 
above. A simple detecting system pro 
vides a positive or negative pulse to 
the measuring equipment when there 
is a discrepancy in the telegraph trans 
mission. A single transistor (PNPN) 
memory device will hold this informa 
tion until it is read out by STAR at 
which time the programming device of 
ST AR will reset the memory device as 
required. The encoding gate operated 
by the scanning uniselector will indicate 
whether or not there has been a fault 
and. whether the fault was marking or 
spacing or both. The scanning time is 
set to 15 minutes and the device will 
give complete information on the per 
formance of 20 VFT systems. 

Voice Frequency Telegraph Routiner 
Distortion Alarm Measuring Equip 

ment (DAME) is equipment which 
scans all the telegraph channels at the 
local centre and stops, for 15 seconds, 
on the channels which are operating. 
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Fig. 6 - Quality Control of VFT's. One channel of each VH system receives continuous 
reversals from distant terminal. Fault conditions register in memory devices, which are 

scanned and printed out every quarter hour. 
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Fig. 8 - Input Pulse Train for ASTRA from the Coaxial Carrier System Control Bay. An 
increase in length of the space pulse and its order number in the train, carries the required 

information. 

During this time it measures every 
space signal and determines whether or 
not they are within the permissible 
limits of distortion. If any of the tele 
graph channels are indicating more than 
say ± 25% distortion, it brings up an 
alarm to indicate that a faulty channel 
or sending device needs attention. The 
technician can determine whether the 
distortion is recurrent or not by re 
setting the alarm. If it is recurrent a 
fault docket is prepared and the usual 
maintenance procedures followed. Staff 
non-availability to attend promptly to a 
fault alarm causes loss of time not only 
for the technical staff but also for the 
DAME scanning time. The application 
of STAR solves these problems by auto 
matically printing out the system and 
channel numbers (in code form) and 
scanning the alarm indicator continu 
ously for 15 seconds (See Fig. 7.). 
With the arrangement of ST AR and 

DAME currently in use in Adelaide, the 
first three numbers represent the system 
and channel number, and the next 15 
the condition of the alarm indicator 
scanned once in each second. For 
example:- 

179 000000-+-00000000 (Sydney eh 23 
fortuitous <list.) 

180 o++ooo+++o+o+++ etc. 
(Sydney eh 24 faulty needs maint.) 

Printout for Coaxial Cable Carrier 
Fault Indicator 

When fault information is fed into a 
control station in pulse width modul 
ation form, as is the case from un 
attended repeater stations on the Sie 
mens Halske Coaxial Cable Carrier 
Systems, the display for the fault con 
dition and also the location is given 
on a control panel by a number of rows 
of drop indicators. The row order num 
ber represents the station and the 

column order number the nature of 
the fault being reported. 
However, if there is a fleeting fault 

at a repeater station the maximum dis 
play time of the fault condition is 6 or 
7 seconds. This time is insufficient to 
read out the fault unless a technician 
is near the display panel. In addition 
to providing a proper statistical distri 
bution of the different faults, a written 
report using STAR equipment is more 
reliable than the subjective report of 
the human element. 

With the Siemens and Halske equip 
ment the fault report is produced by 
the faulty station with a series of 50 
c/s signals. Thirty-five pulses are pro 
duced per station report of 100 ms tone 
and 60 ms no tone (or 100 ms mark 
60 ms space) duration. When the 60 
ms space increases to 200 ms space 
during the train of pulses, this increased 
space and its position in the train is 
used to give the information required. 
The first 12 pulses are station identifi 
cations and the following 25 are fault 
type identification pulses. A typical 
message would be received as shown in 
Fig. 8. 
It can be seen that the time required 

to print a character is 150 ms and the 
time available to measure and print is 
160 ms Referring to Fig. 9, with the 
application of STAR equipment, a 
chopper multivibrator driven by a start 
stop binary is used. The latter is oper 
ated by the incoming signal train. When 
a space is received at the input of the 
start-stop binary, it will free the multi 
vibrator which will produce a number 
of pulses which are proportional to the 
length of the space incoming. The 
following mark will stop the start-stop 
binary which will then hold the multi 
vibrator in a non-operated condition. 
The timing of the multivibrator is such 
that it will produce one pulse during 
the "no information" period (60ms), 
four pulses during the "information" 
period and five or more at the end of 
the signal train. A counter will count 
the pulses and will give a coding of 
"O" if the count is between two and 
four and finally a "Carriage return" 
and "Line feed" signal if it is more than 
five. 

Only when the subsequent "mark" 
has been produced can a decision be 
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Fig. 9 - ASTRA's Start - Stop Binary Lets the Chopper Multivibrator Operate for the Duration 
of the Space Input Signal. Count binaries measure the length of the space signal. 
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Fig. 10- STAR Prints the Code O for 60 ms Space, a "+" if the Space is between 100 
and 200 ms., and a CR and LF if the Space is Longer Than 200 ms. 
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made as to the length of the previous 
"space". The leading edge of the mark 
pulse therefore triggers the "Start to 
print" monostable and also resets the 
three binaries (count) to normal, to 
enable the next pulse length to be 
measured. A typical printed form of 
a pulse train is shown in Fig. 10. An 
automatic time signal can be readily 
provided if required. The equipment 
itself is called Automatic Series Type 
Teleprinter Readout Apparatus 
(ASTRA). See Fig. 11. 

E-put Meter Readout 
Method: An E-put meter (Beckman 

type 1760H) is used to determine the 
frequency (i.e. events/sec.) of an oscill 
ator or pulse generator, or to measure 
time to the order of micro-second ac 
curacy. The display is normally visual, 
but simultaneous with the visual indi 
cation a four wire binary code is also 
provided. "Count" and "Ready to read" 
signals are provided on a separate out 
put. The general arrangements whereby 
STAR may be used in conjunction with 
the E-put meter are shown on Fig. 12. 
The output of each E-put meter 

column is represented by four wires 
carrying plus or minus 30 volts and 
approximately 1 megohm source im 
pedance. These are transformed into 
OV-12V output of impedance IOK ohms 
by 4 emitter followers per column and 
are energised by the programming 
equipment only when readout is in pro 
gress (E4-E5-E6). Also the four outputs 
of the emitter followers are connected 
to common equipment, which consists 
of four Schmitt trigger stages and does 
the translation between the E-put code 
and the binary code required by STAR. 
To provide the right amplitude pulses 
to the STAR, ten additional amplifier 
inverters are used. The interconnection 
can be seen in the block schematic 
diagram (Fig. 13). 
The operation starts when the E-put 

meter counts the events, and after one 
second operation it displays the result. 
At this moment the negative pulse pro 
vided on the "Ready to read" lead 
initiates the STAR operation. The pro 
gramming equipment provides the first 
160 ms duration pulse, which energises 
the sequence switched input stage and 
connects the output of the first column 
on the E-put meter to the translator 
which instantaneously selects the corres 
ponding number to be printed out. At 
the same time the leading edge of the 
same 160 ms pulse starts the synthesiser 
and produces the correct telegraph signal 
character, which is accepted automatic 
ally by the Teleprinter. The second 160 
ms duration pulse will energise the 
second column of the input stage and 
so on. Five columns can be printed in 
this way as the 6th and 7th pulse are 
reserved for carriage return (CR) and 
line feed (LF) signals and the 8th for 
the reset condition. 
If the group count in the program 

ming is set to produce one group per 
printed line, then the CR and LF sig 
nals are produced after each group is 
read, or they are produced on the end 
of the group where they are required. 

The group count steps once whenever 
the "Ready to read" signal is applied. 
When all the columns are read out, the 
visual display returns to O on all 
columns and the E-put meter starts 
again to count for the next one second 
duration. 
It is obvious that whatever possible 

application the E-put meter has, STAR 
can provide a printed record of the 
measurement. The display time adjust 
ment determines the sampling rate and 
the time required to print out the 
columns sets the minimum repetition 
time. 

checked for frequency stability 
can be recorded with the E-put 
meter. The display adjustment is 
set to sample the frequency once 
every 15 seconds. Group reading 
is set to four group so that every 
row printed represents one 
minute. The E-put meter can 
then measure the frequency of 
the oscillator, indicating the 
changes in the function of time 
(1 row printed = 1 minute) 
automatically for as long as de 
sired. 

(b) Crystal Oscillator Oven Regula 
tion Check. 
When the oscillator is fairly 
stable ( e.g. a crystal oscillator 
with oven control) then the E-put 

Examples: 
(a) Oscillator Stability Measurement. 

An oscillator which is to be 

Fig. l l - Coaxial Cable Carrier System Cantrol Bay (on left) Showing Indicator Panel. 
ASTRA is mounted on the Teleprinter. On the vertical panel is the Electronic Keyboard. 
The horizontal panels contain the measuring equipment and programming, the signal 

synthesiser, power supply and 1>lectronic telegraph relay. 
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Fig 12 -- E-put Meter Reads Out for Three Columns. Emitter followers impedance match the 
E-put mete: to the transistorised device. They are energised by the command pulses from 
the program"-1ing equipment. The translator produces binary to decimal conversion for the 

chorcrcter g ate of the Synthesiser. 

meter readings will not give suffi 
cient information as the accuracy 
is ± 1 cycle/second. In this case 
the reading time can be extended 
to say 10 or 100 seconds per 
reading. The fractional cycle 
change per second then shows up 
clearly. For example if a 4000 c/s 
oscillator under test shows 4001- 
4000-3999 then it is probable that 
its frequency is 4000 and some 
decimals. Counting it for 10 
seconds it may read 40002/10 = 
4000.2 c/s or for 100 seconds 
400028/100 = 4000.28 c/s. This 
is a measurement which can be 
done with the E-put meter only 
for the time involved. An oper 
ator should check on a stopwatch 
the approximate seconds and 
switch the meter from "E-put" to 
"Scan" and read out the results. 
This can be done automatically 
with STAR for any length of 
time without attendance. The 
programming unit has to be ex 
tended with an adjustable time 
delay circuit to replace the 
manual operation of the operator. 
Here again if the rate of reading 
is chosen to be say one reading/ 
100 seconds then 8 groups in 
three rows will set up a 40 min 
ute time scale and the effective 
ness of the oven control can be 
easily measured. 

~'-'! The Sratistica! Distribution of 
I he Isochronous Distortion. 
On a telegraph channel the statis 
tical distribution of the distortion 
is usually measured wih a "Dis 
tortion Analyser." The E-put 
meter is used as the basic measur 
ing equipment (in "PER" con- 

dition). The sampling time is set 
with the display switch. On a 
continuous transmission the 
measuring equipment selects ran 
domly a bit of the character and 
displays its duration. This should 
be a full number times the 20 ms 
unit signal when measuring only 
the space elements. A measure 
ment of 22 ms or 18 ms there 
fore represents 10% isochronous 
distortion. Also 42 or 62 or 102 
readings represent the same 10% 
distortion and so the first digit is 
not important. When STAR is · 
used, the measured distortions are 
printed out one by one and a 
complete analysis is possible. On 
the conventional analyser the 
read out is provided with the use 
of subscriber meters and to 
enable distortion between 25% 
short or long pulses to be read, 
grouped into 2% distortion 
groups (0-2%, 2-4% etc.), 25 
meters are required. The first 
conventional type analyser was 
produced by the British Post 
Office with 40 counters followed 

I I I I II t---------i 

(d) 

by the French P'IT using 0.5% 
increments over a range of 25% 
distortion using 100 counters. 
With STAR operation no counter 
is used, and if a perforated tape 
is produced and fed into a 
digital computer, it could give 
the proper statistical distribution 
of the distortions in a minimum 
time. 

Fault Location Using Propagation 
Time Difference Measurement. 
To locate interruptions on a long 
transmission path a narrow re 
cording window can be produced 
in the middle of a speech channel 
with band pass-band stop filters. 
Two such recording paths on two 
different systems, operating on 
two different physical lines, cross 
coupled at the far end terminal 
compose the measuring path for 
the fault locator. The observing 
station sends a continuous fre 
quency (corresponding to the mid 
band frequency of the window) 
into both paths and it will receive 
the same frequency back via the 
far end cross-coupling. The con 
tinuous signal so received is recti 
fied and used as a holding cur 
rent for a Schmitt trigger. If 
there is an interruption on the 
transmission path the loss of sig 
nal (or the signal fault) travelling 
in the direction of the observing 
station will arrive first. The "go" 
signal fault should go to the far 
end terminal and come back on 
the second system and arrive 
much later. The time difference 
between the front of these fault 
signals indicates the location of 
the interruption (See Fig. 14). It 
is clear that if the fault is near 
to the observing station, the in 
coming signal will present itself 
instantaneously and the go signal 
has to travel up to the terminal 
and back. Therefore this will 
give the maximum time differ 
ence. If the far end terminal pro 
duces a fault the go and return 
paths will be nearly equal and 
the measured time difference a 
minimum. All the other repeater 
stations will have a time differ 
ence, characteristic of their 
location. (The distance in this 
domain is a function of the L 
and C constants of the electrical 
circuit and not only the geo 
graphical distance). The time 
difference measured with E-put 

Fig. 13 - Block Schematic Diagram of the E-put Printout. 
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Fig. 14 - Voice Frequency Fault Location with Propagation Time Difference Measurement. 
Time difference measured with the E-put meter and printed out with STAR is characteristic 

to the locality of the interruption. 

meter and written out with STAR 
will indicate the distribution of 
the interruptions according to 
their locations. The operation is 
completely automatic and con 
tinuous. Two systems are checked 
continuously and simultaneously. 

An added feature is the identi 
fication of the faults (i.e. if they 
are produced by the transmission 
paths of the first or second 
system) which is done with two 
binary stages. Both binaries have 
split inputs which are connected 
as shown in Fig. 15. If the fault 
comes initially from the first 
system it will switch the first 
binary only. The second signal 
coming from the second system 
will switch both binaries. There 
fore the first binary will be back 
to the reset state and the second 
will be in a switched condition. 
When the fault signal comes 
initially from the second system, 
the second binary will switch and 
then the signal arriving later from 
the first system will switch the 

10 CIW!lCm2 G~lE 

OUT OUT 

&\~t,..~y BI 1-l/>SlY 
I '2. 

1W Ill IN IN 

I I 

I 

first binary on and second binary 
off. Therefore the equipment can 
differentiate between a line fault 
originating on the first system or 
on the second system. When a 
fault signal originates from a 
place where the transmission path 
is divided (i.e. repeaters or ter 
minals) a so called "single path" 
fault exists. The E-put meter has 
a start pulse but no subsequent 
stop pulse is produced. In these 
conditions the E-put would count 
continuously and another subse 
quent fault signal only could stop 
it. To prevent this possibility an 
artificial stop signal is produced 
with a monostable so that it 
could not correspond to a 
measured location (say 90 ms if 
the maximum valid measurement 
is 50 ms). If now the counting 
period of the E-put meter is 
longer than 90 ms the artificially 
injected pulse of 90 ms will indi 
cate that the fault is a "Single 
sided" fault and it should be 
located in a different way. 

CONCLUSION 
In maintenance work the trend is 

away from indicators that require in 
dividual attention as soon as possible 
(with the exception of urgent alarms) 
and towards indicators that provide a 
printed or marked record for analysis. 
The equipment described in this article 
provides considerable flexibility in 
giving an automatic record of measure 
ments and it opens up many possibilities 
of maintenance control that are at 
present economically prohibitive. 
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A STUDY OF VlBRATION DAMAGE OF LEAD CABLE 
SHEATHING DURING TRANSPORT H. YANAGIUCHI and A. SHIMADA* 

Editorial Note: This paper was first 
published in the "Dainichi-Nippon 
Cables Review", No. 27, August 1964. 
The problem of fatigue during transport 
of plain lead cable sheaths has been 
concerning the Australian Post Office 
for some time, and whilst the use of an 
alloy lead sheath would overcome the 
problem in most cases this solution is 
costly. Besides, it has not been possible 
to set other than arbitrary maximum 
limits on the distances over which plain 
lead sheaths can be transported by dif 
ferent means, and still arrive at their 
destination with predictably sound 
sheaths and future life expectancies 
under service conditions. There is vir 
tually uo published information on 
transport fatigue under actual transport 
conditions, nor simulated laboratory 
work under conditions which incorpor 
ate the ranges of variables experienced 
in practice. Interest in this problem led 
to a translation being made by Mr. L. 
R. Oates, of the Headquarters Trans 
lation Staff, and with the kind per 
mission of Dalnlchi-Nlppon Cables Ltd., 
and the authors, this translation is now 
published. 
The study makes a valuable contri 

bution to the known data on transport 
fatigue of lead, particularly in the field 
of factors affecting fatigue, the degree 
of contribution of these factors and the 
range of their variation and mean 
level. Of revealing importance is the 
delineation of expected strains, cycle 
frequency and the effect of winding ten 
sion. In Australia, communication 
cables are transported under gas 
pressure, very often at a hligh ambient 
temperature and over long distances and 
for this reason it is necessary to examine 
the effects of these factors before the 
work published in this article can be 
applied to local conditions. Work along 
these lines is now being planned and it 
is hoped to publish the results in a 
future article in this Journal. 

INTRODUCTION 

The effect of vibration on the sheath 
111g of lead-sheathed cables becomes an 
important problem during transport 
over long distances. Cracks may then 
appear in the sheath as shown in Fig. 1. 
Since these cracks are produced along 
the circumference of the sheath, 
symmetrically on both sides, they are 
considered to be caused by fatigue due 
to repeated bending strain in the sheath. 
Thus a study of vibration during trans 
port depends first on determining the 
magnitude and distribution of the 
strain produced in the sheath and the 
frequency, so as to appreciate the extent 
of fatigue in the sheath; after which a 
method of reducing this fatigue can be 
sought. 
This Company has performed con- 

* Messrs. Yanagiuchi and Shimada are with 
Dainichi-Nippon Cables Ltd. 

tinued studies on this problem over the 
past two years, carrying out transport 
tests totalling 5,000 km, which are sum 
marised in this report. During the 
experiments, the strain due to vibra 
tion and the winding slack developed 

were measured in relation to various 
methods of securing the cable during 
transport by road or rail of cables 
wound on drums. The method of road 
transport is shown in Fig. 2 and of 
rail transport in Fig. 3. 

Fig. 1 - Cracks in Lead Sheath Due to Transport Vibration. 

Fig. 2 - Cable Transport by Motor Truck. 
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TABLE 1: TABLE OF EXPERIMENTS 

Objects of Tests Method of Transport 

Cable Method of Securing Method of Loading 
Test Anchor- 

Transport 
No. Route 

Length Drum" Winding Cross- ing (one Road 
Size dimensions or both or Direction Position (m) DxdxW Tension Supports flanges) Rail 

(m) 
1-1 3 x 250mm2 100 2.6x2.0xl.l weak without one road lengthwise centre Harnakosh- 

ieu 
1-2 crosswise centre 

2-1 3x80mm2 100 2. IxI .4xl .0 weak without one road lengthwise front Hamakosh- 
ien 

3-1 3 x 250mm2 100 2.6x2.0xl.l weak without both road lengthwise centre Amagasaki 
Kochi 

4-1 road lengthwise 
Hamakosh- 

medium without both front ien 
1 x 600mm2 100 2.3xl.6xl.2 Harnakosh- 4-2 back ien 

Hamakosh- 
4-3 medium without both road lengthwise front ien 
4-4 1 x600mm2 100 2.3xl.6xl.2 Hamakosh- 

back ien 

5-1 weak without both road lengthwise 
Hamakosh- 

centre ien 

5-2 front 
Hamakosh- 

1 x 600mm2 100 2.3xl.6xl.2 ien 

5-3 back 
Hamakosh- 

ien 

5-4 with both road lengthwise centre Hamakosh- 
ien 

5-5 without both road lengthwise 
Hamakosh- 

strong centre !<!11 

5-6 1 x 600mm2 100 2.3xl.6xl.2 front 
Hamakosh- 

ten 
5-7 back 

Harnakosh- 
ien 

6-1 1 x600mm2 100 2.3xl.6xl.2 weak without both rail crosswise centre Sanda 
Nagaoka 

6-2 1 x600mm2 100 2.3xl .6xl .2 strong without both rail crosswise centre Sanda 
Nagaoka 

6-3 1 x600mm2 200 2.3xl.6xl.2 strong without both rail crosswise end Sanda 
Nagaoka 

6-4 1 X 800mm2 100 2.6xl.6xl.2 weak without both rail crosswise end Sanda 
Nagaoka 

6-5 3 X 80mm2 100 2.3xl.6xl.2 weak without both rail crosswise end Sanda 
Nagaoka 

6-6 3 X 325mm2 100 2.8xl.6xl.2 strong without both rail crosswise end Sanda 
Nagaoka 

7-1 3 X 80mm2 170 (2.4---2.5)xl.6 strong with - rail - - Umeda 
,....,250 x(l.~1.25) Niigata 

8-1 3 X 325mm2 3.0x2.0xl.3 strong without both road lengthwise centre Amagasaki 
Shimono- 100 seki 

9-1 3 X 325mm2 170 3.0x2.0x strong with - rail - - Umeda 
,....,290 (1.3- 1.8) Hakata Port 

* D diameter of flange, d diameter of barrel, W width between flanges. 
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DETAILS OF TESTS 

Items and Methods Used 
Cables: Those used were 60-70 kV 

single-core and three-core lead-sheathed 
oil filled cables. Sizes and lengths are 
shown in Table l. 
Drums: These were wooden, with 

dimensions as shown in Table l. 
Winding on Drums: Winding on 

drums was divided into strong or weak 
winding tension as shown in Fig. 4. 
Anchoring of Cable Ends: This was 

performed, according to the position of 
the cable end, either to one or both 
flanges, as shown in Figs. 5 and 6. 

Cross-supports: Cases where cross 
suppor.ts were fitted are shown in Table 
I and the method of fitting is shown in 
Fig. 7. 
Methods and Distances of Transport: 

Transport was carried out both by road 
and by rail. Methods of loading and 
transport routes are shown in Table 1, 
and details of road surfaces, speeds, and 
distances in Table 2. 

Items Measured: 
(a) Vibration Strain: 

Oscillograph recordings were 
made of stretching and compress 
ing strain in the axial direction 
generated in the lead sheath. 
The measuring equipment used is 
shown in Table 3. 
The fitting of resistance wire 
strain gauges is shown in Figs. 8 
and 9. V-direction strain means 
that generated by motion in the 
drum's radial direction and H 
direction strain means that gener 
ated by motion in the drum's 
axial direction. 

(b) Winding Slack: 
For this purpose, measurements 
were made of the cable sag and 
the cable end tension before and 
after transport. 

EXPERIMENTAL RESULTS AND 
ASSESSMENT 

Results: An outline of the results of 
tests is as shown in Table 4. The funda 
mental frequency of vibration strain is 
within the range of 3-6c/s, the average 
being 5c/s. The size of vibration strain 
is always expressed in whole amplitude. 
An example of vibration strain wave 
forms is shown in Fig. 10. 
Distribution of Vibration Strain and 

Nature of Cable Vibration: The vibra 
tion strain in the cable is- greater in 
the drum axial direction than in the 
radial direction, being particularly large 
in the lower half where the winding 
ends. The cable vibration mainly con 
sists of a lateral deflection in the lower 
half of the drum, though this is found 
to be not simple but complex. 

Size of Vibration Strain and In 
fluencing Factors: Table 5 summarizes 
the results of studies on a number of 
factors thought to influence vibration 
strain. Vibration strain is considerably 
influenced by winding tension and the 
method of transport, these being shown 

Fig. 3 - Coble Transport by Roil Truck. 

TABLE 2: DETAILS OF COURSES RUN 

Standard 
Vehicle Route Surfaces speed Distance Test No. 

(km/h) (km) 
------ 

Hamakoshien dirt road 35 4 1, 3, 
paved road 40 4 4, 5, 

Motor dirt road 30 530 Truck Amagasaki paved road 45 580 2 (7.5 ton Kochi ferry boat - 70 capacity) 
Amagasaki paved road 45 1,100 8 Shimonoseki 

Rail truck 
(4 wheel 15 Sanda 1,480 6 ton Nagaoka 
capacity) 

Rail truck 
(bogie 35 Umeda 590 7 ton Niigata 
capacity) 

Rail truck 
(bogie, 30 Umeda 620 9 ton Hakata Por.t 
capacity) 

A 

WINDING 
EQUIPMENT 

A: "STRETCHED" WITH WINDING TENSION 
B: SLACK"WITH ALMOST NO WINDING TENSION" 

Fig. 4 - Drum Winding of Coble. 
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TABLE 3: VIBRATION STRAIN MEASURING EQUIPMENT 
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Instrument Manufacturer Model 

Resistance wire strain 
gauge. Shinko Tsushin Type S21 

Dynamic strain-meter Shinko Tsushin Type DS6MT 

Electromagnetic 
oscillograph San'ei-Sokki Type 100-A 

in graph form in Figs. 11 and 12. As is 
found from these figures, vibration 
strain is given approximately by the 
following formula which expresses the 
mean values of measurements having a 
large scatter: 

k = 3ab,/v (1) 
where k mean vibration strain of lead 

sheath (Xl (}-6) 
v speed of transport (km/h) 
a coefficient determined by 

winding tension - 

winding tension "strong" 1 
winding tension "weak" 1.5 

b coefficient determined by 
method of transport 
motor truck : dirt road 5 

paved road 2 
rail truck : second class 

trunk 3 
main trunk 2 

The relationship between vibration 
strain and the distance of transport is 
as shown in Fig. 13, the strain showing 

TABLE 4: EXPERIMENTAL RESULTS 

a tendency to increase gradually with 
longer distances. 

Permissible Vibration Strain in Trans 
port and Distance Limitations: The 
permissible limit to repeated bending 
strain in lead sheaths is indicated in 
Fig. 4, page 97, No. 24 of the "Dainichi 
Cables Review."* Of the permissible 
limit, 10% is assumed to be expended in 
transport vibration and 90% to corres 
pond to movement by heat cycles and 
vibration after laying, the transport 
vibration frequency, as previously stated, 
being on an average 5 c/s, assuming a 
running distance of 2,000 km and a 
speed of 30 km/h. 
Thus the permissible vibration strain 

during transport of lead-sheathed cable 
is approximately 100 · x 1 (}-6. Next, 
although the mean vibration strain in 
the lead sheath can be determined by 
equation (1) taking winding tension and 
the method of transport as factors, the 
relationship between the mean value 
given by equation (1) and the actual 
scatter, as shown in Figs. 11 and 12, is 
such that the maximum is approximately 
twice the mean. Thus, if the transport 
=Reproduced here as Fig. 14. 

Frequently occurring large Cable end 
strain (xl0-6) tension (kg) 

Sag in 
Test Winding Cross Road or Paved Second- Main 

relation to 
No. tension supports Rail Dirt Road Road class Trunks, Before After drum flange 

speed speed Trunks, speed Trans- Trans- (mm) 
30km/h 45km/h speed 60km/h port port 

r 
40km/h 

1-1 
weak without road 185 170 

1-2 210 200 

2-1 weak without road 100 90 

3-1 weak without road 150 100 
4-1 

medium without road 70 40 74 69 4-2 90 45 

4-3 medium without road 70 40 55 51 4-4 95 40 

5-1 200 90 
5-2 weak without road - - 75 70 
5-3 120 45 
5-4 

with road 180 85 70 67 

5-5 106 35 
5-6 strong without road 80 45 74 68 
5-7 80 50 

6-1 weak without rail 115 90 68 31 

6-2 strong without rail 55 40 68 65 

6-3 strong without rail 65 45 120 48 

6-4 weak without rail 90 75 91 55 
6-5 weak without rail 85 85 95 35 

6-6 strong without rail 90 85 130 - 
7-1 strong with rail 90,-.,67 49,-.,37 0.4,-.,1.0 

8-1 strong without road 40 120 110 2.8 

9-1 strong with rail 160,-.,120 110,-.,57 0.5,-.,7.0 
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•..... 

If-. l;J 
r- 
'/ 

r 
f------ 

// / / / / / / / / / / / / / / / / /// / 

Fig. 5 - Cable End Anchored to One Flange. 

Fig. 6 - Cable End Anchored to Both 
Flanges. 

vibration frequency, as mentioned above, 
is assumed to be 5 c/s the transport 
distance limitation, taking winding ten 
sion and the method of transport as 
factors, is as shown in Table 6. 
Method of Securing: According to the 

results of tests, the following are the 
methods of securing for the prevention 
of fatigue in the lead sheath due to 
transport vibration. 
(1) It is , extremely important both to 

wind the cable tightly with a strong 
winding tension, so as to leave no 
gap underneath, and to avoid any 
slack in anchoring both ends of the 
cable. 

(2) In anchoring the cable ends, there is 
no difference between the cases of 
anchoring to one or both flanges and 
so long as the anchoring rope is 
tight, there is no effect from its ten 
sion. 

(3) There is a tendency for the wound 
cable as a whole to sag downwards, 
this appearing to be caused by de 
formation in the cable due to weight 
and to structural deformation and 
water content changes arising from 

TABLE 5: FACTORS INFLUENCING VIBRATION STRAIN 

Items Examined 
Cable Size I __ ~~· 

Length I * * 

Method Winding Tension * * * 
of 
Securing 

I 
Anchoring I X 

Drum I * 

Results 
No data for decision because of mask 
ing by the influence of winding tension. 
200 m shows approximately 20% larg 
er vibration strain than 100 m. 
"weak" winding tension shows approxi 
mately 1.5 times the vibration strain 
of "strong". 
No difference as between one-and-both 
flange anchoring. So long as the 
anchoring rope is tight, no difference 
is produced by its tension. 
A firm one is considered superior but 
there is no data for decision because 
of masking by the influence of winding 
tension. 

Cross-supports * * Approximately 10% less vibration 
strain for one example of "weak" 
winding tension. 

Method 
of 
Transport 

Means of 
Transport 

Speed 

* * * 

* * * 

Decided by the type of vehicle, road 
surface or line condition, the ratios of 
vibration strain are as follows:- 

Motor trucks: dirt road 5 
paved road 2 

Rail trucks: second class trunks 3 
main trunks 2 

Vibration strain proportional to the 
square root of speed. 
No relationship. Direction of 

loading 
X 

* Amount of vibration considered to 
have an influence according to position 
but no data for decision because of 
masking by the influence of winding 
tension. 

Loading 
Position 

Transport 
Route 

Transport 
distance 

* * Cable sag produced by long distance 
transport while cable end tension also 
drops. Vibration strain increases ap 
prox._30% _by_ 1000 km transport. 

* 

an important factor. 
a factor. 
considered to be a factor but could not be confirmed. 
not a factor. 

* * * 
* * 

X 

UP CROSS SUPPORT---~ 

PULLING EYE 

_J 

µ I 
FELT 

'-J_ 

DOWN 
CROSS SUPPORT 

Fig. 7 - Cross-supports in Cable Drum. 
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RESISTANCE WIRE 
STRAIN GAUGE 

FOR H - DIRECT ION STRAIN 
FOR V- DIRECTION STRAIN 

DRUM SURFACE 

the wooden material of the drum. 
Method of Transport: According to the 
results of tests, the following are the 
methods of transport for the prevention 
of fatigue in the lead sheath due to 
transport vibration. 
(1) Road transport on well-paved roads 

has roughly the same effect as rail 
transport on main trunk lines but, 
in the case of long roads of poor 
quality, road transport must be 
avoided in favour of rail transport. 

(2) Among the rail trucks, bogie trucks 
are better than four-wheeled trucks. 

(3) It is necessary to keep speed down 
on poor roads. 

Fig. 8 - Fitting of Resistance Wire Strain Gauge (l ). UP ~~~~-.--~~~--r-~~~~~~~~~~~--, 

DOWN 

BEGINNING OF 
WINDING 

UP 

DOWN 

DURING 
WINDING 

PULLING EYE 

DOWN 
END OF 
WINDING 

Fig. 9 - Fitting of Resistance Wire 
Strain Gauge (2). 

MOTOR TRUCK '~ 
DIRT ROAD X 

0 

1 35 KH / h 0 

TEST No.5 - I 
WINDING MOTOR TRUCK 
TENSION PAVED 

WEAK ROAD 
Jg 40 KH / h 

TEST No.5-5 
WINDING 
TENSION 
"STRONG" 

MOTOR TRUCK ,"' ;J\t-, Iv\ 
DIRT ROAD ~11\ .. ,ro~ ,i'l.._/Yc!\..I\A~ 
35KH/h 8 

MOTOR TRUCK 
PAVED 
ROAD 

40KM/h 

TEST No. 6-1 
WINDING 
TENSION 

WEAK 

RAIL TRUCK 
SECOND 

RATE TRUNK 

40KH/h 

RAIL TRUCK 
MAIN 
TRUNK 
60 KH/ h 

TEST No6-2 
WINDING 
TENSION 
"STRONG" 

RAIL TRUCK 
SECOND 

RATE TRUNK 
40K M / h 

RAIL TRUCK 
MAIN 
TRUNK 
so KM/ h 

Fig. 1 0 - Wave Farms of Vibration Strain. 
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CONCLUSION 
By conducting a series of studies on 

the transport of lead-sheathed cables, it 
has been possible to elucidate the general 
problems involved in transport. In the 
main, the starting-point was the sus 
ceptibility of lead-sheathed cable to 
fatigue due to vibration and, in this 
respect also, the superiority of alumin 
ium-sheathed cable to lead-sheathed 
cable was again brought home. 

~ 10 

200 

20 50 
SPEED KH / h 

,e A MOTOR TRUCK 
0 D 
A B RAIL TRUCK 
6 C 

DIRT ROAD 
PAVED ROAD 
SECOND RATE TRUNK 
MAIN TRUNK 

Fig. 11 - Relationship Between Vibration 
Strain and Transport Speed (1 : winding 

tension "weak"). 

200~---+--+------i-t--t-H11 

20 50 
SPEED KH / h 

e A MOTOR TRUCK 
0 D 
4 B RAIL TRUCK 
6 C 

DIRT ROAD. 
PAVED ROAD 
SECOND RATE TRUNK 
MAIN TRUNK 

Fig. 12 - Relationship Between Vibration 
Strain and Transport Speed (2 : winding 

tension "strong"). 

,., 
I 
e 

:Z X 
<( 
a::. UJ 
I- a 
V>:::, 
z~ 0 _. 
- a... I- ~ 
~~ 
~ UJ > _. 
0 ::x: 
3: 

100 

60 

40 

20 

1000 1200 0 200 400 600 800 

TRANSPORT DISTANCE (K H) 
TEST No. 8 - I , WINDING TENSION "STRONG;' MOTOR TRUCK, 

PAVEDROAD. 45KM/h 
Fig. 13 - Relationship Between Vibration Strain and Transport Distance. 

I 00 

10' 10' 10' 10' 104 
TOTAL 

Fig. 14 - Graph of Permissible Strain. 

TABLE 6: TRANSPORT DISTANCE LIMITATIONS 

Method of transport Winding Strong Weak 
tension 

T~r Road Speed Mean Transport Mean Transport 
Surface or (km/h) vibration distance vibration Distance 

Vehicle line strain limit strain limit 
condition (xl0-6) (km) (xl0-6) (km) 

Motor Dirt road 30 82 33!" 132 100 
truck Paved road 45 41 15,000 61 1,500 
Rail Second class 40 57 1,800 86 330 
truck trunk 

Main Line 60 47 10,000 70 1,000 

100 
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A SUCTION DUCT RODDER J. GOODFELLOW, A.M.l.E.E., A.M.l.E. Aust," 

INTRODUCTION 
The time and effort involved in rod 

ding conduits preparatory to drawing 
in cables is long and tedious depending 
as it does on the laborious practice of 
screwing flexible lengths of rod end to 
end and manually pushing through the 
ducts. Mechanisation of this process 
with the development of rodding 
machines has been an improvement but 
the results have not been sufficiently 
effective to justify full scale application 
of the machines and inventive search 
for other means has continued. A new 
approach to mechanised duct-rodding 
has recently been made by using air 
in the manner of the conventional 
pneumatic tube suction conveying sys- 

tern. The efficient performance of a 
prototype machine has proved the design 
to be suitable as a functional rodding 
unit and twelve production models have 
been operating satisfactorily for over a 
year. Performance results have been ex 
cellent and even spectacular by com 
parison with previous rodding techni 
ques; for example, conduits can be 
cleared of water, swabbed and a draw 
wire installed in a matter of minutes. 
Practical application has been made 

of the principle that a suction force at 
the entrance to a duct must increase 
along the duct to a maximum at the 
source of the suction; consequently, if 
a close fitting "dolly" within the 
entrance to a conduit is attracted by an 

Fig. 1 -The Suction Unit 

induced flow of air, it will proceed 
along the conduit at increasing speed 
under the influence of the suction force. 
This feature demonstrates the advantage 
of a suction force by comparison with 
compressed air or systems of forced 
draught where the maximum force acts 
at the start of the run. With a blowing 
system the pressure along the conduit 
behind the "Dolly" reduces with distance 
travelled by the "Dolly" because of the 
friction losses involved in forcing the 
air through the small diameter duct and 
also because of the pressure losses 
resulting from air leakage at the duct 
joints. This latter effect is accentuated 
by the need for the "Dolly" to be a 
good closing fit within the conduit in 
order to obtain the maximum designed 
output pressure rating from the fan. 

DESCRIPTION OF TIIE SUCTION 
RODDING UNIT 

A centrifugal fan was chosen as the 
means of generating the induced draught 
using the inlet side of the fan connected 
by a flexible 4 in. diameter tube to a 
nozzle inserted into the conduit to per 
form as an exhauster unit. (Fig. I). The 
nozzle serves the dual purpose of sealing 
the conduit opening and is designed to 
trap the "Dolly" on arrival under the 
force of suction. Where the presence of 
small stones or water is anticipated a 
10 gallon polythene drum is fitted 
between the nozzle and the fan as 
shown in Fig. 2. The "Dolly" (Fig. 3) 
comprises two 4 in. diameter flexible 
suction cups held on the ends of t in. 
diameter aluminium tube by bolts 
screwed into the tapped inner diameter 
of the tube; a key ring is fitted at each 
end. To the rear end of this assembly a 
50 lbs. breaking strain nylon fishing 
line is clipped by a heavy duty fishing 
type swivel. The line is stored on a 10 
inch diameter reel adjustable for height 
on a vertical pipe fitted into a flat base 
on which the operator can stand to 
steady the reel against the pull of the 
line. This arrangement is shown in 
Fig. 4 and the convenience to the 
operator in being able to control the 
reel from the foot-path level will be 
appreciated. The photograph also shows 
the simple brake made up from thin 
steel to which has been rivetted a small 
pad of brake facing; this is essential to 
prevent over-running of the reel, and to 
control the speed of rotation which 
increases with the acceleration of the 
"Dolly" under the influence of the 
suction stream. To complete the acces 
sories a line guide, (Fig. 5), is inserted 
into the conduit entry to protect the 
line from abrasive contact with the 
rough edges of the asbestos concrete 
pipes. 

Simplicity is the main feature of the 
unit which was designed to be within 
the limits of portability. Accordingly, 

Mr. Goodfellow is Engineer Class 2, Auto-, 
motive Plant, N.S.W. See Page 247. 
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Fig. 2 - Rear View of Unit with Debris Trap 

the fan impeller was mounted directly 
on the motor spindle to save weight. This 
arrangement of close-coupling was made 
possible by the commercial availability 
of a 4 stroke petrol motor equipped with 
a roller bearing having a load rating of 
adequate capacity to handle the shaft 
loading of the impeller running at the 
designed engine speed. Direct mounting 
of the impeller on the motor shaft over 
comes the need of a coupling, pedestal 
bearings and a clutch. 

OPERATIONAL TECHNIQUE 
The motor is started by pull cord and 

the flywheel action of the impeller 
allows the 4 stroke motor to pick up 
speed gradually and control of the 
speed responds readily to the hand 
throttle setting between idling and maxi 
mum revolutions of 3,200 r.p.m. As 
the suction force generated is greater 
than normally required it is seldom 
that the motor need be run at maximum 
revolutions; one operator can adjust the 

Fig. 3 -'- The Duct "Dolly" 

speed and then, taking the nozzle into 
the manhole, he can insert it into the 
selected conduits as required. To the 
operator at the other end of these con 
duits, the sound and feel of the suction 
force identifies the ducts into which 
the "Dolly" with the nylon line attached 
is to be inserted. The "Dolly" is pushed 
into the duct with the convex faces of 
the discs facing the suction force and 
released to the pull of suction which 
conveys the "Dolly" the entire length of 
the conduit to be collected in the trap 
of the nozzle. The "Dolly" is then un 
clipped from the line and re-clipped in 
the reverse position with the convex 
faces of the rubber cups facing the 
direction of the manual rewind and the 
draw wire or rope is attached to the 
free key ring; reversal of the "Dolly" is 
necessary to facilitate its passage back 
through the conduit. The draw-wire is 
then pulled through on recovery of the 
"Dolly" to the end into which it was 
inserted making it available again for 
the next conduit to be wired from the 
same manhole. Return of the "Dolly" in 
this way is only necessary where more 
than one conduit is to be wired. 

Fig. 4 - Line Reel and Stand 
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To stop the motor, the spark plug is 
shorted to frame and the machine takes 
a little time running down to rest. This 
inconvenience must be tolerated with 
close-coupling where the impeller is 
dynamically and statically balanced and 
the resultant kinetic energy of the fly 
wheel effect drives the motor as a com 
pressor when the ignition circuit is dis 
connected. To prevent cylinder wear 
likely to result from wash-away of the 
oil -film by petrol vapour, the petrol is 
turned off in conjunction with shorting 
the spark plug. 

Small portable radio transmitter/ 
receivers have proved a most useful aid 
in this operation especially where partly 
blocked conduits are met with. 

PERFORMANCE 
Some measure of the effectiveness of 

the complete unit can be judged from 
a few field performance figures quoted 
as follows: 
Time taken by "Dolly" to traverse 

between manholes. 
4 inch earthenware pipes - 213 ft. - 

30 seconds. 
4 inch Asbestos Cement pipes - 145 ft. 
- 20 seconds. 

4 inch Asbestos Cement pipes - 157 ft. 
- 22 seconds 

4 inch Asbestos Cement pipes - 181 ft. 
- 67 seconds maximum, 21 seconds 
minimum. 

4 inch Asbestos Cement pipes - 453 ft. 
- 3 minutes maximum, 32 seconds 
minimum. 

4 inch Asbestos Cement pipes - 729 ft. 
- 44 seconds maximum, 38 seconds 
minimum. 

4 inch Asbestos Cement pipes - 996 ft. 
- 45 seconds. 
The times quoted as maximum occur- 

Fig. 6 - Modified Model 

red where blockages had to be removed 
by the "Dolly" and the minimum times 
refer to the second pass through the 
cleared conduits. The 3 minutes taken 
in one of the examples was due to 
removal of a substantial blockage of 
fibrous tree roots. Removal of blockages 
which halt the "Dolly" can usually be 
accomplished by pulling it back about 
two feet by the nylon line against the 
suction and letting it go again with 
the air stream for the number of times 
sufficient to dislodge the obstruction. 

FURTHER DEVELOPMENTS 
The effectiveness of the prototype 

model has justified the manufacture of 
a number of units to the same design 
to meet the outstanding needs for a 
machine of this type. However, develop 
ment of the design has been continued 

Fig. 5 - Line Guide 

to further simplify the unit and a Mark 
2 model has given equal performance on 
field trials. This latest model is shown 
in Fig. 6 the improvements consist of 
eliminating one flexible tube and reduc 
tion in the weight of the fan unit. The 
fan impeller is arranged to run in the 
horizontal plane and is driven by a 
vertical assembly motor mounted direct 
ly on the fan casing to overcome the 
need of a mounting pedestal and wheels 
which are essential to the first prototype 
model with the fan running in the verti 
cal plane. Lifting handles make the unit 
conveniently portable for two men to 
lift it on to the open top of a commer 
cially available 15 in. high by 30 in. 
diameter polythene drum, the fan inlet 
being inside the drum and a good air 
seal obtained bv soft rubber where the 
fan casing rests on the drums. The 
single spiratube with nozzle fits over 
a 4 in. diameter inlet located in the 
side and close to the top of the drum. 
Near the bottom of the drum a simple 
self-drainage flap valve is installed which 
remains closed under the influence .of 
the suction force within the drum and 
opens when the level of water covers, 
the flap or the speed of the engine is 
reduced. 

CONCLUSION 
The unit as designed has demonstrated 

remarkable performance and if the need 
arises, it would be a simple matter to 
design a two - stage machine with a 
suction force capable of clearing ducts 
of all but the most permanent of ob 
structions. Accordingly it seems logical 
to assume that mechanical rodding 
machines will become obsolete for the 
installation of cable ropes in empty 
ducts and it is possible that the nozzle 
can be redesigned and the "Dolly" 
modified for traversing conduits where 
an additional cable is to be pulled in 
over existing cables. 
Improvement in design of the unit 

would appear to be limited to points of 
detail and the simplicity of principle and 
arrangement makes it all the more re 
markable that the practical application 
had not been developed years ago. 
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C. J. GRIFFITHS, author of the arti 
cle, "The International Telecommuni 
cation Union in 1965" is well known 
both within the Postmaster-General's De 
partment, where he is First Assistant Dir 
ector-General, Engineering Works, and 
on the international communications 
scene, where he is the 1965 Chairman of 
the Administrative Council of the Inter 
national Telecommunication Union. Mr. 
Griffiths is leader of the Australian Dele 
gation to the Montreux Plenipotentiary 
Conference and has had the honour of 
formally opening the Conference pro 
ceedings in this, the I.T.U. Centenary 
Year. (Details of Mr. Griffiths' career 
are to be found on page 166, Vol. 14. 
No. 2, October 1963 issue of this Jour 
nal). 

* 
E. R. BANKS, author of the article, 

"The Technical Assistance Role of the 
Consultative Committees", is Assistant 
Director-General, Switching and Facili 
ties Postmaster-General's Department. 
He is Chairman of the Special Autonom 
ous Working Party on National Networks 
(G.A.S.I.) and Vice Chairman of Special 
Committee B in the C.C.I.T.T. (Fur 
ther details of Mr. Banks' career a.re to 
be found on page 166, Vol. 14., No. 2. 
October 1963 issue of this Journal). 

* 
R. E. BUTLER, author of the article 

"Australian Interests in the International 
Telecommunication Union", joined the 
Department as a Junior Mechanic. 
After various appointments as Clerk 
and Senior · Industrial Officer he 
became, in 1960, Executive Officer to the 
Director-General with particular respon 
sibilities for Legislative, Ministerial, 

E. R. BANKS 

Parliamentary and International Rela 
tions, including major external com 
munication partnership matters. Mr. 
Butler qualified at the Royal Melbourne 
Technical College with an Associate 
Diploma of Public Administration, and 
is a qualified Accountant (Australian 
Society of Accountants). He has attend 
ed various sessions of the Administra 
tive Council of the International Tele 
communication Union and was a mem 
ber of delegations which negotiated 
agreements for a global satellite com 
munication system in partnership with 
the U.S.A. and other countries. He is a 
member of the Australian Delegation 
to the 1965 Centenary Plenipotentiary 
Conference of the I.T.U. 

* 

R. E. BUTLER 

L. CLAYTON 

L. CLAYTON, author of the article 
"SEACOM: Design and Provision of 
Equipment for the Brisbane-Cairns 
Microwave System", was initially em 
ployed in England on the development 
side of the radio industry. After six 
years in technical branches of the Army, 
he went to East Africa in 1947 and dur 
ing the next 12 years he served in 
various technical capacities with the Post 
Office, Police and Broadcasting Service. 
His work there covered a wide field in 
cluding HF/VHF communications and 
MF /HF broadcasting, but he was par 
ticularly concerned with the development 
of an extensive police VHF system dur 
ing and after the Kenya emergency. On 
returning to England in 1959, he went 
back to the radio industry to become a 
microwave systems planning engineer. 
He came to Australia to join the Post 
master-General's Department in 1964 and 
is now concerned with plant provision 
for broadband radio relay systems, at 
Central Office. Mr. Clayton is an As 
sociate Member of the Institution of 
Electrical Engineers, and of the Institu 
tion of Electronic and Radio Engineers. 

* 

J. L. HARWOOD, author of the 
article "Remote Exchange Testing", was 
appointed Engineer in the South Aus 
tralian Administration of the Postmaster 
General's Department in 1945. He was 
employed on maintenance engineering 
and 'later was transferred to exchange 
installation duties. In 1949, he trans 
ferred to Melbourne as Divisional En 
gineer, Circuit Laboratory and later as 
sumed control of circuit design services 
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J. L. HARWOOD N. R. CRANE 

covering the main areas of telephone 
equipment. In 1956 Mr. Harwood was 
appointed to the Department of Supply, 
Weapons Research Establishment, where 
he was later placed in charge of the 
Electronic and Electrical Design Group 
in the Engineering Wing. In 1961 Mr. 
Harwood joined Electric Control and 
Engineering Limited, Sydney, as Mana 
ger of Research and Development. He 
is currently engaged in the development 
of new industrial electronic systems and 
their application in the various public 
utilities and major industries in Aus 
tralia. Mr. Harwood is a Member of the 
Institution of Radio and Electronic En 
gineers, Australia and an Associate 
Member of the Institution of Engineers, 
Australia. 

* 
N. R. CRANE, co-author of the article 

"Automatisation of the Australian Telex 
Network, Part 11", joined the, Postmaster 
General's Department in Adelaide as a 
Cadet Engineer in 1950. He completed 
the degree of Bachelor of Science at the 
University of Adelaide in 1953 and quali 
fied as an engineer in 1955. During the 
years 1956 to 1960 he worked in the Tele 
graph Division Adelaide, firstly as an 

J. R. KROL 

Engineer Grade I and later as a Group 
Engineer. These years saw many changes 
in telegraph activity, .the most notable 
being a revised approach to maintenance 
practices and the mechanization of the 
public traffic network by the installation 
of TRESS; Mr. Crane was involved in 
both projects. In 1960 he was promoted 
as Divisional Engineer, Telegraphs, in 
Central Office. Until 1963 he worked in 
the subscriber and exchange service field 
and since 1963 he has worked on the 
Automatic Telex Project. In this latter 
capacity Mr. Crane recently visited 
L. M. Ericsson, Stockholm, for discus 
sion of the design of switching, signal 
ling and testing equipment to be provid 
ed in telex exchanges in Australia. 

* 
J. R. KROL, co-author of the article, 

"Automatisation of the Australian Telex 
Network, Part II", joined the Postmaster 
General's Department in 1955 after hav 
ing completed his Higher National Dip 
loma in Electrical Engineering at The 
Polytechnic, London. From 1956 to 
1957 he was with the Victorian Radio 
Section as Engineer Grade I, and subse 
quently transferred to the Sub-station 
Division in the Victorian Installation 
Section where he was promoted as 
Group Engineer. In October 1961 he 
transferred to Headquarters and is now 
attached to the Telegraphs Design and 
Installation Section. 

* 
A. DOMJAN, author of the article 

"Automatic Print out of Control Inform 
ation", completed a Diploma of Electri 
cal Engineering Course at the Budapest 
University of Technical and Economical 
Sciences, Hungary, in 1942. He migrated 
to Australia in 1951 and joined the 
P.M.G. Department as a Technical 
Assistant in 1956. In the following years 
he passed the open Technician Examin 
ation and became a Technician, Senior 
Technician and Acting Engineer on the 
staff of Long Line and Country Installa 
tion Division in Adelaide. In 1961, he 
passed the examination of the Institution 

A. DOMJAN 

of Engineers Australia and became a 
Graduate Member. In 1962 he was 
appointed Engineer Class 1, and later 
in the same year, transferred to Trunk 
Service Sub-Section in Adelaide, where 
he has been associated with Long Line 
Equipment Maintenance. 

* 
R. W. CUPIT, author of the article 

"Crossbar Tandem Switching in the 
Melbourne Metropolitan Network", 
qualified as an Engineer in the United 
Kingdom and is an Associate Member 
of the Institution of Engineers, Aus 
tralia, and a Graduate Member of the 
Institution of Electrical Engineers. He 
joined the Postmaster-General's Depart 
ment in 1957 as Engineer Grade I in 
the Internal Planning Section Victoria. 
He worked on the problems associated 
with development of numbering plans, 
and the introduction of crossbar equip 
ment throughout the period from August 
1957, to January 1964. He began acting 
as Group Engineer in April 1958. Since 
February 1964, he has been in charge 
of the Metro. Service Laboratory as 
Engineer Class 2, Metro. Network In 
vestigations 

R. W. CUPIT 
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ANSWERS TO EXAMINATION QUESTIONS 
Examination No. 5364 etc.-3rd July 

1965 and subsequent dates to gain part 
of the qualifications for promotion or 
transfer as Senior Technician (Telecom 
munications), Postmaster-General's De 
partment. 

TELECOMMUNICATION 
PRINCIPLES 

QUESTION 1 

( a) Calculate the value of the single re 
sistor that is equivalent to the four 
resistors shown below - 
The resistors are connected to a 
battery and meters as shown ·below- 
(i) Calculate the current supplied 

by the battery. 
(ii) Calculate the current flowing in 

each resistor. 
(iii) The voltmeter reads 48 volts, 

but the ammeter is found to 
read 4 amperes instead of the 
calculated value. Give one pos 
sible reason for this. 

(b) 

6 ohms 15 ohms 

48 VOLTS 

ANSWER 1 

(a) The resistors are arranged in 
parallel arms joined in series. 
The total resistance is - 

3 X 6 10 X 15 + -- 
10 + 15 R= 

3+6 
18 - + 
9 25 
2 + 6 
8 ohms 

150 

(b) Assume that the battery has no in 
ternal resistance, that the ammeter 
has negligible resistance and that 
the voltmeter has infinite resistance. 
(i) The current I supplied by the 

battery is - 
48 

I= - amp 
8 
6 amp 

(ii) The p.d. across the 3 ohm and 
6 ohm resistors in parallel - = 6 x 2 volts = 12 volts 
. · . the p.d. across the 10 ohm 
and 15 ohm resistors is - 
48 - 12 = 36 volts 

The current in the 3 ohm resistor 
12 = 4 amp 
3 

two 

The current in the 6 ohm resistor 
12 - = 2 amp 
6 

The current in the 10 ohm resistor 
36 - = 3.6 amp 
10 

The current in the 15 ohm resistor 
36 - = 2.4 amp 

, 15 
(iii) Some reasons why the observed 

value of current is 4 amp, in 
stead of 6 amp as calculated, are 
as follows - 
(a) 3 ohm resistor disconnected. 
The parallel 10 ohm and 15 ohm 
resistors in series with the 6 
ohm resistor would give a total 
circuit resistance of 12 ohms 
and a current of 4 amp. 
(b) 15 ohm resistor disconnect 
ed. This would also give a total 
resistance of 12 ohms and a 
current of 4 amp. 
( c) The use of an ammeter 
having a resistance of 4. ohm 
instead of one of negligible re 
sistance as assumed. 

Examiner's note on (iii): In all cases 
the reason given in the above answer 
are based on the total circuit resistance 
being 12 ohms instead of the calculated 
8 ohms. While it may be possible for 
an ammeter to be wrongly calibrated, 
to have an incorrect shunt or to be 
"sticking" these reasons are not wholly 
acceptable. However, in the few cases 
where such reasons were given the ex 
aminer gave some credit. The majority 
of answers gave high internal battery re 
sistance as the reason for the 4 amp 
reading. This cannot be accepted as the 
voltmeter reading is stated as being 48 
volts. If the internal resistance of the 
battery was 4 ohms then the voltmeter 
would read 32 volts. Three marks were 
lost for an incorrect answer to this part 
of the question. 

QUESTION 2 

( a) When a piece of iron is subjected 
to a varying magnetic force the 
magnetism produced lags behind the 
magnetising force. This effect is 
termed Hysteresis. The figure below 
shows graphically the magnetic ef 
fects (typical hysteresis loop) pro 
duced in a piece of iron when it is 
subjected to a complete magnetisa 
tion cycle. 
Describe briefly the REASONS 

for the pattern of variation in the 
state of magnetisation of the piece 
of iron as indicated in the two 
stages A-C-D-E and E-F-G 
A of the hysteresis loop. 

(b) Complete the diagrams below to il 
lustrate the typical difference in the 
hysteresis loops for hard steel and 
soft iron. 

ANSWER 2 

The diagrams referred to in the ques 
tion are to be found in the Course of 
Technical Instruction, Applied Electric 
ity 1, paper 7, page 17, figures 27 and 28. 

In this reference (para. 11.4) a com 
plete answer to the question is given. 

Examiner's note: 
Many candidates lost marks in part 

(b) from careless sketching of the curve 
and not clearly indicating the difference 
in the hysteresis loops. 

QUESTION 3 

(a) List three main factors which vary 
the capacity of a capacitor. 

(b) In the circuit below, when the switch 
is connected into position 2 the 
charge in Cl is 25 micro-coulombs. 
When the switch is connected into 
position 1 the charge in C3 is 100 
micro-coulombs. Calculate the cap 
acity of C2. 

C~l ~!F 
CH 

C 
I~ ~~~~-1 
POS'T POS'T 

1 2 

'-----~oSOYOLTSQ,------' 

ANSWER 3 

(a) Refer to' the Course of Technical 
Instruction, Applied Electricity 1, 
paper 10, para. 5.1, page 6. 

(b) IN POSITION 2. - 
only C, is in circuit, there 
fore - 
Q 25 

Ci = - = - micro-farads 
E 50 

= 0.5 micro-farads 
IN POSITION 1 - 

Q 100 X 10-6 
E across C, 

C, 10 x 10-6 
10 volts. 

E across C, = 50 - 10 = 40 volts 
. ·. Q (charge) in C, = E x C, 

40 X 0.5 
20 micro-coul- 

ombs 
But the total charge in C, in parallel 
with c, 
equals the total charge in C, (100 micro 
coulombs) 
. · . the charge in C, = 100 - 20 micro 

coulombs 
= 80 micro - coul 

ombs--· 
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C, = Q 
E 

80 

40 
2 micro-farads 

Answer - C, is 2 micro-farads 
Examiner's note: Part (b) of the ques 

tion was poorly handled by most can 
didates. The answers showed a lack of 
understanding of the division of voltages 
across a series/parallel arrangement of 
capacitors, and the relationship of the 
charge held by each. 

QUESTION 4 

(a) Draw a circuit which can be used to 
plot the Characteristic Curve of a 
thermionic diode valve, and briefly 
describe how the circuit is used to 
obtain the readings necessary to plot 
the operating characteristics of the 
valve. 

(b) Complete the sketch below to show 
a ty pica/ characteristic curve of a 
triode valve. 

ANSWER 4 

(a) For a complete answer to this part 
refer to the Course of Technical In 
struction, Applied Electricity 1, 
paper 12, para. 35, page 6. 

(b) 
la 

SATURATION 

Ea = 1 00 V 

CUT OFF 

0 + 
Eg 

Examiner's note: Marks were lost in 
part (a) because of the following - 
(i) variable heater volts were used to 

vary the anode current. 
(ii) a circuit was given using an A.C. 

source of anode potential. 
(iii) the question was mis-read and a 

circuit for a triode given. 
The reference given above indicates 

the answer that should be given to this 
question. 
In part (b) marks were lost because - 

(i) the graph was not marked with Ia 
and Eg, 

(ii) no value of Ea given. 

QUESTION 5 
(a) The vector diagram of a SERIES 

A.C. Circuit is shown below - 
Calculate the following - 
(i) The approximate voltage of the 

applied A.C .. supply. 
(ii) The resistance in the circuit. 
(iii) The inductive reactance in the 

circuit. 
(iv) The capacitive reactance in the 

circuit. 

(v) The Power Factor of the cir 
cuit. 

(vi) The impedance of the circuit. 
(b) List four of the principal factors 

which are characteristic of series re 
sonant circuits in telecommunica 
tions. 

EL 
21 .3 

ER 1 = 71 rnA 
7.1 (APPROX.) 

Ee E 
28.4 

ANSWER 5 
(a) (i) E= \/ER2 + (Eo-Et)2 = y7.12 + 7.12 

= y50 + 50 approx. 
= 10 volts approx. 

En 7.1 X 1000 
(ii) R=--=----~ 

I 71 
= 100 ohms 

E" 21.3 X 1000 
(iii) X1.=-=~---- 

I 71 
= 300 ohms 

28.4 X 1000 Ee 
(iv) Xc=-=-- 

I 71 
=400 ohms 
ER 7.1 

(v) Cos I) =-=-=0.71 
E 10 

(vi) Z= yR2 + (XL-Xc)2 
= y1002 + 1002 
= v2 X 104 
= 100 X 1.414 
= 141.4 ohms 

A complete answer to this part of 
the question will be found in the 
Course of Technical Instruction, Ap 
plied Electricity 2, paper 2, para. 
7.13, page 18. 

(b) 

QUESTION 6 

(a) List three items which are often in 
cluded with a rectifier unit in ad 
dition to the essential components 
of a rectifying device. 
Complete the circuit shown below, 
which is part of a simplified circuit 
of an Auto Control Rectifier with 
D.r:;. Amplifier. Label parts where 
necessary. 

(b) 

ANSWER 6 
(a) The additional items are listed in 

the Course of Technical Instruction, 

249 

Telephony 5, paper 1, para. 3.2, 
page 3. 

(b) The complete circuit referred to in 
the question is shown in Telephony 
5, paper 1, figure 15 on page 11. 

Examiner's notee Part (b) of this ques 
tion was poorly answered. The question 
required the completion of the circuit 
by adding rectifiers, smoothing chokes 
and capacitors, and the D.C. amplifier 
and voltage reference. The main errors 
were - 

(a) rectifiers shown incorrectly con 
nected. 

(b) no filter included. 
(c) incorrect connection of the volt 

age reference. 
2 marks were lost for each of the above 
errors. 

QUESTION 7 

(a) Briefly explain the purpose and 
operation of the circuit below, as it 
affects the standard relay - 

(b) Illustrate the principle of the Long 
Shunt and Short Shunt type of Self 
Excited D.C. Generators by drawing 
a circuit sketch of each showing 
the armature, field rheostat and field 
winding arrangements. 

ANSWER 7 

(a) A typical answer to this question 
can be found in the Course of Tech 
nical Instruction, Telephony 2, paper 
l, para. 9.2. The circuit referred to 
is shown in Figure 9. 

(b) A typical answer to this question 
can be found in the Course of Tech 
nical Instruction, Applied Electricity 
1, paper 8, para. 3.9. 

Examiner's note: In part (b) marks 
were lost because of failure by some 
candidates to label the fields. 

QUESTION 8 

(a) Use is made of the Wheatstone 
Bridge principle in locating faults in 
telephone lines using the Varley 
Loop Test circuit. Draw the Varley 
Test circuit and briefly explain what 
tests and precautions are necessary 
in making a fault location for a 
short circuit or loop on a line. As 
sume that the degree of unbalance 
in the line is small enough to be 
neglected. 
A Transformer is used to step down 
the 240 volt A.C. supply to 6.3 volts 
for the operation of the heaters of 
five electron tubes which are con 
nected in parallel, and each of which 
requires a current of 0.3 amps. 
Neglecting the effects of losses and 
the magnetising current calculate the 
following- 
(i) the approximate turns ratio of 

the transformer. 
(ii) the secondary current. 
(iii) the primary current. 

(b) 
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ANSWER 8 

(a) A complete answer to this question 
will be found in the Course of Tech 
nical Instruction, Long Line Equip 
ment 3, paper 2, pages 17 and 18. 
The main points are - 
(i) to measure the loop resistance 

through the fault by the Wheat 
stone Bridge arrangement. 

(ii) then to earth one side of the 
circuit beyond the fault and 
take a Varley measurement. If 
this reading is not zero it in 
dicates the resistance of the 
fault. 

The difference between the two read 
ings gives the true loop resistance to 
the fault. From this the distance can 
be calculated. 

E, 6.3 1 
(b) (i) T=-=-=-approx. 

E" 240 38 
(ii) Im= 0.3 X 5 = 1.5 amp. 

1 
(iii) Iprim = T X Lee=- X 1.5 

38 
=0.04 amp 

approx. 
Examiner's note: Most marks were 

Jost in part (a) due to candidates failing 
to realise that the loop on the line may 
be high resistance. If allowance is not 
made for this, serious error can result 
in calculating the distance to the fault. 

QUESTION 9 

( a) List four characteristics of semi-con 
ductors which distinguish them from 
conductors and insulators. 

(b) Draw a schematic diagram of a 
P-N junction crystal (semi-conduc 
tor) diode showing the donor and 
acceptor atoms, electrons, holes, re 
gions with free current carriers and 
the depletion layer. 

ANSWER 9 

(a) The characteristics are listed in the 
Course of Technical Instruction, 
Applied Electricity 2, paper 12, 
para. 2.1, page 2. 

(b) The schematic diagram is given fully 
in the same paper, referred to above, 
in para. 3.1 on page 6. This dia 
gram is in greater detail than that 
expected in an examination. 

Examiner's note: Very few candidates 
attempted this question. The answers re 
ceived to part (a) scored poorly as the 
tendency was to describe the use of a 
semi-conductor as a rectifier. 

QUESTION 10 

(a) A parallel combination of pure in 
ductance and pure capacitance is con 
nected to an alternating voltage, the 
frequency of which is varied from 
zero to a frequency above resonance. 
On the diagrams below, sketch the 
graphs of the following - 

(i) variations in the current in each 
of the inductive and the capaci 
tive branches. 

(ii) variations in circuit current. 
(iii) impedance variations. 

(b) Calculate the value of capacitor 
which must be connected in parallel 
with an inductor of 160 mH, so that 
the circuit is resonant at 4 Kc]s. 

ANSWER 10 

(a) 

,)/ •• 
fr fr 

FREQUENCY-----;,,. FREQUE NCY----ra- 
(i) (ii) 

1 I 
z 

O fr O fr 
FREQUENCY---+ FREQUENCY--. 

(iii) (iv) 

(b) f,=-- 
277\ILC 

1 

VLC 
27Tf. = 2 X 3.14 X 4000 = 25000 

approx. 
I 

25000=-- 
VLC 

JOG 
C = ----- micro-farads 

250002 XL 
106 

106 X 25 X 25 X 0.16 
106 = - = 0.01 micro-farads 
10s 

Answer - 0.01 micro-farads. 
Examiner's note: In part (a) the 

sketches were poorly handled, particu 
larly for the variation in Z. The imped 
ance is theoretically infinite at reson 
ance. In part (b) many candidates lost 
marks because of careless working (arith 
metic or logarithms) which could not be 
deciphered. Credit is given for correct 
method although the final answer may 
be wrong. 

QUESTION 11 

A battery of e.m.j. 6 volts and internal 
resistance 2.5 ohms, and adjustable re- 

sistor and an ammeter are connected in 
series. When the resistor is adjusted to 
45 ohms, the meter reads lOOmA. 

(i) Calculate the resistance of the am 
meter. 

(ii) What value of shunt must be add 
ed across this ammeter in order 
that it still reads lOOmA when 0.5 
amp flows in the external circuit? 

(iii) With the shunt removed, how 
could the ammeter be converted 
into a voltmeter to measure 100 
volts for an indication of lOOmA 
on the scale? 

ANSWER 11 

(i) Total circuit resistance= R, 
Ammeter resistance= Ra 
R, =45 + 2.5 + Ru =47.5 + Ra 
I=lOOmA 
E=6 volts 
IX R,=E 
100 
- X (47.5 + Ra) =6 
1000 

6 X 1000 
Ra= -47.5 ohms 

100 
= 12.5 ohms 

(ii) The voltage across the meter is - 
0.1 x 12.5 = 1.25 volts. 
When 0.5 amp flows in the circuit 
then the voltage across the meter 
and shunt must still be 1.25 volts. 

Shunt resistor must carry 400 
mA and have 1.25 volts drop 
across it. 

1.25 
R, =--= 3.125 ohms. 

0.4 
(iii) The ammeter can be converted to a 

voltmeter by addition of a series 
resistor to restrict the current to 
lOOmA. 
Let R, be the extra resistance to be 
added 

E 
I=-=--- 

Rv+R, 
100 

0.1 
Rv + 12.5 

R, = 1000-12.5 = 987.5 ohms 
Examiner's note: Most marks were lost 

in part (iii) because the 45 ohms of the 
variable resistor was deducted from the 
correctly calculated value of 987.5 ohms 
for the series resistor required. 

QUESTION 12 

( a) Draw the basic schematic circuit of 
a full-wave rectifier milliammeter. 

(b) Rectifier milliammeters can be used 
without modification to measure cur 
rents up to full scale deflection val 
ue of the meter movement. State 
briefly what main principles must be 
considered in the following uses of 
this meter. 
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(i) measurement of currents with 
sharply peaked wave forms. 

(ii) measurement of D.C. currents. 
(iii) conversion for use as an am 

meter. 

ANSWER 12 

Refer to the Course of Technical 
Instruction, Applied Electricity 2, 
paper 6, para. 3.2. 
(i) The meter reads the average 

value of the rectified AC., but 
the scale is calibrated to give 
EFFECTIVE value readings. 
The meter is only correct for 
sine waves and there will be an 
appreciable error when sharply 
peaked wave forms are measur 
ed. 

(ii) When the meter is used to 
measure D.C. the readings will 
be 11 % high. The reason for 
this is that the meter is reading 
average value of the current and 
this is the same as the effective 
value in the D.C. case. 

(iii) Shunts are not used because the 
non-linear resistance character 
istics of the rectifiers makes it 
difficult to maintain a constant 
relationship between the resist 
ance of the shunt and the re 
sistance of the meter-rectifier 
combination over the operating 
current range of the meter 
movement. A current trans 
former must be used. 

Examiner's note: Part (a) was answer 
ed well, although some candidates lost 
1 mark because the polarity of the meter 
was not marked. Part (b) was not hand 
led well, particularly in section (iii). The 

(a) 

(b) 

majority of answers gave an explana 
tion of the shunt. The answer above 
gives the reason why shunts are not 
used. 

QUESTION 13 

(a) With the aid of a series of graph 
ical sketches, show how a square 
wave can be approximated by add 
ing to a sine wave of fundamental 
frequency a number of odd har 
monics (the amplitude of each com 
ponent wave should be clearly in 
dicated). 

(b) State what waveform would be ap 
proximated if both odd and even 
harmonics are added to the funda 
mental frequency sine wave. 

ANSWER 13 

A complete answer to this question 
will be found in the Course of Tech 
nical Instruction, Applied Electricity 2, 
paper 4, paras. 1.4 and 1.5. 

Examiner's note: The question gave 
an excellent lead to the answer required, 
however a number of candidates includ 
ed even harmonics in their answer. 
Sketches were poorly executed and made 
it impossible for the examiner to give 
adequate credit. 

QUESTION 14 

(a) Draw a simple BLOCK DIAGRAM 
of an oscillator circuit which shows 
the FUNDAMENTAL character 
istics which are common to all types 
of electron tube or transistor oscil 
lator circuits. 

(b) Describe briefly the purpose of each 

of the component items of the block 
diagram given in answer to 14 (a). 

ANSWER 14 

(a) 

F'BACK 
N'WORK 

ANODE 
ccr . rose. 1 

I OUT 
GRID 
CCT. 

(b) FEEDBACK NETWORK 
Positive feedback or regeneration of 
sufficient energy to promote or sus 
tain oscillation. 

GRID AND ANODE CIRCUITS 
A suitable arrangement of the circuit 
constants (L & C, R & C, or an elec 
tro-mechanical equivalent such as a 
tuning fork or crystal) to confine 
oscillations to the required fre 
quency and to produce the desired 
waveform. 

AMPLIFIER 
Sufficient amplification (by electron 
tube or transistor arrangement) to 
meet the energy loss in the circuit 
and to provide energy to a load. 

Examiner's note: This question was 
handled well by most candidates. A few 
marks were lost bv some because a 
schematic diagram instead of a BLOCK 
DIAGRAM was given in answer to part 
(a). . 



252 THE TELECOMMUNICATION JOURNAL OF AUSTRALIA October, 1965 

June 1965 

October 1965 

REFERENCE 

' (T.N.I.) refers to a Technical News Item or a Letter to the Editors. 

No. 

2 

3 

A 
Aluminium Conductor Telephone Cable, Aus 

tralian Post Office to Use (T.N.I). . ..... 
Analysis of Subscriber Trouble Reports - 

C.A.R.G.O. . . 
Antenna for Short Range HF Communications, 

An Inverted Vee (T.N.I.) . . 
ANZAAS Congress Telecom. Symposium, at 

38th . . 
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~§ 
SIEMENS 

Mars Probe with Siemens Transmitting Valve 
The remarkable space exploration adventure to Mars has been 
completed successfully. 
On 15th July, 1965, at 10.20 a.m. local time, Mariner IV reached Mars 
after 230 days of flight through space. A few hours later 
millions of television viewers throughout the world saw pictures 
of the surface of Mars. 
A specially designed transmitting valve developed by the House of 
Siemens contributed substantially to the success of the flight. 
This valve - half the size of a cigarette - was subjected to 
exhaustive production and test procedures, including 500 hours of 
test operation and X-ray control, before being transported to 
Pasadena by special courier. 
Information essential for trajectory correction and the pictures of 
Mars were transmitted by this valve. From take-off to climax it 
was a key to the success of the whole historic event. 

TRANSMITTING VALVE RH 7C-C 
an example of precision work of the Siemens production spectrum. 

SIEMENS - WORLD OF ELECTRICAL, ELECTRONIC AND NUCLEAR ACHIEVEMENTS 

INSERTED ON BEHALF OF THE SIEMENS GROUP BY SIEMENS HALSKE SIEMENS SCHUCKERT (AUSTRALASIA) PTY. LTD. 
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Design conscious but supremely 
functional-the new STC 
Deltaphone represents an 
entirely new approach to 
telephone design. A choice of 
restrained colours, lightweight 
handset, electronic tone caller 
with volume control, optional dial 
illumination, compactness ... 
everything new! 

Talking point 
The STC Deltaphone is particularly 
suited for use in homes, hotels, 
reception lounges and 'front 
offices', where harmony of design, 
functional elegance and prestige 
are essential. As well as its 
superb modern appearance, fit to 
grace any expensive service flat, 
the basic economies of space and 
effort give this new telephone 
utmost utility in offices and 
other business premises. 
High technical specifications 
match the trend-setting symmetry 
of this truly new telephone. 

world-wide telecom mun ications and electron ics ST C 

Write for full details to 
Standard Telephones and Cables 
Limited, Telephone Switching 
Division, Oakleigh Road, 
New Southgate, London, N.11, 
England. Australian Associates: 
STC Pty., Ltd., 252-274 Botany 
Road, Alexandria, Sydney. 
314 St. George's Road, 
Thornbury, Melbourne. 39 Empire 
Circuit, Forrest, Canberra. 

64/50 
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When's the next breakthrough? 
The introduction of the C.B. 
board and then the dial system 
with electro-mechanical switching 
were important breakthroughs · 
whichsupplanted the use of 
magneto switchboards in early 
telephone exchanges. 
The next breakthrough, without 
doubt, will be the infroduction of 
electronic switching which will 
mark a new era in telephone 
exchange equipment. 
STC has played an important 
part in the joint electronic 
research effort of the British 

Post Office and their suppliers of 
telephone exchange equipment 
to make the electronic exchange 
a commercial certainty in-the 
nearfuture, Progressive , 
administrations. throughout the 
world are now planning for the 
early introduction of electronic 
switching equipment for both 
private and public networks. 
STC consultancy services are 
available for advice on the supply 
of equipment for electronic 
exchanges. As part of the ITT 
organisation, STC can utilise 
the resources of associated 

companies in 51 countries 
throughout the world. 
Standard Telephones and Cables 
Limited, · · 
Telephone Switching Division, 
Oakleigh Road, New Southgate, 
London, N.11, England. 
Australian Associates: STC Pty, 
Limited, 252-274 Botany Road, 
Alexandria, Sydney. 314 St. 
George's Road, Thornbury, 
Melbourne. 39 Empire Circuit, 
Forrest, Canberra. 

world-wide telecommun;caUon:-and electronics ST C 
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E. S. RUBIN MFG. CO. PTY. LTD. 
73 WHITING ST., ARTARMON, N.S.W. 

MANUFACTURERS OF 
CUSTOM BUILT TELEPHONE 
EQUIPMENT 

SYDNEY 
43-4141 

• 
MELBOURNE 
65-5887 

• 
ADELAIDE 
45-3579 

• 
BRISBANE 
2-4825 

• TELEGRAMS 
ESRUB SYDNEY 

VOLT AGE ST ABILIZATJON VOLTAGEiSTABILIZATION VOLT AGE STABILIZATION VOLTAGE STABILIZATION 
VOLT AGE ST ABILIZATJON VOIT .ar.i:,(;T MUI 17 ATIOl\f VnI T AGE ST ABIUZATION VOLT AGE ST ABILiZA TION 

~gtf 1gJ!f Wli~~ffg~::Jif1tifgE ~g:J:gJEEifl!EifgE 
i10lTAEE r'r A ftll 17 ~ .,.11111 

J 1111011.1£1111un 

TRIMAX 

SERVO-CONTROLLED "LINE VOLTAGE STABILIZER" TYPE Sl 16. 
This unit gives stabilization against mains voltag• 
variations without distortion of the output wave• 
form, and can accommodate input variations of 55 
to 60 volts on 50 to 60 c/1 systems, Output voltage 
is adjustable over the range 215 to 245 volts for 
load currents up to 10 amperes, with ambient tem 
peratures up to 50 ° C., making the stabilizer suit 
able for a wide variety of -applications. Stability 
of voltage setting within 0.1 %, Maximum drift •Po 
proximately 0.1 % over 50 days, Response 0;25 second 
for small input variations and 18 volts per •econd 
for larger variations ••• Dimensions: 131/2" length, 
11" deptl,, 8" height ••• Weight: 48 lbs. 

llffl LM ERICSSON 
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in defence 

..... <".~ 
ILLUSTRATION BY COURTESY MOUNT ISA MINES LTD. 

in industry 

in mining in commerce 
Olympic Cables have pioneered the way for 25 years 

cID_ymp_!D 

___________________ ....., __ ,., _ 



as much at home 
When it's REALLY wet ROLA Encapsulated Com 
ponents prove their adaptability. Prolonged tests show 
these versatile components operating the equivalent 
of 5 years' working life-under water, without failure! 
Their extremely low water absorption characteristics 
make them ideal for spray and other wet atmosphere 
conditions. 
If you require a component that revels in wet con 
ditions - a component that is shock resistant, com 
pletely insulated and also resistant to corrosive 

s 

• water as a fish ! 1n 
atmospheres then choose ROLA Vacuum Encapsulated 
Components. 
Special components can be designed and engineered 
to your precise specifications. Development work 
carried out over a period of years gives ROLA 
experts a flexible, competent approach to your com 
ponent requirements. 
Discuss your needs with our engineers - and learn 
more of the remarkable protective properties of ROLA 
Vacuum Encapsulation. 

ROLA COMPANY (AUSTRALIA) PTY. LTD. 
THE BOULEVARD, RICHMOND, VICTORIA. 42 3921. N.S.W.: CALTEX HOUSE, KENT STREET, SYDNEY. 27 6147, 
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- this is one way of 
describing the salient 

features of KODAK 
SOUND RECORDING TAPE 
and EASTMAN MAGNETIC 
SOUND RECORDING FILM 

Here is a new magnetic tape, intended for those who record 
sound for a living instead of just for fun; it is now available 
in Australia. 
There are two main points of novelty: 
1. We suspend our iron oxide needles in a new binder, which 
is adaptable only to our highly proprietary and unbeatably 
clean and uniform method of manufacturing sound tape. 
Excellent as the generally used polyvinyl chloride may be for 
the purpose, our binder seems not only to age with demon 
strably more grace but it forms a smoother top surface (which 
is widely known to reduce intermodulation distortion, for 
reasons never wholly understood). The needles do not aggregate 
in it in the usual wood-grain-like pattern; nor do they get 

"whole needles 
evenly distributed in a lasting 
binder on a sensible base ... " 

battered and fractured in the attempt at homogeneity of 
distribution. Therefore print-through measures a whole 55db 
down from the recorded signal in the standard test, and this 
in turn greatly extends the time between the periodic re 
windings which tape-recordings should get. 
2. A new support which is not the super-strength kind but 
cellulose triacetate, treated to make it stronger than triacetate 
has any business being. Amateur recordists generally don't 
realize when they buy super-strength that the low-tension 
equipment used in the home never require it, though it costs 
something in audio uniformity and money. 
Professionals with their high-tension equipment, on the other 
hand, have long known that in case of trouble, a clean break 
is instantly apparent, remediable, and preferable to the treach 
erous stretch - over 70%, before breaking - of the "super 
strength" tape. (Our treated triacetate stretches no more than 
0.5%. We trademark it DUROL Base). 
For applications where recording duration demands the use of 
112 mil tape Kodak makes a range of tapes on polyester base, 
specially tempered to reduce stretching to a minimum. 
Kodak Sound Recording Tape is available in a wide range of 
types and sizes - a tape to suit every recording need. 
Eastman Magnetic Sound Recording Film is available in widths 
35mm, 17.5mm and 16mm. 
For further information please telephone or write: 

Magnetic Products Sales Division 
KODAK (Australasia) PTY. LTD. 
Branches in all States. Kodak 

KM9546 
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900,000 use Melbourne's underground every day! 
50 feet below Melbourne's city traffic 900,000 telephone 
conversations are travelling along hundreds of cables. 
The location is the P.M.G's underground tunnel network, 
established as far back as 1914. 
These cables connect the thousands of suburban and 
country subscribers and exchanges to the exchanges 
throughout the city. 
Melbourne has over three miles of P.M.G. underground. 

A.S.C.-Austral Standard Cables-makers of Australia's 
telephone cables, have supplied more than 5 million 
miles of telephone cables to the P.M.G. 
These cables range in size from 1 pair to 3,000 pairs, 
plastic or paper insulated cables - including Type 375 
multi-tube coaxial cable capable of transmitting thou 
sands of telephone conversations. 
AUSTRAL STANDARD CABLES for safe, sure communi 
cation. Makers of Australia's Telephone Cables. 

AUSTRAL STANDARD CABLES 
Pty. Limited 

Works at Maidstone, Clayton, Victoria; Liverpool, N.S.W., 
Australia and Hornby, Christchurch, New Zealand 

AS24 
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Look for 
the cables 

by Conqueror 

Conqueror carries the current 
Wherever you are, whatever you do, you have had a Conqueror cable working for you - in your car, your 
home with all its appliances, in industry, science, transport, pleasure and in the defence of the nation you 
will find Conqueror Cables. 

From hair-fine technical appliances to enormous, multi-core power cable the name is Conqueror. Produced in 
modern factories, quality controlled by N.A.T.A.-approved laboratories and established in the industry for 20 
years, Conqueror Cables manufacture to all standard specifications or special requirements. 

For Cables . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Call Conqueror. 

Conqueror Cables Pty. Ltd. 
Thew Parade, Dee Why, N.S.W. Branch address-202 Bell Street, Preston, Melbourne. 

A MEMBER COMPANY OF INTERNATIONAL RESISTANCE HOLDINGS LTD. 

. C.C.33 
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AEI GOES CARIBBEAN 
New Communications Contract for AEI. From the shores 
of the Pacific to the South China Seas • , • from the bustling 
'European seaboard to the waving palms of the West Indies, 
AEI experience spans the world, 

Now, following their substantial contribution to the Common 
wealth Submarine Cable System, and the new complex of 
transistorised multichannel undersea links between Britain, 
Scandinavia and the Low Countries, AEI are to supply Carrier 
Frequency Generating and Group Translating Equipment to 
the Marconi Company for the new Cable and Wireless multi 
channel radio telephone trunk network system in the Caribbean. · 
TA!f11 

This new contract is yet another instance of AEl's continuing 
participation and experience in important communications 
projects. 
Where reliability matters, AEI equipment is used. 

AE:J: 
TELECOMMUNICATIONS 
Associated Electrical Industries Ltd, 
Telecommunications Division Transmission Department 
Woolwich London S.E.18 
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Speech + Duplex 
Telegraph Equipment 

I 55 db Line/Field Cable 2-Wire working 

I Transistorised, Portable, Ruggedised 

• Tropicalized, Immersible in water 

• -20°c to + 55°C 

a No relay contacts in through-paths 

• Power 12V DC: 10VA 

• "No-Break" electronic power 
supply change-over 

Speed: 1 00 bauds 

Line-up: Fast, simple with 
.built-in Test Gear 

Distortion: Within CCITT 
recommendations 

Exchange : Magneto/CB 

Phantom: For fullerphone 

·.:·· 

.. :. 

... .. . 
. :··· 

... ···=· 

··t·: 
Telegraph Supplies: Built-in so+ sov 

Ringing Supply: Built-in 30-40 Cycles 

Mains Power Supply: Applique Unit for 
'2'20/11 OV AC. 

Printed Circuitry 

Sealed Plug-in Units 

Panel Sealed Front Controls 

Weight: 12.5 Kg, (27 lbs) 

~~:26cmsx20cmsx26cms 
(10,1/8" X 8" X 10,1/8") 

INDIAN 
BANGALORE •. 16 

TELEPHONE INDUSTRIES 

... .. ... .: ::::· .. .... 
. .. .. :·: 

The Pioneer Manufacturers 
of Telecommunication 
Equipment in India 

LIMITED 
INDIA 
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Mullard 
Mullard-Australia Pty. Ltd. 
35-43 CLARENCE STREET, SYDNEY, N.S.W., 29 2006. 123 VICTORIA PARADE, COLLINGWOOD, N.5, VIC., 41 6644. 

l~I 
Associated with 
MULLARD LIMITED, LONDON 

M166 
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INCHIASI CAPACIIY Of IKISIING 
JM~~v~~~ ~film~~ ~~~TI~~ 

ICONOMICAllY WIIH 
The new G.E.C. 24-circuit Pulse Code Modulation 
Equipment, Type SPO 1800, provides a new and 
economic means of increasing the capacity of existing 
junction cable routes. 
The equipment provides 24 high-quality 300c/s- 

3400c/s speech circuits, with signalling facilities, over 
two pairs of an audio cable. 

Fully transistored and manufactured to C.A.S.E. 
(GPO 62-Type) techniques, the compactness of the 
equipment enables three 24-circuit terminals, together 
with test equipment and repeater power feeding 
equipment, to be mounted in one 9ft (2744mm) rack. 

The repeaters, spaced at 2000 yard (1828 metres) 
intervals corresponding to the normal cable joint 
spacings on junction routes, are mounted in sealed, 
corrosion resistant boxes. Each box houses equipment 
for up to twelve bothway 24-channel systems. 

For further information write for Standard 
Specification SPO 1800. 

A 24-cir_cuil P.C.M. terminal equipment 

G.E.C.:74-CIRCUIT P .C.M. EQUIPMENT · 

G.~.e everything for telecommunications 
Transmission Division, G.E.C. (Telecommunications) Ltd., Telephone Works, Coventry• England 

SP34 
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• 
FROM THE LARGEST • • • 

TO THE 
SMALLEST 

Section of type " ARFlO 2,000 line PABX installed at MYER 
(MELBOURNE) LIMITED, the largest privately owned PABX in 
Australia. 

Type ARD520 10 line PABX, 
the smallest available in 
Australia. 

L M ERICSSON PTY. LTD. markets a complete range of CROSS 
BAR PABX's to provide improved communication for organisations 
of any size. The. outstanding features incorporated in all systems 
offer the complete answer for an efficient telephone service. 
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A MAJOR DESIGN & 
MANUFACTURING 
UNIT OF THE 
PLESSEY 
ORGANISATION IN 
AUSTRALIA 

At the TEI Meadowbank 
Factory, over 2,000 people 
are employed in the Devel 
opment and Production 
of Telecommunications 
Equipment. 
TEI products include: 
Main Telephone Exchange 
Systems. 
PABX and PAX Equipment. 
Line Transmission Equip 
ment. 
Electronic and Electro 
mechanical control sys 
tems. 

1. Aerial view of factory. 

2. A section of the Relay 
Set wiring line. 

3. In the press shop 
Relay Set base manu 
facture. 

4. A corner of the Line 
Transmission labora 
tory. 

2 

PLESSEY 

• GROUI' 

TELEPHONE 
& ELECTRICAL 
INDUSTRIES 
PTY. LTD. 
Faraday Park, Meadowbank, N.S.W. 
Phone: 80-0111. 70 Collins Street, 
Melbourne, Victoria. Phone: 63-2560. 
Cables, telegrams: "Telind," Sydney. 
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12 Mc coaxial cable 
carrier system 

FUJITSU "Communications & Electronics" - - 
Multiplex communications over long distances by a carrier transmission equipment is an 
indispensable factor in the establishment of a nation-wide toll dialing communications net 
work. FUJITSU is Japan's leading manufacturer of just such type of equipment-the 12 
Mc coaxial cable carrier system for provicfing 2,700 telephone channels of very high quality. 
This equipment is made to be used in conjunction with international micro-wave systems. 

This is just another example of the capabilities of FUJITSU, renowned for its special 
and unrivalled techniques in the manufacture of carrier transmission equipment and other 
general communications and electronics equipment. "Communications and Electronics" are 
words truly symbolic of FUJITSU, fully equipped in terms of technical experience, engineer 
ing skill and up-to-date facilities to fulfil] the requirements of the modern age. 

FUJITSU LIMITED 
Communication~ and lf ectronics 
Marunouchi, Chiyoda-ku, Tokyo, Japan 

Main Products: Telephone Exchange Equipment O Telephone Sets O Carrier Transmission 
Equipment D Radio Communication Equipment D Remote Control & Telemetering Equipment 
0 Data Transmission Systems D Computers (FACOM) D Automatic Control Equipment 
(FANUC) O Electrical Indicators D Electronic Comconents & Semiconductor Devices 
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FROM BRITAIN'S LARGEST ELECTRICAL GROUP ... 

THE NEATEST, MOST PROflTABlE PACKAGE 
IN THE TElEPHONE BUSINESS ! ! ! ! ! ! ! ! ! 
The A.E.I., C.A.T.T. system has been 
specially developed to meet the 
needs of the North American 
Continent-wide Direct Distance 
Dialling Scheme. In conjunction 
with our AN.I. system, which 
determines the calling subscriber's 
number and class of service for 
accounting purposes, it provides 
the necessary computer /business 
- machinery-legible record of 

••• • • • ••• • •• •• • • • • • •• ••• •••• ••• • • • • • • • • • • •• • • • • • • ••• • • •• ••• ••• • • • • • • •••• ••• ••• • • • • • • ••• ••• ••• • . 
•••••• •• • • • • • • • • • • • •• ••• ••• • • • ••• • •• ••• • • •• 

C.A.T.T. 
CENTRALISEDAUTOMATICTOLLTICKETING 
• Handles all D.D.D. routing functions and it 
will work with existing Register/Translator 
equipment where operator or toll dialling 
facilities already exist. 
• D.C. or M.F. outpulsing to suit local condi 
tions and to give remote operation by C.S.P. 
routing machine where required. 
• Checking Person to Person, collect calls, etc. 
by routing to a manual operator with automatic 
sending under the operator's control if required. 
Alternative routing with foreign area transla 
tion. Code Conversion and uptothreeexitdigits 
to accommodate local area trunking problems. 
• Full Sender/Tabulator/Translator Common 
Control giving maximum equipment economy 
and security. 
• Suitable for application to all types of nat 
ional, regional and local Toll Switching centres. 
• Employs the service proven AE.I. High 
Speed Motor Uniselector for all talking and 
coupling functions. 
C.A.T.T. equipment is currently being 
manufactured for the Alberta Govern 
ment Telephones for the important 
Edmonton Class 3 Primary Centre, and 
Saskatchewan Government Telephones 
for the Swift Current Toll Centre. 

• •• • •• • ••••• • •• •• • • •••• • 

long distance calls. This twin 
high-grade AE.I. package takes 
up less space, is fully flexible, can 
be applied to all existing telephone 
systems and complies with all 
specified requirements of D.D.D. It 
can be supplied as a complete unit 
or two separate systems. Prices are 
competitive-in fact, AN.I. costs 
less than any comparable 
equipment available today . 

• ••• ••• • •• • • •• • • • ••• •••• • •• • • • • • • • •• • •• •• • • • •• • • • • • • • •• ••• ••• • • • ••• ••• ••• • •• • • • . ; .. 
••• • •• • •• • •• .£.A.A_ • •••••• • •••• 

A.N.I. 
AUTOMATIC NUMBER IDENTIFICATION 
• D.C. Working giving an inexpensive system 
which does not interfere with the operation of 
the telephone exchange, works at high speed 
and is immune from misoperation by outside 
agencies . 
• Absolute reliability based on the use of 
proven telephone components backed by 100 
years of design experience and embodying 
self checking and fault printout facilities . 
• D.C. loop outpulsing or Multi-Frequency 
High Speed (MF) outpulsing to suit all des 
tination signalling conditions, individual sets 
of transistor oscillators being supplied in each 
AN.I. Register. 
• No special power or tone supplies required. 
• Complete compatibility with most types of 
telephone exchange equipment and all types 
of Automatic Machine Accounting equipment . 
• Unlimited Class Marks without restriction 
of the basic AN.I. facility. 

A.N.I. equipment is already being sup 
plied to Canada to the tune of half a 
million lines. 

••• • • •• •• •• •• •••• •• •• • • ••• 

•• • • •• • •• • •• • •• • •• ••• • • • • •• ••• • • • • •• •••••• 

• •• •• . . . . . . . •- •--· ·• • .. •-• -. ·- - . • • • •• • • •••• ••• • • • •• • • •• • •••• . .. . . . . ~ . ••• •• • ••• • • • • • ••• 
AEI 
COMMUNICATIONS 

For full technical details, please contact: 
ASSOCIATED ELECTRICAL INDUSTRIES LIMITED 
TELECOMMUNICATIONS DIVISION • WOOLWICH • LONDON SE18 • ENGLAND 

TAfl.4 
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LEADERS IN THE 
COMMUN/CATIONS 

FIELD 
The wide range of Communications equipment 
designed and manufactured by T.C.A. caters 
for the individual needs of: 

• Radio Broadcasting 
• Radio Communications 

• Mobile Radio 
• Radio Relay 

• Radar 
• Military Radio 

• Telemetry & Remote Supervision 
• Infra-red Detection 

• Telephone Transmission 
• Telegraph Switching 
• Data Transmission 

• Telephone Switching 
• Electromagnetic Storage 

• Weapon Systems 
• Space Communication 

TBlBCOHHUN/CJT/01 COHPJNf Of JUSTRJl/J PTf. l!J/ITBD 
A DIVISION OF PHILIPS INDUSTRIES PTY. LIMITED 

BRISBANE 4 2471 ADELAIDE 51 6337 SYDNEY 2 0223 PERTH 21 7574 MELBOURNE 41 5368 CANBERRA 9 '0321 HOBART 3 3088 
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All standard line and equipment tests can now be carried out remotely by systems 
developed by E.C.E. for the Postmaster-General's Department. 

For Metropolitan Exchange networks there is a centralised data transmission 
system which automatically operates testing circuits at d~istant Exchanges. For 
Rural Automatic Exchanges there is an automatic diagnostic tester which can be 
connected from the Exchange to the required line by dialling. 

Both systems greatly reduce the problems of cost and availability of maintenance 
staff by making testing as fully automatic as practicable. The systems soon pay 
for themselves in reduced costs and, in addition, they improve efficiency and 
reliability of the telephone system. 

The advanced design concepts used in the Metropolitan Exchange system have 
been partly derived from the Company's related activities in the design and 
manufacture of other TELSCAN systems. These are sophisticated digital systems 
for remote supervisory control and telemetry of utilities and icdustrial plant 
as well as remote exchange testing. 

The latest techniques have been applied by engineering staff widely experienced 
in telephone systems, and this bas made available modern and comprehensive 
test systems and equipment. 

Remote Exchange Testing 
The E.C.E. system of Remote Exchange 
testing for Metropolitan areas enables 
comprehensive substation and sub 
scribers' line tests to be carried out 
throughout each Automatic Exchange 
area from a Test Desk normally situ 
ated at a large Exchange in the. area. 

System 
The efficiency of this centralised test 
scheme is achieved by the use of 
E.C.E.'s versatile TELSCAN digital 
data transfer system. 
Completely centralised Metropolitan 
remote testing systems are now possible 
in rapidly expanding Metropolitan Ex 
change networks. 

Remote Exchange Testing Equipment showing 
TELSCAN Relay Sets 

E.C.E. RAX Test Set 

Rural Exchange Test Set 
This automatic test set for RAX use 
has been designed and produced by 
E.C.E. to enable Engineering staff to 
remotely test RAX exclusive and two 
party subscribers' lines in rural auto 
matic exchanges. It may also be used 
in conventional automatic exchanges 
where special access is available to the 
final selector. 

An automatic test cycle is initiated 
when the Testing Officer dials the test 
level followed by the subscriber's 
number. Then test pulses of 1500 c.p.s. 
tone will be heard at three-second in 
tervals, allowing time for identification 
and recording on a check list. 

Pulse Length Monitor 
The E.C.E. Pulse Length Monitor uses 
solid-state electronic timing, circuits to 
check the length of make and break 
pulses on subscriber telephone dials 
more accurately than the conventional 
impulse speed, weight and counts tests. 

The Pulse Length Monitor is incor 
porated in the E.C.E. Remote Exchange 
Testing equipment and is also avail 
able as a separate item for local ex 
change use. 

ELECTRIC CONTROL ... , .. _ 
& ENGINEERING LTD. 
. SYDNEY AUSTRALIA 
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silicon rectifier. 

FEATURES OF STC SILICON 
CONTROLLED RECTIFIERS * Low forward voltage drop during conducting 

state. * Low leakage current in both forward and 
reverse directions at high temperature. * Large power control with small gate power. * Wide range of allowable operating 
temperatures. * Quick response. * Stable operation and long life. * Compcict, light weight. 

For further information on STC Silicon Controlled 
Rectifiers contact Industrial Products Division . . . 

The Industrial Products Division of STC can supply either the device 
or the complete equipment incorporating Silicon Controlled Rectifiers. 
In· addition, engineering advice is available to assist in applying 
the wide range of S.C.R.'s offering. Its research facilities are 
at present engaged in the development of a complete range of 
equipment using Silicon Controlled Rectifiers for inverter/ converter 
equipment up to 25 kVA, both 3 phase and single phase. 

SYDNEY: Moorebank Avenue, Liverpool, 602-0333; MELBOURNE: 314 St. Georges Road, Thornbury, 44-5161; CANBERRA: 39 Empire Circuit, Forrest, 
A.C.T., 9-1043; SOUTH AUSTRALIA: Unbehaun & Johnstone Ltd., 54 North Terrace West, Adelaide, 51-3731; WESTERN AUSTRALIA: M. J. Bateman 
Pty. Ltd., 12 Milligan Street, Perth, 21-6461; TASMANIA: W. & G. Genders Pty. Ltd., Launceston, 2-2231, Hobart, Burnie, Devonport; QUEENSLAND: 
Fred Hoe & Sons, 104A Boundary Street, West End, 4-1771; NEWCASTLE: Newcastle Automatic Signals Pty. Ltd., 116 Lawson Street, Hamilton, 
61-5172. 
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