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COMPUTERS AND COMMUNICATIONS - THE PRESENT AND THE FUTURE 
P. S. BETHELL, B.Sc., Dip. P.A., M.I.E. Aust.* 

Editorial Note: This paper was pre 
sented at Brisbane in June, 1970, at a 
Data Transmission Conference organ 
ised by the Electrical and Electronics 
Board of the Institution of Engineers, 
Australia. It· is reprinted by the kind 
permission of the Institution. Some 
other papers presented at the Con 
ference will be published in subsequent 
issues. 

THE COMMUNICATIONS 
EXPLOSION. 

It is worth reflecting that our most 
common medium for telecommunica 
tions - the telephone - has been in 
existence for somewhat less than 100 
years. In fact,, even 50 years ago the 
telephone was still something of a 
novelty with less than 200,000 tele 
phone lines in service and the tele 
phone density about four to each 
hundred of population. The number 
of telephone services is now (June, 
1970) approximately 2¾ million and 
the telephone density has risen to 
more than thirty per hundred of pop 
ulation. 

As yet there appears to be no ten 
dency for the rate of growth in tele 
phony to diminish; on the contrary, 
the rate of growth for several decades 
has been of the order of 5 to 6 per 
cent., but in the last year this had 
increased to 6.4 per cent., and in the 
current year it seems likely to exceed 
7 per cent. If we look at the long 
distance network we find that only a 
few years ago the typical rate of 
growth was of the order of 6 to 8 per 
cent. per annum, but in the past three 
years this has increased into the range 
of 12 to 15 per cent. In the interna 
tional sphere the growth is even more 
marked; international calls from Aus 
tralia currently growing at 25 per cent 
each year. 
Assuming the current rates of 

growth in telephony were to continue 
until the year 2000 A.D. we would 
have: 

160 telephones per hundred of popu 
lation; 

a trunk network 40 times the size 
of that now existing; 

an increase from 200 to 1100 in the 
number of calls per year per 
head of population; 

30 per cent. of the calls long dis 
tance; 

40 times as many international calls 
per head being made each year. 

It is clear that in terms of voice 
communications, this rate of growth 

• Mr. Bethell is Assistant Director General, 
Fundamental Planning, H.Q. 

cannot continue indefinitely, but will 
begin to diminish in the future. Al 
ready in countries like Sweden and the 
United States, where telephone de 
velopment is appreciably higher than 
in Australia, the rates of growth are 
lower. 

IMPACT OF DATA TRANSMISSION. 

The arguments in the preceding sec 
tion suggest . that there will be a re 
duced rate of growth of voice commu 
nications, but this does not mean that 
the growth of telecommunications in 
general will diminish. In fact it ap 
pears likely that any slackening in the 
demand for voice services will be 
more than offset by the demand for 
other forms of communication, par 
ticularly data transmission. Some of 
this growth will be taken by the 
ordinary public telephone network, 
some will be on private lines and some 
on new, special purpose, switched 
networks. 

At the end of 1969 there were about 
400 data terminals in Australia con 
nected to Post Office lines and it is 
estimated that these will increase by 
at least a factor of ten by 1974. There 
are indications from other parts of 
the world that this type of growth will 
continue much later than 1974. In 
the United Kingdom, where there were 
4000 data terminals in 1969 - more 
than twice the density of Australia - 
it is estimated that the number will 
grow to 40,000 by 1974. In the U.S.A. 
the present density is much higher 
again, but it is still expected to grow 
by a factor of ten within five years. 

A factor which should offer a guide 
to the growth of data transmission is 
the number of computers in operation. 
In Australia the number of computers 
in service has increased by a factor of 
about three in the past five years and 
indications are that this rate of growth 
will continue. However, the average 
computing power of these machines is 
steadily increasing, and. taking into 
account new modes of use, the extent 
of data transmission use would be 
increasing at an appreciably higher 
rate. 

In terms of the total information 
being handled by the communications 
networks it has been estimated that, in 
the United States, the data traffic will 
be occupying as much communications 
capacity as all of the traffic between 
people bv 1975. If this estimate is 
correct, we might expect that a similar 
situation could be reached in Australia 
by 1980. 

THE MARRIAGE BETWEEN COM 
PUTERS AND COMMUNICATIONS. 

The last decade has seen dynamic 
change both in computer technology 
and in the range of computer applica 
tions. Ten years ago computers were 
being used on a reasonable scale in 
two main areas. They were used as 
a tool by scientists, engineers and 
mathematicians for the solution of 
problems which, by their magnitude 
or complexity, could be handled better 
by computer than by manual methods. 
They were also used in the field of 
business to replace some of the repeti 
tive clerical functions in areas such 
as accounting, payroll preparation and 
stock control. In both cases informa 
tion for processing was prepared on 
punch cards or paper tape and taken 
physically to the computer bureau. 
The computer operated in a batch 
mode and dealt with only one user and 
generally one type of process at any 
one time. 
While computers were being used in 

this mode, there was little requirement 
for data transmission; as no dynamic 
interaction occurred between the com 
puter and its environment (e.g., inquiry 
and response). In a few cases, the 
time factor dictated that media should 
be transferred to or from the computer 
by line transmission as an alternative 
to physical transportation, but in most 
cases the economics were against it. 

The Bpace age brought with it a need 
for instant response, higher speeds and 
large storage capacity. Whilst im 
provements in technology were able to 
meet these requirements, the resultant 
higher costs for the larger computers 
dictated that in many cases they could 
only be used economically with more 
than one simultaneous user. Since the 
average cost of computing power 
tended to decrease with larger ma 
chines, conditions favoured the concept 
of shared use through remote access 
facilities. The ability to undertake 
more complex computations, and the 
massive storage and retrieval facilities 
on the larger machines extended the 
computers' range of application to 
embrace a wider spectrum of users. 
At the same time, sufficient real time 
capacity was available to carry out 
line terminating functions essential for 
remote access. 

Thus, the mating of communications 
with computers is leading to much 
larger and more complex computer 
systems. At the same time, there 
have been parallel developments of 
more sophisticated and varied peri- 

BETHELL - Computers and Communications 



200 THE TELECOMMUNICATION JOURNAL OF AUSTRALIA October, 1970 

pheral equipment for remote termina 
tions. It has become practicable for 
large organisations, whose operations 
are widely spread geographically, to 
make use of centralised computers 
covering many types of application. 
Smaller organisations are able to share 
common computers s,o that, with 
access to communications lines and 
only relatively inexpensive terminal 
apparatus in their own premises, they 
have the same facilities as if owning a 
large scale computer. 

DEVELOPMENTS IN TIME-SHARING 
AND ON-LINE OPERATION. 

With widespread use of data ter 
minals in user locations, generally each 
terminal is used only intermittently. 
Under these conditions it is unecono 
mic to provide a direct line from each 
terminal to the computer owing not 
usually to line costs (at least in local 
networks), but to the relatively high 
cost of line-terminating computer 
hardware and a wasteful use of com 
puting time. The now well-estab 
lished time-shared services have over 
come this problem by use of the 
switched telephone network. Cus 
tomers with data terminals use their 
telephone to gain access to the com 
puter via the public network and then 
switch over to data operation. The 
lines from the computer into the 
switched network need only be pro 
vided on the basis of the number of 
simultaneous calls which are to be 
handled. 

Existing time-sharing systems of this 
form use, as data terminal devices, 
teleprinters (or their equivalent), ope 
rating at line speeds of less than 200 
b.p.s. (The normal arrangement is a 
keyboard with page printing and an 
option of tape perforating.) These 
terminals are designed to operate in 
conversational mode and are suitable 
for a wide range of problem-solving 
applications. There is no doubt that 
there will be continued growth in de 
mand for this facility. 

Time-sharing as just described is 
not suitable, nor is it the most econo 
mic means, of carrying out large-scale 
processing of the type now frequently 
undertaken in an off-line mode at a 
computer bureau. The sheer volume 
of input and output data for large-scale 
applications demands higher speeds 
(600/1200 b.p.s. or 2400 b.p.s.) and 
larger storage and computing capaci 
ties than would normally be available 
on a time-shared service. 
A remote processing terminal may 

require a number of data machines 
possibly of more than one type to be 
connected to the data line, e.g., card 
readers, punches, tape-readers or 

printers. Generally the only satisfac 
tory means of utilising the full line 
capacity is to use at the terminal a 
device which incorporates some stor 
age which can communicate with the 
computer at the full speed capability 
of the line. With such arrangements 
one has, in essence, a distributed 
computer system: main processing is 
undertaken centrally, but limited func 
tions are performed by control devices 
in the various remote locations. 

Control devices used in remote loca 
tions take various forms depending on 
the requirements and on the particular 
type of operation being performed. 
Here are some examples: 

Groups of cathode ray displays are 
normally connected to a 'controller.' 
This is usually a relatively uncom 
plicated device providing the basic 
storage for the screens, polling of 
the various terminals to enable them 
to send to line in sequence, and 
selection of the particular terminal 
which is addressed by messages from 
the line. 
A remote line printer requires a ter 
minal device to enable characters 
wh1ch are received sequentially from 
the transmission line to be assembled 
into printing Jines. This operation 
also involves exchange of some con 
trol signals with the computer. 
When various forms of data device 
are required at a single terminal the 
controller must perform the appro 
priate control functions for each 
type of device, e.g., card-readers, 
tape-readers, keyboard entry sta 
tions, etc., as well as providing the 
appropriate interface to the trans 
mission line. 
The form of the 'black box' for use 

in the remote premises may vary 
widely. In the simplest case it is 
merely a special purpose controller 
and in the more complex cases it is, in 
itself, a small computer. One form of 
general purpose device which is now 
coming fairly generally into use is 
one which employs magnetic tape as 
the storage medium. On the one hand 
it is capable of sending and receiving 
data on the transmission line and on 
the other hand exchanging data with 
different forms of terminal device in 
an off-line mode. 

FUTURE TRENDS. 

If we look into the future we will 
find that patterns of computer usage 
and technological change will be in 
evitably interlocked. Considering first 
the usage pattems, it is clear that 
there will be much wider use being 
made of computers. as computing 
power becomes cheaper and facilities 
for shared use of computers are de- 

veloped. Changes are likely to be 
characterised by: 

(a) In business more extensive com 
puter use within the types of 
functions now being undertaken, 
but also a steady increase in 
the types of functions, particu 
larly in the management area. 

(b) Many future computer systems 
will be characterised by the 
existence of very large data 
files. These may be set up 
purely for information retrieval 
purposes, but in many cases 
they will be readily available 
for other processing functions. 
The file data would otherwise 
have to be inserted each time 
the processing run is under 
taken. These large data files 
will characterise large in-house 
computer systems, but in many 
cases they will be set up to 
satisfy the requirements of par 
ticular groups within the com 
munity, such as lawyers, doc 
tors, hospitals, librarians, etc. 

(c) There will be a much more 
widespread use of computers in 
education. In the first place 
there will, of course, be a need 
to teach computer science much 
more widely. Also computer 
aided instruction will become 
much more general and compu 
ters will become a generally 
available tool for students for 
their problem solving. It wil1 
be impossible for every school 
and teaching institution to have 
its own computer; so these 
developments must lead to 
large-scale use of data trans 
mission facilities. 

(d) There will be a progressive in 
tegration of various computer 
systems into one large system. 
For example, integration in the 
banking area could reduce phy 
sical transfers of documents 
and money-possibly a cheque 
less society. In this society 
when a customer makes a pur 
chase from a firm all he will 
need to do is to produce his 
identification card, - which can 
then be used not only to check 
his credit rating, but also to 
initiate transfer of the appro 
priate amounts from his account 
to that of the firm. With 
such integrated systems one 
can envisage in the future the 
possibility of the decentralised 
office in which individual wor 
kers may remain in their own 
homes and carry out their work 
by means of a data terminal. 
The computer is also likely to 
be accessible from the home for 
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the housewife herself who will 
use the data terminal to order 
from the supermarket from a 
catalogue. 

Technological changes, apart from 
those within the computers themselves, 
are likely to take place in two areas~ 
in speeds of transmission and in type 
and variety of terminal devices. 

Considering first transmission 
speeds, it is now practicable and com 
mon for data transmission to take place 
at 2400 bits over voice channels. 
Within the next year or so in Aus 
tralia, we will also be using transmis 
sion at 4800 bits and it is generally 
accepted that by the end of the 1970's 
9600 b.p.s, on voice channels will be 
common. Although prices of modems 
increase steeply with their speed, there 
is a tendency for these prices to fall 
with time. In this country, with its 
long distances and consequent rela 
tively high line costs, customers will 
tend to cope with steadily increasing 
data transmission business by using 
modems of higher speed. However, 
there will continue to be a steady de 
mand for modems operating at 200 
b.p.s. for time-shared applications in 
which advantage cannot be taken of 
higher transmission speeds. 

Speeds higher than 10 K.b.p.s. will 
require wideband circuits which are 
already available in Australia on many 
routes. The C.C.I.T.T. has already 
standardised on modems to operate at 
48 K.b.p.s. on wideband analogue cir 
cuits of 48 Khz (equivalent to 12 tele 
phone circuits). Transmission at these 
speeds will generally be required only 
for computer-to-computer operation. 

Another development which could 
affect data transmission techniques 
will be the progressively more wide 
spread use of pulse code modulated 
(PCM) systems. These systems ope 
rate on the principle of encoding 
speech for transmission in digital form. 
This is the reverse of the process now 
employed for data transmission, where 
digital data is converted to analogue 
form for transmission on a telephone 
line. Since with PCM on present 
techniques one speech channel consists 
of a data stream of approximately 56 
K.b.p s., PCM systems provide poten 
tially large numbers of high speed 
data channels. Early use of PCM 
will be in the local junction network 
over relatively short distances, but it 
is forecast that ultimately PCM sys 
tems will supersede the present 
analogue frequency division type 
systems. 
As regards terminal equipment, 

there is no doubt that these will 
continue to proliferate as they have 
done in the past. At this stage, how 
ever, there are certain probable de- 

velopments which are worth some 
comment. 

One of the major changes in the 
telephone which is likely to occur on 
a wide scale during the 1970's is the 
introduction of push-button selection 
to replace the traditional rotary dial. 
The version of the push-button tele 
phone most likely to gain general 
acceptance is one which sends the 
digital selection data by means of 
multi-frequency tone signals. Clearly 
the tone signalling arrangements in 
the telephone are really a built-in 
modem which would enable the selec 
tion buttons to be used after the 
setting-up of the call for data sending. 
Although the push-buttons would nor 
mally represent only numerical 
characters, two additional buttons can 
be provided to send a further two code 
combination which may represent spe 
cial functions or be used to modify 
the meaning of the numerical buttons. 

Computers can be programmed to 
respond to such devices by means of 
selections of pre-recorded words, thus 
eliminating the need for any special 
data reception attachment. The wide 
spread use of push button telephones 
clearly will open the way for the use 
of data transmission techniques from 
almost anywhere. Thus it will put 
the small retailer, the housewife, the 
travelling salesman and the public in 
general within reach of computers. 
A telephone attachment which would 

enhance the utility of the push-button 
phone as a data sending device is the 
automatic dialler. One version uses 
small punched cards to automatically 
dial commonly used numbers. Such 
cards could also be used as data 
sources and would be particularly use 
ful in providing, for example, customer 
identification sequence or special 
message formats required by a com 
puter. 

Another development in the tele 
communications area which may have 
far-reaching consequences in the data 
transmission business is the T.V. tele 
phone. Whilst this will be designed 
primarily for transmitting pictures 
from person to person, the possibility 
obviously exists for using the same 
screen for displaying digital data from 
a computer. 

In the area of printing two possi 
bilities are worth mentioning. At 
present there are cheap forms of data 
sending, but printing tends to be rela 
tively expensive. There is therefore 
scope for development of a very cheap 
printing device which may be used in 
association with a low cost sender 
such as the push-button telephone. 
There is also a need for development 
of a medium speed printer at reason 
able cost. At present there is a gap 

in the range between character prin 
ters, operating at speeds generally 
less than a thousand characters per 
minute and line printers which operate 
at upwards of 36,000 characters (300 
lines) per minute. There is also a 
substantial gap in the cost of these 
two families of devices. 

THE NEED FOR NEW DATA 
SWITCHING NETWORKS. 

It is now generally recognised by 
telecommunications administrations 
that whereas the existing telephone 
and telex networks, backed up by 
private leased lines, can meet the data 
transmission requirements of a large 
number of users, there will be many 
whose needs can be better met by 
special data transmission networks 
tailored to meet their particular re 
quirements. Later papers in the con 
ference will describe the first step now 
being taken by the Australian Post 
Office to meet some of these special 
needs-the provision of a Common 
User Data Network. By using store 
and-forward techniques, this network 
will be able to cater for varying speeds 
and will provide facilities such as 
concentration, temporary storage and 
assembly of messages, error control, 
priorities and speed and format con 
version. Many of these facilities 
would otherwise have to be provided 
by the user's private network. 
For wideband transmission, which is 

likely to be required particularly for 
communications between computers, 
there are likely to be few individual 
users who will require full-time wide 
band channels. Use of these facilities 
is likely to be characterised by short 
periods of rapid interchange, which 
implies a requirement for switching 
facilities to enable the circuits to be 
paid for on the basis of usage. Whilst 
it will be possible to develop C.U.D.N. 
facilities to carry wideband messages, 
it is likely to be more economical to 
deal with this traffic on a line-switched 
basis so that there will be direct con 
nection between the terminals. A 
small trial switching system of this 
type is therefore being developed. A 
system of this type would, of course, 
be suitable for switching high speed 
data in non-digital forms such as, for 
example, facsimile transmiss.ons. 
With the introduction of C.U.D.N. 

there will be three separate networks 
within Australia carrying non-voice 
traffic-telex, tress (for public tele 
grams) as well as C.U.D.N. The need 
for interfacing each of these 
networks and of providing 
enhanced facilities in each, leads 
to the conclusion that there is a 
requirement for a new data network 
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capable of embracing all of these re 
quirements plus all of the ' newly 
emerging requirements of the com 
puter industry. Such a network 
would provide for switching of lines 
of various speeds, providing line 
switching as well as store-and-forward 
switching and for digital and analogue 
forms. The Post Office is therefore 
already seriously considering the 
facilities required in such a network 
which it believes will be needed in the 
second half of the 1970's. 
It should be mentioned that the need 

for special data networks has been 
recognised internationally and the 

C C.I.T.T. (the international body 
charged with technical development of 
international communications) has 
been studying the question for two or 
three years and is continuing to pursue 
this study actively. There is no rea 
son why C.U.D.N. should not be con 
nected via international links to ·over 
seas terminals or to compatible net 
works in other countries if such 
demands should arise. However, the 
more comprehensive network which is 
planned for .the future will probably 
be designed to meet the standards 
recommended for the international 
data network and will thus form part 

of a worldwide special network for 
data transmission of all forms. 

SUMMARY. 
The 1970's will be a period in which 

data transmission will grow rapidly 
as a result of more extensive use of 
on line computer facilities. · These 
developments will bring computer 
facilities to a wider spectrum of users 
and to many new areas of application. 
Some of the social changes which will 
be brought about by remotely accessed 
computers before the end of this cen 
tury will have commenced before the 
end of the 1970's. 

MISS. A. WRIGHT, I.S.M. 

The retirement of Miss A. Wright 
from the Department brought an 
opportunity for the Telecommunica 
tions Society of Australia to express 
appreciation for service which began 
in 1950 and in fact is still continuing. 
Miss Wright has served the Society in 
a clerical-administrative role both in 
the distribution of the Journal for the 
Council of Control and as Assistant 
Secretary to the Victorian Division. 
She has seen the Society grow from 
the Postal Electrical Society of Vic 
toria to the present multi-Division 
structure. Her association with this 
Journal has spanned a time when she 
was responsible for all Australian and 
overseas subscribers (up to 1958), to a 
time when she was responsible for all 
Victorian subscribers, and on behalf 
of Council of Control, dealt with all 
overseas subscribers as well as the 
paper work associated with the print 
ing and publication of each issue. 

The Society honoured Miss Wright 
at a presentation function on June 25, 
1970, in Melbourne. The Board of 
Editors takes this opportunity to 
record its sincere appreciation for 

Miss Ann Wright speaks, with Mr. R. Kitchenn, General Secretary (Left) and 
Mr. A. Morton, Secretary Victorian Division, at her farewell function in 

Melbourne on 25 June, 1970. 

loyal service maintained with unflag 
ging enthusiasm and thoroughness 

over such a significant part of the 
total history of the Journal, 

BETHELL - Computers and Communications 
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THE DEVELOPMENT OF DATA TRANSMISSION SERVICES IN AUSTRALIA 
R. K. , McKINNON, B.E., D.P.A. * 

GENERAL BACKGROUND. 
Data transmission is an expression 

which includes what has been known 
traditionally as telegraphy. . The 
traditional forms of telegraphy were 
mainly concerned with the transmis 
sion of messages between people, more 
usually in plain language, and tended 
to operate over transmission paths and 
with switching plant particularly de 
signed for telegraph purposes. Tele 
graphy continues . to advance on a 
broad field, particularly in the de 
velopment of the worldwide direct 
switching telex network, but also in 
the development of extensive public 
and private telegraph systems working 
in the message switching (or 'store 
and forward') mode. In recent years 
there has been widespread develop 
ment of telegraph techniques to trans 
mit 'messages' between machines, in 
languages adapted to machine input 
and output. 

The rapid increase in the application 
of computers in a great many areas of 
business, government and industry has 
been the most obvious impetus to the 
development of these techniques (Ref. 
1), but more generally it is the process 
of automation which has demanded 
these techniques. Perhaps the most 
common requirement is in the automa 
tion of clerical processes. Here a 
frequent requirement is the collection 
of unprocessed data from many points 
to a. central point for processing. Ex 
amples are the automation and central 
isation of ledger records in the bank 
ing industry and data collection from 
many terminals for totalisator pur 
poses Data dissemination from a 
central computer to a number of 
peripheral terminal devices is another 
requirement frequently encountered. 
Often these two requirements .are com 
b.ned, with data entry to a central 
computer from a number of terminals 
over telecommunications networks 
and data dissemination from the same 
central point to a number of terminals, 
as for example in the meteorological 
data collection and distribution system. 
A further situation which is frequently 
encountered is that in which there is 
an interaction between a terminal and 
a central computer, i.e., the terminal 
sends data to the computer, which 
responds with data directed to the 
same terminal. Examples are airline 
reservation systems in which the avail 
ability of a seat on a particular flight 
can be ascertained from airline sales 

*Mr. McKinnon is Engineer Class 4, Subs. 
Equipment and Telegraphs, H.Q. (See. Vol. .14, 
No. 2, P. 169). 
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offices by interrogating the computer 
which sends back an answer usually 
appearing in the form of a cathode ray . 
tube visual display. Time sharing 
computer services also use this inter 
active mode. Some of the more fre 
quently encountered data system con 
figurations are shown in Fig. 1 .. 

It is the particular purpose of this 
article to place the introduction of 
date] services and the equipment pro 
vision made for these services in the 
general context of telecommunication 
development. In doing so there are 
many subjects which can only be 
lightly touched upon, and some sub- 
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Fig. 1. - Some Frequently Encountered Data Configurations. 
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NUL Null DLE Data Link Escape 
SOH Start of Heading DC! Device Control l 
STX Start of Text DC2 Device Control 2 
ETX End of Text DC3 Device Control 3 
EOT End of Transmission DC4 Device Control 4 {Stop) 
ENQ Enquiry NAK Negative Acknowledge 
ACK Acknowledge SYN Synchronous Idle 
BEL Bell ETB End of Transmission Block 
BS Backspace CAN Cancel 
HT Horizontal Tabulation EM End of Medium 
LF Line Feed SUB Substitute 
VT Vertical Tabulation ESC Escape 
FF Form Feed FS File Separator 
CR Carriage Return GS Group Separator 
so Shift Out RS Record Separator 
SI Shift In us Unit Separator 

Fig. 2. - 7 Bit Coded Character Set. 
jects of importance which are entirely 
omitted. It is to be hoped that other 
authors will fill out the data trans 
mission picture with more detailed 
treatment of these subjects in this very 
important field. 

CODES FOR DATA INTERCHANGE. 
One of the many problems which 

hampered the early development of 
data transmission was the variety of 
codes available from machine sup 
pliers. These had developed over 
the years within the data processing 
industry without particular reference 
to their suitability for transmission 
over telecommunications networks, 
or their compatibility one with the 
other. This is a problem of standards 
and the main responsibility for data 
standards is shared by two interna 
tional authorities, the International 
Consultative Committee for Telegra 
phy and Telephony (C.C.I.T.T.) and 
the International Standards Organisa 
tion (I.S.0.). These two bodies even- 

tually undertook the development of a 
standard alphabet and code for data 
interchange. Their work was based 
on the development of a standard by 
the United States national standards 
body. The alphabet and code stan 
dardised is covered by C.C.I.T.T. 
Recommendations V3 and V 4 and cor 
responding I.S.O. Recommendations. 
These international recommenda 

tions have been issued by most 
national standard bodies as national 
standards. As an indication of the 
wholehearted commitment to these 
standards, in some countries it is 
interesting to note that the world's 
biggest customers for data processing 
equipment, the U.S. Government, 
passed a law requiring that all data 
tele-processing equipment which 1t 
buys or leases after July, 1969, should 
use this standard code and character 
set. Australian Standard XI-1969 
(Ref. 2) entitled '7 bit Coded Character 
Set for Information Processing Inter 
change' contains the material of 

C.C.I.T.T. Recommendation V3 (Ref. 
3). Later standards to be issued will 
cover its character structure for start 
stop and synchronous transmisson 
and its implementation in various 
forms of information interchange 
media. The 7-bit (code element) coded 
character set is, shown in Fig. 2. 
Standard Alphabet and Principles of 
I.S.O./C.C.I.T.T. Code for Information 

Interchange. 
The I.S.0./C.C.I.T.T. Standard is a 

7-bit code giving 128 code combina 
tions arranged in Fig. 2 in 8 vertical 
columns and 16 horizontal rows. Im 
portant points to notice from a data 
transmission point of view are: 

(a) There are two kinds of charac 
ter - control and graphic. 

(b) Ten of the 32 control characters 
are allotted as communication 
controls. 

(c) Although a 7 intelligence bit 
code, an eighth parity bit is 
added in location bS and is 
therefore transmitted after the 
7 significant bits of the charac 
ter, and may be used for error 
detection purposes. 

(d) For asynchronous systems, the 
parity bit is chosen in such a 
way that the number of 'one' 
bits is even, in synchronous 
systems such that the number 
of one bits is odd. 

(e) One of the transmission control 
characters, DLE (Data Link 
Escape), may be used to change 
the meaning of a limited num 
ber of contiguously following 
characters. It is used exclu 
sively to provide supplemen 
tary data transmission control 
functions. 

Although there are many other 
codes in use, there is widespread ac 
ceptance of this code, or subsets of 
it, in the development of new data 
terminal equipment or of data systems. 
The acceptance of this standard has 
greatly stimulated the growth of data 
transmission services. 

TRANSMISSION OF DATA. 
The introduction and expansion of 

data transmission facilities have natu 
rally been based upon the exploitation 
of the existing transmission grid pro 
vided basically for telephone transmis 
sion. More recently the somewhat 
different requirements of data trans 
mission have been injected into the 
specification of new transmission 
plant. Digital data communication is 
efficiently coded compared with voice 
communication of language. All lan 
guages are highly redundant and follow 
structural rules. These two factors 
limit the loss of information which 

McKINNON - Data Transmission 
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Fig 3. - Typical Measured Attenuation/Frequency Curve of Single Carrier Chan 
nel Between Melbourne and Sydney. 

occurs in voice communication when 
bursts of noise occur, or when there is 
momentary loss of transmision. Dis 
turbances in random data transmission 
cause output errors which cannot be so 
simply eliminated. Error protection 
systems have been designed which add 
a designed redundancy and structure 
(format) to data transmission. At the 
receiving end, error detection and 
correction is then possible. The raw 
error rate, that is the error rate in 
data transmission over a channel with 
out the application of an error pro 
tection system, is of primary import 
ance. 

Channel Capacity and Errors (Refs. 4 
and 5). 

According to information theory, the 
capacity or rate of passing information 
of a communication channel is propor 
tional to frequency bandwith and 
signal power and inversely propor 
tional to noise power. The relation 
connecting these quantities consider 
ing an idealised channel limited in 
bandwidth and disturbed by random 
noise is: 
C = W log, (1 + S/N) bits/second 

where C is the channel capacity in 
bits/second, W is the channel band 
width in Hz and S/N is the signal to 
random noise power ratio. 

If noise increases for the same signal 
power (i.e., S/N is reduced), channel 
capacity decreases, provided the band 
width remains constant. Within a 
communication system there are two 
basic types of noise, idle or random 
noise and intermodulation noise. In- 

M cKINNON - Data Transmission· 

termodulation noise is the result of 
non-linearities in the equipment 
through which the signal must pass. 
Within design limits these non 
linearities are small, but upon increas 
ing signal power beyond the design 
limits non-linearities become impor 
tant. Thus signal power and noise in 
practical communication systems are 

JS 

not independent variables when signal 
power rises to the point where non 
linearities causing intermodulation 
occur. 

Many parts of the total communica 
tions network are affected by data 
loading. In what might be called the 
'hard-wired 'portion of data path which 
is the path between the data modem 
and the long distance carrier channel 
modem the data signal is at voice fre 
quency. Here the path is through 
open wire or underground cable pairs, 
exchange mainframes and in the case 
of operation over the switched net 
work, through electro-mechanical 
switches. In this portion of the total 
path the effect of impulse noise is 
particularly important and is, in prac 
tice, the most serious form of distur 
bances to data. 

Transmission Impairments. 
For a channel of given bandwidth 

two departures from the idealised 
channel, which was the basis of origi 
nal theoretical studies are of particular 
importance. These are attenuation 
distortion and envelope delay distor 
tion. (As previously mentioned, 
noise also enters into the information 
transfer equation in a fundamental 
way.) Attenuation distortion is the 
unequal attenuation of different fre 
quences transmitted over a channel; 
envelope delay distortion is the unequal 
time delay of the information (enve 
lope) carried in the different frequen 
cies. Figs. 3 and 4 give typical curves 
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for a standard carrier voice channel 
with a nominal pass band of approxi 
mately 3 kHz, using standard 4 kHz 
channel spacing. 
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number of different modulation me 
thods, each having different advan 
tages and disadvantages with respect 
to transmission impairments and 
data signalling rate. In all of 
them, the spectral energy of the 
output signal is spread, sometimes 
uniformly, through the available band 
width of the data communication cir 
cuit. The receiving modem must 
demodulate the signals into the d.c. 
output form suitable for the data ter 
minal equipment so that it is impor 
tant if the error rate is to be kept 
low that the components of total signal 
energy arrive in as near as possible 
the same amplitude and phase relation 
ship as when they were transmitted. 
There are other transmission impair 
ments which assume particular im 
portance for certain forms of modula 
tion, e.g., phase jitter with respect to 
multi-phase modulation, channel asyn 
chroni im for frequency shift operation 
us.ng small frequency deviation. 
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PERMISSIBLE VARIATION OF OVERALL DELAY DISTORTION WITH 
FREQUENCY FOR THE VOICE-FREQUENCY CHANNEL 

Fig. 5. - Specification of Channel Characteristics. 

Conditioning of Channels. 
Attenuation distortion and envelope 

delay distortion can be brought within 
specified limits by additional compen 
sating equipment added to the channel. 
Channels may also be selected for low 
noise. These measures are frequently 
taken to ensure satisfactory error rate 
performance for data signalling at a 
given rate and with a given form of 
modulation, e.g., for 2400 bit/second 
data transmission using 4 phase dif 
ferential modulation. The attenuation 
distortion and delay distortion charac 
teristics shown in Fig. 5, which is 
taken from C.C.I.T.T. Recommendation 
Ml02, are, for example, specified in 
this case, together with other impor 
tant parameters. 

Switched Telephone Network as 
Transmission Medium. 

Specification of the desired trans 
mission characteristics is possible 
within limits on leased circuits, but 
when the switched telephone network 
is used the spread of characteristics 
encountered in that network must in 
general be accepted. Attenuation dis 
tortion may be quite severe for ex 
treme switching path conditions, and 
envelope delay distortion variable de 
pending on the routing of the particular 
call. Most countries have made a 
series of tests of the performance of 
the switched network with respect to 
data transmission and Fig. 6 is typi 
cal of the results achieved in one large 
network. 

The addition of a data transmission 
load to the network may, by its dif 
ferent nature, affect the network both 
for speech and for data and specifi- 

M cKINNON - Data Transmission 
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cation of transmission conditions must 
for those reasons be conservative. 
Circuits in switched telephone net 
works are generally equipped with 
some form of in-band signalling sys 
tem which must not be falsely operated 
by data tones. Power loadings of 
individual voice circuits when com 
bined for group amplification are bas 
ed upon statistical distribution of in 
stantaneous power loads, in groups of 
speech circuits, a distribution which is 
distorted if voice circuits used for 
constant load data transmission are a 
significant percentage of the total 
number of circuits in use. Conse 
quently the design for modems for use 
on the switched telephone network and 
transmission plan conditions applied to 
them are restrictive, to avoid interfer 
ence with signalling systems and to 
avoid potential amplifier overloading 
problems. 

In some long distance telephone con 
nections within Australia and on inter 
national calls, echo suppressors are 
used to attenuate echoes. Inserted at 
four-wire points, echo suppressors 
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operate by increasing the loss in the 
transmission path that is opposite in 
direction to the one being used. It 
is a frequent data transmission re 
quirement to have both directions of 
transmission open, with frequency 
separation from the modems at the 
two-wire tails. In this case it has 
been possible to use a modem gene 
rated control signal which is interna 
tionally standardised to disable echo 
suppressors, perhaps the only case at 
the present time in which the data 
equipment can automatically control 
the telephone network path to a par 
ticular data need. 

As telephone networks are modern 
ised the opportunity exists for spe 
cialised treatment of data, for example 
by class marking data calls. This 
would permit control of routing in 
such a way as to offer more favour 
able path conditions. Discrimination 
for data is already employed in Aus 
tralia, under manual control for in 
ternational data switching. Most 
intercontinental channels from Aus 
tralia have a spacing of 3 kHz and are 

equipped for TASI (Ref. 6) operation 
which would be ineffective on channels 
carrying continuous signal data. 
Manual control permits connection of 
data to full bandwidth channels selec 
ted for low noise and excluded from 
TASI operation. Recognition of data 
calls throughout a network under auto 
matic control is of course very much 
more complex and the large capital 
investment in existing long-life switch 
ing plant which is not suited to adap 
tion for this purpose limits the special 
treatment which could be given to data 
calls. 

Data transmission over the present 
switched telephone network has the 
many disadvantages mentioned, viz., 
the wide spread of transmission 
characteristics leading to design re 
strictions on data modems, the effects 
of impulsive noise which is more 
severe than is the case in leased chan 
nels leading to higher error rates. 
Connection over the switched network 
has, however, one very important ad 
vantage in the almost universal avail 
ability of the service and in its lower 
cost for light duty applications than 
the comparable leased circuit or net 
work. Consequently the switched 
telephone network has been used ex 
tensively for light duty data transmis 
sion purposes in which its switching 
or concentrating capability is of par 
ticular benefit. The Australian Gene 
ral Electric and I.B.M. time-sharing 
computer services are particular ex 
amples of applications in this country. 

DATA MODEMS. 

In Australia data service commenced 
with customer provided data modula 
tors/demodulators (modems) in the 
latter half of the 1960's. The Post Of 
fice examined modems submitted for 
'permit to connect' against standards 
specified in its Handbook 'Telecom 
munications Facilities for Data Trans 
mission' (Ref. 7). Broadly, the con 
ditions specified guarded Post Office 
plant against interference and safe 
guarded Post Office staff against po 
tentially dangerous circuit conditions. 
'Permit to connect' gave no guarantee 
of effective operation on a data chan 
nel, or of compatibility with other 
modems. Development of services 
was slow. The Post Office itself de 
cided to provide modems at rental in 
1967, and the service was introduced 
as the Post Office Datel service in 
late 1968. The word 'datel' is derived 
from two words; data and telecommu 
nications, and signifies transmission 
of data over the telecommunication cir 
cuits. Since introduction of the Date! 
Service, development has been rapid, 
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there being more than 600 services 
currently in operation. It was decided 
for reasons which have been given 
earlier to follow international stan 
dards. 

At that time two modem standards 
had been adopted by the C.C.I.T.T. 
for use on standard voice grade lines 
either via the telephone network or 
on leased lines and both modems were 
offered in the initial Datel service. 

Modem for 600/1200 Bit/second Serial 
Data Transmission over Voice Band 

width Channel. 

The first of these, to C.C.I.T.T. Re 
commendation V23, is for the trans 
mission of data at data signalling rates 
of 600 or of 1200 bits per second in 
one direction, with transmission in 
the reverse direction at 75 bits/seconds 
as an option. On four wire leased 
circuits these modems may be used for 
duplex data transmission at 600 or 
1200 bits/second with the low speed 
backward (or supervisory) channels 
also available. The modem employs 
binary frequency shift modulation for 
both data and backward channels. For 
the forward or data channel different 
centre frequencies and deviations are 
used according to the data signalling 
rate, which since the modulation is 
binary is also the modulation rate in 
bauds. Mode 1 provides optimum 
transmission performance for this type 
of modulation for a data signalling rate 
of 600 bits/second. Mode 2 is used 
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Network at 1200 B.p.s. Using C.C.I.T.T. Recommendation V23 Modem. 
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TABLE !.-CHARACTERISTIC FREQUENCIES OF 600/1200 BIT/SECOND 
MODEM 

Mode 

I 

Description Fo Fz Fa 

(Symbol 1, (Symbol 0, 
Mode 1 I Up to 600 bauds 1500 Hz mark) space) 

1300 Hz 1700 Hz 
Mode 2 I Up to 1200 bauds 1700 Hz 1300 Hz 2100 Hz 

----- 
Backward Up to 75 bauds 420 Hz 390 Hz 450 Hz 
Channel 

for 1200 bits/second. Table 1 lists the 
characteristic frequencies used in 
600/1200 bit/second modems. 

The Post Office after evaluating 
tenders from manufacturers through 
out the world selected equipment from 
Standard Radio and Telefon AB of 
Sweden. Fig. 7 is a block schematic 
of one of the 9 options available, in 
what has been called Plan 32 service. 
The option shown in Fig. 7 is suitable 
for use on the switched telephone net 
work providing what it known as 'half 
duplex' operation over a two wire con 
nection. Transmission and reception 
of data is possible in both directions 
alternately. 

The modem uses six interchange cir 
cuits with the data processing terminal 
equipment as is shown in the figure. 
At each end the data modem is con 
nected to line by means of a signal 
at the interchange circuit 'Connect 
Data Set to Line' (20) and as a result 
a signal is returned via the interchange 
circuit 'Data Set Ready' (6) to indicate 
that the connection has been made. 
After this, a blocking circuit in the 
modulator through which the data 
signals are passed to the filter is dis 
abled by a signal at the interchange 
circuit 'Request to Send' (4). This 
signal also causes the Ready for Send 
ing Unit to reverse the polarity of the 

interchange circuit 'Ready for Sending' 
(5), which indicates to the data 
processing terminal equipment that th~ 
modem is ready for sending. An 
inbuilt delay circuit in the Ready for 
Sending unit delays the polarity re 
versal for about 20-50 mS or 400- 
1000 mS, depending upon strapping, 
allowing for transmission of echo sup 
pressor disabling tone where the 
modem is so equipped, and permitting 
the switched path transients to die 
away. 

The remaining interchange circuit 
'Data Signalling Rate Selector' (23) 
carries out the function of selecting 
the appropriate channel mid-frequen 
cies for either the 600 to 1200 baud 
data transmission. The polar data 
signals are fed to the modulator, where 
they are transformed to higher carrier 
frequency signals. These carrier sig 
nals are then translated to a lower 
frequency by a band translator in 
order to bring them within the fre 
quency band required for transmission 
over telephone circuits. 

In reception the received carrier fre 
quency signals are fed via the separa 
tion filter to the demodulator, where 
they are translated to a higher fre 
quency band by a band translator and 
then demodulated and converted to the 
digital form. After pulse shaping the 

25-WAY INTERFACE 
CONNECTOR 

READY FOR SENDING 

REQUEST TO SEND 

TRANSMITTED DATA 

DATA SIGNALLING 
RATE SELECTOR 23 

RECEIVED DATA 

READY FOR 
SENDING 

UNIT 

t 
-;,.- ~ DATA 

CHANNEL 
MODULATOR I 

t BAND 
TRANSLATOR 

I LINE ._,_ 
DATA ; II i CHANNEL -- DEMOD. 

UNIT 

I I 

TELEPHONE 
SET 

LINE 

DATA CARRIER DETECTOR 8 

~~mcit~tA 2D 
DATA SET _READY 6 

Fig. 7. - Block Cchematic Diagram of 600/1200 Baud Modem Type E. 
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signals are fed out of the modem via 
the interchange circuit Received Data 
(3). The functions of the interchange 
circuits involved in the connection of 
the data set to line are the same as 
previously mentioned. 

In this half-duplex system a portion 
of the signal energy sent out from the 
data channel modulator to line is fed 
back to the data channel demodulator 
via the line transformer. This signal 
energy would be demodulated in the 
normal way, converted to its original 
binary form and fed out via the inter 
change circuit Received Data (3) to its 
own data-processing terminal equip 
ment. To prevent this undesirable 
effect from taking place, a facility is 
provided which inhibits the data chan 
nel demodulator while data is being 
sent. On Fig. 7 this facility is shown 
as a lead between the Request to Send 
control and the data channel demodu 
lator. 

Some data terminal equipments ex-. 
pect the modem to clock the data out 
of the data source. At the receiving 
end the clocked modem, which is syn 
chronised with the send ng end, re 
generates the incoming signals so that 
undistorted signals can be fed cm to 
the receiving terminal equipment. 
There is also a traffic advantage in 
that only intelligence bits are sent, 
whereas in asynchronous operation 
start and stop elements must be sent. 
A clocked option is available on the 
modem described for synchronous 
modem operation. 

Modem for 200 Bit/Second Serial Data 
Transmission over Voice Bandwidth 

Channel. 

The second modem offered at the 
commencement of date! service was 
the 200 bit/second modem to 
C.C.I.T.T. Recommendation V21. 
There were purchased from the same 
company in the same frame and using 
the same power unit as for the 
600/1200 bit/second modem. This 
feature of the design allowed a high 
degree of flexibility in the use of 
equipment in a market which did not 
at that time have a clear pattern of 
demand. Fig. 8 shows this modem 
with covers removed. The modem 
offers a data transmission facility 
(known as Plan 31 service) suitable 
for subscribers using simple data pro 
cessing terminal equipment operating 
at low speed, e.g., a low speed data 
teleprinter, and provides for duplex 
asynchronous operation so that data 
may be sent simultaneously in both 
directions or in either direction at will. 
Frequency shift modulation is em- 
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Fig 8. - 600/1200 B.p.s. S.R.T. Modem. 

TABLE 2.-CHARACTERISTIC FREQUENCIES USED IN 200 BIT/SECOND 
MODEM. 

Channel 
No. 

1 
2 

Nominal Mean 
Frequency (Fo, Hz) 

1080 
1750 

Binary Symbol I 
(Fz, Hz) 

980 
1650 

Binary Symbol 0 
(Fa, Hz) 

1180 
1850 

ployed using the frequencies listed in 
Table 2. 

The facility is so arranged that upon 
a telephone connection being set up 
between stations equipped with these 
modems the calling party transmits on 

25WAY INTERFACE 
CONNECTOR 

READY FOR SENDING ·5 

REQUEST TO SEND 

lRANSMITTED DATA 

SELECT TRANSMIT FREQ. 11 

CONNECT DATA 20 
SETTO LINE 

DATA CARRIER DETECTOR 6 

RECEIVED DATA 

the lower frequency channel (channel 
1) while the called station transmits 
on the higher frequency channel (chan 
nel 2). 

Fig. 9 is a block schematic of the 
200 baud modem. When the switched 

READY FOR - SENDING 

t UNIT 

~ DATA - - CHANNEL 
MODULATOR 

1' LINE - ~II~ I SEPARATION 
FILTER 

'V UNIT 

BAND 
TRANSLATOR 

- I 
'f - DATA 

CHANNEL - - DEMOO. 

DATA SET READY 6 

Fig. 9. - Block Schematic Diagram for 200 Baud Modem. 

TELEPHONE 
SET 

LINE 

telephone network is used a connection 
is set up between two subscribers in, 
the usual way. The functions of the 
standardised C.C.I.T.T. Recommen 
dation V24 interface are as 
described for the 600/1200 b/s 
modem. After the connection 
sequence (called the 'hand-shaking' 
sequence in the United States), polar 
data signals are fed to the modulator 
via the interchange circuit Trans 
mitted Data (2) and the channel mid 
frequency is selected by means of a 
signal at this interchange circuit 
Select Transmit Frequency (11). The 
latter signal also connects the carrier 
frequency signals to the correct side 
of the separation filter. The received 
carrier frequency signals are fed via 
the separation filter to a demodulator 
in which they are brought to a higher 
frequency band by a translation modu 
lator. This frequency depends upon 
the frequency of the translation oscil 
lator and is controlled by a signal at 
the interchange circuit Select Transmit 
Frequency (11). The signals are then 
fed through an amplifier limiter to 
the discriminator, where they are 
changed back to digital form. After 
pulse shaping, the signals are fed out 
of the equipment via the interchange 
circuit Received Data (3). The demodu 
lator is equipped with an amplitude 
detector which supervises the ampli 
tude of the carrier frequency signals. 
The· output from this detector is con 
nected to the interchange circuit Data 
Carrier Detector (8) and to the data 
signal output switch. When the input 
level falls below the predetermined 
minimum operating level, the polarity 
on the interchange circuit (pin 8) is 
reversed and the data signal output is 
blocked. 

Modem for .2400 Bit/Second Serial Data 
Transmission over Voice Bandwidth 

Channel. 

At the fourth Plenary Assembly of 
the C.C.I.T.T. in 1968 at Mar de! 
Plata, in the Republic of Argentine, a 
modem for transmission of 2400 bits/ 
second serial binary data over a voice 
bandwidth channel was recommended. 
The principal characteristics of the 
modem specified in this Recommenda 
tion (V26) are: 

(a) That it is designed for 2400 bits/ 
second operation over four wire 
leased voice channels having 
specified characteristics of par 
ticular importance with respect 
to group delay. These charac 
teristics are specified in Recom 
mendation Ml02, two of the 
leading characteristics being 
shown in Fig. 5. 

McKINNON - Data Transmission 
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(b) That it uses four phase differen 
tial modulation with a modula 
tion rate of 1200 bauds, using a 
carrier frequency of 1800 Hz for 
2400 bits/second synchronous 
mode transmission. 

(c) That the data input is divided 
into pairs of consecutive bits 
(dibits). Each dibit is encoded 
as a phase change relative to 
the phase of the immediately 
preceding line signal. 

(d) It is capable of operating as a 
full duplex transmission facility. 

(e) An optional backward (super 
visory) channel with a line sig 
nalling rate of 75 bauds having 
the same characteristics as the 
backward channel in the 600/ 
1200 bit/second (Ree. V23) 
modem may be provided. 

There is an apparent advantage in 
four phase (quaternary) modulation 
as compared with binary since for 
the same modulation rate the data 
signalling rate may be doubled. Trans 
mission theory shows that this is not 
done without disadvantages in other 
directions such as in margin to noise. 
(Refs. 4 and 5.) Greater pains are 
therefore taken to achieve channel per 
formance closer to the ideal than, for 
example, with channels for the 600/ 
1200 bit-second Recommendation V23 
modem. 

It was unfortunate that C.C.I.T.T. 
was unable to agree upon a single 
coding table, the Recommendation 
allowing two alternative arrangements 
as given in Table 3 below. Alternative 

A is in general use in Europe, alter- 
native B in the United States. · 

The phase change is the actual on 
line phase change in the transition 
region from the end of one signalling 
element to the beginning of the follow 
ing signalling element. 
Fig. 10 shows the phase change rela 

tionship which occurs. Alternatives A 
and B are of course incompatible with 
each other, which does lead to ad 
ministrative complication in the pro 
vision of international data circuits at 
this speed. The main difference be 
tween the two alternatives is in 
respect of ability to maintain syn 
chronism. Alternative A loses syn 
chronism if a long string of binary 
0's is transmitted, because the absence 
of phase changes at the receiving end 
does not permit the recovery of tim 
ing information for automatic adjust 
ment of the receiving clock. In alter 
native B there is always a discrete 
phase change for successive dibit pairs 
no matter what the dibit pair happens 
to be. 

TABLE 3.-ALTERNATIVE CODING PATTERNS C.C.I.T.T. RECOMMEN 
DATION V26. 

Phase Change. 
Dibit I Alternative A. Alternative B. 

00 oo +45° 
01 +90° +135° 
11 +180° +225° 
10 +270° +315° 

01 

-~90° n-q.:,J_ HOO 

10 

PHASE ANGLE OF CARRIER 
AT INSTANT OF MODULATION. 

RELATIVE TO PREVIOUS 
PHASE ANGLE 

0' + 90° + 270° + 180° 
I I I I 
I I I 

PHASE CHANGE .• ,__ I DIBIT 00 r'\ 01 J 10 J 11 

LINE SIGNAL /\ /\J /\ /\*7W 
CARRIER FREQUENCY ----vVVV V 
fr = 1,800 Hz 

Fig. 10.- Phase Change Relationships C.C.I.T.T. Recommendation V26 Modem, 
Alternative A. 

It is worth noting that the proba 
bility of error in the detection process 
depends in some degree oµ the specific 
assignment of binary code pairs to the 
various phase shifts. The most 
probable error is that of interpreting 
a particular phase change as one of 
the immediately adjacent possible 
phase changes. Consequently the 
Recommendation assigns binary pairs 
having a minimum of difference to 
adjacent phase change conditions. 

The Australian Post Office has pur 
chased two modem models from 
different manufacturers for 2400 bit/ 
second datel service over leased voice 
bandwidth channel. One of these 
modems is the Racal/Milgo 2200 (Fig. 
11). The second modem is the S.T.C. 
GH 2024 modem (see Fig. 12). The 
main difference between the two 
modems from an operational point of 
view is the Racal/Milgo 2200 has 
either coding alternative available, as 
a strapping option, whereas the S.T.C. 
GH 2024 (Ref. 2) provides only the 
'European pattern,' alternative A. It 
is convenient to have a modem offer 
ing either coding alternative as some 
of the circuits on which service will 
be provided will terminate in the 
United States, or in areas under U.S. 
influence and will have to 'talk' to 
modems in those countries using alter 
native B coding table. 

In case of degraded performance of 
the voice link required for operation 
of these modems it may not be possible 
to operate at 2400 bits/second. Both 
types of modem offer reduced speed 
operation, e.g., the Racai/Milgo 2200 
will also operate at 1200 bits/second 
with 2 phase modulation and the 
S.T.C. modem at 1200 or 600 bits/ 
second with frequency shift modula 
tion to C C.I.T.T. Recommendation V23 
standards. The S.T.C. GH 2024 has an 
option (not yet available in Australia) 
allowing convenient transfer to opera 
tion over the switched telephone net 
work at the reduced speeds quoted, in 
the event of failure of the leased cir 
cuit This 'fall-back' possibility lis 
the reason for the change in modulation 
method at reduced speed to standards 
agreed internationally as suitable for 
switched network operation. 
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Fig. 12. - S.T.C. 2400 B.p.s. Modem Type GH 2024. 

Modems for High-speed Serial Data 
Transmission. 

There are of course other basic sub 
division of transmission systems than 
the 4 kHz separation voice circuit. 
Moving up the bandwidth scale the 
group bandwidth of 48 kHz is being 
exploited for data transmission pur 
poses in a number of countries, notably 
in the United States. The data sig 
nalling rate in early modems designed 
to exploit this bandwidth was 40.8 
kilobits/second, but later development 
has shown that 48 kilobits/second is 
readily achievable. At the 1968 
Plenary Assembly a C.C.I.T.T. Recom 
mendation for 48 kilobits/second 
operation over a group bandwidth 
channel of specified characteristics 
was accepted. An interesting feature 
of the Recommendation is that it re 
presents a departure from earlier high 
speed modems which were based upon 
multiphase modulation methods. Re 
commendation (V35) specifies a ves 
tigial side band amplitude modulated 
suppressed carrier system, which 
transmits a pilot carrier for timing 
recovery purposes, held closely in syn 
chronism with the data signalling 
input clock. The Australian Post 
Office does not yet provide modems 
for this data signalling rate, but ex 
perimental work is proceeding upon 
transmission and modem problems 
which are encountered in the provision 
of such service. 
Modems, for Parallel Data Transmission 

There is frequently a requirement 
for data collection from a number of 
points, although the volume of data 
from each point is small. The require- 

ment here is for a cheap outstation 
modem and limitations in data signal 
ling rate may be subordinate to the 
requirement for a simple, cheap out 
station terminal. 

Since the volume of traffic is low 
it is also desirable to use the switched 
telephone network as a means of con- 

centration to central modem equip 
ment. Parallel transmission methods 
with signalling characteristics suitable 
for operation over the switched tele 
phone network are' ideal for such a 
requirement. 

C.C.lT.T. Recommendation V30 has 
standardised such a system for opera 
tion over the switched telephone net 
work The basic system consists of 
two groups of four frequencies, one 
frequency from each group being 
transmitted simultaneously (two times 
one out of four), giving a maximum of 
16 character combinations, with a 
modulation rate of up to 40 bauds. It 
is worth noting that the system lends 
itself to simple error protection as 
both frequencies must be present for a 
character to be validly recognised. 
In practice, in a single system using 
an intercharacter rest condition a 
character signalling rate of approxi 
mately 20 characters/second is pos 
sible. The basic system includes pro 
vision for expansion up to 64 charac 
ter combinations by the addition of a 
third four-frequency group (three times 
one out of four). Table 4 below gives 
the frequency allocations. 
The modem for outstation use may 

be designed to be powered from the 
exchange loop current of the telephone 
network and does not have to be con 
nected to commercial power supply. 
Fig. 13 is an illustration of an outsta- 

TABLE 4. - ALLOCATION OF FREQUENCIES IN C.C.I.T.T. 
RECOMMENDATION V30 PARALLEL MODEM. 

Group 

A 
B 
C 

Channel No. 

1 

920 
1320 
1720 

2 

1000 
1400 
1800 

3 

1080 
1480 
1880 

4 

1160 
1560 
1960 

NOTE. - For the basic 16 character system, only groups A and C are used. 

Fig. 13. - Outstation Modem for Parallel Operation. 
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tion modem of this class. After estab 
lishing the telephone connection, the 
handset is placed in the shaped handset 
rest in the body of the modem case. 
This action operates 'switchhook' con 
tacts, which connect the telephone line 
in a 'no-break' fashion to the modem. 
Modems of this type are not leased by 
the Australian Post Office, but may 
be provided by communication firms 
on a 'permit to connect' basis. 

The transmission from the instation 
to the outstations is limited either to 
simple acknowledgment over a low 
speed backward channel or to analogue 
signals non-simultaneous with forward 
data (voice answering system). 

The pushbutton telephone set can of 
course be used as an out-station 
parallel data modem for data signalling 
over an established circuit path. It is 
unfortunate that the two by one out 
of four frequency system used (vide 
C.C.I.T.T. Recommendation Q23) does 
not coincide in frequencies with that 
of Recommendation V30. If push 
button signalling is introduced in the 
near future in Australia these sets may 
also provide convenient, cheap data 
entry for low speed light duty appli 
cations. 

DATA SWITCHING. 

In general there are three methods 
of interconnecting data terminals for 
the transmission of digital data. These 
are illustrated in Fig. 14. The first of 
these is the direct connection over a 
leased circuit of the terminals and this 
method i·s widely used by heavy duty 
customers, at speeds ranging from low 
speed telegraph type operation at 50 
bits/second to 2400 bits/second opera 
tion over specially conditioned voice 
circuits. There are in addition two 
forms of switching available for the 
interconnection of data terminals. 
The first of these is the well-known 

circuit switching method as used, for 
example, in the telephone network. 
With data terminals linked to exchange 
lines via data modems and with appro 
priate line controls to switch the 
modems into the circuit path after call 
establishment the telephone network 
provides good service over a wide 
area for light duty applications. In 
some countries there are as well spe 
cialised direct switching systems spe 
cially designed to handle data at a 
range of data signalling rates including 
rates well above those which can be 
achieved on voice band channels. 
The second switching method is that 

of message switching, sometimes 
known as 'store and forward' switch 
ing. The essential feature of this type 
of system is the storage of data in 
switching centres before delivery. The 
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destination of the message is not 
known by the switching centre until 
at least part of the message containing 
the 'address' is received. The method 
has many advantages for heavy duty 
users with operator loading, concen 
tration, error control, speed and code 
transformation requirements and other 
special facility features. The method 
has been widely used by single user 
organisations in this country for sys 
tems for airline and meteorological 
purposes. The Australian Post Office 
Tress system is a very large public 
telegraph network operating on this 
basis and internationally Australia's 
cable traffic is switched using this 
method. 

A 

SENDING DATA 
TERMINAL 
rnu1PME;n 

(D.T.E.) 

The Post Office has recently placed 
contracts with Univac (Australia) for 
a large network of the message 
switching type to handle data trans 
mission for a number of Government 
and private organisations on a gene 
ral service basis. The system is known 
as the Common User Data Network 
(CUDN) and is engineered to provide 
convenient transfer of traffic to and 
from other forms of data connection 
such as telex and date! services as well 
as fulfil its primary role. This system is 
typical of new networks, being estab 
lished in a number of countries for 
versatile data switching, and will no 
doubt be the subject of future articles 
in the Journal. 
OTHER LEASED CIRCUITS 

DATA~ E)--4 COMM. r: 
EQUIP. CIRCUIT - - D.C .•. 
(D.C.E.) 

B 
INiERCHANGE r-------, POINT r----, RECEIVING 

DATA 
TERMINAL 

EQUIP. 
(D.T.E) 

(1) DIRECT CONNECTION OVER A LEASED NETWORK 

A 

DATA 
SOURCE 
D.T.E. 

SWITCHING 
CONTROL 

SWITCHING 
CONTROL 

(2) CONNECTION OVER A CIRCUIT SWITCHING NETWORK 

A 

STORE 
OUTPUT CONTROL 

STORE 
OUTPUT 

DEVICE D.T.E. 

B 

"STORE AND 
FORWARD" CENTRE 

(3) DATA INTERCHANGE OVER A MESSAGE SWITCHING NETWORK _ 
Fig. 14 - Methods of Interconnecting Data Terminals. 
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The terminal links to CUDN centres 
are in general, private lines operating 
as low speed telegraph circuits, or are 
date! circuits. The links between 
CUDN centres operate as date! links 
and will initially use 2400 bits/second 
transmission, using modems of the 
types shown in Figs. 11 and 12. The 
Post Office is currently exploring the 
market for 4800 bits/second operation 
over specially conditioned point to 
point voice channels and it is possible 
that CUDN centres will be linked with' 
circuits operating at this bit rate, when 
suitable modems become available. 

Growth in Services. 
It is interesting to review the pro 

gress made in Post Office provided 
data transmission services using Post 
Office modems since the beginning of 
1968. By 30 June, 197'0, some 325 of 
the 200 bit/second modems and 285 
of the 600/1200 bit/second modems 
had been connected. Additionally, 
some 12 of the 2400 bit/second 
modems were in service, although full 
availability of modems at this data 
signalling rate for general service was 
not proposed until 1 Jan. 1971. Pri 
vately owned modems in the following 
approximate quantities, 100 (200 
bits/second), 15 (600/1200 bits/sec 
ond) and 40 (2400 bits/second), re 
main in service from the period before 
Post Office date! service began, when 
'permit to connect' was given to 

pr.vately owned modems which had 
passed Post Office tests. 
Approximately 88 per cent of 

the 200 bits/second modems are con 
nected to the switched telephone net 
work, mainly for time-sharing com 
puter services run by Australian Gene 
ral Electric and I.B.M. The remaining 
12 per cent. are used in leased 
service banking applications in metro 
politan areas and in time-sharing 
computer applications using the Honey 
welt service. Some 20 per cent. of 
the 600/1200 bit/second modems are 
used on switched network applications, 
the remaining 80 ner cent. upon leased 
line service. All of the 2400 bits/ 
second modems are used in leased line 
service. There are, of course, many 
privately owned modems operating at 
this speed on NASCOM circuits· (Ref. 
9). 

Time-Sharing Computer Services. 
All of these installations involve 

teleprinter-line terminal which connect 
to the switched network through Post 
Office 200 bits/second data modems 
installed at the outstations and thence 
to a p.b.x. group of lines which con 
nect, again via modems, to the central 
computer. The traffic pattern in ser 
vices of this type is not well estab 
lished and overseas experience shows 
that a markedly different pattern may 
develop. This could cause difficulty 
to ordinary telephone subscribers. For 

this reason the Post Office applies 
conditions of service which control this 
and other matters in the interests of 
all telephone subscribers. Automatic 
answering may be provided, with re 
corded voice announcement from the 
computer centre prior to completion 
of the path into the computer. Fig. 
15 shows the arrangement used by 
Australian General Electric. The 
user's programmes are mostly for cal 
culations of the engineering and scien 
tific types. The comparatively simple 
type of terminal used precludes trans 
mission of large volumes of informa 
tion, and the computer companies' 
tariff scales do not encourage the 
transmission and holding of large 
amounts of information on file, so that 
these systems are not generally econo 
mical for A.D.P. type applications. The 
Australian General Electric and I.B.M. 
services use the switched telephone 
network with the great majority of 
calls in the local network, although 
there are a few terminals in provincial 
centres using ST.D. access. At the 
time of writing A.G.E. has computer 
centres established in both Sydney and 
Melbourne, and I.B.M. in Sydney. One 
service, that of Honeywell, uses leased 
line connection which can be quite 
competitive with switched network 
operation since most traffic is local, 
and line costs for local lines are low. 
Substantial equipment simplification 
when compared with systems using 
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Fig. 15. -Automatic Answering of Data Call on Switched Telephone Network. 
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the switched network follows since the 
need for call connection and voice 
answering disappears. 

Line Connection of Remote Terminals 
of Batch-processing Computers. 

Utility organisations offering pub 
lically available service have been 
established in Europe and the United 
States for data-processing on this basis. 
In Australia, Control Data of Aus 
tralia Ltd. and Compunet Pty, Ltd. are 
already established while other leading 
computer firms are in the planning 
stage. Adelaide University has also 
commenced operation on this basis. 
Connections over channels of remote 
terminals for these utilities form one 
of the main markets for the 2400 bits/ 
second modem. 

Tape to Tape Terminals. 
Medium speed (600 and 1200 b/s) 

tape transmission and reception is a 
frequently encountered service require 
ment, both over leased lines and 
through the switched network. Usually 
the terminals include error detection 
and correction equipment (Ref. 10). 
The Defence services A.D.P. network, 
with terminals of the type mentioned 
in every State connect through the 
switched telephone network to a 
limited number of similar terminals at 
the Defence A.D.P. centre at Canberra. 

Banking and Totalisator Systems. 
Banking systems are under develop 

ment or are currently being installed 
involving the three modem types re 
ferred to above, as well as d.c. tele 
graph techniques. These systems use 
a variety of terminals of the account 
ing machine type and permit a bank 
teller to up-date a local record, e.g., a 
savings bank passbook, and at the 
same time up-date a central ledger 
record kept at the central computer. 
The networks are of the private line 
type and have, in some instances, 
involved the introduction of polling 
type operation. In this case a plural 
ity of branches is connected to an 
omnibus (multi-station) line, and as 
each terminal machine has an entry 
set up on its keyboard, it waits until 
the central processor interrogates 
(polls) it and records the entry in the 
central file before clearing the ter 
minal. Totalisator systems have 
similar requirements, although d.c. 
telegraph techniques and the telex 
network have been exploited to a 
much greater extent. 

Stock Exchange Systems. 
There are two competitive systems, 

one installed and the other in process 
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of installation, each providing the 
facility whereby the simple coded mes 
sage of interrogation to a central pro 
cessor may result in an answering 
message giving the latest buying, sell 
ing or other price information for a 
particular stock. One is operated by 
the Melbourne Stock Exchange using 
a simple keyboard and tape-printing 
terminal unit working with 50-baud 
d.c. telegraph transmission over dedi 
cated private lines, the terminals being 
known by the name Quotron, manu 
factured by the Scantlin Electronics 
Incorporated, U.S.A. This installation 
will also provide a Telex interrogation 
capability so that remote brokers, who 
do not wish to pay for permanently 
connected lines, may use teleprinters 
installed in their offices to connect 
through the Telex system to the Mel 
bourne Stock Exchange computer. The 
other system is known by the name 
Stockmaster, is also of U.S. origin, and 
was installed by Reuters Economic 
Services in association with the Syd 
ney Stock Exchange. This system 
involves 1200-baud transmission 
through modems connected to private 
telephone lines using the polling mode 
and omnibus working. Many ter 
minals are in operation in Sydney, and 
the system extended over long-dis 
tance data channel to Queensland, 
Victoria and New South Wales. 

International Data Services. 

There are a number of leased inter 
national data services in operation, 
mainly for NASCOM (Ref. 9). During 
1969, after extensive testing conducted 
by the Post Office and the Overseas 
Telecommunications Commission in 
collaboration with overseas com 
munication authorities, international 
service over the switched telephone 
network commenced. Because of 
the previously mentioned technical 
limitations in international switched 
network operation., calls are switched 
through a special O.T.C. operating 
position at Paddington, N.S.W., 
where an international channel suit 
able for data transmission may be 
selected for the international con 
nection. These calls first pass through 
a Post Office operator (selected by 
code 016) for call accounting purposes, 
Initial services have been of the 
medium speed tape to tape type using 
error detection and correction (Ref. 
10). One of the factors which has to 
be borne in mind in systems using the 
automatic repetition process for con 
nection is the long round trip delay 
on circuits having satellite sections. 
The outgoing store at the data trans 
mitting terminal in systems using 
continuous block transmission must 

have sufficient capacity to ensure that 
the blocks to be repeated are still 
available. 

CONCLUSIONS. 

The telecommunication system, 
which was developed over many years 
basically for voice communication, is 
now in the process of adapting to the 
rapidly growing data transmission load. 
Most of the principles involved have 
been known and used for many years, 
but their impact has been especially 
in telegraph systems, which operate 
at relatively low speeds. In adapting 
the transmission grid to the transmis 
sion of data at higher speeds, boundary 
conditions are encountered which must 
be observed for low error-rate data 
transmission. There is some flexi 
bility within these boundaries to em 
phasise a particular characteristic 
sought, such as a high data signalling 
rate by use of a complex modulation 
method, but this can only be done with 
an eye to the disadvantage which 
might follow in respect of other 
characteristics. Future development 
of transmission systems might even 
tually follow lines which lend them 
selves to somewhat simpler exploita 
tion for data transmission than do pre 
sent frequency division multiplexing 
systems, but this may be many years 
off. 

Switching of data over the switched 
network for light duty applications is 
quite suitable for many applications, 
particularly those in which the wide 
availability of the telephone network 
is of importance, and its concentration 
ability exploited. Heavy duty users 
are successfully using extensive leased 
network, and, in addition, a special 
message switching network is being 
implemented for customers having 
large volumes of data generated from 
a number of sources. This network 
.also integrates with the low speed 
public telegram (Tress) and telex net 
works. The characteristics of the 
switching systems mentioned have had 
an influence upon the modems con 
necting to the transmission paths es 
tablished for these networks, 
Development of data transmission 

services in Australia since the com 
mencement of date! service has been 
rapid and the introduction of higher 
speed modems and of new switching 
systems will further stimulate this 
growth. 
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TECHNICAL NEWS ITEM 

COMPUTERISED CABLE TESTING. 
A computerised telephone cable 

testing system, the first of its kind in 
Australia, has been installed by Con 
queror Cables Pty. Ltd., the cable and 
wire division of IRH Industries 
Limited, 
Known as the Sievematic, the sys 

tem has been developed by a member 
of the L.M. Ericsson group, with which 
Conqueror Cables has some associa 
tion, and replaces laborious manual 
testing procedures. Conqueror has 
contracts to supply substantial quan 
tities of telephone cable to the Austra 
lian Post Office and the Sievematic 
system was specially designed to meet 
the , requirements of A.P.O. cable 
specifications. 
With the advent of Subscriber Trunk 

Dialling, and with other sophisticated 
systems under development, the A.P.O. 
requires more stringent quality con 
trol, involving increased testing and 
statistical test results taken over a 
large number of lengths of cable. The 
Sievematic system combines program 
ming equipment, logic circuitry, auto- 

matic measuring equipment, a digital 
computer and facilities for the auto 
matic print-out of test results. 

Each item of test equipment has its 
own inbuilt checking circuits and is 
mounted on trolleys. Being highly 
mobile, each Sievematic unit is taken 
to the heavy drums of cable, rather 
than the reverse, as was the case with 
the previous testing method. 
With the Sievematic system, before 

testing commences, a programme is 
prepared on a punched tape to suit the 
particular cable under test and on this 
tape is superimposed the format for 
the final read-out of the test results. 

This information is then fed into a 
tape reader, which 'instructs' one of 
the items of test equipment to test the 
cable for capacitance and un 
balance, mutual capacitance, conductor 
resistance and conductor resistance 
unbalance. Results of these tests, are 
recorded on a punched tape, which is 
fed into the print-out equipment, giving 
a complete graphical record. In the 
case of insulation resistance testing, 
results are displayed by an ink re- 

corder, and, after analysis, are stated 
on the test certificate. 
The digital computer calculates 

mean and maximum values as re 
quired and prints out the calculated 
results on the bottom of the certificate. 
If required, the tape on which the 
results are recorded may be fed into 
a larger computer programmed to ana 
lyse results over a period of time so 
as to keep a constant check on trend 
and quality. 

The. time needed to train personnel 
handling the Sievematic equipment is 
substantially less than that required 
for manual testing operations. 

Chief features claimed for the Sieve 
matic System are:- 
Virtual elimination of human error. 
The equipment's high mobility dis 

penses with the need for permanently 
fixed testing bays. 
Production bottlenecks are elimi 

nated. 
Reduced training time for test per 

sonnel. 
High measurement accuracy. 
Automatic calculation of test results. 

McKINNON - Data Transmission 
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PROGRAMME CONTROL OF THE 1ST PROJECT 
F. J. W. SYMONS, B.E., D.I.C. * and M. K. WARD, B.E., M.Eng.Sc.** 

INTRODUCTION. 

The Research Laboratories of the 
Australian Post Office (A.P.O.) are 
conducting a practical feasibility study 
of the telephone network of the future, 
under the name of the IST (Integrated 
Switching and Transmission) project. 
In this project four telephone ex 
changes, both crossbar and step by 
step, in the Melbourne metropolitan 
network, will be connected by PCM 
(pulse code modulation) transmission 
to a digital switching stage. The 
digital switch will be controlled by the 
programme stored in the memories of 
two exchange control processors, 

The IST project incorporates almost 
all the general foreseeable trends in 
telecommunications networks, and 
these are listed below: - 
(a) stored programme control; 
(b) digital transmission in the form 

of PCM; 
(c) digital switching. 
(d) advanced semiconductor tech 

nology; 
(e) remote control of subscribers' 

switching stages; 
(f) common channel signalling be 

tween processor controlled ex 
changes. 

The initial stage of the project will 
include the first four trends, and the 
last two will be included as the project 
advances. Common channel signalling 
is the major study of an associated 
project currently being carried out 
by the Research Laboratories. (See 
Ref. 1.) 

The objectives of the project are to 
study the techniques involved in the 
trends outlined above, to obtain field 
experience in the operation of new 
systems, and to identify and solve the 
various interworking problems en 
countered when placing new prin 
ciples, systems and technologies in 
the existing network. It is of great 
benefit for an administration to ac 
quire this kind of knowledge and ex 
perience well in advance of the 
widespread introduction of new 
techniques so that the widespread 
introduction can be carried out effi 
ciently and economically. 
This paper deals only with the con 

trol aspects of the project and it 
describes the first complete pro 
gramme control system for a telephone 
exchange which has been designed in 
the A.P.O. Other papers will be pub 
lished by other authors describing the 

* Mr Symons is Engineer Class 3, Switching 
and Signalling, P.M.G. Research Laboratories. 

** Mr. Ward 1s Engineer Class 3, Telephone 
Exchange Equipment, H.Q. 

hardware, signalling and network 
aspects. Background information can 
be found in three papers by H. S. 
Wragge (Refs. 2, 3 and 4). A descrip 
tion of part of the hardware is given in 
the paper by A. Domjan (Ref. 5), and 
a description of the signalling scheme 
used over the PCM systems is given by 
G. L. Crew (Ref. 6). 

SYSTEM DESIGN OF THE 1ST 
EXCHANGE. 

Although the equipment and pro 
grammes being produced for t"e IST 
project will be used to provide the 
exchange facilities. required at a par 
ticular location in the Melbourne tele 
phone network, the objective has also 
been to design and produce a modern 
switching system which is capable of 
meeting a wide range of requirements 
throughout the Australian telecommu 
nications network. The overall objec 
tive can be summarised as being to 
design a system which is capable of 
providing flexible fully-automatic un 
attended exchanges suitable for a wide 
range of purposes and which can 
maintain service in spite of hardware 
and software faults. 

Programme Control. 
In the IST project exchange, all the 

control functions are exercised by the 
programmes stored in the memory of 
the processors. No call handling de 
cisions of any significance are taken 
by hardware. Hardware devices are 
used for some routine detection and 
timing functions, such as the detection 
and generation of dial pulses. The 
hardware also filters out any short 
term changes of state so that only 
valid changes of state should be de 
tected by the programmes. In this 

CLAYTON 
XB 

way the load capacity of the control 
processors is increased without any 
reduction in their decision making role. 
As the exchange is completely under 
the control of the programmes, it is 
their operation which determines the 
way in which the exchange operates, 
the facilities it provides and the extent 
to which the exchange meets all the 
requirements demanded of it. The 
programme control system is one of 
the most important aspects of the 
whole exchange. The design of the 
programme control system has been 
undertaken very carefully in order to 
ensure that it is capable of providing 
the performance and facilities required. 
Electronic stored programme control 
using modern high-speed processors 
has three main features to offer, flexi 
bility and versatility in the provision 
and changing of exchange facilities, 
the economical control of large ex 
changes, and the possibility of co 
ordinated control of the whole net 
work. A description of the programme 
control system designed by the authors 
and the way in which the programmes 
operate is given in later sections, after 
a brief description of some of the main 
characteristics of the exchange. 
Function of the IST Exchange in the 

APO Network. 
The IST exchange will switch traffic 

between the Gardenvale (terminal 
crossbar), Clayton (terminal cross 
bar), South Oakleigh (terminal 
hybrid crossbar and step-by-step) and 
Windsor (local tandem crossbar) ex 
changes, as shown in Fig. 1. As far 
as the rest of the network is concerned 
the IST exchange will essentially be in 
parallel with the Windsor crossbar 
exchange. 

GARDENVALE 
XB 

SOUTH OAKLEIGH 
XB & SXS 

Fig. 1. - Trunking of the 1ST Project 
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be connected to any outgoing line. The 
use of one full availability switchblock 
also enables any signalling sender (or 
sending test unit) to be connected 
across the switchblock to any signal 
ling receiver (or receiving test unit). 
This feature enables a wide range of 
exchange system performance and 
monitoring tests to be carried out 
automatically under programme con 
trol. 

A B 

Fig. 2 - Basic 1ST Exchange 

The Basic 1ST Exchange. 
The 1ST exchange consists of three 

main parts, as shown in Fig. 2. These 
are the digital switch block (or speech 
matrix), the interfaces, and the control 
processors. With the highly central 
ised control situation of processor 
control, it is necessary to have two 
processors to obtain the high degree 
of reliability required by a telephone 
exchange. There are many possible 
ways of interworking the two pro 
cessors. The method chosen to obtain 
the best security of control function 
1s that of sharing the load between the 
two processors which are both actively 
handling traffic as long as they remain 
healthy. The two processors each have 
independent access to the switch block 
through their own interface equipment. 

The reliability aspects will be described 
in detail in a later section. 

1ST Exchange Topology. 
As shown in Fig. 3, one full avail 

ability switch block is used in the 1ST 
exchange for all purposes, including 
lines to other exchanges, signalling sen 
ders and receivers, and service facili 
ties such as recorded announcements 
and automatic testers. Lines to other 
exchanges are connected to Traffic 
Groups, and all other connections are 
made to Service Groups. The signal 
ling senders and receivers are used for 
sending and receiving signalling tones 
and decadic pulse trains to and from 
other exchanges. Any incoming line 
can be connected to any signalling 
receiver, and any signalling sender can 

OPERATIONAL SOFTWARE 
SYSTEM. 

In the 1ST exchange all control is 
exercised by the programmes con 
tained in the computer-like switching 
processor. Those programmes which 
occupy the processor memory, either 
continuousiy or as required, when the 
exchange is in service are called 
operational programmes. All other 
programmes used in the development 
or testing stages are called support 
programmes. 'me support programmes 
will be described in a later section. 

The manner in which the operational 
programmes combine together, or inter 
work, in order to provide the facilities 
required by the exchange is determined 
by the operational software system, or 
basic programme framework. This 
programme framework must have 
certain characteristics if it is to be 
suitable for telephony. The basic 
characteristics are described below. 
Task Multiplexing: The processor 

is required to control the setting up, 
supervision and clearing down of many 
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Fig. 3. - 1ST Excha.nge Topology 
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calls at the same time. As the pro 
cessor is a serial device and can only 
execute one programme at a time, the 
total operational programme is pro 
vided as a large number of small pro 
grammes, each with a well defined 
task By interleaving the execution 
of the programmes involved with the 
various calls, it is possible to control 
many calls simultaneously with the one 
processor. It is necessary to take 
deliberate decisions concerning how 
many programmes should be provided 
in order to carry out each of the vari 
ous identifiable tasks. 

Job Allocation: At any moment the 
processor usually has many tasks and 
hence programmes awaiting execution. 
It is necessary to provide a method of 
job allocation in order to decide which 
programme should be executed next. 
Some tasks and programmes have to 
be executed at regular intervals; some 
tasks must be executed within a cer 
tain time, and some tasks can be 
carried out when time becomes avail 
able, It is very desirable that the 
mechanism of job allocation should 
not consume a significant amount of 
processor time, and should be essen 
tial!y a simple one, while at the same 
time being a flexible one, and being 
suitable for incorporation in any pos 
sible future dynamic programme 
organisation. 

Ordered Execution of Tasks: Not 
only is it necessary for the processor 
to handle many calls at the same time, 
but it must be able to handle many 
different types of call at the same time. 
Each call type will have its own par 
ticular specification regarding setting 

up and clearing down. These specifi 
cations may be translated to sequences 
of tasks which must be performed in 
order for a particular call type. The 
programme framework must therefore 
provide a mechanism to enable the 
ordered execution of many different 
sequences of tasks. The mechanism 
must be versatile in allowing existing 
sequences of tasks to be modified 
when required, or new sequences to 
be added. It is highly desirable that 
the various sequences of tasks should 
make the maximum use of the same 
programmes, in order to reduce the 
number of programmes dedicated to 
individual types of calls. This is best 
achieved by the use of functional pro 
grammes, such as network scanning 
programmes, path search and route 
search programmes, which are used by 
all calls of all types, combined with 
sets of decision making programmes 
which have a knowledge of the call 
types, and of the state of the call. 

Programme Modularity: In order for 
the programme structure to provide 
all the necessary operational and de 
velopmental requirements, the various 
individual programmes must have well 
defined functions, boundaries, and 
methods of communicating and inter 
working with other programmes. This 
gives the individual programmes inter 
nal independence and allows great 
flexibility in design, modification and 
operation. It also enables selective 
optimisation and changes to be carried 
out without causing interactions to 
other programmes. The concept of 
programme modularity can also be 
applied to groups of programmes. It 

INFORMATION FLOW 

is of great benefit for different pro 
gramme types, such as call handling 
and man machine communications pro 
grammes, to have well defined boun 
daries and methods of interworking. 
In the IST exchange the programme 

structure meets the objectives out 
lined above by: 

(a) segmenting the total programme 
into many small programmes; 

(b) the mode of operation of the 
clock level and base level func 
tional programme loops to 
achieve efficient job allocation, 
while maintaining independence 
of individual programmes; 

(c) the use of sets of action code, 
call phase decision making pro 
grammes which control the 
ordered execution of tasks, and 
initiate the execution of the 
various clock level and base 
level functional programmes 
when required; 

(d) maintaining independence of 
programme units and pro 
gramme types by a well defined 
way of interworking; 

(e) maintaining independence of 
functional programmes and data 
by the formation of exchange 
data tables. 

Types of Operational Programmes, 
There are four main types of opera 

tional programmes: 
(i) Call Handling Programmes: These 

programmes handle the detection, set 
ting up, supervision, and clearing down 
of telephone calls. 
(ii) Test Programmes: These pro 

grammes test the operation of the 
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Fig. 5. - Signalling Preprocessing Programmes. 
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Fig. 6. - Signalling Postprocessing Programmes 

whole system, both hardware and 
software. 

(iii) Security Programmes: These 
programmes enable the exchange to 
operate as a fully automatic unattended 
exchange, maintaining service in spite 
of the occurrence of hardware and 
software faults. 

(iv) Man-machine Communications 
Programmes: These programmes enable 
communications to and from the pro 
cessor by means of the console tele 
typewriter. Man-machine programmes 
enable the processor to issue system 
performance reports and to accept 
operator commands for the modifica 
tion of parameters, etc. 

CALL HANDLING PROGRAMMES. 
As shown in Fig. 4, there are four 

main types of call handling pro 
grammes (see Appendix I for a glos 
sary of abbreviations). 
Signalling Preprocessing Programmes 

(SPRP): These programmes scan the 
signalling receivers and the lines from 
other exchanges, and detect all the 
messages sent to the !ST exchange 

INFORMATION 
FLOW 

FUNCTION 

DEVICES 

PROGRAMME 

HOPPER 

MESSAGES 

from the other exchanges. These 
messages are of two basic types, 
supervision messages such as the 
seizure of a particular line, and sig 
nalling messages such as the identity 
of a digit which has been received. The 
signalling preprocessing programmes 
detect all these messages and pass them 
on to the exchange control programmes 
by placing the relevant data in the 
appropriate programme hopper. The 
hoppers provide a mechanism of stor 
ing messages in an ordered queue of 
first-in, first-out. At the appropriate 
time the exchange control pro 
grammes take the messages one at a 
time from the hoppers, a process called 
unloading the hopper, and arrange the 
necessary action to be carried out. 
Typical messages sent by the SPRP 
are 'line x' to the 'Crossbar Seizure 
Hopper,' and 'Signalling Receiver type 
x, number y, digit z' to the 'Signalling 
Receiver Scan Hopper,' as shown in 
Fig. 5. The SPRP are arranged so that 
they report each event detected only 
once to the exchange control pro 
grammes. It is only by means of the 

SPRP that messages from other ex 
changes are received. 
Signalling Postproeessing Pro- 

gra111111es (SPSP): These programmes 
perform a function complementary to 
that of the SPRP. They drive the 
signalling senders and the lines to 
other exchanges so that signalling and 
supervision ,signals can be sent from 
the 1ST exchange to other exchanges. 
The supervision signals may be for 
ward signals on the go path of an out 
going junction or backward signals on 
the return path of an incoming junc 
tion. The SPSP are informed of the 
messages which are required to be sent 
by the exchange control programmes. 
This is achieved by the exchange 
control programmes loading hoppers 
which are unloaded by the appropriate 
signalling postprocessing programme 
at some later time. Typical messages 
are 'line x - seize' and 'signalling 
sender type x, number y, digit z' as 
shown in Fig. 6. 
Switching Network Driving Pro 

grammes (SNDP): Only one programme 
falls into this category and it is called 

NETWORK PATH 
SETTING & RELEASE 

PATH 
CONNECTION 

PATH 
CONNECTION 

I -JUNCTOR TYPE X, NUMBER Y, LOCATION Z, CONNECT, LINE W, LINE Q 
2-JUNCTOR TYPE X, NUMBER Y, LOCATION Z, DISCONNECT 

Fig. 7. - Switching Network Driving Programme 
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Fig. 8. - Simplified Programme Sequence for a Crossbar Call 

the Path Connection Programme. This 
programme, when required to do so by 
the exchange control programmes, 
passes setting up and clearing down 
orders to the junctors of the switching 
network. Examples of actual mes 
sages sent to the path connection pro 
gramme are shown in Fig. 7. 

Exchange Control Programmes 
(ECP): These programmes determine 
the way in which the IST exchange 
operates. They analyse the informa 
tion received from the SPRP, take 
decisions based on all information 
available and arrange appropriate 
action by sending messages to the 
SPSP and the SNDP. 

Control of Crossbar Calls. 
A simplified version of the pro 

grammes involved in the setting up of 
a call which originates on a line from 
a crossbar (XB) exchange is shown in 
Fig. 8. 
The occurrence of a new call is 

detected by the E Lead Scan pro 
gramme, which is one of the SPRP. 

This programme regularly scans the 
conditions of all lines connected to the 
exchange. By comparing the signal 
ling conditions of a line with those 
detected in the previous scan, the E 
Lead Scan programme recognises any 
change which has occurred. If a 
change from the idle signalling condi 
tion to the seized signalling condition 
occurs on an incoming line which is 
connected to a crossbar exchange, the 
E Lead Scan programme loads an 
entry into the Crossbar Seizure Hop 
per, giving the identity of the line 
which requires service. This hopper 
is unloaded a short time later by an 
exchange control programme called 
the Allocate Dialling Buffer pro 
gramme. This programme arranges 
for a special area of memory called a 
dialling buffer to be allocated to the 
new call. The dialling buffer ls used 
to store all the Information which is 
relevant to this particular call during 
its setting up phase. After the dial 
ling buffer has been allocated to the 
call, the programme arranges for the 

control of the call to be taken over 
by the relevant set of call sequence 
control programmes. For each type 
of call, for example calls from a cross 
bar exchange or calls from a step-by 
step exchange, there is one set of call 
sequence control programmes called 
action code (AC), call phase (CP) pro 
grammes. The action code defines the 
type of call and the call phase defines 
the stage the call has reached. 
The first pair of action code, call 

phase programmes in this case, arrange 
the allocation of a KM code receiver 
and its connection to the incoming 
line, and the sending of a seize ac 
knowledge signal over the line to the 
calling exchange. To achieve this the 
action code, call phase programmes 
arrange the execution in turn of the 
Allocate KM programme, the Path 
Search programme, the Path Connec 
tion programme and the M Lead Drive 
programme. 
Once the signalling receiver has 

been connected, the digits transmitted 
from the calling exchange in MFC 
(Multi frequency code) can be received. 
Each digit is recognised by a SPRP 
called the Signalling Receiver Scan 
programme, which loads a hopper with 
the KM identity and the received digit 
This hopper is unloaded by an ECP 
called the Digit Analysis programme, 
which arranges for the received digits 
to be stored in the dialling buffer 
dedicated to this call and also for the 
analysis of the digits to determine 
what action is now required. The 
analysis of digits is achieved by the 
use of translation tables, which indi 
cate whether the currently received 
digit in conjunction with those already 
received is sufficient to specify the 
route required by this call. Compelled 
sequence MFC signals required by the 
calling exchange are originated by the 
Digit Analysis programme. It informs 
the appropriate SPSP of the signal to 
be sent by loading information into the 
Signalling Sender Drive Hopper. 
As soon as sufficient digits have 

been received to determine the re 
quired route, the Digit Analysis pro 
gramme transfers control of this call 
to the appropriate set of decision 
making Action Code, Call Phase pro 
grammes. The first of these pro 
grammes (3, 2) arranges the seizing of 
a free channel on the desired route by 
causing to be executed, in sequence, 
the Route Search programme, which 
finds a free channel, the Path Search 
programme, which finds a path across 
the IST switehblock between the in 
coming channel and the outgoing chan 
nel, and the M Lead Drive programme, 
which puts a seizure on the outgoing 
channel. Control is then passed to the 
next Action Code, Call Phase pro- 
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gramme (3, 6), which releases the KM 
signalling receiver and establishes the 
conversation connection by loading 
two hopper messages for the Path 
Connection programme. In the 3, 2 
programme, the Route Search and Path 
Search programmes may be executed 
several times until an outgoing channel 
is found which is both free and has a 
path across the IST switchblock. If 
there is no free channel on the chosen 
route, control is transferred to another 
Action Code, Call Phase programme, 
which arranges for a second choice 
route to be used. 

Once the conversation connection 
has been established it is no longer 
neessary for the processor to retain 
in its memory much of the information 
which was used during the setting up 
of the call. Action Code, Call Phase 
programme 3, 6 therefore initiates the 
execution of the Transfer DB/SB pro 
gramme. This programme releases 
the sixteen word dialling buffer (DB) 
after it has transferred all necessary 
information about the call to a super 
vision buffer (SB) of four words. The 
supervision buffer is retained by the 
call for the whole of the conversation 
and contains the following information: 

a) incoming line identity; 
(b) outgoing line identity; 
(c) details of the path used across 

the exchange for the connection. 
No more action is carried out by the 

programmes until the conversation 
ends. At the end of the conversation 
the incoming line sends a clear forward 
signal which is detected by the E lead 
scan programme. This programme 
places an entry in the Cleardown Hop 
per giving the identity of the line 
which has just cleared forward. This 
hopper is unloaded a short time later 
by the Cleardown programme. This 
programme arranges the disconnection 
of the path across the exchange, and 
the releasing of the outgoing channel 
and then initiates the execution of the 
Release Supervision Buffer programme 
which clears the supervision buffer for 
use by another call. Once all this 
action has been completed all traces of 
that call have disappeared from the 
processor. 

Control of Step-by-Step Calls, 
The handling of calls from step-by 

step (SXS) exchanges, or any other 
type of call, is the same in principle 
as that described for crossbar calls. 
For SXS calls some special action is 
required as soon as a seizure is de 
tected. Otherwise, misinterpretation 
of signalling information may occur. 
Instead of loading a SXS seizure hop 
per indicating the particular action 
which has to be carried out as soon as 
time becomes available, several prog- 
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rammes are executed immediately in a 
particular sequence in order to arrange 
the selection and connection of a dial 
pulse receiver (DPR) and the sending 
of a seize aknowledge over the line to 
the calling exchange. These pro 
grammes are, in order, Allocate Dial 
ling Buffer, Allocate DPR, Path 
Search, Path Connection and M Lead 
Drive. 
Once these programmes have been 

executed, control of the establishment 
of the call is exercised in a similar way 
to an XB call by a set of action code, 
call phase programmes. 

ORGANISATION OF OPERATIONAL 
PROGRAMMES IN LEVELS. 

Since the processor is a serial device, 
it can perform only one task at a time. 
The processor therefore has to share 
its time over the large number of 
tasks which must be performed in any 
given period of time. This is achieved 
by dividing the total operational pro 
gramme into a large number of small 
programmes, each with a well defined 
task. At any time the decision as to 
which programme should next be exe 
cuted depends on which tasks are 
required to be carried out and on the 
relative priorities of these tasks. The 
processor has a series of eight priority 
interrupt lines which assist in the 
allocation of priorities to programmes. 
Associated with each interrupt line 
Is a programme level and each opera 
tional programme is allocated to a 
particular programme level, depending 
on its function and relative priority. 
If a signal is applied to an interrupt 
line while a programme in -1 lower 
level is being executed, the processor 
stops executing that programme and 
starts to execute the first programme 
in the level corresponding to the in 
terrupt line. Only when the pro 
grammes in the interrupt level have 

CLOCK 
INTERRUPTS 

PROCESSOR A 

PROCESSOR B 

been completed does the processor 
return to continue the execution of 
the programme which was interrupted. 

There are two programme levels in 
addition to the interrupt levels, namely, 
base level and demand level. Pro 
grammes in base level are executed 
when no interrupts are recognised by 
the processor. The demand level 
programmes are those which are only 
executed when requested by another 
programme. They are all independent 
of each other and are not linked in 
any way. The demand level pro 
grammes consist of two basic types, 
sub-routines and the action code, call 
phase programmes for call sequence 
control. The operational programmes 
most directly involved in call hand 
ling are in clock level, base level and 
demand level. 

Clock Level Programmes. 
Every 20 ms the processor is inter 

rupted by a signal from the interrupt 
clock. This causes the processor to 
jump immediately to the first of the 
clock level programmes. The clock 
level programmes are normally all 
executed in a fixed sequence every 
time the clock interrupts. After the 
clock level programmes have all been 
executed, the processor returns to com 
plete the execution of the programme, 
normally in base level, which it was 
executing when the clock interrupted. 
Execution of the base level pro 
grammes continues until the next clock 
interrupt occurs. This situation is 
shown in Fig. 9, which also shows how 
the clock interrupts to the two pro 
cessors are interweaved so that the 
two processors are never both execut 
ing clock level programmes at the 
same time. This feature enables con 
siderable simplification of the way in 
which the two processors co-operate in 
order to provide continuous service 
should either fail. 

C L B L 

B L CL 

CL-CLOCK LEVEL 

B L-BASE LEVEL 
Fig. 9 - Operation of 1ST Clock Level and Base Level Programmes 
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Fig. 1 o. - Basic Functions of the 1ST Clock Level and Base Level Programmes 

The clock level programmes have 
three basic functions to fulfil, as 
shown in Fig. 10. 
Network Scanning: The network 

scanning programmes consist mostly 
of all the signalling preprocessing pro 
grammes described in an earlier 
section. The conditions of all the E 
leads in the exchange are scanned 
every clock interrupt period to detect 
new calLs and to collect other super 
vision information. The various sig 
nalling receivers do not all have to be 
scanned each dock period. Each re 
ceiver type is scanned in groups one 
after another, with one group being 
scanned each clock interrupt period. 
The size of the group for each receiver 
type depends on the total number of 
units and the rate at which the units 
are required to be scanned. The 
group sizes can be changed simply as 
the exchange grows. This method 
allows scanning at submultiple rates 
of the basic clock period, whilst pre 
serving an even distribution of work 
over all clock periods. 

Incrementing Timing Counters: The 
clock interrupt every 20 ms provides 
the processor with a sense of real time. 
This sense of real time must be made 
available to programmes in all levels 
and this is achieved by the use of 
timing counters. For example, when 
a base level programme has initiated 
the sending of an MFC signal to 
another exchange ,a response should 
be obtained from that exchange within 
a certain time. The base level pro 
gramme therefore activates a timing 
counter, i.e., starts a timeout, by plac 
ing in the counter a negative number 
equal to the number of 20 ms periods 
in the time to be measured. During 
every clock period all active timing 

counters are incremented hy one. If 
the counter reaches a value of zero, 
then the specified waiting time has 
expired, i.e., timeout has occurred and 
appropriate action may be taken by 
initiating the execution of the relevant 
programme. If the event being timed 
occurs before the timeout expires, the 
timing counter is rendered inactive. 

Network Driving: The network 
driving programmes consist mainly of 
all the signalling postprocessing pro 
grammes and the switching network 
driving programmes described earlier. 
The network driving programmes are 
performed in clock level mainly to sim 
plify the interworking of the two 
processors. The fact that the two 
processors are never in dock level 
together provides a simple mechanism 
for ensuring that the two processors 
are not delivering instructions to the 
network at the same time. All the 
network driving programmes are hop 
per fed with messages from the ex 
change control programmes. If there 
are jobs awaiting action in the hoppers 
then the programmes are executed 
until the hoppers are empty. As soon 
as a particular hopper is empty the 
next programme is executed. 
When the clock level programmes 

have been executed, the processor 
returns to complete the programme 
which was being executed when the 
clock interrupt occurred. In order 
that the interrupted programme should 
not be aware of the break in its exe 
cution, it is necessary for the pro 
cessor on entering clock level to store 
any information such as register 
values, which might be destroyed by 
the dock level programmes. Imme 
diately before leaving clock level this 
information is restored so that process- 

ing of the base level programme con 
tinues as if the interrupt had not 
occurred. 

Base Level Programmes. 
Programmes in base level are only 

executed when no interrupt has been 
recognised to force the processor into 
a particular interrupt level. The base 
level programmes therefore are those 
which do not have to be executed 
periodically or immediately following 
an external event. Also, the base 
level programmes are all hopper fed 
functional programmes, so that each 
programme is only executed when its 
particular function is requested. The 
functions performed by base level pro 
grammes fall into several categories 
such as general exchange control 
(Route Search, Digit Analysis, Clear 
down), switch control (Path Search), 
hardware device control (Allocate KS, 
KM and DPS, and Signalling Unit 
Clear-down), software device control 
(Allocate DB, Transfer DB/SB, and 
Release SB), and timing control 
(Timeout and Cleardown Timeout). 
The action of the base level pro 

grammes can be described by taking 
the Path Search programme as an 
example. There are four basic con 
nections required for handling cans in 
the IST exchange: 
(a) incoming line to signalling re 

ceiver; 
(b) signalling sender to outgoing 

line; 
(c) incoming line to outgoing line; 
(d) busy tone or number unobtain 

able tone to incoming line. 
Whenever any one of these connec 

tions across the exchange is required, 
an entry is placed in the hopper of the 
Path Search programme giving details 
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of the lines between which a connec 
tion is required and of the dialling 
buffer which is holding information 
pertinent to that call. The Path Search 
programme maintains two tables called 
the timeslot occupancy map and the 
location occupancy map. These tables 
contain a complete description of the 
free or busy state of all possible con 
nections across the exchange. By 
consulting these tables the Path Search 
programme is able to select and 
allocate a suitable path across the 
exchange. The Path Search pro 
gramme makes no reference to the 
actual network when allocating a 
path, but relies completely on the 
record kept in the tables. As these 
tables are the only record kept of 
the state of the network, it is neces 
sary for them to be completely reliable 
in their accuracy. The Path Search 
programme stores in the dialling buffer 
the results of its calculations. (e.g., 
path identity) so that other pro 
grammes may use this information. 
When the execution of a base level 

programme has been completed, pro 
cessing continues in base level until 
an interrupt occurs. The matter of 
deciding which programme to execute 
next is the important task of job allo 
cation. In the executing of the IST 
programmes job allocation is not per 
formed by a particular supervisory 
programme, but is an operation im 
plicit in the whole structure of the 
'framework into which all the pro 
grammes fit. The base level pro 
grammes are arranged in a multiple 
loop, as shown in Fig. 11. The pro 
grammes are arranged in a loop in 
rank order of priority. At the com 
pletion of any programme a check is 
always made, starting with the highest 
priority programme, to see if any 
higher order programme requires exe 
cution. Only if no entry exists in the 
hopper of a programme of higher 
priority is any programme executed. 
This arrangement avoids the use of a 
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Fig. 11. - IST Programme Structure 

complicated job scheduling routine and 
provides a simple but versatile means 
of job allocation which absorbs the 
minimum amount of processor time 
and memory. The operation of call 
handling programmes using this 
method of job allocation does not 
depend on any knowledge of the 
functions of the programmes awaiting 
execution. All that it is necessary to 
know is the rank order of priority of 
the base level programmes. If at any 
time a new base level programme is 
required, it can be added very simply 
to the most appropriate place in the 
loop, depending on its relative priority, 
affecting only the exit information in a 
special table of the programme imme 
diately ahead of it in priority. A 
similar arrangement of base level pro 
grammes has been described by Treves 
(Ref. 7). 

Demand Level Programmes. 
Demand level programmes do not lie 

in any interrupt level or in base level 
and are not hopper fed. They are' 
therefore not executed regularly but 
must be requested by some other pro 
gramme. There are two classes of 
demand level programmes: 

Subroutines: There are many rela 
tively small programming tasks which 
have to be carried out by a number 
of programmes at various times. Most 
of these are provided as subroutines 
which are used, as required, by any 
programme. A typical example of a 
subroutine is the Find First One sub 
routine, which is used by many pro 
grammes when searching for the 
identity of the bits in a word which 
indicate that a change of state has 
occurred. Subroutines are executed 
immediately they are called by a pro 
gramme and upon completion, the 
execution of the calling programme is 
continued. 
Action Code, Call Phase Pro- 

grammes: The AC, CP programmes are 
responsible for the controlling of the 

ordered sequence of tasks required to 
handle each call correctly. These 
programmes do not perform any func 
tional tasks themselves, but initiate 
the execution of functional operational 
programmes. They make decisions 
concerning which programme should 
next be initiated for a particular call 
by interrogating the dialling buffer 
which contains information pertinent 
to that call. 
There is a group of AC, CP pro 

grammes for controlling each different 
sequence of tasks required by the 
exchange. The action code value 
defines the group and the call phase 
value defines an individual programme 
within the group. In the IST ex 
change, one group controls the setting 
up of calls originating from step-by 
step exchanges (AC 1), another con 
trols the setting up of calls originating 
from crossbar exchanges (AC 3), while 
a third controls the premature clear 
down of calls (AC 2). Further groups 
are used for arranging maintenance 
and diagnostic tests on the exchange. 
The way in which an AC, CP pro 

gramme works is illustrated by taking 
as an example the action code, call 
phase programme 3,2 which was 
shown in Fig. 8. A simplified flow 
chart of programme 3,2 is shown in 
Fig. 12. 

When an AC, CP programme is 
entered it has as data the identity of 
the dialling buffer holding information 
about the call on which a decision is 
to be made. On initial entry the pro 
gramme 3,2 interrogates a bit in the 
dialling buffer and so decides that a 
route search has not yet been at 
tempted for this call. It therefore 
initiates the search for a free outgoing 
channel on the required route by 
placing an entry in the hopper of the 
Route Search programme. Processing 
then continues. at the highest priority 
programme in base level. After the 
Route Search programme has allocated 
an outgoing channel, programme 3,2 is 



226 THE TELECOMMUNICATION JOURNAL OF AUSITRALIA October, 1970 

ENTRY 

HAS ROUTE 
SEARCH BEEN 
ATTEMPTED 

YES 

NO 

LOAD 
ROUTE SEARCH 

WAS ROUTE 
SEARCH 
SUCCESSFUL 

NO 

YE$ 

TRANSFER TO 
CALL CLEARDOWN 
ACTION CODE 
PROGRAM 

HAS PATH 
SEARCH BEEN 
ATTEMPTED 

YES 

NO 

EXIT 

LOAD 
PATH SEARCH 
HOPPER 

EXIT 

WAS PATH 
SEARCH 
SUCCESSFUL 

NO 

RELEASE CHANNEL 

YES 

LOAD 
M LEAD 
DRIVE HOPPER 

LOAD 
ROUTE SEARCH 
HOPPER 

TRANSFER TO 
ACTION CODE, 
CALL PHASE 3, 6 

EXIT 
EXIT 

Fig. 12. - Simplified Action Code, Call Phase Diagram 3,2. 

entered again and after checking that 
a successful route search has been 
performed, it initiates a search for a 
path tram the incoming channel to the 
selected outgoing channel by placing 
an entry in the Path Search hopper. 
When the Path Search programme has 
allocated a path across the exchange, 
programme 3,2 initiates the sending 
of a seizure signal on the outgoing 
channel by placing an entry in the 
hopper of the M Lead Drive pro 
gramme. It then transfers control of 
this call over to programme 3,6, which 
organises the progress of the next 
stage of the call. 

Programme 3,2 also is responsible 
for initiating the correct action should 
all channels on the required route be 
busy or should there be no free paths 
to the selected outgoing channel, and 
for all other possible situations which 
could occur. If, for example, there is 
no free path to the outgoing channel 
selected, programme 3,2 organises the 
selection of another outgoing channel 
and the search for a path to that chan 
nel. Programme 3,2 also controls the 
maximum number of attempts allowed 
to be made to find a suitable path to 
the exchange. This number is cur 
rently set at 3, but is a parameter 
which can be changed quite simply if 
necessary. 

STATE INFORMATION. 
From the description given above it 

can be seen that every programme has 
its own particular function to perform. 
Any one programme always carries 
out the same function; for example, 
path search, for all calls which are 

handled by the exchange. There is no 
association of particular programmes 
with particular calls., However. in 
formation individually identifying the 
status of all calls, switches, lines and 
devices must be available as data for 
the programmes. This state informa 
tion is kept in reserved memory spaces 
called buffers and tables. The most 
important of these are: 
Dialling Buffers: From the moment 

a new call is detected until it reaches 
the conversation stage, it is allocated 
an area of memory of sixteen words 
called a dialling buffer. In this dial 
ling buffer is stored all information 
relevant to that call necessary to 
ensure that the call can be set up or 
broken down as required. Examples 
of this information are: 

(a) incoming line identity; 
(b) outgoing line identity; 
( c) signalling sender and receiver 

identities; 
(d) details of paths used between 

Jines and senders and receivers; 
(e) digits received from incoming 

line; 
(f) current action code, call phase; 
(g) whether route search has been 

initiated and successful. 
(h) whether path search has been 

iniated and successful. 
(i) various other call control in 

formation. 
Supervision Buffers: As soon as a 

call reaches the conversation phase it 
is possible to conserve memory space. 
The dialling buffer is released and the 
call is allocated a supervision buffer 
of four words. The information con- 

tained in the supervision buffer con 
sists of incoming and outgoing channel 
identities, the details of the path con 
necting them, and a few control bits. 

Line Tables: Each line connected to 
the exchange is allocated two words of 
memory (32 bits), called the class of 
line word and the line condition word. 
These words contain information de 
scribing the type of line and its current 
usage. 
As mentioned above, the dialling 

buffers and supervision buffers always 
contain the identity of the lines in 
volved. In addition the identity of 
the dialling or supervision buffer 
allocated to a line is stored in the line 
condition word. This means that it 
is always possible to find out all the 
information relating to a call, starting 
from either of the lines connected, or 
from the dialling buffer or supervision 
buffer. This feature is especially 
valuable in enabling the healthy pro 
cessor to take over calls set up by a 
processor which has failed. 

Line Last Look Tables: These tables 
contain the last condition of the E 
leads as obtained by the scanning pro 
grammes. All changes of state in 
these signalling leads are detected by 
comparing their present state with 
that stored in the line last look tables. 
Two bits per line are required, with 
eight lines sharing a word, making a 
total of three words per 24 channel 
PCM system. 
Device Status Buffers: Every de 

vice such as a signalling sender or 
receiver which is connected to the ex 
change is allocated one word of 
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memory called the device status buffer. 
In this word is stored information on 
the current state of the device, e.g., 
free or busy, healthy or faulty, and 
some last look information. As with 
line tables, cross referencing is pos 
sible between a device status buffer 
and the dialling buffer for a call which 
is using the device. 

Route Tables: Selection of an out 
going channel on the required route is 
achieved by searching over the route 
tables. The Route Search programme 
and route tables have been designed 
to allow a random distribution over 
the exchange of bothway, incoming 
and outgoing junctions. 
Junctor Maps: All connections across 

the exchange are made with reference 
to the timeslot occupancy map and the 
location occupancy map as described 
earlier. These tables contain a com 
plete description of all possible con 
nections across the exchange by de 
tailing the status of all junctors. The 
timeslot occupancy map requires one 
word per highway timeslot and will 
be provided in full in the initial field 
trial so that no restriction is placed 
on the use of highway timeslots. The 
location occupancy map requires a 
maximum of 96 words, but in the 
initial field trial it need be only as 
long as the number of locations con 
tained in the junctor which is equipped 
to the greatest extent. 
Device Location Tables: The service 

groups have been organised to allow 
any signalling sender or receiver, tone 
generator, recorded announcement, 
test device or similar unit to be con 
nected to any inlet or outlet on the 
service groups. For each type of 
device connected to the service groups, 
a location table is provided which lists 
against the number of the unit the 
identities of the group and the high 
way timeslot to which the unit is 
currently connected. It is possible 
to rearrange the distribution of de 
vices connected to the service groups 
to meet varying traffic and other re 
quirements as the exchange grows, 
without changes to the programmes. 
It is necessary to change only the 
information stored in the relevant 
location tables. This can be done by 
means of the man-machine communi 
cations programme. 

MAN-MACHINE COMMUNICATIONS 
PROGRAMMES. 

Although the IST exchange is de 
signed to operate in an unattended 
automatic mode, it is necessary for 
information to be passed between the 
processor and operating personnel. 
Output messages, originated by the 
processor, provide information on 
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system performance, detected fault 
conditions, traffic statistics, etcetera. 
Input messages, originated by the 
operator, allow: 

(i) new exchange data to be pret 
sented to the processors; 

(ii) the operator to request particu 
lar information from the pro 
cessors; 

(iii) the operator to initiate the read 
ing in and execution of pro 
grammes which are kept off-line 
on paper tape. These pro 
grammes are normally detailed 
test programmes, which are only 
required to be executed when a 
particular fault condition has 
been detected. 

In the IST project the device used 
for man-machine communication is an 
ASR 33 teletypewriter. The ASR-33 
has a standard keyboard, and a ten 
character per second reader and 
punch. Messages. are transferred to 
and from the processor and the ASR-33 
in ASCII code over a normal telegraph 
line so that the ASR-33 may be located 
at any distance from the processor. In 
an operational exchange, two ASR-33 
units would normally be connected in 
parallel to the control processors. One 
unit would be located adjacent to the 
processors, while the other would be 
located in a regional maintenance 
centre. 
To allow efficient transfer of mes 

sages, the ASR-33 is operated in inter 
rupt mode. When the unit is in its 
input state, an interrupt will be gene 
rated whenever a character is sent 
from the keyboard or from the reader. 
When the unit is in its output state, 
an interrupt will be generated when 
ever a character sent from the pro 
cessor has been printed and if re 
quired, punched on to paper tape. The 
interrupt line used by the ASR-33 is 
lower in priority than that used for 
clock interrupt. 

Several operational programmes are 
required for handling ASR-33 mes 
sages. When an interrupt is received, 
programmes in the ASR-33 interrupt 
level arrange the sending or reception 
of the next character. Base level pro 
grammes are involved in the generation 
or interpretation of messages. One 
clock level programme is also involved. 
Since both processors use the same 
teletypewriter it is necessary to ensure 
that each processor can seize the unit 
for its exclusive use in outputting a 
message. This can most conveniently 
be achieved if each processor attempts 
to seize the ASR-33 only when it is 
in clock level since the two processors 
are never in clock level at the same 
time. The possibility of dual seizure 
is therefore eliminated. 

RELIABILITY. 

Telephone exchanges are required to 
provide continuous- reliable service 
over a large number of years. In the 
highly centralised control situation of 
a processor controlled exchange, fault 
tolerance is not an inherent or natural 
characteristic, and it is possible for a 
relatively minor failure to cause the 
complete breakdown of the exchange. 
A second processor is utilised to pro 
vide the necessary level of reliability 
and dependability. 
Faults can come from a number of 

causes, such as permanent hardware 
failures, transient hardware failures, 
electrical disturbances and software 
errors. It is necessary to provide a 
control system which can continue to 
provide service, even if degraded, in 
spite of the occurrence of any of these 
types of failures, and which can also 
recover to full control capacity from 
the effects of any of these failures. An 
attempt has been made to build in 
reliability at all levels of the IST 
system design, both in the hardware 
and in the software. 
In the IST exchange, security of the 

control capability is obtained by the 
duplication of processors and of most 
of the interface equipment. The pro 
cessors are both fully active when 
healthy and share the load of the ex 
change between them. Both proces 
sors continuously scan the whole 
network and take note of all changes 
of state. Each processor accepts only 
half of the work of the exchange, as 
the programmes are arranged so that 
the processor which first detects a 
new call, handles that call for its whole 
duration. This arrangement is greatly 
simplified by the fact that the two 
processors scan the network alter 
nately during different time intervals. 
Each processor must be able to carry 
the full rated load of the exchange. 
The second processor provides security 
and an increased overload capacity, 
rather than an increase in the rated 
load capacity. 

In the event of the failure of one 
processor, all calls in the process of 
being set up by that processor will be 
broken down by the processor remain 
ing on-line. All relevant lines, paths, 
signalling senders and receivers, and 
dialling buffers will be released by the 
healthy processor. The supervision 
of calls already established by the 
processor which fails, will be taken 
over by the processor remaining on 
line. In order to enable the load 
sharing and take over procedures to 
be performed effectively, the two pro 
cessors interchange certain information 
at appropriate times. This information 
is that required: 
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(a) to allow the two processors to 
share the load evenly and to 
avoid competing and interfering 
with each other; 

(b) to allow the healthy processor 
to break down cleanly any calls 
being set up by the other pro 
cessor at the time of the failure; 

(c) to enable the healthy processor 
to allow all existing calls to 
remain undisturbed by the 
failure of one processor. 

The interprocessor messages sent 
for a simple successful call from 
Clayton to South Oakleigh are listed 
in Appendix 2. 
The processor remammg on-line 

attempts to return the failed processor 
to service by reloading the programme 
into its memory, and putting the pro 
cessor through various tests of its 
memory, control unit and arithmetic 
unit. If the failed processor passes 
all these tests, it is given a completely 
updated picture of the state of the 
network, devices, lines and calls, and' 
is then put back into service. If the 
cause of the breakdown had been soft 
ware or an electrical disturbance or a 
transient hardware fault, the processor 
will continue to carry traffic until a 
similar fault is encountered again. If 
the failure had been a permanent hard 
ware one in the processor, the proces 
sor will fail to pass the tests, and the 
location in the programme where the 
failure was detected will assist in 
determining the nature of the fault. 

In the event of the failure of both 
processors, a small hardware device 
tries alternately to put one or other 
of the processors back into service. As 
soon as either of the processors is 
on-line it takes control and tries to 
put the other processor into service. 
When all the various automatic devices 
are unable to handle the situation, 
recourse must be made to manual 
methods of initiating recovery. 

MAINTENANCE AND OPERATION. 

The exchange control system has 
been designed to allow unattended 
automatic operation to be the normal 
mode of operation. Whenever a 
fault is encountered a message is 
printed on the console teletypewriter. 
Various traffic statistics and other 
information can also be printed as 
required. When the exchange is un 
attended there would normally be 
two teletypewriters working in par 
allel, one at the exchange and one 
at the regional control or service 
centre. According to the nature of 
the fault the staff at the regional centre 
would know whether it was necessary 
or not to travel to the IST exchange to 
affect repairs. 

The basic maintenance and opera 
tional tool is the processor and the 
various test, man-machine and security 
programmes. The programmes are 
continuously conducting tests on the 
processor, the interface equipment, the 
switchblock, the signalling senders 
and receivers and on each other. Only 
when both processors have failed 
should it be necessary to resort to 
essentially manual methods of fault 
finding. Enough maintenance and 
diagnostic programmes are included 
in the memory to provide the basic 
maintenance and diagnostic functions. 
After the general location, extent and 
type of fault has been established by 
these programmes, special programmes 
relevant to the particular fault are 
loaded into an area of memory reserved 
for this purpose. These on-demand 
programmes are used to examine the 
conditions in detail and to printout 
information which will inform the 
mantenance technician which circuit 
card or sets of cards to replace. 

Examples of Test Programmes. 
The types of test programmes used 

are illustrated by the following ex 
amples:- 

Signalling Scanning: Every 20 ms 
all signalling leads of the exchange 
are scanned by the processor. Before 
scanning the signalling leads, test 
commands are sent to the interface 
equipment involved, and scanning only 
continues if the correct responses are 
received. If the correct responses are 
not received a diagnostic programme 
is executed. 
The signalling leads of the PCM sys 

tems are scanned in groups, with three 
16 bit words per system. After testing 
the interface the four system alarms of 
each PCM system are scanned and 
checked for valid operation before the 
signalling information is collected. For 
example, if a particular system is indi 
cated as being out of synchronisation 
its signalling leads will contain invalid 
information, and their scanning is 
inhibited until the system regains syn 
chronisation. 

Path Setting: All paths across the 
exchange are made by means of the 
delay and zero delay junctors. All 
[unctors have a number of locations, 
each of which is used to maintain one 
connection, or conversation. The 
contents of the locations are not nor 
mally scanned for the purpose of. path 
searching and selection, this function 
being performed entirely in the 
memory maps of the junctor timeslot 
and junctor location occupancy. Once 
a path has been selected, the appro 
priate order is passed to the particular 
junctor. If a programme error has 

occurred this could result in either 
a connection being broken down 
unintentionally, or else an unwanted 
double connection could be made. A 
simple test takes advantage of the fact 
that in normal operation each location 
receives alternate commands of con 
nect and disconnect. If a particular 
junctor location receives two succes 
sive commands to connect, the opera 
tion is inhibited by the junctor hard 
ware and a fault bit is set. After 
sending out each path connection 
instruction the processor checks the 
condition of the fault bit. If it has 
been set a test programme is entered. 
Normally this programme will repeat 
the instruction in case an intermittent 
fault has occurred, but if the fault 
persists further analysis will be per 
formed. 

Maintenance Programmes, 
The two examples given above con 

cerning signalling scanning and path 
setting illustrate the type of test pro 
grammes which are used during normal 
call handling to check that the system 
is performing as required, and the type 
of test programmes which are respon 
sible for initiating the corrective 
action if faults, occur. There is 
another family of test programmes 
which are separate from the normal 
call handling programmes. These are 
the maintenance programmes which 
are. used to carry out a series of tests 
on the functioning of all parts of the 
exchange, both hardware and software. 
The tests are performed in a cyclic 
manner and use whatever spare pro 
cessing capacity of the processor re 
mains from the call handling tasks. 
Examples of these programmes are 
given below. 
Serial Testing of Exchange Equip 

ment: Each incoming PCM serial pulse 
train contains the speech information 
of 24 junction circuits. Before each 
pulse train leaves the exchange on its 
outgoing line it passes through ·a large 
number of digital switches in the form 
of semiconductor gates, all of which 
are time-shared with many other 
circuits. Failure of any of these 
gates would cause results like an 
error in the outgoing pulse train, 
probably degrading the intelligibility 
of the speech, or incorrect switching 
across the exchange. In the nor 
mal setting up of a call no check 
is made of either the quality of the 
transmission across the exchange 
or of the correctness of the path 
actually established. These checks 
are left to a low priority maintenance 
programme which checks the trans 
mission from all inlets to all outlets 
in a cyclic manner by means of a serial 
test unit, one of which is associated 
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with each PCM system or system 
speech memory. Under programme 
control, the serial test unit can be 
used to place either of two complemen 
tary patterns on the speech bits of any 
incoming channel in the exchange. The 
maintenance programme sets up a 
path across the exchange to the outlet 
of the particular outgoing channel and 
scans a simple detection circuit to see 
whether the pattern transmitted has 
been received. The pattern is then 
inverted and the detection circuit 
scanned again. If both patterns are 
transmitted correctly across the ex 
change then all equipment involved 
(and associated software) must be 
working correctly. If either of the 
tests fail, then a path is set through 
another junctor or to another outlet 
and the test is repeated. By testing 
all the inlets, paths and outlets it is 
possible to deduce what type of fault 
has occurred and what item of equip- 
ment is involved. If a particular 
junctor has failed, for example, then it 
is marked permanently busy in the 
memory records consulted by the call 
handling programmes, so that it will 
not be allocated to future calls, and 
a fault report is made on the teletype 
writer. After the fault has been 
cleared the maintenance staff', by 
means of a message punched on the 
teletypewriter, can arrange for the 
junctor to be placed back in service. 

Testing of Signalling Senders and 
Receivers: In addition to the connec 
tions used when handling calls, it is 
possible to connect any ,signalling 
sender to any signalling receiver by 
means of the normal switchblock. This 
facility is used by maintenance pro 
grammes, which check the functioning 
of the various signalling senders and 
receivers and their interface equip 
ment. In a typical test a dial pulse 
sender (DPS) is connected to a dial 
pulse receiver (DPR). The programme 
instructs the DPS to send a particular 
digit and then checks to see if the 
DPR has reported the detection of the 
same digit. The programme continues 
by commanding the DPS to send all ten 
possible digits, and then continues by 
checking another pair of senders and 
receivers. If the correct digit is not 
received at any time, the programme 
tries another path through the ex 
change, or another DPS or another 
DPR and builds up a pattern of failures. 
Examination of the pattern of failures 
will determine what type of fault has 
occurred. If it is a DPS, for example, 
it will be marked permanently faulty 
in the memory, and a fault report will 
be printed out. After the fault has 
been cleared the maintenance man can 
type in a message to restore the DPS 
to service. 
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Deductive Maintenance. 

In the four examples given above of 
test programmes and maintenance pro 
grammes, it can be seen that the funda 
mental approach to testing and main 
tenance has been to use the powerful 
deduction facility provided by the pro 
cessor. The !ST system has been 
designed to take maximum advantage 
of this facility, which enables many 
powerful checks to be made in both 
direct and indirect manner with a 
corresponding reduction in exchange 
hardware size and complexity. By the 
provision of programmes indepen 
dently situated in memory and 
independently executed, the system 
can, in effect, get outside itself and 
view its own performance from afar. 
This provides a facility for valid self 
monitoring. 

The approach of deductive analysis 
is also applied to checking the pro 
grammes. One example of the type 
of approach being followed concerns 
the overall timeout placed on the use 
of the dialling buffer. There are a 
large number of specific timeouts 
provided in the programmes. Many 
of these apply to specific events, such 
as the reception of a backward MFC 
signal on a particular channel. In 
addition to these specific timeouts, 
there is an overall timeout on the use 
of the dialling buffer during the set 
ting up of a call. Any one of a large 
number of situations, some outside the 
IST exchange and some inside the IST 
exchange, can cause the incomplete 
setting up of a call. When this over 
all dialling buffer timeout expires, the 
call is broken down and congestion 
tone is returned to the subscriber. It 
is not possible, at the moment that 
the timeout expires, to work out the 
cause of the trouble, as it could even 
be a very slow dialling subscriber, 
with all hardware and software operat 
ing correctly, without a fault any 
where. Whenever an overall dialling 
buffer timeout expires, or clear for 
ward is received before the dialling 
buffer has been released, the contents 
of that dialling buffer are dumped 
either in memory or on tape. The dial 
ling buffer contains the identity of all 
the lines, signalling senders and re 
ceivers, and other units involved, and 
all . other information concerning the 
state of the call. After a few timeouts 
have occurred, all this information can 
be examined, either automatically or 
manually, and a search made for com 
mon information. If there is one 
DPR, for example, involved in most of 
the timeouts, then it is highly likely 
that the DPR or its associated inter 
face is faulty, and it can be taken out 
of service for repair. If many of 

these timeouts occurred with different 
DPRs but after only two digits had 
been received, then it is most likely 
that there is a software fault, and its 
likely area can be deduced. 

PHASES OF THE IST PROJECT. 

The shortage of resources has deter 
mined to a large extent the way in 
which the various phases of the IST 
project will be carried out. On initial 
cutover (Phase 1) the IST exchange 
will include all basic call handling 
programmes. with only a small number 
of test, security and man-machine 
communications programmes. This 
phase is called the essential simplex 
(one processor) phase. With this 
approach it should be possible for the 
cutover date and the gaining of ex 
perience in handling live traffic to 
occur at the earliest possible date with 
the limited resources available. Phase 
2 of the project will be the addition 
of a second processor and its interface 
for the purpose of providing the re 
quired level of reliability and dependa 
bility. This phase is called the essen 
tial duplex (two processor) phase. 
Phase 3 of the project will involve the 
extension of the operational test pro 
grammes to provide a range of main 
tenance and diagnostic programmes. 
Phase 4 of the project will involve the 
remote control of subscribers' switch 
ing stages, or concentrators. The 
basic design of the programme control 
system has been carried out in such 
a way that it caters for all the project 
phases mentioned above. It allows 
the facilities of the exchange to be 
increased steadily from the bare mini 
mum to whatever is ultimately re 
quired by the addition of suitable 
programmes as they become available. 

Topics for Later Study. 
Several aspects of the control facility 

have been set aside for more detailed 
study at a later date when more re 
sources become available. Some of 
these topics will be mentioned briefly. 
No provision has been made for any 
special reaction to be made to traffic 
overload conditions. For the initial 
stages of the field trial, only two step 
by-step seizures will be accepted by 
each processor in any one clock inter 
val of 20 ms. Additional step-by-step 
seizures will be given busy tone. 
Only two crossbar seizures will be 
serviced by each processor in any one 
clock interval. Additional crossbar 
seizures will be ignored until the next 
clock interval. This approach seems 
a reasonable one for the initial project 
stages, especially when it is realised 
that one seizure every clock period 
of 20 ms represents 6000 erlangs of 
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traffic given a mean call holding time 
of 120 seconds, As the traffic builds 
up to an overload position the general 
effect on the operation of the exchange 
will be an increase in the delay in 
volved in handling calls. It is consi 
dered that detailed study of better 
ways to react to overload conditions 
should be left until later stages of the 
project. 
For similar reasons no attempt has 

been made to incorporate into the 
programme structure any type of 
dynamic control. It is believed that 
the existing structure could easily be 
included in any useful dynamic sys 
tem. No network management func 
tions have been included, as it is con 
sidered that it is better to wait until 
the facilities of this nature which are 
really required for the APO network 
become more clearly defined. De 
tailed work on the automatic detec 
tion, localisation and repair of faults 
will be carried out at later stages when 
more resources become available. 

The Extent of the Initial Field Trial 
Installation. 

In the initial field trial installation 
a total of 96 (incoming plus outgoing) 
PCM circuits will be connected to the 
IST exchange. A few of these circuits 
will be allocated to MFC receivers and 
special test lines, so that a total of 
about 88 (incoming plus outgoing) cir 
cuits will be available for traffic pur 
poses. The expected traffic loading 
of the exchange from the 38 incoming 
circuits is 30 erlangs. Two traffic 
group speech memories (GSM) and 
two traffic output registers (OR) will 
be provided, each being 25 per cent. 
equipped. Two partially equipped 
delay junctors (DJ) and one partially 
equipped zero delay junctor (ZDJ) will 
be provided. The hardware will be 
able to be extended by the addition 
of suitable plug-in units. 

Scope of the Initial Programmes. 
The initial programmes. and data 

formats have been designed to allow 
the exchange to grow to 12 times its 
initial cutover size without changes 
being required to either the pro 
grammes or the data formats. The 
only changes required are essentially 
those of changing the parameters 
which describe the extent to which the 
exchange has been equipped. Up to 
six traffic groups each fully equipped 
for eight PCM systems (a total of 1152 
incoming and outgoing junctions), and 
two fully-equipped service groups can 
be used, together with up to eight 
delay junctors each with up to 96 
locations, and up to four zero delay 
junctors each with up to 192 locations. 
The junctors can be dimensioned to 

cater for any traffic patterns and load 
ing, up to a total traffic of more than 
600 ertangs. 

DEVELOPMENT ASPECTS. 

As the IST project includes the first 
complete programme control system 
for a telephone exchange which has 
been designed in the APO, and as the 
design was being carried out in a 
developing situation, the approach 
adopted to the design has deliberately 
been a systematic and cautious one. 
A great deal of attention has been paid 
to ensuring that the design was based 
on both the overall facility require 
ments of the exchange and on the use 
of suitable efficient programming tech 
niques. The different programme 
types, such as call handling and man 
machine communications programmes 
have been given well defined boun 
daries and ways of interworking. The 
individual programmes have been given 
well defined functions, boundaries and 
methods of communicating and inter 
working with each other, resulting in 
a well defined modular structure. In 
this way the programmes have consi 
derable independence of each other 
wth great flexibility in internal design, 
modification and operation. Indi 
vidual programmes can be changed or 
optimised without causing interaction 
to other programmes. Considerable 
use has been made of parameters to 
control the behaviour of the pro 
grammes and of the exchange. The 
ability to record, as required, the 
occurrence of a large number of events 
has also been included. Aspects like 
modularisation and the use of para 
meters have deliberately been taken 

further than absolutely necessary so 
that maximum control can be main 
tained over the operation of individual 
programmes and so that considerable 
detail of the performance of the pro 
grammes can be obtained when check 
ing the behaviour of the exchange 
under different conditions. 

Testing of Programmes. 
From the outset the importance of 

developing at an early stage suitable 
methods of testing the programmes has 
been recognised. An attempt has 
been made to provide systematic, auto 
matic and comprehensive methods of 
testing the programmes and the pro 
gramme control system. Effort has 
been concentrated on the design of a 
test package to enable the functional 
testing under completely controlled 
conditions of the individual, or unit 
programmes, and on the design of a 
simulation testing system to test the 
operation and performance of the total 
programme control system. (Pro 
grammes of this type which are used 
to assist in the development of the 
operational programmes are called 
Support Programmes). The simulation 
testing system involves the use of 
another processor which simulates the 
action of the 1ST exchange interface 
and network hardware, and the action 
of the exchanges to which the IST 
exchange is connected. The two 
processors containing the operational 
programmes are connected to the third 
processor by means of special interface 
equipment similar to the normal inter 
face equipment, as shown in Fig. 13. 
As far as the operational programmes 
are concerned there is no difference 
between the situation when controlling 

OPERATIONAL 
PROCESSORS 
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TIMING 
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PROCESSOR 

B 

START-STOP 
PULSES 

Fig. 13. - Simulation Testing System 
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live traffic and the situation when 
connected to the simulation processor. 
Hardware and software facilities are 
included in the system to enable a 
wide range of tests to be carried out 
under controlled and reproducible con 
ditions while preserving completely 
the real time situation of the opera 
tional programmes. Both normal and 
fault conditions can be simulated. A 
separate paper will be published de 
scribing in detail this simulation test 
ing system. 

Another set of the support pro 
grammes are the programmes written 
to test the operation of various parts 
of the hardware. These range from 
programmes to test units which will 
actually be connected to the processor 
in the exchange, to programmes for the 
testing of the operation of individual 
printed circuit cards to be used in the 
exchange hardware. 

Progress Achieved. 

The progress achieved at the time 
of publication in the design, develop 
ment, production and testing of the 
programmes is summarised below. The 
design of the operational software sys 
tem. or programme structure, de 
scribed in this paper was completed 
by the authors by April, 1969. The 
functions of almost all the individual 
call handling programmes, and the 
detailed specifications of about 70 per 
cent. of the call handling programmes, 
had been completed by August, 1969. 
Since that time the rate of progress 
in the design has been decreased by 
pressure of other work. By the time 
of publication all the call handling 
programmes should be specified, and 
most of the test, security and man 
machine communications should be 
specified. More than half of the 100- 
120 units programmes necessary for 
phase 1 of the project will have been 
written and tested. 

CONCLUSION. 

Although the digital switch in the 
1ST project will not be handling live 
telephone traffic until 1971, the experi 
ence gained during the development 
of the 1ST programme control system 
has already proved extremely valuable. 
It has helped considerably to increase 
the knowledge and appreciation within 
the APO of the various advantages and 
disadvantages of stored programme 
controlled exchanges. The A.P.O. is on 
the threshold of the widespread appli 
cation of programme controlled ex 
changes and there is a continuing need 
for basic studies of this type to high 
light desirable trends and techniques 
in order that the APO may take full 

SYMONS & WARD -1.S.T. Project 

advantage of the developing tech 
nology. 
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APPENDIX I. 

GLOSSARY OF ABBREVIATIONS 
USED IN THE FIGURES 

A-Acceptance programme for clock 
level. 

AID-Analogue to digital converter. 
ADE-Allocate dialling buffer pro 

gramme. 
ADPR-Allocate dial pulse receiver 

programme. 
AH-Action handling programme. 
AKSKMDPS-Allocate KS, KM or 

DPS programme. 
BT-Busy tone. 
CD-Cleardown programme. 
CDTO-Cleardown timeout programme 
DA-Digit analysis programme. 
D/ A-Digital to analogue converter. 
DB-Dialling buffer. 
DJ-Delay junctor. 
DPR-Dial pulse receiver. 
DPS-Dial pulse sender. 
DPSS-Dial pulse sender scan pro- 

gramme. 
ELS-E lead ,scan programme. 
GSM-Group speech memory. 
KM-MFC receiver. 
KMM-receiving part of KM. 
KMS-sending part of KM. 
KS-MFC sender. 

KSM-receiving part of KS. 
KSS-sending part of KS. 
MFC-Multi-frequency code. 
MLD-M lead drive programme. 
NU-Not available tone. 
OR-Output register. 
PC-Path connection programme. 
PS-Path search programme. 
R-Release programme for clock level. 
RS-Route search programme. 
RSB-Release supervision buffer pro- 

gramme. 
SB-Supervision buffer. 
SMLD-Special M lead drive pro 

gramme. 
SRS-Signalling receiver scan pro 

gramme. 
SSD-Signalling sender drive pro 

gramme. 
SUCD-Signalling unit cleardown 

programme. 
TDBSB-Trans.fer from dialling buffer 

to supervision buffer pro 
gramme. 

TO-Timeout programme. 
TUl-Timeout update programme. 
TU2-Timeout update programme. 
ZDJ-Zero delay junctor. 

APPENDIX 2. 

INTERPROCESSOR CHANNEL 
MESSAGES. 

The interprocessor channel messages 
sent for the setting up of a simple suc 
cessful call from Clayton to the cross 
bar part of South Oakleigh are listed 
below:- 

1. Seizure on (incoming) line x 
accepted. 

2. Dialling buffer x (DBx) seized 
for the call on line x. 

3. Code receiver KMx seized for 
DBx. 

4. Map seized. 
5. Highway timeslot x (HTSx) and 

HTSy and location w of junctor 
z seized for path from line x 
to KMx. 

6. Map released. 
7. (Outgoing) line y seized, 
8. Map seized. 
9. HTSp and HTSq and location s 

of junctor r seized for path 
from line x to line y. 

10. Map released. 
11. HTSx and HTSy and location w 

of junctor z released. 
12. KMx released. 
13. Supervision buffer y seized for 

connection between line x and 
line y using HTSp and HTSq 
and location s of junctor r. 

14. DBx released. 
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THE FEASIBILITY OF DOMESTIC SATELLITE COMMUNICATIONS 
FOR AUSTRALIA A. KELLOCK, B.Sc., D.P.A., M.I.E.Aust.* 

Editorial Note. - This paper was 
presented to the I.E.E.E. International 
Conference on 'Telecommunications in 
the Development of Nations' at San 
Francisco, June 1970, and is reprinted 
with trhe kind permission of the Insti 
tution. 

INTRODUCTION. 

The principal characteristic of the 
population distribution over the Aus 
traiian continental area of nearly 
three million square miles is the heavy 
concentration in the south-east corner. 
Over 60 per cent. of the population 
resides south-east of a line from the 
immediate north of Sydney to the 
immediate west of Adelaide. The 
distribution is reflected in the shape 
of the national telecommunications net- 

* Mr. Kellock is Engineer Class 4, Planning 
Branch, Headquarters. See Vol. 18, No. 3 
p. 286. 

work, and an impression of this is 
conveyed by Fig. 1, which shows the 
main broadband trunk network only. 

In the north of the continent par 
ticularly, adjacent homesteads may be 
separated by distances exceeding 50 
miles and the costs of connecting them 
to the network by existing methods 
are in many cases prohibitive. 
The ribbon-type development of 

the network also presents major 
problems in securing reliability of 
long-distance trunk systems by route 
diversity. It can be seen from Fig. 
1 that apart from the meshed network 
developing in the south-east corner, 
the early prospects for terrestrial 
route diversity for much of the net 
work are remote in view of the costs. 

Nevertheless, significant economic 
developments are occurring in the 
north and west, particularly in major 
mineral ventures. This increases the 
demand for circuit capacity and relia- 

bility on the existing trunk network to 
more remote centres. In addition, the 
frequent emergence of new mines far 
from the reaches of the network, ac 
companied by short lead-time notifi 
cation of telephony requirements, 
gives rise to difficulty in providing 
telephone service. Provision of T.V. 
relay facilities is often impracticable. 

In this environment the study of 1 
satellite system for domestic commu 
nications invites attention, not only 
as a competitor with terrestrial sys 
terns in the provision of conventional 
facilities over long distances, but also 
the provision of services which could 
not otherwise be effected. 

EXISTING DOMESTIC SATELLITE 
COMMUNICATIONS. 

Even prior to the establishment of 
a national satellite system, the possi 
bility exists of operating domestic 
trunk circuits over a satellite by 
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Fig. 1 - Main Broadband Network. 
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using facilities furnished for the inter 
national service. 

Since November, 1969, 24 circuits 
have been operating between Perth 
and Sydney by the Intelsat III F-4 
satellite over the Pacific Ocean. These 
have been set up through existing 
earth stations at Moree, near the east 
coast, and Carnarvon, near the west 
coast, which were established for the 
international service (Ref. 1). 

Detailed performance assessments 
have been carried out by both obser 
vations and customer surveys, using 
an interview format of the same type 
as that used by A,T. & T. and Euro 
pean Administrations on international 
calls in orderto facilitate comparisons. 
Correlation will be made between ob 
servations and survey results to test 
the validity of the survey technique. 

The circuits are controlled on a one 
way basis. by manual operators at the 
outgoing end using decadic pulse sig 
nalling. The service had to be opened 

with :GA switching-type echo suppres 
sors temporarily, and, although obser 
vations indicated that traffic was 
passing satisfactorily, customer sur 
veys indicated a level of difficulty en 
countered which was above normal. 
Many of the difficulties described, 
however, were consistent with the 
effects of switching-type echo-sup 
pressors. Early in 1970 these echo 
suppressors were replaced by sup 
pressors designed for satellite opera 
tion. At the time of writing, pre 
liminary observations indicate that the 
transmission quality had significantly 
improved, but survey results are not 
yet available. 

FEASIBILITY STUDIES. 
A feasibility study carried out in 

1966 was directed at the possibility of 
establishing a system for domestic 
communications, using a dedicated 
satellite. This indicated that the total 
annual charges of a satellite system 

would substantially exceed those for 
providing the same facilities by con-, 
ventional terrestrial systems. 
A further study has been carried out 

recently in the light of developments 
in costs and technology. The study 
included consideration of provision of 
facilities for the following services: 
point-to-point trunk telephony (South 
east - Perth-Darwin); multiple access 
trunk telephony; T.V. relay; T.V. dis 
tribution for retransmission; and a 
telephone subscriber's service. 
A model has been developed for the, 

purpose of the study which basically 
assumes the use of current or immi 
nent technology in order to consider 
a relatively pessimistic facilities/ cost 
ratio. This has been developed around 
a satellite of payload which could 
be encompassed by a Thor Delta launch 
vehicle. Eight satellite channels of 
40MHz bandwidth, receiving at 6GHz, 
transmitting at 4GHz, and developing 
a total output power of 36 watts. 
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have been postulated. This could 
provide facilities for up to 3600 cir 
cuits of point-to-point telephony, one 
TV relay (East to West), two TV dis 
tribution programmes, multiple access 
trunk circuits using PCM/FM and a 
telephone subscriber's service. 
Potential earth station locations for 

trunk telephony purposes are indi 
cated in Fig. 2. Further stations for 
TV reception may be justified in other 
locations, depending on the extent to 
which the TV distribution facility is 
required. Antennas at the major earth 
stations at Perth and Darwin and the 
Eastern States would be 60 ft. diameter 
and at earth stations for multiple 
access telephony and reception of TV 
distribution would be 30 ft. 

Satellite, launching and earth sta 
tion costs used in system assessments 
have been based on estimates of costs 
which can be projected with reason 
able confidence over the next 3-5 
years. The profitability assessments 
have been checked for sensitivity to 
launching failures and a range of R. 
and D. costs. 
Preliminary assessment indicates 

that such a system would be profit 
able, although it may be marginally 
uneconomic in its early years as com 
pared with equivalent terrestrial facili 
ties. This position would probably 
exist no matter when a satellite system 
is introduced, since major require 
ments which could form the basis of 
such a system will arise successively. 
As these requirements normally cannot 
be postponed for any length of time 
they w.ll tend to be provided indi 
vidually by terrestrial systems if a 
satellite system is deferred. For ex 
ample, since the 1966 study, the 
Adelaide-Perth, Perth-Port Hedland 
and Townsville-Darwin links have 
been committed to terrestrial broad 
band systems. 

Once established, however, a satel 
lite system will improve in profitabil 
ity over the years as compared with 
individual terrestrial systems. It also 
provides the potentiality for facilities 
which would not otherwise be pos 
sible, in particular the telephone sub 
scriber's service. A significant bene 
fit which is not directly quantifiable 
is the improvement in reliability 
achievable on the long distance trunk 
network exemplified by satellite 
links available between the South-east, 
Perth, Port Hedland, Wyndham and 
Darwin earth stations. Additional re 
liability could be achieved by further 
earth stations, for instance near Ho 
bart, but at additional cost which 
could not immediately be justified by 
capacity needs alone. 

There appear to be advantages in 
the establishment of a domestic satel- 

lite system and the planning and feasi 
bility studies which have been under 
taken will be continued. 
Discussions are also in progress on 

the desirability of including facilities 
for other national agencies such as an 
air/sea navigation system and me 
teorological facilities. The additions 
would either improve economic via 
bility of the system or yield enhanced 
potentialities for national operations. 

THE SUBSCRIBER'S SERVICE. 
A major problem of the Australian 

Post Office derives from the number 
of very remote homesteads for 
which it is not practicable to provide 
connection to the network by terres 
trial means. Some dimension is pro 
vided by the 3560 outstations to the 
Royal Flying Doctor Service. This 
service operates on common-use high 
frequency channels and outstations 
are not given voice connection to the 
telephone network. In addition, more 
than 36,000 remote subscribers are 
connected to exchanges by means of 
part-privately erected lines which in 
many cases operate as a party line 
service. Nine hundred of these lines 
are over 30 miles long and may 
extend to up to 300 miles. The ma- 

jority of these telephone services are 
not technically suitable for connection 
into an automatic network. A sub 
scriber's service by satellite could 
serve mobiles and mineral prospectors 
in addition to homesteads. 
In order to examine the possibilities 

of providing this service: 
(a) network problems are being 

explored by studying possible 
arrangements for system opera 
tion and network integration, 
and 

(b) an experimental programme 
limited to the satellite link bas 
been undertaken using ATS-1 
facilities made available by the 
National Aeronautics and 
Space Administration. 

To assist in the study of network 
problems and to guide the experimen 
tal programme, one possible system 
arrangement has been examined in 
some detail. Although other arrange 
ments are possible, the feasibility of a 
subscriber's service is indicated by the 
concept studied. The system is in 
tended to be expandable and the con 
cept has been developed around a 
transponder capacity for 125 speech 
circuits accessible by 1000 outstations. 
Multiple access would be provided by 

Fig. 3 - Outstation Antenna for Subscriber's Equipment Experiment. 
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the use of digitally-modulated single 
channel carriers, the individual carriers 
being multiplexed by frequency divi 
sion. For signalling and network con 
trol reasons the out-station subscribers 
could be grouped into blocks of about 
100 and each block could have access 
to about 12 circuits. A further band 
would enable satellite subscribers to 
obtain direct inter-connection. Access 
to the telephone network could be 
given through several main earth 
stations (designated as ports) to 
minimise the length of the terrestrial 
network which must be traversed. 
Four-wire circuits to the telephone at 
the out-station end would avoid the 
need for an echo-suppressor at that 
end. 

Signalling from the subscribers 
would be in-channel, both in-band and 
out-of-band. A 2 out of 12 multi 
frequency code would be used in-band 
for information signalling, and sub 
scribers' identification. The out-of 
band signal is primarily for super 
visory purposes. From the ports, 
1ow data rate (120 to 600 bits/sec) 
common-channel signalling is to be 
used. 
The experimental programme is 

concluding in mid-1970, working 
through ATS-1 in the 4 and 6GHz 
bands available. NASA's Cooby 
Creek (Queensland, Australia) earth 
station has been operating in a multi 
channel mode (using delta digital 
modulation) to ·simulate a network 
port operating with a multi-station 
network. A cheap outstation with a 
12 ft. antenna and uncooled paramet 
ric amplifier has been developed (Fig. 
3). The experimental programme 
was designed to indicate (a) the over 
all RF signal to noise ratio required 
for satisfactory performance; (b) the 
minimum channel spacing required to 
avoid excessive adjacent channel in 
terference; and (c) tolerances allowable 
for differing RF signal power levels at 
the satellite receiver input to accom 
modate variations in signals from dif 
ferent outstations in the system. 

The delta modulation codecs which 
are proposed for a practical system, 
and which have been used in the ex 
periments, operate at 40 kilobits/sec. 
rate. The main part of the experi 
ment effort is however concentrated 
on the assessment of channel error 
rates under a variety of conditions 
representative of multi-channel opera 
tion. The principal experiment uses 
three carriers modulated with uncor 
related pseudo-random sequences 
which are transmitted from Cooby 
Creek through the satellite to the 
small earth station. The earth station 
receiver selects one of these channels 
as a measurement channel. Error rates 
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in the link are measured as the chan 
nel separation, clock rates and relative 
carrier levels of the three channels are 
varied. 
The results of all the experiments 

being done under this programme are 
still being assessed, so no definite con 
clusions can yet be given. However, 
the 40 kilobits/sec. phase-shift keyed 
delta-modulated channels appear to 
require a spacing of about 50kHz. The 
error rate rises sharply for lesser 
values of separation. In addition to 
these quantitative measurements, sub 
jective tests and demonstrations of 
speech transmission through the 
satellite were carried out. The speech 
quality was commented on favourably 
by over 100 participants, including 
several international transmission 
experts who were delegates at a recent 
C.C.l.T.T. meeting in Melbourne. 

In studying the economics. of a sub 
scriber's service by satellite, it is as 
sumed that the costs of the space 
sector are justified by other facilities 
which the system provides. Attention 
is then concentrated on the develop 
ment of a sufficiently cheap outstation. 
Both a fully automatic dialling service 
and a system employing manual ope 
rators are under consideration, with 
outstation cost a major factor in selec 
tion. The service may evolve from a 
simple system with one port and 
manual operators to one with several 
ports and automatic dialling. 
At the conclusion of the current 

installation programme for TV trans 
mitters only some 3 per cent. of the 
Australian population will not be 
wtihin the primary service area of a 
transmitter. Most of the residual 
population however cannot be served 
practically by terrestrial transmitters. 
Although not included in the system 
model at this stage, direct TV trans 
mission to domestic receivers in 
remote areas is a sufficiently signifi 
cant requirement for parallel studies 
to have commenced on this aspect. 

NETWORK PROBLEMS. 
A number of problems arise in inte 

grating a domestic satellite system into 
the national telephone network. Most 
of these derive from the time delay 
inherent in transmission through the 
geostationary satellite. 

Multiple satellite hops must be 
avoided and this involves information 
transfers in the signalling system to 
preclude connection of two satellite 
links in a tandem connection. Signals 
must be originated at the switching 
centre adjacent to the satellite circuit 
selected and transmitted to succeeding 
trunk switching centres, indicating 
that a satellite link has been included 
in the connection. The succeeding 

switching centres where there is a 
satellite/terrestrial circuit choice must 
be programmed to select terrestrial 
circuits, on receipt of the satellite se 
lection information. The logic also 
dictates that, in any event, at switch 
ing centres where there is a choice, 
terrestrial circuits should be selected 
as a first alternative except on ter 
minal links or links beyond which 
there is no possibility of satellite tan 
dem connection, assuming that no 
signal of satellite circuit connection 
earlier in the chain is received. 

These rules call for the maintenance 
of a reasonable balance of terrestrial 
circuits between switching centres 
which are also linked by satellite. 
The balance may not be easy to main 
tain in a network like Australia's, 
where the reason for employing satel 
lites for trunk circuits is to link 
centres so remote that terrestrial con 
nection is expensive or difficult. 

The problem could be intensified by 
the inclusion of a subscriber's service 
in the satellite, as many such sub 
scribers may wish to make trunk calls 
to centres solely or substantially 
served by satellite trunks. The 
situation may arise where the tandem 
connection of two satellite circuits can 
not be avoided. This possibility gives 
added incentive to the Post Office Re 
search Laboratories' current develop 
ment of an echo canceller in order to 
minimise difficulties arising from echo 
suppressors on links with long trans 
mission delays. The echo canceller, 
which is also being developed in, 
several other countries, is based on 
the concept of generating a signal of 
the same wave form as the reflected 
signal at a four-wire/two-wire connec 
tion point, but of opposite polarity so 
that when added they mutually cancel. 
Even with the inclusion of such a de 
vice, the problems arising from 'pure' 
delay would remain. 

The 'two-hop' constraint also im 
plies that domestic satellite systems 
will increase the pressures on inter 
national operators to maintain a bal 
ance between terrestrial and satellite 
circuits. 
A technique for minimising round 

trip transmission times proposed in 
several countries, including U.S.A., 
involves splitting the directions of 
transmission in each circuit so that 
one direction is by satellite and the 
other by terrestrial means. This is 
not, however, a practicable solution 
in cases where the link is. provided 
solely or substantially by satellite. 

Transmission delay will also inhibit 
the use of the multi-frequency tele 
phone signalling system, employed in 
the Australian national network, using 
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compelled sequences in which forward 
signals continue until acknowledged 
by backward signals, The round 
trip transmission time via the satellite 
link which must be added for each 
such acknowledgment would result in 
unacceptable post-dialling delays and 
lengthy engagement of signalling re 
gisters during call set-up. Interfaces 
are being designed for signalling con 
version from compelled sequence to 
pulse operation, and reverse, at net 
work entry points adjacent to the 
earth ,stations. 
It is generally desirable to minimise 

excessive length in the terrestrial cir 
cuits to be connected in tandem with a 
satellite circuit in order to reduce cost, 
noise, transmission delay and to im 
prove reliability. Multiple access 
operation by the smaller earth stations 
provided for trunk telephony will as 
sist in achieving these improvements 
by entering the terrestrial networks as 
close as practicable to the terminal 
exchange. This will also minimise 
the treatment needed to avoid the 
double satellite hop. The special 
needs for traffic on the satellite sub 
scriber's system to connect to the 
network close to the terrestrial ter 
minal point has been mentioned in 
connection with the number of ports. 
The ports would in general comprise 
earth stations established to provide 
multiple..access trunk service, but the 
total number would depend on the 
relative economics of increasing the 
number of ports. Inherent in the con- 

cept however are. certain numbering, 
routing and charging problems which 
must be worked through. 

Demand assignment of some form 
i3 of course essential for service to 
subscribers who inherently have low 
calling rates. Initially at least it 
may, for economic reasons, take a 
manual form. An automatic form of 
demand assignment, of which 
INTELSAT'S SPADE system is an 
example, is seen as necessary for the 
multiple access trunk stations and 
for overflow from heavy traffic links 
on a point-to-point basis, to achieve 
economies in circuit requirements. In 
a national system, however, circuit 
assignment could be carried out from 
a central control station. In the 
initial stages of the system, when the 
full capacity is not taken up, demand 
assignment may not need to be com 
prehensively applied. 
The present restriction of commer 

cial communication satellites to 4GHz 
and 6GHz bands results in co-ordina 
tion problems with the existing long 
distance trunk network. The standard 
broadband microwave systems employ 
these bands, and it is necessary to 
apply co-ordination criteria wherever 
an earth station is proposed near exist 
ing or planned microwave routes in 
these bands. Despite the present re 
latively uncongested nature of the 
Australian network, the pattern 
familiar to other administrations 
emerges-most switching centres to 
which it is proposed to connect sate!- 

lite circuits are, or are planned to be, 
approached by microwave systems. 
As a result the earth stations must 
normally be located at least one mi 
crowave hop from the destination of 
their services. The required terres 
trial tail adds markedly to the cost 
of the satellite system, particularly if 
widespread use is to be made of the 
TV distribution facility in developed 
areas. A move to unshared bands for 
satellite communications should ma 
terially aid economic viability of a 
satellite system and the outcome of the 
World Administrative Radio Confer 
ence on Space Telecommunication in 
1971 will have an important bearing 
on this. 

CONCLUSION. 
There appear to be advantages to be 

gained by adopting a satellite system 
for Australian domestic communica 
tions at an appropriate time in the 
future. The system should be de 
signed in the light of further develop 
ments in technique, in available space 
craft E.I.R.P., and in space frequency 
allocations. A national satellite sys 
tem would afford potential for tele 
communication services to remote 
areas of the continent and be an im 
portant aid to national development. 

REFERENCE. 
1. A Kellock, 'Communication Satel 

lites'; Telecom Journal of Aust., Feb. 
1970, Vol. 20, No. 1, p. 43. 

TECHNICAL NEWS ITEM 

INTERNATIONAL ELECTRO- 
TECHNICAL VOCABULARY. 

The Standards Association of Aus 
tralia announces the endorsement of 
the International Electrotechnical 
Vocabulary, published by the Inter 
national Electrotechnical Commission, 
as Australian Standard C50. It will 
form a basic standard in a new series 
to be published in the field of elec 
tronics and telecommunications. 

Currently it contains 22 volumes 
applying to the following specific 
areas:-Fundamental definitions, elec 
tronics, electro-acoustics, machines and 
transformers, static converters; trans 
ductors, switchboards and apparatus 
for connection and regulation, protec- 

tive relays, scientific and industrial 
measuring instruments, generation, 
transmission and distribution of elec 
trical energy, nuclear power plants for 
electric energy generation, electric 
traction, signalling and security ap 
paratus for railways, electromechanical 
applications, automatic controlling and 
regulating systems, electro-heating 
applications, electrochemistry and elec 
trometal!urgy, radiocommunications, 
waveguides, radiology and radiological 
physics, detection and measurement of 
ionising radiation by electric means, 
and electrobiology. 
It standardises terminology and defi 

nitions in both English and French. 
Besides this, it lists the terms in six 

other languages-German, Dutch, Swe 
dish, Italian, Spanish and Polish. A 
separate index is given for each lan 
guage. 
The various standards being pro 

duced for telecommunications and 
electronios will refer to this vocabulary 
for all technical terminology, so that 
Australian standards in these fields 
will he fully compatible with those 
produced by overseas countries sub 
scribing to the work of the IEC. 

Information concerning Australian 
Standard C50 may be obtained from 
the various offices of the Standards 
Association in all capital cities and 
Newcastle. 
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THE WORK OF THE TELEPHONE TRANSMISSION STUDY 
GROUPS XII AND XVI OF THE C.C.I. T:T: D. A. GRAY, B.E.E., M.I.E. Aust.* 

INTRODUCTION. 

Study Groups XII (Telephone 
Transmission Quality and Local Net 
works) and Study Group XVI (Tele 
phone Circuits) of the International 
Consultative Committee on Telegraphy 
and Telephony (C.C.I.T.T.) have 
similar interests in formulating recom 
mendations on transmission matters 
connected with international commu 
nications and because the same dele 
gates frequently attend both Study 
Groups their meetings are usually 
arranged to follow consecutively at 
the one location. This was the case 
when the two Study Groups met in 
Melbourne under the chairmanship of 
Professor F. Kroutl, of Czechoslovakia 
(Study Group XII) and Mr. J. Billen, of 
the U.K. Post Office {Study Group XVI) 
between 16 February and 13 March, 
1970, at the invitation of the Aus 
tralian Post Office (A.P.0.). On this 
*Mr. Gray is Engineer Class 4, Systems, P.M.G. 
Research Laboratories. 

occasion the A.P.O. organised a semi 
nar (under the auspices of the Inter 
national Telecommunications Union) 
on National Telephone Transmission 
Planning, which was held during a 
period of two days between the meet 
ings of the two Study Groups; a num 
ber of delegates to the C.C.I.T.T. meet 
ings presented papers on the planning 
procedures used by their national 
administrations. 
The Melbourne meetings of Study 

Groups XII and XVI, the first to be 
held in the 1968/1972 period following 
the Plenary Assembly at Mar Del Plata 
in 1968, formulated preliminary 
replies to many of the questions en 
trusted to them, on the basis of con 
tributions received from the partici 
pating administrations since 1968, and 
discussions between the experts pre 
sent at the meetings. Further meet 
ings will be held in the European 
autumn of 1971, in which the Study 
Groups will probably be able to for 
mulate final replies, at least to a 

number of questions, for submission 
to the next Plenary Assembly in 1972. 
A general review of the work of all 

C.C.I.T.T. Study Groups was published 
by S. Dossing (Ref. 1) following the 
1968 Plenary Assembly. It is the 
object of this paper to describe in 
more detail the recent work of Study 
Groups XII and XVI on some ques 
tions of major importance, paying 
particular attention to the matters 
discussed during the 1970 Melbourne 
meetings. Exact details of all the 
questions under study cannot be given 
here because of space limitations, but 
the reader may obtain full information 
from Refs .. 2 and 3. 

LOUDNESS RATINGS .. 

It will be appreciated that in the 
planning of telephone networks the 
loudness of the perceived acoustic 
signal presented to the receiving 
subscriber's ear is of considerable 
importance. The C.C.1.T.T. specifies 

Fig. 1. -The opening of the Melbourne meeting of Study Group XII (From L. to R.: Mr. J. Rouviere, Director of the 
C.C.I.T.T.; Mr. J. L. Knott, Director-General, Australian Post Office, and Professor F. Kroutl, Chairman of Study Group XII.) 
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the loudness performance of telephone 
connections in terms of a 'volume 
reference equivalent' which is defined 
as the received volume inferiority of 
the connection relative to that of a 
specified reference circuit when the 
same talker and speech material is used 
at the sending ends. The reference 
circuit specified by the C.C.I.T.T. is 
a uni-directional connection model 
known by the acronym N.O.S.F.E.R., 
maintained in the C.C.I.T.T. Head 
quarters, Geneva, which uses stable 
and precisely defined electroacoustic 
transducers. Both Study Groups 
are concerned with the specifica 
tion of values of reference equi 
valents for various purposes, but 
Study Group XII is charged with the 
recommendation of the limits for 
national telephone systems forming 
part of international connections. In 
particular, telephone Administrations 
have been asked to study the percen 
tage of international calls which are 
made with reference equivalents. less 
than 20.8 dB for sending, and 12.2 dB 
for receiving. These reference equiva 
lents apply for the whole of the national 
connection from the subscriber's tele 
phone to the virtual switching points 
(points of defined relative level) of the 
international exchange. Studies are 
also under way to determine what 
lower limits of reference equivalents 
should be recommended to ensure that 
overloading of transmission systems 
does not occur, what optimum values 
should apply to ensure maximum sub 
scriber . satisfaction, and what allow 
ances should be made for the ageing of 
telephone microphones and receivers. 
The Australian Administration has 
already made a statistical study of the 
reference equivalents of the Australian 
portion of international calls, applying 
a technique not used hitherto, and this 
technique has now been applied in the 
United Kingdom network, and the 
results of the latter measurements 
were presented in a recent Study 
Group document. Whereas in Aus 
tralia the statistical study indicates 
that a substantial percentage of inter 
national calls lie below the upper 
limits of sending and receiving refer 
ence equivalents, in the United King 
dom at the present time only 38% of 
connections would have sending refer 
ence equivalents less than 20.8 dB and 
89% of receiving reference equiva 
lents would be less than 12.2 dB. 
The United Kingdom Administration 
expects that by 1975 both send 
ing and receiving reference equivalents 
will be less than the C.C.I.T.T. limit 
for all international calls. The mean 
figures presented for the United King 
dom and Australian networks were 
put together during discussion at the 
Melbourne meeting and the overall 

reference equivalents for United King 
dom to Australia calls were calculated. 
At the present time, the mean overall 
reference equivalents for calls from 
United Kingdom to Australia was 
found to be 24 dB, and for the opposite 
direction 23.5 dB, in both cases with 
standard deviations of about 5 dB. 
Study Group XII expects to receive 
further information from participating 
administrations which will permit it to 
tabulate the distributions of sending 
and receiving reference equivalents for 
a number of national telephone sys 
tems. As a result of this it will be 
possible to produce a table of sending 
and reference equivalents for interna 
tional calls between a number of dif 
ferent countries. 

The study of how to allow for varia 
tions with time of the loss of national 
circuits and of microphones and re 
ceivers has been proceeding for some 
years with little progress so far. The 
preliminary reply of Study Group XII 
notes that as far as circuit variations 
with time are concerned, with modern 
equipment these are negligibly small; 
the principal source of variations is 
the dispersion of losses over different 
circuits arising from matters such as 
manufacturing tolerances, minimum 
adjustment steps in attenuators, com 
missioning and maintenance proce 
dures, measuring set errors, and 
within-office cabling losses. 

It has been observed from national 
studies that telephone receivers do not 
deteriorate appreciably with time and 
that there is no need in network plan 
ning to take account of this source 
of variation. Telephone microphones 
show greater variations, but it may be 
possible to allow for this by providing 
a fixed margin. Information supplied 
by the Australian Post Office based on 
its survey of subscribers' services in 
1965 (Ref. 4) suggests that a suitable 
allowance would be 2dB. Further 
information is still being sought. 

ASSESSMENT OF TRANSMISSION 
QUALITY. 

The loudness of received signals is 
an important part of service transmis 
sion quality, and what has been said 
above refers to studies of planning 
objectives to ensure that at least con 
nections capable of transmitting sig 
nals of adequate loudness are provided. 
There is also a need for techniques 
giving a realistic assessment of overall 
transmission quality of existing tele 
phone circuits, taking into account not 
only loudness but factors such as 
noise, distortion and sidetone-for 
example, the study of circuits in service 
or circuits set up for experiments in a 
laboratory. Accordingly this question 
is being studied under two headings: 
(a) The assessment of transmission 
quality in service , by any means: 

and (b) the assessment of trans 
mission quality by objective methods 
(Questions 2 and 7 of Study 
Group XII). The American Tele- 
phone and Telegraph Company has 
already reported to the C.C.I.T.T. on 
a method of service assessment of 
transmission quality used by that Com- 
pany. This involves a technique 
known as call-related customer inter 
views which take place after the com 
pletion of a telephone call. (It may 
also be used in laboratory investiga 
tions.) In the interview the partici 
pants are asked: 

(a) Whether they had any difficulty 
in talking or hearing on the 
connection. 

(b) Specific questions about the 
type of difficulty experienced, 
for example, low volume, hum, 
crosstalk, echo, etc. 

(c) To classify the quality of the 
call into four categories; excel 
lent, good,. fair or poor, with a 
fifth category added where 
serious degradation is experi 
enced. 

In some countries it is possible to 
evaluate the performance of a tele 
phone call by service observation dur 
ing the course of the call by monitoring 
the connection; for example, Czecho 
slovakia has described the use of re 
petition rate observations for the 
study of certain types of circuit per 
formance. In other countries legisla 
tion does not permit service observa 
tions. However, Study Group XII 
favours the use of call-related inter 
views for studies of service transmis 
sion quality. It is apparent that such 
studies would be expensive, and that 
when subscriber dialling becomes 
commonplace in trunk networks, it 
will be only possible to use them 
in special investigations. It would 
of course be desirable to have 
an objective measurement technique 
for evaluating transmission quality 
so that, for example, the evalua 
tion of working circuits could be 
carried out automatically. The study 
of the determination of transmission 
quality by objective measurements is 
being studied under Question 7 of 
Study Group XII. This is, however, a 
long-standing and seemingly intract 
able question with no answer yet in 
sight. Study Group XII has declared 
that two areas of interest would be 
distinguished in future studies: 

(a) The feasibility of devising in 
strumentation capable of carry 
ing out the general assessments 
such as those resulting from 
the call-related interview. and 

(b) The instrumentation and sup 
porting theory related to as 
sessments of specific criteria, 
such as articulation or conver 
sational opinion tests, etc. 
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LABORATORY MEASUREMENT 
TECHNIQUES. 

The Measurement of Loudness 
Ratings. 

It has been mentioned previously 
that loudness is perhaps the most im 
portant quality of a telephone call 
from the point of view of meeting cus 
tomer needs. Loudness is not a 
simple function of acoustic power. A 
simple but commonly used technique 
for objective measurement of approxi 
mate loudness involves sub-division of 
the signal into frequency bands, weight 
ing these bands according to their 
contribution to the loudness, and sum 
ming the weighted components on a 
'squared mean root' basis rather than 
the 'root mean square' basis used to 
obtain the total speech power. 
Under its Question 15/XII Study 

Group XII is studying the C.C.I.T.T. 
volume reference equivalent method of 
loudness rating-which involves the 
subjective comparisons of loudness 
and comparing it with the following 
ter.hnioues:- 

(a) The objective reference equiva 
lent measuring e q u i p m e n t 
(O.B.D.M.) used by the German 
Federal Republic and certain other 
Administrations which is essenti 
ally an objective loudness measure 
ment associated with a circuit model 
based on the C.C.I.T.T. reference 
circuit; 
(b) The electroacoustic rating sys 
tem (E.A.R.S.} used by the A.T. & T. 
Company-which uses a very similar 
loudness measuring technique to 
that of the O.D.B.M.-but measures 
performance relative to a zero length 
acoustic airpath, ; 
(c) The one-metre airpath method 
used by the United Kingdom. This 
requires subjective loudness balanc 
ing relative to a high quality elec 
troacoustic equipment having the 
form of a telephone circuit model 
but designed to simulate an acoustic 
airpath of one metre length. 
Comparisons between these three 

different rating systems are being 
made in 'round robin' tests involving 
a number of laboratories using tele 
phone sets with stable electroacoustic 
transducers. The object of the study 
is to determine the relationships which 
apply between the various methods and 
select a system which combines the 
best elements of all-hopefully it will 
be an objective measuring technique. 

The requirements of a satisfactory 
method of measuring loudness ratings 
of a telephone suitable for replacement 
of the C.C.I.T.T. method have been 
stated to be: 
(a) The criterion of loudness of re 
ceived speech with fixed talking 
distance and speaking volume used 
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in the C.C.I.T.T. method could be 
retained but should not be inter 
preted excessively strictly; 
(b) In view of the large body of in 
formation now in use which has been 
assembled on the basis of reference 
equivalents, it is important that the 
numerical values associated with the 
equivalent losses of existing items 
should not be unduly changed; 
(c) So far as is possible-and, this is 
difficult to achieve-the equivalent 
loss of any complete speech path 
must be equal to the sum of the 
values of equivalent loss allocated to 
each separate component part; 
(d) The methods used for assessing 
equivalent losses should be as real 
istic as possible so that real and 
genuine improvements in perform 
ances are properly reflected in the 
results of the assessment; 
(e) The methods chosen ought to be 
based on simple fundamental prin 
ciples and be capable of being em 
ployed in any reasonably well 
equipped telephometric laboratory 
without serious disagreements in test 
results; in practice this implies use 
of an instrumental method based on 
acceptable theoretical foundations. 
The measurements which have been 

reported so far have shown that im 
provements. are necessary in the design 
of artificial mouths and ears which 
have been in use, and that there seems 
to be advantages in using an interme 
diate telephone system in the compari 
son between the reference system and 
the instruments under study. This is 
referred to as an intermediate refer 
ence system (I.R.S.). In addition it 
has been observed that the variability 
of the C.C.I.T.T. reference equivalent 
method can be improved by a change 
of technique. At present the level of 
loudness at which the comparison is 
made with the reference system de 
pends upon the reference equivalent of 
the circuit under test, and reduced 
variability would follow from making 
all subjective assessments at the same 
loudness level. 

Study Group XII has made detailed 
proposals for further tests to be made 
in C.C.I.T.T. laboratories, using the 
various reference systems and stable 
telephone sets. Although it had been 
hoped that at the Melbourne meetings 
it would be possible to formulate pro 
posals for the definition of a provisional 
objective method for the determination 
of loudness ratings, this was not 
achieved. Further studies will have to 
be made in national laboratories and in 
the C.C.I.T.T. laboratory in Geneva. 

Measurement of the Efficiency of 
Microphones. 

Although telephones with micro 
phone amplifiers and new microphones 

to replace the carbon microphone are 
now in sight, telephone administrations 
expect to be faced with the need to 
make sensitivity and frequency re 
sponse measurements on carbon micro 
phones for some years to come. 
At the Melbourne meetings a work 

ing party of microphone experts under 
the chairmanship of R. Archbold 
(United Kingdom) considered the vari 
ous techniques available for condition 
ing carbon microphones prior to mea 
surement with the object of choosing 
a method which results in the carbon 
granules being in a state which pro 
duces repeatable measurements and 
which is representative of real working 
conditions. The working party 
examined the specifications for ten 
different conditioning methods and 
formulated a draft recommendation for 
a preferred method, which is based on 
a technique being considered for a 
standard to be issued by the Institution 
of Electrical and Electronic Engineers 
(I.E.E.E.). Nevertheless there are rea 
sons to believe that one standard con 
ditioning technique may not be applic 
able to all designs of carbon micro 
phones and the matter will remain 
under study whilst further experience 
is gained. 

Artificial Voices, Mouths and Ears. 
Objective measurements on tele 

phone instruments require the use of 
electroacoustic transducers, which 
simulate the average acoustical and 
dimensional characteristics of human 
voices and ears. The matter is pri 
marily the concern of Study Group XII, 
which is concerned with applying the 
results of modern technology to pro 
duce more accurate and reliable simu 
lations. For artificial ears a new 
design recommended by the Interna 
tional Electro-technical Commission 
(I.E.C.) has been adopted by the 
C.C.I.T.T. However, this design simu 
lates conditions in which the telephone 
receiver is tightly held against the 
ear-as in audiometric hearing 
threshold determinations-whereas 
many telephone users hold the receiver 
more loosely, with consequent changes 
in sensitivity and overall frequency 
response. The studies. will be con 
tinued on the modifications to the 
I.E.C. artificial ear which may be 
necessary to adapt it for telephone use. 

Standardisation of an acceptable ar 
tificial voice is less advanced and it 
has been decided to gain experience 
with a particular sound source before 
deciding on an international recom 
mendation for an artificial mouth. This 
sound source - the Brue! and Kjaer 
Type 4216 - will be studied in the 
C.C.I.T.T. Laboratory, whose measure 
ment programme is controlled by 
Study Group XII. Although similar 



240 THE TELECOMMUNICATION JOURNAL OF AUSTRALIA October, 1970 

to the artificial mouths in use by some 
Administrations, the term 'sound 
source' is being used to describe it 
because of the limitations it possesses 
in relation to an acceptable artificial 
mouth, 

SPEECH POWER VERSUS 
REFERENCE EQUIVALENT. 

The efficient utilisation of transmis 
sion systems and the achievement of 
noise objectives for long connections 
requires that the statistics of the signal 
loading be known. The components of 
the multichannel signal on such sys 
tems include the powers contributed 
by: 

(a) Speech signals, 
(b) Telegraph and data signals, 
(c) Pilot tones and carrier leaks. 

Both Study Groups are interested in 
the collection of up-to-date statistics of 
all these signals. Data on the elec 
trical power of speech signals are also 
needed for the design of voice-operated 
devices such as compandors and echo 
suppressors. In the case of speech 
signals the signal power is influenced 
by a number of factors such as the 
send reference equivalent of the local 
end (which includes a component due 
to the send efficiency of the telephone) 
and factors which determine the vocal 
level generated by talkers, such as the 
degree of sidetone suppression, room 
noise levels and the overall reference 
equivalent of the connection. In multi 
channel signal calculations knowledge 
of talker activity (i.e., the fraction of 
conversation time during which speech 
signals are actually being generated) 
is of as much importance as a know 
ledge of speech power, whilst the 
talker is active. 

Study Group XII has under active 
consideration at present a study of the 
effect of the introduction of more 
efficient telephones upon the powers 
of speech signals, whilst Study Group 
XVI is concerned with the effect of 
possible increases in power at low 
reference equivalent on transmission 
system loading. Up-to-date data on 
speech signal statistics are also neces 
sary to the work of C.C.I.R./ 
C.C.I.T.T Joint Study Group Special C, 
which is concerned with the noise per 
formance of transmission systems. 

In the past, data on speech powers 
on telephone circuits have been ob 
tained by operators observing the 
readings of volume meters. Collecting 
such data is a tedious task and because 
speech signals fluctuate considerably, 
subjective factors in the reading of 
volume meters lead to some uncer 
tainties of results which might be 
circumvented by a purely objective 
method. Some Administrations, in 
cluding the Australian Post Office, 

have designed equipment which in 
volves the determination of the proba 
bility distribution of the instantaneous 
values of samples of the speech signal, 
and to evaluate the relationships be 
tween such new techniques and the 
older methods, a tape recording of a 
simulated telephone conversation was 
made by the C.C.I.T.T. and distributed 
to Administrations in 1969 for com 
parative speech power and activity 
factor measurement. The results of 
these comparisons were discussed dur 
ing the Melbourne meetings; they 
showed quite good agreement between 
speech powers averaged over the con 
versation, but the agreement between 
measurements of activity factor were 
less satisfactory. (The difficulty in 
measuring activity factor lies in the 
need to distinguish between-on the 
one hand - very short pauses within 
a 'talk spurt' which are dependent 
upon the speaker and the language 
used and on the other hand the longer 
pauses which occur between the 'talk 
spurts.' It is desirable also to have 
rules to distinguish between speech 
signals and circuit noise.) 
As a number of Administrations will 

use computers to analyse the results 
from sampled data speech power 
meters, it was agreed that programmes 
might be written to make the necessary 
distinctions which are necessary to 
ensure improved accuracy in talker 
activity measurement. 

Laboratory measurements by Ad 
ministrations are proposed to deter 
mine the relationships, if any, between 
speech power and the reference equi 
valent between the talker's telephone 
and the point of speech power mea 
surement. 

ECHO AND PROPAGATION TIME. 

Echoes in telephone connections are 
produced at points of impedance dis 
continuity in the two-wire parts of the 
connection (where bi-lateral transmis 
sion is used). They are perceptible, as 
with acoustic echoes, only when the 
round trip propagation time is long, 
say more than 25 ms and their distur 
bing effects are at their worst when 
the round trip propagation time is 
about 200 ms. In telephone practice 
echo is controlled at present by im 
pedance balancing at 2/4 wire hybrid 
junctions and by the use of echo sup 
pressors working on the voice-opera 
ted switch principle. A new technique 
for echo control which is now being 
developed involves cancellation of the 
returning echo by the injection of a 
modified version of the forward-going 
signal. 

Even when echoes are completely 
suppressed, the propagation delays 
such as those experienced in commu- 

nication via artificial satellites are suf 
ficiently long to cause serious inter 
ference with the pattern of conversa 
tional interchange which has been 
developed by the human race during 
thousands of years of evolution. The 
C.CI.T.T. has declared that mean one 
way propagation times exceeding 400 
ms (800 ms round trip) are not satis 
factory in long distance telephone cir 
cuits and that propagation times up to 
these figures will be satisfactory only 
if efficient echo suppressors are used. 
(These figures permit the use of not 
more than one synchronous satellite 
in both go and return channels of a 
connection.) 
New designs of echo suppressors of 

the voice-operated switch variety have 
been developed in recent years for use 
on circuits including communication 
satellites, but agreement has yet to be 
reached in the C.C.I.T.T. as to the final 
details of their characteristics. How 
ever, a full specification is expected to 
be agreed upon by the end of 1970, and 
Study Group XVI is concerning itself 
with formulating rules for the use of 
such echo suppressors in international 
circuits and also with the rules which 
may be necessary to control their use 
in conjunction with old designs of echo 
suppressors which are permanently 
connected in many of the older long 
distance circuits in the northern hemi 
sphere. 

Study Group XII is studying the con 
ditions (if any) under which satisfac 
tory telephone conversations would be 
possible in connections having one-way 
propagation times greater thas 400 ms 
and this question is of considerable 
interest because it may indicate the 
possibility of using more than one 
synchronous satellite in a connection. 
It is certain that extremely efficient 
echo suppressors would be necessary 
and for that reason much interest is 
being shown in the echo canceller de 
velopment. (Discussions at the Mel 
bourne meetings were helped by de 
monstrations of an experimental echo 
canceller, described in Ref. 5, in the 
A.P.O. Research Laboratories nearby.) 
Echo cancellers are effectively equi 
valent to a self-balancing hybrid trans 
former and are therefore not subject 
to the impairments inevitably asso 
ciated with the voiceoperated switch 
type of suppressor. However, their 
design requires a knowledge not only 
of two-wire line impedances, but also 
of their phase angles, and both of them 
must be known over the voice fre 
quency band. It would be more con 
venient still to have the time response 
of the two-wire line to a known signal 
such as an impulse. Study Group XVI 
has asked administrations to collect 
the relevant data determined by either 
method. 
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CIRCUIT NOISE. 
Study Group XII is collecting data on 

the quantitative value of the impair 
ment produced by circuit noise on 
telephone circuits. Such data have 
been determined for example, by the 
United Kingdom Administration for 
gaussian noise and telephones of the 
type used in that country (Ref. 6). 
However, the techniques for transform 
ing such information into a form which 
could be applied to any type of tele 
phone have yet to be worked out. (The 
requirements of data transmission in 
respect to impulse type noise are more 
stringent than those of telephone trans 
mission, so that the telephone trans 
mission Study Groups are no longer 
considering this type of noise.) 
A topic of particular interest at pre 

sent is the improvement of existing 
recommendations for noise limits in 
short-distance analogue carrier sys 
tems forming part of an international 
connection. In the 1964/68 Plenary 
Period, Study Group XVI had proposed 
a noise limit of 500 pW psophometric 
measured at a point of zero relative 
level, but a relaxation to 1000 pW was 
proposed by Study Group XV (Trans 
mission Systems) on economic grounds. 
Consequently the present text of the 
relevant Recommendation (G 125) pro 
vides that the future objective for all 
of the channels in a system shall be 
500 p W (mean during any hour) ave 
raged over all channels, but that for 
existing systems the all-channel ave 
rage may be 1000 pW. 
Nevertheless .. further evidence from 

administrations with opposing points of 
view are still being presented and a 
document presented by the Swiss 
Administration to Study Group XII 
proposed a relaxation of the Recom 
mendation to permit higher noise 
powers. However, several adminis 
trations will be making important con 
tributions to this subject during 1970/ 
71 and the proposal to revise the Re 
commendation on noise limits for short 
distance carrier systems will be re 
viewed at the next meeting of Study 
Group XII in 1971. 

Guidance as to the form in which the 
results of further investigations should 
be presented was given by Study Group 
XII. This should be in accordance 
with the conclusions of that Study 
Group about the preferred forms of 
transmission quality assessment. The 
further studies will make use of a 
set of hypothetical reference connec 
tions (recommended by Study Group 
XVI) which represent models of com 
mon types of connections used in the 
international service. 

INTELLIGIBLE CROSSTALK. 
Study Group XII has been charged 

with the task of establishing a thresh- 
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old value for intelligible crosstalk on 
telephone circuits taking into account 
variables such as: 
(a) Room noise at the subscriber 

set location; 
(b) The sending, receiving and side 

tone characteristics of the tele 
phone sets; 

(c) The statistical distributions of 
speech signal levels observed 
in practice; 

(d) Circuit noise levels. 
At the Melbourne meeting the United 
Kingdom Administration presented data 
which the Study Group converted into 
a chart in which the crosstalk refer 
ence equivalent thresholds for intelli 
gibility and audibility could be read 
off for a range of receiving reference 
equivalents and circuit noises. How 
ever, it was decided to call for results 
from other administrations before mak 
ing a formal recommendation and the 
factors which ought to be considered 
in further studies were set out. 

A further part of the question asks 
Study Group XII whether crosstalk 
ratios of 53 dB in the presence of a 
noise level of -63 dBmOp and 62 dB 
in the presence of a noise level of -67 
dBmOp might be acceptable for inter 
national circuits pending a complete 
answer to the first part of the question. 
At the Melbourne meeting Study Group 
XII decided that these figures for 
crosstalk reference equivalent (attenua 
tion) were probably too low. How 
ever, it rests with individual adminis 
trations to make decisions. as to what 
percentage of subscriber dissatisfaction 
is permissible. It was noted that the 
highest standard of freedom from in 
telligible crosstalk are required for 
subscribers' cables and local networks, 
since the identity of the interfering 
signal may be known or identified as a 
particular local source. The social 
implications are evident. In an inter 
national circuit, on the other hand, the 
identity of an interfering talker is 
likely to be unknown-and he may be 
speaking in a foreign language-and the 
particular combination of subscribers 
and plant resulting in crosstalk in a 
particular case would have a very low 
probability of recurring. Thus it 
could be that while the probability of 
intelligible crosstalk of one in one 
hundred calls might be acceptable for 
international calls, a much lower proba 
bility for local calls would be adopted 
-say one call in one thousand. 

Pulse Code Modulation. 
The characteristics of pulse code 

modulation (P.C.M)systems have been 
under study for at least 20 years, but 
international agreement on the stan 
dardisation of basic parameters such as 
the number of quantising levels, the 

sampling frequency and compandor 
characteristics is now essential as a 
result of the rapid increase in the 
application of P.C.M. to commercial 
transmission systems and the immi 
nence of digital switching telephone 
exchanges. 

Since the IVth Plenary Assembly of 
the C.C.I.T.T. (Mar Del Plata, 1968) set 
up Special Study Group D to study 
digital transmission and switching, all 
questions relating to P.C.M. have been 
assigned to that Study Group for the 
time being, except for a question on 
measurement of transmission perform 
ance, which remains with Study Group 
XII. In addition to this work by 
Study Group XII, Study Group XVI has 
been recently asked to propose models 
representative of the several evolu 
tionary stages in the development of 
the world network during which it is 
confidently expected that there will 
be a mixture of analogue and P.C.M. 
digital transmission systems. Study 
Group XVI has also examined the 
possibility of a reduction in circuit 
losses consequent upon the introduc 
tion of P.C.M., thus offsetting the 
transmission impairments due to the 
quantising noise inherent in all digital 
transmission systems. 

Study Group XII is concerned with 
methods of evaluating impairments due 
to P.C.M. and the progress of this 
study is relevant to the choice of a 
companding law for terminal equipment 
-a choice which is to be made by 
Special Study Group D. (Agreement 
has already been reached, in the latter 
Study Group, on an 8 kHz sampling 
rate, and 8 bits per sample, i.e., 256- 
level quantising for international cir 
cuits.) 

Instantaneous companding as used 
in P.C.M. transmission systems has 
the effect of reducing the magnitude 
of the quantising level steps for low 
signal amplitudes and increasing them 
for high level signals; consequently the 
signal to quantising noise ratio is ap 
proximately constant over a range of 
amplitudes of about 30 decibels. With 
out companding, low-level speech sig 
nals would sound rather granular. 

At present there are differences in 
opinion between the relative advan 
tages of adopting 'µ-law' or 'A law', 
and in the segmentation characteristic 
for P.C.M. compandors. The sub 
division of the characteristics into a 
number of linear segments facilitates 
the realisation of these devices by 
digital circuit techniques. 

For high level signals within the 
dynamic range the compressor output 
with a 'µ law response is proportional 
to log (1 + µx), where x is the input 
signal, and with an 'A-law' response 
the output is (1 + log Ax). (Both 
A and µ are constants.) At low signal 
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levels the compressor output is directly 
proportional to the signal input, in 
both cases. The expander has a com 
plementary characteristic. 

The differences in perforformance of 
the two laws are small for practicable 
values of the constants A and µ,, but 
discussion continues around the sig 
nificances of these differences and the 
relative ease of commercial implemen 
tation. The existence of established 
commercial designs in various parts of 
the world makes it difficult to reach a 
universally acceptable standard. 

Study Group XII has already tenta 
tively decided on some of the tech 
niques to be used in P.C.M. transmis 
sion assessments; for example, P.C.M. 
links will be compared with analogue 
systems into which random noise has 
been added at a level proportional to 
the instantaneous amplitude of the 
speech signal, and the telephone con 
nection models (reference connections) 
to be used in the studies have been 
agreed upon. In the past Administra 
tions have used various techniques to 
make subjective comparisons, such as 
articulation tests and listening com 
parison tests, but it is agreed that any 
such technique which might be adopted 
in the interests of a rapid accumulation 
of data must be validated by 2-way 
conversation tests which approximate 
as closely as possible to actual work 
ing conditions. 

Study Group XVI, looking at the 
place of P.C.M. in the international 
telephone network at the Melbourne 
meeting, saw future developments tak 
ing place in two phases. In the first 
phase, P.C.M. systems would be in 
creasmg.y employed to provide junc 
tions between local exchanges and 
primary centres (minor centres in the 
current Australian terminology) toge 
ther with relatively short circuits 
between primary and secondary 

centres, with conventional switching 
equipment. During this period satel 
lite systems with demand-assigned cir 
cuits will be brought into service with 
digital modulation (probably P.C.M.) 
for telephone channels. 
In the second phase, which might be 

gin about 1975, P.C.M. systems will 
be used over greater distances and new 
digital switching systems working on 
the time division principle will start 
to appear. For a time the new 
switching systems will have to inter 
work with analogue transmission sys 
tems and for a period of at least ten 
years there will be a complex mixture 
of analogue and digital switching sys 
tems expected to exist in both national 
and international networks. 

After examining the possibility of 
reducing the loss of 4-wire interna 
tional circuits provided by P.C.M. 
equipment, Study Group XII decided 
that a reduction from 0.5 dB per link 
(at present recommended for analogue 
systems) to O dB might be possible 
provided certain assumptions were 
valid. The validity of these assump 
tions will be checked by other Study 
Groups. 

CONCLUSION. 

The Melbourne meeting of Study 
Groups XII and XVI gave the opportu 
nity for telephone engineers of the 
Australian Post Office, the Overseas 
Telecommunications Commission and 
Australian manufacturing companies 
to participate in the work of these 
international transmission groups. It 
was apparent that the Australian or 
ganisations are able to make significant 
contributions to international studies 
of telephone transmission questions 
and this was recognised by the meet 
ings through the nomination of an 
Australian chairman (Mr. S. Dossing) 

to the Working Party on subscribers' 
tolerance to echo and propagation 
time, the nomination of an Australian 
(Mr. D. A. Gray) as special rapporteur 
for the revision of rules for the appli 
cation of echo suppression and Mr. 
R. G. Kitchenn as the Australian cor 
respondent in the work of preparing 
new transmission chapters for the 
Manual on Automatic Networks and 
the Handbook on Local Networks. 
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TECHNICAL NEWS ITEM 

MINIATURE LASER HAS 
COMMUNICATIONS FUTURE. 

Scientists at the Bell Telephone 
Laboratories have developed what 
they expect will be a low-cost, pocket 
size, reliable and versatile infrared 
laser - the first such device that may 
be practical for use in communica 
tions systems. 
The new laser is a semi-conductor 

device that operates continuously at 
room temperature and can be powered 
by torch batteries. 

Bell claims a single high-frequency 
light beam produced by the laser could 

inexpensively carry hundreds of thou 
sands of telephone cans, television 
signals or other communication mes 
sages. 
Although such message-carrying 

capacity was not needed at the mo 
ment, a spokesman said, lasers might 
play a major role in future communi 
cations when picture phones become 
common, when high-speed computer 
conversations were more widespread, 
and when communications needs in 
general expanded beyond current 
carrying capacities. 
When all the kinks are ironed out 

the new laser should be the size of a 
pen light or cigarette lighter, should 
cost a few dollars at most, and should 
be capable of giving a lifetime of ser 
vice. 

Lasers currently in use tend to be 
bulky, fragile and shortlived, and cost 
hundreds or thousands of dollars. 

Gas lasers, for example, are large 
and delicate and costly. Solid state 
lasers, such as ruby lasers, require 
large power sources and present tre 
mendous cooling problems, making 
continuous operation impractical. 
-Lea Fitzgerald in New York. 

GRAY - C.C.I.T.T. Study Groups 
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THE PERTH TO PORT HEDLAND CHANNEL DOUBLING SYSTEM 
D. L. SHAW, B.E., M.I.E. Aust.,* R. J. DEMPSEY, B.E.,** and G. J. SEMPLE, B.E., M.Eng.Sc.*** 

INTRODUCTION. 

A channel doubling system pro 
vides 24 narrow band 300-2200 Hz 
telephone channels in the standard 
12-channel 60-108 kHz group band 
width by means of the application 
of conventional frequency division 
multiplexing techniques. Such car 
rier telephone sytems are occasionally 
used by telephone administrations as a 
temporary expedient to meet urgent 
needs for circuit relief on a fully loaded 
route pending the installation of stan 
dard equipment for long term needs. 
The original channel doubling (or band 
economy) system was developed for 
use on the first transatlantic cable in 
1957, when the demand for channels 
far exceeded the design capacity of the 
original installation (see Ref. 1). Later 
the Australian Post Office (A.P.O.) 
faced a similar situation on the Ade 
laide to Perth (East-West) open wire 
route. Four channel doubling systems 
recovered from the transatlantic route 
were obtained from the British Post 
Office and installed on the East-West 
route. These gave interim relief and 
were in use on this route until the 
opening of the East-West microwave 
link in July, 1970. 

In 1968 the A.P.O. faced the same 
situation on the llOO mile open wire 
route between Perth and Port Hedland 
in Western Australia. It had been 
intended to use some of the channel 
doubling system recovered from the 
East-West route for the Perth-Port 
Hedland route, but these systems 
would not have been available in time. 
Because channel doubling systems 
were no longer in production and there 
was a world-wide shortage of such 
equipment, the situation was met by 
the decision to manufacture a channel 
doubling system in Australia. The 
manufacture was a joint project of the 
A.P.O. and Hawker de Havilland 
(Australia) Pty, Ltd. Manufacture of 
the system commenced in October, 
1968, and it was placed into service in 
June, 1969. 

The original design of the channel 
doubling system was prepared by the 
British Post Office Research Station, 
Dollis Hill, England, and the Telephone 
Manufacturing Company (T.M.C.) built 
the equipment from this design. For 
tunately the A.P.O. was able to pur- 

* Mr. Shaw is Divisional Engineer, Subs. 
Equipment and Telegraph Section, H.Q. 

** Mr. Dempsey is Engineer Class 2. Systems, 
P.M.G. Research Laboratories. 

*** Mr. Semple is Engineer Class 1, Systems, 
P.M.G. Research Laboratories. 

chase this design and manufacturing 
information, and agreement was ob 
tained for Hawker de Havilland to use 
it in this project. 

THE PERTH-PORT HEDLAND 
SITUATION. 

Port Hedland, on the northern coast 
of Western Australia, has become a 
very important port and processing 
centre for the crushing and loading of 
iron ore. The iron ore is sent by rail 
from the newly developed iron ore 
mines in the Hamersley Ranges and 
adjoining areas. As a consequence of 
the rapid development of Port Hedland, 
the trunk telephone traffic to Perth, 
the principal city of Western Australia, 
rapidly exceeded the capacity of the 
available facilities. The existing 
trunk facilities between Perth and Port 
Hedland are provided by two open 
wire bearers on an 1100-mile route 
(see Fig. 1). Each bearer was loaded 
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to capacity with a conventional three 
and twelve channel open wire carrier 
system. 
Plans were well in hand to provide 

a broadband coaxial cable system from 
Carnarvon to Port Hedland to link up 
with the Perth-Carnarvon coaxial 
cable system installed in 1968. How 
ever, some means of providing trunk 
relief had to be found to meet the 
very urgent need for more channels to 
Perth. It was considered that in this 
case the best solution to the problem 
was to use a channel doubling system 
in conjunction with one of the existing 
12 channel open wire systems. 
At that time those manufacturers 

who were experienced in making car 
rier telephone equipment were com 
pletely committed with existing con 
tracts and were unable to accept the 
manufacture of this system as a 'one 
off' project, and it became necessary 
to find a company with experience in 

- BROAD BAND ROUTE 
BROAD BAND UNDER CONSTRUCTION 
OPEN WIRE ROUTE (1100 MILES). 

Fig. 1. - Perth to Pt. Hedland Trunk Route 
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the electronic industry and with a pro 
duction capacity to handle this par 
ticular project. After inquiry it was 
found that Hawker de Havilland was 
in a position to be able to manufacture 
the system. This company had had 
extensive experience in aircraft elec 
tronics and defence work and had a 
proven manufacturing capacity. Thus, 
a 'cost plus' contract was let to Haw 
ker de Havilland to manufacture this 
system on the understanding that they 
would be given considerable assistance 
by the A.P.O. The manufacturer was 
given all the design information, the 
loan of specialised test instruments 
and considerable professional engineer 
ing assistance. It is emphasised that 
this joint co-operation was seen as the 
only way of achieving the aim of hav 
ing the system made in time to ensure 
that a useful and profitable period of 
service could be achieved. 
The A.P.O.'s part in the manufacture 

of the system was given to the A.P.O. 
Research Laboratories as a special 
project. Their tasks were: 

(i) Preparation of new designs for 
equipment items previously 
realised using vacuum tube tech 
niques. 

(ii) The preparation of the test 
specifications. 

(iii) The co-ordination of the testing. 
(iv) The overall supervision of the 

project. 
During the latter stages of the pro 

ject, A.P.O. Research engineers were 
'in residence' at the Hawker de Havil 
land works to assist with final testing 
of the system. 

METHOD OF OPERATION OF A 
CHANNEL DOUBLING SYSTEM 

The system uses a two-stage modu 
lation process to transfer each voice 
band channel into its appropriate slot 
in the 60-108 kHz group band. This 
is a similar technique to that which is 
used in modern 12-channel modem 
equipment and the modulating frequen 
cies are chosen so that there is the 
least possible trouble due to unwanted 
products of modulation and demodula 
tion. The first major operation on the 
voice frequency signals applied to a 
channel in the transmit direction is 
their restriction to a narrow band of 
300 to 2200 Hz. This is made by 
using a pair of very sharp cut-off high 
pass and low-pass filters. Thus the 
pass band of each channel is just less 
than 2 kHz wide (see l'.ig. 2). 
Every channel is designated as a A 

type or B type. In an A type channel 
the narrow band voice signal modu 
lates a 10.25 kHz carrier in a conven- 
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Fig. 2. - System Frequency Allocation 

tional balanced modulator, after which 
the 8.05 to 9.95 kHz lower side band is 
selected by a sharp cut-off band-pass 
filter. Similarly in a B type channel 
the upper side band 10.05 to 11.95 kHz 
of a 9.75 kHz carrier is selected for 
transmission. From Fig. 2 it will be 
seen that the outputs of an A and a B 
channel together occupy a band of 
from approximately 8 to 12 kHz. Thus 
two nominal 2 kHz channels are put 
into one 'conventional' 4 kHz band 
width channel. The outputs of the A 
and B channels are combined in the 
sub-group panels (see Fig. 3). A band 
stop filter is placed in the output 
of each A and B channel. The pur 
pose of these filters is to suppress 
the carrier leak from the channel 
modulators. From Fig. 2 it will be 
seen that carrier leak from an A chan 
nel (10.25 kHz) could produce a very 
annoying 500 Hz equivalent tone in 
the 10.05 - 11.95 kHz band of channel 
B. These sharply tuned filters had 
an insertion loss of at least 50 dB at 
their centre frequency. 

Each 4 kHz wide A and B combina 
tion in sub-group 1-6 modulates one 
of the sub-group carriers of 76, 80, 84 
88, 92 or 96 kHz, the upper sideband 
being selected. Sub-groups 7-12 
modulate sub-group carriers of 72, 76, 
80, 84, 88 and 92 kHz, the lower side 
bands being selected. The combined 
sub-groups form 24 channels in the 
frequency range 60 to 108 kHz 
(C.C.I.T.T. Basic Group 'B'). 

SYSTEMS FACILITIES AND THEIR 
APPLICATION. 

Hedland channel 
differs from the 

96 100 104 108 

original channel doubling systems in 
that it provides more flexibility at its 
60-108 kHz group connection interface. 
The 24 narrow band channels consist 
of two groups of 12 channels, each 
rackside of equipment providing 12 
narrow channels. Rackside No. 1 
houses channels IA to 6B, which lie 
in the frequency range 84 to 108 kHz, 
and rackside No. 2 houses channels 
7A to 12B, which lie in the frequency 
range 60-84 kHz. Each rackside has 
a group combining panel, which pro 
vides for the following combinations of 
channels: 

(i) 24 narrow band channels to 
occupy the full 60-108 kHz 
group band, or 

(ii) 12 narrow band channels and six 
normal (300-3,400 Hz) band 
channels to occupy the 60-108 
kHz group band. 

After amplification the channel 
doubling signals are combined in a 
combining hybrid with those from the 
other channel doubling rackside or 
six channels of a conventional band 
width system. These latter signals 
pass through a 3.5 dB gain group com 
bining amplifier which compensates 
for the insertion loss of the combin 
ing hybrid. 

At Port Hedland the second of the 
above combinations was used to derive 
24 narrow band channels and 12 nor 
mal band channels from the two 60- 
108 kHz group bearers of the two 
open wire systems. It was necessary 
to retain the 12 normal band channels 
for use with· the voice frequency tele 
graph systems and for the trunk cir 
cuits that would be transit switched 
at Perth to other centres in Australia. 

SHAW, DEMPSEY & SEMPLE - Channel Doubling 
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Fig. 4 shows the equipment arrange 
ment at Port Hedland. 

The 60-108 kHz group interface is 
designed to provide for connection to 
either of two types of group terminals. 
These are: 

(i) the 135 ohm, -42 dBr send, -5 
dBr receive, or 
(ii) the 150 ohm, -36.5 dBr send, 
-30.5 dBr receive. 
The Port Hedland terminals used the 
135 ohm interface conditions, whilst 
the Perth terminals used the 150 ohm 
conditions. The flexibility of the 
group frequency interface with respect 
to signal levels and impedances was 
obtained by using strappable pads and 
impedance changing . straps in the 
group combining amplifier. 

At the 60-108 kHz group connection 
point the line-up level of a narrow 
channel was made to be 3dB lower 
than that of a normal channel. This 
was to compensate for additional load 
ing of broadband group equipment by 
24 instead of the usual 12 channels in 
the 60-108 kHz band. Provision was 
made for the injection of an 84.08 kHz 
group pilot from an external source, 
into the 84-108 kHz band of rackside 
No. 1. 
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Fig. 3. - System Block Diagram 
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Fig. 4. - Equipment Arrangement at Port Hedland to provide 12 Normal and 24 
Narrow Band Channels 
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At the voice frequency input, two 
wire/four-wire terminating sets pro 
vide the conventional options of 2-wire 
or 4 wire operation with internal or 
external balancing networks and ad 
justable pads for level control. 

Because of the intensive use of the 
spectrum for voice signals, it is not 
possible in the system design to pro 
vide out-of-band signalling facilities. 
These must be provided by using 'in 
band' systems such as 2 VF equipment 
or by the use of a conventional voice 
frequency telegraph system on a nor 
mal 300-3,400 Hz channel of another 
voice circuit. At Port Hedland both 
2 VF and voice frequency telegraph 
systems were used to provide the sig 
nalling for the trunk circuits (see Fig. 
4.). 

The system is operated from a direct 
current, negative 24-volt power supply 
and requires sub-group carrier signals 
(72, 76 96 kHz) and the 
group .pilot signal of 84.08 kHz to be 
supplied from external equipment. The 
channel carrier supplies of 9.75 and 
10.25 kHz are generated within each 
rackside. 

THE NEED FOR NEW AMPLIFIER 
DESIGNS. 

The original system had used valve 
type amplifiers that required the old 
style -24 and + 130 volt supplies. To 
eliminate the use of obsolete compo 
nents which are no longer available 
and to expedite manufacture, it was 
decided to design new amplifiers and 
channel carrier supply oscillators using 
transistors. Thus it was possible to 
operate the entire system from a -24 
volt supply. 

SUBGROUP CARRIER SUPPLY 
PROBLEMS. 

It was decided to use a type of 
group carrier supply equipment that 
was fairly common and readily avail 
able in A.P.O. carrier terminals. This 
type of carrier supply was intended to 
work with 'single modulation' channel 
modems, but it provided all the sub 
group carrier frequencies required in 
the channel doubling system. 

During the final factory tests on 
the channel doubling system it was 
found that there was about 45 to 50 
dB of intelligible crosstalk between 
some pairs of channels. After many 
hours of investigation the trouble was 
found to be due to the fact that each 
carrier supply signal contained most of 
the other carrier supply frequencies at 
a level of about -40 dB relative to 
the required carrier frequency. As this 
carrier supply equipment was designed 
to work with channel modem equip- 

ment that had very sharp cut-off crys 
tal band pass filters, these carrier 
supply impurities would not normally 
matter. However, in the channel 
doubling equipment the sub-group 
band pass filters were designed with a 
relatively 'broad' pass band. Thus, 
for example, a signal in channel 3A 
modulated a 104 kHz impurity on the 
88 kHz sub group carrier. The re 
sultant lower sideband then passed 
through the sub-group filters and was 
attenuated by only a small amount 
(approx. 5 dB) even though it was 
outside the nominal passband. It was 
then demodulated by the 84 kHz sub 
group carrier appearing as a -45 dB 
intelligible crosstalk signal in channel 
4B. 

The conclusion from this situation 
was that a channel doubling system 
needed a group carrier frequency sup 
ply which has at least a 60 dB rejection 
of all other frequencies. The solu 
tion to this problem was to provide a 
tuned amplifier for each of the sub 
group carrier supplies to give a 20 dB 
rejection of unwanted frequencies. 
Such amplifiers were designed and 
built and subsequently installed as a 
field modification. However, on the 
initial installation tests of the system, 
this inter-channel crosstalk was not 
noticed because it was masked by 
the noise from the 1100-mile open wire 
bearer. 

MANUiF ACTURE OF THE SYSTEM. 

Mechanical. 
The original channel doubling sys 

tem used type 56 Unit Construction 
Practice (U.C.P.) techniques and con 
sequently all the original manufactur 
ing drawings the A.P.O. purchased 
from T.M.C. were based on this con 
struction. By good fortune the A.P.O. 
had four surplus 12-channel modem 
racksides in Tasmania that had been 
made by T.M.C. (Aust.) Pty. Ltd, 
using type 56 U.C.P. construction. 
Therefore, the opportunity was taken 
to use the racks, panels, jacks, etc., 
from these surplus recovered 12- 
channel modems for the channel doub 
ling system. Also these recovered 
channel modems provided voice fre 
quency terminating sets, channel modu 
lators, channel amplifiers, group de 
modulators, and group combining 
hybrids which were incorporated into 
the new system without any change. 
In type 56 construction the rack is 

made of a pressed metal framework 
with sockets down each side for plug 
in panels which can be plugged in and 
out of the rack as required. Each 
panel consists of a number of units 
mounted side by side across its width 
(Figs. 5 and 6). 

Fig. 5. - A complete 24-channel Doub 
ling Terminal on U.C.P. Racks 

The acceptance of the existing U.C.P. 
racks, panels and units as a construc 
tion standard saved a considerable 
amount of time in the manufacture of 
the system because there was no need 
for the development of new mechanical 
construction. 
As the new system used semi 

conductor devices in place of the 
valves used in the original design we 
were able to use modern materials 
and printed circuit card techniques to 
maximum advantage. This assembly 
technique was used for all filters, pads, 
amplifiers and transformer units. 
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Filters. 
As the system used 408 filters, spe 

cial attention was given to the develop 
ment of techniques for their speedy 
manufacture. There were four stages 
of testing in the manufacture of filters: 
(a) Checking individual inductors 

for inductance value and loss. 
(b) Resonating inductor and capa 

citor pairs at their prescribed 
resonant frequency before as 
sembly in filters. 

(c) Setting the frequency of the 
attenuation peaks of the filter 
characteristics by fine adjust 
ment of the inductance of the 
relevant resonant circuits. 

(d) The use of swept-frequency 
techniques to check the perfor 
mance of each filter in its pass 
and stop bands. Also this tech 
nique was used to measure the 
system channel frequency re 
sponses during final tests (see 
Fig. 7). 

Generally it was quite practical to 
obtain the high performance required 
of the filters by paying strict attention 
to the original 10-year-old B.P;O. 
specifications for the inductance and 
capacitance value. It was not neces 
sary at any stage to alter the com 
ponent values to obtain satisfactory 
results. 

Test Specifications 
It is considered that one of the major 

factors contributing to the successful 
completion of the project in the brief 
time available was the preparation of 
an extremely detailed test specifica 
tion. This gave · details of the tests 
required for: 

(a) Individual units, e.g., amplifiers, 
hybrid, filters, etc. 

(b) Assembled panels. 
(c) Individual rack sides. 
(d) Complementary pairs of rack 

sides. 

These test specifications were pre 
pared by the A.P.O. Research Labora 
tories and incorporated the original 
B.P.O. and T.M.C. test specifications 
and the specifications of units designed 
by the A.P.O. Research Laboratories. 

Environmental Testing. 
The equipment was designed to 

operate under subtropical climatic 
conditions in buildings without air 
conditioning. Consequently it was im 
portant to check the equipment per- 

20 

10 

formance, before delivery, under the 
environmental conditions expected. 

By virtue of their experience with 
defence electronic projects, Hawker 
de Havilland had extensive facilities 
for conducting environmental tests 
on the electronic apparatus. Environ 
mental tests were made on samples of 
one of each type of amplifier and 
carrier supply oscillator. Also a spe 
cial large insulated box was con 
structed to enable an environmental 
test to be made on a fully equipped 
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Fig. 7. -Typical Frequency Response of a 300/2200 Hz Narrow Band Channel 
SHAW, DEMPSEY & SEMPLE~ Channel Doubling 
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10 ft. 6 in. rack side. In all these 
environmental tests, measurements 
were made at the following sequence 
of temperatures; room temperature, 
o0c, 500c, and room temperature. The 
equipment generally performed ex 
tremely well under these extremes of 
environment conditions. 

INSTALLATION. 
The racks were sent by air freight 

from Hawker de Havilland in Adelaide 
via Perth to Port Hedland and were 
in service ten days after leaving the 
factory. 
The manufacturing contract was for 

mally signed in October, 1968, and the 
systems were carrying traffic at the 
end of May, 1969. All channels were 
fully in service by June, 1969. 

CONCLUSION. 

The successful outcome of this pro 
ject demonstrated that a team con 
sisting of the A.P.O. and an Australian 
manufacturer with their pooled re 
sources of knowledge, specialist test 
instrumentation and manufacturing 
ability, was. able to produce a particu 
lar piece of transmission equipment 
in a short space of time to meet a 
particular demand. 

Whilst it was appreciated that a 
voice band of 300 to 2,200 Hz results 
in a transmission impairment relative 
to the accepted voice frequency band 
of 300 to 3,400 Hz of about 4 dB, it 
was a matter of sheer economic neces 
sity and service to the subscribers to 
provide them with some form of ser- 

vice when there was an extreme and 
pressing need. 
Time has now proven that the ex 

pense of the cost plus contract has 
been more than justified by the revenue 
returned, as the system has paid for 
itself after a relatively ,short time. It 
is fully expected that when trunk relief 
is given to Port Hedland by means of 
the planned coaxial cable system, the 
channel doubling system will be re 
used elsewhere in Australia to assist in 
the immediate relief of other high 
trunk traffic situations. 

REFERENCE. 
1. 'Increasing the Traffic Capacity 

of Transatlantic and other Submarine 
Telephone Cables,' P.0.E.E.J., Vol. 52, 
p. 140, July, 1959. 

TECHNICAL NEWS ITEM 

NEW INTERCOM PHONES 

Intercommunication telephone faci 
lities in Australia have for many years 
been provided using the well known 
A5 and AlO telephones. (See Decem 
ber 1957 issue of this Journal). 
New lamp signalling intercommuni 

cation equipment (See Figure) de 
veloped by the West German firm, 
Telefonbau und Normalzeit, will su 
persede the A5 and AlO for future 
installations. Initial supplies will be 
imported under an order placed with 
Amalgamated Wireless (Australasia), 
Ltd., but the new equipment will be 
eventually manufactured in Austra 
lia. 
Two systems, with capacities of 

two exchange lines and six extensions 
(2/6) and four exchange lines and 
eleven extensions (4/11), will be 
available. The facilities are compre 
hensive and the telephones are hous 
ed in attractive pastel green ABS 
mouldings. 

A number of interesting features 
have been incorporated in the design. 
Cable terminations are made on in 
sulartion crushing terminals, the re 
lays are sealed reed types including 
multiple-reed units. To extend lamp 
life, the filaments are heated by a 
small current applied continuously 
while they are idle. 

Extensive use is made of semi 
conductors and printed circuit hoards 
are used to facilitate modular con 
struction and facilitate maintenance. 
The power supply module and ex 
change line control circuits are hous- 

ed in a central unit. A Terminating and instrument cord terminations are 
and Connecting Unit (T.C.U.) asso- also effected in the T.C.U.'s. 
ciarted with each telephone, houses A detailed article will be devoted 
the exchange access relays and local to this interesting new equipment in 
transmission bridge. Multiple cable an early issue of the Journal. 

SHAW, DEMPSEY & SEMPLE - Channel Doubling 
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RELIABILITY TESTING OF COMPONENTS 

INTRODUCTION. 

Reliability is defined as the proba 
bility that an item will perform its 
required function under stated con 
ditions for a stated time. Any quan 
tative reliability estimate must be 
related to the environment in which 
the item will be used and the duration 
of such an exposure. The numerical 
answers thus derived represent only 
a probability , subject to statistical 
laws. Whilst there is a close relation 
ship between quality control and 
reliability testing, only the latter pro 
vides a numerical answer to the ques 
tion of how long quality can be ex 
pected to be maintained during service. 

Reliability is designed into a part 
or equipment by the proper choice of 
materials, constructional methods, pro 
duction controls and a knowledge on 
the designer's part of the environmen 
tal stresses to be expected in opera 
tion An inherently unreliable item 
may never be proved as such unless 
the test methods and statistical analy 
sis of results are properly chosen, 
although the unwary may be tem 
porarily deceived by results from low 
stress tests on limited numbers and of 
short duration. 

Quantitative values of component re 
liability requirements vary enormously, 
as they are influenced by the type of 
end use and what the user is prepared 
to pay for increased life expectancy. 
The highest reliability is required in 
important unattended and inaccessible 
equipment (such as underwater re 
peaters, communication satellites), in 
devices whose failure would involve 
great expense or loss of military se 
curity (manned space flight, ballistic 
missiles, etc.), or where failure endan 
gers human lives (aircraft guidance, 
train supervisory equipment, ship 
radar). Sometimes one needs high 
reliability for a short mission after 
extensive storage time, such as in mili 
tary equipment, whilst on the other 
hand a submarine repeater is expected 
to operate continuously for a period up 
to 20 years without a fault. Somewhat 
lower in the reliability hierarchy are 
those equipments and devices whose 
failure involves loss of revenue or 
inconvenience, but which being acces 
sible may be repaired, or duplicated in 
the more important cases, such as 
telecommunication equipment, compu 
ters and similar systems often classed 
as 'professional' grade of equipment. 

* Mr. Flatau is Principal Officer. Physics and 
Polymer, P.M.G. Research Laboratories, 
Melbourne (see Vol. 17, No. 3, Page 256). 
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In this area the concept of maintain 
ability, i.e., the ease of repair, servic 
ing or replacement of parts, becomes 
particularly important and may be 
traded off against reliability (by cost 
effectiveness studies, the cost of 
labour often being the dominant 
factor). Hence accessibility of parts 
within an apparatus, as well as proper 
documentation so that repair can pro 
ceed quickly, is of great importance, a 
fact which has not yet been realised 
by some manufacturers. 

FUNDAMENTALS OF RELIABILITY 
THEORY. 

Reliability theory (Ref. 1) is con 
cerned with the formulation of a 
mathematical framework for predicting 
the life expectancy of a part, and 
makes use of the laws of statistical 
probability as applied to random 
events, i.e., the occurrence of failures. 
The first essential must be a definition 
of what constitutes a failure in a par 
ticular piece of equipment or part. 
This is relatively simple in the case of 
a catastrophic failure, but a degrada 
tion failure (parameter drift outside 
set limits) is determined by where and 
how the device is to be or was, 
used and how tolerant associated 
equipment would be to performance 
changes of the item under test. (Fur 
thermore, the true cause of failure 
must be determined from the physical, 
chemical or mechanical changes which 
have occurred, as there may be more 
than one failure mechanism and it is 

G. FLATAU, F.R.M.I.T.* 

important to know which was the 
dominant cause.) 
If one accepts that failures will occur 

randomly in time and this, as will be shown 
later, is not necessarily true in all cases, one 
would expect a constant average failure rate 
and thus the probability (R) of an item 
operating for t hours may be given by: 

R = exp (-,1.t) 
where ,1. is the average proportional failure 
rate per hour. (In practice failure rates, 
especially for components, are often ex 
pressed in per cent per thousand hours or 
failures per item per million hours.) 

The inverse of the failure rate is 
the mean time between failures 
(MTBF) or mean time to failure 
(MTTF) of an item. 
The variation of failure rate with 

time is often represented by the 'bath 
tub' curve, which consists of three 
distinct parts (Fig. 1): 

A. A region of rapidly decreasing 
failure rate, sometimes referred 
to as the 'infant mortality' or 
'burn-in' period. 

B. A region where the curve runs 
parallel to the time axis, which 
is the constant failure rate 
region where failures (usually 
catastrophic in nature) occur 
randomly. 

C. A region of rapidly increasing 
failure rate, the 'wear out' 
period, where degradation 
failures due to age become pre 
dominant. 

There is reason to believe that the 
constant failure region is essentially 

B 

TIME 

A= EARLY FAILURE PERIOD 

B = "CONSTANT" FAILURE RATE PERIOD 

C = WEAR-OUT FAILURE PERIOD 

Fig. 1. - Example of Failure Rate/Time Pattern 
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formed by the tails of the early and 
wear-out regions, which implies two 
separate failure mechanisms and time 
dependent ageing. The realisation of 
these factors has led to the develop 
ment of mathematical theories which 
attempt to describe the time depen 
dence of failure rates in terms of phy 
sical degradation phenomena. Ex 
perience has shown that the early 
failure region can be attributed to 
deficiencies in raw material control 
and production processes and that 
tightened inspection coupled with de 
bugging and burning-in of parts prior 
to delivery can eliminate most of these 
early failures (rogues). This does not 
mean, however, that even with 100 per 
cent. inspection and tightest produc 
tion controls, all rogues are likely to 
be eliminated, as many incipient early 
failures would not be detectable by any 
means short of dissecting, and hence 
destroying, the item under test. If 
one can eliminate infant mortality the 
failure rate should be purely a function 
of the ageing mechanism and the dis 
tribution in time of wear-out, which 
enables the calculation of the expected 
failure rate at any time provided that 
the probability distribution of the 
wear-out times is known. To get 
such information one needs, however, 
to have a statistically sufficient num 
ber of failures, and such numbers can 
only be obtained in the increasing 
failure rate region, which under most 
circumstances is far along the time 
axis. As answers are required at the 
design stage and not when the design 
is obsolete, recourse is frequently 
taken to accelerated or high-stress 
testing.' 

HIGH STRESS TESTING. 

There is a physical, not a statistical, 
reason for every failure and hence it 
should be possible to speed up the 
ageing process by a suitable increase 
of those factors causing degradation 
and failure until lifetimes have been 
compressed to durations acceptable in 
laboratory testing. This assumes 
that the physico-chemical processes 
which cause degradation are known 
and that acceleration in their rate of 
application will not change their effect 
or introduce additional phenomena. 
The study of Physics of Failure is an 
important part of reliability testing 
and is covered in a later section. An 
important factor to be considered in 
high stress testing is whether it is 
permissible to extrapolate results ob 
tained under high stress conditions to 
the more moderate stress conditions 
pertaining in actual service. 

The requirement is thus for a mathe 
matical model capable of describing 
the interrelation of stress severity and 
lifetime, and which can provide a 
theoretical basis for the interpretation 
of the physical processes which cause 
ageing. One model which has been 
used extensively is the Arrhenius re 
action rate equation, which is em 
pirical in nature and was originally 
postulated for physicochemical pro 
cesses in homogeneous gases and 
solids. One form of the equation is: 

R(T) = exp (A - B/T) 
where R(T) = Time rate of degradation 

T = Temperature in degrees 
Kelvin 

A, B = Constants which must be 
obtained experimentally. 

A and B can be derived from a plot between 
In R(T) and 1/T. If this plot is linear and 
test times are chosen to produce equivalent 
degradation at two stress levels, 
t1 . exp (A - B/T 1) = t0 • exp(A - B/T o) 

where t0 is the time to produce failure at 
temperature T 0, and t1 is the time to pro 
duce similar failure at temperature T1. It 
follows that: 

to/t1 =exp. (-B(l/T1 - 1/To)) 
Hence to/t, is the acceleration factor ob 
tained from the Arrhenius model, and the 
constant B defines the slope of the linear 
plot between In (t,/t,) and the reciprocal 
of absolute temperature. If one accepts 
the Arrhenius model, and despite it being 
empirical it does seem to fit many circum 
stances, two or three tests at elevated 
temperatures Tx, Ty, T,, will yield life times 
tx, ty, tz, which enables us to construct the 
necessary plot and by extrapolation find the 
expected life time t at ambient temperature 
T. However, such extrapolation has little 
validity unless it is certain that only one 
failure mechanism is involved over the 
whole temperature range, that 'rogue' 
failures have been excluded, and that 
statistical confidence limits are clearly 
tated. 

s 
One of the difficulties with the above 

model is that it is essentially based on the 
application of thermal stresses, yet degra 
dation and failure can be due to other 
stresses, such as voltage, mechanical wear 
and vibration. Whilst linear relations can 
be obtained in many cases by substitution 
of a non-thermal parameter (i.e. voltage) for 
T in the above equation, a multi-stress 
model due to Eyring, based on quantum 
theoretical consideration is finding increas 
ing favour. The basic equation is: 

R(T, S) = (AT exp ( -B/KT)) exp 
((C + D/KT)S) 

where A, B, C, D are constants, T the 
thermal stress, S a non-thermal stress and 
K is Boltzman's constant. The Arrhenius 
equation is a special case, applicable over a 
limited temperature range, of the above 
relationship. 

The above discussion has been con 
fined to constant stress testing, where 
each life test has been at a constant 
stress level and a new sample used for 
every different accelerated stress level. 
One of the drawbacks in such a 
method is that testing times tend to 
become excessive at the lower stress 
levels if statistically significant failure 
numbers are to be achieved. For this 
reason step-stress testing is often 
adopted. In step stressing the samples 
are tested for fixed time intervals at 
successively higher stress levels until 
an adequate number of failures has 
been achieved. The tests are repli 
cated for a number of different fixed 
time intervals and a family of curves 
relating stress and time is derived 
which permits life predictions for any 
value of stress to be made. It is clear 
that the roles of stress and time are 
interchanged in these two methods. In 
constant stress testing, the aim is to 
predict the time to failure at a fixed 
stress, whereas in step-stress testing 
the magnitude of stress degradation to 
cause failure in a fixed time interval is 
obtained. Nevertheless step-stress re 
sults can also be analysed in terms 
of the Arrhenius or Eyring model, with 
the proviso that the failure mechanism 
must be applicable over the whole 
stress range of interest and that no 
extraneous failure modes are intro 
duced at the higher stress levels. In 
a well designed step-stress experiment 
the stress parameters, the size and 
number of the stress steps and of the 
time increments must be carefully 
chosen and are usually based on ex 
ploratory tests, unless information on 
the stress-time relationship of the 
device under test is already well 
documented. 

Step stress testing makes the as 
sumption that the probability of 
failure is independent of the particular 
combination of stress and time used 
to produce degradation and/or failure. 
It is not at all certain that such an 
assumption is valid for all types of 
components (and -hence equipments), 
but step-stress testing is widely used, 
particularly in -the semi-conductor 
field. 

PHYSICS OF FAILURE. 

In order to design tests which truly 
evaluate component reliability, it is 
necessary to have a knowledge of the 
relevant physico-chemical processes 
which produce failures in actual ser 
vice, and possibly, although this is 
often unachievable, at least a general 
understanding of how the interaction 
of multiple environmental and opera- 

F LAT AU - Reliability Testing 
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tional factors will influence a failure 
mechanism. By the same token, a 
failed item from test or service repre 
sents purely statistical information 
until a diagnosis of the failure cause 
has been made, which can then be fed 
back to the designer or manufacturer 
to be considered in future product im 
provement. 

Physics of failure analysis is con 
cerned with the diagnostics of failure 
mechanism and for its execution relies 
on specialist skills such as metallurgy, 
solid state physics, analytical chemis 
try etc. 

Some of the more common failure 
mechanisms in components and assem 
blies are listed below: 

Corrosion; 

Oxidation; 

Diffusion, Migration; 

Pyrolysis; 

Contamination; 

Crystal lattice defects; 

Surface film formation; 

Stress relaxation; 

Fracture and fatigue; 

Moisture permeation or adsorp 
tion 

These failure phenomena can be due 
to a variety of constructional, produc 
tion or operational causes such as: 

Dissimilar metal contact; 

Shock and vibration; 

Thermal overloads; 

Radiation (ultraviolet, nuclear, 
solar, etc). 

Insufficient protection from the 
environment; 

Differential coefficient of expan 
sion of bonded materials; 

Vapours released by materials of 
construction; 

Lack of manufacturing control re 
garding cleanliness, dimensional 
tolerances, material quality, etc. 

Misuse (human or in design), etc. 

The existence of a time dependent 
ageing mechanism preceding 'wear-out' 
has been mentioned before, and this 
concept has gained preference over the 
concept of a sudden 'catastrophic' 
failure. However, in actual fact many 
of the failure mechanisms listed above 
cannot be detected prior to failure, as 
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there is no visual, electrical or me 
chanical indication that a catastrophic 
failure may be imminent. In other 
cases such as with corrosion, diffusion, 
moisture permeation, etc., incipient 
failure is often foreshadowed by mea 
surable degradation of parameters. 

In general, failure diagnosis implies 
destructive testing, as enclosures have 
to be opened, encapsulants removed or 
parts dissected. Operations of this 
nature obviously require skill and spe 
cialised equipment, and by and large 
cannot be attempted in the field, but 
require a laboratory equipped to 
perform microscopy. spectography, 
X-ray diffraction, micro chemical 
analysis, etc., as well as orthodox 
electrical and mechanical measure 
ments. It is impossible to give a 
comprehensive list of the variety 
of failure mechanisms which 
may be encountered, but the follow 
ing lists a few typical examples: 

(a) 

(b) 

The formation at high tempera 
tures of Gold-Aluminium-Silicon 
intermetallic compounds at the 
point of contact between the 
gold wire lead and the alu 
minium metallisation on the 
silicon substrate of semi 
conductors. The intermetallic 
compound. often referred to as 
'Purple Plague,' is brittle, me 
chanically weak, and causes 
high resistance or open circuit 
contact between lead and de 
vice. An interlayer of molyb 
denum between gold and alu 
minium will prevent the forma 
tion of undesirable intermetallic 
compounds. 
Corrosion in capacitors at the 
point where the· foil is bonded 
to external tags, resulting in 
open circuits. This is due to 
either inadequate sealing and/ 
or insulation, or dielectric ma 
terials containing impurities 
capable of forming an aggres 
sive electrolyte when dissolved 
in moisture. 

(c) Surface films on sliding con 
tacts made from palladium or 
platinum. The film, often 
called 'brown powder,' is formed 
by the frictional effects of the 
sliding action of the contact 
acting on chemisorbed organic 
vapours on the metal surface, 
resulting in polymerisation. To 
avoid such high resistance con 
tacts, polymer materials in 
close proximity need to be 
chosen with care or a change in 
the contact material of at least 
one contact member must be 
made. 

(d) Tracking and eventual break 
down of insulation between 
silver electrodes. The cause is 
silver migration under the in 
fluence of a voltage gradient, 
and in the presence of high 
humidity. This is known to 
occur with phenolic insulants 
but not with P.V.C., nylon and 
most other thermo-plastics. 

(e) 'Poisoning' of selenium rectifiers 
as evidenced by lack of reverse 
resistance. This is due to con 
tamination by minute amounts 
of mercury vapour, from fungi 
cidal varnishes or metal brigh 
teners. 

(f) Corrosion of fine copper wire 
in coils potted in epoxy resin. 

Most likely this is due to the 
presence of unreacted amine in 
the encapsulant. 

PRACTICAL ASPECTS OF RELIA 
BILITY TESTING 

To establish the reliability of an 
item in terms of failure rate or MTBF, 
two basic decisions have to be made 
initially; what is the number to be 
tested, and what are to be the test 
conditions? 

The number of samples to be tested 
will depend on the degree of statistical 
confidence expected of the final result, 
the minimum number of failures which 
are required to occur before the test 
is terminated, and the maximum length 
of time available to complete the tests. 
In addition such factors as the cost of 
each item (which will usually be of no 
further use after the test), the com 
plexity of test equipment and the avail 
able labour supply to perform mea 
surement, must be considered. It is 
usually inexpedient to set the test 
duration for a time longer than one 
year, and in fact often only a few 
weeks are available. Ideally one 
would like to test until 100 per cent. 
of the sample had failed, or at least 
50 per cent., but with high reliability 
components and limited test time this 
is impracticable and hence one is 
forced to compromise and aim for a 
smaller number of failures, such as 
10,.5 or even 1. The degree of statis 
tical confidence with which the failure 
rate is to be expressed is again a 
matter of compromise, 90 per cent. or 
perhaps 60 per cent. being desirable 
but not always possible of achieve 
ment. Table 1 shows some typical 
figures and demonstrates the type of 
trade-off which can be made between 
the various parameters. 
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TABLE 1. 

Confidence 
Level. 
% 

60 

90 

40 

Minimum Number of 
Failures Required at 

Confidence Level. 

0 
1 
1 
5 
5 
5 
10 

1 
1 
1 
5 
5 
10 

0 
1 
5 

Failure Rate in 
% I 1000 Hours 

1 
1 

0.001 
1 

0.1 
0.001 

1 

1 
0.1 

0.001 
1 

0.001 
1 

0.001 
1 
1 

Test Items Required to 
Complete Test in 

One Year. 

12 
25 

25760 
78 
774 

77280 
129 

52 
516 

51520 
129 

128800 
3864 

6250 
17 
65 

It is obvious that the number of com 
ponents required at the low failure 
rates is so large that one will pro 
bably have to be satisfied with single 
failures and a low confidence level. 
Statistical prediction can of course be 
on the basis of zero failures, although 
such a result is intuitively unsatisfy 
ing. 
The test conditions must be chosen 

so as to impose stresses on the items 
under test which correspond in some 
known ratio to the conditions pre 
vailing in service. A degree of ac 
celeration is usually necessary, in order 
to produce some failures in the avail 
able time span, but the degree of ac 
celeration should be limited to a range 
where the stress acceleration factor 
has been determined. If the accelera 
tion factor is not known or if it is 
desired to test under a combination 
of stresses (i.e., temperature, humidity 
plus rated voltage), the test conditions 
should be such as not to exceed the 
manufacturer's ratings. Where there 
is an interest in a number of stress 
variables, a factorial experiment may 
be possible to determine the inter 
action of the various factors. 
In view of the large numbers which 

may have to be tested, often requiring 
measurement of several parameters at 
frequent intervals, reliability testing 
should be highly automated and inter 
faced with data logging equipment for 
re.al time, or subsequent, computer 
data storage and analysis. Sample, 
must be selected by means of recog 
nised sampling procedures and should 
be checked on receipt for compliance 
with specified performance paramet 
ers, irrespective of whether or not all 
these parameters are to be monitored 
dusing the reliability test sequence. 
Failure criteria are set in terms of, 

permissible parameter drift, which ob 
viously includes catastrophic failures, 
but it is sometimes desirable to con 
tinue tests past the point where the 
specified limits have been exceeded, in 
order to get a clearer idea of the drift 
rate and the true wear out point. 

At the completion of testing, an ex 
amination of both failed and surviving 
samples can reveal ,significant factors 
regarding the existing fa.lure mechan 
isms and may provide explanations for 
early or unusual failures. 

THE INTERPRETATION OF TEST 
RESULTS. 

Test results are in the first instance 
commonly assembled in tabular form 
and list for each particular test con 
dition the life achieved either to failure 
or to the termination of testing for 
each individual item. If the total 
lifetimes for all specimens is summed 
and divided by the total number of 
failures the answer is the MTBF, and 
the reciprocal of the MTBF gives the 
average failure rate. These results 
must be qualified by a statement of 
the associated confidence level. Note 
that the calculation described assumes 
that failures are exponentially distri 
buted, i.e., one presupposes to be in 
the constant failure rate part of the 
'bath-tub' curve. 
Now in practice this assumption is 

often found to be invalid for a number 
of reasons. Firstly, as has been men 
tioned before, the failure rate versus 
time curve is likely to have only two 
components, a lengthy decreasing 
failure rate period followed by a 
gradually rising failure rate as wear 
out commences. Secondly, component 
parameters are not always distributed 
around a mean value because manu- 

facturing controls in selecting parts 
within tolerance may produce a trun 
cated distribution, or selection, to 
allow for lifetime parameter drift, may 
produce a skewed distribution. In 
such cases some samples have a 
greater probability of exceeding the 
failure limits at an early time and a 
period of constant failure rate may not 
occur: Thirdly, components which 
degrade due to a wear phenomena 
(abrasion, corrosion, erosion) will gene 
rally require a certain time or number 
of operations before first failure, and 
prior to this no random failures are to 
be expected. In such cases, relay 
contact failure being one example, 
there is no constant failure region and 
instead a Poisson distribution of 
failures exists, the critical parameter 
being the time to first failure. It 
should be noted that subsequent to the 
first failure, there may be (i.e., for a 
relay contact) a further extensive 
period where performance is satisfac 
tory, except for occasional (random) 
faults of short duration, until at a still 
larger number of operations the fault 
becomes permanent. The particular 
application will determine if one or 
more transitory failures can be 
tolerated or whether first failure is 
the only parameter of interest. 

In practice, one is thus obliged to 
fit a distribution to the experimentally 
obtained values without any precon 
ceived ideas. Obviously graphical 
representation is most meaningful un 
der the circumstances and therefore 
cumulative failure rate or percentage 
of survivors versus time is plotted on 
linear, log-linear or probability graph 
paper to see if the available data will 
produce a smooth curve or better still 
a straight line. 

FLA.rf AU - Reliability Testing 
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Over recent years the Weibull dis 
tribution has · become widely used. 
This distribution is capable of describ 
ing individually all three failure 
regions of the classical 'bath tub' 
curve. The cumulative distribution 
(unction for a population is given by: 

F(t) = 1 - exp [ - (t - y)/3/o:], 
fort ~ y 

where F(t) = cumulative proportion of 
failures up to time t 

o: = scale parameter 
p = shape parameter 
y = location parameter 

The failure rate will be decreasing, 
constant or increasing, depending on P 
being Jess, equal or greater than 1. If one 
can assume that an item is subject to failure 
from the instant it is put into use, y = 0. 
ff further p = 1, the Weibull reliability 

function becomes: R(t) = exp ( - t/o:) where 
R(t) is the probability that no item will fail 
before time t; this is the basic exponential 

function with oc equivalent to mean sample 
life or MTBF. 
The calculation of the constants o:, P and 

y from experimentally obtained data is 
fairly involved, but several types of Weibull 
graph papers have been designed which 
enable these determinations to be made 
graphically. The use of one such type of 
Weibull probability paper, due to Kao 
(Ref. 2), is demonstrated in Fig. 2. This 
paper is constructed on the basis of taking 
the natural logarithm of the Weibull 
cumulative failure equation twice and using 
a different scale parameter 17, so that: 

0: = 17/J 
When plotted on ln versus ln natural 
log paper the Weibull distribution 
function will appear as a straight line. 

It must be stressed that large scale 
extrapolation of the Weibull distribu 
tion, as may be necessary with very 
long-lived items, can lead to false 
conclusions and should be avoided. 

This is because the Weibull parameters 
are not necessarily invariant over the 
whole time span of interest. 

In searching for a failure rate-time 
relationship there is a misconception 
that a straight line relationship must 
be shown even if it involves extensive 
manipulation of scaling factors. In 
fact artificially introduced constants 
and/or function operators can often 
mask important changes in behaviour 
caused by the appearance of a new or 
additional failure mode, and thus give 
a completely wrong impression of the 
lifetime behaviour of the component 
or system. 

It must never be forgotten that the 
failure rate derived from a series of 
tests really applies only to the produc 
tion batch from which the test sample 
was drawn, and that repetitive testing 
of batch samples will be necessary to 
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Results 
Characteristic life 
(63 · 2 percentile) 
Mean life, i,_ 
Standard dev., cr = 2571 hours 
Median life = 7500 hours 
90 % probability of 

survival = 4300 hours 
99 % probability of 

survival = 2200 hours 

= 8000 hours 
= 7644 hours 

Interpretation of Data 
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establish sufficient confidence in the 
reliability result. It is quite likely that 
the numerical results of failure rate or 
MTBF will then vary due to small 
changes in manufacturing processes or 
operator skills, changes which are 
often unknown to production manage 
ment. For this reason periodical re 
liability demonstration tests are usually 
called for with high reliability equip 
ment, particularly in military and 
space technology. A well-known 
application of this technique is the 
American AGREE testing procedure 
(Ref. 3), which Is designed to ensure 
that the purchaser's risk of accepting 
an equipment with an MTBF below that 
specified or rejecting one with MTBF 
greater than the specified requirement 
is in both cases less than 10 per cent. 
The test plan, a truncated sequential 
test, is chosen so as to obtain results 
in a reasonable time without too great 
a risk to purchaser or producer, and 
thus compares observed reliability with 
a predetermined standard agreed to by 
both purchaser and manufacturer, i.e., 
AGREE testing is not primarily con 
cerned with absolute results. Similar 
methods can be used for components, 
when AGREE testing is not applicable, 
by comparison testing of various 
manufacturers' products where abso 
lute values of failure rate are only of 
secondary importance, and ranking is 
needed to optimise cost-performance 
decisions. 
The major objective must be to 

present the data in a format which will 
give the user a maximum of infor 
mation. The results may be in the 

form of absolute values, comparative 
figures or assurances that specified 
limits have been met. In every case 
the test methods, stresses, numbers 
tested, etc., as well as the statistical 
uncertainties in the data must be 
clearly stated. Failure rate calcula 
tions and demonstrations are after 
all not just an exercise in 
statistics, but are needed for life ex 
pectancy prediction, design improve 
ment or maintenance planning by 
engineers who require hard facts in 
order to make these decisions. 

COMPONENT RELIABILITY DATA. 

Tabulations of component failure 
rates can be found in numerous books 
and articles, but many of these have 
little significance because the condi 
tions of test or usage are not stated. 
In fact some such tabulations attempt 
to combine failure data from all sorts 
of different applications into a 
"generic" reliability figure for the par 
ticular component (i.e., metal-oxide 
resistors), without concern for environ 
mental and electrical load conditions. 
However, some excellent reliability 

data are being published by various 
laboratories specially set up to collect 
and assess the relevant information, 
such as the RADC Reliability Centre 
(U.S.A.), CNET Reliability Centre 
(France) and the Royal Radar Estab 
lishment (U.K.) to name just a few. 
Many component manufacturers also 
are now able to provide well docu 
mented reliability assessments of their 
product. For a comprehensive listing 

TABLE 2. 

Component. 

Transistor 
Diodes 

,, 
Integrated circuits 
Resistor, H.S. 

Capacitor 

,, 
Relays 

Lamps 
Connectors 

,, 
Joints 

,, 
Transformer 
Motors, Blowers 

silicon planar, low power 
silicon, low power 
zener 

carbon 
metal oxide 
wire wound 
paper 
plastic film 
ceramic 
electrolytic, aluminium 

tantalum " 3000 type 
sealed, reed 
neon 
multipin 
edge 
soldered 
wrapped 
crimped 
power 

Failure Rate %/1000 
Hours. 

0.00002 - 0.04 
0.00003 - 0.1 
0.0003 - 0.25 
0.000001 - 0.003 
0.0005 - 0.2 
0.00003 - 0.05 
0.00001 - 0.75 
0.00005 • 0.1 
0.0005 - 0.05 
0.00003 - 0.05 
0.001 • 0.4 
0.005 - 0.1 
0.005 - 0.5 
0.00001 - 0.04 
0.001 - 0.5 
0.003 - 0.2 
0.0001 - 0.05 
0.00002 - 0.01 
0.00001 - 0.02 
0.001 - 0.01 
0.005 - 0.2 
0.01 - 2.0 

of attainable failure rates of compo 
nents under various load and usage 
conditions, reference should be made 
to the U.S. MIL Handbook 217A (Ref. 
4). 

In table 2 the achievable failure 
rates for a number of common compo 
nents (compiled from a number of 
sources) have been listed. The range 
quoted covens at the low end high 
grade professional components under 
optimum stress conditions, and at the 
high end is representative of the same 
type of component under the most 
severe conditions likely to be encoun 
tered in service by Telecommunication 
and similar equipment. 
To appreciate these figures they must 
be related to the number of similar 
components likely to be found in an 
equipment or assembly. For instance 
the failure rate of blowers is high, but 
as there 1s likely to be only one per 
equipment rack, a 2%/1000 hour 
failure rate results in a probability of 
failure once every six years. On the 
other hand a relatively small electronic 
assembly can contain 10,000 soldered 
joints, which, with a failure rate of 
0.01 %/1000 hours, results in one fail. 
ure on an average every 40 days. Elec 
tronic systems can contain 1 million 
components and connections and even 
if a 0.001 %/1000 hour failure rate for 
each item were achieved the system 
MTBF would be of the order of 100 
hours only. This could be unacceptable 
in many situations, and redundancy 
concepts would need to be introduced 
into the design to increase the MTBF. 

A perusal of the available data sug 
gests that most types of components 
can now be manufactured to a very 
high reliability standard, and even 
some types such as electrolytic alu 
minium foil capacitors which were 
once regarded as unreliable are now 
being produced to meet very demand 
ing situations. By and large, joints 
and connections now limit the attain 
able reliability of assemblies, and this 
is not surprising when one considers 
the numbers involved, and especially 
in the case of joints, that these items 
are often subject to operator varia 
bility. Hence the emphasis in the 
connection field has been switched to 
crimping or solderless wraps where 
the human element is largely removed 
and, provided the jointing machine is 
periodically checked, much better re 
liability can be achieved. Integrated 
circuits owe their extremely high re 
liability to the fact that not only are 
they produced with completely auto 
mated equipment, but also because the 
interconnection between 'components' 
is made on the semi-conductor chip as 
part of the production process. This 
advantage becomes even more pro- 
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nounced with large-scale integration, 
providing the connections to the peri 
pherals can be made equally reliable. 

For the system planner or operator 
the equipment mean time between 
failure is the critical parameter, and 
minimum values are beginning to be 
called for in contracts issued by 
authorities other than the military. 
It has been suggested that in order 
to achieve satisfactory system life, 
component failure rates should be 
kept below 0.005%/1000 hours for 
telecommunication equipment (such 
as electronic exchanges), 0.00005% / 
1000 hours for underwater repeaters 
and 0.02%/1000 hours for computers. 

RELIABILITY STANDARDS. 

Because guaranteed reliability in 
space and defence programmes is 
considered essential, coupled with the 
fact that production quantities for 
most contractors in these fields are 
so huge as to make reliability assurance 
economically feasible, U.S. MIL stan 
dards are well established and have 
found acceptance in many countries 
other than the U.S.A. Some of the 
more widely used standards are: 
MIL 721-Definition of effective 

ness terms for reliability, 
maintainability, etc. 

MIL 781-Reliability test, exponen 
tial distribution. 

MIL 756-Reliability prediction. 
MIL 785-Requirements for relia 

bility programme (for 
systems and equipments). 

MIL 790-Reliability assurance pro 
gramme for electronic 
parts specifications. 

The latter document is used in con 
junction with 'established reliability' 
specifications for components, to ob 
tain qualification approval and requires 
the parts manufacturer to document 
his processes and controls, and to pro 
vide facilities for failure analysis and 
corrective procedures. MIL Hand 
book 217 A is used for reliability pre 
dictions and for the comparison of such 
predictions with results tendered by 
contractors, and lists failure rates for 
most MIL specification components 
under the various conditions of usage 
and electrical loading. 
In the United Kingdom a system 

of common standards for electronic 
parts of assessed quality has been 
introduced as a consequence of the 
Burghard Committee report (Ref. 5). 
Under this system, administered by 
the British Standards Institution, 
component specifications covering in 
spection and sampling, testing and 
requirements are being evolved. For 
a manufacturer to retain type appro 
val for a particular component he 
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must provide the test data over each 
six months' period, for all components 
produced to a detailed specification 
irrespective of their destination. 
Hence the results are representative 
of a much larger population (possibly 
his total production), and consequent 
ly failure rate calculations, in terms 
of specified tests such as endurance, 
long term damp, heat, etc., can be 
made by any user. As this informa 
tion must be published every six 
months, it permits users the oppor 
tunity to check on long-term pro 
duction drifts in parameter spread. The 
British Common Standard System is 
perhaps not as demanding as the MIL 
system, but at the same time is pro 
bably much more practical for non 
military use and should be of immense 
value in the rationalisation of com 
ponent types used throughout industry 
and Government in the U.K A fun 
damental difference between the MIL 
and BS system is that in the former 
the sample size to be tested depends 
on the magnitude of the failure rate to 
be proven, whereas in the British 
System the sample size depends only 
on the production batch size. 

The European countries, whilst aim 
ing for the standardisation and relia 
bility assurance of components on a 
national scale, have also been firm 
supporters of the International Elec 
trotechnical Commission (I.E.C.). Re 
liability is being studied by Technical 
Committee 56 of the I.E.C., and a 
number of recommendations have 
already been published by this body. 
It is very likely that the major Wes 
tern European countries will soon 
come to an agreement of Common 
Standards based on the work of the 
I.E.C. and probably incorporating 
many features of the British system, 
such as manufacturer approval, quali 
fication requirements and certified test 
records. 
In Australia MIL or DEF standards 

have up till now been used for all De 
fence equipment, with a mixture of 
B.S.I., I.E.C. and A.S.A. specifications 
used by other users. The policy of 
the Standards Association of Australia 
is to adhere to I.E.C. recommendations 
wherever possible, a view shared by 
many large private and Government 
organisations. S.A.A. Committee TE 
21-Reliability of Electronic Compo 
nents-is responsible for the prepara 
tion of suitable specifications and will 
soon issue some I.E.C. documents, 
with amendments, as Australian 
Standards. 
Many other bodies such as I.S.O., 

C.C.I.T.T. and C.C.I.R. are also en 
gaged in the preparation of specifica 
tions or recommendations regarding 
reliability. 

CONCLUSION. 

A paper of this nature can only 
briefly touch on the many facets of 
reliability theory and application, and 
in fact no mention has been made of 
such important aspects as redundancy, 
maintainability, or system reliability 
prediction based on parts reliability 
information. For those Interested in 
or concerned with these subjects, an 
extensive literature is available, rang 
ing from the simple 'how or why' ap 
proach to abstruse mathematical ex 
positions. 
As has been indicated, there is ex 

tensive knowledge on how to test, 
how to interpret results and how to 
diagnose causes of failure, and stan 
dards and specifications are being de 
veloped on both the national and inter 
national level. We have, therefore, 
a situation where reliability testing 
and predictions can be made available 
by most manufacturers, used by 
designers and specified by consumers. 
However, the application of reliability 
concepts in purchasing clauses will 
increase costs, as no manufacturer will 
assume the commercial risk of pro 
viding parts with guaranteed reliability 
without considerable additional and 
long-term testing, nor would the user 
be satisfied unless this had been done. 
Reliability testing is costly and, except 
for large production quantities, is 
much more expensive than conven 
tional quality assurance testing. How 
ever, the cost and complexity of most 
modern systems are such as to demand 
and justify valid life expectancy assur 
ances for planning purposes. In a 
country such as Australia, it is at 
present not possible to institute relia 
bility programmes on the scale applied 
in the U.S.A. to such projects as 
Minuteman or Apollo, but there must 
surely be scope for more modest ef 
forts perhaps along the lines of the 
British System of Common Standards, 
resulting in certified test records. 
The economic benefits of assured 
reliability in reduced downtime, 
labour cost savings and reduced spare 
parts inventory must be clearly dem 
onstrated to management, so that the 
extra funds to cover the increase in 
price may be made available. Just as 
quality control had to be 'sold' in the 
past two decades so it will be neces 
sary to demonstrate the value of re 
liability assurance in the years to 
come. There is, however, one vital 
difference. Quality control demon 
strates that a part or equipment 
leaves the factory in a condition 
which meets the user's specification, 
whereas reliability demonstrations in 
the laboratory are based on assump 
tions, not always valid, that the ser 
vice environment and the service life 
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have been reproduced in an accelera 
ted form. It thus becomes crucial to 
know what actually does happen in 
the field, to record and tabulate 
failures and wherever possible to ar 
range for failure analysis and to use 
this data to find correlation factors 
with laboratory results, which can 
then be used in future testing. To 
make a reliability programme success 
ful it is essential to establish close 
communication between operations, 
design and manufacturing so that 
relevant information is available for 
use in all these areas. The provision 
for this feed-back and feed-forward 
should be the initial step by any 
consumer or manufacturer planning 

to establish reliability objectives for 
manufactured products. 

The day is near when we will not be 
able to afford to just think, hope or 
believe that our equipments or systems 
will perform up to expectations, but 
when we will have to give guarantees 
regarding the probability of a failure 
free period for these items so that 
planning for maintenance, system 
redundancy, fund provision for re 
placements, etc., can proceed with an 
assurance many times greater than is 
possible today. 
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TECHNICAL NEWS ITEM 

COMMUNICATIONS VITAL TO 
ELECTRICITY SUPPLY. 

The Electricity Commission of New 
South Wales, whose transmission lines 
reach to all corners of the State, also 
has a large communications network. 

Though it makes extensive use of 
Post Office services, there are com 
pelling reasons for having its own com 
munications facilities, 

Instantly available communications, 
remote control and telemetering are 
essential in operating and maintaining 
the transmission network which de 
livers power to the county councils 
which retail electricity throughout the 
State. 
To ensure continuity of supply these 

facilities must give immediate contact 
between generating plants and control 
centres, especially when abnormal 
conditions, such as storms, might inter 
rupt the power system. 

The importance of reliability is so 
high that most of the Commission's 
communications channels are dupli 
cated, to guard against interruptions 
of any kind. 

Because the demand for electric 

power doubles itself in New South 
Wales approximately every eight 
years, the Commission constantly has 
to expand generating capacity, and 
this in turn necessitates enlarging its 
communications facilities. 

To. provide for larger needs when 
the Liddell power station comes into 
operation early next year, a new high 
capacity microwave system will be 
built. 
It will have a capacity of 600 chan 

nels, as against the present 20 chan 
nels. 

A member-company of the Austra 
lian Telecommunications Development 
Association has designed and is build 
ing the microwave bearer equipment 
a project valued at about $500,000. 

The solid-state 2000 MHz system 
will link all the coalfields power 
stations in the Newcastle and Hunter 
Valley region with the northern area 
control centre at Waratah, and with 
Sydney's- three metropolitan control 
centres and the interconnected State 
system control centre at Carlingford. 
Australian manufacturers are provid 

ing much of the equipment required to 
provide the various services which 

will operate over the microwave sys 
tem. 
These include a private automatic 

telephone network; and telemetering, 
signalling, automatic interrogation and 
remote switching. 

Because of the many patrols and 
maintenance crews engaged along the 
transmission lines, the Commission 
makes great use of VHF radio and 
mobile transceivers. 

These are organised into seven re 
gional networks and they are being 
added to by about four new repeater, 
stations a year as the needed cover 
age grows. 
The equipment for fixed repeaters, 

two-way sets in vehicles and radio 
links between repeaters have been 
made in Australia by ATDA members. 
Recently a local manufacturer sup 

plied a selective calling system which 
enables mobile operators to call and 
be called by dialling instead of by 
voice. 

This will enlarge the effective VHF 
coverage by enabling staff to be con 
tacted when working nearby, but not 
close enough to hear a voice call. 
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THE AUSTRALIAN POST OFFICE ROLE IN NASCOM - PART 2 
OPERATIONAL ASPECTS J. LIIV, M.I.E. Aust.* 

INTRODUCTION. 
Descriptions and details of the de 

velopment of the U.S. National Aero 
nautics and Space Administration 
Worldwide Communications Network 
(NASCOM) are included in an article 
by K. A. McKenzie (Ref. 1) and this 
paper describes the Network from the 
operations viewpoint. The Australian 
Sector of the NASCOM Network forms 
part of this worldwide network and 
provides communications facilities 
leased from the P.M.G.'s Department 
for the transmission of NASA Mission 
related information necessary for the 
support and conduct of the NASA space 
programmes and projects. Initially, 
conventional teletype facilities were 
provided and used for the support of 
satellite activities, but it soon became 
necessary for the NASA authorities to 
carry out real time trajectory calcula 
tions at a central computing complex 
in the U.S.A., and the transmission c! 
data at speeds higher than was pos 
sible with telegraph facilities became 
essential. Accordingly, a network of 
high-speed data circuits operating at 
speeds of 2400 bits per second and 
meeting C.C.I.T.T. M89 specifications 
were provided to the various tracking 
stations throughout the world over 
transmission media such as communi 
cation satellites, submarine cables, 
microwave radio systems, land lines 
and where other facilities were not 
available, H.F. radio circuits. 
The design of the worldwide high 

speed data network has been orientated 
around the use of communications pro 
cessors. At the Goddard Space Flight 
Centre, near Washington, in the 
U.S.A., there are the main UNIV AC 
computers of the 490 type (now 3 
Model 494) for controlling the network 
and which on-forward all teletype and 
high-speed data from the worldwide 
network to the 494 computers at the 
Mission Control Centre at Houston via 
50.8 kilobit per second data streams 
whilst UNIVAC computers models 
1230 and 1218 are provided at tracking 
stations to handle command tracking 
and telemetry data. In addition UNI· 
VAC computers model 418 are in 
operation at the NASA switching 
centres to connect low-speed tele 
graph circuits to high speed data cir 
cuits. Further details of the C.C.I.T.T. 
specification M89 and other voice 
channel parameters for data circuits, 
as well as additional information on 
the UNIV AC computers, may be found 
in Reference 1. 

*Mr. Liiv is Engineer Class 4 Country Branch, 
N.S.W. See. Vol. 16, No. 2, page 189. 

UJV -- NASCOM 

For operation purposes, the track 
ing stations around the world and 
which are served by the worldwide 
NASCOM Network, can be grouped 
into- 

(a) The Manned Space Flight Net 
work (M.S.F.N.), which suppor 
ted the Mercury and Gemini 
programmes and now supports 
the Apollo missions with voice, 
command, telemetry and track 
ing data services to the Mission 
Control Centre at Houston, 
Texas, and has 3 tracking sta 
tions in the U.S.A., 2 in Aus 
tralia (Carnarvon, W.A., and 
Honeysuckle Creek near Can 
berra, A.C.T.) and 14 other 
tracking stations throughout 
the world. 

(b) The Deep Space Network 
(D.S.N.) which supports Mari 
ner, Surveyor missions, etc., 
with command tracking and 
data acquisition services to the 
Space Flight Operations Facility 
in Pasadena U.S.A., and has 5 
tracking stations in the U.S.A., 
2 in Australia (Tidbinbilla, near 
Canberra, A.C.T., and Island 
Lagoon, near Woomera S.A.) 
and 4 others. 

(c) The Space Tracking and Data 
Ac q u is it ion Network 
(S.T.A.D.A.N.), which supports 
the Nimbus programme, orbiting 
geophysical and astronomical 
observatories, etc., with com 
mand, tracking and data acqui 
sition ·services to the STADAN 
control centre at Goddard 
(G.S.F.C.) and has 2 tracking 
stations in the U.S.A. and 4 out 
side the U.S.A., including 2 in 
Australia (Orroral Valley, near 
Canberra, A.C.T. and Carnarvon, 
W.A.). 

Further details of the Australian 
tracking stations are given in the ar 
ticle on the development of the 
NASCOM Network (Ref. 1). 

The network supporting the Apollo 
missions is the M.S.F.N. and one group 
of tracking stations including tracking 
ships and instrumented aircraft, are 
required to follow the spacecraft at 
launch, during earth orbits and on its 
return to earth. Tracking of the 
Apollo Spacecraft after it leaves the 
earth's orbit is carried out by three 
special stations having 85 ft, dish 
antennas and which are located at 
Goldstone, U.S.A., Honeysuckle Creek, 
Australia 'and Madrid, Spain, These 
stations stand approximately one-third 
of the earth's circumference apart to 
provide continuous coverage. 

High speed data to be transmitted 
over the NASCOM Network for all 
missions. falls into 3 main categories 
(a) Command, (b) Telemetry, and (c) 
Tracking. Command data is transmit- .. 
ted from the Mission Control Stations 
to the spacecraft via the tracking sta 
tions, whilst Telemetry and Tracking 
data flow in the opposite direction. 
Moreover, a loss of communications to 
and from a tracking station in the 
M.S.F.N. during a manned Apollo mis 
sion could have very serious conse 
quences concerning the safety of the 
astronauts or the successful comple 
tion of the mission, so that during 
these missions the reliability require 
ments are extremely high and special 
precautions are observed on communi 
cation systems throughout the world 
carrying NASCOM circuits during 
critical phases of manned missions. 
These periods are classified as 'Critical' 
for launch, recovery and lunar landing 
phases and 'Special' coverage at other 
times during an Apollo mission. 
NASA SWITCHING CENTRE, 

CANBERRA. 
General. 

As the NASCOM Network developed 
with the increasing use of transmission 
of high-speed data over long haul cir 
cuits employing combinations. of dif 
ferent communication media, it became 
impracticable to obtain end-to-end 
circuits which would meet the require 
ments of C.C.I.T.T. Specification M89 
and sectionalisation of the network 
became necessary, At five locations 
(Canberra, London, Madrid, Honolulu 
and Guam) in the world, regional 
switching centres were established by 
the NASA authorities to control all 
high-speed data services. which origi 
nated or terminated within their geo 
graphical sector. All data services 
within these sectors are switched 
through the communication centres for 
data regeneration and permit the 
C C.I.T.T. M89 Specifications to be 
applied to each section of long haul 
data circuits. All high-speed data 
from any tracking station served by 
the centre would be regenerated at 
Canberra and depending upon the path 
chosen could be further regenerated 
at Guam, and/or Honolulu. For ex 
ample, on a circuit from the Carnar 
von Tracking Station to the G.S.F.C. 
in the U.S.A., regeneration is provided 
at Canberra, Guam and Honolulu on 
the circuit via Seacom. Some of these 
centres employ dual UNIV AC 418 com 
puters to connect the low-speed tele 
graph circuits from the tracking sites 
to high-speed circuits to the G.S.F.C. 
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Fig. 2. - NASA Switching Centre - Canberra Processor (Computer) Room 

Fig. 3.;..... NASA Switching Centre - Canberra Voice Data Room 
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Additional advantages which are 
gained from segmentation and regene 
ration of long data circuits are in 
creased flexibility obtainable in the 
network and the fact that circuit qua 
lity and error rates can be more conve 
niently monitored, as well as achieving 
more rapid location of faults and 
speedier restoration of service; two 
aspects vital to the reliability require 
ments of the NASCOM Network. 

The NASA Switching Centre at Can 
berra was established on the ground 
floor of the Deakin Telephone Ex 
change building in 1965 and exercises 
control over communication facilities 
associated with the NASCOM Network 
in the Australian and part of the Paci 
fic and Indian Ocean areas. This 
centre replaced the NASA communica 
tion centre which was ,set up in 
Adelaide at the time of the Mercury 
Projects as explained in Reference 1. 

The Centre is divided functionally 
into 3 areas, the Processor (computer) 
room, the voice-data room and the 
teletype room. A floor plan of the 
centre is shown in Fig. 1 and views of 
the three rooms are illustrated in Figs. 
2. 3 and 4. 
Additional air-conditioning equip 

ment (in duplicate) has been installed 
in the centre mainly to handle the tem 
perature and humidity requirements of 
the UNIV AC 418 computers and a 
separate 150 KVA emergency diesel 
alternator set has recently been in 
stalled in the telephone exchange 
emergency plant room to provide 

standby power for the centre and to 
run the 'on-line' computer during mis 
sions. All equipment operates from 
the standard American voltage of ll0 
volts per phase and with the exception 
of the 418 computers and the asso 
ciated peripherals, all items operate 
from a 50 Hz supply. 60 Hz power 
supply to the computers is provided 
from the special 50 Hz to 60 Hz rotat 
ing converters, delivering 208 volts 3- 
phase a.c. (ll0 volts per phase) at 
37 KV A, installed in a separate room. 

Processor (Computer) Room. 
Installed in this room are the two 

UNIVAC 418 model computers em 
ployed in a redundant configuration to 
switch all telegraph type data to and 
from tracking sites, process. and re 
format this data and transmit it at 
2400 bits per second to the Model 494 
UNIVAC computers in the G S.F.C. in 
the U.S.A. and provide similar facilities 
in the reverse direction. In operation, 
one UNIVAC 418 computer is. the on 
line system, which is handling data, 
whilst the other 418 computer is in 
standby (operating in a receive only 
mode), ready to assume . the on-line 
functions as required. 
The UNIVAC 418 computer system 

consists of four communication line 
terminals (C.L.T.'s), to which are con 
nected two fully duplex high-speed 
data circuits and 56 C.L.T.'s for connec 
tion to 28 fully duplex low-speed (75 
baud) circuits, interconnected by the 
418 processor having a store of 4096 
decimal 18 bit words and a rotat- 

ing drum system (FH 330), which has a 
capacity of 1,000,000 octal 18 bit words. 
In addition there is associated with 
the 418 processor, a UNIVAC Model 
1004 high-speed page printer and card 
reader, used to carry out computer 
programme maintenance and modifica 
tions. 
Data, after being processed by the 

UNIVAC 418 into computer-words, is 
transmitted over the 2400 bit per 
second high-speed data circuits for 
entry into the UNIVAC 494 computer 
system at the G.S.F.C. The data for 
mat includes 'sync' and housekeeping 
words, sum and parity checks and the 
data flow can only be maintained if 
acknowledgment as to its correctness 
is received. If no acknowledgrnent is 
received, the data block is repeated up 
to four times, and if this is not success 
ful the computer switches to the alter 
nate high-speed data circuit and re 
peats the data block and arranges for 
a console print out of the unstandard 
condition. 

Computers are provided only at the 
Canberra and Madrid Switching 
Centres, as the other switching centres 
perform purely switching functions. 

Telegraph Room. 
From this area, all low-speed tele 

graph-type circuits forming part of the 
NASCOM Network in Australia are 
monitored and supervised. Telegraph 
facilities are used to provide back-up 
for the high-speed data services and 
for telemetry information in the form 
of summaries, histories, etc. For this 

Fig. 4. -- NASA Switching Centre - Canberra Telegraph Room 
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purpose the following equipment is 
installeds=- 

23 Receive Only Monitoring Prin 
ters 

5 K.S.R. 's (Keyboard Send/Re- 
ceive). 

3 A.S.R. (Tape Send/Receive) 
3 Multiplex Tape Transmitters 
6 R.O.T.R.'s (Receive Only Tape 

Reperforations) 
Signal Quality Monitor 
Open Line Alarms 
Data Analysis Centre Test Set 

All telegraph machines are of Wes 
tern Electric 28 Teletype manufacture 
and operate at 75 bauds, and the test 
and monitoring equipment is manufac 
tured by the Stelma Corporation. 
The, operation of the telegraph area 

is divided functionally into two classi 
fications - (a) the facilities control, 
which covers the normal NASCOM1 
operational requirements, and (b) the 
'Off- System Refile' functions where 
incoming information is re-directed to 
other authorities and for handling 
administrative telegraph traffic. 
The main monitoring equipment used 

to supervise the quality of telegraph 
transmissions is the Signal Quality 
Monitor, which continuously monitors 
for 'out-of-range' conditions and pro 
vides an alarm condition when the 
distortion exceeds a pre-set condition 
or an open circuit condition is 
encountered. The Open Line 
Alarm equipment provides an alarm 
condition when an open circuit 
condition is encountered within the 
centre. Where the monitoring equip· 
ment indicates a fault or Out of Speci 
fication condition the Data Analysis 
Centre (Stelma DAC-V), which pro 
vides facilities for the comprehensive 
analysis of synchronous and start-stop 
telegraph signals to determine the type 
and magnitude of signal distortion in a 
signal, is brought into operation to 
either analyse the received Telegraph 
Signal or provide an undistorted re 
peated transmission of a selected 
character or a test message with pro 
grammed identification to assist in 
determining and rectifying the trouble. 

Voice Data Room. 
This area provides facilities for the 

transmission of high-speed data over 
voice circuits and for the switching 
functions for voice and voice data cir 
uits in the NASCOM Network. The 
Western Electric Model 205B data 
modems are installed in this 
room as well as the associated 
test and patch bays, data trans 
mission test sets and audio test 
equipment. The centre of activities in 
the area is the Voice Switcher, which 
is basically a switching matrix con 
trolled from a console. The present 
voice switcher has a capacity of 80 
lines and comprises five cabinets con- 
LIIV - NASCOM 

taining crossbar switches and ampli 
fiers and a central console equipped 
with push buttons, lamps, etc. The 
voice switcher provides facilities for 
the rapid interconnection and conferen 
cing of NASCOM circuits as required 
for a particular mission, simulation 
tests or other operations. It is de 
signed for four-wire operation through 
out, a high degree of reliability and 
is compatible with the 1000/20 Hz 
signalling systems used on voice cir 
cuitry. 
Descriptions of the WE 205 B data 

modem sets may be found in Reference 
l. 

Because of the high cost of leasing 
voice bandwidth data circuits to 
C.C.I.T.T. Specifications, particularly 
across the Pacific, and of the desira 
bility of taking advantage of the 
benefits of data transmission at speeds 
higher than 2400 bits per second, the 
NASA authorities carried out tests 
between Canberra and G.S.F.C. in the 
U.S.A. with prototype data modems 
capable of operating at data rates up 
to 9600 bits per second. As a result 
of these tests, Western Electric data 
modems capable, at present, of operat 
ing speeds up to 7.2 Kilobits per second 
are being obtained for the Canberra 
Switching Centre and are expected to 
be placed into service for extended 
trials during April, 1970. With 
modifications, the operating speed 
of these W.E.203A type data 
modems can be increased to 10 8 
Kilobits per second, if desired. The 
W.E 203A data modems can be ope 
rated at different data rates: at 2400 
b.p.s .. using 2-level modulation, at 4800 
b.p.s. using 4-level modulation, and at 
7200 b.p.s, with 8-level modulation. The 
data modems are designed for 2, 4, 
or 8-level modulation with suppressed 
carrier and vestigial sideband (V.S.B.) 
line signal shaping together with auto 
matic adaptive equalisation as well as 
for synchronous detection with upper 
and lower pilot tones being transmitted 
near the edges of the V.S.B. spectrum 
and so providing means for carrier re 
covery. 

NETWORK CONFIGURATION 
FOR APOLLO MISSIONS. 

Because of differing requirements 
for each Apollo mission, new computer 
programmes for the control of mission 
data are generated for the tracking 
station computers and produced on 
magnetic tape at the G.S.F.C. compiling 
centre. Also circuit requirements and 
Network configurations differ to match 
the variations in mission requirements 
(e.g. T.V. transmissions, etc.). For 
the Apollo 11 Mission the basic track 
ing sites had the capability to track 
and provide data communications for 
two spacecraft, the lunar module (LM) 

and the command service module 
(CSM) simultaneously within the band 
width of the single antenna. A unified 
S-band (U.S.B.) antenna system utilised 
a single carrier frequency in each 
direction 2270-2300 MHz for the down 
link and 2090 to 2120 MHz for the up 
or command link. Subcarriers of 1.024 
MHz modulated with PCM telemetry 
signals at data rates of either 1.6 
Kilobits per second or 51.2 Kilobits 
per second and of 1.25 MHz modulated 
with a voice signal and 6 biomedical 
signals spaced from 3.6 KHz to 15.6 
KHz (for the Portable Life Support 
System) were used to pack all down 
coming information as well as provid 
ing for Television signals on the same 
S-band carrier. 
Prior to each mission a comprehen 

sive series of simulation activities 
controlled from the M S.F.N. Centre at 
Houston are carried out to check all 
facilities associated with the commu 
nications capability of the NASCOM 
Network and the Tracking Stations. 
The simulation activities can be 
grouped as follows:- 

(a) Network Simulation 
(b) Station Simulation. 
(c) In House Simulation for Track 

ing Station Equipment. 
(d) Local Communication Centres 

Simulation. 
The NASA Switching Centre at Can 

berra is not involved with item (c), 
but provides the required circuits back 
to Houston for simulation tests (a) 
and (b). The Network Simulation 
(item a) is the major activity required 
on the NASCOM Network and during 
these tests a complete simulation of 
the Mission is performed to include 
all important phases of the Mission, 
such as lunar landing, ascent, descent, 
translunar injection, etc. Two Net 
work simulations are held within two 
weeks of the actual commencement of 
the mission. The communications 
simulation tests cover all checks of 
emergency procedures, functioning of 
important circuits and equipment, etc. 
Moreover, a review of action required 
in case of a major contingency such 
as the complete loss of the Canberra 
Switching Centre during a mission, 
is also carried out. 
Details of the circuit configurations 

of the more important circuits used 
for data transmission and voice pur 
poses in the Apollo 11 mission are 
illustrated in schematic form in Fig. 5. 
Apart from the circuits interconnect 
ing the UNIVAC 418 computer at Can 
berra to the control computer at 
Houston, the circuits serving the vari 
ous facilities in the Australian and 
Pacific Sectors were grouped into the 
following communication networks for 
the purpose of running the mission, as 
shown in Fig. 5. 
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Net 1 Astro voice. 
Net 2 Station Co-ordination Circuit 
Net 3 Biomedical Data. 
Net 4 Te1emetry/Command Data. 
Net 5 Tracking Data. 
Net 6 Telemetry/Command Data. 
In addition to the above there were 

the order wires, recovery circuits, the 
T.V. co-ordination circuit between the 
Australian Stations and the Sydney 
Video Centre, and the Public Affairs 
circuit, etc. Data received at a track 
ing station and which indicated an 'out 
of limit' condition in the spacecraft or 
in the biomedical information about an 
astronaut {these conditions are usually 
programmed separately for each mis 
sion), it would be immediately 'flagged' 
out by the tracking station computer 
system and sent to the Houston Mis 
sion control Centre on a priority basis 
for attention. The use of the 
C.S.I.R.O. radio telescope station at 
Parkes, N.S.W., for the reception of 
signals, including T.V. from the moon, 
has been included in Reference 1. 

Television. 
Australia played a vital role in the 

Apollo 11 Mission as at the scheduled 
time of the lunar landing, 
the only communication 'window' 
available from the moon was to 
Australia and special facilities were 
provided by the P.M.G.'s. Department 
from the Parkes Telescope and Honey 
suckle Creek to the Video Centre in 
Sydney. As the downcoming signal 
contained voice transmissions, bio 
medical and telemetry data, as well as 
T.V., this data when received at Parkes 
was transmitted to Sydney with the 
T.V., where the T.V. signals were re 
moved by filters and the data was 
transmitted over another video link 
from Sydney to the Honeysuckle 
Tracking Station for demodulation and 
processing by that Station's computer 
system. 

The special video bandwidth links 
provided from Honeysuckle Creek to 
Sydney (TV), Parkes to Sydney (TV 
and data) and Sydney to Honeysuckle 
Creek (data) were by means of radio 
communication facilities made up of 
outside broadcast links (in duplicate) 
between the Honeysuckle Creek site 
and the P.M.G. radio repeater at Wil 
liamsdale and between the Parkes 
Telescope and P.M.G. Radiotelephone 
station at Coonambro and the use of 
microwave radio bearers between 
Sydney and the Radiotelephone sta 
tions to provide the most reliable ser 
vice possible. 

The P.M.G. radio facilities were con 
trolled from the Redfern Radio Tele 
phone Terminal in association with the 
Television Operating Centre at City 
South for the coaxial cable sections 
used, and fault handling, patching and 
LIIV - NASCOM 

restoration procedures, use of test 
patterns, etc., were established in con 
junction with the NASA authorities in 
each section of the circuits after tak 
ing into consideration the requirements 
for service on each route, the phase of 
the mission, time of day, etc. These 
procedures were promulgated and 
observed by all staffs involved in the 
provision and operation of the video 
facilities. Staff were assigned to 
various radio repeater stations to carry 
out manual patching of bearers or 
equipment on instructions from the 
Redfern Control Station. The radio 
bearer between Sydney and Moree 
was also given special attention as 
the telephony bearer forming part of 
the COMSAT satellite circuits used for 
data transmission was of prime im- 

portance notwithstanding the fact that 
TV from Australia to the U.S.A. and 
other parts of the world was also 
transmitted from Sydney over this 
route and the facilities available were 
limited. 

Canberra Trunk Test Room. 
The Canberra Trunk Test Room 

located in the Canberra Central Broad 
band Carrier Station is the nominated 
circuit control station for all NASCOM 
circuits provided by the P.M.G.'s De 
partment in Australia. As such, it is 
responsible for the satisfactory perfor 
mance of the circuits and for all 
routine and special attention required 
in connection with fault clearances, 
routine maintenance, etc. To assist 
the Canberra Trunk Test Room (TTR) 

Fig. 6. - NASCOM Patchboard Facilities, Canberra Test Room 
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in the management of the network, the 
Adelaide TTR has been assigned as a 
circuit section control for all sections 
of circuits and groups West and North 
of Adelaide. The Canberra TTR has 
facilities for the patching of NASCOM 
circuits, has access to order wires to 
important stations, is equipped with 
automatic patch relay sets for VF 
Telegraph systems and has available 
sufficient test equipment to adequately 
supervise the quality of circuits pro 
vided by the P.M.G.',s Department for 
the NASCOM network. A view of the 
patching facilities on the trunk test 
boards at the Canberra TTR is, shown 
in Fig. 6. 
Associated with the Canberra TTR 

is the CTO Canberra, which controls 
the telegraph circuits in the NASCOM 
network and which has similar patch 
ing facilities for the restoration of 
telegraph circuits in the network. 

The NASCOM patchboards at the 
Canberra TTR are continuously staffed 
during an Apollo mission to effectively 
supervise the network and a full-time 
Australian Fault Order Wire is pro 
vided at the request of the NASA au 
thorities prior to the Simulation Tests 
and during actual missions for the 
purposes of facilitating fault clear 
ances, repair work and keeping sta 
tions, concerned with the NASA cir 
cuits, informed of circuit outages, 
progress of the mission, etc. The 
fault order wire is called up and tested 
out by the Canberra TTR as required. 
Stations on the Australian Fault Net 
vary according to mission requirements 
and for the Apollo 11 Mission stations 
on the Australian Fault Net apart from 
the Canberra TTR were:- 

P .M.G. Carnarvon. 
P.M.G. Mullewa. 
P.M.G. Perth. 
C.T.O. Perth. 
O.T.C. Bassendean. 
P.M.G. Adelaide. 
P.M.G. Melbourne. 
P.M.G. Deakin 
NASA Deakin. 
P.M.G. City North (Sydney). 
C.T.O. Sydney. 
C.T.O. Canberra. 
P.M.G. City South (Sydney). 
O.T.C. Sydney. 
P.M.G. Red Hill. 
P.M.G. Parkes 
P.M.G. Redfern. 
NASA Carnarvon. 
Honeysuckle Creek Tracking Stn. 
Tidbinbilla Tracking Station. 

The Canberra TTR has available a 
number of nominated patch circuits, 
usually on an alternate route, to all 
major NASA sites and the patch cir 
cuits have been attenuation and delay 
equalised to meet C.C.I.T.T. Specifica 
tion M89 over patching sections so 
that prompt restoration of service can 

be provided during rmssions, To as 
sist the Canberra TTR staff and other 
staffs working on systems carrying 
NASCOM circuits and to outline mea 
sures considered necessary to ensure 
reliable operation of the NASCOM 
circuits, particularly during missions, 
a set of operating instructions has 
been prepared by the P.M.G.'s Depart 
ment in conjunction with the Depart 
ment of Supply, detailing the precau 
tions which should be taken and the 
patching procedures to be followed 
during nominated 'Special' and 'Criti 
cal' periods. The test equipment in 
use at the Canberra TTR for NASCOM 
circuits includes a test oscillator A WA, 
type G.250, a transmission measuring 
set AWA type A.215, and a W. and G. 
type LD-2 Sweep Group Delay Measur 
ing Set is available as required. This 
measuring set consists of a LDS-2 
send unit and a LDE-2 receive unit 
working in the range 0.2 to 600 kHz 
for the measurement of group delay 
and attenuation variations. The 
output of the measuring set is read 
on an inbuilt meter or can be fed into 
a recorder, etc. 
Reliability and System Performance. 

As a high degree of reliability is 
required cf the NASCOM Network, 
alternate routing, inbuilt flexibility in 
the Network, etc., are provided as part 
of the complex system for establishing 
and maintaining communications. con 
tact with the Apollo spacecraft and the 
astronauts on the moon. The M.S.F.N. 
reliability requirements are for the 
NASCOM circuits to be available for 
almost 100 per cent. of the time, with 
a desirable restoral time of 5 minutes 
or less during a mission, although a 
loss of one minute of data during 
critical phases such as at launch or at 
re-entry could be serious. 

A report is prepared each month by 
the NASA Communication Division at 
the G.S.F.C. analysing the reliability 
performance of the NASCOM Network 
circuits. This analysis is undertaken 
from information obtained from NASA 
Circuit Logs and Daily Communication 
Reports. In the monthly report, 
which is issued for world distribution, 
summaries of circuit outages and relia 
bilities are presented together with 
details of circuits which were below 
the reliability objectives established 
for the NASCOM Network during a 
month or for a longer period. Specific 
outages which contributed to the 
decrease of individual circuit reliability 
are described with respect to cause, 
duration and date of outage and the 
paths affected. The present relia 
bility requirements for the various 
transmission media providing circuits 
in the NASCOM Network, as estab 
lished by the NASA authorities, are as 
follows:- 

(a) Communications Satellite, 99.8 
per cent. 

(b) Microwave Radio and Landlines, 
99.5 per cent. 

(c) Submarine cables, 98 per cent. 
(d) High-frequency Radio, 95 per 

cent. 
As referred to in the article by K. E. 
McKenzie (Ref. 1), a high order of 
reliability has been achieved in the 
Australian Sector of the NASCOM 
Network. Detailed analysis from the 
NASCOM reports indicates that a 
circuit/mile reliability of 99.825 per 
cent. with a Standard Deviation of 
0.08 per cent. has been achieved on 
the average for circuits when schedu 
led for operation. 

The NASA performance objective 
for the transmission of data at a speed 
of 2400 bits per second over the 
NASCOM Network is an overall bit 
error rate of one in 100,000 bits. This 
level of performance is generally being 
achieved on long circuits and it is 
not unusual to obtain a performance 
of 1 error in 10s bits on data circuits 
between the NASA Switching Centre 
at Canberra and the three tracking 
stations in the Canberra area. To 
achieve this circuit performance over 
various combinations of transmission 
media, suitable on-line quality moni 
toring devices, reliable yet practical 
circuit testing and evaluation tech 
niques are used throughout the Net 
work and many of the special moni 
toring and testing devices employed 
at the NASA Switching Centre at Can 
berra are described later. In addition, 
by the use of diverse operational routes 
(coaxial cable and radio) and by ad 
hering to special precautions as out 
lined in the NASCOM operating in 
struction,. the desired high degree of 
reliability has been achieved in the 
Australian Sector of the Network 
during manned Apollo missions. 

Test and Monitoring Equipment. 
The overall performance of the 

overall data transmission facilities is 
checked by a number of on-line moni 
toring devices provided at NASA 
Switching Centres and tracking sta 
tions, together with circuit test equip 
ment for the detailed evaluation of 
each data transmission link forming 
part of the NASCOM Network. The 
most effective monitoring device used 
by the Canberra Switching Centre for 
monitoring the performance of actual 
data being transmitted is the Model 547 
Error Detection Monitoring Decoder. 
which provides means for monitoring 
the high-speed data between Canberra 
and remote locations in Australia or 
overseas. Before transmission of the 
data, an error detecting pattern is 
affixed to the data by on site com 
puters. This pattern together with the 
data is examined at its destination and 
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each regeneration point by a decoder 
which determines the degree of accu 
racy of the pattern and either accepts 
or rejects the transmission. The de 
coder accepts data at any bit speed 
from 600 b.p.s. to 10,000 b.p.s., but 
it must be in a 240, 600 or 1200 bit 
block format. The data for tracking 
purposes is in 240 bit block format 
and the first group of bits, 6 in this 
case, in each block forms the 'Sync' 
word, and this is followed by the data, 
which, in turn, is followed by a Poly 
nomial Error Code word of 33 bits to 
complete the 240 bit block. 600 bit 
blocks are used for telemetry data on 
the Mariner Mars Missions and are 
monitored in a similar manner. This 
monitoring equipment is used continu 
ously and can be connected to a Print 
Punch Recorder for recording details 
of errors. 

Another on-line monitoring device 
used is the Data Quality Monitor 
(Stelma Model DQM-1). This. is a 
programmable high-speed data quality 
monitor which is used for the measure 
ment of total errors and error rates of 
known format patterns within a 
stream of digital data. Pre-pro 
grammed bit patterns or parity bits 
are searched out, checked and treated 
as a representative portion of the 
overall data. Deviations from the 
expected bit or word pattern are dis 
played as an indication of data qua 
lity. The D.Q.M. can also be used as a 
pseudo-random pattern generator for 
evaluating a data-transmission system. 
It has internal self-checking features 
which provide indications of the ope 
rational status of the monitor. 

Test equipment at the NASA Centre 
for detailed evaluation of the data 
transmission circuits, provided by the 
department as part of the NASCOM 
Network, include the Frederick Elec 
tronics Model 600 Data Transmission 
Test Set for error rate tests, the Acton 
Transmisson and Delay Measuring Set 
Models 451A and 452A for line ampli 
tude response and phase delay mea 
surements as well as noise counters, 
noise and distortion test sets, etc. The 

Model 600 Data Set can generate a 
2047 bit pseudo random pattern at any 
bit rate from 10 b.p.s. and this pattern 
is transmitted over the data circuit 
and compared with an identical pattern 
generated at the receiving end by an 
other Model 600 Data Set. Errors 
in the bit pattern are displayed on a 
counter and are fed into print punch 
recorders providing a page copy and a 
five level punched paper tape for 
record purposes and for detailed com 
puter analysis at the G.S.F.C. The 
allowable error rate for bit errors is 
one bit in 100,000. A second method 
of recording errors is to measure data 
'through-put' in terms of a percentage 
of good to corrupted data blocks. This 
system uses a programmable block 
error counter (P.B.E.C.), capable of 
detecting a single error in a pseudo 
random pattern having a fixed block 
length of up to 4096 bits. A stan 
dard block length of 600 bits is used 
by NASCOM with a required 'through 
put' of 99.8 per cent. Using a print 
punch recorder in association with the 
P.B.E.C. and the Model 600 Data Set, 
it is possible to provide fairly compre 
hensive information on the make-up of 
the errors (burst or single) and the 
probable impact on the operational 
data. 
The Acton Transmission and Delay 

Measuring Set is used to measure, in 
the range 200 Hz to 12 kHz, the circuit 
parameters of amplitude response and 
envelope delay characteristics, of the 
circuit under test. The test set con 
sists of a transmitter and receiver as 
separate units and each contains tun 
ing forks to keep the local and remote 
modulating oscillators from drifting. 
The test results are displayed on me 
ters although the results are usually 
plotted on an X-Y recorder (Hewlett 
Packard Model 7035AR). 

Maintenance Testing. 
A series of monthly tests is carried 

out on all permanent circuits through 
out the NASCOM Network, and, for 
circuits in the Australian Sector, these 

tests are controlled by the NASA 
Switching Centre in Canberra. The 
more important and the temporary 
circuits called up for individual mis 
sions would also be tested prior to a 
mission as required. The purpose of the 
tests is to ensure that all circuits are 
working within the requirements of 
the C.C.I.T.T. Specifications for data 
transmission and to refer to the 
P.M.G.'s Department for attention 
those circuits where the test figures 
show a significant deterioration of 
performance. The circuit tests car 
ried out include loss and variation of 
loss, circuit noise, harmonic distortion, 
envelope delay distortion, frequency 
response, frequency shift and impulse 
noise. Equipment will shortly be 
available at the Centre to measure, 
directly, phase stability or jitter. 
A test programme of 24-hour data 

checks on voice-data circuits is also 
carried out so that each permanent 
circuit is tested once every two months 
to determine the standards of perfor 
mance being obtained for the trans 
mission of high-speed data. 
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TRANSMISSION LINES AND MEASUREMENTS - PART 2: CABLE 
K. M. RAY, M.E. * 

PAIRED CABLES. 
Paired cable is the most extensively 

used form of transmission line in 
telecommunications and finds applica 
tion for subscribers' distribution 
cables, metropolitan junction circuits, 
minor trunk V.F. and carrier bearers 
as well as bearers for major trunk 
routes. In New South Wales alone we 
expect to install approximately 444,000 
pair miles of cable during 1969/70. In 
considering paired cables two separate 
groups or types of application may be 
formed. These are: 

(i) Local type voice frequency 
cables (usually large number of 
pairs); 

(ii) Carrier type cables. 

Local Type Cable. 
Local type cable is that cable which 

is used for the distribution of sub 
scribers' services from exchanges to 
the subscribers' premises and to pro 
vide the junction type circuits between 
exchanges. Cable has been manufac 
tured in Australia since 1923 and quad 
layer type construction was selected 
by the Department for its cable de 
sign. Earlier cables consisted of pairs 
of paper insulated wires twisted to 
gether with varying pitch, laid in 
layers and contained in a thick lead 
sheath. In those applications where 
phantoms were commonly used, a 
second type of cable was developed 
in which the twin pairs were twisted 
together in groups of two before being 
layered. This cable was called mul 
tiple twin. The disadvantage of this 
type of cable was its bulky size for the 
number of pairs provided i.e. it re 
quired more duct space per pair. The 
quad type construction was developed 
to overcome this size disadvantage and 
consists of a basic unit of four wires 
set in the corners of a square, These 
wires are twisted and the twisted 
quads are laid in layers around a cen 
tral core. Adjacent quads have dif 
ferent twist lengths and adjacent 
layers spiral in opposite directions. 
Crosstalk within a quad is rather high 
and it is necessary to reduce this by 
balancing condensers when the cable 
is used for voice frequency operation. 
Crosstalk between quads is generally 
satisfactory due to the use of different 
twist lengths for adjacent quads and 
the screening effect for other quads. 

The demand for larger capacity 
cables and lower costs led to the intro 
duction of 4 lb. conductors made up of 

*Mr. Ray is Engineer Class 3, Mechanisation 
of Planning Processes, N.S.W. See Vol. 20, No. 
2, P. 182. 

unit twin construction. After trans 
mission limits were extended, greater 
use was made of this light gauge cable 
and the maximum size is now 2700 
pairs. Up to recently the unit twin 
cable was restricted to subscribers' 
cables. 

In the junction network quad type 
cable has been used in a balanced and 
loaded form. The loading reduces the 
attenuation of the pair, while the 
balancing reduces the crosstalk be 
tween the pairs of a quad. The stan 
dard applied to balancing was an 
unbalance between pairs in a quad to 
be less than 350 pf. This ensured that 
the resulting crosstalk between rea 
sonably long circuits was better than 
60 dB at 1.6 kHz. Balancing was 
achieved by measuring the unbalance 
between pairs in a quad over a 6000 
ft. loading section and switching in 
reversals in the legs of two pairs at 
three intermediate joints (at the 1500, 
3000 and 4500 ft. points) until a com 
bination was obtained which produced 
an acceptable unbalance. For those 
cases where the 350 pf limit could not 
be bettered a condenser was installed 
to cancel out most of the residual 
unbalance. While this technique was 
effective, it proved to be rather costly 
and it involved considerable manhours 
to balance a cable to these limits. Re 
cently there has been greater use 
made of voice frequency amplifiers, 
both two wire negative impedance and 
the 4-wire type, and this has the effect 
of requiring a higher standard of 
crosstalk in these local type cables due 
to level differences being introduced. 
Calculations made on average cable 
losses, gains and locations of ampli 
fiers resulted in the old standard of 
350 pf being reduced to 150 pf (for 
10 lb. cable) corresponding to a new 
crosstalk standard of 67 dB. 
A unit twin cable has been designed 

as a means of meeting the higher 
crosstalk required and at the same 
time does not need the balancing effort 
necessary in the quad type cable. In 
addition the cost of this twin type 
cable is less than that of the quad. 
These savings are significantly greater 
than the duct penalty costs which 
result from the 10 per cent. increase in 
diameter of twin cable compared with 
quad. 
At the design stages it was con 

sidered that the unit twin cable should 
provide adequate crosstalk charac 
teristic for junction and subscribers' 
circuits in a load passive condition. 
With random jointing, an additional 
crosstalk gain of 6 dB was expected, 

particularly with the heavier conduc 
tor gauges. Controlled field tests 
have been performed in N.S.W. on four 
different cables totalling 3600 pairs in 
all. In these tests adjacent pair cross 
talk was measured for all pairs in each 
cable and comprehensive crosstalk for 
the first 30 pairs in each unit of 100 
pairs. In the test cables some units 
were straight jointed, while the re 
maining were "random" jointed. For 
each cable, for each method of joint 
ing, the mean and standard deviation 
was obtained for adjacent pair and 
comprehensive crosstalk. 

The rotation jointed units produced 
a mean adjacent pair near end cross 
talk of 81 dB and comprehensive cross 
talk of 89 dB. The random jointed 
units gave values of 86 dB and 91.5 
dB respectively. It can be seen that 
the random adjacent pair crosstalk 
showed a 5 dB improvement. The 
overall result, though, showed that 
with random jointing the number of 
adjacent pairs having crosstalk in the 
60-65 dB range was 0.1 per cent. com 
pared to 0.5 per cent. in rotation 
jointed units. 
From this study it was concluded 

that with loaded random jointed unit 
twin junction cables 99.7 per cent. of 
the pairs will have crosstalk ratios 
better than 70 dB, which will satisfy 
the requirements of the junction net 
work. One drawback of random joint 
ing is that it increases the cost of 
identification as the pairs can no longer 
be located by position and electrical 
techniques must be used. Random joint 
ing will be restricted to the junction 
and main subscriber cables. The worst 
case will be that of a major fault, 
necessitating the replacement of a 
length of cable. However, the intro 
duction of gassing all major cables, 
both junction and subscribers', has 
reduced the incidence of cable faults. 
The plastic insulated distribution 
cables already of unit construction 
with fully colour-coded pairs, will con 
tinue to be jointed in colour sequence 
to facilitate identification. 

In the factory, the manufacture of 
unit type large size cable is simpler 
than an equivalent size layer type 
cable. The production cost can be 
reduced further in unit twin cables 
by the introduction of bunched con 
struction in the units rather than layer 
construction with whippings as is at 
present the case. With bunched units 
the pairs occupy an approximate posi 
tion rather than a precise location, as 
is found in layer cables. 
Thus the adoption of random joint- 
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ing therefore improves the crosstalk 
characteristics of the cable and also 
permits a reduction in manufacturing 
costs. 

Junction Carrier Systems. 
The above has been the major de 

velopment in local type cable of recent 
years, The question now being looked 
at in this area is the application of 
carrier systems in the junction network 
both frequency division multiplex 
(FDM) and pulse code modulation 
(PCM) types. FDM systems have 
been used for many years in the Syd 
ney junction network mainly 6, 8, and 
12 channel systems operating up to 
108 kHz. The installation of these 
systems required much testing and 
balancing of the pairs used for bearers. 
The systems were used for the longer 
circuits, e.g., City to Avalon, Liverpool 
and Miranda, and the number of pairs 
suitable for use in a cable was re 
stricted by crosstalk limitations over 
the relatively long repeater sections 
between exchanges. 

Current FDM systems being in 
stalled, e.g., the Lenkhurt 81A-24 chan 
nel system, use all solid state compo 
nents and have manhole repeaters 
every 6000 ft. The use of these 
systems greatly simplifies the alloca 
tion of pairs for this operation com 
pared with the longer high level 
repeater sections of earlier systems. 

The alternative to this type of 
system is the PCM system and N.S.W. 
is currently carrying out field trials of 
a new Phillips system involving seven 
24 channel systems between New 
town and Miranda. 

POWER 

DENSITY 

768 KHz. 

PSEUDO-RANDOM BIT 

STREAM GENERATOR 

~1-------{ 125.n. 

125.n}-------fil-0 

1-536 MHz: 

620-920 
KHz 

Fig. 14. - P.C.M. Method of Crosstalk Measurement 

For this initial field trial a special 
series of measurements was designed 
to evaluate cable and system perfor 
mance. It is hoped that future in 
stallations will be made with a mini 
mum of transmission measurements on 
the cable. The 20 lb. cable pairs have 
been selected such that one pair from 
seven adjacent quads are used for one 
direction of transmission and one pair 
from seven adjacent quads, separated 
by a layer from the first group, are 
used for the return pairs. The mea 
surements required are: 

(a) D.C. Loop resistance and re 
sistance unbalance; 

(b) Insulation resistance between 
pairs and pairs to earth; 

(c) Insertion loss at 768 kHz be 
tween 125 ohm terminations. 
These measurements are neces 
sary for the fitting of the suit 
able line-build-out networks as 
sociated with the regenerative 
repeater. These networks are 
added to each section so that 
the input to the preamplifier is 
constant (all repeater sections 
28 dB loss), resulting in simpli 
fied repeater design. For a 24- 
channel PCM system the funda 
mental repetition frequency is 
1.536 MHz. The pulses are 
converted to a bipolar stream 
which effectively halves the 
fundamental frequency to 768 
kHz. 

FREQUENCY. 
Fig. 13. - Spectrum of P.C.M. Line Signal 
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WIDE-BAND 

LEVEL METER 

( d) Crosstalk Measurement by PCM 
Method. For these measure 
ments a pseudo-random bi-polar 
bit stream generator is used. 
This produces a bit stream 
whose power density is very 
similar to that of the actual 
PCM pulses. The crosstalk 
attenuation is measured with a 
wide band level-meter through a 
band-pass filter. The band-pass 
filter covers a bandwidth of 620 
kHz to 920 kHz, in which most 
of the energy of the bit stream 
is located. Figs. 13 and 14 
illustrate this. 

(e) Crosstalk at 768 kHz (sine 
wave), all pairs, and 

(f) Crosstalk versus frequency from 
50 kHz to 1.6 MHz on selected 
pairs. 

(g) Impulse noise measurements. 
PCM systems are very tolerant 
to circuit idle noise and noise 
due to crosstalk because only 
the presence or absence of 
a pulse is of significance. How 
ever, impulse noise due to ex 
change switches can give rise 
to spurious pulses, causing 
errors in the received stream. 
The sections entering or leaving 
an exchange are most critical 
in this regard. 

Impulse noise is measured for the 
sections adjacent to an exchange by 
an impulse noise counter, which, on a 
particular threshold setting, will count 
the number of pulses which occur 
above the threshold level in a preset 
period of time. In the N.E.C. counter 
used for the New South Wales tests 
there are three counters which are set 
at different levels. Impulses whose 
amplitudes lie between the first and 
second threshold levels will be re 
corded by the first counter, between 
the second and third threshold levels 
will be recorded by the second counter, 
and those above the third threshold 
level will be recorded by the third 
counter. 
For this test, measurements were 

made at the sections adjacent to 
Miranda, Blakehurst and Newtown 
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exchanges. Originally it was intended 
to set the counters at levels such that 
at least one counter is counting at the 
rate of one count/2 minutes. This 
corresponds to an error rate (if the 
pulse is of sufficient magnitude) of 
about one in 106 pulses. However, in 
practice this was found to be very 
difficult to obtain, as pulses were 
generally found to come in bursts, and 
no regular pattern could be observed. 
The majority of the pulses measured 
were lower than 20 dB below the level 
which would cause concern. For half 
hour measuring periods one or two 
pulses were detected within 3 dB of 
the threshold range of the system. 
The results of the crosstalk measure 

ments indicate that satisfactory opera 
tion in this regard should result. In 
order to prevent interference between 
the go and return signals it is neces 
sary that the minimum signal to noise 
ratio (signal attenuated by the section 
loss versus the noise induced via near 
end crosstalk (NEXT) from the oppo 
site direction) be about 12 dB, of which 
6dB represents the minimum threshold 
level and 6 dB the necessary margin. 
For this trial the NEXT between "go" 
and "return" pairs was not less than 
67 dB. Assuming this to be constant, 
and the repeater section loss is set at 
28 dB the number of systems allowable 
may be calculated on the basis that the 
systems interference add on a voltage 
basis. 
Thus we have: 
67 dB > 28 + 12 + log N 
This gives a value of 22 for the 

number of systems permissible. 
Considering the far end crosstalk 

(FEXT) between pairs in the same 
direction, here the average value was 
about 52 dB. In this case there is no 
level difference to apply and thus the 
relation is: 

52 > 12 + 20 log N. 
N < 100. 

Thus it can be seen that the number 
of systems will be controlled by NEXT 
between go and return pairs; however, 
one layer of pairs should provide 
sufficient screening to allow sufficient 
systems to operate to more than 
double the circuit capacity of the cable. 

Overseas operations have shown 
(Ref. 4) that:- 

(i) On the majority of existing 
cables no preliminary measure 
ments are strictly needed prior 
to the installation of PCM sys 
tems (the only parameter to be 
determined is the repeater spac 
ing). 

(ii) For single cable operation it can 
be safely assumed that between 
10 and 15 per cent. of the exist 
ing pairs can be loaded with 
PCM systems. 

0: 
A LOSS LdB. B 

2 o 

SdB. 2WIRE LOADED 

PAIR 
Fig. 15. 

(iii) For twin cable operation the 
maximum number of systems is 
between 20 and 30 per cent. of 
the number of pairs in the cable. 

(iv) Additional systems may be added 
if detailed measurements and 
analyses are made. 
Minor Trunk Cables. 

The term minor trunk cable refers 
to those cables providing circuits be 
tween terminal exchanges and their 
immediate parent switching centres. 
It also includes the direct links be 
tween terminal exchanges. Minor 
trunk cables provide those circuits 
which at various times have been 
called 'country junctions' and 'trunk 
junctions.' 
These cables are invariably less than 

100 pairs in size and are frequently 
of the order of 20-50 pairs. They are 
provided on the basis of loaded voice 
frequency operation, and because of 
the distances involved (5 to 25 miles) 
amplifiers either 2-wire or 4-wire are 
often required. In addition to the 
VF circuits some pairs are left un 
loaded for future carrier system opera 
tion. For these cables there are 
several features which require special 
attention. they are: 

(i) Loading design (controlling 
structural return loss); 

(ii) Balancing limits (controlling 
crosstalk); 

(iii) Carrier system pair allocation. 
Loading Design. The loading design 

is based on a mid-secton 88 mH-6000 
ft scheme. This is done firstly to 
achieve a substantial reduction in 
insertion loss of the cable pairs and 
secondly to produce an equalisation 
effect over the VF range 300-3400 Hz. 
In recent years additional constraints 
have been placed on the characteris 
tics of these long loaded cables. It 
has been necessary to revise the 
tolerances allowable in the layout of 
the loading sections of the cables. 
These constraints are imposed on the 
network from several considerations, 
the most important being the greater 
use of negative impedance amplifiers 
and the requirements of echo and 
stability return losses. 
The N.I.R.'s are used on the longer 

cables which may have a loss of up 
to approximately 12-13 dB. Frequently, 
however, the N.I.R's must be used in 
a terminal mode (with the N.I.R. at 

TERMINATING 

IMPEDANCE 

one end of the circuit), as these cables 
may not pass through any interme 
diate exchange. This requires a high 
degree of matching between the cable 
and N.l.R. impedances. Echo and sta 
bility return losses standards have 
been set for the network and their 
importance is being recognised with 
the increasing use of long distance 
connections. 
The characteristics of these loaded 

cables, which are of significance in 
this context. are 'structural return 
loss.' This effect is shown in Fig. 
15. 
A signal from A will be attenuated 

by the line as it travels to B. At B 
there will be a reflection due to the 
mismatch between the terminating im 
pedance and the characteristic impe 
dance of the cable pair. There are 
other reflections which arise from the 
irregularities in the loaded cable pair 
due to the variations in the spacing 
and inductance of the loading coils, 
in the capitance of the cable conduc 
tors and (to a lesser extent) in conduc 
tor resistance. The sum of these 
effects may be expressed as a return 
loss, S dB, as measured at A with 
respect to the nominal impedance Zo 
of an ideally loaded line. Hence struc 
tural return loss may be defined as the 
degree of uniformity of impedance 
throughout the cable and a measure of 
the degree to which this impedance 
matches the nominal impedance of an 
ideally loaded line. 
The effect of the irregularities of 

impedance which cause signals to be 
reflected back to their source is: 

(i) To directly reduce the gain 
which may be inserted by 
N.l.R.'s for a given stability 
margin. 

(ii) To worsen the echo return loss 
and stability return loss mea 
sured at the 4-wire points if 
this circuit is switched through 
to a carrier or VF amplified 
channel. 

The standard required for structural 
return loss is 23 dB minimum over the 
VF frequency range. To achieve this 
value a high degree of uniformity is 
required in the layout of the loading 
sections. A computer programme 
(Ref. 5) is available· ... which analyses 
any given loading design and calcu 
lates the structural return losses. It 
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has been found that if a 2 per cent. 
maximum deviation is allowed, i.e., 
6000 ± 120 ft. for all sections and 
-3000 ± 60 ft. for terminal half sec 
tions, the resulting S.R.L. will always 
be satisfactory. This compares to the 
Iormer standard of 5 per cent. devia 
tions, i.e. 6000 ft. ± 300 ft. and if the 
end half section is at a terminal ex· 
change this half section may be any 
length less that 4000 ft. However, it 
has also been determined that under 
certain conditions larger tolerances 
than the 2 per cent. may be allowed. 
The final result will be determined by 
such factors as size' and location of 
the deviations, the adjacent section 
lengths, phase and propagation rela 
tionships between deviations, loca 
tion of building out condensers, over· 
all length and insertion loss of the 
cable. 
The complex nature of the relation 

ships between the above factors and 
their effects on the structural return 
loss makes it difficult to formulate,' 
simply to what extent the 2 per cent. 
tolerance may be exceeded and still 
produce an acceptable design. In 
these cable installations exchanges may 
not be conveniently located, restric 
tions imposed by rivers, creeks, roads, 
break-off points, existing manhole 
locations, available drum lengths, 
existing cables, etc., all tend to make 
it desirable to exceed the 2 per cent. 
limit specified. Where this cannot 
be avoided it is best to locate the 
irregularities away from the end sec 
tions. The terminating half sections 
and the next two or three full sections 
have the greatest effect on the struc 
tural return loss. If possible, these 
should be set out first as near to the 
ideal lengths as possible. When a 
design does not meet the 2 per cent. 
loading tolerance the details are 
punched on cards and the design is 
checked by the computer. Thus any 
unsatisfactory designs can be cor 
rected early or what is most common 
the most convenient (and usually 
cheapest) suitable design is installed. 

Control of Crosstalk.-Minor trunk 
cables still use the quad type cable 
and to date unit twin has not been 
used in this area, but this is at present 
under review. Balancing is therefore 
still required and the standard is con 
trolled by the use of amplifiers in 
these cables. In dealing with the 
metropolitan type cable a new balan 
cing standard (150 pf) was found 
necessary due to the introduction of 
V.F. amplifiers. However, in the 
country, conditions are such that 
cables are usually longer and there 
is often no intermediate exchange 
where amplifiers may be placed. Gene 
rally then, larger passive losses exist 
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and larger level differences are created 
when amplified circuits are used. This 
necessitates a higher standard for 
balancing and accordingly 100 pf for 
full sections has been used in N.S.W. 
This ensures that within quad cross 
talk should be better than 72 dB. It 
is not practicable to raise this standard 
much higher because the between quad 
crosstalk becomes controlling. Mea 
surements made· on between-quad 
crosstalk indicate, for these local type 
cables, a mean of about 80 dB with 
a standard deviation of 7 dB. The 
100 pf within quad unbalance decrea 
ses this type of crosstalk to approxi 
mately the same standard as that be 
tween quad crosstalk. 

If better values- are required it is 
necessary to introduce systematic (or 
cross-quadding) jointing and even 
lower values of balancing. This has 
been done on several country cables 
(Maitland-Cessnock, Campbelbtown 
Camden); however, the increase in 
cost and complexity of jointing cannot 
be justified for the small improvement 
obtained. Additional problems arise 
in subsequent pair identification, par 
ticularly if carrier systems are required 
to be installed at a later date. 
Application of Carrier System in 

Minor Trunk Cables, - In planning 
these minor trunk cables an allowance 
is made for future carrier operation 
generally on the basis of doubling the 
voice frequency capacity of the cable 
by the use of 12-channel (108 kHz 
bandwidth) systems. Thus for 20-30 
pair cable, 2 x 12-channel systems 
are provided for, 30-50 pair cable 
3 x 12-channel systems and so on. 
These pairs are selected (and left un 
loaded) such that the pairs have a 
maximum separation and have a dif 
ferent length of twist. The inductive 
coupling is reduced by increasing the 
physical separation and introducing 
relative lengths of twist while the 
capacative coupling is reduced by the 
shielding effect of the intermediate 
quads. 
Figs. 16 and 17 indicate the pairs 

+ 

Fig. 16. - Two Carrier Systems; One 
Pair from Quads 5 and 10 

Fig. 17. - Three Carrier Systems; One 
Pair from Quads 3, 8 and 11 

which would be selected for carrier 
operation for a 28-pair cable. 
Results of this type of carrier pair 

selection have indicated that satisfac. 
tory crosstalk can be expected over 
repeater sections of approximately 
8000 yds. for 20 lb. cable without any 
carrier balancing. 
In addition to this application of 

12-channel systems, measurements 
have been made on a number of minor 
trunk cables to investigate the possi 
bility of using larger capacity systems. 
These measurements were made on 
6000 ft. sections over a frequency 
band-width from 100 kHz up to 1.5 
MHz. The results of these measure 
ments indicate that it should be pos 
sible to operate several larger capacity 
systems in these smaller cables, e.g., 
in a 20-pair cable it should be possible 
to carry 2 x 60 (550 kHz) systems and 
possibly 3 over 6000 ft. repeater sec, 
tions with a 65 dB FEXT. With 24- 
channel PCM systems where a lower 
value of crosstalk is permissible it 
should be possible to operate 4 or 5 
systems. Thus it can be seen that 
future high frequency systems operat 
ing over shortened repeater spacing 
will enable the channel capacity of 
these small size cables to be increased 
significantly. Whether these systems 
can be applied economically over these 
short distances (say 5 to 15 miles) will 
depend on the extent of future cost 
reductions of the system components. 
There seems to be little doubt that 
these reductions will occur and a wider 
bandwidth than the llO kHz presently 
used in the 12-channel cable systems 
will be utilised. 

Paired Carrier Cables. 
Multi-pair Carrier Cables.-The first 

major carrier cables laid in N.S.W. 
were the Sydney-Maitland and the 
Sydney-Orange cables (Refs, 6 and 7). 
Laying of the Sydney-Maitland cable 
was commenced early 1940 and the 
system was commissioned in 1943. 
These cable systems consist of two 
carrier type 24 pairs 40 lb. cables, a 
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separate cable being used for each 
direction of transmission. The 
bearers were originally designed for 
17-channel operation (up to 68 kHz); 
however, in recent years sections of 
the cables have been utilised for 34 
and .48channel systems (up to 204 
kHz operation). 
The cables were balanced and 

jointed in accordance with the "five 
factor" balancing method. This con 
sisted of measuring at 1 kHz, the five 
capacitive unbalances associated with 
a quad, viz.:- 
(i) Side-to-side unbalance; 
(ii) Phantom to Side 1 unbalance; 
(iii) Phantom to Side 2 unbalance; 
(iv) Side 1 to Earth unbalance; 
(v) Side 2 to Earth unbalance; 

and preparing a jointing schedule to 
reduce these five unbalances to within 
specified limits for each quad. In 
addition, systematic joints were in 
serted at regular intervals to reduce 
between quad crosstalk. Finally 
balancing frames were installed at 
each repeater station to correct for 
any remaining poor crosstalk combina 
tions over the repeater sections. The 
result was a cable system which pro 
duced acceptable crosstalk figures for 
all pairs but which involved a most 
complex set of jointing records and 
one which required careful checking 
each time a cable deviation was made. 
The carrier systems originally installed 
on these cables were valve type equip 
ment employing high level repeaters. 
Present day carrier cables employ solid 
state systems having power fed man 
hole repeaters. As described pre 
viously, the 12-channel 108 kHz sys 
tem is most common, having a repeater 
spacing of approximately 8000 yards. 

The first new-type carrier cables 
were laid specifically to carry these 
12-channel systems on all pairs (ex 
cepting gas alarm pair). In addition 
to the original 24-pair carrier type 
cable a new 14-pair type was produced. 
It consists of a core quad surrounded 
by 6 layer quads-each quad having 
a different twist length. 

In 1966 when these newer carrier 
cables were beginning to be installed 
it was felt that a more efficient method 
of balancing the cable would be re 
quired to overcome the problems of 
the five factor method. As a result 
tests were made on several installa 
tions and a method was devised which 
would- 

(i) reduce field work; 
(ii) do without the need for balanc 

ing frames. 
(iii) provide simple jointing require 

ments; 
(iv) provide straightforward easil(Y 

referenced records; 
(v) enable carrier operation on all 

pairs. 

REGULAR TRANSPOSITIONS 

Q ... PAIR1. __ / ~ 
~x x x x---~Zo 

z, ~ PAIR 2 X ------- X X -------(!) ? - /- - I 
SWITCHING UNITS 

2000yds. 2000yds. 
Fig. 18. 

The old five factor method required 
the following sequences of events: field 
measurements to be made; the read 
ings to be relayed to the divisional 
office; calculations made to determine 
joints and prediction of resulting un 
balances; jointing order to be relayed 
back to field; joints made; final un 
balances of the two lengths measured; 
these compared to predicted failures; 
and so on through the repeater sec 
tion for each joint. 

The new technique consisted firstly 
of jointing the repeater sections 
through leaving three intermediate 
joints open (at the 2000, 4000, 6000 
yard points). At all other joints a 
transposition is inserted in one pair of 
each quad, while the other pair Is 
straight jointed. The repeater section 
is then balanced by the use of high 
frequency switching units at each of 
the three intermediate locations and 
measuring the resulting far end cross 
talk over the repeater section. The 
centre quad (pairs 1 and 2) is balanced 
first (see Fig. 18). 
The eight combinations of the 

switching units are tried and that com 
bination giving the best value of 
crosstalk is recorded. The pair is 
jointed accordingly. Check measure 
ments, by interchanging the disturbing 
and disturbed pairs are made. Then 
pair 3 is balanced against pair 1 (this 
is between quad crosstalk) and pair 3 
is jointed through. Pair 4 is balanced 
against pair 3 (within quad crosstalk) 
and so on through the cable. Any 
combination which cannot meet the 65 
dB standard is checked with an admit 
tance unbalance bridge. This mea 
sures, at 110 kHz, the admittance com 
ponents, the G and C values in 
micromhos and picofarads, of the coup 
ling between the two pairs concerned 
(see Fig. 19). 

The combination of switches which 
produces values of G and C most 
easily balanced by the later jointing 
of condensers and resistors into the 
cable is selected. For example an 
unbalance of +10 micromho, +28 pf 
would be more easily balanced than 
say + 10 micromho, -20 pf. The 
same signs may be balanced with one 
network, opposite signs may require 

2000yds. • 2000 yds. 

two. When all the pairs are jointed 
the comprehensive FEXT is measured 
between all pairs. Any combinations 
failing to meet the 65 dB standard 
are balanced by jointing in condensers 
or, if necessary, condenser/resistor, 
series/parallel networks. Experience 
has shown that only three or four 
condensers per repeater section are 
necessary and the resistor/ condenser 
network is seldom required. 
The method therefore has achieved 

the desired results, particularly in 
keeping the cable as simple as pos 
sible-pair 1 remains pair 1 through 
out, and all pairs are suitable for 12- 
channel operation. Tests have been 
made at higher frequencies and it hass 
been found that at least 7 pairs could 
be used at 300 kHz. 

Single Quad Carrier Cable. - This is 
a recent development in Australia and 
is simply a cable of one quad designed 
for high frequency operation. The con 
cept is not new; the old DISQ cable 
consisted of one quad and was used 
as a connection between open wire 
routes and carrier stations for 12- 
channel systems. The new single 
quad cable has been designed to 
operate up to frequencies much higher 
than the 150 kHz of the disq cable and 
has been tested up to 1.5 MHz, for 
120-channel system operation. 

The purpose of this new cable is to 
provide a bearer system (either single 
or dual cables) for those routes requir 
ing a medium capacity, in outback or 
low density areas where the separation 
between drop-off points is large. 
The system is therefore seen as being 
one alternative in the replacement of 
open wire routes. Solid state buried 
repeaters are used, being power fed 
from widely separated points. 

The cable has been designed to meet 
the following requirements:- 

(i) Suitable for ploughing. The 
cable must be light and robust; 

(ii) Freedom from pest or insect 
attack; 

(iii) Freedom from lightning damage 
within the average Australian 
environment; 

(iv) Suitable transmission charac 
teristics to carry 120-channel 
systems. 

RAY - Transmission Lines 
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LEGS1 & 2 - PAIR 1. 

LEGS 3 & 4= PAIR 2. 

(v) Sufficient copper to allow power 
feeding over distances up to 60 
miles. 

Construction. - The four 40 lb. 
conductors of the cable are insulated 
with polythene and quadded around a 
solid polythene core. The quad is 
whipped with a coloured tape, wrapped 
with polythene, terepthalate tape and 
covered with a robust polythene 
sheath. A copper tape screen is ap 
plied longitudinally over the polythene 
sheath and the whole covered with a 
hard nylon jacket. Two types of cable 
are made, the difference being in the 
twist length of the quad. These are 
distinguished by a blue coloured 
whipping to denote the 'go' type and 
orange denotes 'return' type cable. 
The first trial installation was be 

tween Horsham and Natimuk (Victoria) 
in 1966, which led to a design modifi 
cation to reduce the unbalances within 
the quad. The modification was to 
change the centre string of the quad 
from a polythene tube to solid poly 
thene. This resulted in the four con- 

Fig. 19-Admitlance Unbalance Bridge 

ductors being held more rigidly in their 
relative positions, ensuring more accu 
rate positioning of the conductors. 
The first installation in N.S.W. was 

a two-cable system between Parkes 
and Peak Hill, a route distance of 
approximately 32 miles. This system 
was designed to take a 120-channel 
system on the blue cable and two 12- 
channel systems on the orange cable. 
The cables were laid simultaneously 

by mole ploughing to a depth of 2 ft. 
6 in. The design of the joints for this 
cable is based on the use of epoxy 
resin encapsulation technique. The 
first requirement was to maintain the 
accurate quad formation of the con 
ductors and at the same time allow for 
the difference in dielectric constant 
of the epoxy resin and that of poly 
thene. Special phenoxy spacers were 
designed to meet the dielectric require 
ments and to provide accurate spacing 
between the conductors. The elec 
trical continuity of the copper shield 
was maintained across the joint by 
heavy copper wire, which was earthed 
by a brass bolt connection. 

COLOURED WHIP.,_P~IN"-G=--- 

40 lb CONDUCTORS 
Fig. 20. - Single Quad Cable Construction 
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At each joint a transposition was in 
serted in one pair to reduce the 
'spiral' crosstalk effect which becomes 
apparent at frequencies above 250 kHz 
(Ref. 8). This was the only crosstalk 
reduction effort made. No balancing 
as a result of measurements, or inser 
tion of condensers or resistors was 
made. 

An extensive series of measurements 
was performed firstly on selected indi 
vidual drum lengths and finally on 
the completed 3000 yds. repeater sec 
tions, all measurements being made up 
to 1.5 MHz. The individual drum 
lengths were tested to compare the 
results to factory tests on drums to 
determine whether any significant 
change takes place during, or after, the 
installation. The measurements con 
sisted of conductor resistance, resist 
ance unbalance, insertion loss, FEXT, 
NEXT, insulation resistance. Ground 
temperature at the depth of the cable 
was recorded at the same time. The 
results of the measurements showed 
the very satisfactory performance of 
the cable. 
A 120-channel system (Marconi 

manufacture) has now been installed 
but not placed in traffic. The system 
is a 4-wire type employing different 
frequency bands for the two directions 
of transmission, the A to B direction 
312-804 kHz and B to A 924-1,416 kHz 
Only selected channels have beer, 
installed and white noise generators 
applied at various inputs. The system 
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will be kept under observation by 
automatic data logging equipment. 
This will be continued for about 12 
months and will give detailed infor 
mation on the suitability of the com 
plete system design for the transmis 
sion performance of the cable, having 
regard to the seasonal temperature 
changes of the ground. 
Future installations of the single 

quad cable may be based on 12, 24, 60 
or 120 channel systems, this depend 
ing . upon the particular requirements 
of the route and systems available. 

COAXIAL CABLES. 

Introduction. 
The first major coaxial cables in 

stalled in Australia were the 4-tube 
Melbourne-Morwell in 1961 (Ref. 9) 
and the 6tube Sydney-Melbourne 1962 
(Ref. 10). Since then a large number 
of cables has been installed and at 
present the total is approaching 10,000 
tube miles. In N.S.W. the major 
cables which followed the Sydney 
Melbourne are Newcastle to Tweed 
Heads (Newcastle to Taree still being 
tested), Wollongong to Nowra (to be 
extended to Bega), Wagga-Narrandera 
Griffith and Sydney to Blacktown. 
Currently the first major two-tube 
cable is being laid from Orange to 
Wagga and will be extended to Echuca 
on the Victorian border. In addition 
to these major cables a large number 
of short cables (several miles in length 
each) have been installed between 
microwave radio terminals and the 
associated trunk line equipment sta 
tions. Finally a Sydney metropolitan 
coaxial network is being installed from 
City to Chatswood, Dee Why and 
Liverpool; Parramatta and Blacktown, 
as well as to all T.V. transmitter loca 
tions. 

All cables installed in Australia have 
been of the 'standard' coaxial cable 
(0.375 in. internal tube diameter or 
the 9.5 mm metric equivalent). Small 
diameter coaxial cables of 0.174 in. 
tube diameter have not been used in 
Australia. Due to the relatively small 
market, production costs required for 
manufacturers to produce both types 
of cable have retarded the introduction 
of small diameter cable. 

The early coaxial cable systems 
were valve type 6 MHz, with a repeater 
spacing of 5. 7 miles. The 6 MHz 
system was adopted because of the 
need to relay 625 line television sig 
nals. Since 1966/67 the cable sys 
tems employed 4 MHz or 12 MHz solid 
state equipment utilising manhole type 
power fed repeaters. The 4 MHz 
system provides 960 channels per pair 
of tubes, while with the 12 MHz 
system this number is increased to 

2700 channels. (Alternatively 1200 
V.F. channels plus one T.V. channel 
may be provided on the 12 MHz 
system) 

Oharacteristics and Measurements. 
With open-wire and paired cable 

bearer systems, the limiting factor in 
increasing the capacity of the system 
to carry more circuits is crosstalk. 
With coaxial cable, as the frequency 
of operation increases, the crosstalk 
coupling with nearby tubes decreases. 
The attenuation and impedance charac 
teristics are smooth and readily 
matched. At 4 MHz the attenuation is 
about 7.5dB/mile and at 12 MHz 
about 13.5 dB/mile. It was the prac 
tice to measure crosstalk in early 
coaxial cable installations at the lowest 
frequency of operation (60 kHz) and 
was specified to be greater than 90 
dB. As the values measured always 
exceeded this 90 dB standard, there 
was little point in continuing with the 
test. Similarly, measurements made 
during acceptance testing for insertion 
loss of repeater sections again pro 
vided the specified values; these also 
were discontinued during acceptance 
testing of the cable. 

The characteristic which is critical 
for satisfactory coaxial cable operation 
and must be checked and corrected 
where necessary during installation, is 
the regularity of impedance. Any 
change in the dimensions of the tube 
will alter the impedance, causing a 
mismatch and hence reflection of 
signals in the tube. 

The transmission tests which are 
normally made on the new cables may 
be divided into two groups: 

(i) D.C. tests which include conduc 
tor resistance, high voltage 
breakdown and insulation resist 
ance; 

(ii) Pulse echo tests which include 
measurement of the magnitude 

of impedance irregularities, end 
impedance and the electrical 
length of the tubes. 

The reasons for these tests are as 
follows:- 

(i) Conductor resistance. To de 
tect open circuits and high re 
sistance joints. 

(ii) High voltage. To prove the 
suitability of the repeater sec 
tion for high voltage power 
feeding. (This ensures that 
there are no dents, creases or 
foreign particles in the tube and 
that the centre conductor has 
not been displaced. 

(iii) Insulation resistance. To deter 
mine that the insulation quality 
of the cable lengths has been 
maintained and that the jointing 
techniques are satisfactory. 

(iv) Pulse echo test. To ensure that 
impedance uniformity has been 
maintained and that the tubes 
are suitable for broadband trans 
mission. 

High Voltage Testing. The tube of a 
repeater section must be able to sustain 
a 2KV voltage applied between inner 
and outer conductors for two minutes. 
Failure to do this indicates that the 
tube is suffering from physical damage 
or contains foreign metallic particles. 
These particles (or slivers) are, most 
probably, present during manufac 
turer's final tests but do not cause 
breakdown until they are aligned 
across a spacing disc, during trans 
portation or laying. Poor jointing 
techniques, e.g., use of incorrect tools 
during joint opening of cables, are 
also a cause of the production of 
slivers. 
A special bridge is available for the 

location of these high voltage faults. 
A d.c. voltage is supplied to a 
Wheatstone bridge from a high voltage 
source, incorporating a current limit 
ing device. The voltage is gradually 
increased, until the faulty tube breaks 
down. The bridge has a sliver burn 
ing circuit, which supplies a high 
voltage with increased current output 

. from a charged condenser, so that any 
sliver present may be burnt out. When 
this cannot be done, the bridge is 
balanced during the breakdown periods 
and the distance to the fault is calcu 
lated by the Varley (3 wire) method. 
Careful operation allows faults to be 
located to about 0.1 per cent. accuracy. 

Pulse Echo Testing. The standards 
set for Pulse Echo Tests are to ensure 
satisfactory performance for 12 MHz 
operation. C.C.I.T.T. has set (Ref. 11) 
this as 'the impedance irregularity and 
matching limits such that a roll in the 
frequency . attenuation characteristic 
not exceeding 0.09 neper (1 dB) at the 
end of a 2500 km hypothetical refer 
ence circuit.' The resulting limits set 
by the A.P .0. are: 
1. Impedance irregularity with 

in drum lengths:- 
(a) All coaxial tubes 50 dB 
(b) 95 per cent. of coaxial 

tubes 54 dB 
2. Pulse measurement of impe 

dance irregularity over re 
peater section: 
(a) Single worst corrected 48 dB 
(b) Single worst uncorrec- 

ted 54 dB 
(c) R.M.S. of 3 worst cor- 

rected 51 dB 
3. Impedance mismatch between line 

and repeater.=- 
(a) 4 MHz system 

f < 300 kHz 40 dB 
f > 300 kHz 48 dB 

RAY - Transmission Lines 
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(b) 12 MHz system 
f > 300 kHz 48 dB 

(c) Far end crosstalk 60 kHz 91 dB 
In these impedance tests a series of 

pulses (normally an 0.1 u sec d.c. 
pulse) is transmitted down the tube. 
These are partly reflected at all impe 
dance changes of the tube and the 
reflected signals are received back at 
the. transmitting point. The time 
taken for each reflected signal to 1 
arrive back at this point is measured 
together with its magnitude. An un 
corrected measurement refers to 
simply the magnitude of the received 
reflected signals compared to the 
transmitted magnitude. Corrected 
measurements involve taking into 
account the loss suffered by the pulse 
in being transmitted to and from the 
point of reflection. A figure of 48 
dB is equivalent to an 0.4 per cent. 
reflection factor or a mismatch of 0.6 
ohms (at 75 ohms). 

Impedance irregularity faults may 
occur due to excessive mismatches at 
joints (these are controlled at the ini 
tial stages by careful allocation of 
drum lengths), damage during trans 
portation or laying, or to deterioration 
of previously acceptable irregularities. 
Damage during laying is the most 
common cause, particularly when the 
cable is being laid in difficult country. 
This may be when the cable is being 
ploughed into wet, muddy or rocky 
ground or when there is a changing 
gradient. Excessive tensions plus 
sudden movements of the cable plough 
can cause distortion of the tubes. In 
some cases in which large reflections 
have occurred it has been difficult to 
determine the reason for the fault. 
The 4-tube non-layered cable with 

out armouring has proved to be most 
susceptible to these faults. When 
layer pairs are around the tubes or 
wire-armoured cable is used the fault 
incidence drops by a factor of over 3. 
This has been found if the cable was 
installed by the original ditching and 
back-fill method or by modern rip 
and plough method. 
The accuracy in fault location varies 

depending upon the nature of the 
fault. Under good conditions the 
pulse echo test set will locate faults 
within 5 to 10 ft. for a 500 yard drum 
length and within 50 ft. for a repeater 
section. 
To date one of the biggest problems 

for the field test teams has been the 
pulse echo test sets themselves going 
faulty. The instruments are large 
and heavy, and while adequate for 
normal long line station use, quickly 
develop faults when transported over 
the rough ground alongside the cable 
track. New solid state units are now 
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becoming available, which should 
overcome this problem. 

Future Uses of Coaxial Cable. 
In the United States a coaxial cable 

system, with a line system designated 
L4 with capacity of 3600 circuits per 
pair of tubes, has been developed for 
very heavy trunk routes. They have 
found in these areas that the radio 
frequency spectrum has become satu 
rated. This system has repeaters 
spaced every two miles and utilises a 
bandwidth of 16 MHz. A 20 tube 
cable has been installed giving the 
route a capacity of over 30,000 cir 
cuits. 
A fundamental study has been made 

by the P.M.G. Research Laboratories 
on the transmission parameters of 
Australian manufactured coaxial cable 
at frequencies up to and in excess of 
60 MHz (Ref. 12). This study has 
found that this cable will be quite 
suitable for line systems utilising a 60 
MHz bandwidth provided factory 
manufacture is controlled to reduce 
repetitive capacitance effects on impe 
dance. One system design available 
overseas provides 10,800 voice chan 
nels per pair of tubes, repeater spac 
ing one mile, having a mean gain of 
approximately 29 dB. Whether exist 
ing installed cables would be suitable 
would be determined by programme of 
measurements on the actual cables. 

Another approach has been made in 
Japan in regard to future uses of 
coaxial cable. Previous work has 
been based on the design for maximum 
attainable gain and a satisfactory dis 
tortion coefficient in a given trans 
mission band in order to obtain maxi 
mum repeater spacings. This new 
study is based on the design of a 1- 
neper repeater-section loss in order to 
maximise the transmission band. The 
results show that while 100 MHz is the 
limit of a conventional coaxial cable 
FDM system, the new system allows 
higher transmission frequencies. The 
limit for this new system is· about 1 
GHz on a coaxial cable having a 30 
mm inner conductor and would pro 
vide between 150,000 to 200,000 chan 
nels/system. 

CONCLUSION. 
The basic problem which has con 

fronted the Transmission Planning 
Engineer is how to economically pro 
vide for the ever-increasing demand of 
additional circuits. On the major 
trunk routes the answer has been to 
use broadband microwave radio or 
coaxial cable systems. However, in 
many areas where the number of cir 
cuits required is not so large, the prob 
lem requires considerable investigation 
to determine the correct solution. The 

alternatives of upgrading open-wire 
for additional carrier systems or instal 
ling voice frequency cables, combined 
voice and carrier cable, multi-pair or 
single quad carrier cable, or coaxial 
cable must be analysed. 

Over the years the trend has been 
to increase the bandwidth or system 
capacity of existing bearers. Open 
wire routes have been upgraded, re 
transposed, etc., to allow additional 
carrier systems to operate. Paired 
cable performance has been investi 
gated to allow carrier operation up to 
1.5 MHz. Coaxial cables have been 
studied in order to increase their capa 
city from 960 to 10,800 channels per 
pair of tubes. 

As for the future, while no doubt 
there will be developments in wave 
guide transmission, lasers and satellite 
relays to make these an economical 
proposition, there will remain a need 
for transmission bearers as described 
here. Advances in solid state devices, 
reduced costs and increased reliability 
will enable carrier systems either 
FDM or PCM types to be economically 
applied over shorter distances. This 
will place greater demands on the 
Lines and Transmission Engineer to 
exploit the transmission bearer to the 
fullest. 
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HISTORY OF SMALL COUNTRY AUTOMATIC EXCHANGES IN VICTORIA 
R. R. NELDER* 

INTRODUCTION. 
It is desirable that progress in cer 

tain fields of Australian Post Office 
activities be recorded for historical 
purposes and this article is written 
primarily for that purpose. 

The author was employed on the in 
stallation of R.A.X. units from 1934, 
when three were in service, until 1958, 
when 320 were established. He was 
also closely associated with the de 
velopment of the A.P.O. type B, C and 
D units, which was carried out in 1946. 
Details of the original three units were 
obtained by him from staff concerned 
with their maintenance. 
As a Senior Technical Officer for 

Country Service, the author remains 
closely associated with R.A.X. prob 
lems that arise when these 20-year-old 
units are required to provide modern 
facilities such as S.T.D. or to perform 
satisfactorily over high resistance junc 
tions using integrated or segregated 
dialling. 
The following are the full designa 

tions relative to the letters appearing 
in the text. 
R.A.X. Rural Automatic Exchange: 

Title for small country auto 
matic exchanges using step 
type equipment. Accommo 
dates 40 to 200 subscribers. 

A.R.K. Crossbar Country Exchanges: 
Accommodates 50 to 2000 
subscribers. 

S.C.A.X. Small Country Automatic 
Exchanges: Could be either 
of the above types. 

S.T.D. Subscriber Trunk Dialling: In 
troduced in 1961 to allow 
subscribers to dial trunk 
calls. 

Manufacturers: 
B G.E. British General Electric. 
S.T.C. Standard Telephones and 

Cables. 
A.T.M. Automatic Telephone Manu 

facturers. 
T.E.I. Telephone Electrical Indus 

tries. 

HISTORICAL DEVELOPMENTS. 
Part of the remarkable progress in 

the telecommunication field that oc 
curred in the decade to 1970 is the im 
pressive advancements in the conver 
sion of small manual exchanges to 
automatic operation by the installation 
of S.C.A.X.'s. Fast disappearing are 
the magneto switchboards located in 
the family kitchen or in the small 
country store, with their restricted 

*Mr. Nelder is Senior Technical Officer, 
Country Branch. 

services. This march of progress is 
viewed with mixed feelings by the 
average subscriber. Gone is the per 
sonal contact, the receipt of news or 
the ready means of giving the grocery 
order. However, experience has 
shown that in a few weeks this nos 
talgia is usually replaced by apprecia 
tion in recognition of an advanced ser 
vice. Some benefits are as follows: 
The choice of a colorphone with its 
improved transmission qualities; 
The reluctance to call the former 
manual operator at an inconvenient 
time is removed by the available 
continuous service; 
The convenience of S.T.D. and the 
ready availability of trunk lines 
eliminates the former long delays 
incurred in connection to another 
area; 
The passing of the multi-party line 
with poor transmission and high 
fault liability has given way to the 
exclusive service, which is assured 
of privacy. 
With the passing of time, the in 

creased use of the motor car has closed 
many small country stores and conse 
quently the exchange has to find a 
new location. This is often difficult, 
as with the general increase in living 
standards, few people are prepared to 
offer regular attendance for telephone 
facilities. The reluctant acceptor 
sometimes provides an inferior service 
so that a change to automatic opera 
tion is welcomed. This condition 1s 
far removed from the headlines prin 
ted in the 'Unofficial Postmasters' 
newspaper of 1937, entitled 'The 
Menace of R A.X.'s threatens the em 
ployment of Unofficial P.M.'s.' 

One particular example of the 
changed conditions was evident at 
Quantong. This fruitgrowing district 
was formerly served by a number of 
party lines connected to Horsham, each 
line having up to 10 telephones con 
nected. One wall telephone of each 
party line was installed around a room 
in the fruit agent's premises and it was 
his custom to remove all the handsets 
at 1 p.m. each day, stand in the centre 
of the room and shout the fruit prices 
received at the Melbourne market that 
particular morning. Thus, growers 
would lift off and listen at that time. 
Reception was extremely poor, but 
most heard the prices and were satis 
fied or otherwise according to the 
state of the market. Later, with 
R.A.X. operation, it was necessary for 
the grower to dial the agent, but this 
action was soon superseded by pro 
gress in radio communication. 

Early Installations. 

Let us now return back 45 years 
and trace the history of the first at 
tempts to convert small country ex 
cnanges to automatic working. 1A 
district called Barep, situated seven 
miles from Tongala in the irrigation 
area of northern Victoria, was the 
location of the first R.A.X. in 1925. 
No resident could be persuaded to 
accept the switchboard and it was 
decided to build a small automatic ex 
change by the Workshops. It was 
a 30-line installation using line finders 
and Strowger final selectors. Ringing 
current was provided by a pole chan 
ger and ringing occurred only when 
additional O's were dialled after the 
number. Thus, to call subscriber 23, 
you would dial 23-0-0-0 until they an 
swered, or to get Tongala, 0-0 repeated. 
Ring tripping of course did not exist. 
You waited for the ring to cease before 
lifting off, otherwise you received a 
ring in the ear. Batteries were charged 
over special wires from Tongala. 
The building was placed in an unfor 
tunate location close to the drainage 
dam of an adjoining cheese factory. 
This created an invasion of flies, re 
sulting in almost unbearable conditions. 
The cheese factory manager was paid 
a fee to change over the batteries daily 
and plug out any looped lines. As 
cabling was not enamelled, he kept 
three kerosene lamps burning continu 
ously to prevent dampness. On. one 
occasion a reliever turned the lamps 
too high and they smoked excessively. 
The result was a blackened room with 
strings of soot hanging from every 
surface. This took days of cleaning 
and painting to restore. Nevertheless, 
this unit gave fair service and was 
replaced by an A.P.O. R.A.X. in 1950. 
Most of its maintenance was carried 
out by the present Supervising Techni 
cian at Kyabram, Mr Phil Evans, who 
supplied this information. 

The first imported R.A.X. was in 
stalled at Buninyong near Ballarat in 
1928. This unit was manufactured by 
British General Electric of Coventry, 
U.K. It was equipped for 100 lines 
and was housed in two large cabinets 
enclosed by polished veneer wooden 
frames. Equipment consisted of B.P.O. 
No. 1 uniselectors as line finders and 
B G.E. pre-2000 type bimotional selec 
tors. In 1950 it reached subscriber 
capacity and rather than obtain addi 
tional equipment, it was replaced and 
transferred to nearby Burrumbeet. 
There it served for another 12 years 
and was finally scrapped. This unit 

NELDER - S.C.A.X. History 



October, 1970 THE TELECOMMUNICATION JOURNAL OF AUSTRALIA 275 

gave reasonably good service and was 
the forerunner of many other similar 
units. Its principle of operation fol 
lowed conventional practice and could 
be readily maintained by country tech 
nicians who, at that time, had had little 
automatic equipment experience. 
The third R.A.X. was installed at 

Kariah, seven miles north of Camper 
down, in 1929. It was manufactured 
by Siemens Bros., of Woolwich, near 
London, and was known as the Siemens 
No. Z6. It catered for 50 lines and 
used the common switching apparatus 
principle, which is similar to that now 
being used in crossbar exchanges; 
markers and registers being somewhat 
equivalent to the Siemens 'mechanical 
operators.' The complicated mechani 
cal operator, which contained three 
uniselectors and 26 relays as one unit, 
was very difficult for the average 
country technician to understand as 
most were inexperienced in automatic 
telephony at that stage. Detached 
contacts were used in circuit diagrams 
of the equipment for the first time. 
Unfortunately, faults occurring in the 
common apparatus frequently isolated 

the whole exchange. As at Barep, 
the location of the Kariah R.A.X. was 
not well chosen. It was erected near 
the bank of a salt lake on a concrete 
slab with poor drainage. Dampness 
and a high content of mildew caused 
havoc with the equipment. Here again 
the kerosene lamp was necessary, but 
there is no record of any similar dire 
result as at Barep when the lamps 
were burned too high. Battery charg 
ing was carried out from a rectifier at 
Camperdown over special wires. Dif 
ficulty was experienced in maintaining 
the batteries in charged condition. It 
was later discovered that the switch 
board night telephonist at Camper 
down turned off the noisy rectifier, 
which was located in the switchroom, 
for most of the night. In 1951 it was 
replaced by a larger unit at a new site 
far removed from the lake. The 
original unit was installed and main 
tained for some years by Mr. Bob 
Stevenson, now retired. Bob later 
moved to Melbourne and gained fame 
as a staff recruiting officer in the 
difficult post-war era both in England 
and Australia. He also occupied pro- 

Fig. 1. - Official Opening at C:lydebank R.A.X. Near Sale Vic. About 1940. 
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minent positions in the Postal Tele 
communication Technicians' Associa 
tion. To Bob, I extend my gratitude 
for supplying details of the Kariah 
R.A.X. Advances in basic equipment 
design and housing for R.A.X. over the 
past 40 years have been such that very 
much more reliable service is obtained 
from equivalent modern crossbar type 
exchanges. 

In 1932 an unusual ten-line Ericsson 
unit was installed at Research, near 
Eltham, then regarded as being in the 
Outer Metropolitan area. Mag 
neto telephones with dials were used. 
To call out, the generator was turned 
and this operated a relay which con 
nected battery to the line. Subscri 
bers numbers were from 1 to 9, and 
0 was dialled for a trunk outlet. At 
conclusion of call, a ring-off was 
necessary to clear down. Failing this 
action, release was effected on a time 
delay basis. This unit was later trans 
ferred to Pound Creek, near Inverloch, 
where it served for many years and 
was then scrapped. 

In 1933 a concerted effort was made 
by Central Office to install more 
R.A.X.'s. Tenders were accepted from 
four English companies to A.P.O. spe 
cifications and units were designated 
as follows: - B units; 50 line ultimate; 
C units, 50-line extensible to 200 lines 
by the addition of 50-line extensions 
called o· units. Siemens supplied 16 
C and D units of types No. 27 and 
later No. 28 based on the No. 26 in 
stalled at Kariah. S.T.C. supplied 10 
B units, also based on the commo 
apparatus principle. B.G.E. and 
A.T.M., Liverpool, supplied 12 C and D 
units, which were improved versions of 
the former Buninyong R.A.X. Early 
installations of this group were as 
follows;- 

1934-2 Siemens No. 27 at Tyabb 
and Somerville; 

1935-2 A.T.M. units at Thornton 
and Yallourn; 
2 B.G.E. units at Iona and 
Bamawm; 

1936-2 S.T.C. units at Hall's Gap 
and Tarranlea; 

1937-2 B.G.E. units at Macedon 
(Vic.) and Dareton, (N.S.W.) 

The author's R.AX. duties com 
menced with the Tyabb-Somerville in 
stallations and continued until 1958. 
Completion of the installation of this 
group of 38 R.A.X.'s was made in 1941, 
then in the third year of war. Their 
performance was superior to the initial 
three, namely Barep, Buninyong, and 
Kariah, mainly for these reasons:- 

(a) Reliability of battery charging: 
Extension of commercial power 
enabled rectifiers to float the 
battery with generally trouble 
free service. Locations without 
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power were either float charged 
over a special pair of wires from 
the nearest power supply or by, 
use of wind-driven generators. 

(b) Low insulation troubles in in 
ternal cables were eliminated by 
use of enamel covered conduc 
tors and improved buildings. 

(c) Introduction of 3000 type relays. 
(d) Improved subscriber under- 

standing and manipulation. 
Referring in more detail to note (d), 
in the early days it was most difficult 
to educate subscribers in remote areas. 
In most instances, subscribers had not 
seen an automatic telephone and found 
it hard to interpret the instructions and 
manipulate the dial. Following mag 
neto practice, most dialled with the 
receiver on the hook and of course g-it 
no progress. Some elderly ladies were 
somewhat terrified by the repeated 
ring and refused to go near the tele 
phone. Others were so gentle in their 
dialling movements that they failed to 
pull the dial to the stop and obtained 
wrong numbers. One bulky gentleman 
had the impression that to dial you 
inserted one finger in each number 
required and pressed simultaneously. 
This effort to insert three huge fingers 
together looked extremely awkward 
and somewhat comical. After much 
tuition we eventually taught him to 
dial correctly. One aged lady from 
Ireland conducted the magneto wall 
switchboard at Trentham East. When 
Trentham became on R.A.X. a dialling 
line was fitted to the Trentham East 
switchboard. She stubbornly refused 
to use the 'new fangled dial'. and left 
this duty to her son. When he wasn't 
around, bad luck for any calls required 
to Trentham. With the spread of 
automatic telephony and the increased 
mobility of people due to the motor 
car, telephone users became more ex 
perienced and subscriber education 
became a simpler process. However, 
the circuitry of the common apparatus 
units of S.T.C. and Siemens was such 
that complete failure sometimes oc 
curred, and most of the units have now 
been replaced. The B.G.E. and 
A.T.M. units were more reliable and 
most are still in service. They should 
be replaced by 1975 with A.R.K. units. 

One unusual exchange known as a 
U.A.X. (Universal Automatic Ex 
change) manufactured by B G.E. was 
installed at Kallista in 1938. It con 
tained many features considered to be 
advanced practice for that era, such 
as multi-metering. However, this 
facility gave a determined number of 
meter pulses at the end of each three 
minute period, and was never used. 
It was later moved from Kallista to 
Monbulk and then to Kerrie. It was 
recently replaced by an A.R.K. 

Accommodation and Travel. 
An interesting aspect of installation 

in this era was accommodation costs 
and transport. Travelling allowance 
was paid at sixpence per hour or 12 
shillings per day for the first three 
weeks. It was then reviewed and 
dropped to 35 or 42 shillings per week 
in most cases. Accommodation in 
boarding houses was 25 to 30 shillings 
and in hotels 35 to 50 shillings per 
week. In some towns, such as Yal 
lourn or Mildura, hotel costs were 
above the amount received. In such 
cases receipts were obtained and extra 

allowances were granted. However, 
in some instances, accommodation was 
cheap and one particular case may be 
quoted. Carisbrook is situated five 
miles from Maryborough, where hotels 
were numerous. We inquired at the 
Carisbrook hotel and were quoted 25 
shillings per week. On stating that 
we would return to Melbourne for 
week-ends, the publican said 'A bob 
a time will do.' This meant a shilling 
for a bed and each meal. Thus we 
paid 17 shillings or $1. 70 per week, 
which is rather a contrast to the pre 
sent motel room at $10 per day. Beds 

Fig. 2. - Common Apparatus Rack - Siemens R.A.X. Carisbrook R.A.X. 
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were comfortable, meals were eaten 
mainly in the kitchen with the family 
and were very good, but the toilet 
way down the yard was only fair. Bar 
closing time was then 6 p.m., but it 
was an interesting although dull spec 
tacle to see the after hours patrons 
sitting at the bar without lights, their 
presence betrayed by a row of cigar 
ette glows. 
However, facilities were not so good 

in some remote hotels. At Darlington, 
for bathing purposes, you had to pump 
water from a well into a dish placed 
on the tank stand in the yard. That is, 
if you were lucky. Often when the 
pump failed to work, you had to lower 
the bucket to obtain water. As the 
next nearest hotel was 15 miles away 
at Mortlake and petrol was rationed, 
we had no option but to remain there. 
The transport position during the 

war and for some years after was 
rather difficult. As petrol was ra 
tioned, travel by rail to and from 
country centres was necessary. Long 
trains, drawn by overworked A2 class 
locomotives burning inferior coal, re 
sulted in slow speeds and invariably 
late arrivals. One typical example 
was a journey where we left Swan Hill 
at 8 a.m. on a mixed train which 
arrived at Bendigo, 115 miles distant, 
at 5 p.m. after shunting trucks at most 
intermediate stations. There we 
joined a passenger train and arrived in 
Melbourne at 10 p.m. 
Trains scheduled to arrive in Mel 

bourne between 9 and 10 p.m. were 
sometimes delayed until after midnight. 
Last suburban trains were held back 
or passengers were sent home by taxis. 

Excess travelling time, limited to five 
hours per day, was certainly hard 
earned cash under those circumstances. 

Post-War Years. 
With the conclusion of the war in 

1945, a large-scale programme of 
R.A.X. installation was envisaged. 
Fibro cement prefabricated buildings 
of a standard size 15 ft. x 9 ft. were 
obtained and located on site by the 
Works Department. Experience 
gained from the previous types was 
used as a basis for the production of 
standard A.P.O. units. Two types 
were designed, one, a B type unit, 
catered for 40 subscribers and five 
trunks, and the other, a C-type unit, 
catered for 45 subscribers and five 
trunks, and was extensible to 200 by 
the addition of D units. The C units, 
although somewhat similar to earlier 
B.G.E. units, were designed to elimi 
nate as much common apparatus as 
possible and so avoid complete failures. 
2000 type bi-motional switches were 
used initially and SE50 types later. 
Prototypes were manufactured and 
installed as field trials. Tenders were 
then called for bulk supply and units 
were manufactured by G.E.C. and 
A T.M. of England and later S.T.C. and 
T.E.L of Sydney. 500 B type units 
were manufactured in 1950 by G.E.C. 
for £500 or $1000 each for Australia, 
the Victorian quota being 125 units. 
The number of C and D units in ser 
vice in Victoria are 263 and 236 re 
spectively. Installation was com 
menced in 1951 and was completed 
about 1961, when the revised policy 
called for A.R.K.'s. Although the 

R.A.X.'s were wired for multi-metering, 
this was for the fixed three-minute 
timing and was therefore unsuitable 
for the system adopted, i.e., charging 
only for time used. New multi-meter 
ing bases have now been supplied for 
R.A.X.'s and this, together with minor 
modifications, should extend the useful 
life of R.A.X. equipment into the 
1980's. At June, 1970, there were 650 
S.C.A.X.'s in service in Victoria; 390 
R.A.X.'s and 260 A.R.K.'s. There are 
still 540 manual exchanges to be con 
verted, probably by A..K.K. installa 
tions. 

CONCLUSION. 
In conclusion, mention might be 

made of two odd R.A.X. units which 
preceded A.R.K.'s. One manufactured· 
by Telephone Manufacturing Company 
of England was described as a crossbar 
type. This 50-line unit used 3000 
type relays with extra coils and ex 
tended armature pieces as crossbar 
switches. After 15 years good ser 
vice at Yan Yean it was replaced by 
an A.R.K. It is now in the Post Office 
Museum. 

The first Swedish Ericsson crossbar 
exchange was installed at Panton Hills 
in 1959. This unit had been to several 
countries as a demonstration model 
and could be described as a 'bitzer.' 
Its trunking arrangements to a parent 
magneto exchange at Hurstbridge 
proved difficult to arrange and were 
never entirely satisfactory. After 
nine years' service it was replaced by 
an A.R.K. Its equipment, not being 
compatible with the present day cross 
bar system, was scrapped. 

TECHNICAL NEWS ITEM 

COLOURED WALL TELEPHONE 

A new style of wall telephone (see 
Figure) has. been developed as a co 
operative effort by the Australian Post 
Office and Amalgamated Wireless 
(Australasta) Ltd. The instrument is 
to be known as telephone 891 and 
will incorporate a similar circuit to 
the present coloured table telephone, 
800 series, with the same transmis 
sion performance. 

The new wall telephone will be 
manufactured by A.W.A. at Ashfield, 
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N.S.W. and will be available early in 
1971 with a choice of three colours, 
appliance white with a brown base, 
powder blue or black. Other colours 
yellow, green or grey will be avail 
able later. 

A 'micro-switch' installed as a gra 
vity switch will be operated when 
the handset is he'd vertically by a 
polycarbonate cradle on the front cov 
er of the instrument. If a subscriber 
wishes to leave the instrument dur 
ing aJ call, the handset can be placed 
horizontally on the cradle without 
discoonecting the call. 
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THE A.R.l\il. BUTTINSKI J. J. McDERMOTT, B.Sc* 

INTIRODUCTION. 

When the Subscriber Trunk Dialling 
network was expanded late in 1967 
with the introduction of the A.R.M. 
201/4 telephone exchanges, mainten 
ance problems associated with call 
tracing and testing line relay sets led 
to the development of a new portable 
handset. This handset, or buttinski, 
capable of line signalling on incoming 
and outgoing relay sets, enables the 
user to speak on a four-wire circuit. 
It is based on the No. 4 buttinski 
currently on issue to linemen and 
technicians. 

TESTING EQUIPMENT IN A.R.M. 
TELEPHONE EXCHANGES. 

In the A.R.M. Telephone Exchanges, 
two maintenance aids are supplied for 
testing line relay sets and common 
equipment. They are: 
(a) Automatic Exchange Tester 

(A.E.T). (see Fig. 1).-The A.E.T. con 
nects either to the line side of 
an incoming line relay set or 
to the exchange side of an outgoing 
relay set. It cannot connect to a 
register or any other common equip 
ment, but the devices can be tested by 
establishing test calls with the A.E.T. 

Line signalling relay sets that the 
A.E.T. can test are usually of the 
following types: 
(i) 2-wire loop disconnect signalling. 

This is used on routes to ter 
minal exchanges or to minor 
switching centres such that the 
transmission losses from the 
A.R.M. exchange to the terminal 
exchange do not exceed 6 dB. 

(ii) 4-wire loop disconnect signal 
ling. This is used to terminal 
exchanges where the two-wire 
losses exceed 6 dB, or to minor 
switching centres that are re 
mote from the A.R.M. exchange. 

(iii) T-type or pulse signalling relay 
sets for use over carrier sys 
tems. A short pulse in the for 
ward direction picks up the dis 
tant end relay set. A 150 ms 
short pulse in the backward 
direction indicates that the 
called party has answered. A 
long pulse of approximately 600 
ms in the forward direction 
indicates that the calling party 
has released the connection, 
while a long pulse in the back 
ward direction indicates that the 
called party has replaced the 
receiver. 

* Mr. McDermott is Engineer Class 2, Trunk 
Service, N.S.W. 

For each of the types of line sig 
nalling mentioned above there are two 
types of information signalling. Infor 
mation signalling relates to the number 
dialled by the subscriber; whether it 
is a special type of service and details 
relating to the called ,subscriber. 
The two types of information signal 

ling are: 
(i) Multi-frequency Code (M.F.C.) 

Signalling. This is used between 
A.R.M. exchanges and also 
from an A.R.F. exchange to the 
A.RM. exchange. 

(ii) Decadic Signalling. This is used 
between step-by-step exchanges 
and A.R.M. exchanges. Decadic 
signalling is also used between 
the operator-controlled network 
and the A.R.M. and also to and 
from small country exchanges. 

(b) The A.R.M. Tariff Tester. 
Tariff is established at the originating 
A.R.M. exchange in the incoming line 
relay set. Some A.R.M. exchanges do 
not provide this tariff setting facility, 
the tariff being set at the originating 
minor switching centre. · 

The tariff tester is used to check the 
tariff setting relay set FIR-Z, and can 
be programmed to check up to ten 
relay sets on each of the seven multi- 

metering rates. A key on the tariff 
tester, when operated, terminates the 
call on a test relay set in the A.R.M. 
exchange. This relay set sends an 
answer signal back to the FIR-Z, and 
metering commences. The tariff tester 
checks the pulse from the FIR-Z with 
the pulse that is supplied to the rack. 
A faulty test brings up an alarm on the 
tariff tester indicating that attention 
is required on the particular FIR-Z. 

DEVELOPMENT OF THE A.R,M. 
BUTTINSKI. 

To overcome the shortages and dis 
advantages of the A.E.T. and tariff 
tester, an A.RM. buttinski was de 
veloped by N.S.W. Trunk Service 
Section in conjunction with the A.R.M. 
Transmission Measurements Working 
Party, which was set up by Headquar 
ters to develop transmission measuring 
techniques for the A.R.M. grid. 

Mechanical. 
The A.R.M. buttinski (Fig. 2) is a 

modified version of the red No. 4 
buttinski, which is commonly used by 
technicians and linemen. On the 
back of the buttinski are fitted four 
double-throw toggle switches and one 
non-locking push button. The lamp, 
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Fig. 2. - A.R.M. Telephone Exchange Buttinski 

which is a standard feature, has been 
incorporated to observe line signals 
which are generated by the relay set, 

A black cord is supplied with the 
buttinski and has been fitted with an 
L M. Ericsson plug. Its purpose is to 
supply normal exchange battery and 
ground to the buttinski for speech 
current in the four-wire path. It is 
also used for certain signalling condi 
tions. 

An additional cord, which splits into 
two, is also fitted with L.M. Ericsson 
plugs. One of these plugs is covered 
with a red band, which identifies the 
sending side of the four-wire speech 
path. The black plug identifies the 
receiving side of the speech path. On 
each of these plugs the tip and ring 
connections are used for speech and 
the sleeve is used for signalling. 

An adhesive label attached to the 
back of the buttinski gives the main 
details relating to correct operation. 

Electrical. 
The A.R M. buttinski can be used to 

monitor and speak on incoming, out 
going and bothway line relay sets. 
It connects to the exchange side of 

TABLE 1.-CALL TRACING WITH A.RM. BUTTINSKI. 
(a) To DIAL on . the following line Relay Sets. 

Grey Cord Black Cord Keys Operated on Buttinski. 
Relay Set Red Black Toggle Push 

Plug Plug Battery Speak Switches Button Remarks 
FIR-LlM- 

--- 
Yes FIR-Ll No Lamp Lights TJl - No 

H2/Y2 on Pickup 
-FIR-L2~ TJ2 TJl Yes Yes FIR-L2 No Lamp Ligh~ 
H2/Y2 on Pickup 
FIR-TM- TJ2 TJl Yes Yes fIR 150 ms Lamp Flashes 
H2/Y2 'Pickup' on 'T-Type' 

600 ms Signals 
'Cleardown' ----· 

FUR TJ3 TJ4 Yes Yes (1) FUR-Release (2) 'Pickup' To release 
(Decadic or (3) 'Pickup' & FUR, operate 
Manual) •. 'Hold' key to 
NOTE 1 (4) 'Hold' 'Release' 

NOTE 1: Numbers give sequence of operation on picking up relay set. 
(h) (i) To monitor on ALL Line Relay Sets 

(ii) To speak on ALL Line Relay Sets } Assuming Relay Set picked up and switched. 

Grey Cord Black Cord Keys Operated on Buttinski. 
Relay Set Red Black Toggle Push 

Plug Plug Battery Speak Switches Button Remarks 
FIR-LlM-Hl ~4- TJ3 Yes (i) No FUR No 

H2 (ii) Yes Release 
Yl 
Y2 

FIR-L2M-HC TJ4 TJ3 Yes (i) No FUR No 
H2 (ii) Yes Release 
Yl ' 
Y2 I 

I 

FUR-TMC 
- 

TJ3 TJ4 Yes (i) No FUR No 
(ii) Yes Release 

McDERMOTT-A.R.M. Butiinski 
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each of these relay sets at Test Jacki 
3 and 4. The key on the side of the 
handset allows the operator to choose 
between speaking and monitoring. 

Limitations of A.E.T. and Tariff Tester. 
The A.E.T., because of its complexity 

and cost, is usually supplied on the 
basis of two per A.RM. exchange. Its 
function is to generate test calls to 
gauge the performance of the exchange 
and its line relay sets. It is also used 
to find faults within the exchange. 
These two functions tend to clash at 
times and it may become necessary 
to stop an A.E.T. test programme on an 
outgoing route to meet a distant end 
technician on a faulty line relay set. 

The tariff tester is physically similar 
to the A.E.T. and difficult to ma 
noeuvre around the exchange. Its 
main limitations are: 

(a) It cannot test an FIR-Z for unit 
fee and no-fee setting. 

(b) It cannot detect a fault in the 
rack wiring as it compares the 
pulses generated by an FIR-Z. 
rrom the relay set. 

(c) It cannot detect noisy meter 
pulses generated by an FIR-Z. 

The buttinski can also be used to 
pick up (seize) any A.RM. line relay 
set and establish calls from line relay 
sets employing decadic information 
signalling. - 

The buttinski is plugged into the line 
side of the incoming line relay set, 
thus disconnecting the line or channel. 
It is necessary to ensure that all keys 
are thrown to 'FUR' - 'RELEASE' 
before signalling commences. De 
pending on the type of relay set, the 

appropriate keys 'FIR' - 'Ll' - 'L2' - 
'PICKUP' (for T-type pulse signalling) 
are operated. Table 1 gives full de 
tails. 
When signalling on an outgoing 

relay set to a step-by-step exchange, 
ARK-D, or to the operator network, 
the relay set is picked up on the 
exchange side and the line signal 
ling is provided by the outgoing relay 
set. The normal pickup condition is 
ground applied to the g-wire. This 
tests the relay set, following which a 
ground is applied to the c-wire 
A centre point ground, potential 
is then applied to the a and 
b wires of the receiving speech 
path. The ground is then removed 
from the g-wire. For the but 
tinski to function, it is necessary to 
simulate the outgoing calI conditions 
of the common equipment of the 
A.RM. exchange. This is done by 
plugging into Test Jacks 3 and 4. The 
push button is used and held operated 
until the key has been operated to 
'Hold.' The push button can then be 
released. The outgoing relay set is 
then ready to receive dial pulses. The 
relay set can be released by restoring 
the key to 'FUR Release.' 

The A.RM. buttinski can also be 
used as a portable tariff tester. After 
establishing a call with the buttinski, 
metering commences after answer. 
Each meter pulse flashes the lamp on 
the buttinski. Table 2 gives full 
details of metering under all types of 
metering conditions found in the 
A.R.M. exchange. The buttinski can 
also check no-fee and local fee settings. 

The buttinski is also useful in checking 
the forced release function of the 
tariff setting incoming line relay set. 
Normally the calling or A party 

releases the connection to the called 
or B party. However, as soon as the 
B party replaces the receiver this is 
signalled back to the incoming tariff 
setting relay set. When a period of 
72 seconds minimum and 144 seconds 
maximum has elapsed, a forced release 
signal is sent to the originating ex 
change. When using the buttinski on 
incoming loop disconnect relay sets, 
the lamp glows permanently, indicat 
ing that the call has forced released 
and the line relay set has seized a 
new register. 

CONCLUSIONS. 
The buttinski is now being used ex 

tensively in most A.RM. exchanges in 
Australia. It is used chiefly for call 
tracing and testing line relay sets. 
Although it is not possible to signal 
m.f.c. with this handset, it can be used 
to pick-up and hold any line relay set. 
In very large A.R.M. exchanges a but 
tinski can perform about 40 per cent. 
of the functions of the Automatic Ex 
change Tester and Tariff Tester, in the 
manual mode. However, the cost of 
the buttinski is only about 3 per cent. 
of the combined cost of the two 
testers. 
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TABLE 2.-TARIFF TESTING WITH AN A.R.M. BUITINSKI (NOTE I) 

Type of Condition of Lamp on Buttinskl FIR Type of Call 
Before On 1st Meter Pulse Next Subsequent 
Answer Answer on Answer Pulse Pulses 

Wanted, did 
not Answer On - - - - 

FIR-ZL1M-H2 
(W.D.A.) 

or Local Fee On Off On-Off None None 
FIR-ZL2M-H2 

No Fee On Off None None None 

Multimeter Fee On Off On-Off Suppressed On-Off 

(W.D.A.) Off 

FIR-ZTM-H2 Local Fee Off On-Off On-Off None None 

No Fee Off On-Off None None None 

(NOTE 2) Multimeter Fee Off On-Off On-Off Suppressed On-Off 

NOTES 1: The lamp on the back of the buttinski indicates meter pulses. 
2: On FIR-ZTM-H2 lamp will flash for a much shorter period than for other types of FIR's. Meter pulses 

can be heard in the receiver as well as seen on the lamp. 
McDERMOTT - A.R.M. Buttinski 
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4 WIRE i~iMINATING SETS 

HYBRID COILS 

a"" 

Illustrated - 4 Wire Terminating Sets - one with cover re 
moved. Standard mounting is 12 Units on a I 9" x 5¼" panel. 

For use on high quality amplified 
voice frequency circuits at points 
where a 2 wire to 4 wire conver 
sion is required. All units incor 
porate blocking capacitors in the 
line and network windings and 
basic components to provide for 
the average line balance network. 
Terminating sets contain variable 
attenuator pads in both the 
Hybrid-In and Hybrid-Out sides. 

For further information please 
write giving application details. 
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ANSWERS TO EXAMINATION QUESTIONS 
Examinations No. 6071 to 6075, 18th July, 1970, and The reactance of the capacitance is greater than that of 
subsequent dates, for promotion or transfer as Technician the inductance. 
(Telecommunications), Postmaster-General's Department. 

TELECOMMUNICATION PRINCIPLES 

QUESTION I: 
The battery in Fig. 1 has no internal resistance. 
across Rl is 10 volts and R4 dissipates 4 watts. 

P.2 = IS.Cl 

RI:::. 1011. 

R3 = oo n 

The p.d, 

ANSWER 2 (a): 
See Fig. 2. 

le 

Fig. 1. 

QUESTION 1 (a): 
Calculate the e.m.f. of the battery. 

R.4 r.-re 

!R E 

ANSWER 1 (a): 

Joint Resistance 
R2 X R3 

R2 + R3 
18 X 90 

18 + 90 
== 25 Ohms 

E 10 

h 
Fig. 2. 

QUESTION 2 (b): 

The circuit is now made resonant by altering the f re 
quency. Explain the effect that this would have on each 
of the parts of your vector diagram above, and draw a 
new vector diagram showing the circuit conditions at 
resonance. 

Current in Rl - - == - 
R 10 
1 Amo 

P.d. of R2, R3 - I x R 
1 X 15 
15 volts 

Total p.d. 15 + 10 
25 volts 

ANSWER 2 (b): 

For the circuit to become resonant, le must be increased 
and II decreased until they are equal. Ir is not affected 
by frequency and remains the same, and E is unchanged. 
As le and II are equal, the only current is Ir, so the 
circuit current decreases to this value and is now in phase 
with the circuit voltage. This condition is shown in Fig. 3. 

le 

QUESTION 1 (b): 
Calculate the resistance of R4. 

ANSWER 1 (b): 
The p.d. across R4 is the e.m.f. of the battery, 25 volts. 

E2 25 X 25 
R == 

h- Id JR = I E 
=O • • 

p 4 
156.25 Ohms. 

QUESTION 1 (c): 
Calculate the total power dissipated in the circuit. 

ANSWER 1 (c): 
Power in Rl = E X I == 10 X 1 = 10 Watts 

Power in R2, R3 == E X I == 15 X 1 
== 15 Watts 

Power in R4 = 4 Watts 
Total Power - 10 + 15 + 4 

== 29 Watts 

QUESTION 2 (a): 
Draw a labelled vector diagram showing the circuit vol 
tages and currents for an A.C. circuit. containing a 
resistance, an inductance and a capacitance all in parallel. 

h 
Fig. 3. 

QUESTION 3 (a): 
With the aid of diagrams, explain why bias is necessary 
for tranststors used as Class A amplifiers. Include 
reference to the effects of operating the transistor without 
bias. 

ANSWER 3 (a): 
Bias is necessary to prevent distortion in the amplifier. 
With no bias, the signal is applied to the zero point of the 
Ic/Ib characteristic and as shown in Fig. 4a, only negative 
half cycles of the signal appear in the output. When bias 
is applied, the signal operates on the linear section of the 
characteristic ( Fig. 4b) and the output signal is not dis 
torted. 
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ic(mA) le (mA) 

,.,~, ftlL 
S~NAL 

(a) 

------~~ 

____ V_ 
l•(,...A) 

SIGNAL. 

(b) 

Fig. 4. 

QUESTION 3 (b): 
Draw the circuit elements necessary to provide 'combination 
bias' for a transistor and briefly explain how the bias is 
obtained. 
ANSWER 3 (b): 
The circuit is shown in Fig. 5. Rl and R2 form a voltage 
divider across the supply battery and the potential E2 
developed across R2 makes the base negative with respect 
to earth. Its value depends upon the ratio of Rl and R2 
and the supply voltage. 
A potential EE is developed across RE by the emitter 
current through RE. This potential makes the emitter 
negative with respect to earth and is less than E2. As 
the bias voltage is the difference between base and emitter, 
its value is E2 - EE. 

~ 

rise in the operate winding, producing a rising flux which 
cuts the second winding. This flux induces an e.m.f. in 
the second winding and as there is a closed circuit via 
C2, a current flows in this winding which produces a flux 
opposing the original growth of flux (Lenz's law). The 
rate at which the primary flux grows is made slower, 
thus increasing the time that the relay takes to reach its 
operate value of flux, and making it slow to operate. When 
the relay operates, C2 opens. 
When release conditions are applied, C2 is open, and 
although the decaying flux induces an e.m.f. in the second 
winding, the circuit is not complete and no current flows. 
The release time is therefore not affected. 
QUESTION 4 (b): 
Some relays, such as those used in transmission bridges, 
must be made to have high impedance. 

(i) State how the impedance of a relay may be greatly 
increased without altering the coil winding. 

( ii) Explain the principle involved in ( i). 
ANSWER 4 (b): 

(i) By using nickel-iron sleeves over the core. 
(ii) Nickel-iron has a high resistivity and so reduces 

eddy currents generated by the A.C. speech signals 
in the core material. (These eddy currents are 
mainly confined to the outer surface of the core.) 
Reducing eddy currents increases the inductance of 
the relay, which increases its inductive reactance and 
so its impedance. 

QUESTION 5: 
When a resistance and inductance are connected in series 
across a 48 volt 800 Hz supply, the current is 240 mA at 
a power factor of 0.6 lagging. Calculate the current and 
power factor when the same components are connected in 
parallel across the same supply. 
ANSWER 5: 

(i) Series Circuit (See Fig. 7a). 
E 48 
- - -- X 1000 z 

== 
R 

== 
== 

XL ==-J.. 
==v 

I 240 
200 Ohms 
Z X P.F. 
200 X 0.6 
120 Ohms 
z2 - R2 
2002 - 1202 
160 Ohms 

XL 

Fig. 5. 
QUESTION 4 (a): 
A double coil relay has its second coil short circuited by 
one of its own break contacts as shown in Fig. 6. Explain 
the effect that this contact and winding have on the operate 
and release times of the relay. 

OPEA.AlE 
CIRCUIT 

'11----X----- X I 

C 
5 50V. 

~I• 

C2 
Fig. 6. 

ANSWER 4 (a): 
The relay will be slow to operate and normal release. 
When the operate circuit is completed, current starts to 

(
I= 240 mA 
P.F. = 0· 6 

411 V 
BOO H& 

(a) 
Fig. 7. 

(ii) Parallel Circuit (see Fig. 7b). 
E 48 

IR---- 

IL 

P.F. 

160 

R 

120 

48V 

(b) 

X 1000 
R 120 
400 mA 
E 48 
--- 
XL 160 
300 mA 

X 1000 

I =v' IR2 + JL2 
==v' 4002 + 3002 

500 mA 
IR 400 - - - 
IZ 500 
0.8 Lagging 
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QUESTION 6 (a): 
The three basic functions in an electronic logic system 
are the AND, OR and NOT functions. State what is 
meant by each of these by expressing the functions: 

( i) As a word statement. 
(ii) As a Boolean expression. 

ANSWER 6 (a): 
(i) AND: The output is logic 1 only when all inputs 

are logic 1. 
OR: The output is logic 1 when any input is logic l. 
NOT: The output is logic 1 when the input is logic 0. 

(ii) AND: C = A.B 
OR: C =A+ B 

NOT: C = A 
QUESTION 6 (b): 
Fig. 8 shows a combination of logic gates. 

(i) Construct a Truth Table (Table of Possibilities) 
for all conditions of the inputs. 

(ii) Write a Boolean expression which describes the logic 
diagram shown. 

The value of R is that necessary for the current to be 
500 uA when the terminals are shorted. 

E 106 
Total R = - = 3 X -- 

I 500 
6,000 Ohms 

R = 6,000 - Rm 
5,800 Ohms 

QUESTION 7 (b): 
Determine the value of resistance which, when connected 
to the ohmmeter, would cause half scale deflection. 

ANSWER 7 (b): 
Half scale deflection is 250uA. 

E 
Total R 

Rx= 

3 X 
106 

I 250 
12,000 Ohms 
12,000 - (5,800 + 200) 
6,000 Ohms 

Q:c,JESTION 7 (c): 
The scale below represents the original scale of the meter. 
Mark on it the positions for the foUowing values of 
resistance: 

( i) Zero Ohms. 
OUTPUT (ii) 12,000 Ohms 

(iii) 120 Ohms 
(iv) The value determined in question 7 ( b). 

' Z n I ANSWER 7 (c): 
See Fig. 10. 

Fi.g. 8. 

ANSWER 6 (b): 
(i) See table below. 

INPUTS INTERMEDIATE OUTPUT 

- 
X y z X.Y z 
-- -- 

0 0 0 0 1 1 
0 0 1 0 0 0 
0 1 0 0 l 1 
0 1 1 0 0 0 
1 0 0 0 1 1 
1 0 1 0 0 0 
1 1 0 1 1 1 
1 1 1 1 0 1 

(ii) Output = (X.Y) + Z. 

QUESTION 7 (a): 
Draw the circuit of a basic series ohmmeter. Determine 
the value of any other components required to construct 
your circuit if a 3 volt battery and a meter with a resistance 
of 200 ohms and a full scale deflection of 500 uA are 
available. 

ANSWER 7 (a): 
See Fig. 9. 

300 

01-\\v\S 

Fig. 10. 

The values of current are calculated below. 
(i) Zero Ohms: 

I = F.S.D. = 500uA 
(ii) 12,000 Ohms: 

I = E - = 
3 

(iii) 120 Oh 

R 167 uA 6000 + 12000 
X 106 

ms: 

I 
E 3 

= - = 
R 

~-- X 106 

(iv) 6 000 Oh 
490 uA 6120 

' ms: 

QUESTIONS: 

250 uA 

± 

R 5800 

Three capacitors are connected as shown in Fig. 11. 
A. Cl I 1~--....-----, t -C1 ~F 

.3f'F 

Bo 
Fig. 9. Fig. 11. 
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QUESTION 8 (a): 
Determine the current through C2 if a supply of 5 volts at 
1600 Hz is connected to terminals A and B. 

ANSWER 8 (a): 
Joint capacitance of C2 and C3 is 4uF. 

4 X 6 
Total capacitance is 

Xc Total 

I Total 

As the 
current 

2.4uF. 
4 + 6 
1 106 
wC 1600 X 6.25 X 2.4 

1000 
Ohms 

24 
E 5 

X 
Xc 

120 mA 
reactance of C3 is 3 times 
through C2 is ¾ of the total 

12 = ¾ X 120 = 90 mA 

24 

1000 
X 1000 

that of C2, the 
current. 

QUESTION 8 (b): 
Determine the p.d. across C3 if a D.C. supply of 50 volts 
is connected between A and B. 

ANSWER 8 (b): 
The circuit is Cl (6uF) in series with C2 and C3 in parallel 
(4uF). The ratio of the p.ds is inversely proportional to 
the capacitances. 

6 
E across C3 -- X 50 

6 + 4 
30 Volts 

QUESTION 8 (c): 
A 100 volt D.C. supply in series with a resistor of 50,000 
ohms is connected to terminals A and B. How long would 
it take (for practical purposes) for Cl to become fully 
charged? 

ANSWER 8 (c): 
All capacitors in the circuit would charge together and the 
time to become fully charged is 5 times the time constant 
of the combined circuit. 

Time= 5CR 
5 X 2.4 X 10-6 X 5 X 10' 

= 600 mSecs. 

QUESTION 9 (a): 
Draw the basic circuit arrangements and typical attenua 
tion/frequency characteristics of the following types of 
inductance/ capacitance filters: 

(i) Low Pass. 
( ii) Band Pass. 
( iii) Band Elimination. 

ANSWER 9 (a): 
(i) See Fig. 12. 

~ 

o I o 
(a) 

FREQUENCY 

(b) 
Fig. 12. 

(ii) See Fig. 13. 

(iii) See Fig. 14. 

QUESTION 9 (b): 

With the aid of sketches, explain why it .is necessary to 
use attenuation equalisers with transmission lines. 

ANSWER 9 (b): 

They are necessary to prevent the frequency distortion, 
which is caused by most transmission lines having an 
attenuation which increases with frequency. As shown 
in Fig. 15, the equaliser has an attenuation characteristic 
which is opposite to that of the line, so the overall attenua 
tion, although increased by the equaliser, is constant over 
the frequency range. This eliminates the frequency 
distortion. 

ATTEN. 
(dB) 

(a) 

(a) 

Fig. 13. 

Fig. 14. 

RESULTANT 

H.P. FILTER L.P FILTE~ 

) 
fc 
I 
I 
I 
I 

~ 
FREQUENCY 

(b) 

FREQUENCY 

(b) 

0 FREQUENCY 

Fig. 15. 

QUESTION 9 (c): 

State one main advantage of crystal filters over L.C. filters 
in the frequency range of about 60 kHz to 150 kHz. 

ANSWER 9 (c): 

Any one of the following: 
A low attenuation in the pass range and a high attenua 
tion in the range of frequencies to be rejected. 
A sharper cut-off. 
A higher Q factor, which makes them very stable when 
used as narrow band pass filters. 
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QUESTION 10 (a): 
A.C. power load in modern communication buildings is 
divided into three categories, namely - Non-essential, 
Essential and No-Break. Briefly state the requirements of 
the load in each category and give an example of the type 
of equipment load in each. 

ANSWER 10 (a): 
Non-essential load: When the A.C. supply is interrupted 
for long periods, equipment in this category does not 
cause dislocation of communication services. The normal 
station amenities, such as lighting and air-conditioning, 
are examples. 

Essential load: Equipment included in this category can 
withstand an interruption to its A.C. supply for a limited 
period, without causing dislocation of communication ser 
vices. Rectifiers used for battery charging, and A.C. 
inputs to no-break sets, are the main items in the essential 
load. 
No-break load: Interruption of the A.C. supply to equip 
ment in this category results in immediate and serious 
dislocation of communication services. Typical no-break 
loads consist of Broadband systems and Tress exchanges. 

QUESTION 10 (b): 
Draw a block diagram of a typical all-electric no-break 
set and explain its operation: 

( i) Under normal conditions. 
(ii) When a mains failure occurs. 

ANSWER 10 (b): 
Fig. 16 shows the main elements of a typical 3 machine 
no-break set. It consists of an alternator, A.C. motor, 
D.C. motor, control circuit and a battery. The alternator 
and motors are coupled together. 

ESSENTIAL BUSBAR NO-Bf'EAK 
LOAD 

CONTf'OL 
CIRCUIT 

MOTOA. 

·IH;:r~-®--- 
Fig. 16. 

Under normal conditions the A.C. motor drives the 
alternator which supplies the no-break load. When the 
mains fail, the D.C. motor is connected to the battery and 
becomes the primary driving unit. The A.C. motor is 
disconnected. If the failure is prolonged, a normally 
stationary diesel set is started and this then drives the 
A.C. motor and the D.C. motor is disconnected. (Circuit 
and description of a 2 machine set was an alternative 
answer.) 

QUESTION 11 (a): 
The term 'Astable' applied to a multivibrator indicates a 
continuing output with or without external triggering. 
Briefly explain what is meant by the terms 'Bistable' and 
'Monostable.' 

ANSWER 11 (a): 
Astable means that it has two stable states. It will change 
state when an external trigger pulse is applied, then remain 
in that state until a further trigger is received, when it 
again changes state. 
Monostable has only one stable state. When a trigger 
pulse is applied it changes to the other state and then 
returns to the original a fixed time after the trigger is 
removed. 

QUESTION 11 (b): 
Briefly explain the operation of the phase-shift oscillator 
shown in Fig. 17. Include reference to the components 
which control the frequency of the oscillator. 

~HASE SHIFT NETWORK 
60° PER SECTION, 

+ 

Fig. 17. 

ANSWER 11 (b): 
The circuit is basically an amplifier with positive feedback 
at one frequency. A phase shift of 180 deg. takes place 
between the base and collector as the transistor is operated 
in the common emitter mode. The feedback is taken 
through the three stages, CA and RA, CB and RB, CC 
and RC, each of which produces 60 deg. phase change 
at a particular frequency. These networks therefore 
determine the oscillator frequency, and this frequency is 
fed back to the base with a total phase change of 360 deg., 
giving positive feedback. The transistor has sufficient 
gain to make up for the circuit losses and nrovide the 
output. Combination bias is provided by Rl, R2, RE. 

QUESTION 12 (a): 
With the aid of sketches, briefly explain the construction 
of a typical mains type power transformer and list two 
main power losses in this type of transformer. 

ANSWER 12 (a): 
The transformer has two basic parts, the winding and 
the core. The core usually consists of sheets of iron, 
insulated from each other, which are stacked to make 
the required size. The shape of the laminations depends 
upon the type, a typical arrangement being the 'E' and 'I' 
types shown assembled in Fig. 18a to make up a 'shell' 
type core. 
The windings are normally insulated copper wire of 
suitable gauge. The number of turns for each is deter 
mined by the voltages required (Fig. 18b). 

Fig. 18. 

In power transformers, a shield of copper sheet is placed 
between the primary and secondary windings to prevent 
electrostatic coupling between them. An external shield 
is sometimes placed around the outside of the transformer 
to prevent interference to external circuits. 
The main losses are: Winding loss, eddy current loss, 
hysterisis loss and magnetic leakage. 
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The Australian Post Office 
arranged an 

International Sem;nar 
on 

NATIONAL TELEPHONE TRANSMISSION 
PLANNING 

in conjunction with meetings of CCITT Study Groups XII 
and XVI in Melbourne in February /March 1970. 

The proceedings of the seminar are now available in limited 
quantities. 
Vol. I (250pp) : Papers presented by: 

- United Kingdom Post Office 
Nippon Telegraph & Telephone 
Public Corporation (Japan) 

- Federal Republic of Germany (Bun 
despost) 
- American Telephone & Telegraph 

Co. 
- Danish Administration 
- French Administration 
- Australian Post Office 

Discussion, led by representatives of 
Siemens A.G. (Germany) 
G.E.C. Telecommunications 
(United Kingdom) 
International Telephone & Telegraph 
Corporation (U.S.A.) 

N. V. Philips Telecommunicatie Indus 
trie (Netherlands) 

Price (for both volumes together): 
Hard covers, 20-ring metal binder: $7 Australian cur 
rency, post free. 
Cardboard covers, plastic binder: $3 Australian cur 

rency, post free. 
Send orders (payable to Receiver of Public Monies) with 
remittance to: 

International Seminar Convenor 
Australian Post Office Headquarters 

9th floor, 172 William St 
Melbourne 3000 

Vol. 2 (46pp,) 

Ltd. 

The Choice of 
Audio Programme Engineers 

Generating Equipment 

Supplied under Contract to the A.P .0. 

Engineering Products Division 
AMALGAMATED WIRELESS (AUSTRALASIA) LIMITED 

SYDr-JEY MELBOURNE BRISBANE ADELAIDE PERTH LAUNCESTON 
88 6666 67 9161 41 1631 72 2366 28 6400 2 1804 

HEAVY DUTY - MAINS OPERATED 
A Regulated Power Supply designed basically for the replacement 
of storage batteries used in the design and testing of mobile 
radio equipment, and other laboratory, production testing, manu 
facluring and service installations. 

The regulator is of conventional design using a differential com 
parator to provide an error signal to control the operation of the 
four parallel connected power transistors via a voltage amplifier 
and two Darlington connected low-power transistors. Base cur 
rent for the Darlington connection is supplied from a constant 
current source which may be adjusted' to, minimize, the output 
impedance. The output voltage may be adjusted by a front 
panel control within the limits stated for each ranqe, 
An overload circuit, which operates if the output current exceeds 
120% of full load current, is provided to turn off the regulator 
thereby protecting both the, regulator and the, external circuit. 
A current sensing circuit is used to fire an SCR which completely 
removes base drive from the series transistors. Normal operation 
is restored by removing the overload and pressing the reset 
button on the front panel. Thermal cutouts are used on each 
power heat sink for overload protection under excessive ambient 
temperature conditions. 

Input: 
Output: 

Circuitry: 
Metering: 
Size and Weight: 

SPECIFICATIONS 

Regulation: 
Ripple and Noise: 
Output Impedance: 
Overload Protection: 

240V ± 10% 50 Hz. 
Range 1, 5-8V DC 20A max. 
Range 2, 10•16V DC 17A max. 
Range 3, 22-32V DC 10A max. 
Load and Line 0.2% on all ranges. 
Less than 20 mV p-to-p on all ranges. 
Less than 5 milliohms. 
Fixed electronic trlpout at 20% 
overcurrent on all ranges. 
Pushbutton reset on front panel. 
All silicon solid state. 
Separate 4" voltmeter and ammeter. 
18¼" wide, 14" deep, 12" high. 
Approx. 58 lb. 

Made in Australia by 

A & R Electronic Equipment Co. Pty. 
Limited 

30-32 Lexton Rd., Box Hill, Victoria 3128 

SALES OFFICES 
VIC.: 30-32 Lexton Rd., Box Hill. 

89 0238. 
N.S.W.: 82 Carlton Or., Summer 

Hill. 798 6999. 
S.A.: 470 Morphett St., Adelaide. 

51 6981. 

INTERSTATE AGENTS 
QLD.: R. A. Venn Pty. Ltd., Valley. 

51 5421. 
W.A.: Everett Agen&y Pty. Ltd., 

West Leederville. 8 4137. 
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subminiature toggle 
and pushbutton switches 
now available from Plessey 
Manufactured in U.S.A. by C. & K. Components Inc. 
Designed to meet the highest stan 
dards of quality and reliability these 
C. & K. subminiature toggle switches 
combine maximum performance with 
minimum weight and size. All switches 
feature rugged construction, simple 
mounting, excellent appearance and 
long, trouble-free operation. These 
switches adapt to virtually any manual 
switching requirement in a very wide 
range of aerospace/ ground/undersea 
application where space is at a 
premium. 

Circuitry with toggle lever positioned as 
shown () Parenthesis indicate momentary or 
non-locking position . 

Model No. ;a. .i. AKey- way 

SPDT 
7101 ON NONE ON 
7103 ON OFF ON 
7105 (ON) OFF (ON) 
7107 ON OFF (ON\ 
7109 NONE ON (ON) 

7101 RPC ON NONE ON 
7103 RPC ON OFF ON 
7105 RPC (ON) OFF (ON) 
7107 RPC ON OFF ION\ 
7109 RPC NONE ON (ON) 

GENERAL SPECIFICATIONS 
Contact Rating 2 amps @ 240VAC, 5 
amps @ 28VDC resistive load 
Insulation Resistance 1000 megohms 
minimum 
Dielectrical Strength 1000 volts r.m.s. 
at sea level 
Electric Life 100,000 make and break 
cycles minimum on all models ending 
in p1 only; all other models 40,000 
cycles 240 VAC- 39 VDC resistive 
load. 
Initial Contact Resistance 1 O milliohms 

Model No. :a. .i. AKey- way 

DPDT 
720.1 ON NONE ON 
7203 ON OFF ON 
7205 (ON) OFF (ON) 
7207 ON OFF (ON) 
7209 NONE ON (ON) 
7211 ON ON ON 
7213 ON ON (CN) 
7215 (ON) ON (ON) 
3PDT 
7301 ON NONE ON 
7303 ON OFF ON 
7305 (ON) OFF (ON) 
7307 ON OFF (ON) 
7309 NONE ON (ON) 

PLESSEY A 
Components • 

maximum at 2-4 VDC, 1 amp. 
Contacts Working contacts are Coin 
Silver. 
Operating Lever Bri(lht chrome plated 
brass bat handle toggle is standard; 
plastic colour caps supplied on re 
quest. 
Case Material General purpose 
phenolic. 
For further information please contact 
Professional Components Department, 
Villawood, N.S.W., or Ducon Interstate 
Offices. 

Model No. A .i. AKey- way 

4PDT 
7401 ON NONE ON 
7403 ON OFF ON 
7405 (ON) OFF (ON) 
7407 ON OFF (ON) 
7409 NONE ON (ON) 
7411 ON ON ON 
7413 ON ON (ON) 
7415 (ON) ON (ON) 

PUSH BUTTON 
8121 SPOT l 8221 DPDT Momentary 8321 3PDT J 8421 4PDT 

Plessey Ducon Pty Limited 
Box 2 PO Villawood NSW 2163 
Telephone 72 0133 

Melbourne 
Brisbane 
Adelaide 
Perth 
Auckland (N.Z.) 

42 3921 
217444 
76 3434 
21 4821 
78 509 

AD12 
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We have the right 
connections. 
Harting Min Series 
connectors. 
The compact way 
to put all your wires 
in one housing. 

world 
famous 
Q 

push buttons 
now 
made 
locally 

Featuring a basic contact configur 
ation from 7 to 50 pins". Unique 2 
piece thermoplastic housing. 7 .5A: 
250V ac rated. Gold plated contacts. 
* Where larger contact configurations 
are required, multiples of basic MIN 
connectors can be housed in Harting 
HAN A die cast aluminium housings. 

49 colour combinations available ex stock. 
Featuring Silver contacts 1 N / 0 or 1 N / C 
with 250V /0.7A rating. Screw or quick 
connect termination. 0 E. S. RUBIN & CO. (/t_4 PTY. LTD. 
73 Whiting Street, Artarmon, N.S .W. 2064. 
Telephone: 439 2333. Telex: 21175 • 6 Kemp 
Street. Woodville, South Australia 5011. 
Telephone: 45 3579. Telex: 82529 
• 138 Berkeley Street, Carlton, Victoria 3053. 
Telephone: 34 6469. Telex: 30948 
• Oueensland-c-Telephone: 74 097_ Western 
Australia-c-Telephone : 21 7861, 
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GEC Lincompex 
Already proved in practice 
in over 35 countries ... • • can increase 
revenue from your 
long-distance 
HF radio 
circuits, too! 

Over 35 countries already rely on 
GEC Lincompex to bring the quality 
of HF radio telephone circuits 
up to line transmission standards. 
Now, you, too, can increase your 
revenue from long-distance HF radio 
circuits with GEC Lincompex. 
Developed from a British Post Office 
design, it provides: 
D Improved signal-to-noise ratio 
D Substantial reduction in fading 
D Constant loading of radio 
transmitter 

D Quiet 'no-signal' periods to ease 
the flow of conversation 

D Higher traffic handling capability 
D Elimination of singing suppressor 

Takes telecommunications into tomorrow 
GEC-AEI TELECOMMUNICATIONS LIMITED, Tl:LEPHONE WORKS, COVENTRY. 

A Management Company of The General Electric Co. Ltd. of England. 

GEC Telecommunications Ply. Ltd. 
9 Bibby St., Chiswick, N.S.W. 2046. 1B5'f, 
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Contributing to 
Air Safefy: 
Cable Sneathing 
of 

Nylon12 -- •• 
The complex flight electronics 
of modern aircraft demand 
the greatest precision of manu 
facture and assembly. 
And absolute reliability of all 
materials used. Screened cables 
(for navigation, radio and 
intercom) sheathed in Nylon 12 
ensure this kind of reliability. 
They are highly resistant to heat 
and cold. The double Nylon 12 
cover protects the cables against 
mechanical damage (abrasion). 
Its high resistance to acids, 
fats and oils offers dependable 
protection against interference. 
Nylon 12 Huls the engineering 
plastic for extreme duties. 

Sole Agents in Australia and New Zealand: 
Robert Bryce & Co. Ltd., Head Office: Brunswick, Vic. 3056, 
145·147 Glenlyon Road, P.O. Box 169. Melbourne, Vic.3001, G.P.O. 
Box 180B • Redfern, NSW2016, P.O. Box147 • St.Marys, S.A. 5042, 
P.O. Box56 • Alderley, Qld.4051, P.O. Box44 • Perth, W.A; 6001,G.P.O. 
Box M 966 • Wellington, N.Z., P. 0. Box 3747 • Auckland, N. z., P. 0. 
Box8590 • Christchurch, N.Z., P.O. Box 1691 

I RobertBryce&Co.Ltd., 
Brunswick, 

I Vic. 3056, 
I 145-147 Glenlyon Road, 
I P.O. Box 169. :yylon · 
I 12 

I - I 

CHEMISCHE 
WERKE HOLS AG 
D4370MARL 

Please let me have 
details on Nylon 12 HUis 

8G/3978E 

Name Position 

· Company 

Address 



October, 1970 THE TELECOMMUNICATION JOURNAL OF AUSTRALIA V 

Components 
APO APPROVED RELAY TYPE RAF 

GENERAL DATA:- TECHNICAL DATA:- 
Relay RAF is characterized by great reliability, long life and 
high efficiency. The relay can be supplied with a large 
number of alternative types of coil and with many differ 
ent contact functions for adaptation to different operating 
requirements. From the design aspect the RAF relay is 
characterized by the 1 : 1 lever ratio of the armature. The 
relay is therefore quick to operate and release even with 
heavy spring sets. 

Each spring set constitutes a unit which is attached to the 
yoke by a screw. The springs of a spring s~ are supported 
by a supporting card and are actuated by the armature 
via a lifting card. The springs have twin contacts of 
alloyed silver. If special contact requirements necessitate 
another material, such relays can be provided on request. 

All relays are supplied and tested, ready for use, with the 
exception of skeleton relays which are supplied without 
spring sets. 

• Spring set pile. The relay can be equipped with up to 
three spring set piles of 2-8 springs each, and a wide 
selection of contact combinations. • Coil. Normally de 
signed for 6, 12, 36, 48 or 60V D.C. and with one, two 

or three windings. Coils for special requirements will be 
offered on request. • Mechanical life. Under normal 
operating conditions, a mechanical life of 200 million 
operations without adjustment can be expected. • Test 
voltag.e. 500V r.m.s. 50 cl s. • Insulation resistance. 
50,000-300,000 Megohms. • Temperature range. -25° 
to +60°C. • Power rating. 4 Watts continuously - with 
relay covered. 

The RAF type relay is just one of our comprehensive rang.e of relays available. 

m L ,M ER'ICSSDN· P'TY. LTD. 
Head Office and Factory: Riggall St. Broadmeadows, Vic. 3047. Tel. 309-2244 
N.S.W. Office: 134 Barcom Avenue, Rushcutters Bay, 2011. Tel. 31-0941 
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The family doctor 
ofthe70S. 

The telephone won't 
ask you to open your 
mouth and say "ahh", but 
with the help of a computer bank, it could 
save your life. 
Early this year, the Australian Post Office 
began its Datel services for the transmis 
sion of computer data over telephone and 
telegraph. You just dial a number and 
"talk" to your computer. 
At the same time, medical and computing 
scientists in Melbourne developed the 
world's first computerized medical records 
system. 
A person's medical record is compiled 
from birth and stored in a computer bank. 
The benefits are obvious. A .Melbourne 

holidaying in Brisbane falls ill. The 
doctor only has to dial the computer bank 
for the man's complete medical history. 
But the whole Datel scheme would have· 
been impossible without cable to carry the 
voices and the data. Over 20 million miles 
of wire cable have been laid in Australia. 
As development continues, the demand 
for cable will be even greater. Austral 
Standard Cables are ready to meet it. 

Austral Standard 
Cables Pty. Ltd. 
Head Office: 325 Collins St., Melbourne, Vic. 3000. 
Laboratories at Maidstone, Vic. 
Works at: Maidstone and Clayton, Victoria; Liverpool, 
N.S.W., Australia; and Hornby, Christchurch, N.Z.; 
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Bringing to Australia GT&E world-wide technical resources 
in the field of telecommunications 

In step with the march of technology, and to 
keep pace with the steadily expanding market 
in Australia for telecommunications services, 
GT&E has set up an Australian organisation to 
co-ordinate and service the sales activities of 
its world-wide associate companies. 
The products of these companies already in use 

in Australia embrace a wide range of equipment, 
including all solid state microwave equipment 
manufactured by S.G.T.&E. (M.L.) Milan, Italy; 
24-channel carrier equipment by Lenkurt 
Electric Co. Inc., San Carlos, U.S.A.; automatic 
line routiner by Automatic Electric Company, 
Chicago, U.S.A. 

Principal overseas GT&E subsidiaries are: 
Societa Generale Di Telefonia Automatic Electric Company, 
Ed Elettronica, S.p.A. Milan, Italy (Marelli Lenkurt Northlake, Illinois, U.S.A. 
microwave equipment and Autelco switching) Automatic Electric (Canada) Ltd., 
Lenkurt Electric Co. Inc., Brockville, Canada. 
San Carlos, U.S.A. Automatic Electric S.A., 
Lenkurt Electric Co. of Canada Ltd., Antwerp, Belgium. 
Burnaby, B.C., Canada. Sylvania Electronics Systems, U.S.A. 

GENERAL TELEPHONE & ELECTRONICS AUSTRALIA PTY. LTD. 
Telecommunications Division 

1-7 Lucas Road, Burwood, N.S.W., Australia 2134. Telephone: 7471833. Telegrams and Cables: "Gentelint" Sydney. 

GT/1 
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the KEY to better switching 

Fifty years of specialist experience is the 
reason why switches designed and manufac 
tured by TMC Australia are specified by lead 
ing electrical and electronics manufacturers. 
Other manufactures of TMC Australia are: 
24-channel High-speed FM-VF Telegraph 
Equipment, Open-wire Telephone Carrier 
Systems, Transistorized Test Instruments. 
TMC Australia specialises in the design and 
manufacture of Filters used with Long line 
Telecommunications. 

TMC 
AUSTRALIA 

Actual size of a 
TMC Illuminated 
Push-Button Key 
Switch. Available 
with magnetic hold 
or standard. 

Key Switches by the Key Switch Specialists 

TELEPHONE M·ANDFA·CY:UR·IN;G CO. (A'ASIA) P'TY. LT'D. 
A MEMBER COMPANY OF ASSOCIATED TELECOMMUNICATIONS AUSTRALIA LTD. 

21 Coulson St., Erskineville, N.S.W. 2043. Phone 519-2555. P.O. Box 14, Erskinevme, N.S.W. 2043. Telegrams and Cables: 
TEEMSEA, Sydney 

TMC-8 



IRH Components Pty. Limited 
introduce Sealectro products 
for modern electronics. ---------··- 

- c:;- ~ card stub or badge ~e readers 
The Sealectro Static Punched Card or Stub 
Readers (80 x 12 or 51 x 12 cards) are 
suited to a wide and growing range of pro 
gramming and matrix switching applications 
wherein immediate programme change and 
low volume programme store are requisite. 
Some samples are: Low-cost automation, 
machine tool control, automated testing, 
process control, function simulation. The 
Badge Reader ( 1 0 x 1 0 card) is designed 
for Personnel identification, Credit status, 
Data collection and transmission. 

teflon terminals 
The PRESS-FIT terminal range includes 

a broad line of types and sizes of Stand-offs, 
Feed-throughs, Receptacles. Test Point Jacks, 
Probes and Plugs, Transistor Sockets, Tran 
sistor Holders, Bushings, Taper-pin Receptacles 
and special types for welded or wire-wrap 
Connections. PRESS-FIT terminals are avail 
able in the ten E.1.A. colours - white, 
black, brown, grey, blue, violet, green, yellow, 
red and orange. 

sub-miniature 
RF.connectors 

The widest range of Sub-miniature Co- 
- <l_Xi~J <::91;rr,ieq1ors, in screwon, snap-on and 
slide-on styles. Conform to MIL-C-22557/A 
50 ohm patterns available for RG-196/U or 
RG-188/U cables, and also for the equivalent 
semi-rigid cables. Hermetically sealed bulk 
head mounting connectors suitable for pres 
surised equipment. A full range of BNC, 
TNC and C type adapters is also included in 
the ConheX range. 

1111 
t ' tf t t 
t~-~~ECTOBOARD 

programme boards 
The most flexible and reliable pro 
gramming system, cord or cordless 
styles, single or multi-pole switch 
ing, programming by shorting pins 
or component interposition e.g. 
Diodes for back-feed elimination. 
Applications include: Analogue 
Computers, Naval Communications 
Channelling, Data Logging, Func 
tion Simulation, Pattern Genera 
tion, Factory Automation,. Nuclear 
Power Control. 

ACTAN 
programming switches 

Drum type programming switches per' 
manent or field adjustable. Manual or tim 
ing motor or stepping solenoid actuated. 
Extreme versatil'ity of contact arrangements 
enable up to 60 discrete programmes per 
switch. 

riiiii\ THE COMPON~iU DIVISiON 
~ OF IRH INDUSTRIES LIMITED 

N RR2247 
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OLYMPIC CABLES PTY. LTD., 
Head Office: Sunshine Road, Tottenham, 3012, Victoria. 
Branches in all States. 

Olympic Cables play a major role in bringing you these essential services we take 
for granted. As a major supplier of telecommunication cables In this country, we 

are assisting to bring people of Australia and the world closer together 
for essential services and entertainment. 

There is an Olympic Cable for e·,,ary purpose. 
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Takes telecommunications into tomorrow 
GEC-AEI TELECOMMUNICATIONS LIMITED, TELEPHONE WORKS, COVENTRY. 
A Management Company of The General Electric Co. Ltd. of England. 
GEC Telecommunications Pty. Lid. 

9 Bibby St., Chiswick, N.S.W. 2046. IB/49 
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Publiications of the 
Telecommunication 

Society of 
Austral1ia 

TELECOMMUNICATION JOUR 
NAL OF AUSTRALIA (3 per 
year) 

Annual Subscription 
Single issues (recent) 

Aust. 
$1.50 
$0.70 

O'seas 
$2.40 
$0.80 

AUSTRALIAN TELECOMMUNI 
CATION RESEARCH (2 per 
year) 

Annual Subscription 
Single issues 

$2.00 $2.80 
$1.25 $1.40 

AUSTRALIAN TELECOMMUNI 
CATION MONOGRAPH No. I 

Calculation of Overflow Traffic from 
Crossbar Switches $1.00 $1.25 

AUSTRALIAN TELECOMMUNI 
CATION MONOGRAPH No. 2 

Symposium on the Preservative Treat 
ment of Wooden Poles 

$1,00 $1.25 

AUSTRALIAN TELECOMMUNI 
CATION MONOGRAPH No. 3 

S;ymposium on Power Co-ordinatlcn 
and Lightning Protection 

$1.00 $1.25 

Australian residents apply to: 
State Secretary, 

Telecommunication Society 
of Australia 

Box 6026. G,P.O., Sydney, N.S.W. 
2001; Box 1802Q, G.P.O., Mel 
bourne, Vic., 3001; Box 1489, 
G.P.O., Brisbane, Qld., 4001; Box 
1069J, G.P.O., Adelaide, S.A., 
5001; Box T1804 G.P.O., Perth 
W.A., 6001; Box 1522, G.P.O., 
Hobart, Tas., 7001. 

Overseas residents apply to: 
The General Secretary, Telecom 
munication Society of Australia, 
Box 4050, G,P.l::);;_ /': lVIell,o:unie, 
Victoria, Australia, 3001, or 
Agent for Europe, Mr. D. Mc 
Bride, Canberra House, 10-16 
Maltravers St.; Strand, London, 
W.C.2, England. 

Today's sophisticated communications equipment calls 
for crystals that meet the most exci'ting standards of the art 
Standards that. were ccceptcble a few years ago cannot 
mee.t the requiremen! of desigwengineers today. 
Today's .tight tolerances «iemdrtd 'quartz blanks with pre 
cision selected angles of cut, and Hy-Q use X-ray diffruc- 

. ti6n equipment to determine this most important factor. 
long term stability is assured by closeenqlneerlnq control 
of all pr~cessing in an. air-conditioned envir~nment. The 
blonksore then rhecked tq determine thf frequency change 
over the temperature range. · · · · · 
The crystal is Jhen precision calibrated to frequency using 
a· crystal impedance meter which simulates the manufac 
turers· osci I la tor specifications. 
Hy-Q crystals are custom manufactured to meet all these 
exacting requirements. 
It is for these reasons that Hy-Q crystals have been readily 
accepted as a standard by the Communications Industry 
and why we can guarantee them against defective material 
and workmanship or any deterioration in performance 
when they are used in equipment for which they were 
specifically made. 

Australia's largest independent crystal manufacturers. 
Write for details. 

JHy-· Q Elect,onics Pty. Ltd. 

AGENTS: 

101 

NSW: General Equipments Ptv. Ltd., 
·A,tarmon. Phone: 439 2705. 

SA: General Equipments Pty. Ltd., 
Norwood. Phone: 63 4844. 

WA: Associated Electronic 
Services Ptv. Ltd., 
Morley. Phone: 76 3858. 

10-12 Rosella Street, 
P.O. BOX 256, 
Frankston, Victoria, 3199. 
Telephone 783 9611. 
Area Code 03. 
Cables: Hyque Melbourne, 
Telex 31630. 

NT: Combined Electronics Ptv, l.td., 
Darwin. Phone: 6681. 

TAS: Hobart Radio Clinic, 
Hobart. Phone:.34 3884. 

OLD: Douglas Electronics Pty. l.td., 
322 Old Cleveland Rd., · 
Coorparoo . Phone: 97 8222. 
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Sony replaced IFT in this 
4·band transistor radio 

with the new Murata 
ceramic filter SFD·455B. 

SFD-455B 

Throughout the world electronic design engineers have 
begun to realise the many benefits offered by Murata 
Ceramic Filters. These include high gain, low spurious 
response, negligible ageing characteristics (0.4% over 
10 years) and, since no alignment is necessary, consider 
able cost saving in production. 
Sony engineers have taken advantage of these benefits 
and have incorporated two Murata Ceramic Filters 

MODEL BFB-455A improves the selectivity 
of transistor radios when used as an 
emitter by-pass in transistor IF Stages. 

SFD-455B and BFB-455A in the quality model TR-1000 
4-band transistor radio. 
Combining excellent overall response and selectivity 
characteristics with space saving and production 
economy, the Murata Ceramic Filters are proving 
superior to conventional IF transformers. 
Include Murata Ceramic Filters in your next design. 

MODEL SFD-455B is a resonance 
type filter of 455 Khz. It replaces 
the transistor radtc's !FT or can be 
used in combination with IFT's, 

LADDER TYPE Ceramic FiltersCFS-455 
and CFP-455 (Popular Type) are ideal for 
IF stages of high quality communication 
receivers. r;-ii;;\ THE COMPONENT DIVISION 

~ OF IRH INDUSTRIES LIMITED 

85000/1 R 
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R. F. INTERFERENCE 
FILTERS 

0 MAINS POWER FILTERS 

0 SIGNAL LINE FILTERS 

0 TELEPHONE LINE FILTERS 

0 CONTROL LINE FILTERS 

ATTENUATION: 100db from 70kc to 1Gc 
FSR-300 SERIES 
5 to 15 Arnp Circuits 
Steel cases, all surfaces 
corrosion resistant finished. 

ATTENUATION: 
1 00db from 14kc to 1 0Gc 
FSR-1200 SERIES 
25 to 200 Arnp Circuits. Large 
cable wiring cornpartrnents, 
provision for conduit 
attach rnents. 

FIL TRON FILTERS 
Designed to meet Military Specifications 
MI L-F-15733 where applicable. 
Attenuation characteristics are measured 
in accordance with MIL-STD-220A. 

ATTENUATION: 
1 00db from 14kc to 1 Ge 

FSR-200 SERIES 
25 to 200 Amp Circuits 
Designed and manufactured 
for continuous 24 hour 
operation at fu 11 load 
rating. 

SP99 and SP 100 
Designed for use on 
Telephone, Intercom 
and Teletype services. 

ATTENUATION: 150kc to 155mc 
FSR-600 SERIES 
Specially designed for 
use where attenuation 
requirements and 
interference levels are 
moderate. 

SOLE AUSTRALIAN DISTRIBUTORS: 

BELLING & LEE (AUSTRALIA) PTY. LTD. 
Reg. Office & Factory: CANTERBURY RD., KILSYTH, VICTORIA. 3137. Tel: 729 0621 
N.S.W. Branch: 170 BURWOOD RD., BURWOOD, N.S.W. 2134. Tel: 747 3303 
W.A. Branch: 570 WILLIAM ST., MT. LAWLEY, W.A. 6050. Tel; 28 6144 
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Low-cost metal glaze resistor with performance 
characteristics superior to Mil-R-22684 
e Long-term stability. eThick-film reliability. . e Generous power safety factor. e Fully insulated moulded body. 

Metal Glaze is the result of IRC materials research involving glass 
technology and metallurgy. It incorporates the principal advantages of 
other classes of resistive materials ... economy of carbon composition, 
stability of wire-wound, and the precision of evaporated metal film. 

IRC Metal Glaze is a thick film of metal alloys fused to a crystalline 
ceramic substrate. It is up to 100 times thicker than conventional films 
and occupies the dimensional middle ground between metal thin films 
and bulk composition units. 

Mechanically, Metal Glaze is extremely hard and rugged. It is imper 
vious to environmental extremes such as moisture, temperature, shock, 
vibration and is resistant to chemical attack. 

Electrically, this new resistance material is inherently stable. It pro 
vides very good temperature coefficients across a wide resistance 
range. 

ri'ii:i;\ THE COMPONENT DIVISION 
~ OF IRH INDUSTRIES LIMITED 

N'8002/2 
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Screened Plugs and Sockets 
for all Purposes 

SUB-MINIATURE 
COAXIAL 

MINIATURE 
COAXIAL 

COAXIAL 
CONNECTORS 

Standard (B.S. 3041} 

BNC CONNECTORS 

DOUBLE COAXIAL 
CONNECTORS 

BEi.i.iNG & I.EE (AUSTRAi.iA) PTY. I.TD. 
Reg. Office & Factory: CANTERBURY RD., KILSYTH, VICTORIA. 3137. Tel: 729 0621 
N.S.W. Branch: 170 BURWOOD RD., BURWOOD, N.S.W. 2134. Tel: 747 3303 
W.A. Branch: 570 WILLIAM ST., MT. LAWLEY, W.A. 6050. Tel: 28 6144 
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IN MICROCIRCUITRY 
how close can you 
photograph 2 objects and 
still 
have 
clear 
separation between their images? 

I 

I 

--- --- 

WRAY GIVES YOU THE ANSWER: 
This table shows the extremely high resolution of the Wray range of copying lenses. 
It assumes monochromatic light of0.5461 ,lt and that the lenses are used at the 
conjugates for which they are designed. These resolution figures represent line pairs 
and do not count a black line and a white space as two. 

"Also available is a 45mm. f/4 lens coverina t/z" square at 
a reduction ratio oi 50:1 with a resolution of 280 lines/mm. 

Wray Reduction 9.5° 12° 14.5° 
Precision ratios semi-field semi-field semi-field 
Lens* available (under-covering) (normal) (stretched) 
3"f/4 25: 1 ¾" square 1 "square 1 ¼" square 

10: 1 280 lines/mm. 240 lines/mm. 200 lines/mm. 
5: 1 
2: 1 

5"f/4 40: 1 1 ¼" square 1 ½" square 2" square 
20: 1 240 lines/mm. 200 lines/mm. 160 lines/mm. 
10: 1 
5: 1 

1 0" f/4 20: 1 2½" square 3¼" square 4" square 
5: 1 200 lines/mm. 150 lines/mm. 100 lines/mm. 

Wray Microcircuit lenses are specially designed for a maximum area of coverage 
with the highest possible resolution. A wide range of Wray copying lenses is 
available through the Australian Distributors. 

m !SELIGSON & CLARE 
(A DIVISION OF ALDUS LIMITED) 
MELBOURNE • SYDNEY • BRISBANE • ADELAIDE • PERTH 

SCl26 

E G HOLT & ASSOCIATES PT)' LTD 
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The TELECOMMUNICATION JOURNAL of Australia 
ABSTRACTS: Vol. 20, No. 3 
BETHELL, P. S.: 'Computers and Communications-the. 
Present and the Future': Telecom. Journal, of Aust. 
October 1970, page 199. 
The paper discusses the present communications explo 

sion and forecasts that data transmission will grow rapidly 
in the 1970's as a result of the marriage between computers 
and communications Growth in time sharing will be a 
major factor in the data increase. Likely future trends 
in computer usage, transmission speeds and switching 
techniques are also discussed. 

DEMPSEY, R. J., SEMPLE, G. J. and SHAW, D. L.,: 'The 
Perth . Port Hedland Channel Doubling System'; Telecom. 
Journal of Aust., October 1970, page 243. 
The paper describes a 24-channel telephone carrier system 

of voice bandwidth 300-2200 Hz, which was produced in 
Australia to meet a short term deficiency of telephone 
channels resulting from the rapid development of Port 
Hedland, Western Australia The system places two 
telephone channels in the frequency band normally oc 
cupied by one channel. The particular equipment describ 
ed is a modernised version of a system originally designed 
in the United Kingdom for application to the first Trans:: 
atlantic Telephone Cable in 1957. 

FLATAU, G.: 'Reliability Testing of Components'; Telecom. 
Journal of Aust., October 1970, page 249. 
A brief discussion of the fundamentals of reliability 

theory is followed by a presentation of constant stress and 
step stress testing concepts in accelerated ageing tech 
niques. The physics of failure of components is discussed 
and some practical aspects of reliability testing are 
presented. Interpretation of reliability test results is 
discussed and reliability data for some common components 
is included, together with some indication of the implications 
of recent component manufacturing developments. A 
section on reliability standards briefly surveys the position 
in US.A., Europe and Australia. 

GRAY, D. A.: 'The Work of the Telephone Transmission 
Study Groups of the C.C.I.T.T.; Telecom. Journal of Aust., 
October 1970, page 237. 
Some major questions under study by Study Group XII 

(Telephone Transmission Quality and Local Networks) and, 
Study Group XVI (Telephone Circuits) are reviewed in the 
light of discussions at the meetings of these two Study 
Groups in Melbourne in February March, 1970. Probably 
the questions of greatest contemporary interest are those 
relating to echo and propagation time, in which there is a 
resurgence of interest due to the use of communication 
satellites, and those arising from pulse code modulation 
transmission systems being used in increasing numbers. 

KELLOCil{, A.: 'The Feasibility of Domestic Satellite 
Communications for Australia'; Telecom Journal of Aust., 
October 1970, page 232. 
This paper describes feasibility studies of domestic 

satellite communications to provide point to point trunk 
telephony, multiple access telephony, T.V. relay and dis 
tribution, and subscribers' telephone service. 

LIIV, J.: 'The A.P.O. Role in NASCOM: Part 2, Operational 
Aspects'; Telecom Journal of Aust., October 1970, page 
257. 
This paper describes operational aspects of the NASCOM 

network in Australia. Included are descriptions of the 

NASA switching centre at Canberra, the network con 
figurations for the Apollo missions and the role played by 
Australia in televising the lunar landing. Reference is 
made to the reliability requirements specified by NASA 
and achieved in the Australian sector, as well as to test 
and monitoring equipment and maintenance testing pro 
cedures. 

McDERMOTT, J. J.: 'The A.R.M. Buttinski'; Telecom Journal 
of Aust., October 1970, page 278. 
This article outlines the development and facilities of a 

special Buttinski or portable test handset. It is used in 
ARM 201/4 telephone exchanges to trace cans through the 
exchange and to test all decadic line relay sets. It can 
also be used to check tariff on tariff setting line relay sets. 

McKINNON, R. K.: 'The Development of Data Transmission 
Services in Australia'; Telecom. Journal of Aust., Oct. 
1970, page 203. 
In this article the main factors influencing the effective 

ness 'Of machines transmitting over communication chan 
nels, both fixed and switched are isolated. Modem 
equipment used to translate machine signalling to a form 
adapted to the communication channel is described and 
the boundary conditions affecting the design of this class 
of equipment discussed. The introduction of data services 
in Australia using this class of equipment and the types 
of service and organisations making use of data trans 
mission facilities are described. New developments in 
data switching, such as the message switching Common 
User Data Network are mentioned, with particular refer 
ence to the use of date! links between network centres 
and to subscribers' terminal equipment. 

NELDER, R. R.: 'History of Simall Country Automatic Ex· 
changes in Victoria'; Telecom. Joumal of Aust., October 
1970, page 274·. 
This article has been written to provide an historical 

record for the Post Office of the events associated with 
the establishment of automatic telephony for rural areas 
in Victoria. The author, having been connected with 
RAX's on a development, installation or service basis, for 
37 years, has collected and recorded the information be 
fore his retirement. 

RAY, K. M.: 'Transmission Lines, and Measurements; Part 2: 
Cables'; Telecom Journal of Aust., Oct. 1970, page 266. 
Developments in paired and coaxial cable transmissiort 

Jines and transmission measuring techniques are reviewed. 
Included are discussions from the transmission point of 
view of junction carrier, minor trunk and multipair and 
single quad carrier cables. The characteristics and 
associated measuring techniques for coaxial cables are 
also reviewed. 

SYMONS, F. J. W., and WARD, M. K.: 'Program Control 
of the 1ST Project'; Telecom Journal of Aust., Oct. 1970, 
page 21.7. 
A description is given of the operation of the program 

control system which has been developed to control the 
digital telephone exchange in the IST (Integrated Switching 
and Transmission) Project. This project is being con-, 
ducted in the Melbourne metropolitan network and is a 
practical feasibility study of the telephone network of 
the future. The program control system described is the 
first complete program control system for a telephone 
exchange which has been developed in the A.P.O. 



Better telephoning and TVing via the sky 

Australians enjoy better communications through networks 
of microwave stations built by NEC; from Melbourne to 
Bairnsdale, Brisbane to Cairns, and soon between Mt. Isa 
and Townsville. 
Better communications in outer space too. Because Austra 
lia's Ceduna and Carnarvon earth stations that 'talk' to 
orbiting satellites are equipped by NEC. We played an im 
portant part in the Moree earth station too by putting in 
the communications sub-system. 
This year will see the completion of an NEC factory in 
North Springvale, Melbourne. The new plant will make 
communications equipment for both home and export 
markets ... Made by Australians for Australia and the world. 

Nippon Electric (Australasia) Ply., Ltd. 
Nl:C (Australia) Pty., Ltd. 2nd Floor, A.Cl. House 550 Bourke St., Melbourne 3000 Victoria Tel: 67-5321 

Products for today - 
Innovations for tomorrow 

NEC 
Nippon Electric Co .. Ltd. 
P.O.Box 1,Takanawa,Tokyo,J a pan 



AUSTRALIAN 
TELECOMMUNICATION 
RESEARCH 

May and November each year 

November, 1970 This issue will feature articles on - 

• The Mathematics of Alternate Routing 
• Thin Film Fuses for Logic Applications 
• Error Behaviour and Control in Various Transmission Systems 

May, 1971 This will be a Special Issue on - 

Satellite Communications to Remote Areas. 
It will contain articles covering systems studies and experiments carried out by 
the Australian Post Office during 1969/70. A NASA Applications Technology 
Satellite was used to explore the feasibility of using satellit.es for the provision 
of individual telephony and community television service to remote areas. 

ORDER YOUR COPY FROM STATE OR GENERAL SECRETARY 

TELECOMMUNICATION SOCIETY OF AUSTRALIA 

PR:NTED BY HEDGES a BELL LTD •• MARYBOROUGH. VICTORIA 


