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Space exploration! Who needs
it — when the world is so full of

marvels? The little, familiar
things are exciting to a child.
Likethetelephone.Shecantouch
it, speak to it, listen to it. Later
onshe'llcometo take forgranted

i

small world

the ease with which her tele-
phone allows her to talk with
people right around the world

. and space technology will
have putthe powerin her hands,
Tomorrow’s everday miracles
are being conceived right now
in ITT laboratories. STC is

ANITT
worldwide telecommunications and elcctronics

ASSOCIATE

"

making its own significant con-
tributions to the advances being
pioneered by the ITT Group.
STC is working now to help
create the improved communi-
cations systems that will shrink
tomorrow's world.
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THE CHALLENGE TO MANAGEMENT OF

ELECTRONIC DATA

Editorial Note. — The Postmaster-
General, the Hon. Alan S. Hulme, M.P.,
presented this address to the Austra-
lian Institute of Management, Brisbane
Division, on 21st April, 1966.

INTRODUCTION.

I suppose trying to look ahead seek-
ing to find guide lines on which to
base to-day’s decisions is a favourite,
and indeed a most rewarding occupa-
tion of managers generally.
is certainly a most necessary and im-
portant part of the Post Office way of
life.

One of the classic ways of looking
ahead is to look around at contem-
porary business and society in Aus-
tralia or in the world at large, where
the phase that your organisation is
passing through now, was experienced
years ago by some other generally
comparable enterprise. What are they
doing and how are they doing it can
be a most rewarding subject of analysis
in more clearly defining what you
will be doing and how you will be
doing it when you reach their size or
their sophistication, or whatever is the
significant basis of reference.

I was reminded of this classic
exercise when I came to think about
the subject of your conference: The
Challenge to- Management of Electronic
Data Processing. Qur country is still
relatively new to E.D.P. but other
places, in particular the United States,
have come a long way since they
passed through this stage. Present
E.D.P. practice in such countries can
be highly illuminating for us in trying
to see our way ahead.

One of the very significant develop-
ments that one can define in this
manner is the growing use of data
transmission facilities in association
with computers to permit both cen-
tralised processing of information and
decentralised control and operation of
enterprises. I feel that in this coun-
try, with its great distances and
extremes, whose enormous potential in
mineral and fuel resources, as well as
in agricultural and pastoral develop-
ment only, is now becoming under-
stood, the combination of computer
and data transmission can achieve
most significant fulfilment.

The Post Office, as the National
common carrier for telecommunica-
tions, is swiftly moving into very high
capacity backbone and supporting
systems around Australia, and is very
well placed to play whatever part it is
called upon to play in this modern
computer - network concept. I would
like to talk about this again later, but
at this point I will address myself
more generally to the subject of this
conference.

ON LEARNING ABOUT E.D.P.

For the past ten years, electronic
data processing, conspicucus by its

PROCESSING

centrepiece, the computer, has been
claiming an increasing amount of our
notice and attention. We hear on the
radio and read in the press of the
computer’s exploits. It guides the ob-

jects hurled into space. It forecasts
the results of elections. It plays
chess and composes music. As usual,

we hear mainly of the off-beat suc-
cesses and the more abject failures.
But we hear of only a few of the
hundreds of computers in Australia
and the thousands overseas.

For most of us, contact with the
computer has been only superficial.
Obviously in the near future this situa-
tion will change radically. The com-
puter has left the scientist’s backroom
and come into the market place. Soon
it will occupy a major place in the lives
of most managers and businessmen,
scientists and other researchers. Soon
it will be just about in our front rooms.

As with any other technology, before
we can use it properly we must learn
about it. This, therefore, is an impor-
tant conference. As the Minister
responsible for the country’s largest
enterprise, and as the Minister respon-
sible for the communications that will
have such an important role to play in
these developments, it gives me great
pleasure to come along and speak to

you.

We all acknowledge the need for
innovation and progress, but some-
times find ourselves working against
it, while we are talking for it. I am
convinced that to avoid this risk with
E.D.P, much study and rethinking is
required. This learning about E.D.P.
is not just learning about a new
gadget that will help us improve on
the way we have always been doing
things; although in the beginning this
will probably be our first type of
association with E.D.P. Ultimately and
more importantly it is learning about a
new way of life for managers; the
knowledge and skills and attitudes that
are needed to make computers work
for us to real advantage.

Some of the elementary rules of this
new way of life have already revealed
themselves, but much has still to be
learnt. E.D.P. is an exciting new
frontier in management and the busi-
ness leader has as much to learn about
it as any beginner. Willingness and
ability to go on learning afresh is the
management need of the times, and 1
commend the Institute for its outstand-
ing educational programmes and on its
choice of the subject for this confer-
ence.

COMPUTERS IN GOVERNMENT.

The Commonwealth Government has
played a leading role in introducing
computers and E.D.P. to Australia, and
computers have been in use at the
Weapons Research Establishment in
South Australia for over ten years.
Their use has related mainly to missile
work, in connection with pre-flight

simulations and calculations, during-
flight processing and control, and
post-flight processing and analyses. In
the simulations the computer com-
pletes theoretical experiments merely
by using a mathematical model that
simulates the real missile. Each
simulation takes only a few seconds,
allowing many to be carried out in a
short time. But, of course, expenditure
of an actual missile is not involved.
Thus wide experience has been gained
in a short time at small expense.
During flight the computers are used
to provide control information on the
course and other characteristics of the
missile; obviously the time factor here
is all important, and only computers
can provide the answers in an adequate
time-scale. In the post-flight process-
ing, the various recordings can be
processed to obtain finer details of
the experiments, so as to allow the
ironing-out of major or minor aberra-
tions.

The use of these computers for
weapons work has had important side
benefits for E.D.P. in Australia—the
availability of  relatively  high-
powered computing facilities for other
work and the development of a body
of trained man-power able to branch
out into other applications of comput-
ing. For instance, W.R.E. provided
the first head of the computer unit at
the University of Queensland.

Gaining from its experience with
these earlier computers, the Common-
wealth in more recent years has intro-
duced a number of major computer
facilities in other departments and
authorities. The first of these was
for the Department of Defence. The
Defence Headquarters in Canberra is
linked by data lines to various Defence
establishments in Australia and there
are overseas links. In 1963 the Com-
monwealth ordered equipment for two
notable networks of computers, one for
C.S.LR.O,, the other for the Common-
wealth Statistician. Each of these is
centred on a larger computer and
includes smaller computers in a num-
ber of States.

The C.S.ILR.O. network exists
primarily to meet the needs of the
various research establishments of that
wide-ranging organisation, but also
aids the work of universities and other
research groups. Its work includes
computations, sometimes of massive
scale, and the processing of data re-
corded during practical experiments
at its laboratories and field stations
scattered throughout the country.

The Commonwealth Statistician’s
network meets the needs of the Bureau
of Census and Statistics, and also some
needs of other Commonwealth bodies,
notably the Departments of Treasury
and of Health. 1Its prime purpose is
the improvement of data available for
the management of the nation. All
management, including the Govern-
ment, needs data on production, sal=-,
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outstanding debts and credits, employ-
ment, etc. Good management and
good Government depend on accurate
data promptly to hand. With its
dynamic internal growth and develop-
ment, and its sensitivity to fluctuations
in external trade, particularly in basic
commodities, Australia probably needs
this promptness more than most
countries.

In my own department, the Post
Office, computers have been used since
their first availability. We have made
extensive use, in particular, of those
installed at universities, including the
University of Queensland. In recent
years, to keep pace with demands in
the Department, it has been neces-
sary to obtain our own computers
for full-time departmental use. The
uses cover a huge range—analysis
of reports of plant faults and main-
tenance work, analysis of traffic and
projections thereof to facilitate plan-
ning, account processing and compu-
tations, network simulations, alloca-
tion of orders and allocation of
facilities, analyses of contracts, com-
putations associated with research,
development and design. In all of
these the aim is to provide a better
service to our millions of customers
at as low a price as possible.

In planning the growth of network
plant, we aim to have the right facili-
ties in the right place at the right time.
Because they may take years to intro-
duce, we must rely on long-term
forecasts, which cannot always be right
in themselves. But the computer
allows these forecasts to be made more
quickly and more soundly. It thus
allows us to be right more often.

The analysis af faults and mainten-
ance save money by giving a better
appreciation of the quality and per-
formance of the various types and
makes of plant in use, and by giving
better direction to maintenance work.
In this application the report dockets
completed by the field staffs through-
out Australia are sent weekly to the
national centre for transcription into
the computer. The management
reports produced by the computer
analysis are then mailed directly to the
managers in the field. With over two
million telephone services, an average
of one fault per service every two
years still means 10,000 overall per
week.

The research and design computa-
tions provide better solutions to
problems, solutions that can mean a
higher grade of service and a lower
cost of providing the service.

By computer analysis of tenders and
allocation of orders we can reduce the
actual purchase cost of many types of
equipment and services, particularly
where a wide range of items and num-
ber of sources are involved. The Post
Office is spending $24,000,000 annually
on underground cable, most of which
is made in Australia. This cable
comes in a wide range of sizes and
types, and computers are being used
to allocate the bi-monthly orders be-

tween manufacturers in the most
sconomic distribution, taking into ac-
count price differences for individual
cable types and sizes and ordering
levels, transport distances, factory
capacity and so on.

Some hundreds of “programs” have
been written for Post Office projects
over recent years and we believe that
we are only as yet scratching the
surface of computer usage. Whilst we
have a team of specialists in computer
work, my Department has tried to de-
velop an appreciation of computer
programming and computer potential
through the organisation.

With annual capital expenditure in
the Post Office approaching $200
million, and ordinary services expendi-
ture approaching $300 million, even
small percentage saving can be of
great public interest and value.

As elsewhere, developments with
E.D.P. in the Post Office have to date
been on a somewhat isolated basis.
However, these developrents are being
directed toward a nation-wide man-
agement information system based on
an integral network of computers and
telecommunication links, and dealing
with the processing problems of the
Department on a total basis. We have
a long way to go; the real potential is
vet to be understood.

Today, Commonwealth and State
Government and industry and capital
are in partnership in a great upsurge
of national economic development that
covers the length and breadth of the
land. Opportunity knocks loudly on
the door. Let us open the door with a
determination to make wise and full
use of the facilities that this electronic
age is offering to us.

MANAGEMENT AND THE
COMPUTER.

At this point I would like to contri-
bute some further comments on the
theme of your conference. It seems
very clear that such is the nature of
the computer and such is the wide
range of possibilities arising from its
expanding use, and, indeed, such is
its cost, that most careful thinking and
planning ahead must precede the
gradual, but what will eventually be-
come the complete assimilation of
E.D.P. by management. If the maxi-
mum benefits are to be gained from
computers and E.D.P., it is essential
that we study their attributes, so that
the computers can be given the right
work to do and receive the right sup-
port.

Clearly, movement into E.D.P. must
involve rethinking by many people, not
just a few. This is not a job for a
small group of experts. Everybody in
management will be drawn in and the
sooner the better. The growth
of professionalism in business is an
important fact of life, with or without
computers, and is bound to be even
more so. Side by side with profes-
sional men, we need participation by
experienced men of the line who know
the traditional attitudes, so that we
have, not a tug-of-war, but a reasoned
and constructive dialogue. This must

resolve itself, perbaps not without
stress and strain, into a new and
mutual understanding of the goals and
the way of achieving them.

It is so necessary for management to
define clearly what it wants from
computers, because the computer is
helpless and aimless until we teach it
to work the way we want it to. What
we want from computers must not be
confined by established procedures,
organisation and objectives. Such
will be the impact of E.D.P. on busi-
ness management, that it will be the
uninhibited approach, the overall inte-
grated approach, that will produce the
resonant peak in efficiency during the
years ahead.

The information system of an enter-
prise crosses all boundaries and the
computer must be thought of in terms
of that total system. Because of the
power and cost of each individual
computer, there must be a tendency
towards concentration of processing,
perhaps at one centre for the whole
enterprise.  Such centralisation will
doubtless require changes in estab-
lished administrative patterns, trans-
gressing somewhat on local responsi-
bilities. On the other hand, it leaves
greater opportunity for decentralisa-
tion of management responsibility
through the use of suitable communica-
tion links between the various mana-
gers and the data-storing computer.

In making a decision as to the correct
place of a computer in an organisation,
management must also be certain as to
the place of the staff in the organisa-
tion—those who will work with the
computer and those whose work will
be changed by the computer. While
I do not minimise the impact of com-
puters in changing the pattern of
employment, I am sure the greatest
impact will be in forcing us to think.
Mankind has created many tools
designed to ease his load, but none has
ever before so peremptorily required
him to use his head. This is true not
only during the process of movement
into the use of E.D.P., but also when it
becomes available to management.

Properly used, the new techniques
will give management the information
it needs on which to base its deci-
sions. Too often it has been necessary
to make decisions in some areas on
approximate and imprecise informa-
tion. Cost factors and the need for
quick action have made this inevitable.
The computer, properly used, will
enable the manager to have the infor-
mation processed fully and quickly, so
that he may investigate a wider range
of alternatives in assessing and
evaluating the best course of action.

Furthermore, computerised systems
ought to be able to reduce or even
eliminate problems that often keep
managers preoccupied with overseeing
people instead of helping and inspiring
them. As the range of information
available to computers extends, and
the scope and complexity of decisions
by management increases, there will
doubtless be a mounting realisation by
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the manager of the political, economic
and social forces, which will bear
increasingly upon his decisions. There
must be acceptance of these outside
forces as part of the envirégnment in
which he operates.

It seems possible that to achieve the
maximum gain from E.D.P., there will
be, in the distant years ahead, an inte-
grated approach by business, the Go-
vernment and public undertakings, and
by the community generally, whereby
necessary and proper cross-flow of
information between computers may
take place to the mutual advantage of
all parties. There is great merit in
sharing this revolutionary aid between
as many as possible, for costly
resources can work hard for many
users at low cost to each.

However, as complexity grows, the
greater the need becomes for managers
to keep their feet well and truly on the
ground. Managers will require more
working face to face with people and
problems. Every influence and
situation the manager exposes himself
to can help him sense developing
situations and help him towards wis-
dom in plans and decisions.

It would seem that the future will
bring a stronger demand for basic
qualities of character and vision, not
just for management skills and tech-
niques. One cannot foresee what the
lasting effects of E.D.P. will be upon
us, but the perturbations and tension
of finding out will doubtless be very
healthy. People will try harder and
grow bigger, the flow and exchange
of ideas will be stimulated, and there
will be great opportunities for giving
talent problems to grow on.

TRENDS IN THE USE OF
COMPUTERS.

In looking at E.D.P., our thinking
must not rest only on to-day’s prac-
tices and equipment, but must be
projected into the future. The intro-
duction of a complete E.D.P. system is
a major investment and a job that will
take considerable time. We must
relate it then to our needs of 5, 10,
and even 20 years’ time. In a fast-
moving field like E.D.P., working
ahead to this extent is very difficult.
Forecasting the future of E.D.P. to-day
is probably as hard as forecasting the
future of the automobile was 60 years
ago. With E.D.P. we are still in the
horseless carriage days; we are em-
ploying the engine, but only to power
a system that is unchanged from
manual days.

But if we look around at bigger
organisations here and overseas, we
can see the trends towards the sleeker
systems of the future, and gain some
guide towards our own futures. Look-
ing and learning does not mean blind
copying. Each country and each
enterprise has its own particular prob-
lems that demand particular solutions.
We each must take an individual ap-
proach to our own problems guided by
the approach of others. We must also
endeavour to progress from the point
reached by others. A classical advan-

tage in starting to do things later than
others is that of being able to do them
better.

What are the trends? In the United
States so-called information utilities
are being created to provide processing
facilities similar to the way in which
gas and electricity utilities provide
their services. Research is continuing
toward the storing of major libraries
on computers so that requests for in-
formation can be met promptly by
teleprinter message after searching
and extracting of the computer files.
Other research is dealing with the
problem of translation between lan-
guages, so that at first books can be
translated and subsequently the spok-
en word, allowing us to envisage the
day when international telephone calls
can link speakers of different tongues
through a translating computer.

One of the features of modern
science is the surprising way in which
things that appear to be quite different
can be handled in the same way, and
this is true of speech and data. Thanks
to recent advances in solid state elec-
tronics, it is now possible to represent
speech as data impulses and to trans-
mit these impulses as data to a distant
point and there reconstruct them to a
form that is indistinguishable from the
original speech. Already digital trans-
mission systems, as they are known,
are in use in some overseas administra-
tions and are being considered for
trial use in our network in the near
future.

It is clear to our scientists that
speech data between persons and in-
formation data between machines is
essentially the same thing electrically,
and one can imagine that when the en-
gineering problems are solved it will
be possible to develop a universal in-
formation transmission system in
which data from whatever source is
handled by the one transmission and
switching network. Engineering tech-
nology is supporting this information
technology by developing faster,
smaller, more powerful, cheaper, more
reliable and more rugged computers.
Already computers are in use in ships,
aeroplanes, missiles, satellites, and
space probes. One day they might be
as ubiquitous as the transistor radio.

Looking closer to the present day
and the particular area of general
management, we can see the computer
progressing from the circumscribed
coverage of one or two applications to
the all-embracing management infor-
mation system, in which the computer
holds most of the information required
for management. So as to take full
advantage of the speed of the com-
puter, such an advanced system will
include direct links by telecommunica-
tions between the computer and the
various work points, where changes
that affect the records take place or
where the information is required. The
clerical operative taking orders or
issuing goods will record his transac-
tion on a counter-top device connected
to the computer. The manager will
have an interrogation unit on his desk
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whereby at the pressing of a few keys
the computer will provide a television-
like display of the information re-
quired; for instance, the status of an
account or an order. Some overseas
companies are already planning this
sort of development, including the
“record-less office,” that is, an office
relying solely on computer - held
records rather than local paper records.

In the specialised area of seat reser-
vations, systems of this nature are
already in use. With a number of
airlines in North America and Western
Furope, booking a seat is handled
through a computer, while you wait
briefly at the agent’s counter. And
the computer might well be at the
other end of the continent or the other
side of the Atlantic. Some of these
systems handle not only the booking
of seats, but the construction of an
itinerary as well, all within very few
minutes. Already some Australian
airline companies have announced
plans along these lines.

In all of these trends and develop-
ments, the computer is intimately
linked with communications—commu-
nications to allow the various data to
reach the computer for storage and
processing; communications to let the
managers and other users have the
information they need. And if the
speed and accuracy of the computer is
to be fully exploited, these communi-
cations need to be good and fast; that
is, they need to be telecommunications.
It has been estimated that within ten
years over half of the telephone traffic
in U.S.A. will be data travelling to and
from computers rather than normal
speech, and this does not mean that
there is likely to be any decline in the
rate of growth of talking over tel-
phones. Similar trends may be ex-
pected in Australia.

WHAT THE POST OFFICE CAN DO
TO HELP.

Telecommunications thus have a
vital role in the E.D.P. developments
of the future. In Australia this means
a vital role for the Post Office. When
you process data you make it usable,
but you need communications to make
it available. The Post Office is mobil-
ising to fill this role, to meet the
challenges of this new era of informa-
tion handling. It is already providing
some services of this nature. It is
planning and installing extra line
capacity to meet the extra traffic that
will eventuate. It is carrying out
research and development work neces-
sary to ensure that the special demands
of data transmission for computers will
be met. It is investigating what addi-
tional facilities will be of benefit in the
computer area.

Australia, in common with other
developed countries, has an extensive
automatic telephone and telegraph net-
work, spreading to virtually every
settlement in the country. By the use
of relatively simple attachments, this
network can be used to provide for
data transmission over the length and
breadth of the land. Since the net-
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work was developed essentially for
ordinary telegraphy and telephony, this
wider use poses some technical prob-
lems, particularly over the older parts
of the network. However, the Post
Office is keeping abreast of world
developments in this regard.

Our network is being extended and
expanded continuously—to connect
with new outposts of development,
such as Weipa, as they are created—
and to cope with the continuing in-
crease in demand and traffic. The
11 per cent. per annum growth rate of
“runk traffic shows up the force of our
advance.

A major feature of the expansion is
the development of the broad-band
part of the network. Broad-band links
use either co-axial cable or microwave
radio for the transmission of a very
high frequency signal. Each link is
able to deal with television relays or
direct computer-to-computer transfers,
or alternatively to carry over a thou-
sand simultaneous conversations. Much
of this broadband system has been in
use for some time. The major section
between Brisbane and Cairns, linking
the various centres in between, is about
to enter service. By 1971 it will
extend around the eastern. southern
and western coasts as far as Carnarvon
and Port Hedland, and across to Tas-
mania, providing a backbone of
numerous very high quality circuits.
Further extensions are planned for
subsequent years.

Ten years ago the
the first trans-Atlantic submarine
telephone cable ushered in a new
era of international communications
and the installation of the trans-
Pacific cable in 1963 gave Aus-
‘ralia the same high quality and abun-
dant means of communication with the
rest of the world. The satellite era is
now commencing, and a tremendous
expansion in communication facilities
is envisaged between Australia and
overseas counfries in the next few
vears. Much of this expansion will
involve data links between Australian
industry and counterparts overseas.

Some of our broadband links con-
tribute, together with other parts of
the network, to a number of data
transmission facilities already in use.
The most notable of these are those of
the American National Aeronautics and
Space Administration. Ever since the
first satellites went aloft in the late
fifties, special telegraph links have
been provided between South Australia
and the United States. As the space
missions have grown more complicated
the number of ground stations in Aus-
tralia has grown and the importance of
their data has also grown. Particu-
larly on manned missions that data is
vital, and it must be communicated
directly and immediately to the space
flight centre in the U.S., where it is
analysed by computer. In many cases
this analysis may result in data being
passed out to the ground stations for
transmission to the satellite. The
recent drama with the Gemini capsule

laying of

highlighted the role such communica-
tions play; life and death being depen-
dent on accurate and prompt commu-
nications over tens of thousands of
miles. 1 am pleased to say that the
Post Office communications in Aus-
tralia have played a major and suc-
cessful part in these various missions,
linking such far distant places as Car-
narvon, Muchea, Woomera and Tidbin-
billa through a special switching centre
to the Overseas Telecommunications
Commission terminal at Sydney and
thence to America.

The Post Office is meeting the needs
of others whose projects might be less
exciting to the public, but for whom
the accurate rapid transmission of data
is no less important. The extensive
network for the Defence Department
is one such example, with links ex-
tending to a number of remote points.
The Bureau of Meteorology is another
major user, and one for which the
speed requirement is obvious to us all.
The Post Office has been taking part in
tests in preparation for the recently-
announced comnuter network for this
Bureau. Direct links will be required
between a number of computers, and
to various country centres, such as Mt.
Isa. Cairns, Townsville, Rockhampton
and Charleville,

Not all existing and forthcoming
data transmission links are for Govern-
ment use. An increasing number of
private and public companies, both
small and large, are using the ordinary
telephone circuits successfully for
transmission of urgent data. The Post
Office will be facilitating such de-
velopments soon by offering as a
standard telephone attachment, the
interconnecting equipment required to
allow data to travel on speech circuits.
Such equipments are already available
to subscribers as “approved” attach-
ments.

In anticipation of a developing de-
mand for large time-sharing computers,
where joint access is given to a num-
ber of users over telephone and
telegraph lines, experiments are cur-
rently under way, using our Telex
network with the interrogation of the
computer and the receipt of the answer
being performed by the standard tele-
printer machines operating in the
normal way. It is believed that com-
puter time-sharing techniques will be
used extensively as the smaller com-
panies come within the area of com-
puter utilisation. Consideration is
also being given to entirely automatic
calling and answering as between
computers using data transmission
links.

The Post Office is investigating for
possible longer term introduction the
production of a special telephone on
which the keys can be used for data
transmission after connection of the
call. It might not be long before,
instead of complaining about the hours
our families spend on the telephone to
their friends, we are complaining about
the time being spent placing orders
with the computers of supermarkets,

department stores, and other retailers.
That is, those of you not concerned
with boosting Post Office revenue.

As the demand grows for data links
to and from computers and between
computers and data equipment be-
comes more sophisticated, we may need
to give consideration to the setting up
of special networks for data transmis-
sion designed specifically for the
purpose and preliminary studies
are already in hand. The emer-
gence of data communication as
a more and more popular
service, however, does not mean a
decline in business communications as
we know it to-day. The information
transmitted by voice and data are
generally quite different. Data is
essentially - impersonal machine-to-
machine communication, yet many
business transactions require the
personal touch which only people can
supply. Therefore, data will not
replace voice communication, but will
substantially supplement it.

CONCILUSION.

I am sure that there will be general
agreement with me when I say that the
circumstances and technological so-
phistication of to-day’s world, and
certainly of to-morrow’s world, are
making heavier and heavier demands
upon the manager; upon the scope and
depth of his knowledge, on his judg-
ment, on his versatility, on his enter-
prise and foresight, and so on. It is
timely and fortunate indeed that E.D.P.
has become available to aid him.

Herein lies the opportunity for the
manager to have available at great
speed, from a wide range of factual
and statistical sources, exactly the sort
of material that he needs for his deci-
sion making. Herein lies the oppor-
tunity to step up the level and range of
his own thinking, and bring to play the
imaginative and wide-ranging approach
and social consciousness that seems so
necessary to-day and in the future.

E.D.P. will enable the efficient mana-
ger to function even more effectively,
but will increasingly expose the
weaknesses of an inefficient man. The
manager may be sure, in this highly
competitive and in this demanding
world, and the Post Office is just as
much a part of this as any enterprise,
that if he does mnot take this
opportunity to raise his sights and
standards, higher management will or
his competitors will.

With its vastness and with its tre-
mendous potential only now being
revealed to us in its full depth, but yet
with only a relatively small population
to finance and promote it from within,
our country must not fail to take unto
itself and widely exploit every modern
aid that will assist its growth and
progress.

Gentlemen, again I commend the
Australian Institute of Management,
Queensland Division, on the choice of
its Conference subject, and sincerely
hope that all who participate have
taken benefit and inspiration from it.
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June 1966, with the kind permission
of the Institution. The paper was pre-
sented at the 1966 Conference of the
Institution at Newcastle, N.S.W.

INTRODUCTION

For some time now the Australian
Post Office has been planning and
developing the telephone system for
Australia within the framework of
the telephone policy described in a
White Paper entitled “Progress—Pol-
icy—Plans” issued in August, 1959.
Included in the Policy is a long term
objective of complete subscriber trunk
dialling (S.T.D.) throughout the Com-
monwealth, ie., all subscribers will
be provided with automatic service
and each subscriber will be able to
dial any other subscriber in Australia
without the intervention of a manual
operator.

The purpose of this paper is to dis-
cuss the current position on the mech-
anisation of the trunk telephone ser-
vice and the likely rate of progress
in the future, together with those as-
pects to which special attention must
be given. There will be a brief survey
of the past development in the trunk
system which has led to S.T.D. being
a natural extension of the trunk ser-
vice and some views will be expressed
on the established target for ex-
panding S.T.D., including the need
for an appropriate programme of auto-
matic trunk exchange installations.
The special technical requirements for
S.T.D. in the trunk network generally
and trunk switching in particular will
be examined and the close association
required under S.T.D. conditions be-
tween switching, numbering and
charging will be discussed to show
the preparations which have been
made for the expansion of S.T.D.
throughout Australia. This will be fol-
be followed by a general descrintion
of the eauipment used in Australia for
S.T.D.. including the new trunk
switching equipment currently being
installed.

The second part of the paper will
deal with the progress of S.T.D. in
New South Wales and discuss the
background against which the early
installations were made. Some details
will be given of the problems of plan-
ning and designing the installations,
particularly the problem of estimat-
ing the traffic which will occur under
S.T.D. conditions. Finally, there will
be some comment on the present plans
for 1f:he New South Wales trunk net-
work.

* Mr. O'Donnell is Superintending Engincer,
Planning, N.S.W.

** Mr. Simpson is Sectional Engineer Switching
and Facilities, Headquarters.

A NEW PHASE IN AUTOMATIC
TELEPHONY

The prospect of telephone subscrib-
ers dialling their own trunk calls
throughout the Commonwealth of
Australia is a far cry from the day
in 1888 when Australia’s first tele-

hone trunk line was opened between

obart and New Norfolk in Tasmania.
However, this event and the installa-
tion of Australia’s first automatic
telephone exchange in 1912, at Geelong
in Victoria, were the first application
in Australia of two techniques which
are now inevitably being united into
the facility of S.T.D. At first, the ex-
pansion of the trunk system was re-
stricted by the difficulties of conversing
over long physical circuits without the
benefits of amplification but long dis-
tance telephony was given great
impetus in the nineteen-twenties with
the development of carrier systems
which enabled a number of good
quality circuits to be readily provided.
Trunk line service commenced
between Sydney and Melbourne in
1907, and it was on this link that
Australia’s first telephone carrier sys-
tem was installed in 1925.

In the early years of the trunk ser-
vice, the trunk line was the most
valuable component of the trunk
system as the cost of manual ex-
changes and their operation was low
by comparison. Under these economic
conditions, every effort was made to
make full use of the trunk lines which
existed by virtually placing the calling
subscribers in a qgueue to await their
turn to speak on the available circuits.
This was achieved by the telephonist
booking the call and reverting it to the
calling subscriber when a trunk circuit
became available. A telephonist was
used at each end of the circuit with
intermediate telephonists being re-
quired on those calls which were con-
nected through other switching
centres. With the introduction of
carrier telephony, the cost of trunk
circuits began to decrease, and through
the years trunk circuit costs have
continued to decrease relative to the
switching and operating costs. While
these relative cost changes were
occurring, the number of automatic
subscribers was increasing with the
result that direct dialling techniques
aimed at employing only one tele-
phonist on each call were introduced.
The use of carrier equipment also
enabled the number of circuits on a
link to be more readily increased so
that, as well as providing direct dial-
ling by telephonists, the manual trunk
system has progressed toward a
demand type service with calls being
connected on request and this has been
achieved on most of the main trunk
links. Inter-capital city dialling by
telephonists was introduced in 1945
and automatic trunk switching tech-
niques have since been continually
applied to the trunk system so that

by 1960 the trunk service was highly
mechanised under operator control.

Automatic telephone service has al-
ways been preferred by the community
because compared with a manually
operated service it provides speedier
connection and greater secrecy. In
addition, from the point of view of
the operating authority, automatic ser-
vice reduces operating costs and leads
to overall economies in providing ser-
vice to subscribers who also gain from
the more economic operation even
though they may be unaware of the
savings. The conversion of manual
exchanges to automatic, the use of
nation-wide trunk dialling by oper-
ators and the introduction of Extend-
ed Local Service Areas (ELSA) have
all been aimed at providing improved
service to subscribers whilst at the
same time reducing Post Office operat-
ing costs. However, all these methods
have succeeded only in maintaining
the number of manual operators at a
reasonably constant level and, with a
continuing penetration of local auto-
matic exchanges into country areas, it
is a natural progression to permit sub-
scribers access to the trunk system
sonthat they may dial their own trunk
calls.

The Post Office has striven con-
tinuously to improve service offered
to subscribers who naturally are only
amenable to new services if the
charges are not increased. As a result
it is the economic pressures within
the Post Office which set the timing
for the introduction of new facilities
or techniques. Within the trunk net-
work single operator dialling reduced
Post Office costs and provided sub-
scribers with a speedier service, the
introduction of ELSA converted to
local calls and subsequently to auto-
matic operation short haul trunk traf-
fic which was proving too expensive
to handle manually, and the same
kind of pressures are now forcing the
expansion of S.T.D. Operating costs
are still increasing, there is a virile
growth in trunk traffic and the capital
costs of providing a modern demand
manual service are becoming compar-
able with the costs of automatic
switching. Far from being a luxury,
S.T.D. is essential for economic oper-
ation of the trunk service, and the
expansion of this facility throughout
Australia will be in the best interests
Ooftﬁ both the community and the Post

ce.

S.T.D. TARGET

The objective of nationwide sub-
scriber dialling, as stated in the White
Paper, does not include any timetable
for its progress or ultimate achieve-
ment. As discussed earlier, the basis
of the S.T.D. objective is not only
that it provides a better service to the
subscriber but that it is also the most
economical means of providing trunk
service, which means that early expan-
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sion of S.T.D. facilities will be profit-
able. However, even though there may
be strong reasons for actively pursu-
ing the implementation of a pro-
gramme of S.T.D. installations, there
are many constraints in forming a
long term or even short term target
for the extension of S.T.D. through-
out the trunk network. Any target
set must be achievable within these
constraints which include all the other
commitments of the Post Office which,
together with any S.T.D. programme,
must be met within the capital re-
sources available. An S.T.D. pro-
gramme must take account of the
overall economic operation of the
Post Office and, at the same time,
relieve points of saturation and raise
the appropriate sections of the trunk
network to the required dimensions.
Furthermore, the level of the gains
from S.T.D. will vary considerably at
different points in the trunk system
depending upon the quantities of traffic
involved together with the type of
existing plant, and these gains could
be adversely affected if the S.T.D.
target relied too heavily on an acceler-
ated programme of converting manual
exchanges fo automatic or on toc
great a penetration into outback areas
with their inherent communication
difficulties.

In spite of these constraints, the
scope of the S.T.D. operation together
with the size of the Post Office organ-
isation demands that there be a stated
rate of anticipated progress. A target
is needed by all those concerned in
planning and providing all compon-
ents of the trunk system including
buildings, switching centres and trunk
line circuits. As a result, a compre-
hensive study was made to determine
a suitable short term target for the
S.T.D. programme. This study indicat-
ed that at least 66 per cent of all
trunk calls should be subscriber dial-
led by 1975 and that this target could
be achieved without placing undue
pressures on the manual to automatic
conversion or trunk provisioning pro-
grammes and by introducing the
facility in only profitable situations.

In evaluating the 66 per cent S.T.D.
target in terms of the magnitude of
the task within the framework of
other Post Office commitments, it is
worth noting that it is now approxi-
mately ten years since the first S.T.D.
iink was opened from St. Marys to
Sydney, and it is estimated that less
than 10 per cent of Australia’s trunk
calls are currently being subscriber
dialled. Furthermore, consideration
must be given to the following two
factors which when combined will
represent a formidable barrier and
necessitate strong efforts by all con-
cerned to maintain an appropriate
trunk network programme —

(i) Wherever S.T.D. facilities are
provided, something less than the
total traffic will be dialled by the
subscribers, the remainder being
offered to manual assistance
centres for connection by an
operator. The achievement of 66
per cent S.T.D. overall is there-
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Fig. 1 — Perceniage Distribution of Trunk Traffic between Metropelitun and Country Areas
in Australia,

fore dependent on the effective-
ness of S.T.D. where provided.
There are various estimates of the
likely effectiveness in Australia
ranging from 80 per cent to 95 per
cent, but on present indications, it
appears that we can reasonably
anticipate 90 per cent S.T.D.
effectiveness by 1975. With
S.T.D. 90 per cent effective, the
66 per cent target means that 73
per cent of trunk calls must be
offered to subscribers to dial their
own. Experience to date is dis-
cussed further in the section deal-
ing with progress of S.T.D. in
New South Wales.

(ii) The distribution of trunk traffic
throughout the Commonwealth is
such that the target cannot be
achieved by concentrating on
comparatively few sectors of the
network. The nature of the trunk
traffic distribution between metro-
politan and country areas is
demonstrated in Fig. 1 which
shows the categories of trunk
traffic as a percentage of the
Commonwealth total. With such a
distribution of trunk traffic,
where a high component is spread
throughout the country areas of
Australia, it follows that if the
66 per cent target is to be
achieved the trunk system devel-
oped from now on must be de-
signed to enable the maximum
degree of trunk traffic to be sub-
scriber dialled.

However, these two factors oppos-
ing the achievement of the target may
well be offset by the virile growth
of the trunk traffic. This growth
may well be high enough during the
next ten years to ensure that the tar-
get of 66 per cent by 1975 is achieved
so long as S.T.D. is used to meet the
overall growth of the trunk system
and is aided by the additional S.T.D.
which will result from the conversion
of manual exchanges to automatic.
Using S.T.D. techniques to meet the
incremental growth of the trunk net-
work is attractive as the estimated
cost of switching a given amount of
trunk traffic over the next ten years
using manual techniques is of the
order of twice the cost of switching
the same amount of traffic auto-

matically. With the cost advantages
of S.T.D. over manual operation so
marked, it follows that S.T.D. must
inevitably be the only acceptable
means of meeting the future growth
of the trunk system, and it is essen-
tial that all aspects of the trunk net-
work be prepared for the rapid expan-
sion of S.T.D. needed to meet the
1975 target.

SPECIAL TECHNICAL
REQUIREMENTS OF S.T.D.

A telecommunication network con-
sists of three elements — the switching
centres, the interconnecting circuits
and the signalling system. An S.T.D.
trunk network makes special technical
demands on each of these elements as
compared with those made by a trunk
system operated by trained telephon-
ists. The special requirements will be
discussed generally for each of the
trunk system elements mentioned.

Switching Centres

Automatic switching centres for the
S.T.D. traffic must be provided and, in
replacing an operator, they must also
provide automatic charging and call
routing facilities in addition to a cap-
acity capable of handling virtually all
calls on demand. In achieving this, the
automatic equipment must be able to
collect calls from a number of origin-
ating points and apply the correct
charge to the call which may be to
any part of the Commonwealth. In
Australia, the method of automatically
recording trunk charges is to operate
the subscriber’s call meter at the
appropriate rate for the trunk call
concerned. As the call charges will
be determined at the automatic trunk
centre, it follows that the equipment
must be capable of transmitting
periodic metering pulses during con-
versation to the originating exchange
over the connecting circuits in the
network. The switching equipment
must also provide for a national num-
bering scheme which is essential under
complete S.T.D. conditions to avoid
complicated calling procedures for
subscribers. In contrast, a manual or
semi-automatic trunk system manipu-
lated by trained operators can more
readily use open type access codes
for trunk switching purposes with
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consequent savings in switching equip-
ment and common control equipment
complexity. With a complete S.T.D.
trunk system in operation it will, of
course, be necessary to retain manual
trunk exchanges as manual assistance
centres. These centres will be re-
quired to handle those trunk calls
which subscribers do not wish to dial
themselves, such as particular person
calls or those on which the subscribers
meet with some difficulty in establish-
ing the call. The manual assistance
centres will also provide the network
services such as enquiries, directory
information, etc. It is expected that
the present number of manual trunk
exchanges will be reduced with a
decided trend towards greater central-
isation at the larger switching centres.

There are many automatic switching
centres already in operation which
enable operators to dial throughout
the trunk system without calling on
the services of other operators. These
switching centres are not suitable, as
they stand, for S.T.D. operation as
they have been designed for the oper-
ator-controlled network. For example,
the type of signalling used is not
compatible with S.T.D. and any
attempt to convert the equipment
would be unwarranted as the quantity
existing in our network is no more
than will be required to serve the
operator-controlled element in the
trunk system. In addition, there are
no automatic charging facilities as the
call charging methods currently in use
are manually controlled being based
on a handwritten docket on which
part}culars of the calling and called
parties are entered together with the
duration of the call. However, it will
be essential for the operator and
S.T.D. networks to interwork with
each other although they will be
developed as separate networks as
much as possible. It is not intended
to allow the subscribers access to the
operator’s 2VF signalling network but
there will be a need to provide the
manual operators with access both
into and out of the S.T.D. network.
Some new manual assistance centres
will be established in conjunction with
new automatic trunk switching ex-
changes and the normal access to the
trunk network for the telephonists
will be via the automatic trunk ex-
change and S.T.D. network. On the
other hand, retaining separate oper-
ator and S.T.D. networks at the
extremities of the system such as
within a secondary switching area
will be unattractive, so that the auto-
matic -trunk exchange will be the
normal point of entry from the oper-
ator-controlled network into the
secondary area.

Interconnecting Circuits

Major changes in the methods of
providing the interconnecting trunk
channels have occurred in recent years
with the advent of broadband systems,
both coaxial cable and radio. Most
of the larger subscribers’ networks are
now served with one or more of these
large capacity trunk systems and their
increasing penetration throughout the

trunk network will assist in providing
the number of channels necessary to
maintain a demand type service for
the S.T.D. network together with the
required standard of transmission per-
formance. The S.T.D. network must
have a high degree of stability in the
quality of transmission under switch-
ing conditions resulting in random
interconnection of circuits. In the
operator-controlled network the oper-
ator may reject a poor quality circuit
without the calling subscriber being
disconnected.

There is a current trend in the
S.T.D. network towards even more
centralising of the charge determining
equipment than was previously en-
visaged and there is also a trend to-
wards carrier channels being used in
local networks. With the combination
of these two trends, there will be
many cases where the passing of re-
peated metering signals during con-
versation over carrier circuits will be
essential and this is one of the com-
pelling reasons why the trend in the
Australian trunk network is toward
the outband carrier signalling system.

Signalling

The trunk signalling scheme must
allow the most inexperienced subscrib-
er to dial a trunk call and not require
him to use any special operating pro-
cedures over and above those he nor-
mally experiences on calls within his
own local network. It must also allow
for centralised trunk charging and the
transmitting of the appropriate charg-
ing information to the calling ex-
change via the trunk or junction dur-
ing conversation. In the S.T.D. trunk
svstem the combination of subscriber
dialling  and register  operation
demands that there be no intermed-
jate listening or waiting points during
dialling.

The signalling schemes which have
been used in the past have been ex-
clusively decadic pulsing systems and
as they were designed for a trunk net-
work employing trained telephonists,
they sometimes included a quite elab-
orate interchange of supervisory sig-
nals between the ends of the circuit.
The main signalling system used has
been the Siemens 2VF signalling sys-
tem which has the facility of being
able to signal on any channel on
which speech is possible and which
was conceived for manual operators
to give them a number of supervisory
facilities. In the interests of overall
network flexibility the register-control-
led system examines a number of
digits before determining the optimum
routing of the call and this delayed
operation introduces the need for a
high speed transfer of information,
much faster than decadic pulsing, in
order to minimise the post dialling
delays which result. In the trunk
network there will be the possibility
that an S.T.D. call will switch through
up to eight trunk centres (see Fig. 2)
which means that there will be a
higher potential for long post dialling
delays in the trunk system than in
the local networks. However, it must
be recognised that only a very small

percentage of the trunk traffic will
traverse the maximum number of links
possible from one terminal exchange
to another, whereas a high proportion
of the calls will pass through one,
two or three switching centres.

In addition to the comparatively
slow speed of operation, voice fre-
quency pulse signalling suffers from
the disadvantage that it is unaccept-
able on those circuits over which
charging information must be passed
during conversation without interfer-
ence to the speaking parties. As men-
tioned above, repeated metering sig-
nals will normally be transmitted out-
side the speech band in the case of
carrier circuits. For physical circuits
the signals will be transmitted by
reversing the polarities of the circuit
and these metering signals are refer-
red to as ‘“silent reversals”.

Local Networks

As well as its effects on the trunk
system, S.T.D. also has an influence
on the local networks. Resulting from
S.T.D. there is a need for a public
telephone with S.T.D. facilities and for
subscribers’ private meters to be avail-
able for installation at those subscrib-
ers’ premises where there is a need
to collect trunk charges, for example,
hotels, clubs, etc. In addition, S.T.D.
from metropolitan areas has a number
of inherent difficulties because of the
type of switching equipment or method
of operating the subscribers’ meters
in a number of the older exchanges.
It is not proposed to enlarge on the
local network aspects in this paper.

Association of Switching,
Numbering and Charging

In conjunction with the telephone
policy announced in 1959 the Post
Office has prepared switching, num-
bering and charging plans covering
the whole of Australia and all have
been closely co-ordinated to assist in
implementing the policy of nationwide
S.T.D. The trunk switching plans are
based on the principles shown in out-
line in Fig. 2. The full lines in Fig.
2 are the inter-connecting links which
are the final choice routes and each
switching centre is classified by its
status in the hierarchial type structure
formed by the network of final routes.
There are five main switching centres
in the Commonwealth located at Syd-
ney, Melbourne, Brisbane, Adelaide
and Perth, with Tasmania switching
via Melbourne. The area served by
each main switching centre is divided
sequentially into a number of smaller
components — mains into primaries,
primaries into secondaries, secondaries
into minors and, finally minors into
terminal exchange areas. In a similar
way the whole of Australia is divided
into telephone districts and each dis-
trict into a number of zones to enable
call charges to be determined. For the
purpose of switching and charging
calls throughout the Commonwealth
each of the above categories in the
switching and charging plans must be
ic{entiﬁable in the national numbering
plan.
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The automatic switching equipment
for the S.T.D. trunk network must
route the call to its destination effi-
ciently and apply the correct charge.
The indiscriminate allocation of ex-
change codes independent of traffic
routing or charging considerations is
theoretically possible with register-
controlled switching equipment but
the degree to which it may be per-
mitted in practice is governed by the
ability of the switching equipment to
perform the necessary analysis of the
dialled number. The amount of analy-
sis equipment to be provided in the
automatic trunk exchanges is a com-
promise between the costs of provid-
ing the analysis, the resultant equip-
ment complexities and the need to
maintain a fair degree of flexibility in
the allocation of national numbers;
for example, the main restrictions are
that all switching centres of main,
primary or secondary classification
and all charging districts must be
recognised by, at the most, four digits,
including the national access digit
“0”. In addition, all charge zones
must be identified within six digits,
including the access digit.

The development of integrated plans
for switching, numbering and charg-
ing on a national scale for the Austra-
lian telephone system ensures a sound
foundation for nationwide subscriber
dialling and has set a firm framework
for the design of the automatic trunk
switching exchanges.

DEVELOPMENT OF EQUIPMENT
FOR S.T.D.

The S.T.D. equipment developed
originally was known as multi-meter-
ing equipment and this term is still
used to describe S.T.D. equipment de-
signed for step-by-step exchanges.
The multi-metering equipment used in
Australia to date is fundamentally a
single link system carrying S.T.D.
traffic between two centres or net-
works but having limited ability to
distribute the traffic efficiently over
wide areas. The first multi-metering
technique used was to determine the
charge at each individual exchange
where S.T.D. was provided. The loca-

L]

tions requiring S.T.D. at that time

were those exchanges near large net-

- equipment.
" achieved, as far as the fundamental
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works having a high proportion of
their total traffic manually switched
at trunk rates to the nearby network.
Furthermore, the high proportion of
trunk traffic normally led to saturation
of the manual trunk exchange and its
continued expansion in new premises
was unattractive.

With the advent of crossbar ex-
changes to local networks and the
anticipated introduction of crossbar
trunk exchanges, it became necessary
to develop a centralised form of multi-
metering equipment to enable the step-
by-step and crossbar systems to inter-
work. This interworking is achieved
in the step-by-step design by using
the same techniques for transferring
charging information from the trunk
exchange to the originating exchange
as will be used with a crossbar auto-
matic trunk exchange, which means
that both ends of the circuit, either
terminal or trunk exchange, may vary
between step-by-step and crossbar
without effecting the operation of the
equipment.

However, if the Post Office is to
make any real progress towards the
approved objective of nationwide sub-
scriber dialling, the trunk system and
particularly the switching equipment
must not place any restrictions on
the generation of S.T.D. traffic. The
limitations of the earlier multi-meter-.
ing equipment, which are mentioned
in the later sections of the paper
describing practical applications of its
use, mean that any attempt to provide
widespread S.T.D. by current Aus-
tralian practices of charging on in-
dividual links will be inadequate.
Improved techniques are required to
enable S.T.D. traffic to be collected
from a number of sources, the calling
subscriber to be charged according to
his location and the destination of his
call, the call to be switched efficiently
to its destination, possibly through
other switching centres and super-
vision of the call to be maintained.

Crossbar Automatic Trunk
RM

Exchanges

The automatic switching equipment
which has been developed for the
Australian trunk network is an adap-
tation of the ARM crossbar equipment
designed by L. M. Ericsson as a part
of a complete: .telecommunication
switching system which also includes
crossbar terminal exchanges, types
ARF and ARK, already being used by
the Australian Post Office.

The ARM equipment is available in
two types, ARM 20 and ARM 50.
The ARM 20 is designed for the larger
installations and may be extended in
200 line units up to 4,000 lines while
the ARM 50 is designed for the smaller
trunk switching centres and is extend-
able in units of 38 lines. In develop-
ing the ARM system for Australia,
the basic objective was to maintain
the fundamental L. M. Ericsson de-
sign in order to facilitate design,
manufacture and installation of the
This was  generally

switching equipment is concerned, but
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considerable adaptation was required
in the line relay sets and registers
which are the components which must
interwork with the remainder of the
Australian network. However, the line
relay sets and registers as designed
for Australia may be used in either
ARM 20 or ARM 50 exchanges.

A typical interconnection between
an ARM 20 exchange and the local
and trunk networks is shown in Fig.
3. The ARM exchanges for Australia
have been designed with a view to
providing an efficient and adequate
switching machine for the future
nation-wide S.T.D. network and in-
clude the facility for the centralised
control of ARK exchanges. An ARM
exchange may collect traffic from all
types of exchanges, both step-by-step
and crossbar, over a wide area as up
to 24 different originating charge
zones may be identified. The originat-
ing zone and the called number are
then utilised to estimate the correct
charge which is returned to the origin-
ating exchange by the incoming line
relay set by transmitting metering sig-
nals at the appropriate rate. In addi-
tion to switching and charging S.T.D.
traffic from the local network, ARM
exchanges may also switch traffic
within the local network, trunk traffic
terminating into the local network and
transit trunk traffic from one switch-
ing centre to another. Four-wire
switching of all traffic is provided and
there are facilities available to pro-
vide for a great deal of flexibility in
ttihe alternate routing of switched traf-

c.

Multi-Metering Equipment

Initially, the S.T.D. or multi-meter-
ing equipment was designed for the
step-by-step system and the call
charges were determined at each ter-
minal exchange provided with S.T.D.
Fig. 4 shows the trunking of a typical
installation using this type of equip-
ment. The code selector would be
associated with the multi-metering
relay set only in those cases where
the traffic on the route may cause
different rates to be charged to the
calling subscriber. In these cases the
code selector analyses enough digits
of the called number to determine the
correct charging rate to be applied.
Some details of early installations are
given in the section headed Progress
of S.T.D. Installations in New South
Wales.

Typical trunking arrangements of
the centralised multi-metering equip-
ment are shown in Fig. 5, including
a short description of the functions of
the relay sets which make up the
multi-metering equipment. The appro-
priate charge is determined at the
trunk exchange and multi-metering
pulses at the required rate are return-
ed to the originating exchange during
the progress of the call. As shown
in Fig. 5, crossbar terminal exchanges
may be connected to the multi-meter-
ing equipment as the crossbar
exchanges are designed to receive the
multi-metering signals from the cen-
tralised equipment as silent reversals.
In the same way, the multi-metering
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equipment installed at the step-by-step
terminal exchange will enable the
exchange to be connected to an ARM
exchange as indicated in Fig. 3, as
the latter is also designed to transmit
multi-metering pulses as silent rever-
sals. Thus the terminal exchange relay
sets of the centralised multi-metering
equipment are an essential require-
ment to enable step-by-step terminal
exchanges to be included in the long
term S.T.D. objective.

The multi-metering relay set pro-
vided at the originating exchange (Fig.
4) recognises public telephones which
are barred from access to the S.T.D.
link. The public telephone line cir-
cuits are equipped in the same way
as they are in step-by-step exchanges
without S.T.D., with an identification
tone relay set to alert the trunk oper-
ator to collect the appropriate charges.
However, with centralised multi-
metering equipment (Fig. 5), an iden-
tification tone relay set is not required
in the public telephone line circuit
as the terminal exchange equipment
recognises public telephones and pro-
vides the identification tone on calls
to trunk operators. This has the
advantage that the identification tone
is applied only on those calls for
which it is required. Normally the
public telephone is barred to any
S.T.D. route but if desired the public
telephone may be permitted access to
S.T.D. routes for a unit fee period, the
public telephone being disconnected
on receipt of the second meter pulse.

Whereas the ARM exchange is de-
signed to recognise the charge zone
of the originating exchange, the cen-
tralised multi-metering equipment at
the trunk exchange does not identify
the originating zone. Therefore, the
multi-metering rate apolied is indepen-
dent of the location of the originating
exchange and it follows that either
the S.T.D. originating exchanges must
be restricted to those in the same
charge zone as the trunk exchange or
the S.T.D. routes must be restricted
to those on which district to district
charging applies.

TRUNK SWITCHING EQUIPMENT
PROGRAMME

The combination of the target of 66
per cent S.T.D. by 1975, and the
nature of the trunk traffic distribution,
makes it imperative that S.T.D. facili-
ties be given to as many subscribers as
possible and that these subscribers
must not be restricted in the destina-
tions they can dial for themselves.
This means that fairly quickly there
must be a high penetration of ARM
exchanges into the Australian trunk
system.

There are, at present, some 650
switching centres in the Common-
wealth, but this figure is likely to be
reduced to 400-500 as the result of
a review currently in progress.
Approximately 150 of these will be of
secondary switching status or higher
and a high proportion of the 150 will
need to be equipped with ARM equip-

ment within the next ten years In
order to gather and distribute S.T.D.
trunk calls in sufficient quantities to
achieve the target.

The S.T.D. programme will be assist-
ed by the current development of
transit swit: iing facilities for ARF
equipment wuich will enable them to
operate as minor switching centres.

The two-wire switching inherent in-

ARF equipment is acceptable at minor
switching centres where there is no
demand for the connection of nomin-
ally zero loss circuits to each other.
Some S.T.D. traffic can be switched
direct from the ARF exchange via line
relay sets which inject metering pulses
at a fixed rate to charge the calling
subscriber. The trunk traffic pattern
is generally such that the remainder
of the traffic requiring automatic
charging to be applied can economi-
cally be routed to the ARM exchange
at the secondary switching centre.

In programming ARM exchange in-
stallations it will generally follow that
the larger automatic networks will
demand the higher priorities as they
will provide more substantial gains
than the smaller areas, This is clear-
ly demonstrated in the early ARM
programmes for New South Wales
where the first installations are in
Sydney, Canberra and Newcastle to be
followed by such centres as Goulburn,
Albury, Orange and Griffith. As the
provision of broadband systems gen-
erally follows the same pattern, the
demands for ARM will usually coincide
with the availability of adequate cir-
cuits. The development of such a
pattern has the added advantage that
the ARM network will tend to grow
out from the main switching centres,
to primaries to secondaries and to
minors, ensuring that from the begin-
ning we build an integrated system to
provide the advantages of direct and
alternate routing together with multi-
frequency code signalling.

The progress to date in providing
S.T.D. in New South Wales is dis-
cussed in the remaining sections of
the paper and indicates the interim
methods used in meeting demands in
the trunk system whilst awaiting the
availability of the ARM trunk ex-
change equipment with which to build
the framework for the nationwide
S.T.D. network.

PROGRESS WITH S.T.D. IN
NEW SOUTH WALES

The Environment Immediately Prior
to First Installation

The description of progress in the
introduction of S.T.D. in N.S.W.
should be prefaced by a brief descrip-
tion of the situation as it existed at
the time, about ten years ago, when
S.T.D. was first proposed. A com-
mittee was formed to study the feasi-
bility of introducing S.T.D. in Aus-
tralia as a means of reducing the
amount of trunk traffic handled man-
ually, :
being experienced, - particularly in
N.S.W., in meeting the demand for

because great difficulty was

trunk service. It was clear that con-
tinuation of manual handling of the
shorter distance traffic was making
a heavy demand on the total funds
available to meet total growth, on
the available material and labour, on
the recruitment of telephonists, on
the facilities for training them and
on building accommodation. The Com-
mittee found that the introduction of
S.T.D. on a limited scale initially was
feasible and designed the initial cir-
cuitry for use with the then step-by-
step network. At the same time there
were other factors, enumerated below,
which did not encourage rushing into
S.T.D. with complete confidence that
this was the solution on a long term
basis. These remarks together with
the following list serve as a useful
backdrop against which to study the
decisions that were then made so that
the reasons for them may be better
appreciated.

(i) There was a marked deficiency
in trunk circuit provision as
compared to the number re-
quired to provide “on de-
mand” service on all routes.

(i) A number of trunk routes
were nearing the limit of their
capacity so far as meeting
future development was con-
cerned and major replacements
were necessary to meet these
expanding demands.

(iii) Broadband (large capacity)
installations had not yet com-
menced and were not envisag-
ed on the scale that we know
them now.

(iv) The existing manual trunk
exchanges were reaching the
limit of their traffic handling
capacity.

(v) Large initial capital expendi-
tures were required to change
from the open wire or pair
cable to broadband routes.

(vi) The acceptance of S.T.D. by
subscribers was not known
with any certainty.

(vii) It was not known whether
there was a limiting distance
(meter pulse repetition rate)
beyond which subscribers
would regard S.T.D. as unac-
ceptable because of the rate
at which the cost of the call
accumulated with time.

(viii) It was not known how much
traffic would be generated on
the S.T.D. routes and only
relatively sketchy information
could be obtained readily
about manually handled traffic.

(ix) The way ahead to meet con-
tinuing growth on the S.T.D.
routes proposed could not be
guaranteed within a limited
future period because the
trunk routes had not been con-
verted to broadband.

(x) Only a minority of trunk chan-
nels were provided with “out
of band” signalling facilities
and ' these were less than 50
miles in-length.
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(xi) Both line and information sig-
nalling methods in use in the
manually controlled trunk net-
work (mainly 2VF) were re-
parded as unacceptable for
S.T.D. and signalling methods
for use “in band” on S.T.D.
had not been developed to the
point where all safeguards
against malfunctioning due to
varied operating methods by
the subscribers could be guar-
anteed.

(xii) The effects of possible traffic
congestion and plant failure
in the large networks on the
performance of S.T.D. routes
and on subscriber reactions
were not known adequately.

(xiii) Charges for trunk calls were
based on radial distance be-
tween originating and termin-
ating exchanges and were not
necessarily a multiple of unit
fee charges.

(xiv) There were 22 different
charge rates as against the
seven (7) trunk charge rates
at present.

The First S.T.D. Installations

A good example of the environ-
ment just described is the route chosen
for the introduction of S.T.D. to
N.S.W.; from the industrial area at St.
Marys to the Sydney Metropolitan
Unit Fee Area (SM.U.F.A.). Before
S.T.D. was introduced, the manual
handling of the calls to Sydney was
severely taxing the limited resources
available. The automatic exchange
then serving the industrial portion of
the St. Marys exchange area was ori-
ginally part of a Private Automatic
Branch Exchange (P.A.B.X.) for the
Ministry of Munitions shell filling fac-
tory at St. Marys (Dunheved) which
was erected during the 1939-45 war.
The conversion of part of the P.A.B.X.
and the subsequent introduction of
S.T.D., although separated in time by
severgl years were very interesting
exercises in adaption, particularly as
the conversion from a P.AB.X. to a
public exchange was carried out early
in 1947, when extreme shortages of
equipment and manufacturing capac-
ity. were the order of the day, and the
S.T.D. installation was the first off in
Australia. This exercise in adaptation,
although not recognised as such at the
time, is the forerunner of fairly large
scale adaptation necessary to intro-
duce initial S.T.D. into the N.S.W. net-
work and indeed also in other States.
The S.T.D. installation was completed
in 1956 and consisted of fixed fee
multi-metering relay sets trunked via
two switching stages to level 01 and
thence to first selectors at City South
exchange in Sydney. The channels us-
ed were provided by N1 type carrier
on cable systems using E and M lead
signalling. This installation is men-
tioned because, in addition to bein
the first application of S.T.D. in
N.S.W,, it used circuitry for fee deter-
mining, class of service, barred caller
detection and impulse repetition func-
tions which was untried under actual

service conditions. Although the need
for S.T.D. on calls to Sydney lapsed
in 1960 with the inclusion St. Marys
in the Sydney Extended Local Ser-
vice Area (ELSA), the installation had
made a worthwhile contribution to
service for automatic subscribers in
the area and had enabled the then
existing manual assistance exchange
to hold the traffic load. The manual
assistance installation at St. Marys
already had reached nine trunk opera-
ting positions in two separated rooms
at the St. Marys Post Office and was
at the limit of its capacity for the
550 subscribers served. The contain-
ing of the manual traffic load was in
itself sufficient justification for the
S.T.D. installation. It is also to be
noted that there was a need for one
trunk telephonist per 61 subscribers.
The experience with this installation
from the design, operating and sub-
scriber reaction viewpoints was very
valuable and set the pattern to a con-
siderable measure for future installa-
tions.

The St. Marys-Sydney route was
followed within about a year by fur-
ther installations wusing circuitry
which was developed after the St.
Marys project. The installations were
at Palm Beach, Avalon, Austral, Ingle-
burn and Blacktown, all of which are
exchanges situated between fifteen
and twenty-five miles from the Sydney
G.P.O. These exchanges together with
St. Marys were later included in
Sydney ELSA and the multi-metering
of calls to Sydney was therefore no
longer required.

During the period between the first
installation at St. Marys in 1956 and
the introduction of ELSA, S.T.D. was
provided at several country centres
which have remained at trunk fee
distance from Sydney. These installa-
tions were at Penrith, Windsor,
Campbelltown and Dungog (into New-
castle). S.T.D. was also introduced
from Hamilton exchange in the New-
castle network to Sydney and this
was, up to that time, the longest
S.T.D. route and consequently had
the highest metering repetition rate
(shortest interval between metering
pulses) by a considerable margin.
S.T.D. was later introduced from Can-
berra to Sydney, then from Canberra
to Melbourne and more recently from
selected Sydney inner city exchanges
to Melbourne.

Traffic Studies

It is worthy of mention that at the
time of the early S.T.D. installations
trunk traffic had been growing at rates
as high as 15 per cent per annum
and that on the major routes, e.g.
Newcastle to Sydney, each increment
in trunk provision was quickly ab-
sorbed by the traffic demand, because
the traffic received a stimulus from
the improvement in service that the
trunk channel increment produced.
To a large measure this is still occurr-
ing but, at the time when S.T.D. was
being introduced, some disquiet was
felt at the possible demand which may
arise from the improvement in service

that S.T.D. was likely to provide. This
in turn could produce a build-up in
traffic to the point where extreme
difficulty could be met in providing
sufficient channels on the S.T.D. route
to carry the increased traffic, which
clearly had to be met “on demand”
or the whole situation would become
chaotic. Accordingly it was decided
that the estimated traffic should be
increased by 25 per cent to cater for
this possible stimulus.

It is true that when it was pro-
posed to extend S.T.D. to exchanges
beyond the immediate (50 mile radius)
vicinity of Sydney, information was
available regarding the traffic charac-
teristics of routes already establish-
ed. Nevertheless, as is mentioned pre-
viously, it was not known whether
there was a distance factor which
would change the pattern significantly
and the approach to S.T.D. from the
more distant centres was made with
some caution and provision of chan-
nels tended to be liberal, although
when the estimates were made this
was not known with any degree of
certainty.

It may now be of interest to see
what traffic patterns emerged and
how the estimates lined up with the
actual traffic read immediately after
the route was placed in service and in
various periods since. These details
are shown in Table I for a number
of routes ranging from short distances
to distances at the maximum charg-
ing rate. Before discussing these
estimates, the subsequently measured
results and the conclusions, if any,
that may be drawn from them, it is
necessary to point out that the figures
depicting read traffic may include
some which was generated by tele-
phonists in the manual assistance cen-
tre who have access to a proportion
of the channels on the S.T.D. route.
Telephonists inject traffic to the route
when the channels allocated for man-
ual assistance and telephonist gener-
ated transit traffic are congested and
the S.T.D. route is clearly not con-
gested at that time.

The traffics shown in Table I were
measured in some cases at the busy
season (Easter and Christmas), but it
is not certain even then that the read-
ings are truly representative of peak
traffic. It is mentioned here that the
inadequacy of present traffic measur-
ing methods and frequency are well
recognised and steps towards over-
coming these deficiencies are being
taken both within the State and by
Headquarters. Nevertheless, it is like-
ly that several years will pass before
traffic measuring and result process-
ing are fully automated.

Estimating S.T.D. Traffic: The basic
problem in making the initial esti-
mate of traffic on a particular S.T.D.
route lies in the difference in the nat-
ure of the traffic when under tele-
phonist control and the difficulty of
collecting the data and converting
these into hardware in the form of
switching equipment, trunks, junc-
tions, efc.
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The methods used to arrive at the
initial trunk channel requirements on
a new S.T.D. route vary to some ex-
tent depending on the availability of
and feasibility of procuring the de-
sirable data. A study of trunk call
dockets is made to produce a form of
traffic estimate. This has to be done
manually and, to produce results with
a high confidence rating, a large num-
ber of dockets would need to studied.
The effort involved is usually beyond
the capacity of the available staff and
therefore the results from a relatively
small sample are accepted in most
cases. As was mentioned earlier, quan-
titative traffic details will become
available in the future as a product
of the automation of traffic data col-

developed. The information gleaned
from the docket is compared with
traffic readings made on the trunks
carrying the telephonist-originated
traffic. The difficulty with these latter
data is that the trunks alsc carry
traffic originated in centres other than
the subject one, to destinations other
than the subject one and it is not
easy to isolate the traffic which re-
quires study. There is also the prob-
lem of interpreting the readings be-
cause the nature of read traffic (trunk
occupancy) differs as between tele-
phonist-handled calls and subscriber-
dialled calls because the former tends
to be smoother than pure chance
traffic. In addition, the holding times
tend to be longer with telephonist

effect of delays in starting to dial
after seizure and delays in clearing
after the subscriber has completed the
call. At the best, the data must be
regarded as a guide rather than a
true replica of the traffic likely to be
generated. These matters are men-
tioned as background information and
are intended to make the backdrop
more complete. At the same time the
information also touches on the prob-
lems of making the initial traffic esti-
mate with a good confidence rating.
The estimates have included an allow-
ance for the possible stimulus that
S.T.D. will generate and with the ex-
pectation that up to 90 per cent of the
originated calls will be dialled by the
subscribers themselves.

lection processing methods now being

TABLE I(A): ESTIMATED AND MEASURED TRAFFIC S.T.D.

traffic because

of the cumulative

ROUTES IN N.S.W.

Tnitial Subsequent
. Estimated traffic 2nd traffic traffic Average
Exchange Original |subscribers Date easaTemEit measurement measurements holding
to estimate . at placed in (Erlangs (E) (Erlangs (E) (Range of time Remarks
Sydney (Erlangs) |originating service Date Date Erlangs (E) and {(measured
exchanges Subscribers) Subscribers) Stzlg‘s:tr:bgs) values]
Penrith 31 1,331 14. 3.59 | 18.2E 4/59 1 19E 10/59 |19.8-28E  (9) | 2’ 28” | 38 channels initially,
1,278 : 1,417-2,014 increased to 52 in
1965.
Hamilton 17.8 3,800 21. 3.59 13E 4/59 | 18E 10/60 | 18.5-22E (13) | 2’ 38” |24 channels initially,
3,719 4,090 4,180-4,415 increased to 30 in
1962, and 36 in
1965.
Windsor 183 833 7. 5.60 10E 6/60 10.1E 4/6119.6-125E (6)| 2’ 23” | No increase in chan-
567 691 780-840 nels from initial
provision of 26.
Campbell- 21 2,142 20. 4.61 15E 6/61| 16E 12/61|21.3-24.2E (7)| 2’ 13" |29 channels initially,
town 1,595 1,687 1,897-2,216 increased to 32 in
1963, and 39 in
1965.
Canberra 33.7 12,400 17. 3.62 | 25E 4/62 | 31.8E 10/62|31.8-41.2E (16)| 3’ 5” |43 channels initially,
10,783 11,670 12,180-17,050 increased to 47 in
1962, 52 in 1964,
63 in 1965.
Gosford 185 1,800 26.11.62 11.7E 12/62| 189E 12/63| 18.9-19.8E(10)| 4’ 6" | No increase in chan-
1,731 1,910 1,910-2,108 nels from initial
provision of 29,
Wollon- 42 6,430 23.1063 |27.5E 11/63}32.4 12/63|32.4-35E  (6)| 2’ 22” | No increase in chan-
gong 6,164 6,179 6,237-6,597 nels from initial
provision of 55.
Goulburn 8.2 3,298 17. 664 |6.1E 7/64! 6.5E 12/64|6.1-6.5E  (4)| 2° 2” | No increase in chan-
2,991 3,017 2,991-3,017 nels from initial
provision of 17.
Wolfe 34 4,496 30. 664 |21.8E 7/64 | 26E 12/64|21.8-26E  (5) e No increase in chan-
3,850 3,869 3,850-3,869 nels from initial
provision of 52.
Wyong 4.4 570 15.12.64 | 24E 12/64 | 4.4E 1/65| 2.4-4.4E I’ 54" | No increase in chan-
500 514 500-514 nels from initial
provision of 12,
Springwood| 4.8 1,121 9. 6.65 —_ —_— — — Measurements not
completed at time
of writing.
Maitland 8.5 2,562 30. 6.65 —_ _— — — Measurements not
completed at time
of writing,
Wollon- 23.5 7,126 9. 7.65 —_ — — — Measurements not
gong completed at time
Area of writing.

Note 1: Figures in brackets are numbers of measurements.
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TABLE I(B): OTHER S.T.D. ROUTES IN N.S.W.
Estimated ﬂw’ﬁmf 2nd traffic s“!t’:-;gil:em Average
Original | subscribers Date BedSoreacnt t 1 holding
Route estimate ., at placed in (Erlangs (E) (Erlangs (E) (Range of time Remarks
(Erlangs) |originating service rDagte Date Erlangs (E) and | (measured
exchanges Subseribers) Subscribers) Sl:sz:{:,btlz;s) values)
Dungog- 6.1 488 4. 261 |59E 3/61 ] 5.0E 5/61 | 5.0-49E (4) - No increase in chan-
Hamilton 393 397 397-429 nels from initial
provision of 12.
Dungog- 1.1 488 4. 2.61 1.2E 3/61 | 1.6E 5/61|15-1.3E (3) — No increase in chan-
Maitland 393 397 397-429 nels from initial
provision of 4.
Gosford- 3.8 1,800 26.11.62 |2.3E 12/62 | 4.2E 12/63{ 4.2-3.5E  (3) - No increase in chan-
Newcastle ,731 1,910 1,910-1,954 nels from initial
provision of 8.
Canberra- 19.3 17262 20. 863 |9.0E 3/63] 13.3E 3/64|16-17.2E (3) — 36 channels initially
Melbourne 13,593 14,447 15,323-17,050 reduced to 28 in
1964, increased to
40 in 1965.
Wyong- 6.9 1,007 15.12.64 |1.2E 1/65 — — 1’ 41” | No increase in chan-
Newcastle 514 nels from initial
) provision of 13.
Albury- 8.5 3,788 26. 6.65 - — — — Not measured at date
Melbourne l of writing.
Note 1: Figures in brackets are numbers of measurements.
TABLE I(C): FROM SYDNEY INNER CITY EXCHANGES TO:
. Initial 2nd fhi Subsequent | A
mEs:tl:lm Originat s?l;)t;c?:-?l::gs Date traffic t me:su:?m::;t mfﬁsmmﬂfm h(v)ﬁ?lgge
Exchange estimate at placed in x(nl':enlsuremcé\) (Erlangs (E) Exl ang&)o 4 time Remarks
or (Erlangs) |originating service s ¢ Date rsa:x‘bgsscrib ":)“ (measured
Network exchanges Subseribers) Subscribers) (Note 1) values)
Melbourne 45 21,000 51264 |23E 12/64 25E 6/65; 24-28E @) 3
18,544 2 19,723-20,057
Canberra 17 21,000 29. 565 |8E 6/65 — —_— 2’ 29” |Only one readin
20,057 taken at date o
writing.
Wollon- 18 21,000 29. 565 |6E 6/65 — — 2’ 41” | Only one reading
gong 20,057 taken at date of
writing.
21 21,000 e — —_ — — Placed in service after
Newcastle date of writing.
Brisbane 13 21,000 . — — —_ e Placed in service after
date of writing.
Note 1: Figures in brackets are numbers of measurements.
The Traffic Actually Observed: from economic and engineering view- mainly because this was the least

Turning again to Table I it is seen
that some fairly wide variations be-
tween the estimated and read traffic
can pe observed on nearly all routes.
Tic cstimates are consistently high-
e: than the actual. A number of
opinions have been expressed as to
the cause of these variations, including
views that in fact there is no stimulus
and/or that the calls increase, but the
holding times diminish on S.T.D. as
compared with the three minute paid
for time intervals on manual assist-
ance traffic. It is difficult to prove or
disprove these opinions because of the
paucity of detailed data prior to the
introduction of the facility. The view
of the writers leans towards gener-
ous initial provision of channels on
the basis that if the users encounter
§ood service from the outset they are
ikely to increase their use of it and,

points, it is almost certain that the
traffic will follow the usual growth
pattern observed on trunk traffic so
that, at the worst, the initial over-
provision will meet development for
rather longer than the usual two years,
and in any case the route is also
available for some telephonist traffic.
The traffic after introduction of S.T.D.
usually follows a pattern which sug-
gests that the subscribers, after in
some cases a short burst of curiosity
calls, treat S.T.D. with some caution
at the outset. However, within six
months the traffic builds up to a value
which suggests that about 80-90 per
ge{‘ltD of originated calls are made via

The Trunking Arrangements

The initial S.T.D. installations used
simple trunking and access codes

costly way of adding S.T.D. to an ex-
isting installation. The inherent in-
flexibility of step-by-step trunking pre-
cluded and still precludes the econ-
omic introduction of full national cod-
es to more than the few destinations
which can be identified on the first
national digit (A digit), and even then
requires some form of digit absorp-
tion on codes other than Sydney which
has a full A digit (2) allocated to it.
The methods which were employed
on later installations are shown in
Figs. 7, 8 and 9, while Fig. 6 illustrates
the simpler form of access used init-
ially at Hamilton.

It is possible to trace the evolu-
tion that ideas went through by a
study of the methods used. The initial
cases were quite straight-forward,
being stripped of any complications in
order that the circuitry be similarly
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PROM SUBSCRIBERS

LOCAL
187 SEL'S

THITHIN

HAMILTON EXCHANGE

(ITIALLY )

SYDNEY NETWORK 19 SELECTORS
ViA CHANNELS IN SYDNEY-NEWCASTLE
CABLE USING (VF SIGNALLING N BAND.

Fig. 6. — Note: B denotes a relay set to Drg. CE-11017 {Mod) — APO type multimetering
repeaters providing for S.T.D. metering pulses to be returned to the caller, and signals for-
ward on a loop disconnect basis.

simplified. In particular, it should be
noted that the choices of the number
of fee rates were limited, and as the
fee determining equipment was assoc-
iated directly with the trunk in the
same building on the calling sub-
scriber’s primary equipment, there
was no need for metering signals
to be passed over a trunk or junc-
tion. Emphasis is given to this when
it is recalled that there were 22 trunk
charge rates in operation when Hamil-
ton was first given S.T.D. to Sydney
and not all of these were an exact
multiple of a unit fee.

When S.T.D. was first provided
from Hamilton, trunking was simpli-
fied to the point where a single digit
(8) was used as the prefix for calls to
Sydney, the prefix being followed by
the Sydney subscriber’s number. This
is shown diagrammatically in Fig. 6.
The only complication was that local
and incoming first selectors were
mixed on the same racks and con-
sequently shared the same outlets in-
cluding the S.T.D. circuits. At Ham-
ilton this difficulty was overcome by
using the same access barring method
as is used for the public telephone
line circuit. This consists of per-
manently connecting a resistor of
about 500 ohms from —48 volts bat-

ducing national numbering in step-by-
step-type exchanges, as compared to
the situation in a register controlled
network.

Referring again to the trunking
methods and circuitry indicated in
Figs. 6 to 9, it will be noted that
following the simple trunking arrange-
ments used in the initial installation
at Hamilton (Fig. 6) it was soon found
necessary to introduce more complex
trunking and circuit arrangements as
the need for S.T.D. arose in the other
areas mentioned in the figures. This
culminated in the installation, in
stages, of the multiplicity of different
trunking and circuitry needed at Can-
berra to provide S.T.D. from all Can-
berra network subscribers to Sydney
and Melbourne. This clearly points
to the need for a sophisticated auto-
matic trunk switching machine such
as the ARM type as has been mention-
ed earlier in this paper.

Some Features of the Trunking and
Circuitry

It may be of interest to describe
some of the features of the trunking
and circuit arrangements because they

may not always be self evident. Fig.
6 requires na comment except to say
that the fixed rate multi-metering re-
lay set is in fact a variable rate type
modified to operate without a code
selector. The arrangements shown in
Fig. 7 are those which were installed
at Windsor in 1960. The trunking
arrangements are not provided, in the
form shown, solely because of the in-
troduction of S.T.D. but are included
in this paper because they may be
of general interest. It is necessary to
accept the traffic efficiency penalty
and divide the first selectors into a
number of separate groups in order to
provide for:

(i) National numbering from those
selectors available to the local
automatic subscribers (Group 1
—Fig. 7).

Access via standard dialling codes
from dependent terminal auto-
matic exchanges to the manual
assistance positions without trav-
ersing a 3 db. stabilising pad
(Group 2—Fig. 7).

Correct usage of 3 db. stablising
pads on calls from local sub-
scribers to amplified (nominal
%ro loss) trunks (Group 1—Fig.

(ii)

(iii)

(iv) A form of “open’” numbering with
access codes for use by distant
telephonists to obtain access to
the manual assistance positions
via level 1 of the first selectors
(Group 2 and Group 3—Fig. 7).

(v) The switching in of a 3 db. stab-
ility pad on calls mentioned in
(iv) when the Windsor telephon-
ist is coupled to the connection.

(vi) Correct positioning of 3 db. stab-
ilising pads on calls terminating
on local subscribers from ampli-
fied (nominal zero loss) trunks.

1,
UHISELS WINDSOR EXCHANGE
SHOWING STD. SWITCHING ARRANGE:
MENTS AND THE SEGREGATION WITH-
IN SWITCH RANKS FOR ACCESS BARR-
ING & PAD SWITCHING PURPOSES,

tery to the private (P) wire of the
public telephone line circuit or in-
coming group selector. This allows
sufficient current to flow in the P
wire to trigger off the throw-out cir-
cuit if a multi-metering relay set is
encountered. Later, when the national
access code (02) for Sydney calls was
introduced at Hamilton simultaneously
with the introduction of standard three
digit “0” codes for manual assistance
(011, 012, etc.) considerable rearrange-
ment and the addition of “0” level
second selectors at Hamilton were
necessary. These “0” level second sel-
ectors were additional to the existing
installation of “0” second selectors
at the “2” exchange (Wolfe) and
through which, up to that time, all
manual assistance traffic from the
Newcastle network was routed. The
introduction of the second group of
“0” second selectors in the network
required separate groups of circuits
to the “01” third selectors with con-
sequent reduction in traffic efficiency.
These factors are mentioned to illus-
trate the difficulties even in this
relatively simple installation, of intro-
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i EH

CAMPBELLTOWN EXCHANGE

SHOWING STD SWITCHING ARRANGE-
WMENTS, THE 2/4w 2000 TYPE SELECTOR,
SEGREGATION £OR ACCESS BARRING &
PAD SWITCHING PURPOSES AND THE
SHARING VIA TRUNK PRESELECTORS, OF A
SINGLE GROUP OF ST.D TRUNKS AT THE
SECONDARY CENTRE BETWEEN SEVERAL
EXCHANGES VIA CENTRALIZED "07 2P SELS

SYDNEY ViA

{02 )— & &M LEAD LOW LEVEL
SIG, CHARNELS

ﬁ
EMERGENCY #
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Fig. 8. - Note: C denotes a relay set to Drg. CE 11017 with a code selector to Drg. CE 11018 for variable rate charging. F denotes
a relay set to Dr. CE 11248 (Mod.) — Outgoing loop sequential trunk signalling relay set fo convert incoming loop disconnect junction

signalling to outgoing loop sequential

If reference is now made to Fig. 8,
it will be noticed that there are rour
groups of first selectors at Campbell-
town. In addition to providing for
the same conditions as are mentioned
in (i) to (vi) above, the four-group
arrangement at Campbelltown caters
for true four-wire switching of con-
nections between four-wire circuits.

-In going from the one exchange ar-
rangement at Windsor to the multi-
exchange requirements of the Camp-
belitown secondary area, a further
complication is introduced in order to
minimise the number of trunk chan-
nels. The complication is the neces-
sity to centralise the “0” second sel-
ectors and then divide them into two
groups, one of which allows for four-
wire switching. This necessitated the
installation of more multi-metering
and fee .determining equipments at
each of the other exchanges in the
secondary area (Camden and Picton)
from which multi-metering is avail-
able because all of the “0” level calls
originating in these exchanges had to
pass through these relay sets. The
multi-metering relay sets and their at-
tachments are markedly more costly
than the relay sets normally used in
the unit fee network (an auto. to
auto. repeater) and as the “0” level
traffic contains a fair percentage re-
quiring manual handling of the call,
the cost of the multi-metering equip-
ment in a situation such as has been
described tends to be maximised in
order that the trunk channel provision
should be minimised. It will also be
noted that a further trunk channel
reducing process was used at Camp-
belltown by medium of the trunk pre-
selector which theoretically produced
conditions approaching full availability
to ‘be introduced on the S.T.D. route
to Sydney. On this aspect current

trunk signalling.

thought is that with the gradual down-
ward trend in the cost of trunk chan-
nels the desire to minimise trunk
channel provision for economic rea-
sons will not be nearly as strong as
it was when Campbelitown was in-
stalled. While it is not the purpose
to enter into a full scale discussion
on the economic balance between the
number of trunks, the number of
switching stages and the number of
switches in each stage, it could be
said that the arrangements at Camp-
belltown are not necessarily regarded
as optimum with present channel and
switching costs.

The arrangements shown in Fig. 9
for the Canberra network have evolv-
ed through a number of stages and
have become more complicated at each
stage. The first installation was to
Sydney (02) from Civic, Barton and
Manuka exchanges and access to the
trunk group was obtained through
decentralised “0” second selectors to
a single group of trunks via trunk
pre-selectors at the Central trunk ex-
change. The arrangements adopted
avoided the installation of a central-
ised group of “0” second selectors
at Central where accommodation prob-
lems existed. The “0” second selec-
tors used for two-digit trunk assist-
ance access codes, already installed
at Central, were converted to “01”
level third selectors with the introduc-
tion of three digit “0” level service
codes. The use of trunk pre-selectors
as a concentration point for the S.T.D.
traffic to Sydney introduced a con-
siderable amount of circuit design
complexity, particularly as they were
being used in an environment mark-
edly different from that intended when
they were designed. The switches are
Siemens’ high speed motor uniselectors
adapted for the purpose. While some

of the basic Siemens’ circuitry was re-
tained, the new requirements neces-
sitated fairly extensive modifications,
and the fact that these circuits were
able to perform satisfactorily is a
credit to the adaptability of the Sie-
mens’ high speed motor uniselectors
and operating circuitry. However, be-
cause these trunk pre-selectors have
to stand on a free circuit while a
free circuit exists, there is frequent
movement of the free trunk pre-selec-
tors as they take up a new position
after the position on which they pre-
viously stood is seized by another
trunk pre-selector. During this move-
ment the inlets to all of the trunk
pre-selectors which are moving are
busied and consequently the more
frequent the movement, the greater is
the generation of artificial traffic.
This tends to create some lost traffic
even though free trunk channels exist
at that instant. It was therefore nec-
essary to introduce a number of modi-
fications which were a compromise
between a high traffic efficiency per
channel and a minimising of artificial
traffic. A number of further stages
including the introduction of S.T.D.
to Melbourne and the inclusion of
crossbar installations at Deakin, Rus-
sell and Civic produced the rather
complex arrangements shown in Fig.

The complexity of the trunking
points to the need for the ARM in-
stallation which is currently being
provided at Canberra. It is not diffi-
cult to envisage the complications
which would be introduced if traffic
destinations additional to Sydney and
Melbourne were included in the Can-
berra S.T.D. arrangements without
having such a centralised switching,
routing and charging machine as the
ARM automatic trunk exchange pre-
viously discussed.
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Types of Trunk Channels Used for
T,

The general requirements that
S.T.D. trunk channels have to meet
as far as signalling is concerned have
been outlined in the preceding sec-
tions of this paper. It is proposed
now to discuss briefly the variety
of trunk channel types used in New

South Wales for the S.T.D. so far
installed. Although a high percentage
of the installations are now using “in-
channel out of band” (shortened to
the term out band) low level continu-
ous tone signalling channels with loop
sequential type (compelled sequence)
relay set terminations, the signalling
being built into the channel unit, some
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Fig. 9. -— Canberra Network—"0" Level Trunki

Arrangement. Note: A denotes a relay set to

ng at Fune, 1965, showing $.T.D. Relay Set
Drg. CE 11017 and B, a relay set to Drg.

CE 11017 (Mod.)—APO type multimetering repeaters providing for S.T.D. metering pulses

to be returned to the caller, and signals forwa

rd on a loop disconnect basis. D denotes a

relay set to CSK 12436 — This is an early design of CE 11248 {CC48) relay set which

provides for fixed rate S.T.D. silent reversals to

into a carrier channel on a loop sequential signalling basis.

N-SK 10321 — Llocally designed relay set to

be returned to the caller, and works directly
E denotes a relay set to
convert meter pulses returned from A.P.O.

type multi-metering repeaters to silent reversals for the operation of meters of subscribers

served by crossbar equipment.

sequential trunk signalling relay set to convert incoming loop sequential

to outgoing loop disconnect junction signalling

G denotes o relay set to CE-11249 (Mod) -— Incoming loop

trunk signalling
. H denotes a relay set to ND 29237 —

Junction connect relay set to permit connection of trunk preselector to an incoming two wire
junction.

“in band” signalling methods are used,
as well as other older types of signal-
ling.

Some of the earlier installations.
used channels with signalling con-
tained within the nominal 300-4000
c¢/s channel bandwidth. The signal-
ling frequencies are restricted to a

bandwidth of about 100 c¢/s and
the signal current 1is transmitted
at a frequency of 3,825¢/s. The

signalling tone (current) is transmit-
ted in both directions when the chan-
nel is idle. Cessation of tone in the
“go” direction of a uni-directional
traffic channel, say an “out” trunk
from a selector level, is an indication
that the channel has been seized by
a selector. Cessation of tone in the
“return” direction indicates that the
called party has answered (reversal).
Dialling is performed by bursts of tone
in the “go” direction, each burst re-
presenting a break period of the dial
impulsing springs. The shortcomings
of this method of signalling are fairly
obvious when it is remembered that
the automatic switches rely on the
opening of the holding loop for their
release. The loop is opened when chan-
nel tone is restored at the end of call,
that is, when the caller or called party
“hangs up”. The failure of a channel
during conversation is the same to the
automatic switches as the continuation
of the call and the switches at the in-
coming end are therefore “held up”
until released by restoration of the
tone, the restoration of the -caller’s
handset, or other means such as main-
tenance attention. This shortcoming
is not more serious from a user’s view-
point than being cut off during con-
versation because a failure of a speech
channel is usually followed by restora-
tion of the caller’s handset to the tele-
phone resulting in release of the local
exchange switch train. Nevertheless,
it is an undesirable condition even
though its occurrence is infrequent.
The signalling channel just described
is referred to as a “high level tone on
idle” channel, the significance of this
being that the signalling tone is trans-
mitted at a relatively high power level
allowing the use of fairly insensitive
receivers. The high signalling tone
level, if used during the same period
that speech is being transmitted,
would tend to overload the common
amplifiers (repeaters, etc.).

The disadvantages of the signalling
channels and associated circuitry out-
lined in the preceding paragraph are
overcome by the circuitry designed
for use on the later type signalling
channels which are similar in concept
to the earlier out band channels,
but use low power levels
for tone transmission with the ad-
vantage that the tone can be applied
in bursts or continuously during
speech without causing overloading.
This requires a more sensitive signal
receiver but the overall advantages
warrant the additional cost.

Both the high level and low level
signalling channels are frequently re-
ferred to as E and M lead signalling,
the letters E and M referring to the
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signal wires of the input and output
of the carrier channel. Thus E and
M lead signalling is frequently meant
to refer to any system using separate
signal wires. This is mentioned
merely to introduce readers to the dif-
ferent terms used to describe substan-
tially the same thing, the signalling
channels being considered as an ex-
tension of the signalling wires.

The other types of channels used
for S.T.D. in N.S.W. are of an older
type in which signalling must be done
within the speech band (in band sig-
nalling) or on an exclusive signalling
path outside the speech band by
means of carrier frequency signalling.
The latter is a form of out band signal
requiring bursts of current of different
durations and, in a particular order
(impulsive signalling), to indicate what
function has to be performed. The
in band signalling used is also neces-
sarily an impulsive form using a tone
in the voice frequency range, is heard
by the caller to a limited extent and
requires a high degree of immunity
from interference from speech cur-
rents. The actual signalling equipment
used is basically the Siemens’ 1VF
system which was originally designed
for use in the telephonist’s network
and has been successfully modified
for use with S.T.D. This method has
now replaced the carrier signalling
originally used from Hamilton to Syd-
ney.

The importance of providing for a
reliable signalling system which may
be used on any type of voice fre-
quency channel is perhaps, illustrated
in the foregoing remarks. The ARM
automatic trunk exchanges will cater
for these requirements, particularly
when interworking with other ARM
or other type crossbar exchanges is
concerned.

The Present Plans for N.S.W.

The trunk switching network envis-
aged for N.S.W. as part of a national
trunk switching scheme is based on
a hierarchical structure (see Fig. 2)
with Sydney as the main switching
centre with direct routes to all other
main centres in Australia. The next
lower order switching centre is called
a primary centre. At the moment
there is some further thought being
given to whether primary centres do
in fact contribute to optimisation of
overall costs. Nevertheless, until quite
extensive economic studies have been
made, it is difficult to be conclusive
on this point and consequently, it is
proposed for the purposes of this
paper to include primary centres in
the description of the trunk switching
network. There are at present seven
centres (excluding Sydney which, be-
ing a main centre, is necessarily also
a primary centre) which are desig-
nated as primary switching points out
one of these, Lithgow, is not likely
to retain its present nominal status.
The other centres are Newcastle. Can-
berra, Orange, Wagga, Tamworth and

Lismore. Each primary centre will
severe a number of secondary trunk
switching centres located in the gen-
eral geographical area of the primary
centre, with the secondary centres
in their turn serving a number of
minor centres which service the ter-
minal exchanges.

Each primary centre will be provid-
ed with an ARM exchange in the not
distant future and in addition to
Sydney, installations are already in
progress at Newecastle (in the Hamil-
ton exchange building) and Canberra.
Subject to the availability of the nec-
essary resources it is planned that
further ARM installations proceed at
the secondary centres and also at
some minor centres.

The automatic trunk switching ex-

changes must be served by adequate
trunk channels both initially and on
a continuing basis. Fig. 10 shows
where broadband bearers are installed
and are immediately proposed, these
large capacity bearers following the
heavy traffic routes where the greatest
gains can be made by the introduc-
tion of S.T.D.

The study of the S.T.D. network
in N.SSW. and in the whole of Aus-
tralia is a continuing process and
the aid of large capacity high speed
computers will be enlisted to provide
answers which may lead to optimisa-
tion. The economic balance between
costs of the main components in the
network, the switching equipment,
the connecting links and the signalling
equipment has to be found and main-
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tained as conditions change.. Any
subsequent variation in the relative
costs of these components can pro-
duce a requirement for a change in
the network. The study of the S.T.D.
network cannot be done without a
concurrent study of the whole trunk
network and the major local networks
such as the capital cities and other
large centres of population and tele-
phone density.

CONCLUSION

The authors of this paper are both
engaged on planning activities which
require the making of predictions for
the future and both have learned to
accept the hazards of such an occupa-
tion. Nevertheless, although the fut-
ure may prove the predictions to be
wrong, it is felt that this paper would
not be complete without some forecast
of the likely shape of the future trunk
network. It is expected that the gen-
eral shape, which is dependent upon
the calling habits and communications
needs of the community, will alter
gradually and, even then, only in
degree. However, as in the past, there
is continuous change in the various
components of the trunk system under
such influences as the variation in re-
lative costs, the magnitude of the
traffic to be carried and the interests
of service security.

It is anticipated that both the ARM
automatic trunk switching exchanges
and the broadband carrier links will
continue to penetrate further into the
trunk system. It is expected that this
dual penetration will result in the
number of trunk switching centres
being markedly reduced by the elimin-
ation of many current minor switch-
ing centres which would become ter-
minal exchanges switching only traffic
generated by and for the local sub-
scribers. In addition, some current
secondary centres will be reduced to
minors and, possibly, the primary
centres will be reduced to secondary
status. It is considered that the man-

ual assistance centres will continue
to be centralised as more areas are
converted to automatic, and that the
number of service areas are converted
to a utomatic, and that the number
of service centres wil be considerably
less than the number of switching
centres. The balance between costs of
switching equipment and trunk chan-
nels will be the predominant deter-
mining influence and there still
appears to be a downward trend in
the overall cost of providing trunk
channels. A similar downward move-
ment in switching costs has not been
observed. As far as the trunk circuits
are concerned, it is expected that
when the trunk traffic increases to
much higher proportions than we now
experience, a new network of trunk
channels, well separated from the
existing . links, will be established.
This will reduce the risk of losing all
circuits in any one section of the
country at any time.

It is interesting to note that the
pattern of development which has
taken place in Australian network is
gradually extending into the inter-
national network. With the develop-~
ment in postwar years of reliable
submerged repeaters, the use of long
distance submarine telephone cables,
designed on the coaxial principle, has
enabled the provision of large num-
bers of high quality telephone chan-
nels between countries, over which
international subscriber dialling will
be a feature of the future. Already
Australian operators are dialling dir-
ect into the networks of New Zea-
land, Canada, United States and
Britain.

Given the resources required it is
confidently expected that the Aus-
tralian Post Office will continue to
provide improved service in the con-
nection of trunk calls. The important
requirement is to meet the demands
that subscribers make on the service,
both local and trunk, and this task
is occupying the full attention of
planning and plant people alike.

10.
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I.T.U. MEETINGS — MELBOURNE, SEPTEMBER/OCTOBER, 1966

Between the 7th of September and
the 26th of October, 1966, the Austra-
lian Administration acted as host to
three separate series of meetings of
the International Telecommunications
Union. This was the second occasion
on which the Australian Administra-
tion had welcomed delegates to LT.U.
meetings held in Australia.

In October, 1963, meetings of certain
Telephone Study Groups were held in
Melbourne, and this year, the meet-
ings held were the Plan Committee
for Asia and Oceania, C.C.LT.T. Tele-
graph Study Groups I and X and
associated joint working parties. A
seminar on the Development of a
Telephone Network, was also arrang-
ed.

Brief reports of the proceedings of
each of these three meetings are given
below.

1.T.U. PLAN COMMITTEE FOR
ASIA AND OCEANIA

Seventy-eight delegates from 33
countries attended a meeting of the
1.T.U. Plan Committee for Asia and
Qceania which was held in Melbourne
from 7-19th September, 1966, under
the Chairmanship of Mr. C. P. Vasu-
devan (India). The Australian delega-
tion included members from Post
Office Headquarters, the Overseas
Telecommunications Commission and
the Papua and New Guinea Posts and
Telegraphs Administration.

The Work of the Plan Committees

The 1.T.U. Plan Committees operate
under the joint auspices of the
C.CIT.T. and C.C.LR. — the inter-
national consultative committees on
telephony and radio. The Plan Com-
mittees are responsible for establish-
ing broad plans for the development
of the international network, to help
administrations and recognised private
operating agencies in negotiating
agreements to organise and improve
the international services between
their countries. They also examine
technical, operating and tariff ques-
tions raised by countries in applying

the plans and refer them for study
by appropriate L.T.U. bodies.

There are four Regional Plan Com-
mittees, covering the areas of Europe
and the Mediterranean Basin, Africa,
Latin America, and Asia and Oceania.
The World Plan Committee co-ordin-

ates the work of the Regional Com- -

mittees and plans the development of
the network interconnecting them.
The Committees normally meet every
three years.

Growth of International Traffic

Plans for the development of inter-
national telecommunication services
were significantly advanced during the
Melbourne meeting. The conference
produced new and reconciled estimates
of traffic and circuits for telephone,
telegraph, Telex and miscellaneous
services at the years 1965, 1970 and
1975 for connections within the Region
and to other Plan Regions. These
figures reveal a ‘‘communications ex-
plosion” over the next decade, with
forecast traffic increases of up to ten-
fold on many major traffic streams.
Various discrepancies between the
forecasts of Australian traffic and the
corresponding estimates of the recip-
rocal countries were revealed and
reconciled.

New Submarine Cables Planned

Progress in planning and construct»
ing new international arteries to pro-
vide a high capacity network within
and out of the Region was reviewed
and documented. Details of revised
routing for the SEACOM cable, with
the Guam landfall, were supplied by
Australia, and Japan again recorded
proposals for the South Asian/Far
East Cable (SAFE) shown to be routed
from Tokyo, via Taipei, Manilla and
Bangkok to Singapore. An Indian
Ocean cable (IOCOM), from Madras
to Penang and a submarine cable link-
ing East and West Pakistan were
amongst new facilities proposed.

Satellite Communications

Details were recorded of satellite
earth stations scheduled for construc-

tion during the period to 1970. Fif-
teen earth stations were listed, with
up to seven giving access to the
Pacific Satellite and eleven to the
Indian Ocean Satellite.

Planning of routing and switching
arrangements for the Region was ad-
vanced by recording the existing and
proposed international switching
centres. Limitations of the present
routing plan principles were demon-
strated by the fact that no attempt
was made to assign to centres a
classification in terms of the current
switching hierarchy. However, coun-
tries nominated their choice of switch-
ing centre for transit and overflow
routing of major traffic streams.

Minor changes were made in the
allocation of country codes for the
world telephone and Telex number-
ing plans by substitution of two-digit
codes for Singapore in lieu of the
three-digit codes formerly allocated.

Technical Assistance

The conference reviewed progress in
obtaining answers to technical ques-
tions raised at the previous Plan Asia
meeting in 1963. The C.C.IT.T. and
C.C.LR. have supplied answers to
most of these and the remainder are
expected to be available within the
next six months. No further ques-
tions were raised at the present meet-
ing. The chairman surveyed the
various avenues for technical assist-
ance available through the L.T.U. and
referred to a current proposal to
appoint four experts to assist develop-
ing countries in planning their net-
works.

With countries in possession of the
latest information concerning traffic
and circuit forecasts, new arterial and
satellite proposals and routing inform-
ation, they should be able to proceed
towards engineering concrete pro-
posals for further developing the
international network. — LLA.N.

C.C.LT.T.-TELEGRAPH STUDY
GROUP MEETINGS

The following Telegraph Study
Groups, and Working Parties, met in

Fig. 1.

— The Australian Delegation to the Plan Asia Committee Meeting.
Christoffersen, Mr. R. R. Long, Mr. I. A. Newstead, Mr. B. J. Nolan and Mr. P. S. Bethell.

Left to Right: Mr. R. E. Butler, Mr. R. T. Pearson, Mr. R. J.
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Fig. 2 — From Left to Right: Delegates Mr.

[Canada), Mr,

C. A. Figueiras (Brazil), Mr. D. S. Roberison
M. H. Woodward (U.S.A.}, chat with the Postmaster-General, the Hon.

A. S. Hulme, and the Director-General, Mr. T. A. Housley.

Melbourne from 7th September to
26th October, 1966:—

Study Group I — Telegraph Operation
and Tariffs 28.9.66-4.10.66 (Chair-
man: Mr. R. Vargues, France).

Study Group X — Telegraph Switch-
ing 3.10.66-7.10.66 (Chairman: Mr.
A. Jansen, Netherlands). S

Study Groups I and X — Joint Meet-
ing 3.10.66-4.10.66.

Working Party GM-MRT — Re-trans-
mission of Messages—=8.9.66-14.9.66
(Chairman: Mr. R. K. Andres,
United States).

Working Party GM-TGX—Worldwide
Telex and Gentex Routing Plan —
15.9.66-21.9.66 (Chairman: Mr. W.
G. Gosewinckel, Australia).

Working Party GM-EFF — Efficiency
Factor — 22.9.66-26.9.66 (Chairman:

Mr. M. L. Benko, Hungary).

Mr. Andres (Vice-Chairman) acted
as Chairman of GM-MRT because of
the absence, due to illness, of Mr. M.
Bonacci (Italy) and Mr. Benko (Vice-
Chairman) became Chairman of GM-
EFF due to the death of Mr. Wilcock-
son (United Kingdom).

Study Groups

Some of the important subjects dis-
cussed werei—

Study Group I: Collect - transfer
account service in the telegram, telex
and photo-telegraph systems.

Revision of telex regulations cover-
ing the administrative arrangements
for the international telex service.

Amendments to the rules governing
page reception of telegrams so as to
bring these into line with page recep-
tion in international message switch-
ing.

Amendments to Recommendation
F.31 concerning international message
switching in respect of switching for-
mat, page format, and with particular
reference to the co-operation of gen-
tex and message re-transmission sys-
tems.

Amendments to F.31 in respect of
service correspondence in the message
re-transmission network.

Counting of words, with a view
to simplifying the rules such that
automatic equipment might make, or
check the count.

Examination, from the telegraph
operational point of view, of a new
data inter-change alphabet, prepared
by Working Party GM-ALP and con-
taining an agreed C.C.LT.T./1.S.O.
(International Standards Organisation)
code allocation.

Study Group X: Characteristics of
the re-test signal to be used in auto-
matic telex operation over types of
circuit normally used in internal sys-
tems and throughout Europe.

Technical aspects of the start of
chargeable duration in fully automatic
international telex calls.

Proposed additional service codes,
and the format of these in systems
using printed service code supervision.

Telex signalling over radio circuits
dealing particularly with automatic
testing of circuits on seizure, both-
way working, and the disposition of
stored traffic on ARQ circuits when
call failure is experienced.

Use of circuit efficiency control on
ARQ radio channels in the telex ser-
vice.

Proposed amendments to Recom-
mendation  U.11 (Intercontinental
Signalling System).

_ Transmission considerations in the
intercontinental telex network.

Possibility of the establishment of
telegraph-type  switching networks
operating at 200 bauds.

The Working Parties

The joint working parties referred
to, reported to their controlling Study
Group on the particular topics in-
cluded in their terms of reference.
For example, GM-MRT, Joint Working
Party of Study Groups I, VIII and X,
reporting to Study Group I, dealt
principally with the re-transmission of
message questions such as amend-
ments to Recommendation F.31, with
particular reference to switching for-
mat, page format, gentex and message
re-transmission system inter-operation,
and service correspondence in the
message re-transmission network. The
report of this working party to Study
Group I was then considered in Study
Group_ I _and, similarly, the Joint
Working Party, GM-TGX, reported to
Study Group X, as did GM-EFF. The
working party system enables special-
ists in the particular area of the work-
ing party to work in a smaller environ-
ment than the full Study Group, pro-
ducing reports proposing particular
lines of action, thus assisting the
Evc;)rl% of the full Study Groups—

THE SEMINAR “DEVELOPMENT
OF A TELEPHONE NETWORK?”

General

The L.T.U. meetings and in particu-
lar the meetings of the Plan Asia Sub-
committee brought together in Mel-
bourne many telecommunications
experts from developing countries.
The Post Office took the opportunity
to arrange a seminar on telephone
network development as a contribu-

tion in the field of technical co-
operation.

The Seminar took place at the
Southern Cross Hotel, the venue for
the LT.U. meetings and ran for a
period of two weeks. It was opened
on the 21st September by Mr. C. J.
Griffiths, First Assistant Director-
General, Engineering Works.

Attendance

Twenty-five delegates from Brazil,
China, Fiji, India, Kenya, Kuwait,
Malaysia, Nigeria, Pakistan, Papua,
New Guinea, Saudi Arabia, Singapore
and Thailand attended. Delegates
from Japan and the U.S.S.R. also
attended some sessions of particular
interest to them and many other 1.T.U.
delegates sought copies of the Sem-
inar papers.

The Seminar

The Seminar took the form of a
series of lecture and discussion ses-
sions supplemented by field inspec-
tions. The aim in each session was
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to promote discussion and interchange
of views between participating coun-
tries. Printed papers describing Aus-
tralian methods and practices in tele-
phone network development were
provided before the start of the Sem-
inar and each session opened with
presentation of the appropriate paper
by its authors. The set of 18 papers,
many of which were in more than
one part, gave a review of the ap-
proach to telephone network develop-
ment which had been adopted in Aus-
tralia to suit its own particular en-
vironment. The subject matter cov-
ered was, broadly:

— General Organisation of the Aus-
tralian Administration

BB

— Establishment of Policies and
Objectives

— The Nature of the National Net-
works

— Plant Planning and Procurement

— Associated Aspects of Installa-
tion

— Preparing for the Future

The papers bound in two books
were presented to the delegates and
have since been distributed to all
Departmental Engineering Admini-
strative Libraries throughout the
Commonwealth. A quantity has been
made available to the 1.T.U.

LA R 3 HUES &!ﬁw .

i 02 WA B 48 RN

Fig. 3 — Delegates to the Seminar on Development of a Telephone Network Discuss an
Exhibit at the Close of a Session.

A different chairman presided at
each session. Each was widely ex-
perienced in the particular subject and
was able to guide and stimulate the
discussion. Points raised where fur-
ther discussion was considered desir-
able but which could not be com-
pleted through lack of time or be-
cause further research was required
were deferred to an “open forum” or
weekly review sessions.

Five inspection visits were arrang-
ed to supplement and illustrate pre-
ceding papers and to provide a change
from the formal discussion sessions.
The P.M.G. Research Laboratories
were visited in the early part of the
Seminar and field inspections follow-
ed the ‘“National Network” Sessions
on Exchange Equipment, External
Plant and Radio and Long Line Equip-
ment. An inspection also followed
the “Associated Aspects of Installa-
tion” Sessions on Buildings and Air
Treatment. Places visited were North
Melbourne, Brighton and City West
exchanges, the Surrey Hills radio relay
terminal, the Oakleigh line depot, the
City cable tunnel system and various
external plant installations.

Conclusion

The Seminar was well received.
Throughout a very active interest was
displayed by both overseas and local
participants. Provisions had been made
for a limited number of visitors to
attend the discussion sessions and the
available seats were seldom vacant.

In all sessions the discussion time
was fully utilised and the carryover
of topics to the “open forum” ses-
sions confirmed that these periods
were more than justified and as fruit-
ful in their exchange of views as the
planned sessions.

The A.P.O. participants found the
Seminar a stimulating and informative
experience. — G.E.H. and A.W.S.
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LINE SIGNALLING IN THE AUSTRALIAN POST OFFICE

G. L. CREW, BE(Hons.), AM.IE.Aust., Grad.lEE.*

INTRODUCTION.

In the last five years, with the in-
troduction of crossbar equipment and
subscriber trunk dialling facilities into
the Australian Post Office exchange
network, the line signalling schemes
needed on trunks and junctions inter-
connecting exchanges in the network
have changed. This article describes
the new line signals and discusses the
reasons for their introduction.

By “line signals” is meant super-
vision signals used to convey informa-
tion relating to the state of relay sets
at each end of a trunk or junction. The
term is not meant to include “informa-
tion signalling,” which takes the form
of decadic dial pulses or multi-fre-
quency codes.

Typical line signals include:

Seize forward—the controlling relay
set, usually an outgoing repeater
(FUR), signals to the controlled relay
set, usually a step-by-step group selec-
tor or an incoming repeater (FIR), that
a connection is being established. FIR
and associated common equipment are
prepared to accept information signals.

Clear forward—the controlling relay
set signals to the controlled relay set
that the connection is to be released,
usually when the calling party clears.

Answer—the controlling relav set is
informed that the called party has an-
swered.

Clear back—the controlling relay set
is informed that the called party has
cleared.

Meter—a signal used to record one
unit fee charge (one registration) on
the calling party’s meter.

Force release—a signal used to re-
lease a connection other than by the
calling party clearing. This signal
allows an FIR to ‘“force” the corres-
ponding FUR to release the connection
by generating a clear forward signal.

Blocking—a signal used to back-busy
a trunk or junction, By this means
an FIR can prevent its corresponding
FUR being seized for a call.

The line signals will first be de-
scribed as used on physical circuits.
The description will then be extended
to the various forms of signalling on
carrier derived circuits. The auto-
matic exchange network only is being
considered, and particular signalling
schemes used on the manual and semi-
automatic networks are not discussed.

THE STEP BY STEP NETWORK.

In a purely step network without
crosshar or S.T.D. facilities line signal-
ling systems are required to convey
a minimum of information and thus are
relatively simple. On a junction be-
tween two step exchanges, the out-
going repeater, FUR, is required to
place a loop on the junction as an
indication of “seize forward,” and to

* Mr. Crew is Engineer Class 3, P.M.G. Re-
search Laboratories.

remove the loop to indicate “clear for-
ward.” In turn the equipment to
tial to indicate “B-—party answer,” and
which the junction may be connected
at the incoming end (which may be an
FIR, a final selector or another out-
going repeater) is only required to
reverse the polarity of the line poten-
to restore it to normal to indicate “B—
party clear.” In some cases blocking
or back-busying is possible by remov-
ing the battery potential placed on the
junction by the FIR in the idle condi-
tion. Such a scheme is shown in Fig.
1. Because the junction conditions
during a call are a direct representa-
tion of the A and B-parties’ switch
hook conditions, we may call this type
of signalling “Switch-hook” signalling
(S/H for short).

On local calls in the step network
the A-party’s meter registers one call
when the B-party answers, that is, on
receipt of a reversal of junction
polarity. If subsequently the B-party
replaces his receiver and re-answers,
the resulting line reversal is not re-
corded on the A-party’s meter. If the
called number is a non-metering ser-
vice, a reversal is not returned to the
A-party’s exchange at answer.

THE CROSSBAR NETWORK.

The advent of crossbar equipment
into the A.P.O. network introduced the
concept of common control and its
guard facility—time supervision. The
use of time supervision to prevent
subscribers or faulty line conditions
holding equipment for excessive
periods is incorporated in FUR and
FIR relay sets. Time supervision be-
fore answer is stopped on receipt of
the line reversal indicating B-party
answer, and restarts on receipt of nor-
mal line polarity when the B-party
clears. It is thus seen that whereas
in a step network “answer” is only used
to meter the A-party, and in general
the clear back signal has no purpose,
in a crossbar network both these line
signals control time supervision func-
tions.

FUR

PHYSICAL JUNCTION

By means of m.f.c. information sig-
nals, the classification of the called
subscriber can be returned to the
originating register. Such a signal
can be used to identify a non-metering
number, and at the originating end the
subscriber’s meter lead is open cir-
cuited. When the non-metering party
answers a reversal is generated in the
normal way and stops time supervision
on the link without metering the call-
ing subscriber.

1t is thus seen that the introduction
of crossbar, while still using the S/H
signalling scheme of Fig. 1, has intro-
duced a subtle change to the effect of
the line signals.

THE S.T.D. NETWORK.

When subscribers are allowed access
to an automatic trunk network, ar-
rangements must be made to debit the
calling subscriber for the appropriate
trunk charge. The A.P.O. achieves
this by recording registrations at regu-
lar intervals on the subscriber’s meter,
which is also used to record local calls.
Because the calculation of the correct
charging rate requires expensive equip-
ment to perform code analysis, this is
done at a common point in a network,
usually the automatic trunk exchange.
Thus information relating to the cor-
rect charge must be transmitted over
the network junctions in some suitable
manner—it must be possible to return
successive meter pulses from the trunk
exchange to the originating exchange.
This is called “multi-metering.” (Fig.
2.) The line signalling scheme must
provide for additional polarity changes
to convey this metering information,
and the relay set receiving them must
be able to interpret them correctly.

The philisophy for multi-metering de-
veloped by S. Karlsson, of the Helsinki
Telephone Company, modified slightly,
has been adopted by the AP.O. At
the automatic trunk exchange a num-
ber of leads are available for connec-
tion to the charging equipment, each
of which has pulses applied at one
of the possible metering rates. The
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Fig. 1.— Switch-hook Signalling.



24

THE TELECOMMUNICATION JOURNAL OF AUSTRALIA

February, 1967

(a

<

1

CHARGE RATE
LEA]

KARLSSON i
PRINCIPLE i '

<

(b

ANS.  METER

(c MOD. KARLSSON

-

_ 1 I'—LJ_]

PRINCIPLE
1wl

ANS. METER

[REVERSAL Wt
INORMAL
| POLARITY

MOD. KARLSSON
LINE SIGNALS

d

=

Fig. 2. — Multi-metering_Principles.

QRIGINATING
EXCHANGE

AUTO TRUNK EXCHANGE

TERMINATING
EXCHANGE

FIR z Nt }_i
A- mm B-PARTY

\ @) (@) s/wsichais ?

MOD. KARLSSON
SIGNALS

® ®

l S MeTER MEYER CLEAR METER

___J_UI_ILF

__l-—_L_____

8 PARTY CLEAR FORWARD

FORCE RELEASE

Fig. 3. — S.T7.D. Signailling.

®

GV
SLA SLB
B N—/
A-PARTY
RS

Fig.

charging equipment, called the “Z
repeater,” is a convenient FIR or FUR
in the connection. Until it receives
B-party answer condition, the selected
charging lead is open-circuited. In
the Karlsson system an answer signal
is returned to the originating exchange
when the B-party answers, and the
charging-lead is connected to the Z-
repeater. Thus after answer, meter
pulses are returned to the A-party as
th%y)occur on the charging lead, Fig.
2 (b).

It can be seen under this scheme that
it is possible on the cheaper trunk
rates for the calling subscriber to have
some reasonable period of conversa-
tion before he receives his first meter
pulse, thus allowing the possibility of
short “free calls.” A modification to
Karlsson’s scheme is used by the A.P.O.
to prevent this possibility. A meter
pulse is generated immediately after
the answer signal by the Z-repeater,
and the first meter pulse occurring on
the charging lead after answer is not
repeated to the junction. This is
shown on Fig. 2 (c¢).

SLD-A

B-PARTY

%‘IR-Z l

@ S/H SIGNALS

MOD. KARLSSON SIGNALS
4,

Both the Karlsson and modified
Karlsson schemes generate an answer
signal that is distinct from a meter
signal. This allows the return of a
signal on answer of non-metering
numbers which may be used to stop
time-supervision or for other purposes
such as, for an operator to cut-off
P.T. tone or as a supervision signal
to a manual operator.

It remains to return the “answer”
and “meter” conditions from the Z-
repeater to the originating exchange in
some suitable way. The signalling
scheme used is shown in Fig. 2 (d). A
reversal is returned to the caller at
answer, and metering information is
conveyed by a return to “normal” or
pre-answer polarity. Under this
scheme it is obvious that B-party
switch-hook conditions must not be
returned through the Z-repeater to the
A-party, as return to normal polarity
would cause metering (Fig. 1). The Z-
repeater in fact receives S/H line sig-
nals, from the B-party’s side, which
tell it when to start metering, and
generates Modified Karlsson signals on

the A-party’s side. (Fig. 3.) The Z-
repeater must now allow the S/H sig-
nals on its B-side to be repeated to its
A-side.

When the Z-repeater detects B-
party clear condition it starts a time-
supervision period, but continues to
meter the A-party if a clear fyrward
signal is not received. This is reason-
able, as the A-party is holding an ex-
pensive circuit, and the B-party may be
moving a portable service or looking
for information. If the B-party has
not re-answered within the time super-
vision period the Z-repeater clears
forward on its B-side and sends a
force-release signal on its A-side. The
force release signal consists of an open
circuit (removal of line polarity) and
causes the FUR at the originating ex-
change to clear forward (remove the
holding loop) and return busy tone to
the caller (in crossbar exchanges this
is done by placing the A-party to line
lock-out condition).

It should be noted that if the relay
set which ultimately converts the line
signals into operations of the sub-
scriber’s meter can obtain access fo
circuits having both S/H and Modified
Karlsson signalling, it must know
which signalling scheme is being used
to enable it to correctly meter the
calling party. Such a case is shown in
Fig. 4—the SR in an ARF exchange
must be set by Reg-L for the correct
signalling condition in each case.

MISCELLANEQOUS SIGNALS.

In addition to the signals discussed
above—seize forward, answer, meter,
clear forward, B-party clear, force re-
lease—there are two further line sig-
nals that will be commonly encountered
—fleeting test reversal (F.T.R.) and
“call KM” signal.

An F.T.R. may be generated by an
analysing relay set such as a register,
and is used to test the condition of
the calling subscriber’s line. A diode
placed in the calling subscriber’s tele-
phone loop will appear as an open cir-
cuit under this line reversal condi-
tions, and this can be used to modify a
subscriber’s classification or to detect
a public telephone or other restricted
service. F.T.R. occurs in the inter-
digital pause and must be completed
within 400 mS. of the end of the last
received dial break (Fig. b).

The second signal, “call KM,” is only
used on circuits between a dependent
m.f.c. type ARK exchange and its
parent exchange. This is a short re-
versal sent from the parent to the ARK
exchange, and is used to couple the
code receiver at the ARK exchange to
the junction. The parent exchange
then uses m.f.c. information signals to
test the dialled number for internal

el [ METETON o

! touewe t f foiatume f
JUNCT  SEIZE FTA. ANS,
DLE  FwD

400mS MAX- -‘ t._

Fig. 5. — Fleeting Test Reversal.
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connection or direct route connection
at the ARK. The “call KM” signal
cannot be used until the calling sub-
scriber has dialled all the digits of
the wanted number. Apart from this
signal, normal Modified Karlsson sig-
nalling is used on the link between
a dependent ARK and its parent ex-
change (Fig. 6).

SIGNAL TIMING.

Many of the signals described above
are of indefinite duration, depending
upon the conditions causing them.
Among these are seize forward, clear
forward, answer in the S/H mode, and
B-party clear. However, Modified
Karlsson answer, meter, and force re-
lease are timed signals.

We now consider what is involved in
the timing of a line signal. The A.P.O.
line repeaters use relays for timing
purposes—usually by a slow releasing
feature. Due to normal manufactur-
ing tolerances, a number of relays
designed to have a specific release
delay will exhibit a variation of 50
per cent. between the minimum
and maximum  delays actually
obtained from individual relays. It is
therefore necessary to allow for this
variation when specifying a signal
duration.

If a 600 mS nominal interval is re-
quired, the actual interval obtained
rrom a relay set may be anywhere in
the range 480-720 mS. If this is the
duration of a signal generated by a
relay set, the receiving equipment
must be designed to recognise the
signal within its minimum period. The
tolerance on the recognition time of a
signal is the same as that on its gene-
rated period, and the maximum
allowable recognition time must not
be greater than the minimum genera-
tion time—in fact, it should be less, to
provide a margin for error. Thus if a
signal persists for 480-720 mS (600 mS
nominal), it must be recognised within
300-450 mS (375 mS nominal). This
allows a safety margin of 30mS be-
tween generation and recognition of
the signal. The principle is illustrated
in Fig. 7.

With reference to Fig. 3, in Modified
Karlsson signalling the time between

answer and the start of metering is not
critical and need only be long enough
for the FUR to record the fact that
answer has occurred. This period is
200 - 300 mS as generated by ARM Z-
type relay sets. The duration of the
meter signal also is not critical—it
must be long enough to be recog-
nised by FUR and shorter than the
minimum period between meter sig-
The meter signal is usually of 150 mS
duration (nominal value). Force-
release, however, has a definite dura-
tion with specified limits for its gene-
ration and its reception. Its nominal
nals, which is at present 4 seccnds.
duration is 600 mS, which means its
range is 480 - 720 mS. The FUR re-
ceiving it must recognise it as force
release in an absolute maximum time

of 480 mS. As described in the pre-
ceding paragraph to provide a safety
margin the recognition time is 300-
450 mS.

LOOP SEQUENTIAL SIGNALLING.

In the preceding paragraphs the
effect of the introduction of crossbar
and S.T.D. on line signals nas been
discussed, with illustrations of signal-
ling over physical junctions. S.T.D. in
particular has also influenced signal-
ling on carrier derived circuits in
Australia, and we now discuss the
schemes in use and proposed, with
some reasons for their adoption.

The AP.O. has established S.T.D.
services in the step network, using a
multi-metering trunk repeater (A.P.O.
Drawing CE. 11248). This relay set
is a “Z” type relay set—it generates
Modified Karlsson metering and trans-
mits this via physical circuits to the
calling subscriber. On its outgoing
side it signals over trunk lines into
distant exchange networks using the
loop sequential E and M lead signal-
ling scheme shown in Fig. 8 (a). This
signalling scheme was designed for use
on out-of-band carrier systems.

The M-lead is a connection into the
signalling modulator fitted in the
channelling equipment. Earth is ap-
plied to the M-lead by the relay set
generating the signal to turn tonc on
Tone received by the channelling equip-
ment operates the receive relay and
places earth potential on the E-lead
into the receiving relay set. The loop
sequential signalling scheme was de-
veloped by G. A. M. Hyde, formerly
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Fig. 8. — Loop Sequential Carrier Signalling.



26 THE TELECOMMUNICATION JOURNAL OF AUSTRALIA

February, 1967

Sectional Engineer of the A.P.O.
Circuit Laboratory. It is a ‘“tone-
on-idle” system; i.e., the forward

and backward signals are applied
while the channel is not in use,
to provide a constant check that
the channel is in working crder.
In the event of channel failure the
relay set at the outgoing end can
detect the fact and busy itself out of
traffic, thus preventing lost calls. It
will be noted from Fig. 8 that this
signalling scheme is only used to trans-
mit S/H signals; it is not designed to
carry multi-metering signals.

This signalling scheme may suffer
from a disadvantage when used on
broadband systems. Because a signal
is applied to the M-leads for a large
proportion of the time on all channels,
and because a common oscillator
source is used to supply the tone over
all channels, this can result in periodic
overloading of amplifiers common to
a large group of channels, due to all
the signals coming into phase. The
effect is that the noise level on the
channels will rise, although the quan-
titative effect of this on channel
quality has not been determined.

To eliminate this effect, the A.P.O. is
proposing to modify the multi-meter-
ing trunk repeater and corresponding
FIR (A.P.O. Drawing CE 11249) to
convert their signalling scheme to a
“tone-off-idle” system (see Fig. 8 (b)).
The advantage of loop sequential
(immediate detection of channel faults)
is thus lost. A call must be attempted
on a faulty channel before the fault is
detected by failure of the compelled
seize forward sequence. In this event
busy tone is returned to the calling
party and the FUR is busied out of
traffic until the channel fault is

cleared. This signalling scheme is still
onlv intended for the transmission of
S/H signals.

We will now examine signalling
schemes used to convey multi-metering
signals on carrier derived circuits.

PULSE SIGNALLING.

The pulse signalling scheme is an
out-of-band tone-off-idle system, using
two pulses of different duration to
convey information in both directions.
The two pulse periods are nominally
150 mS and 600 mS, with a specified
range on their transmission and re-
cognition times based on normal relay
timing tolerances. The scheme,
known as the “T” pulse signalling
scheme, is shown in Fig. 9, and the
pulse times are shown in Fig. 7. Fig.
7 illustrates the need for a separation
of 450 mS in nominal times between
the short and long pulse, to ensure a
reasonable safety margin between the
maximum transmit time of the short
pulse and the minimum recognition
time of the long pulse. There is also
a minimum recognition time for “seize-
forward” signals, which ensures that
FIR is not seized by spurious E-lead
signals.

It will be noted from Fig. 9 that the
“T” system can be used to convey
S/H and Modified Karlsson signals,
depending upon how FUR interprets
the signals. In the Modified Karlsson
mode, the first short backward signal
is “answer” and subsequent short
backward signals are “meter.” The
long backward signal represents “force
release” in the Modified Karlsson mode
and “B-party clear” in the S/H mode.
It should be noted that “release-guard,”
a long backwards signal, is always
returned from FIR to FUR on receipt

DFUR STANDARD CARRIER  (TTo
A B
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CHANNEL IDLE —— ’
SEIZE FORWARD 150
13 -
ANSWER 58
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& 150
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|
FORCE RELEASE
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CLEAR FORWARD p—
600
RELEASE GUARD —
600
CHANNEL IDLE
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SEIZE FORWARD 150
ANSWER + oE
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Fig. 9. — “T" Pulse Carrier Signalling.

of “clear forward.” By this means
FUR tests the channel at the end of
each call to ensure that it is not
faulty. If the release guard signal
is not received after clear forward,
FUR busies itself out of traffic and
periodically tests the channel by re-
transmitting clear forward until
release guard is received.

The “T” system overcomes the ob-
jections to the use of the “tone-on
idle” system on broadband systems,
but it still has a defect when used on
calls to or from ‘“step” exchanges.

On calls between crossbar exchanges
if a faulty channel is seized the ab-
sence of a backward m.f.c. signal in
response to the forward signal causes
time-out of the code sender and busy
tone will be returned to the caller,
thus preventing no-progress calls.

On calls from or to step exchanges
no such guard feature is available and
in the event of a faulty channel being
seized a no-progress call will result.
It should be noted that only the first
call attempted over the channel will
fail in this way, as on clear forward
the absence of the release guard signal
will cause the FUR to busy itself out
of traffic.

To eliminate no-progress calls due to
faulty channels a modification to the
“T” scheme, known as the “T3” sys-
tem, was developed for use on stan-
dard carrier links having a step
exchange at one end of the channel.
The modification adds one signal to the
“T” system—a “seizure acknowledge”
signal, which is returned from FIR
when it receives the seize forward
signal. This is a short pulse desig-
nated “proceed-to-send” as shown in
Fig. 10. If it is not received before
FUR is required to repeat the first dial
pulse, busy tone is returned to the
calling subscriber.

If the dial pulses are being gene-
rated by a crossbar register, a period
of 800 mS is available between seizure
of the FUR and register out-pulsing,
which is quite adequate to allow
transmission and recognition of the
“seize forward” and transmission and
receipt of the “proceed-to-send”
s'gnals. However, if the dialling is
under the control of a subscriber as
in the step system, the inter-digital
pause in a significant percentage of
cases will not allow the transmission
and receipt of these signals in time for
the call to be successful—dialling will
be received by FUR before the “pro-
ceed to send” signal. To overcome
this problem all FUR’s used for this
signalling scheme from step exchanges
will contain a Siemens and Halske Dial
Pulse repeater, which stores digits as
they are dialled and repeats them to
the channel after the “proceed to send”
signal has been received.

RURAL CARRIER SIGNALLING.

Rural carrier systems have been in
use in Australian country areas for
some years. They use the channel
carrier as a signalling medium. This
means that, in the terminology used
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above, “tone” must be on while con-
versation is proceeding. It is not
possible to transmit multi-metering
information over such a system because
of the resultant interruption to the
conversation. To provide an out-of-
band signalling path and allow Rural
Carrier systems to be used on links
carrying multi-metering, a low fre-
quency (83 c¢/s out-of-band signal
has been provided in one direction
only—from the parent exchange to
the terminal.

The signalling scheme is shown in
Fig. 11. The following points are of
interest:—

(i) The parent end of the system

has two M-leads (Ml—carrier,
M283 c¢/s) and one E-lead.
The terminal end has two E-
leads and one M-lead.
The 83 c¢/s signal is used for
one purpose only on calls from
the parent to the terminal—to
seize forward. On calls from
the terminal to the parent it
is used in much the same way
as the E and M-lead signals
in the “T” pulse system.

(iii) On a terminal to parent call,
seize forward is a compelled
sequence signal to reduce the
possibility of false seizure by
spurious carrier breaks.

(iv) On parent-to-terminal calls,
the answer signal is a com-
pelled sequence signal o
reduce the possibility of
spurious carrier breaks, caus-
ing false answer.

(v) On both-way circuits the ter-
minal end can readily Jdetect
dual seizure conditions, as the

(i)

normal response to its seize-
forward signal is both carrier
and 83 c/s off, whereas an
incoming call is identified by
the 83 c/s signal only being
removed.

parent is turned off the 83
¢/s signal is also automati-
cally removed.

This signalling scheme, known as
the “T1” scheme, has been designed
specifically for use in both-way cir-
cuits, and uses a comprehensive
system of guards and tests to prevent
circuit lock-ups. These are given in
detail on A.P.O. Drawing CE 11329,
sheet 3.

Rural Carrier systems are being de-
veloped which will have an out-of-
band signal provided in both directions
and so will use the standard pulse car-
rier signalling scheme, but systems
equipped with the 83 c/s tone will
continue to use the “T1” scheme.

CONCLUSION.

The A.P.O. has recently embarked
on a programme to provide nation-wide
subscriber trunk dialling facilities,
which will ultimately be made avail-
able to all subscribers in the Common-
wealth. This has necessitated a
critical examination of line signalling
schemes, made more important by the
requirement for compatibility with the
different types of exchange equipment
used in the network. In some cases
the choice of a signalling scheme has
been influenced by the requirements of
plant already in use; in others the ex-
perience of overseas administrations
has been drawn upon. The line sig-
nalling schemes described in this article
are expected to meet the requirements
of the AP.O. electro-mechanical
switching systems for the foreseeable

(vi) When the carrier from the future.
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NEW 12-CHANNEL MULTIPLEXING EQUIPMENT

C. E. SMITH, C.Eng., AM.IEE., AMILE Aust* and N. P. FERSTAT, B.E., A.M.I.E. Aust.**

(Editorial Note. — This paper was
presented at the 38th A.N.Z.A.AS.
Congress, Hobart, August, 1965.)

INTRODUCTION.

Telephonic speech is generally car-
ried by circuits having a frequency
range of approximately 300 - 3400 ¢/s,
and most circuits exceeding about 25
miles in length use channels of carrier
telephone systems, which combine
multiples of 12 channels to form single
systems. In most types of these sys-
tems 12-voice frequency circuits are
translated into a “12-channel group,”
in the frequency range of 60 - 108
kc/s, in which the information in each
circuit is obtained within a bandwidth
of 4 ke/s. The translations are carried
out by “12-channel Multiplexing Equip-
ment,” which also retranslates incom-
ing information from the 60-108 kc/s
frequency range into 12 voice fre-
quency circuits. The frequency trans-
lating process uses amplitude modula-
tion and single sideband suppressed
carrier transmission.  Similar pro-
cesses are used for the translation of
12-channel groups into bands suitable
for transmission on a line or radio
bearer, and also when numbers of 12-
channel groups are combined into
larger blocks to form broadband sys-
tems. With the rapid increase in long
distance telephone traffic throughout
the world, telephone administrations
invest heavily in new carrier telephone
equipment each year, and the provision
of the necessary 12-channel multiplex-
ing equipment accounts for an appre-
ciable proportion of this investment.
In the case of the Australian Post
Office the proportion is about one-
quarter.

12-channel multiplexing equipment,
which contains many identical circuit
elements, is well suited to quantity
production, and so any unnecessary
costs incurred by poor design will be
multiplied many times. The equip-
ment, therefore, justifies great care in
design and development.

It is the purpose of this paper to
discuss recent technical developments
in the 12-channel multiplexing equip-
ment being purchased by the A.P.O.

FUNCTION.

The function of 12-channel multi-
plexing equipment is illustrated in Fig.
1 (left), which shows direct modulation
of 12 voice frequency bands to the 60
to 108 kc/s carrier frequency range.
Two-stage modulation, as illustrated
in Figs. 1 (centre) and (right), was de-
veloped mainly for reasons of econo-
my, because the number of filter
types is reduced.

Two typical applications of the 12-
channel multiplexing equipment are

* Mr. Smith is Engineer Class 3, Long Line
Equipment, Headquarters.

** Mr. Ferstat is Engineer Class 2,
Service and Telegraphs, W.A.

Trunk

illustrated in Figs. 2 and 3. Fig. 2
shows the translation of a 12-channel
group in the 60 - 108 ke¢/s band to the
frequency range 6 - 54 kc/s, and the
application of both directions of trans-
mission to a single cable pair. Fig. 3
shows the translation of a number of
12-channel groups, first into 60-channel
supergroups and then into the range
60 - 4028 kc/s to form a 960-channel
broadband system for a radio or co-
axial cable bearer having a separate
transmission path for each direction.
Since this paper is concerned only
with the 12-Channel Multiplexing
Equipment, no further reference will
be made to these or other types of
carrier system in detail.

HISTORY.

Carrier telephone systems of 12
channels and upwards have been in
use in Australia for more than 25
years. They are used:

(i) For the long distances between
State capitals and between
each State capital and the
major centres in its own State;
For short distances (about 20-
100 miles) around State capi-
tals, and, in recent years, also
around the larger provincial
centres.

(i)

carrier systems on open-wire bearers,
and most of the short distance re-
quirements by 12 or 24-channel carrier
systems on balanced-pair cables, or
radio bearers up to UH.F. Since that
time, economic considerations, com-
bined with the rising demand for tele-
phone channels, and the need for
transmission of television programme
material, have resulted in the increas-
ing use of broadband bearers (coaxial
cable pairs or wideband microwave
or S.H.F. radio bearers), for both long
and short distance requirements.
Until the present time it has been
normal practice for the Australian Post
Office to purchase carrier telephone
equipment as complete systems, so
that in each case one manufacturer
has provided the channel multiplexing
equipment, all other modulation and
line equipment, and the carrier fre-
quency supply equipment for the ter-
minals. In the case of line systems
the manufacturer would also supply
the repeaters, but in the case of radio
systems it would be quite usual for
the radio bearer equipment to be ob-
tained separately.
The advantages of this method of
purchase are as follows:—
(i) The complete carrier system
is obtained in a single pur-
chase, minimising the pur-

Until about 1960 the long distance chase negotiations and de-
requirements were met by 12-channel livery supervision.
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Fig. 3. — Typical Broadband Multichannel Carrier System.

(ii) There are no problems in
ensuring electrical or me-
chanical compatibility be-
tween different equipment
designs, as the manufacturer
has all parameters under his
own control, and equipment
may in some cases be obtain-
able in a self-contained unit.

The disadvantages are:—

(i) Because different systems
were ordered from different
manufacturers, the larger long
line equipment centres ac-

quired a great variety of
types. This resulted in the
wasteful use of floor space,
carrier frequency supplies,
maintenance effort and spare
parts.

(ii) As traffic has increased it has
become increasingly necessary
to ‘“‘through group connect”
blocks of 12 channels without
demodulation to voice fre-
quencies. These connections
are made in the 60 - 108 kc/s
frequency band at the Group
Distribution Frame (G.D.F.)
po'nt. As different impe-
dances and transmission levels
may be used by different
manufacturers, direct

(iii)

(iv)

)

“through group connections”
cannot always be made be-
tween different types of
equipment.

The 12-channel multiplexing
equipment was purchased in
smaller quantities from each
manufacturer, with conse-
quently higher prices than
could have been obtained for
purchases in greater quanti-
ties.

Different  manufacturers’
equipments could not readily
be combined because of their
differing physical dimensions
and carrier frequency supply
requirements.  This caused
flexibility to be lost because
equipment could not always
be re-allocated after the date
of ordering. Similar difficulties
occurred in arranging for the

re-use of recovered equip-
ment.

The choice between the
equipments offered by dif-

ferent tenderers had to be
made on the basis of the
quality and economics of the
system as a whole rather than
of any particular part of it.

As the Austral’an telecommunication
network grows in size and extent, the
disadvantages increasingly outweigh
the advantages, and in 1964 it was de-
cided to purchase all 12-channel multi-
plexing equipment in bulk.

BACKGROUND TO RECENT
DEVELOPMENTS.

There is a natural tendency for
manufacturers to offer, and for custo-
mers to accept, the latest proven
developments available at the time an
order is placed. This is a desirable
state of affairs provided that either
full interchangeability between the
newer and the older equipment is
assured, or the advantages of the
change outweigh this consideration.
Any restriction on full interchange-
ability reduces the flexibility of the
equipment for installation and all
design changes increase the number of
maintenance instructions required.

The Department’s technical require-
ments change from time to time be-
cause:

(i) Development of materials and
electronic components permits
better performance.

(ii) Construction techniques
prove.

im-
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(iii) The quantity of trunk tele-
phone traffic and the average
distance between callers is
continually increasing.

(iv) New facilities, such as data
transmission, are required by
subscribers.

(v) New technical developments,
for example, subscriber trunk
dialling, international working
via submarine cables and the
use of multi-frequency code
signalling between telephone
exchanges, make different
demands on long line equip-
ment.

It was obvious that the installation
and operating costs of long line equip-
ment could be reduced by the use of
fewer new equipment types, thus re-
ducing the amount of special staff
training and spare parts required. 12-
channel multiplexing equipment ap-
peared to offer considerable scope for
achieving economy through standardi-
sation, but it seemed desirable for the
introduction of the new standard to
coincide with a major development in
carrier telephone equipment.

In the 1950’s permanently wired
equipment panels mounted on heavy
channel iron racks, accommodating 12
channels on each side, gave place to
slide-in or plug-in units on light
weight, single-sided pressed steel racks
holding 36 or 48 channels, including
built-in, out-of-band, signalling. In the
early 1960’s there was a general
change, first to transistor designs, and
later to printed circuits without any
great change in the equipment density.
More recently there have been con-
siderable reductions in component
sizes and advances in the use of
min‘ature assembly techniques, and in
1962 it was expected that by the late
1960’s it would be possible to accom-
modate something between 60 and 300
channels per rack.

For some years most of the 12-
channel multiplexing equipment pur-
chased by the Australian Post Office
has been made by overseas-owned
Australian firms. The large amount
of detailed design and development
work required in the rapidly develop-
ing carrier telephone equipment field
often forces these companies to use
design information obtained under
licence from their overseas associates
rather than to carry out their own
design and development. It is usual
to find that design information ob-
tained from overseas cannot be ex-
changed between these Australian com-
panies, because their parent companies
are competitors. Consequently it has
not been possible for the A.P.O. to
follow the example of some European
administrations and to select a par-
ticular manufacturer’s equipment as
a standard and to arrange for the
manufacture of interchangeable equip-
ment by other suppliers.

Conferences were held in 1962 and
1963 between engineering representa-
tives of the A.P.O. and the major
suppliers, to discuss new designs of

12-channel multiplexing equipment and
the degree of standardisation which
could be obtained between local manu-
facturers without inhibiting design in-
itiative and contravening their licensing
arrangements. These meetings showed
that at that time:

(i) Standard electrical conditions
at the voice frequency and
carrier frequency terminals
could be obtained.

(ii) Although it was not possible
to select a standard set of
dimensions for all equipment
racks, two sets of dimensions,
one in metres and one in feet
and inches, could be agreed
to.

Test access facilities could be

standardised with only minor

variations in layout.

A standard modulation plan

could not be adopted by all

manufacturers.

(v) The multiplexing equipment
of one manufacturer could not
be guaranteed to operate
satisfactorily from the carrier
supply equipment of another
manufacturer, even where the
same modulation plan was
used.

(vi) Equipment layout on racks
could not be standardised.

(vii) Interchangeability of equip-
ment panels or assemblies of
different manufacture could
not be obtained.

THE NEW A.P.0. SPECIFICATION.

In the light of this information
A.P.O. Specification 972, dealing with
“12-channel Modem and Carrier Supply

(i)

(iv)

Equipment,” was prepared so that
equipment for delivery in about
1966 or 1967 would follow new

design principles, and prospective
tenderers against the forthcoming
schedule would be able to consider
their new equipment designs in rela-
tion to AP.O. requirements. It was
intended that this specification would
not be altered until another definite
stage in equipment development had
occurred. It was expected that more
than one manufacturer’s design would
be accepted, but that further develop-
ment of any design would only be per-
mitted if full interchangeability with
earlier versions of that particular
design was maintained.

Mechanical.

Equipment purchased recently has
generally taken the form of units
plugged into a rack which was fully
wired in the factory, and external
cabling has been terminated on tag-
blocks at the top of the rack occupying
approximately 10 per ceni. of the
space.

This form of construction has two
disadvantages:

(i) The tag-blocks occupy appre-
ciable space;

(ii) The capital investment in the
unused wiring on a partly
equipped rack is not revenue
producing.

Any increase in the amount of
equipment accommodated on a rack
accentuates these disadvantages.

By terminating the 48-voice fre-
quency, 24 signalling and 4 car-
rier frequency connections associated
with each group directly on the
equipment unit the space otherwise
occupied by tag-blocks can be used for
equipment. This brings new problems
in arranging for all wiring points to be
conveniently accessible to installers,
particularly when new equipment is
to be added without interfering with
working equipment. In Australia a
large proportion of carrier telephone
equipment is installed in remote places
by technicians working at long dis-
tances from their headquarters, and
any increase in installation time would
increase costs considerably.

It is the practice of the A.P.O. to
install long line equipment racks back-
to-back and access to the wiring points
must therefore be obtained from the
front. Furthermore, test facilities in
every voice frequency channel are re-
quired at a convenient working height
between 3 ft. 6 in. and 5 ft. 6 in. from
floor level. It is possible to save
installation time by locating the con-
nection points for external cabling at a
similar height above floor level, thus
avoiding the work on ladders or plat-
forms involved in terminating cables
on the tag-blocks of factory wired
racks.

Since no agreement had been reached
with the various Australian manufac-
turers on the subject of a standard
layout and wiring, it was not possible
for the A.P.O. to demand any particular
arrangement. A capacity of at least
120 channels per rack was specified,
and this accorded with two desirable
principles:

(i) New equipment types should
not be introduced for a small
increase in channels per rack.

(ii) Overseas designs of 120 chan-
nels or more per rack were
known to be available, or in
course of development, and
the use of this capacity by
the A.P.O. would be conve-
nient for Australian manufac-
turers and would assist them
to compete in export markets.

It was specified that the design of
the equipment racks should facilitate
quick and efficient installation. There
were at least two practicable methods
of achieving this objective:

(i) The external cabling could be
terminated on connectors at a
wiring table, and provided that
the connectors could pass
through the rack structure,
the cables, complete with
connectors, could then be
fed through the normal wiring
spaces.

(ii) The connectors to which ex-
ternal cables were to be at-
tached could be so mounted
that they could be moved to
a position for convenient and
rapid wiring.
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Electrical.

The performance requirements are
based on the C.CLT.T. recommenda-
tions for equipment to be used in
forming international connections. The
C.C.I'T.T. defines the performance re-
quired in terms of frequency allocation,
frequency response, distortion, noise,
etc, and member countries are ex-
pected to design their networks accord-

ingly. In Australia, trunk connec-
tions are often longer than interna-
tional connections in Europe, and,

apart from international considera-
tions, it is necessary from the national
point of view to provide a performance
equal to that recommended by the
G B The detailed electrical
performance requirements, dealt with
in Specification 972, are:

(i) Impedance and test level at the
voice frequency and carrier
frequency terminals.

(ii) Carrier leak and production of
unwanted modulation.

(iii) Channel frequency response,
linearity, intermodulation,
crosstalk, noise level and har-
monic distortion.

(iv) Volume limiting.

(v) The permissible distortion of
the signalling system and the
interference permissible be-
tween speech and signalling
paths.

(vi) Pilot frequency insertion.

(vii.) Facilities for testing.

(viii) Stability and purity of carrier
generating equipment togather
with standby carrier supply
arrangements.

(ix) Voltage limits and noise levels
of power supply under which
equipment should function
normally.

No attempt is made to detail all
these requirements in this paper, since
they are adequately covered in the
specification and associated drawings
but the following paragraphs contain
comments on the clauses where the
requirements differ appreciably from
those specified in the past.

Frequency Response: Previously
the A.P.O. has required the frequency
response of the transmitting and re-
ceiving direction of a channel of a 12-
channel multiplex equipment to be
within one-fifth of the tolerance per-
mitted under C.CIT.T. recommenda-
tions for a 2500 kilometre international
circuit. The new specification is in
accordance with recent recommenda-
tions made by Study Group XV. of the
C.C.ILT.T,, in which the tolerance for
each transmit or receive channel equip-
ment was relaxed to between one-third
and one-quarter of that for the refer-
ence circuit, and in which additional
tolerances were stipulated for the sum
of the responses of the transmit and
receive direction taken together and
for the average response of all channels
in a 12-channel group. These changes
should have the effect of widening the
acceptable tolerance of individual
equipment units, and at the same time

of improving the average frequency
response of telephone channels.

Unwanted Products of Modulation:
Unwanted sidebands in the 60 - 108
ke/s band produce noise in the speech
circuits after demodulation and must,
be controlled by specification require-
ments for inter-channel interference. It
is also necessary to specify that pro-
ducts of modulation outside the 60 -
108 kc/s band shall not interfere with
channels of adjacent groups in broad-
band systems. The previous require-
ment that no product outside the band
60-108 kc/s should exceed—70 dBmo
was difficult to achieve at frequen-
cies just above 108 kc/s. The new
specification requires that interference
between channels of adjacent groups
shall be no worse than that between
channels of the same group. The
performance cannot be checked easily
by direct measurements, but it can be
calculated from filter characteristics.

G.D.F. Impedance and Level: Two
different sets of impedance and levels
are in general use in Australia, and it
is required that either should be avail-
able, for the immediate future,. by a
simple wiring change or similar means.
It is expected that a 150 ohm impe-
dance with a transmitting level of
~—36.5 dBr and a receiving level of
—30.5 dBr will eventually become the
standard for all new equipment.

Limiting: Overloading an indi-
vidual channel can cause intermodula-
tion affecting the transmission path of
hundreds of telephone channels in a
multi-channel system.  Although the
effect of momentary overloads is trivial
on speech transmission, it can be
serious where data, telegraph signals
and routing information is concerned.
This risk is minimised by providing
a limiting device in each channel modu-
lator having an operating level low
enough to prevent overloading, but
not so low as to cause noticeable dis-
tortion of normally loud speech. The
limiting characteristic demanded in
the past is difficult to meet with a
simple limiting device, and it has now
been modified to express only the
maximum voltage output permissible
and the range of input levels through
which the equipment shall be linear.

Noise Measurements: It was pre-
viously required that noise levels should
be measured with a psophometer, using
the weighting factor curve recom-
mended by the C.C.I.T.T. (then known
as C.C.LLF) in 1951. This curve, while
allowing for the sum of the average
responses of human ears and typical
telephone receivers, does not specify
a suitable weighting factor at frequen-
cies below 150 c/s and above 4700 c¢/s
and a new network has been de-

signed having the same charac-
teristic in the range 150 «c¢/s -
4700 c¢/s and flat  weighting

factors above and below this range.
Pending availability of this network,
noise measurements will be estimated
as the power sum of separate measure-
ments in the three ranges.

Speech Simulation: Crosstalk is
measured using random noise, weight-
ed to simulate the frequency spec-
trum and level of the louder passages
of typical speech, as the disturbing
signal. A network recently proposed
by the - French delegation to the
C.C.IT.T. is to be used by the AP.O.

Two-tone Harmonic  Distortion:
Signalling systems, V.F.T. systems,
etc., are liable to be affected by third
order intermodulation (2f, — f, etc,)
at relatively low levels. Maximum
permissible third order products are
therefore specified over the frequency
range 540 c¢/s - 1980 c¢/s, which is that
used by multi-frequency code signalling
systems in Australia. It is probable
that this range will be extended in the
near future to cover voice frequency
telegraph and data transmission sys-
tems in the 420-3280 c¢/s range.

Signalling: Two-State d.c. signal-
ling conditions from a telephone ex-
change are translated by the channel
equipment into an a.c. on-off signal
at a frequency of 3825 c¢/s relative to
the channel carrier frequency and the
signal frequency is then modulated and
demodulated in the transmission path
in exactly the same way as the speech
signal. The requirements for the
signalling path are largely unchanged
except that a preference for a solid
state device instead of a relay in the
signalling receiver has been stated. Re-
cent designs of reed relays have such
excellent performance, however, that
this preference is no longer very
strong.

Group Regulation: The equipment
is required to provide for the injection
of a pilot frequency at 84.08 kc/s, but,
where automatic regulation to com-
pensate for variations in the transmis-
sion path is required (i.e., on the longer
groups), the regulating amplifier will
be a separate equipment. Whether
automatic regulation is provided or
not, selective measurements of the
pilot will permit the performance of a
group to be checked while it is carry-
ing traffic. A change in pilot fre-
quency to 104.08 kc/s is being consi-
dered by the C.C.I.T.T. in order to
leave a greater portion of the 60 - 108
kc/s band clear for wideband data
transmission when required. However,
it is understood that this change is at
present favoured by few member
countries other than the U.S.A. With
the arrangement for pilot injection and
automatic group regulation specified by
the A.P.O. the 84.08 kc/s pilot will
not be transmitted when a complete
group path is used for data transmis-
sion because the associated channel
modem equipment and group regulat-
ing equipment will be disconnected.

Carrier Frequency Supplies: A
carrier frequency supply unit is re-
quired to produce all carriers for 20
groups of channel multiplex equipment
(i.e., two racks). The unit is to be
driven by an external 4 kc/s supply,
which will be of high stability and will
have a high stability standby source.
An additional internal standby os-



34

THE TELECOMMUNICATION JOURNAL OF AUSTRALIA

February, 1967

cillator of lower stability is to
be arranged to drive the channel
multiplexing equipment if the ex-
ternal 4 kc/s feed is interrupted.
This arrangement is preferred to
the alternative of having a com-
mon carrier supply equipment for
all the channel multiplexing equip-
ment in a station because:

(i) It reduces the amount of car-
rier distribution wiring.

(ii) It permits the use of channel
multiplexing equipments of
different manufacture, in
blocks of 20 group ends, with-
out waste of carrier supply
equipment.

(iii) It permits the synchronisation
of different makes of channel
multiplex equipment to a 4
kc/s supply derived from
group and line carrier genera-
tion equipment. It will also
simplify the problem of syn-
chronising and phase locking
all . carrier supplies through-
out Australia to a reference
frequency which will be
necessary for error free
operation of large scale, high
speed data  transmission
systems.

(iv) The inbuilt standby 4 kc/s
supply may be of lower ac-
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curacy because it will be used
infrequently and for short
periods only. The frequency
error will be small and can
only affect 20 groups.

Test Access: Access is required to
six wires on every channel, namely,
V.F. input pair, V.F. output pair, and
signalling input and output wires. A
12-point socket and connector designed
by Siemens Halske has been found,
after environmental tests, to be a suit-
able connector for the purpose. It
has high pressure contacts, the pres-
sure being provided by a small steel
spring, but gold-plating of the contact
metal will be required as protection
against corrosion. Because of the
high contact pressure, a high with-
drawal force is required and an ex-
tractor tool may be required.

Sub-Rack Equipment.

In Australia there are many carrier
stations where the development fore-
seen in the next 10 to 20 years does
not exceed one or two 12-channel
groups. In such stations, even with
the non-wired rack, the use of equip-
ment holding 120 channels per rack
would waste floor space. Some
manufacturers have submitted alterna-
tive designs, in which the 12-channel
multiplexing equipment, the carrier

VERT/CAL
uwnr

BLADE 3 -
CONTACT
STRIPS
—

CARRIER

JI ]/SUPPLY

[ S

VERTICAL
umir

@) verricar unir

POWER UNITS

(5106 SECTION )

Fig. 4. — Siemens Halske Vertical Construction.

s
PO
FO!
I— HINGED COVER
L, d
Ol
rOl
——CHANN EL MODEM
H— PRE-GROUP MODEM &
FOf
bOL
T GROUP AMPLIFIER ol

supply equipment, power unit, etc., are
available as sub-racks, suitable for
installation on standard A.P.O. racks,
leaving the remaining rack space avail-
able for other long line equipment.

MANUFACTURERS’ DEVELOP-
MENTS.

With the kind permission of the
manufacturers concerned, the main
constructional features of four designs
which are to be made in Australia will
be described. No comments on the
performance of the equipment will be
made except that the equipment is
not accepted for delivery to the A.P.O.
unless it satisfies the performance re-
quirements in all significant respects.

The four designs, three of which will
be available in sub-rack as well as in
rack-mounted construction, will not be
interchangeable, but a 12-channel
group, which has been modulated by
any of the equipments may be demodu-
lated by any of the equipments. In the
interests of simplifving installation and
maintenance it will be desirable for
the equipment supplied to a State to
come from only one, or at the most
two, manufacturers. Where one
manufacturer supplies both rack-
mounted and sub-rack mounted equip-
ment, the plug-in assemblies used in

°
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SOCKET CONNECTIONS .
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Fig. 5. — Partially Equipped Siemens
Halske Rack.

each form are generally interchange-
able. The principal exception to this
is mentioned below in the section
describing equipment manufactured by
Stgndard Telephones and Cables Pty.
Ltd.

Siemens Halske - Siemens Schuckert
(A’asia) Pty. Ltd.

The design is known as “Vertical
Construction” (Ref. 1) and has been
developed to accommodate 120 chan-
nels on a rack, and is expected to be
available from Australian manufac-
ture by July, 1967. Each rack car-
ries ten narrow vertical units, arranged
in two rows each of five units side by
side. (See Fig. 4.) Each unit con-
tains a complete 12-channel multiplex
equipment and in the lower row the
units are inverted. (See Fig. 4 (a).)
Monitoring and test facilities are pro-
vided on each vertical unit and appear
at the bottom of the upper row of
un’ts and hence at the top of the lower
row. All test access is thus at a
convenient height. A partially equipped
rack showing the external cabling is
seen in Fig. 5 and a comparison with
earlier designs of Siemens Halske
equipment is seen in Fig. 6.

The rack has dimensions of 8 ft. 63
in. high, 1 ft. 11§ in. wide, and 8% in
deep. This is the standard size used
in West Germany and is also widely
used in Australia. The rack frame-
work consists of a head frame, a base
plate, two side rails, a central terminal
frame, and rails for supporting the
plug-in assemblies. The rack can be
transported in pieces and assembled
on site, thereby simplifying movement
and installation and avoiding the cost
of handling and storing large assem-
blies.

All fixed rack wiring has been
eliminated by using detachable connec-
tors fixed to the rack in the space
beh'nd the monitoring panel on the
vertical unit. (See Figs. 4 (a) and (b).)
A space for all external cabling is
provided across the full width of the
rack behind the vertical units.

Fig. 6. — Comparison of Siemens Halske Designs.
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Fig. 7. — Fully Equipped S$.T.C. Rack.
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Fig.

8. —S.T.C. Vertical
one Tray Partly Withdrawn.

Sub-frame with

Space is also provided at the foot of
the rack for horizontal units containing
the necessary one or two power supply
assemblies, and, in the centre of the
rack, for carrier supply, protective and
supervisory devices. (See Figs. 4 (a)
and (b).)

Each 12-channel multiplex equip-
ment is contained in a unit approx.
38} in. high, 4} in. wide and 7% in.
deep, covered in front by a hinged
lid, and carrying knife blade connec-
tors, mating with those on the rack
wiring. (See Fig. 4 (¢) and (d).) A
unit is inserted in the rack by en-
gaging a pin at the end remote from
the connectors, with a matching slot
on the rack and then pivoting the
unit until the connectors engage.
(See Fig. 4 (b).) Guide pins ensure
correct engagement of the connectors.

As the equipment wuses double
modulation with the plan shown in
Fig. 1 (b) each vertical unit carries
twelve channel modem (modulator and
demodulator) assemblies, four sub-
group modem assemblies, one group
amplifier assembly and the test access
panel. This, in turn, carries sockets
for testing each of the 12-voice fre-
quency channels and the 60 - 108 kc/s
signals.

Each assembly consists of a compo-
nent card, which slides into horizontal
guides on the side walls of the vertical
unit. Plug-in connectors on the as-
sembly make connection to the wiring
of the unit as shown in Fig. 4 (e).
Some components are individually
mounted, but most are in small modu-
lar blocks, each containing a sub-
circuit.
taining a uniform height in a particular
assembly. The coil and condenser
filters are carefully dried during
manufacture, and before final adjust-
ment, after which the filter cans are
filled with dry gas and closed by weld-
ing. They cannot be reopened for
repair and will be discarded if they
become faulty.

The connectors between the vertical
units and the external wiring have high
pressure silver-plated contacts and are
the same type used by Siemens Halske
on their earlier “type 52” equipment.
The connectors between the equip-
ment assemblies and the vertical unit

L

Fig. 9. —S.T.C. Vertical Sub-frame

Space is conserved by main-

wiring have low pressure contacts and
are gold-plated.

It is understood that the perform-
ance of the filter is such that the fre-
quency response of individual channels
will be within 1/10th of the C.C.I.T.T.
requirement for a 2500 kilometre refer-
ence circuit, thus more than meeting
the A.P.O. specification. This antici-
pates a recommendation of Study
Group XVI. (Telephone Circuits) of the
CIGIT.T.

Standard Telephones and Cables Pty.
Ltd.

In the S.T.C. equipment (see Figs. 7,
8 and 9), which is now being delivered
from their Sydney factory, each 12-
channel multiplex equipment is mount-
ed on a narrow ‘sub-frame,” which
plugs into the rack as shown in Figs.
10 (a) and (b). Mounting space is
provided for five sub-frames, side by
side, in the upper part of the rack,
and five similar sub-frames inverted,
in the lower part.

The rack consists of a light-weight,
sheet-steel framework, with a full-
width cabling space at the rear, and
carrying detachable sockets for ter-
minating the external wiring. The
rack also carries horizontal sub-
frames containing carrier supply,
power supply, and interconnection
panels, as shown in Fig. 10 (a). The
carrier supply sub-frame occupies
space at the top of the rack, the inter-
connection panel for use with test
equipment is located at the centre of
the rack between the upper and lower
12-channel sub-frames, and the power
supply units are at the bottom of the
rack.

The multiplex equipment uses double
modulation with the plan shown in Fig.
1 (b). The sub-frame shown in Fig.
10 (c) is approximately 33 in. high, 3}
in. wide, and 8 in. deep, and carries the
test access panel and four plug-in ver-
tical trays. Each tray carries equip-
ment cards for three channel modems
and a sub-group modem wired together
within the tray, as shown in Fig. 10 (d).

The equipment layout within the
trays has been so arranged that all
components, including relays, transfor-
mers, filter inductors, and modules
containing groups of components, are
accommodated in a width of approxi-

T

Tray Unit Containing Complete Pre-group Equipment.
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mately £ in., thus permitting five sub-
frames containing 20 trays, to be placed
side by side in a total width of 20} in.

The horizontal carrier supply sub-
frame carries vertical printed wiring
boards, which are guided by nylon
runners so that plugs, ,mounted directly
on the boards, engage with sockets in
the sub-frame. All connectors used in
the equipment are gold-plated to mini-
mise contact resistance and risk of
corrosion.

The equipment will also be available
in the sub-rack mounted form by the
latter part of 1967, but on account of
the dimensions of the equipment tray
referred to above, the 12-channel
modem assemblies will not be inter-
changeable with the assemblies used
in the rack-mounted form.

Telecommunication Company of Aus-
tralia Pty. Ltd.

T.C.A. have been supplying high
density rack-mounted equipment to the
A.P.O. since October, 1966, from their
Adelaide factory. The mechanical de-
sign is again on the basis of vertical
sub-frame construction. Sub-frames,
each containing a 12-channel multiplex
equipment, are mounted side by side
in a rack framework, as shown in Fig.
11 (a), there being five sub-frames in
the upper part and five, inverted, in
the lower part. Connections to ex-
ternal cables are made by multipoint
plugs on the sub-frame, which engage
with sockets on the rack. To facilitate
insertion and withdrawal of the sub-
frame, the plugs are individually
pivoted and may be engaged and dis-
engaged with the sub-frame held se-
curely on its mounting. (See also
12 and 13).

Modulation is according to the plan
shown in Fig. 1 (right). The sub-frame
carries 14 “conclave” units containing
12 channel modems, a sub-group
modulator and a sub-group demodula-
tor, as shown in Fig. 11 (c¢). The “con-
clave” is the plug-in assembly used in
most Philips transmission equipment,
and contains components on printed
wiring boards carried by a light
framework. It has a metal cover seal-
ed with a rubber “O” ring and con-
tains a dessicator.

A power supply equipment, also in
conclave units, is mounted below the
lower set of sub-frames and the inter-
connection circuits for test access are
mounted between the upper and lower
sets of sub-frames. A special sub-
frame, shown in Fig. 11 (b), is avail-
able, which contains carrier generating
equipment, and can be mounted in the
lower right-hand position on the alter-
nate racks. A rack containing a
carrier supply, therefore, holds equip-
ment for nine groups instead of ten.
Alternatively, the full rack of ten
groups may take its carrier supply from
a central supply of the 2 x 6 modula-
tion type, or, with duplicate supple-
mentary carrier supply units mounted
at the base of the rack, from a central
supply of the 4 x 3 modulation type. In
AP.O. stations the carrier generating

Fig.

12. — T.C.A. Equipm

ent. Left: Partially equipped rack. Right: 12-Channel multiplex
sub-frame with conclave units removed.
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Fig. 13. — T.C.A. Conclave Unit, Lleft: Closed. Right: Open.

equipment sub-frame is preferred, but
the supplementary carrier supply units
may be used where suitable central
carrier supplies are available.

The connectors between the conclave
units and the sub-frames, and between
the sub-frames and the external wiring,
have gold-plated contacts.

A sub-rack mounted version of the
equipment will be available in the
latter part of 1967.
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In the T.E.L. equipment, which is ex-
pected to be available late in 1967 or
early 1968, a sub-frame contains a 12-
channel multiplex equipment, and a
rack holds five sub-frames in the upper
part and five inverted sub-frames in
the lower part, as shown in Fig. 14 (a).
The connections between the external
cabling and the sub-frames are made

directly at the test and monitoring ac-
cess sockets by the link plug. In order
that the sub-frame can be withdrawn
from the rack, two-part test and moni-
tor sockets are used, one part of each
socket being attached to the rack and
the other to the sub-frame.

The modulation plan shown in Fig.
1 (b) is used and the 12-channel multi-
plexing equipment is contained in a
sub-frame measuring 34 in. high, 4% in.
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Fig. 14. — T.E.l. Channel Equipment.
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wide and 7% in. deep. As shown in
Fig. 14 (b), each sub-frame is divided
by horizontal shelves into five com-
partments carrying guides for plug-in
vertical cards. Four compartments
contain the cards for three channel
modems and one sub-group modem
each, and the fifth contains the group
amplifier cards and a d.c. stabiliser to
regulate the power supply to all cards.

Identical cards can be mounted in a
sub-rack designed to hold one 12-

channel multiplex equipment and
shown in Fig. 14 (c)
On the 12-channel multiplexing

equipment rack carrier supply equip-
ment is mounted on horizontal shelves
above the upper set of sub-frames.
Power units are mounted below the
lower set of sub-frames and alarm
equipment and interconnection circuits
for test access are mounted between
the two sets of sub-frames. All of
these units will be available as sub-
racks for use with the sub-rack mount-
ed 12-channel multiplexing equipment
on standard A.P.O. racks.

On the printed wiring boards gold-
plated contacts are attached directly to
the board and use is made of wired-in
secondary printed boards for assemb-
ling modules of miniature components.

FUTURE DEVELOPMENTS.

Although developments have pro-
ceeded separately for each type of
equipment described, it has been found
that there are a number of similarities
of mechanical construction. For rea-
sons stated previously, although all the
equipments will be electrically inter-
changeable at the voice frequency, sig-
nalling and 60-108 kc/s G.D.F. connec-
tions, it has not been possible to
achieve physical or carrier supply in-
ter-changeability. In other words,
equipment has now been designed as a
“black box” occupying the space of
two racks. The black box will trans-
late 240 (or 228 in the case of T.C.A.)
voice frequency circuits into 12-.
channel groups in the 60 - 108 kc/s
band and vice versa, provided it is
supplied with a.c. or d.c. power of
specified voltage, stability, source im-
pedance and noise content, and with a
4 kc/s supply of specified stability,
voltage and source impedance.

Design and development is a con-
tinuous process, which sometimes pro-
ceeds rapidly and sometimes slowly.
Certain changes are fundamental and
affect the whole telecommunication
network (for example, the introduction
of inbuilt out-of-band signalling), but
the majority of design changes involve
small improvements in performance,
decrease in size, weight and power
consumption, increase in reliability,
decrease in cost, etc. In the opinion
of the writers the carrier telephone
equipment produced for the A.P.O.
should not attempt to follow every
improvement in design and develop-

ment too closely, but changes should
be made in definite stages at fairly
long intervals (say 5 to 6 years), and
then only when economically justified.
This involves consideration of the fol-
lowing factors in relation to the new
equipment and comparison with the
same factors for existing equipment:—

(i) Cost of purchase.

(ii) Cost of power consumed.
(iit)
(@iv)
(v) Cost of installation.
(vi)
(vii)
(viii)

(ix)

Cost of additional test gear.
Cost of additional spares.

Cost of additional staff training.
Cost of maintenance.
Value of improved performance.

Cost of faults because of loss of
use of the equipment.

(x) Space occupied.

(xi)

The items (i) to (ix) are listed in
order of increasing difficulty in mak-
ing accurate assessments rather than
in order of importance. Because of the
pressure to provide new equipment to
cope with increasing traffic, purchases
are often decided on the basis of cost
of purchase, together with considera-
tion of space occupied and delivery
dates. Sometimes factors (ii) to (iv)
are taken into account, but if (v) to (ix)
are considered at all, reliance is usually
placed on opinion rather than facts,
because the collection and analysis of
factual information on these subjects
is very difficult, time consuming and
expensive.

Delivery obtainable.

The preference, expressed in the
previous paragraph for changes of
equipment design in definite stages
has a number of advantages, which
are as follows:—

(i) The expenses of training and
spares can be reduced because
of the smaller number of types
of equipment in use at any time.

(ii) A longer period can be spent on
“de-bugging” new designs before
they are taken into general use.

(iil) The economic justification for a
new design can be more accu-
rately studied.

(iv) A greater run of production of a
design can be obtained by the
manufacturer, and, with compe-
tition this can be reflected in
lower prices.

At the same time there is the disad-
vantage that there is a greater lag in
the adoption of the latest techniques
than would be the case if designs were
changed at frequent intervals. How-
ever, the essence of the matter is the
economic consideration; there is no
advantage in changing designs unless

the end result is either to reduce, or
to get better value for, the money and
effort expended.

It would be to the advantage of the
A.P.O. if a greater degree of physical
interchangeability could be obtained
between equipments made by different
manufacturers. The “black box” for
20 groups is a step in the right direc-
tion, and is a suitably sized unit for
large stations such as those in the State
capitals. However, the ability to in-
terchange smaller units would be ad-
vantageous because more than half the
12-channel multiplexing equipment
purchased by the AP.O. is used in
fairly small stations having less than
20 12-channel groups. Ideally the in-
terchangeable units should be the
printed wiring boards and certain sub-
frames, such as the carrier supply
equipment and the power supply unit.
The advantages to the A.P.O. would
be:—

(i) When equipment is required for
an extension to an existing in-
stallation, the requirements
could be obtained from any one
of several sources.

(i) Stocks of spare assemblies
would be reduced in variety.

(iii) Training would be simplified.

(iv) Planning and ordering would be
simplified.

At present simple repairs to long line
equipment are normally carried out on
site and more difficult repairs are
made in A.P.O. workshops or are sent
to the manufacturer. Equipment is
guaranteed for one year, so that re-
pairs in that period are made by manu-
facturers free of charge. The tendency
to smaller and smaller components,
sealed and encapsulated modules,
and printed wiring will make repairs
on site more difficult. Even A.P.O.
workshop repairs will involve the hold-
ing of quite large stocks of spare parts,
together with special tools for opening
sealed modules and unsoldering prin-
ted wiring. Investigations are now
being made into the economic and
other considerations involved in limit-
ing the work on site to exchanging
assemblies and replacing items such
as lamps and fuses, and despatching
all faulty assemblies to the manufac-
turer. It is proposed that the ar-
rangement should be in the nature of
an extended guarantee or a service
contract, payment being made in fixed
amounts irrespective of the number of
repairs. Provision will need to be
made for stocks of vital spare as-
semblies to be held at strategic points
and for rapid return of repaired work.

The advantages claimed for this are
that:

(i) The necessity for training A.P.O.
staff in repairs to numerous
different manufacturers’ equip-
ment would be eliminated.
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(ii)) The real cost of maintenance
should be reduced.

The A.P.O. holding of spares
would be reduced.

(iii.)

(iv) Manufacturers would retain an
increased profit for supplying
reliable equipment and suffer a
reduced profit for supplying un-
reliable equipment.

(v) Since all faults would be repaired
at one centre, the collection of
accurate statistics for use by
both the manufacturer and the
A.P.O. would be simple.

(vi) Repairs on site would be elimi-
nated and risks of incorrect
parts being fitted, or damage
being done by A P.O. staff work-
ing from general knowledge, but
lacking special training on the
particular assembly should be
avoided.

FUTURE DESIGN TRENDS.

It can be fairly safely forecast that
by 1972, when a new design of equip-
ment should be in course of manufac-
ture, a 12-channel multiplex unit should
be much smaller than the designs de-
scribed in this paper. It may consist

of one or more sealed or encapsulated
modules built up from miniature com-
ponents, or it could be built from inte-
grated or thin film circuits. The prob-
lem of wiring to such modules and pro-
viding test access to channels without
doubling or trebling the volume occu-
pied by the equipment may not be
capable of solution by conventional
means. It may, at that stage, be found
attractive to combine 12-channel
multiplex equipment with the relay
sets associated with the swiiching
centre, or with a distribution frame
carrying the wiring to those relay sets.
At some later period, pulse code or
some other form of modulation may be
found more convenient than amplitude
modulation, in which case it may be no
longer expedient for the “basic group”
to occupy the band 60 - 108 kc/s and
12-channel multiplex equipment as
described in this paper may then dis-
appear.

CONCLUSION.

The new equipment has been de-
scribed with some of the reasons lead-
ing to its adoption. Equipment manu-
facturers’ designs have been discussed
and the advantages of a standard de-
sign of 12-channel multiplex equipment,
to be produced by all suppliers to the

A.P.O. have been stressed. These are
considered to be so great that it ap-
pears desirable in the future that
manufacturers should be invited to
compete for design contracts for a 12-
channel multiplex equipment, to be
adopted by the A.P.O., on the condition
that the accepted design will be made
available to other firms for manufac-
ture and supply to the A.P.O.
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TECHNICAL NEWS ITEMS

PERTH - CARNARVON COAXIAL
CABLE SYSTEM.

The Postmaster - General’s Depart
ment intends to lay a 4-tube coaxial
cable from Perth to Carnarvon (W.A),
via Geraldton, a distance of 612 miles.
The cable will provide telecommunica-
tion circuits to places along the route
and to places beyond, such as the U.S.
Navy establishment at Exmouth, and
the Carnarvon satellite tracking sta-
tion. It may later be extended by
means of a broadband system to Port
Hedland, to cater for development in
the Pilbara area. A television relay
will also be provided and the cable will
be capable of transmitting television
relays to or from Carnarvon if re-
quired.

One pair of tubes will be equipped
with repeaters having a bandwidth of
12 Mc/s, enabling the television pro-
gramme to be superimposed above 1200
telephone channels. The other pair of
tubes will be equipped with 4 Mc/s re-
peaters and will provide standby
facilities for up to 960 telephone chan-
nels. All repeaters will be buried with
the cable. Although the idea of doing
so is not new, it appears likely that
Australia will be the first country to
actually transmit a television relay

simultaneously with telephone chan-
nels over the same bearer. Line trans-
mission equipment is being supplied
by Siemens Industries Pty. Ltd., Mel-
bourne, a proportion being of West
German manufacture.

Laying of the cable is expected to
commence in August, 1967, and the
first circuits should be ready for com-
missioning by June, 1969. To enable
this date to be met the cable must be
placed at a rate exceeding ten miles
per week, much the fastest laying rate
yet attempted for coaxial cable in
Australia.

RADIO AUSTRALIA BOOSTER
STATION — DARWIN, N.T.

During October the Postmaster-
General’'s Department placed a $1.465
million order with R.C.A. of Australia
Pty. Ltd., Sydney, for the design, sup-
ply and installation of aerial systems
and radio receiving equipment for the
Radio Australia booster station being
established on Cox Peninsula, near
Darwin.

In this scheme, programmes from
Radio Australia, Shepparton, Victoria,
will be received at the Cox Peninsula
station and boosted to give improved

programme transmissions into South-
East Asia and other Asian areas.
Initially, the station will provide up to
three simultaneous transmissions
(various languages), with transmitter
power of 250 KW each.

Nine organisations from various
parts of the world submitted propesals.
The aerial systems will be designed
and manufactured in Italy, radio links
will come from the U.S.A., the receiv-
ing equipment from the United King-
dom and Australia, whilst the design
and manufacture of the aerial support
masts, together with other civil engi-
neering works will be carried out in
Australia.

An interesting aspect of the project
is that a system of broad-band verti-
cally polarised logarithmically -
periodic transmitting aerials will be
used, each of which is suitable for
operation at any frequency between 7
and 26 Mc/s. This system will sim-
plify the necessary switching opera-
tions when frequency bands are
changed in accordance with transmis-
sion schedules.

Work on the prototype antenna will
commence immediately and the station
is scheduled for operation by mid-1968.
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CAIRNS - WEIPA RADIO LINK WITH H.F.

PERIODIC AERIALS

INTRODUCTION

In some remote areas of Australia,
where the provision of telephone com-
munications by landline, V.H.F. radio
or microwave link is economically un-
attractive, it is necessary to utilise
high frequency radio communication.
The problems of fading, noise and in-
terference inherent in the use of
ionospheric transmission generally re-
sult in a secondary grade of service
and may restrict the hours of use of
such a link.

In the design and installation of a
high frequency link to carry simul-
taneous telephone and telegraph chan-
nels between Cairns and Weipa, in
North Queensland, a departure was
made from the usual S.S.B. modulation
methods, resulting in an improved
grade of service. Also, the opportu-
nity was taken to develop and use
aerials of the log periodic type, for
which this application is particularly
suited.

The radio link, with a path distance
of 400 miles, as shown in Fig. 1,
was established for the Commonwealth
Aluminium Corporation Ltd., in 1965,
and provides one telephone subscriber
service from the Weipa P.AB.X. into
the Cairns telephone network and a
point-to-point machine telegraph cir-
cuit from the Company’s office at
Weipa to their office in Cairns. The
reliable operation of both these circuits
is essential for the efficient operation
of the town of Weipa and the bauxite
mining activities.

Aspects of the installation which
use new techniques, such as the aerials,
the signalling method, the modulation
system, and the correction of telegraph
frequency drift, will be discussed in
detail, and standard equipment, such
as transmitters and receivers, will be
described briefly.

BASIC SYSTEM DESIGN

In the initial planning of a high fre-
quency link, certain broad selections
may be made regarding the overall
system design. These are described in
the following sections.

Frequency Range

For propagation over 400 miles, the
high frequency band is the only econo-
mic choice, and frequencies in the
range of 3 Mc/s to 12 Mc/s should be
suitable, based on ionospheric consi-
derations. Four frequencies placed at
nominally 3 Mc/s, 5 Mc/s, 8 Mc/s and
11 Mc/s should allow one suitable fre-
quency, to be selected under all condi-
tions.

Method of Modulation

Single sideband modulation provides
advantages in terms of:

* Mr. Tolmie is

Engineer Class 2,
Queensland.

Radio

(i) Minimum
pancy.

(ii) Maximum radiated power in
information - carrying side-

spectrum occu-

band.
(iii) Secrecy.
(iv) Elimination of distortion due

to selective sideband fading.

(v) Minimum received interfer-
ence and noise due to narrow
bandwidth.

Transmitter Power.

With heavy noise in the North of
Australia from electrical storm activity
and heavy interference from foreign
short-wave transmissions, the radiated
power should be as high as possible.
Considering the cost, space and power
requirements, related to performance,
a 500 watt transmitter was selected.
To obtain a further improvement of 10
db a 5 Kw transmitter would be re-

Northern Terr. [

LOG

R. P. TOLMIE, B.E. (Hons.)*

quired and the system would assume
the proportions of a major broadcast-
ing station. A standby transmitter can
be provided with 50 watt power at an
attractive cost, allowing a degradation
of 10 db in signal noise ratio under
standby conditions.

Transmitting Aerial System.

Two general types of aerial system
are considered:—

(i) Four separate resonant aerials
for the four operating fre-
quencies.

(ii) One frequency - independent
aerial system.

In class (i), the basic aerial is the
dipole, which is defined as having zero
relative gain. Four dipoles could be
supported by one pair of masts, and
fed with four transmission lines. To
obtain gain from resonant aerials, ad-
ditional driven or parasitic elements

D

Scale: 150 mis. to lin.

Fig. 1 — Cairns-Weipa Radio Link.
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would be required, and these would
have different horizontal spacing for
the four aerials, thus necessitating at
least two additional masts, and a com-
plex suspension and feed system. Also,
the proximity of the three idle arrays
to the active array could be expected
to distort the radiation pattern, thus
reducing or eliminating any gain ad-
vantage expected.

In class (ii), the two possible aerials
would be the rhombic and the log
periodic. In the case of the rhombic,
four masts and a considerable land
area are required. Also, for a path of
400 miles, the elevation angle of fire
of 40 deg. average would be rather too
high to use a rhombic to advantage
and the resultant small aerial gain
would not justify the masts and land
area. Furthermore, the frequency
range proposed is two octaves, and
even a two-tier rhombic would not
operate well over th's range.

The log periodic aerial, however, is
very well suited to a path length of
400 miles and has inherent constancy
of impedance and radiation pattern
over a wide frequency range. This
aerial requires only two supporting
masts and a much smaller land area
than the rhombic. Also, a single
transmission line is used for all ope-
rating frequencies. The gain is 3 db
above that of a dipole at optimum
height. Despite the apparent com-
plexity of this aerial, with its nume-
rous elements, fabrication is simple,
and it may be raised or lowered in
minutes for maintenance. The log
periodic transmitting aerial at Cairns
is shown in Fig. 2.

Receiving Aerial System

To permit the receiver automatic
gain control to minimise the effects

Fig. 2 — Log Periodic Aerial — Cairns.

of fading, the maximum possible signal
should be supplied to the receiver in-
put. Thus a directional receiving
aerial is desirable. Also, a good
“Front to Back” directional charac-
teristic of the aerial is a considerable
advantage where interfering signals
are received from bearings other than
that of the desired signal.

The same considerations apply as
for the transmitting aerial, and the log
periodic aerial was again selected.

In further support of this selection,
it is advantageous to have identical
elevation field patterns for the trans-
mitting and receiving aerials to achieve
the maximum gain of both at the same
angle of fire.

Transmission of Telephone and
Telegraph Channels

Assuming that the telephone and
telegraph signals are radiated at simi-
lar signal strength, a comparison may
be made of two alternative methods,
viz.:

(i) Two separate transmitters, on
different frequencies.

(ii) Transmission of the telegraph
signal on a sub-carrier mixed
with the telephony signal on
a single transmitter.

The use of separate transmitters is
unacceptable due to cost, space and
power requirements, and the need to
allocate twice the number of frequency
channels in the already overcrowded
H.F. spectrum. Also, to mix the out-
puts of two transmitters into a single
aerial would involve the additional ex-
pense and complexity of bandpass
resonators to block the flow of power
from one transmitter to the other, with
the resultant intermodulation prob-
lems.

The sharing of the available 500

watts of transmitter power between
two separate channels of information
obviously results in a decrease in
modulation depth for each channel,
but this is still economically more at-
tractive than provision of separate
transmitters.

It will be demonstrated later that the
telegraph signal can be used to advan-
tage as a pilot signal to controi the
gain of the telephony system, and this
factor alone would justify the trans-
mission of the combined signal.

Telegraph Modulation System.

The bandwidth of the S.S.B. radio
transmitter and receiver is 300 c/s to
3000 c¢/s. This may be reduced to 300
c/s to 2600 c/s with only small loss in
performance to the telephony signal,
leaving a band from 2600 c¢/s to 3000
¢/s for insertion of the telegraph sig-
nal.

Frequency shift keying of a 2800 c¢/s
sub-carrier with a deviation of =+ 40
c/s is employed and the 400 c/s tele-
graph bandwidth available is more
than adequate to contain the signifi-
cant sidebands produced by this modu-
lation without introducing telegraph
distortion.

Telegraph equipment is selected to
produce the FSX signal when connect-
ed to a standard teleprinter and to
decode the received FSK signal at the
distant machine.

Frequency Stability

The frequencies of the suppressed
carrier in the S.S.B. transmitter are de-
rived from crystals which are subject
to a small frequency drift with tem-
perature variations. A total relative
drift of 20 c/s would affect telephony
cnly to the extent of changing the
voice character somewhat and intro-
ducing noticeable distortion, but
would cause severe distortion to the
telegraph signal due to displacement of
the sub-carrier frequency.

To maintain the telegraph sub-
carrier within 1 c¢/s of its original fre-
quency, it is necessary to transmit a
frequency reference pilot signal at 3000
c/s, which will experience the same
frequency drift as the 2800 c/s sub-
carrier and to use this frequency refer-
ence at the receiving terminal to cor-
rect the sub-carrier and restore it to
its original frequency.

A telegraph correction circuit, with
the above function, is specified as
necessary, and design details will be
shown later.

Signalling System
Dialling over the telephony system is
considered as an unnecessary and un-
desirable objective for the following
reasons:—

(i) The probability of an incorr-
rect digit to radio interfer-
ence, particularly during
electrical storms.

(ii) The lack of available band-
width in the system to permit
signalling outside the speech
band.
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(iii) The need for additional equip-
ment to code and decode tone
signals with adequate guard
circuits to avoid triggering by
speech signal components and
sufficiently fast response to
avoid dial impulse distortion.

For a radio telephone circuit, which
is the only traffic channel to a remote
town, it is considered that manual
switching is justified. This arrange-
ment permits some supervision to en-
sure that the channel is working and
allows the possibility of limiting the
length of calls in periods of very
heavy traffic, to minimise the number
of lost calls. Accordingly, magneto
signalling, using “in-band” tones can
be used, and this results in a simple
and effective system.

A signalling frequency of 2200 c¢/s
is selected instead of 1000 c/s for the
following reasons:—

(i) Speech power is considerably
le/ss at 2200 c/s than at 1000
c/s.

(ii) The third harmonic of a 1000
c/s tone would interfere with
the telegraph sub-carrier and
pilot near 3000 c/s.

The second and higher har-
monics of a 2200 c¢/s tone are
outside the system bandwidth
and will be attenuated by the
system filters.

The 2220 c¢/s tone is 200 c/s
removed from the second har-
monic of a 1000 c/s test tone
which may be used over the
telephony system.

To ‘“guard” against false operation
by voice or a heterodyne signal,, the
2200 c/s signal is modulated by a 20
c/s signal and the detector circuit is
arranged so that it will not operate
unless the 20 c¢/s modulation is pre-
sent.

A voice frequency ringer oscillator-

detector to satisfy the above require-
ments will be described in detail later.

(iii)

(iv)

Voice Terminating Unit

Since the radio telephone link from
transmitter to receiver is a unidirec-
tional device, four wire operation is
necessary. The conversion to two
wire operation is carried out by a con-
ventional hybrid coil. To minimise the
difference between send and receive
levels at the exchange, the voice ter-
minating unit is located at the ex-
change and four wire circuits are used
between the exchange and the irans-
mitting and receiving site.

Conventional practice with operation
of S.S.B. radio telephone systems
makes use of compression amplifiers
to ensure a high level of transmitter
modulation and the consequent vari-
able gain of the overall system intro-
duces hybrid stability problems which
are usually controlled by special “anti-
singing” circuits.

In this application, a linear system
has been considered necessary to avoid

intermodulation between telephony and
telegraph signals and the resultant
system has been proved superior to the
compression system. This aspect will
be discussed in detail later.

Remote Control of Transmitters
and Receivers

At the Cairns terminal the transmit-
ter and receiver are located at the
National Broadcasting Station 4QY,
which is staffed by radio technicians.
Thus channel changing of the transmit-
ter and receiver can be carried out
manually at the appropriate times.

At the Weipa terminal the radio
transmitting and receiving site is
located three miles from the exchange
and is unattended. Provision is made
for remote control of the following
functions:—

(i) Transmitter changeover (Main
Standby).

(ii) Receiver changeover.

(iii) Channel selection (four chan-
nels) on transmitters and re-
ceivers.

D.C. signalling over the lines is used
to operate the remote control relays.

LOG PERIODIC AERIALS

In 1964, the available published in-
formation regarding log periodic aerials
was to a large extent theoretical, and
full practical design information was
not available, despite the fact that high
frequency log periodic aerials were
manufactured by a number of com-
panies.

To establish a design method, a
study of the various published papers
was made by the author to correlate
the theories and empirical results
where possible, to advance reasonable
hypotheses where information was
lacking, and to draw practical conclu-
sions which could be used with confi-
dence.

The results of this study, including
a typical design example, were pub-
lished in June, 1965, within the P.M.G.
Department as Queensland Engineer-
ing Report No. QB.209, entitled ‘“Prac-
tical Design of H.F. Log Periodic Re-
ceiving Aerials”

The more important parts of this re-
port are included below, and then sup-
plemented by details of the further
theoretical and experimental extensions
of this study, which culminated in the
successful installation and operation
of the transmitting and receiving log
periodic aerials at Cairns and Weipa.

THEORY OF OPERATION

The desirable performance objectives
for a high frequency aerial used in
“point-to-point” operation are as fol-
lows:—

(i) Constant efficiency, field pat-
tern and impedance and low
V.S.W.R. over a wide range of
operating frequencies.

(i) High gain, good “front-to-
back” ratio and suppression
of minor lobes.

Economical support structure
and small land areas.

(i)

Apart from the specific details of
performance, the most essential re-
quirement of any such aerial is that of
“frequency independence”. In 1957 it
was shown in various published
papers by Ramsey (Ref. 1), also Du-
hamel and Isbell (Ref. 2), that practi-
cal frequency independent antennae
could be obtained, based on the fol-
lowing concept:—

“The properties of an antenna are
frequency independent if the dimen-
sions specified in terms of wave-
length are constant (i.e., the shape
is defined only in terms of angles).”
Typical examples of frequency inde-
pendent antennae  demonstrated
were:

(i) The equi-angular spiral (two
dimensional) and

(ii) The conical screw (three di-
mensional), both of which
would be infinite in size.

However, Duhamel (Fig. 2) investi-
gated the effect of finite size and the
effect of replacing the continuous
shape (which has constant electrical
dimensions for all frequencies) with a
repeating shape (which has the same
electrical dimensions for any two fre-
quencies related by a particular scale
factor “k”).

The conclusion was reached that,
with suitable values of scale factor
“k,” the variation of parameters such
as radiated field pattern and feed im-
pedance in the frequency interval
between “f” and “kf” generally could
be made small so that the antenna per-
formance approximated that of a con-
tinuous antenna. Also, the “end
effect” due to the finite size was found
to be significant only outside a certain
calculated frequency range, which de-
pended on the dimensions at which
truncation of the small and large ends
occurred.

It did not, of course, follow that all
frequency independent antenna shapes
would have desirable field patterns,
but many successful antennae were
derived using this principle to suit ap-
plications ranging from the high fre-
quency to the microwave region.

In the high frequency range (3 to
30 Mc/s), the large physical size ne-
cessitated the use of wire rather than
solid structures for antennae, and
various arrays of straight wires were
derived, featuring a repeating struc-
ture dimensioned by geometric pro-
gressions.

THE LOG PERIODIC DIPOLE
ANTENNA

The array with which this study is
concerned is the log periodic dipole
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shown in Figi. 3, and the important
physical parameters are indicated.

|
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Fig. 3 — log Periodic Dipole Array.

This antenna comprises an array of
simple dipoles fed by a central balanced
feeder, which is transposed for alter-
nate dipoles. The feed point is the
small end or high frequency end of
the array.

The dipole element lengths I are re-
lated by the parameter }{such that—

P = —m=m=w—— | TS aE Y. R (1)
Iy R.1
since, by similar triangles, r also re-
lates the distances, R, of elements from
the apex.

The spacing of the dipoles, d, is re-
lated to the lengths of the dipoles by
the parameter ¢ such that—

n

o (2)

21,
The angle included by the antenna
envelope, which is triangular, is 2a.
The parameters 7, o and « are related
by the equation—
06=025 (1—7) cot o ..... (3)
At any frequency in the operating
band, one element will be a resonant
half-wave dipole or close to resonance
and radiation will occur mainly from
this dipole. With careful selection of
antenna parameters, the radiation
from adjacent elements will reinforce
that of the resonant element in the
direction of the apex. Elements fur-
ther removed will be fed relatively little
power due to the large reactive feed
impedances in the “off resonance” con-
dition and will contribute little to the
radiated field. This leads to the con-
cept of an “active-region,” from which
most of the radiation emanates at a
particular frequency. The “phase

PHASE CENTRE

~N
owe e

GROUND’ APEX

IMAGE
PHASE CENTRE

Fig. 4 — Verticn] Plane Radiation from Array ond Image.

centre” of the antenna is located within
this region.

If the frequency is increased, then
a shorter element becomes the pre-
dominant radiator and the active region
and the phase centre move towards the
apex. The phase centre is thus located
a fixed number of wavelengths from
the apex regardless of frequency.

When the antenna is inclined with
the dipoles horizontal and the apex
at ground level, the phase centre is thus
a constant electrical height above
ground, and the radiation pattern (in-
cluding reflected wave) is independent
of frequency.

This is illustrated in Fig. 4, which
gives a side-elevation of the array and
indicates the shape and direction of
the vertical plane field pattern and its

100 20
O, =2 .

image. The radiation pattern depends
on the selection of the parameters
7, o and « and this aspect will be con-
sidered later in more detail.

The radiation fields of the array and
image combine to produce the resultant
radiation pattern of the inclined array
above ground, as shown in Fig. 5. This
pattern is dependent on the array pat-
tern, the location of the phase centre
and the inclination angle of the array.
The actual derivation of the optimum
angle of fire will be described in the
design details.

SELECTION OF ARRAY
PARAMETERS

From a study of various published
papers, it is possible to correlate the

B LAYER MAX.
I50KM.

'FLAYER MIN.
200 KM,

‘& LAYER AV.
o
20~ 105 KM,

T

o4 02 03 04 05 06 07 08 03 -0 11 12 13 14 1§

RELATIVE GAIN ————i

Fig. 5 — Vertical Elevation Pattern.
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theoretical and empirical results to
formulate a reasonable basis of design.
The various parameters will be con-
sidered separately and the general
effects of varying these parameters
will be shown.

ELEMENT RATIO.

This is the geometric progression
ratio for the dipole lengths and spac-
ings and was defined as (Equation (1) ):

In R,

ln,1 Rn—l

(1) + must be less than 1.
(2) 7 should be large so that the
change in length from one
dipole to the next will be
small. Hence there will be
a large number of dipoles near
resonance and the power car-
ried up the central feeder will
be shared by an effectively
large end-fire array of dipoles,
resulting in high gain. Con-
versely, if 7 is too small, only
one or two dipoles may be suf-
ficiently close to resonance to
accept the power from the
feeder, and the gain will be
low.
7 should be large, since the
result'ng small frequency ratio
interval of the repeating
structure minimises the varia-
tion of the electrical charac-
teristics over the interval.

(4) According to Duhamel and
Deschamps (In Ref. 9, Figs.
18-14) and Thomas (Ref. 8),
the E-plane (horizontal) beam-
width is virtually unaffected
by variation of 7, for practical
values of the apex angle.

(5) According to Thomas (Ref. 8),
for reasonable values of 1,
the H-plane (vertical) beam-
width increases slightly with
decreasing r.

(6) Duhamel and Deschamps (In

Ref. 9, Figs. 18-14) show gra-

phically the minimum permis-

sible value of r for any given
apex angle and the E-plane
and H-plane beamwidth ob-
tained under these conditions.

For smaller values of 7, the

pattern is adversely affected.

If » is too large, the number

of elements required for a

selected apex angle may be

(3)

(7

excessive and impractical
from  structural considera-
tions. Also the increased

material cost may not be jus-
tified by the improvement in
performance.

Most authors select a value of =
of 0.89 as an optimum value. This
ts an empirical result, which provides
a satisfactory compromise for all fac-
tors. Since no nett advantage can be
envisaged by using a higher or lower
value of r, the value of 0.89 is adopted
and should only be altered if design
restrictions necessitate some other
value,

Apex Angle (22) and Spacing Factor (o).

(Note that some references define
apex angle — a).

Once the element ratio = has been
selected, it is necessary to select either
the apex angle 2« or the spacing factor
o since the three parameters are re-
lated by Equation (3):—

0=025(1—7) cota

(i) Duhamel and Berry (Ref. 3,
Fig. 4) show graphs of the
H-plane and E-plane beam-
width of a trapezoidal tooth
log periodic antenna for
various values of 2« and it is
noted that for r == 0.89, the
directivity in both planes im-
proves as the apex angle is
reduced to about 10°. Ac-
cording to Duhamel and Des-
champs (Ref. 9.) the polar
patterns of trapezoidal tooth
and log periodic dipole an-
tennae are similar.

(ii) Carrel (Ref. 5, Fig. 11)
shows graphically for a log
periodic dipole antenna, the
theoretical relationship be-
tween r, o and directivity. For
7 — 0.89, an optimum value
of ¢ of 0.165 is indicated,
which corresponds to an apex
angle 2a of about 20°. For o
greater than the optimum
value, side lobes appear. For
an apex angle 2« of 30.89,
o = 0.1 and the directivity
would be within 1 db of
optimum. For ¢ less than 0.05,
the directivity falls off rapidly
and the input impedance
varies with frequency.

(iii) Duhamel and Deschamps (In
Ref. 9, Fig 18-21) indicate
graphically that for » — 0.89,
the measured V.SW.R. of a
typical log periodic antenna is
a broad minimum for an apex
angle 2« of about 300°.

(iv) The length of the antenna in-
creases very rapidly as 2« is
reduced below about 30°.

An apex angle 2« of approximately
300 is considered to be optimum, based
on experimental results and the
practical consideration of size. The
theoretical predictions of Carrel, while
not in exact agreement, indicate that
the 30° angle would be very satisfac-
tory. A 30.8° angle is adopted, giving
the convenient value ¢ =— 0.1.

Feeder Impedance

Since the radiation pattern from the
log periodic dipole array is dependent
on the relative magnitude and phase of
the dipole currents and on the dipole
spacing, it follows that the total feeder
power must be correctly distributed to
the dipoles.

When a dipole is tuned to half-wave
resonance, its feed point impedance is
resistive and of the order of 73 ohms.
As the frequency moves away from
resonance, the series reactive compo-
nent of its feed impedance increases
(capacitive for lower frequencies and
inductive for higher frequencies), and
this increased impedance results in a

decreased dipole current and conse-
quently reduced power radiation from
the dipole. The rate at which the
reactance increases as the frequency
moves away from resonance is high if
the dipole has a high characteristic
impedance, due to a large length-to-
thickness ratio. Thus the bandwidth
over which a dipole will accept power
from a transmission line depends on the
ratio between the characteristic im-
pedance of the dipole and the charac-
teristic impedance of the transmission
line. In the log periodic dipole array,
a number of dipoles of increasing elec-
trical length are connected to a single
transmission line (feeder) at increasing
distances from the feed point of the
transmission line. At each dipole
connection point on the feeder, the
current will distribute between that
dipole and the remainder of the array
in the inverse ratio of the dipole feed
impedance and the impedance looking
into the remainder of the feeder, loaded
by later dipoles, respectively.

If the feeder characteristic impe-
dance is too high, power will be ac-
cepted by electrically short elements,
and much of the power may be ra-
diated by the smaller part of the array,
leaving inadequate power for radiation
by the half-wave resonant dipole, thus
reducing the effective size of the array.

To further add to the complexity of
any analysis of the power distribution
between the dipoles, the feed impe-
dance of each dipole is modified by
the effect of mutual impedance with
adjacent dipoles, and the effective load
impedance at any point on the feeder
is dependent on the electrical distances
to all later dipoles. The optimum
power distribution, in exciting a sig-
nificant number of dipoles to form an
effective array, would be expected to
give a relatively smooth impedance re-
sponse and low V.S.W.R. over a wide
frequency range because of the smooth
transfer of real power from the feeder.

According to Carrel (Ref. 5), who
provides an extensive mathematical
analysis of the array, the directivity
is independent of the characteristic
impedance of the feeder for practical
value of feeder characteristic impe-
dance. This is encouraging and
suggests that the effects outlined above
may be compensated to some extent by
the complex interaction of currents and
voltages in the array. However, he
also noted that the directivity is re-
duced by about 0.2 db for each doub-
ling of the length to radius ratio, h/a,
of the dipoles, which would tend to
confirm the concentration of power
in a smaller number of dipoles as their
characteristic impedance is increased.
Also, he found experimentally that the
V.S.W.R. was a minimum when a
feeder of 100 ohms was used, in a
particular aerial with dipoles for which

It is considered that in the case
where very thin dipoles are used, a
higher feeder characteristic impedance
could tend to offset the reduction in
directivity at the expense of a slightly
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higher V.S W.R. However, the feeder
impedance should not be raised to too
large a value in the absence of more
detailed knowledge of the possible
effects.

The impedance of dipole elements
significantly larger electrically than the
half-wave resonant element will be re-
active, but will have little effect on
the feed impedance of the array, since
nearly all the power will have been
radiated by the lower elements.

However, the electrically short ele-
ments are connected to the feeder be-
fore the power has reached the radiat-
ing elements and the capacitive react-
ance must be considered as a distri-
buted load on the transmission line.

Carrel (Ref. 5) indicates that for
these short elements, the effective
capacitance is approximately propor-
tional to their length. Since their spac-
ing on the feeder is also proportional
to their length, the feeder is effective-
ly loaded by a constant capitance per
unit length, resulting in a decrease in
characteristic impedance of the feed-
er. The transition from the region of
short elements to the region of radia-
ting elements is a smooth function
and since an array of low V.SSW.R.
will absorb all the forward wave on
the feeder with small reflected power,
the array must effectively terminate
this modified characteristic impedance.
Thus the aerial feed point impedance
is the impedance of the feeder, re-
duced by the capacitive loading due
to the short elements.

Carrel (Ref. 5) derives the following
equation relating the feeder character-
istic impedance Zy and the array mean
input resistance Ry:—

1 1
Zy =Ry e
8¢'Za (8¢'Za)=
Ry R¢?
.......... (4)
Where:—
h

— =—=dipole length to radius ratio.

a

Za — dipole characteristic impedance.

o —spacing factor.

7 —=element ratio.

Rg == mean input resistance

Zy — feeder characteristic impedance
g

and e 3 30 8 st (3)

VT
and Za=—120 (l.hja — 2.25) ...(6)
Lengths of Longest and Shortest
Elements

Since the ‘“active region” of the
array includes some elements both
shorter and longer than half-wave
resonance, the ratio of the lengths of
the longest and shortest elements will
be somewhat greater than the ratio
of the highest to the lowest frequency
limits of the array.

The width of the active region de-
pends on the distribution of current in
the various elements.

By experiment, both Thomas (Ref. 8),

and Carrel (Ref. 5, Fig. 7), found that
the current distribution was asymme-
tric with a maximum displaced from
the location of the half-wave dipole in
the direction of the shorter elements.
They noted that the current drop-off
beyond the maximum was quite rapid,
thus allowing a practical antenna to be
truncated at the low frequency end
without serious effects. Carrel (Ref. 5)
improved the low frequency perfor-
mance by terminating the feeder with
a short-circuited stub of length 1/8
wave-length at the resonant frequency
of the largest element.

Isbell (Ref. 4, Fig. 7) shows a graph
of radiation efficiency versus antenna
length and indicates that by the time
the half-wave element is reached,
nearly 80 per cent. of the power is
being radiated and hence there is little
advantage in adding further elements.

Both Thomas (Ref. 8) and Carrel
(Ref. 5) recommend that the longest
dipole should be 0.5 wavelength at
the lowest required frequency, while
Isbell (Ref. 4) uses a dipole of 0.47
wavelength.

At the high frequency end of the
array, the effect of truncation is not so
easily defined, since the power dis-
tribution into the shorter elements is
dependent on their impedance and on
the element ratio = and the spacing
factor o.

Isbell (Ref. 4) recommends a shortest
element of 0.38 wavelength at the
highest operating frequency. Thomas
(Ref. 8) suggests a lower value of 3/16
wavelength. Carrel (Ref. 5) defines
the active region by the points at
which dipole currents are 10 db below
the maximum value and finds by ex-
periment the width of the active region
as a function of r and «. He shows
that elements become active well below
their resonant frequencies. For - —
0.89 and o« = 15.49, the shortest ele-
ment is given as 0.31 wavelengths.

From the physical lengths of the
longest and shortest elements, the
number of elements may be derived
for any value of element ratio -.

Carrel (Ref. 5) defines:

B.=B X Bur ....... (7
= structure bandwidth
—ratio of longest to short-

est element.

B —operating bandwidth

B.. == bandwidth of active

region.

The number of elements (N) is then
given by—

where B,

anl

LogB
N—1+4+—-o-— ... (8)
1
Log ( —_ )
,
Free Space Field Pattern
According to Duhamel and Des-

champs (In Ref. 9), the polar patterns
of trapezoidal tooth and log periodic
dipole antennae are similar.

The H-plane pattern of the trape-
zoidal tooth antenna is described very
closely by the equation—

( b )u
E={Cos— | ...... L))
\ 2

and is cardioid in shape, the beam-
width depending on the value of “n”.
The direction of fire is towards the
apex.

This general type of pattern would
be expected for the following reason.
If two elements in the centre of the
active region have approximately equal
currents, the current in the larger ele-
ment will lag 180° due to transposi-
tion, an additional angle ¢, due to time
delay in the feeder, and another angle
82 due to its inductive reactance rela-
tive to the shorter element’s capacitive
reactance, the total lag thus exceeding
180°, but unlikely to exceed 360°.

Thus the larger element may be said
to lead in phase relative to the shorter
element. In this case, allowing for
relative time delay in the radiated
waves, the radiation in the direction of
the apex will reinforce by adding with
decreased phase shift and radiation
away from the apex will tend to cancel
by adding with an increased phase
shift tending towards 180°. The re-
sultant H-plane pattern would thus
have a cardioid shape.

Assuming the above expression for
H-plane beamwidth to be approxi-
mately correct in form, it is possible to
calculate a suitable value of the index
“n” from the half-power angles of ex-
perimentally measured patterns. Du-
hamel and Deschamps (In Ref. 9, Figs.
18-17), provide a graph to facilitate
this step.

Duhamel and Berry (Ref. 3, Fig. 4),
show graphically the H-plane and E-
plane beamwidth for given values of
2a and 7.

For example, in this design, if «
= 0.89, and 2o« — 30.8°, then ¢ — 0.1
and the H-plane beamwidth is 93°.
This results in a value of n — 4.

Construction of the cardioid free
space pattern according to equation 9
gives the shape of the field but not its
magnitude.

The “directivity” of the array, which
is the free-space gain above isotropic
in the direction of the apex, is present-
ed graphically as a function of r and ¢
by Carrel (Ref. 5, Fig. 11.) (This
graph applies to a specific element
length-to-thickness ratio and the earlier
remarks regarding the effect on gain
of this parameter should be noted.)

Field Pattern Including Ground
Reflection

To obtain the elevation field pattern
when the array is above a reflecting
ground and at an angle to it, it is
necessary to add the fields of the
array and its image, taking into ac-
count both phase differences and time
delays due to path length differences.
This process may be simplified by as-
suming that all the radiation from the
array emanates from the ‘“phase
centre”, the location of which may be
defined.

Duhame! and Deschamps (In Ref.
9, Fig. 18-15), show graphically the
distance in wavelengths from apex to
phase centre as a function of apex
angle 2«. It should be noted that the
phase centre location is essentially in-
dependent of the element ratio ». Also,
while the physical location may change
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with frequency, the electrical location
(in wavelengths) is constant. )

The free-space fields of the equiva-
lent antenna at the phase centre and
its image (shown in Fig. 3) are com-
bined to obtain the vertical plane pat-
tern (shown in Fig. 4). The combined
pattern is given by—

Fle)=—_
flg+y) — 1 (p—y)ei2fein?

where F (¢, ) — combined field
¢ —elevation angle
¢y —inclination o
antenna to
horizontal
2T

p=—

A
H —height of phase
centre above ground
and f (¢) —free space field.

The gain enhancement due to the
reflected wave is indicated by the ratio
of the maximum magnitude of the
combined field to the maximum magni-
tude of the free-space field.

It is desirable that the maximum of
the combined field should occur at the
‘“‘angle of fire” which is the optimum
for the radio path. This may be
achieved by selecting the appropriate
inclination angle of the array to the
horizontal. (In the Cairns-Weipa de-
sign, the combined field was evaluated
by computer calculations to obtain the
optimum inclination angle of 23° for
an angle of fire of 40°).

Design Calculations

The principal steps in the design pro-
cedure are set out below, to illustrate
the application of the above theory.

Path length — 400 miles

Angle of fire (“F” layer propaga-

tion)
Max. 48° (350 Km virtual height)
Av. 400

Min. 32° (200 Km virtual height)

Frequency range—2.332 Mc/s —
12.000 Mc/s

(1) Select + — 0.89 (as recom-
mended).

(2) Sglect o == 0.1 (as recommend-

ed).

(3) Then 2o = 30.8°.

(4) Find H-plane beamwidth — 930©
(from Ref. 3, Fig. 4).

(5) Find cardioid index “n” — 4
(from Ref. 9, Fig. 18-17).

(6) Find distance from apex to
phase centre — 0.77 \ (from
Ref. 9, Fig. 18-15).

(7) Find height of phase centre
above ground for various trial
values of inclination angle y.
H = 0.77 A sin ¢
e.g. for the selected value of
v =239

sin y = 0.3907
thus H— 0.3909 x.

(8) Find radiation pattern above
ground for the various trial
values of angle y.

¢+
F (g, ) == cost (

)

— cos? (

)e—j2BHsin¢

e.g. For the selected value of
v — 23°,
¢ + 23°
F (¢) = cost ( )
¢ — 230
— cost ( )e JATx 0 3009 sine

This pattern is shown in Fig.

(9) Note gain enhancement due to

ground reflection at angle of
fire.
e.g. For y = 239, the maximum
radiation occurs at 40© and the
gain enhancement is 1.395 re-
presenting 2.9 db.

(10) Find directivity
For r =—= 0.89 and ¢ — 0.1.
Directivity = 8.6 db (from Ref.
5, Fig. 11).

(11) Find gain above isotropic
— Directivity + gain enhance-

ment
—86 + 29 db
—11.5 db.

(12) Find gain above dipole at opti-
mum height. (Gain of dipole
is 2.15 db above isotropic and
gain enhancement is 6 db).
Gain above dipole

—=11.5—2.15—6.0
—=3.35 db.

(13) Find longest element. (Half
wavelength at lowest fre-
quency, allowing also 5% for

end effect).
468
11 = ft.
2.332
— 200.6 ft.

(14) Find distance from apex to
longest element.

Iy
Ry — where o =— 15.4°
2tan a
200.6
2 % 02754
— 364.2 ft.
(15) Find height of longest element.
hi==R; sin ¢
—364.2 sin 23°
== 142.3 ft.
Thus 150 ft. masts will be re-
quired.

(16) Find the bandwidth of the
Active Region (B.,)
For + == 0.89 and 2« — 30.8°.
B., =— 1.6. (from Ref. 5, Fig. 8).
Length of shortest dipole at
highest frequency
0.5, 0.5\
== —— =031\
Bur 1.6
(17) Cézlculate operating bandwidth

12000

2332
—=5.145

(18) ga]culate Structure Bandwidth

B. =B X B..
—5145 X 16
—823

(19) Calculate Number of Elements
N.
log B.

1
log ( ——)
.
—=19.09.

Note: In the actual design, 18 ele-
ments were considered ade-
quate.

This corresponds to—
B. =—7.25
B,,=—141

and the length of the shortest
dipole at the highest frequency
—=0.355\
which is acceptable.

(20) Calculate the distances from
the apex to all elements
Rn == TRn—l

(21) Calculate the lengths of all ele-
ments.

Lig==zliy

(22) Note the length of the smallest
element.

In the above example,
1, =27.68 ft.

(23) Calculate theh half-length to

N=1+

radius ratio — for both the

a
longest and shortest dipoles,
for the selected wire size.

e.g. 7/0.036 copper

radius “a” — 0.054 in.

h 200.6 X 12
Max — — —————— =—22 289
a 2 X 0.054
h 27.68 X 12
Min — —= ——————=—3,076
a 2 X 0.054

(24) Calculate the characteristic im-
pedance of the longest and
shortest dipole elements.

h
Z, =120 (l,——2.25)

a
(from Ref. 5, Fig. 15).

Zy wax = 930 ohms.

Za min — 694 Ohms.

(25) Select a desired input imped-
ance R, to the antenna, to
match an available transmis-
sion line.

e.g. 200 ochms to match a 4-
wire cross-connected line.

(26) Calculate the maximum and
Z,

minimum values of

Ro

Zl\
Max —— =— 4.65
Ro

Min —— — 3.47

Ro

(27) Calculate ¢ =
Vr

In this case
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{28) Find the required relative char-
acteristic impedance of the
Zo Lo

feeder from —— and o’

Rq Ro
(Ref. 5, Fig. 16). Ascertain the
maximum and minimum values
Zy
of ~—— and Zl).
Ro

Zy
Max —— — 1.4

Ro
Max Zy = 280 ohms.
0

Min =iy

Ry
Min Zy = 260 ohms.

Calculate mean feeder charact-
eristic impedance.
Zy (av.) = 270 ohms.

(29)

PRACTICAL DESIGN

At this stage, the electrical design of
the log periodic antenna is virtually
complete and it is now necessary to
consider the structural aspects of the
design.

In the interests of economy, it is im-
portant to assess the extent to which
the antenna and its supporting struc-
ture may be simplified without signi-
ficant departure from the designed
electrical performance.

Detailed plans of the log periodic
antenna are shown in Fig. 6 and Fig.
7 and the practical considerations
which led to the more important fea-
tures of this design are discussed
below.

Weight, Sag and Wind Deflection

Since a wire structure is used, sag
is unavoidable, and all dipoles will not
be co-planar. The variation, however,
is a gradual and continuous function
and since only part of the system is
active at any one frequency, the aerial
will be satisfactory if the extreme
values of inclination are both accept-
able. The normal sag at the centre of
each dipole has an insignificant effect
electrically on both pattern and impe-
dance. Deflection by wind should not
exceed the order of magnitude of sag.

However, the design should minimise
sag and deflection by making all wires
as light and as short as possible. This
is also consistent with economy.

Catenary Structure

The dipole elements, of 7/0.036 hard
drawn copper wire lightly tensioned,
are supported inside an insulated
catenary envelope comprising a pair of
7/14 gaivanised steel strand wires,
heavily tensioned. Each -catenary,
which sweeps in a smooth curve from
its mast to its catenary anchor block
in the ground, distributes the required
horizontal tension to each lateral dipole
element, through a catenary clamp as

Fig. 8 — Catenary Clamp.

shown in Fig. 8. To maintain constant
catenary tension, the top end of the
catenary passes through a pulley at
the top of the mast and drops vertically
tc a counterweight at the base of the
mast. Fig. 9 shows a counterweight
for one of the Weipa aerials. Small
hand winches are fitted to the counter-
weight tops to raise and lower the
array, a process which requires only a
few minutes.

End-loading of Dipole Elements

The curve of the catenary, in satisfy-
ing the “resolution of forces” at each

Fig. ¥ — Counterweight — Weipa.

dipole attachment point, would move
sideways away from the array at the
mast top and at the ground and would
be close to the array in the middle
region. However, since the array is
already diverging at an angle of 30.8
deg. as it moves upwards, the catenary
would curve away rapidly to the side
at the top, and it would be necessary
to locate the masts much further apart
than the half wave-length at the lowest
frequency. This situation is unde-
sirable, since, apart from the unrea-
sonable demands made on site area, the
additional wire length supporting the
larger dipoles increases cost, sag and
wind deflection and may necessitate
heavier gauge wire and greater ten-
sions, thus aggravating the problem.

A simple solution, which has proved
effective, is to shorten the dipoles and
restore the electrical length by
balanced end loading. “End Effect”
wires of 7/0.036 hard drawn copper
are run from the top of the array to
the ground in the plane of the array
and are broken by insulators almost
midway between dipoles. The dipoles
connect to the centre points of these
sections, forming a “T” shape. The
“end effect” wire assists somewhat in
supporting the array and strengthens
and stabilises the array against
changes in shape, due to wind disturb-
ances.

In each side of the end loaded dipole,
the 90 deg. electrical length is made up
of 54 deg. straight section (radiating)
and two 20 deg. half-T sections in
opposite directions (radiation cancel-
ling). This is based on the assump-
tion of sinusoidal current and voltage
distribution and the fact that 2 tan 20
deg. = tan 36 deg.

The effect of the “end-loading” on
the electrical performance is consi-
dered below:—

(i) The far-field radiation from the
two halves of the T will cancel
in their broadside and end fire
directions and almost fully can-
cel in all other directions due
to their close proximity to one
another. In any case, the cur-
rent in each half is small.

(ii) Near field disturbance to the
mutual coupling of aerial ele-
ments should be of a smaller
magnitude than the variations in
mutual coupling effects as the
frequency passes through one
interval 7.

(iii) Reduction in the feed-point ra-
diation resistance of  the
resonant dipole is not very sig-
nificant, since the individual
dipoles are not matched to the
feeder in any case. Hence the
effect will be no different than
a change in dipole characteristic
impedance or feeder characteris-
tic impedance, both of which
have reasonable latitude in the
original design. There would
be no difference in the total
power radiated.
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(iv) The effect on the directivity of
the dipole is smaller than might
be expected. A half-wave
dipole has a gain of 2.15 db
above isotropic; a very short
dipole has a gain of 176 db
above isotropic, a reduction of
039 db. However, the end-
loaded dipole cannot be classed
as a ‘“very short” dipole, so the
reduction in directivity should
not exceed about 0.2 db, which
is insignificant.

Support of Centre Feeder

To maintain tension in the centre
feeder, it is supported by insulated gal-
vanised steel wires from the masts.
Since dipole No. 1 is in the same ver-
tical plane as the masts, the feeder
support and tension is applied at the
centre of dipole No. 2. The support
wires are also used to terminate and
tension the end effect wires; hence
dipole No. 1 cannot be end-loaded.
However, there is adequate space be-
tween the masts for the full length of
dipole No. 1, so end loading is not
required.

The feeder between dipole No. 1
and dipole No. 2 is of two-wire con-
struction, with spreader insulators,
since only small tension is available.
The increase in feeder characteristic
impedance in this section would have
some effect at the low frequencies, but
the truncation effects due to the neces-
sary reflection of all energy not
radiated by dipole No. 1 would
probably be more serious. The ter-
minating S/C stub recommended in
the literature (Ref. 5) would improve
the impedance at the low frequencies;
however, the practical difficulties of
supporting such a stub were considered
to be greater than the advantages to
be gained and no stub was fitted. It
is also an advantage to have no me-
tallic connection between the two
sides of the feeder, as d.c. checks can
then be made for short circuits on the
feeder when required.

For simplicity, dipole No. 1 should
be the highest and last part of the
array. It therefore becomes the ter-
minating element and could be tuned
for optimum impedance performance
at the low frequency extreme.

Transmission Line and Feeder Design

A 4-wire cross-connected (200 ohm)
square transmission line using 70 Ib.
c.c. wire at 11 in. spacing was selected
since the lowest practical impedance
of a 2-wire line was rather high for
this type of aerial.

The line was supported simply using
insulators type 211/43 and suitable
porcelain in-span spacers were also
used.

The transmission line was carried
up the array to the lowest dipole. At
this point a transposition to side-
connected line was made, which in-
creased the nominal impedance to 240
ohms for the continuing feeder. This
is somewhat less than the 270 ohms
calculated for the feeder, but the im-
pedance could not be controlled readily

with the available insulators. Test
results indicating the importance of
this impedance transition will be dis-
cussed.

Both the array transmission line and
the end-effect wires terminate on a
“feed cross-arm,” which is supported
by two 8 ft. steel pipes. This cross-
arm also acts as a point for change of
d'rection of the transmission line to
the transmitter building.

Insulation of Support Wires

As a general rule, support wires
were broken by insulators, so that the
largest electrical length was signifi-
cantly smaller than the electrical length
of any active conductors which radiated
a field in that direction. It was found
necessary to break the lateral support
wires at the high frequency end of the
array into small sections, and in par-
ticular, the insulators in the supports
for dipoles 11, 12 and 13 were added
after initial impedance measurements
indicated a break from the usual cyclic
behaviour due to parasitic resonances.
Insulators were required less at the
low frequency end of the array as the
relatively large sections of support
wires were not in the forward radia-
tion of the high frequency active ele-
ments. The mast guys were not
broken with insulators.

Assembly Method

Since the array is constructed on
the ground and raised like a flag, the
rigging requirements are small,

Initially, the two catenary wires are
made up side by side, inserting insu-
lators at the correct total distances
read from a tape, with the wires
strained to 1500 1b. several times prior
to use. With the insulated wire again
strained to 1500 1b. the catenary clamp
positions are marked with pieces of
adhesive tape. The catenary wires are
then moved into their correct positions
in plan, and fastened to the catenary
anchors. Catenary clamps are fitted
and dipoles and support wires are
fabricated, commencing with dipole
No. 18, and making rapid joints, using
press-sleeves.

The end effect wires, which are
initially fabricated separately, are
fastened to the feed crossarm and then
connected to the dipoles. The vee-
support wire at the top of the array
is fitted. The transmission line and
feeder are assembpled from the feed
cross arm upwards.

Although successful fabrication de-
pends on careful measurements, the
work is simple and repetitive and rapid
progress is possible.

Earth Mat

To ensure a good ground reflection,
ten earth wires are buried just below
the surface. The wires are provided
on the basis of one earth wire for each
two aerial wires and are located at
the point of reflection for the designed
angle of fire. The earth wire lengths
also decrease logarithmically. The
wires are not connected together or as

an equipment earth, but merely serve
to ensure the flow of some ground cur-
rent, even if the ground has high re-
sistivity.

Test Results

In general tests, the impedance of
the log periodic aerial was measured at
every quarter interval (r = 0.89) over
the frequency range of all dipoles,
using a General Radio Signal Genera-
tor, a Wayne-Kerr RF Bridge and a
Racal RA17 Receiver.

While it was possible to plot the
resultant values on a Smith Chart, the
18 cycles and about 70 points limited
interpretation of the performance to a
general impression of the V.S.W.R.
limit. However, the susceptance
values were relatively low and it was
found to be more useful to plot con-
ductance against a log frequency scale
(which resulted in a linear scale of
frequency intervals). These graphs
are shown in Fig. 10.

The transmitter and receiver both
operate at 75 ohms impedance. A
building entry coaxial cable (75 ohms)
connects the equipment to the terminal
pole, where wideband transformers
match the cable to the balanced open-
wire line. The transformers were
selected as 50 ohm to 150 ohm, this
being the closest available to the
desired ratio at the time. The correct
secondary impedance for a 75 ohm
primary would be 225 ohms. Accord-
ingly, this impedance has been used as
a reference on the graphs to assess the
probable V.S.W R. on the coaxial cable
section. The Cairns and Weipa trans-
mitting frequencies are marked (C)
and (W) respectively.

The first graph indicates the impe-
dance seen at the feed crossarm, when

the original aerial used a cross-
connected  feeder throughout its
length.  This test was to ascertain

the general order of performance at a
time when no experience was available,
The following observations were
made:—

(i) The low frequency truncation
resulted in large variation of
impedance.

(ii) Dipole No. 1 was too long. This
was partially corrected.

(ili) The cyclic variation was brok-
en at a frequency corresponding
to dipole No. 13. This was cor-
rected by additional insulators
in the support wires for dipoles
11, 12 and 13.

(iv) A slow variation of the curve
indicated a dip at about 5 Mc/s,
a return to the original value at
10 Mc/s and a large dip at about
15 Mc/s. This was recognised
as the action of a short length
of transmission line as respec-
tively a cquarter-wave, half-
wave, and three-quarter wave
transformer. The line length
corresponded closely with the
distance to the lowest dipole
element, thus verifying the im-
pedance change at the high
frequency truncation.
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Fig. 10 — Aerial Frequency Response,

(v) The usable frequency range
was 2.7 Mc/s to 12 Mc/s.

The feeder was transposed to the
side-connected configuration at the
lowest dipole, and the results are shown
in the second graph. The following
observations were made:—

(i) Dipole No. 1 was now closer to
its correct length, but the region
showing the effect of the trunca-
tion had moved slightly higher
in frequency.

(ii) Good cyclic behaviour was
noted generally.

(iii) The dip at 5 Mc/s had been
reduced significantly, but not
fully corrected.  This agrees
with the calculation of 270 ohms
as the desirable feeder impe-
dance.

(iv) The performance in the fre-
quency range 11 Mc/s to 15
Mc/s was much improved.

(v) The usable frequency range
was 2.7 Mc/s to 14 Mc/s.

The impedance response was then
measured at the terminal pole, to in-
clude the whole open wire transmission
line. The results are shown in the
third graph:

(i) The curve exhibits more pro-
nounced peaks due to the longer
line performing alternately the
quarter and half-wave transfor-
mations at more closely spaced
frequencies, with the conse-
guently greater probability of
a peak in the aerial impedance
being accentuated by a peak in
the impedance transformation
of the line.

(ii) The wusable frequency range
was 2.7 Mc/s to 14 Mc/s.
(iii) All Cairns and Weipa frequen-
cies are well situated relative
to the reference 225 ohms, thus
providing low V.SW.R. lines
and relatively simple transmitter

output tuning.

EQUIPMENT DESIGN AND
OPERATION

The requirements of the overall sys-
tem were outlined earlier. In the
following descriptions of the main
equipment items, some detail will be
given of the methods used to satisfy
these requirements.

Modulation System

When an audio signal is transmitted
using amplitude modulation, the mag-
nitude of the carrier is available as a
reference level. Hence, an automatic
gain control system at the receiver,
sensitive to the variations in the car-
rier level due to fading, can correct the
overall gain and recover the audio
modulation at its correct level.

In single sideband modulation, the
carrier is removed before transmission
and any automatic gain control action
at the receiver can only operate on the
average level of received moduiation
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and would require a fast attack time
constant and a slow recovery. In the
absence of received modulation, the
receiver gain is at its maximum value,
and the audio output consists entirely
of exaggerated noise. Also, due to
the AGC action, the gain of the sys-
tem is high for small audio signals and
low for large audio signals.

In many applications, the above
features would not be undesirable.
The noise during absences of modula-
tion can be suppressed by muting or
“squelch” circuits. Also, the com-
pression action would tend to improve
the uniformity of received audio levels
from perhaps different transmitters.
However, where a duplex tele-
phone circuit is involved, incorpora-

ting hybrid coils, the essential
requirement is constant gain and
not constant received  volume.

Also, if noise can be suppressed by
the AGC action, when audio modula-
tion is being received, then it must be
possible to suppress it for the remain-
der of the time, with a very noticeable
improvement in apparent transmission
quality to the subscriber.

Constant gain and suppressed noise
can be achieved by the transmission
of a “pilot tone” at the top end of the
voice band (about 3 Kc¢/s). This tone,
which controls the AGC of the re-
ceiver and maintains essentially con-
stant overall gain despite fading of
the RF signal, can be removed by a
filter at the receiver audio output.
While the instantaneous peaks of
audio signal can equal or exceed such
a pilot, the average power level in the
audio will be considerably less and
consequently the gain will not be
affected by the audio level. Further-
more, the fast attack feature of the
receiver will no longer be required
and can, with advantage, be discon-
nected.

The SSB transmitter is designed to
include a compression amplifier of high
initial gain which is reduced suddenly
when the modulation signal is suffi-
ciently large to fully drive the trans-
mitter. This “automatic level con-
trol,” ALC, which may be desirable in
other applications to ensure the
transmission of full power at all times,

is again unacceptable in the duplex
circuit.

Typical telephone speech signals are
observed to have a large initial peak
envelope of short duration, followed by
a decaying waveform at a much lower
level. It is possible to clip the initial
peak and limit it to a reasonable level
without introducing noticeable distor-
tion. (An SSB transmitter would clip
this initial peak in any case to obtain
the necessary power to operate the
ALC bias for the remainder of the
word.)

If the audio sensitivity of the trans-
mitter is now adjusted so that the sum
of an audio signal at this clipping level
and the pilot at its desired relative
level has an instantaneous maximum
value which modulates the transmitter
to just less than 100 per cent. and just
fails to initiate the ALC compression
action, then the transmitter will be a
linear device and typical telephone
signals will still modulate well.

The choice of the pilot level relative
to the “clipping level” has some con-
flicting aspects and a compromise is
necessary. If the pilot is too large,
then there will be a reduction in the
transmitted level of the audio modu-
lation and this will reduce the signal
to noise ratio at the receiver. On
the other hand, the larger the pilot,
the more constant the system gain
and the greater the immunity to fad-
es and hybrid ringing.

In the Cairns-Weipa system, there
are additional considerations, since
the pilot is used as a sub-carrier for
the FSK machine telegraph system and
an excessive relative speech clipping
level would overload the telegraph
system, resulting in errors. Experi-
mentally, the ideal sharing of modula-
tion depth was found to be:

Clipped speech peak, 50 per cent.

Telegraph 2.8 Kc/s FSK sub-car-
rier peak, 25 per cent.

Telegraph 3.0 Kc/s frequency refer-
ence peak, 25 per cent.

The total effective pilot is thus
allocated a larger share of the modula-
tion than if telegraph were not being

carried, and the speech circuit gain is
consequently well regulated.

The presence of two pilots at 2.8
Kec/s and 3.0 Kc/s respectively has
an additional advantage in the differen-
tiation between “general” fades, which
affect the whole speech band, and
“selective” fades, which affect indivi-
dual frequency components, but do not
reduce the total speech power signigi-
cantly. If only one pilot were present
and it experienced a deep selective
fade, the receiver AGC would respond,
increasing the receive gain when in
fact it was not required. A second
pilot 200 c¢/s removed is unlikely to
experience a selective fade at the same
time, so the pilot can only be affected
a maximum of 3 db by the selective
fading action.

Transmitter

A detailed description of the trans-
mitter is outside the scope of this
discussion, but a block schematic is
shown in Fig. 11. The transmitter is
a 500 watt Racal Type TA83C, with
four switched channels and selec-
tion of either upper or lower sideband.

Lower sideband operation is used
and the allocated frequencies of the
four channels are in the region of 3,
5, 8 and 11 Mc/s for the four channels.

The SSB modulation is carried out at
an Intermediate Frequency of 1.4 Mc/s
regardless of channel and then trans-
lated to the channel frequency by
modulation with the channel oscillator
frequency. The Automatic Level
Control (ALC) responds when an exces-
sive grid signal appears at either the
50 watt power amplifier or the 500
watt power amplifier, and controls the
gain at the 1.4 Mc/s LF. amplifier.

At Weipa, a 50 watt standby trans-
mitter. (Racal Type TA104C) is also
provided.

The RF output is carried by a single
75 ohm coaxial cable to the terminal
pole, where a Hatfield balun trans-
former is used to match to the open
wire transmission line.

Receiver

The Racal RA222 transistorised re-
ceiver block schematic 1is shown in
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TUNED

LINE | AF
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Fig. 11 — §.5.B. Transmitter — Block Dlagram.
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Fig. 12. Switched channel selection is Voice Terminating Equipment on the line, the A relay operates

used with double conversion for fre-
quencies below 7 Mc/s.

An amplified AGC signal controls
the RF amplifier, the 1st mixer and the
1st IF Amplifier .

The receiver is fed by 75 ochm coax-
ial cable, using a Hatfield balun as foi
the transmitting line.

Telegraph Adaptor

One channel of a TM.C. type T3B
Telegraph Terminal Equipment is used.
This unit is self-contained and con-
nects direct to the teleprinter. It sends
and receives the FSK tone at 2800 c/s
+ 40 c/s, and contains the necessary
filters to separate the telegraph tone
from the speech. The Telegraph
Correction Circuit and 3Kc/s Pilot
Oscillator, which work in conjunction
with the telegraph  signals, are
mounted adjacent to this unit and are
connected to its 21 volt D.C. power

supply .

17 CYCLE
RINGER

The block schematic of the V.F.
terminating unit is shown in Fig. 13.
The operation of each function is
considered below.

Speech from the exchange line or
local rack telephone passes through
the hybrid coil via a 3 db pad, which
improves the hybrid balance. After
mixing with Ring Tone, the signal is
amplified in the Clipping Amplifier,
which clips at + 12 dbm output.

The speech then passes through the
telegraph filters where the two pilots
are added before the composite signal
is amplified and sent by line to the
transmitter.

The signals from the receive line
are separated by the telegraph filters.
Speech passes through the low pass
filter and continues through the hy-
brid to the exchange line.

Ring: When 17 ¢/s Ring is received

CLIPPING
AMP.

and switches on the Ring oscillator,
generating a 2200 c/s tone switched
at 20 c¢/s.

Received Ring tone triggers the
Ring Detector, which operates the B
relay and connects the sub-cycle
ringer to the exchange line for the
duration of the received ring tone.

Telegraph Tones: The 2.8 Kc¢/s =+
40 c/s FSK tone and the 3.0 Kc/s
frequency reference pilot are mixed
??d sent to line through the high pass
ilter.

The received pilot tones may have
experienced frequency translation.
Both pass to the Telegraph Correc-
tion Unit, where their difference fre-
quency is extracted and re-modulated
with the local 3.0 Kc/s oscillator
thus producing new tones, both carry-
ing the FSK information, at 2.8 Kc/s
and 3.2 Kc/s respectively. The 2.8
Kc/s tone is decoded by the Tele-
graph Adaptor, while the 3.2 Kc/s
tone is filtered out.
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V.F. Signalling Unit

The V.F. Ringer Oscillator Detector
incorporates guard circuits with
greater immunity to false operation
than usual in view of the severe radio
interference experienced at times in
the short-wave band.

The circuit, shown in Fig. 14, is fuily
transistorised, using the 2N3569 exclu-
sively, for ease of maintenance.

Normally the circuit rests in the
Detector condition. The sensitivity of
the detector is adjusted by RV1 to
give reliable operation.

After the buffer amplifier SC2, the
signal passes through a narrow band
filter tuned to 2200 c¢/s and a second
buffer amplifier SC4. Diode SC8
functions as the 1st Detector and pro-
vides a bias for ampifier SC9 propor-
tional to the 2200 ¢/s amplitude. The
carrier frequency is removed by a two-
stage RC low pass filter, leaving the
20 c/s component, which passes
through the tuned amplifier SC12 to
the 2nd detector comprising diodes
SC14 and SC15 and transistor SCI16.
When the base signal passes a
threshold voltage, the d.c. emitter vol-
tage of SC16 increases linearly until it
saturates at 11 volts. The 20 ¢/s com-
ponent is removed by a low pass filter
and the d.c. signal is used to operate a
Schmitt trigger, which releases the B
relay and applies ringing current to
the exchange line.

When the A relay is operated by
incoming ringing current, relay con-
tacts rearrange the circuit to convert
the 2200 c¢/s and 20 c/s filters to
oscillators at their respective fre-
quencies and to gate the 2200 ¢/s with
the 20 ¢/s in the Schmitt trigger modu-
lator, comprising SC10 and SCI11.

Telegraph Correction Circuit

The Telegraph Correction circuit,
which also uses the 2N3569 transistor,
is shown in Fig. 15.

The received 2.8 Kc¢/s = 40 ¢/s and
3.0 Kc/s tones are mixed in a bridge
rectifier giving an output of 200 c/s
= 40 c/s after smoothing. This 180

c/s or /40 ¢/s signal is amplified and
fed to a ring modulator gated by the
local 3 Kc/s oscillator.

The 2.8 Kc¢/s = 40 c¢/s component
in the output signal is accurately
matched to the local telegraph discri-
minator. During the development of
the correction circuit, it was found
experimentally that the circuit could
correct varying frequency translations
up to about 1000 ¢/s without error on
a teleprinter.

The telegraph system is accurately
synchronised when the transmitted
beat frequency equals the received
beat frequency. This can be simply
checked and adjusted at either ter-
minal by displaying the received 200
c/s £ 40 c¢/s on the X plates of a CRO
and the outgoing mixed pilots on the Y
plates. The resultant pattern is an
obliquely truncated rotating vertical
cylinder, which stops rotating when
the local 3 Kc/s oscillator is adjusted
to produce the synchronous condition.

The 3 Kc/s oscillator is designed to
have good frequency stability and
constant level. The frequency-deter-
mining circuit is loosely coupled to
the transistor circuits preceding and
following. SCI11 is a buffer amplifier
which provides signal and bias for both
the output stage SC12 and the limiter
stage SCI5.

The signal is symmetrically clipped
by diodes SC13 and SC14, which act
also with capacitor C10 to ensure ac-
curate centring of the waveform be-
tween the clipping diodes. Amplifier
SC15 provides the constant level signal
for return through the tuned circuit and
also the gating signal for the correc-
tion circuit ring modulator.

CONCLUSION

The successful transmission of
telephony and machine telegraphy on a
single high frequency link between
Cairns and Weipa was achieved using
some departures from the conventional
methods.

The linear system, the gain-regulat-
ing pilot, the frequency reference pilot,
the V.F. signalling circuit and the tele-

graph correction circuit combined to
overcome some of the problems of
conventional high frequency links. The
log periodic aerial, developed for this
project, proved to be successful and
well suited to this application.
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AUTOMATIC DISTURBANCE RECORDING (A.D.R.) EQUIPMENT
FOR CROSSBAR EXCHANGES

INTRODUCTION.

This article describes a novel super-
visory system, known as Automatic
Disturbance Recording (A.D.R.) Equip-
ment, developed by the Australian
Post Office for the control and super-
vision of crossbar exchanges. A.D.R.
equipment converts the comprehensive
supervisory information generated in
crosshar exchanges to a form suitable
for telemetering, and transmits this
information to any desired location.
The first exchange completely equipped
with A.D.R. equipment was brought
into service at Ingleburn, N.SW., in
December, 1965. Ingleburn, a non-
staffed 1600 line ARF 102 crossbar ex-
change, is situated on the periphery of
the Sydney ELSA area and the super-
visory information is telemetered to
control and analysis centres in Sydney,
some 27 miles distant. Telemetering
and exchange control is performed,
using a standard 50 baud telegraph
channel.

PRESENT  SUPERVISORY
EQUIPMENT.

ARF10 crossbar exchange equip-
ment has now been in service in Aus-
tralia for about six years and the
present supervisory equipment and
maintenance practices are described in
the June, 1964, issue of the Journal
(Refs. 1, 2). These maintenance prac-
tices are governed largely by the in-
herent characteristics of the crossbar
equipment and by the supervisory
equipment provided. The ARF super-
visory equipment is designed to record
and indicate fairly comprehensively the
performance of the exchange equip-
ment. This information is made avail-
able to a central point in the exchange,
normally the maintenance control room,
where it is recorded or indicated by
means of audible and visual alarms
and meters. Additional supervisory
devices are available for connection to
units of the exchange equipment to
facilitate fault localisation activities,
and more sophisticated items such as
multi-pen recorders may be used for
locating the more obscure faults. Very
satisfactory equipment performance
level, and low maintenance costs, can
be achieved, using the present stan-
dard supervisory equipment.

In recent years various manufac-
turers and administrations have intro-
duced printed or punched card records
for recording equipment defects or dis-
turbances in common contro! switching
equipment. The Pentaconta exchange
installed at Kew, Victoria, employs a
punched card disturbance recording
supervisory system, and a “Centralo-
graph” printed record system. is em-
ployed in L. M. Ericsson’s ARM ex-

* Mr, Pettersson is Supervising Engineer, Metro-
politan, W.A. See Vol, 14, No, 4, Page 332,

changes, which are now being installed
in Australia. Both of these systems
represent significant advances in the
supervisory field. The Pentaconta
supervisory system is attractive as
standard cards, suitable for machine
processing, are employed. The cost of
these processing machines, however, is
such that they must be centralised and
hence the cards have to be physically
transferred from the exchange to a
processing centre. The Centralograph
system does not permit machine pro-
cessing of the supervisory system.

THE CONCEPT OF AN IMPROVED
SUPERVISORY SYSTEM.

The Australian telephone network
contains a large number of small cross-
bar exchanges up to about 3000 or 4000
lines, as well as a few larger ex-
changes. Many of these smaller in-
stallations are extensions of existing
step by step exchanges. Maintenance
of small crossbar installations presents
some difficulties due to the small work
loads involved, and the complexity of
the equipment. This equipment can
be maintained either by staffing each
installation or alternatively by using
centralised staff to maintain a group of
exchanges. The first alternative was
adopted initially and necessitated the
training of large numbers of men in
crossbar switching techniques. The
alternative solution, that of providing
a centralised group of adequately
trained men to whom all the available
crossbar maintenance experience is
given, is much more attractive due to
the substantially smaller number of
men required, reduced training costs,
and centralisation of expensive test
equipment. This smaller group of
men would be expected to become
specialists in the crossbar maintenance
field due to the extensive experience
they would acquire.

Operating experience has shown that
the main costs in maintaining crossbar
equipment are those incurred in super-
vising the performance of the equip-
ment and determining the location of
the fault when a defect occurs. Actual
repair costs, that is, the labour and
material costs involved in repairing
or replacing the component that has
failed, are insignificant, representing
only a few cents compared to each
dollar spent on supervisory and fault
localisation work. Under these condi-
tions it is obvious that substantially
lower maintenance costs will be atfain-
able only if both the cost of supervis-
ing the performance of the switching
equipment, and the difficulty (and
hence the cost) of fault localisation
work be materially reduced.

Crossbar  supervisory information
may be classified into two broad cate-
gories:

A. D. PETTERSSON, A.M.LE. Aust.*

(i) Urgent supervisory information
that requires immediate or early
attention by exchange mainten-
ance staff;

(ii) Non urgent supervisory inform-
ation which indicates minor
equipment defects. By definition
this class of information need
not be handled speedily and in
many instances is of little or
no practical value unless ac-
cumulated over a period of
time.

Urgent supervisory information
comprises certain power fault alarm
conditions, alarm indications of the
malfunctioning of particular elements
or components, and detections of the
abnormal number of “time-outs” that
occur in the common control equip-
ment when a major fault occurs.
Time-out is the forced release of an
item of common control equipment
due to its inability to handle a con-
nection within the permitted time
interval. This facility is essential in
any common control system to ensure
that a connection failure does not per-
manently hold up the common equip-
ment.

The non-urgent supervising informa-
tion includes such items as the occu-
pancy of various units of equipment,
minor blocking conditions, and the
quite small number of time outs that
occur in the common control equip-
ment when only minor defects exist.

The two types of supervisory mfor-
mation should preferably be handled
differently. The first category must be
promptly reported to the maintenance
staff so that remedial action may be
initiated quickly. It would be desirable
for the second category of supervisory
information to be extracted without
any effort by the maintenance staff,
and then accumulated for future
analysis as required.

In view of the above considerations,
it appears that an improved supervisory
system should provide the following
possibilities:—

(i) Automatic extraction of super-

visory information;

(ii) Sorting of the information into
urgent and non-urgent categories
and direction of the sorted in-
formation to different destina-
tions;

Permit the supervisory informa-
tion to be telemetered to any
desired locations, either within
the exchange or to centralised
outside locations;
(iv) Sensitivity, in order to quickly
detect minor equipment failures;
(v) Provide comprehensive infor-
mation to facilitate the location
of faults;
Present the supervisory informa-
tion in a form suitable for
machine processing.

(iii)

(vi)
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THE HAYMARKET EXPERIMENT.

Towards the end of 1964 an experi-
ment was conducted at the large Hay-
market (Sydney), ARF102 m = 10 in-
stallation to ascertain the reason for
each time-out that occurred in the
various types of markers employed. At
the time it was not known whether
these time-outs were due to the exist-
ence of faulty components, inherent in
the system due to subscriber action,
or caused by some other factors, such
as design weaknesses, or inter-working
problems. It was also desired to
ascertain the feasibility of locating
faults by performing a detailed analysis
of the state of the common control
equipment at the instant of time-out.
Some experience in this latter field had
already been obtained from the use of
L. M. Ericsson’s 10 lamp lampset
equipment and the A.P.O. developed 30
lamp lampset. The lampset is a main-
tenance aid comprising a series of
relays actuated as slaves of significant
relays in the marker to which it is
connected. If the connection being
handled by the marker is completed
satisfactorily. the slave relays are re-
leased. but if the connection attempt
fails these relays hold and a lamp
display indicates- which relays in the
marker had been operated prior
to the instant that time-out occurred.

An equivalent of an automatic lamp
set with the capacity for recording the
state of up to 80 relays in a marker was
developed for the Haymarket experi-
ment, utilising high-speed tape per-
forating equipment. Each time a
time-out occurred, the recording equip-
ment was called in, and a series of
holes punched on the recording tape
to record which of the 80 relays being
monitored in the marker was, at that
instant, operated. The recording took
the form of twenty machine telegraph
characters, each character representing
the state of four of the relays. The
allocation of the 80 relays over the
twenty telegraph characters is shown
in Fig. 1, where it will be seen that
only the intelligence elements B to E
are employed for recording purposes.

As there are sixteen different com-
binations of four, two condition ele-
ments, the four relays can generate 16
of the possible 32 telegraph characters.
Three of the possible combinations,
namely, mark on intelligence element

2, 3 or 4 only, with spaces on all other
intelligence elements represent the
functional telegraph characters, line
feed, space and carriage return respec-
tively. As the recording of these
characters in the text of a message
would prevent intelligent print-outs on
page printing equipment, these un-
wanted characters were suppressed by
using the first intelligence element in
the telegraph signal as a “parity”
element which was inserted whenever
the particular combination of relays
which existed would otherwise result
in the formation of a functional charac-
ter. In AD.R. equipment this is done
by electronically reading the character
prior to its transmission and inserting
the paritv element if a mark is read
on less than two of the intelligence
elements two to five. The character
combinations for line feed. space, car-
riage return, letter T and blank are
then translated to letters A, S, D, Z
and E respectively. The state of 80
relays can thus be recorded in the form
of twenty alphabetical telegraph
characters. To facilitate interpreta-
tion these twenty letters are recorded
as five. four-letter words.

An example of the allocation of the
relay recording contacts in a GIV (in-
coming group selector stage) marker is
shown in Fig. 2. It will be seen that
the allocation has been made in the
following order:—

(i) Inlet identity—first word.

(i) Overall state of the code re-

ceiver—6th letter.
(iii) Received digits—7th to 10th
letters.

WORD  ——= 1

2
PHLET OIGITS

(iv) Overall state of the marker—3rd
word.

(v) OQutlets selected—4th word.

Analysis of the data collected during
the Haymarket experiment revealed
that obvious patterns existed within
the print-outs. Repetitive identical or
similar print-outs occur because de-
velopment of a fault in a marker causes
connection attempts to fail at a par-
ticular stage of its sequence of opera-
tion. Each resultant print-out must
therefore display this common factor.
For example, if time-out only occurs
when a particular inlet is used, every
print-out will have an identical first
word. If time-out occurs only on calls
to a particular route, the 7th to 10th
letters. which record the digits re-
ceived, will be identical in every print-
out. The preliminary analysis of this
information. therefore. involves recog-
nition of the similarities (or pattern)
that exist in a group of print-outs.

Once a pattern is detected, further
analysis s performed bv converting
the coded information into the relay
designations for the particular marker,
using the tvpe of table shown in Fig. 2.
An analysis of this information will
show at what stage failure is occur-
ring. For example. consider the fol-
lowing print-outs received from KMR1
(Code Receiver 1) when working to
GVMI1 (GV Marker 1). No print-outs
were received from KMR2, or when
GVM2 is being used. The relay allo-
cations shown in Fig. 2 refer. The
letters E. representing the condition
where none of the group of four relays
were in the operated condition, have
been replaced by a stop symbol to
facilitate pattern recognition.

AA. . El-5Z O]
DS.. LN..Z C ST o
Z...Z LZAZ CSE LR

The pattern. C.SI., is obvious. We now
have the following information:—

(i) Only calls from KMRI to GVMI1
are subject to failure.

(ii) The differing first words show
thalt calls from different inlets
fail.

(iii) The sixth letter, L, which is re-
peated in all the print-outs,
shows that failure is occurring
with significant relays BB and
WK3 only operated.

3 4
GYM QUTLETS

ELEMENT 21 Al AS B3 B7 | BII BB |1S0 | 187 |254 | 288

3| A2 | As B4 B8 | B12 BG {151 }251 |25 |289

SR1 |5R2 } TK2 | TK8 12 |16 [TO [TI4 TI8

4 43 | 81 BS B¢ | BI3 RV [ 187 | 252 |25¢

6R1 {6RZ | TK3

51 A4 | B2 8& BID | 814 WwK3| 154 1253 [ 257 KCheck
L L -l

1
1
l TR1 [IRZ | YKY { TKO [ TA Tl 15 19 (T3 {117
|

7,6RY 17,8R2} TK4

An/KMR

A C DE G H I L M MO & 7 5 &
:(ele | e |oe@ ee |o
;2| |@ oo o e |ee
| Telel e elels o |o |
bos | |sle] [si®] 20 | |ele
i

corn

Fig. 2. — Allocation of Recording Contacts 1/80 GVM.
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(iv) The seventh to tenth letters vary
in each print-out, showing that
the fault is not restricted to calls
to any particular route.

(v) The third word, C.SI., shows that
at time-out, relays 1R1, 5Rl,
6R1, TK2, TK6, and TK8 only
are operated. It is noted, from
knowledge of the circuit opera-
tion, that relay TK1 should have
been operated.

We may therefore conclude that as
relay TK1 in GVM1 operates normally
to KMR2, and that as both KMR’s
function normally into GVM2 that the
fault must lie in the section of the
operate path of relay TK1 in GVMI
that is peculiar to KMR1. Inspection
showed the presence of a dry joint
on spring tag 23 of relay 2RI.

The exactness of fault locating using

upon the type of fault that exists. In
many cases the exact location of the
fault, even down to particular wires or
relay contacts, can be deduced. In
other cases only the faulty sub-section
can be determined. In some cases of
time-outs, the marker itself is not
faulty, but is being disturbed by faulty
equipment which is required to inter-
work with it, e.g., registers, code sen-
ders, etc. These cases can be recog-
nised from the type of failures that
occur and their distribution over all or
groups of the inlets. The exactness
of fault localisation is also, of course,
dependent upon the skill and experi-
ence of the person performing the
analysis. It is desirable therefore
that this work should be highly cen-
tralised and performed by experienced
crossbar staff possessing good circuit

ever, is not essential, as basically the
supply of this much more comprehen-
sive information makes fault localisa-
tion quicker and easier for staff at all
levels.

When a major defect occurs in a
marker, substantial numbers of time-
outs occur and the automatic recording
system being described generates a
correspondingly large number of print-
outs, which describe, in great detail,
the state of the marker. By compari-
son, the present standard supervisory
equipment will only indicate that an
abnormal number of time-outs has oc-
curred.

When only minor defects or inter-
mittent faults exist, only comparatively
small numbers of time-outs occur. The
present standard supervisory equip-
ment records, on a meter, only the

this approach depends to some extent knowledge. This specialisation, how- occurrence of each time-out. These
TABLE 1: HAYMARKET EXCHANGE TIME-OUTS
SLM/S 3000 GP TIME-OUTS
Without ADR Supervision With QB\},}I Sgggv (S0
August 1964 September 1965
e S SLM1 SLM2 SLM1 SLM2
0/G I/C 0/G 1/C 0/G I/C 0/G I/C
1 218 31 252 30 316 0 423 12
SLM/S 2| 321 24 362 25 330 0 345 41
3000 GP 3 362 46 388 30 334 8 503 10
4 388 36 395 40 514 0 630 15
| Mth 1289 137 1397 125 1494 8 1901 78
2/160 AND 1/80 GROUP SELECTOR TIME-OUTS
Without ADR Supervision With ADR Supervision
August 1964 September 1965
Unit Week Xy KMR1 KMR2 XY KMR1 KMR2
2/160 32 41 47 25 10 5
20 67 95 24 44 45
1 Gv 33 37 34 26 11
41 41 53 28 6 6
Mth 126 186 229 103 71 63
2/160 18 44 * 27 7 *
33 47 27 4
27 90 30 5
42 107 36
) Mth 120 288 120 25
1/80 46 86 10 10
2 158 254 19 12
3 30 47 17 8
42 80 11 9
Mth 276 467 57 39

* Not Installed
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minor disturbances are normally
tolerated, as the effect on traffic is
small, and the cost of locating the
defects is normally prohibitive. With
automatic recording equipment a de-
tailed h'story of each disturbance that
occurs can be accumulated, until such
time that sufficient information is
available to enable the cause of the
defect to be located. This method is
a particularly valuable one, and in fact
the only practical method, of localising
intermittent defects before they de-
teriorate into major defects. Time-
outs can be virtually eliminated from
crossbar exchanges using this method
of supervision and fault localisation.

The efficacy of this more sophisti-
cated method of supervision can be
seen from Table 1, which shows the
number of time-outs recorded in vari-
ous markers at Haymarket prior to and
some time after, the provision of
automatic recording equipment.

The marked reduction in the number
of time-outs represents a substantial
improvement in the performance of the
units. This improved performance
arises from the fact that when faults
occur, they are detected more quickly,
and rectified with less effort and delay,
than is possible with the present type
of supervisory equipment.

The time-out information shown for
the SLM/S stage is of added interest
as automatic recording equipment was
installed on one only of the two mar-
kers in the 1000 group, the second
marker being supervised by standard
equipment. The performance of the
two identical markers can therefore be
compared, one with the other, both
before and after the provision of the
automatic recording equipment to
SLML. It will be seen that in August,
1964, both markers had very similar
performances. In September, 1965,
outgoing time-outs in both markers
had increased, but SLM2 substantially
more than SLM1l. The majority of
these time-outs were due to register
congestion and there was a substantial
traffic increase in the period. Time-
outs on incoming traffic have been
virtually eliminated from the unit
supervised with automatic recording
equipment and there has been a marked
reduction in the time-outs of the other
unit.  This latter reduction can be
mainly attributed to the detection, and
removal from service, of faulty equip-
ment ahead of the SL markers, which
affect the operation of both the mar-
kers. Provision of automatic record-
ing equipment on one only of each
type of marker at Haymarket has
enabled many faults that affect other
markers in the exchange to be removed
and consequently there has been a
marked reduction in the total number
of time-outs recorded in the whole
exchange.

The following conclusions were
reached from the Haymarket experi-
menti—

(i) With the exception of some of the

SL outgoing time-outs, every
time-out in a crossbar exchange

appears to be due to an assign-
able fault condition.

(i) Fault location work is made sub-
stantially easier if more compre-
hensive supervisory information
is available.

4iii) The “background” level of time-
outs can be reduced to such an
extent that even minor distur-
bances can be readily detected.

(iv) Faults, including design defects,
which are not detectable with
the present supervisory equip-
ment or service indicators, are
readily evident and may be
located with automatic distur-
bance recording equipment.

(v) The performance of the plant
could be improved, and main-
tenance costs substantially re-
duced, by the provision of a

™M

BCH 10656

2Mm

3IM

4M

5M

JACKBOX

oM

7™M

8Mm

ADR 1D
CSK-12505

ADR P {Part 1}
CSK-12506

ADR-P (Part 2]
CSK 12507

ADR-X
CSK- 12508

RACK  ADR i

more sophisticated supervisory
system. The cost of the
improved supervisory system
would be only marginally
greater than that of the present
system.

(vi) It is desirable to automatise and
centralise the supervision of
crossbar exchanges. If this is
done, maintenance costs would
be drastically reduced.

(vii) Non -urgent and urgent super-
visory information should be
segregated. Urgent supervisory
information must be directed to
ensure that early remedial action
may be initiated. On the other
hand, as the time spent record-
ing and analysing supervisory
information that does not war-
rant corrective action is wasted,
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Fig. 3. — ADR Racks.
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this information should not be
made available to maintenance
staff. It should be accumulated
and processed automatically
until sufficient information is
available to permit economic
removal of the fault conditions.

A.D.R. EQUIPMENT.

ADR equipment is a supervisory
system developed to provide the special
facilities proved desirable by previous
operational experience, and the con-
clusions reached from the Haymarket
experiment. This supervisory system
has been designed as an “add on”
system, utilising the comprehensive
supervisory information already gene-
rated within the ARF102 equipment.
Being an add-on system, ADR equip-
ment may be readily applied to the
supervision of other types of common
control systems.

ADR equipment provides the follow-
ing facilities:—

(i) Interface equipment for conver-
tion of the supervisory informa-
tion to a form suitable for
telemetering.

(ii) Storage and control units to
handle the transmission of the
information.

(iif) The ability to decide the degree
of urgency of the supervisory
information, and consequently
the routing destination for each
supervisory message.

(iv) Telemetry transmission and re-
ception equipment for transmit-
ting supervisory information
from the exchange equipment to
any desired locations, and for
the reception of operational
commands which may be used
for control functions.

(v) Supervisory messages are trans-
mitted in a form suitable for
machine, including computer,
processing.

Telemetry takes place over a stan-
dard 50-baud double-current telegraph
channel. An electronic telegraph
transmitter / receiver is employed at
the crossbar exchange end of the cir-
cuit and standard page printing and
tape perforating equipment is used for
message reception and storage. Net-
works of ADR supervised exchanges
may be established reporting to, and
controlled by, one or more mainten-
ance control and analysis centres. An
auxiliary auto telex exchange, system
ADX, is employed for the switching
and concentration of this supervisory
traffic.

The ADR equipment is mounted on
two standard racks, type BCHI61.
Rack ADR 1 contains the mandatory

common equipment comprising an
identifier, control relay sets and
electronic  telegraph  transmitter /

receiver, and up to eight connecting
relay sets for the automatic “80 lamp
lampset” facility. In very large instal-
lations an auxiliary rack, Rack ADR2,
may be required to connect the lampset
facility to the large number of mar-

COMMGCN  CONTRO
EQUIPMENT

ALARM
EQUIPMENT

} ' T

ALARM
INTERFACES

B8O WIRE
RECORDING
CONTACT
CIRCUITS

]

[ CALL ADR

COMNNECTING
RELAY SETS

| |

80 BI7 STORE

IDENTIFIER(S

CONTROL

ELECTRONIC TELEGRAPH| 1O LINE 4o 0y
TRANSMITTER /
RECEIVER

|
| LOCAL  CONTROL

|PAGE  PRINTER t t PAGE PRINTER |
— [ =X}

Fig. 4. — ADR Equipment—Exchange Equip-
ment Survey.

kers involved. The second rack, Rack
for Alarm Relay Sets, houses the inter-
faces required to convert the form of
the present alarm supervisory infor-
mation to a form suitable for teleme-
tering. This rack also houses the
normal service alarm, route alarm and
restoring service alarm relay sets, and
replaces the miscellaneous rack nor-
mally used for this purpose. The
layout of the two basic racks is shown
in Fig. 3; Figs. 4 and 5 are surveys of
the system, showing the exchange end
equipment and a typical supervisory
network layout.

Equipment Operation.

The operation of the equipment is
best described by considering the
function of the various relay sets.

Relay Set ADR-ID comprises a 100
line, storage type, one wire identifier.
When called by a supervisory unit it
identifies the calling unit and then
calls the control relay set ADR-
P. ADR-P can handle calls from two
identifiers, thus providing a maximum
capacity for telemetering information

from 200 supervisory units. Each
supervisory unit is allocated a unique
identification number and relay set
ADR-ID stores, for future transmis-
sion, the hundreds, tens and units digits
of the calling supervisory unit, ADR-
ID also directs the control relay set as
to the type of print-out that is re-
quired, and the routing information for
switching the message to the required
destination. In addition ADR-ID
couples the calling supervisory unit to
the control relay set for information
storage and/or transmission.

Relay Set ADR-P is divided into two
sections. Part 2 contains the 80 bit
relay store. which, on calls from mar-
kers, records the state of the recording
contacts: a twelve unit stepping chain
and a diode matrix for the develop-
ment of various telegraph characters.
Part 1 contains the remaining control
functions. When the control relay set
is seized the identifier transfers to
it the routing information for estab-
lishing the call, and an instruction
snecifving the type of print-out re-
guired. On calls from marker super-
visory units the connecting relays are
overated for about 50 milliseconds and
the state of the recording contacts is
registered in the 80 bit store.

The control relay set then proceeds
to establish a connection to the re-
auired destination in accordance with
the routing instructions supplied by
the identifier. ADR-P contains regis-
ter facilities for the transmission of
up to two routing characters. Where
only one switching centre, ADX, is
involved, only the “B” route character
is transmitted to set this stage to the
desired level. This B route character
may comprise any of the 32 possible
telegraph characters. Where two tan-
dem switching centres, ADX, are in-
volved, the B route character is pre-
ceded by the transmission of a fixed,
pre-strapped, “A” route character.
Alternatively, if desired, both routing
characters may be omitted.

When the machine at the destination
has been connected and its motor run
up, the motor start signal is received
and ADR-P commences message trans-
mission. All messages are commenced
by the transmission of the preamble:

Carriage return;
Line feed;
Figure shift;

ADX

ADX X
MAXIMUM MAX MA% "0
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Fig. 5. — ADR Equipment Supervisory Network —— System Survey.
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Three figure exchange prefix, or
exchange identification number.

The text of the message, represent-
ing the supervisory condition, is then
transmitted. At the end of the text a
signal is sent forward to the ADX to
call in a timer that adds date and time
of message to the transmission.

Immediately the text has been trans-
mitted, the identifier, and store, are
released in preparation for handling a
follow on message. The established
connection via the ADX is, however,
maintained for a period of six seconds
after the time and date information has
been added. If another call, to be
routed to the same destination, is
received during this holding period, it
is transmitted with the routing infor-
mation omitted. A succession of
follow on calls is likely to occur when
a major defect occurs in the exchange,
and this holding period eliminates the
need to clear down and then re-
establish the same connection for each
call. If the follow on call is for a
different destination, it is not trans-
mitted until the established ADX con-
nection is cleared down at the end of
the holding period, and a connection to
the new destination is established.

Message transmission takes from 11
to 15 seconds, depending upon the
occupancy of the time and date ser-
vice. Time-outs that occur during
about the first 8 seconds of this inter-
val cannot be recorded as the store is
already occupied. This limitation is
inconsequential in practice as the
probability of two time-outs occurring
within 8 seconds is very limited except
vnder major fault conditions. If a
major fault does occur, so many similar
time-outs occur that a surfeit of
information is obtained even if only a
small percentage of the time-out mes-
sages are transmitted. Alarm mes-
sages are always transmitted, as these
messages are stored until such time
as message transmission occurs.

The destination of each message is
determined primarily by the type of
equipment to which the message refers.
Basically all alarm messages are re-
garded as urgent, whilst time-out
messages are normally non-urgent. If

desired, the urgency classification and.

hence the destination of messages can
be changed. This may be done at
any time by a remote control centre, or
automatically when service alarm con-
ditions occur in the exchange or when
the volume of outging supervisory
traffic exceeds a predetermined figure.
With these arrangements, non-urgent
supervisory traffic is normally routed
clear of the exchange maintenance
staff. When some major equipment
disturbance occurs the maintenance
staff are immediately provided with
all the available, and quite comprehen-
sive, supervisory information, so that
they may best make the necessary
decisions as to the corrective action
that should be taken. This means
that, whilst an exchange is free of
detectable faults, no supervisory infor-
mation is forwarded to the maintenance

centre, but that as soon as a fault
condition is detected, the maintenance
staff will commence to receive infor-
mation.

When a major fault occurs, a large
volume of supervisory traffic is
generated and passed to the mainten-
ance control centre. To avoid the
possibility of the equipment at this
centre being monopolised by one ex-
change, which could prevent the
reception of urgent supervisory infor-
mation from another exchange, facili-
ties exist for the control centre to
block all supervisory transmissions
from an exchange, except those sig-
nalling exchange and extended alarm
conditions.

Operational commands may be
directed from a control centre to a
supervised exchange. When the con-
nection from the control centre via the
ADX to the ADR equipment is estab-
lished, the identity of the called
exchange is transmitted, together with
a service signal to show that the
equipment is ready to receive an
operational character.

A typical message is as follows:—

605 RX GA 23 JUN 1966 1021
which signifies that the command
rece’ving equipment at the 605 ex-
change is attached and ready to receive
a command at the date and time
shown.

The control centre may then trans-
mit any one of the 32 telegraph
characters which will be received in
the electronic telegraph transmitter/
receiver and stored in a five element
relay store in ADR-P. When the es-
tablished connection is cleared down,
the selected operational command
pulses are generated. The pulse may
be used for any desired operational
function, such as control of the ADR
equipment, alarm query, resetting
alarms, blocking equipment, control-
ing the Traffic Route Tester, etc.

Normally all traffic to and from
the ADR equipment passes over the
external telegraph channel to an ADX
switching centre. Alternatively some
or all of this traffic may be routed to
another telegraph circuit outlet from
the ADR equipment, referred to as the
“Local Control” line.  This circuit is
used in applications such as small
country exchanges where an ADX is
not provided. Messages that do not
pass through an ADX do not have time
and date information added, as the
timer facilities are incorporated in the
ADX equipment. Operational com-
mands may be generated over the
Local Control line.

The control relay set also supervises
the continuity of the receive leg of the
telegraph channel to the ADX. Cur-
rent failure in the receive leg is
repeated as current failure in the send
leg to the ADX, where alarm is given.

Relay Set ADR-X is the electronic
telegraph transmitter / receiver and
basically consists of five ROA compo-
nent boards. Mercury wetted Clare
polarised relays are employed as send
and receive line relays to act as a

buffer between the line and the transis-
torised equipment. A third Clare relay
is employed as a “monit” relay, to
provide a drop copy of all send trans-
missions if required. This transmitter/
receiver develops telegraph characters
by generating eight consecutive 20
millisecond pulses, which are combined
in gates for transmission via the send
relay to line. Transmission of each of
the five intelligence elements only
occurs if the corresponding signal wire
from the control relay set is placed at
earth  potential. Completion  of
transmission of each character is
signalled to step the control relay set.
When stepping is completed, a “set”
signal is fed from the control relay set
to the transmitter, which then gene-
rates the next character. ADR-X
contains a 50-volt inverter to generate
the 450 volts required for double
current telegraph working.

The reception of a telegraph charac-
ter is very similar to the transmission
process. The unit is triggered by the
receipt of a start element and generates
the five intelligence elements, which
are directed to five reed relays. The
state of the receive relay is sampled at
intervals corresponding to the mid
point of the transmitted telegraph
elements and the generated element
pulses are suppressed if the line samp-
ling shows that a spacing signal is
present.

ADR-X also contains circuitry for
insertion of the parity element
described previously. This is done by
an inverter that changes state when
two or more of the inputs controlling
the transmission of intelligence ele-
ments two to five, are at earth poten-
tial. This change of state removes the
earth potential from the element one
input, thereby suppressing the parity
element.  Parity insertion is only
performed during the transmission of
print-outs of the 80 lampset facility.

Connecting Relay  Sets:  The
standard crossbar relay set “Relay Set
for Fault Counters,” containing four
multiple connection relays is used for
connection of the various recording
contacts in the markers to the control
relay set store. Each connecting relay
set provides ten 40-wire circuits, and
the relay sets are used in pairs to
develop groups of ten 80-wire circuits.
The vertical strips connect to the store
relays 1-80, whilst the ten levels of
80 contacts wire via the IDF to the
recording contacts. The number of
connecting relay sets provided depends
upon the number of 40 or 80-wire
circuits required to serve the markers
installed. The capacity of Rack ADR
1 is 3200 recording contacts in 40
groups of 80, 80 groups of 40, or com-
binations of both. Should this capacity
be inadequate for the size of the instal-
lation, the auxiliary rack, Rack ADR2,
is required and provides for the con-
nection of an additional 4000 recording
contacts. Rack ADR2 may also be
equipped with the second relay set
ADR-ID, if additional identification
capacity is required.
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Atarm Interfaces: Interface relay
sets have been developed for convert-
ing the normal exchange supervisory
information to a form acceptable to the
ADR telemetering system. The inter-
face relay sets, together with the
normal supervisory equipment relay
sets, mount on one rack, ‘“Rack for
Alarm Relay Sets.”” This rack caters
for 40 service alarm circuits, 100 route
alarms, and 60 exchange or extended
alarms. Transmissions from this
supervisory rack are controlled by the
alarm control relay set ADR-LP, which
occupies one inlet of the main identifier
ADR-ID. Any number of these super-
visory racks may be employed, provid-
ing virtually unlimited alarm telemeter-
ing possibilities.

Relay Set ADR-L: All alarm
transmissions are very similar and only
those emanating from the exchange or
extended alarms will be described.
Relay set ADR-L provides facilities for
the telemetering of 30 exchange or
extended alarms, and uses three of
the twelve ADR-LP inlets. These 30
alarms are divided into three groups of
ten, and an alarm transmission consists
of a scan of the condition of the ten
alarm relays in the ten group, e.g.:

605 001 2 139 £ 23 JUNE 1966

0925

where 605 is the exchange prefix or
identity number

001 signifies an alarm trans-

mission

2 The second group of ten
exchange / extended
alarms. (The 60 alarms
of this type are divided
into six groups of ten,
numbered 1 through 6.)

139 The alarm relays 1, 3 and 9
are operated.

Lo Bell symbol — End of
alarm transmission.

An alarm transmission normally
takes place when an alarm occurs and
when an alarm clears, and is repeated
at one of two predetermined time in-
tervals (say every 30 minutes for

urgent alarms, and three hours for non-
urgent alarms). If desired, however,
by removing a strap in any alarm cir-
cuit, that circuit will not initiate the
transmission of alarm messages. This
facility is used for line lock out and
blocking alarms, etc. A control centre
may interrogate the alarms by using
one of the operational commands.

Where 30 exchange/extended alarms
are insufficient, a second relay set
ADR-L may be provided to extend the
capacity to 60.

Relay Set ADR-SM: An auxiliary
relay set, ADR-SM, is used as a store
and interface for the telemetering of
control register information. Each
time a control register is seized, the
identity of the calling subscriber and
the equipment used to establish the
connection is transferred to, and stored
in, ADR-SM. If the control register
detects a fault condition the ADR
equipment is called and the stored in-
formation is transmitted as follows:—
605 004 3 2345 1 3 24 23 JUNE 1966
1227 where:

004 (or 005) is the identification
number of the control register

3 Type of fault (open circuit
meter). Provision is made for
ten types of faults, numbered

1 through 0.
2345 Calling subscriber’s number.
1 SLM 1 used.
3 Number 3 Register Finder
used.

24 A, B identity of the SR used.

This information details the com-
plete connection from the subscriber’s
line circuit to the 1GV inlet. Trans-
missions from control registers refer-
ring to line faults may be routed to a
different destination to those referring
to exchange equipment defects.

CONCLUSION.

The preliminary results obtained
from the first exchange completely
fitted with ADR supervisory equipment

indicates that the exchange eauipment
maintenance effort required has been
substantially reduced to about 0.1 man-
hours per line per annum, and that a
very satisfactory plant performance
can be attained for this effort. Addi-
tional sets of ADR supervisory equip-
ment are now being manufactured for
initial installations in all the States.
ADR equipment promises to be another
valuable tool in the A.P.O.’s continuing
efforts to improve productivity in the
exchange maintenance field.

The fundamental philosophy of auto-
mating plant supervision, and simulta-
neously facilitating fault localisation
work appears to have been validated
by the results being obtained from the
initial installation of this supervisory
system. It might be expected that
future developments in this field will
be along similar lines, culminating in a
supervisory system which automati-
cally removes defective equipment
from service and then informs the
maintenance staff which component
or circuit block requires replacement.
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TECHNICAL NEWS ITEM

HIGH SPEED NEWSPAPER
FACSIMILE.

e e |

In addition to the traditional uses for
long-distance communication systems,
namely, telephony and telegraphy,
Australian Post Office circuits are pro-
vided for various other uses, such as
transmission of broadcasting and tele-
vision programmes, weather maps and
pictures. More recently requirements
for data transmission between office
machines and computers have arisen.
A new requirement which was fulfilled
recently was providing a channel for

the high speed transmission of the full
contents of a daily newspaper.  This
is required so that printing plates can
be set up to print the newspaper in
more than one locality at the same
time. Equipment is available to trans-
mit a newspaper page approximately
16 in. x 24 in. with extremely high
quality definition in about three
minutes. This equipment must be
connected together by a communica-
tion channel, which normally serves to
provide 60 telephone channels.

For newspaper facsimile, however,

it is necessary to specially treat the
channel to reduce delay distortion.
While this distortion has no noticeable
effect on telephony, it would cause so
much blurring of a newspaper page
transmitted at this speed as to render
it useless.

Over the frequency band of interest
the distortion is normally about 80
micro-sec., and this is reduced by a
special equaliser to less than 5 micro-
secs. This equaliser, designed by the
A.P.O., enables the channel to oper-
ate with a binary signal capacity of
about 400,000 bits/second.
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A TEST CALL DIRECTOR (T.C.D.) FOR ARK EXCHANGES

INTRODUCTION.

People involved with the installation
and maintenance of ARK exchanges
have a need for some form of test
equipment which will allow access to
any ‘desired device or combination of
devices for test traffic. A portable set
has been designed to achieve this, and
this article describes its facilities and
operation. Although it could be
applied to ARKS511, this is probably not
warranted, and the descriptive material
refers to ARK521 exchanges only. The
unit will be the basis of standard equip-
ment provided by the Australian Post
Office in its ARK exchanges.

In essence, the Test Call Director
(T.C.D.) provides a three-position key
per device, i.e, FUR, FDR, REG-D,
SNR. When normal, the key has no
effect on the device; when operated to
the block position, it permanently
blocks it; and when operated to the test
position the device is selected for
“test” calls.

SCOPE FOR USE.

The facility to select a particular
FUR, FDR, REG-D or SNR for test
traffic is of use both to the installer
and to the maintainer of ARK ex-

changes. The main fields of use in-
clude:
(i) In the pre-cutover testing

period, it is of advantage to
have full blocking facilities for
all devices concentrated on one
panel. The circuit of the
T.C.D. is arranged so that if
more than one key is operated
to the “test” position, then all
these devices will be offered.
Load testing can thus be con-
veniently controlled, using
these facilities.

As faults tend to develop soon
after cutover, the T.C.D. is a
valuable fault-finding aid dur-
ing the commissioning period.

(iii) When extending an exchange,
new devices may be fully in-
stalled and tested before re-
leasing them to normal sub-
scriber traffic. In addition,
there will possibly be a major
scope of use when changing an
exchange from manual to auto-
matic parent working, and from
REG-D to M.F.C.

Facilities are provided to allow
testing of every function of
each device. It is therefore a
simple matter to introduce a
routine which tests these
facilities at regular intervals.

On the more difficult faults,
particularly faults in the link
connections, the T.CD. is of

* Mr. Alcomn is Engineer Class 3, Mackay,
Queensland,

(i)

(iv)

)

major assistance in fault

localisation.

(vi) When modifications are made
to relay sets, it is convenient to
be able to test each facility of
the relay set in the actual ex-
change before releasing the
device to live traffic.

PRINCIPLES OF OPERATION.

Fig. 1 indicates the basic design
principles. Selected test numbers are
class marked in the AX relay set. Pro-
viding the T.C.D. is switched on, a call
originating from or directed to one of
these test numbers will cause a posi-
tive to be connected from the class
marking relay to operate relay AX in
the T.C.D.

If a device key (KD on the right of
Fig. 1) is operated to the “Test” posi-
tion, a positive from KD will operate
relay T via the operated AX relay
contact. Note that this will only
occur while the Marker is engaging its
AX relay set.

The break contact of relay T had
previously blocked the device via the
changeover springset of KD and thence
to a blocking relay in the device. This
blocking relay is fitted with a break
contact in the “e” and “i” wire, which
of course blocks the device.

The operation of T will now:

(i) Release the blocking relay as-
sociated with KD’s device and
therefore free the device for
traffic.

(i) From the positive on each

J. R. ALCORN, A.M.I.E.Aust., B.Econ.*

device of that type via the
unoperated changeover spring-
sets of all unoperated KD keys
of that type.

Hence for this particular test call,
the Marker will find all “e” and “i”
wires open except those for the device
pre-selected by a KD.

Note that for an originating call,
FUR’s and FDR-L-N will be blocked.
Where a call is directed to an SNR,
or FDR-LM or VM this equipment will
only be blocked when the marker is
setting up that section of the call. Also
the incoming side of FDR’s will not be
blocked by the T.C.D. at all and incom-
ing traffic will proceed as normal.

Because REG-D’s are also required
for incoming calls it is unsound to
block all these devices for one second
(say) every time a test call is in pro-
gress. The circuitry of the T.C.D.
has, therefore, been arranged to block
REG-D’s for about 200 millisecond
cnly. Blocking of REG-D’s can only
occur after the desired FUR or FDR-
L-N is selected. The method used is
to tap the “f” wire to the repeater at
the IDF, and not until the repeater
is called on this “f” wire will a poten-
tial be available to operate the T relays
associated with REG-D’s. Further-
more, where more than one group of
REG-D’s is installed only that group
associated with the pre-selected FUR
will be blocked by the T.C.D.

These T relays can accommodate 16
devices of similar type. Consider, for
example, a REG-D exchange with an
automatic parent and fitted with FUR-

make contact of T, block each L-N’s, FDR-L-N’s, SNR’s and FDR-L-
SLA
: : [ FUR OR FOR'
I !nso o!
AX RELAY
SET IN
MAR"ER )~ BLOCKING WIRES
(ONE PER T (ONE PER 16 DEVICES
MARKER) ;..J - OF THE SAME TYPE)
-
KD !
! (ONE PER osvucs)
| e
"—" TEST
* = —f
5 | v
*- 13
: 8LOCK

TEST CALL DIRECTOR

Fig. 1 — Design Principles of Test Call Director {T.C.D.)
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M’s. We would need one T relay for
each group of REG-D’s. On the one T
relay - we could accommodate both
FUR’s and FDR-L-N’s and we could
also accommodate SNR’s and FDR-L-
M’s on a particular T relay. Other
combinations apply for different typ-
es of exchange. =

COMPOSITION OF THE TESTER.

Fig. 2 shows the various units of
the prototype manufactured for field
trial at the 400 line SLC last stage ex-
change at Wellington Point, Brisbane.
Some minor changes have been made
since, but the composition of units is
unaltered. It can be seen that the
T.C.D. consists of three different types
of units, which will be described in
reference to their physical positions
in Fig. 2.

The Upper Relay Set: This 3-bar
relay set consists of a start relay (S),
which operates when the tester is
switched on, two AX relays under the
control of the exchange’s two AX
relay sets, a group of six control re-
lays, which are needed to account
for the complication of two Marker
working, and a total of ten T (Test)
relays.

These T relays each accommodate 16
devices of the same general type and
therefore the T.C.D. can handle an ab-
solute maximum of 160 devices. An
extension relay set can be provided if
necessary to accommodate more de-
vices, but it is most unlikely that this
will occur, even in a 2000 line ex-
change.

The Control Unit: This unit is
mounted on a 2-bar relay set base
situated below the upper relay set.
The functions of the control switches
keys, etc., are described in the follow-

ing paragraphs, in order of their loca-

tion from left to right on the unit.

The two rotary switches on the left
are used to select test numbers for the
“calling” and the ‘“‘called” subscribers’
numbers respectively. On the basis of
one test number per hundreds group
there are thus 20 test number positions.
Operation of the switch merely con-
nects the test telephones (not shown
in the photograph) to the “a” “b,”
and “c” wires of the selected numbers.

The third rotary switch from the left
selects the subscriber’s class. This
allows the operator to convert his
test number to any class of subscrib-
er he wishes for test calls. Wiring
has been arranged for a maximum of
ten different classes, which is consid-
ered adequate to meet the originating
and terminating classes required in
ARK exchanges.

The jacks are used to plug in tele-
phones or a 1 to 1 TRT calling and
called subscribers. The jacks are mul-
tipled in pairs, which allows the con-
nection of a 1 to 1 TRT in the top ones
(for example) and amplifier-speakers
in the bottom ones to assist in hearing
the various tones.

The next four keys have been modi-
fied in a later design to become five
push buttons, each equipped with a
lamp to indicate their condition of
operation. The five conditions are:

Test Diode in Loop: This button
inserts a diode in the loop of the test
number and allows this “class” to be
tested on FUR’s and FDR’s.

Leakage: This button puts a 15K
resistor in the loop of the selected test
number.

Line Resistance: This button puts

a 200-300-500 ohm resistor in each leg
of the selected test number.

Marker 1 -Marker 2 Key: This
selects the desired Marker for the
originating call. The circuitry requires
one Marker to be pre-selected for the
originating call, but for all other uses
of the Marker during a test call, this
is of no consequence. Thus, when the
line is looped by the test number, the
call will be delayed until one Marker
is blocked, and the selected Marker
will then receive the test call. Both
Markers are freed for traffic after
the call is handled. Thus we have one
Marker blocked for about two seconds
during the progress of each test call.

Test Overflow Register D: If the
parent is automatic, REG-D’s are nor-
mally selected via RS and connected
to an FUR or FDR. If we desire to
test a REG-D on overflow we need to
block the overflow REG-D’s we don't
want, and press the “Test O/F Reg.”
key. This will cause all FUR’s and
FDR’s to be busied during the progress
of originating a test call and the
Marker will test in the normal way to
select the desired REG-D.

Fig. 2. shows eleven resettable me-
ters, but the production model will
have twelve. Ten of these parallel the
fault and congestion meter readings,
five for each Marker. When the test-
er is switched off, these meters are
directly in parallel with the non-reset-
table fault and congestion meters fit-
ted in the exchange. They are thus
useful to make snap checks of the
condition of the exchange between
visits, without calculating the differ-
ence from the non-resettable meters.
When the T.C.D. is turned on, how-
ever, these meters only record faults
and congestion on traffic involving
test numbers.

Fig. 2. —The T.C.D. used in the Field Trial at the 400 Line ARK Exchange ot Wellington Point, Queensland.

“

{Note: Additional relays

have since been added and the proposed mechanical construction is somewhat different from that illustrated.)
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One of the remaining meters mea-
sures the number of test calls, and the
other one indicates that metering has
occurred. This meter is designed to
operate on a marginal basis from the
discharge of the metering capacitor.
Thus, if this capacitor is in the process
of breaking down, the T.C.D. will in-
cicate this, even though some, or all,
subscribers’ meters are still register-

ing.

The Four Lamps to the right of the
meters have been superseded by the
push buttons with lights attached, re-
ferred to above.

The Start Switch on the extreme
right of the unit switches the T.C.D.
on. Except for the ten re-settable
meters referred to above, the T.C.D. is
completely disconnected, unless this
switch is operated.

The Three Lower 2-Bar Units: Each
of these units consists of twenty
keys and lamps, each key and lamp
being associated with a particular de-
vice. These units are identical and
may be interchanged within the ex-
change, or between exchanges. The
association of each key with a device
is achieved by straps on the LD.F.
Thus, the designation strips for each
unit need 1o be interchangeable.

CABLING.

The cabling is identical in each ex-
change for the relay set and control
unit, and LD.F. strips have been allo-
cated for this cabling for each ARK
grouping plan. The key units also
have identical cabling to the I.D.F. and
can be built up in units as the exchange
increases in size. There is no strap-
ping required within any relay set,
this being provided for by straps on
the I.D.F. Rack space must be allotted
to handle ultimate growth of each ex-
change, but in smaller exchanges
where this space is at a premium, a
wall frame may be used. Additional
cabling is also required to some relay
sets and cabling drawings have been
or are being modified accordingly.

PORTABILITY.

As mentioned previously, the units
are portable between exchanges and
can be interchanged at will, irrespec-
tive of whether the exchanges are MFC
or REG-D, working to manual or auto-

matic parent, or SLB, C or D last stage
exchanges. The recommended basis
of provision at this stage is one set per
5 or 6 exchanges in a district, but
maintenance practice will clarify this
issue when more experience has been
obtained.

OTHER POSSIBLE SOLUTIONS.

There are, of course, several other
approaches that could have achieved
similar results. The three approaches
originally considered were as follows:

1. To arrange additional cabling
from each device, to allow a tester to
be plugged into any device which re-
quired testing. The plug-in unit would
need to contain a skeleton exchange
consisting of the facilities normally
provided by the exchange before the
relay set under test is brought into
use.

An elementary tester to do this with
FUR’s and FDR’s was designed and
used in one installation, but needed
considerable additional facilities to
handle class analysis, especially for
MFC exchanges.

The testing of SNR’s and REG-D’s
would have required a most compli-
cated unit under this arrangement. The
problem is difficult in ARK because
of the “jump” and this method floun-
dered accordingly. It might be noted
that this is the approach used in ARF
exchanges currently installed in Aus-
tralia.

Apart from these complications, this
method of approach has a basic weak-
ness in that it only tests the relay set
and does not necessarily test the wir-
ing by which the device is connected
in a normal call. Thus, even though
the device might test perfectly, it could
occur that it could never be brought
into use due to some fault in the wir-
ing used to select it.

2. A second method is to arrange
to preset call distributors. We can
visualise a number of keys which
would set call distributors to selected
positions for calls from test numbers.
This method would result in less keys
than the method chosen, because keys
could be thrown in various combina-
tions to select particular devices. How-
ever, this method has the following
disadvantages:—

(i) A separate field of keys would
need to be mounted perma-

nently in each exchange, and the
advantage of portability would
be lost.

(ii) A chart would need to be re-
ferred to each time a device was
required. This would compli-
cate the usage of the tester as
compared with a separate de-
signated key for each device.

(iii) A 1 to 1 TRT run via several
devices would be complicated by
the need to re-arrange keys
during the progress of connect-
ing the call.

(iv) Load testing would not be
possible through several devices
of the same type as the method
depends on pre-setting for one
device only.

This method was considered early
in the development of a suitable fester,
but was discarded before any proto-
type was developed. It became clear
that a formidable array of keys and
relay contacts would be involved to
achieve the necessary combinations.
Further, preliminary design considera-
tions indicated that it would not be
possible to select the required device
via the normal exchange circuitry and
this was accepted as an unsatisfactory
technique.

CONCLUSION.

The T.C.D. described above should
prove a valuable maintenance aid in
ARK exchanges by providing the fol-
lowing facilities:—

(a) It permits the testing of every
device in the exchange, in-
coming relay set (FIR’s) are
tested manually.

(b) The test calls are set up under
the same conditions as normal
calls.

(c) It is a simple matter to include
the facility on future exten-
sions to the exchange.
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THE OPERATIONAL SWITCHING SYSTEM

ELECTRICITY COMMISSION OF N.S.W,

INTRODUCTION

To cater for its own internal operat-
ing purposes, the N.S.W. Electricity
Commission has installed an extensive
automatic exchange network. At each
major centre, an automatic switching
unit (known as an 0.S.U., Operational
Switching Unit) has been installed, and
this articles describes one of these
units manufactured by Telephone
Manufacturing Company Ltd. of Eng-
land.

Basically, the unit is a 50-volt
operated, step-by-step automatic ex-
change, using a Crossbar Bridge in
place of uniselectors and bi-motional
switches. Fig. 1 shows a complete
unit.

Fig. 1.-— Full View of Suite of Racks for
a Complete Unit.

Being designed specifically to meet
the needs of the Commission, it pro-
vides for several functions not nor-
mally found in exchanges used by
public authorities. These are, namely:

(i) A priority tone intrusion
system.

(ii) A redialler unit.

(iii) A vocal annunciator (verbal
announcement) in place of
dial tone, which repeats the

name of the location, e.g,
Vales PT.
* Mr, Warth is Communications Foreman,

Waratah, Electricity Commission of N.S.W.

The equipment will cater for the
interconnection of three different types
of circuits:

(i) Local extensions (2 wire).

(ify D.C. Junctions, loop dialling
(2 wire).

(iii) Carrier trunks (4 wire with
out-of-band signalling).

THE T.M.C. CROSSBAR BRIDGE.

The T.M.C. crossbar bridge is a mul-
tiple contact device in which the main
armature can operate any one set
of selected contacts, leaving the
remainder unoperated. Figs. 2 and 3
illustrate the construction and mount-
ing of the crossbar bridge.

The bridge has five banks of eight
make contacts, and any one of these
five banks may be selected for opera-
tion. The selection is accomplished
by means of small electro-magnets,

called “finger magnets,” one of which
is provided for each of the five banks
Off normal springs are

of contacts.

o

Fig. 3.— Front View of Rack, Showing a
Group of Bridges with Dust Cover Removed.

Fig. 2. — The Crossbar Bridge.

the rear of the switch, behind the frame}).

OF THE

J. WARTH*

also provided and are operated by the
main armature.

The whole unit is mounted on a
modified 3000 type relay yoke, the
main armature assembly closely re-
sembling that of a 3000 type relay. The
overall dimensions of each bridge are:
4} in. high, 21 in. wide, and 4 in. deep.

Once the main armature has opera-
ted, the finger magnet can be released,
the main armature holding the select-
ed bank operated. The finger magnet
does not operate any of the contacts,
but simply selects its group of con-
tacts for later operation by the main
armature.

SERVICE TONES.

Six different service tones are used
to indicate to a user what stage his
call has reached and how to proceed
with the call.

Dial Tone: Normally a magnetic
tape annunciator is used and a verbal
announcement of the name of the ex-
change is given in place of dial tone.
A standard “low pitched burr” dial
tone is available in the event of a
failure of the verbal announcement.

Ringing Tone: When a wanted
party is being called, ringing tone is
returned to the caller. This is a 400
¢/s tone super-imposed by 17 ¢/s ring
frequency, and interrupted in the same
manner as the ringing signal, i.e, 0.4
secs. ON, 0.2 secs. OFF, 0.4 secs. ON,
2.2 secs. OFF.

Busy Tone: If the wanted party
or junction is being used, a high-
pitched note is returned to the caller.
This tone is of 400 ¢/s interrupted 0.8
secs. ON, 0.8 secs. OFF.

N.U., Tone: If the number called is
a spare line, an N.U. Tone is returned.
This is a continuous 400 c/s tone.

Priority Intrusion Tone: This
tone is used to indicate to persons
using the system, that there is a
priority call waiting to speak to one or
other of the parties using the system,

Left: Side view (The finger magnets can be seen towards
Centre: Front view of single bridge.

Right:

Front view of bridge without contact pile fo show mounting of finger on yoke.
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Fig. 4. — General Plan of 0.5.U. Network.

or wishes to use one of the junctions
they may be using at the time.

The tone is a 1000 c/s tone super-
imposed by 20 c¢/s and interrupted at
four times the frequency of busy tone.

Priority Acceptance Signal: This
tone is used to indicate to a priority
caller that the equipment has responded
to his use of his priority button and
that the priority intrusion tone has
been injected into the wanted lines.

It has the same pitch as busy tone, but
is interrupted at four times the fre-
quency.

MAKING CALLS ON THE 0.S.U.

The 0.S.U. network is shown in Fig.
4. A mixed dialling code of single
and two digit numbers is generally
used. Discrimination for a particular
type of call takes place on the first
digit, therefore it is not possible to mix

() moruva

{Only some numbering shown).

the various types of lines with the
same digit.

Local extensions have a two digit
number and calls to and from local
extensions are straightforward. The
count train remains under the control
of the dial until the end of the second
digit.

Most of the calls made on the
0.S.U. are to and from a distant loca-
tion, and quite frequently are routed
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via two or more locations. As calls
may be made to and from any unit
in the whole system, the dialling code
varies with the route of each call, and
the particular numbering scheme of
the units involved in the call. There-
fore, dialling codes may be as short
as two digits for a local call or as
long as ten or twelve digits. For ex-
ample, dialling from Tamworth to
Sydney, the caller would dial 6 6 6
and then the wanted extension num-
ber. This call would ‘be routed via
Muswellbrook and Wangi’'s O.S.U.’s
After dialling the first 6 the caller
would wait for the Muswellbrook an-
nunciator before proceeding with the
call. Similarly for the second 6 to
Wangi, and the 6 to Sydney. The
whole system is subscriber operated.

FACILITIES OF SINGLE TELEPHONE
ENDED TRUNK RELAY SET.

The trunking of an O.S.U. unit is
shown in Fig 5.

To provide 0.S.U. facilities to unat-
tended or wayside sub-stations which
do not require a complete switching
unit, service is given by carrier system
to the nearest major location.

At the O.S.U. the connection is made
in a similar manner to a carrier trunk,
except that as soon as the carrier is
seized, ringing tone is returned to the
caller, and the bell is rung at the
wanted location.

At the remote sub-station, the carrier
system is terminated into a single

telephone relay set. This unit con-
tains the necessary relays, transformers
and supplies to allow the telephone to
operate into the carrier, the connection
being made on a 2 wire to 4 wire basis.
Lifting the handset at the sub-station
loops into the O.S.U. and returns an-
nunciator to the user. The sub-station
is virtually a remote carrier operated
extension of that particular unit.

Priority Calls.

Priority extensions are provided with
an additional push button, which,
when depressed, actuates the priority
equipment in the O.S.U. This class of
extension is severely restricted and
generally provided to system operating
staff only, for use in emergencies, such
as system disturbances.

Whenever a caller receives busy
tone, he may intrude into the busy
circuit by using his priority button.
The priority intrusion tone is generated
in each O.S.U. and this tone is trans-
mitted from the originating unit to
wherever the call has stopped on busy.
When a connector stops on busy, it
automatically connects to a priority
tone receiver, ready to receive a
priority tone. If it does so, relays are
actuated in the connector to switch the
local 1000 -+ 20 c¢/s tone into the
wanted line. At the same time a
circuit is prepared so that when the
busy line is freed, the priority caller
will immediately seize the wanted line.
If it is a local extension, ringing tone
is returned, if a trunk, annunciator

from the wanted location is returned.
The priority caller would then con-
tinue to dial out his call.

A priority caller can listen to, and
speak, to the users of the wanted line;
however, he must do so “over the top”
of the priority acceptance tone, and
this feature is not over-successful.

Redialler Calls.

As the number of trunks is small
and often only one between many
locations, redialler extensions were not
put into general use. The feature is
there, however, and could be used if
ever the Commission decided to do so.

Redialler extensions are fitted with
a special telephone, which is virtually
a two-line instrument, one line being
used into the redialler equipment.
Using the redialler, the extension can
dial into the redialler up to seven
digits. These are stored in the re-
dialler, which “redials” the stored
number once every minute for fifteen
minutes, or until a connection is made,
the redialler extension is rung back to
indicate that the call has been made
successfully. If after fifteen minutes
no successful call has been made, the
equipment restores to normal. The
redialler extension can use his ordinary
extension at any time whilst the re-
dialler is trying for the wanted number.

GENERAL DESCRIPTION OF
CIRCUIT OPERATION.
Line and Preselector Circuits.

When an extension lifts his handset
or a d.c. junction is looped (see Fig.
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6) or an incoming carrier trunk sig-
nalling relay is operated (see Fig. 7),
the line relay operates to mark the
appropriate finger magnet in the pre-
selector bridge, which operates in
series with a group start relay. This
relay starts a self search circuit to
search for a free connector. All
connectors attempt to seize to the
marked line, but only the earliest
choice one does so. In so doing, the
circuit for the crossbar bridge is com-
pleted and the marked line is switched
through to the connector. The finger
magnet is released and the self search
chain restored.

Operating the crossbar bridge results
in the following conditions:—

(i The 4, —, +L, —L, LA,
—LA, and FW, wires are ex-
tended to the connector. For
a local extension or d.c. junc-
tion the 4-LA, and —LA, wires
perform no function.

(i) Earth is applied to the K
relay of the calling line, which
operates to disconnect the
L relay and extend the 4+ and
— wires to the connector via
the pre-selector crossbar
bridge operated.

(iii) The release of the L relay al-
lows another line to hunt for a
connector. Only one line at a
time can search for a free
connector, eliminating the
possibility of a double con-
nection. Should a calling line
of any type fail to find a free
connector within 2 seconds,
the line is locked out on its
fault relay circuit, necessitat-

ing clearing down before an-
other call can be attempted.
The + and — wires are used for
control purposes, whilst the +L and
—L wires are used for speech. This
method is used to standardise the
working with that of calls over carrier
equipment.

Call to a Carrier Trunk.

‘When a free carrier trunk is seized,
an H relay applies earth to the P2 wire
to the trunk relay set (T.R.S.), which
operates relay OT in series with its K
relay. Relays OT and OTR convert
the T.R.S. circuit conditions to ones
suitable for an outgoing call. Earth
is also applied to a PW wire, which
operates the outgoing signalling relay,
which in turn Joops the distant O.S.U.
to return annunciator to the caller to
indicated that dialling may proceed.

If the call originated from a carrier
trunk, the FW relays are also operated
in each T.R.S. These relays convert
the circuit to remove hybrids and con-
nect the carriers together on a 4 wire
basis via the 4L, the —L, and the
+LA, and the —LA wires. (See Fig. 8)

In the original circuits the 3060 c/s
signalling tone from an incoming trunk
line was passed through the O.S.U. to
the outgoing trunk line, i.e., there was
no translation of the signal tone to
d.c. signals. The present arrangement
differs from this and the forward sig-
nalling is now accomplished by repeat-
ing the dialling pulses via the connec-
tor A relay. This method was adopted
to cater for different types of carrier
channels, which used differing fre-

quencies for their out-of-band signal-
ling.

Connector Circuits.

The connector relay set can be de-
scribed as a discriminating-selector-
repeater, which also provides for 4
wire switching on certain classes of
calls. The conditions set up in the
connector are the result of the par-
ticular digit dialled, and depends upon
strappings made on the first digit
storage bridge cross connection field.
(FM storage bridge). All the terminals
of the five sets of eight contacts are
brought out to this field. The alloca-
tions of which are given below.
Bank. Use.

FM.1 Functional discrimination for
first digits 1 to 5.

Functional discrimination for
first digits 6 to 0.

Selection of connecting bridge
finger magnet for first digits 1
01Dz

Selection of connecting bridge
finger magnet for first digits
6 to 0.

Sets up test circuit for junc-
tion hunting groups for single
digit codes 1 to 5. (Also used
for digit absorption.)

Sets up test circuit for junction
hunting groups for single digit
codes 6 to 0.

Used for discrimination be-
tween single and two digit
codes for first digits 1 to 5.
Used for discrimination be-
tween single and two digit
codes for first digits 6 to 0.

FM. 2
FM. 3

FM. 4

FM. 5

FM6

FM. 7

FM. 8
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Dialling the First Digit.

The dialling impulses pulse the con-
nector A relay, which in turn steps the
count chain. The count chain con-
sists of five bridges only, even in units
with more than five bridges in the con-
nector. For first digits greater than
five, the count chain is operated twice,
a discriminating relay, SPR, operating
on the sixth pulse.

At the end of the first digit, one of
the five finger magnets in a storage
bridge, FM will be operated. (SPR
will also be operated if the first digit
is more than 6.) The FM bridge is
then operated and holds the first
digit marked. All the finger magnets
for the digit dialled will also be held
operated in the connector bridges.
When relay FM operates at the end of
the first digit, one of three things will
happen, depending upon the strappings
made on the FM cross connection
field:—

For local lines there are no strap-
pings and no discrimination takes
place.

For d.c. junctions strappings are
made on the FM field, which will
cause to operate the appropriate dis-
criminating relay in the connector,

For carrier junctions different
strappings are required to operate the
difscrilrlninating relays used for this class
of call.

Dialling the Second Digit.
The second digit dialled steps the
count chain in a similar manner as the

first digit. At the end of the second
digit, one of the connecting bridges

SR1, SR2, etc., will be operated, thus
operating the marked bank of that
particular bridge. The finger magnet
operating circuit will be disconnected
and the remainder of the finger mag-
nets will restore to normal.

Depending on the type of call and
the state of the wanted line, one of
the following conditions will be com-
pleted in the connector. If the call
was to a local extension, the called
party will be rung and ringing tone
returned to the caller, if a carrier trunk
or d.c. junction, annunciator or dial
tone from the wanted unit will be
returned to the caller. If the wanted
line is engaged, busy tone will be
returned to the caller.

Single Digit Junctions or Carrier
Trunks.

If the number dialled is a single digit
code, at the end of the first digit a
circuit is made which causes the count
chain to re-operate in succession until
a free line is found. The appropriate
SR bridge is then operated and a con-
nection established.

Because an outlet may be connected
to any code dialled, full availability of
connector outlets can be utilised, with-
in the limits set by the first digit
discrimination. The number of con-
nector outlets depends upon the num-
ber of SR bridges provided. Units
{ange in size from five lines to 50
ines.

Forced Release.

The connector is fitted with a forced
release circuit, which operates after a

period of 90 seconds under certain con-

ditions. These are:—
(i) Connector seized but no digits
dialled.

(ii) Calling party fails to clear at

the end of a call.

(iii) Incomplete dialling on a junc-
tion or trunk call.

(iv) No reply on a junction or trunk
call after ringing for 90 sec.

(v) Calling party fails fo clear
down on receipt of busy or
N.U. tone.

Further to forced release circuit,
after a second period of 90 seconds
elapses and the caller has still not
restored to normal, a PG alarm circuit
is actuated to indicate this condition.

Ringing and Tone Supplies.

Ringing tones and voltages are
generated in special relay sets, two of
which are provided in each O.S.U., with
automatic change-over in the event of
a failure of the in service set. The
17 c¢/s ringing voltage is generated by
a vibrating relay and transformer,
whilst the 400 ¢/s tone is generated in
a valve oscillator. Interruption times
are achieved by a series of interacting
relays designed to give the needed
periods for interruption of the various
tones and voltages.

Alarms.

The equipment is fitted with a full
range of alarms, divided into urgent
and non-urgent groups. Urgent
alarms generally indicate the failure
of some part of the unit which will
prevent the successful use of the unit
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in establishing a call, while non-urgent
alarms cover the rest, such as PG,
annunciator failure, etc.

CONCLUSION.

In its application the equipment has
proved to be most successful and ex-
tremely free from faults. It requires
little or no maintenance; all that is
necessary or recommended being an
occasional cleaning of the group select-
ing relay contacts. The contact ma-
terial used is sterling silver. The cir-
cuit is a “chain” and two contacts in

parallel are used on each relay. If
any one pair of contacts should “fail,”
no selection will take place, and no PG
lockout function operates either, thus
causing a complete failure of the unit.
To overcome this, therefore, the manu-
facturer recommends contact cleaning
with a smooth burnisher, washed in
carbon-tetra-chloride.

Ringer relays require some attention
after operating for long periods due to
contact deterioration, though the fitting
oﬁ spark quench circuits has improved
this.

The most frequent failure in service
has been the breaking or stretching of
tapes on the vocal annunciator, but a
newer design using a magnetic disc
recording is to be used and should
eliminate this shortcoming.
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MEASUREMENT OF TV AERIAL RADIATION PATTERNS

INTRODUCTION.

It is desirable in transmitting tele-
vision signals to direct most of the
energy towards the horizon. If much
energy is directed upwards it may be
reflected or refracted downwards
again by the upper atmosphere. This
happens particularly to signals in the
low VHF range and can cause inter-
ference to other stations on the same
frequency far over the horizon. Fur-
thermore, it is not necessary to direct
a strong signal at large angles of de-
pression because these areas are
close to the transmitter and conse-
quently receive adequate signal.

One method of pattern measurement
which has yielded good results is car-
ried out by comparing the radiation
from the transmitting aerial with the
radiation from a reference aerial. (Ref.
1). The reference aerial whose pat-
tern was known was mounted on the
mast above the main aerial, and a
known amount of power was fed to
each aerial in turn. A vehicle
equipped with a field strength meter
was used to measure the strength of
signals emanating from each aerial.
The ratio of these signals, together
with information regarding the charac-
teristics of the reference aerial and the
position of the vehicle, allowed the
pattern of the main aerial to be deter-
mined. This method, however, is only
successful when the vehicle can be
driven to the required points around
the mast. In mountainous country
where many television transmitters are
situated, this is not always possible.

This paper describes a method
which has proved effective in measur-
ing the vertical radiation pattern of
transmitting aerials. It utilises the
principle of reciprocity whereby an
aerial exhibits the same radiation
pattern whether it is receiving or
transmitting provided non-linearities
are absent. A  small transmitter
which operates on the required fre-
quency is supported by a balloon. The
balloon is manoeuvred so that it
moves along a vertical line approxi-
mately 1000 feet from the mast. The
main aerial intercepts the field pro-
duced by the balloon-borne transmitter
and a field strength meter connected
to the main aerial feeder indicates the
response of the main aerial to signals
arriving from different directions as
the position of the balloon is varied.

BALLOON DISTANCE.

The distance from the mast at which
the balloon is flown is governed by a
number of requirements. The balloon
must be far enough away so that the
induction field is negligible compared
with the radiation field. This is
generally taken to be 16 wavelengths.
Furthermore, the dimensions of the
main aerial should be small compared
with the distance between the balloon
and the mast, so that the incident wave

* Mr. Gosden is Engineer Class 1, Radio
Section, N.S.W. See Vol. 16, No. 1, Page 87.
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Fig. 1. — Diagram Showing Variation of Phase across Aperture of Aerial.

is almost uniform. The wvariations
which are usually accepted across the
aerial are /8 radians in phase and %
dB in amplitude. (Ref. 2.)

Referring to Fig. 1, I is the vertical
dimension of the main aerial. This
is usually of the order of 50-100 ft.
From the figure, and neglecting the
second order term (Ad)2, it can be
calculated that:

12
Ad = —

The conditions which must be met
in respect to the allowable phase and
amplitude tolerances are:

27 a
— Ad < —for phase
A 8

ad
and — < 0.025 for amplitude.

The requirement to meet the phase
tolerance is therefore:
212
d>—

A
Usually if the phase tolerance is met,
the amplitude tolerances will also be
met.

The maximum distance is usually
governed by the local topography. If
the ground is fairly flat, the maximum
vertical angle which can be obtained
at ground level is restricted at large
distances. In cases where the ground
slopes away rapidly this will not be
a limiting factor; however, the balloon
would have to be flown at a high
altitude to get above the level of the
main aerial. Control of the balloon
becomes difficult at heights greater
than about 700 feet.

EQUIPMENT.
The Balloon.

The balloon used in this measure-
ment was of the Kkite-balloon variety.
This is an air-foil balloon, shaped like
a zeppelin, which combines free lift
with dynamic lift produced by the
action of wind on the air-foils. The
inflated volume of the balloon is ap-
proximately 40 cubic feet and when
filled with hydrogen the static lift is
about 1.5 lbs. The usual precautions
when using hydrogen were taken and
no difficulties were experienced.

Tethering Line.
Nylon cord was found to be the most

successful material for tethering the
balloon. A breaking strain of 85 lbs.
was used to give a safety margin in
strong wind gusts. Eight hundred ft.
of this cord weighed only one pound,
so the balloon was not loaded exces-
sively. Care was necessary when
tying knots in the cord on account of
their tendency to slip.
The Transmitter.

The balloon-type transmitter was
designed and manufactured by the
P.M.G. Research Laboratories. It uses
one transistor operating as a tuned
collector oscillator. The circuitry en-
abled the operating frequency to be
changed easily by replacement of the
tuning coil. Fine frequency varia-
tions were made possible by the ad-
justment of a small variable capacitor
across the output circuit.

The power supply consisted of three
small 9V batteries connected in series,
and a zener diode regulator to produce
a fairly constant potential of 16V. The
power delivered by the transmitter
was about 20 mW and remained con-
start within 0.2 dB over a period of
three hours of operation. The fre-
quency variation over this period was
of the order of 0.05 per cent.; however,
the tuning of the receiver was checked
every time a reading was taken, so this
did not present a problem.

The aerial consisted of a pair of
aluminium rods fixed to the sides of
the transmitter to form a balanced
dipole. (See Fig. 2.) The length of
the aerial was made less than half a
wavelength in order to reduce weight.
The total weight of the transmitter
with batteries was 1 1b.

The transmitter was supported by
the end of one of the aerial rods, ap-
proximately 6 ft. below the balloon;
accordingly the polarisation of the
radiation was vertical and uniform in
the horizontal plane. The vertical ra-
diation pattern was considered uniform
up to an angle of 18 deg. away from
the perpendicular to the dipole.

Measuring Technique.

Using one tethering line, the balloon
was allowed to rise until it was in the
correct position at an angle of eleva-
tion of approximately 8 deg. above the
tower. The balloon was then hauled
down and field strength readings were
taken at intervals of one degree of
vertical angle until the balloon was at
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Fig. 2. The Balloon-Borne Transmitter.

T

ground level. It was found that only
one tethering line was required to keep
the balloon on the correct path. A
number of tethering lines arranged in
a triangular formation were tried on
one occasion, but great difficulties
were experienced in manoeuvring the
balloon over the required range of
altitudes.

A steady breeze of about 15 knots
provided the best conditions for flying
the balloon. This ensured a constant
lift at all times and allowed the balloon
to take up a position such that the
angle between the tethering line and
the horizontal was about 60 deg. In
gusty winds the lift varied consider-
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Fig. 4. — Vertical Radiation Paiterns of Television Aerial.

ably, and caused the balloon to move
in an arc, the centre of which was the
tethering point. When flying at a
height of 500 feet, this caused a
variation in height of 100 ft. or so in a
matter of seconds, thus making it im-
possible to position the bailoon cor-
rectly.

The method of fixing the position
of the balloon is shown in Fig. 3. An
observer at point A on the mast sights
the balloon with a clinometer. With
this instrument he can determine the
vertical angle of the balloon with re-
spect to the aerial. He also sights
the balloon with a compass to deter-
mine the horizontal angle. Any varia-
tions in the distance between the
balloon on the mast is determined by
an observer with a theodolite at point
B Communication among the ob-
servers and operators was achieved
using a number of portable trans-
ceivers tuned to the same frequency.

BALLOON - BORNE
TRANSMITTER

%/‘H&ODOLITE
)

Fig. 3. — Physical Layout of Balloon and Position Fixing Apparatus.

RESULTS.

The results of the measurements
taken are shown in Fig. 4. The mea-
sured pattern follows the predicted
pattern very closely except for the
region around and beyond the first
null. The deviation from the predicted
pattern is probably caused by ground
reflections since in this region the
balloon was fairly close to the ground.
The measurements indicate that the
beam tilt at approximately 1 deg. is
correct, and this is probably the most
useful information to be gained from
a vertical pattern measurement.

CONCLUSION.

The use of a balloon represents a
very simple and accurate method of
measuring the patterns of television
transmitting aerials after they have
been installed and can provide results
in a matter of an hour in most cases.
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Australia,” entered the Postmaster-
General’s Department in 1925 as a
Junior Mechanic-in-Training. He was
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ting from the University of Western
Australia as Bachelor of Engineering
(Electrical), he commenced duty in
1953 as a Grade 1 Engineer on Long
Line Maintenance. In 1956 he became
a Grade 2 Engineer on Long Line
Installation, transferring in 1962 to
Trunk Service. In 1964 he com-
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left the B.P.O. in 1957 to join the P.
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Group Engineer in the L.L.E. Section
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for the Switching and Faciliiies Section
of the Planning Branch, and was re-
cently promoted as Engineer Class 3,
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Laboratories.
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Log Periodic Aerials,” joined the Post-

R. P. TOLMIE

master-General’s Department in 1952
as a Cadet Engineer. After graduat-
ing from the University of Queensland
as Bachelor of Engineering in 1956, he
was sent to the University of Ade-
laide for one year to carry out addi-
tional study in Electronics and ob-
tained the degree of Bachelor of Engi-
neering with Honours from that Uni-
versity. Following a period as Acting
Group Engineer, Professional Training,
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early 1965 was Engineer Class 2, Radio
Installation, includ'ng twelve months’
relieving as Engineer Class 3. During
this period he was occupied with the
design and installation of numerous
broadcasting studios and transmitters
for the National Broadcasting Service
in Queensland and Papua, New Guinea.
For the last two years, as Engineer
Class 2, Radio Telephone Installation,
including four months relieving as
Engineer Class 3, he has been occupied
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and Microwave links in Queensland,
particularly the high frequency links
from Cairns to Weipa and from Mt.
Isa to McArthur River.
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ANSWERS TO EXAMINATION QUESTIONS

Examination No. 5364, 3rd July,
1965, and subsequent dates to gain part
of the qualifications for promotion or
transfer as Senior Technician (Tele-
communications), Telephone, Postmas-
ter-General’s Department.

SECTION 2.
LONG LINE EQUIPMENT.
QUESTION 1:

(a) A special meter is used for reading
the programme level in circuits for
broadcast transmission.

What is the name of this meter
and in what main characteristic
is it different from the various
types of meters used for line-up
purposes in telephone work?

(b) Assume a programme line when
correctly lined up meets perfor-
mance requirements with no mar-
gin.  What would be the effect
on the quality of the transmission
if the level of the programme as
fed into the line was:

(1) Too low?
(2) Too high?

ANSWER 1:

(a) A volume unit (v.u.) meter is used
to measure programme power
level. The main difference be-
tween a v.au. meter and meters
used for line-up purposes in tele-
phone work is in the dynamic
characteristics. Meters used for
line-up purposes may be sluggish
in operation or overswing because
of light damping, but accurate
indications are obtained on con-
stant level signals. A v.u. meter,
however, is damped to reduce
overswing, but, in movement must
follow the main changes in pro-
gramme volume, and to do this
must conform with specified stan-
dards.

(1) If the level of programme is
too low, then an unsatisfac-
tory signal to noise ratio
margin would exist, result-
ing in the noise frequencies
masking low-level passages
of programme in the repro-
duced signal.

(b)

(2) If the level of programme is
too high, overload of ampli-
fying equipment would oc-
cur, resulting in non-linear
distortion. New frequencies
are produced (harmonics and
intermodulation  products),
and these change the quality
of the reproduced signal.

QUESTION 2:

The figure below is a block sche-
matic of a repeater of a coaxial cable

system with facilities to terminate cir-

cuits on supergroup 1 in each direction

(a) What is the type and frequency
range of the filter in the “dotted”
block?

(b) Complete the diagram to show-—

(1) The points of connection to the
pilot receiver and control
equipment.

(2) The main items necessary to
derive V.F. circuits at the
station. Equipment using a
sub-group modulation stage,
may be included or not as
desired. Show the connection
of carried supplies to modula-
tors, but the actual frequen-
cies are not required.

(c) Show on the diagram the frequency
range at the output of the
group and supergroup modula-
tors.

POWER

iFILYER

REMOTE |
POWER
SUPPLY [

PILOT
STCP
FILTER

HYB.

E

POWER
FILTER v

' ¥y

=
t
(
]
[}
{
‘
| SR

shown. For terminal equip-
ment, using a single stage of
channel modulation, a chan-
nel modem, a group modem,
and a super-group modem
should be shown. The trans-
mitting and receiving terminal
equipment should be connect-
ed to the repeater equipment
(Fig. 5). (page 294), for both
directions.

(¢) Frenquency range at the output of
the group modulator 312-552 kc/s
Frequency range at the output of
the supergroup modulator, 60-300
ke/s.

QUESTION 3:

Draw a block schematic circuit of a
2-wire voice frequency repeater. What
is the purpose of the equipment in
each of the blocks?

#iLoT l
RECEIVER

t
CONTROL

POWER
& FILTER

=R

1
I
!
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’
1 |

i

i - < POWER

¢ _- =
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PILOT
RECEIVER
L

CONTROL
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|
ANSWER 2:

(a) A band stop filter with a blocking
range from 60 - 300 kc/s.

(b) (1) A suitable answer can be found
in the “Telecommunication
Journal of Australia,” Vol. 13,
No. 4, page 194, Fig. 5.

(2) The basic information required
is given in the “Telecommuni-
cation Journal of Australia,”
Vol. 13, No. 4, pages 293 and
294. The main elements of
Fig. 4 (page 293) should be
shown, but with carrier supply
connected to the various
modems. For terminal equip-
ment, using a sub-group
modulation stage, a channel
modem, a sub-group modem,
a group modem, and a super-
group modem should be

STOP
BRANCHING
AMPS

FILTER
ANSWER 3:

A typical block schematic circuit
and explanation can be found in the
Course of Technical Instruction, Long
Line Equipment 2, Paper 1, Fig. 17 (b)
and Section 8.

QUESTION 4:

(a) What do you understand by the
teﬁr{ns near-end and far-end cross-
talk?

Explain what is meant by “poling”
of carrier systems and describe the
effect that this has on near-end
and far-end crosstalk.

(¢) Two carrier systems operate over
the same pole route between ad-
jacent repeater stations. What
will be the effect if these systems
are lined up to different trans-
mitting levels.

(b)
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ANSWER 4:

(a)

(b)

Crosstalk is defined with reference
to the “disturbing source,” so that
near-end crosstalk is that appear-
ing in the disturbed circuit at the
end nearest the disturbing source;
and far-end crosstalk is that ap-
pearing in the disturbed circuit at
the end distant from the disturbing
source.

“Poling” of carrier systems is the
arrangement of transmission direc-
tions to ensure that similar ranges
of frequencies are transmitted in
the same direction on adjacent
pairs on the same route. In gene-
ral in Australia, systems are in-
stalled to transmit A-B counter-
clockwise, taking Perth as a start-
ing point. Poling of systems
avoids the possibility of near-end
crosstalk, but the value of far-end
crosstalk is dependent on normal
crosstalk reduction methods, e.g.,
transpositions of open wire pairs,
etc.

(¢) The effect of different transmission

levels for two similar types of
carrier systems is, a high level of
crosstalk with respect to signal
level in the system transmitting
at the lower level.

QUESTION 5:

(a)

(b)

(©

TEST
OSsC

The schematic diagrams below
represent part of the pilot control
equipment of a 12-channel type
J open wire carrier telephone sys-
tem, a variable oscillator 0-150
kc/s, and a transmission measur-
ing set (30A type)—

(1) Draw in the connections you
would make to carry out a
pilot amplifier - rectifier sen-
sitivity measurement.

(2) Describe the method of carry-
ing out the test. The proce-
dures necessary to adjust the
oscillator to the correct fre-
quency and to calibrate the
thermo-couple are not re-
quired.

At what value of deviation of the

sensitivity from the line-up value

is adjustment required?

At what value of deviation of the

sensitivity from the line-up value

is a more detailed equipment
check required?

PILOT CHAN
PICX OFF
FILTER

PILOT CHAN
AMP

PICX OFF
FILTER Gl

ANSWER 5:

The information necessary to com-
plete the measuring circuit can be
found in A.P.O. Engineering Instruc-
tion, LONG LINE EQUIPMENT, Gene-
ral, R2515, Fig. 17. The method of
carrying out the test is described in
Para. 6.2 of the same instruction.

QUESTION 6:

Draw a block schematic diagram of
one channel of an AM. V.F. telegraph
system;. describe briefly the function
of each block of apparatus.

ANSWER 6:

A block diagram and functions of
components of a typical AM. V.F.
telegraph system are given in the
Course of Technical Instruction, Long
Line Equipment 2, Paper 7, Fig. 2 and
Para. 2.2.

QUESTION 7:

You have just completed the installa-
tion of one terminal of a modern 3-
channel carrier telephone system (not
necessarily transistor type):

(a) List the tests which you would
carry out to ensure that the ter-
minal is in good working order so
that line-up may proceed. You
are not required to carry out the
overall system line-up. Details of
how the tests should be carried
out are not required.

List the test equipment which
would be essential for the comple-
tion of your initial testing.

(b)

ANSWER 7:

The tests and test equipment are
listed in the A.P.O. Engineering In-
struction, Internal Plant, Installation
General, R86510, pages 4 and 5. Tests
up to No. 13, with appropriate test
equipment, should have been listed.
Suitable substitute test items could be
given.

QUESTION 8:

(a) Name two applications in long line
equipment installation for which
quad cable is particularly suited.

(b) With the help of a diagram indi-
cate the allocation of wires to
pairs in a quad.

T/ COUPLE
METER

(c)

(d)

(e

What is the effect of incorrect use
of wires in quad cables containing
balanced circuits?

Briefly describe the make-up of
single pair shielded conductors
used for long line equipment rack
inter-connection.

Where should the shields of single
pair shielded conductors, used for
long line equipment rack inter-
connection, be earthed?

ANSWER 8:

(a)

A suitable answer is contained in
A.P.O. Engineering Instruction,
INTERNAL PLANT INSTALLA-
TION, Wires and Cables, C1510,
para. 1.5.

(b) A suitable diagram is given in the

(©

CY)

(e)

Course of Technical Instruction,
Long Line Equipment 3, Paper 5,
Fig. 17.

A relatively high degree of cross-
talk would occur between the cir-
cuits concerned.

The A.P.O. Engineering Instruc-
tion, INTERNAL PLANT INSTAL-
LATION, Wires and Cables,
A3510, contains illustrations of
typical shielded pairs used for
long line equipment rack inter-
connection. A description can be
obtained from these illustrations.
A suitable answer is found in the
AP.O, Engineering Instruction,
INTERNAL PLANT INSTALLA-
TION, Wires and Cables, A3510,
Para. 4.1.

Examination No. 5482, etec., July, 1966,
to gain part of the qualifications for
promotion or transfer as Senior Tech-
nician (Telecommunications), Postmas-
ter General’s Department.

TELECOM PRINCIPLES.

QUESTION 3:

(a)

A network of capacitors is con-
nected to a 60-volt, 796 c¢/s supply
as shown.

Calculate:

(1) The current through CI.
(2) The voltage across C2.

Clyjo2uF
i

.
it
O-25)F

C2pyo3puF
113

(b)

60V 796¢/s
)

The parallel network shown be-
low is connected to a 250 volt,
398 ¢/s supply.

Calculate:

Ny~ 00mH
| A A A A2500 ]

(1) The LINE CURRENT.
(2) The IMPEDANCE of the net-
work.

250V

§10°8MF
1

398¢c/s
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ANSWER 3 (a)

C1 + C2 =102 + 0.3 = 0.5uF

. one third of 60V — 20V across
combination (and C2) (X. would
be half that of 0.25.F capacitor)

At 796¢/s, « — 5000

1 106 106
Xl = = =
wC 5000 X 0.2 103
— 100022
I 20
] = — = — — 20mA.
X 1000

ANSWER 3 (b)

At 398¢/s, w =— 2500
o XL :wL—25OO X 100 X 1073
= 2500
] 106 106
b =2 =—=3 =y
wC 2500 < 0.4 103
— 100022
E 250
—_— = ——=1A
R 250
& 250
— 1A
X 250
E 250
= — ———==250mA
Xe 1000
I, — X, —= 1A — 250mA — 750mA

) [t \/IR2 + (II —— Ic)2

— v 10002 — 7502
—1250mA =i1.25A,
E 250
7 — — — ——— 2009
I 1.26
Answers—
(a) (i) 20mA (ii) 20V

(b) (i) 1.25A (ii) 200Q.

EXAMINER’S COMMENTS.

In part (b) (1) many candidates
merely added the branch currents to
find the line current, or used other
incorrect methods. If these candi-
dates had drawn a vector diagram
they should have been able to deduce
the correct method.

In (b) (2) many formulas were used
to find impedance from the component
values, including that for the series cir-
cuit. The method of using line cur-
rent and voltage is the simplest.

QUESTION 12:

(a) From the information shown below
calculate the attenuation constant

of the line.
Imw2~—(oLolNNEm_Es 4>odb godbm

(b) A transmission measuring set, with
a high input impedance, is cali-
brated to read power in decibels
relative to ImW in 600 ohms. In
the absence of a suitable meter, it
is terminated in 150 ohms and
used to measure the power input
of an amplifier designed to operate
into a 150 ohm load.

A reading of +25dBm is obtained
on the meter.

What is the actual power delivered
to the 150 ohm terminating re-
sistor?

ANSWER 12:
(a) ImW = OdBm,.

So amplifier ga'n = line loss =
10dB.
Line Loss
Atten. Constant = =
Distance
10
—— = 0.1dB/mile.
100
Z1
(b) Correction Factor = 10 log ——,
Z2
where
Z1 Calibrated Z

Z2 — Termination Z
600
. dB = 10 log — = 10 log 4.
150

= 6dB
As termination Z is lower than
calibrated Z, the correction factor
i1s added.
dBm = 25 4+ 6 = 4 31dBm.
Alternative Method.
If the above formula was not
known, the problem could be
solved by knowing that the T.M.S.
responds to voltage and convert-
ing the indicated voltage to power
in the 1509 termination as below.
Power indicated

dB
(mW) — Antilog ——
10
— Antilog 2.5
—=316.2mW
Voltage to produce this is 6002 —
/ 3162 X 600 >< 600
vP X R=
1000

— v199.7=14.14V.
This is the voltage across 1500
termination, so Power (150Q)
E2 14.142

R 150

200
= — x 1000
150
= 1333.3mW.
P1
dBm = 10 log —
1

10 log 1333.3
+ 31dBm

Answers:
(a) 0.1dB per mile
(b) 4-31dBm

EXAMINER’S COMMENT:

Part (a) was generally well an-
swered.

Part (b) Many candidates who at-
tempted this problem had wrong
ideas about the operation of a
T.M.S. and of the relationship be-
tween voltages and power of the
T.M.S. when correctly and incor-
rectly terminated. The first me-
thod shown was seldom used. The
other method, though longer, is
well within the time available for
the question.

Examination No. 5482, July, 1966, to
gain part of the qualifications for pro-
motion or transfer as Senior Techni-
cian (Telecommunication), Telephone,
Postmaster-General’s Depariment.

TELEPHONE EQUIPMENT.

QUESTION 4:

. (a) The nation-wide subscriber

dialling plan has a trunk access

code and a maximum of eight nu-

merical digits for subscribers’
numbers:

(1) Which digit is allocated as the

trunk access code?
(2) Give an example of a national

number for a subscriber
situated in a 7 digit local num-
ber scheme.

(3) Which is the “A” digit in your
answer to question 4 (a) (3)?

ANSWER 4:

(a) (1) The digit “O” is the digit allo-
cated as the trunk access
code.

(2) 03-630 7744.

(3) The “A” digit in the number
above is the first “3” which
follows the trunk access digit
I(O")

QUESTION 4:

(b) Explain briefly the difference be-
tween early choice routes and
final routes as used in the
context of automatic alternate
routing of telephone calls.

ANSWER 4:

(b) (1) An early choice route is one
for which one or more alter-
native routes are provided. It
provides a preferred direct
link between any two centres,
where it is able to carry a
portion of the traffic offered
more economically than the
alternate routes.

(2) A final route is one for which
no later choice alternate
routes are provided. It is
equipped with sufficient cir-
cuits to ensure that there is
only a small probability of
loss calls for the traffic of-
fered during the busy hours.
In this way it controls the
overall system grade of ser-
vice.

Traffic is first offered to the most

direct route, but if all circuits are

busy the call is routed by alter-
nate paths.

QUESTION 4:

(¢) In a numbering plan context what
is the difference between a local
number and a national number?

ANSWER 4:

(c) A subscribers’ national number
consists of an area code followed
by the local directory number. In
the example given in 4 (a), the
digits 03 form the area code and
the remaining digits 630 7744 form
the local number. For a call with-
in the same numbering plan area,
only the local directory number is
dialled. For a-call beyond the
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same numbering plan area, the
complete national number must be
dialled.

QUESTION 4:
(d) Explain briefly the effect on 2VF

signalling equipment if a break
period was not provided in the
N.U. tone from automatic ex-
changes.

ANSWER 4:

(d) The nominal frequency of the N.U.
tone (400c/s) is received by the
Amp. Limiter of the 2V.F. equip-
ment. Harmonics are produced,
and the 2nd harmonic of the N.U.
tone (400c/s) is received by the
the 750c/s tuned circuit, causing
a locking up of the signalling
circuit. The break in the N.U.
tone allows the release of the
trunk line relay set.

QUESTION 5:

(a) Explain briefly what is meant by
the following terms when used in
connection with trunking and
switching aspects of telephone
calls in automatic exchanges:

(1) “Pure chance” telephone
traffic.

(2) “Smooth” telephone traffic.

(3) “Grading.”

ANSWER 5:

(a) (1) Pure chance traffic is the type
of traffic generated by a large

number of subscribers who
make their calls independent-
ly of each other. This is as-
sumed to occur in primary
groups with more than 200
calling sources which has ran-
dom traffic peaks.

(2) After pure chance traffic has
passed through a number of
switching stages it loses its
randomness, due to the com-
bination of the various peaks,
and is said to be smooth. This
is assumed to occur at all
switching stages in Step by
Step other than the first
stage.

(3) Grading is a system of
interconnecting used on uni-
selectors or selectors which
aways test the trunks in
the same order of search.
It is a method of con-
necting outlets together so
that a group of switches is
given access to individual
trunks on the early choices,
but in the latter choices shares
access to trunks with other
groups.

QUESTION 5:
(b) Explain briefly why, for a given

amount of telephone traffic, more
switches are required for “pure
chance” traffic than ‘“smooth”
traffic.

ANSWER 5:
(b) With pure chance traffic, the num-

ber of switches provided is in-
fluenced largely by the traffic
peaks, with many switches idle be-
tween peaks. With smooth traf-
fick the peak traffic is much clo-
ser to the average traffic due to
the combining effect of the peaks
from various groups. The traffic
provision for smooth traffic is
therefore less.

QUESTION 5:
(¢) The short dashes given below re-

present sets of multiple bank out-
let contacts in an automatic ex-
change from a rank of switches.
Show how you would common the
outlets for a grading pattern in
a 6-group grading with an avail-
ability of 7 for 16 trunks compris-
ing 1 individual, 1 pair, 2 three and
3 common trunks per feed.

ANSWER 5 (c¢):

ESSE

“111iid

Cover size: 23%,” square plus
terminal pin projections: Dial
diameter: 2%”; Escutcheon: Oval
23" x 3”; Overall depth behind
panel: Single unit 2%,”, Double
Unit 3%,"; Mounting: 2 x 3%,”
holes 13" centre distance with
4" dia. centre hole.

struction.

The Ultimate in
Control Reliability!

ATTENUATORS
AND FADERS
by TRIMAX

The ‘Trimax’ Mode! G.45 Fader is a new design
evolved from experience gained over twenty years
of this type of manufacture, and features solid
non-staining silver alloy contacts, floating rotor with
three contact pressure points, optimum, permanently
maintained- contact pressure, rigid four pillar con-

Porous bronze main bearing, stainless steel spindle,
high quality phenolic resin stud plates with acetal
resin rotor bosses, diamond lapped contact surfaces,
positive knob stop in addition to individual rotor
stop, high stability resistors.

PTY.
LTD.




i THE TELECOMMUNICATION JOURNAL OF AUSTRALIA February, 1967

Today — Australia is experiencing one of its
most dramatic progressions in advanced
communications, not only within the conti-
aent, but internationally as well.

Since 1960, Collins Radio Co. (A/asia) Pty.
Ltd. has played a major role in this develop-
ment: with the supply and installation of

complex electronic equipment and systems to S =5 7 Yook : =t
Australian communication technicians, trained in the United States, assist in the check-out

Australia’s Defence Departments, other ?:;;?Oc::tral control of the Orroral Valley Space Tracking Station’s complex clectronic

Govetnment Departments, and Commercial

Aialiaes COLLINS RADIO CO. (A/asia) PTY. LTD., 327 Collins St., Melbourne. Tel. 61 2628

With the recently-completed Space Tracking COMMUNICATION/COMPUTATION/CONTROL.

Station by Collins in the Orroral Valley,

Ausfraha.n installation technicians now join 7N
Collins in the vanguard of modern com- COLLINS
N/

munications with the most advanced elec-

tronic equipment in the world.
1272

COLLINS RADIO COMPANY/DALLAS, TEXAS o CEDAR RAPIDS, IOWA e NEWPORT BEACH, CALIFORNIA e TORONTO, ONTARIO.

Bangkok, Beirut, Frankfurt, Hong Kong, Kuala Lumpur, Los Angeles, London, Melbourne, Mexico City, New York, Paris, Rome, Washington, Wellington.
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L M ERICSSON PTY. LTD.

AUTOMATIC TELEX

FOR A WHOLE CONTINENT

The Telex network for the whole Australian Continent
became fully automatic on 26th June, 1966, when the
automatic switching equipment, supplied and installed by
L M Ericsson Pty. Ltd., was taken into service.

This modern Crossbar system offers facilities such as
charging zones being independent of trunking, keyboard
selection, Telex signalling for digital information between
exchanges, conference and broadcast calls, tape pro-
grammed testing, and many other outstanding features.

L. M ERICSSON, A WORLD-WIDE ORGANISATION, OPERATES IN

MORE THAN 80 COUNTRIES THROUGH ASSOCIATED COMPANIES
OR AGENTS. WORLD HEADQUARTERS IN STOCKHOLM, SWEDEN.

L M ERICSSON PTY. LTD. {5i¥5inctm" ave., RUSHCUTTERS BAY: NS, 31 0041
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From storm centre

to weather centre

A.S.C. Cables are the irhportant link . .

Gale force winds and huge seas are blast-
ing Magnetic Island, off the coast of
Townsville. The local Weather Bureau field
officer reaches for the telephone. Within
seconds the Bureau’s Central Office has
received the information, plotted the direc-
tion of the storm and issued warnings to
the towns in its path.

Weather observations made throughout
Australia are transmitted via the P.M.G.
to the Weather Bureau Central Office by
teletype and telephone. Austral Standard
Cables — makers of Australia’s telephone

Austral Standard Cables Pty. Limited

cables — provide the link between the
Bureau’s Central Office and the 7,766 divi-
sional and field offices and rainfall obser-
vers.

A.S.C. have supplied more than 5 million
miles of telephone cable to the Australian
Post Office. Among the many other com-
munity uses of A.S.C. cables are hospital
emergency telephone systems and water
control in the Snowy Mountains Scheme.

Austral Standard Cables for safe, sure
communication.

Works at Maidstone and Clayton, Victoria. Liverpool, N.S.W., and Hornby, Christchurch, N.Z.

ASSR
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Some plain talk from Kodak about tape:

SIGNAL-TO-NOISE RATIOS,
SATURATION OUTPUT
AND UNIFORMITY

Modulation noise, jocularly referred
to as “mud”, is the most discrimin-
ating test of sound tape. A close
" look at the “mud” that forms the
lower limit of the dynamic range
reveals that the recorder’s electronic
and transport systems are respon-
sible for the lion’s share of noise.

By noise spectrum analysis we can

examine noise level (in dbs) at
every frequency. Look at the graph
below.

(H Wy

+
o 1.000 15.000
FREQUENCY

TOTAL NOISE SPECTRUM

DB.

Note that there is a much higher
" level of modulation noise-at 1,000
cycles than at 15,000 cycles. This
indicates — to us, anyway — that
a single-frequency modulation noise

test is not the most meaningful in

terms of a noise spectrum. We use
two frequency bands: 0-1000 cps
and 1000-15,000 cps to provide us
with a low-frequency s/n ratio and
a high-frequency s/n ratio.

This is a much tougher test than
using. a single frequency or integrat-
ing the entire spectrum. The fol-
lowing chart shows the cffect.

Notice how taking a modulation
noise average for the entire spec-
trum results in a figure that is
lower than the L.F. figure and

K1ads Motion Picture and Education Markets Division KODAK (Australasia) PTY. LTD.

UNDISTORTED
ouTPUT

AVERAGE
FOR L.F,

OVERALL A,
AVERAGE,

AVERAGE
FOR H. F.

1,000 15,000
FREQUENCY

higher than the H.F. figure. How
is this important? Here’s how. If
we use the modulation noise level
from the low-frequency range (A)
we get a poor dynamic range and
signal-to-noise ratio. We get a mod-
erate one from the average (B) and
a great one from the H.F. figure
(C). There are those who would
measure from C and publish this
as the performance of their tape.
Let them. We measure low-frequency
and high-frequency mud and still
come up with a dynamic range that
is often as much as 6.5 db better
than conventional tapes in the L.F.
area. 1.5 db better in - the  H.F.
range — even when they use their
lowest figure. We are pretty proud
of our silence. Shhhhh is the word
at Kodak.

Here’s how we test for saturation
output. We increase the input and
monitor the output. When we reach
a point where the output no longer
increases with the input, we know
that we have reached saturation,
which is the point where every avail-
able oxide particle in the layer
has been polarized.

As a test it does not have earth-
shaking implications, but it does tell
us about how many oxide particles

are present, which is actually a
measure of the thickness and par-
ticle density of the oxide layer. We
get a figure in db and can use it
to accomplish some pretty tight
quality-control over oxide coatings.

We're pretty proud of that control,
too . . . and with good reason. We
make our taps so that we are well
within the rigid specifications wc
publish. At Kodak, uniformity is
a way of life. When we say sensiti-
vity varies no more than * % db
within a roll and = % db from roll
to roll, we really mean it! This is
only the uniformity of the low-fre-
quency signal. We check high-fre-
quency uniformity as well. In that
way we can keep close tabs on the
uniformity of the oxide thickness
and the uniformity of the oxide
surface.

But uniformity is more -— much
more — than just a word. It has
plenty of practical significance. For
instance, uniformity within a roll
assures constant frequency response,
balanced output for all recording
tracks, and freedom from “drop-
outs”. Reel-to-Reel uniformity per--
mits inter-reel splicing without ob-
vious changes in the level of the
recorded signal. And for the profes-
sional, it means that he can find
one optimum bias level for all rolls
of tape.

You can do all these things with
Kodak tape. In fact, we’re so proud
of the uniformity of our product.
right

we put our name on it . . .
there on the beck of the tape!
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The Sydney Mail Exchange is
of the largest in the world. Sev«

floors provide a total area of

700,000 sq. ft. with full air-
conditioning on all equipment
floors. All classes of mail from

j 1 . and to locations in New South
. LA i — _' = Wales are sorted in this buildin
ACHIEVEMENT Eas|

i, e e
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In the Sydney Mail Exchange automatic letter-sorting
system, letters are coded for sorting to thousands of
destinations in a step-by-step process which separates
the letters into 30 different selections at each stage.
This unique system is the result of more than 4
years’ intensive development by engineers of the
Australian Post Office and Telephone & Electrical
Industries Pty. Ltd.

The illustrations in the following pages show main
items of equipment during installation and commissioning.
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ting the suites of coding
chines prior to commission-

Unsorted mail is conveyed at 600 ft.
per minute to the storage stackers
located above each operator’s posi-
tion. The stackers are replenished
automatically to ensure continuity
of operation,

The first working model was tested in 1964
and the entire installation, comprising 150
operators’ coding positions, 20 decoding
machines and associated transfer conveyors,
was completed for commissioning in 1966.

The simple step-by-step break-up in separate
stages, each of 30 separations, gives maximum
flexibility of equipment layout and greatly
simplifies the mechanical problems associated
with automatic letter-sorting to a large number
of destinations.
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After coding the letters are
separated into 30 channels and
discharged on to floor conveyors
leading to the decoding
machines.

The register trans-
lator equipment and
control console.

The heart of the coding system is the electronic
register translator. TEI, as 2a member of the
world-wide Plessey Group of companies,

had access to the results of research and
design work carried out by the Automatic
Telephone & Electric Company of Liverpool,
England, in the use of magnetic drums for
information storage and translation.

These basic principles were developed by TEI
for the particular purpose of receiving key-
coded information {rom the operators’ positions,
its storage and recognition by the drum
equipment, translation and final command
instructions to the operators’ code printers
and primary sorting equipment.
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A Decoding machine. These letters
have been sorted automatically to
their final destination and are
bundled for despatch.

In addition to the assistance and co-operation of the Australian Post Office engineers throughout
the whole project, TEI gratefully acknowledges the work of the many sub-contractors who made
possible the completion of this project in the shortest possible time.

Associated Companies Automatic Totalisators Ltd.

of the Plessey Group C.W.M.A. Marine

Plessey Telecommunications: — Dept. of Supply, Small Arms,

Automatic Telephone & Electric Co. Lid. Lithgow

Liverpool, England Dudley Engineering Pty. Ltd.

Plessey Components: — Electrical Installations Pty. Ltd.

Rola Co. (Aust.) Pty. Ltd. I‘Ijlairiy (%/ AI—SIia)‘lftyc.l ktd.t Ptv. Ltd
awker De Havilland Aust. Pty. 3

Ducon Condensers Pty. Ltd. LB.L. Products Pty. Ltd.

Other Major Sub-contractors Marshall Conveyors (Aust.) Pty. Ltd,

Albion Gear Co. Pty. Ltd. Philips Electrical Pty. Ltd.

American Machine & Foundry Co. Pitney-Bowes Incorporated

fAust.) Pty. Ltd. Plycraft Pty. Ltd.

Plessey Telecommunications

TELEPHONE & ELECTRICAL INDUSTRIES PTY. LTD.
Railway Road, Faraday Park, Meadowbank, N.S.W. 80-0111
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the KEY to better switching

Fifty years of specialist experience is the Actual size of a
reason why switches designed and manufac- i TMC Illuminated
tured by TMC Australia are specified by lead- Spbivﬁ?éiuttOAf\lla“aKﬁg
ing electrical and electronics manufacturers. — =) with magnetic hold
Other manufactures of TMC Australia are: I |§1 114 RN s el o
24-channel High-speed FM-VF Telegraph

Equipment, Open-wire Telephone Carrier
Systems, Transistorized Test Instruments.

TMC Australia specialises in the design and ’
manufacture of Filters used with Long Line TMC Key Switches by the Key Switch Specialists

Telecommunications. B Al

TELEPHONE MANUFACTURING CO. [A'ASIA] PTY. LTD.
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Who’s taking bread out of the mouths of carrier pigeons?

CHANCES ARE IT'S TCA . . .

Chances are, that when you make a trunk line call, (%
when you ride in a radio-controlled taxi or service (%

car, when your aircraft contacts base—you’re being served by
TCA equipment.

Chances are, too, n ;’i‘ = the power-transmission lines that
channel electricity .- (’0 ~ to your home, the traffic lights
that intersect the car-laden highways and the police cars that

patrol them, are all part of a TCA-assisted pattern. .

Did you know that rainfall in the remote - m areas of
Northern N.S.W. is automatically reported "5\5-@ over TCA

apparatus—and that the development of the mineral-rich
Mt. Goldsworthy is being aided by TCA mobile communications

LEADERS IN THE FIELD OF COMMUNICATIONS

—the same type of systems and equipment that are being used in
New Guinea, Indonesia, Malaysia, Thailand, Pakistan, Ceylon,
South Africa, Rhodesia, Zambia and New Zealand. . . .

The truth is TCA’s prominence in the field of
electronic- TT TT based communications systems is aiding
all phases of Australian development as well as contributing
significantly to the national export drive. . ..

Backed by the global-operating PHILIPS company,
TCA has branches in all States and plants inSydney,
Adelaide and Hobart—and it is supported by extensive local
research and development facilities and access to overseas
know-how.

TELECOMMUNICATION COMPANY /\/“FU\J OF AUSTRALIA PTY. LIMITED

BRISBANE o SYDNEY o MELBOURNE o

\Y
HOBART

A division of Philips Industries Pty. Limited

e ADELAIDE o« PERTH o« CANBERRA
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Talking point

Design conscious but supremely TheSTC Deltaphoneis particularly Write for full details to

functional—the new STC suited for use in homes, hotels, Standard Telephones and Cables
Deltaphone represents an reception lounges and ‘front Limited, Telephone Switching
entirely new approach to offices’, where harmony of design, Division, Oakleigh Road,
telephone design. A choice of functional elegance and prestige New Southgate, London, N.11,
restrained colours, lightweight  are essential. As well as its England. Australian Associates:

handset, electronic tone caller superb modern appearance, fitto STC Pty., Ltd., 252-274 Botany
with volume control, optional dial grace any expensive service flat, Road, Alexandria, Sydney.

illumination, compactness... the basic economies of space and 314 St. George’s Road,
everything new! effort give this new telephone Thornbury, Melbourne. 39 Empire
utmost utility in offices and Circuit, Forrest, Canberra.

other business premises.

High technical specifications
match the trend-setting symmetry
of this truly new telephone,

ITT world-wide telecommunications and electronics

64/5D
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Mullard e

Mullard-Australia Pty. Ltd. Associated with

35-43 CLARENCE STREET, SYDNEY, N.S.W., 29 2006. 123 VICTORIA PARADE, COLLINGWOOD, N.5, VIC,, 41 6644. MULLARD LIMITED, LONDON
M166
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The expedition, under the command of John McDouall Stuart

—C_]

Mam&u
,‘ . Mﬁmﬂ&»{,mﬁﬁ;

%Mmm;m&%')

on 8th January 1862.

From originals held in the Archives
Department of the Public Library of
South Australia.

leéviﬁg Chambers Creek

Point Stuart, where the coast was first reached on 24th July 1862

Over 100 years ago, the South Australian govern-
ment offered £2,000 to the first person to cross to
the Northern part of the continent. One of the main
reasons for doing so was to bring about the prop-
osed link with the cable andtelegraphlineto Europe.

The reward was eventually won by John McDouall
Stuart, who succeeded in finding a route across the
centre of Australia on his sixth and final expedition.

More than a century later, a new £3,200,000 trans-
continental microwave communications system,
linking eastern and western Australia, is to be sup-
plied by G.E.C. (Telecommunications) Ltd., of
Coventry, England. The system, one of the longest
civil microwave links in the world, will be in service
in 1969. By this date, telephone traffic over the 1500
mile route linking Perth and Adelaide—as far apart

as London and Moscow—will amount to about one
million calls a year.

Initially, the system will grovide two bothway radio
bearer circuits, one main and one standby, with a
capacity of 600 telephone circuits. The standby
circuit may also be used to provide a television link
giving a nationwide T.V. network. In addition a
separate T.V.link willbe provided between Northam,
near Perth, and Kalgoorlie.

Comp!etely semiconductored equipment, operatmg
in the 2000 Mc/s frequency band, will ensure maxi-
mum reliability and minimum maintenance of the
equipment throughout the mainly virgin country
which it will traverse. Over a hundred years after
John McDouall Stuart’'s achievement, G.E.C.
(Telecommunications) Ltd. will forge new links
across the continent.

Takes telecommunications
into tomorrow

G.E.C. (Telecommunications) Ltd., of Coventry, England
Represented in Australia by
I G.E.C. {Australia) Pty. Ltd.,

February, 1967

104-114 Clarence Street, Sydney, N.S,W.
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"EXISTING LINES ONLY 2 CONVERSAT

The number of conversations that can be carried over existing telephone cables
can now be dramatically increased using the Pulse Code Modulation System
developed by G.E.C. (Telecommunications) Limited.

G.E.C. have been working on the new system for about three years, and following
extensive field trials in public service carried out by the G.P.O., P.C.M. systems
are to be installed initially on about 70 links in Britain’s telephone network.

The system enables cable circuits at present carrying only two conversations to
carry 24 conversations, power-fed repeaters being installed at 2000-yard
(1800-m) intervals to amplify the signal. The system is particularly suitable for
towns and cities where it is more economical to expand the capacity of existing
cables using P.C.M. equipment than to undertake the costly operation of laying
additional cables.

High-quality speech circuits are proviaed even in areas subject to high noise
conditions.

Takes telecommunications
9 é‘ C’ into tomorrow
f : J : G.E.C. (Telecommunications) Ltd., of Coventry, England
Represented in Australia by

G.E.C. (Australia) Pty. Ltd., 104-114 Clarence Street, Sydney, N.S.W.
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It means a company (the largest in Japan)
specializing in the fields of telecommunications
and electronics.

It means a company capitalized at US$ 55.6
million, employing 30,000 workers spread over
4 plants.

It means a company whose equipment is
used all over the world and whose sales and
service network extends to more than 10 major
cities of the world.

P.0. Box 1, Takanawa, Tokyo, Japan.

What this trademark means to yo '

Two of our recent achievements were: @ The
installation of a satellite communication ground
station that culminated in the global TV cover-
age of the Tokyo Olympic Games.® The practical
application of an electronic exchange and 24
channel PCM carrier telephone system.

For télecommunications and electronics, con-
sult NEC, the organization with the widest range
of systems and components in the industry.

Products for today
Innovations for tomorrow

Nippon Electric G omparty, L1d,

February, 1967
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POST COUPON NOW

Please forward details of full range ELCO
VERICON* connectors.

e
\‘ ELLT -

NAME ...
ADDRESS ...
ELCO (AUSTRALASIA) PTY. LTD.
(a subsidiary of International Resistance Holdings Ltd.)
THE CRESCENT, KINGSGROVE, N.S.W. STATE

Telephone: 50-0111 (20 LINES)

IRC/67.S
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SIEMENS

A comprehensive range of ferrite pot cores with diameters extending from

°
Fe rrlte 5.8 to 70 mm is manufactured. The pot core consists of two Siferrit halves
into which the coil former with winding is fitted. Each set of cores is supplied

Pot as a pair, and is generally provided with an air gap. This air gap is
obtained by symmetrically grinding away the centre bosses of both halves,

‘ ores and has the purpose of decreasing losses and achieving close inductance
tolerances. The required inductance is then set by an adjustment element.

SIEMENS INDUSTRIES LIMITED

MELBOURNE: 544 Church Street, Richmond. 42-2371

SYDNEY: 8 Mount Street, North Sydney. 92-0966

BRISBANE: 294 St. Paul's Terrace, Fortitude Valley. 51-5071

NEWCASTLE: 16 Annie Street, Wickham. 61-4844 SH225
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Service telephone subscribers with
information on the latest news, sporting
details, weather,stock exchange news,
advise number changes, discontinued
services, new services,

identify location,fault and other
predetermined conditions with

PLESSEY

Automatic voice
announcement
equipment

xviii

auto announcer multi channe! AVAE variable message repeater

The extremely reliable and economical Engineered to the highest standards, The heavy duty VMR provides

Auto Announcer is ideal for announcing the AVAE provides up to 24 separate announcements of up to 3 minutes

area identification, fault conditions and 15 second channels each capable of duration with immediate recycling at the
other short messages. Readily feeding 100 telephone lines. Suitable to end of the message. News, weather,
interchangeable recording drums allow advise telephone subscribers of sporting and other information services
the use of one record unit for many number changes, discontinued services can be recorded by unskifled operators
replay units. d ice i i i i

ly and

Plessey Components Group
Rola Division The Boulevard
Richmond E1 Victoria Telephone 42 3921
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s Stop Press! Since this photograph was taken this number has jumped to 167

For complete information and demonstration, call your Field Engineer.

THRKTRONIX

Sydney: 4-14 Foster St., 211-2666. Melbourne: Suite 20, 67 Queens Rd., 51-1592. Adelaide: 263 Gﬁbert St., 51-1395

4264



EPOCOR

the new name for

epoxy/copper

laminated circuit

boards. ..
now made in

Australia by STC

Manufacturers of electronic
eguipment can now depend
on /immediate delivery of their
requirements in laminated cir-
cuit boards. STC is now manu-
facturing Epocor  (Epoxy/
copper) circuit boards in Syd-
ney, in a full range of standard
sizes, from 1/64” to 1", to
MIL. specifications, at a price
which is competitive with
imported boards. The epoxy
board, much more stable than
bakelite, is virtually unbreak-
able. Standard sheets are 18"
x 18" or 36" x 36". Sheets will
be cut to any size required.

Single-sided or double-sided
copper sheathing (of 1 oz. or
2 oz. per square foot) or plain
{with no copper). The product
offers high electrical proper-
ties, high temperature range.
Special orders on application.

Further information from: Standard
Telephones and Cables Pty. Limited,
Components Division, Moorebank
Avenue, Liverpool, N.SW. Phone:
602.0333. Melbourne 44.5161, Can-
berra 9.1043. Agents in Brisbane
47.4311, Perth 21.6461. Adelaide
51.3731, Launceston 31.2511

g ITT
worldwide telecommunications and electronics

ASSOCIATE




expanding

to match the growth in commerce
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