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SEAUOM SUBMARINE UABLE SYSTEM: SYDNEY-UAIRNS 
LAND SEUTION - OVERALL PLANNING ASPEUTS 

C. !. GRIFFITHS, M.E.E., M.I.E.E., M.l.E.Aust.* 

INTRODUCTION 
In subsequent issues of the Journal a 

series of papers will be published on 
the detailed planning, installation and 
testing associated with the Sydney-Cairns 
broad band system and its use as a link 
in the SEACOM submarine telephone 
cable system. Apart from catering for 
terminal traffic to and from South East 
Asia, it provides the link for through 
traffic on the SEACOM and COMPAC 
submarine cable systems. 
The purpose of this introductory 

paper is to set down some general fea­ 
tures and historical background of the 
system, the relationship of the land 
section to the submarine cable, and 
overall planning aspects of the land 
system. In this connection and in view 
of the overall importance of the inter­ 
national circuits that are involved, very 
close co-operation has been necessary 
with the Overseas Telecommunications 
Commission (Australia), who are re­ 
sponsible for the submarine cable part 
of the system. 
The land route divides conveniently 

into three sections:­ 
Sydney-Lismore, 
Lismore-Brisbane, 
Brisbane-Cairns. 

On the Sydney-Lismore and Lismore­ 
Brisbane sections, plans had already 
been developed and installation com­ 
menced on broad band systems prior to 
the agreement to proceed with the SEA­ 
COM cable. On the other hand, the 
decision to proceed immediately with 
the Brisbane-Cairns broad band system 
was directly associated with the SEA­ 
COM cable proposal. For this reason 
the detailed papers will be related in a 
large measure to this section of the 
land route. 

SEACOM CABLE SYSTEM 
In London in 1958 a meeting of repre­ 

sentatives of Commonwealth overseas 
telecommunication authorities recom­ 
mended the adoption of a proposal for 
the provision of a Commonwealth 
owned and operated round the world 
submarine telephone cable scheme. This 
scheme was subsequently agreed to in 
principle at a meeting of representatives 
at Government level held in Montreal 
later in 1958. The trans-Atlantic section 
(CANTAT) and trans-Pacific section 
(COMPAC) were implemented in 1961 
and 1963 respectively, Refs. (1) and (2), 
with the installation of an 80 circuit 
3 kc/s channel spacing, light-weight, sub­ 
merged repeater, submarine telephone 
cable. This type of cable which con­ 
sisted, except at shore ends, of an 
armourless coaxial cable with a central 
steel core for strength purposes, repre- 

*Mr. Griffiths is First Assistant Director­ 
General, Engineering Works, Headquarters. See 
Vol. 14, No. 2, Page 166 and Vol. 14, No. 4, 
Page 256. 

sented a major change from conventional 
submarine cable practice. One of its 
main advantages was that it consider­ 
ably simplified the use of a two-way 
submerged repeater installed on a single 
cable. A development of the British 
Post Office and Submarine Cables 
Limited, it has since been adopted for 
all subsequent long distance submarine 
telephone cable systems. 
In 1961 and 1962, meetings were held 

in Kuala Lumpur to discuss the exten­ 
sion of these cables from Australia to 
South East Asian countries and at the 
meeting in 1962, at which U.K., Canada, 
New Zealand, Singapore, Malaya and 
Australia were represented, agreement 
was reached on the provision of a simi­ 
lar 80 channel cable between Australia, 
Singapore and Hong Kong. This agree­ 
ment was subsequently ratified by the 
respective Governments and laying of 
cable between Singapore, North Borneo 
and Hong Kong commenced in 1964. 
It is planned that the complete system 
be cut into service between Sydney, 
Singapore and Hong Kong about mid 
1966. During 1963 and the early part 
of 1964, the 1962 planning of the cable 
was modified to provide a 160 channel 
cable between Australia and New 
Guinea. This capacity cable with asso­ 
ciated repeaters had been developed in 
the meantime and for an expenditure 
of less than an additional 20 per cent. 
in capital cost, it was practicable to 
double the traffic capacity of this sec­ 
tion of the cable and permit a through 
capacity of 80 channels to Hong Kong 
and Singapore, exclusive of New Guinea 
or similar traffic routes. This will 
involve the provision of additional cir­ 
cuit capacity between Sydney and 
Cairns at an appropriate stage in the 
development of submarine cable traffic, 
probably in the early 1970s. 
The agreement provided for the cir­ 

cuits over the section Cairns-Brisbane­ 
Sydney to be routed via a land line 
system forming part of the Australian 
national network. (See Fig. 1.) This 
decision was reached after careful con­ 
sideration of the relative costs, the suit­ 
ability of a landing for the submarine 
cable at Cairns, circuit performance and 
time factors. Detailed ocean surveys by 
the Cable & Wireless cable ship 
"Recorder" showed satisfactory sea bed 
conditions between Cairns and New 
Guinea. 

SPECIF1CATION OF 
REQUIREMENTS 

The 1962 SEACOM agreement laid 
down certain technical requirements to 
be met by the land line system in the 
extension of the 3 kc/s channels from 
Cairns to Sydney. These were aimed 
primarily at maintaining the rigid per­ 
formance limits established for the sub­ 
marine cable itself. The main require­ 
ments are:- 

(1) A performance involving outage time 
not in excess of 0.1 % over a four­ 
week period. 

(2) No-break power supply to be pro­ 
vided at all terminals and repeaters. 

(3) Automatic standby with preference 
for the SEACOM channels and the 
break in transmission during change 
over to be less than 2 milliseconds. 

(4) No spurious tones affecting any 3 
kc/s channel to be in excess of -60 
dbmo. (Subsequently changed to -66 
dbmo.) 

(5) Mean psophometric noise during any 
hour averaged over all channels not 
to exceed:- 
Lismorc-Brisbane-Caims (1785 km), 

1 pw/km. 
Sydney-Lismore (668 km), 3 pw/km. 

(6) Design objectives for noise with 
reference to telegraphy transmission 
to be in accordance with the appro­ 
priate C.C.I.T.T. recommendations 
(G.442, Pages 180-181, Vol. 3 of 
C.C.I.T.T. Red Book). 

fflE LAND SYSTEM 
The overland portion of the route 

between Sydney and Cairns will be pro­ 
vided by Departmental broad band com­ 
munication links which, in addition to 
providing for the SEACOM international 
traffic will also carry domestic telegraph 
and telephone traffic, as well as making 
provision for television programme 
relays. The total route distance involved 
is 1,535 miles along the north eastern 
coast of Australia and the link will con­ 
sist basically of the following compon­ 
ents connected in tandem:- 
(a) A broad band radio system between 

Sydney and Lismore. 
(b) Coaxial cable system between Lis­ 

more and Brisbane. 
(c) A broad band radio system between 

Brisbane and Cairns. 
The geographical locations of the 

main stations involved and the overall 
system arrangements are shown in 
Fig. 2. 
The provision of 3 kc/s spaced chan­ 

nels on the SEACOM supergroup in 
lieu of standard 4 kc/s spaced channels 
necessitates the use of special measures 
to avoid interference in the speech 
bands. With 3 kc/s spaced channels, 
any spurious signals resulting from 
group carrier leak or harmonics of the 
group carriers may well cause interfer­ 
ence in a speech band; however, when 
4 kc/s channel spacing is employed 
these spurious signals fall in innocuous 
positions in the frequency spectrum and 
are therefore of no consequence. 
In order to control this source of 

spurious interference with the 3 kc/s 
spaced channels on the SEACOM super­ 
groups, through supergroup filters will 
be employed on certain other super­ 
groups to reduce the group carrier leak 
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and group carrier harmonics to an 
acceptable level to permit the specified 
-66 dbmo limit on spurious signals to 
be met. 

TRAFFIC CONSIDERATIONS 
As mentioned earlier, broad band 

systems were already being installed 
between Sydney and Brisbane based on 
16 supergroup 960 channel operation 
and the requirement of two supergroups 
for SEACOM has no important effect 
on overall planning. Television relay 
needs, together with longer term plan­ 
ning, envisages the completion of a 
broad band radio bearer link from Lis­ 
more to Brisbane. At the same time, 
extension of the coaxial cable between 
Lismore and Sydney is planned to cater 

Fig. 1.-SEACOM Submarine Telephone Cable System. 

for intermediate development. In due 
course this planning will provide two 
main types of broad band system 
Sydney-Brisbane and thus improve over­ 
all circuit reliability. 

Between Brisbane and Cairns domes­ 
tic development of telephone and tele­ 
graph traffic pointed to the need for 
replacement of the existing open wire 
pole route carrying 3 and 12 circuit 
systems with a broad band system. 1960 
planning contemplated a progressive 
extension of such a system north from 
Brisbane over a period of years con­ 
sistent with saturation of the various 
main sections of the open wire route. 
However, the inclusion of Mary­ 

borough, Mackay and Cairns in Phase 
4 of the extension of television service 

to country areas, together with Rock­ 
hampton and Townsville which were 
included in the earlier Phase 3, made 
the provision of a television relay 
channel to connect all these centres to 
the main Brisbane studio desirable. 
The SEACOM requirement therefore 

advanced the overall planning to meet 
domestic trunk development and enabled 
the establishment of the Phase 4 tele­ 
vision stations on a relay basis rather 
than from local studios. 
Domestic traffic development on this 

section is shown in Fig. 3. Fig. 3a 
shows the development based on a 1958 
traffic study which was used in the 
original design basis for the SEACOM 
radio system. In view of the stringent 
noise requirements for the SEACOM 

--- --- 
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circuits the system design was arranged 
to restrict loading on the bearer carry­ 
ing these circuits and the specification 
called for a capacity of 600 circuits 
between Brisbane and Maryborough with 
300 circuits in the Maryborough to 
Cairns section. This capacity catered 
for the 20 year requirements for domes­ 
tic circuits as then envisaged and simpli­ 
fied meeting the low noise specification. 
However, the increased traffic which has 
led to the proposal to expand the capa­ 
city of the submarine cable system has 
also occurred on the domestic trunk 
system and a recent review of this 
traffic has indicated a considerably 
higher requirement. The new develop­ 
ment prediction is shown in Fig. 3b. 
This indicates the need for a second 
telephone bearer as far as Rockhampton 
by about 1970 depending upon whether 
the channel noise characteristics achieved 
in practice will allow the 600 and 300 
channel capacities to be exceeded. 

SYDNEY-LISMORE RADIO SYSTEM 
Between Sydney and Lismore, a route 

distance of 415 miles, a broad band 
radio bearer system operating in the 
4000 Mc/s band and with a capacity of 
960 telephone channels has been in­ 
stalled, complete with standby or pro­ 
tection channel facilities. The Sydney 
terminal is at the Redfern radio tele­ 
phone terminal station and the northern 
terminal is at Goonellabah on the out­ 
skirts of Lismore. There are twelve 
intermediate repeater stations, of which 
one, at Port Macquarie, is a demodu­ 
lating station and will be attended. The 
remainder are unattended and located 
at convenient mountain top sites spaced 
at about 30 mile intervals. 
The radio bearer equipment is manu­ 

factured by Standard Telephones & 
Cables Ltd., London, and has a capa­ 
city of 960 telephone channels over the 
frequency band 60-4028 kc/s. The radio 
equipment is normal valve type equip­ 
ment of high reliability and is equipped 
with full supervisory and control facili­ 
ties which enable the telemetering of 
circuit performance and fault data from 
any repeater back to the terminal, so 
that the appropriate action can be 
speedily taken. The state of the auto­ 
matic controls and the nature of failure 
are displayed on a panel at the terminal 
station from information available on 
the telemetering equipment. In addi­ 
tion, certain remote control facilities 
are provided so that, for instance, the 
emergency diesel engine supplying power 
at a repeater station can be started from 
the terminal. 
The aerial system used on this route 

is a ten feet diameter parabolic reflector 
which is supplied with the microwave 
energy from the radio equipment by a 
horn feed assembly located at the focal 
point of the paraboloid, the connection 
between the aerial and the transmission 
equipment being made by rectangular 
wave guides. The aerial systems are 
mounted on towers, the heights of which 
are dependent on the nature of the ter­ 
rain between adjacent stations. A single 
parabolic reflector aerial can carry both 
the transmitted and received signals on 
one leg of the path, the two signals 
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Fig. 2.-Geographical Layout Sydney-Cairns. 

being separated by means of wave guide 
directional filters. 
The radio equipment provides a broad 

band main line both-way radio bearer 
and operates in the frequency band 
3600-4200 Mc/s per second with indivi­ 
dual stations allocated frequencies in 
accordance with the plan for the Aus­ 
tralian network. The bearer provides 
facilities for up to 960 telephone cir­ 
cuits each with a bandwidth of 300- 
3400 c/s and meeting C.C.I.T.T./C.C.I.R. 
recommendations for long distance cir­ 
cuits. 
At the Goonellabah radio terminal, 

the base band output of the radio sys­ 
tem is fed over a short coaxial tail to 
Lismore long line equipment station for 
transfer to the Lismore-Brisbane coaxial 
cable. 
The basic design of this system had 

been set before the 1962 submarine 

cable negotiations and the noise limits 
were not as stringent as those applying 
to the submarine cable. It was designed 
to the C.C.I.T.T. specification for 
national circuits. Overall noise and 
intermodulation distortion measurements 
have been made between Sydney and 
Brisbane in both directions of trans­ 
mission and the total weighted signal to 
noise ratio measured at the line fre­ 
quency of SEACOM supergroup 4 
(1002 kc/s) conforms with the C.C.I.T.T. 
requirement of 3 pw/km. and the speci­ 
fied limit for Sydney-Lismore referred to 
earlier in this paper. 

LISMORE-BRISBANE SECTION 
A four-tube 0.375" standard coaxial 

cable exists on this section (141 miles). 
Repeaters are at slightly less than six­ 
mile spacing and the equipment pro­ 
vides a 6 Mc/s channel on one pair of 
tubes, the second pair being available 



February, 1965 THE TELECOMMUNICATION JOURNAL OF AUSTRALIA Page 5 

• 1985 TOTAL REQUIREMENT 

l:,. 1970. TOTAL REQUIREMENT 

600 

500 

~ 
5 u 400 "' u 
0 
"' "' 300 "' L 
:J z 

200 

100 

IIIIIl SEACOM 80 3 Kc/s circuits 
. (equivalent to 60 4 Kc/s circuits) 

0 EXISTING CIRCUITS AT 1960 

0 &I ;KIUlill·~ ; R m HIO 
~ ?0 :< -'- '<, p ..,.z ...., :< z .::,41 ,._o S±" ~ ~ ,?~ 1 () er .;:,Z p<>:- 

~ OQ .:,T .s oz f!' < "" <>:-J () ,._o 'll- 
.;:,Z'll- ~ 

3a. Based on 1958 Traffic Study. 

u, 
0 

"' LU 

"' L 
:J z 

300 

• 1985 TOTAL REQUIREMENT 

A 1972 TOTAL REQUIREMENT 

* 

Fig. 3.-Brisbane-Cairns RoutE!-'-Trunk Circuit Requirements Between Major Centres. 

3b. Based on 1964 Traffic Study. 

for standby purposes. The bearer pro­ 
vides facilities for 960 telephone cir­ 
cuits each with a bandwidth of 300- 
3400 c/s and meeting C.C.I.T.T./C.C.I.R. 
recommendations for long distance cir­ 
cuits. 
There are 25 intermediate repeater 

stations of which two are main partially 
attended stations, three are minor par­ 
tially attended stations and 20 are un­ 
attended dependent stations. The un­ 
attended stations are placed at approxi­ 
mately six-mile intervals between par­ 
tiaJly attended stations and are fed with 
A.C. power (50 c/s) from the minor 
partially attended stations over the 
centre conductors of the coaxial cable. 
The equipment is manufactured by 

Standard Telephones & Cables Ltd., 
England, and the line system has a 
capacity for 1260 telephone channels 
with C.C.I.T.T. frequency spacing in 
the frequency band 60-5564 kc/s but is 
equipped with translating equipment for 
960 channel operation only over the 
frequency band 60-4028 kc/s. In the 
frequency structure 60-4028 kc/s SEA­ 
COM traffic occupies the position of 
supergroup 4 (812-1062 kc/s). 
No-break power standby facilities are 

provided at main power feed stations 
on the same basis as in the broad band 
radio bearer Sydney-Lismore. 

BRISBANE-CAffiNS SECTION 
This is the longest section of the 

route, being 964 miles from Brisbane to 

200 

0 

Cairns. It is the largest single micro­ 
wave communication project to be 
undertaken by the Department and when 
completed early in 1966, will provide 
a broad band route to cater for the 
SEACOM traffic and to satisfy the 
immediate and future trunk and tele­ 
vision relay requirements of towns and 
cities along the east coast of Queens­ 
land. The Brisbane-Cairns microwave 
radio project will provide a telephony 
bearer with standby facilities between 
Brisbane and Cairns to supply SEA­ 
COM requirements and wayside traffic, 
with provision for expanding the capa­ 
city of the route to provide for future 
expansion of trunk facilities. In addi­ 
tion, a television relay channel from 
Brisbane to Cairns provides programme 
to existing and proposed National Tele­ 
vision Service stations at Maryborough, 
Rockhampton, Mackay, Townsville and 
Cairns. There are 30 intermediate 
repeaters, of which four will be demodu­ 
lating stations which will be attended, 
the remainder being completely un­ 
attended. The radio equipment is oper­ 
ated from a 48 volt battery supply so 
that no-break performance is obtained. 
The battery is floated from a mains 
rectifier with an emergency diesel engine 
alternator automatically operated in the 
event of the main supply failure. The 
system provides a 6 Mc/s television 
relay channel (625 lines) throughout 
from Brisbane to Cairns, a telephone 
bearer providing a maximum of 600 

channels Brisbane-Maryborough and 300 
channels Maryborough-Cairns within 
the 1 pw/km limit, and a standby 
channel. 
The standby bearer is available also 

for protection of the television bearer 
channel under fault conditions, and 
arrangements have been made so that 
the telephony bearer has priority of 
access over television to the protection 
bearer at all times. As the television 
bearer is provided in the north bound 
direction only, in the south bound direc­ 
tion the protection channel serves the 
telephony bearer only. Because of the 
nature and importance of the route and 
its role in international communications, 
it was necessary to pay particular atten­ 
tion to reliability aspects, and in order 
to improve the reliability and reduce 
circuit outages at all times, an unusual 
arrangement of radio channels was 
devised. Under normal conditions the 
protection bearers will carry traffic in 
parallel with the respective telephony 
bearers, so that protection bearer switch­ 
ing occurs only if required by failure 
of the television bearer in the north 
bound direction. 
The radio equipment will be fully 

transistorised, with the exception of the 
travelling wave output tube in the trans­ 
mitters, and it is expected that the reli­ 
ability of such equipment will be 
markedly superior to the more conven­ 
tional valve type equipment. In addi­ 
tion to the increased reliability afforded 
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by this equipment there has been a 
number of other advantages. The equip­ 
ment is smaller in size and hence has 
reduced the size of building required, 
although there have been later factors 
which have tended to complicate build­ 
ing design. In addition, the power 
requirements are very much less than 
for conventional equipment and enable 
the equipment to run from batteries so 
providing economical no-break opera­ 
tion. The smaller power plant required 
results in a further reduction in build­ 
ing area. 
The route is long and subject to 

weather hazards from cyclones, etc. To 
enable early restoration of service in 
the event of a catastrophic occurrence 
at a repeater or terminal station, a set 
of transportable radio and power equip­ 
ment, and portable massts are being 
purchased. The radio and power equip­ 
ment will be mounted in a trailer unit 
capable of easy transport from one area 
to another as quickly as possible. 
This section of the route will be com­ 

pleted in a total period of about four 
and one-half years from August 1961 
when the preliminary planning was 
commenced until the commissioning of 
the radio channels for SEACOM traffic 
in the first half of 1966. This has been 
possible only by the closest team work 
and co-operation on a very wide scale, 
not only within various sections of the 
Department, but also between various 
Commonwealth Government Depart­ 
ments and equipment contractors and 
suppliers. The majority of the route is 
through sparsely populated areas which 
have not been previously surveyed from 
a radio viewpoint and this very big task 
has been carried out by Departmental 
personnel. The acquisition of sites and 
road surveys have been undertaken by 
the Department of the Interior, whilst 
the road and building construction works 
have been arranged by the Department 
of Works. The radio equipment, aerial 
structures and power plant are being 
supplied and installed under contract by 
Standard Telephones & Cables Pty. Ltd., 
Sydney, with sub-contracts to Australian 
and overseas suppliers. 

SYSTEM SECURITY 
Special consideration has been given 

to achieving maximum security of ser­ 
vice for SEACOM traffic throughout 
the Sydney to Cairns link and with the 
precautions to be taken it is expected 
that the specified maximum system 

outage time of 0.1 % over a four-week 
period will not be exceeded. The fol­ 
lowing are some of the design features 
associated with the planning to secure 
this high degree of reliability. 

Radio System 
Special attention has been paid to 

reliability in the design and layout of 
the radio repeaters and terminal stations, 
and associated equipment; vital cable 
links are maintained under gas pressure. 
Duplicate bearers having base band and 
I.F. switching with frequency and space 
diversity are used. Furthermore, the 
adoption of a transistorised system 
between Brisbane and Cairns with its 
reduced power consumption and other 
advantages is an important factor. 
Although a number of repeaters are 
established in isolated locations, good 
access roads will be available to facili­ 
tate maintenance. 

Coaxial Cable 
Protective measures taken during cable 

installation include burying the armoured 
cable to a depth of four feet, special 
cable protection in manholes and route 
selection to avoid natural hazards such 
as areas prone to flood damage or light­ 
ning. A gas pressure alarm system is 
applied to the cable. The use of cable 
markers and regular patrols throughout 
the cable route will minimise damage 
due to constructional works. A spare 
pair of coaxial tubes is provided. 

Coaxial Cable Line Equipment 
All active elements in the line system 

such as amplifiers, oscillators, etc., are 
provided in duplicate with continuous 
monitoring and automatic changeover 
facilities to ensure immediate replace­ 
ment of the working element by the 
standby element in the event of failure. 
The switching break involved is 2 milli­ 
seconds. Where remote power feeding 
of unattended station equipment is 
employed, facilities are provided to 
effect automatic change over to a regu­ 
lated local AC. mains power supply in 
the event of failure of the power feed­ 
ing equipment. Amplifiers in frequency 
translating equipment are provided either 
with duplicated parallel connected 
valves, or are transistorised. All carrier 
supply equipment is duplicated with 
monitoring and automatic change over 
fa cili ties. 

Power Plant 
Commercial A.C. mains supply is 

available at each terminal and repeater 

station and two main types of power 
plant installation are used throughout 
the link for standby purposes. System 
equipment installed at stations between 
Sydney and Brisbane requires no-break 
A.C. power, while system equipment 
between Brisbane and Cairns is transis­ 
torised and requires D.C. no-break 
power. 
(i) At stations where no-break A.C. 

power is required power plant is 
installed comprising:- 
(a) all-electric A.C. no-break set and 

associated 63 or 60 cell reserve 
battery. 

(b) standby diesel alternator set. 
(ii) At stations where no-break D.C. 

power is required, the power plant 
installed comprises:- 
(a) main rectifier (duplicated), 
(b) 23 cell lead-acid battery (dupli­ 

cated), 
(c) normally stationary diesel alter­ 

nator set. 
Commercial A.C. mains are deemed 

to have failed when the voltage between 
any phase and neutral falls below 83% 
of the nominal value and rises above 
110% of the nominal value. When this 
occurs, the normally stationary diesel 
alternator starts automatically and 
replaces the mains as the primary power 
source. 

CONCLUSION 

The land section Sydney-Brisbane­ 
Cairns, apart from forming a major 
backbone link in the national network, 
provides an important section of the 
rapidly expanding international com­ 
plex of communication circuits in long 
distance submarine cables. It brings 
new responsibilities to design, construc­ 
tion and maintenance staffs of the Aus­ 
tralian Post Office. How some of the 
problems involved are being met will 
be described in detail in the later papers 
to be published in this Journal. 
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EXPANSION OF TRANSMITTING STATION FACILITIES 
FOR THE NATIONAL TELEVISION SERVICE 

E. J. WILKINSON, M.I.R.E.E.(Aust.), A.M.I.E.Aust.,* and J. D. ROBERTSON, B.Sc.Hons.(Edin.), A.M.I.E.Aust.''* 

Editorial Note: This article is reprinted from the Journal of the Institution of Engineers, Australia, Vol. 36, No. 10-11, 
Oct.-Nov., 1964, with the kind permission of the Institution. 

to the establishment of these stations, 
the areas to be served, the programme 
standards to be observed, etc., to be 
considered and reported upon by a 
Royal Commission. 
This Commission was set up in 1953 

under the Chairmanship of Professor G. 
W. Paton, Vice Chancellor of the Mel­ 
bourne University. The report of the 
Commission was published early in 1954 
(Ref. 1) and has been used since that 
date as a guide to the programme of 
expanding Australian television services. 
In general this expansion has been in 

Summary.-In accordance with a recom­ 
mendation of the Royal Commission on Tele­ 
vision, the expansion of television services in 
Australia has been planned in clearly defined 
stages. The first and second stages resulted 
in the establishment of separate commercial and 
national services in Sydney and Melbourne 
(1956) and then in the other State capitals 
(1958, 1959). The following paper discusses 
the work undertaken by the Postmaster-General's 
Department in providing transmitting station 
facilities for the Phase 3 (thirteen stations in 
the major regional centres) and Phase 4 (twenty 
stations in the country areas) stages of the ex­ 
pansion programmes which cover the period 
from 1961 to 1966. The general features of 
the programmes are discussed and descriptions 
are given of typical Phase 3 stations installed 
during 1962 and 1963. 

INTRODUCTION 
After several previous efforts to intro­ 

duce television services into Australia 
which date back to June, 1948, the first 
regular transmissions commenced in 
Sydney and Melbourne during the latter 
part of 1956. 
The establishment of these inaugural 

services stemmed from the decision by 
the Australian Government in 1950 to 
introduce the dual system of separate 
National and Commercial television ser­ 
vices in Australia and later, in 1953, to 
allow the conditions which should apply 

4, Radio 
page 83. 
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* Mr. Wilkinson is Engineer, Class 
Section, Central Administration. See 
*'~ Mr. Robertson is Engineer, Class 
Section, N.S.W. See page 84. 
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TABLE I. 
STATION SITE AERIAL SUPPORT STRUCTURE 

Area serving Callsign Opening Location Elevation Polarisation Horizontal Type Height 
date (ft.) pattern (ft.) 

Phase 1 
Sydney, N.S.W. A.B.N. 2 1956 Gore Hill 300 Horiz. Omni Tower 500 
Melbourne, Vic. A.B.V. 2 1956 Mt. Dandenong 

I 
1980 Horiz. Omni Tower 400 

Phase 2 
Brisbane, Q'ld. A.B.Q. 2 1959 Mt. Coot-tha 870 Horiz. Omni Tower 500 
Adelaide, S.A. A.B.S. 2 1960 Mt. Lofty 2200 Horiz. Omni Tower 440 
Perth, W.A. A.B.W. 2 1960 Bickley 1130 Horiz. Omni Tower 410 
Hobart, Tas. A.B.T. 2 1960 Mt. Wellington 4100 Horiz. Omni Tower 300 

Phase 3 

Canberra, A.C.T. A.B.C. 3 1962 Black Mt. 2657 Vert. Omni Mast 511 
Bendigo, Vic. A.B.E.V. 1 1963 Mt. Alexander 2401 Vert. Dir. Mast 439 
Ballarat, Vic. A.B.R.V. 3 1963 Lookout Hill 3177 Horiz. Dir. Mast 512 
Hunter Valley, N.S.W. 

Tower 494 (Newcastle) A.B.H.N. 5 1963 Great Sugarloaf 1220 Horiz. Omni 
North East, Tas. 

(Launceston) A.B.N.T. 3 1963 Mt. Barrow 4507 Horiz. Dir. Tower 273 
Latrobe Valley, Vic. 

(Traralgon) A.B.L.V. 4 1963 Mt. Tassie 2435 Horiz. Dir. Tower 335 
Illawarra, N.S.W. I (Woilongong) A.B.W.N.5A 1963 Knights Hill 2549 Horiz. Dir. Tower 451 
Darling Downs, Q'ld. 

Tower 515 (Toowoomba) A.B.D.Q. 3 1963 Mt. MowbuIIan 3485 Horiz. Dir. 
Goulburn Valley, Vic. 

(Shepparton) A.B.G.V. 3 1963 Mt. Major 1214 Vert. Dir. Mast 496 
Rockhampton, Q'ld. A.B.R.Q. 3 1963 Mt. Hopeful 2004 Horiz. Omni Tower 500 
Central Tablelands, N.S.W. 

(Orange) A.B.C.N. 1 1964 Mt. Canobolas 4503 Vert. Omni Tower 546 
Richmond-Tweed, N.S.W. I (Lismore) A.B.R.N. 6 1964 Mt. Nardi 2681 Horiz. Omni Tower 419 
Townsville, Q'ld. A.B.T.Q. 3 1%4 Mt. Stuart 1900 Horiz. Omni Tower 500 

Phase 4 
Upper Murray, Vic. 

Mast (Albury) A.B.A.Y. 1 1964 Baranduda 2400 Horiz. Dir. 500 
S.W. Slopes and E. Riverina, 

Mast N .S.W. (Wagga-Cootamundra) A.B.M.N. 0 1965 Mt. Ulandra 2490 Horiz. Omni 550 
Spencer Gulf North, S.A. 

(Port Pirie) A.B.N.S. 1 1965 The Bluff 2390 Vert. Omni Tower 550 
Bunbury, W.A. A.B.S.W. 5 1965 Mt. Lennard 1120 Horiz. Omni Mast 550 
Swan Hill, Vic. A.B.S.V. 2 1965 Goschen 200 Vert. Omni Mast 550 
Grafton/Kempsey, N.S.W. A.B.D.N. 2 1965 Mt.Moombil 3420 Horiz. Dir. Mast 400 
Wide Bay, Q'ld. 

I (Maryborough) A.B.M.Q. 6 1965 Mt. Goonaneman 2180 Vert. Dir. Tower 500 
Mildura, Vic. A.B.M.V. 4 1965 Yatpool 260 Horiz. Dir. Mast 550 
Upper Namoi, N.S.W. 

(Tamworth) A.B.U.N. 7 1965 Mt. Dowe 4810 Horiz. Dir. Mast 550 
Mt. Gambier, S.A. A.B.G.S. 1 1965 Mt. Burr 800 Horiz. Omni Mast 500 

I Central Agricultural Area, I 
W.A. (Northam) A.B.C.W. 4 1965 Mawson 1237 Horiz. Omni Mast 600 

Manning River, N.S.W. 
(Taree) 

I 
A.B.T.N. 1 1965 Middle Brother 1830 Vert. Dir. Tower 500 

Murrumbidgee Irrigation 
Area, N.S.W. A.B.G.N. 7 1966 Mt. Bingar 1400 Horiz. Omni Mast 500 

Broken Hill, N.S.W. A.B.L.N. 2 1965 Rocky Hill 1140 Vert. Omni Mast 100 
Southern Downs, Q'ld. 

(Warwick) A.B.S.Q. 1 1966 Passchendaele Ridge 3220 Horiz. Dir. Mast 500 
Southern Agricultural Area, i W.A. (Albany) A.B.A.W. 2 1966 Mt. Barker 1400 Vert. Omni Tower 550 
Cooma, Bega, N.S.W. A.B.S.N. 0 1966 Brown Mt. 3800 Vert. Dir. Mast I 500 
Mackay, Q'ld. A.B.A.Q. 4 1966 Mt. Blackwood 1470 Horiz. Dir. 
Central Western Slopes, 
N.S.W. (Dubbo) 3 1966 Cenn Cruaitch 4000 Vert. Dir. Tower 500 

Cairns, Q'ld. A.B.N.Q. 9 1966 Bartle Frere 5100 Horiz. Dir. . 
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TABLE II: TELEVISION TRANSMITTING STATION ESTABLISHMENT 
COSTS-PHASES 3 AND 4. 

Maximum Minimum 

Access roads 
Power line 
Site and site works 
Building and building services 
Television external plant 
Television internal plant 

£230,000 
£50,000 
£12,000 
£120,000 
£100,000 
£130,000 

£1,000 
£200 

£50,000 
£30,000 
£90,000 

Estimated total cost Phase 3 
Estimated total cost Phase 4 

£3,500,000 
£5,900,000 

£9,400,000 

order of population density, commencing 
with the larger capital cities, Sydney and 
Melbourne, followed by the remaining 
ca17ital cities in order of population, 
Bnsbane, Adelaide, Perth, Hobart, then 
Canberra, and the twelve major regional 
centres of the Commonwealth. Further 
expansion to twenty additional regional 
and country areas is now proceeding. 
Location and major technical features 

of the services so far provided or in 
the course of provision throughout the 
Commonwealth are set out in Table I 
and further illustrated in Fig. I. 

ADMINISTRATION 
The overall control of planning, 

technical and programme standards, and 
licensing of Australian television stations 
is vested in the Australian Broadcasting 
Control Board. 
The establishment and operation of 

the National Television Service, apart 
from the planning and control aspects 
handled by the A.B.C.B., are the respon­ 
sibility of: 
(a) The Australian Broadcasting Com­ 

mission as far as the establishment 
and operation of studios and the pro­ 
duction of programmes are con­ 
cerned. 

(b) The Postmaster-General's Depart­ 
ment as far as the establishment and 
operation of both transmitting station 
facilities and programme circuits be­ 
tween the A.B.C. studios and the 
transmitting stations are concerned. 
The Postmaster-General's Department 

has also the responsibility for providing 
programme relay facilities for Commer­ 
cial station operators, with the exception 

of the studio-to-transmitter links, which 
are usually provided by the Commercial 
station. 
The establishment of the transmitting 

station facilities for the National Tele­ 
vision Service, although co-ordinated by 
the P.M.G.'s Department, involves in 
addition to the A.B.C.B. and A.B.C. the 
active participation of the Department 
of the Treasury in relation to financial 
aspects, the Department of Works in the 
provision of buildings, roads and power 
supplies, and the Department of the 
Interior for the survey and acquisition of 
sites, access roads etc. 

PROGRAMMING 
Table I sets out details of the various 

National television stations provided or 
to be established during the successive 
stages of their establishment. 
Details of the major establishment 

costs for the stations are shown in 
Table II. 
Table III sets out the countries of 

origin of the main items of equipment 
ordered to date. In the case of thirten 
Phase 3 stations, equipment has been 
obtained from some fifteen contractors 
in five countries which has posed con­ 
siderable problems in the integration of 
the differing types of equipment as well 
as from the inherent communication 
difficulties of language and distance. 

ROLE OF THE POSTMASTER­ 
GENERAL'S DEPARTMENT 

As stated earlier, the P.M.G.'s De­ 
partment is responsible for the estab­ 
lishment of transmitting station facilities 
for the National Television Service. 

TABLE III 

Country Australia Britain Western Japan Italy U.S.A. 
Item, Germany 

Transmitters X X X - 

Aerial systems X X X X X 
Masts and towers X 
Diesel alternator sets X X 
High power coaxial cable X 
Programme control and test 

I equipment X X X X X 

In more detail, this responsibility in­ 
volves the following engineering func­ 
tions:- 
(i) Estimation of likely expenditure 

and preparation of draft pro­ 
grammes both for the efficient 
establishment of individual stations 
and for the co-ordinated completion 
of the various groups of stations 
which are to be provided. 

(ii) General site selection investigations, 
including propagation measurements 
in collaboration with the Australian 
Broadcasting Control Board, to 
locate preferred areas for the estab­ 
lishment of stations. 

(iii) More detailed investigation of par­ 
ticular sites for stations in associa­ 
tion with Local Government bodies, 
the Department of the Interior and 
the Department of Works. 

(iv) In association with appropriate 
Commonwealth and State Depart­ 
ments, planning and co-ordination of 
road works, site works, power and 
water supplies, buildings and build­ 
ing services. 

(v) Preparation of specifications and or­ 
dering of equipment for transmitting 
stations, e.g., television transmitting 
equipment, vision and sound pro­ 
gramme input and control equip­ 
ment, monitoring and testing equip­ 
ment, aerial systems and high-power 
radio frequency feeder cables, aerial 
support towers or masts, and emer­ 
gency power supply diesel alternator 
equipment. 

(vi) Installation of equipment listed in 
(v) using Departmental staffs and/or 
private contractors. 

(vii) Training of transmitting station 
operating staff and direction of 
future operations and maintenance 
of transmitting stations. 

The programme relay systems (by 
coaxial cable and microwave radio) are 
also planned, established and operated 
by the P.M.G.'s Department, but this 
latter work is not covered in the present 
paper. 

SELECTION OF STATION SITES 
AND LAYOUT OF EXTERNAL 

PLANT AND BUILDINGS 
Site Selection 

In 1955 the Australian Broadcasting 
Control Board (Ref. 2) published a 
frequency assignment plan for Australia 
and gave general principles of coverage 
of the population with two or more 
television services in each locality. 
The provision of the Phase 1 and 

Phase 2 National and Commercial 
stations in the ea pita! cities proceeded 
on the basis of this plan. By 1959, 
when the Australian Broadcasting Con­ 
trol Board invited applications for com­ 
mercial licences to cover the thirteen 
major provincial areas comprising Phase 
3, it had become apparent that the ten 
original VHF Channels used in the 1955 
Frequency Assignment Plan could not 
provide sufficient services to meet future 
public demand in certain key areas of 
the Commonwealth. Four services in 
the State Capital cities and two in the 
major provincial areas were the practical 
limits of the 1955 Assignment Plan. 



Page 10 THE TELECOMMUNICATION JOURNAL OF AUSTRALIA February, 1965 

Furthermore, by 1959 one of the original 
ten Channels had ceased to be available 
for television use in Australia. 
A representative Committee, under the 

Chairmanship of Professor L. G. Huxley, 
exhaustively reviewed the frequency 
allocations in the VHF spectrum. As a 
consequence it was found possible to 
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make available thirteen VHF Channels 
for television service in Australia. 
The Frequency Assignment Plan based 

on these Channels makes possible the 
ultimate development of five services in 
the State Capital cities and four in the 
provincial and country areas. 
The selection of each television site in 
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Phases 3 and 4 has been basically in 
accordance with this plan. In these 
phases, each National station is associated 
with a Commercial station on the same 
or nearby sites. 
The general location of television 

stations has so far been to a pattern to 
cover all population groups of at least 
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(d) View of tower erected at ABHN-5, Great 
Sugarloaf, Hunter Valley, N.S.W. 
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a size calculated to make Commercial 
stations viable, and to provide· a National 
programme to the maximum number of 
viewers possible, subject to frequency 
and mutual interference problems, and 
other non-technical limitations. In the 
general area of the stations determined 
by the Australian Broadcasting Control 
Board, the Department examines various 
sites for their physical and economic 
properties in relation to operating a 
television station. The following pro­ 
perties are sought in the ideal site:- 
(a) Sufficient area to accommodate a 

National station and up to three 
Commercial stations on the site, no 
two stations being separated by more 
than one mile. 

(b) Adequate V.H.F. transmission paths 
to the major centres required to be 
served, taking into account the fre- 

quency allocation of the station and 
any directional properties of the 
transmitting aerial. 

(c) Absence of possible natural reflecting 
surfaces likely to cause multiple path 
transmission. 

(d) Easy and permanent access for staff 
to a town of reasonable size. 

( e) Low costs of services to the site, i.e., 
road, power, telephone, water, etc. 

(f) Sufficient flat area to accommodate, 
where possible, one or more guyed 
masts which are more economical 
than self-supporting towers but which 
require greater site area. 

(g) Adequate path for the microwave 
radio relay system from the pro­ 
gramme originating sources. 

(h) Ground of suitable bearing quality 
for masts and buildings. 

(i) Unencumbered site. 
(j) Acceptable climatic conditions. 

Estimates and surveys are made of 
the above factors from which the reiative 
qualities of possible sites are gauged. 
From these, factors, and other considera­ 
tions, the Australian Broadcasting Con­ 
trol Board makes the final recommenda­ 
tion on the site. 

Layout of External Plant and Buildings 
on the Site 

Once the specific site area has been 
selected, the layout of buildings and 
aerial support structures for one or more 
stations is decided, requiring considera­ 
tion of several factors, the more import­ 
ant of which are concerned with these 
large masts or towers. 
The requirements for positioning the 

structures are: 
(a) If two or more masts or towers are 

used, they should be more than 250 
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ft. apart to reduce the mutual re­ 
flecting effect and separated by not 
greater than one mile. 

(b) For similar reasons, the large reflect­ 
ing surface of aerial panels on a pair 

of neighbouring structures are stag­ 
gered in height and orientated to 
minimise the effects of reflections. 

(c) Large masts or towers should be at 
least 100 ft. from buildings. This 
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(a) Floor Plan of Standard Building. 

(b) View of Building at ABHN-5. 

clearance avoids the danger of objects 
falling on the building from the top 
of the structure during erection or 
maintenance. With this provision 
the distance should then be a mini­ 
mum to reduce the cost of, and losses 
in, the feeder cables which are ap­ 
proximately £3 per foot and 0.1 db 
per 100 ft. at 100 Mc/s respectively. 

(d) Even when an array is classed as 
omnidirectional in azimuth, there 
can be differences of ± 2 db. from 
the mean horizontal radiation, and 
the structure should be orientated 
to take advantage of these unavoid­ 
able but predictable fluctuations to 
direct the signal to best advantage 
(see Figs. 2, 3). 

(e) Guyed masts, preferred because of 
their economy, require to have all 
guys, which are attached at one level 
of the masts, of equal slope and of 
equal length within ± 3 per cent. 
Self-supporting towers should be built 
on ground reasonably level in a 
square area approximately twice the 
size of the tower base. 
Transmitting buildings and ancillary 

items of the station are less exacting in 
their space requirements and therefore 
less difficult to accommodate on a re­ 
stricted site than the towers or masts. 

TRANSMITI'ER BUILDINGS 
The type of building provided to house 

the transmitting equipment is influenced 
by the time available between the initia­ 
tion of firm planning for the station and 
the required station completion date. 
The period between the establishment of 
the building requirement by the Post 
Office and its occupancy is in the order 
of two years. Up to a further year is 
required for the installation of equip­ 
ment within the building, testing and 
commissioning of this transmitting equip­ 
ment and the overall testing of the pro­ 
gramme relay system and transmitting 
plant. In these circumstances it is neces­ 
sary for all technical aspects of the 
station which will influence the building 
facilities to be known some three years 
before the station opening date if the 
optimum matching of building facilities 

(c) Interior o.f ABHN-S', Control position looking through to 
Fig. 4. transmitter hall. 
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to radio equipment requirements is to be 
achieved. 
The required three-year planning 

period has not been available during the 
Phase 3 programme nor for the early 
stations of the Phase 4 programme and, 
to enable the desired station opening 
dates to be achieved within periods as 
short as 18 months from establishment 
of the building requirement, a standard 
building design has been adopted. This 
standard building (Fig. 4) is capable of 
accommodating the largest complement 
of equipment necessary to meet any 
television channel and transmitter power 
output allocation, as well as providing 
facilities to enable the diverse cabling 
and air ducting requirements of the vari­ 
ous equipment manufacturers to be met. 
The adoption of this standard build­ 

ing has resulted in somewhat greater 
building capacity being provided at cer­ 
tain stations than would have been used 
had it been possible to plan the building 
to suit the exact equipment installation, 
but the use of standard building facili­ 
ties has introduced economies in certain 
other areas, notably in the engineering 
and architectural areas of Department 
of Works. 
In the case of the later Phase 4 

stations, for which building planning 
is presently proceeding, use is made of 
standardised facilities for non-technical 
areas and technical areas which are 
common to all stations, but other areas 
are modified from station to station to 
match the known details of the radio 
plant which will be installed. 
The building also allows for ready 

extension of the main technical areas 
in the future, should this be necessary to 
accommodate additional transmitting 
equipment. 

Certain of the new buildings to be 
provided for these later stations differ 
widely from the Phase 3 "standard" 
building as may be seen from the archi- 

tect's sketch and floor plan shown in 
Fig. 5. This building is best suited to a 
flat site and is of single storey construc­ 
tion compared with the earlier two­ 
storey building. Its adoption results 
from the greater use of Australian made 
transmitting equipment which has been 
developed for installation on a single 
slab floor with no under floor connection 
of cabling or air ducting. 
TRANSMITTING STATION PLANT 

Internal Equipment 
The equipment installed within a 

transmitting station building (Ref. 7) is 
divided into seven broad functional cate­ 
gories, the disposition of some of the 
items of which are seen in Fig. 4, as 
follows:- 
Power (Commercial and Emergency 

Supply): The mains power supply for 
the television transmitting stations is 
derived from high-tension three-phase 
commercial supplies transformed to 415 
volts 3 phase. Consumption varies with 
each station from 100 kW to 
300 K w, being greater for stations 
with lower frequency channels and 
particularly high at stations where anti­ 
icing aerial heating is employed. An 
emergency diesel alternator plant of 
rating 170 to 375 kV A at 0.8 power 
factor is installed at each station. This 
emergency power plant is suitable for 
future adaptation to automatic operation 
but, as installed, is manually started by 
the station staff if the normal mains 
supply fails or becomes unusable due to 
large voltage fluctuations or to un­ 
balance of the phase voltages. One 
thousand gallons of fuel oil storage is 
provided in a buried tank outside the 
building, feeding a 150-gallon service 
tank within the engine room. With a 
fuel consumption of from 10 to 15 gal­ 
lons per hour the oil stored is sufficient 
for one week of station operation. At 
stations located above the snow line, 

the capacity of the oil storage is in­ 
creased to 4,000 gallons which, except 
for prolonged dislocation of road access 
coupled with failure of the mains supply, 
is sufficient to ensure the continuation of 
station transmissions. 
Programme Receiving and Adjusting 
Equipment (Link Room and Control 

Area) 
Incoming Programme. - The sound 
and vision programme may be fed in 
two ways from the A.B.C. studios to the 
station, either diplexed on a microwave 
radio bearer system or by coaxial cable 
(vision) and wire pairs (sound), or by a 
combination of both systems in tandem. 
These circuits are duplicated and switch 
automatically or manually to the alter­ 
native circuit in the event of failure of 
the working circuit. The transmission 
quality is to C.C.I.R. standard (Ref. 6). 
In one case (Mt. Barrow, Tasmania), 

a relay receiver is installed at the trans­ 
mitting station to supply programmes 
directly by off-air reception of the neigh­ 
bouring Hobart station. In other areas, 
this method is used, when the received 
signal field strength is better than 
0.5mV/m and not subject to undue in­ 
terference, to provide an alternative 
programme which may be utilised should 
the normal programme system be in­ 
terrupted. However, the reliability of 
the programme transmission systems is 
high and the relay receiver is only 
occasionally used for this particular pur­ 
pose. 
Stabilising Amplifier.-The incoming 

video programme is fed to a stabilising 
amplifier which functions to remove cer­ 
tain distortions from the waveform, a 
typical line of which is shown in Fig. 6. 
The functions of the stabilising amplifier 
are: 
(i) to stabilise the D.C. blanking level 

so that the output level is constant; 
by so doing, low-frequency hum and 
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Fig. 5.-Typical Single Storey Transmitter Building. 
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tilt affecting the whole waveform are 
removed; 

(ii) to regenerate the synchronising 
pulses in their correct shape; 

(iii) to control, separately, the picture, 
synchronising pulse and set-up inter­ 
vals. 

Local synchronising and blanking 
pulses from the station can be added to 
the amplifier, and there is also the fac­ 
ility for locking the incoming synchronis­ 
ing pulses in their regenerated form to a 
locally-produced video signal, say, from 
the slide scanner. The stabilising ampli­ 
fier will produce a standard waveform 
output of 1 volt peak-to-peak and blank­ 
ing level stability of .035 volts with an 
input signal in the range from +3 db. 
to -10 db. of standard and an un­ 
wanted A.C. component of 1 volt peak­ 
to-peak. 
Phase Adjusters and Filters.-The pur­ 

pose of the phase adjusters is to correct 
the overall phase characteristics of the 
transmitter and associated equipment. 
At the transmitter input one adjustable 
phase network is required to pre-equalise 
the phase changes which occur through­ 
out the transmitting system, and par­ 
ticularly in the shaping of the lower 
sideband to produce the standard ves­ 
tigial sideband requirements. The second 
network is required to produce the vari­ 
ation in phase delay for compensation 
of phase non-linearity of the average 
domestic receiver. A lowpass filter with 
a cut-off of 5.3 Mc/s is used to limit the 
video circuit bandwith and thus assist 
in reducing the out-of-band radiation of 
the transmitter. Amplifiers are provided 
to make up the losses in these filters and 
equalisers. The distortion effects of 
phase and amplitude changes and their 
measurements are discussed later. 
Local Emergency Vision and Sound 

Sources: (a) Slide Reproducer.-A slide 
reproducer, using the flying spot scan­ 
ning principle, is used as a source of 
test signals and also for emergency pro­ 
gramme purposes. The flying spot raster 
scanned on a cathode ray tube is directed 
upon and through the transparent slide 
by means of a mirror and lens. The 
light modulated by the slide is converged 
on to a photo multiplier cell with a 
transparent cathode whence the output 
is fed to a wide band amplifier where 
synchronising pulses from local genera­ 
tors are inserted. 
(b) Sound Reproduction. - Each 

station is also equipped with complete 

duplicate record reproducing equipment, 
comprehensive amplifying and control 
equipment and a microphone, for test­ 
ing and emergency programme purposes. 

Programme Switching Equipment: 
Each station is equipped with an ex­ 
tensive switching system to control the 
incoming programme signal and the 
locally generated test waveforms and 
programme signal sources. This pro­ 
gramme input equipment is shown in 
Fig. 7. Basically, there are two identi­ 
cal channels, main and reserve, in both 
the vision and sound transmitters' input 
equipment. Each channel is switchable 
to both its respective sound or vision 
transmitters in parallel. (The filter and 
equaliser amplifiers are classed as part 
of the vision transmitter and the modu­ 
lated exciter as part of the sound trans­ 
mitter for this purpose.) All sources 
of programme and test sources are fed 
to the main and reserve switching banks 
in the case of vision or to the crossbar 
switch in the case of sound, and thence 
to either the main or reserve channel. 
Various points in the input channels to 
the transmitters may be monitored and 
compared with sample points through 
and in the output of the system. The 

transmitters may be switched on in 
stages, and either or both of the dupli­ 
cated pair of transmitters selected for 
operation. 
Transmitters: The function of the 

transmitters is to generate the V.H.F. 
radio energy at the appropriate carrier 
frequencies and to modulate these car­ 
riers with the sound and vision informa­ 
tion, frequency-modulated in the former 
case and amplitude-modulated in the 
latter. There are normally four trans­ 
mitters in operation simultaneously, 
namely, a vision and sound pair dupli­ 
cated. In the event of a fault in either 
pair, it may be removed automatically 
or manually without interruption to 
service but at a reduction in power of 
6 db. By further manual switching, re­ 
moving the diplexer from circuit, the 
reduction in power may be reduced to 
3 db. Each transmitter pair is driven 
from a common R.F. exciter and has a 
phase comparator associated with its 
output circuit from which the relative 
phases of each of the pairs of trans­ 
mitters are indicated. Phasing equip­ 
ment in each of the split outputs of the 
exciter is adjusted so that each trans­ 
mitter can be correctly combined with its 
opposite number either in the station or 
in space after being radiated from separ­ 
ate ha! ves of the aerial. 
The combining and switching system, 

which is seen on the right of Fig. 7, 
permits numerous combinations of trans­ 
mitters and aerials to be selected. As 
discussed later it is desirable to com­ 
bine the outputs of both pairs of trans­ 
mitters in the station and then split the 
combined output to each of the dupli­ 
cated aerial. 
A description of an Australian trans­ 

mitter similar to those used in Phase 3 
has been given by Maycock (Ref. 7). 
Descriptions of earlier equipment are 
given by Kenna (Ref. 10). 
R.F. Exciter.-A typical exciter, such 

as is used in the AW.A. Canberra trans- 
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mitter, is illustrated in Fig. 8. It pro­ 
vides: 
(a) a crystal-controlled R.F. output of 

5 watts to drive the pair of ampli­ 
tude-modulated vision transmitters; 

(b) a frequency-modulated 5-watt R.F. 
output to drive the pair of sound 
transmitters and spaced from the 
vision frequency by a sub-multiple 
of 5.5 Mc/s. This frequency spacing 
is maintained by comparison with a 
reference crystal circuit, as seen in 
the simplified circuit. 
The two outputs (a) and (b) are fed 

to two hybrid circuits whence the divided 
outputs, capable of being individually 
phase adjusted, drive the appropriate 
pairs o.f transmitters. A close tolerance 
is required on the vision/sound carrier 
separation to cater for the inter-carrier 
sound systems in the majority of tele­ 
vision receivers. The exciter crystals are 
temperature-controlled to ensure a fre­ 
quency stability of 0.0005 per cent or 
500 c/s in 100 Mc/s. 
Vision Modulator.-The requirements 

of the vision modulator are: 
(a) to provide the video power and 

large reactive currents required in 
the modulated amplifier. This is 
frequently achieved by use of the 
high efficiency shunt-regulated 
cathode follower output circuit. Both 
high and low level modulation have 
been used in transmitters in Phase 3. 
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(b) to pre-correct the linearity of the 
vision signal from white to black 
level, to clip the white peaks at 
frequencies below 1 Mc/s and to 
stabilise the amplitude of the syn­ 
chronising pulses. The pre-correc­ 
tion is necessary to overcome the 
inverse curvature at either end of the 
valve characteristic of the modu­ 
lated stage. 

( c) to invert the signal for negative 
modulation and to clamp the D.C. 
blanking level. 

An interesting feature of the Aus­ 
tralian and the British transmitters is 
the blanking level feedback circuit 
which ensures high blanking level 
stability. From a detector in the out­ 
put of the transmitter, the composite 
video waveform is extracted with any 

variations in the blanking level. The 
synchronising pulses in this waveform 
are clipped at a constant D.C. level and 
the resultant synchronising pulses of 
varying heights are separated and used 
in a clamp circuit in the modulator to 
fix the reference blanking level at the 
commencement of each line. Blanking 
level stability is of prime importance as, 
in its absence, the picture contrast and 
general illumination will fluctuate with 
the picture information over the whole 
or parts of the picture. 
R.F. Power Stages.-The power stages 

of the transmitters amplify and, if neces­ 
sary, frequently multiply the output of 
the exciter until the final desired output 
power is achieved. Video modulation 
can be effected at an intermediate level 
in the R.F. amplifying chain or at the 
final level. 
The larger valves used in these stages 

are generally tetrodes with grounded 
grid or cathode, and their resonant cir­ 
cuits are frequently of the distributed 
resonant line type. In many cases, the 
components and circuits of the sound 
transmitter final stages are of similar 
design to the intermediate stages of the 
vision transmitter. 

Externally to the transmitters the 
vision and sound transmitter outputs 
are combined in a filterplexer and then 
further combined with the output of a 
filterplexer associated with the duplicate 
pair of transmitters. 
Filterplexer.-The filterplexer has two 

functions:- 
(a) To filter off the unwanted portions 

of the lower side band to provide 
the required vestigial side-band 
characteristics, a function which has 
already been partially achieved in 
the tuned circuits of the final trans­ 
mitter stage or stages. 

Fig. 10.-lnstalled Filterplexer Equipment at ABHN-5, 
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Fig. 11.-Air Cooling Blowers, Duets and Plenum Chambers, ABHN-5. 

(b) To combine the outputs of one vision 
and one sound transmitter in the 
transmitter hall so that only one 
coaxial feeder carries both outputs 
to one of the radiating system pair, 
directly or via the diplexer/trans­ 
former system. 
The filterplexer should have: 

(i) a reflection coefficient of less than 
3 per cent over the range from 
-5 to +5 Mc/s from the vision 
carrier; 

(ii) isolation between sound and vision 
channels greater than 40 db. and low 
losses in the working bands; 

(iii) a frequency response substantially 
constant between -0.75 and +5.0 
Mc/s and greater than 20 db. down 
between -1.25 and -5.5 Mc/s with 
reference to the vision carrier. 

A view of the ABHN-5 filterplexer 
installation is shown in Fig. 10, and con­ 
sists of two sets of four resonant cavities 
on one side of the panel, and two 
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diplexers, only one of which is partially 
visible, and an absorbing load on the 
other side of the panel. The smaller 
resonant cavities reflect only the un­ 
wanted parts of the vision side-bands to 
the absorption load and the larger cavi­ 
ties reflect the sound spectrum in the 
correct phases relationships to be com­ 
bined with the vision R.F. output, Refs. 
(7) and (8). 
Diplexer/Transformer Circuits and 

Switching Frame.--The combined vision 
and sound output from each pair of 
transmitters is normally totally combined 
in a diplexer, the output of which is 
then split in a transformer and fed to 
each half of the aerial. The purpose of 
diplexing and splitting again, instead of 
feeding each half of the aerial by one 
transmitter pair, is to avoid spurious 
amplitude modulation being produced 
by dissimilar behaviour of the instan­ 
taneous phase of the vision signal of the 
individual transmitters. This spurious 
amplitude modulation effect when the 
vision transmitters are fed separately to 
the upper and lower sections of the aerial 
varies throughout the service area and 
may be extremely severe in areas where 
the large angle vector addition of signals 
from the upper and lower halves of the 
aerial occur. As shown in Fig. 9, a 
small change (say 30°) in the phase of 
one vector when almost 180° out of 
phase with the other vector causes a 
much greater proportionate change in 
the amplitude of the resultant than when 
the two vectors are closely in phase. 
Thus, unless both aerials radiate vision 
signals which are identical in phase re­ 
lationship over the desired bandwidth, 
considerable amplitude and phase distor­ 
tion may occur in sections of the ser­ 
vice area. This problem is overcome 
by the combining and splitting process 
described. In this case, the undesired 

amplitude modulation effects caused by 
dissimilar phase relationships are con­ 
stant throughout the service area and 
may be effectively monitored and cor­ 
rected at the transmitter. The switching 
frame permits not only both transmitter 
pairs in the diplexed condition to be fed 
to both aerial stacks, but each trans­ 
mitter pair to be fed to both or either 
stack and also both transmitter pairs to 
be fed to each stack (Fig. 7). The switch­ 
ing frame also caters for the switching­ 
in of test loads to assist in testing vari­ 
ous combinations of transmitters. 
Cooling Requirements.-The adequate 

cooling of the transmitters, particularly 
in the region of the larger valves and 
rectifiers, is an important consideration. 
A view of the transmitter input air­ 
cooling equipment in the machine room 
at ABHN-5 is shown in Fig. 11. Cool­ 
ing is carried out by forced air-circula­ 
tion employing a pair of blowers and a 
closed-duct system through each sound/ 
vision pair of transmitters from an inlet 
to an outlet both situated in one external 
wall of the building. The inlets and 
outlets are provided with filters and 
situated well above ground level to 
avoid dust problems. Placing them in a 
common wall reduces any retarding 
effect to the air flow due to strong winds. 
The air flow through the transmitters is 
interlocked with the filament power 
supplies which cannot be energised 
without an adequate air flow being pre­ 
sent. After cooling the transmitter, 
there are facilities for recirculating the 
warm air through the building for gen­ 
eral building heating purposes when 
required. 
Testing and Monitoring Equipment: 

Stations are comprehensively equipped 
to carry out monitoring of picture 
quality, waveform shape and sound 
quality, at the output of the internal 
equipment and at selected points through­ 
out the chain of equipment. High 
quality receivers are also provided to 
monitor the radiated signals to detect 
any signs of degradation of quality. 
Similarly sufficient testing equipment 

is provided on the station to detect and 
assist in the rectifying of any type of 
fault. The testing of vision equipment 
is largely in the form of observing and 
recording the deformation of transients 
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or squarewaves of black to white changes 
at various cyclic periods. The so-called 
static measurements of amplitude and 
phase responses against frequency, 
although fulfilling a certain requirement, 
are not so clearly indicative of marring 
effects on the picture as the transient 
tests. Phase and amplitude changes with 
frequency can occur throughout the 
system and particularly, firstly, in the 
circuits providing the cut-off of the 
vision radio frequencies, adjacent to the 
sound radio frequencies, and, secondly, 
in the circuits producing the vestigial 
side-band characteristics required in the 
system. The quadrature distortion effect 
of the Latter and a method of its pre­ 
correction which is being studied in the 
Department is discussed in Ref. 11. 
The overall measurement of transient 

response requires careful treatment and 
the use of a receiver of suitable demodu­ 
lating characteristics at the output to the 
aerial or off-air. The receiver (Ref. 4) 
must introduce negligible distortion and 
its side-band response in the nyquist 
slope region (Fig. 12), overall amplitude 
response (Fig. 13), group delay charac­ 
teristics and of course its transient re­ 
sponses must be closely specified. 
The transient impulses and step func­ 

tions which have been fed through the 
system are displayed on a cathode ray 
oscilloscope and require to fall within 
a graticule placed over the screen, ex­ 
amples of which are shown in Figs. 14 
and 15. 
Transients used to test the equipment 

are detailed in Refs, 4 and 3 and con­ 
sist of the very fast step function of 50 
nanoseconds rise time, the 1 T or 2T 
sine squared pulses and bars, the 50 c/s 
squarewave and a very low frequency 
squarewave for observing instability in 
standard levels. Some of the limits 
adopted for the complete station equip­ 
ment, from vision distribution amplifier 
input to diplexer output, are as follows- 
Differential Gain (G factor) less than 

20 per cent. 
Asynchronous Noise, less than -50 

db. below peak power. 
Synchronous Noise, less than --45 db. 

below peak power. 
Line Bar, K Rating within 1 per cent. 
Low frequency (50 c/s), K Rating 
within 0.5 per cent. 

Frequency response within limits set 
out in Ref. (4). 

Transmitter High Frequency Response. 
(Ref. 4). 

External Plant 
Aerial Support Structures: To provide 

the required coverage from the television 
transmitting station the aerial system 

l 

Fig. 14.-Graticule for Limits of 50 c/s; 
Pulse and Bar Functions (2% K Factor), 

used to radiate its transmissions must be 
raised above the surface of the earth. 
The height of the aerial varies with the 
frequency channel in use and with the 
ground profiles between the transmitting 
station site and the surrounding areas. 
Heights between 300 ft. and 550 ft. are 
usually required. 
Because of their lower capital cost, 

guyed, uniform cross section masts are 
preferred where. sufficient flat area is 
available for the erection of such struc­ 
tures. In cases where sufficient space 
cannot be provided, self supporting 
towers are erected. 
The structures used are designed, sup­ 

plied, and erected by private contractors 
to rigid Departmental specifications, and 
the structural designs submitted are 
analysed and approved by Post Office 
engineers before fabrication is allowed 
to commence. Concrete foundations, 
construction materials and erection pro­ 
cesses are carefully supervised and tested 
throughout the process of their provision 
to ensure that the structure has the 
specified strength. Typical mast and 
tower dimensions and wind loadings are 
shown in Figs. 2 and 16 together with 
a view of the tower erected at ABHN-5, 
Great Sugarloaf. 
The siting of these structures on 

mountain tops to achieve optimum 
coverage from the station subjects them 
to severe stresses from winds, and in 
certain areas from icing. In most areas 
the structures surmount the natural 
features and are thus very prone to 
lightning strikes. In areas where the 
sparse and rocky soil conditions result 
in poor ground conductivity, the pro­ 
tection of station equipment and per­ 
sonnel becomes a difficult problem and 
special consideration has had to be given 
to this aspect of station installation (see 
Ref. 5). 
Icing Problems: In other areas (not­ 

ably Tasmania) special problems have 
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been encountered due to ice formation 
on aerial systems and structures. 
The phenomenon of serious icing on 

aerials and masts occurs generally at 
heights of between 3,000 ft. and 7,000 
ft., where prevailing winds are sufficiently 
moisture laden and the temperature is 
between 26° and 32°F. causing super­ 
cooling of the moisture droplets in the 
atmosphere. Under these conditions a 
dense clear blue glazed ice is formed, 
building up around the members of the 
mast and aerial. Unless precautions are 
taken, ice formations of up to about 25 
tons weight can fall from the aerial and 
cause considerable damage to the sup­ 
port structure and anything in proximity 
on the ground. In addition the presence 
of ice formations on the important 
radiating elements affects the radiation 
performance of the aerial, and by affect­ 
ing the impedance characteristics may 
give rise to multiple images on the re­ 
ceived pictures. The ice formations are 
also a source of extreme danger to main­ 
tenance personnel who may have to 
undertake repairs on or in the vicinity 
of the antenna system or its supporting 
structure. 
Where conditions are colder a white 

granular ice formation may build up into 
the wind on steelwork. This is not so 
dense and breaks off more easily in the 
wind or due to gravity into smaller frag­ 
ments and is therefore less dangerous 
than the glazed ice condition. 
Two solutions have been adopted to 

date in preventing the formation of 
ice on aerial systems and structures. 
These are: 
(a) At Mt. Wellington (Hobart) and Mt. 

Canobolas (Orange) where heating 
cables are fitted to the aerial system 
in such positions that the radio fre­ 
qency performance of the aerials will 
not be affected but where heating 
of the critical aerial members will 
be achieved. Costly power con­ 
sumption of from 100 kW to 150 kW 
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is required to achieve adequate de­ 
icing, but the capital cost of in­ 
stalling the heating systems is not 
great in comparison with the alterna­ 
tive method. 

(b) At Mt. Barrow (Launceston) and as 
proposed at Mt. Dowe (Tamworth) 
which involves the provision of a 
fibreglass sheath or radome to encase 
the aerial system (see Fig. 17) and 
thus prevent ice from lodging on the 
antenna. The main problem in provid­ 
ing such a radome is that it must 
be constructed of material which 
does not absorb or reflect the radio 
frequency energy radiated from the 
antenna. The field of materials is 
thus reduced to non-metals which 
have low radio frequency losses or 
reflectivities, are light and yet 
mechanically strong to resist high 
wind loadings. The material used 
must also be unaffected by operation 
at both high and very low tempera­ 
tures, have Jong life without expen­ 
sive maintenance such as painting, 
and must be easily fabricated and 
fixed at the summit of tall radio 
towers. 
After a series of full scale tests a 

special fibreglass material was chosen 
for the cylindrical outer skin of the 
Mr. Barrow radome. This material is 
sandwich constructed having an 
outer and inner membrane of fibre­ 
glass reinforced polyester and a 
central filler of foamed poly-urethane 
The total thickness of the sandwich 
is ;} in. and the completed radome 
which is constructed in the form of 
a conical roofed cylinder 80 ft. high 
by 22 ft. dia. is formed from 56 sec­ 
tions of this fibreglass sandwich. 
Although ice formation on the 

aerial system is prevented by the use 
of the radome, ice may still form on 
the outer surfaces of the radome 
until its weight overcomes the ad­ 
hesion to the fibreglass at which 
point the dislodged ice will fall. In 
the event of serious build up on the 
surface of the radome, sections of 
ice large enough to damage lower 
tower members may be dislodged. 
To minimize the danger of damage 
from such ice falls the outer surface 
of the Mt. Barrow tower is clad in 
steel sheet which deflects the ice 
from the tower members. The 
radome and steel tower sheeting also 
permit maintenance work to be car­ 
ried out on the aerial under all 
weather conditions. 
Aerial Systems: The majority of the 

aerial systems used for the National 
television stations are dipole arrays com­ 
prising numbers of basic aerial panels, 
each of which consists of two or four 
half wave length or full wave length 
dipoles mounted in front of a plane re­ 
flecting screen formed from parallel bars 
or tubes. The basic reflector panels are 
mounted on the four faces of a square 
supporting column and stacked vertically 
to increase the gain of the aerial system. 
The complete aerial system (see Fig. 2) 

is divided into two halves (or stacks) 
each of which is fed separately from the 
transmitting equipment. 

ll
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Fig. 16.-Heights and Head Loadings of Typical Aerial Support Structures. 
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As described earlier the two aerial 
sections together provide the required 
vertical concentration of power (i.e., 
aerial gain) but in the event of failure 
of either half, or of its associated high 
power feeder cable, the station trans­ 
missions may be carried by the remaining 
half under full power conditions but 
with altered vertical radiation pattern. 
The desired horizontal directivity is 

achieved by varying the horizontal plane 
physical spacing and/or azimuthal 
orientation of the panels used in the 
aerial systems and by adjusting both the 
amplitude and phase of the power fed 
to the horizontal sets of panels. Similarly 
vertical directivity (e.g., reductions of 
radiation above the horizontal, depres­ 
sion of the main lobe from the vertical, 
null fill at certain vertical angles) may 
all be achieved by varying the vertical 
plane spacing of the panels and the 
phase or power of the energy fed to the 
vertically spaced bays of the system. 
To improve the impedance character­ 

istics and reduce reflections on feeder 
cables the four panels forming a bay 
are frequently fed in phase rotation so 
that adjacent panels are electrically 90° 
apart, and form conjugate pairs as far 
as impedance irregularities are con­ 
cerned. Having used this phase rotation 
feed as an impedance matching device, 
the approximate circularity of the hori­ 
zontal pattern is then established by 
moving the panels off the centre line of 
the supporting mast. A variation to this 
technique occurs in the case of the 
channel 1 aerial on Mt. Canobolas, 
where a British aerial of 6 bays using 
24 Batwing grating radiators is employed. 
These have good broadband qualities 
and are all therefore fed in phase except 
for the slight delay in the 3 lower bays 
to obtain the necessary tilt in the beam. 
At installation each aerial panel is 

measured for frequency impedance 
characteristics prior to being hoisted 
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aloft and connected to the panel feeder 
system. The impedance of each half of 
the complete aerial is finally measured 
to ensure that the aerial is satisfactorilv 
matched to the feeder so that reflections 
and multiple images are minimized. The 
two aerial feeders are then measured 
electrically and cut to the designed 
difference in lengths to an accuracy of 
one centimetre. This close measure­ 
ment is necessary to avoid unscheduled 
tilting of the vertical pattern. Finally 
the horizontal pattern, vertical pattern, 
and horizontal "gain" of both stacks and 
each stack are measured at low power 
by utilizing a small aerial of known gain 
and directivity placed just above the 
main aerials and observing the change 
in field strength at various locations as 
power is switched from the reference 
aerial to the main aerial system. This 
technique is desirable to, minimize errors 
due to uneven terrain and reflections of 
the radiated signal from the ground. 

Coaxial Feeders: The two feeders to 
the pair of aerials consist of nomina I 
3t in. dia. coaxial lines which are pres­ 
surized with dry air to about 6 lb./sq. in. 
Three varieties have been used- 
(a) A rigid copper line which requires 

expansion joints at intervals, owing 
to the differential expansion with 
temperature between the line and the 
steel tower. This is now infrequently 
used. 

(b) A semi-flexible line with smooth ex­ 
truded aluminium outer conductor, 
helical spacer and copper inner con­ 
ductor. 

(c) A flexible line with a continuously 
seam-welded corrugated copper coated 
steel outer and corrugated copper 
inner, also provided with a helical 
dielectric spacer. 

Line (b) is normally hung from one 
point below the aerial and is onlv re­ 
strained laterally down the length of the 
mast, 
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Line (c) is normally clamped every 8 
to 10 ft. or so along its length. It has 
two advantages, firstly it has a strong 
helically corrugated tube outer which 
helps to prevent mechanical damage to 
the cable, and secondly it is easier to 
install due to its inherent flexibility. 
Feeders are specified to have an aver­ 

age characteristic impedance of 50 ± 0.5 
ohms over their working frequency 
range of 45-222 Mc/s and so that the 
maximum value of any extreme of volt­ 
age standing wave ratio is no greater 
than 1.06. This involves very close con­ 
trol over the cable construction but is 
essential to minimize the production of 
"ghosts" or multiple images. 
The Department is at present investi­ 

gating the possibilities of specifying the 
performance of high power feeders in 
terms of the magnitude of echoes pro­ 
duced with transmission through the 
cable. 

MAINTENANCE STAFF AND 
TRAINING 

The staffing of transmitter stations is 
a major factor in the extension of tele­ 
vision to country areas and is always 
closely considered when investigating 
sites and areas for new television 
stations. The present staffing of national 
stations is based on two shifts per day 
o.f two men per shift in the charge of a 
higher grade supervising technician, in­ 
volving a total of seven technicians at­ 
tached to each station. The staff for 
the stations are recruited from various 
sections of the Department, often at the 
present from broadcasting stations which 
are changing to unattended operation, 
and frequently from other organisations. 
They will thus have varying or little 
television experience. 
It has been found that the most 

efficient way to train these officers for 
their maintenance duties is to: 
(a) Select one or two of the proposed 

staff for a short intensive course of 
up to six weeks, on television funda­ 
mentals applied to the operation and 
testing of transmitters. 

(b) Use all members of the future operat­ 
ing staff for the installation of the 
equipment. During the installation 
the staff absorb the techniques and 
language of television transmission, 
supplemented by short periods of 
further instruction and demonstration 
by those who have attended the 
course or the visiting supervisory 
officers. This combining of installa­ 
tion and training does, however, in­ 
volve more supervisory effort to en­ 
sure continuity of installation tech­ 
niques between stations. 
STANDARDS AND PRACTICES 

Technical Standards 
An important advantage which was 

gained from the introduction of tele­ 
vision to Australia some time after ser­ 
vices had commenced in other countries 
was that the art had become stabilised 
and the standards which have been 
adopted are the now internationally 
accepted standards which are unlikely 
to be changed for many years. A brief 
comparison of the Australian and other 
overseas standards is shown in Fig. 18. 
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chronising pulses and the gain of the 
radiating system (relative to that of a 
single half wavelength dipole radiator). 
Thus the 100 kW station may (in the 
case of a low band, i.e. low-frequency, 
station) provide for 20-kW transmitter 
power delivered to an aerial system 
having a gain of five times. Alterna­ 
tively, a high-frequency station may 
utilise a transmitter power of 10 kW and 
an aerial system having a gain of 10. 
The steps up the range of channels from 
0 to 11 at which the transmitter power 
is reduced and the aerial gain increased 
in the same ratio is a matter of 
economics spread over the useful life 
of the whole transmission system, such 
that capital costs are balanced against 
operating costs. 

Technical Practices 
There are various regions in the 

engineering of high power television 
stations where coniiicting ideas are en­ 
encountered and in which standardiza­ 
tion and uniformity will not be reached 
until knowledge and experience grow. 
Typical regions which present scope for 
comment or for further engineering in­ 
vestigation, together with a brief review 
of present practices, are set out below:- 
Unattended Operatiom Each national 

station with programme commitments of 
approximately thirteen hours daily re­ 
quires a technical staff of seven for 
ope.rating and monitoring purposes. Not 
only does the provision of this staff 
account for about half the total cost of 
the station, averaged over its life, it 
also causes a strain on the limited highly 
skilled staff resources of the Australian 
Post Office, and is becoming harder to 
meet as the number of stations in­ 
creases, particularly as the expansion is 
towards the remote areas. The introduc­ 
tion of automatic unattended or partially 
attended operation is, therefore, seen as 
a worthwhile objective. 
In automatic operation of transmitters, 

the detection and overcoming of com­ 
plete failure of programme or carrier is 
relatively simple; however, the detection 
of degradation of the programme from 
a desired standard presents more diffi­ 
cult problems, generally requiring the 
comparison of the output signal with a 
standard undistorted reference signal. 
Unattended automatic working of 

sound broadcasting stations has been 
successfully in operation in Australia 
for some years, and devices to detect 
distortion and noise in the transmission 
by comparing the transmitted output 
with the source signal are available to 
allow switching in of standby equip­ 
ment in the event of fault conditions. 
In vision transmissions, the amplitude 
and shape of the recurring line syn­ 
chronizing pulses form an ideal point of 
comparison with a standard. There is, 
however, also available the opportunity 
of injecting test signals at the source of 
the programme during the vertical blank­ 
ing interval after the post-equalizing 
pulses and the means of accomplishing 
this continuous quality monitoring 
feature, using pulse and bar and modu­ 
lated sawtooth or stepped grey scale 
signals, is currently being investigated in 
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(a) Mechanical details. 

( b) View of erected structure. 

Fig. 17.-Aerial Radome at Mt. Barrow, Tas. 

For all stations in Phases 1 to 4 of 
the programme, with the exception of 
Broken Hill (1 kW), an effective radiated 
power of 100 kW for the vision aerial, 
averaged in the case of directional 
aerials, has been set as a standard. Each 
associated frequency-modulated sound 
transmitter, in the case of the C.C.I.R. 
system used in Australia, has a power 
output rating of one-fifth that of the 
vision transmitter. 
The power rating of V.H.F. television 

services is stated as the product of the 
mean R.F. power output of the vision 
transmitter during transmission of syn- 
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BRITISH SYSTEM AMERICAN SYSTEM AUSTRALIAN AND 
EUROPEAN SYSTEMS 

B.B.C. STANDARDS F.C.C. STANDARDS C.C.I.R. 
625-LINE STANDARDS 

Total width of 
T.V. channel 5 Mc/s 6 Mc/s 7 Mc/s 
Vision. 

Number of lines 
double interlaced 405 525 625 
Line frequency 10,125 c/s 15,750 c/s 15,625 c/s 
Frame or picture 
frequency 25 c/s 30 c/s 25 c/s 
Field frequency 50 c/s 60 c/s 50 c/s 
Modulation A.M. positive A.M. negative A.M. negative 
Black level 30% of peak carrier 75% of peak carrier 75% of peak carrier 
Transmitter Upper sideband Lower sideband Lower sideband 
characteristic suppressed suppressed suppressed 
Approx. bandwidth 3 Mc/s 4 Mc/s 5 Mc/s 
Polarisation Vertical Horizontal Not standardised, 

usually horizontal 

Aspect ratio 4:3 4:3 4:3 
Sound· 
Modulation A.M. F.M. F.M. 
Max. deviation - ± 25 kc/s ± 50 kc/s 
Pre-emphasis 
time constant - 75 u sees. 50 u sees. 
Sound carrier 3.5 Mc/s below 4.5 Mc/s above 5.5 Mc/s above 

vision carrier vision carrier vision carrier 

Fig. 18.-Comparison of Television Standards. 

the Department. By detecting variations 
from normal in these signals beyond pre­ 
determined limits, standby equipment 
can be automatically switched in and 
faulty equipment switched out. It is, of 
course, also possible, by using remote 
switching circuits, to control the opera­ 
tion of a station from a remote point, 
where monitoring of the transmission 
can be carried out automatically, or 
visually by staff with other responsibili­ 
ties. 
For successful unattended operation, 

all transmitting, fault detecting and 
switching equipment must be conserva­ 
tively rated, uncomplicated and, where 
necessary, provided in duplicate. The 
unattended station should be situated 
within reasonable distance of the town 
in which the emergency maintenance 
staff are Ii ving. 
Parallel Operation of Equipment: It 

is becoming standard practice to operate 
as much duplicate equipment as possible 
in parallel. Not only does this mean 
that there is less standby equipment lying 
idle, but, in the event of failure of an 
item of equipment, it can be removed 

from circuit with little or no interrup­ 
tion to programme. In the National 
stations, it is standard practice to operate 
in parallel, duplicate sound and vision 
transmitters and some of their ancillary 
equipment, aerial feeders and aerials. 
Careful measurement and adjustment of 
the relative phases in each of the dupli­ 
cate transmission paths is necessary to 
avoid undesirable distortions. 
Transmitter Circuitry: The transmit­ 

ters and their ancillary equipment sup­ 
plied to date from three countries are 
remarkably similar in general concept, 
the noteworthy exception being the low 
level modulation and consequent use of 
linear amplifying stages in the Japanese 
transmitters. The trend in transmitters 
is towards high level modulation, i.e., 
of the final amplifying stage, which 
readily allows the use of blanking level 
feedback circuits for the important factor 
of blanking level stability. Transmitters 
using high level modulations have also 
less problems of: 
(a) changes of linearity with modulation 

depth, and 
(b) frequency response stability 

than those employing low level modula­ 
tion. Modulator circuit problems in the 
former case, using high power modula­ 
tors, are not significant. 
Two other minor differences of tech­ 

nique in the transmitters supplied are: 
(a) The use of the F.M.Q. or frequency 

modulated quartz crystal circuit in 
the sound transmitter exciters in the 
British transmitters. This circuit pro­ 
duces the frequency deviation by 
direct frequency modulation with a 
reactance tube of a crystal oscillator. 
Only a special crystal, free of spuri­ 
ous outputs, is suitable for this type 
of circuit. The more general master 
oscillator/reactance tube circuit, the 
output of which is compared with a 
reference crystal, was discussed in 
the earlier section on transmitters. 

(b) The combining of the H.T. and 
auxiliary H.T. supplies to the vision 
and sound transmitters in the AW.A. 
transmitters, as supplied at A.B.C.3 
Canberra, and the placing of the 
H.T. transformer and complete auxili­ 
ary H.T. supply outside the trans­ 
mitter proper. Although, to some 
extent, this restricts flexibility in the 
switching of transmitters, the arrange­ 
ment allows considerable latitude in 
the layout of the transmitter and 
'savings in space. 
Reflections from Other Aerial Systems 

and Aerial Supporting Structures: As 
discussed in other sections of this paper, 
it is highly desirable, in the interests of 
simplified aerial systems at viewers' 
premises, to locate in one area all trans­ 
mitting stations serving a particular 
region. Under these conditions, it has 
been usual to have two or more 300 ft.- 
550 ft. aerial support towers or masts 
with their V.H.F. aerial systems located 
in close proximity (250 ft.-5,000 ft.) to 
one another. Energy radiated from 
the aerial systems (usually omnidirec­ 
tional) may, in these circumstances, be 
reflected from adjoining aerials or towers 
to produce, along with the direct trans­ 
mission, multi-path transmissions from 
the transmitting aerial to the viewers. 
From the geometry of the respective 
radiating systems and reflecting surfaces 
(considered in both horizontal and verti­ 
cal planes) the time difference between 
the multiple transmissions will vary 
throughout the service area to produce 
"ghost" signals which may vary from 
very closely trailing and faint ghosts of 
minimum nuisance value to widely trail­ 
ing strong ghosts which represent a 
serious marring of the transmitted pic­ 
ture. 
Observations and measurements of 

these mast reflection difficulties are still 
proceeding; however, the following em­ 
pirical rules are being observed during 
the current planning of stations where 
the obvious preventive measure of shar­ 
ing a common support structure cannot 
be achieved- 
(a) Separate structures by at least 250 ft. 
(b) Stagger the heights of aerial systems 

so that no aerial system intrudes upon 
the main lobe of radiation of an 
adjacent aerial system. 

(c) Arrange that the angle of depression 
joining the centre points of pairs of 
aerial systems is greater than the 
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maximum depression angle required 
for coverage of the area around the 
transmitting site. 

(d) Ensure that both structure and aerial 
array faces of adjacent radiating 
systems are at least 20° off parallel. 

(e) In the case of large transmitting aerial 
arrays for low channel stations ad­ 
joining high channel stations, arrange 
that the larger aerial array reflector 
screens are oriented in azimuth to 
prevent specular reflections from 
these screens falling in areas of high 
population density. 

The growing tendency to share a 
common aerial support structure for the 
mounting of both national arid com­ 
mercial aerial systems eliminates com­ 
pletely the problem of reflections from 
structures. 

Engineering of Highly Directional 
Radiation Patterns for V.H.F. Trans­ 
mitting Stations: Depending upon the 
distribution of population around the 
transmitting station, the elevation of the 
aerial-system and the location of other 
stations sharing the same operating 
channel, it is possible to optimize the 
efficiency of the service by concentrat­ 
ing radiation from the station to those 
areas requiring service, while conserving 
energy by minimizing radiation to areas 
of low population density or in direc­ 
tions of remote stations sharing the 
same frequency channel. However, the 
degree to which this may be achieved is 
restricted by practical considerations. 
The aerial designer has a relatively 

small number of degrees of freedom 
available to him in achieving particular 
radiation characteristics because of prob­ 
lems of mechanical strength of the com­ 
plete assembly, the need for economy 
and standardization in the design of the 
tall support structures, the necessity to 
provide facilities for the antenna feeder 
system and for maintenance, and also 
the limited range of power distribution 
components and of radiating elements 
available if the most economical antenna 
production is to be achieved. 
The above are important limitations. 

and lead to difficulties, in the case of 
some stations, in economically achieving 
the aims of the television service plan­ 
ners. 
Many of the current stations have 

directional radiation patterns in the hori­ 
zontal plane (see Fig. 3a, b, c), and very 
rigid control of the vertical radiation 
pattern is also aimed at for all stations 
(Fig. 3d). Of particular importance in 
this regard is the need to restrict the 
radiation of signals at low angles above 
the horizontal in the case of low fre­ 
quency channels (Channels 0, 1, 2) 
where long distance transmission of sig­ 
nals radiated at these low zenithal angles 
is sustained by sporadic E layer ioniza­ 
tion. If the radiation of these low 
"above the horizontal" signals cannot 
be controlled at the aerial system, the 
resultant co-channel interference will 
limit the degree of sharing of the low 
frequency channels. · 
A further aerial system problem arises 

in meeting the requirement to radiate a 
strong and stable signal to areas close 

in to the station which are at relatively 
steep angles of depression from the 
centre of the aerial system, particularly 
when a higher frequency channel is in 
use. 

Continuous investigation is proceed­ 
ing within the Australian Post Office on 
the difficulties of calculating and con­ 
trolling aerial radiation patterns which 
are aimed at achieving more economical 
and technically adequate aerial systems. 

A recent departure from earlier prac­ 
tice is the decision to share a single 
transmitting aerial between the national 
and commercial transmitters at certain 
Phase 4 stations where the frequency 
channels allocated make this arrange­ 
ment a practical proposition. The prob­ 
lems of reducing interference between 
the signals of the respective stations 
and of controlling the impedance and 
radiation pattern performance of the 
aerial for both channels have required 
special study. - 

SHARING OF TRANSMITTING 
STATION FACILITIES 

It is the practice in planning the tele­ 
vision services in each district to group 
all transmitters in one locality. This 
arrangement obviates the need for view­ 
ers to select an alternative aerial or to 
alter the orientation of a single multi­ 
channel aerial when changing from one 
channel to another. There is also gen­ 
erally one locality in each district which 
is predominatly suitable as a transmitting 
station site and it is logical to group all 
transmitters at this site- generally on 
top of a hill or mountain. In such cir­ 
cumstances there are obvious merits in 
sharing facilities at a particular site, be­ 
tween the stations concerned. In the 
case of the television service in Australia, 
particularly in country areas, substantial 
economies are available to all parties 
by sharing the transmitting station facili­ 
ties on the mountainous sites which are 
used. The main facilities which may be 
shared are: 

access road, power lines, transmitter 
buildings, aerial support structures, 
aerial systems where snitable frequency 
channels are allocated, emergency 
power supply equipment, radio link 
systems and operating staff. 
In the cases where sharing of these 

items between the National and Com­ 
mercial interests can be introduced, ar­ 
rangements are made for the costs of 
establishing and/or operating the shared 
facilities to be also shared between the 
two bodies. The first cases of such 
sharing involved sharing the cost of 
roads and power lines. Later, in the 
case of Ballarat in Victoria, an aerial 
supporting mast was shared between the 
National and Commercial stations fol­ 
lowed by, in the case of Mt. Hopeful, 
Rockhampton, the full sharing of the 
station facilities, including the installa­ 
tion of the Commercial station equip­ 
ment in an integrated form with the 
National station equipment thus enabling 
the joint equipment to be efficiently 
operated by the National station staff. 
In the case of the projected Phase 4 
stations, most of which are to be estab­ 
lished in the more remote areas of the 

Commonwealth, the full sharing of 
building, aerial support structures and 
operating staff in a manner similar to 
Rockhampton will be frequently adopted. 
From an engineering viewpoint the shar­ 
ing of facilities in the manner described 
has several attractions. 
Consider first the advantage of shar­ 

ing the aerial supporting tower or mast. 
Not only are costs saved by both parties 
but reflection of radiated energy from 
either aerial by the other aerial or · 
structure, as discussed earlier, is avoided 
and multiple transmission paths and re­ 
flections causing spurious images from 
this cause are eliminated from receivers. 

Secondly the installation of two sets 
of transmitting equipment within a single 
building not only introduces substantial 
capital savings in the cost of buildings, 
but also enables the equipment to be 
provided in an integrated manner such 
that the maximum use may be made of 
"common equipment" (test loads, emer­ 
gency programme facilities, testing and 
control equipment, emergency power 
supplies, etc.) which would normally be 
provided at each station. 
The final important advantage of 

building sharing is that the two stations 
may now be readily operated by one 
staff with further financial gains to both 
stations. Due to the physical hardship 
of continuous critical monitoring of the 
radiated picture and synchronizing sig­ 
nals on the kinescope display of a 
station monitor it is necessary to employ 
at least two operators at each National 
station. By arranging for the critical 
monitoring of the Commercial station 
signal to be carried out at the nearby 
Commercial studio installation, it is pos­ 
sible to utilize the two National station 
operators to monitor the National 
station signal and also to operate and 
maintain both National and Commercial 
transmitting station plant (Ref. 2). 

CONCLUSION 
The combined Phase 3 and Phase 4 

plans for .the expansion of National 
television services involve the com­ 
pletion of 33 high power transmitting 
stations within the five years 1961-1966. 
By late 1964 all thirteen of the Phase 3 
stations have been completed and the 
first of the Phase 4 stations, Albury, 
which is a "shared" station housing both 
National and Commercial transmitters, is 
also in service. Progress with the; estab­ 
lishment of the remaining stations is 
satisfactory 
The problems associated with the de­ 

tailed engineering and the management 
of this project have been overcome to 
date, notwithstanding the difficulties 
which have arisen from the diversity of 
sites, origin of equipment, and necessity 
to co-ordinate the contributions of a 
large number of Government and private 
organizations. 
During the progress of the pro­ 

grammes the major variations introduced 
have been to encourage the manufacture 
of a greater percentage of the equipment 
within Australia, to provide closer co­ 
ordination of building design and equip­ 
ment requirements, to increase the extent 
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to which the transmitting station facili­ 
ties are shared between the National 
and Commercial interests, and lastly to 
give greater consideration to the possi­ 
bility of some measure of automatic 
operation of the stations being required 
in the future. 
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TECHNICAL NEWS ITEM 
BROADCAST TIME SIGNAL 

SERVICE 

A new time signal service has been 
introduced by the Postmaster-General's 
Department. On the 21st September, 
1964, the Department began broadcast­ 
ing a continuous time signal service from 
Lyndhurst, Victoria. It uses the call 
sign VNG. 
The immediate purpose of the new 

service is to provide accurate time 
signals for the Woomera rocket range 
area and for the surveying activities of 
the Department of National Develop­ 
ment. It will also be of use for other 
surveying operations in outback areas, 
and for seismic and other measurements 
carried out by various University groups, 
State Government bodies and other ex­ 
ploration parties. The time transmitted 
is co-ordinated time, which has a second 
of fixed length in terms of vibrations of 
the caesium atomic clock. The length 
of the second in co-ordinated time is 
fixed by international agreement at the 
beginning of each year. It has an offset 
from the nominal value, the length of 

the second in the year 1,900, which is 
intended to ensure that, on the basis 
of predictions, co-ordinated time will be 
in phase with universal time at the end 
of the year. Universal time is deter­ 
mined by the actual rate of rotation of 
the earth relative to the sun, which is 
not constant. Phase adjustments of the 
co-ordinated time signals are made 
during the year, again by international 
agreement, as necessary to keep the 
signals within 100 milliseconds of UT2 
(universal time corrected for polar and 
seasonal variations of the earth). 
The time signals are radiated 24 hours 

per day, except for short breaks when 
transmitter frequency changes are made. 
They are generated at the City West 
Telephone Exchange Speaking-Clock 
installation in Melbourne by equipment 
designed and constructed in the P.M.G. 
Research Laboratories, and transmitted 
to Lyndhurst by Iandline. A continuous 
series of pips is emitted at one second 
intervals, with the minutes marked by 
elimination of the 59th pip of each 
minute. Recorded voice identification 
of the station is given during the first 

minute of each hour. The accuracy of 
the signals is controlled by the Research 
Laboratories using quartz crystal clocks 
which with those of the National 
Standards Laboratory and the Mt. 
Stromlo Observatory form the working 
standards of time interval for the Com­ 
monwealth. Errors in the radiated time 
signals are being kept to much less than 
one hundredth of a second. 
At present two transmitters, modulated 

by the same time signals, are being used. 
Frequency changes are made twice per 
day in a pattern designed to allow for 
different propagation conditions between 
day and night, thus achieving Australia­ 
wide coverage. At the present stage of 
the sunspot cycle, the signals are broad­ 
cast on frequencies of 5,425 kc/s and 
7.515 kc/s between. 10.15 p.m. and 8.00 
a.m. E. S. T. and on 7,515 kc/s and 
12,005 kc/s between 8.15 a.m. and 10.00 
p.m. 
As equipment becomes available, im­ 

provements will be made to the service 
to increase the accuracy of the time 
signals and to provide highly stabilised 
carrier frequencies for the transmissions. 
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ANALYSIS OF SUBSCRIBER TROUBLE REPORTS- C.A.R.G.O. 

INIRODUCTION 
The product which any telephone 

organisation has to sell is its services, 
and we should therefore direct our main­ 
tenance efforts to give the telephone 
users a satisfactory service at a reason­ 
able cost. Unfortunately we cannot 
inspect each call and withhold the de­ 
fective ones until they meet acceptable 
specifications. We can, however, measure 
the quality of our service on a 'sampling 
basis' and ensure that the probability 
of defective calls is small. 
There are three principal means, re­ 

ferred to as service quality indicators, 
by which we may measure our results 
and each has its proper place in any 
telephone organisation. The three ser­ 
vice quality indicators used in the Aus­ 
tralian Post Office are: Service observa­ 
tion results, Results of the Traffic Route 
Tester runs, and Analysis of subscriber 
reports; it is this last method which will 
be discussed in this article. 
A Complaints Analysis Centre (Fig. 1) 

known as C.A.R.G.O. (Complaints 
Analysis Recording Graphing Organisa­ 
tion) was established in January 1962 
at Batman Exchange, Melbourne, for the 
purpose of providing a systematic an­ 
alysis of subscriber reports thus facilitat­ 
ing the location and rectification of 
faults involving exchange switching 
equipment and at the same time, keep­ 
ing the incidence of subscriber reports 
under constant surveillance as a service 
quality indicator. 
Analysis of subscriber reports is the 

only means for promptly detecting many 
types of individual troubles and clearing 
them. 
The Metropolitan network is served by 

a number of 'Service Centres' previously 
known as 'Complaints Desks' whose 
functions are to receive reports from 
subscribers having difficulties when either 
making or receiving a call. When a re­ 
port is received at the Service Centre, 
the operator queries the subscriber to 
obtain information on the difficulties 
experienced by the subscriber. The 

,:, Mr. Zilka is Engineer Class 2, Metropolitan 
Equipment Service Section, Victoria. See 
page 83. 

M. D. ZILKO, Dip.E.E., A.M.l.E.E.* 

Fig. 1.-The Melbourne C.A.R.G.O·. Room. 

operator records this information on a 
trouble report docket (See Fig. 2) and 
tries to connect the subscriber through 
to the wanted number. 

Before May, 1963, the Metro net­ 
work was served by 13 Service Centres 
(See Fig. 3). This system proved to be 
cumbersome and somewhat inefficient, 
as the subscribers had to remember a 
number, or sets of numbers, which had 
little or no relation with the exchange 
area from which the call was made. 
Also this decentralization of Service 
Centres created problems in supervision, 
training and line of communication 
aspects. In order to improve this posi­ 
tion and to make it easier for sub­ 
scribers to report their service difficul­ 
ties, complaints desks have been cen­ 
tralised to three centres with one calling 
number, 1100, serving the whole of the 
Melbourne Metropolitan network. The 

TABLE 1: DETAILS OF MELBOURNE METROPOLITAN NETWORK 
AND SERVICE CENTRES 

Service Centres I Russell I Windsor I Hawthorn I Total 

Number of Operators I 24 I 13 I 6 

' 
43 

Number of lines I 168,776 

' 

155,352 I 62,609 I 386,737 
connected 

Number of Telephones I 278,296 I 185,733 I 71,351 I 535,380 

Number of P.T.'s I 2,564 I 1,344 I 563 I 4,471 

Number of Exchanges 136+17=53\ 30+2=32115+2=171 102 
(Staffed + Minor 
Metro.) 

Service Centre to which the subscriber 
is connected is determined by the geo­ 
graphical location from which the re­ 
port is made. The number of exchanges, 
lines connected and number of tele­ 
phones served by each of the three Ser­ 
vice Centres is shown in Table I. The 
number of reports received , has almost 
doubled since the uniform call number 
has been introduced. 

In order to expedite the reporting 
of subscriber reports to C.A.R.G.O. and 
to the exchanges, a teleprinter switching 
network has been installed so that each 
of the three Service Centres has access 
to any staffed exchange and to 
C.A.R.G.0. To initiate a call, the Ser­ 
vice Centre Operator throws her call 
key and dials the 4 figure number of 
the exchange required. 
As a number of branch exchanges 

are not staffed after hours and during 
the weekends, it has been necessary to 
install a concentrator unit at each of 
the 'After Hour' testing exchanges. The 
'After Hour' subscriber report is trans­ 
mitted to the 'After Hour' testing ex­ 
change, where a test is carried out and 
if attention is not required, the nature of 
the report and result of the test are 
transmitted to the Branch exchange for 
attention the next day. 

CLASSIFICATION OF TROUBLE 
REPORTS 

Another function of the Service 
Centres is the classification of the sub­ 
scriber reports in one of the following 
three categories:- 
Technical Assistance: Reports classi­ 

fied under this category are those 
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caused by network troubles or exchange 
equipment faults, rather than individual 
subscriber's apparatus. 
Technical Repair: Reports classified 

under this category are those which can 
be attributed to a particular subscriber 
service. 
Telephone Service Assistance: This 

category includes all reports where no 
fault condition is obvious or suspected 
in any equipment. These three classifi­ 
cations are shown on the docket (Fig. 2) 
as C. R. and A. The types of fault 
conditions for each of the above classifi­ 
cations have been described by Omond 
(1). 
Technical Assistance reports are 

passed to C.A.R.G.O. for analysis, Tech­ 
nical Repair reports are passed to the 
exchanges for attention and Telephone 
Service Assistance reports are kept at 
the Service Centres for Statistical pur­ 
poses. 
Fig. 4 shows the results of a recent 

survey conducted in the Melbourne 
Metropolitan network for a period of 
4 weeks. It will be seen that the 
Technical Assistance component is a 
small percentage of the total number of 
reports received at the three Service 
Centres. 

C.A.R.G.O. 
Statistics 

Technical Assistance reports are 
passed to C.A.R.G.O. on a 24 hour basis 

TROUBLE REPORT 
TIME I OPERATOR I DATE 

I N.S. TIMEC OM. 

No. CALLED I No. OBTAINED 

SUBS. OR 
P.T. No. 

MISS 
MRS. 
MR. 

REPORTED BY 

NATURE OF FAULT/REMARKS 

Connected j Metered I Rebated ( SEQ. 

C I BY d d I Np I WN TC I I, 2, 3 up one 1,2, 3 u p CO 

I BY IDA I WN 
CBDT 

R o o o I faulty freq, NOT 
NRR - 

A I BY _ spkg. 
DA 
0 k NSN I 

QIN C,2767-2163 C.1059/63-PL 

LEGEND: C = CARGO. 
BYDD = Busy during dialling. 
NP = No progress. 
WN = Wrong number. 
TC = Triple connection. 
CO = Cut off. 
R = Repair. 
BY = Busy, out of order. 
OOO 
DA = Doesn't answer. 
CBDT = Can't break dial tone. 
NDT = No dial tone. 
NRR = Not receiving rings. 
CNS = Coins no service. 
NSN = No such number. 
CC = Customer comment. 

Fig. 2.-Standard Trouble Report Docket. 

Tel. 337 

E 

TABLE 2: TROUBLE REPORTS REFERRED TO C.A.R.G.O. DURING 
PERIOD OF 4 WEEKS 

Busy 
During No Wrong Triple 
Dialling Progress Number Connection Cut-Off Total 

Subscriber Reports 1,310 7,731 6,389 327 1,136 16,893 

% of Total 7.7 45.7 38.0 1.9 6.7 

P.T. Reports 258 651 1,397 36 811 3,159 

% of Total 8.1 20.7 44.2 1.4 25.6 

although the centre is only staffed 
between the hours of 8 a.m. and 5 p.m. 
weekdays and 7.30 a.m. to 12 noon on 
Saturdays and Public Holidays. How­ 
ever, reports received after these hours 
are plotted and analysed the next day. 
Reports received at C.A.R.G.O. are 

plotted on a specially designed chart so 
that the whole path of the call is 
plotted. The purpose of plotting the 
reports is to show the build-up of re­ 
ports in the form of a pattern indicating 
the existence of a fault condition. (See 
Omond (1) for details of plotting tech­ 
niques.) 

On an average 4,000 reports are re­ 
ceived at Melbourne C.A.R.G.O. every 
week for analysis, from which 150 pat­ 
terns are detected. The operational 
efficiency is expressed in terms of the 
number of faults found compared with 
the number of patterns detected. This 
is of the order of, 65 per cent. The 
number of reports for the five fault 
conditions analysed by C.A.R.G.O. and 
the number of patterns and success 
figure detected on different switching 
stages are shown in Tables 2 and 3. 
It will be noted that the statistics on 
Public Telephones in Table 2 are shown 
separately and this is because experi­ 
ence has shown that a large proportion 
of P.T. reports are of a spurious nature. 
A recent survey has shown that on 

an average 20% of the total reports re­ 
ceived at C.A.R.G.O. are included in 
patterns as follows:- 

27% of no progress (N.P.) reports are 
included in patterns. 

13% of wrong number (W.N.) reports 
are included in patterns. 

7% of busy during dialling (BYdd) 
reports are included in patterns. 
Due to the small number of reported 

triple connection (T.C.) troubles very 
few patterns are detected. However, a 

new procedure is being introduced 
whereby the T.C. reports are analysed 
over a period of 12 to 16 weeks. Up 
to date the information obtained is that 
this system is detecting more patterns. 
For N.P. and W.N. reports only one 
week's information is used for analysis 
purposes. 
A survey is conducted once a year 

for a period of four weeks to determine 
the amount of time. spent by the ex­ 
changes to investigate C.A.R.G.O. pat­ 
terns. The results for the last two 
surveys are as follows:- 

13/5 /63 to 7/6/63--44 minutes spent 
per investigation. 

2/3/64 to 27/3/64-37 minutes spent 
per investigation. 
This type of survey was not conducted 

during the first year of operation as it 
was felt that a certain period of familiar­ 
isation with this new procedure would 
be required by the staff at the exchanges 
as well as by the staff at the Analysis 
Centre. 
In order to assess the efficiency of 

C.A.R.G.O. three yardsticks must be 
taken into consideration:- 
• percentage success, 
• percentage reports fitted in patterns, 
• time spent per investigation. 
The first yardstick, "percentage suc­ 

cess", serves to gauge the efficiency of 
the analysing techniques used in deter­ 
mining whether or not a pattern is to 
be referred to the exchanges for atten­ 
tion. There is no set rule that can be 
applied relating the number of reports 
that constitute a pattern. Factors such 
as time between reports, routes traversed 
by the call, number of switches that 
may have to be tested etc., have to be 
considered before deciding whether or 
not the number of reports represent a 
fault pattern. Another equally import­ 
ant use of this "percentage success" 

TABLE 3: ANALYSIS OF PATTERNS DETECTED DURING 
PERIOD OF 4 WEEKS 

Number of Number of 
Switching Stage Patterns Detected Faults Found % Success 

D.S.R. & S.S.R. 41 23 56 

Group Selector 315 207 65 

Final Selector 240 152 63 

Repeater 25 24 96 

Overall Total 660 448 67 
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Telephone "Out of Order" or Service Difficulties on 
Local Calls - 

II Your II Your II Your If Your If Your 
All-figure All-figu•e All-figure All-figure All-figure 

No. No. No. No. No. 
Com- Com- Com- Com- Com- 

mences · Dial mences Dial mences Dial me nce s Di•I mences Dial 
with Only: with Only: with Only: with Only: with Only: 

20} 34} 
50 ......... 5000 64 ... 6900 

85} 21 
.. 5000 

35 __ 3400 86 ...... 8100 65 ( Except 
36 

51 } 
654 I 6800 87 

23 _ .. . 8100 52 . 5100 654 ... 6700 
88 } 24 ......... 5100 37 ..... 3700 66 6800 89 ...... 8300 

38 .. 3400 
25 .. ·- 8100 67 6700 

90 .. 9200 39 __ ... 3700 
26 ..... _ 5100 53 ..... _ 5300 68 .. 6800 

91_ ... _5100 
41 } 69 _ ..... 6900 

27 } 
42 ... _ 4100 "} 74 ·- ...... 5000 92} 

28 ... _8100 43 56 93 _ ... 9200 

29 57 .. _ 5000 
44 ...... _ 4800 

58 80 } 
94 ..... ·- 5100 

45 _ ... _ 4100 81 __ 8100 
30 - ... - 3400 

" ) 82 46} "} 96 31_ ..... 6800 
47 ·- -· 4800 61 97 - - 9200 

32 -· ... ·- 6700 48 62 ... _ 6700 
83 } 98 

33 ·- ...... 3700 49 _ ... _ 4100 63 84 ·- -· 8300 99 

Fig. 3.-Extract from Melbourne Telephone Directory, Ma,y, 1962. 

yardstick is to be able to assess whether 
the testing equipment or testing methods 
used at the exchanges are adequate, 
especially in exchanges with a constantly 
high no fault found component. 
The second yardstick, "percentage 

reports fitted in patterns," is used to 
determine whether the adopted action 
limit has to be increased or decreased 
depending whether the percentage is 
low or high. The figure of 20% of the 
reports fitted in patterns may appear to 
be low, but it must be remembered 
that although analysis occurs on a 24 
hours' basis the centre is only staffed 
between 8 a.m. and 5 p.m. A large 
number of reports received after hours 
are not fitted into patterns, because 
testing is carried out at the exchanges 
early in the morning and thus fault con­ 
ditions are removed before being de­ 
tected by C.A.R.G.O. 
The third yardstick, "time spent per 

investigation", enables management to 
assess whether the amount of time taken 
to investigate C.A.R.G.O. patterns is 
economical or whether it would be 
cheaper to rely on conventional fault 
finding methods. 

Care must be exercised that improve­ 
ment in any of these three yardsticks is 
not achieved at the expense of the other 
two. The figures obtained up to date 
for the Melbourne network are percent­ 
age success, 65; percentage reports fitted 
in patterns, 20; and time spent per in­ 
vestigation, 37 mins. These are con­ 
sidered satisfactory. 

Parameters 
One objective of trouble report analy­ 

sis systems is the production of para­ 
meters that would reflect the perform­ 
ance of the network as well as of the 

individual exchanges, thus enabling a 
standard of satisfactory operation to be 
set down. Experience in Melbourne as 
well as in Adelaide where these tech­ 
niques were developed has demon­ 
strated that the number of trouble 
reports and the number of calls origin­ 
ated does provide an approximate 
measure of service quality. Consequently 
the following two performance evalua­ 
tion parameters have been adopted- 
• Total number of originating reports 
per 1,000 calls, 

• Total number of terminating reports 
per 1,000 calls. . 
All subscribers reports received at 

C.A.R.G.O. show the calling number, 
the called number, the type. of fault 
encountered and where applicable the 
number obtained, see Fig. 2. To derive 
the originating figure for each exchange 
all dockets are sorted into their calling 
exchange numbers and totalled for each 
exchange. The dockets are then sorted 
into their called exchange numbers and 
totalled once more giving the terminat­ 
ing figure. 

If a trouble report docket shows a 
Coburg Exchange subscriber calling a 
Preston exchange subscriber, then for 
statistical purposes the call is originated 
against Coburg exchange and terminated 
against Preston exchange. In the "WN" 
and "BYdd" categories the subscriber 
often gives sufficient information to show 
to the analyser the point of failure to the 
call. In these cases, the docket is 
adjusted so that it is terminated against 
the exchange of the point of failure and 
not the normal called exchange. 
The number of calls originated from 

each exchange is derived from the 
revenue figures obtained from the Tele­ 
phone Accounts Branch. It is realised 
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RATE/1000 
LINES/DAY 

SUBS. W.N. fREQ.0·45% 

SUBS.OTHERS 37-0% 22·85 

P.T. C.N.S. 2·6% 

3·72 

BY SPEAKING 28·6°1o 

Fig. 4.-Analysis of Trouble Reports Received 
in Melbourne Network between 

6/4/64 and 1/5/64. 

that the parameters described do not 
take into account growth and seasonal 
fluctuations in traffic, however, it is felt 
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that providing these figures are obtained 
at six-monthly intervals, the error accru­ 
ing does not materially affect the 
accuracy of the weighting basis used. 
The first parameter, "originating re­ 

ports per 1,000 calls", is used to show 
the satisfaction of the service as seen 
by the subscriber, as only one switching 
stage is used in setting up the call. 
Whilst the second parameter, "terminat­ 
ing reports per 1,000 calls", reflects the 
condition of the exchange as three or 
more switching stages are used in setting 
up the call. 
The exchange figures and network 

figures for these two parameters are 
passed to the exchanges weekly and are 
plotted on a linear graph. This allows 
the supervising technician to judge not 
only how his exchange is progressing 
from week to week but also to compare 
it against the performance of the whole 
network. Similar figures based on a 
4-week period, instead of weekly, are 
forwarded to the controlling engineer 
and are plotted on a pingraph. The 
controlling engineer is more concerned 
with trends which are constant over a 
longer period, whilst the supervising 
technician is more concerned with the 
day to day activities. 
However it must be stressed that good 

judgment and experience are needed to 
interpret these ratios. For one thing all 
subscribers do not have the same 
standard of judgment. For another, 
people become accustomed to a particu­ 
lar level of service; even poor service, 
if it continues for a long period does 
not generate a large number of com­ 
plaints. On the other hand the question 
of increased rates invariably causes a 
sudden but temporary influx of trouble 
reports. Therefore, reference to other 
indicators is usually necessary to estab­ 
lish the degree of corrective action re­ 
quired. 
Until August, 1963, these statistics 

were compiled manually, but use is now 
being made of the computer at the 
P.M.G. Research Laboratories to pro­ 
cess these figures automatically. Details 
of the method used are discussed in 
another article in this issue of the 
Journal. 

Extension of Activities 
Since January, 1964, C.A.R.G.O. 

activities have been extended to embrace 

the analysis of subscriber reports for 
outer Metropolitan areas within the 
unit fee area, and for the Geelong area, 
outside the unit fee area. Local traffic 
as well as traffic to the Metropolitan 
network are analysed at C.A.R.G.O. 
The outer Metropolitan area is served 

-by six Service Centres, of which three 
e.g. Chelsea, Ferntree Gully and Werri­ 
bee are connected to manual exchange 
areas. Reports received from these 
manual centres are analysed differently 
from those received from automatic 
exchange areas, because every unsuccess­ 
ful attempt is reported. Experience has 
shown that automatic subscribers usually 
try at least twice, if not more, 
before reporting their service difficulties. 

On an average 4,500 reports are re­ 
ceived every four weeks from which 
72 patterns are detected. The percentage 
success figure is of the order of 80. 
The total number of lines connected 

for these two areas are:- 
Outer Metropolitan 
Geelong 

21,917 
6,379 

Total 28,296 

Fawkner-2,000 lines installed. 
Newport-4,000 lines installed. 
West Essendon-3,400 lines installed. 
Clayton-1,000 lines installed. 
Burwood-1,000 lines installed 
North Melboume--1,000 lines in­ 
stalled. 
IGV stage has been installed at 

Gardenvale, Beaumaris and Sunshine ex­ 
changes. Three tandem crossbar ex­ 
changes at Windsor, Hawthorn and 
North Melbourne serve this crossbar 
network. 
Although experience with crossbar 

equipment has been limited up to date, 
it has been found that C.A.R.G.O. is able 
to pinpoint troubles relating to junction 
faults and some equipment faults. How­ 
ever, the majority of equipment faults 
are more readily detected by the main­ 
tenance aids available at the exchanges. 

CONCLUSION 
The analysis of subscriber trouble 

reports is not an end, but a means to 
an end; it helps to pinpoint trouble 
spots in the network based on the 
cumulative effect of several subscriber 
reports. This principle is not new, it 
has been practised by the exchange 
staffs for many years. However, what 
is new is that C.A.R.G.O. is not con­ 
cerned with any particular exchange 
area, group area or divisional area, but 
with the whole network. Therefore, it 
is the first time that this information has 
been concentrated at one location and 
processed and analysed in .a systematic 
manner. Another important factor is 
that this system has enabled the analyser 
to devote the whole of his time to the 
analysis o.f subscribers reports and thus 
has been able to build up a valuable 
source of knowledge and experience of 
the network. Another factor which has 
contributed substantially to the success 
of this system is the co-operation and 
assistance which has been received from 
the field staffs and personnel connected 
with Metropolitan Service activities. 
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Crossbar Exchanges 
The introduction of crossbar equip­ 

ment in the Metropolitan network has 
introduced a new set of problems to the 
analysis of subscriber reports. With step 
by step equipment, a call has only one 
route available to reach its destination, 
except for inter-access routes which are 
limited to within the group area, and 
therefore, it is easy to plot the path of 
the call and to analyse the probable 
points of failure. With crossbar having 
alternate routing facilities, plotting the 
path of the call is more complex. Also 
as crossbar is based on random selection 
it is improbable that the subscriber 
making successive calls will be connected 
to the same outlets, with the result that 
if a subscriber experiences difficulties 
on the first attempt, he is more likely to 
get through on the second attempt. 
Therefore, this would tend to reduce 
the number of subscriber trouble reports. 

Since May 1964, a limited amount of 
crossbar equipment has been introduced 
in the Metropolitan network as follows- 

Blackburn-3,000 lines installed. 
East Doncaster-2,000 lines installed. 
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COMPUTER COMPILATION OF SUMMARIES OF TECHNICAL 
ASSISTANCE REPORTS 

INTRODUCTION 
In another article in this issue of the 

Journal, Zilko (1) discusses the collection 
and classification of subscriber trouble 
reports originating in the Melbourne 
Metropolitan network. In this article, 
computer compilation of statistical in­ 
formation on the reports and the results 
of the analysis of reports in the technical 
assistance category is discussed. A com­ 
puter program has been developed for 
the CDC-160A computer at the P.M.G. 
Research Laboratories in Melbourne to 
produce weekly and four-weekly sum­ 
maries for the Service Co-ordinating 
Centre. 

In the processing scheme that has been 
adopted the reports are recorded during 
the week on paper tape using telegraph 
type paper tape reperforator punches. 
At the end of the week these tapes are 
despatched to the computing centre at 
the Research Laboratories where they 
are processed. The information that is 
received at the computing centre con­ 
sists of:- 
(a) the tapes holding the subscriber re­ 

ports, 
(b'j a list of adjustments that are to be 

made to the sorted results, and 
(c) details of the fault patterns that have 

been found at the Service Co-ordinat­ 
ing Centre during the week. The 
adjustment and pattern information 
is punched onto paper tape at the 
computer centre and all tapes are 
processed using the computer pro­ 
gram. The output from the computer 
is the sorted information punched on 
paper tape. The information on 
paper tape is then listed and returned 
to the Service Co-ordinating Centre. 
The weekly summary that is obtained 

consists of the reports sorted into origin­ 
ating and terminating sections. The 
originating section is obtained from the 
calling number in a report and the 
terminating section is obtained from the 
called number. The results of the weekly 
summary are then used at the conclusion 
of each four-weekly period to produce 
a four-weekly summary. 

One essential aspect of the processing 
scheme has been the standardisation of 
the method of recording of the sub­ 
scriber reports on paper tape for com­ 
puter processing. It is necessary to use 
a scheme which satisfies both the human 
user and the computer. The method of 
recording that is used is described in the 
first part of this article. This is followed 
by a description of a technique used on 
the computer to derive from a subscriber 
number the exchange to which a sub­ 
scriber is connected, and the methods 
used in decoding the tape holding the 
subscriber reports, sorting of information 
and preparation of summaries. 

•Mr. Hawryszkiewycz is Engineer Class 1, 
Research Laboratories. See page 84. 

I. T. HAWRYSZKIEWYCZ, B.E. (Hon.)'' 
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Fig. ! .-Collection of Trouble Reports. 

The technical assistance component 
of reports is passed to a Service Co­ 
ordinating Centre for analysis. These 
reports are transmitted by telegraph 
channels from the Service Centre to the 
Service Co-ordinating Centre. At this 
latter centre the reports are collected on 
teleprinter tape and this tape is for­ 
warded to the computer centre at the 
conclusion of each weekly period. 

As a computer requirement it was 
necessary to standardise the method of 
transmitting the reports between the 
Service Centre and the Service Co­ 
ordinating Centre because it is here that 
the subscriber report tapes are prepared 
for computer use. Further as the punch­ 
ing of teleprinter tape is carried out in 
parallel with the printing of messages for 
use by the staff of the Service Co-ordinat­ 
ing Centre it has been found necessary 
to use a scheme that is suitable for 
visual interpretation and for computer 
use. In the · method that has been 
adopted each technical assistance report 
is transmitted and recorded as one in­ 
dependent message. This message, illus­ 
trated by an example in Fig. 2, consists 
of four lines. These lines are:- 

DOCKET 

RECORDING OF REPORTS 

The system used in reporting and col­ 
lecting subscriber reports has been pre­ 
viously described (1) and is briefly sum­ 
marised here. Subscribers experiencing 
trouble in the metropolitan network can 
report this trouble to one of three ser­ 
vice centres, Fig. 1, by dialling the num­ 
ber, 1100. At the service centres the 
reports are collected and classified. The 
manner of classification has been des­ 
cribed, (I) and (2), and is based on the 
action that is to be subsequently taken 
on the reports. Three broad categories 
are used; these being the repair, non­ 
technical assistance and technical assist­ 
ance categories. Only the technical as­ 
sistance component is considered in this 
article. This component deals with 
trouble caused by exchange switching 
equipment and is composed of five report 
kinds. These are:- 

busy during dialling (BYDD) 
no progress (NP) 
wrong number (WN) 
triple connection (TC), and 
cut-off while speaking (CO) 
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CARGO 6/10 
PT 521067 WN 
REC 670411 
RV 2 

LEGEND 

9.45 a.m. 
670321 

6-Day 
10-Month 
9-Hour 

45-Minute 
PT-Public Telephone Call 
521067-Calling Number 
WN-Report Kind 
670321-Called Number 
670411-Received Number 
RV-Service Centre 
2-Teleprinter number 

Fig, 2.-A Technical Assistance Report 
Me,ssage,. 

(a) First Line or Heading Line: 
The word "C.A.R.G.O." commences 

this line and is followed by the time and 
date at which the report originated. 
(b) Second Line or Report Description 

Line 
This line shows the number of the 

calling subscriber, the number of the 
called subscriber and the kind of report. 
If the report originated from a public 
telephone this line is preceded by the 
letters PT. The letters BYDD, NP, 
WN, TC and CO represent the kind of 
report. 
(c) Third Line 
This is a second line of the report 

description. Information additional to 
the calling and called numbers is shown 
in this line. This information may be:-- 
(i) the number received if a wrong 

number condition has been reported. 
In this case the line commences 
with the letters REC and is followed 
by the received number. The letters 
NK follow REC if the received 
number is not known. 

(ii) an extension of one of the numbers 
in the second line. The line com­ 
mences with EXT followed by the 
extension number. The letters EXT 
are punched under one of the num­ 
bers in the second line. 

(iii) the stage of dialling at which busy 
tone was obtained in the BYDD 
condition. The letters BY are 
punched at the beginning of the line 
and are followed by the number of 
the digit at which busy tone was 
first observed. The letters NK fol­ 
low BY if this is not known. 

(d) Fourth Line or Message Origin Line. 
This line identifies the Service Centre 

and teleprinter from which the message 
was sent to the Service Co-ordinating 
Centre. 
The coding used is:-­ 

R U-Russell 
WN-Windsor 
RN-Hawthorn 

with the teleprinter number following the 
letters. 
In deriving weekly and four weekly 

summaries the second line of the mes­ 
sage is used. The procedure followed is 
to identify the exchanges to which the 
subscribers in the message are connected 
and the report kind. An originating 

section is then derived from the calling 
numbers and a terminating section from 
the called numbers. The method of deri­ 
vation of exchanges from the subscriber 
numbers is discussed in the following 
section. 

DERIVATION OF EXaIANGES 
During computer processing it is con­ 

venient to use a numerical code number 
rather than the exchange name to repre­ 
sent an exchange. Each exchange in 
the Metropolitan area has been allotted 
a number by which it is identified by 
the computer. In printing out informa­ 
tion the computer uses this number to 
locate the proper alphabetic name under 
which information related to the ex­ 
change is printed. 
One possible technique that can be used 
to derive the exchange number from a 
subscriber number is to store a "table 
of correspondence" between the first 
four digits in a subscriber number and 
the exchange. This procedure is found 
to be inefficient as in many cases four 
digits are used in the table where two 
would be sufficient. However, four 
digits must be used to permit the smaller 
exchanges in the network to be derived. 
The alternative approach that has been 

adopted is to use an ordered graph (3). 
In this context an order graph is a digit 
by digit plot of a subscriber number. 
This graph is so constructed that it 
examines successive digits of a sub­ 
scriber's number at successive points in 
the graph and directs this examination 
or plotting until a terminating point is 
reached. The code number of the re­ 
quired exchange is given at this terminat­ 
ing point. 
Each successive digit is examined at 

a nodal point or node on this graph 
and information stored at this node de­ 
termines the branch to be taken from 
this node to a further node to examine 
the next digit. The branch taken from 
a node is determined from the number 
dialled in the digit position that is being 
examined at the node. There are at 
most ten outgoing branches from each 
node. In using this graph only a mini­ 
mum number of digits are used in deriv­ 
ing an exchange. 
A portion of this graph is shown in 

Fig. 3 and an example of using it is 
given. 
Two subscriber numbers are -shown 

and the exchanges to which they are 

A 
MAXIMUM 

OF 
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OF 
STORAGE 

ARE 
REQUIRED 

FOR 
EACH 
NODE 

t---- 

TERMINATION 
RUSSELL 

EXCHANGE 

TERMINATION 
DERRIMUT 
EXCHANGE 

Fig. 3.-Part of the Ordered Graph. 

connected are to be found. The numbers 
are 635235 and 6806521. 
A search for each number is com­ 

menced at the originating node. The first 
digit dialled is 6 in both cases and in 
both cases a branch would be made to 
the same node. At this second node the 
first number is branched out on branch 
3. This branch is a terminating point. 
This terminating point contains a code 
number of the exchange (in this case the 
Russell exchange). A terminating point 
is reached only when sufficient digits 
have been examined to determine the 
exchange. In the case of the second 
number two additional digits must be 
examined (Fig. 3) to determine the Derri­ 
mut exchange. 
In the computer memory the graph 

is stored as a. number of nodes. Each 
node consists of a maximum of ten 
locations. Each of these locations con­ 
tains the number of the node to which 
a branch is made on dialling on one of 
the ten numbers in a digit position. The 
location of this node in the store, is 
located by referring to a table holding 
the commencing addresses of each node. 
Where in some cases some of the 
branches from a node are to the same 
termination or where some branches are 
not used, all the ten locations in the node 
are not used and a coding scheme is 

THE CONTENTS OF 
A WORD 

r 1 10 ., e 7 6 s 1 J 2 1 o 

NATING DIGIT EXCHANGE CODE 
T DIALLED OR. 

REFER.ENCE TO THE 
NODE TO WHICH A 
BRANCH IS MADE 

Fig. 4.-A. Node. 
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arranged where all redundant branches 
may be comrnoned. 
The coding scheme is explained by 

considering the method by which the 
graph is held in store. The 12 bits of a 
word in a node are divided into three 
parts (Fig. 4). 
(a) bit 11-a terminating bit. It is 0 

if the branch is not terminating and 
1 if it is a terminating branch; 

(b) bits 7-10-the binary form of the 
number dialled in the digit position; 
Here the number O dialled is repre­ 
sented by the binary equivalent of 10 
and the numbers 1 to 9 by their re­ 
spective binary equivalents. 

( c) bits 0-6 - the coded form of the 
exchange if the branch is terminating 
or the node number of the node to 
which a branch is made. 
When the number dialled into this 

node is found, it is compared with bits 
7-10 of the first entry in the node. If 
these are the same then the terminating 
bit indicates whether a branch is to be 
made to a further node or whether a 
termination is reached. If the number 
does not compare with bits 7-10, the 
comparison is repeated with the follow­ 
ing entries in the same node until an 
entry is found where bits 7-10 are the 
same as the digit dialled. 
In cases:- 

(a) Where some digits dialled are to the 
same termination, then in the last 
entry in the node the terminating bit 
is set to 1 and bits 7-10 are set to 0. 
If on searching through the node this 
condition is found, the required ex­ 
change is given in bits 0-6, for all 
the digits that have not been shown 
in bits 7-10 of the previous entries 
of the node. 

(b) Where there is no branch or termina­ 
tion for some of the numbers dialled 
in the digit position, zero is stored in 
the last entry in the node. This loca­ 
tion can only be reached when the 

DECODE 

INCREMENT 
INTERNAL TABLE 

FOR 
DECODED FAULT 

number has been erroneously re­ 
corded and is in effect to a group 
that does not exist. An error indica­ 
tion is given if this condition is 
reached. 

Thus summarising, the search through 
a node commences at the first entry in 
the node and continues until: 
(a) The number dialled in the given 

digit position corresponds to the 
number given in bits 7-10 of a node 
entry. 

(b) A condition is reached where the 
terminating bit is 1 and bits 7-10 
are zero. 
The code number of required ex­ 

change is then found in bits 0-6 of the 
entry, or 
(c) The value zero is found in the entry. 
The amount of storage required to 

hold the ordered graph is 182 12-bit 
words. 

COMPUTER PROGRAM 
The weekly program is divided into 

the following sections:-- 
(a) the reading in of subscriber trouble 

messages. 
(b) the decoding of the messages. 
(c) the reading in of the adjustment and 

pattern data. 
(d) the output of the summary. 
(e) the output of information to be used 

as input in the 4-weekly summary. 
The sequence of using the sections is 

shown in Fig. 5. Each report is initially 
read-in and passed to the decoding and 
sorting sections. These sections decode 
the message and make an entry in a 
table in the internal store. This table 
contains the sorted information. On the 
completion of the reading-in of the 
trouble reports the adjustment data and 
pattern data are read-in. The adjust­ 
ment data adjusts the information in the 
internal table and the pattern data forms 
an additional internal table. When these 

READ IN 
ADJUSTMENT 

DATA 

READ IN 
PATTERN 
DATA 

I 
I 
I 
I 
I _______ _J 

ADJUST INTERNAL TABLE 

FORM 
INTERNAL 
TABLE FOR 
PATIERNS 

OUTPUT 
INTERNAL TABLES 
AND HEADINGS 

AS WEEKLY SUMMARY 

Fig. 5.-The Steps Followed During Processing. 

two tapes have been read the summary 
is output and this is followed by the 
output of information to be used in the 
4-weekly analysis. These sections are 
now outlined in detail. 

Reading-In of Messages 
Each message is read as a sequence 

of lines and only the line describing the 
type of report is passed to the decoding 
part of the program. To determine 
whether a line is to be decoded, a num­ 
ber of tests are made. These are carried 
on the first character of a line. The 
results for the following characters are:­ 
(a) C-the line is neglected, as it is a 

heading line. 
(b) W, H, R-the line is neglected, as 

it is a message origin line. 
(c) E, R-the line is neglected, as it is 

the second line of the fault descrip­ 
tion section. 

(d) P or a decimal figure-this line is 
not neglected and is passed to the 
decoding program. 

(e) a line commencing with any other 
character is considered to be in error 
and is neglected. 

Decoding of a Message 
Tne decoding is carried out on the 

report description line. The steps (Fig. 
6) in the decoding are: 
(a) to identify whether the call is from 

a public telephone booth. The call is 
from a public telephone booth if the 
first character is a P. Otherwise the 
call is from a private connection. 

(b) The originating exchange is derived 
from the originating number, using 
the ordered graph. 

(c) The type of report is obtained from 
the first letter in the type of report 
part of the line. This letter may be 
B, N, W, T. C. In each case the 
letter is converted to the machine 
representation of the report kind 
which is 1, 2, 3, 4 and 5 respectively. 

(d) The terminating exchange is derived 
from the terminating number in a 
manner similar to the originating ex­ 
change 
The decoding is carried out only if 

the report description line is punched to 
the predetermined specification. If an 
error is found in the form of this line, 
the line is neglected and an error indica­ 
tion is given. 

Sorting 
The sorting consists of increasing a 

value in an internal sorted table by one. 
The internal table is divided into four 
parts. These are:- 
(a) originating exchanges for a private 

subscriber report; 
(b) terminating exchanges for a private 

subscriber report; 
(c) originating exchanges for a public 

telephone booth report; 
(d) terminating exchanges for a public 

telephone booth report. 
For each message two values are in­ 

cremented by one. These are a value in 
an originating and a terminating section 
in either the subscriber or the public 
telephone booth classification. The 
relative location in the table of the 
values to be incremented is calculated 
as:- 
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Fig. 6.-Decoding of o Line. 

(a x 1020) + (s x 510) + (e x 5) + f 
. . . . . . . . . . . . . . . . . . . . (1) 

where a = 1 if the report is from a 
public telephone = 0 if the report is from a 
private subscriber 

s = 1 for the originating section = 0 for the terminating section 
e = exchange code 
f = type of report code. 

From equation [1] the arrangement 
of the internal table (Fig. 7) is such 
that the incremented entry is that which 
corresponds to the exchanges and the 
type of report that is identified by the 
decoding. 

Adjustment and Pattern Data 
Adjustments are used to reallot re­ 

ports sorted by the sorting section. In 
a number of cases where a pattern re­ 
sults in a fault being found in an ex­ 
change other than the terminating ex­ 
change given in the report message, the 

reports in the pattern are transferred 
from this latter exchange to the former . 
This is carried out only in the terminat­ 
ing section which is used as in indica­ 
tor of exchange performance (1). 
The adjustment data is punched as a 

number of lines, these being of the 
form:- (code number o.f an exchange) 
followed by (letters specifying the kind 
of report) followed by a (sign) and a 
(number specifying the magnitude of the 
adjustment). An example of a line is:- 

5 NP+ 3 
where 5 = the code of the exchange to 
whose terminating section the adjustment 
is made 

NP = the report kind 
+3 = the adjustment. 

The first two parts of this are used 
to calculate the location of the value to 
which the adjustment is made. The ad­ 
justments are only carried out on the 
terminating section of the private sub- 

scriber classification. Thus, in using 
equation [1] for this calculation, a = O 
and s = 1. The value following these 
codes is added to this location. The 
adjustment data consists of all the ad­ 
justments necessary as a number of 
successive lines. The pattern data des­ 
cribes the patterns that have been des­ 
patched by the Service Co-ordinating 
Centre during the week and the results 
that are obtained. One line of data is 
punched for each pattern and is of the 
form:-- 
(code number of exchange) followed by 
a (letter describing the kind of equip­ 
ment in which a fault was found) fol­ 
lowed by a (number representing the 
kind of fault found). 
An example of this is:- 

5 G 7 
where 5 = the code number of the ex­ 

change to which a pattern 
has been despatched. 

G = the equipment in which a 
fault has been located 

7 = the kind of fault that is 
found. 

The code representations of the equip­ 
ment and type of fault is given in 
Table 1. On reading the pattern data 
an additional three internal tables are 
formed. These are:- 
(a) a table of 102 values showing the 

number of patterns sent to each 
exchange in the network; 

(b) a table of 102 values showing the 
number of N.F.F. results in each ex- 

change, and 
(c) a table showing the equipment in 
which the faults have been found and 
the kind of fault that is found in this 
equipment. 

Output of the Weekly Summary 
The internal tables formed during the 

reading-in of the trouble report data and 
adjusted by the adjustment data are out­ 
put. The first two tables formed by the 
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Sorted Information. 
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WEEK ENDING 29/2/1964 
TECHNICAL ASSISTANCE FAULTS 

WEEKLY ANALYSIS 
ORIGINATING 

GROUP 2 
Exchange BYDD NP WN TC co TOT. C/103 PAT. N.F.F. 

Tally Ho 3 12 12 0 3 27 .72 0 0 
Toorak 5 4 20 0 3 27 .23 I 0 
Glen Iris 5 11 28 1 l 41 .40 2 I 
South Yarra 10 30 18 1 I 50 .42 3 1 
Wantirna South 0 3 5 1 1 10 1.86 2 1 
Jordanville 3 19 16 0 3 38 .87 5 2 
Burwood 4 11 13 0 1 25 .43 2 2 
Hartwell 0 8 15 1 5 29 .36 0 0 
Kooyong 6 9 11 l 1 22 .28 2 l 
Group Total and Complaints/1,000 Calls 269 .42 17 8 

GROUP 3 
Exchange BYDD NP WN TC co TOT. C/103 PAT. N.F.F. 

Flemington 0 4 5 0 0 9 .16 0 0 
West Essendon 1 2 5 0 2 9 .32 0 0 
Keilor 0 0 1 0 0 l .33 a 0 
Ascot 3 16 44 4 3 67 .60 2 I 
North Essendon 4 20 19 0 I 40 .41 1 1 
North Melbourne 10 16 17 0 0 33 .23 2 2 
Somerton 0 0 0 0 0 0 .00 0 0 
Craigieburn 0 0 0 0 0 0 .00 0 0 
Broadmeadows 0 0 0 0 0 0 .00 0 0 
Broadmeadows East I 4 6 0 I 11 2.22 0 0 
Green vale 0 0 0 0 0 0 .00 0 0 
Bulla 0 0 1 0 0 1 .43 0 0 
Tullamarine 0 0 0 0 0 0 .00 0 0 
Glenroy 2 9 19 I 0 29 .70 3 0 
Carlton 7 32 37 0 3 72 .28 5 3 
Coburg 5 6 32 0 6 44 .36 1 I 
Moreland 9 17 27 0 4 48 .36 2 0 
Brunswick 1 13 13 0 7 33 .25 0 0 
Civic 3 14 6 1 2 23 .10 0 0 
Group Total and Complaints/1,000 Calls 420 .31 16 8' 

Fig. 8.-Part of weekly Summary Showing the First Two Groups of the Melbourne Network. 

pattern data are also output. The binary 
numerical data in the tables is output in 
decimal form together with suitable head­ 
ings and page, layout information. The 
latter is in the form of carriage returns 
to provide suitable spacing between the 
groups of output. 
The layout of a number of groups of 
exchanges in the weekly summary is of 
the form given in Fig. 8. The summary 
consists of four parts, these being:- 
(a) originating exchanges for subscribers' 

reports; 
(b) terminating exchanges for subscrib­ 

ers' reports; 
(c) originating exchanges for public tele­ 

phone reports; 
(d) terminating exchanges for public 

telephone reports. 
Each part consists of the reports 

categorised under their kinds for each 
exchange in the network. The exchanges 
are grouped and a group total of the 
reports is given. The first two groups 
of the originating exchange reports are 
shown in Fig. 8. 
In addition to the reports for each 

exchange, some additional information 
is computed. This consists of:- 
(a) the total number of reports for an 

exchange. The BYDD reports are 
excluded in the summation; 

(b) the number of reports for each 1000 
calls originating at the exchange in 
a weekly period; 

(c) the patterns and N.F.F. for the ex­ 
change; 

(d) a group total and number of reports 
for each 1000 calls for each group 
are given; 

(e) network totals in the same form as 
(d); 

(f) the total number of each kind of 
report in the network is given. 

Transfer Information to the 4-Weekly 
Program 

The information output by the weekly 
program for summary by the 4-weekly 
program consists of all the internal 
tables assembled during the reading-in 
of the input data tapes. The tables are 
punched in binary form on the tape. 

The Four-Weekly Program 
The four-weekly program is used at 

the conclusion of each four-weekly 
period. The running of the program 
consists of:- 
(a) reading-in of the transfer data pre­ 

pared by the four previous weekly 
programs, and 

(b) the output of the summary. 
The output consists of two parts: 
(a) the subscriber reports, and 
(b) the public telephone reports. 

Each part is divided into the ex­ 
changes in the network which in turn 
are grouped as in the weekly analysis. 

The information output consists of:- 
(a) the total number of reports excluding 

the BYD_D reports in the originating 
and terminating sections, and the 
number of these for a 1000 calls 
originating and the exchange in a 
four-weekly period; 

(b) the number of patterns and N.F.F.'s 
for the exchange in a four-weekly 
period; 

(c) the number of BYDD reports for 
each .exchange in the four-weekly 
period; · · 

(d) the total number of reports in each 
group; 

( e) the t~tal number of reports in the 
network; 

(f) a table showing the number of faults 
found for the different type of switch 
in the network during the four­ 
weekly period. These are further 
subdivided into the kinds of fault in 
each type of switch. This table is 
formed for the type of switches and 
kinds of faults given in Table I. 

TABLE 1: 
CODE REPRESENTATIONS OF 

EQUIPMENT AND TYPE OF FAULT 

Equipment Code 

Junction Uniselector J 

Group Selector G 

Final Selector F 

SSR and DSR A 
Line Finder L, 

Repeater I 

Distributing Frame D 

Subscriber Fault s 
Miscellaneous M 

Type of Fault Code 

Department Officer 0 

Mechanical I 

Relay 2 

Wiper Cord 3 

Wiper 4 

Bank 5 
NS and S Springs 6 

Wiring Fault 7 

Miscellaneous 8 

Came Clear 9 
Ring 100 c/sec test 

No Fault Found (N.F.F.) 10 

A listing of a group of exchanges in 
the four-weekly summary is shown in 
Fig. 9. The fault summary table is 
shown in Fig. 10. 

Traffic Figures 
The number of calls that originate in 

each exchange during a week are 
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GROUP 9 
COMPLAINTS C/1000 
Orig. Term. Orig. Term. Pat. N.F.F. 
111 115 .57 .60 5 1 
19 16 .70 .59 0 0 

124 180 .26 .40 9 1 
127 149 .28 .33 6 2 
145 115 .27 .21 3 2 
111 197 .25 .46 9 4 
75 100 .22 .30 5 3: 
83 71 .25 .21 2 0 

196 212 .40 .43 14 2 
33 62 .10 .20 3 1 
79 77 .25 .24 3 1 

1103 1294 .29 .33 59 17 

NP WN TC co 
4274 5068 268 938 
5904 5418 316 1009 

12647 .31 .37 674 211 

BYDD 
Exchange 
Elwood 
Dingley 
Brighton 
Cheltenham 
St. Kilda 
Highett 
Gardenvale 
Bentleigh 
Sandringham 
Beaumaris 
Mordialloc 
Group Totals 

Orig. 
17 
1 

19 
29 
15 
16 
6 
6 

23 
2 

20 

Term. 
37 
1 
8 

10 
13 
6 
5 
4 
1 
1 
3 

Complaints Totals 
BYDD 

1614 
1214 

10548 Network Totals 
Fig. 9.-A Portion of the Four-Weekly Summary Showing One Group and the 

Network Totals for Subscriber Reports. 

stored in computer memory. These are 
used in computing the reports for each 
1,000 calls for the exchanges. The num­ 
ber of calls for each group of exchanges 
and the number of calls for the whole 
network are also stored. 

A new set of traffic figures is read-in 
and stored every six months to take 
changing traffic conditions into account. 

Processing Time 
The overall time required for the pro­ 

cessing at the computing centre is sub­ 
divided into:- 
(a) the time required to prepare the 

adjustment tape and the pattern tape 
for the computer; 

(b) the computer time required; 
(c) the listing of the paper tape output 

from the computer. 
The listing of paper tape is carried 

out using a flexowriter. The flexo­ 
writer converts the punched paper tape 
to a paper copy. A mechanical reader 
on the flexowriter is used to read the 
tape. The flexowriter can also be used 
for punching paper tape. The flexo­ 
writers at the Research Laboratories 
punch and read tapes using a six chan­ 
nel code. 
In the processing scheme it is desir­ 

able to keep the computer time at a 
minimum as this is by far the most ex­ 
pensive, although an excessive amount 
of time spent using the flexowriter or in 
the preparation of tapes is also unde­ 
sirable. 
The time used by the computer is 

further divided into the time taken dur­ 
ing the input and output of paper tape. 

The input and output of tapes is of a 
mechanical nature and significantly con­ 
tributes to the total time. 
The break-up of time taken in the 

weekly processing scheme is: 
(i) 2-hrs. tape preparation time 
(ii) 45 mins. computer time. This con­ 

sists of: 
(a) 35 mins. reading in of the input 

data 
(b) 10 mins. punching of the output 

tape 
(c) less than 1 minute computation 

(iii) 80 mins. flexowriter time. 
The time required by the 4-weekly 

program is of the. order of 10 mins. 
This is divided into 4 mins. reading time 
and 6 mins. output time. 
In both cases the computing time is 

short as the greater portion of computa­ 
tions is addition. 

CONCLUSION 
The conversion from manual to com­ 

puter compilation of the statistics des­ 
cribed in this article has not resulted in 
a substantial economic saving. The 
computer scheme, however, introduces 
some economies and two intangible 
advantages by improving on the accuracy 
of computations and the removal of one 
onerous component of the work of the 
analyser. 

- Further work is presently in progress 
that is concerned with the plotting and 
analysis of reports by computer. An 
attempt is being made to eliminate the 
onerous processes carried out at the 
Service Co-ordinating Centre by using 
computer processed results to aid the 
analyser. Some aspects of this work 
are described in References ( 4) and ( 5). 
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FAULT ANALYSIS SUMMARY 
Junct. S.S.R. Dist Subs 
U/S G(S F/S D.S.R. L(F Reptr Frame Fits Misc 

Dept. Off. 1 12 4 0 0 7 0 1 5 
Mech. 0 54 66 4 0 0 0 0 1 
Relay 0 16 66 2 o· 6 0 0 1 
Wiper Cord 0 5 2 2 0 0 0 0 0 
Wiper 1 27 6 7 0 0 0 0 0 
Bank 0 2 0 0 0 0 0 0 0 
NS. S. Springs 0 26 23 0 0 0 0 0 0 
Wiring Fits. 0 10 5 3 0 1 7 0 3 
Misc. 1 21 8 1 0 7 10 2 13 
Came Clear 0 17 4 2 0 1 0 0 0 
N.F.F. 0 94 93 16 0 2 1 1 4 

Fig. 10.-The Fault Analysis Summary Produced at the Conclusion of Each Weekly Period. 
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SERVICE CENTRE FOR TELEPHONE 
BRISBANE 

INTRODUCTION 
The handling of subscribers' com­ 

plaints has been receiving increased 
attention for some time, not only from 
the viewpoint of rendering a more effici­ 
ent and courteous service to the public, 
but also because the information, if 
alertly analysed, is a valuable aid to 
clearing faults in the network. Swift 
handling of network faults is gratifying 
to the subscriber whose complaint is re­ 
ceived with an amicable response and 
avoids irritation of the many other 
subscribers who experience the same 
fault but do not bother to complain. 
Reception of complaints must be re­ 
garded as one of the more critical "front 
window" activities of the Australian 
Post Office as in this situation the sub­ 
scriber is most likely to be annoyed. 
Therefore it is imperative that the maxi­ 
mum of pleasantry and tactful interest 
be displayed by the operator. This is 
difficult to achieve unless the overall 
working atmosphere of the operators is 
comfortable, congenial, and interesting. 
Far too often one sees operators seated 
on high chairs, with arms bent at an 
uncomfortable angle in order to write 
on an inadequate keyshelf', and facing 
aspects of black keys and lampstrips in 
dark varnished upright cabinets. The 
design of the new Service Centre was 
intended to remove as many of these dis­ 
comforts as possible. 
An entirely fresh design approach was 

warranted; one which placed simplicity 
of operation above simplicity of equip­ 
ment; which gave comfortable and re­ 
laxed seating; with colourful surround­ 
ings and an atmosphere of cordiality; 
and which was moderate in cost. This 
was the guide for the design presented in 
this article, which was for a centralised 
service centre for the northern sector of 
Brisbane. 
This centre of 12 positions replaces 

four of the six centres at present in 
operation, and is trunked on the code 
1100. Complaints are then dispatched as 
appropriate by teleprinter to the Com­ 
plaints Analysis, Recording and Graph­ 
ing Organisation (C.A.R.G.0.) centre 
and to all exchanges greater than 3,000 
lines. For operational convenience it 
was located in the Main Trunk Ex­ 
change, but constructed as a quite indi­ 
vidual and separate unit. 

SUITE DESIGN 
The basic profile of the main suite 

illustrated in Fig. 1 was resolved logic­ 
ally from functional requirements. The 
floor space available was in the Main 
Trunk Exchange. The restricted space, 
and the desire to eliminate the factory 
assembly line effect made a double sided 
suite design mandatory, which also en­ 
sured economical usage of a central con­ 
veyor belt. 

'-' Mr. Torkington is Engineer Class I, Bris­ 
bane. See page 82. 

From an ergonomic study by Peres 
(1) it was apparent that the most com­ 
fortable seat height for a girl is 17 in. 
In this position the elbows are a height 
of 28 in. above the floor, which was 
chosen for the bench height. A depth 
of 12 in. on the bench surface allows 
easy pivoting of the forearms without 
lifting them from the rounded edge. 
Incidentally, this would have to be ex­ 
tended by H in. if the design were for 
male operators. 

To be perpendicular to the line of 
vision the control panel was aligned at 
40° to the horizontal. This was con­ 
firmed to be a comfortable angle at 
which to press buttons; but would 
probably not have been the best if keys 
were included. Extending the board 
above the operating panel for an infor­ 
mation display brought the overall height 
to 38 in., which allows a clear outlook 
to the operators and effective observation 
by the supervisors. When a central 
section was allowed above the panels 
for the conveyor belt, and a trough 
below the panels, for cabling, the pattern 
of a hexagon with wings emerged. This 
hexagonal motif was perpetuated in 
essence throughout the whole design, 
but not heavily featured in order to 
preserve an impression of functional 
elegance, Simplicity, of course, in all 
these utility designs, is necessary in 
order to avoid the visual ennui so often 
experienced with more traditional equip­ 
ment. 
The two remaining dimensions of 

2 ft. 3 in. spacing between operators and 
24 in. legroom were determined by ex- 

COMPLAINTS 
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periment. All the dimensions agreed 
with the relevant British Standards. Suite 
legs were placed between every second 
operating position. 
The finish is in colours and textures 

of feminine appeal. For this reason, 
timber and pseudo-timber laminate sur­ 
faces were considered unsuitable. Vinyl 
fabrics were selected and glued to the 
timber for all the facings. The desk 
top is of Olive Caribou-Elk Vynoid laid 
over foam calico for cushioning. Gull 
Grey, from the Vynoid Pacific range 
covers the turret top and kickplates, 
and the pockets in the turret top for the 
operators' accessories and the suite legs 
are relieved in Ocean Blue. Tapa Tan 
is used for minor featurings, and a 
similarly tinted coppertone paint finishes 
the metal fittings. The sandy surface 
texture of these Vynoids integrates the 
different coloured finishes, which is 
further assisted by upholstering the slim 
coppertoned typists' chairs with Gull 
Grey Vynoid. 
A Lamson conveyor belt linking the 

service desks with the teletype suite con­ 
sists of two channels in which the docket 
stands on end. This is a compact unit, 
with the unusual facility of turning the 
two channels at right angles, without 
transfers, within a total radius of nine 
inches. It discharges onto the centre of 
the teletype suite in front of the sorter, 
who is between two teletypists. 
This suite was created in a form which 

is consistent in styling and colour with 
the main suite. The teletypes, resprayed 
coppertone with opaline green message 
plates to match the other control panels, 

Fig. I .-Service Centre, Brisbane. 
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Fig. 2.-Control Panel on Service Desk. 

are flanked by low turrets containing the 
controlling keys and dial. Ornamesh 
baskets are provided for holding the 
sent dockets. 
To preserve space, a composite suite 

was designed for the overseer's desk and 
the monitor's post. As with the tele­ 
type table, the desk top is at the opti­ 
mum height of 28 in. A variation on 
the hexagon motif relates the two func­ 
tions, and blends with the whole scheme. 
Accessories on the walls are a Movie­ 

tex Notice Board for display of messages 
affecting fault clearance, an illuminated 
display panel, a call waiting meter, and 
a Cifra digital clock. The walls are 
painted in flat pastels of off white, lemon, 
and a relief of salmon. 

FACILITIES 
Operator's Position 

The operator's pushbuttons are con­ 
centrated in a panel 20 in. by 6} in., illus­ 
trated in Fig. 2, which allows all opera­ 
tions except dropping the docket in the 
conveyor to be carried out without lift­ 
ing the forearms off the desk. 
The line circuits and associated opera­ 

tions are under her le-ft hand, and to her 
right are the test network and 
dial. The lamps for the line circuits 
are in the centre, unobscured by 
the hands, and dissociated from the keys 
because they indicate the state of the 
call rather than the state of the keys. 
The time and number dialled display is 
above the right hand, and rarely used 
facilities are above this. 
At the time of design, magnetically 

locking pushbutton keys were becom­ 
ing available, and these were chosen 
for their apparent reliability, and lower 
operating force and cost than micro­ 
switch push-buttons. It was initially 
hoped that by having a key for each 

function in each line circuit, it might be 
possible to perform nearly all opera­ 
tions directly on the key springs. How­ 
ever, the limitation of 12 springs per 
key made this impractical, and a moder­ 
ate complement of relays had to be 
associated with the line circuits. 
Each operator has access to five line 

circuits, of which the top two are shared 
between four positions. The three push­ 
buttons on each line circuit are for tak­ 
ing an incoming call, taking an outgoing 
line, and for overlapping monitoring. 

All the buttons are in mutually releas­ 
ing patterns, so that the release of one 
key is achieved by the operation of an­ 
other. This eliminates the tedium of 
releasing keys, and the time operators 
lose between calls. In fact, unless the 
"Release Operator" key is depressed, 
the operator is always actively engaged 
in handling a call. 
The "function" keys in a row to the 

left of the line circuit are associated 
with whichever line circuit has the 
"active" key depressed. The nett effect 
of the arrangement is that the operator's 
left hand rarely has to traverse an area 
greater than 3 in. by 4! in. 
Under her right hand are the three 

Test Network keys, for seizure and dial­ 
ling, testing for D.A., and speaking. 
Lamp indication is given for busy, and 
receipt of a condenser kick on the 
'Doesn't Answer' (D.A.) test. Close to 
this is the pushbutton dial, composed of 
"Rafi" keys. This dial stores only one 
digit, with overlapping, and was pre­ 
ferred to a full key sender because of 
cheapness and the necessity of listening 
between digits when handling complaints. 
Also both types can only send at stand­ 
ard decadic speed in a step by step net­ 
work so no time is lost. Pushbutton 
dialling greatly reduces the room noise 
level and relieves a great source of 
fatigue in an operating position. 
This grouping reduces the area trav­ 

ersed by the right hand on the panel 
to 7 in. by 2 in., and by positioning the 
docket holder on her desk the operator 
can write without moving her elbow. The 
holder is of :t in. steel with a clip and 
backed with stippled rubber to allow 
writing and tearing off with one hand. 
The digital display comprises six 

digitrons mounted behind a circularly 
polarised light filter to obviate reflections. 
Normally the time in 24 hour digits is 

Fig. 3.-Teletype Suite. 
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displayed on the last four, but immedi­ 
ately the dial is used the time is erased 
and the dialled number appears. Operat­ 
ing another key resets the display to the 
time. This digital display of time should 
eliminate errors in recording, and elimin­ 
ate the 4 or 5 seconds taken on each 
call for the operator to glance up at a 
clock and translate the hand positions 
into numbers. 
The less important facilities above the 

digital display are buttons for calling 
the monitor with a steady or flashing 
lamp, an order wire to the test desk, an 
amplifier on the earpiece, and a tone 
demonstration switch for educating sub­ 
scribers. 

Teletype 
Because of their low noise level, Tele­ 

type Model 15 machines, cushioned on 
foam plastic, were used at the central 
point. The switching controls are quite 
simple, being two keys, one to switch 
the machine on, the other to restore the 
selector. The dial controlling a 100 line 
selector is mounted on the right hand 
turret as in Fig. 3. 
As with the test network, the number­ 

ing has been rationalised so that the 
operator dials simply the first two digits 
on the docket to send to the correct 
exchange. Receiving teleprinters are 
installed at all exchanges over 3,000 
lines, and those which close down after 
hours have their answer back leg passed 
through a break contact on the extended 
alarms key. An automatic back-busying 
circuit on the selector multiple switches 
the line over to the nearest all-hours 
exchange for receipt of dockets. 

Monitor's and Overseer's Positions 
These are relatively simple, being key­ 

switching for telephone lines, and a few 
ancillary keys. The wall display panel 
is directly in their line of sight. The 
overall view is shown in Fig. 4. 

CIRCUITRY 
In broad outline the circuitry is con­ 

ventional. The incoming lines terminate 
in line relay sets, equipped with four 
stage gating. The gating control relay 
set is equipped with a transistor discharge 
circuit which will cause the "call wait­ 
ing" lamps on the operator's panels to 
pulse if calls have been waiting for more 
than fifteen seconds. 
Motor uniselector linefinders coupled 

to each panel appearance have full 
access to these lines, and bring the speech 
wires into the operator's panel. A re­ 
peating bridge and outgoing line are 
controlled from the operator's keys. 
The dial uses one decade relay and 

four others. This is coupled into the 
counting chain of six decade relays with 
another for allotting in the digit dis­ 
play. The time is generated in 24 hour 
digits by counting 1 minute pulses from 
the speaking clock on four uniselectors. 
Changeover from time to dialled number 
is achieved with one changeover con­ 
tact by switching between two anode 
power supplies, one rectifying on the 
first half cycle of transformed mains, the 
other on the second. The dialled number 
and time patterns are generated from 

oppositely phased but similarly polarised 
voltages, so the digitrons glow only on 
the selected half cycle. 
Each position has a simple mutual key 

release circuit which permits only one 
speaking key and one monitoring key 
in a ditferent line circuit to be locked 
at the same time. It also has interlocks 
to permit the shared line circuits to be 
used by only one operator at a time. 

FUTURE DEVELOPMENTS 
This design was conceived as an in­ 

tegrated unit for a specific purpose, not 
as a particular application of a general 
design. In extending the design to other 
applications most of the details could 
be preserved, but some modular con- 

may be engendered; one point which 
needs discussion is whether to provide 
cheap, comfortable, and colorful up­ 
holstering and covering materials which 
can easily be replaced in preference to 
the durable but uncomfortable facing 
laminates and timbers conventionally 
used. 
The operational advantages of the 

magnetically locking pushbuttons should 
have been adequately demonstrated by 
now in Pentaconta equipment. The 
superiority of the pushbutton dial over 
the mechanical counterpart is quite 
apparent, and the low cost should war­ 
rant its installation for all operating 
positions. However, the material cost 
for the digital display, which can be 

Fig. 4.-Monitors and Overseers Position. 

struction would probably be advisable, 
not only in the suite to allow for easy 
extension, but also in the operators' 
panels to allow for ready alteration. The 
basic profile, being designed for operator 
comfort rather than the specific applica­ 
tion, could well be duplicated. 
However, in a large installation in­ 

volving many suites, a basic cleanness of 
form and suppression of incidental 
featurings is mandatory if the appear­ 
ance is not to grow wearisome. Unfor­ 
tunately it usually appears that the 
simpler the form, the greater is the skill 
and care required for a satisfying result. 
Nevertheless, it is not too soon for 

more enlightened thought and discussion 
to be stimulated on the aspect of work­ 
ing conditions of operators. Even if 
some of the new facilities, which seemed 
satisfactory in a single prototype position 
constructed earlier, are not entirely suc­ 
cessful over a long term, at least they 
should show the way to better formats 
and facilities. Some new approaches 

regarded more as an accessory rather 
than a necessary accompaniment to the 
dial, is higher, but possibly it could be 
built for much less if a digitron with a 
wide separation between striking and 
sustaining voltages were available. The 
group could then be struck by transient 
voltages in a co-ordinate grid, requiring 
no associated memory. 
Whatever the degree of success en­ 

joyed by this installation as a whole 
in future years, it is hoped that those 
new features which are of value will 
be used and developed into better de­ 
signs for other and wider applications. 
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CROSSBAR TRUNK EXCHANGES FOR THE AUSTRALIAN 
NET\VORK - PART II 

CHARGING REQUIREMENTS 
Metering Rates 

The introduction of Extended Local 
Service Area working in 1960 was ac­ 
companied by a very great degree of 
simplification of the trunk charging 
structure. There are now seven separate 
trunk metering rates with separate day 
and night scales of tariff, and provision 
must also be made for unit fee, and for 
no charge calls. In principle there are 
nine possible metering conditions to be 
set therefore, but seven of these will 
result in differing charges during the 
day and the night rate periods. Multi­ 
metering has been adopted and a meter 
pulse is given immediately the called 
subscriber answers. Subsequent meter 
pulses are applied at regular intervals 
r seconds apart with the first occurring 
at a time t seconds after the answer 
signal where r ::::; t < 2 r 
The actual metering periodicity for 

the seven trunk rates is as follows:- 
Day Night 
45 60 
30 45 
15 20 
10 15 
6 9 
5 6 
4 5 

Number Analysis for Charging 
The number analysis required to de­ 

termine the charge rate sometimes in­ 
volves analysis down to the E digit (the 
Australian national number is usually 
designated OABCDEFGH in general 
discussion) so that up to 6 digit analysis 
may be necessary. The charge analysis 
equipment is required to determine the 
charge rate applying from any exchange 
in its service area to any other place in 
Australia. Since calls to places more 
than 400 miles away, however, are all 
charged at the, maximum rate, this is 
not quite so severe a requirement as it 
may appear at first sight. Within its 
own charge district and to exchanges in 
adjacent charge districts the charges must 
be computed on a zone to zone basis. 
Beyond these immediately adjacent 
charge districts, the call charges are com­ 
puted on a charge district to charge dis­ 
trict basis. In practice the former re­ 
quirement is the one which results in 
more complication of the equipment. 
More detail on the charging rules is 
given in Reference (7). (See Part l.) 

Access Barring 
In general any action required to bar 

subscribers or public telephones from 
access to the trunk network will be 
carried out as required at the local 
exchanges rather than at the trunk 
exchange. The Department's policy is 
that subscribers should be encouraged to 
* Mr. Wright is Engineer Class 4, Switching 
and Facilities Section, Planning Branch, Head­ 
quarters, See Vol. 14, No. 5/6, page 421. 

use the trunk dialling service and only 
in special cases is access to the trunk 
network barred. Where the ARM ex­ 
change is used as a control centre for 
dependent ARK exchanges, class of ser­ 
vice information is forwarded from the 
ARK to the ARM which must then 
take action to bar calls as required. 

Originating Charge Zone Identification 
The ARM exchange will normally 

determine trunk charges for exchanges in 
many charge zones. The charge analysis 
equipment must know the charge zone 
to which the originating exchange be­ 
longs so that it may correctly compute 
the metering rate, and this information 
can generally be supplied by D.C. mark­ 
ing techniques from the incoming relay 
set via the register to the charge analysis 
equipment which is associated with the 
marker. In some cases however calls 
will be forwarded via ARF minor switch­ 
ing centres or tandem exchanges which 
will not necessarily be in the same zone 
as the originating exchange. For this 
reason provision has also been made 
for the originating zone to be identified 
by means of a MFC signal given in 
answer to an interrogation from the 
ARM. 
Provision is being made for the charge 

analysis equipment to cater for 12 orig­ 
inating charge zones normally, with easy 
extension to 24 zones when required. 
There are a few areas in Australia where 
the ARM will serve more than 24 
originating zones, and these will be 
treated as special cases when they arise. 

TRAFFIC CHARACTERISTICS 
Traffic Loading 

In calculating the traffic handling 
capability required in the ARM exchange 
the normal loading of trunk circuits has 
been taken as approximately 0.7E per 
bothway circuit, 0.6E per uni-directional 
circuit and allowance has been made 
for 50 per cent of the circuits con­ 
nected to an exchange to be bothway 
circuits. The average holding time used 
in the computations was 2 minutes per 
call attempt. 

Congestion 
In Speech Trunking: With normal 

traffic loading the ARM 20 exchange 
has been specified to have a grade of 
service such that the probability of being 
unable to establish a connection from an 
arbitrary inlet to an outlet on any de­ 
sired route should not exceed 0.002 when 
there is a free circuit available. If the 
traffic offering is 25 per cent higher than 
the normal loading given above then the 
corresponding probability should not be 
degraded further than to 0.02. 
In the ARM 50 exchange, similar per­ 

formance is required but in this case it 
is obtained mainly by the correct allo­ 
cation of circuits and in some cases 
by multiple appearance of outgoing 
circuits. To ensure reasonable access to 

L. M. WRIGHT, B.Sc., A.M.l.E.Aust.* 

individual routes the overall probability 
of being unable to establish a connection 
between an arbitrary inlet and a specific 
arbitrary outlet should not exceed 0.25 
normally, and this should not rise to 
higher than 0.4 if the traffic is 25 per 
cent above the normal traffic specified. 
In Common Equipment Access: The 

normal grade of service of access to 
registers and other common equipment 
is required to be better than 0.002 for 
normal traffic loading, and better than 
0.01 when there is a 25 per cent. rise 
above the normal loading specified 
above. 

Switching Time Delay 
Because of the use of common equip­ 

ment there is a probability of switching 
delay over and above the minimum time 
required to effect switching. The prob­ 
ability of a delay of one second beyond 
this minimum switching time should 
not be greater than 5 per cent for nor­ 
mal traffic. Under overload conditions 
this delay probability rises fairly rapidly 
and for the 25 per cent overload con­ 
ditions specified the probability of a 
delay of two seconds beyond the mini­ 
mum switching time should not be 
greater than 10 per cent. The Depart­ 
ment has foreshadowed that it intends 
to specify in future that the normal one 
second delay probability should not 
exceed 1 per cent, particularly on tran­ 
sit switching applications. 

REGISTERS, LINE RELAY SETS, 
SPECIAL FACILITIES AND 

OTHER ASPECTS 
Several different types of register are 

required and they fall broadly into three 
categories concerned with calls coming 
from the service area of the ARM, 
from the trunk network generally, and 
special registers for incoming and out­ 
going international calls. 
The detailed operation of these regis­ 

ters and particularly the way in which 
they are either retained or released at 
particular stages of the connection, their 
special operation in the case of echo 
suppressor switching and the handling 
of international calls will be covered in 
a subsequent article which will outline 
in detail the flow of signals through the 
whole of the local and trunk system on 
typical calls. 

Registers used on Calls from the 
Local Area 

Register H: Reg. H accepts informa­ 
tion from the local network, and in co­ 
operation with the other ARM control 
equipment is involved in the switching 
of the call through the ARM exchange 
and also in the determination of the call 
charge, this latter function requiring that 
it know the charge zone of the originat­ 
ing exchange. 
Reg. Hl accepts MFC information 

signals on its input side and Reg. H2 
accepts decadic signals. MFC or decadic 
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signals are used as required on the out­ 
going side of both registers. They have 
a nine digit storage capacity and cyclic 
operation, the latter facility being neces­ 
sary to cope later with international 
subscriber dialling. 

Register E: Reg. E is the control 
register for a dependent ARK exchange. 
It accepts decadic impulses from the 
ARK exchange as dialled by the sub­ 
scriber, and when necessary uses MFC 
to revert information to the dependent 
exchange to set up the switching equip­ 
ment for a local call or a directly 
switched call. MFC is also used for the 
transfer of class of service information 
to the Reg. E. Because Reg. E. is very 
similar to Reg H2 in many respects it 
has been decided to combine these two 
registers and the composite register has 
the title Reg. EH2. 
Registers Used on Calls from the Trunk 

Network 
Register Y: Reg. Y receives informa­ 

tion from the trunk network and is not 
involved in charge determination. There 
are two versions of Reg. Y, Reg. YI 
accepting MFC information and Reg. Y2 
decadic information. In practice it is 
not expected that there will be very 

much application for Reg. Y2. These 
registers also have cyclic storage and on 
the output side operate either in MFC 
or decadic signalling Because there 
are marked similarities between Reg. 
HI and Reg. Yl and also between 
Reg. EH2 and Reg. Y2 the combination 
of the facilities necessary in these regis­ 
ters into single register designs is cur­ 
rently being investigated, but this has 
not yet been resolved. 
Registers Used on International Calls 

Only 
Register F(Y): This register will be 

used on calls incoming from the inter­ 
national system. It will receive on its 
incoming side signals in C.C.I.T.T. No. 
5 Signalling System, and on the outgoing 
side it will operate in the same way as 
Reg. H or Reg. Y. 
Register F: This register will be used 

on calls outgoing to the international 
system and may be involved in charge 
determination on such calls. There is 
no immediate intention to set up inter­ 
national calls on a subscriber dialled 
basis and there are some fairly severe 
problems to be solved in international 
accounting. Reg. F will accept MFC on 
its incoming side from the national 

system, and will operate on its outgoing 
side in the C.C.I.T.T. No. 5 Signalling 
System. 

Line Relay Sets 
The line relay sets are related mainly 

to the line signalling system to be em­ 
ployed and also to the direction of work­ 
ing of the circuit. There are therefore 
incoming relay sets (FIRs), outgoing 
relay sets (FURs) and bothway relay 
sets (FDRs) and there are many variants 
to cater for the many different line sig­ 
nalling conditions. In the case of D.C. 
circuits there are also variants necessary 
to cover normal application up to 2,000 
ohms loop resistance, and a more ex­ 
pensive version covering the range from 
2,000-3,7000 ohms. In some cases the 
type of register which will be associated 
with the line relay set makes further 
variation necessary, and the inclusion of 
hybrids and level adjusting pads, etc., 
adds to the complication. In listing all 
possible combinations, it is obvious that 
some rationalisation is necessary, and 
only the relay sets actually required will 
be designed. An effort is being made to 
restrict the number of types designed 
and to have the maximum amount of 
composite design by using strappings to 

TYPE OP OISTANT TYOE ()!= TYPE OF l..lNES H 

l:XCNANGIE 
'NFORMATION 

NOi/Ei TVP/iiiOP: l.lNE SIGNALLING TVPE 0::- REGISTER y T"VP,=' OF PAO 
S!GNALl.-!Nt3 B 7-YPE OP: ew 4W AUST. R FIAEO GO ReTURN 

RCLAY SET ARM ARF ARK 
s-x-s 

M.FC. D.P 0 0 ~TANOARD RURAL LD L.ME. RLJQAL REG REG REG REG PAD 8 l'/<,TH PAT!; ANO L.0 OVER I db TD TO CARRIER CARR/CM l'UL.SE CA.RR/ER. HI EH2 YI Y2 0-3db !30-ssdl 0-2 5db R" 3700" 3700.r. 'HANTOM 0 NOTE .3 SIGNAJ.I..ING s NOTE 2 NOTl:4 NOTE 4 
FIR. - ZLI -HI X X X X X X X 
Pl/2 - ZL2 -/.II X X X. X X X 
F1Q - ZT - /.II X X X. X X X X X 
t=DR- Z.LI - HI X X X X X. X X 
:_E~!:!:2 - HI_ X X X )( X X 
FOR - ZT - HI X X X X X X X X 
!=DR. - ZTI - /.ff X. X. X X X X X X 
l=IR - ZLI - Ht:. X X X X X X X 
FIR-ZL2 -1-12 X X X X X X 
FIR - ZT -H, X X X X X X. X X 
!=DR- ZLI -H, X X X X X X X 
FOR-ZL2 -H2 X X X X X X 
FOR - ZT - H2 X X X. X X X X X 
FDR-ZT! - NE X X X X X X X X 
l=!R - ZLI -E X X X X X X X X 
FIR -Zl..2 - E: X X X X X X X 
FIR -ZT -E X X X X X X X X X 
FOR -ZI..I - E X X X X X X X X 
FOR -ZL2 - E X X X X X X X 
FOR - ZT -E X X X X X X X X X 
FDR- ZTI - e X X X X X X X .x X 
!=IQ - L2 - YI X X X X X X X X 
FIQ -T - YI X X X X X X - X X X X 
FDQ- L2 - YI X X X X X X X X 
FDR-T - YI X X X X X X X X X X 
FIR-LZ - Y2 X X X X X X 
F!R-T - Y2 X X X X X. X X X 
t=DR-L2 - Yo X X X X X X 
Fi:-R-1 - Yo X X X X X )( ',( )( 

/:UR- LI - H X X X X X X X X 
l=UR- L2 - " X X X. X X X X X X 
l=UR- T -EHl X X X X X X )( X X X X 
PVR -LI - I: X X )( X X X X X 
FUR -L2 -EV X X X X X X X 
/:DR-LI -H2 (ML) MANUAL LOOP OUTF1<0M ARM X X X X X X 
F"OR-LI - H2(MRJlMANUAL. RING OUT l=RO'vf AR.M X X X X X X 

NOTES:- 
1. The 3700 ohm. resistance limit quoted is a nominal figure only. 

The actual resistance will be determined by interworking relay set 
at distant end. 

2. The 0-3 db fixed pads are to be located on the 4W side of the 
hybrid one in the J/Go" and one in the "Return" path and are 
adjustable in steps of 0.5 db from 0-3 db. 

3. The db pads are to be inserted in both the "Go" and "Return" paths. 

4. The values of the "Go" and "Return" path pads shown are the 
normal values. They may be varied from 0- 7.5 db in 0.5 db steps 
in the "G0" path and from 0-3.5 db in 0.5 db steps in the "Return" 
path. This covers the values required for some non standard 
systems. 

5. Charging facilities to be included in all relay sets with "Z" appear­ 
ing in the type column. 

6. FI R-H2 type relay sets may be used in lieu of the equivalent 
FIR-Y2 types (but not vice versa), 

Fig. 4.-ARM Exchange Junction ond Trunk Line Relay sets. 
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allow one particular relay set design to 
meet several needs. Lists of the relay 
sets so far evolved and the facilities pro­ 
vided by each are included in Appendix 
III and Fig. 4. 

Because of the large number of relay 
set types it has become necessary to have 
a systematic designation which conveys 
as much as possible about the applica­ 
tion of each particular relay set. For 
convenience the Swedish designations 
and abbreviations have been retained 
and these are rapidly becoming well 
understood in Australia. The designa­ 
tion is generally made up of three parts, 
the first part indicating whether the 
relay set is used on an incoming, out­ 
going or bothway circuit, the second 
part indicating the type of line signalling 
for which it is designed, and the third 
part indicating either the register with 
which it will be associated or its broad 
purpose, e.g., the FUR is not associated 
with a register and it is normally de­ 
signated to show whether it is intended 
to work with the trunk or local network. 

Special Facilities 
Testing Facilities and Test Access: 

Sufficient test equipment to allow effec­ 
tive functional testing and the checking 
of any critical conditions during installa­ 
tion and subsequently in service has 
been ordered. Provision is also being 
made for automatic access to trunk cir­ 
cuits for testing purposes as distinct from 
manual jack access for checking of par­ 
ticular items of equipment. In particu­ 
lar a testing officer should be able to 
check quickly over a group of circuits 
when he has received a report specify­ 
ing trouble on a particular route but has 
no information concerning the particu­ 
lar circuit on which the trouble is 
occurring. 
The test equipment supplied will in- 

clude such items as:- 
(i) General exchange tester. 
(ii) Tariff tester. 
(iii) Function check lamp panels. 
(iv) Test route relay sets. 
(v) Statistic recorders. 
(vi) Concentration toward a remote 

maintenance control room. 
Observation: Provision is being made 

for observation on the trunk lines, but 
it is anticipated that most of the service 
sampling will be carried out at the origi­ 
nating exchanges except in country areas. 
Traffic Recording: Provision is being 

made for the use of A.P.O. type traffic 
recorders. These are of the analogue 
pattern in which 100,000 ohm resistors 
are used and there is a current increment 
at the recording point for each line or 
device taken into use. Provision is also 
being made for call dispersion equip­ 
ment of A.P.O. design to be operated in 
conjunction with the ARM exchange to 
record the following information:- 

(i) The dialled number up to the F 
digit. 

(ii) The identity of the originating 
exchange. 

(iii) The identity of the outgoing 
route. 

(iv) The time of establishment of each 
call. 

Fault Recording: Centralograph fault 
recording equipment has been ordered 

k. 

for all of the initial ARM 20 exchanges. 
Traffic Route Programming: It is fore­ 

seen that there will be occasions when 
failures of all circuits on particular 
routes will occur, or possibly some cir­ 
cuits only on particular routes will fail. 

There will be occasions also when un­ 
usual traffic demand patterns will arise 
and these can be quite embarrassing 
to the operating administration. The 
alternate routing patterns required are 
"stored" in the marker by means of a 

APPENDIX ID 
Relay Sets Interworking with Intercontinental Exchange 

Relay Set I Interworks with Reg- I Line Signalling 
FIR-F(Y) 
FUR-F 

C.C.I.T.T. No. 5 
C.C.I.T.T. No. 5 

F(Y) 
F 

Relay Sets Interworking with Exchanges for which Charge Determination not 
Required. 

Line Signalling Distant Exchange Type and Information Signalling 
ARM. ARF.MFCM ARK.MFCK S X S. 
MFCT ORMFCP &DP DP 

L.M.E. pulse -T- FIR-T-Yl FIR-T-Yl FIR-T-Yl FIR-T-Y2 
FDR-T-Yl FDR-T-Yl FDR-T-Yl FDR-T-Y2 
FUR-T-Y FUR-T-H FUR-T-E FUR-T-H 

Australian rural carrier FIR-Tl-Yl FIR-Tl-Yl FIR-Tl-Y2 
-TI- FDR-Tl-Yl FDR-Tl-Yl FDR-Tl-Y2 

FUR-Tl-H FUR-Tl-E FUR-Tl-H 
Loop disconnect 2w FIR-LI-Yl FIR-LI-Yl FIR-LI-Y2 
* 0-2000 ohms -LI- FDR-LI-Yl FDR-Ll-Yl FDR-LI-Y2 

FUR-Ll-H FUR-LI-E FUR-Ll-H 
Loop disconnect 2w FIR-LIA-Yl FIR-LIA-Yl FIR-LIA-Y2 
* 2000-3700 ohms -LIA- FDR-LlA-YI FDR-LlA-Yl PDR-L1A-Y2 

FUR-LlA-H FUR-LIA-E FUR-LlA-H 
Loop disconnect 4w FIR-L2-Yl FIR-L2-Yl FIR-L2-Yl FIR-L2-Y2 

phantom FDR-J2-Yl FDR-L2-Yl FDR-L2-Yl PDR-L2-Y2 
* 0-2000 ohms -L2- FUR-L2-Y FUR-L2-H FUR-L2-E FUR-L2-H 
Loop disconnect 4w FIR-L2A-Yl FIR-L2A-Yl FIR-L2A-YI FIR-L2A-Y2 

phantom FDR-L2A-YI FDR-L2A-YI FDR-L2A-YI FDR-L2A-Yl 
* 2000-3700 ohms -L2A- FUR-L2A-Y FUR-L2A-H FUR-L2A-E FUR-L2A-H 
* The 2000 ohms quoted is nominal only, particularly in relation to S X S equipment 

the characteristics of which may necessitate a much lower limit. 

Relay Sets Interworking with Exchanges for which Charge Determination is 
Required. 

Distant Exchange Type and 
Information Signalling 

Line Signalling ARP. ARK. 
MFCM OR MFCK & S X S. 

MFCP DP DP 
L.M.E. pulse -ZT- FIR-ZT-HI FIR-ZT-E FIR-ZT-H2 

-T- FDR-ZT-HI FDR-ZT-E FDR-ZT-H2 
FUR-T-H FUR-T-E FUR-T-H 

Australian Rural Carrier FIR-ZTI-Hl FIR-ZTI-E FIR-ZT1-H2 
-ZTI- FDR-ZTI-HI FDR-ZTl-E FDR-ZTI-H2 
-rt- FUR-Tl-H FUR-Tl-E FUR-Tl-H 

Loop disconnect 2w -ZLl- FTR-ZLl-HI FIR-ZLl-E FTR-ZL1-H2 
* 0-2000 ohms -r.i- FDR-ZLl-HI FDR-ZLl-E FDR-ZL1-H2 

FUR-Ll-H FUR-Ll-E FUR-Ll-H 
Loop disconnect 2w -ZLlA- FIR-ZLlA-HI FIR-ZLlA-E FIR-ZL1A-H2 
* 2000-3700 ohms FDR-ZLlA-HI FDR-ZLlA-E FDR-ZL1A-H2 

-LIA- FUR-LlA-H FUR-LlA-E FUR-LIA-H 
Loop disconnect 4w phantom 

-ZL2- FIR-ZL2-HI FIR-ZL2-E FIR-ZL2-H2 
FDR-ZL2-Hl FDR-ZL2-E FDR-ZL2-H2 

* 0-2000 ohms -L2- FUR-L2-H FUR-L2-E FUR-L2-H 
Loop disconnect 4w phantom 

FIR-ZL2A-HI FIR-ZL2A-E -ZL2A- FIR-ZL2A-H2 
FDR-ZL2A-HI FDR-ZL2A-E FDR-ZT-2A-H2 

* 2000-3700 ohms -L2A- FUR-L2A-H FUR-L2A-E FUR-L2A-H 
* The 2000 ohms quoted is nominal only, particularly in relation to S X S equip­ 

ment the characteristics of which may necessitate a much lower limit. 
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strapping field. These straps will be 
accessible so that routing patterns may 
be varied under direction when either 
breakdowns or unusual traffic patterns 
arise. It is envisaged that before long it 
will be necessary to have a central con­ 
trol exercising constant supervision over 
the whole of the Australian trunk net­ 
work. Congestion on routes or conges­ 
tion in markers would be displayed at 
this centre and if it considered that 
action is necessary it would direct can­ 
cellation of alternate routing or possibly 
complete changes of the routing pattern 
to meet the unforeseen requirements. 
In the future this would probably be 
further refined to enable the control 
centre to automatically reset these con­ 
ditions, and perhaps in the even more 
remote future the traffic conditions may 
be monitored and the routing pattern 
changed automatically to give the best 
use of the plant available. 

Other Aspects: Some of the other 
factors which have been given considera- 

tion and have been covered in the de­ 
tailed specification are:- 

( a) Voltage limits; 
(b) Ambient temperature; 
(c) Interconnection with the semi­ 

automatic network; 
(d) Interconnection with manual assist­ 

ance centres; 
(e) MFC sending and receiving levels 

and frequency tolerances; 
(g) DC limits when interworking with 

step-by-step equipment. 

CONCLUSION 
The foregoing has been mainly a re­ 

view of the factors taken into account 
in the specification and design of the 
ARM crossbar trunk exchange. A sub­ 
sequent article will describe the way in 
which calls will be set up through an 
ARM exchange and through the other 
parts of the network. The times during 
which registers are in use, the detailed 
treatment of the echo suppressor switch- 

ing, the way in which it is proposed that 
international calls would be handled, and 
the way in which the originating charge 
zone will be identified, etc., will also be 
covered, and descriptions in diagram­ 
matic form of the information signals 
involved in the setting up of various 
classes of call will be included. 
Deliveries of this equipment have 

already commenced, and it is anticipated 
that the first of the Australian ARM 
exchanges will be in service in Sydney 
by December 1965. 
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BOOK REVIEW 
PRINCIPLES OF TELEGRAPHY 
N. N. Biswas, 1964. Asia Publishing 

House, pp. 187. 
The book is available from the Asia 

Publishing House, Calicut Street, Ballard 
Estate, Bombay 1, at a cost of 30/­ 
(sterling). The book may be obtained 
through Australian booksellers but the 
price is indefinite, possibly about 37 /6 
(Australian). 

Chapter beadings: Telegraph Codes­ 
Telegraph Instruments and Relays-Tele­ 
graph circuits-Teleprinter and Telex­ 
Facsimile and Picture Telegraphy-Sub­ 
marine Cable Telegraphy - Voice 
Frequency Telegraphy - Appendices 
-Answers to Numerical Problems - 
Name Index - Subject Index. 
The author has written this book 

primarily for use during a B.E. degree 
course in Telecommunication and Elec­ 
trical Engineering of a University. Prin­ 
ciples rather than specific practices are 
emphasized and it can be said that the 
author probably achieves his aim, the 
standard required for particular B.E. 
courses being the deciding factor. The 
book would no doubt be a valuable text 
for engineers engaged on telegraph 
engineering work in an administration 
such as the Australian Post Office. 
Apart from a few of the very early 

pages the printing and diagrammatic 
representation in the book are quite 
satisfactory. A few of the early pages 
are difficult to read because impressions 
from the reverse page show through. In 
some places the English expression is 
incorrect but it is not difficult to assess 
the meaning intended by the author. 
At the end of each chapter there are 

references and problems. The references 
are quite useful and refer to known and 
well-circulated technical journals. The 
problems are quite extensive and are 
answered at the back of the book. 
The chapter on Telegraph Codes in­ 

cludes description of the Morse, Cable, 
five-unit and Hellschreiber (called Hell­ 
scriber) and compares the transmission 
capability of each in words per minute 
for a given signalling speed in bauds. It 
is surprising that there is no specific 
mention of redundancy in this compari­ 
son and it is a pity that no mention is 
made of information theory. 
The chapters on Telegraph Instruments 

and Relays and Telegraph Circuits in­ 
clude material describing some of the 
components and circuits used in manual 
telegraphy. 
The chapter devoted to Teleprinter and 

Telex is the largest in the book and 
occupies 49 pages. A description of 

synchronous machine telegraphy and its 
attendant problems are included. The 
pages describing the principles of start­ 
stop machine mechanism are excellent 
and include accounts of the methods 
employed in many modem machines. 
Considerations of Telex, including net­ 
works, numbering schemes and sub­ 
scribers' terminal equipment are dis­ 
cussed generally; signalling diagrams 
for local and trunk calls are given but 
no mention is made of the release of a 
connection and the associated guard 
arrangements required. No mention is 
made of the possibility of using keyboard 
transmission to generate the signals re­ 
quired for the selection of the required 
subscriber. 
The chapter discussing Facsimile and 

Picture Telegraphy includes excellent 
descriptions of equipment in this field, 
including "flat-bed" transmitters. 
The chapters for Submarine Cable 

Telegraphy and Voice Frequency Tele­ 
graphy cover their subject satisfactorily. 
As far as Australian readers are con­ 

cerned, this book is a useful text for 
anyone interested in the engineering 
principles employed in telegraphic com­ 
munication. It would be a particularly 
handy reference for engineers engaged 
on telegraph work. 

N.R.C 
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THE L M ERICSSON ROBOT TEST DESK 

INTRODUCTION 
A major proportion of fault location 

work in any telephone network involves 
individual subscribers' services. The 
investigation of many of these faults in­ 
volves sending a technician into the 
field; he contacts the exchange from the 
subscriber's telephone and has tests 
applied from the exchange to the sub­ 
scriber's line and equipment. These tests 
are applied from the exchange test desk, 
which is manually operated by an ex­ 
change technician. 
The trained area technician has a 

necessary function, being able to in­ 
telligently assess the performance of the 
subscriber's equipment and line, and to 
either replace subscribers' equipment or 
make simple on-the-spot repairs. On 
the other hand the technician at the ex­ 
change test desk performs a task that 
is at times arduous and often thankless. 
In the field are area maintenance tech­ 
nicians, fault linemen and substation in­ 
stallation staff, all requiring the services 
of the test desk. This large potential 
for test desk usage often results in peak 
demands being created with which the 
test desk staff cannot cope. Consequently 
the field staff are faced with frustrating 
delays on test desk calls. Now in many 
cases, the desk technician only performs 
a "slave" function; applying tests re­ 
quested from the field and then passing 
on the results. One can readily envis­ 
age such tests being applied by auto­ 
matic equipment, enabling the test desk 
technician to devote his time to work 
appropriate to his training and experi­ 
ence. Such automatic equipment would 
act as a "robot test desk". 
The provision of automatic testing 

devices is a natural extension of auto­ 
matic telephone switching. Over the 
years various devices have been evolved, 
some of which are commonly used in 
Australian Post Office exchanges, such 
as "transmission test", junction test", 
"ring back" and "permanent reversal 
test". However, all these automatic test 
devices that have hitherto been designed, 
are limited in having a single function. 
The testing technician simply dials an 
access code and the tester, upon being 
seized, automatically applies a pre­ 
scribed test. The device described in 
this article, the L M Ericsson robot test 
desk (APR), differs from automatic 
testers previously used by the A.P.O. 
in that the tester is under the control 
of the testing technician. Having gained 
access to the robot test desk, the tech­ 
nician may then, by dialling further 
digits, select (in any order) any of the 
range of tests available. 
The above system could provide a 

complete automatic test desk in the 
form of one set of equipment having one 
access code. The equipment described in 
this article is only a first step to this 
goal and does not fulfil the complete 

* Mr. Taylor is Engineer Class I, Metropolitan 
Equipment Installation, N.S.W. See page 82. 

list of requirements for an automatic 
test desk. However, it does provide a 
range of useful tests. 

AUSTRALIAN POST OFFICE 
REQUIREMENTS 

The requirements for an automatic 
test desk are governed by the technical 
standards laid down by the particular 
telephone administration, which are in 
turn based on the operating requirements 
of the various types of exchange and 
substation equipment when working in 
conjunction. The A.P.O. has a large 
quantity of various types of step-by-step 
equipment in situ, whilst recent instal­ 
lations have been of L M Ericsson 
crossbar equipment, which now forms 
an appreciable component of A.P.O. 
telephone networks. The requirements 
for services working into step-by-step 
equipment are generally more stringent 
than for those working into crossbar 
equipment. The A.P.O. has decided 
to provide robot test desks wherever 
they appear economically justified and 
there are no technical difficulties. At 
present this includes all crossbar and 
step-by-step exchanges over 1,000 lines, 
except where the testing path is blocked 
to direct current by a transmission 
bridge, e.g., exchanges containing D.S.R. 
switches which do not eliminate the 
repeating element on local switching. 
The original robot test desk was de­ 

signed by L M Ericsson of Sweden to 
suit their standards for subscribers' ser­ 
vices connected to crossbar exchanges. 
These standards differ from those at 
present applied in A.P.O. exchange 
areas. In particular the A.P.O. insula­ 
tion resistance standards are much 
higher and an additional loop resistance 
test must be applied to lines connected 
to 400 series telephones to ensure that 
the resistance is not too low (under 200 
ohms), resulting in transmitter burning. 
To meet the A.P.O. standards, modifi­ 

cations to the L M Ericsson equipment 

R. M. TAYLOR, B.E.* 

were designed by Mr. A. D. Pettersson, 
Divisional Engineer, Toowoomba, 
Queensland. The modified equipment 
was installed in the Toowoomba cross­ 
bar exchange and has been in use for 
some time. Furthermore, to ensure that 
the equipment was also suitable for use 
in step-by-step exchanges, a second 
modified robot test desk was installed 
in York exchange, Sydney, N.S.W. This 
installation was carried out under the 
control of the author, who then sub­ 
jected the equipment to detailed tests. 
The robot test desk was made available 
to the York area maintenance staff for 
field tests in January 1964. 
FUNCTIONS AND USE OF THE 

ROBOT TEST DESK 
General 

The robot test desk automatically per­ 
forms a range of tests on a subscriber's 
line and equipment. The choice of 
tests is under the control of the tech­ 
nician or lineman working in the field, 
who selects the tests by dialling various 
digits. The robot is a GO-NO GO de­ 
vice, classifying the various test results 
into discrete ranges. The result of each 
test is indicated by a result tone, trans­ 
mitted from the robot test desk to the 
technician. Table I shows the tests and 
a typical arrangement of result tones. 
Table I is only typical. The ultimate 

scheme of tones will depend on later 
equipment designs produced by L M 
Ericsson for A.P.O. use and on the tones 
available in each exchange. 
The use of a GO - NO GO device 

provides only limited information con­ 
cerning the nature of faults on sub­ 
scriber's services, but usually this is 
sufficient, and often all that is desirable. 
Faulty services are tested from the 
manual test desk before sending a tech­ 
nician into the field. The detailed in­ 
formation from this test is usually 
sufficient and GO - NO GO tests are 
then used to trace the fault. 

TABLE I: TYPICAL TESTS AND RESULT TONES 
Test Result Tones Test Code Handset 
Digit Dial Ring C.N. 

Dial speed (10 i.p.s.) to Off Slow 8.5-12.5 Fast 
Dial speed (20 i.p.s.) 20 Off Slow 15.5-21.5 Fast 
Ring test, full voltage 3 Restore } 
Ring test, half voltage 4 Restore Assess by listening 
LR. +ve wire 5 Restore Below 0.5-1 meg Above 

0.5 meg 1 meg. 
I.R. -ve wire 6 Restore Ditto Ditto Ditto 
I.R. between 7 Restore Ditto Ditto Ditto 
Loop resistance * 8 Off Below 200-1200 Over 

200 ohms ohms 1,200 
c/s 

ohms 
Robot check 9 Off 900 

* For line loop short circuit terminals within 5 sees and 
remove short after 5 sees. 
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The location of line faults sometimes 
requires precise measurements to be 
made. However, in subscribers' reticu­ 
lation networks the line plant is often 
of mixed construction and route dis­ 
tances are difficult to estimate because of 
changes in route direction. This results 
in precise measurements from the ex­ 
change being of little value, much more 
useful information being obtained from 
measurements made with portable in­ 
struments in the vicinity of the fault. 
Most line fault location tests only 
involve distinguishing between "sub­ 
scriber's side" and "line side", for which 
GO - NO GO tests are ideal. 

Before being able to perform any tests 
it is necessary to gain access to the robot 
test desk. In ARP 101 and ARF 102 
system crossbar exchanges the robot is 
connected to the REG-L's via the I.D.F. 
In step-by-step exchanges an outlet from 
a rank of group selectors is used, usually 
off one of the levels assigned to the 
various test facilities such as test desk, 
ring back, permanent reversal test, etc. 
It is possible to trunk the one robot from 
both crossbar and step-by-step equip­ 
ment. 
The technician dials the access code. 

On being seized the robot returns ring 

BUSY TONE 

~ 
TONES 

Fig. I .-Block Diagram of Robot Test Desk. 

tone and the technician then replaces the 
receiver. On detecting the removal of 
the loop the robot connects ring voltage 
to the line. The technician again removes 
the receiver and the re-application of the 
loop operates the ring trip relay. The 
robot now emits a special 900 c/s oscil­ 
lator tone, known as "APR tone". This 
indicates to the technician that he is con­ 
nected to the robot and may select the 
required tests by dialling the appropriate 
digits. The tests may be selected in any 
order, simply dialling the next test upon 
finishing the previous one. 

Certain tests require the telephone 
receiver to be restored. When these 
tests are selected the robot emits busy 
tone, indicating to the technician that 
he should replace the receiver. 

Tests 
Dial Speed: The technician dials code 

digit 1 for a test on a nominal speed 
10 i.p.s. dial and code digit 2 for a 
nominal speed 20 i.p.s. dial. He then 
dials code digit 0, which is the test 
impulse train. After the finish of the test 
train the robot sends back result tones 
indicating whether the dial speed is fast, 
slow or within acceptable limits. 

42V. 5 

Speed 20 i.p.s. dials are not at present 
used by the A.P.O., but the test facility 
has been provided by L M Ericsson 
since it is possible to use such dials on 
services connected to crossbar exchanges 
where the registers employ reed relays 
(e.g. ARF 102 exchanges). 

Bell: The technician dials code digit 
3 for a test at full ring voltage and code 
digit 4 for a test at half ring voltage. 
The robot emits busy tone and, upon 
the receiver being replaced, connects ring 
voltage to the line. The technician then 
assesses the performance of the bell by 
listening. 
Insulation Resistance: The technician 

dials code digit 5, 6 or 7 according to 
the line connection on which he wishes 
to make the insulation resistance test. 
The robot sends back busy tone and the 
technician replaces the receiver. There is 
a delay of approximately 5 sees. before 
the test commences, which allows time 
for the capacitance of the subscriber's 
line and equipment to charge fully. 
When the test has been completed, the 
robot connects ring voltage to the line. 
The technician removes the receiver and 
then hears a result tone indicating 
whether the insulation resistance is be­ 
low 0.5 megohm (unacceptable), be- 
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tween 0.5 and 1.0 megohm (acceptable 
for existing services only), or over 1.0 
megohm (acceptable for new and exist­ 
ing services). 
Loop Resistance: The technician dials 

code digit 8. As in the insulation re­ 
sistance test, there, is a delay of approx. 
5 sees. before the test commences. This 
gives the technician time to apply a 
short to the telephone terminals. This 
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''AN 011 
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I 
111, .~ND 

1
, . ~ 
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RELAY 
T2 

, TRIGGER 7 t-1 .• ., ___. 

TRUTH TABLE FOR TRIGGER FLIP-FLOP 
TRIGGER TRIGGER TRIGGER INPUT STATE SWITCHING OUTPUT ACTION 

0 0 NO CHANGE 0 • 
I ~i ON ?i 
0 I NO CHANGE I 
I bi OFF bi 
0 0 NO CHANGE 0 ••• 

TRUTH TABLE FOR1ANo'1 GATE OUTPUTS 

DIAL SPEED 
\\ II BINARY COUNTER STATE DECIMAL AND 

TEST LIMIT GATE 
EQUIVALENT 

7 6 5 4 3 2 1• NUMBER 
21·5 I.P.S. I 0 I 0 I 0 I 0 42 
12·5 II 2 I 0 0 I 0 0 0 72 
15·5 II 3 I 0 I I 0 I 0 58 
8·5 " 4 I I 0 I 0 I 0 106 

* TRIGGER FLIP- FLOP NUMBE~ 
Fig. 2.-Typical Logic Block Schematic and Truth Tables for D'ial Speed Test Circuit. 

short must be maintained for at least 5 
sees. On removing the short the tech­ 
nician hears a result tone indicating 
whether the loop resistance is over 1,000 
ohms (unacceptable), between 1,000 and 
200 ohms, or under 200 ohms (both 
acceptable). 
It is often possible to short circuit 

the line by moving the telephone dial 
off normal. This is not a good practice 
since there is a possibility of signalling 
a spurious impulse, or of having the 
line looped but not short circuit. 
Robot Check: The technician may 

check the, robot test desk by dialling 
code digit 9. On dialling this digit the 
900 c/s. APR tone should be heard. 
This indicates that the robot has cor­ 
rectly counted 9 digits and is not locked 
to one of the tests. 
Release and Automatic Disconnection 

of Robot: The technician may release 
the robot test desk simply by replacing 
the receiver when any of the result 
tones, or the APR tone, is being emitted. 
Time supervision is provided by means 
of a thermal relay. If the robot is left 
in any state, i.e., when sending ring or 

AT BALANCE 

Rx: R ~! Rx IS LINE LOOP RESISTANCE 

Fig. 3.-Basic Circuit of Loop Resistance 
Test Bridge. 

any tone, for longer than 2-3 minutes, 
the robot completely disconnects auto­ 
matically. Other technicians can then 
seize the robot. This facility prevents 
the equipment being blocked by spurious 
connections or carelessness. 

Functions 
The various relays, transformers and 

transistor circuits in the robot generally 
have distinct functions. It is thus pos­ 
sible to break the circuit up into func­ 
tional blocks and to outline the working 
of the robot on the basis of a block 
diagram (Fig. 1). For reference in 
the text, a number is shown in each 
block. 

Seizure of Robot: The technician dials 
the robot test desk access code. In 
crossbar exchanges the register tests for 
battery (via 1,000 ohms) on the d, wire. 
In step-by-step exchanges the group 
selector tests for open circuit on the 
ce wire, which is connected to the 
private multiple. When the robot is 
seized the A relay operates to the loop. 
Other relays in the seizure and hold 
control [l] then operate and holding 
earth is returned on the ea wire. The 
earth on the, cs wire also serves to busy 
the robot to step-by-step equipment, 
whilst open circuiting of the d wires 
gives busying to crossbar equipment. 
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The robot sends back ring tone and 
the technician replaces the receiver. The 
seizure and hold control now connects 
ring voltage to the line and the tech­ 
nician removes the receiver again. The 
seizure and hold control then connects 
the 900 c/s APR tone [5] to the line, 
indicating that the tester is ready to re­ 
ceive test code digits. 
Dial Impulse Speed Tests: The tech­ 

nician dials test code digit 1 or test code 
digit 2. The appropriate relay in the 
dial speed test selector [14] is operated, 
via the impulsing relays [6] and the test 
selection relay counting train [7]. The 
dial speed test selector removes earths 
from the flip-flops in the binary counter 
[16] which hold it off (i.e. at zero) 
when not in use. and sets the test asses­ 
sor (diode logic· unit) [17] to give test 
limits according to the nominal speed 
of the dial. 
The technician now dials code digit 0. 

Shortly after the beginning of the first 
break impulse the impulsing relays con­ 
nect a 50 c/s A.C. supply voltage to the 
100 c/s square wave converter and shaper 
[15]. Shortly after the beginning of the 
tenth break impulse the 50 c/s AC. 
voltage is disconnected. Hence the 
A.C. voltage has been connected during 
the occurrence of nine complete succes­ 
sive impulses. The binary counter counts 
the 100 c/s rectangular pulses received 
from the pulse converter and shaper 
during this period. The total number 
of pulses counted is held in binary 
language in the counter, and the test 
assessor, by means of diode logic circuits, 
determines which speed range the dial 
falls into. The test assessor then 
actuates the appropriate relays in the 
test result tone selector [8]. 

Bell Tests: The technician dials test 
code digit 3 or test code digit 4. The 
test selection relay counting train 
selects the ring test [4]. The busy 
tone control [9] is actuated and 
busy tone is emitted. The technician 
then replaces the receiver and assesses 
the performance of the bell by listening 
to the ring. For the half ring voltage 
test the ring control and test relays [ 4] 
are operated so that only one half of 
the centre tapped secondary of the ring 
transformer [3] is connected to the line. 
Insulation Resistance Tests: The tech­ 

nician dials code digits 5, 6 or 7. The 
test selection relay counting train actu­ 
ates the line selector [10] so that the 
desired line connections are made to the 
insulation resistance test. These con­ 
nections are: 
Digit 5: -l-ve leg of line and earth 
Digit 6: -ve leg of line and earth 
Digit 7: both legs of line. 

The busy tone control is actuated and 
the technician replaces the receiver. The 
time delay circuit [12] is started and, 
when 6 sees. have elapsed, the insula­ 
tion resistance test [11] is applied. 
If the insulation resistance exceeds 0.5 

megohm an additional time delay [12] 
of 70 millisecs is started. When this 
time has elapsed a second test is applied 
to determine whether the insulation re­ 
sistance is above or below 1 megohm. 
The appropriate relays in the test result 
tone selector are operated. Ring voltage 
is applied to the line, the technician 

lifts the receiver and listens to the result 
tone. 
Loop Resistance Test: The technician 

dials code digit 8. The test selection re­ 
lay counting train selects the loop resist­ 
ance test [13]. As in the insulation re­ 
sistance tests the commencement of test­ 
ing is delayed by 6 sees. 
If the loop resistance exceeds 200 

ohms, a second test, to· determine 
whether the resistance is above or below 
1,000 ohms, is applied after a 70 milli­ 
sees delay. The appropriate reJays in 
the test result tone selector are operated. 
After having held a short circuit on the 
line for at least 5 sees. the technician 
removes the short and listens to the 
result tone. 
Robot Check: The technician dials 

code digit 9. The test selection relay 
counting train selects the 900 _c/s APR 
tone oscillator [ 5]. 
Release: If the line loop is broken 

when the robot is emitting a test result 
tone, or APR tone, the seizure and hold 
control removes the holding earth from 
the ce wire and the robot is released. 
Automatic Disconnection: Once the 

robot is in a particular state, i.e. emit­ 
ting a tone or ring voltage, the seizure 
and hold control starts the time watch­ 
ing circuit [2]. When the robot oper­ 
ates to another stale the time watching 
is re-commenced. 

CIRCUIT DETAILS 
General 

Many portions of the robot test desk 
circuit are typical of L M Ericsson relay 

circuit design. It would not be proper 
to discuss such portions of the circuit 
here, since this article is not intended 
to be a circuit description or a treatise 
on L M Ericsson relay circuits. On the 
other hand several of the testing cir­ 
cuits incorporate interesting principles. 

Dial Speed Tests 
To explain the dial speed test circuit 

to those who are unacquainted with 
diode and transistor logic circuits would 
require a lengthy discussion' that is be­ 
yond the scope of this article. How­ 
ever, for the benefit of the more 
sophisticated reader, the circuit is shown 
in logic block diagram form in Fig. 2. 
The function of the various logic devices 
may be studied in numerous tests. 
Readers of the Journal may refer to a 
series of articles by Arter (1). 
The principle of the dial speed test 

is to count the time that elapses be­ 
tween the beginnings of the first and the 
tenth break impulses of the test train 
(nine complete· impulses). This time is 
counted by a binary counter which 
counts the 100 c/s rectangular "clock" 
pulses received during the time limits. 
These "clock" pulses are derived from 
the 50 c/s AC. mains. The mains volt­ 
age is stepped down and isolated, and 
then fed into a frequency doubler and 
pulse shaper circuit. The average mains 
frequency is held to close accuracy but 
short time fluctuations can occur. How­ 
ever, the frequency should generally be. 
within acceptable limits for a dial speed 
standard. 
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Fig. 4.-lnsulatlon Resistance Test Circuit. 
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Fig. s.-Robot Test Desk Installation at York Exchange, Sydney, N.S.W. 

The binary counter comprises seven 
trigger type transistor flip-flops connected 
in a "scaler" circuit. The principle of 
this circuit is successive stages of divi­ 
sion by two, i.e., the first flip-flop counts 
at 100 c/s, the second at 50 c/s, the third 
at· 25 c/s, and so on. The scaler thus 
counts in the 8421 binary system. 
The counter is read by diode "AND" 

gates, which are selected by a relay to 
suit a test on a nominal speed 10 i.p.s. 
dial or a nominal speed 20 i.p.s. dial. 
The outputs of these AND gates feed 
to the transistor operated relays Tl and 
T2. An AND gate gives an output only 
when all the inputs are simultaneously 
energised. If the dial speed exceeds 
the upper test limit the counter will not 
have time to reach a state where either 
of the AND gates can give an output. 
If the speed lies within the acceptable 
range the counter will have time to pass 
through a state where the AND gate 
associated with relay Tl gives an output. 
Relay Tl has time to operate and lock 
via one of its own contacts before the 
counter advances to the next clock 
pulse, which switches the AND gate off 
again. If the dial speed is less than the 
lower test limits both relays TI and T2 
operate. According to the state of Tl 
and T2, the appropriate result tone 
selection relays operate. 
Fig. 2 incorporates truth tables for the 

trigger flip-flop and for the counter 
states for AND gate operation, for cross­ 
bar dial speed limits. 
If the test train contains less than ten 

impulses the counter is not stopped by 
the test selection relay counting train, 
but stops when the 50 c/s supply is 
disconnected by the release of the slow 
operate relay which holds up during im­ 
pulse trains. This form of operation is 
a malfunction and the test result is 
meaningless. A meaningless test also 
results if the 50 c/s supply fails. 
This is a rather elaborate circuit for 

a dial speed test. An obvious alterna­ 
tive is to measure the elapsed time by 
means of the rise or decay of the voltage 
developed in a resistance capacitance 
circuit. Whether or not this arrange­ 
ment is less expensive to provide than 
the binary counter depends on the 
degree of precision required for the 
dial speed test limits. If the accuracy 
required is not high a relatively simple 
and cheap circuit could probably be con­ 
structed. On the other hand the binary 
counter measures the elapsed time to the 
nearest hundredth of a second, which 
gives approx. ± 1 % accuracy for tests 
on 10 i.p.s. dials and ± 2% accuracy 
for tests on 20 i.p.s. dials. It also has 
the very useful feature of requiring no 
marginal adjustments, which would re­ 
quire the generation of standard impulse 
trains at the dial 'speed test limits. The 
speed limits are set by arranging the 
input diodes of the AND logic gates so 
that relays TI and T2 operate to the 
appropriate binary counter states. The 
L M Ericsson designers have provided 
a basic printed circuit board that caters 
for diode circuits covering a wide range 
of dial speed test limits. 
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Loop Resistance Test 
The loop resistance test is performed 

by an automatic Wheatstone bridge for 
which a basic circuit is shown in Fig. 3. 
The heart of this device is the detector, 
which is a sensitive polarized moving coil 
relay. This relay, which is referred to 
in the L M Ericsson circuit description 
as a "plunger coil relay", uses the same 
construction as a moving coil loud­ 
speaker, the moving contact assembly of 
a change-over set taking the place of 
the diaphragm. A constant magnetic 
flux is provided by a permanent magnet, 
which has an annular gap in which the 
coil moves. The relay energising cur­ 
rent has negligible effect on the magni­ 
tude and direction of the magnetic flux. 
This results in two important relay 
properties: 
(i) polarized operation, and, 
(ii) negligible difference between operat­ 

ing and release currents. 
The low mass and loading of the 

moving coil results in a very sensitive 
relay. The moving coil relay in the 
test desk robot installed at York ex­ 
change was connected to a current test 
set. It was found to operate to 0.6ma 
current and no difference between the 
operate and release currents could be 
detected. When this relay serves as an 
automatic bridge detector all of the 
above characteristics are put to use. 
This automatic bridge relies on a 

fundamental property of the Wheatstone 
bridge: as Rx is varied through the 
balance point the direction of the de­ 
tector current reverses passing through 
zero at the balance point. Thus the 
polarized relay detector will operate 
only for values of Rx to one side of 
the balance value, although current flows 
in the detector for all unbalanced bridge 
conditions. For values of Rx to the 
other side of the balance value, the 
polarized relay does not operate. Be­ 
cause the operate and release currents 
of the relay are practically the same, the 
demarcation of the balance point is 
quite precise. The high sensitivity of the 
relay results in the actual bridge dis­ 
crimination point lying very close to 
the theoretical balance point. An im­ 
portant feature of the bridge circuit is 
that the effect of variations in exchange 
battery voltage is negligible. 
It was possible to adjust the bridge 

in the robot at York exchange to within 
± 2% of the loop resistance limits. 
However, greater precision could prob­ 
ably have been achieved if the variable 
resistors in the bridge arms had been 
capable of finer adjustment. The current 
through some of the bridge resistors is 
appreciable and some bridge drift could 
result from the variation of resistance 
with temperature. However, the great­ 
est source of error lies in the additional 
resistance inserted by the exchange 
switches and wiring between the sub­ 
scriber's line and the robot test desk. 
The moving coil relay is suspended 

by springs and must be mounted in a 
horizontal position since the moving coil 
restoring force is mainly imposed by 
gravity. 

Insulation Resistance Tests 
In the original L M Ericsson robot 

test desk circuit the insulation resistance 
test, for which a 52 kilohm limit was 
sent, was also performed by the auto­ 
matic bridge. The A.P.O. standards for 
insulation resistance involve much higher 
limits. These limits are beyond the 
scope of the bridge, since the high ratio 
of the arms (i.e. RB : RA) results in too 
great a loss of balance sensitivity. The 
robot was modified to provide an in­ 
sulation resistance test based on an 
L M Ericsson transistorized current de­ 
tector. 
The basic circuit is shown in Fig. 4. 

It is fundamentally an automatic ohm­ 
meter. The current detector occupies the 
position of the current meter in an 
ohmmeter circuit and takes the form of 
a transistor component board. It com­ 
prises a transistor switch connected 
across a resistor, R, two values for which 
are provided in the form of "trimpot" 
variable resistors. This resistor is con­ 
nected in series with the insulation re­ 
sistance, Rx, and a high tension source 
to form a voltage divider. The other 
resistors are provided to protect the 
transistors when Rx is short circuit. 
When the voltage developed across the 
fixed resistor exceeds the emitter bias 
voltage the transistor circuit switches to 
the "on" condition, causing relay lK to 
operate. The emitter voltage is closely 
regulated by the zener diode. Hence the 
current through Rx, above which the 
transistor circuit switches on, is held 
within close limits. Thus the circuit 
forms an automatic ohmmeter which 
can be set to close limits. 

The errors associated with this circuit 
are generally those associated with 
ohmmeters. Since we only have to dis­ 
criminate about particular values of 
Rx, a gradual drop in the high tension 
voltage as Rx decreases will have no 
effect on the accuracy of discrimination. 
However, random fluctuations in the h.t. 
voltage will alter the insulation resistance 
test limits. 

INSTALLATION ASPECTS 
General 

The installation aspects discussed here 
are mainly based on the author's experi­ 
ences at York exchange. 
Regardless of whether the robot test 

desk is installed in a crossbar or step-by­ 
step exchange certain supplies, which are 
not available on the equipment racks, 
have to be provided. The binary counter 
requires a 42v, 50 c/s input. This is 
derived from a double wound step down 
transformer which is normally mounted 
on the A.C. distribution panel or in one 
of the rectifier cubicles. The insulation 
resistance test may be operated from 
the 80v. internal supply of the robot 
but it is preferable to use the same 
voltage as is supplied to the manual 
test desk, to prevent discrepancies due 
to insulation resistance breakdowns. A 
feed from the high tension supply should 
be taken to the robot via heavily insu­ 
lated cable. 

The test desk robot itself comprises 
two crossbar type relay sets which have 
to be suitably mounted. 

Crossbar Exchanges 
The installation is straightforward, 

the relay sets being mounted on the 
miscellaneous rack. A test access jack 
and busying key are provided in 
the rack jack box. The a, b, c1, c2, 
d1 and d2 wires appear on the I.D.F. 
where they are jumpered to the registers. 

Step-by-Step Exchanges 
Here the main prob !em is to provide 

a suitable mounting for the crossbar type 
relay sets. Fig. 5 shows the York ex­ 
change installation. The relay sets are 
mounted in an ARK crossbar system 
wall frame. The, frame is mounted in 
spare space on the rack of special 5th 
selectors which provide access to the 
various test facilities. The group selec­ 
tor outlet is taken direct from the rack 
blocks to the relay set plug unit. 
The 42v, 50 c/s step down transformer 

is mounted to the right of the wall frame. 
This non-standard position was selected 
since the specified location was not suit­ 
able in this particular exchange. 
At the right hand end of the wall 

frame, at the front of the, plug unit 
bracket, are mounted the test jack and 
busying key. A lamp is also provided to 
indicate to the exchange staff that the 
robot is seized. 

Circuit Modifications 
The provision of robot test desk 

equipment to suit A.P.O. test standards 
is currently being undertaken by L M 
Ericsson. In the meanwhile locally modi­ 
fied equipment has been installed at 
Toowoomba exchange (crossbar equip­ 
ment) and York exchange (step-by-step 
equipment). The modified relay sets in­ 
stalled at York exchange are shown in 
Fig. 6 (a) and (b), The location of the 
major modification components can be 
seen. The moving coil relay is shown 
in the lower right hand comer of Fig. 
6 (a). The current detector board is in 
the lower middle of Fig. 6 (a) with the 
"trimpot" variable resistors at the front 
right hand side of the board. The major 
portion of installation labour at York 
exchange was used in modifying relay 
set APRl. 
A 5 watt transistorized DC-DC con­ 

verter described in (2) was used to pro­ 
vide a high tension of approximately 
200 volts. The regulation of this con­ 
verter is quite good, except for a sharp 
rise in output voltage at very low loads, 
which is easily suppressed by loading 
the output with a suitable resistor. The 
DC-DC converter is the matrix board 
circuit at the right of Fig. 6 (b ). Its in­ 
put voltage is supplied by a series re­ 
sistor with zener diode regulation. These 
components are mounted at the right 
hand. end of the wall frame, Fig. 5. 

Testing and Adjustment 
The writer made extensive tests on the 

robot test desk installed at York ex­ 
change, prior to its being put into ser­ 
vice. An interesting problem occurred 
with the transistor operated relay circuits 
used in the dial speed test. These cir­ 
cuits are sensitive to quite small pulses. 
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(a) Relay Set APRI. From lower middle to lower right are: polarised impulsing relay, 900 c/s 
oscillator ( older version), insulation resistance test circuit component board, ring trans­ 
former, electrolytic capacitor in time delay circuit and polarized moving coil relay. 

(b) Relay Set APR2. Top left to right are: full wave rectifier (rectangular can), pulse shaper 
and first three flip-flops of binary counter, remaining four flip-flops of counter, diode 
logic gates and relay operating transistors, and DC-DC converter h.t. supply. 

Fig. 6.-Modified L M Ericsson Robot Test Desk Relay Sets Installed at York Exchange. 

Positive feedback is provided via 
secondary windings on the relays, TI 
and T2. It was found that these relays 
were operating to pulses picked up by 
coupling, the pulses being caused by the 
release of the adjacent dial speed test 
selection relays in relay set APR2. This 
trouble was eventually eliminated very 
simply by reversing both windings on 
each of the dial speed test selection re­ 
lays, FI and F2. 
A range of equipment was used for 

testing and adjustment. A test phone 
was provided so the robot could be 
seized and the test code digits dialled. 
The insulation and loop resistance tests 
were set using variable resistances 
formed of decade boxes in conjunction 
with fixed resistors where, necessary, all 
resistances being accurate to ± 1 %. The 
accuracy of setting specified for the 
resistance limits was ± 5%. However, 
it was quite easy to make settings within 
± 2%, which allowed a safety margin 
for subsequent drifts in component 
values. 
The dial speed test limits were ap­ 

proximately checked using deliberately 
maladjusted dials, which were calibrated 
on the manual test desk. An oscillo­ 
scope was used to check the binary 
counter and associated transistor cir­ 
cuits. 

FIELD TRIAL EXPERIENCE 
The York exchange robot test desk 

was installed at the request of A.P.O. 
Headquarters for the specific purpose of 
conducting a field trial in a step-by-step 
exchange. The equipment was put into 
service at the end of January 1964. 
Meters were provided to count effective 
calls to the robot and lost ( overflow) 
calls. During the period to August 1964 
the average rate of usage was roughly 
17 calls per day. This estimate is on the 
basis of a five day week and allows for 
a proportion of calls being made to 
check or demonstrate the robot (these 
were deducted). 

For a city co-main exchange having 
over 8000 lines and many large sub­ 
scribers this does not appear to be 
a very high figure. However, use of the 
robot has been limited to area main­ 
tenance technicians. Greater usage 
should result if linemen and substation 
installation technicians are initiated into 
the use of the tester. The lack of a dial 
impulse weight test is also a handicap 
in a step-by-step exchange area. An­ 
other factor is that this is a compara­ 
tively well-staffed exchange. In smaller 
exchanges the staff cannot always cope 
with manual test desk demands. Here, 
faced by the ensuing delays, the field 
staff should quickly turn to the robot 
test desk. 
The most popular facility provided by 

the York exchange robot test desk was 
the insulation resistance tests. Of facili­ 
ties not provided, the greatest demand 
was for a dial impulse weight test. 

One instance of a discrepancy between 
the manual and the robot test desks 
occurred. This was on an insulation . 
resistance test. The test from the manual 
test desk was made, on the high resistance 
range, which uses an 80 volt supply. 
When the robot insulation resistance 
test, using a higher voltage, was applied, 
insulation breakdown apparently occur­ 
red. 
Approximately 7% of calls to the 

robot test desk were lost (overflow). This 
figure is high when the usage rate is 
taken into account. The robot was not 
out of service for long periods. How­ 
ever, the daily usage rate of the tester 
could vary widely, peak usage probably 
occurring during wet weather. Also 
fault location work is likely to produce 
usage, patterns typified by bursts of use, 
these being due to successive tests being 
made as a fault is traced. This problem 
of lost calls requires careful observation 
and analysis, to determine whether more 
than one robot test desk is necessary. 
Delays in gaining access to the robot 
would certainly discourage its use. 

It was found the robot would operate 
to public telephones only if the positive 
wire of the line was connected to the 
"a" wire of the robot, and the negative 
wire to the "b" wire. This was due to 
the presence of a rectifier in the P.T. 
loop circuit. The required line polarity 
is governed by the polarity of battery 
and earth fed via the impulsing relay, 
not the seizure (A) relay. 

POSSIBLE FURfflER 
IMPROVEMENTS 

The conclusion to be drawn from the 
York exchange field trial is that use of 
the robot test desk can effect a useful 
reduction in the demand for tests from 
manual test desks, but that the full bene­ 
fit can only be obtained when the robot 
offers a full range of test facilities. 
The additional facility that is most 

urgently required is a test of dial impulse 
weight. The present consensus of local 
opinion is that this facility could best 
be provided by adding a pulse length 
monitor to the robot. The writer's sug­ 
gestion is that the dial speed and pulse 
length monitor tests be applied simul­ 
taneously. An additional result tone is 
provided to indicate a dial that fails the 
pulse length monitor. Where a dial fails 
both the speed and p.1.m. tests it may 
only be faulty with regard to speed. The 
solution here is to indicate long make + 
long break + slow speed as a slow dial 
that passes the p.1.m. test, and similarly 
short make + short break + fast speed 
as a fast dial that passes the p.1.m. test. 
This gives the technician the option of 
readjusting fast or slow dials in the 
field, but distinguishes all other types 
of impulsing faults, for which current 
policy is to replace the dial in the field, 
returning the faulty unit to a central 
point for repair. 
Another facility at present lacking is 

a test for foreign battery. However, in 
nearly all cases, this condition will be 
detected as an insulation resistance test 
failure. 

Speed 20 i.p.s. dials will not be used 
by the A.P.O. for some considerable 
time to come, if ever. The speed test 
for 20 i.p.s. dials is therefore redundant 
and the test code digit 2 could be 
allocated to some other test facility. A 
temporary use for this redundant test 
could be to provide a single robot in 
hybrid exchanges, accessible from both 
step-by-step and crossbar subscribers' 
services, but offering different dial speed 
test limits for each category of service. 
The former 20 i.p.s. dial speed test 
could be easily modified to suit step-by­ 
step limits. The other test standards, i.e. 
those for loop and insulation resistance, 
would have to be common to step-by-step 
and crossbar services. 
Another test facility that seems un­ 

necessary is the full ring voltage test. 
A number of other robot conditions 
apply full ring voltage to the line. 
There are several conditions where a 

test facility is faulty but a good test re­ 
sult may be indicated. These are: failure 
of h.t. supply to insulation resistance 
test, failure of 50 c/s supply to dial 
speed test and less than ten impulses in 
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dial speed test train. An alarm system 
to detect these conditions would be de­ 
sirable. 

CONCLUSION 
The robot test desks at present in use 

offer only a limited range of facilities. 
However, they have demonstrated that 
such devices are a practical proposition. 
Furthermore it is obvious that their use­ 
fulness can be greatly enhanced by pro­ 
viding additional test facilities. 
If centralised testing schemes are to 

be successful a worthwhile reduction 
in local exchange test desk work is a 
necessary outcome. Here the robot test 
desk should prove a useful ally. 
The application of the robot test desk 

to quite small exchanges, e.g. R.A.X.'s, 

should be considered. Here one tech­ 
nician is required to handle both ex­ 
change and area work. Since he can­ 
not be in two places at once the robot 
would provide a facility not available 
before. 
Finally, to obtain the fullest use of 

robot test desks, an education programme 
for potential users is necessary. Such 
users would be area maintenance tech­ 
nicians, fault linemen, and substation in­ 
stallers (technicians or linemen) making 
preliminary tests on new services. 
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LETTER TO THE EDITOR 
P.M.G. Research Laboratories, 

59 Lt. Collins Street, 
Melbourne, C. l. 

20th August, 1964. 
Dear Sir, 
The purpose of this letter is to com­ 

ment on certain historical matters aris­ 
ing out of R. D. Johnston's article 
"Installation of an 1,800 Pair Polythene 
Insulated and Sheathed Cable" in the 
June, 1963, issue of the Journal, particu­ 
larly in relation to the sheath jointing 
method described. An essential feature 
of this jointing method is the use of a 
lead mould for an epoxy resin casting 
and the incorporation of a lead sleeve 
wiped on to this mould at one end and 
on to a lead sheathed cable at the other 
end to provide a reopenable joint between 
polythene and lead sheathed cables. 
As far as I am aware, this type of 

joint was first put into service by South 
Australian engineers in 1959 (Fig. 1). 
However, this joint, in common with 
that described by Mr. Johnston, has the 
following weaknesses: - 
(a) During the curing period the epoxy 

resin may shrink away from the 
mould, particularly so when this is 
made of lead, to which epoxy resins 
show little adhesion. 

(b) During the "wiping-on" of the lead 
sleeve to the lead mould the latter 
tends to expand away from the cured 
resin. After repeated joint open­ 
ings, any adhesion between the resin 
and the lead remaining after the 
curing period may be broken. 
In 1960 Headquarters engineers sug­ 

gested a modification which overcame 
this difficulty (Fig. 1): a lead tube is cast 
into the epoxy resin at one end and the 
main joint sleeve is wiped on to the 
exposed end of the tube. The epoxy 
resin is re-formulated to produce a 
material capable of absorbing the stresses 
set up during the resin cure and the 
lead wiping operations. The length of 
tube between the resin and the wiped 
joint aids the dissipation of heat applied 
during the wiping operation. 
In 1960 the use of epoxy resins by 

field staff was considered inadvisable and 
this technique was only used on special 

ORIGINAL METHOD 

MODIFIED 
1. Polythene insulated and sheathed cable. 
2. Epoxy Resin compound. 
3. Metal cup. 
4. Wiped joint. 
5. Lead sleeve. 

METHOD 
6. Paper insulated, lead covered cable, 
7. Lead tube. 
8. Conductor joint. 
9. Water barrier. 

Fig. 1.-Modification of an Epo,xy Resin Based Joint. 

cable tails prefabricated in the Postal 
Workshops. The design used on these 
tails provided for resin penetration into 
the conductors to produce a water barrier 
in the plastic insulated cable (see W. H. 
Walker, "Some Aspects of External Tele­ 
phone Plant in Australia" in the Journal 
for October, 1963, particularly Fig. 7). 
Hundreds of these tails, known as "Pre­ 
fabricated Water Barriers" were used at 
joints between plastic and lead sheathed 
cables, but because they required an 
extra joint in their installation, their 
use was discontinued when epoxy resin 
field packs were introduced to enable 
resin castings to be safely and readily 
made in the field. 
The next development, which followed 

on logically from the preceding events, 
was described by F. Herbstreit in the 

June, 1964, issue of the Journal ("Epoxy 
Resin Based Joint for Large Size 
Cables"). Many such joints have been 
made in experimental 100, 200 and 400 
pair plastic insulated, plastic sheathed 
cable and five of particular interest were 
installed in Sydney during August, 1961, 
on the same shipment of experimental 
1800/4 plastic cable from which 
the installation described by Mr. John­ 
ston was supplied. 
Modifications of the joint described 

by Mr. Herbstreit are at present being 
considered by Headquarters as a result 
of experimental work in the P.M.G. Re­ 
search Laboratories to enable it to be 
used as a branch joint as well as a 
straight joint. 

Yours faithfully, 
H. J. Ruddell, A.M.T.C. 
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A TRANS1'IISSI0N LEVEL TRACER 

INTRODUCfION 
The ever increasing growth in the 

number of telephone channels and the 
better quality demanded of these cir­ 
cuits due to the introduction of multi­ 
frequency calling has created the need 
for quick and accurate measuring 
methods in the V.F. band. Data trans­ 
mission and the increased demand for 
teleprinter channels have further accen­ 
tuated this need, which can be best satis­ 
fied by the application of sweep fre­ 
quency techniques. 
An instrument which can fully satisfy 

the requirements is the so-called Level 
Tracer Rel 3 K 211. This unit was 
developed in Western Germany by 
Siemens and Halske A.G. and is used 
by the Australian Post Office. Although 
its original development was commenced 
as early as 1941, numerous improve­ 
ments have been made, and many new 
applications discovered during the last 
ten or so years. 

GENERAL DESIGN ASPECTS 
With reference to the development, 

one should perhaps first recognise that 
two major solutions to the problem of 
measuring sweepwise across the V.F. 
band exist. Firstly, one can transmit a 
tone whose frequency is varied either 
electronically or mechanically across 
the band of interest. The tone excites 
the circuit under test and the resulting 
signal is received by a flat gain receiver. 
As a second alternative a wide spec­ 

trum of noise may be generated fol­ 
lowed by bandwidth limitation as 
required. This signal may then be 
applied to the circuit under test. At the 
output, a selective receiver periodically 
scans the resulting frequency spectrum. 
This method, although sometimes used 
at radio frequencies, has one major dis­ 
advantage when applied to the problem 
in question. For sufficient resolution 
in the voice band, the bandwidth of 
the receiving section must be extremely 
narrow. This involves a very long 
measuring time, since the time constant 
of the narrow band filter used neces­ 
sarily must be long. The first alterna­ 
tive therefore, at least for normal appli­ 
cations, presents the better solution. 
Following the question of design still 

further a decision must be made whether 
to use an electronic or mechanical sweep 
(i.e., with a rotary capacitor). Swept 
band operation is possible electronically 
with reactance tubes, magnetically biased 
coils, voltage dependent capacitances, 
etc. The principal disadvantage with 
such presently available electronic sweep 
methods is that manual selection of a 
particular frequency is difficult. Since 
the electronic sweep technique generally 
requires complicated circuitry, this can 

,:,Mr. Jackson, previously a member of the 
Staff of Siemens Halske Siemens Schuckert 
(A/asia) Pty, Ltd., is Engineer Gr. 4, State 
Electricity Commission of Victoria. See page 
83. 

L. N. JACKSON, B.E.E., A.M.l.E.Aust.* 

Fig. I .-Panel View of the Level Tracer Rei 3 K 211 gla, 

also be cited as a disadvantage. With 
future development of electronic sweeps, 
these difficulties will probably be over­ 
come. On the other hand, a mechanical 
sweep using a simple, rotary, variable 
capacitor can be made accurate and 
robust, and constructed so that little 
maintenance is required. 
The above problems which were 

solved in the development of the instru­ 
ment are naturally only some of those 
encountered. Other aspects of develop­ 
ment have been discussed by Niedereder 
and Sanders (1). 

, Finally it can be said that design 
emphasis has been placed on simplicity 
of calibration and operation so that 
technicians with normal training can 
perform accurate and reliable measure­ 
ments with speed and ease. 

DESCRIPTION OF THE 
INSTRUMENT 

The instrument described hereunder 
has a frequency range of 0.2 to 4 Kc/s 
(Rel 3K2II gla); another model is also 
available with a frequency range extend­ 
ing to 6 Kc/s, but with db calibration 
only. 
Referring to Figs. 1 and 2 it can be 

seen that the instrument is composed 
of a transmitting, a receiving and a 
switching section. The controls (i.e., 
Level Selector and Impedance Selector) 
for the transmitting section and the 
scale of the rotary capacitor can be 
seen on the right hand side of Fig. 1. 
On the left-hand side are further con­ 
trol knobs, including the function selec­ 
tor knob. An engraved plexiglass grati­ 
cule with vertical scale limits of + 3 
and -20 db is provided directly in 

front of the Cathode Ray Tube (C.R.T.) 
face. 
In the transmitting section, the vari­ 

able frequency test signal is produced 
by beating the variable oscillator out­ 
put (which varies between 70.2 Kc/s 
and 74 Kc/s) with the output of the 
fixed frequency oscillator (70 Kc/s ). 
The variable oscillator frequency is 
varied by a rotating variable capacitor 
driven by a synchronous motor. This 
motor can be switched off at will and 
any transmitted frequency between 0.2 
and 4 Kc/s set by hand. Hence special 
points of interest within the swept band 
can be investigated more accurately. 
The normal rate of sweep with motor 
operation is approximately 2 sees., a 
period which is long enough to ensure 
that even very sharp spikes in the 
attenuation curves of filters, etc., are 
measured correctly. In fact, one can 
check that the sweep rate is long enough 
(i.e., that the specimen is measured 
under steady state conditions) by observ­ 
ing if the go and return traces on the 
C.R.T. are coincident. 
The transmit signal, after passing 

through the filter and amplifier as 
shown, is available at the output jacks 
with a level variable between -20 and 
+10 dbm. 
The receiving section is composed 

basically of amplifier, detector, fre­ 
quency meter (discriminator) and a 
C.R.T. The cathode ray display of 
received signal (y axis) against fre­ 
quency (x axis) is of course the heart 
of the instrument. A flat faced cathode 
ray tube with electrostatic deflection 
and having a long persistent phosphor 
is used; the screen diameter is 3! ins. 



February, 1965 TIIE TELECOMMUNICATION JOURNAL OF AUSTRALIA Pa_g_e 49 

TRANSM!mNG SECTION SWITCHING SECTION p-----t 
' 1. CALIBRATION ' 

RECEIVING SECTION 

FiXEDOSC/llATOR 
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' 2. INPUT 
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70.2T074-XC 

CRi 

Fig. 2.-Block Diagram of the Level Tracer Rei 3 K 211 gla. 

The input level is switchable between 
--30 and +20 dbm, and as shown in 
Fig. 2, the resulting signal at the detec­ 
tor output is applied to the vertical 
plates of the C.R.T. 
The frequency meter is so designed 

that, providing the input signal is large 
enough, i.e., not smaller than about 
-50 dbm, sufficient level is available 
for the discriminator to enable a cor- · 
rectly frequency dependent voltage to 
be applied to the X plates of the C.R.T. 
Should the receiver input signal not be 
large enough for the discriminator, due 
to the specimen having too much 
attenuation in certain parts of the fre­ 
quency range, a signal voltage for the 
frequency meter alone can be obtained 
direct from the transmit section. This 
is achieved by correct selection of the 
function switch. 
It may be noted that a scale spread 

amplifier can be built-in to secure 
expansion of the reading range such 
that the vertical scale limits become 
+o.5 and -5 db, i.e., the reading 
accuracy is improved about threefold. 
This facility is not provided in the 
instrument described. Such accuracy 
can be very helpful for level compari­ 
son tests; a special graticule is avail­ 
able. 
Referring to the switching section it 

is to be noted that the following func­ 
tions can be selected. Calibration of 
instrument, level measurement (with 
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Fig. 3.-Curve of the Impedance of a Noisy, 
Nonloaded Pair. Impedance scale x 2. 

horizontal deflection from receiver), 
level measurement (with horizontal 
deflection from transmitter), level com­ 
parison, return loss, impedance measure- 

x + N 
ment, and ---- measurement. Each 

2 
of these functions will be briefly 
described under the heading, "Instru­ 
ment Applications". 

SETTING-UP PROCEDURE 
Calibration of the C.R.T. trace against 

the engraved gratitude is to be con­ 
sidered as the first step in the operation, 
so that full accuracy is ensured. No 
auxiliary calibrating instrument is 
required. Accurate internally generated 
calibrating voltages ensure correct level 
calibation, while a very sharp 800 c/s 
band stop filter provides accurate fre­ 
quency calibration (see Step 4 below). 
All calibration positions and controls 
on the instrument are clearly marked 
in red on the front panel, the tuning 
capacitor dial, and the graticule. The 
symbol T designates a calibration 
function or position. The instrument 
being described provides screw driver 
calibration controls recessed behind the 
front panel. The calibration is carried 
out in the following six steps. Steps 
1-3 ensure calibration in the vertical 
direction, while the correct horizontal 
(i.e. frequency-wise) calibration is 
attained in the last three steps. 
For Steps 1, 2 and 3 the drive switch 

is to be in the position MOTOR 
OPERATION. 
Step 1. With the switches Sl, S2, S3, 

S4 and S5 in their extreme anti-clock­ 
wise positions, adjust the T I screw­ 
driver control until the trace coincides 
with the - oo line designated T I on 
the graticule. 
Step 2. Operate S4 to its T II posi­ 

tion and adjust the T II screwdriver 
control until the trace coincides with 
the O db line designated T II T III. 

Step 3. Operate S4 to the position 
T III ..... VI and then adjust the 
T III screwdriver control until the 
trace again coincides with the O <lb line. 
For Steps 4, 5 and 6 the drive switch 

is to be in the position MANUAL 
OPERATION. 

Step 4. Rotate the tuning capacitor 
manually to the 0.8 Kc/s line designated 
T IV and then depress and turn the 
screwdriver control T IV until the 
trace is at a point of minimum deflec­ 
tion. 

Step 5. With the tuning capacitor set 
at the 4 Kc/s position designated T V, 
turn the T V screwdriver control until 
the spot coincides with the 4 Kc/s 
( TV) line on the graticule. 
Step 6. Rotate the tuning capacitor 

to the 0.2 Kc/s position ( T VI posi­ 
tion) and then turn the screwdriver 
control T VI until the spot coincides 
with the 0.2 Kc/s ( T VI) line on the 
graticule. 

Since there is some interaction 
between steps 5 and 6, these steps should 
be repeated a few times to ensure 
accurate calibration. 
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Fig. 4.-lmpedance of a Noisy, Nonloaded 
Pair-Tip to Ground. Impedance 
Scale x 2. 

INSTRUMENT APPLICATIONS 
Level Measurement 

The instrument lends itself ideally 
for the measurement of the overall 
equivalent (i.e., attenuation of the cir­ 
cuit terminated in 600 ohms) of a voice 
channel. 
The transmitting level may be con­ 

trolled by means of an attenuator from 
-20 to + 10 dbm in 5 and 10 db steps. 
Should 1 db steps be required an exter­ 
nal attenuator may naturally be used. 
Full scale sensitivity of the receiving 
section may be adjusted over the range 
from -30 to +20 dbm. Within the 
sweep range of 200 c/s to 4 Kc/s, the 
output e.m.f. of the transmitting sec­ 
tion remains constant within ± 0.1 db, 
and the sensitivity of the receiving sec­ 
tion within ± 0.2 db. 
A typical application is the testing 

of individual VF channels of broad­ 
band or other multi-channel carrier sys­ 
tems during installation. As an initial 
test on a channel modem rack, a loop 
would be made from the group ampli­ 
fier output (transmit side) via a fixed 
gain amplifier to the distributing hybrid 
on the receive side. Each of the 12 
corresponding V.F. channels would 
then be tested for frequency response 
at the test jack field on the rack itself. 
A further application is the mainten­ 

ance of V.F. channels. In this case 
when go and return circuits are not 
looped, two instruments are required, 
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soc/s 
one serving as transmitter at one end, 
and one as receiver at the other end. 
As the receiver incorporates a frequency 
meter, no special synchronisation is 
required between the two instruments. 
To facilitate this test in practice, a Dial­ 
ling and Holding Device should be used 
to guard against the seizing of the 
channel under test. 
When the overall equivalent of a V.F. 

channel having in-band signalling is to 
be measured, the sweeping signal may 
disturb the measurement or even release 
the connection when it sweeps through 
the signalling frequency. To prevent 
this the following facility can be util­ 
ized. A small capacitor is switched 
across the tuned circuit of the variable 
oscillator in the transmitting section 
and this causes a sudden frequency 
shift. Hence the electron beam traces 
out the display up to the critical fre­ 
quency, jumps back about 300 c/s, 
corresponding to the frequency shift, 
and then proceeds again towards the 
critical frequency. The small capacitor 
is then disconnected and hence the elec­ 
tron beam is deflected quickly to the 
position in which it then would have 
been had the capacitor not been 
switched in. In other words a frequency 
gap of approx. 300 c/s is left in the 
transmitted frequency spectrum. This 
gap occurs for both the "go" and 
"return" sweeps. 
A pair of contacts actuated by a cam 

on the shaft of the variable capacitor 
is used to switch the small capacitor 
in and out of circuit. The position of 
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ARTIFICAL LINE NETWORK 
Fig. 7 (b) .-Simple Circuit for Producing Noise on a Deliberately Unbalanced Artificial Line. 

filter being aligned ("X") is traced in 
the forward direction, and the character­ 
istic of a standard filter ("N") is dis­ 
played by the return trace. The out­ 
puts from the specimen X and standard 
N are switched with the abovementioned 
transfer relay. It should be noted that 
this function is not suitable for route 
measurements. 

Return Loss Measurement 
This facility permits direct measure­ 

ment of the reflection co-efficient. The 
measurement circuit uses a bridge 
incorporating a O db loss hybrid coil 
mounted within the instrument. The 
range· of measurement extends from 0 
to 40 db corresponding to reflection 
coefficients of 100% to 1 % respectively; 
however a 50 db return loss can also 
be determined with some reduction of 
accuracy. 
The standard, i.e., balancing network, 

compromise network, etc., is connected 
to the N jack, while the line under test 
is normally connected to the X jack. 
Should however battery or ringing cur­ 
rent be present on the line, connection 

the cam relative to the shaft is adjust­ 
able so that the suppressed band can 
be matched to the signalling frequency. 
This facility allows level and return 
loss measurements over V.F. circuits 
using in-band signalling or it may be 
adjusted for use with out of band 
signalling. 
In addition to terminated level 

measurements utilizing the switched 
internal terminations, high impedance 
bridging measurements are possible, i.e., 
the position "> 25K" of switch S.5 
(see Fig. 1) is used. 

Level Comparison 
Contacts provided in the drive of the 

sweep oscillator and a transfer relay at 
the input of the receiving section per­ 
mit a direct inter-comparison of the 
levels from two specimens or from a 
specimen and a standard. 
This function mainly proves useful 

to the manufacturers of telecommuni­ 
cations equipment. A typical applica­ 
tion is the alignment of VF channel 
filters by relatively unskilled personnel. 
The attenuation characteristic of the 
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Impedance Scale approx. x 7. 



February, 1965 THE TELECOMMUNICATION JOURNAL OF AUSTRALIA Page 51 

TYi: 
3 

TY 
800 

700 

600 
+l 

Tilill o 
db -l 

' I s 

J 
' I 
I 
i 

I 
ll 
ru • 

M .. ' I I I I ' 
10 

20 
-.T o.2 o.s 1 

200 

100 

2 3 4 KC/S -= 
Fig. 9.-Return Loss Curve of Balancing 

Network against 2-Wire Line. 

should be made to the LINE jack which 
places a blocking capacitor in series 
with the hybrid. 
Use of the swept band technique for 

a return loss measurement provides the 
big advantage that the effect of any 
adjustments is seen immediately over 
the whole frequency range. Hence the 
risk of improving the return loss at a 
single frequency while degrading it at 
other frequencies is removed. 

Impedance Measurement 
For this measurement the output of 

the transmitting section is switched to 
present a high source impedance, i.e., 
operates as a constant current genera­ 
tor. A current is passed through the 
specimen; the magnitude of the current 
being effectively independent of the 
impedance under test. Hence the volt­ 
age drop across the specimen is pro­ 
portional to the magnitude of the 
impedance (R ± jX). The impedance 
magnitude is read directly on a scale 
calibrated from 100 to 800 ohms, a 
range which can be expanded with 
switch S2 upward and downward by the 
ratios 2 and 0.5 respectively. 
Where the magnitude of the imped­ 

ance under test exceeds 1,600 ohms, the 
transmitted level may be reduced in 
5 db steps by means of S1 or the sensi­ 
tivity may be increased in 5 db steps 
with S4• Each 5 db step results in an 
additional multiplying factor of 1.78. 
Consider the following example:- 

K2110 

BAL. 
NETWORK 
RESP RI 

500 (l 

t 400 

300 

<] 

Scale Reading:- 600 ohms 
Switch S2 at:- Z MEAS. x 2 
Switch S1 at:- + 5 

Z equals 600 x 2 x 1.78 ohms. 
No additional calibration of the Level 

Tracer is required for the measurement 
of impedance. Usual applications for 
this feature include the fault location 
on many types of VF cables (both 
loaded and unloaded). 

Impedance Comparison 
This facility is available in two ver­ 

sions:- 
(a) A Measurement is made of the quan­ 

X + N 
tity -- so that both the magni- 

2 
tude and the phase of the unknown 
impedance "X" can be determined. 
Both X and N are assumed to be 
complex for this test. 

(b) A straight out comparison "X" 
against "N" (analogous to the "Level 
Comparison" facility). 
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Fig. I I .-Insertion Loss o-f Correctly Loaded 
and Terminated Cable. 

Facility (a) is always provided whereas 
facility (b) is only available as an alter­ 
native to "Level Comparison". Facility 
(b) is sometimes required by telephone 
administrations since it can be very 
useful for locating faults on loaded 
cables. 

X+N 
The use of the function --- to 

2 
determine both the magnitude and 
phase of the unknown impedance "X" 
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Fig. I 0.-Return Loss Measurement on the 4-Wire Terminating Set by Measuring the Trans- 
hybrid Loss with the Level Tracer Used as a Conventional T.M.S. ' 
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Fifth Loading Coil Omitted. Im- 
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will be understood from the following. 
On the forward trace the magnitude of 
X is displayed and on the return trace 

X+N 
the magnitude of --- . By varying 

2 
the magnitude and phase of N one tries 
to achieve coincidence of both traces. 
At the points where this is attained N 
equals X both in magnitude and phase. 
This function offers perhaps an 

advantage over the return loss function 
in that the sense of the impedance 
variation may be determined by 
observation, whereas with the return 
loss measurement only the magnitude 
of the difference between the imped­ 
ances is displayed. On the other hand 
the return loss measurement is much 
more accurate. 
The decision to use the Return Loss 

or Impedance Comparison functions is 
dictated by the particular requirement. 
As an application example for the type 
(b) impedance comparison facility ("X" 
against "N"), consider the location of 
faults on a loaded cable using an arti- 
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Fig. 13.-lmpedance of a Correctly Loaded 

and Terminated Pair. Impedance 
Scale approx. x 7. 

ficial line (2) as a fault simulator. 
Although more will be said later about 
faults on loaded cables, it suffices to 
say here that the fault could be a defec­ 
tive or missing loading coil, an incor­ 
rect joint or perhaps incorrect coil 
spacing. Usually the fault can be simu­ 
lated with the artificial line by com­ 
paring the two impedance curves, which 
although alternately traced on the 
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screen can be compared simultaneously 
because of the long persistence CR. 
screen. Such a method of fault loca­ 
tion, using relatively unskilled tech­ 
nicians, can quite often result in big 
cost savings. 

Special Applications 
Repeater Line-up: Apart from the 

measurement of Overall Equivalent as 
described previously, the Level Mea­ 
surement function of the Level Tracer 
is of great use for lining up VF repeaters, 
e.g., negative impedance or hybrid type 
repeaters. 
Noise and Unbalance on Subscribers' 

Lines: Using the Impedance Measure­ 
ment facility interfering voltages which 
may appear as a result of power induc­ 
tion, crosstalk noise, etc., can be shown 
up. Figs. 3 to 6 illustrate the imped­ 
ance curves for both loaded and non­ 
loaded pairs with a noise voltage (e.g., 
50 c/s power induction) present. 
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Fig. 15.-lmpedance of Loaded Pair with the 
Eighth Loading Coil Omitted. lm- 
pedance Scale approx. x 7. 

Such a noise voltage is usually induced 
because the cable pair is unbalanced 
with respect to ground (capacitance 
and/or resistance unbalance). This can 
be confirmed by firstly measuring the 
tip to ground impedance (see Fig. 4 as 
example) and then the ring to ground 
impedance (see Fig. 5). The vertical 
displacement of one curve with respect 
to the other is proportional to the 
amount of unbalance of the pair. The 
three position double pole switch shown 
in Fig. 7 (a) proves useful in practice 
for the measurement. 
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When noise due to an unbalance fault 
is to be simulated using an artificial 
line a simple noise source as shown in 
Fig. 7 (b) would be sufficient. 

The presence of a noise voltage on 
a cable pair is apparent much more 
readily when displayed on a C.R.T. 
than when indicated on a pointer type 
instrument. The integrating character­ 
istics of the pointer type instrument 
frequently fail to reveal the presence 
of such noise voltages, whereas the 
C.R.T., with its rapid writing rate, 
shows them quite clearly. 
Aligning Four Wire Terminating 

Sets: In a typical alignment procedure 
(see Fig. 8) the initial balance is made 
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Fig. 16.-lmpedance of Loaded Pair with 
Extra Loading Coil at Half Section 
between the Third and Fourth Load­ 
ing Coils. Impedance Scale approx. 
X 7. 

with the Level Tracer switched to 
"Impedance Comparison-X against N". 
The fine alignment is then made in the 
position "Return Loss"; a typical trace 
is shown in Fig. 9. The line under test 
and the balancing network each com­ 
prise one arm of the bridge in the Level 
Tracer. 

When the balancing network is already 
installed in a four wire repeater or when 
the return loss of a trunk hybrid in a 
distant office is to be determined via a 
4 wire line, the frequency response of 
the trans-hybrid loss can be displayed. 
In this case the Level Tracer is con­ 
nected as a conventional transmission 
measuring set. (See Fig. 10.) 
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Acceptance Testing of Trunk and 
Exchange Cables: The Level Tracer 
provides an additional facility on new 
or repaired cables beyond the normal 
tests for Opens, Shorts, Crosses and 
Resistance Unbalance (possibly caused 
by faulty jointing). The following tests 
with the Level Tracer may be very 
useful: 
(a) Measurement of Transmission Loss 

versus Frequency. This test can be 
made either as a loop or a route 
measurement. In both cases the 
cable must be terminated correctly. 
Fig. 11 shows a typical curve of the 
insertion loss characteristic for a 
correctly loaded cable. 

(b) Measurement of Impedance versus 
Frequency. This test is particularly 
important for loaded cable since it 
allows the quick and accurate 
determination of faults such as: 
variation in coil spacing, missing 
or defective loading coils, erron­ 
eously installed coils, wrong type of 
coil (i.e., incorrect inductance or 
even wire gauge) and faults in the 
cable itself. 
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Fig. I 8.-1 mpedance Characteristics o,f Non­ 
loaded Pair when Unterminated. 
Impedance Scale x 2. 
Curve I 6,000 yards 
Curve 2 5,000 yards 
Curve 3 3,500 yards 
Curve 4 2,500 yards 
Curve 5 2,000 yards 
Curve 6 1,300 yards 

As an example of one of the above 
faults consider a loaded cable pair in 
which, say, the fifth loading coil is 
omitted. Using the Impedance test the 
trace shown in Fig. 12 results. One 
may note that the trace has four separ­ 
ate and distinct peaks. This is in 
accordance with the well known 
formula:- 

No. of Significant Peaks= N - 1 
Where N = The no. of the missing 

loading coil (as counted from the input 
end). 
This formula evolved from the orig­ 

inal point by point method of measur­ 
ing impedance versus frequency. Another 
useful formula which evolved from the 
original method is:- 

V 
d=--· 

2 A f 
where d = distance to the irregularity 

V = velocity of propagation 
A f = frequency spacing be­ 

tween adjacent peaks. 
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For comparison Fig. 13 shows the 
impedance characteristic of a loaded 
cable pair in good condition. 
Figs. 14 and 15 illustrate further how 

the position of missing loading coils 
can be determined easily. Although 
quite an amount of experience is neces­ 
sary before a technician can recognise 
complex faults, the use of an artificial 
loaded line can simplify matters a great 
deal. The curves shown in Figs. 16 and 
17 are examples of more complex types 
of faults, which however can be usually 
simulated by an artificial cable kit (2) 
and hence still located. 
As a note on the practical application 

of the impedance test to loaded cables, 
it should be said that the end section 
(normally half the length of a loading 
section) usually requires building out 
with a capacitance to about 0.8 of a 
full section. Measurement from both 
ends of a faulty pair naturally will add 
to the accuracy. 
As further aids to fault finding on 

loaded cables the following tests may 
also be useful:- 
(i) Measure the Return Loss of the 

cable input against the input of an 
artificial line. By adjusting this 
line for minimum return loss the 
fault can be quite often determined. 
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(ii) Structural Return Loss Measure­ 
ment. This is representative of the 
homogeneity of the cable pair and 
is defined by the difference between 
the input impedance of the actual 
line and the characteristic imped­ 
ance of an ideal line. 

Fault Finding on Subscribers' Lines 
with the Open Circuit Impedance Test: 
This test is often termed a "One Man 
Test" or a subscribers' "On Hook" test. 
As the heading implies this test is made 
without terminating the line at the sub­ 
scriber's premises (i.e., telephone set 
remains on hook). 
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(iii) the impedance curve of a long subs. 
line with a short at the subs end. 
If the short is nearer to the testing 
point, the impedance will decrease 
but the same general shape will 
remain. (Fig. 20). 

(iv) the effect of loading coils left in a 
de-loaded cable at different loca­ 
tions. (Fig. 21). 

CONCLUSION 
This paper summarizes some import­ 

ant points in the development, the func­ 
tions and many applications of a general 
purpose transmission measuring set 
featuring visual display of the quantity 
to be measured as a function of fre­ 
quency. 
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measuring end. 
Curve Ii I-Loading coil at 2,000 yds. from 
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Some administrations supervise sub­ 
scribers' lines by measurements at a 
single frequency. However, since lines 
must increasingly be capable of data 
transmission, measurements throughout 
the transmission range have become 
necessary in many cases. Because of the 
large number of subscribers' lines, and 
the large related amount of work in 
making normal measurements, rational­ 
ized methods for fault tracing and 
locating have been developed. The 
essential problem is to detect and locate 
non-standard conditions. 
Faults involving poor design, noise, 

crosstalk, etc., can be detected and 
located by matching displayed imped­ 
ance curves with typical sample curves, 
such as:- 
(i) the impedance characteristics of 

various lengths of non-loaded cable 
in the unterminated condition. 
(Fig. 18). 

(ii) the impedance curve of a non­ 
loaded line with excessive noise. 
Crosstalk has a similar appearance 
but will be highly intermittent. 
(Fig. 19). 
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NEGATIVE IMPEDANCE REPEATERS - PART II 

STABILITY OF NEGATIVE 
IMPEDANCE REPEATERS 

It was shown, in Part I, that the follow­ 
ing five factors prevented the hybrid 
2-wire repeater from operating at a 
zero equivalent:- 
(i) Reflections from the line termina­ 

tions. 
(ii) Irregularities of the equivalent over 

the pass band. 
(iii) The "precision return loss factor". 
(iv) The "structural return loss factor". 
(v) The "image return loss factor". 
It was also shown that by good design 

of equipment and layout, (i) and (ii) 
might be reduced to small proportions. 
(iii), (iv) and (v) are closely related to 
the care taken in designing and con­ 
structing the line, but even if the line 
construction is excellent even small defi­ 
ciencies in these factors may be ampli­ 
fied by the bi-directional repeaters. 
In the preceding sections, the negative 

impedance repeater was examined in 
sufficient detail to show that (iii) is not 
related to them. The other four items 
will remain (but sometimes to differing 
degrees) and another instability contri­ 
butor is introduced which will be called 
the "difference image impedance fac­ 
tor". The implications of these various 
factors will now be discussed. 
Reflections From Line Terminations: 

In the particular application where a 
line is to be amplified at a point remote 
from either end, no distinction can be 
drawn between the stability of negative 
impedance repeaters and hybrid repeaters. 
However, if the amplification is to be 
provided at the end or ends of a line 
then the hybrid repeater is less prone 
to instability. This is because the 
matching of a negative impedance 
repeater to the line termination cannot 
be as good as for the hybrid repeater 
since its image impedance is governed 
principally by the line characteristics 
rather than by the termination. 

Irregularities of Equivalent over the 
Pass Band and Structural Return Loss: 
The variation of line insertion loss, 
structural return loss and amplifier gain 
are dependent upon the same considera­ 
tions in circuits amplified by either 
negative impedance repeaters or hybrid 
type repeaters, and no distinctions can 
be drawn between these factors in their 
influence on the two types of circuit. 

The Image Return Loss Factor: It 
was observed earlier that this factor 
arose in the case of 2-wire hybrid 
repeaters when a signal incoming to 
the repeater suffered a reflection due 
to the difference in the impedances of 
the line and the repeater, and that it 
would normally be a major cause of 
instability when more than one repeater 
is in a line. For the negative imped- 

,:, Mr. O'Connor is Senior Engineer, Overseas 
Telecommunications Commission. See Vol. l4, 
No. 5/6, page 422. 

ance repeater, where the concept of a 
precision return loss factor lapses, the 
image return loss also occurs for a 
signal outgoing from the repeater. In 
fact, in the latter regard, it has the 
same kind of effect that the precision 
return loss factor has in the hybrid 
repeater, but to a more pronounced 
degree owing to the absence of 'preci­ 
sion' networks accurately constructed to 
match the actual impedance of the line. 
Series or shunt repeaters suffer the dis­ 
advantages of this factor to a greater 
extent than series-shunt repeaters since 
the image impedance of these repeaters 
cannot be matched even approximately 
to the impedance of the line. 
It has also been mentioned that the 

frequency characteristics of the image 
impedance and gain can be controlled 
by proper design of the networks and 

C2 

Cl 

Rl,Cl,C2, L ARE EQUALIZING OR MATCHING 
ELEMENTS, 

1?2 IS GAIN CONTROL ELEMENT. 

(a) 

M.O'CONNOR, B.E.E.* 

The Difference Image Impedance 
Factor: In a hybrid amplifier, the hybrid 
networks allow the impedance on one 
side to be controlled or "balanced" 
independently of the other side. Thus, 
in a terminal amplifier, one network is 
a compromise network for the various 
terminating impedances which may be 
switched to that end, while the other 
network is a precision network accur­ 
ately tailored to match the line imped­ 
ance at that point. In an intermediate 
amplifier, both hybrid networks become 
precision networks. There is con­ 
sequently no reason why the transmis­ 
sion Jines on either side should not 
differ in type and impedance. 
However, the series-shunt negative 

impedance repeater is a perfectly sym­ 
metrical quadripole and its image im­ 
pedance is the same looking from either 
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Fig. 17.-(a) A Typical Network for Terminating a Series Negative Impedance Converter. 
(b) A Typical Frequency Response for a Series Negative Impedance Converter 

Terminated by ZN. 

converters of the repeater. Fig. 17 (a) 
shows a typical network (Series type) 
and Fig. 17 (b) shows a typical fre­ 
quency response of a converter (Series­ 
type) when it is terminated in a non­ 
reactive impedance. 
It can be seen that a certain measure 

of matching of line to image impedance 
is obtained (it may be preferable to call 
this equalization), but this is largely in 
the hands of the manufacturer of the 
amplifier and not the installation or 
maintenance Engineer. As a rule, the 
manufacturer specifies settings of the 
networks for certain line facilities, and 
these settings accommodate both the 
gain response and the impedance charac­ 
teristic. Consequently if it is thought 
that the impedance characteristic of a 
certain amplifier in a certain location 
could be improved, any adjustments 
must be done at the risk of upsetting 
the gain response, and possibly render­ 
ing the circuit unstable. 
It can be concluded, then, that the 

image return loss factor would gener­ 
ally be worse on a negative impedance 
repeater than on a hybrid type repeater. 

side. Therefore, if it is wished to place 
the negative impedance repeater at the 
junction of two dissimilar transmission 
lines, a compromise image impedance 
will need to be devised which will not 
exactly match the impedance on both 
sides simultaneously at all frequencies. 
This limitation will not generally be 
serious, since probably the only differ­ 
ences in transmission lines that will be 
met will be changes of gauge and the 
impedance discontinuity in this case is 
not serious. 
This factor is not really applicable 

to series or shunt repeaters since no 
attempt is made to match these repeaters 
to the line. 

HYBRID OR NEGATIVE IMPED­ 
ANCE REPEATER? 

The preceding sections have shown 
that there is little difference in the 
transmission performance of 2-wire 
hybrid repeaters and negative imped­ 
ance repeaters; in fact, if the engineer­ 
ing practicalities are ignored, there is 
no theoretical difference in the trans­ 
mission performance of these repeaters. 
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Fig, 18.-(a) 2-Wire Hybrid Repeater Equipped for Signalling. 
(b) Negative Impedance. 

Generally, a circuit will provide a larger 
margin of stability if it employs hybrid 
type repeaters rather than negative 
impedance repeaters, assuming the 
amplified equivalent is identical in each 
case. 
Despite this, no new 2-wire hybrid­ 

type repeaters are being purchased for 
the Australian telephone network and 
their place is being filled by negative 
impedance repeaters. Furthermore, 
because negative impedance repeaters 
have advantages to offer, which were 
not inherent in hybrid repeaters, the 
former are being installed in locations 
where a hybrid repeater would never 
have been used. The reasons for this 
are discussed below. 

Signalling: DC holding loops, D.C. 
signals ( dial impulses, battery reversals, 
etc.) and low frequency signals are used 
on the great majority of the trunks and 
junctions which can employ 2-wire 
repeaters. 

In the hybrid repeater, D.C. and low 
frequency continuity is disturbed firstly 
by the hybrid coils and secondly by the 
VF amplifiers which do not transmit 
any signals below about 100 c/s. This 
means that relay sets are required on 
both sides of the hybrid repeater to 
split the system into 2 talking wires 
and 2 signalling wires, the latter by­ 
passing the actual VF repeater. See 
Fig. 18 (a). 

In the negative impedance repeater, 
a typical schematic being shown in 
Fig. 18 (b ), the signalling loop is only 
affected by the insertion of the series 
transformer winding and by the shunt­ 
ing effect of the condenser C. A typi­ 
cal value of DC resistance of the trans­ 
former winding is 80 ohms, and if C 
is kept low enough no serious impulse 
distortion will occur. 
Fig. 18 (b) shows the more commonly 

encountered form of the negative imped­ 
ance repeater (c.f. Fig. 9). The trans­ 
formers are introduced mainly to enable 
more acceptable components to be 
employed. 

Costs: Using present day prices as a 
guide, the cost of a hybrid repeater and 
its associated signalling relay sets would 
be approximately 50% more than a 

negative impedance repeater. The 
signalling relay sets represent the main 
price difference. 

Installation: The installation cost of 
2-wire hybrid repeaters is swelled by 
the need for precision networks. The 
design and assembly of these units is 
generally beyond the scope of the regu­ 
lar equipment installers and specialists 
in transmission measurements are 
usually required. The work normally 
entails taking impedance measurements 
of each section of every pair from both 
ends, devising a network of resistors, 
capacitors and inductances to exactly 
balance the measured impedance, and 
then checking and trimming the result 
by individual return loss measurements. 

By comparison, negative impedance 
repeaters are usually supplied with their 
networks already tailored to a particu­ 
lar type of line without the means of 
adjustment, or alternatively, some 
manufacturers supply a range of com­ 
ponents with each repeater, ready for 
strapping. This makes the installation 
of these units a relatively simple pro­ 
cedure. 
Maintenance: Reference again to Fig. 

18 will show that power failures have 
the effect of completely disrupting com­ 
munication over a hybrid repeater. 
When the power to the negative imped­ 
ance repeater fails, communication is 
not lost since the circuit continues to 
function but without amplification. 
Actually, there is usually a slight 
increase in loss over that of the passive 
line. Furthermore, the fact that the 
hybrid type repeater employs conven­ 
tional one-way amplifiers with conven­ 
tional screw driver or knob-type gain 
control is itself a hazard. Human error 
in routine line-ups, and the ease by 
which the need to fix a small line or 
relay circuit fault may be obviated by 
reducing the amplifier gain are two 
instances of this. In the negative im­ 
pedance repeater, there is usually no 
simple provision for varying the gain 
after installation, and consequently 
human error would normally be a factor 
only on installation (where rigid checks 
are usually made anyway). Thus, main­ 
tenance of negative impedance repeaters 
is intrinsically easier and more reliable 
than that of hybrid repeaters. 

PLANNING OF NEGATIVE 
IMPEDANCE REPEATER 

INSTALLATIONS 
In view of the fact that negative 

impedance repeaters have only recently 
been introduced into the Australian net­ 
work, it is premature at this stage to 
establish firm rules for the planning of 
circuits amplified with this type of 
repeater. It will be necessary to wait 
some years to gain experience and to 
see what advances in design of the 
equipment are made. Nevertheless, by 
adopting a policy which possibly errs 
on the cautious side, the principles dis­ 
cussed in the following paragraphs have 
been established. 

Maximum Permissible Gain 
Crosstalk: As with all VF repeaters, 

the crosstalk attenuation obtainable after 
a specified degree of capacitance (or 
admittance) unbalance elimination be­ 
tween all combinations of pairs in a 
cable is a necessary consideration 
regarding maximum gain. The usual 
minimum crosstalk attenuation obtained 
in a cable used for the provision of 
amplified trunks or junctions. is 75 db. 
If a signal to crosstalk ratio of 55 db 
is allowable (this figure would generally 
be accepted) then the maximum VF 
power level difference which can be 
tolerated between two pairs in a cable 
is 20 db. 
In Fig. 19, formula (a) is obtained 

showing the maximum permissible gain 
of a repeater for crosstalk reasons. 
Applying this formula to a 15 db line:­ 
(i) with the repeater in the centre, the 

maximum permissible gain is 20 db, 
and 

(ii) with the repeater at one end, the 
maximum permissible gain is 5 db. 

Therefore, from the crosstalk point of 
view it is always preferable to place the 
repeater as near as possible to the centre 
of the line. 
Noise: The VF power level on the 

line cannot be allowed to approach the 
ambient noise level present on the line. 
In nearly all cables where negative 
impedance repeaters are used, dialling 
impulses will be transmitted which will 
bring the ambient noise level up to an 
average figure of about -60 dbm. Then 
allowing a minimum signal to noise 
ratio of 50 db, formula (b) is derived 
in Fig. 19, which shows the maximum 
line length permissible. Applying this 
formula:- 
(i) with the repeater at the centre, the 

maximum line loss is 20 db, and 
(ii) with the repeater at one end of the 

line, the maximum line loss allow­ 
able is only 10 db. 

Therefore, from the noise point of view 
it is always preferable to place the 
repeater as near as possible to the 
centre of the line. 

Stability: It has been shown above 
how an expression for obtaining the 
stability margin of a two wire repeater 
can be obtained as a function of image 
impedance and image attenuation of 
the amplifier and the line, and the. 
impedance of the terminations. This 
expression would be rather complicated 
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STATION B 
LINE 

LOSS = L r,=x)" db 

STATION C PHVSICAL STATION A LINE I 
LAYOUT I I LOSS = LX db 
(O<X<2) 

and it is possible to visualize the stabi­ 
lity margin more clearly by consider­ 
ing simply the insertion gain of the 
repeater and the actual impedances seen 
by looking both ways from the repeater 
terminals. See Fig. 20. 

It is easily seen that the repeater in 
Fig. 20 will oscillate when the sum of 
the return loss of Z2 against Zi, and 
the return loss of Z3 against Z4 is equal 
to or less than twice the gain G. Using 
the same symbols as before, this can 
be denoted as follows:- 
Instability occurs when 

R(Z2/Z1) + R(Z3/Z4) - 2G,,; 0 
If a margin of stability of 1 db is allowed 
when the worst terminating conditions are 
applied (open or short circuits), then for 
stability:- 

R(Z2/Z1) + R(Z3/Z4) - 2( G + I) > 0 
i.e. G < tR(Z2/Z1)+tR(Z3/Z4)-1 .... (9) 

(Under talking conditions, when the 
terminating impedances are reasonable, 
this stability margin would be suffi­ 
ciently great to ensure freedom from 
hollowness.) 
Formula (9) will now be applied to a 

15 db line equipped with standard relay 
sets, etc., ( open or short circuit termina­ 
tions could occur). 
With the repeater in the centre: Under 

good conditions it could be expected 
that R(Z2/Z1) ""' R(Z3/Z4) ""' 14 db 
over all of the pass band except the 
fringes, and assuming that the gain of 
the repeater is reduced at the fringes 
such that the return loss at these fre­ 
quencies is not controlling, then for 
stability:- 

With the repeater at one end (say 
side A): It would be normal to expect 
R(Z2/Z1) ""' 0 (to allow for short cir­ 
cuits and open circuits from impulsing 
contacts or switchboards, say,) and 

LEVEL 
DIAGRAM 

CROSSTALK 

db 

LENGTH 

: MAX LEVEL DIFFERENCE= G-LX + L (1-X) )> 20 db 
t.e. G + L - 2XL :I>- 20 db • (al 

WORST CASE IS X =O, THEN G j. 20- L db 
BEST CASE IS X=~, THEN Gl> 20 db 

: LOWEST VF LEVEL = -L (1-X) db 
MIN. SIGNAL TO NOISE RATIO = 60 - L ( I- X) > 50 db 

i.e. L (1-X) )> 10 db • (b) 
WORST CASE 15 X=O, THEN L j> 10 db 

"BEST CASE IS X=!, THEN Ll>20db 

IC><J I BID{RECTIONAL AMPLIFIER. 

NOISE 

Fig. 19.-C'rosstalk and Noise Restriction on Re·peater Gain. 

R(Z3/Z4) would undergo some modifi­ 
cation but would still be approximately 
equal to 14 db as before, In this case, 
for stability:- 

G < 6 db 
Therefore, from the stability point 

of view, it is always preferable to place 
the repeater as near as possible to the 
centre of the circuit. 
Fig. 21 shows a typical manufac­ 

turer's claim for maximum gain. 
Since these curves would not allow 
much margin of stability and would 
assume excellent lines, the full gains 
shown would not be implemented. At 
present, the local practice is to provide 
circuits with an equivalent equal to 
approximately 1 db less than the allow­ 
able loss (i.e., a "6 db equivalent cir­ 
cuit" would be amplified to approxi­ 
mately a 5 db equivalent) provided 
that:- 
(i) the gain does not exceed 0.6 times 

the passive loss, (when the repeater 
is to be situated near the centre of 
the circuit, this figure may be 
increased to about 0.7); and 

(ii) none of the conditions previously 
formulated relating to Crosstalk, 
Noise and Stability is violated. The 
conditions relating to Crosstalk and 
Noise are easily enough accomo­ 
dated but standards for return loss 
are difficult to assess. 

J t j t 
~ 

G < 13 db 
TO REST OF LINE 
(IF ANY) AND 
TEN'MINATION. 

<SIDEA) 

INSERTION 
GAIN OF 

PEPE A TEP 
BETWEEN 
Z,AND Z4 

= Gdb 

10 REST OF LINE 
(IF ANY) AND 

TERMINATION. 
(SIDE B) 

Fig. 20.-Repeater Under General Working 
Conditions. 

To appreciate the implications of the 
return loss aspect, the nature of the 
impedances Z1, Z2> Z3, Z4 in Fig. 20 
must be understood. The line imped­ 
ances Z1 and Z4 will be similar to Fig. 
11 (d) except that the terminating im­ 
pedance can no longer be taken as 1,200 
ohms. Allowance must be made for 
short or open circuit terminations, 
which, depending on the length of the 
line, will modify the impedance charac­ 
teristic by introducing hills and dales 
(and in the worst case - terminal 
repeater - will make Z1 or Z4 zero or 
infinite). Z2 and Z3 would need to be 
the same as Z1 and Z4 under ideal con­ 
ditions (cf. Equation (7)). These ideal 
conditions are that Z1, Z4 and the 
square root of the product of the series 
and shunt negative impedances are all 
equal throughout the pass band. This, 
of course, is impossible to achieve in 
practice and it is difficult to estimate by 
how much Z1 and Z4 will differ from the 
nominal image impedance of the 
repeater. Knowing these conditions 
and equipped with a set of return loss 
curves a reasonable guess can be made 
to determine return loss values to sub­ 
stitute in Formula (9). Unfortunately, 
it is this ill-defined return loss factor 
rather than the crosstalk or noise fac­ 
tors which is, in most cases, controlling. 
Fig, 22 shows the unamplified and 

amplified insertion loss response of a 
typical series-shunt repeater installation. 
The bearer consisted of 20 miles of 
20 ib. QL cable. 
The aggravation of the hills and dales 
by the negative impedance repeater is 
fairly common. The overall flatness 
over the frequency band is a measure 
of how well the networks have been set 
up. 

Line Construction 
Types of Line: An examination of 

the costs of cable, open wire routes and 
amplifying equipment will show that, 
for economic reasons, negative imped­ 
ance repeaters should only be used on 
loaded cable lines. Nevertheless, by 
providing the appropriate networks, it 
is possible to accommodate any kind 
of line; e.g., open wire, unloaded cable. 
(It should be observed, however, that 
temperature changes, wet and dry 
weather, dew, etc., make the operation 
of 2-wire repeaters impractical over 
open wire lines). Equations (5) and (7) 
demand that:- 

Zseries zshunt = z, 2 
where Z0 is the impedance of the line 
on both sides of the repeater. This 
places a theoretical limitation on the 
use of the repeater in that a break in 
the continuity of line impedance will 
upset its operation. However, since the 
design of the repeater installation can 
be engineered to accommodate even 
short or open circuits, it is also possible 
to accommodate minor breaks in the 
line impedance continuity and still have 
an echo free circuit. 
In Victoria, the repeaters have only 

been used on loaded cable, the imped­ 
ance of which is reasonably independent 
of conductor gauge. No experience has 
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(Reproduc.ed from Reference (81 by kind permission of Telecommunication Company of 
Australia Fty. Ltd.) 

been gained to date on what variations 
can be tolerated in coil spacing, capaci­ 
tive or resistive building-out, mutual 
capacitance, etc., and therefore a 
cautious policy has to be adopted. 
Coil spacing variations are being 

limited to 150 feet in successive sections 
within the range 5,700 feet to 6,300 feet 
and deficiencies of cable in full sections 
greater than 1,500 feet are being built 
out with both resistance and capaci­ 
tance. (c.f. C.C.I.T.T. Ilnd Plenary 
Assembly, New Delhi, 1960. Recom­ 
mendation G.543. "The nominal load­ 
ing coil spacing in a repeater section 
shall be equal to the theoretical value 
within ± 2%. The actual loading coil 
spacing measured along a repeater sec­ 
tion may differ by 10 metres from the 
nominal spacing.") The repeaters are 
being presented with a half loading sec­ 
tion of line to the same percentage 
tolerances. For the time being, linear 
measurements of capacitance (i.e., based 
on .072 mircofarad/mile) are being used 
for line design purposes rather than 
electrical measurements, since it is 
expected that variations in mutual capa­ 
citance in cables will not influence the 
operation of the repeaters to any 
marked degree. These requirements 
should not place a large restriction on 
cable laying practices since cable is 
available in drum lengths of 500 or 
1,000 yards. Consequently, in rural 
areas at least, by commencing laying 
operations from a loading point, almost 
exact 6,000 feet sections can be achieved. 
Emergency or interim line arrange­ 

ments such as using double loading to 
reduce loss or parallel pairs to reduce 
loop resistance must be treated with 
caution. The mid-section impedance 
of double loaded cable (i.e., 88 milli­ 
henry per 3,000 feet section of parallel 
pairs) is almost the same as the mid- 

section impedance of a normal loaded 
pair and therefore these circuits may 
be amplified in the normal way. How­ 
ever, a repeater placed in a line con­ 
sisting of two parallel loaded pairs 
would see only half the required line 
impedance and therefore would not 
function properly. Paralleling two 
amplified loaded pairs, with the two 
amplifiers near the centre of the lines, 
does give a reasonable circuit. 

City Junctions 
A crossbar network provides an excel­ 

lent field for the use of negative imped­ 
ance repeaters in that first choice routes 
are generally direct junctions having a 
loss requirement of about 10 db. These 
could well consist of very light gauge 
conductors with a passive loss of about 
20 db. For late choice crossbar junc­ 
tions and step-by-step network junctions 
where the loss is generally required to 
be smaller than 6 db., the use of nega­ 
tive impedance repeaters becomes more 
difficult. This follows from the earlier 
discussion above where it was shown 
that return losses obtainable at the term- 

15 

inals of the repeater will be worse due 
to the shorter line length. The main 
effect of this is to exclude negative 
impedance repeaters from the trunk 
exchange to main exchange links which 
usually require to be not more than 
2 db. (This is to the advantage of the 
trunk network since 4-wire circuits 
terminating at the Main Trunk Exchange 
will not be switched to circuits with a 
low margin of stability which would 
induce echo and hollowness into the 
overall connection.) 

CONCLUSION 
The attractive cost of a trunk or 

junction equipped with the two-way 
2-wire voice frequency amplifier called 
the negative impedance repeater makes 
it likely that many thousands of these 
units will be installed in Australia over 
the next few years. The following sum­ 
marises the more important properties 
of negative impedance repeaters . 
Planning: 
(i) The repeaters have instability 

characteristics similar to the hybrid 
2-wire repeater (e.g., 'type 22') and 
in like installations are probably 
slightly inferior to them. By care­ 
ful engineering, and using the 
repeaters only on circuits for which 
they are intended, these instability 
characteristics can be overcome. 

(ii) It is preferable to locate the 
repeater as close as possible to the 
centre of the line to obtain opti­ 
mum gain, crosstalk, signal to 
noise ratio and freedom from hol­ 
lowness. If this is not possible, the 
repeaters should be located towards 
the end of the circuit distant from 
the switching centre. If the repeaters 
are located at the switching centre 
two repeaters could be connected 
next to each other in tandem when 
two amplified trunks are switched 
together. Crosstalk would be the 
limiting factor in this case but in 
some circumstances such an instal­ 
lation may be acceptable. 

(iii) Although they are suitable for 
most types of transmission lines, 
economic factors limit their use to 
loaded cable. Therefore, there will 
probably be no application for the 
use of the repeater in the sub­ 
scribers' network. However, the 
presence of continuous DC through 
a repeater ( e.g., transmitter current) 
would not affect its performance. 
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Fig. 22.-A Typical Response o,f a Line Amplified with a Negative lmpedanc,e Repeater 
(Wentworth-Mildura). 
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(iv) The repeaters have little effect on 
the DC loop resistance, but since 
they are employed to advantage on 
long light gauge cable pairs, the 
limitations of DC signalling equip­ 
ment restrict their use to a certain 
extent. Voice frequency signalling 
systems, if introduced, would par­ 
tially eliminate this restriction. 

(v) Negative impedance repeaters are 
used in tandem overseas and more 
experience will be required locally 
to see whether such a scheme can 
be used in Australia to advantage. 

(vi) When allocating pairs in a cable 
which is to provide both amplified 
and unamplified circuits, crosstalk 
will be minimised if two amplified 
circuits are not allocated to the 
one quad. (In 4-wire amplified 
working, the four wires of each 
circuit are contained in the one 
quad so that the within quad cross­ 
talk, whch is about 10 db worse 
than quad to quad crosstalk, will 
only appear as echo.) 

(vii) The maximum gain which can be 
obtained from a negative imped­ 
ance repeater while still retaining 
a circuit free from hollowness is, 
in general, about 0.6 times the pas­ 
sive loss. If the amplifier is placed 
near the centre of a well con­ 
structed line, the gain could be 
increased to about 0.7 times the 

passive loss. If the amplifier must 
be operated at the end of a circuit 
the gain should be reduced to 
about 0.5 times the passive loss. 

Installation: 
(i) The repeaters are physically very 

small (typically mounting 8 
repeaters to a 3-.l" x 21" panel) 
and they require no auxiliaries such 
as dial round relay sets, etc. 

(ii) The power supply for transistor­ 
ized repeaters is usually 12 volts 
DC, eight repeaters requiring typi­ 
cally 1.5 watts. Power feeding along 
a cable pair can be accomplished 
easily. 

(iii) The repeater must be installed on 
a well constructed line. The quality 
of the line is best checked by 
ensuring that the insertion loss 
(1,200 ohm) versus frequency 
characteristic is free from hills and 
dales. The installation staff should 
check this point before attempting 
to "line up" the repeaters since if 
the line is faulty ( e.g., loading coil 
errors, split pairs, etc.) the repeaters 
will almost invariably oscillate. 

(iv) Specialised transmission staff is not 
required to set the repeater net­ 
works. 

Maintenance: 
(i) Routine line-ups are eliminated to 

a large extent since the gain is 

controlled by internally fixed con­ 
nections when the units are installed. 
However a system whereby hollow­ 
ness, power failure, etc., could be 
regularly checked would have to be 
instituted since the lines would still 
be workable under these fault con­ 
ditions. 

(ii) Being DC operated, power failures 
would seldom be a problem. How­ 
ever, in the event of a break in the 
power supply, transmission is not 
interrupted but suffers an increase 
in loss of about 5 db. 
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STRAIN GAUGES IN MATERIAL TESTING AND DESIGN 

INTRODUCTION 
Electrical resistance strain gauges were 

invented in 1930 and have been im­ 
proved and cheapened to such an extent 
that they are now common engineering 
tools. With them it is possible to directly 
measure the strain, and therefore the 
stress, at any required point on almost 
any item. They have been used in gas 
turbines at l,000°F, in rocket engine 
fuel tanks containing liquid oxygen, in­ 
side concrete dams and even on machin­ 
ery rotating at 60,000 r.p.m. Doctors, 
investigating strain in bones, have 
bonded gauges to human skulls and other 
bones. Their application to any problem 
in the measurement of strain is limited 
only by the imagination and skill of the 
experimenters. 
The following is an outline of the 

theory of the gauges and of the applica­ 
tion to recent problems in the Post­ 
master-General's Department. Readers 
requiring extra information on strain 
gauges are recommended to study Refer­ 
ence (1). 

STRAIN GAUGES 
General 

In many engineering design calcula­ 
tions, the relationship between load and 
stress can be determined with reasonable 
accuracy by well known formulae. How­ 
ever, cases often arise where the loads 
themselves are only known approxi­ 
mately and/or where the theoretical re­ 
lationship between load and stress is 
either very difficult or even impossible 
to calculate accurately. In these cases 
empirical designs embodying large fac­ 
tors of safety are normally applied. Such 
designs are likely to range from ultra 
conservative to inadequate and, either 
way, result in high costs. These de­ 
ficiencies would, in some measure, be 
eliminated if means could be devised to 
check the stress at any point in an article 
under its service or simulated service 
load. A complete solution to the prob­ 
lem is not available but strain gauges 
provide an extremely useful means of 
measuring the strain at any point on the 
surface of an article and thence, if the 
Tensile Modulus (E) of the material is 
known the stress can be calculated. Ex­ 
perimentally determined values for E 
for most materials are readily available. 
A strain gauge contains a very fine 

wire looped backwards and forwards to 
form a flat grid. The grid is cemented 
to a thin paper base. In use the gauge 
is itself cemented to the required area 
on the surface of the article being tested 
and the strength of the cement in the 
gauge and between the gauge and the 
surface is such that when the article 
is loaded in any way the wire of the 
gauge is stretched or compressed exactly 
the same amount as the surface. This 
requires high quality adhesives, care- 

=Mr, MacQueen is Engineer Class 2, Auto­ 
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fully applied. The straining of the wire 
changes it electrical resistance; the 
change is proportional to the change in 
the length of the gauge and therefore 
to the strain at the surface below the 
gauge. 

Gauge Factor 
The gauge factor (F) is defined as the 

ratio of the change in resistance to initial 
resistance divided by the ratio of the 
change in length to the initial length 
i.e. 

F = (r/R)/(l/L) 
where R and L are the initial resist­ 
ance and length and r and l are the 
changes. in resistance and length 
respectively. 
F is therefore a dimensionless quantity 

and it varies for different wires; it may 
even be negative. It is determined ex­ 
perimentally by the gauge manufacturer 
and is stamped on the gauge. The most 
common general purpose gauge uses 
"Advance" wire, a nickel-copper alloy, 
and has a gauge factor of 2.1. 
In using the gauge we are determining 

the strains, which is, in fact, the ratio 
l/L and therefore, 

S = r/RF 
The strain is always very small and 

is usually expressed as microstrain. 
S = (r/RF) x 10° (1) 

Instrumentation 
A typical gauge has a resistance of 

100 ohms, a gauge factor of 2.1 and the 
microstrain may be as low as 100. Then 
the resistance change from equation (1) 
is 0.021 ohms. Measurement of this 
change must be accurate to within ± 
0.001 ohms for the strain, and therefore 
the stress, to be accurate to ± 5%. 
This order of accuracy is readily 

achieveable by using a Wheatstone 
bridge. The bridge is balanced with 
the gauge unstrained and when the 
gauge is strained the output voltage is 
proportional to the strain. For rapidly 
changing (dynamic) strains, the output 
can be amplified and displayed on a 
cathode ray oscilloscope or recorded 
directly by a pen recorder. In all cases 
it is usual to calibrate the output display 
or record to show the microstrain 
directly. 

Temperature Compensation 
Strain gauges, by virtue of their con­ 
struction, are temperature sensitive as 
well as strain sensitive. It is only neces­ 
sary to touch a gauge for a few seconds 
with the hand when the bridge has been 
balanced, for the indicator to record an 
apparent strain of several microstrain. 
To cancel any temperature effect on the 
strain gauge, two similar gauges are used 
in adjacent arms of the bridge. One of 
these, the active gauge, is mounted on an 
unstressed piece of the same material. 
The two gauges are located close to­ 
gether so that both are subjected sub­ 
stantially to the same temperature, the 
net effect of temperature changes being 
zero. 

Type of Gauge and Application 
There are several hundreds of differ­ 

ent types of electrical strain gauges on 
the market to cater for specific condi­ 
tions. They are easily installed on either 
flat or curved surfaces, are almost with­ 
out mass when compared with the test 
material and are linear in response. They 
are made in various lengths down to as 
small as 1/16 in. long and a few thous­ 
andths of an inch in thickness. Those 
most used in the Department are about 
1 in. long, -! in. wide and 1/32 in. thick. 
Various bonding agents are available 
but the most easily obtained are the 
epoxy resins which, with suitable hard­ 
eners, enable a gauge to be used one 
hour after being attached to a specimen. 

Determination of Stress 
When the output of the bridge is cali­ 

brated to read the strain directly, the 
only additional information required is 
the Tensile Modulus (E) of the test 
specimen then:- 

Stress = Strain x E = Microstrain x E x 10 -s 
Thus for steel, 

E = 30 x 106 lbs./sq. inch 
and therefore, 

Stress = 30 x Microstrain. 
For measurement of stresses under 

static conditions, manually balanced 
bridges calibrated to read the percentage 
resistance change are used and, from 
equation (1), the relationship becomes:- 
Microstrain = (106/F) x (Percentage 
Resistance Change/100) = (104/F) x (Percentage 
Resistance Change). 

Strain gauges only allow stress changes 
occurring after the gauge is installed to 
be determined. They give no indication 
of the stress in the specimen prior to 
the attachment of the gauge. 

{' PIPE 
FOR WIRES 

STRAIN 
GAUGE 

Fig. 1 .-Strain Gauge Attached to Cable 
Plough Tine. 
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APPLICATION OF GAUGES 
Some examples of the way strain 

gauges have been used in the Australian 
Post Office are described below. 
Impact Loading on Ploughing Tines 
There is no accurate method of cal­ 

culating impact loading. Direct record­ 
ing of the value with dynamic recorders 
is the only satisfactory measure. An 
ideal application for dynamic strain 
gauge tests is the determination of the 
value of impact loads on tines used for 
cable ploughing when the tine or tractor 
is suddenly brought tu rest by the tine 
hitting a buried rock. According to the 
information available at the design 
phase, two tractors of 30,000-40,000 lb. 
drawbar pull used in tandem, with a 
ploughing speed of about 2 mph., re­ 
quired a tine about 3 in. wide and 3 ft. 
to 4 ft. deep (2). 
Even using an ignorance factor for 

impact as high as 10, this presented no 
stress problems. in the main body of the 
tine. However, at the change of section, 
where the tine comes to a point, it was 
impossible to find a steel to carry the 
theoretical stresses. To test the theory, 
however, and to discover exactly the 
stresses set up in use, the best available 
steels were used to build a test tine. 
A recess was ground on the face of the 
tine and a gauge attached (Fig. 1); a 
cover plate was placed over the recess 
and lead wires brought through the tine 
in a previously drilled hole and then up 
the back in conduit to the recorder. 
This tine failed on test by twisting 

before impact tests could be carried out. 
It was found that this was due to stress 
relieving not having been carried out 
properly during manufacture. Repaired 
and tested again, this tine performed 
satisfactorily. With two tractors used in 
tandem, each with a drawbar pull of 
between 30,000 and 40,000 lbs. travelling 
at 2 m.p.h. and the combination brought 
suddenly to rest by the tine striking a 
buried rock, the impact load measured 
was between 170,000 and 200,000 lbs. 
Repeated tests confirmed these figures 
which were a far cry from the factor of 
10 considered in the theoretical study. 

fig. 3-Tubular Spindle for 8 Ton Cable Drum. 

The stresses encountered could be cov­ 
ered by commercial steels, and there 
have been no tine failures in any of the 
tines subsequently built for cable plough­ 
ing. 

Chassis design for Cable Carrying 
Vehicles 

Static stresses in regular sections of 
vehicle chassis are among the simplest 
of engineering calculations. The dynamic 
stresses, however, are a different matter 

Fig. 2.-7 Ton Capacity Cable Drum Transporter. 

for not only is there the load transfer 
from side to side when cornering, but 
there is the flexing of the members be­ 
cause of the changing load distribution 
through the spring hangers all the time 
the vehicle is in motion. 
Until recently, the heaviest cable car­ 

rier specifically designed for this pur­ 
pose had been the 3! ton cable trailers. 
With the advent of larger cables, longer 
lengths of cable haul and heavier drums, 
the need has arisen to design and build 
7 ton special purpose cable handling 
vehicles (Fig. 2). The requirements were 
for a vehicle under 25 feet in length, 
with a tare weight of approximately 
5 tons, to enable a seven ton load to be 
carried within the Road Traffic Act re­ 
quirements of a maximum load of 8 
tons on the rear axle and 4! tons on 
the front. A standard vehicle of the 
required load carrying capacity was used 
but it was necessary to lengthen the 
chassis to give the correct load distribu­ 
tion over the axles when carrying full 
load; at the same time the centre section 
of the chassis had to be lowered to give 
the lowest possible centre of gravity. 

Because of the compound stresses at 
the change of level of the chassis, strain 
gauges were used for the stress analysis 
in the various planes. The tests were 
carried out in three parts. 
(i) With the bare, unreinforced chassis 

lengthened and dropped, and then 
placed under load to discover the 
stress figures and indicate the rein­ 
forcing required. 
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(ii) With the chassis reinforced as in­ 
dicated by test (i). 

(iii) Dynamic tests on the road under 
full load and overload. 

In the first test an eight ton load was 
used supported on rolled steel joists ex­ 
tending over the width of the vehicle, 
these in turn being carried on jacks. 
By means of the jacks the load could be 
lowered and raised gradually, giving any 
desired loading on the chassis up to 
eight tons. The elastic limit of the 
steel used in the chassis extension was 
48,000 lbs./sq. in. and when the load 
was finally placed on the chassis the 
maximum stress recorded was 45,000 
lbs. From the stress diagram now drawn 
up, reinforcing was carried out as indi­ 
cated on them and the maximum static 
stress brought down to 8,000 lbs./sq. in. 
in the chassis when carrying an eight 
ton load. Following this, dynamic tests 
were carried out using the same load, 
and at a speed of 30 m.p.h. the stress 
was 14,000 lbs./sq. in. which is well 
within the limits for the steel used. 

Cable, Drum Spindles 
The cable drum spindles used for 

many years in the Department were 
made from 2t in. and 3 in. diameter 
shafting screwed at one end. In use 
the spindle is pushed through the centre 
hole of the drum, a tapered collar 
pushed over the spindle and locked to 
it close to the drum cheek, and a second 
collar screwed up the spindle thread until 
the drum cheeks are locked to the collar 
and spindle. The external screwed 
spindle has disadvantages in use:- 
(i) The external thread is subject to 

damage caused by careless handling. 
(ii) Because of the comparatively nar­ 

row mountings for the drums, dic­ 
tated by statutory vehicle widths, 
accurate placing of the cable drum 
in the mounting is essential to avoid 
damage to the "tail" of the cable. 
When a crane is used to lift the 
cable drum into the mounting, or 
the trailer is backed on to the drum, 
a time consuming process is neces­ 
sary to adjust the position of the 
drum to within an inch or two of 
a desired position. 

(iii) A 3 in. diameter mild steel shaft 
spindle about 6 ft. long is difficult 
for a man to handle, particularly 
as it has to be pushed through two 
holes, each less than 4 in. in dia­ 
meter and 4 ft. apart. 

(iv) Spindle mountings are between 5 ft. 
and 6 ft. a part. The stresses set up 
in a 2t in. diameter mild steel 
spindle carried between centres 5 ft. 
to 6 ft. apart become, excessive if 
cable drums weighing much over 4 
tons are carried on them. The 
problem of stress could be over- 

Fig. 4.-Drill Rod Test. 

Fig. 5.-Strain Gauge Attached to Cable Hauling Dynamometer. 

come by using high carbon steels, 
but as a safety measure, mild steel 
is used wherever possible to lessen 
danger of metal fatigue. 

The design finally reached is the 
spindle shown in Fig 3. This is a 3 in. 
diameter mild steel hollow spindle, 
screwed internally which has none of 
the disadvantages of the old spindle. 
It can be, handled by one man and is 
suitable for 7 ton drums. Accurate 
placing of the drum in the mounting 
can be carried out by slackening and 
tightening the screws by turn, allowing 
the cable drum to slide along the shaft. 

Calculation for the design was straight­ 
forward except for the stress concentra­ 
tion round the slots. The stress analyses 
here were carried out using strain gauges. 
The maximum stresses recorded were 
12,000 lbs./sq. in. static and 18,000 lbs./ 
sq. in. dynamic when paying off cable 
and 28,000 lbs./sq. in. when the load was 
carried by the spindle in a vehicle 
travelling at 30 m.p.h. Normal practice, 
however, when transporting 7 ton 
drums, is to carry them on the tray 
of the vehicle, with the spindle used 
only as a locking device. This keeps the 
stresses within safe limits and allows an 
ample margin for careless usage. 

Drill Rods 
Among the first problems encountered 

when designing horizontal drilling 
machines was that of failure in the drill 
rod threads. Because the weight of the 
rods has to be kept to a minimum for 
manhandling, it is essential that the 
lightest drill rod and coupling thread 
be used. Although torque testing of the 
rods themselves is comparatively simple 
for the static torque, the determination 
of the screw thread stress involved the 
measurement of the friction on the in- 

clined plane of the screw thread, thus: 
Compressive load in screw coupling 

2 71' T 

Where T 
p 

P + 2 71' µ, r8 = Applied torque = Screw thread pitch = Coefficient of friction 
=: Radius of thread rs 

The method involved a collar made 
to slip over the male thread, with strain 
gauges bonded to it, thrust races being 
inserted at each end of the collar (Fig. 
4). From the strain gauge readings, the 
ring up force, or the compressive load 
to which the threads were subjected, 
was measured and eventually the stress 
calculated. 

Surging in Cable Hauling 
The term 'surging' in this context is 

the sudden intermittent rise and fall in 
the tension required to haul a length of 
cable into a duct over and above that 
tension which is due to friction between 
the cable and the duct. It has four 
sources:- 
(i) Uneven running of the engine driv­ 

ing the winch. 
(ii) Because the co-efficient of friction 

is not uniform along the length of 
the duct, a changing tension results. 
At slow speeds the cable can be seen 
momentarily starting and stopping. 
However, above, a critical velocity, 
yet to be determined, this can be 
more or less eliminated. 

(iii) Misaligned ducts, where a surge is 
generated when the end of the cable 
strikes the end of the misaligned 
duct. This surge can be practically 
eliminated by having a tapered guide 
over the end of the cable. 
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(iv) The non uniform co-efficient of fric­ 
tion between the winch capstan and 
the hauling rope. This comes about 
in two ways:- 
(a) From the capstan design itself. 
(b) From the changing co-efficient 

of friction of wet and muddy 
ropes, the co-efficient of friction 
changing as the water and mud 
are forced out. 

In practice the surging can be seen in 
the rope itself as well as on the 
hydraulic tension meters fitted to cable 
hauling winch trucks, but the magnitude 
of it and the sources generating it are 
difficult to assess from a visual examina­ 
tion. 
For the preliminary tests, pressure 

transducers were used and then a dif­ 
ferential transformer both associated 
with a short persistence screen cathode 
ray oscilloscope. These proved unsatis­ 
factory and finally electrical strain gauges 
were used attached to the standard 
hydraulic tension meter, the meter having 
been drained of oil for the initial tests 
to ensure that there was no cushioning 
effect from air trapped in the oil cham­ 
ber (Fig. 5). A single channel dynamic 
strain recorder and paper tape were used 
for recording measurements. The as­ 
sumption made here was that for practi­ 
cal purposes, the strain in the pulley 
support was directly proportional to the 
rope tension. The tests carried out were 
as follows:- 
(i) Conventional cable hauling, i.e. haul­ 

ing lengths of cable through ducts, 
using a winch capstan driven from the 
engine, the winch rope taken up on 

Fig. 6.-Test of Surge-free Load. 

a hand operated take up spool. The 
total surge from all sources was 
recorded, as well as the engine 
surges which were recorded separ­ 
ately by a tachometer. 

(ii) Using the same winch as in the 
first test, a weight on the winch 
rope was suspended from a pulley 
and the surge due to the capstan 
and mechanical drive measured 
(Fig. 6). By using this method a 
surge free load was provided, the 
surges being generated by the engine 

- and capstan only. 
(iii) Using a test similar to (ii) but using 

a hydraulic winch, which for all 
practical purposes eliminated surges 
generated by the engine. 

(iv) Using the centre drum of the winch, 
cables were again hauled through 
ducts and the surge and tension 
recorded. This was to determine if, 
when hauling above a determined 
critical speed, all surges except those 

due to faulty running of the en­ 
gine were eliminated. 

Although some of the results from 
the surge tests have still to be evaluated, 
the immediately available information 
shows conclusively that the largest single 
source of surging is the use of the hand 
operated take up spool. When this 
had been highlighted, further tests 
showed that a minimum tension of be­ 
tween 200 and 300 lb. was necessary be­ 
tween the capstan and take up spool to 
sustain a practically surge free pull of 
5,000 lb. from the capstan. This is a 
far higher tension than can be sustained 
on a manually operated spool. 

CONCLUSION 
For mechanical and civil engineering 

design work and inspection, electrical 
strain gauges are becoming as common 
engineering tools as slide rules and 
mathematical tables and their advantages 
cannot be over-rated. Their use, as has 
been mentioned, is not confined to the 
direct measurement of strain and they 
can be incorporated in other devices 
such as transducers. The application of 
the bonded filament strain gauge to any 
problem is limited largely only by the 
imagination of the experimenters. 
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ARTICLES BY P.M.G.'s DEPARTMENT STAFF APPEARING 
IN OTHER JOURNALS 
Progress in Planning a World-wide 

Automatic Telephone System* 
By l. A. Newstead, D.l.C.(Lond.), B.A., 
B.Sc., A.M.l.E.Aust., and G. E. Hams, 

B.Sc., A.M.l.E.Aust. 
The completion in December, 1963, 

of the Commonwealth submarine cable, 
COMPAC, linking Australia, New Zea­ 
land and Canada marks another mile­ 
stone in the rapid development in inter- 

• These are abstracts of articles appearing in 
the Nov., 1964, issue of the Electrical and 
Mechanical Engineering Transactions of the 
Institution of Engineers, Australia. 

national communications. Recognizing 
the pace of these developments, the 
International Telecommunication Union 
has for the past few years been actively 
engaged in developing plans for a world­ 
wide automatic telephone system. This 
paper reviews the progress made in this 
work. 
Use of Electronic Computers in Tele­ 
phone Traffic Simulation Studies* 

By !. Rubas, Grad.l.E.Aust. 
Many traffic engineering design prob­ 

lems arise in the more complex telephone 

switching systems, which cannot be 
solved analytically, and "Monte Carlo" 
simulation methods must be resorted to. 
The development of large, high speed 
electronic computers has provided a new 
and powerful tool for traffic simulation, 
largely superseding earlier simulation 
techniques. The paper describes the 
essential elements of a computer tele­ 
phone traffic simulation study employ­ 
ing 7090 FORTRAN compiler, and dis­ 
cusses some of the results obtained. 
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DRAFTING ASPECTS OF CROSSBAR SWITCHING 

INTRODUCTION 
In presenting some aspects of the 

impact on the Drafting Sections of the 
Postmaster-General's Department of the 
introduction of crossbar equipment, it 
is considered preferable, owing to the 
divergence of drafting requirements 
between the Headquarters Drafting Sec­ 
tion and State Drafting Sections, to 
differentiate between the two areas. 
Accordingly, this paper is presented in 
two parts, Part l , the Headquarters con­ 
tribution by Messrs. C. J. Walker and 
C. L. Dalton, and Part 2, that of the 
State Drafting Section, by Mr. W. H. 
Freeman, Drafting Section, Sydney. 

PART 1. 
HEADQUARTERS CONTRIBUTION 

Introduction 
At the outset, discussions were held 

between engineers of the Australian 
Post Office Telephone Equipment and 
Drafting Sections and L M Ericsson 
company representatives with the inten­ 
tion of establishing a satisfactory method 
of producing circuit drawings, on a 
suitable transparent medium, for dis­ 
tribution to all States in unprecedented 
numbers and in a minimum of time. 
Transparent prints are supplied by L M 
Ericsson and as an interim measure it 
was decided to use these transparencies 
as A.P.O. drawings in the 'CE' and 
'CEA' series by adding 'change' and 
'issue' columns, etc. Such a practice is 
really only suitable where the trans­ 
parencies have been taken from new or 
like new originals. As this is not always 
possible a number of transparencies, 
which are only considered to be of 
minimum standard, are being distributed 
to the States. Doubtful transparencies 
are sent to the print room where a test 
portion is printed on to transparent 
paper and a dyeline made from the 
transparent paper. By this means, the 
probability of the States being sent 
transparencies from which it is not 
possible to obtain satisfactory prints 
is reduced to a minimum. 
All crossbar drawings are marked 

indicating that they are subject to a 
more restricted distribution than is 
normally the case. 

The two Drafting Sub-sections mainly 
affected by the introduction of the new 
equipment are the Circuits Sub-section 
and the Telephone Equipment Sub­ 
section. 

Circuits Sub-Section 
Circuit drawings are allotted numbers 

in appropriate categories in the 
CE-14000, 15000 and 17000 series. 
L M Ericsson circuit drawing prac­ 

tice provides for the circuit drawing 
and the corresponding Technical Data 
drawing to have the same number. From 
an A.P.O. point of view such a prac- 

*Messrs. Walker and Dalton are Senior 
Drafting Officers, Headquarters. See page 83. 

**Mr. Freeman is Assistant Chief Drafting 
Officer, N.S.W. See page 82. 
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tice has many disadvantages and a new 
drawing prefix CEA has been intro­ 
duced. The CEA drawing proformas 
were devised to follow the L M Ericsson 
pattern with spacing suitable for inser­ 
tion of typewritten data. The sheet 
numbering provides for a sheet No. 0 
which is a Drawing List with issue 
numbers and history of changes. Tech­ 
nical Data for relay sets is mostly pro­ 
vided by L M Ericsson together with 
circuit diagrams, but in cases such as 
rack circuits and some locally developed 
relay sets the necessary information 
must be compiled by the A.P.O. 

Minor mounting assemblies are in­ 
cluded on Technical Data sheets to 
enable circuit drawings to closely con­ 
trol all modifications. Thus the circuit 
draftsman with his knowledge of the 
components involved is able to com­ 
plete the drawing requirements for most 
circuit modifications and the correspond­ 
ing structural drawings need only be 
affected by circuit changes which involve 
major structural alterations. 

Circuit diagrams presented by L M 
Ericsson are mostly shown in "semi­ 
attached contact" form in contrast to 
the "detached contact" system used by 
the A.P.O. and do not provide the same 
information found on routed schematic 
circuit drawings. To obtain wirmg 
information for each unit it is neces­ 
sary to consult Technical Data sheets, 
terminal diagrams and running lists. 
Component positioning is provided by 
coding on the Technical Data sheets 
and in the case of racks and wall frames, 
by layouts on the circuit diagram. Tech­ 
nical Data sheets include the compon­ 
ent descriptions and quantities per unit. 
Terminal appropriations and jack wiring 
are catered for on rack and installation 
wiring diagrams. 
Redrawing of many circuit drawings 

to conform with A.P.O. circuit drawing 
standards would have taken more time 
than could be allowed and was not 
justified in view of the time and expense 
involved and the likelihood of error. 
Fortunately, the interest displayed in 
the new equipment by technical staff 
at all levels following the introduction 
to crossbar equipment at Templestowe, 
Toowoomba, etc., confirms the opinion 
held by many that the change in circuit 
drawing language to the L M Ericsson 
standard would not present a major 
problem. 

Telephone Equipment Sub-Section 
The metric system of dimensioning 

was adopted by the A.P.O. to ensure 
that the basic L M Ericsson dimension 
(Metric) is maintained on the equip­ 
ment. 
Initially the sub-section produced 

assembly drawings for ARP and ARK 
type racks, associated equipment and 
rack superstructure. These drawings 
are not intended to be used as manu­ 
facturing drawings, but primarily for 
acceptance, identification and purchas­ 
ing purposes. 

The possibility of using L M Ericsson 
drawings as A.P.O. originals was con­ 
sidered and discarded. L M Ericsson 
rack drawings with specification sheets 
are intended for international use and 
therefore are a general presentation to 
cover a wide variation in positioning, 
size, quantities, etc. Showing a number 
of variants on one drawing can be con­ 
fusing because the drawing is not repre­ 
sentative of any particular rack of 
equipment. L M Ericsson rack specifi­ 
cation sheets were of course automati­ 
cally excluded from the A.P.O. system 
when it was decided not to use L M 
Ericsson rack assembly drawings. In­ 
stead, data extracted from the L M 
Ericsson specification sheet appears on 
the A.P.O. assembly drawing and Tech­ 
nical Data sheets. 
The sub-section has adopted the fol­ 

lowing procedure regarding preparation 
of Technical Data sheets. A Technical 
Data sheet in draft form is prepared 
from the L M Ericsson documents and 
forwarded to the Supervising Engineer, 
Telephone Exchange Equipment Sec­ 
tion, together with the check print of 
the rack assembly drawing for initial 
inspection. When approved, the draft 
is returned to the Drafting Section for 
further subdivision by the Circuit Sub­ 
section. Ultimately this portion of the 
Technical Data Sheet is included with 
the CEA drawing. Subsequent amend­ 
ment affecting mechanical components 
appearing on the Technical Data sheets 
is done by the circuit draftsman as pre­ 
viously mentioned. 
To speed the production of rack 

assembly drawings which would have 
been delayed considerably if A.P.O. 
drawings of crossbar piece parts were 
to be issued first, reference is made to 
L M Ericsson numbers. These L M 
Ericsson numbers will gradually dis­ 
appear from subsequent issues of the 
A.P.O. drawings and will be replaced 
by a reference to the equivalent CE 
drawing. 
Drawings have been produced which 

are intended to facilitate the calling up 
and identification of various sub­ 
assemblies and electrical components on 

. Technical Data sheets. These sub­ 
assembly drawings are intended as an 
interim measure, and give L M Ericsson 
reference only. Ultimately they will be 
included in the Minor Equipment group 
of CE drawings as individual drawings. 
Although the preceding paragraphs 

have dealt with rack assembly drawings, 
it is anticipated that a similar system 
of drafting procedure will be adopted 
when preparing relay set assembly draw­ 
ings and other minor equipment draw­ 
ings. Relay set Technical Data sheets 
already issued with the circuit could be 
supplemented by the addition of further 
sheets referring to mechanical compon­ 
ents. 
Minor equipment items for which 

drawings have been prepared are mainly 
associated with racks, with the excep- 
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tion of drawings which require the 
adaptation of L M Ericsson equipment 
for the production of units that are not 
included in the L M Ericsson system 
such as wall-mounted racks and BCH 
relay sets fitted with "3000" type relays .. 
Drawings of piece parts have, in the 

main, been confined to items dealing 
with superstructure. Crossbar piece part 
drawings do not present a drafting diffi­ 
culty as they can mostly be copied from 
the L M Ericsson drawing where the 
use of first angle projection is in line 
with A.P.O. standard drawing practice. 

Allocation of Drawing Numbers 
CB drawings of crossbar equipment 

have been allocated the following groups 
of numbers:- 

Circuit 
ARP & ARK 
Circuits 

Sub-Section 
CE-14000-14299 
CEA-14000-14299 
CE-14800-14999 
CEA-14800-14999 

ARP & ARK Opera- CE-14300-14799 
tional and Installa- 
tion Wiring Dia- 
grams 
ARM Circuits CE-15000-15299 
ARM Operational CE-15300-15999 
and Installation 
Wiring Diagrams 

P.A.B.X. Circuits CE-16000~16999 
Telephone Equipment Sub-Section 

ARF & ARK Major CE-44000~44499 
Equipment Draw- 
ings 
ARM Major Equip- CE-45000--45199 
ment Drawings 
Exchange Equipment CE-45200--45999 
other than ARP, 
ARK and ARM 
Major Equipment 
Drawings 
ARP and ARK CE-64000---64999 
Minor Equipment 
Drawings 
Exchange Equipment CE-65000---65999 
other than ARP 
and ARK Minor 
Equipment Draw- 
ings 

ARP and ARK Piece CE-84000---84999 
Part Drawings 

Exchange Equipment CE-85000-85999 
other than ARP 
and ARK Piece 
Part Drawings 
Miscellaneous Ex- 
change Installation 
Drawings 

CE-94000---94999 
and some were 
included in the 
CE-90000---90999 
group before the 
special series for 
Crossbar was 
allocated. 

PART 2-STATE CONTRIBUTION 
Introduction 

Within a State Drawing Office, a sub­ 
stantial proportion of the output of 
staff of Equipment Sub-Sections has 
always been directed towards the pro­ 
vision of drawings necessary for the 
installation of telephone exchange 
switching equipment. In fulfilling this 
function, it is necessary to develop a 

somewhat different approach to that 
adopted by engineers and other tech­ 
nical staff and, whilst a thorough com­ 
prehension of the detailed operations 
of each type of equipment encountered 
is essential, emphasis, for a draftsman, 
is placed on aspects directly related to 
his work. 

Since the introduction of automatic 
switching, several major changes in 
equipment types have been made and 
each development has required a study 
of all inherent variations in installation 
practices from the viewpoint of deter­ 
mining the best basis for detail design 
and drafting procedure in the new 
circumstances. With regard to this, the 
decision to adopt L M Ericsson Cross­ 
bar equipment as the new A.P.O. stan­ 
dard is, from the draftsman's view­ 
point, progression of some significance. 
A greater problem, however, is the 
immediate volume of work associated 
with its simultaneous introduction for 
extension of a considerable number of 
exchanges and the consequent abandon­ 
ment of all existing drawings prepared 
on the basis of previously planned 
development by use of 2000 type equip­ 
ment. Relatively minor extensions, 
therefore, are demanding considerably 
greater drafting effort at a time when 
staff are adjusting their approach to 
this new equipment. 
The following has been prepared on 

the basis of presenting in outline some 
aspects of the draftsman's work in con­ 
nection with the implementation of the 
crossbar installation programme. 

Staffing 
In the New South Wales Drafting 

Section there are, at present, four Sub­ 
Sections that are primarily concerned 
with telephone exchange installations. 
Comprising one Country and three 
Metropolitan, these Sub-Sections are 
functioning on a parallel basis and the 
total intake of work is divided on a 
reasonably stable regional allocation. 
In addition, there is some overflow of 
trunk telephone exchange installation 
work into the Transmission and Tele­ 
graphs Sub-Section but this has not, to 
date, included any work on crossbar 
equipment. 
With the introduction of crossbar 

equipment, it was clear that tliis staff 
would be required to cope with the 
preparation of drawings for an exten­ 
sive installation programme whilst gain­ 
ing a thorough understanding of the 
completely new system. It was also 
evident that the more. experienced staff 
would be required to establish a basis 
for this work and each would have to 
undertake the preparation of drawings 
for several exchanges simultaneously in 
order to meet the installation require­ 
ments. 

Because of the specialised nature of 
this work, only limited assistance could 
be obtained from other drafting staff 
and time did not permit any significant 
help by way of recruitment and train­ 
ing of additional staff. In the main, 
therefore, the existing organisation was 
required to re-adjust for this· task by 
endeavouring to simplify and reduce, 
wherever possible, the drafting effort 

associated with each individual installa­ 
tion. 
In order that an early appreciation 

could be gained of the new equipment, 
informal group discussions were encour­ 
aged and any useful information about 
the system was made available for refer­ 
ence. With all the staff of these Sub­ 
Sections located within the one office, 
little difficulty was experienced in 
achieving a free exchange of ideas or 
information and attention was directed 
primarily towards providing a satisfac­ 
tory service with a maximum economy 
of drafting effort. A basic principle 
that has been applied throughout was 
that of avoiding unnecessary duplica­ 
tion of investigation and, wherever pos­ 
sible, all derived data of a directly use­ 
ful nature was summarised .for the use 
of all drafting staff. Careful considera­ 
tion was given to the establishment of 
useful standards of presentation for 
each aspect of an exchange installation 
and, although some modifications are 
still being introduced, a general pattern 
of requirements for each installation 
has been adopted by the Drawing Office. 

Technical Aspects 
It is desirable that telephone equip­ 

ment drafting staff have a complete 
appreciation of all details of crossbar 
exchanges but particular attention must 
naturally focus on those aspects that 
are directly related to the preparation 
of the necessary installation drawings. 
Generally, these items of major interest 
may be classified under the following 
headings:- 
(i) I.D.P. Design 
(ii) Equipment Layout 
(iii) Overhead Ironwork -Troughing - 

Runway 
(iv) Main Cabling 
(v) Trunking 

(vi) Suite Control 
(vii) Service Control. 
In the following comments on each 

of these items, an attempt has been 
made to convey something of the drafts­ 
man's approach to the problems of pro­ 
viding a satisfactory service for instal­ 
lation staff. 

I.D.F. Design 
This is one of the first steps towards 

the preparation of drawings for a parti­ 
cular installation and corresponds, 
generally, to the T.D.P. appropriation 
of a pre-Francis 2000 type exchange 
The main difference lies in the greater 
number and variety of circuits that 
must be interconnected, but common to 
both systems there is the need for a 
reliable forecast (by way of trunking 
diagram) of the exchange capacity 
requirements. In this respect, it is clear 
that the heavy cabling associated with 
these I.D.P.'s must be carefully planned 
since this is an area where future re­ 
arrangement could prove difficult. It 
appears, at this stage, desirable to 
favour layouts that provide at least a 
small proportion of distributed unallo­ 
cated I.D.P. space to permit, say, a 
change in the size ratio of the different 
group selector stages. 
Consideration of the manner of 

grouping of I.D.P. racks is another 
matter in which · careful consideration 
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must be given to the future development 
of the exchange. Economy of cabling 
may be effected by locating "cells" of 
I.D.F. racks on the floor area conveni­ 
ent to the devices to be interconnected 
but care should be take to ensure that 
this divided arrangement provides ade­ 
quately for growth and makes some 
allowance for unforeseen development. 
The alternative "continuous" suite of 
I.D.F. racks may be satisfactory in some 
circumstances but generally requires 
more cable and may present develop­ 
ment problems associated with the con­ 
centration of cabling in the I.D.F. suite. 
The change from the BAB948 to 

BAB970 type I.D.F. for A.R.F. installa­ 
tions was of major importance since it 
varied the circuit terminations and lay­ 
out in addition to affecting most draw­ 
ings of an installation. From a drafting 
viewpoint, this involved some loss of 
effort on exchanges that had been plan­ 
ned for BAB948 racks and, until the 
supply position was clarified, there was 
uncertainty regarding the exchanges 
that would employ the earlier type of 
rack. Since no specific guide was avail­ 
able concerning the circuit terminations 
on the BAB970 rack, a set of reference 
drawings was urgently prepared for this 
purpose to meet the requirements of 
the Installation Divisions and this now 
provides a basis for I.D.F. planning. 

Equipment Layout 
Crossbar exchange equipment layouts 

are prepared initially for planning engi­ 
neers to demonstrate the feasibility of 
a scheme and to provide the basis for 
submission of the associated proposal. 
Later, at the instigation of installation 
engineers, these plans are revised or 
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Fig. 2.-ARF Crossbar E'quipment Extension o-f Composite 2000 and Pre-2000 Type Exchange. 

amended, as required, to meet the more 
detailed conditions that become appar­ 
ent at the commencement of each parti­ 
cular project and further changes are 
also effected throughout the design 
period to refine or improve earlier 
plans. This does not vary, in principle, 
from the methods used with earlier 
types of equipment and most problems 
have centred on the following:- 
(i) The physical dimensions and rela­ 

tive placement of equipment racks. 
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Fig. 1.-,&,RF Crossbar Equipment Extending lncompfote Suites of 2000 Type Equipment. 

(ii) Introduction of metric measure­ 
ments. 

(iii) Integration of extensions with exist­ 
ing equipment. 

The main difficulty posed by the use 
of metric measurements is associated 
with crossbar extensions of exchanges 
that have existing equipment layouts 
drawn to a scale of t inch to a foot 
(i.e. a ratio of I :48). This has necessi­ 
tated the production of special metric 
scales for drafting use graduated to this 
ratio and, because of the desired accu­ 
racy, the Workshops Sub-Section of 
the Drawing Office was requested to 
make an original plastic negative on a 
precision chart scribing machine for 
printing the necessary copies. Consider­ 
able use has now been made of these 
scales and they have proved most satis­ 
factory. 
The problems of integration with 

existing equipment are, perhaps, best 
illustrated by reference to the typical 
layouts shown in Figs. I and 2. Here 
it may be seen that double sided racks 
are required to extend suites of existing 
single sided equipment and the irregular 
suite lengths can cause the separation 
of inter-related groups of racks. In each 
of these examples the I.D.F. has been 
made continuous and in Fig. 2 all the 
crossbar suites have been located at 
right angles to existing suites to facili­ 
tate close association of the more con­ 
veniently grouped racks. 

Overhead lron,work-Troughing­ 
Runway 

Little comment appears necessary with 
respect to the ironwork, troughing and 
runway requirements of the Ericsson 
crossbar equipment. Similar to most 
systems, this new equipment must be 
supported by overhead ironwork and 
provided with a means of conveying 
cables between racks. There are changes 
in the supporting steel sections employed 
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Fig. 3.-Cabling of BDD Type Racks. 

and their conventional spacing is dif­ 
ferent to the familiar 2000 type prac­ 
tice, but these matters only cause some 
concern when problems of integration 
with existing equipment are encountered 
and such situations have not, to date, 
presented much difficulty. The only 
significant change associated with the 
use of troughing is its effect on the 
cabling details of exchange installation 
drawings and, generally, the structural 
arrangement is quite straightforward. 
The drafting requirement for each 
installation is, in most cases, confined 
to the diagramatic representation of 
standard items on a transparent copy 
of the floor layout. 

Cabling 
A substantial proportion of the work 

of preparing installation drawings for 
telephone exchanges is associated with 

cabling and, in this matter, L M Erics­ 
son crossbar equipment has introduced 
different methods of access to racks 
and a completely new approach to the 
whole problem. 
The three types of rack that are most 

frequently encountered in A.R.F. instal­ 
lations are the selector rack (BDD), the 
relay set rack (BDH) and the I.D.F. 
(BAB948 or BAB970). All main cabling 
to the BDD rack is plug-ended and each 
cable must gain access to the appro­ 
priate jack unit associated with the 
rack. Runway may be employed for 
conveying cables to these jack fields, 
but experience to date suggests that 
the greater flexibility of a troughing 
installation would merit its preferment 
for this type of rack. The photograph, 
Fig. 3, shows portion of a suite of BDD 
racks and clearly demonstrates the use 
of troughing for cabling to the jack 

fields. It may also be noted that cabling 
for this type of installation lacks the 
neatness and precision associated with 
earlier types of equipment and the 
troughing assists in maintaining a tidy 
appearance when viewed from floor 
level. 
With the B.D.H. rack, cabling has 

limited access via a formed metal side 
member and the main sheathing is 
removed at the top of the rack with 
the wires extending as a common laced 
form. Either runway or troughing may 
be effectively employed in conjunction 
with these racks and the photograph, 
Fig. 4, shows a substantial bulk of cable 
converging into a common form to 
feed the jack units of an SS-TG rack. 
In this example, runway has been used 
to convey the cables to the drop point 
and it may be clearly seen that the area 
for cable access to each rack is specifi­ 
cally located and, in this case, almost 
fully occupied. 
The I.D.F. in use for the majority of 

current installations is the BAB970 and 
the photograph, Fig. 5, gives some 
impression of the method of feeding 
cables down the rack and to the grad­ 
ing strips. The rack is, in effect, a verti­ 
cal cable duct and the box section of 
approximately 15" x 2.}" enclosed by 
the formed sheet metal and rear remov­ 
able rods contains all the cables for the 
rack. These cables are then given access 
to the grading strips in a predetermined 
sequence through plastic grommets on 
the left hand side of the rack. From 
this photograph it is evident that, simi­ 
lar to the B.D.H. rack, only a limited 
specifically located area is available for 
cable drops and, whilst any necessary 
manipulation of cables within the rack 
is effectively concealed, it is necessary 
to exercise care in planning the initial 
and ultimate build up of cables requir­ 
ing entry to the rack. These racks are 
usually grouped and the resultant con­ 
centration of cabling can present some 
difficulty. As an aid to the effective 
placement of cables and with a view to 
permitting some flexibility of develop­ 
ment, short lengths of transverse high 
level runway may be employed to 
advantage in a manner similar to that 
shown in the photograph. 
When some appreciation was gained 

of the physical factors associated with 
gaining access for inter-rack cabling of 
this new equipment, major considera­ 
tions for drafting staff were:- 
(i) Determining methods of presenta­ 

tion necessary for cabling drawings. 
(ii) Compiling basic cabling data in a 

suitable form for ease of reference. 
(iii) Minimising the drafting effort per 

individual installation whilst main­ 
taining the desired service. 

With regard to these matters, it was 
important that a broad policy should 
be established quickly to ensure that all 
drawings would be prepared in a simi­ 
lar manner throughout the office and a 
desirable measure of standardisation 
introduced. 
In achieving this, it was necessary to 

anticipate the type of service that would 
be directly useful to installation staff 
and to provide for an adequate amount 
of detail to meet present and future 
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needs. Less detail was clearly permis­ 
sible for cabling plans of troughing 
installations, but consideration also had 
to be given to projects making partial 
or full use of runway. A further 
important consideration was that of 
attempting to achieve a balance between 
available drafting resources and the 
essential demands of the installation 
works programme. 
Generally, in the matter of presenta­ 

tion, it was decided that past practice 
of providing cable plans and sections 
would be maintained wherever runway 
was used, but a simpler line diagram 
would be introduced to meet the needs 
of troughing installations. With this 
line diagram, the desired relative loca­ 
tion of groups of cables would be 
shown, but detailed cable sections would 
only be given where essential (i.e. I.D.F. 
drops, main cable runs, etc.). Plans for 
current installations have been prepared 
on this basis for the full or combined 
use of either runway or troughing and 
these methods have proved satisfactory, 
From a drafting viewpoint, one of 

the more important effects of the intro­ 
duction of crossbar equipment was the 
need to establish a directly useful source 
of basic data for the preparation of 
individual cabling plans. Ideally, this 
information should not include supple­ 
mentary irrelevant detail and for each 
of the conventional groups of equip­ 
ment racks a single reference should 
provide all the necessary inter-rack 
cabling data. This would assist in 
ensuring that no cables were overlooked 
and overcome the need for each draft­ 
ing officer to compile these details 
independently. 
Installations of previous types of step­ 

by-step equipment did not present any 
great difficulty in this matter of inter­ 
rack cabling, since few cable runs had 
to be considered and details of these 
were readily committed to memory. For 
example, al 1000 line group of primary 
equipment with its associated penulti­ 
mate selectors would involve only four 
main cable' runs if composite 2000 type 
equipment were used and experienced 
drafting staff would have no need to 
check the quantity and size of cables 
required. A similar installation of L M 
Ericsson crossbar equipment would 
involve approximately 20 inter-rack 
cable runs, and since these are varied 
for the different quantities of SR's and 
subscriber's multiple ( or "m") values, 
the urgent need for cabling data refer­ 
ence plans was soon evident. 
As an aid to drafting staff, therefore, 

a series of cable analysis plans were 
drawn for each of the commonly inter­ 
cabled groups of racks and a typical 
example is shown in Fig. 6. In this 
case, all the cables for a developing 
group of primary equipment are shown 
and their progressive extension to pro­ 
vide for an equipment capacity of 200 
to 800 lines is clearly evident. A total 
of two racks of SR's have been provided 
for, and the subscribers multiple or "rn" 
value is 6. Plans of this type have been 
prepared for each new condition that 
has been encountered and retained for 
future reference. This has overcome 
much of the individual detailed exam- 

ination of separate rack wiring diagrams 
and, following the initial effort by the 
officer who first encounters a new 
requirement, all staff have benefited 
from the use of. these basic.ireference 
diagrams. Plans, similar to the example, 
have now been prepared for the follow­ 
ing conditions:- 
I. Primary Equipment. 

(a) m = 6A & B with 80 SR's 
(b) m = 6B with 100 SR's 
(c) m = SA with 100 SR's 
(d) m = SC with 120 SR's 
(e) m = 8D with 120 SR's 
(f) m = IOA/B/C with 150 SR's. 

2. Group Selector Equipment. 
lGV and GIV. 

3. Other Inter-Rack Cabling. 
REG/SS/TG & KS. 
An examination of Fig. 6 and its 

associated diagram, Fig. 7, serves to 

demonstrate the following principles 
which have been used as a basis for the 
preparation of these drawings:- 
1. Complete cabling details for conven­ 
tionally coupled racks of equipment 
are shown on a single sheet. 

2. Each inter-rack cable is, where pos­ 
sible, drawn as a separate line. 

3. Size of cable and method of termina­ 
tion at each end are indicated. 

4. Jack field locations of plug ended 
terminations are designated. 

5. Any progressive cabling development 
is shown. 

6. Reference letters are provided for 
cable run identification on individual 
cabling plans. 
This example provides, at a glance, 

an overall impression of the cabling 
interconnections and a closer examina­ 
tion reveals the purpose of each cable 
run. From a drafting viewpoint, the 

Fig. 4.-Cabling of BD•H Type Racks. 
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practical use of this information necessi­ 
tates its re-arrangement to suit the 
alternative rack placements of specific 
installations and its integration with 
other initial or future groups of inter­ 
cabled racks. The usual consideration 
must here be given to- methods of con­ 
veying cables, designed growth of the 
exchanges and any special planning 
considerations. 

Trunking 
Comments on this aspect have been 

based on impressions gained from the 
limited experience associated with early 
installations that are now progressively 
coming "into service". No attempt has 
been made to present this topic com­ 
prehensively and these thoughts are 
given to some items selected at random. 
The same basic functions of grading 

and outlet allocation still apply and, 
although different criteria are used to 
determine the ideal solutions, this work 
is no more complex than that required 
for similar 2000 type installations. 
Ideal grading patterns can usually be 

selected from standard tables by apply­ 
ing the familiar data of availability (k) 
selector groups (g) and number of out­ 
lets (N). Since the equipment provides 
for random testing and selection of free 
outlets, the basic gradings are of a 
different form to that previously en­ 
countered and consist of a series of 
symmetrical interconnected fields. Each 
of these fields is a self-contained cell 
and provides for a defined section of 
the total availability of the grading. 
Total outlets of a standard symmetrical 
grading are therefore a multiple of the 
number of grading groups and any "in 
between" requirement is obtained by 
adjustment. 
The range of grading tables currently 

available is shown in Fig. 8 and, from 
this, selection of the more routine 
requirements is merely a matter of 
reference. Further questions remaining, 
however, are how to provide a grading 
for an "in-between" number of outlets 
not specifically quoted and what action 
should be taken with problems outside 
the scope of the grading tables. For the 
former, the usual practice involves the 
insertion of additional outlets into the 
closest basic pattern and this can obvi­ 
ously be effected in many different 
ways. Whilst the effect of these alterna­ 
tive arrangements on the commoning 
between groups can be readily checked, 
only a subjective assessment may be 
made of the relative lack of symmetry 
of such schemes. The latter problem, 
of determining unlisted grading patterns, 
has generally been undertaken in the 
manner outlined by L M Ericsson and 
the following practical example demon­ 
strates this method. 
Assuming that an equal quantity of 

similar traffic is offered to each grading 
group, the following objectives are 
sought in the preparation of a satisfac­ 
tory grading pattern. 
1. Symmetry of the interconnection pat­ 
tern with reference to grading groups. 

2. Each grading group to have the same 
number of common outlets with each 
one of the other groups. 

3. A maximum of two availabilities to 
be used for the separate fields 
employed. Where two availabilities 
are necessary they should be consecu­ 
tive numbers (e.g., pairs and threes). 
For this example, 24 outlets are to be 

provided from a 12 group grading with 
an availability of 9 and it is evident, 
from the above objectives, that the com­ 
plete pattern should consist of two sym­ 
metrical fields using availabilities of 4 
and 5. 
The first step to be taken requires the 

preparation of comprehensive tables of 
symmetrical fields for 12 grading groups 
with availabilities of 4 and 5. This is 
achieved by a simple systematic numeri­ 
cal process which automatically gener­ 
ates all the valid patterns for tabulation 
with details, in each case, of the corn­ 
moning of the first grading group. In 
this case, 39 and 66 possibilities were 
listed for availabilities 4 and 5 respec­ 
tively and the full table for the former 
is shown in Fig. 9. 
It is evident that, for the purpose of 

designing new gradings, this list may 
be reduced from 39 to 24 entries by 
discounting any fields that duplicate a 
previously quoted commoning arrange­ 
ment and a similar reduction was also 
applicable to the other table. 

By a process of selection and match­ 
ing, the ideal combination of common­ 
ings for this example was obtained from 
fields 1-2-4-6 and 1-2-5-6-11. Fig. 10 
illustrates this grading and its detailed 
analysis. 
It is apparent from this example, that 

the number of patterns and combina­ 
tions to be prepared and examined can 
be large and, in order to relieve some 
of the tedium of this work, tables simi­ 
lar to Fig. 9 may need to be prepared 
for a comprehensive range of grading 
groups and field availabilities. Informa­ 
tion in this form is more basic than the 
full grading patterns and seems to have 
greater value for re-trunking or assess­ 
ing the merits of different schemes. 
In the matter of presentation of grad­ 

ings, the methods employed by L M 
Ericsson have been adopted and basic 
forms of a similar type are being used. 
Whilst there is no doubt that these pro­ 
formas will be satisfactory, it has been 
noted that the methods used convey the 
necessary information in a significantly 
different manner to the familiar 2000 
type practice. In the latter technique, it 
is customary to quote the succeeding 
group selector, etc., directly on the 
grading, with the method of connection 
via I.D.F., etc., being determined less 
readily. The new procedure, on cross- 

Fig. 5.-Cabling of BAB970 Type I.D.F. Racks. 
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Fig. 7 .-Cable Run - Key Diagram. ( For use with Fig. 6.) 

bar gradings, gives outlet numbers 
which, generally, provide for a system­ 
atic progress to the succeeding device 
through a series of references (i.e. suite 
and rack, grading strip and terminal 
group, etc.) which are listed adjacent 
to the grading and on supplementary 
I.D.F. jumpering sheets. This method 
is undoubtedly straightforward for 
installation staff, and, although some 
modification may be warranted for 
maintenance records, such changes will 
probably be effected gradually as more 
experience is gained with this equip· 
ment. 
As a final thought on the subject of 

trunking, comment is made on the 
problem of determining which SR's 
should be left "out of service" when 
the traffic requirements show a lesser 
figure per 1000 lines than the cabling 
pattern provides. Although there is evi­ 
dence that a degree of flexibility is per­ 
missible in this matter, a lead has been 
taken from the method employed by 
L M Ericsson for cabling of SR's in 
developing subscriber's equipment 
groups. Consideration has here been 
given to providing a balanced avail­ 
ability of SR's to each 200 line group 
at all stages of development and this 
same principle has been applied in 
determining which SR's should be used 
to meet the trunking requirement for a 
specific installation. In addition, some 
thought has been given to offering bal­ 
anced traffic to register-finder groups 
and retaining, where possible, the SR's 
associated with the 5th vertical of SLB 
switches in order to maintain the advan­ 
tage of delayed selection associated 
with these outlets. 

Suite Control 
Essentially, suite control equipment 

consists of one or more control boxes 
mounted at the end of each suite for 
the purpose of distributing the alarms 
and common services (i.e., rings, tones, 
alarm battery supply, etc.) to individual 
racks within the suite. Test points are 
provided at these boxes for rings, tones, 
etc., -together with push buttons for 
isolation of individual feeds and there 
are mountings for protector strips, alarm 
lamps and alarm relays. Additionally 

provisron is made for the extension of 
alarm, fault and subscriber blocking 
conditions to the Service Centre via the 
I.D.F. 
Using the pilot installation at Peter­ 

sham as a guide, a comprehensive suite 
control and alarm survey drawing was 
compiled with a view to including every 
possible circuit element that any rack 
may require. This was then used as a 
basis for design of the individual suite 
wiring which was originally drawn in 
a similar manner to the L M Ericsson 
plans for Petersham, with full details of 
each suite individually presented on a 
single sheet. More recently, an adap­ 
tation of a method developed by the Vic­ 
torian State Office has been employed 
with a view to providing a faster and 
more efficient drafting service. This 
method provides for a partially tabu­ 
lated presentation making use of a series 
of foolscap proforma sheets for each 
suite and has generally proved more 
suitable for installation purposes. 
In considering the individual suite 

control layout, appropriation of the 
boxes is dependent on the types and 
quantity of racks contained in the suite 
and, as some racks, particularly the 
REG-L, require a much larger propor­ 
tion of equipment in the suite control 
box, variation of floor layout could be 
of advantage in eliminating the need 
for an additional box at some suites. 
On the other hand, where an ultimate 
layout of a particular suite is indefinite, 
it may be convenient to connect an 
isolated initial rack to the suite control 
box of an adjoining suite. Positioning 
of these boxes should, of course, be 

arranged for the ease and convenience 
of viewing by service staff. 

Service Control 
To maintain an acceptable grade of 

service from any automatic telephone 
exchange it is necessary to keep a close 
check on each element of equipment to 
ascertain whether it is operating effi­ 
ciently. With the Ericsson ARP cross­ 
bar system, use is made of fault counters 
and alarm lamps to ensure that mal­ 
functions are automatically recorded in 
the service centre. Some early installa­ 
tions in N.S.W. will make use of 
locally available components, wired and 
assembled to provide the desired func­ 
tions, and drafting staff have been 
required to assist in the design of this 
equipment. 
In order to provide a directly useful 

reference to all the service control 
cabling requirements, a comprehensive 
survey drawing was prepared. The 
cabling needs of each type of rack were 
clearly shown together with the I.D.F. 
interconnections. In addition, a series 
of drawings have been prepared for the 
revised terminations associated with the 
new BAB970 I.D.F. and, in conjunction 
with the survey drawing, these are use­ 
ful in determining I.D.F. appropria­ 
tions, etc., for service control installa­ 
tions in individual exchanges. 

ARK Rural Automatic Exchanges 
The Ericsson Crossbar RAX's to be 

used in Australia consist of two types 
-the ARK511 and the ARK521 systems. 
Initially, in New South Wales, it was 

planned to install ARK511 and ARK521 
exchanges in portable buildings and it 
was therefore necessary to prepare 
drawings showing the layout and speci­ 
fications for the construction of suitable 
buildings. Additional drafting require­ 
ments were ironwork and troughing lay­ 
out and detail drawings, structural 
drawings for special racks, test equip­ 
ment, battery cabinets, M.D.F.'s, etc., 
modifications to Ericsson equipment 
racks and cable terminating details. 
Drafting work is still in progress to 
provide for further modifications and 
the preparation of suitable grading and 
strapping sheets. 

Circuits=-Signalling Relay Sets, Etc. 
With the introduction of crossbar 

equipment into country areas, it was 
evident that, due to line conditions, 
long distances and different types of 
existing equipment (i.e., magneto, SxS 
automatic, C.B., etc.), various types 
of conversion signalling circuits would 
be necessary for use in conjunction with 
the ARP and ARK installations. Since 

NUMBER. OF GRADING GROUPS p 
0 3 4 5 6 7 8 9 10 
u AVAIL. OF 5 6 8 10 6 & 12 7 & 14 8& 16 9 & 18 10&20 
T II 11 10 12& 15 12T020 15 TO 25 12 TO 30 14 T035 16T040 18 w45 20T050 L 
E " 11 20 21 TO 30 24To40 25 TO 50 24 TO 60 21 T070 24 TO 81 27 TO 90 30ro 100 
T If 11 40 42w60 44T080 45 T095 42ro 120 42TOl40 48rol60 45TO 180 50ro200 s ,, M 60 63 T090 64rol20 65TO 145 66ro 180 63ro 210 64ro 240 63TO 270 70ro300 

Fig. 8.-Range of Standard Grading Tables. 
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many of these circuits were already 
working satisfactorily in pre-crossbar 
installations, the new requirement was 
largely a matter of re-locating the com­ 
ponents in the most convenient manner 
on various sized BCH plates specially 
punched for 3000 type relays and suit­ 
able for mounting on Ericsson type 
BDH racks. Drafting staff of the Coun­ 
try Sub-Section were required to assist 
in this work and prepare the necessary 
drawings. 
It was proposed, generally, that the 

same components be used and a supply 
of BCH type plates was procured with 
the necessary mounting facilities for 
rows of 12 relays of the 3000 type in 
the space designed to accommodate 14 
Ericsson relays. To differentiate between 
these two plates on the component lay­ 
out of a circuit, the usual designation 
has included an explanatory suffix, e.g., 
BCH131 (3000 type). For various prac­ 
tical reasons it has been necessary to 
use this modified BCH type mounting 
in other situations and, as the need has 
arisen, drawings have been prepared on 
this basis for complaints (service desks), 
information, observation circuits, etc. 
In addition, other circuits have been 

prepared, as required, using compon­ 
ents that are currently available to pro­ 
vide such facilities as SR tester, REG-L 

FIELD 
COMMONING WITH GROUP 
2, 3 4 5 6 7 8 9 10 II 12 

1,2,3,4. 3 2 1 I 2 3 
1,2,3.5. 2 2 1 1 1 1 2 2 
1.2.3,6. 2 I I I I I I I I 2 
1.2,3,7. 2 I 1 I 2 I I I 2 
1.2.3.B. 2 I 2 2 2 I 2 
1.2,3,9. 2 I I I 2 I I I 2 
1.2.3.10. 2 1 1 1 1 1 I I I 2 
1.2.3.11. 2 2 1 1 I 1 2 2 
1,2.4,5. .2 I 2 I 1 2 I 2 
1.2.4.6. 1 2 I I 1 I I I 2 I 
1,2,4.7. I 1 2, I 2 I 2 I 1 
1,2,4,8. I •I I I I 2 1 I I I I 
1.2,4,9. I I I I 2 2 I I I I 
1,2,4;10. I I 2 I 2 I 2 1 I 
1,2,4,11. I 2 2 I I 2 2 I 
1,2,5,6. 2 I 2 I I 2 I 2 
1.2,5,7. I I I I 1 2 1 I I I I 
1,2,5,8. 1 2 I I 2 I I 2 I 
1.2.5.9. I I 3 I I 3 I I 
1,2,5.10. I 2 2 I I 2 2 I 
1,2,5,11. I I 2 I 2 I 2 I I 
1,2,6.7. 2 I 2 2 2 I 2 
1,2,6,8. I I I 2 2 2 1 1 1 
1.2.6.9. I I 2 2 2 2 I I 
1,2,6,JO. I I 3 1 I 3 I 1 
1,2,6;11. I 1 I 1 2 2 I I I I 
1,2,7.8. 2 2 4 2 2 
1.2.7.9. I I I 2 2 2 I I I 
1.2.7.10. I 2 I 1 2 I I 2 1 
I. 2.7, II. I I I I I 2 I I I I I 
1.Z,8,10. I I I I I 2 I I I I I 
1.2.8.11. I I 2 I 2 I 2 1 I 
1,2.9,11. I 2 I I I I I I 2 I 
1.3.5.8. 2 I I 2 2 I I 2 
1,3,5.10. 2 I I 2 2 I I 2 
1.3.6.8. 2 I 3 3 I 2 
1.3.6.9. I 2 I I 2 I I 2 I 
1.3.6,10. I 2 I 2 2 I 2 I 
1.3.7.10. I 2 I I 2 I I 2 I 

Fig. 9.-Commoning of 12 Grading Groups­ 
Availability of 4. 
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• 3 3 3 3 3 2 3 3 3 3 3 
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3 3 3 2 3 3 3 3 3 • 3 3 

3 3 3 3 2 3 3 3 3 3 • 3 

3 3 3 3 3 2 3 3 3 3 3 • 
Fig. 10.-Typical Grading and Ana,lysis. 

tester, wire tester and traffic route 
tester. Each of these circuits made use 
of 3000 type relays and associated struc­ 
tural designs were prepared for the 
mounting of all components in suitable 
portable cabinets. 

Because of the type of components 
involved, all the above circuits were 
prepared in the conventional A.P.O. 
detached contact wiring-schematic man­ 
ner and, therefore, varied from the 
method employed for the associated 
crossbar equipment. This, of course, is 
a circumstance that will soon be common 
to all combined installations of crossbar 
and step-by-step equipment and will 
require some additional interpretation 
from technical staff. The L M Ericsson 
technique of attached contacts, different 
symbols and extensive "abbreviation" 
is most certainly a departure from past 
practice and drafting staff have taken 
a lively interest in considering the rela­ 
tive advantages of each system. 

Some appreciation of one aspect of 
the different methods may be gained 
from the comparative diagram, Fig. 11. 
In this example an element of the cir­ 
cuit of the K.S.R. relay set has been 
drawn in the following ways:- 
(a) Ericsson "attached contact" method. 
(b) A.P.O. standard for other than Erics- 

son equipment. 
(c) Bell System of "detached contact" 

schematics (I). 
In the Ericsson method much of the 
advantage of the fully "detached con­ 
tact" presentation has been achieved 
together with a significant improvement 
over the earlier "attached contact" cir­ 
cuit drawings. Location of relay con­ 
tacts is simple with this presentation 
and the relay designation usually 
appears only once on the circuit. With 
the A.P.O. standard developed for step­ 
by-step equipment, the function of the 
circuit element is clear but there is 
repetition of the relay designation at 
each contact unit. The third illustra­ 
tion has been included merely to demon­ 
strate that other techniques are cur­ 
rently in use and this method, which is 
employed by the Bell System (1), appears 
to have been developed on the same 
basis as the A.P.O. standard but has 
progressed further with symbolic abstrac­ 
tion. Under the present circumstances, 
in Australia, it is difficult to envisage 
any significant change being effected in 

the matter of circuit presentation, but 
it is important that development towards 
simpler techniques and clearer circuits 
should at all times be encouraged. 

CONCLUSION 
The work of the Drafting Section in 

connection with the introduction of 
Ericsson crossbar equipment into the 
automatic telephone network has really 
only commenced. Much remains to be 
done by way of providing drawings for 
specific installations and, in this matter, 
the Drawing Office has as its primary 
objective the provision of the best pos­ 
sible service for engineers and technical 
staff. 

REFERENCE 
1. J. W. Gorgas, "Detached Contact 

Schematics"; Bell Laboratories Record, 
July, 1954. 
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THE MEASUREMENT OF INTENSE RADIO FREQUENCY 
RADIATION 

Editorial Note: This article bas been 
offered to the Telecommunications 
Society of Australia, for publication in 
this country, by Marconi Instruments 
Ltd. of St. Albans, England. It deals 
with the measurement of intense radio 
frequency radiation and, in view of the 
interest in the subject and the scarcity 
of relevant literature, it is included in 
the Journal as a service to readers. 
With the trend over recent years 
towards the use of higher powers in 
both broadcasting and telecommunica­ 
tion equipment, the possibility of expo­ 
sure of operating, or maintenance per­ 
sonnel to a high level of radio fre­ 
quency energy has been the concern of 
the Postmaster-General's Department for 
several years. In 1960 the Headquarters 
Radio Section undertook a complete in­ 
vestigation of this subject and issued 
Radio Design Notes No. 2/1960 "Health 
Hazards of Microwave Radiation". 

The following article surveys the 
problem of measurement of radio fre­ 
quency power densities throughout the 
radio spectrum from the lowest to the 
highest frequencies and describes a 
simple portable practical Instrument 
which bas been developed commercially 
for this purpose. 

INTRODUCTION 
It has been long known that radio 

frequency (r.f.) energy can have bene­ 
ficial effects on the human body when 
properly administered. Equally, it is a 
long established fact that excessive 
power densities can have harmful and 
at times fatal results. With the increas­ 
ing use of powerful radio sources the 
risk is no longer an academic one. 
Large scale research into the effects 

of over-exposure started in 1956 in the 
U.S.A., where many universities have 
carried out work in conjunction with 
the Defence Department. At the same 
time work has been carried out in 
Great Britain by various bodies, the 
most prominent being the Medical 
Research Council and the British Post 
Office. 
Experiments on animals and animal 

tissue show that symptoms caused by 
excessive r.f. power densities may be 
due to thermal effects such as overheat­ 
ing of tissue, blood and internal organs. 
In addition symptoms may arise that 
are not directly due to thermal effects 
but are of a more complex nature. The 
reader is recommended to study the 
extensive literature on the subject, but 
a few of the facts discovered in recent 
years are summarised below. 

BIOLOGICAL EFFECTS 
The ability of r.f. energy to penetrate 

the human body is dependent upon fre­ 
quency. Frequencies in the 200 to 400 
Mc/s range reach tissue deep in the 

=Mr, Brown is a member of the staff of 
Marconi Instruments Ltd., England. 

body, while higher frequencies such as 
3,000 Mc/s and above do so to a lesser 
extent. Since the human nervous sys­ 
tem is comparatively insensitive to heat 
deep within the body it is possible to 
sustain serious internal overheating 
produced by r.f. energy at the lower 
frequencies and yet be conscious only 
of a warm internal glow. 
The eye will develop a permanent 

opacity (cataract) following over-expo­ 
sure. A rabbit's eye will develop an 
opacity if subjected to a 2.45 Gc/s r.f. 
source having a power density of 120 
mW/cm2, provided the exposure is 35 
minutes or more. If the exposure time 
is only 20 minutes and the same power 
density is used, then an opacity is 
unlikely. On the other hand a 20- 
minute exposure to a power density of 
180 mW/cm2 or more will bring on an 
opacity. This and many other results 
demonstrate that the threshold for a 
single cataractogenic dose of r.f. radia­ 
tion is determined by the power density 
and the duration of the exposure. 
Increasing either will give a greater 
risk of eye damage. 
Although the eye temperature rises 

when subjected to r.f. radiation it is 
thought that this is coincidental with, 
rather than the 'cause of, opacities. 
There appears to be no clearly defined 
temperature threshold above which 
opacities occur as evidenced by the 
following (1):- 
A 2.45 Gc/s r.f. source applied to a 

rabbit's eye. 
5 minutes at 280 mW/cm2, causes 

opacity, eye temperature 49.3°C. 
3 minutes at 280 mW/cm2, no opa­ 

city, eye temperature 47.2°C. 
35 minutes at ·120 mW/cm2, causes 

opacity, eye temperature 44.0°C. 
Repeated sub-threshold doses can 

cause opacities in cases where one such 
dose would not. This cumulative effect 
is demonstrated by the following 
results (1):- 

2.45 Gc/s, 280 mW/cm2, 
3 minute single dose, no opacities. 
3 minutes daily or every fourth day, 
caused opacities. 
3 minutes weekly for five consecutive 
weeks-no opacities. 
The seven-day interval seems to allow 

time for the eye to recover from the 
previous dose. It is thought that over­ 
exposure to r.f. power may affect the 
lens protein directly and affect the 
metabolism of the eye. After a cata­ 
ractogenic exposure a marked reduction 
in ascorbic acid level occurs some 18 
hours or so later. 
Evidence exists that the brain may 

be affected by smaller power densities 
than those needed to produce similar 
effects in the eye. Temporary paralysis 
of a chicken's legs results when a low 
power density beam of r.f. energy is 
directed at the back of its head. Imme- 

P. E. BROWN*. 

diately the beam is shut off the chicken 
regains the use of its legs and is quite 
unharmed in any way. Science fiction 
writers can undoubtedly envisage an 
invading army immobilising their 
opponents by r.f. means but keeping 
them healthy in order to work for their 
new masters at switch-off time. 

General agreement has been reached 
in the U.S.A. and Great Britain on the 
maximum continuous daily exposure 
allowable in respect of human beings, 
namely, 10 milliwatts/ems, This figure 
has a built-in safety margin which is 
larger at some frequencies than others; 
as further knowledge is gained this 
level may be modified in order to allow 
higher power densities over part of the 
spectrum. 

POWER DENSITY DISTRIBUTION 
The maximum power density is 

usually assumed to occur at the Ray­ 
leigh distance from the transmitter 
aerial. The Rayleigh distance is given 
by D2/2A- where D = dish diameter 
and A. = wavelength of transmission, 
D and A. being measured in the same 
units of length. The power density at 
the Rayleigh distance is approximately 
(2) 2.3 P/D2 where P is the total radi­ 
ated power. In the near-field or Fresnel 
region (between aerial and Rayleigh 
point) diffraction occurs due to phase 
differences between constituent (non­ 
parallel) parts of the beam emanating 
from the dish. This results in fluctua­ 
tions in power density (with distance) 
about a mean level which is higher 
than that existing at the Rayleigh dis­ 
tance. At one point the power density 
can be 3 to 5 db higher than that exist­ 
ing at the Rayleigh distance, falling off 
again to a small degree as the aerial is 
approached. Despite this, it is gener­ 
ally valid to take the power density as 
having its maximum at the Rayleigh 
distance provided that the radiating 
dish is elevated above the general 
ground level. This follows from the 
fact that the field between Rayleigh 
distance and aerial is largely confined 
within an imaginary cylinder (2) whose 
base is the aerial dish. The field below 
this cylinder is generally about the 
same as that existing at the same height 
at the Rayleigh distance. 

At twice Rayleigh distance (D2/A-) and 
beyond (in a direction away from the 
aerial) the power density decreases in 
accordance with the inverse square law, 
this being known as the Fraunhofer 
region. For most practical purposes 
power density in the region between 
D2/2A. and D2/A- may also be considered 
to follow the inverse square law, the 
error being insignificant in most cases. 
From the above information it would 

seem a simple matter to calculate the 
power density at any given point and 
thus obviate the need for a measuring 
instrument. In fact the formulae given 
above only hold good for free space; 
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multiple reflections from the ground 
and local buildings may modify the 
power flux pattern; it is often diffi­ 
cult to know the total power transmitted 
with sufficient accuracy. Aerial sub­ 
sidiary lobes and leakage from faulty 
feeder connections could give rise to 
hazardous power densities in some 
unexpected places, behind the aerial 
dish for instance. Modern radar instal­ 
lations in aircraft can be both compact 
and powerful; when equipments are 
tested in a signals workshop various 
precautions have to be observed if tests 
under normal working conditions are 
required. The dish must be placed 
within or opposite a radome let into 
the workshop wall and a suitable area 
outside the building must be roped off 
to exclude all other personnel. If the 
radome is not properly radio-transparent 
or the beam is at an abnormal angle 
relative to it then hazardous radiation 
levels may be back-scattered into the 
workshop. These and other conditions 
demand the use of specialised equip­ 
ment to check that personnel and public 
are not subjected to power densities in 
excess of 10 mW/cm2. 

BRITISH POST OFFICE 
RECOMMENDATIONS 

In 1960 the British Post Office issued 
a series of recommendations (3) based 
on consultations with various govern­ 
ment and civil bodies. A few of these 
recommendations are briefly summar­ 
ised below:- 
(a) The upper permissible limit for con­ 

tinuous daily exposure is 10 mW/sq 
cm over the frequency range 30 to 
30,000 Mc/s. 

(b) In pulse modulation systems the 
radiation should be averaged over 
complete trains of pulses including 
any intervals between pulse trains. 

(c) To meet requirements in (b) measur­ 
ing equipment must average the 
intensity of pulse trains occurring 
in any period of 1 second. 

(d) Initial measurements should be 
made and any danger area fenced 
off to exclude locally employed per­ 
sonnel and members of the general 
public. These measurements should 
be repeated at least once per year 
and in any case whenever any 
change is made in the radio­ 
frequency equipment or in the 
environmental conditions, e.g., erec­ 
tion of new buildings. Where con­ 
ditions are subject to frequent 
change a radiation protection officer 
should be designated, this officer to 
advise on frequency of measurement 
and other precautions. 

(e) Where a number of transmitters 
operate in the same region the sum 
of radiation intensities must not 
exceed 10 mW/cm2 in areas open 
to personnel and public. 

GEJ\'ERAL SPECIFICATION OF 
MEASURING EQUIPMENT 

The B.P.O. recommendations included 
the following specifications of measur­ 
ing equipment:- 
(a) Equipment frequency 

should be appropriate to 
ated spectra at the station, 

coverage 
the radi­ 
establish- 

ment or factory concerned. The 
equipment should be relatively 
insensitive outside its declared fre­ 
quency band. 

(b) Measurements to be possible over 
at least the range 1 to 20 mW/cm2 

with an error between minus O and 
plus 2 db under plane-wave propa­ 
gation conditions, at power levels in 
the range 5 to 20 mW/cm2, i.e., the 
equipment is allowed to be too 
sensitive by up to 2 db but must 
never err on the insensitive side. 

(c) The equipment must be suitable for 
the measurement of the average 
radiation intensity of unmodulated, 
modulated and pulse emissions and 
should have rise and decay time 
constants of 1 second. 

Fig. 1.-A Radiatron Power Meter in Opera­ 
tion with S Band Aerial. 

(d) The equipment must be capable of 
measuring intensity at a point irre­ 
spective of direction or polarization 
of incident radiation. 

(e) Remote reading facilities shall be 
provided. 

(f) Overloads of up to at least 200 
mW/cm2 shall be accommodated 
without affecting accuracy as laid 
down in (b). 

METHODS OF MEASURING HIGH 
INTENSITY R.F. FIELDS 

A power density of 10 mW/cm2 is 
equivalent to a field strength of 1.94 
v/cm and can be measured by a com­ 
paratively insensitive detector. The 
four main methods of detection are as 
follows:- 

Method A. Black body. A substance, 
preferably having the same character­ 
istics as human tissue, is placed in the 
field and its temperature rise measured. 

Method B. Crystal diode detector. 
Measures voltage across a known load 
connected to a receiving aerial. 
Method C. Thermocouple. Measures 

power output of receiving aerial. 

Method D. Thermistor. Measures 
power output . of receiving aerial. 

Methods B., C. and D. are capable 
of measuring power density in accord­ 
ance with the formula 

4'7T Pr 
Po= . . . . (1) 

where 
Po = Power density = watts/cm2 
Pr = Received power in watts 
Gr = Absolute gain of receiving 

aerial with respect to iso­ 
tropic case 

A = Wavelength in centimetres 
the only requirements being an accurate 
power meter and an aerial of known 
gain together with an accurate wave­ 
meter if wavelength is unknown. 

Method A has the prime disadvan­ 
tage that its calibration can only be 
checked by placing it in an accurately 
known field of near-hazardous level; 
such a field is difficult to provide for 
obvious reasons and as yet no such 
standardising service is made available 
by any British organisation. The 
method is cumbersome in use because 
the most suitable materials have a long 
time constant, and furthermore, accur­ 
acy can be affected by ambient tem­ 
perature variations. A single black 
body can be made to have equal 
response to all or most of the 30 to 
30,000 Mc/s band, but while this may 
be advantageous · under some circum­ 
stances it nevertheless fails to comply 
with the Post Office requirement given 
in (a). 

Methods B and C utilise components 
that can be fairly easily damaged by 
electrical overloads or by mechanical 
shock whereas the mechanically rugged 
thermistor (Method D) can handle 20 
times its normal working power level 
without affecting its accuracy as a r.f. 
to d.c. transducer. This overload hand­ 
ling capacity is partly due to the reflec­ 
tion of power which occurs as the 
thermistor resistance decreases. Addi­ 
tionally, the thermistor responds to 
r.m.s. power regardless of waveform or 
any type of modulation . which is likely 
to be encountered, unlike Method B 
which can give appreciable error on 
some types of signal. The thermistor 
detector accuracy can be made virtually 
independent of ambient temperature 
variations by maintaining the thermis­ 
tor bead at a high temperature by 
means of a suitable bias current. 

INSTRUMENT DESIGN AND 
OPERATION 

The thermistor appears to possess 
the most desirable characteristics and 
may be used in various ways. One 
approach is to use the thermistor as an 
insensitive detector directly connected 
to an aerial of suitably small aperture 
or alternatively several thermistors con­ 
nected to a combination of slot aerials 
may be utilised in a wide-band arrange­ 
ment. Again there is the disadvantage 
that performance checking can only be 
carried out in an accurately known 
high level field and the wide band 
arrangement fails to meet the require­ 
ments in (a). 
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It would appear that the best and 
most flexible arrangement is to use a 
sensitive thermistor detector in con­ 
junction with a separate aerial of larger 
aperture, with an attenuator inserted 
between them. This allows the use of 
classic design procedures in regard to 
the aerials, and their testing is more 
easily and accurately accomplished. 
The complete equipment can be dis­ 
mantled into its separate building 
bricks, each of which can be tested by 
conventional laboratory equipment. 
This approach has been adopted in 

the R.F. Radiation Power Meter Type 
OA 1430 designed and manufactured 
by Marconi Instruments Ltd. of Eng­ 
land. This instrument will be used by 
various armed forces and in general 
meets the British Post Office require­ 
ments listed previously. It utilises 
thermistors in a 50 ohm coaxial power 
meter of high accuracy ( ± 0.25 db at 
mide-scale) over the frequency range 
10 Mc/s to 10 Gc/s. The aerials sup­ 
plied as part of the equipment cover 
X band (8.73 to 10 Gc/s), S band (2.7 
to 3.3 Gc/s) and L Band (700 to 1,400 
Mc/s), Aerials for other parts of the 
10 Mc/s to 10 Gc/s band can be 
designed; those for low frequency use 
may be of the loop type. The X and 
S aerials are waveguide horns of the 
sectoral variety with built-in waveguide­ 
coaxial transformers, and the L band 
aerial is of the discone type whose 
output connection is of course coaxial, 
the device being in effect a broad band 
dipole. 
The OA 1430 is shown in Fig. 1, the 

operator is holding an S Band horn 
aerial which is connected to the main 
instrument (TF 1396A) (Fig. 2) by 
virtually lossless coaxial cable. A 
detachable coupler unit inside TF 1396A 
provides the necessary (pre-set) attenua­ 
tion by means of lossy coaxial cable, 

ACY20 

RV2 

MRI 

RI 

Fig. 3.-Functional Diagram of Marconi Instruments R.F. Radiatron Power Meter, 
Type TF 1396 A. 

the output end of which feeds r.f. power 
to the thermistor mount. Each of the 
X, S and L band aerials has its respec­ 
tive colour-coded coupler unit which is 
quickly placed in position inside TF 
1396A whenever a different frequency 
range is required. In the case of X 
and S bands the aerials have a constant 
aperture throughout their respective 
frequency ranges and therefore the 
couplers are required to provide con­ 
stant attenuation. The L Band aerial 
however has an aperture which 
decreases with increase of frequency, 
and for this reason the coupler unit 
contains an R.C. filter (in addition to 
the lossy coaxial cable) whose attenua­ 
tion also decreases by the required 
amount. 

Fig, 2.-Marconi Instruments R.F. Radiatron Power Meter, Type TF 1396 A. 

A functional diagram of the power 
meter is shown in Fig. 3. It can be 
seen that the two thermistors are in 
series to d.c. and in parallel to r.f. 
Thermistors tend to be unstable when 
fed from a constant voltage source, and 
so a transistor is used to provide a 
constant current bridge supply. Zener 
diode MR 1 and set zero controls RV 1 
and RV 2 determine the transistor base 
current and therefore the current 
through the collector load which is 
formed by the bridge. With zero r.f. 
input, RV 2 is adjusted until the 
thermistor current is such that the 
resistance value of TH 1 + TH 2 pro­ 
vides a good match to the 50 ohm sys­ 
tem; RV 3 has previously been set to 
equal this value, and since R1 = R2 
the meter will read zero in these con­ 
ditions. Application of r.f. power will 
slightly lower the resistance of TH 1 
and TH 2, and the meter is deflected 
by the resultant unbalance current giv­ 
ing an indication of power density over 
the range O to 20 mW/cm2; a db scale 
is also provided, and the scale is 
marked with red and green sectors 
representing power densities above and 
below 10 mW/cm2 respectively. Although 
zero setting has to be readjusted with 
changes in ambient temperature the 
circuit is so designed that absolute 
sensitivity is hardly affected over the 
temperature range of O to 50°C. 
The aerials supplied are all of the 

linearly polarised variety, and the 
instrument may be switched to its LIN 
(linear) range and used on both verti­ 
cally and horizontally polarised incident 
fields by suitable rotation of the aerial 
for maximum indication. In a circu­ 
larly polarised field the output of each 
aerial is reduced by 3 db. Consequently 
the CIRC (circular) switch position 
doubles the power sensitivity of the 
power meter thus allowing the same 0 
to 20 mW/cm2 scale to be used. A 
further increase in sensitivity of about 
3 db is provided on the H.S. (high 
sensitivity) range which allows initial 
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search and aerial alignment to be car­ 
ried out at a point more remote from 
the transmitter aerial. The instrument 
may be tripod mounted and a remote 
meter connected to a socket provided 
on the front panel. 
The thermistor mount is designed to 

provide a good match to the 50 ohm 
system, a VSWR of 1.3 or better is 
achieved over most of its frequency 
range. The thermistors are physically 
tiny in order to reduce stray reactances 
to a minimum, low-loss dielectric 
materials being used to preserve proper 
resistive matching up to 10 Gc/s. The 
whole unit is mounted inside a type N 
socket. 
The complete instrument is shower­ 

proof, dielectric windows being used in 
the X and S horns. The polystyrene 
sheet used must be thin in order to 
avoid upsetting the aerial electrical 
characteristics, and in the S aerial the 
sheet is given mechanical support by 
filling the waveguide with expanded 
polystyrene which has a dielectric con­ 
stant close to unity. In the X aerial the 
window is of sufficiently small area to 
be self-supporting. 

Sources of En-or 
With the aerial/pre-set attenuator/ 

power meter configuration, tolerances 
of component parts of the system must 
be kept small because the total maxi­ 
mum error is assumed to be equal to 
the sum of the errors of individual 
parts. This assumption is made, even 
though it is statistically improbable 
that all errors will have the same sign, 
in order to err on the side of safety; 
for the same reason the pre-set attenua­ 
tors are adjusted so that the reading of 
power density is correct or on the high 
side when on the extremes of the total 
tolerance band. The design must be 
such that the following parameters have 
errors which are either insignificant or 
allowed for in the overall accuracy 
claim; aerial aperture V frequency; 
mismatch Joss V frequency at aerial/ 
attenuator junction; pre-set attenuation 
V frequency; mismatch Joss V fre­ 
quency at attenuator/power-meter junc­ 
tion; power meter sensitivity V fre­ 
quency. 

Aerial Aperture 
4'77' A 

Aerial gain = Gr = --- . . . . (2) 
1'2 

where A = aerial aperture in cm2 

,\ = wavelength in cm, 

substituting in Eqn 1 gives 
Pr 

Po 
A 

•... (3) 
It is obviously desirable that the 

aerial should be designed to have a 
constant known aperture throughout 
the fr equency band under considera­ 
tion. In order to check that this 
requirement is met by a particular 
design, two identical aerials must be 
directed towards each other to achieve 
maximum transmission then 

JPr 
A=R1' - 

Pt 
where R = distance between aerials (in 

same units as A) 
Pr = Power received 
Pt = power supplied to trans- 

mitting aerial 
Pr 
- can be most accurately determined 
Pt 

by means of a substitution technique 
involving the use of a precision atten­ 
uator. It is vital that the aerials are 
mounted well clear of all objects includ­ 
ing the ground, distance R must be 
sufficiently large to ensure absence of 
near field effects and connections, 
sources and loads must have a V.S.W.R. 
close to unity. Identity of aerials can 
be established by means of the three 
aerial method. With care it should be 
possible to determine aerial aperture to 
an accuracy within ± 0.25 db. In cases 
where it is impossible to design an 
aerial of constant aperture throughout 
the relevant frequency band, a suitable 
filter/attenuator must be inserted 
between aerial and power meter such 
that a constant effective aperture exists 
at the power meter input terminals. 

.... (4) 

Mismatch Losses 
If a source with a V.S.W.R. of Ss is 

coupled to a load with a V.S.W.R. of 
SL, then the resultant V.S.W.R. can be 

Ss 
as good as - , as bad as Ss SL, or at 

SL 
Ss 

some intermediate value. In the - 
SL 

case the mismatch loss will be at a 
minimum value Mmin, 

(Ss/SL + 1)2 
Mmin = 10 log10 db 

4 Ss/SL 
..... (5) 

In the Ss SL case the mismatch loss 
will be at a maximum value Mmax, 

(Ss SL + 1)2 
Mmax = 10 log., ------- db 

4 Ss SL 
..• (6) 

Power in the load will be less than 
the available power by the amount 
shown in equations 5 and 6. Equation 
6 shows the worst case and is the only 
one considered when calculating power 
Joss at any junction. It is obvious that 
careful design is necessary so that Ss 
and SL are each as close to unity as 
possible in order to make Mmax small. 

Pre-set Attenuator 
With an aerial of defined aperture 

and a power meter of known sensitivity 
it is a simple matter to calculate the 
necessary attenuation figure, and great 
care must be taken to procure an atten­ 
uator frequency response that is com­ 
plementary to the aerial aperture, e.g., 
if aperture decreases with increasing 
frequency then attenuation must 
decrease in the same proportion. 

Power Meter Sensitivity 
By careful attention to detail the 

Marconi OA 1430 power meter realises 
an accuracy of ± 0.25 db in terms of 
actual power dissipated within the 
thermistor mount. A further error arises 
due to finite V.S.W.R., this is allowed 
for when considering mismatch losses. 

CONCLUSION 
Power densities above 10 mW/cm2 

can give rise to harmful effects in 
humans and animals; a few of these 
are briefly discussed. British Post Office 
safety recommendations are summarised 
and some suitable measuring methods 
considered. 
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AUTOMATIC TRUNK TRANSMISSION TESTING 

INTRODUCTION 
The planning of a Commonwealth­ 

wide scheme of Subscriber Trunk Dial­ 
ling (S.T.D.) has been in progress for 
several years and progressively greater 
numbers of subscribers are being given 
direct access to trunk lines. As these cir­ 
cuits are not monitored by skilled opera­ 
tors, greater importance is being placed 
on the stability of the transmission 
equivalents and improved testing 
methods had to be devised. As a result 
of this a number of circuits have been 
designed which allow semi- or fully 
automatic transmission checks to be 
made. · 

THE TESTING SYSTEM 
The testing system- adopted (See Fig. 

I) follows the principle of a method 
described by Missen (1). A special re­ 
lay set called a Self Answering Relay 
Set (S.A.R.S.) is connected to a test 
number. The relay set is seized from 
the testing exchange by dialling the 
appropriate number over the trunk line. 
This can be done by means of an auto­ 
matic routiner (in larger centres) or by 
means of a manual tester (in smaller 
exchanges) The principle of the test is 
based on the fact that the S.A.R.S. re­ 
sponds to a predetermined level of test 
tone applied via the trunk circuit. A 
relay will operate in the S.A.R.S. when 
the tone level at its input exceeds a 
certain fixed value. This causes the re­ 
lay set to return test tone of fixed level 
to the testing end. In this way channel 
equivalents can be checked in both 
directions of transmission by one testing 
officer or automatically where routiner 
access is available. 
As a first step a fairly simple relay 

set had been designed which was con­ 
nected to a 2VF receiver as trigger unit. 
It was soon realized that the operate 
point of such a receiver was not as 

•Mr. Fletcher is Engineer Class I, Trunk 
Service )iection, Victoria. See page 82. 
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stable as was hoped. For this reason 
the transistorized relay set (See Fig. 2) 
described below was developed. Two 
types of tests can be carried out with 
the above set-up. 
Limit Testing: In this case the send­ 

ing device will send two tone levels, e.g. 
·-7dbm followed by -2dbm. The distant 
S.A.R.S. is adjusted to operate to a level 
of -6dbm applied at its line jacks. If 
0.5db is allowed for switching loss on 
either side of the trunk (i.e. a total of 
l db), S.A.R.S. should not operate when 
-7dbm is sent and should operate on 
-2dbm send leveL If S.A.R.S. operates 
to the lower send level the channel equiv­ 
alent is more than +2db. If the trigger 
circuit does not respond to the -2dbm 
sent, the channel equivalent will be less 
than -3db. 
Level Testing: In this case a measure 

of the actual transmission equivalent can 
be obtained. In the sending device an 
oscillator is connected to the trunk line 
through a variable attenuator. At­ 
tenuation is switched out in 0.5 or 
0.25db steps and after every step it is 
ascertained if the distant S.A.R.S. has 
operated. This type of testing is not 
included in the circuits to be described 
later. However, it has been tried ex­ 
perimentally (2) and would be' of value 
if the automatic routiner circuit, to be 
described later, was equipped with "Tele­ 
graphic Read Out". 
Besides achieving rapidity in testing, 

and saving at least a technician at the 
remote end, the method involves all 
equipment associated with the trunk line 
including relay sets and hybrid coils. A 
particular fault found on a number of 
occasions will illustrate· the importance 
of testing through relay sets. If an earth 
fault exists on one side of "HYB LINE", 
it would not normally be detected if 
testing is done between "HYB LINE" 
and "HYB LINE" using a transmission 
measuring set. However, testing through 

. _t~~_Jelay. set. resultsjn one half of t.h_e 

SUB METRO AREA EXCHANGE 

C.ARRltA SIG 
CO,IV(RSION R}S ,~~ 
~ ~ ~ sar i:INSW(RINC 

CRRAl[A = = P.UAVSCT 
CHANNCL - - 

fig, 1.-!l!9~k !)ja9rcim of Testing System. 
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A relay in the relay set being short­ 
circuited by the "Earth" fault as far as 
AC is concerned. Severe attenuation is 
caused by this condition. 

CIRCUITRY 
From what has been said, it will be 

realized that in this testing system we 
have a requirement for- 
(a) an oscillator circuit with an output 

level stable over long periods and 
under varying temperature conditions; 
and 

(b) a receiver circuit which will receive 
V.F. tone and operate a relay if the 
input exceeds a certain fixed level. 
This trigger point must also remain 
constant over long periods. 
Furthermore a suitable test frequency 

had to be selected. As the C.C.I.T.T. 
recommended standard test frequency is 
800 c/s. this frequency was approached 
as closely as possible without causing 
interference to the 2VF system. 820 c/s. 
± 5 c/s. was adopted. Furthermore the 
stability of both the oscillator and the 
receiver circuits had to be better than 
± 0.2db over long periods and under 
varying temperature conditions. 

Oscillator 
The basic oscillator was designed in 

the P.M.G. Research Laboratories (3) 
and this circuit was foJJowed by 
a Class AB amplifier stage so that suffici­ 
ent output could be obtained (See Fig. 
3). Total harmonic distortion of the 
output does not exceed 4 per cent at 
any level. 
From Fig. 4 it can be seen that NL, 

NR, LP and R form the four arms of 
an impedance bridge. The oscillator out­ 
put voltage is virtually applied between 
points A and B by means of the tuning 
winding NC + NT. The, signal voltage 
developed across C and D will depend 
on the unbalance of the bridge. The 
more nearly the bridge is balanced the 
Jess voltage is .developed across C and 
D. This voltage is the feedback voltage 
of the oscillator applied between base 
and emitter of the transistor. On switch­ 
ing on, the lamp filament is cold and 
its resistance small (5 ohms approx.). 
The feedback voltage across CD is large 
and oscillation builds up. As the out­ 
put voltage across AB increases so does 
the current through the lamp increase. 
The filament temperature rises and with 
it the resistance. The bridge becomes 
more nearly balanced and the feedback 
voltage across CD is reduced. Finally 
with approx. 1 volt applied across the 
lamp the filament resistance will be 
approx. 29.8 ohms. LP almost bears the 
same ratio to R as does NL to NR 
(2 : I). The voltage across CD is very 
small and just enough fu maintain oscil­ 
lations. If ihe gain of the transistor 
increases the output voltage would tend 
to increase. This would increase the 
current through the lamp. The filament 
resistance of the lamp would increase 
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Fig. 2.-Self Answering Relay Set with Oscillator Board Removed. 

further, thus balancing the bridge more 
perfectly. The feedback voltage across 
CD is more reduced and thus the output 
voltage is maintained constant. If the 
gain of the transistor decreases the 
opposite takes place and the feedback 
voltage is increased. 

Receiver 
This circuit (See Fig. 5) consists of a 

two-stage transistor amplifier followed 
by a rectifier which rectifies the signal 
output and a Schmitt Trigger circuit 
which operates to this rectified signal 
voltage. To maintain the circuit gain 
constant, voltage as well as current feed­ 
back are applied to the two stage ampli­ 
fier. The Schmitt Trigger circuit func­ 
tions as follows:- 
With no signal applied the voltages 

in the circuit are as shown in Fig. 6. 
VTI is conducting and its collector 

potential is nearly the same as its 
emitter potential. As the emitters are 
common a very small voltage is only 
applied between base and emitter of 
VT2 and VT2 is cut off. The S relay 
is released. When a signal is applied 
to the receiver circuit a DC voltage 
will be developed across the rectifier 
bridge, i.e. UV. As the potential of U 
is fixed by the Zener Diode so must 
the potential of V drop towards earth, 
i.e. the potential VW decreases with in­ 
creasing signal level. This potential 
drops from 12.8 volts to 5.4 volts. The 
voltage Y-W is dependent on the voltage 
V-W and therefore also drops from 
5.4V to 4.7 volts. The potential X-W 
also is decreased from 5.2 volts to 4.5 
volts as the current through VTI is 
reduced. Point Y becomes less and less 
negative with respect to point X and 
VTl is more and more driven to "Cut 

Off". Finally when the potential de­ 
veloped across the rectifier is 32.6 volts 
Y is so little negative with respect to X 
that VTl cuts off. The potential ZW 
rises towards 36 volts approx. This 
applies a negative potential between 
base and emitter of VT2 which starts 
to conduct. The voltage across X-W 
jumps to 19 volts due to the large current 
(19mA) · flowing through VT2. The 
emitter of VT! is now very much more 
negative than its base and VT! is com­ 
pletely driven into "Cut Off". VT2 is 
held conducting and relay S operates. 
When the signal applied to the receiver 
is reduced the opposite process takes 
place and S releases. 

Self Answering Relay Set 
Facilities: From what has been said 

before, the facilities this circuit must 
provide can be deduced. They are:- 
(a) On seizure to provide a holding and 

guarding earth on the P wire. 
(b) To provide for three complete re­ 

versals at standard intervals (750 
m. sees.) the last reversal being a 
permanent one. 

( c) After the last reversal to connect a 
level sensitive receiver to the line 
which will operate a relay if the tone 
level on the line exceeds a specified 
limit e.g. -6dbm. 

(d) When the receiver is triggered, to 
connect a stable level oscillator to 
the line which sends a constant tone 
level, e.g. + ldbM. 

(e) To provide a break in the tone sent 
after 5 seconds and to reset the cir­ 
cuit ready for retriggering. 

Operation: The circuit operation is 
shown in Fig. 7 and details are set out 
below:- 
(a) When the relay set is seized A oper­ 

ates to the loop condition. Al con­ 
nects earth to the P. wire. A2 con­ 
nects R to the interrupted earth lead 
and R commences to pulse and 
continues to do so as long as the 
relay set remains looped. A3 pre­ 
pares the operate path of MA and 
MB. 

(b) To ensure that three complete rever­ 
sals are returned in every case the 
first "ON" and "OFF" period of in­ 
terrupted earth are disregarded by 
means of the MA and MB relays. 
Earth on: R operates. R2 operates 
MA via MB3 but keeps MB short 
circuited. MAI completes the operate 
path of MB in series with MA. MA2 
operates BR via SJ. 
Earth off: R releases. R2- removes 
the short circuit from MB which now 
operates in series with MA. MB3 
prevents R from having any further 
effect on MA and MB which remain 
held as long as the relay set remains 
looped. 
MA2 and MBl have now connected 
the counting circuit and the next 
three pulses of R are counted. 

(c) R operates again. Earth at Rl via 
MBI, C3, D5 operates B. BI pre­ 
pares the operate path for C, but C 
remains shortcircuited as long as R 
is operated. B3 and B5 reverse the 
line potentials. 
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Fig. 3.-0scillator Circuit. 

(d) R releases and C operates in series 
with B via MA2, D3 and BI. C3 
prepares the operate path for D. 
Cl and C2 restore the original line 
potentials. 

(e) R operates again. D operates via Rl, 
MBl, C3, and MRl and locks via 
MA2 and D7. Dl and D2 reverse 
the line potentials again. D3 opens 
the locking path of C and thus puts 
C back under control of Rl. 

(f) R releases. C releases but B is held 
via D6, R2 and BI. Cl and C2 re­ 
store original line potentials. 

(g) R operates. B is shortcircuited via 
MBl, C3, D5 and released. B3 and B5 
reverse the line potentials once again 
and B2 connects the receiver to the 
line via S2 and S4, BRI and BR3 and 
D4. D remains operated while B and 
C stay released as long as the relay 
set is seized. R continues pulsing but 
has no effect. During the transit 
time of the reversal contracts of B, 
C and D, A will be released and re­ 
operated momentarily but the con­ 
nection is held as MA3 guards the 
P wire and MA for this reason has 
a long release Lag (180 mS approx.) 

(h) If the level on the line exceeds the 
preset operate level S will be operated 
by means of the Schmitt Trigger cir­ 
cuit on its first winding. S locks on 
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its second winding to the earth on 
the P wire via BR2 and Sl. S3 opens 
the circuit of BR. S2 and S4 con­ 
nect the oscillator· to the line. 

(i) BR takes 5 seconds to release due 
to C3 and R4. After this period 
BRl and BR3 disconnect the line 
thus providing a break in the tone. 
BR2 releases S. Due to C4 and R3 S 
has a release lag of approx. 300 MS. 

(j) S3 causes BR to re-operate and the 
circuit is ready to be retriggered 
again. The release lag of S ensures 
a minimum break before retriggering 
of the circuit is possible. This en­ 
sures that any 2VF circuit connected 
to this circuit will be able to clear 
down when the tone is broken. 

(k) When the holding loop is broken, 
A releases, releasing MA and MB. 
MA2 releases D and all relays are 
then released again. Al and MA3 
remove the earth from the P wire 
so that the preceding train of switches 
is able to release. 

APPLICATION 
Manual Testing 

The transmission test circuit can be 
built up as a separate unit and used 
in conjunction with an existing relay set 
tester (Fig. 8). The relay set tester is 

connected to the trunk relay set through 
this circuit. Normal testing is carried 
out on the relay set, but a Self Answer­ 
ing Relay Set (S.A.R.S.) is dialled up as 
distant test number. Before releasing 
the call a transmission test is carried out. 

If the circuit is provided with a switch­ 
board type jack, it can be used in manual 
exchanges without further addition. 
The S.A.R.S. is dialled up from the 
switchboard and the Answer Cord in­ 
serted into the jack on the transmission 
tester. 
Also future relay set test circuits can 

be designed to incorporate the trans­ 
mission test circuit. 
Facilities: (a) The circuit provides a 
through connection until the "Trans­ 
mission Test" key is operated. 

1 
Dialled impulses etc. pass through 
the circuit without interference. 

(b) On transmission testing a holding 
loop is extended to the trunk relay 
set. 

(c) The circuit allows monitoring of the 
level of its own oscillator by operat­ 
ing the "Measure Send" key . 

(d) On operation of the "Send Low" 
key low level tone is sent to line 
which should not trigger the distant 
S.A.R.S. 

(e) On operation of the "Send High" key 
higher level tone is sent to line which 
should trigger the receiver in 
S.A.R.S. 

(f) The tone being sent by the distant 
S.A.R.S. is measured on the db meter 
provided by operating the "Measure 
Receive" key. 

T4 

Fig. 4.-0scillator Operation. 

Operation: The operation of the test­ 
ing circuit is described below:- 
(a) With all keys normal the test jacks 

are connected through to the test 
plugs via KTT.1 and KTT.2. All 
parts of the transmission test circuit 
are disconnected at KMR.1, KMR.2, 
KSH.1, KSH.3, KSL.1, KSL.2, 
KTT.l, and KTT.2. 

(b) When operating KTT the "Through" 
connection is broken and the trans­ 
mission test circuit connected to the 
line. 

(c) Operating KMS connects the meter 
circuit across the oscillator output 
while all other parts of the circuit 
are disconnected. The output level 
of the oscillator is read on the meter. 

(d) On operating KSL the oscillator is 
connected to the line via KMS.2, 
KMS.4, HSH.2 and KSH.4, the 6 db 
pad, KSL.1, KSL.2, and the 4 mF 
ea pacitors. If the oscillator level is 
adjusted to -0.75 dbm then -7dbm 
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will be sent to line (0.25 db is lost 
in the transmission bridge). 

(e) On operating KSH the pad is switched 
out via KSH.1, KSH.2, KSH.3, 
KSH.4, -1 dbm is sent to line. 

(f) When tone is received from the dis­ 
tant S.A.R.S. and KMR is operated 
the meter circuit is connected to the 
line via KMS.1, KMS.3, KMR.1, 
KMR.2, KSH.l, KSH.3, KSL.1, 
KSL.2, C.1, C.2 and KTT.l, KTT.2. 
The incoming level in dbm is read 
on the meter. 

Automatic Testing 
The circuit shown in Fig. 9 was de­ 

signed to operate in conjunction with the 
Test Unit of the Signalling Conversion 
Relay Set Routiner at City West Ex­ 
change. However, it can be built into 
any routiner circuit provided a start 
condition can be signalled to the unit 

Fig. 6.-Schmitt Trigger Operation. 

s 
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Fig. 5.-Re·ceiver Circuit. 

s 

(operation of TT) and its own "Step On" 
condition is accepted. 
Facilities: (a) Circuit sends low level 
tone to line (e.g. -7dbm). If distant 
and triggered, this could be due to­ 
(i) False operation due to howling 

of the channel during reversals. 
(ii) The channel equivalent is above 

specified limits (e.g. +2db). 
(b) The circuit ascertains whether the 

distant end has operated and to re­ 
move possibility (a) (i) applies low 
level tone again. 

( c) If distant end triggers again possi­ 
bility (a) (ii) exists which is a fault 
condition. The circuit ceases to test 
any further. 

(d) If the above test is passed high level 
tone e.g. (-2dbm) is sent to line and 
the circuit again ascertains if the 
distant end has operated. If the dis­ 
tant S.A.R.S. does not return tone 
this time the channel equivalent is 
below the specified limit e.g. -3db, 
and the routiner stops, as a fault 
condition exists. 

(e) If the 2nd Test is passed the circuit 
provides for two further tests to 
check that the tone level returning 
from the distant end is within speci­ 
fied limits. The routiner stops if 
either of the two tests fails. 

(f) If channel is passed OK a "Step On" 
signal is sent to the Routiner Test 
Unit. 

(g) Suitable limit changing for different 
classes of trunks is provided by the 
LCA and LCB relays which are to 
be operated from the access equip­ 
ment. 

Operation: (a) When the Test Switch 
in the Routiner Test Unit reaches 
position 15 (Transmission Test) TT 

operates in the RTR Test Unit. TT 
1 signals a "Start" condition to the 
Transmission Test Circuit. TT 4 and 
TT 5 disconnect the RTR Test Cir­ 
cuit and connect the Transmission 
Test Circuit. The oscillator is con­ 
nected to the line via a specified 
pad e.g, 8db if -7dbm are to be 
sent to line. 

(b) I is operated slowly on its 550 ohm 
winding by earth at TTl via II. II 
opens the operate circuit of I and 
connects A to earth at TT!. I holds 
due to the charge on C4. A operates 
and Al connects the local receiver to 
the line. 

( c) If tone is received from the distant 
end S operates and earth at Sl via 
D6/1, A3 holds I operated on the 400 
ohm winding. I holds A operated 
at Il. Earth at Sl also operates H 
via D8/l. H locks to the main con­ 
trol earth at TTl via H2. Hl pre­ 
pares the operating path for R. 

(d) The tone from the distant end breaks 
after 5 seconds, S releases, Earth at 
Sl (released) operates R via A2, LI, 
Hl and D2/1. R locks via Rl. R2 
operates L which locks via L2 and 
R3 releases H, and A. R4 prevents 
energizing of the stepping magnet. 
A2 releases R. 

(e) I re-operates slowly to earth at TTl, 
Steps (a) and (b) are repeated. 

(f) If the distant end triggers again H 
operates and locks as in (c), I and 
A are again held operated. However 
when the tone breaks and S releases 
Ll prevents R from re-operating. 
H, I and A remain locked and the 
"SEND" and "HIGH" Lamps are 
alight. 
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(g) If no tone was received from the dis­ 
tant end after (b) or ( e) I releases 
slowly when the charge on C4 de­ 
cays followed by the slow release of 
A. 

(h) During the time I is released and 
A still holding the magnet of the 
digit switch is energized via A4, I2 
and R4. The switch steps when A 
finally releases. 

(i) Higher level tone is now sent to line 
by connecting the oscillator to the 
line via a smaller pad e.g. 3db if 
-2dbm are to be sent to line. The 
distant end should now trigger unless 
the transmission equivalent in the 
outgoing direction is below standard. 

T./ 

H· 

ll_.£,Z/ I 
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0SCl£..LA70R 

C/~CUIT 

SEC F/G,. ~ 

I.. 
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Fig. 7-Self Answering Relay Set Circuit. 

(i) II operates A and A2 reconnects the 
receiver to the line. S will not oper­ 
ate if the distant end has not oper­ 
ated. SI holds I on the 400 ohm 
winding via, DM/2, A3. I1 holds A 
operated. The "SEND" and "LOW" 
Lamps are alight. 

(k) If the S.A.R.S. at the distant end did 
operate in (i) the Switch steps as in 
(h), as I and A are not held by earth 
at SI. 

(1) SR operates to earth at A3 via D6/3 
and SR3 and locks via SR3. SR4 
extinguishes the "SEND" light and 
"REC'' lights. SRI and SR2 connect 
the switch operated Pad system be­ 
tween the line and the local receiver. 

R3 

+ 

MR2 

sz ·s 

RcC:£/VCR 
Cl~C(IIT 

SE/£ FIG. 5 
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r.1 171.J 
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(m) The switch steps to contact 4 and 
tone at a fixed level e.g. + 1 dbm is 
being sent by the distant S.A.R.S. 
The local receiver is set to operate 
also at a predetermined level e.g. 
-6dbm. The large pad e.g. Sdb is 
connected between line and receiver 
and S will operate only if the chan­ 
nel is high in the receive direction. 

(n) If S operates, H will operate and 
lock itself as well as A, I as in ( c) 
the "REC'' and "HIGH" Lamps are 
alight. 

(o) If S did not operate in (m) the switch 
steps to contact 5. S should now 
operate unless the channel is low in 
the receive direction. 
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Fig. 8.-Manual Testing Circuit. 
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Fig. 9.-Automatic Transmission Test Unit. 
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(p) If S did not operate I and A are held 
operated as in (j). The "REC" and 
"LOW" Lamps are alight. 

(q) If S did operate in (o) the switch is 
allowed to step to contact 6. X oper­ 
ates via D6/6 to earth at A3. 

(r) Xl energizes the T switch magnet via 
TT2 and X2 releases TT slowly. 

(s) TT2 breaks the T switch magnet cir­ 
cuit and the switch steps on to the 
next test in the cycle after "TRANS­ 
MISSION". 

(t) TTl (released) completes the homing 
circuit of the digit switch via Dl. The 
switch homes to contact 1 or 7. 

CONCLUSION 
The circuits described have been in 

service in the Melbourne E.L.S.A. Area 
for approximately nine months. The 
initial fault incidence was very high. A 
large number of faults were found to be 
in the drop equipment. These included 
incorrect pad settings in 4 Wire Ter- 

minating Sets, the already mentioned 
"Earth" faults on "Hybrid Line", short­ 
circuited turns on "A" relay coils, 
bunched "E" relay contacts in i/c trunk 
relay sets causing terminating resistors to 
be left across the speech wires after the 
"Answer" condition and lastly open cir­ 
cuited transmission capacitors. These 
faults were found very quickly and 
rectified. A number of intermittent 
faults were however also located in the 
carrier equipment including repeaters. 
These could only be isolated by care­ 
fully analyzing fault repetition. In most 
cases "Dry" joints were located in some 
items of equipment. Today each trunk 
in the E.L.S.A. Area is checked once 
daily and an average of 1 % of all 
circuits is found to be faulty per day, 
i.e. their equivalents are found to be 
outside the specified limits. Further 
development of the testing system is at 
present being undertaken. The aims are 
to achieve even greater stability of the 

electronic circuits as well as greater 
receiver sensitivity, to develop equip­ 
ment for "Level" testing as well as 
"Limit" testing, and to incorporate the 
method in traffic route testing. 
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ANSWERS TO EXAMINATION QUESTIONS 
Examination No. 5147-6th July, 1963, 
and subsequent dates. To gain part of 
the qualifications for Promotion or 
Transfer as Senior Technician (Tele­ 
communications) Telephones (Post­ 
master-General's Department Section 2 
-Long Line Equipment, (Answers to 
Section 1 were given in Vol. 14, No. 5/6.) 

Answers by J. M. WALKER 
QUESTION 1. 
List the equipment you would require 

to measure the characteristic impedance 
of an open wire line in the range 
I kc/sec to 3 kc/sec and show by means 
of a schematic diagram how the equip­ 
ment. would be connected. 
What arrangements would be neces­ 

sary at the distant end of the circuit? 
ANSWER I. 

See Telecommunication Journal of 
Australia, Vol. 9, No. 4, page 222 
(amplifier detector is not required). 

QUESTION 3 (a). 
Draw in block schematic form, the 

arrangement of the units of equipment 
which make up a vibration test set. In­ 
clude in the diagram the block repre­ 
senting an item to be tested. 
ANSWER 3 (a). 

See Telecommunication Journal of 
Australia, Volume 13, No. 4, page 311, 
figure 2, diagram (a). 

QUESTION 3 (b). 
Describe briefly the method of mak­ 

ing the test. Give examples of typical 
faults you would expect to find. 

ANSWER 3 (b). 
The equipment to be tested is con­ 

nected between the output and input 
terminals of the fault detector. 
The frequency of the oscillator of the 

fault detector is set to a value within 
the pass range· of the equipment and at 
a level of at least 10 db below the 
normal operating value of the equipment. 
The input attenuator and noise sup­ 

pressor are adjusted for maximum sensi­ 
tivity. A test of sensitivity may be made 
by introducing an artificial fault or by 
tapping a suitable resistor across the 
input of the equipment being overhauled. 
Disturb all external leads between the 

test set and the equipment to ensure that 
these are satisfactory. Before removing 
any covers test external "U" links or 
connections by gently disturbing them 
and listening for clicks or crackles from 
the set. 
Remove panel dust covers as gently as 

possible to prevent disturbance and tem­ 
porary clearance of any intermittent 
faults. 
Using a light rubber headed hammer 

vibrate all components, wiring, cable 
forms and connections by gently tapping 
them. The force applied is appropriate 

to the component, etc., and is not so 
great as to damage it. Using pliers or 
tweezers coated with an insulating 
material or film, all wiring connections 
are pulled very gently to ensure that a 
bad connection does not exist. 
A slight turning and rocking motion 

is applied to some components, e.g. 
valves to check socket connections. 
A careful and systematic visual exam­ 

ination is made at the same time and 
any faulty conditions repaired before 
completing the test. 
Faults discovered by vibration test­ 

ing include bad connections of all types, 
potentiometer wipers, loose electrodes 
in valves, faulty carbon resistors, faulty 
mountings in crystal element filters, 
broken wires in forms, loose grid caps 
and loose fuses. 

QUESTION 4 (a). 
Why is it necessary to synchronise the 

oscillators of carrier telephone systems? 

ANSWER 4 (a). 
Differences in the frequencies of 

modulator and demodulator oscillators 
at the ends of a circuit result in similar 
differences in the output and input signal 
frequencies. These differences increase 
as circuits are connected in tandem. 
These changes in frequency result in 
distortion of speech and voice frequency 
signals. 
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Since oscillators vary with time in their 
output frequency it is necessary to 
synchronise them periodically, i.e. reduce 
the differences to a small value. 

QUESTION 4 (b). 
Describe in detail the method of 

synchronising the oscillator of the two 
terminals of a three-channel carrier 
system of the older type not employing 
crystal control. 

ANSWER 4 (b). 
See Telecommunication Journal of 

Australia-Volume 10, No. 5, page 160. 

QUESTION 5 (a). 
What are the functions of an amplifier 

detector in an amplitude modulated voice 
frequency telegraph system? 

ANSWER 5 (a). 
(i) To amplify the voice frequency 

signals as received from the channel 
receive filter. 

(ii) to compensate for changes in the 
bearer circuit loss by varying the 
amplifier gain to deliver a sub­ 
stantially uniform level to the de­ 
tector with a given range of input 
levels. 

(iii) to ensure the automatic gain con­ 
trol does not operate so rapidly as 
to vary the gain during the absence 
of signal when spacing signals are 
applied. 

(iv) to rectify the voice frequency signal 
so as to reproduce the D.C. signals 
from a telegraph relay. 

QUESTION 5 (b). 
List the steps you would take to adjust 

the gain of an amplifier detector in any 
system with which you are familiar. 

ANSWER 5 (b). 
The following is the method for ad­ 

justing the gain for systems which are 
adjusted on a mark signal. 
(i) Connect a 600 ohm, 5 db pad be­ 

tween RECEIVE LINE and RE­ 
CEIVE EQUIPMENT or at a suit­ 
able point individual to each chan­ 
nel. 
Caution: Care must be taken to 
ensure that a balanced pad is not 
inserted at a point where the circuit 
is unbalanced with respect to 
ground; at such points an unbal­ 
anced pad must be used. 

(ii) Adjust the amplifier-detector gain 
control on each channel to the point 
of minimum gain. 

(iii) Apply a Mark signal to all channels 
at the far terminal. 

(iv) Observing the plate current of the 
detector stage, increase the gain of 
the amplifier-detector of channel 1 
until the point is reached where the 
plate current ceases to rise. 

(v) Repeat for the remaining channels 
in turn. 

(vi) Remove the 5 db pad. 

QUESTION 6 (a). 
At the control station of a l Z-channel 

open wire carrier telephone system 
equipped with automatic gain control 
a pilot fail alarm occurs. Exam- 

ination of the system shows that both 
the flat and slope pilots have failed. At 
the same time all telephone channels on 
the system are reported as "off no voice" 
by the telephonist. One channel of the 
system is used as a bearer for a 24- 
channel V.F.T. system which is also 
reported as faulty. State briefly what 
action you would take to restore ser­ 
vice to both the telephone and tele­ 
graph channels and to localise the fault. 

ANSWER 6 (a). 
Assuming that- the A station of the 

system is the control station the indica­ 
tions show that the system has failed in 
(a) both directions or 
(b) in the B-A direction only. 
The following action should be taken. 
(i) Patch the V.F.T. system to its regu­ 

lar patch bearer 
(ii) Ascertain the pilot alarm indica­ 

tions at the repeater stations. If it 
is a system with a large number of 
repeaters it would be desirable to 
commence at a station in the middle. 

If it is a bearer failure then the 
alarm indicators will be "B-A pilot fail" 
at all stations between the- faults and 
the A Station and "A-B pilot fail" at 
all stations between the fault and the 
B station. 
If it is a failure in the B-A direction 

only then "B-A pilot fail" alarms will 
occur at all stations between the faulty 
repeater station and the A station and 
dependent on the faulty equipment a 
similar alarm will occur at the faulty 
repeater station. The latter condition 
can be checked by measuring the incom­ 
ing and outgoing B-A pilot levels. 
(iii) After locating the faulty repeater 

section or repeater arrange for a 
bearer patch between repeater 
stations in the case of a faulty re­ 
peater section, or for patching spare 
equipment in the case of a faulty 
repeater. If a "J" patch bearer 
or spare repeater equipment is un­ 
available, then subject to the ap­ 
proval of the Traffic Officer in charge 
at the control station a less import­ 
ant "J" system could be sacrificed. 

(iv) Check that all circuits are satis­ 
factory. 

QUESTION 6 (b). 
Give the limits of variation of the 

level of the pilot from its nominal value 
before the pilot fail alarm is operated. 

ANSWER 6 (b). 
+ 3 db and - 5 db. 

QUESTION 8. 
You are required to install a valve 

equipped S-channel carrier telephone 
terminal at an established country L.L.E. 
office with battery supply busbars. 

QUESTION 8 (a). 
Name the types of cable you would re­ 
quire. 
ANSWER 8 (a). 

1. Switchboard Cable. 20 wire. 
2. Screened Cable Twin Twisted. 

pair. 
3. Power Cable. Thermoplastic Insu­ 

lated 3/.029. 

QUESTION 8 (b). 
Briefly outline the reasons for the 

use of each cable type. 

ANSWER 8 (b). 
1. Switchboard cable required to 

extend Hybrid Line and Net or in 
some cases Mod In and Demod. 
Out to the I.D.F. (6 pairs). Also 
used for patch trunks, order wire 
connections and alarm extension. 

2. Screened Cable required for con­ 
nection between bearer circuit, line 
filters and carrier terminal. Screened 
cable used to reduce noise and 
crosstalk interference to the system. 

3. Power cable for connection between 
busbars and system power terminals. 
3/.029 has current rating of 10 amps 
which is sufficient for 24 Volt supply 
to most 3 channel terminals. 

QUESTION 8 (c). 
List the testing instruments you would 

require to test the completed system. 

ANSWER 8 (c). 
1. Combined Volt ohm Milliammeter. 
2. A.P.O. Transmission Measuring Set 

or similar. 
3. Variable frequency oscillator cover­ 

ing range at least 200-4000 cycles. 
4. Noise measuring set with speech 

weighting network. 

QUESTION 8 (d). 
Name three tests which would be per­ 

formed and the instrument to be used. 

ANSWER 8 (d). 
I. Measurement of filament and anode 

supply voltages. Measurement of 
anode currents. Check of cabling 
for continuity or grounds (Volt ohm 
milliammeter). 

2. Adjustment of terminal send levels. 
Adjustment of receive levels. 
Measurement of channel frequency 
responses (A.P.O. Measuring Set 
and Variable Oscillator). 

3. Noise measurement on each chan­ 
nel. (Noise measuring set.) 

Examination No. 5240.-4tlt July, 1964. 
To gain part of the qualifications for 
promorion or transfer as Senior 
Technician (Telecommunications), Tele­ 
graphs, Postmaster-General's Depart­ 
ment, 

Answers by J. R. KROL 

QUESTION 2. 
( a) Explain clearly what is meant by­ 

(]) A transmission speed of 50 bauds. 
(2j A receiving margin of ± 35 per 

cent. 
(b) A DXD4 test transmitter is in fact 

running 5 per cent fast. It is being 
used to check the margin of a 50 
baud teletype Model 15 page printer 
which is running at correct speed. 
Show by means of a timing chart 
the effect of the DXD4 speed error 
on the measured margin of the Tele­ 
type when the teletype has a true 
margin of ± 35 per cent at 50 bauds. 

(15 marks) 
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ANSWER 2. 
(a) (1) A transmission speed of 50 bauds 

means that 50 units of equal 
length can be sent per second. 
A unit in this case is 1/50 second 
long, i.e. 20 milliseconds. 

(2) A receiving margin of ± 35 per 
cent. means that the receiving 
mechanism of a telegraph machine 
can tolerate signals with 35 per 
cent marking distortion and 35 
per cent spacing distortion with­ 
out. incorrect translation of the 
received signals. 

(b) As DXD4 test transmitter is running 
5 per cent fast, each signal element 
transmitted from it will be shorter 
by one millisecond, i.e. it will be 
19 milliseconds instead of 20. The 
effect on the measured margin of the 
Teletype Model 15 which is running 
at correct speed of 50 bauds is shown 
below by means of a timing chart. 
This margin will be + 40 per cent. 
and -- 5 per cent. 

ANSWER 6. 
(a) T.R.E.S.S. stands for Teleprinter 

Reperforator Switching System. 
(b) The message preamble necessary for 

the transmission of messages in the 
TRESS system is as follows:- 
It starts with "space" (combination 
31) which the system recognises as a 
"beginning of message" signal. This 
must be followed by three characters, 
the first character representing the 
destination State, and the second and 
third identifying the office of destina­ 
tion. Then follows space, three more 
characters representing the State and 
office from which the message is 
originated, the message route serial 
number and the message separation 
signal "=". 

(c) The functions of the following items 
of TRESS Exchange equipment are 
as follows:- 

1. Register. 
(i) Recognizes when one of its ten 

transmitters has a message to be 
handled. 

ST 

50-BAUD SPEED OF MODEL 15 PAGE PRINTER 

SP 

INSTANTS 
OF SELECTION 
BY MODEL 15 

ST SP 

SPEED OF DX 04 5 PER CENT FAST 

QUESTION 6. 
(a) What does T.R.E.S.S. stand for? 
(b) Describe in full the message preamble 

necessary for the transmission of 
messages in the system-from the 
"beginning of message" signal to the 
"message separation" signal, in­ 
clusive. 
(c) What are the functions of the 
following items of Tress Exchange 
equipment- 
( 1) register 
(2) marker 
(3) sequential start and number bullet­ 

in printer. 
(d) Two types of lines which may be 

terminated in a Tress exchange are 
Simplex Linefindcr and Duplex. Ex­ 
plain the differences between the' 
exchange termination for each of 
these types. 

( e) A message is sent from a simplex 
linefinder outstation of one Tress 
exchange to a duplex outstation of 
another Tress exchange. What form 
of record of the message is kept in 
each exchange. 

(20 marks) 

(ii) Connects itself to one of its calling 
transmitters. 

(iii) Reads the first routing character and 
determines whether the message is 
interstate or intrastate. 

(iv) If an interstate message, regards the 
State letter and blank as the routing 
code. 

(v) If an intrastate message, it ignores 
the State letter and reads the next 
two characters as routing code. 

(vi) Calls for marker when routing in­ 
formation has been stored. 

(vii) Ignores multple "space" (combina­ 
tion 31) characters at the beginning 
of a message. 

2. Marker. 
(i) Recognizes calls from registers. 
(ii) Connects registers in strict preference 

order. 
(iii) Tests leads between register and 

marker. 
(iv) If test faulty it changes over to 

another marker. 
(v) If test correct it reads routing code. 
(vi) Marks the required outlet. 

3. Sequential start and number bulletin 
printer. 

(i) Recognizes when one of its trans­ 
mitters has a potential call set up. 

(ii) Searches for and finds a calling 
transmitter. 

(iii) Connects to the calling transmitter. 
(iv) Tests outlet with a test pulse. 
(v) If outlet is busy it awaits a release 

pulse and then examines other trans­ 
mitters to see if they need service 
before returning to the original 
transmitter. 

(vi) If outlet is free it completes the 
connection and starts auto number­ 
ing. 

(vii) After auto numbering has been com­ 
pleted it starts the transmitter. 

(viii) Records details of outgoing line 
code and message number. 

(ix) Records details of originating line 
code and message number. 

(x) For interstate messages it first 
records the destination code of the 
message (State letter from AN.), two 
letter destination from transmitter, 
then remainder of (viii) and (ix). 
Hence all messages are completely 
logged and message tracing facili­ 
tated. 

(d) (i) Exchange termination for simplex 
linefinder. In this case simplex 
lines from lightly loaded offices are 
arranged in groups to connect to 
a smaller number of incoming 
reperf'orator transmitter (R/T) 
stores via line finders. Each line 
finder group has an alloter which 
allots a free line finder and its 
associated R/T to wait for a call 
from an outstation. Up to 25 
simplex linefinder lines may share 
10 R/T's. 

(ii) Exchange termination for duplex 
lines. Each duplex line is con­ 
nected to a terminal relay set with 
which are associated two R/T's. 
One R/T receives messages from 
the outstation and retransmits 
them via a cross office circuit to a 
selected outlet. The other R/T 
receives messages via its cross 
office circuit and retransmits them 
to line. 

(e) The TRESS exchange which receives 
a message from a simplex L/F out­ 
station and re-transmits it to a duplex 
outstation of another TRESS ex­ 
change will have the following 
record: 
(i) Tape record on the incoming L/F 

suite R/T. 
(ii) Number bulletin printer record. 
(iii) Tape record on the outgoing 

duplex suite R/T. 
The TRESS exchange which receives 

the message from a distant TRESS ex­ 
change and retransmits it to a duplex 
outstation will have the following re­ 
cord:- 
(i) Tape record on the incoming duplex 

suite R/T. 
(ii) Number bulletin printer record. 
(iii) Tape record on the outgoing duplex 

suite R/T. 
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TECHNICAL NEWS ITEM 
AUSTRALIAN POST OFFICE TO USE 

ALUMINIUM CONDUCTOR 
TELEPHONE CABLE 

The Australian Post Office is currently 
using up to 15,000 tons of copper 
annually, a large proportion of which is 
used as fine conductors for underground 
telephone cables. In the financial year 
1964/65 it is expected that approximately 
2,000,000 miles of conductors will be 
added to a network which already con­ 
tains over 14,000,000 miles. 
For some years the Post Office has 

been interested in the use of aluminium 
conductors to replace copper, but previ­ 
ous investigation and use was limited as 
it was generally shown that aluminium 
was uneconomic compared with copper 
on the previous ruling prices of copper 
of around £(A)305 per ton. Rapid rises 
in the price of copper, the possibility of 
an actual copper shortage and improved 
technology in the aluminium industry 
has caused the Post Office to reconsider 
the position at present prices. Aluminium 
conductor telephone cables in a large 
range of sizes affords substantial saving 
in cost compared with copper conductor 
cables 
Trial orders have been placed for 

aluminium conductor cable for two 

specific projects, one each in Sydney and 
Melbourne, to re-evaluate the economics, 
and to ensure that some technical diffi­ 
culties known to exist have been over­ 
come. Delivery of these first lengths of 
cable will be made early in 1965, and 
subsequent installation will be effected. 
Present indications are that manufactur­ 
ing problems have been overcome by an 
Australian cable manufacturer who has 
successfully manufactured a trial length 
of 200 pair cable. 
The cables being purchased are in 

sizes 600, 800 and 1,200 pairs, with 
aluminium conductors 0.0256 inch in 
diameter. This size was selected as it 
gives equivalent cable characteristics, 
particularly resistance, to the 0.020 inch 
(6t lb./mile) copper conductors already 
used in parts of the network, yet is 
almost identical in diameter to the .025 
inch (10 lb./mile) conductors used else­ 
where in the network. This will enable 
the cable manufacturers to employ exist­ 
ing factory equipment without undertak­ 
ing developmental work other than that 
associated with the different metals. 
This, in tum, will allow an assessment 
to be made of the use of aluminium in 
the shortest time and at the lowest 
cost. 

Fig. !.-Paper-insulated aluminium to aluminium conductors about to 
be tip welded. The carbon rod is connected to the negative 24 Volt 

battery terminal. 

Jointing of aluminium conductors and, 
in particular, the jointing of aluminium 
conductors to copper conductors already 
in the network is known to be a difficult 
problem because of the aluminium oxide 
film. However, several jointing tech­ 
niques have been investigated by the 
Post Office and two of the most promis­ 
ing ones capable of ready use by field 
staff have been developed to a satis­ 
factory stage for the field trials. Alum­ 
inium to aluminium conductor joints will 
be made using a tip weld on the end of 
a normal twist joint (see Fig. 1), and 
aluminium to copper conductor joints 
will be made by crimping an aluminium 
press sleeve onto the conductors (see 
Fig. 2). In this latter technique, the 
wires must first be tightly twisted to­ 
gether, and the pitch of the twist must 
be less than the width of the crimping 
tool. 
The specific type of aluminium con­ 

ductor to be used has been selected, and 
is a compromise taking into account 
sufficiently high tensile strength for 
manufacturing and cable hauling pur­ 
poses, ductility for field jointing and 
twisting operations, and high con­ 
ductivity. 

Fig. 2.-Jointing aluminium to copper paper-insulated conductors using 
an aluminium press type sleeve and a standard 40 lb. conductor 
jointing tool. One crimp has been made·, and the second is about 

to be inserted. 
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Trouble-free Telephone Service 
at Low Maintenance Cost 
is what every modern telephone administration 
requires of its equipment. L M Ericsson Crossbar 
exchanges have fulfilled and surpassed extremely 
high expectations in this respect. Symbol of superior engineering 

Maintenance control centre for 
L M Ericsson crossbar exchange. 

L M Ericsson manufactures high-class telephone equipment, auto­ 
matic and manual, of all kinds and all the associated material to 
provide complete telephone systems in all parts of the world. 
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Carrier Frequency Measuring Setup. 
With the Level Oscillator Rei 3W518 and Level Meter Rei 3D335 serving as basic 
units, a setup is available that can be used for performing practically all the 
measurements that may be required in the frequency range 10 Kc/s to 17 Mc/s. 
The setup has an excellent frequency stability of ± 2 x 10-5 ± 300 c/s. 
Frequency locks to control crystal spectrum every 100 Kc/s. 
The level meter can be switched for selective measurements with a pass band 
of 200 c/s or voice channel width (3.1 Kc/s). 
The level range covers -90 to +30 dbm with the lowest measurable level being 
-100 dbm. 
Coarse and fine tuning of level meter can be automatically effected from level 
oscillator. 
Manual control is so simple that even on-the-job-trained personnel can operate the 
setup with high measuring accuracy. It is particularly suitable for measurements 
on long production runs of identical sub-assemblies and equipment. To reduce 
measuring time still further, the oscillator can be equipped with an electronic 
sweep unit and the meter with a level tracing receiver. 

t 
SIEMENS 

MAIN APPLICATIONS: 
• Measurements on systems of high 
channel capacity; measurements in de­ 
velopment work, during manufacture, in· 
stallation, and operation. 
• Measurements in gaps between chan­ 
nels on operating systems. 
• Measurements of crosstalk attenuation 
and signal-to-noise ratio. 
• Noise level measurements. 
• Reflection loss measurements by means 
of attachment. 

SIEMENS HALSKE SIEMENS SCHUCKERT (AUSTRALASIA) PTY. LTD. 
MELBOURNE: 534-544 Church St., Richmond. 42-2371 • SYDNEY: 6-8 Mount St., North Sydney. 92-0966 

BRISBANE: 8-10 Chester St., Fortitude Valley. 5-4350. 
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Illustration by Courtesy Mount Isa Mines Ltd. 

6103 

PARTNERS IN PROSPERITY 
Working hundreds of feet below the ground, the rugged "Underlander" hauls 
metalliferous material from the mine face to the ore pass hoppers. In situations 
such as this, you'll find Olympic Cables supplying the power required. 
Throughout Australia, Olympic sales engineers are available to assist you and 
your own industry with your particular problem. 

When your planning calls for cable, Olympic is the name to go on 
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FROM BRITAIN'S LARGEST ELECTRICAL GROUP ... 

THE NEATEST, MUSI PR Of ITABU PACKAGE 
IN THE TElEPHONE BUSINESS ! ! ! ! ! ! ! ! ! 
The AE.1., C.A.T.T. system has been 
specially developed to meet the 
needs of the North American 
Continent-wide Direct Distance 
Dialling Scheme. In conjunction 
with our AN.I. system, which 
determines the calling subscriber's 
number and class of service for 
accounting purposes, it provides 
the necessary computer /business 
- machinery-legible record of 

C.A.T.T. 
CENTRALISEDAUTOMATICTOLL TICl(ETING 
• Handles all D.D.D. routing functions and it 
will work with existing Register/Translator 
equipment where operator or toll dialling 
facilities already exist. 
• D.C. or M.F. outpulsing to suit local condi­ 
tions and to give remote operation by C.S.P. 
routing machine where required. 
• Checking Person to Person, collect calls, etc. 
by routing to a manual operator with automatic 
sending undertheoperator'scontrol if required. 
Alternative routing with foreign area transla­ 
tion. Code Conversion and uptothreeexitdigits 
to accommodate local area trunking problems. 
• Full Sender/Tabulator/Translator Common 
Control giving maximum equipment economy 
and security. 
• Suitable for application to all types of nat­ 
ional, regional and local Toll Switching centres. 
• Employs the service proven A.E.I. High 
Speed Motor Uniselector for all talking and 
coupling functions. 
C.A.T.T. equipment is currently being 
manufactured for the Alberta Govern­ 
ment Telephones for the important 
Edmonton Class 3 Primary Centre, and 
Saskatchewan Government Telephones 
for the Swift Current Toll Centre. 

AEI 
COMMUNICA IIOHS 

long distance calls. This twin 
high-grade A E.1. package takes 
up less space, is fully flexible, can 
be applied to all existing telephone 
systems and complies with all 
specified requirements of D.D.D.·lt 
can be supplied as a complete.unit 
or two separate systems. Prices are 
competitive-in fact, AN.I. costs 
less than any comparable 
equipment available today. 

A.N.I. 
AUTOMATIC NUMBER IDENTIFICATION 
8 D.C. Working giving an inexpensive system 
which does not interfere with the operation of 
the telephone exchange, works at high speed 
and is immune from misoperation by outside 
agencies. 
O Absolute reliability based on the use of 
proven telephone components backed by 100 
years of design experience and embodying 
self checking and fault printout facilities. 
• D.C. loop outpulsing or Multi-Frequency 
High Speed (MF) outpulsing to suit all des-· 
tination signalling conditions, individual sets 
of transistor oscillators being supplied in each 
AN.I. Register. 
• No special power or tone supplies required. 
8 Complete compatibility with most types of 
telephone exchange equipment and all types 
of Automatic Machine Accounting equipment. 
• Unlimited Class Marks without restriction 
of the basic AN.I. facility. 

A.N.I. equipment is already being sup­ 
plied to Canada to the tune of half a 
million lines. 

For full technical details, please contact: 
ASSOCIATED ELECTRICAL INDUSTRIES LIMITED 
TELECOMMUNICATIONS DIVISION• WOOLWICH, LONDON SE18 • ENGLAND 

TA91-4 
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Increased 
protection 
cuts 
maintenance 
costs 
The latest A EI Protector» No.16 
provides an exceptionally high degree 
of protection for communication and 
instrument circuits. 
It operates many times without 
attention and thus considerably reduces 
maintenance costs. The three-electrode 
construction enables itto replace two 
conventional protector's and, due to the 
tendency of both gaps to break down 
simultaneously, it minimises the excess 
voltages to which the apparatus is 
subjected. 
The protector will withstand momentary 
peak currents of about 20,000 amps and 
many hundreds of 100 Joule discharges. 
Prompt delivery can be offered, 
because demand from many parts of the 
world has proved so high that production 
capacity has been greatly expanded. 
The protector is available in 
three breakdown voltage ranges: 
150-350 d.c. 
300-500d.c. 
500-900d.c. 

TA 9261 

ASSOCIATED ELECTRICAL INDUSTRIES LTD 
TELEPHONE APPARATUS DEPARTMENT 
WOOLWICH • LONDON SE18, ENGLAND 
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AEI with world-wide experience 
in communications and well­ 

known for its contribution to 

the success of CANTAT B 
and COMPAC in the Com­ 

monwealth Cable Link, intro­ 

duces a further addition to its 

range of carrier transmission 

equipment. 

Transistorised FMVFT 
TYPE CT 24A 
For the provision of teleprinter or data transmission circuits. 
Minimum space... Minimum maintenance ... 
Minimum power consumption ... 
* CCITT standards of performance * Optional in-built test equipment * 24 channels per rackside comprising :-a) Telegraph test set * 50 baud nominal, with operation b) Level measuring set 

up to 80 bauds c) Frequency check unit * Plug-in units * Completely self contained with all * Pilot facility 300 c/s or 3300 c/s power supplies. 

24 frequency modulated channels are provided in the nominal frequency 
band 420-3180 c/s with 120 c/s separation between adjacent channels. 
These are built up from 4 sub-groups of 6 channels each in the frequency 
band 1140-1740 c/s. 
Compactly assembled plug-in units use printed circuit wiring boards 

with small encapsulated filter and transformer units. Equipment is 
protected by bay covers, 
but test equipment and 
jackfields are directly 
accessible at centre of 
rack. 

Details of the latest AEI 
Carrier Telephone and 
Telegraph Equipment 
supplied on request. 

Associated Electrical Industries Ltd 
TRANSMISSION DEPARTMENT 
Telecommunications Division Woolwich London SE18 England 

AEI Engineering Pty. Ltd. 
93 Clarence St., Sydney, N.S.W. 555 Bourke St., Melbourne, Victoria 
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EXCHANGE INTERCEPT EQUIPMENT 
to the caller. 
A potential service that may be offered by 

the telephone authority is the hiring of recorded 
tracks for short periods. For example, a medical 
practitioner may leave a recorded message re­ 
garding his whereabouts to be routed to anyone 
calling his number. 
Technical Description 

The Rola Exchange Intercept Equipment com­ 
prises three main units: the Magnetic Drum unit, 
the Amplifier Section and the Switching Panel. 
They are mounted in a frame suitable for a 
standard Post Office 33" rack. 

The Rola Company Exchange Intercept Equip­ 
ment, now standardised for service by the Aus­ 
tralian Post Office, is a fully professional 
machine engineered to the highest standards 
required by telephone authorities and capable 
of recording and playing back messages into a 
telephone network. 

The equipment is so designed that full actua­ 
tion can be provided by normal telephone ex­ 
change equipment, with up to 12 tracks avail­ 
able, i.e., up to 12 messages may ·be recorded 
and played back as selected. 

In a busy telephone exchange the Rola 
Exchange Intercept Equipment can provide 
weather forecast data for telephone subscribers. . . . 
This forecast may be modified as often as is The 12 four-stage transistorised amplifiers 
found necessary. Incorrect or obsolete directory have an output rating of approximately 
numbers when called can be routed to the 500 mW. The switching panel permits monitor- 
equipment where an automatic announcement ing and the change from the "Record" to the 
giving the corrected information can be made "Play" mode on any channel. 

Further Information from: 
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T.M.C. FLOOR PATTERN SWITCHBOARD 

'' A thing of beauty '' • • • • • • 
Leading industrial designers, top circuit engineers, and a production team with years of 
accumulated switchboard experience have worked together to evolve this superb TMC 
switchboard. The result is a product which in appearance and performance will fulfil 
the needs of many years to come. It will blend with the decor of the most modern office 
or reception hall. It is highly adaptable and can be variously equipped, as a multiple or 
non-multiple. This switchboard will serve subscribers, operators and engineers through­ 
out a long working life- and serve them well. 

TELEPHONE MANUFACTURING COMPANY LIMITED 
Telephone Equipment Division • Public Equipment Unit · Martell Road 
West Dulwich • London • S.E.21 • Telephone GIPsy Hill 2211 • Telex 28115 - A MEMBER OF THE f:l@ GROUP OF COMPANIES 
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G.E.C.-a complete 
telecommunications 

• service 
THE comprehensive range of telecommunication equip­ 

ment manufactured by G.E.C. permits the build-up of 
integrated national and international networks catering 
realistically for all requirements. Easy of future expansion is 
an inherent feature of all equipment. 
Backed by more than 75 years of experi­ 
ence, the Company offers a complete 
service to all customers. This includes 
surveying, planning, engineering, manu­ 
facturing, installing and commissioning. 
When necessary, a customer's engineers 
are trained either locally or at the G.E.C. 
Telephone Works in Coventry. 
G.E.C. telecommunications equip­ 

ment is in operation throughout the 
world in climatic conditions ranging from 
arctic to equatorial. In' all equipment, 
the latest components and equipment 
practices are used wherever possible. 

High-Capacity Transmission Systems 

The Company manufactures a compre­ 
hensive range of completely transistored 
carrier multiplex equipment with capaci­ 
ties of up to 2700 channels, for use over 
coaxial cable or microwave radio routes. 
Six types of broadband radio equipment 
are available, four in the SHF 6000 Mc/s 
and 7000 Mc/s frequency bands and two 
in the UHF 2000 Mc/s band. These 
equipments have maximum capacities 
varying between 300 and 1800 speech 
circuits per radio channel according to 

Multiplex equipment in the Toronto Terminal Station, Canada. 

Aerial and tower at Maxwell's Hill 
Repeater Station, Malaya 

type. Alternatively, monochrome or 
colour television signals can be trans­ 
mitted. 
A small-bore coaxial cable system 

with a maximum capacity of 960 speech 
circuits is also available. 
All these equipments conform to the 

recommendations of the C.C.I.T.T. and 
C.C.I.R. 

Small-Capacity Transmission 
Systems 

Small-capacity systems are available for 
open-wire lines, cable and radio routes. 
These include completely transistored 
3 and 12-circuit open-wire and 12+ 12- 
circuit carrier-on-cable equipments. A 
transistored rural carrier system which 
provides up to ten stackable subscriber 
circuits in rural areas or up to ten 
junction circuits, is also manufactured. 
This equipment can be operated over the 
same pole route as a 3 or 12-circuit system. 
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Junction radio equipments, operating 
in the VHF and UHF bands with 
capacities of 5 or 9 speech circuits, are 
supplied. 

Public Telephone Exchanges 
The Company manufactures telephone 
exchanges for public service ranging 
from rural automatic exchanges having 
only a few subscribers connected to 
them, to main exchanges having many 
thousands of lines, and trunk switching 
centres. The exchanges are particularly 
suitable for subscriber trunk dialling 
systems and equipment for these can 
easily be installed either with the initial 
exchange or at a later date and are com­ 
patible with future electronic exchange. 
The exchanges at present in service use 
electro-mechanical switching devices. 
Today, however, development resources 
are directed towards the efficient applica­ 
tion of electronic switching devices to 
automatic telephony. Progress in this 
direction has greatly accelerated recently. 
Prototype exchanges have already opera­ 
ted in public service and the experience 
gained is being applied to the develop­ 
ment of an economical exchange that 
will provide many more facilities than 
are at present available. 

Private Systems 
A similarly wide range of telephone 
exchanges is manufactured to provide 
private telephone communications with- G.E.C. 706 Telephone. 
in a factory, office block, hospital or 
other organisation. This range includes 
purely internal systems (PAX) and those 
having connexions to public exchanges 
(PABX). In either case the exchange can 
vary in size from as few as ten extensions 
to many hundreds of extensions in a 
large organisation. 
An alternative system when only a 

few extensions are required is the push­ 
button intercommunication system. This 
is suitable for up to twenty-one stations 
and a connexion is established by 
pressing a pushbutton. 

Telephones 
The Company produces a wide range of 
high-quality telephone instruments suit­ 
able for use on any telephone- system. 
This includes telephones for wall or table 
mounting in a wide range of attractive 
colours as well as instruments for special 
application such as secretarial and 
extension systems, railways, ships, etc. 

aac: 
G. E. C. (TELECOMMUNICATIONS) LTD 
TELEPHONE WORKS· COVENTRY, ENGLAND 

3-circuit & l Z-circuit carrier terminal racks, Lima, Peru. 

V.H.F. Radio Racks at Kerewan 
repeater Station, The Gambia. 

Automatic telephone exchange equipment at Jbadan, Nigeria. 

Test desk and exchange apparatus at Hung Hom Exchange, Hong Kong. 
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900,000 use Melbourne's underground every day! 
50 feet below Melbourne's city traffic 900,000 telephone 
conversations are travelling along hundreds of cables. 
The location is the P.M.G's underground tunnel network, 
established as far back as 1914. 
These cables connect the thousands of suburban and 
country subscribers and exchanges to the exchanges 
throughout the city. 
Melbourne has over three miles of P.M.G. underground. 

A.S.C.-Austral Standard Cables-makers of Australia's 
telephone cables, have supplied more than 5 million 
miles of telephone cables to the P.M.G. 
These cables range in size from 1 pair to 3,000 pairs, 
plastic or paper insulated cables - including Type 375 
multi-tube coaxial cable capable of transmitting thou­ 
sands of telephone conversations. 
AUSTRAL STANDARD CABLES for safe, sure communi­ 
cation. Makers of Australia's Telephone Cables. 

AUSTRAL STANDARD CABLES 
Pty. Limited 

Works at Maidstone, Victoria; Liverpool, N.S.W., 
Australia and Hornby, Christchurch, New Zealand 

AS24 
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The reasons why Philips 
is the world's leading manufacturer of Single Sideband Tubes 

(You are looking at four. Read about the others) 
Philips produces more tube types for Single Sideband Suppressed 
Carrier Service than any other producer. Leadership has been 
achieved as the result of a deliberate and continuing programme 
of engineering research and intensive laboratory testing from 
which has emerged a distinctive and clearly superior comprehen­ 
sion of SSB technology and SSB applications for any power level 
from 5 watts to 5 kilowatts PEP. From internal tube geometry to 
overall envelope design, Philips SSB tubes are Performance Tested, 
Performance Rated and Performance Guaranteed for optimum 
linearity and minimum intermodulation distortion at full Single 
Sideband Power rating. Illustrated are four radiation air-cooled 
tetrodes of a line of more than 20 Philips "Performance-Rated" 
SSB tubes with power ratings from 5 W. to 5 Kw. PEP. Watch for 
releases of new SSB tubes now in prototype stage. Write for tech­ 
nical data sheets. Applications engineering assistance available. 

8179/ 6156/ I 7527 / 6079/ 6155/ 
SSB Type No. QB5/ QB3.5/ 8117 / QB4/ QB5/ QB3/ Vlll00/1 YLlllO 

2000 750 YL1070 1100 1750 300 YlllOl 
------- 

Peak Envelope 
Plate Power 1410 421 158 723 1032 206 40 630 
Output (watts) 

-- -- --- ,- 
3rd ORDER 
Intermodulation 
Distortion (db) 34 35 30 35 35 30 31 31 
(without feed- 
back) 

--- -- -- -- -- --- .- 
5th ORDER 
Intermodulation 
Distortion (db) 40 40 40 40 40 38 35 36 
(without feed- 
back) 

Sydney 

20 Herbert Street, Artarmon, N.S.W. 
THE ELECTRONICS DIVISION OF PHILIPS ELECTRICAL INDUSTRIES PTY. LIMITED 
• Melbourne • Brisbane • Adelaide • Perth • Hobart • Newcastle • Canberra 

PHE3935 
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Belling 
& Lee 

is making 
the 

biggest 
contribution 
to electronic 

miniaturisation 

You know 
the L734/P /AL 

standard 
size coaxial 
free plug ..• 

• . . this is 
the new 
Ll465/FP 
•.. tiny, 
extremely 
robust, 
famous 
'tulip' 
cable 
grip. 

Get down to detail with 

NP2JI 
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With the environment of space beyond the control of man, only 
submarine telephone cables can provide intercontinental com­ 
munications of proven reliability, economy and freedom from inter­ 
ference. Submarine Cables Ltd. can supply cable, repeaters, cable­ 
laying gear and services, and-through AEl-terminal equipment. 

SUBMARINE 
CABLES LTD 
GREENWICH• LONDON• SE10 OWNED JOINTLY BY AEI AND BICC 
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Registered Trade Mark 

METERS TO COUNT ON 

TELEPHONE & ELECTRICAL INDUSTRIES PTY. LTD. 
FARADAY PARK, MEADOWBANK, N.S.W. TELEPHONE: 80-0111 
70 Collins Street, MELBOURNE, VICTORIA. TELEPHONE: 63-2560 
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wide range of 
equipment 
manufactured 
by T.C.A. 

First to Transistorise Mobile Radiophones. In 1957 TCA led 
the world by replacing the vibrator power unit of its FM mobile 
radiophone unit with a transistorised DC/DC converter. The imme­ 
diate acceptance and success of this venture inspired further develop­ 
ment in transistorisation with the result that. in December, 1961, 
TCA commenced marketing a mobile unit with a fully transistorised 
receiver and DC/DC converter, and a transmitter that was transis­ 
torised to the extent that only three electron tubes remained. This 
unit is now the most field-proven unit available in Australia; already 
several thousand are in use throughout Australia and overseas 
countries by government and commercial organisations. For both 
recent Royal tours TCA mobile and base equipment was employed 
exclusively. The P.M.G. has approved the equipment for use through­ 
out the Commonwealth. 

Radio Control of Traffic 
Lights. The Melbourne City 
Council ordered TCA Series 
1857B equipment for nine King 
Street intersections. This equip­ 
ment has been designed to en­ 
able the entire traffic light system 
of the city to be controlled, over 
a single VHF link, from a central 
point and includes the facility for 
voice communication to main­ 
tenance personnel. Eventually 
the system will embrace the 
whole of the central business 
district and finally to the extre­ 
mities of the city. 

Radio Reporting Rain Gauge 
System for the Common­ 
wealth Bureau of Meteoro­ 
logy. To overcome the problem 
of obtaining regular details of 
rainfall in remote areas the 
Bureau has ordered from TCA a 
special Radio Reporting Rain 
Gauge System. The equipment 
operates at VHF and will auto­ 
matically provide Bureau per­ 
sonnel. at the recording centre, 
with details of rainfall throughout 
their area. The facility for voice 
communication to maintenance 
personnel is also included. The 
Macleay River Valley will be the 
testing ground for the first 
system, where it is hoped it will 
aid the Bureau in providing a 
flood warning service to the 
many settlers in that area. 

Broadband Carrier Tele­ 
phone Equipment. This 48 
channel modulation bay is being 
prepared for shipment to the 
Postmaster General's Depart­ 
ment. The bay is identical to 
those previously supplied to the 
P.M.G. for the Sydney-Mel­ 
bourne Coaxial Cable Project. 

Philips Radar in the R.A.N. 
The anti - submarine frigates 
"Par ramatta". and "Stuart" 
and the aircraft carrier "Mel­ 
bourne" are all fitted with 
Philips Radar, supplied by TCA. 

Radio Control of Power Dis­ 
tribution Networks. The 
Townsville and Mackay Regional 
Electricity Boards have taken 
delivery of a special electronic 
supervisory and control system 
designed and manufactured by 
TCA. The system provides a 
VHF duplex radio repeater link 
network connecting Townsville 
and Mackay with facilities for 
speech traffic, supervisory con­ 
trol of circuit breakers and tap 
changing regulators, and the 
telemetering of power flow 
indications. 

'l'BlBCONNU!VJCAff O!V CONPA!Vf 0/1 AUS'/'RAUA P'l'Y. LIHI'l'BD 
Sydney 20 223 
Perth 21 3131 

A DIVISION OF PHILIPS ELECTRICAL INDUSTRIES PTY. LIMITED 

Brisbane 42 471 
Adelaide 45 021 

Melbourne 41 5368 
Canberra 44 498 Hobart 33 038 
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~@JJ0@ft~ 
building bricks for industrial 
control systems 

Say goodbye to 
switch maintenance with 

NORBIT STATIC SWITCHES 
Norbits are available in a wide range of units to suit a variety of 
applications. The units are of a standard size, have a different 
coloured case for easy identification and have standard flying 
crimped connecting leads. 

Applications include: 
Sequential and combinational control of all types. 
Machine control. 
Lift control sequencing. 
Safety and alarm controls 
. . . in fact, Norbits are ideal wherever industrial automatic 
processes are carried out and where progress indication, hazard 
working and batch automatic control are involved. 

Mullard 
Mullard-Australia Pty. Ltd. 
35.43 CLARENCE STREET, SYDNEY, N.S.W., 29 2006. 123 VICTORIA PARADE, COLLINGWOOD, N.5, VIC., 41 6644. 

16)1 
Associated with 
MULLARD LIMITED, LONDON 

M144 



February, 1965 THE TELECOMMUNICATION JOURNAL OF AUSTRALIA xix 
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U\\t \\\\~S 

6000 COMMUNICATION facilitie_s in an indus_tr(al or_ganization a~e now recognized .a~ a 
necessity at all administrative levels. Time saved by obtaining 

immediate contact with other members of the staff is of inestimable value to all, from the Managing 
Director to the junior clerk, and the capital cost of providing a properly planned system is small 
compared with the incalculable losses sustained by having inefficient communications. For many 
years STC has designed, manufactured and installed Private Automatic Branch Exchanges of 
various types. As a result of this experience, a large fund of expert knowledge is available, and any 
technical advice that may be required will be furnished gladly on request. 
New light-weight high performance handset D B.P.O. type "long life" components D Transistorized 
ringing and tone circuits D All "plug-in" type equipment D Quick and easy expansion to full capacity 
D Simple installation and maintenance D Full tropical finish. 
Details from Standard Telephones and Cables Limited, Telephone Switching Division, Oakleigh Road, 
New Southgate, N.11., England. Australian Associates: STC Pty., Ltd., 252 Botany Road, Alexandria, 
SYDNEY. Cnr. Wilson and Boundary Streets, West End, BRISBANE. 174 King Street, MELBOURNE. 
39 Empire Circuit, CANBERRA. 

world-wide telecommunications and electronics ST C 
64/30 



Now 

such 
e peak 

, gate signal rs 
·a gate signal is 

- itches to the conducting 
. ~.( presents a very low forward 

age drop similar to a 
silicon rectifier. 

FEATURES OF STC SILICON 
CONTROU.ED RECTIFIERS 

* Low forward voltage drop during conducting 
state. * Low leakage current in both forward and 
reverse directions at high temperature. * Large power control with small gate power. * Wide range of allowable operating 
temperatures. * Quick. response. * Stable operation and long life. * Compact, light weight. 

For further information on STC Silicon Controlled 
Rectifiers contact Industrial Products Division . . . 

• 1n 

The Industrial Products Division of STC can supply either the device 
or the complete equipment incorporating Silicon Controlled Rectifiers. 
In addition, engineering advice is available to assist in applying 
the wide range of S.C.R. 's offering. Its research facilities are 
at present engaged in the development of a complete range of 
equipment using Silicon Controlled Rectifiers for inverter/converter 
equipment up to 25 kVA, both 3 phase and single phase. 

9ll111cbrd '/l!lepltone, c11td Cahle, Phf limited 
SYDNEY: Moorebank Avenue, Liverpool, 602-0333; MELBOURNE: 314 St. Georges Road, Thornbury, 44-5161; CANBERRA: 39 Empire Circuit, Forrest, 
A.CT, 9-1043; SOUTH AUSTRALIA: Unbehaun & Johnstone Ltd., 54 North Terrace West, Adelaide, 51-3731; WESTERN AUSTRALIA: M. J. Bateman 
Pty. Ltd., 12 Milligan Street, Perth, 21-6461; TASMANIA: W. & G. Genders Pty. Ltd., Launceston, 2-2231, Hobart, Burnie, Devonport; QUEENSLAND: 
Fred Hoe & Sons, 104A Boundary Street. West End, 4-1771; NEWCASTLE: Newcastie Automatic Signals Pty. Ltd., 116 Lawson Street, Hamilton, 
L,l-5172. 

Printed by The Ruskin Press Pty. Ltd., 39 Leveson Street, North Melbourne 

Sl62A 
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