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TELEPATHY 
WHERE DOES STC COME IN? 

Exchanges between minds without the inter­ 
vention and assistance of machines or 
electronics is perhaps the ultimate form of 

ANITT 

communication. Meanwhile telephony _and 
other complex telecommunication systems 
serve us well. That's where STC comes in. 
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RECENT DEVELOPMENTS IN ELECTRONIC EXCHANGES 
H. S. WRAGGE, B.E.E., M.Eng.Sc., M.I.E.E., A.M.l.E. Aus,t.* 

INTRODUCTION 
Considerable effort has been de­ 

voted towards the development of a 
technically satisfactory and econo­ 
mically viable electronic exchange 
over the past two decades. Techni­ 
cally satisfactory solutions have now 
been reached in several countries, 
with very good promise of commercial 
success. This was made clear at the 
International Conference of Elec­ 
tronic Switching held in Paris during 
March 1966. 

In this article a summary of the 
Paris Conference (which was at­ 
tended by the author) is given, fol­ 
lowed by a review of the status of 
electronic switching generally on the 
world scene. 

THE PARIS CONFERENCE 
Scope 

This conference followed on an m1- 
tial conference held in London in 
1960, and had as its aim the assess­ 
ment of developments in the techni­ 
cal and industrial fields as well as the 
provision of a forum for the discus­ 
sion of developments which are still 
in the laboratory stage. 

The conference was attended by 
about 1000 delegates, including the 
author and the A.P.O. Liaison Officer 
for London, Mr. R. C. M. Melgaard, 
Mr. G. Page-Hanify from S.T.& C. 
and Mr. S. Zarda from T.C.A. A 
total of 162 papers was presented, 
including 42 each from England and 
France, 12 from the United States 
and a smaller number from other 
countries. A paper was also presented 
by the author. (Ref. 1.) 
The topics discussed covered a very 

wide range, from network planning 
aspects through to detailed circuit 
techniques under 18 major headings. 
One session was devoted to examining 
the operating performance of systems 
which have already been in operation, 
while several sessions were devoted 
to discussion of systems which are 
at, or near, the final development 
stages.· 

Summary of Main Conclusions 
At the final session, the major 

points and impressions which had 
emerged from the conference were 
summarised, and these are reproduc­ 
ed here (Refs. 2, and 3). 

(i) Developmental work is still be­ 
ing carried out in a number 
countries, while several coun­ 
tries have already announced 
firm plans for the introduction 
of electronic switching. At this 
stage, it appears that the use 
of space division techniques 
are favoured, particularly in 
the United States and in Eng­ 
land. 

* Mr. Wragge is Engineer Class 4, P.M.G. 
Research Laboratories. 

(ii) Time· division techniques are 
not favoured at present for 
individual exchanges, but they 
are being applied to P.A.B.X.'s 
It appears that time division 
techniques do hold promise, 
however, when used on an 
area basis in combination with 
digital modulation techniques. 

(iii) The presently favoured cross­ 
point is an electrical contact 
rather than a semi-conductor 
crosspoint. This is due to both 
cost and transmission consid­ 
erations. At present, the reed 
appears to be the most widely 
favoured crosspoint, and is 
used in all exchanges which 
are at present in commercial 
service. However, crossbar 
switches and miniature fast 
acting open contact switches 
operating on a co-ordinate se­ 
lection principle are being ser­ 
iously considered in a number 
of instances. 

(iv) Work on time division tech­ 
niques directed towards the 
Integrated Switching and 
Transmission (I.S.T.) principle 
is proceeding in a number of 
countries, but this is not yet 
as weI! advanced as are the 
developments using metallic 
contacts. However, it appears 
that the integrated system is 
firmly advocated by many 
workers in the field, although 
decisions have not yet been 
finalised with regard to the 
method of modulation to be 
used, (e.g. pulse code modu­ 
lation or delta modulation) or 
the mode of synchronisation 
(synchronous or asynchronous). 

(v) The control system which ap­ 
pears most advantageous, par­ 
ticularly in the larger systems, 
is the stored programme ap­ 
proach rather than the wired 
logic approach, which is suit­ 
able for the small system. Sys­ 
tem integrity (or reliability) is 
usually provided by a dupli­ 
cated control system in which 
both sections are working on 
a load sharing basis. There is 
now, however, a tendency to 
rationalise many functions 
such as routing; metering, sig­ 
nalling requirements, etc., in 
a more centralised organ with 
some of the more routine func­ 
tions being carried out in 
highly autonomous and peri­ 
pheral organs operating them­ 
selves under stored programme 
control and lightly co-ordina­ 
ted by the central organ. It 
does not seem that adoption of 
a business type computer is 
a practical solution to control, 
as a very specialised form of 

(vi) 

(vii) 

(viii) 

(ix) 

(x) 

(xi) 

"computer" (processor) is re­ 
quired. A universal language 
for telephony-type processors 
is very much needed for pro­ 
gramming purposes, and 
would also be of value to both 
administrations and manufac­ 
turers. 
Metering using highly sophis­ 
ticated automatic methods 
does not yet appear to be at­ 
tractive, although technically 
successful trials of centralised 
metering equipment have been 
held in France and in Japan. 
In the P.B.X. field there are 
a wide variety of techniques; 
wired logic or stored pro­ 
gramme control are used in 
combination with reed or fully 
electronic or time division 
switching together with many 
other subtle variations. 
The integration of a data net­ 
work with the telephone net­ 
work was considered but this 
is still an open question. 
The main innovation in the 
signalling field is the increasing 
acceptance and advocation of 
a "data channel" type of sig­ 
nalling link between electronic 
exchanges which would con­ 
vey both line and information 
signals. These would be pass­ 
ed on a message basis when 
needed rather than on a con­ 
tinuous basis as are line sig­ 
nals in conventional telephony. 
Modular construction is uni­ 
versally accepted. 
The advantages of electronic 
switching appear to be the 
following: 
(a) A rationalisation of manu­ 

facture and greater facili­ 
ties for the use of modular 
constructional techniques 
thus leading to a greater 
proportion of automation 
in manufacture. 

(b) A separation into hard­ 
ware and software via 
stored programme control 
enabling greater flexibility 
to be achieved in the ap­ 
plication of electronic 
equipment without requir­ 
ing a greater diversity in 
the manufactured equip­ 
ment. 

(c) An improvement of relia­ 
bility and also of main­ 
tenance facilities. 

( d) The stage has now been 
reached at which we can 
consider the non-duplica­ 
tion of many control 
functions bearing in mind 
the high degree of reliabil­ 
ity attainable from elec­ 
tronic components. 
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(e) Greater automation of net­ 
work management, traffic 
monitoring, metering and 
telemaintenance, etc. (Note: 
This latter term refers to 
re-arrangements in the 
functional organisation of 
a distant exchange by a 
technician at a central point 
by amending the pro­ 
gramme in the distant ex­ 
change to locate faults and 
also provide an optimum 
service when faults actual­ 
ly exist.) 

(f) It would be possible with 
stored and wired pro­ 
gramme control to provide 
many new services for the 
benefit of subscribers with­ 
out significant increase in 
equipment cost. 

(g) It should be possible to 
replace existing exchanges 
more readily. 

(xii) There is an economic problem 
involved in the use of elec­ 
tronic exchanges but the time 
has not yet come at which 
this can be fully evaluated. 
However, it appears that the 
use of electronic switching 
equipment could not only de­ 
crease the initial cost of the 
equipment but it could also re­ 
duce the space requirements, 
reduce maintenance, increase 
the performance, and optimise 
the automation of network 
management. For a given in­ 
vestment it appears at this 
stage that electronic telephone 
exchanges should show up 
with the most advantage. 

It must be stressed that the above 
comments relate to impressions gain­ 
ed from this conference. They are 
based on the papers submitted to 
the conference and take no account 
of developments which have not been 
reported. The author, however, has 
no reason to believe that these fac­ 
tors would seriously influence the 
conclusions drawn. 

PRESENT STATE OF ELECTRONIC 
SWITCHING 

Commercial Production Commenced 
or Programmed 

Several countries have now either 
adopted, or have announced their in­ 
tention to adopt electronic exchanges. 
U.S.A.: The first to commence com­ 

mercial production was the Bell 
System in U.S.A., where the first ex­ 
changes are now in operation. These 
are large scale stored programme con­ 
trol exchanges which use ferreeds* to 
switch the speech paths. These ex­ 
changes have a basic upper capacity of 
64,000 lines, but will probably not 
be used to their full capacity as this 
can provide problems in loading of 
the stored programme control proces­ 
sor. Bell are now stepping up their 
production of these exchanges, and 
planned to produce 700,000 lines of 

electronic equipment in 1966. The 
statement has been made that the 
Bell System expects to be cuting over 
new electronic exchanges at the rate 
of one/day by 1973. (Ref. 4). 

General Telephones & Electronics 
in the U.S.A. (Automatic Electric) 
are also producing stored programme 
control exchanges using ferreeds. An 
experimental system is on field trial 
and a variant of this has been select­ 
ed to perform the switching functions 
outside the U.S.A. for the U.S. Arm­ 
ed Forces global communications 
network known as AUTOVON. (Ref. 
5). A total of 22 centres using G.T. 
& E. exchanges will be installed for 
Autovon outside the U.S.A. 
U.K.: The United Kingdom is the 
only other country which has al­ 
ready installed production electronic 
exchanges on a commercial basis. 
Two types of exchange are envisaged, 
one in the range 200-2000 lines, and 
the other to cover the range greater 
than 2000 lines. These all use elec- 

trically held reeds under wired logic 
control. The first of these exchanges 
were installed on a trial basis at 
Leamington Spa by G.E.C., and at 
Peterborough by Plessey. (See Fig. 1). 
* Methods of Using Reeds. There are two 
main methods of using reeds, using either 
electromagnetic or rnagnetostatic means to hold 
them operated. In the former case, one 01 
more reeds are inserted into a solenoid, and 
the contacts will remain operated for as long 
as current is passed through the solenoid. This 
forms a "reed relay" and is similar in prin­ 
ciple to a conventional relay. 
In the other method, use is made of the 

field of a permanent magnet to hold the 
contacts operated. Included in the solenoid is 
a rod of material having a high remanence 
which can be magnetised in either direction 
by passing current in the appropriate direction 
through the solenoid. In close proximity, but 
not in the solenoid, is a further rod of highly 
remanent material which is parallel to the 
other and the reeds. The field from the first 
rod can either aid or oppose that from the 
permanent magnet and will cause the contacts 
to open or close depending upon the direction 
in which the first rod is magnetised. A cur­ 
rent pulse is sufficient to operate the contacts, 
and they will remain operated until a current 
pulse is applied in the opposite direction. 
Relays operating on this principle are known 
as ferreeds. 

Fig. 1 - Leamington Spa Exchange. 
{Photo by courtesy of the General Electric Company Limited). 
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The first production exchange was 
cut over at Ambergate on 15 Dec. 1966. 
The name which has been given to 
this system is PENTEX. 

The development of the large ex­ 
change has now been completed and 
the first two orders placed. This is 
known as the REX system. 

In the United Kingdom there is a 
network including roughly 6,000 ex­ 
changes which serves 10,000,000 sub­ 
scribers, and the B.P.O. expect the 
network to treble its size by 1980. 
There will be an increasing propor­ 
tion of development with electronics. 
In 1972 they expect to provide 50% 
of the demand with electronic ex­ 
changes, mainly in the 200-2,000 lines 
size. In 1966 the B.P.O. expected to 
order 50 exchanges and 75 in each 
of the subsequent years and that by 
1970 30,000-40,000 lines of electronic 
exchange equipment will have been 
installed. 

In the U.K., step-by-step exchanges 
will be extended in future with equip­ 
ment using reeds under electronic 
control. Group selector equipment 
has already been designed which is 
compatible and interchangeable with 
step-by-step equipment in function, 
racking, interworking, etc., but which 
will need less space than conven­ 
tional group selectors. 
France: In France, plans have been 
announced to adopt a large electroni­ 
cally controlled reed exchange in 1968 
and a smaller similar exchange from 
1966. The names given to these sys­ 
tems are PERICLES and ARTEMIS 
respectively. 
The ARTEMIS system will be in­ 

stalled as standard P ABX equipment 
in the Paris network. It is a small 
system (maximum capacity 1,000 
lines) which uses ferreeds to perform 
the switching operations under stored 
programme control. 

The PERICLES system is based on 
the use of a three-wire reed switch­ 
ing matrix under a form of stored 
programme control and is scheduled 
for introduction into the Paris area 
in 1968. It is probable that a miniature 
crossbar switch will be introduced 
into this system a few years later. 
This system will be standardised by 
the P.T.T. and will remain as a long­ 
term standard. It is 'expected to be 
introduced on a large scale by 1975. 
This particular system can satisfy a 
number of network requirements, as 
it can be· used for the medium urban 
centres in range 0-10,000 lines or as 
a high capacity urban centre (as a con­ 
trol exchange) to serve 5,000-30,000 
lines or as nodal centres up to inter­ 
national level (as control exchanges). 
This exchange is based on the use of 
multi-registers which are small con­ 
trol equipments operating under their 
own stored programme control but 
with access to a central decision­ 
making unit which has facility for 
translation, metering information, 
routing information, maintenance 
data, etc. If used as a control ex­ 
change this control centre would be 

provided and would serve all the 
multi-registers within that exchange 
and also those of other exchanges 
which are dependent upon that ex­ 
change. If an exchange of this type is 
used as a small urban exchange it 
would be dependent upon a higher 
level exchange and would only have 
multi-registers. It would refer to the 
higher level exchange for charging, 
translation etc. Centralised meter­ 
ing will be provided at control ex­ 
changes on magnetic drums. With 
this system, a number of new inno­ 
vations will be introduced including 
meters at subscribers' premises, pre­ 
payment trunks, etc. There will also 
be facilities for maintenance staff to 
communicate with the central control 
equipment from all exchanges. Em­ 
phasis is being. placed on high re­ 
liability components. 
Japan: In Japan, the major present 
developmental effort in the electronic 
exchange field is the development of 
a stored programme control exchange 
using ferreeds which will have a 
maximum capacity of the order of 
20,000 lines. This system will be de­ 
signated DEX-1. 

This system is being developed by 
the Japanese Administration in con­ 
junction with the four major manu­ 
facturers of telephone equipment, 
N.E.C., Oki, Fuji and Hitachi. An 
initial model is expected to be avail­ 
able in 1967 after which the design 
will be finalised; the manufacture of 
a prototype should commence in 1968 
followed by field trials for final as­ 
sessment in 1969. Production will get 
under way in 1970 and the first stand­ 
ard electronic exchange should go 
into service in about 1973. It is 
intended that this system will be 
used for local office applications. 

The system will use a modified 
rather than standard computer (or 
processor) on a duplicated basis with 

· one processor operating at any one 
time. Computer technology is being 
exploited wherever possible to save 
equipment, space and processing time. 
Examples of this include variable 
length instruction formats, simul­ 
taneous processing. of five instructions 
at one time, etc. Facilities will also 
be provided for connecting the proces­ 
sor to a general purpose computer for 
programme and memory testing if 
required. 

Field Trials in Progress 
Field trials are being carried out 

in a number of countries, and some 
quite encouraging results have been 
obtained. Countries in which trials 
are being, or are shortly to be carried 
out include Germany, France, Den­ 
mark, Sweden, Holland, Belgium, 
Austria, Italy, Finland, and Japan 
at least. 

Some of those at present in service 
include exchanges at Vienna and 
Stuttgart developed by Standard Elec­ 
trik Lorenz, known as the HE60 sys­ 
tem. This is an electrically held reed 
system using wired logic. A large 

exchange using the ESK switch known 
as SEAM has been placed in service 
in Rome to serve 20,000 subscribers. 
This was supplied by Siemens and 
Halske, who also supplied a trial 
reed exchange in Munich. A large 
exchange known as the AKE12 is be­ 
ing installed at Tumba, near Stock­ 
holm, by L. M. Ericsson. This uses 
codebar switches under stored pro­ 
gramme control. 

Operational Results 
The operational results obtained 

from electronic exchanges so far 
have been very encouraging. In the 
first two years operation, the Leam­ 
ington Spa exchange handled over 
two million calls successfully from 
subscribers with only two minor 
faults, neither of which caused any 
interruption to service. The S.E.L. 
HE60 exchange serves 1000 subscrib­ 
ers, and in its first 18 months ser­ 
vice, 14 component failures occurred, 
and 10 wiring faults. (The method 
of wiring has since been altered to 
eliminate this type of fault). (Ref. 6.) 

The Bell System experiences with 
the No. 1 E.S.S. have also been en­ 
couraging. In this case there were 
both programme and hardware faults 
to contend with; however, most pro­ 
gramming matters have now been 
cleared, and the fault reports received 
per week per 100 subscribers are now 
less than about 0.6. On the hardware 
side, again a small number of failures 
has been experienced, bearing in mind 
the large number of components in 
this system. The faults for the initial 
six months service amount to one re­ 
sistor, one capacitor, three low power 
transistors, two power transistors, 
two relays, six connectors and five 
transformers. (Ref. 7.) 
While these component fault rates 

are in themselves impressive, care 
must be taken not to draw the con­ 
clusion that electronic exchanges will 
require only minimal maintenance. So­ 
phisticated methods are available for 
location of faults within the exchange, 
but a large proportion of faults will 
be generated outside the exchange 
which require staff at the exchange. 
For example, the Stuttgart exchange 
experienced 142 faults in subscribers' 
equipment and 167 in adjacent ex­ 
changes and connected cable plant in 
its first 18 months service, which 
completely dominates the fault statis­ 
tics in comparison with the electronic 
equipment faults described earlier. 

INTEGRATED SWITCHING AND 
TRANSMISSION 

Development is already being. car­ 
ried out to provide an even more 
advanced switching system than the 
present generation electronic exchang­ 
es. The present electronic exchanges 
will in the main take the place of 
the existing exchanges in communca­ 
tions network without greatly affect­ 
ing the network external to the ex­ 
changes. 
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A new concept which could have 
a significant effect on both exchanges 
and automatic networks, known as 
Integrated Switching and Transmis­ 
sion (I.S.T.), has now reached an 
advanced stage in France, and devel­ 
opmental experiments. are being car­ 
ried out in the U.K., Sweden, Japan 
and Australia. 
The I.S.T. concept, or system, does 

not apply specifically to either switch­ 
ing. equipment or to transmission 
equipment but rather to a communi­ 
cations system on a broad basis 
extending over an area which would 
contain a number of exchanges if 
conventional techniques were used. 
In an I.S.T. network, voice signals 

are sampled and digitally encoded in 
time division multiplex (t.d.m.) form 
on entering the system (network) and 
transmitted in t.d.m. form over the 
various communication links in the 
network. The switching of these 
communication links is also carried 
out on a t.d.m. basis using digital 
techniques. The t.d.m. speech signals 
are "demodulated" only when leav­ 
ing the I.S.T. network. Pulse code 
modulation (P.C.M.) is the t.d.m. 
modulation method used in most cur­ 
rent work here and overseas. 
An I.S.T. network exhibits several 

noteworthy characteristics: 
(i) from the transmission viewpoint, 

a circuit, even when switched 
at intermediate points, would ap­ 
pear as one P.C.M. transmission 
link, 

(ii) P.C.M. has a distinct and nar­ 
row threshhold at which noise in­ 
terference becomes significant. 
This is different from conven­ 
tional analogue systems in which 
increase in noise level produces 
a progressive deterioration in 
performance. 

(iii) by using t.d.m. techniques for 
switching purposes, the ele­ 
ments of time and space switch­ 
ing can be combined so that the 
number of physical crosspoints 
can be reduced significantly even 
though their complexity is in­ 
creased. 

An I.S.T. system would necessarily 
operate with an electronic control 
system, probably based on stored 
programme techniques. This intro­ 
duces the possibility of increasing the 
separation between switching. and 
control to the extent where each can 
to a large extent be engineered separ­ 
ately to meet the needs of the net­ 
work. Thus, there would be a num­ 
ber of "exchanges;" or switching 
centres, which would be equipped with 
very little control apparatus and 
others which would function as pow­ 
erful control centres. The switching 
centres would thus combine concen­ 
tration with a certain amount of 
local switching or even ultimately de­ 
generate to perform an elementary 
concentration function only. This in­ 
troduces the concept of control on 
an area basis, rather than on a "per 
exchange" basis. A network based on 
this concept is shown in Fig. 2. 
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Fig. 2 - General 1.5.T. Network. 

Introduction of an I.S.T. System 
into the Existing Network. 

The introduction of I.S.T. into an 
existing network falls naturally into 
three distinct phases: 
Phase 1: The introduction of junc­ 
tion carrier systems in their own 
right using some form of digital 
modulation on a time division multi­ 
plexed basis. Currently there is con­ 
siderable interest in P.C.M. systems 
and several telephone administrations 
have either already commenced or are 
preparing to commence the introduc­ 
tion of this type of equipment. The 
main factor of interest at this stage 
is that this will lead to the estab­ 
lishment of a junction (and possibly 
trunk) network operating on a t.d.m. 
basis. These systems are available 
in various channel capacities, 24 
channels being common. The main 
area for application of P.C.M. systems 
at the present time appears to be 
in metropolitan networks. This is the 
junction network development phase. 

Phase 2: This can commence as soon 
as a particular exchange, A, has 
P.C.M. routes established to a num­ 
ber of different exchanges, B, C, . . ., 
and there is a significant flow of traf­ 
fic between, B, C, . . . etc., which 
can be carried by direct routes, via 
A or via other switching centres (see 
Fig. 3 (a) ). In this phase, the ex­ 
change A would be effectively divid­ 
ed; the existing audio junctions 
would continue to be served by the 
existing electromechanical switching 
equipment, but a t.d.m. electronic 
switching stage would be installed to 
switch the traffic flowing in the 
P.C.M. channels on an originating, ter­ 
minating and transit basis. A t.d.m. 
control centre would be set up at A 
to take charge of the t.d.m. switch­ 
ing operations there (see Fig. 3 (b) ). 
This is the tandem switching develop­ 
ment phase. 
Phase 3: After the P.C.M. switching 
stages and control equipment have 
been established at a particular tran- 
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fig. 3 - Initial Development of an 1.5.T. Network. 

sit exchange, the P.C.M. switched net- which could have a distinct impact 
ork can be expanded in several on the future structure of commum­ 
:a s as illustrated in Fig. 4. P.C.M. cation netw?rks, apart from those 
syite~s may be used to connect local aspects _relatmg to performance quot­ 
groups of approximately 24 subscrib- ed earlier. Some of these are ~1s­ 
:rs to the transit exchange, or they c1;1ssed hereunder from the speculative 
may be associated with an expansion viewpoints, 
stage to serve local groups of about Integration of Techniques: The use 
200 subscribers. Switching stages can of the same digital techniques to 
also be set up at adjacent exchanges handle both trans~is~ion and switch­ 
to carry out local P.C.M. switching ing can have a s1gmfi_cant effect _on 
within those exchanges under the CO!}· manufacturing of equipment, . which 
trol of the transit exchange. This will be discussed later. It will. also 
network can be expanded under th~ have a unifying effect on the trammg 
control of the transit exchange until of installation and maintenance staff, 
the control equipment reaches satu- which would tend to increase the 
ration following which a further "con- range of equipment which could be 
trol c~ntre" would be established and handled by the one technician. 
the I.S.T. Network divided for con- Routing: As the transmission is via 
trol purposes mto t"."o parts, each P.C.M. and demodulation is carried 
under the control of its own control out only once when leaving the I.S.T. 
centre. (The question of whether two network the quality of transmission 
control centres rather than one within 'the I.S.T. network will be 
should be initially provided has been ideally invariant with regard to both 
avoided at this stage to enable the distance and the number of links in 
basic concepts to be . more clearly tandem. Signalling will also be in­ 
demonstrated.) By this meal}s the dependent of the length (and resis- 
1.S.T. network can. grow ~s dictated tance) of the links between switching 
by traffic _needs m al?- mcremental points. This divorce of quality from 
mann~r using the . available control number of tandem-connected links and 
capacity existing within the network. link length will confer additional de­ 
Control equipment c~n also be added grees of freedom on the selection of 
on a progressive basis _to meet needs network topology. Since the per unit 
as they arise. . This introduces the cost of circuit per route decreases 
concept of an l!}Creasmg separation as the number of circuits increases, 
between the sw1tc~ed network and there will be a greater emphasis on 
the control sy~tem m_ much the same fewer basic routes of very high capa­ 
way. 8;S switching _eqmpment has been city and fewer exchanges in a net­ 
traditionally cons1de_re~ as being se- work than would be encountered in 
pa~atE; from trans~1ssion equipment, an equivalent electromechanical net­ 
This 1s the subscriber s development work. This could significantly change 
phase. the emphasis on alternate routes used 

Implications of I.S.T. in present network planning. The 
There are a number of implica- route followed by a call through an 

tions inherent in the I.S.T. concept I.S.T. network could well take a more 

:L~:~~: { I ::I:: I / ~-F }~~B~+- 
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EXCHANGE. P.C.M. LINKS 

.}TO ABOUT 
200 SUBS ,___. _ 

CODEC + EXPANSION STAGE 
Fig. 4 - Later Development of an 1.5.T. Network. 

circuitous route and therefore pass 
through more switching points than 
in an equivalent electromechanical 
network, but it would in the main 
traverse high density routes. 
Use of Concentrators: The I.S.T. ex­ 
change would in general be a "tan­ 
dem" exchange in that it would switch 
only high traffic circuits, and would 
serve high density routes. Local traf­ 
fic would be gathered and distributed 
by concentrators of up to 500 lines 
capacity and connected to the tan­ 
dem points. 
Divorce of Speech Network and 
Control: The separation of control and 
switching was briefly mentioned ear­ 
lier; this concept can be readily ex­ 
tended to encompass the provision of 
a total control network which con­ 
trols not only the speech transmission 
and switching networks, but also tele­ 
graph, data, facsimile, broadcast and 
TV networks as well. It would ap­ 
pear at this stage that the speech 
network could also provide the facili­ 
ties requiring wider bandwidth by 
combination of channels; the inclusion 
of the telegraph network in a pre­ 
dominantly I.S.T. system may be prac­ 
tical under heavy traffic conditions, 
but it will require a considerable 
amount of study before this aspect 
becomes clear. 

Developmental Work in I.S.T. 
In the United Kingdom a team 

from the B.P.O. Research Station is 
preparing to carry out an initial I.S.T. 
exercise in the Earls Court area in 
the near future. This will be a purely 
experimental project aimed at gain­ 
ing experience in the design and 
operation of an I.S.T. system. In the 
initial stage four concentrators will 
each be connected by two P.C.M. 
links to a central P.C.M. switching 
exchange. It will handle about 50 
erlang.s of traffic. 

The French appear to be the most 
advanced in the development of in­ 
tegrated switching and transmission. 
The Central Telecommunication La­ 
boratories in Paris (L.C.T.) have al­ 
most completed the development of a 
military version and are now well 
advanced with a model for civil use 
and have constructed all of the neces­ 
sary hardware in laboratory form. 
The National Centre for Telecom­ 

munication Studies in France 
(C.N.E.T.) have already completed 
their first phase in an I.S.T. develop­ 
mental project; this includes the de­ 
velopment of a model operating within 
their laboratory to gain experience 
in the design and operation of such a 
system. A model is now in opera­ 
tion at Lannion and is connected into 
the experimental network which has 
been constructed in that area by the 
C.N.E.T. They are now proceeding 
to the second phase of their develop­ 
ment which will include the design 
and construction of a system which 
will be placed in network operation 
using subscribers in the Lannion 
area. This will include several 
P.C.M. switching centres and a num­ 
ber of concentrators. 



June, 1967 THE TELECOMMUNICATION JOURNAL OF AUSTRALIA 89 

Advantage is being taken of this 
opportunity to obtain working experi­ 
ence with various types of transmis­ 
sion media as bearers for the P.C.M. 
systems. These will include a 7 Gc/s 
and a 2Gc/s microwave link (carrying 
256 and 32 channels respectively) 
coaxial cable and normal trunk cable 
(32 channels in each case). Subscri­ 
bers cable will also be used to carry 
P.C.M. in a parallel mode at lower 
speed than normal to concentrators. 
This model network will include satel­ 
lite centres, urban centres, nodal cen­ 
tres and an information processing 
centre. They will not be full size 
but will offer the facilities that full 
size installations must provide. The 
number of subscribers concerned in 
this area wil be about 8,000. In this 
phase a number of changes will be 
incorporated as a result of the experi­ 
ence gained in the initial experiment, 
the most significant of which will be 
that the system will be operated on 
an asynchronous basis rather than on 
a synchronous basis as was the labo­ 
ratory model. 

L. M. Ericsson are also active in 
this field and commenced the develop­ 
ment of their E.M.A.X. 300 system in 
1962. The system will use a P.C.M. 
exchange operating under the con­ 
trol of a stored programme control 
processor and using P.C.M. links to 
concentrators. The concentration 
stages in these concentrators will em­ 
ploy metallic crosspoint switching. 
The reason for this is that this will 
considerably reduce the number of 
filters in the system and thus im­ 
prove the economy. It has also the 
advantage that the use of standard 
telephone instruments is possible 
without modification. Little further 
detailed information is available con­ 
cerning this system at this stage. 

In each case the I.S.T. network 
concept is based on large P.C.M. ex­ 
changes having capacity of the order 
of tens of thousands of lines with 
dependent concentrators having capa­ 
city in the range 200 to 500 lines. 
The French envisage an incomplete 
mesh network interconnecting the 
P.C.M. exchanges, with P.C.M. links 
being provided on a traffic basis. The 
British envisage having no closed 
loops in their system at this stage, 
but rather provide their network se­ 
curity by means of· geographical split­ 
ting of junction routes. 

PROGRESS IN AUSTRALIA 
Current developments both in the 

Australian network and in the deve­ 
lopment of electronic exchanges over­ 
seas are being watched closely, and 
it would appear at this stage that the 
initial application of electronic switch­ 
ing techniques in Australia could well 
lie in the trunk transit switching area 
where a high growth rate is being ex­ 
perienced. This could well involve 
the larger centres such as the capital 
cities where multiple A.R.M. installa­ 
tions would otherwise be required. 
Detailed studies are being carried 
out at present with the object of 
determining whether large electroni­ 
cally controlled trunk exchanges 
should be commissioned in the early 
1970's. 

On the more advanced front, stud­ 
ies of I.S.T. are also being conducted 
and a model network is being develop­ 
ed for experimental purposes in the 
Research Laboratories. (Ref. 8). 

CONCLUSION 

Developments in the electronic 
switching area have been successful, 
and the introduction of electronic 

switching on the world scene is now 
commencing. In general, the "current 
generation" electronic exchange uses 
reeds as the main switching medium 
under stored programme control. It is 
probable that this will be followed 
within the next decade by the inte­ 
grated switching and transmission 
system. 
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TECHNICAL NEWS ITEM 

TELEX SERVICE EXPANSION 

Since the Post Office telex system 
was converted to automatic operation 
in June 1966, expansion has been 
rapid. Figures for the first nine 
months of the year indicate that the 
growth rate is now approximately 
850 subscribers/annum, as compared 
with 257 for the last year of manual 
operation. The service now connects 
approximately 3,000 subscribers in 
Australia who have access to the in­ 
ternational network through the in­ 
ternational exchange operated at Syd­ 
ney by the Overseas Telecommunica- 

tions Commission, Australia, to ap­ 
proximately 250,000 subscribers in 
other countries. 

Although exchanges are located in 
the capital cities and a few large 
provincial centres, subscribers can be 
connected to the system from any 
part of Australia covered by the Post 
Office line network. Subscribers at 
remote points are charged as if an 
exchange exists in their area even 
though the actual subscriber connec­ 
tion may be taken some hundreds of 
miles to an exchange, most often us­ 
ing a channel of a voice-frequency 

telegraph system for the major por­ 
tion of the connection. 

The demand for telex services in 
remote areas such as the north west 
of Western Australia, where conven­ 
tional line communication plant is 
not available, has presented problems. 
The Postmaster-General's Department 
is now seeking error detection and 
correction equipment suitable for use 
on sub-standard telex subscriber cir­ 
cuits provided over low-power radio 
circuits. Equipment of this type will 
be used to provide an interim service 
until standard quality communication 
links become available. 
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MANUAL TRUNK SWITCHING DEVELOPMENTS IN AUSTRALIA 
INTRODUCTION 

This article is the first of a series 
of five on recent developments in 
manual switching of trunk traffic in 
Australia. In this article the present 
and expected demand for manual 
switching service will be reviewed, 
the equipment available will be sur­ 
veyed and the decision to proceed 
with two new developments will be 
set against the background of the 
alternatives considered, the timing 
and integration problems, and the 
likely cost of alternative develop­ 
ments. Chamberlain and Elliott (Ref. 
1.) discuss the operating and technical 
facilities required by the A.P.O. in 
manual switchboards and Chamber­ 
lain (Ref. 2) describes the 4-wire 
cordless switchboard being developed 
by L. M. Ericsson for the A.P.O. 
Future articles will describe (i) a 4- 
wire cord-type switchboard being de­ 
veloped by the A.P.O. and, (ii) the 
physical design of the switchboard 
operating consoles. 

PRELIMINARY CONSIDERATIONS 
Methods of Handling Trunk Traffic 
Apart from isolated experiments, 

until 1940 all trunk traffic was hand­ 
led in Australia over trunk lines 
terminating at both ends on manual 
switchboards. This meant that on 
every trunk call an operator was used 
in the originating exchange area and 
in the terminating exchange area to 
handle the call. Operators at inter­ 
mediate stations were frequently in­ 
volved in setting up calls, and, al­ 
though it was by then quite rare, the 
author has observed a call with six 
trunk links in tandem with manual 
operations at seven exchanges within 
the last 10 years. Since 1940, auto­ 
matic switching equipment has been 
provided in the trunk network in in­ 
creasing quantities, so that the oper­ 
ator at the originating network who 
accepted the trunk booking from the 
subscriber and recorded all the de­ 
tails of the call could then complete 
the call without further manual as­ 
sistance. By 1960 approximately 
90% of trunk traffic in Australia was 
being handled by only one operator. 
As a result of this and improved 
operating techniques, the number of 
operators in Australia has remained 
substantially constant for many 
years, while the trunk traffic has been 
increasing by at least 10% per an­ 
num. 

Manual Switchboards in Use 
Initially trunk lines were connected 

to magneto switchboards and the 
trunk operating load represented a 
small proportion of the telephonist's 
* Mr. Wright is Engineer Class 5, Exchange 
Equipment Section Headquarters. See Vol. 
14, No. 5/6, Page 421. 

work. As the trunk network expand­ 
ed, however, installations of special 
suites of manual positions for hand­ 
ling trunk traffic became necessary 
in the larger centres. During the last 
30 years or so, these have been main­ 
ly CB sleeve control cord-type switch­ 
boards, but some semi-automatic 4- 
wire cordless switchboards have also 
been used. 

Four-wire Switching 
From a transmission viewpoint 4- 

wire switching of 4-wire trunk cir­ 
cuits is desirable. The sleeve control 
switchboard was designed to permit 
this, but the 4-wire switching opera­ 
tion required the use of two pairs of 
cords. In practice, operators have 
rarely used this facility after they 
have discovered that the call could 
be completed using one pair of cords 
only; the transmission impairment 
was not obvious to the operator, and 
if circuit instability was encounter­ 
ed this was usually recorded as a 
trunk line fault. The switchboards 
have therefore been used almost en­ 
tirely as 2-wire switchboards. The 
cordless semi-automatic positions 
used were of A.E.I. design (formerly 
Siemens, London) and provided 4- 
wire switching where required. They 
have been very successful in prac­ 
tice both as regards operating facil­ 
ities and from an engineering view­ 
point. They are closely tied to the 
motor uniselector switching tech­ 
nique and also the 2VF trunk line 
signalling technique developed by 
A.E.I. Because most of the automatic 
trunk switching and signalling equip­ 
ment installed in Australia between 
1940 and 1960 was of A.E.I. design, 
the CB sleeve control switchboard 
was also designed to be compatible 
with this trunk switching equipment. 

Effect of Crossbar Switching Decision 
Inherent in the broad decision to 

introduce crossbar switching equip­ 
ment in Australia was the intention 
to cater for the expansion of auto­ 
matic trunk switching in the network 
with crossbar equipment. Because 4- 
wire switching is required at sec­ 
ondary and higher order switching 
centres, the use of the CB sleeve con­ 
trol-type switchboard for the com­ 
plementary manual switching was not 
attractive. The use of the A.E.I. type 
switchboard specifically designed to 
fit in with motor uniselector switch­ 
ing was not attractive either in situ­ 
ations where the bulk of the trunk 
switching would be carried out with 
crossbar equipment. A complete re­ 
view was therefore made of the 
manual switching requirements of 
the Department, resulting in the de­ 
velopment of two new types of man­ 
ual switching equipment, each being 
suitable for use with both old and 

L. M. WRIGHT, B.Sc., A.M.I.E. Aust.* 
new trunk switching equipment and 
each giving 4-wire switching. 

Likely Demand and Field of Use for 
Manual Switching 

Even if the number of operators in 
the Australian network were to re­ 
main relatively constant for many 
years to come (and there is no justi­ 
fication for an unqualified assump­ 
tion that the manual switching load 
will remain static) there would still 
be a demand for new switchboards. 
One reason for this demand is that 
replacement of equipment which has 
reached the end of its economic life 
is · often necessary. A second reason 
is that it is often necessary to re­ 
locate manual switchboards now loca­ 
ted in Post Office buildings to provide 
for growth of telecommunication and/ 
or postal services. A third and major 
demand for new switchboards arises 
from the increasing centralisation of 
manual switching; larger suites of 
manual positions are generally in­ 
stalled at the higher order centres, 
while older manual suites (often mag­ 
neto switchboards) at the smaller 
centres surrounding it are closed, par­ 
ticularly when the smaller areas are 
simultaneously converted to auto­ 
matic working. 

A first order estimate of the likely 
demand for new positions made about 
three years ago suggested that ap­ 
proximately 1,500 new manual switch­ 
ing positions would be required in 
Australia within 10 years. More de­ 
tailed examination during the last 
three years of the needs of specific 
manual centres indicates that this 
estimate may well be low. 

Location of Manual Positions 
Detailed studies of particular areas 

generally suggest that manual switch­ 
ing centres at the secondary switch­ 
ing centre should serve the whole 
secondary area. In some cases fur­ 
ther centralisation to higher order 
centres serving several secondary 
areas and possibly several numbering 
areas appears justified. This gives rise 
to some interesting problems in en­ 
suring that the telephonists will cor­ 
rectly docket the calling subscriber's 
number; these possibilities have been 
taken into account in the detailed 
design of the equipment. In a few 
cases retention of manual service 
centres at minor switching centres 
is justified by special circumstances 
such as relative isolation of the area. 
A small switching centre is not 

economic from a staffing viewpoint, 
but conversely a very large centre 
having more than about 300 to 400 
operators gives rise to special staf­ 
fing problems also. The optimum size 
from many points of view ranges 
between 20 and 100 positions, but 
because of the sparsely-settled nature 
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of many areas of Australia there 
will still be many centres with less 
than 20 switchboards installed. It 
should be noted in passing that it is 
in these more isolated parts of Aus­ 
tralia that serving more than one sec­ 
ondary area from the one manual 
switching suite is least attractive be­ 
cause of the danger of isolation of 
the subscriber from the point at which 
he may obtain manual assistance and 
to which he would normally report 
service difficulties. In trying to find 
the likely distribution of sizes of man­ 
ual switching installations, the inter­ 
play of these various factors was not 
well enough defined for a clear dis­ 
tribution to emerge. It was clear, how­ 
ever, that some centres would require 
less than 15 positions even within a 
15 to 20 year period, while others 
would require approximately 100 posi­ 
tions almost immediately, thus indi­ 
cating the extremes likely to be en­ 
countered. 

Timing Considerations 
Apart from the numbers of positions 

required, the immediate demand for 
major installations at Newcastle and, 
to a lesser extent, Brisbane, exerted 
a major influence on the decisions 
made. At Newcastle a new telecom­ 
munications building is already being 
built at Hamilton, three miles from 
the existing manual switching suite 
housed in the Post Office building. 
The existing suite of 40 switchboards 
is nearly 40 years old and should be 
replaced because an uneconomic 
amount of maintenance is required. 
The space in which the manual boards 
are at present housed is required for 
postal purposes, and for transmission 
reasons the manual switching should 
be associated with the main trunk 
line plant which is now concentrated 
at Hamilton. Because of the obvious 
disadvantages of using manual switch­ 
ing equipment of earlier designs, this 
project has already been unduly de­ 
layed, and the earliest possible solu­ 
tion was desired for this particular 
project. In addition the Brisbane 
manual switching centre requires ex­ 
pansion and modernisation, whilst the 
need for expansion at Canberra has 
also emerged as a strong requirement. 
When new designs of manual 

switching equipment were being con­ 
sidered, these timing considerations 
were a major constraint resulting in 
emphasis on providing a satisfactory 
solution quickly, rather than a more 
sophisticated or elaborate solution 
which would require a longer develop­ 
ment time. 

Integration into the Crossbar System 
Another major constraint was the 

desire to use, if possible, the same 
switching equipment for S.T.D. and 
for manual trunk switching. The ARM 
trunk transmit switching system had 
already been selected for S.T.D., and 
it was therefore very desirable that 
the manual switching system be com­ 
pletely compatible with it. This would 

not be an overriding consideration in 
the larger centres such as Brisbane 
where a separate manual exchange 
would not result in greatly increased 
switching costs, but in smaller centres 
the establishment costs for two separ­ 
ate exchanges, one for S.T.D. and one 
for manual .switching, would be sig­ 
nificant and should be avoided. This 
meant therefore that no matter what 
form the manual switchboard itself 
took, it was highly desirable that the 
associated switching equipment be 
ARM 4-wire switching equipment of 
the L. M. Ericsson design. 

Economic Consideration 
In general cordless installations 

have a higher cost than cord type in­ 
stallations, but have a lower incre­ 
mental cost per switchboard. In the 
early stages of the study of manual 
boards, the order of cost of these two 
different types of switchboards could 
only be set approximately and it was 
not clear whether either type of 
switchboard had a clear economic ad­ 
vantage over the other. However, it 
seemed probable that the cord type 
switchboard would be economic be­ 
low 20 positions and the cordless 
would be economic above about 40 
positions. It was therefore decided to 
develop our ideas further on both cord 
and cordless switchboards since it ap­ 
peared likely that the cord type 
switchboard would be required in 
small centres and the cordless switch­ 
board would be the only satisfactory 
switchboard from the economic and 
operating points of view in the larger 
centres. 
When both cord and cordless 

switchboard developments had pro­ 
ceeded further it was possible to make 
a better comparison of probable costs, 
but there was still no clear indication 
that either would be the more econo­ 
mic. Indeed, it was apparent that a 
small error in estimating the costs of 
either type of switchboard would re­ 
sult in a big change in the crossover 
point in costs. 

ALTERNATIVES CONSIDERED 

For the cord type switchboard only 
one type of development was seriously 
considered. The previous method of 
using two cord 'pairs for establishing 
4-wire calls was not entertained at all; 
it was decided to base the development 
upon the use of 6 part plugs and jacks 
which have been in service in Germany 
for some years. Consideration was 
given to using the switchboard in such 
a way that it would bridge across 
automatic equipment which would be 
used to establish the actual connec­ 
tions on a 4-wire basis, but this ap­ 
peared to offer no cost advantage at 
all compared with a cordless solution. 
In essence, unless the plugs and jacks 
plus the operator's intelligence replace 
switching stages, there is no cost ad­ 
vantage in using a cord type switch­ 
board. The choice thus fell naturally 

on a conventional 4-wire switchboard 
with the transmission path taken 
through the plugs and jacks of the 
switchboard. In the article on the cord 
type switchboard other more detailed 
choices made in deciding just how 
this switchboard would fit in with the 
existing network will be discussed, 
but at the stage of a broad selection 
of the type of switchboard to be de­ 
veloped, only the one solution was 
seriously considered. 
Although the 4-wire cordless switch­ 

board used in the trunk network had 
proved very satisfactory, it was real­ 
ised that some overseas developments, 
and in particular the American Traffic 
Service Position (T.S.P.), offered 
attractive operating features. A study 
of all the information available on this 
development and others in many parts 
of the world was therefore made. 

The American T.S.P. is quite dif­ 
ferent in basic concept from the cord­ 
less switchboards which we have used 
in Australia and which are in general 
use in Europe, and because of its gen­ 
eral interest a little more detail is 
included on it. It was developed initial­ 
ly in one of the Bell system operating 
companies and has since ·been develop­ 
ed further in the Bell Telephone 
Laboritories. The Automatic Electric 
Company of Chicago has also devel­ 
oped an operating position which is 
similar in concept. 
From an operating point of view 

the T.S.P. operator handles all types 
of calls, such as normal trunk assis­ 
tance calls, coin telephone calls, re­ 
verse charge calls, credit card calls, 
and such specifically American types 
of service as the enterprise service in 
which large Department Stores adver­ 
tise reverse charge arrangements on 
calls from specific areas. The operator 
only retains supervision of the call 
after it has been set up if she nomi­ 
nates this at the time. Ordinarily the 
call is completed through the switch­ 
ing equipment and the manual opera­ 
ting position is completely discon­ 
nected. Reference back to an operator 
may be made in special circumstances, 
e.g. when a coin call has run to the 
time limit allowed, but the call is not 
necessarily referred back to the oper­ 
ator who originally handled the call; 
some display of the status of the call 
and the charges involved is therefore 
required. 
The position design is influenced a 

good deal by the very complex tariff 
structure in the United States where 
literally hundreds of separate charge 
rates apply for various calls. Some of 
the factors with which we do not have 
to contend are such things as city, 
State and Federal taxes levied on tele­ 
phone calls, and financial arrange­ 
ments set by independent Commis­ 
sions, both State and Federal. Auto­ 
matic toll ticketing is widely used in 
America and a major emphasis in the 
T.S.P. design is to get the charging 
data recorded in such a way that the 
automatic processing system associat- 
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ed with the toll ticketing can be used 
for processing the call charges. This 
alone was a reason why the T.S.P. 
could not be used directly in the Aus­ 
tralian network; we do not have call­ 
ing line identification equipment, and 
therefore the display and automatic 
recording of the calling subscriber's 
number would not be possible. 

Another .feature of the American 
T.S.P.s is that provision is made for 
the operating consoles to be separated 
by some miles if necessary from the 
switching equipment. It is understood 
that this feature is not used very 
often, but in some big cities it is very 
difficult to obtain operating staff wil­ 
ling to travel in the immediate vicin­ 
ity of a downtown switching centre in 
the early moring or late at night. 

An interesting adjunct of the T.S.P. 
is the provision of special training 
facilities. By means of a series of 20 
punched paper programming tapes and 
associated speech on magnetic tapes, 
operators may ·be trained first with 
slow and simple calls, progressing to 
complex situations on the later tapes, 
finishing with very difficult cases, e.g. 
an obstreperous drunk demanding 
rather indefinite service. 

PARTICULAR SOLUTIONS 
ADOPTED 

In the long. run the dominant con­ 
siderations were:- 

(i) that any solution should be 
available quickly; 

(ii) that any solution must be 
closely integrated with the 
ARM exchange design. 

As outlined above the cord type 
switchboard will be of conventional 
design using 6 part plugs and jacks. 
In order to produce a quick solution 
it was decided to proceed with this 
development using the Department's 
own design resources. Design com­ 
menced in fact before finality had 
been reached on some operating pro­ 
cedures; this was a calculated risk, 
and fortunately only minor changes 
were necessary part way through the 
design phase. It was initially intend­ 
ed that this new switchboard would 
be an adaptation of the previous CB 
sleeve control switchboard so as to 
minimise design time and effort. In 
practice, however, it was found fairly 
quickly that ready adaptation of the 
earlier design was not feasible and 
therefore the circuit design used com­ 
pletely new circuit elements. It was 
also envisaged in the early stages 
that the same sleeve control switch­ 
board console would be used, but this 
too proved to be unduly restrictive 
and so a complete redesign of the 
console was also undertaken, particu­ 
larly as this part of the work could be 
done in less time than was required 
for the electrical design. 

For cordless switchboards, it was 
clear that only L.M.E. could reason­ 
ably be expected to produce a well 
integrated design within the time 

available since ARM equipment was 
not then in full scale production and 
the information available to the other 
companies on the ARM system was 
too limited for detailed design. Also 
because of the time factor it was 
decided to use the existing L.M.E. 
cordless manual positions, with mini­ 
mum change to suit Australian opera­ 
ting procedures and practices. 

One major point of difference be­ 
tween L.M.E. practice and Australian 
practice was that L.M.E. do not re­ 
commend queueing of calls incoming 
to manual switchboards but prefer a 
call distribution technique which re­ 
quires much less equipment. Austra­ 
lian experience with queueing sys­ 
tems, however, has been so satisfac­ 
tory that the Telecommunications Di­ 
vision required that calls incoming 
to the larger manual switching suites 
be , queued. Some other features such 
as caller-in-circuit and overlap opera­ 
ting which had been used here for 
many years and had given substantial 
operating economy were also diffe­ 
rent from L.M.E. practice. 
At this stage, although the general 

pattern of the cordless switchboard 
appeared fixed, many trunking. varia­ 
tions were considered; more detail 
will be included in subsequent articles. 

SPECIFICATION OF TECHNICAL 
AND OPERATING FACILITIES 
Once the broad pattern of develop­ 

ment had begun to crystalise, the pre­ 
paration of a detailed specification of 
technical and operating facilities re­ 
quired for both cord and cordless 
positions was undertaken. This ap­ 
parently simple task required a great 
deal of discussion between the en­ 
gineering and operating sections of 
the Administration. To enable the 
designer to proceed with some confi­ 
dence, the general objective was to 
provide a clear statement of such 
things as the periodicity of flashing 
of lamps, and the types of key opera­ 
tions desired, and this in itself im­ 
plies that an operating procedure has 
been clearly defined. 

It was initially intended that sepa­ 
rate specifications be developed for 
cord and cordless switchboards, but 
only one specification emerged as the 
differences were quite small. 

STAGES OF DEVELOPMENT 
The stages of development foreseen 

were that the specification should 
form a basis for a quotation on a 
cordless manual switchboard, and 
should be the design basis for the 
Department's team developing the 
cord type switchboard. It was pro­ 
posed that the costs of the cord and 
cordless switchboard should be com­ 
pared when a quotation had been re­ 
ceived for the cordless board, and 
that one or other of the two develop­ 
ments should then be dropped. In the 
event, however, no clear difference in 
cost emerged and both developments 

are proceeding. The cordless switch­ 
board will clearly be better in larger 
installations, but the cord type switch­ 
board will be available sooner than 
the cordless, and there are several 
installations where a delay would not 
be acceptable, and the cord type 
switchboard has been accepted for 
these projects. 

In the case of the cordless switch­ 
board, when quotations were called 
the tenderer was requested to make 
alternative suggestions if his exper­ 
ience suggested that there were better 
ways of providing the facilities re­ 
quired. The equipment offered includ­ 
ed many departures from the facility 
specification, and it was necessary for 
the Department to send an engineer 
to Sweden to discuss these in detail 
with the designers. These discussions 
in March, 1967, resulted in substantial 
agreement except on the nature of the 
switchboard operating console itself. 
Because of the relatively small de­ 
mand for manual operating positions 
on the world market, the L.M.E. oper­ 
ating console has remained virtually 
unchanged for approximately 20 years, 
since it has provided for a wide range 
of operating, facilities and is very 
durable in service. The A.P.O. con­ 
sidered, however, that it was desir­ 
able to have a more modern operating 
console, and ultimately decided to 
develop this within the Department 
and to marry it with the rest of the 
L.M.E. cordless design. It is not wish­ 
ed to overstress this particular factor; 
it so happened that in connection with 
the cord board design a manual 
switching console of modern design 
had already been prepared which, 
with a small amount of modification, 
would be suitable for cordless switch­ 
board application and the opportun­ 
ity was therefore taken to have a 
more up-to-date operating console. 

MISCELLANEOUS SERVICE 
POSITIONS 

All the foregoing refers only to 
the trunk assistance position, i.e. the 
position at which the subscriber books 
trunk traffic which he cannot com­ 
plete or does not wish to complete. 
The whole question of other mis­ 
cellaneous service positions to pro­ 
vide sucn things as telephone num­ 
ber information, service difficulty re­ 
porting etc., has only been studied 
in outline. This has arisen from the 
same timing constraint which led to 
the trunk assistance solution taking 
the particular form outlined above. 
Although it appears very easy to make 
quick and firm decisions about the 
technical and operating facilities re­ 
quired on miscellaneous service posi­ 
tions, there are considerable difficul­ 
ties in the way of quick solutions to 
these problems. As a simple example, 
the positions for the recording of 
service difficulties encountered by 
the subscribers are influenced by 
many different factors such as trans­ 
mission considerations, the number- 

,. 
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ing plan, the switching plan, the pro­ 
per use of operating staff, timing of 
trunk calls and the particular practices 
already in use in various States. Ela­ 
borating on this a little; if the sub­ 
scriber has to dial one number only 
to report difficulties encountered, and 
if it is desired to offer to him im­ 
mediate connection once the difficulty 
has been noted, then trunk calls must 
be extended via these service posi­ 
tions. Since, in general, the manual 
operating centre will serve some out­ 
lying areas served by 4-wire circuits, 
it will therefore be necessary to ex­ 
tend some of these trunk calls on a 
4-wire basis. However, only a 2-wire 
connection is necessary for the re­ 
porting of purely local troubles and 
there may be a case for suites of 2- 
wire and 4-wire service positions. 
The extension of trunk calls via these 
positions also raises the question of 
the charge to be applied; in fairness 
to the subscriber multimetering. rates 
should apply for a call which he at­ 
tempted to set up through the S.T.D. 
network but which was unsuccessful 
due to failure of Departmental plant. 
At the present time, however, the 
feeding of multimetering pulses over 
the circuits used from the step-by­ 
step network to code llOO would not 

be possible and therefore docketing 
of the call must be considered. From 
an operating. point of view the ques­ 
tion arises as to whether miscellane­ 
ous service operators should be ex­ 
pected to time calls or whether the 
whole call should be handed on to a 
trunk operator who will also be skil­ 
led in obtaining a call through the 
trunk network when the subscriber 
has been unsuccessful, i.e. when there 
is some possibility at least that some 
circuits are faulty or undue conges­ 
tion has occurred. There will be other 
occasions when the operator will 
wish to use the priority features pro­ 
vided in the manual network, but in 
general it would not be economic to 
keep all the service difficulty record­ 
ing staff trained in the special pro­ 
cedures for this purpose. Add to this 
the difficulty of reconciling the di­ 
vergent views -of the various State 
Administrations of the optimum way 
of handling. service dificulties, and 
the problems of obtaining a satisfac­ 
tory specification of technical and 
operating facilities just for this one 
particular miscellaneous service posi­ 
tion are obvious. Similar considera­ 
tions apply to some of the other 
types of miscellaneous service posi­ 
tions. 

CONCLUSION 
The developments outlined in this 

and the associated articles are in the 
nature of interim solutions only. With 
the development of the network more 
sophisticated switching techniques 
will become available and. there will 
be better ways of providing more 
extensive services to the subscriber. 
However, the detailed development of 
the types of service to be offered 
and the operating services and tech­ 
niques which would be satisfactory 
and the integration of these with the 
numbering, charging, switching, trans­ 
mission and signalling plans of the 
Department will necessarily take some 
time, and it is to cover this interim 
period that the developments outlin­ 
ed have been put in hand. 
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TECHNICAL NEWS ITEM 

FIRST DIRECT SATELLITE TELE­ 
CAST FROM NORTH AMERICA 

TO AUSTRALIA 
Arrangements are being made to 

establish the first international satel­ 
lite television relay between North 
America and Australia for a telecast 
of the proceedings during Australia's 
Special Day at the Universal and In­ 
ternational Exhibition, EXPO '67, 
which is being held at Montreal, Can­ 
ada. 

The programme will begin at 1.45 
a.m. Australian Eastern Standard 
Time, on 7th June, and may run con­ 
tinuously to about 9.30 a.m. The re­ 
lay will be broadcast live over A.B.C. 
television stations in all States· ex­ 
cept Western Australia which does 
not have a television relay facility 
from the Eastern States. Commercial 
television stations have been invited 
to share the facilities because the 
event has been declared one of 
national importance. 

The U.S. National Aeronautical and 
Space Administration has agreed to 
provide, free of charge, its communi­ 
cation satellite link comprising the 
ATS-B satellite with earth stations at 
Rosman, North Carolina, in the U.S.A. 
and Cooby Creek, near Toowoomba, 

in Australia. Both the satellite, 
which is in a synchronous equatorial 
orbit over the Pacific Ocean, and the 
earth stations form part of an exten­ 
sive N.A.S.A. experimental pro­ 
gramme called the Applications Tech­ 
nology Satellite Project. The Cooby 
Creek earth station is operated on be­ 
half of N.A.S.A. by Amalgamated 
Wireless (Australasia) Ltd. under the 
control of the Department of Supply. 

In North America, arrangements 
are being made for the hire of micro­ 
wave links between Montreal and 
Rosman over a distance of approxi­ 
mately 1,000 miles. 

The extension of the relay from the 
Cooby Creek earth station to Sydney 
will be over microwave systems pro­ 
vided jointly by the Australian Post 
Office and the Australian Broadcast­ 
ing. Commission. The A.P.O. broad­ 
band network leaves some g.aps be­ 
tween Toowoomba and Sydney and 
these will be bridged temporarily by 
the use of portable microwave relay 
equipment. In order to guard against 
interruption of the relay on the Aus­ 
tralian land section between Cooby 
Creek and Sydney, alternative relay 
links will be provided over critical 
sections of the route. In all, 1,000 
miles of television relay will be estab- 

lished on the routes between Cooby 
Creek and Sydney, comprising 550 
miles of A.P.O. broadband network 
and 450 miles of A.B.C. and A.P.O. 
portable relay equipment. 

The programme will be relayed 
from Montreal to Sydney at the 
American standard of 525 lines 60 
c/s and will be converted to the Aus­ 
tralian 625 line 50 c/s standard by 
conversion equipment at the Gore 
Hill studios of A.B.C. The transmis­ 
sion of American standard television 
signals over the Australian relay net­ 
work between Cooby Creek and Syd­ 
ney creates some difficulties but tests 
recently carried out by the A.B.C. in 
conjunction with the A.P.O. have indi­ 
cated that the difficulties , can be 
overcome. 

After conversion of the picture to 
the Australian standard of 625 lines 
the programme will be relayed to 
Brisbane, Melbourne, Adelaide and 
Launceston over the Post Office 
coaxial cable and microwave net­ 
work, and from each of these cities 
it will be transmitted to all A.B.C. 
regional transmitters. It is likely that 
34 national television stations in five 
States will broadcast the programme 
and over 6,000 miles of Post Office 
television relay will be used to dis­ 
tribute it from Sydney. 
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DEVELOPMENT OF CORDLESS MANUAL 
EQUIPMENT 

TRUNK ASSISTANCE 
L. CHAMBERLAIN, Dip.P.A., A.M.I.E. 
A'ust.* 

INTRODUCTION 
This article discusses the technical 

requirements for equipment to pro­ 
vide manual trunk assistance facili­ 
ties as set out in Australian Post 
Office Specification No. 994 "Austra­ 
lian Manual Assistance Equipment", 
and in detailed specifications which 
have been prepared for individual 
items of equipment. It also describes 
a system using cordless positions de­ 
veloped to meet these requirements. 
The more general aspects of the pro­ 
ject are discussed in a companion arti­ 
cle in this issue (Ref. 1.) and the main 
operating requirements are given in 
another article in this issue (Ref. 2.). 
The design of the operators' desks 
will be dealt with in a future article. 

The trunk assistance operating posi­ 
tions consist of operators' desks loca­ 
ted in the manual exchange room, and 
relay sets and switching equipment 
installed in the associated crossbar 
automatic trunk switching exchange. 
Apart from the operators' desks, the 
equipment is based on existing L. M. 
Ericsson designs which have been 
modified to give special operating 
facilities such as overlap working, 
priority operation, and indication of 
the origin and category of calls, as 
required by the Australian Post Office. 
Special registers, in conjunction with 
the trunk exchange common control 
equipment, provide the signalling and 
the queueing facilities required on in­ 
coming calls and the signalling and 
control facilities for establishing out­ 
going connections. Standard ARM 20 
4-wire trunk exchange selector stages 
are used for switching incoming and 
outgoing calls. 

BROAD REQUIREMENTS 
The basic problem was to develop 

4-wire cordless trunk assistance posi­ 
tions to switching incoming traffic 
from local crossbar and step ex­ 
changes via operators to the S.T.D. 
trunk network and to provide access 
to and from the semi-automatic trunk 
network. The apparatus had to be de­ 
veloped quickly so that it could be 
manufactured and installed in time 
to meet certain urgent commitments. 
It had to be capable of interworking 
with Type ARM 20 crossbar trunk 
exchange equipment. More specific­ 
ally the new equipment had to be 
trunked to meet the following con­ 
ditions:- 

(i) The equipment should inter­ 
work readily with crossbar 
trunk exchanges of the type to 

be installed at secondary and 
higher order switching centres, 
i.e., with ARM 20 exchanges. 

(ii) All trunk assistance positions 
(and all connecting circuits) 
should be capable of handling 
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CIP.CUIT 

demand and reverted trunk 
traffic. 
4-wire switching should be 
used throughout. 
The main incoming access 
would be from local crossbar 
and step exchanges but incom­ 
ing access from the S.T.D. 
trunk network and the semi­ 
automatic trunk network was 
also required. (The semi-auto­ 
matic (2VF) trunk network 
constitutes a major asset and, 
although it will not be extend­ 
ed, it will be used for operator 
dialled traffic for many years.) 
All incoming trunk assistance 
traffic should if possible be 
connected via a common 
queue with access to all posi­ 
tions. 
Information regarding the 
origin of calls should be passed 
to the operating positions. 
Outgoing access should be 
available to the S.T.D. trunk 
network and to the semi­ 
automatic trunk network. 
Priority access to the S.T.D. 
network should be possible. 
International calls would be 
handled by special positions 
having access to the inter­ 
national network via the 
national S.T.D. trunk network. 
The system should be flexible 
enough for use at a continu­ 
ously staffed trunk assistance 
exchange, a non-continuous as­ 
sistance exchange, or at a 
point of concentration for af­ 
ter hours assistance traffic. 
The system design should be 
flexible enough to allow addi­ 
tional devices offering further 
refinements in manual operat­ 
ing techniques to be introduced 
at some future date. 

OUTGOING 'y"---~•- LINES 

}KEYS & LAMPS 

TO 
f------OPERATOP.05 

HEADSET 

Fig. 1 - Cord Type Position. 

DEVELOPING THE TRUNKING 
SCHEME 

Basic Switchboards 
Fig. 1 shows a simple cord type 

switchboard with incoming and out­ 
going lines appearing on jacks which 
can be connected together by cords 
and plugs; any cord circuit can be 
used for connecting incoming lines to 
outgoing lines {demand calls) and for 
connecting outgoing lines together 
(reverted calls). For economy the 
equipment which is used by all cord 
circuits is located in a common de­ 
vice termed "the position circuit". In 
Fig. 2. the cords and jacks have been 
replaced by automatic switches, and 
to economise in switching equip­ 
ment, incoming access has not been 
provided on the "call" side of the 
"connecting circuit". This is not a 
restriction as incoming calls can be 
received on the "answer" side and 
outgoing calls can be made both on 
the "call" and the "answer" sides; 
demand and reverted calls can still 
be made from any connecting circuit. 
Each connecting circuit is provided 
with a set of control keys and super­ 
visory lamps on the operator's desk 
which may be located some distance 
from the relay set equipment. As 
each operator can handle only a small 
number of simultaneous trunk calls, 
only a few connecting circuits are 
provided on each desk; the average 
traffic occupancy of the connecting 
circuits is low. The speech path trav­ 
erses the connecting circuit relay set 
for the full duration of the call. 
To increase the occupancy of the 

connecting circuits and to ensure that 
each position is offered a reasonable 
amount of the incoming traffic, the 
capacity of the automatic switching 
equipment on the answer side may 
be increased so that any connecting 
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Fig. 2 - Simple Cordless Position. 
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Fig. 3 - Large Capacity Cordless Exchange. 

circuit on any position can be used 
to answer calls from any incoming 
line. Similarly the switching equip­ 
ment on the "call" and "answer" 
sides can be extended to give access 
to all the outgoing lines. This is illus­ 
trated in Fig. 3 which is the basis of 
the current development. Other re­ 
finements shown include a queueing 
device to ensure that incoming lines 
are connected to the operators in 
order of arrival of calls, and regis­ 
ters associated with the position 
circuit to assist the operators in set­ 
ting up outgoing calls. 

Other Possible Approaches 
A great deal of interest has been 

shown here and overseas in an Ameri­ 
can development often referred to as 
the Traffic Service Position and it is 
worth digressing to answer the obvi­ 
ous question "Why hasn't the Traf­ 
fic Service Position trunking been 
adopted?" 

In Fig. 4 a switch has been includ­ 
ed between the speech path relay 
sets (links) and the operator's desk 
equipment to increase the traffic 
occupancy of the speech path relay 
sets. Superficially, this may appear 

AEIIERTIIIE 
FINDER 

OUTGOING~ _/\__ 
LINES~ 

INCOMING _, 
LINES 

to decrease the amount of auto­ 
matic switching equipment required. 
but actually about the same overall 
number of cross points as in the con­ 
ventional trunking are needed be­ 
cause the switching stage between 
the link circuit and the position 
equipment must consist of a multi­ 
wire coupler capable of interconnect­ 
ing large numbers of devices; the con­ 
trol of the coupler must be fairly com­ 
plex especially if devices such as 
queueing and reversion of calls are 
included. 
The number of sets of equipment 

on the operator's desk can be reduced 
as shown in Fig. 5 if the operator is 
permitted to through-switch the link 
circuit and withdraw from the con­ 
nection after each call has been es­ 
tablished. (The use of this trunking 
scheme also reduces the cost of sep­ 
arating the operating desks from the 
trunk switching machine.) The pro­ 
vision of automatic charging equip­ 
ment is a basic requirement of this 
scheme as otherwise the operator 
would have to supervise the call to 
completion. This implies some form 
of automatic toll ticketing equipment, 
as metering by means of periodic 
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Fig. 4 - Cordless Position with High Occupancy Links. 

pulses is unsuitable for reverted calls 
and not very suitable for some types 
of demand calls; furthermore the 
transmission of metering pulses 
through the trunk switching machine 
to the originating exchange is not 
practicable on some types of con­ 
nections and some of the older ex­ 
changes are not equipped to receive 
multimetering pulses. 
The savings which can be achieved 

by installing automatic charging 
equipment and releasing the connect­ 
ing circuits as soon as the calls have 
been set up are only marginal unless 
calling line identification is available 
or unless the subscriber is able to as­ 
sist the operator to obtain the out­ 
going connection by dialling the call­ 
ed subscriber's number. Therefore 
although this type of trunking has 
been used successfully with the 
American Traffic Service Position, it 
has not been developed for the cross­ 
bar equipment in Australia, and the 
more conventional arrangment out­ 
lined in Fig. 3 has been adopted. 

Queueing of Incoming Calls 
Some administrations use equip­ 

ment which distributes incoming calls 
to free trunk assistance positions in a 
somewhat random manner and, when 
all operators are engaged offers one 
further call to each position. With 
this system it is possible to achieve 
reasonably high operator loadings 
but the waiting time for answer may 
vary considerably from call to call. 
A refinement would be to offer a sec­ 
ond call only if the first call has been 
connected to an operator for a con­ 
siderable time. 
Although a random distribution 

technique may be cheaper than using 
a special register for queueing incom­ 
ing calls, the latter has been adopted 
as it is considered that the extra ex­ 
penditure is justified to improve ser­ 
vice. The use of queueing registers 
also provides a satisfactory technical 
solution to obtaining information on 
the origin of calls and passing it to 
the operators. 

Most of the trunk assistance traffic 
enters the exchange via incoming re­ 
lay sets associated with the queueing 
register and is connected to an oper- 
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as shown in Fig. 6, but as this equip­ 
ment would not be suitable for 
swrtchmg from 4-wire trunks, two 
groups of positions and separate 
queues would be needed. The pro­ 
posal was abandoned because extra 
design work would have been involv­ 
ed in developing the relay set and 
queueing equipment and because 
separate 2-wire and 4-wire units were 
unattractive for small installations. 
2-wire equipment may still be worth­ 
while to provide access to the local 
network for reverted traffic in some 
large installations, but the cost ad­ 
vantage is marginal. 

Development of an ARF 4-wire 
group selector stage capable of 
queueing calls was also investigated 
but the scheme was deferred 'because 
the available design resources were 
already fully committed and only a 
relatively small number of units 
would have been required initially. 

CONNECTING 
CIP.CUIT 

CONN. CCT, APPARATUS 1 I ~/5. CCT. APPARATUS 

POSITION 
CIP.CUIT 

TO 
1------+-L--"----11-------,-0PERATOR' S 

HEADSET 
Fig. 5 - Traffic Service Position. 

ator by a single switching operation 
(4 partial stages) although the traf­ 
fic which enters the switching 
machine on general purpose S.T.D. 
junctions may traverse two switch­ 
ing stages (8 partial stages) 'before 
being connected to an operator. As 
only a small portion of the trunk as­ 
sistance traffic requires two passes 
through the switching equipment for 
connection to an operator, the use 
of special queueing registers as out­ 
lined above is fairly economical. The 
use of a number of switching stages 
in tandem on incoming assistance 
calls could have been avoided by 
building queueing into the general pur­ 
pose registers which serve S.T.D. 
traffic, but this would have increased 
the cost of all registers in the trunk 
exchange for the sake of a small frac­ 
tion of the traffic; the more expensive 
registers would have been held for 
long periods while calls were waiting 
in the queue and congestion on the 
manual exchange could have been re­ 
flected to the incoming S.T.D. lines; 
any saving in selector stages would 
have been out-weighed 'by the extra 
register costs. Alternatively, a queue­ 
ing device could have been associ­ 
ated with the incoming S.T.D. line re­ 
lay sets; the registers would not have 
been held for long periods but would 
have been recalled when required to 
switch the call to the operator; this 
too would have been uneconomical 
because the cost of the line relay set 
and the coupling equipment would 
have been increased. Another obvious 
queueing technique considered was 
to switch the call to a queue device 

and subsequently to re-switch it to 
the operating position by "jumping" 
from the queue device to the oper~­ 
tor's connecting circuit; this techni­ 
que has not been used as the "jump" 
capability was not immediately avail­ 
able in the standard ARM switching 
equipment. 

Use of ARF Type Crossbar 
Equipment 

Before it was decided to use ARM 
type switching equipment with the 
connecting circuits, several other ar­ 
rangements were considered in the 
hope of finding a cheaper way of 
meeting all the requirements. On the 
"call" side it soon appeared that 
ARM type equipment offered the 
most convenient means of providing 
4-wire access to common outgoing 
trunk circuits, jointly from assistance 
positions and from the S.T.D. sub­ 
scribers. On the answer side of the 
connecting circuits, 2-wire ARF GV 
equipment could be used for switch­ 
ing calls from the local network if 
connecting circuitry were developed 

OUTGOING LINES 
TO ---------t 

LOCAL NETWORK 

THE DEVELOPED SYSTEM 
Physical Considerations 

The manual trunk assistance oper­ 
ating positions consist of desks on 
which keys, timers and lamps for up 
to six connecting circuits can be 
mounted. Push buttons are used for 
key functions which are common to 
the whole position, but lever keys have 
been specified for the individual con­ 
necting circuits as it was hoped that 
this would reduce the time required 
for design work by avoiding the re­ 
design of some equipment. The timers 
are of a standard B.P.O. pattern which 
provides the desired timing intervals. 
The desk equipment is connected 

to relay sets located in the automatic 
trunk exchange room by cables which, 
in the first installations, must have a 
single wire resistance not exceeding 
50 ohms. Later designs should allow 
this limit to 'be increased to 200 ohms 
to permit the consoles to be located 
further from the automatic trunk ex­ 
change, although it is recognised the 
penalty for using separate locations 
may be prohibitive except for large 
city exchanges as it involves about 
150 wires per position. 
The relay equipment consists of 

connecting-circuit relay sets (SNOR­ 
U) and position circuit relay sets 
(OPR-U) which have access to the 
operators' registers (Reg-OA) via 
register finders. The connecting cir­ 
cuit and position relay sets are link­ 
ed also to the ARM common control 
equipment and to miscellaneous equip- 
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Fig. 6 - Suggested 2-Wire/4-Wire Positions. 
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Fig. 7 - Manual Trunk Assistance - Basic Trunking. 

ment on the delay supervisor's con­ 
sole. 
Each connecting circuit employs 

one inlet and one outlet for demand 
traffic and an additional outlet on the 
answering side for reverted traffic. 
The design allows each position to be 
equipped with six connecting circuits, 
depending on the nature of the traffic 
and a fully equipped position usually 
requires approximately 16 inlets to 
the automatic trunk exchange and 10 
outlets from it (including 4 FUR out­ 
lets to trunk lines). 

The Actual Trunking 
The trunking scheme which has 

been developed for the new trunk 
positions is shown in Fig. 7. It was 
adopted because it appeared to be the 
cheapest way of meeting the broad 
requirements set out above, with the 
available crossbar technology and 
without engaging too large a propor­ 
tion of the available design resources. 
Some of the advantages are:- 
(i) The operating position equip­ 

ment, connecting circuits, posi­ 
tion circuits and queue control 
etc., use well known techniques 
for the basic functions. 

(ii) The equipment can be readily 
integrated into the S.T.D. net­ 
work as it employs standard 
trunk switching apparatus ope­ 
rating on a directional 4-wire 
basis. 

(iii) The large availability ARM 20 
switching device with 4 partial 
stages (and the grouping. of all 
the free connecting circuits as 
a single route), allows calls to be 
connected from any incoming 
line to any operating position, 
thereby avoiding in most cases 
the need for multiple queues and 
"link" positions. 

(iv) The use of queueing registers to 

control the switching of incom­ 
ing calls to the positions allows 
traffic from a number of assis­ 
tance services to share a common 
group of incoming junctions and 
provides a convenient point for 
obtaining information regarding 
the origin and category of calls 
from crossbar sources. 

(v) The use of a common switching 
stage for S.T.D. and manual as­ 
sistance traffic should ensure 
economical utilisation of equip­ 
ment particularly in the smaller 
exchanges. 

(vi) The equipment design will per­ 
mit the addition of facilities such 
as automatic charging without 
much difficulty. 

(vii) The operating positions can if 
necessary be separated from the 
trunk switching machine by 
means of cables (or perhaps ulti­ 
mately by data links). 

Some disadvantages of the scheme 
are:- 
(i) It uses a large number of auto­ 

matic trunk exchange inlets and 
so tends to reduce the number 
of inlets available for S.T.D. 
traffic. (This factor is not very 
serious as the number of lines 
which can be connected to an 
ARM exchange is determined by 
the traffic capacity of the trunk 
switching equipment; the inlets 
used for trunk assistance traffic 
have a very low occupancy and 
tend to compensate for high oc­ 
cupancy trunk inlets, so reducing 
the average inlet loading.) 

(ii) It is rather expensive for switch­ 
ing 2-wire traffic, e.g., traffic to 
information positions. 

(iii) It is not the ideal arrangement 
if the manual assistance and the 
automatic trunk exchanges have 
to be installed a long way apart 

as a large number of cable pairs 
is needed. 

(iv) The ARM common control sys­ 
tem is designed primarily to han­ 
dle S.T.D. traffic; it might be 
easier to provide other special 
facilities for reducing operator 
effort at large assistance centres 
if an independent switching and 
control system were used. 

Equipment. Used on Incoming Calls 
Incoming calls from local subscrib­ 

ers' exchanges are offered primarily 
to junctions served by special incom­ 
ing relay sets (FIR-Q). {Routes to 
FIR-Q from local terminal and tandem 
exchanges are not usually allowed 
to overflow via the backbone S.T.D. 
route.) 
Traffic from exchanges not having 

direct routes, overflow traffic from 
remote subscribers' exchanges and 
traffic from distant trunk exchanges 
enter the trunk assistance exchange 
via the normal S.T.D. incoming relay 
sets to be switched to internal relay 
sets (SNR-Q) via the normal trunk 
switching equipment. 
The incoming line relay sets (FIR­ 

Q) and internal relay sets (SNR-Q) 
have access to queueing registers 
(Reg-Q) of which there are two types, 
Reg-Ql for use with m.f.c. signalling 
lines and Reg-Q2 for decadic signal­ 
ling lines. The queueing registers ex­ 
amine the address information and if 
necessary store the calls in sequence. 

A single group of queueing registers 
may control the switching of calls to 
a number of services on a queued 
or non-queued basis and may have 
access to a maximum of four differ­ 
ent queues depending on how many 
separate services require queueing, 
e.g. intrastate, interstate, internation­ 
al, information, etc. Specially marked 
calls such as calls from overseas 
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operators may be given priority over 
other queued calls. 

If a position is preset to accept 
incoming calls and there are no calls­ 
waiting, the first call to arrive will 
be switched immediately to any free 
connecting circuit on the position; 
during switching, information regard­ 
ing the origin of the call may be 
passed to the connecting circuit over 
a by-path and a call waiting tone will 
be heard by the operator. If there are 
no preset positions, the queueing 
register will obtain access to the 
queue device by means o.f a queue 
connector, consisting basically of 
crossbar switches. The call will wait 
in the queue and receive ringing tone 
from the queueing register until un 
operator indicates she is ready to 
take a call by operating the call ac­ 
ceptance key; the call at the head of 
the queue will then be switched to 
any free connecting circuit (SNOR­ 
U) on the position and origin infor­ 
mation may be passed to the connect­ 
ing circuit over the by-path. When the 
appropriate queue is full, subsequent 
calls for the particular service will 
receive busy tone or a verbal an­ 
nouncement. 

The objective is to have only one 
queue for each service because divi­ 
sion of an exchange into small sec­ 
tions each served by different queues 
reduces the trunking efficiency of the 
automatic equipment and makes it 
extremely difficult to keep the opera­ 
ting load balanced over all staffed 
positions. In practice the size of posi­ 
tion groups will be limited by the cir­ 
cuit techniques available for sequen­ 
tial switching of calls from a queue; 
the most serious problem foreseen is 
the time required to take a can from 
the queue as this determines the time 
for recovery from queue overload. It 
should be possible to couple a queue 
to at least 40 positions and prefer­ 
ably to 100 or more but in some large 
exchanges it may still be necessary 
to divide the exchange into several 
groups. In such a case it is possible 
to arrange a common group of queue­ 
ing registers to distribute traffic 
evenly into several queues each hand­ 
ling the same class of traffic and to 
give the exchange supervisor some 
control over the distribution of calls 
to the different queues to simplify 
staffing changes. 

Only one call acceptance key is 
provided on each position. Usually 
the call acceptance key allows calls 
to be taken from only one queue, but 
to improve staffing efficiency in some 
large exchanges, equipment will be 
available to allow a call to be taken 
automatically from a second queue if 
there are no calls in the primary one . 
For example, a position arranged to 
accept trunk assistance traffic from 
distant operators may be required to 
accept calls from subscribers when 
there are no calls from operators 
waiting to be answered. . 
When· an· operator in the required 

.group of positions becomes free, the 
queueing register, in conjunction with 

the common control equipment, swit­ 
ches the call which has been wait­ 
ing the longest to a free connecting 

- circuit- (SNOR-U)- via . standard . cross­ 
bar trunk switching equipment. 

Connecting Circuit and Position 
Equipment 

All connecting circuits (SNOR-U) 
are suitable for setting up calls on 
demand or for reverting them. Con­ 
nections are established to outgoing 
line circuits (FUR) via normal cross­ 
bar trunk switching equipment under 
the control of the operators' regis­ 
ters (Reg-OA) on receipt of keyed 
information from the operators' key 
sets. 
The main interconnections of the 

4-wire transmission path between the 
connecting circuits and the operator 
circuit and between the connecting 
circuits and the operators' register 
are shown in Fig. 8. Speaking access 
for the operator is obtained by diver­ 
ting the directional 4-wire transmis­ 
sion path through the connecting 
circuit so that it passes through the 
position relay set. This simplifies 
connection to the operator on a speak­ 
both basis and permits the circuit 
to be divided easily. For overlap 
(monitoring) access, the operators 
circuit is bridged across the connect­ 
ing circuit path on a 4-wire basis. 
To connect the operators' registers 
to the connecting circuits, by-path 
connections are also provided via the 
position circuit. This prevents speech 
interfering with the signalling and 
allows the signalling to continue while 

0tK>T.ES:• 
I. -#-- 4·WIAE TAANSMJSSION PATH, 
:2, SIGNALLING BRIDGES NOT SHOWN- 

the operator is speaking (or keying) 
on another connecting circuit. The 
position circuit also controls the con­ 
nection of the digit key set to the 
input of the operator's register. 

Outgoing Calls 
Demand calls can be extended and 

outgoing calls can be reverted from 
all connecting circuits. Switching 
from a connecting circuit to an out­ 
going line circuit via the ARM type 
switching equipment is controlled by 
an operator's register (Reg-OA) which 
also interworks with other registers 
required to establish subsequent links 
of the connection. The operator's reg­ 
ister has a storage capacity of 15 
digits; this gives a margin of one 
digit over the longest national or 
international number foreseen. Inter­ 
national calls will use the special digit 
fifteen for access to the out-going. 
international exchange, and this 
will be followed by a language digit 
and up to twelve digits for country 
code and national code. Some national 
calls which leave the S.T.D. switched 
network and enter the semi-automatic 
(2VF) system may also use number 
lengths of up to 14 or 15 digits. 
Digits are keyed into Reg-OA from 
the operator's digit keyset, and the 
end of keying is indicated by opera­ 
tion of the "finish" key. 
For reverting calls, it is possible 

to connect two registers simultan­ 
eously to a position relay set (OPR­ 
U), one on the call side and the other 
on the answer side. 
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Fig. 8 - Trunk Position Equipment Speech Path and Register Connections. 
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Equipment Used on Priority Calls 
Equipment can be provided to allow 

outgoing calls to be established to 
particular routes on a priority basis. 
The facility will be available only 
to operators and only on specially 
equipped routes, initially routes to 
trunk-distance switching centres. The 
use of the facility will oe controlled 
from the supervisor's console. The 
priority apparatus will be mounted 
on special relay set racks which will 
be associated with the trunk exchange 
route markers (VM). Similar appara­ 
tus can be provided in distant ARM 
exchanges to allow subsequent links 
of a call to be set up on a priority 
basis on receipt of a special m.f.c. sig­ 
nal from Reg-OA. 

SIGNALLING 
Information Signalling on Incoming 

Calls .. 
Two types of queueing registers 

have been specified, register Reg-Ql 
which receives information signals in 
m.f.c. form and register Reg-Q2 which 
receives decadic pulses. Incoming 
calls will usually be trunked via cross­ 
bar trunk local, tandem or trunk 
switching equipment to register 
Reg-Ql, and m.f.c, signalling will be 
used to pass the address information 
to the queueing register. Register 
Reg-Ql will call for the category of 

Al'-F 

the originating line and the national 
prefix of the originating area if re­ 
quired; m.f.c. signals have been re­ 
served in anticipation of calling line 
identification but additional equip­ 
ment will have to be installed at the 
originating exchange and at the man­ 
ual assistance centre before this facili­ 
ty can be provided. 

The signals used on a typical call 
are shown in Fig, 9. (The designa­ 
tions given to special m.f.c. signals, in 
this article, are provisional, as some 
changes to the present m.f.c. signal­ 
ling system have been anticipated 
e.g., transfer of the decadic impulsing 
control signals from the "3A series" 
to a new "4A series"; the main as­ 
pects of the revised signalling scheme 
have been finalised but some details 
are still under discussion). 

Calls from step exchanges will 
normally be trunked via the S.T.D. 
crossbar trunk exchange to register 
Reg-Ql unless there is sufficient 
traffic to justify a separate group of 
registers (Reg-Q2) to receive decadic 
pulses. As Reg-Q2 can receive only 
the last part of the address informa­ 
tion, it must be able to reinsert var­ 
ious combinations of digits corres­ 
ponding to the digits used up in the 
step-exchange trunking, as indicated 
by d.c. marks from the line relay 
sets. Register Reg-Q2 cannot receive 
category information and therefore 

Af\M 

on calls from step exchanges the 
operators must rely on special tones 
from the originating exchanges for 
coin-telephone identification. 
During the switching of a call to 

an operating position, a by-path is 
established from the queueing register 
to the connecting circuit. At this 
stage, this will be used to distinguish 
one out of six originating numbering 
areas and to indicate the category of 
the call. Initially the only category 
information transmited over the by­ 
path will be whether the call has 
originated from an ordinary subscri­ 
ber's line, a coin telephone, or an 
operator. 
When the equipment serves only 

one closed numbering area, some of 
the special m.f.c. signals may be 
omitted as it is not necessary to 
transmit the national access code of 
the originating area from the calling 
exchange. 
Information Signalling on Outgoing 

Calls 
Outgoing calls must be set up by 

operators using digit key sets. The 
keyed information is passed to regis­ 
ter Reg-OA which controls the switch­ 
ing to the outgoing. lines. Register 
Reg-OA then passes information sig­ 
nals to the distant exchange equip­ 
ment using m.f.c. signals or decadic 
pulsing, Special m.f.c. signals are used 
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Fig. 9 - Outline of Signalling on Incoming Call. Typical call when multi-coin telephone 0723-45678, (connected to crossbar exchange 
in 0723 numbering area) dials 011 {Trunk assistance). 
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Fig. 10 - Signalling on Outgoing Priority Call to 0789-24680. 

on calls requiring echo suppressors. If 
priority operation is required on the 
call, the single m.f.c. digit twelve is 
transmitted from Reg-OA ahead of the 
address information. The signals 
transmitted on a typical priority call 
are shown in Fig. 10. 
If a call is to be routed via the 

semi-automatic (2VF) network the 
operator will use a special 2-digit 
access prefix, IX (where X = 2 to 9), 
in lieu of the S.T.D. national access 
code, to route the call through the 
S.T;D. network to an appropriate exit 
point for connection to the 2VF 
equipment. The access prefix will be 
followed by further routing digits and 
by the subscriber's number. All the 
digits required by the 2VF equipment 
will be converted from m.f.c. to 
decadic pulses by register Reg-Yl at 
the last S.T.D. exchange on the con­ 
nection, and forwarded in the loop 
disconnect mode. 

Calls to overseas countries are 
handled on special positions equipped 
with extra digit keys for sending the 
special digits 11, 12 and 15 to regis­ 
ter, Reg-OA. Digits 11 and 12 are 
used for special routings to assistance 
operators in the country of destina­ 
tion, and digit 15 is used as an access 
code through the Australian crossbar 
trunk switching network to the auto­ 
matic outgoing international ex­ 
change. The operator's register also 
transmits the special digit 15 as an 
"end of number" signal on interna­ 
tional calls. The signals proposed for 

use on a typical call to an inter­ 
national subscriber are as follows:­ 
- access digit 15 (for routing to the 

outgoing gateway exchange), 
- followed by category digit 1 - call 

originated by operator (in answer 
to 3A6), 

- followed by the country code (1, 
2 or 3 digits in response to suc­ 
cessive Al signals), 

- followed by the language digit 
(in response to signal Al), 

- followed by the significant num­ 
ber of the called subscriber (in 
response to successive Al signals), 

- followed by the end of number 
signal - digit 15 (in response to 
Al), 
- followed by digit 1 - call origina­ 

ted by operator (in response to 
A3), 

- which is answered by signal B 1 
(called line idle). 

Line Signalling Mode 
Several incoming line relay sets 

(FIR-Q) have been specified to suit 
the types of direct incoming circuits 
likely· to be used e.g. 2-wire physical 
circuits from ARF exchanges, carrier 
circuits from ARF exchanges, and 2- 
wire physical circuits from step ex­ 
changes. Interworking relay sets are 
also being developed to provide con­ 
nection to and from the semi-auto­ 
matic (2VF) network. The normal 
S.T.D. incoming and outgoing relay 
sets are also used on some assistance 
calls. 

Normal ARM exchange internal line 
signals are used for signalling be­ 
tween the incoming or outgoing line 
relay sets and the relay sets associat­ 
ed with the operating position. Sep­ 
arate forward and backward signal­ 
ling paths are derived over the 4-wire 
transmission path, and signalling is 
accomplished by interrupting the sig­ 
nalling leads for short (150 ms.) or 
long (600 ms.) timed intervals. The 
incoming and outgoing relay sets 
convert the internal line signals to 
the appropriate signalling mode for 
the particular incoming or outgoing 
line. 
Line Signalling on Incoming Calls 
On incoming calls from subscribers 

and coin telephones, the line signals 
used are "seizure" and "clear for­ 
ward" in the forward direction, and 
"answer" and "forced release" in 
the backward direction; "meter pul­ 
ses" from metering services can also 
be transmitted through the direct in­ 
coming relay sets. In areas where all 
subscribers have access to the S.T.D. 
network, the answer signal will nor­ 
mally be transmitted when the opera­ 
tor first enters the circuit, but in 
areas where some subscribers' equip­ 
ment is not capable of receiving 
an answer signal separate and dis­ 
tinct from the metering signals, the 
equipment will be strapped so that 
the answer signal is sent only if the 
operator presses the "tone-cut-off" 
key. (One of the functions of the ans- 
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wer signal is to remove coin tele­ 
phone identification tone on calls from 
step exchanges.) The forced release 
signal will be sent when the operator 
presses the appropriate release button. 
(On some calls the actual release of 
the connection may not take place 
immediately after the forced release 
signal is· received.) On calls to meter­ 
ing services e.g. phonograms, the 
meter pulse is generated in the relay 
set associated with the particular ser­ 
vice. 

On incoming calls from distant 
operators the forward line signals are 
"seizure", "forward transfer" (to re­ 
call the operator), and "clear .for­ 
ward"; the backward signals are 
"answer" and "clear back". Normally 
the answer and clear back signals 
indicate the condition of the called 
subscriber's line but it will be possi­ 
ble to strap the equipment to send 
the forced release signal when the 
operator presses the appropriate re­ 
lease button. 

Line Signalling 'on Outgoing Calls 
The forward line signals used on 

outgoing calls are "seizure", "for­ 
ward transfer", and "clear forward". 
The equipment is capable of receiving 
the "answer", and "clear back" line 
signals but it transmits them through 
the switchboard to the incoming line 
only on calls originated by distant 
operators. 

TRANSMISSION 
A policy has been established that 

new manual trunk assistance exchan­ 
ges must meet the transmission stan­ 
dards adopted for S.T.D. calls. As the 
great majority of assistance exchan­ 
ges will be at secondary or higher 
order switching centres equipped with 
crossbar automatic trunk switching 
exchanges, the equipment must pro­ 
vide a directional 4-wire transmission 
path through the trunk assistance ex­ 
change. These requirements can be 
met by using normal ARM trunk 
switching equipment as described by 
Wright (Ref. 3), but two problems 
peculiar to manual assistance traffic 
arise:- 
(i) the differing transmission levels 

encountered at the manual 
switchboard connecting circuit 
require special action to ensure 
that the operator can speak and 
monitor at the correct levels 
(whether the circuit is split or 
in the through condition.) 

(ii) there is an increased loss involv­ 
ed in the additional switching 
stages and relay sets in the 
through connection. For S.T.D. 
traffic, only one connection 
through the switching multiple 
is necessary, at least until the 
exchange becomes very large. 
With the manual assistance call, 
at least two (and in some cases 
three) connections through the 
switching stages are necessary, 
thus involving up to 12 partial 
stages. 

The ARM S.T.D. exchange uses 
directional 4-wire switching as a basic 
transmission pattern but one switching 
case, that of the interconnection of 
two 2-wire circuits, involves bi-direc­ 
tional transmission of speech over 
the 4-wire switched path. For this 
particular connection, a marginally 
greater transmission loss is accepted, 
and correct poling in the speech path 
is necessary on all connections be­ 
cause of the possibility of bi-direc­ 
tional transmission; a reversal within 
the pair in either of the two 2-wire 
paths through the exchange would 
introduce a high transmission loss. 
In addition, the connection of 2-wire 
circuits as well as 4-wire, results in 
differing levels at the switching 
point on different connections. 
The basic difficulty encountered in 

the development of the trunk assis­ 
tance equipment was that any 2-wire 
circuit without amplifiers in the 2- 
wire paths would give rise to bi­ 
directional speech on one or other 
of the 2-wire paths through the ex­ 
change, and in the 2-wire to 2-wire 
case there would be bi-directional 
speech transmission on both 2-wire 
paths, whereas the interconnection of 
two amplified circuits would give un­ 
directional transmission on both 
speech paths. This would give rise to 
some difficulties in adjusting the lev­ 
els to and from the operator. If the 
operator spoke and listened at points 
of +IdBr transmission level, speech 
from a 2-wire circuit might be receiv­ 
ed at the two inputs to the position 
circuit at -l-Ldlsmt) and -7dBm0. If 
the two signals were in phase the 
transmission level would be increased 
by 3dB, whilst if they were antiphase, 
there would be a reduction of trans­ 
mission level of 4.5dB. 

Several different arrangements were 
examined with a view to obtaining, 
if possible, an arrangement which 
would:- 
(i) give correct loss conditions, 
(ii) be readily integrated with the 

existing ARM installations, 
(iii) be simple in principle, 
(iv) give correct levels to the man­ 

ual operator, and 
(v) avoid poling problems (if this 

could be accomplished cheaply). 
The difficulties mentioned above 

disappear if all circuits through ARM 
exchange are directional 4-wire. When 
the basic decisions on the S.T.D. 
ARM exchange were taken in 1961, 
this arrangement was specifically re­ 
jected because it was considered that 
the cost of amplifying all 2-wire in­ 
lets was out of proportion to the 
advantage gained, and it was felt 
there were advantages in including 
pad switching in order to retain flexi­ 
bility in transmission design without 
variation of line levels. In the case 
of manual boards however, it is clear 
that considerable complication would 
be introduced if there were a mixture 
of 2-wire and 4-wire line relay sets 
(FIR and FUR) with and without am­ 
plifiers in the 4-wire paths, and many 

amplifiers would be required in the 
connecting circuit and position cir­ 
cuit relay sets (SNOR and OPR). 
The most straightforward way of 

providing satisfactory transmission is 
to ensure directional 4-wire operation 
on all trunk assistance calls by fitting 
amplifiers in the line relay sets. Am­ 
plifiers are required in each direction 
of transmission in all incoming and 
outgoing 2-wire line circuits ;(FIR 
and FUR) which can interwork with 
the trunk assistance equipment 
(SNOR-U). The arrangement is shown 
in Fig. 11. This is not necessarily 
the cheapest solution in particular in­ 
stallations, and in a few exchanges 
it may be desirable to introduce 
routing restrictions to avoid installing 
as many amplifiers, but it does avoid 
most of the complexity inherent in 
the other schemes investigated. It also 
permits flexibility in future transmis­ 
sion improvement in the network by 
making possible some reduction of 
link loss on the 2-wire circuits by 
using the gain available in the am­ 
plifiers in the 4-wire path of the 
exchange. As a by-product of using 
this technique, the necessity for · cor­ 
rect poling in the speech path no 
longer exists, nor is this necessary in 
the connections to the operator's cir­ 
cuit, although correct poling within 
the operator's circuit is necessary to 
maintain stability in the amplifiers. 

The technique for compensating 
for additional loss introduced in calls 
switched via the cordless switch­ 
boards is also shown in Fig. 11. It 
is proposed that on calls via SNOR-U 
relay sets, the 8dB level adjusting 
pads in the line relay sets will be 
switched out and fixed 7dB pads will 
be introduced in the SNOR-U relay 
sets. This will compensate for an 
estimated loss of approximately ldB 
due to the extra passes through the 
exchange and the SNOR-U relay set. 
The actual losses encountered will be 
measured when some exchanges have 
been placed into service, and if nec­ 
essary the values of the pads will be 
changed retrospectively. 
The logic to control the pads is 

built into the registers which detect 
the type of circuits to be switched 
together. If dissimilar circuits are 
interconnected the 8dB pads are 
switched out of circuit while the par­ 
ticular selector stage is being set. For 
this application all the incoming and 
outgoing line circuits (FIR and FUR) 
are considered as 4-wire circuits, 
while the manual connecting circuits 
(SNOR-U) are regarded as 2-wire; 
when a call is switched to or from 
a trunk assistance position, the pads 
in the line circuit relay set are cut 
out. {On the other hand, if two ampli­ 
fied line circuits are directly switch­ 
ed together for a S.T.D. call the 8dB 
pads are left in circuit.) 

Special arrangements are necessary 
for interworking with 2VF circuits 
which operate in the tail-eating mode. 
The principle is illustrated in Fig. 11, 
which shows an outgoing connection 
to a 4-wire 2VF line via an ARM 
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switching stage and a 2VF transit 
switching stage. Although not shown, 
3dB switchable pads are required on 
either side of the 2VF transit stage 
in some installations to provide com­ 
plete flexibility for interconnecting 
2-wire and 4-wire Jines. 

EXCHANGE MANAGEMENT 
Night Switching 

The trunk assistance equipment is 
intended for use in a variety of situ­ 
ations, including exchanges which are 
staffed only during the busy hours 
and centres to which traffic is con­ 
centrated during slack periods. 

Night switching may be accomplish­ 
ed under key control from· the man­ 
ual assistance exchange to be night 
switched, by altering the exchange 
routing patterns to divert m.f.c. traffic 
to a higher order centre. Special tech­ 
niques are necessary to divert traffic 
from exchanges having direct incom­ 
ing junctions from step exchanges as 
the queueing registers have no facili­ 
ties for transmitting m.f.c. signals to 
a subsequent register; for example, 
some of the early choice direct junc­ 
tions may be back-busied and the 
later choice junctions switched to the 
backbone S.T.D. route. 

At continuously staffed centres, no 
special supervisory action is needed 
to set the equipment to receive after 
hours traffic from other closed num­ 
bering areas. The queueing registers 
can automatically identify the origin 
and category of the call by m.f.c. 
signals from the originating exchange 
register. 

Delay Working 
Delay working has been used ex­ 

tensively with manual trunk switch­ 
ing systems but slightly different 
facilities are proposed for the new 
trunk assistance positions as some of 
the trunk lines will be accessible to 

Fig. 11 - Transmission Conditions. 

S.T.D. subscribers as well as opera­ 
tors. In normal circumstances prefer­ 
ence must be given to the S.T.D. 
calls because S.T.D. operation in­ 
volves less ineffective time than 
manual working. Short duration over­ 
loads in the trunk system must be 
avoided as much as possible as these 
could cause subscribers to book traffic 
with manual operators rather than 
make further attempts to dial their 
own trunk calls. Additional operators 
might then be needed and the extra 
traffic generated by the operators 
could lead to still greater congestion, 
lasting perhaps for several hours. 

In order to prevent operators over­ 
loading the circuit groups which are 
available both to subscribers and to 
operators and to control the traffic 
offered to the semi-automatic network 
the following facilities are proposed:- 
(i) An occupied circuits indicator on 

the supervisors position to show 
the number of circuits occupied 
on backbone routes to trunk 
distance centres. A single meter 
will be provided which can be 
connected to selected backbone 
routes in turn by means of keys. 

(ii) Delay control keys on the super­ 
visor's position will permit selec­ 
ted routes to be barred to de­ 
mand operators. The keys will 
also be used to select the an­ 
nouncement to be fed to demand 
operators for various address 
codes. 

(iii) Position control keys on the 
supervisor's position will allow 
selected demand positions to be 
set to gain access to routes tem­ 
porarily barred to other demand 
operators. 

The delay facilities will be incor­ 
porated into the operators' registers 
in conjunction with the route markers 
in such a way that traffic from S.T.D. 
subscribers or from operators at dis- 

tant exchanges is not affected. Audi­ 
ble and visible indications will be 
given to demand operators to inform 
them of the delay to be quoted to 
subscribers. 

Supervisory, Monitorial and 
Observation Equipment 

The equipment associated with the 
monitors' posts for incoming and 
outgoing calls is basically similar to 
that used on demand positions but 
as some of the special operating faci­ 
lities are not needed some simplifi­ 
cation is possible. Special connecting 
circuit and position circuit relay sets 
(SNOR-E and OPR-C) have been speci­ 
fied but whether or not these are 
put into production will depend on 
economic considerations. Similar relay 
sets will be used with the supervisors' 
positions. 

It will be possible to monitor the 
trunk assistance operators' position 
circuits from the monitors' posts as 
well as from the service observation 
position. The monitor and the obser­ 
vation supervisor must be able to 
overhear all incoming and outgoing 
speech (including monitored speech). 
Visual indication of the main key and 
lamp operations will be provided on 
the service observation position. 

DIMENSIONING THE EXCHANGE 
The number of operating positions 

required is determined on the basis 
of providing sufficient operators to 
handle assistance calls on a demand 
basis with a reasonable speed of an­ 
swer. The A.P.O. objective is for 90% 
of the demand trunk calls to be an­ 
swered within 20 seconds during any 
hour. To avoid occasional excessive 
delays, traffic is queued and the length 
of the queue is limited so that about 
1 % of all calls which cannot be 
switched to an operator without delay 
will encounter a full queue and be 
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allowed to overflow to busy tone or 
recorded announcement. 
A rough "rule of thumb" method 

sometimes used for calculating the 
approximate number of operating 
positions required is to assume two 
erlangs of switched traffic per trunk 
assistance position, but more precise 
methods are necessary for most pur­ 
poses. These involve forecasting the 
amount of operator traffic (as dis­ 
tinct from the traffic switched by the 
positions), and allowing for factors 
such as the permissible delay, the 
size of the installation, the class of 
traffic, and the number and size of 
queues. 

In the initial studies which have 
been made it has been assumed that 
the operating effort per call will tend 
to rise as the percentage of simple 
calls decreases but this effect will be 
partly off-set by the better operating 
facilities provided by the new posi­ 
tions. The average connecting-circuit 
holding times will be affected consid­ 
erably by geographical factors and 
there will also be a time variation, 
call holding times tending to be great­ 
er at times when concessional charge 
rates apply. The average connecting 
circuit holding time is normally about 
5 to 7 minutes and the average con­ 
versation time is usually in the range 
3.5 to 5.5 minutes. About 8% of calls 
are ineffective and are cancelled with­ 
in 15 seconds of the operator answer­ 
ing and it may be assumed that up to 
20% of all calls will be reverted for 
various reasons such as the called 
line being busy or the particular per­ 
son unavailable. 

Operating times range from about 
60 seconds per call for simple de­ 
mand calls to about 200 seconds for 
the more complicated reverted calls. 
For the year 1975 the average total 
operating time per call has been esti­ 
mated at 140 seconds ± 10%, depend­ 
ing on the locality and the extent to 
which S.T.D. is accepted by the pub­ 
lic, but it is hoped that these esti­ 
mates will prove conservative and it 
will be possible to revise them in a 
downward direction when the new 
positions are placed in service and 
new traffic patterns develop. 

If a large number of positions is 
served by a single queue and overlap 
working is employed, the average 
proportion of time that the operators 
staffing the positions are effectively 
employed can be quite high. say 0.8 
occupancy or perhaps higher. Graphs 
are available for estimating both the 
proportion of calls likely to be de­ 
layed and the average delay on delay­ 
ed calls .for various operator loadings 
and numbers of positions (for exam­ 
ple the well-known delay probability 
graphs by E. C. Molina) (Ref. 4). A 
monogram has also been attached to 
A.P.O. Specification No. 994 for esti­ 
mating the number of queue positions 
required .for various grades of service. 

In calculating the number of queue­ 
ing registers it is usual to estimate 
the average number of calls likely 
to be delayed, the average delay time, 

and the functioning time for the equip­ 
ment. It must also be remembered 
that the queueing registers may be 
used to switch calls to other queued 
or non-queued services, and that a 
shortage of registers can reduce the 
effective length of a queue. 

Operators' -register traffic will be 
influenced largely by the average 
number length, the percentage of 
calls to decadic signalling destinations, 
the average number of repeat at­ 
tempts per call and the percentage of 
reverted traffic. 

FUTURE DEVELOPMENTS 
It is hoped that the basic system 

concepts, the signalling scheme and 
the design of the apparatus will prove 
flexible enough to permit some re­ 
finements to be added if necessary at 
a later date, but any decision to pro­ 
ceed with further development of the 
crossbar system will depend largely 
on the pattern and volume of assist­ 
ance traffic after the effective intro­ 
duction of S.T.D. Public acceptance 
of subscriber trunk dialling, and the 
effectiveness of special devices such 
as S.T.D. coin telephones and sub­ 
scribers' private meters will be very 
significant factors, but the growth 
of international traffic and the demand 
for special facilities such as credit 
card and reverse charge services are 
likely to become increasingly import­ 
ant. The possibility of changes in the 
tariff structure cannot be overlooked. 
A facility which should, if introduc­ 

ed, greatly reduce operating effort, 
is for subscribers to set up assistance 
calls automatically by dialling a spe­ 
cial service code followed by the 
national number o.f the called line. 
The maximum benefit of such a sys­ 
tem would be obtained if automatic 
number identification and automatic 
docketing were also provided to fur­ 
ther reduce the work of the operator. 
Even if the present policy of setting 
up all assistance calls by means of 
the digit keys on the operating posi­ 
tions is retained, there would be some 
advantage in installing automatic 
docketing equipment, with or without 
calling line identification. It should 
be possible to add automatic charg­ 
ing to the system without a great 
deal of re-organisation as this has 
been allowed for in the in.formation 
signalling and by-path equipment. 
Automatic number identification could 
be added if the capacity of the by­ 
paths and of the information store 
were increased. More re-arrangement 
would be needed to cater for operator 
assistance on calls set up automati­ 
cally under the control of the sub­ 
scriber. 
Developments of this nature using 

crossbar equipment may become nec­ 
essary in several years time, particu­ 
larly for large assistance centres 
which are being installed in the near 
future. Apart from this however the 
timing for the next stage of manual 
assistance equipment development 
may depend on some major changes 
in technology such as the likely intro- 

duction of electronic trunk switching 
equipment in several years time. It 
seems reasonable at this stage to 
postpone further major development 
of the manual assistance equipment to 
take advantage of what promises to 
be a more flexible system. 

CONCLUSION 
The system which has been des­ 

cribed represents an important step 
in the application of crossbar equip­ 
ment in Australia as it provides the 
basis .for a sophisticated manual trunk 
assistance service. There is still room 
.for further mechanisation in this area 
but the techniques to be used and the 
timing of developments will depend 
on future traffic patterns and possibly 
on the availability of new types of 
switching plant. In the meantime the 
equipment which has been described 
should prove a satisfactory and eco­ 
nomical means of handling trunk 
assistance traffic. 

ACKNOWLEDGMENTS 
Development of the system des­ 

cribed has been a complex undertak­ 
ing involving specialised knowledge 
and judgment by experts in many 
fields, and progress to the present 
stage could not have been achieved 
without the contributions of colleagues 
in the Planning and Research and the 
Engineering Works Divisions of the 
P.M.G.'s Department at Headquarters 
and in the States. The information pro­ 
vided by L. M. Ericsson Pty. Ltd. is 
gratefully acknowledged. Develop­ 
ment of the system has also taken 
account of experience gained in this 
field in Australia and overseas. 
(Refs. 5 and 6.) Thanks are due as 
well to those who assisted in the 
presentation of the information in 
this article. 

REFERENCES 
1. L. M. Wright, "Manual Trunk 

Switching Developments in Aus­ 
tralia"; Telecommunication Jour­ 
nal of Aust., Vol. 17, No. 2, 
Page 90. 

2. L. Chamberlain and J. H. Elliott, 
"Operating Facilities for Manual 
Assistance Centres"; Telecom­ 
munication Journal of Aust., 
Vol. 17, No. 2, Page 104. 

3. L. M. Wright, "Crossbar Trunk 
Exchanges for the Australian 
Network"; Telecommunication 
Journal of Aust., Part 1, Vol. 14, 
No. 5/6 Page 356, Part II, Vol. 
15, No. 1, Page 36. 

4. J. R. W. Smith and J. L. Smith, 
"Loss and Delay in Telephone 
Call Queueing Systems"; A.T.E. 
Journal, Vol. 18, No. 1, Page 18. 

5. L. A. Missen et. al., "Thanet 
Cordless Switchboard"; Post Of­ 
fice Electrical Engineers Journal, 
July 1955, Page 102. 

6. R. B. King, "Reducing Operator 
Effort on Person to Person Calls 
by Automatic Toll Ticketing"; 
I.E.E.E. Transactions on Com­ 
munication and Electronics, 
March, 1963, Page 24. 



104 THE TELECOMMUNICATION JOURNAL OF AUSTRALIA June, 1967 

OPERATING FACILITIES FOR MANUAL ASSISTANCE CENTRES 
L. CHAMBERLAIN Dip. P.A., A.M.I.E. Aust.*, and f. H. ELLIOTT** 

INTRODUCTION 

The Community Telephone Plan for 
Australia is designed to provide a 
wholly automatic system throughout 
the country, so that it will eventually 
be possible for subscribers to dial 
most of their trunk calls. However, 
because of the nature of some calls 
and the need for subscribers to obtain 
assistance, manual assistance centres 
will be established to cater for these 
classes of traffic. The assistance posi­ 
tions will normally be located at sec­ 
ondary or higher order switching cen­ 
tres. Cordless type switchboards will 
be used in most cases, but in some 
country areas cord type switchboards 
will continue to be used for a con­ 
siderable time. 

This article describes the main fac­ 
ilities to be provided by the equip­ 
ment proposed for handling trunk 
assistance traffic. It discusses the phil­ 
osophy underlying the development 
and suggests possible future trends. 
It refers only briefly to other classes 
of manual assistance equipment. The 
facility requirements are set out in 
more detail in Australian Post Office 
Specification No. 994 "Australian 
Manual Assistance Equipment" which 
has been prepared to cover both 
cordless and cord. type manual trunk 
assistance exchanges associated with 
crossbar automatic trunk exchanges. 
It. also outlines the general require­ 
ments for other classes of positions 
such as information, service assistance 
(complaints), and service assessment. 

BACKGROUND 

Ever since the establishment of tele­ 
phone communication, manual switch­ 
boards have. been used for switching 
telephone. circuits together, or for 
providing an answering point for a 
number of telephone circuits. Succes­ 
sive technological advances have made 
automatic ' . switching cheaper than 
manual switching and consequently 
a· large proportion of the simple 
switched traffic is now connected 
automatically. 
: Large automatic exchanges have 
fpr-many years been more economical 
than manual exchanges for simple 
switched .traffic, particularly for calls 
which can be -handled in a uniform 
way and- for- which a single charge 
(ate can be. applied. Recognition of 
this led to automisation of the local 
networks and . then to the enlarge­ 
ment of the local service areas of 
individual .automatic networks. The 
next step, converting the manual 
trunk network, to automatic, is being 
;i.ccomplished. in two stages, firstly, 
semi-automatic ._. working normally re­ 
qµiring only one. operator to set up a 
:t:..'"Mr.' Chamberlain is Engineer Class 3, 

,~,,Switching and Facilities, Headquarters. 
'"'''Mr. Elliott js,Sepio;: .Traffic Officer, Telecom­ 

munications Divis'ion,· Headquarters. 

call, and secondly subscriber trunk 
dialling (S.11.D.). Transmission perfor­ 
mance is also being improved pro­ 
gressively. Under S.T.D. conditions 
a very large percentage of all calls 
is set up automatically but, on a 
small percentage, an operator is re­ 
quired to assist the caller in estab­ 
lishing the connection or to provide 
some special service. 
New manual assistance equipment 

and operating consoles for the Aus­ 
tralian network have been developed 
in this context of changing traffic 
patterns and advancing technology. 
The aims are to simplify the hand­ 
ling of the type of calls which will 
still require manual switching after 
the effective introduction of S.T.D. 
and to take advantage of recent de­ 
velopments in switching and transmis­ 
sion equipment. To simplify integra­ 
tion into the trunk network, the new 
positions will be associated with the 
crossbar automatic trunk switching 
exchanges which also provide for 
S.T.D. traffic. 

The Changing Composition of Trunk 
Assistance Traffic 

As the percentage of automatically 
switched trunk traffic increases, the 
composition of the residual manual 
trunk assistance traffic will change 
and, on the average, this will require 
a higher .order of operating skill and 
effort than has been needed in the 
past for the predominantly simple 
station-to-station traffic. This in turn 
is creating a demand for improved 
operating aids. To allow the econ­ 
omic integration of the manual equip­ 
ment and the ARM exchange, some 
deviations from operating practices 
previously adopted in Australia are 
being accepted. 
The development of automatic trunk 

and local networks and automatic al­ 
ternate routing renders the connec­ 
tion of all subscriber or operator dial­ 
led calls over the common routes a 
desirable objective. Therefore, all op­ 
erators should have access to the local 
and trunk networks by way of digit 
keysets to establish trunk calls or 
revert calls to local subscribers. The 
existing 2VF network will continue 
to be used for direct links and for 
some switched calls but growth will 
be met by converting some 2VF 
routes to the common network and 
using the recovered 2VF equipment 
to augment other 2VF routes. 
Apart from the trunk assistance 

traffic, there is also a need for service 
type positions, e.g., service assistance 
(complaints) and for directory infor­ 
mation positions. The demand for 
for these is less affected by the in­ 
troduction of S.T.D. and, in fact, the 
growth of S.T.D. tends to increase the 
need for information and service as­ 
assistance positions. S.T.D. is however 
likely to have a marked effect on 

the facilities to be provided by these 
positions. 
Prior to the widespread introduc­ 

tion of S.T.D. the Community Tele­ 
phone Plan established for Australia 
the policy of a wholly automatic 
trunk network as distinct from the 
limited S.T.D. which had existed be­ 
tween certain points. Up to this time 
operators were needed to set up all 
long distance trunk traffic as well as 
some short distance and local traffic. 
Most of the trunk traffic consisted of 
uncomplicated station-to-station calls 
but some of the expensive long dis­ 
tance traffic was booked on a person­ 
to-person basis and there was a small 
component of traffic on which some 
other special assistance or service 
was required. 
With the advent of S.T.D. it became 

obvious that station-to-station calls 
could be virtually eliminated and per­ 
son-to-person calls could be greatly 
reduced as it was advantageous for 
callers to dial their own numbers at 
a cheaper rate. The differential charg­ 
ing structure which allows S.T.D. 
calls to be recorded on meters on 
the basis of trunk line time actually 
used, rather than in 3-minute periods 
as under manual conditions, is a dis­ 
tinct encouragement for all callers to 
use the S.T.D. facility to the maxi­ 
mum. 

By 1975 a comprehensive grid of 
trunk terminal exchanges will have 
been established and manual assis­ 
tance traffic will consist mainly of 
calls requiring some special service 
such as immediate information on 
the price of the call, calls from coin 
telephones, reverse charge calls, cre­ 
dit card calls, etc. There will be a 
small amount of traffic from subscri­ 
bers who cannot or will not use 
S.T.D. and some traffic to destina­ 
tions not available via the S.T.D. net­ 
work. Table 1 shows the likely trend 
in the composition and proportions of 
trunk assistance traffic from the in­ 
troduction of S.T.D. until 1975. 
Naturally, during the transition 

period there are some exchanges 
which will not have been adapted to 
permit the dialling. of S.T.D. calls; 
sufficient circuits will not be avail­ 
able on some routes; and certain ex­ 
changes cannot be dialled directly, for 
example exchanges in some sparsely 
settled areas could be too uneconomic 
to convert. By 1975, it is expected 
that these factors will have been re­ 
duced to a minimum and manual as­ 
sitance traffic should, in the main, 
comprise only those calls which will 
always require manual assistance. 

It is interesting to note that in 
1965 about 15% of trunk traffic was 
handled by S.T.D. and that on some 
particular routes only about 10% of 
the traffic required manual assistance. 

It is realised that trunk traffic from 
coin telephones could grow to large 
proportions and plans are well ad- 
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TABLE 1: COMPOSITION OF RESIDUAL MANUAL TRUNK TRAFFIC AT LARGE ASSISTANCE CENTRES 

Type of Traffic 

Particular person 
calls 

Station to station 
calls and calls from 
subscribers who 
won't or can't use 
S.T.D. 
Calls on which 
statements are 
required. 

Calls from coin 
telephones 
Reverse charge calls 
Credit card calls 
Calls to public 
telephones 
Press calls 
Conference calls 
Outgoing international 
calls 
Incoming international 
calls 

Total manual calls 

Percentage of 
total trunk traffic 
before S.T.D. 

60-84%'' 

15-40%* 

Percentage of 
total trunk traffic 
after S.T.D. (1975) 

8% 

3% 

Remarks 

Appreciable transfer to 
S.T.D. but some p.p. will 
remain for business calls 
Will be influenced by 
subscriber education 

10% 3% I Will reduce due to private 
meters and the cost 
advantage for S.T.D. 

10% 1.5% 1 I S.T.D. coin telephones to 
be used extensively to 

1 % 1% I I limit the growth of 
manual cash calls 

1% 1% 

} 1% }1% ~ Approx. 6% 

0.2% 0.7% 

0.2% 0.5% 

100% 20% 

*Wide variation exists for different localities. 

Assumptions: 
(i) By 1976 70% of all trunk calls in the Commonwealth will be set up by S.T.D. 
(ii) All but 3% of subscribers will be accessible by S.T.D. 
(iii) 80% of trunk traffic from coin telephones will be handled by S.T.D. 
(iv) Private meters will be used by subscribers requiring individual call charges 
(v) There will be no significant changes in the charging pattern. 

vanced for the development of an 
S.T.D. coin telephone. Whilst the pro­ 
vision of S.T.D. public telephones 
could be costly, the convenience to 
callers and the removal of a high 
proportion of manual assistance traf­ 
fic could warrant an extensive S.T.D. 
public telephone program. 
With the changing composition of 

assistance traffic, a greater percentage 
of calls can be expected to require 
complex operating techniques, and the 
average setting up time will increase. 
It may be assumed that even with 
improved operating facilities the av­ 
erage call holding time including 
booking and setting up, will be ap­ 
proximately 6.5 minutes and the aver­ 
age operating time per call about 
2.3 minutes. The percentage of total 
trunk traffic handled from large cen­ 
tres will probably be 20 per cent by 
1976, decreasing to 10 per cent by 
1986; however in spite of the decreas­ 
ing percentage, the total volume of 
trunk assistance traffic may increase 
due to normal development and the 

elimination of other manual exchang­ 
es. 
The figures given above have been 

derived from a preliminary appraisal 
of the impact of S.T.D. during the in­ 
troductory stages and caution should 
be exercised in applying the figures as 
different trends could develop as the 
tempo of S.T.D. increases. Further de­ 
tailed studies are already being un­ 
dertaken to form a more reliable 
basis for estimates of future require­ 
ments. Vigorous steps will have to 
be taken to develop sophisticated op­ 
erating techniques or equipment for 
the handling of special categories of 
traffic if the percentage of manual 
traffic is to be reduced further in the 
intervening period. Re-appraisal of 
system costs and of charging policies 
will be involved together with sub­ 
scriber re-education programmes. 

Concentration of Traffic 
For economic reasons, particularly 

the decreasing cost of carrier equip­ 
ment and the use of automatic al- 

ternate routing techniques, the pres­ 
ent trend is to reduce the number of 
automatic trunk switching exchang­ 
es. The manual assistance service is 
also being concentrated and there is 
a tendency to close some exchang.es 
during periods of light traffic and to 
transfer calls to another exchange. 
The conversion of local exchanges 

to automatic and the introduction of 
S.T.D. has led to the progressive cen­ 
tralisation of manual trunk assistance 
and the disappearance of most of the 
smaller manual exchanges. Generally 
assistance centres are staffed on a 24- 
hour basis but at very small centres it 
may be found practicable to divert 
calls to a parent manual assistance 
centre during the periods of slack 
traffic such as during non-business 
hours. Small assistance centres serv­ 
ing exchanges can be connected to a 
parent assistance centre serving up 
to a maximum of six closed number­ 
ing areas. Special arrangements will 
be necessary to indicate the origin of 
the call to the central trunk assistance 
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operator so that the calling subscrib­ 
er's number will be accurately re­ 
corded even if the subscriber does not 
quote his full national number. 

The new cordless manual assistance 
positions are being developed for as­ 
sociation with the four-wire cross­ 
bar trunk transit exchanges. Because 
of the present trend to reduce the 
status of some transit switching ex­ 
changes from secondary to minor, 
more "minor" switching centres may 
require a local assistance exchange. 
Two wire crossbar exchanges with 
automatic charging capabilities will 
usually be employed in lieu of four 
wire exchanges at minor centres, and 
therefore the associated manual as­ 
sistance positions will normally be 
of the cord type. Two wire cord type 
switchboards would be satisfactory for 
this application but the new four 
wire pattern will be used for stand­ 
ardisation reasons, and to take ad­ 
vantage of the technical and operat­ 
ing facilities available. 

BASIC APPROACH TO TRUNK 
ASSISTANCE 

The basic assumptions used in the 
development of facilities for trunk 
assistance positions have been:- 

(i) All calls requiring trunk as­ 
sistance will be set up by 
operators using digit key sets. 

(ii) A single group of operators 
will handle a mixture of 
trunk calls from subscribers 
and coin telephones and from 
other operators, but a spec­ 
ial group of operators will 
handle international traffic. 

(iii) A small percentage of calls 
will involve trunk assistance 
operators at two exchanges. 

(iv) The trunk assistance opera­ 
tor will have automatic ac­ 
cess to any exchange or op­ 
erator within Australia by 
either the S.T.D. network or 
the semi-automatic network. 
The operators will record 
details of trunk assistance 
calls from subscribers and 
coin telephones for account­ 
ing purposes. 
Calls will normally be con­ 
nected on demand but all 
trunk assistance positions will 
be equipped to allow calls to 
be reverted either for verifi­ 
cation or if the call cannot 
be connected immediately. 

(v) 

(vi) 

(vii) There will a use for two 
distinct types of trunk 
switchboard console, one 
equipped with cords as an 
integral part of the speech 
path, and the other without 
cords but equipped with keys 
which are used to remotely 
control the speech path. 

(viii) The cordless trunk assistance 
positions will use crossbar 
trunk switching and control 
equipment. 

(ix) Assistance in the establish­ 
ment of S.T.D. calls will nor­ 
mally be provided from ser­ 
vice assistance (complaints) 
positions. 

(x) Incoming calls will, as far as 
practicable, be answered 
strictly in order of arrival. 

Charging 
The need to manually record the 

details of all calls at the assistance 
centres was a major factor in choos­ 
ing the basic trunking configuration 
and the operating procedures. At this 
stage, the Australian system does not 
provide automatic calling number 
identification or automatic recording, 
of charging information. This pre­ 
cludes the use of the American traffic 
service position (T.S.P.) approach by 
which the charging and the release of 
the call usually takes place automati­ 
cally; the operator merely bridges 
across the connection to supervise the 
setting of the call and the commence­ 
ment of charging. The use of multi­ 
metering pulses for the automatic 
charging of manually assisted calls 
is considered impracticable at this 
stage for the following reasons: 

(i) There are difficulties in sel­ 
ecting the appropriate multi­ 
metering rate as each manual 
assistance exchange may 
serve a number of originating 
charge zones; 

(ii) Some originating exchange 
equipment is incapable of 
accepting more than one 
metering pulse per call; 

(iii) Some exchange relay sets 
will not repeat multi-meter­ 
ing pulses; and 

(iv) Some types of calls present 
special difficulties, for ex­ 
ample, calls requiring partic­ 
ular person service, after 
hours opening of non-con­ 
tinuous exchanges, press 
rates, credit card service, or 
a record of the time and 
charges. 

Toll ticketing was also considered 
but, in the absence of calling line 
identification, the operator would 
have to key-in the calling subscriber's 
number. In these circumstances toll 
ticketing would produce only marginal 
savings and in view of the tight sched­ 
ule for the design and introduction of 
the new equipment, manual recording 
of call details has been retained at 
this stage. 

Setting Up the Connection to The 
Called Number 

Another major factor in determin­ 
ing the basic trunking pattern for 
trunk assistance positions was the de- 

cision not to expect the calling sub­ 
scriber to dial the called subscriber's 
number. The American T.S.P. ap­ 
proach depends on the subscriber dial­ 
ling the called number as this re­ 
duces the number of operations which 
have to be performed by the trunk 
assistance operator. At present, Aus­ 
tralian policy is to use only one dial­ 
ling code for all national calls requir­ 
ing manual trunk assistance, and not 
to require further effort by the sub­ 
scriber. It is recognised however, that 
some subscribers would be prepared 
to dial the significant number of the 
called subscriber in addition to a 
manual assistance access code partic­ 
ularly if they believed this was likely 
to result in faster connection; such a 
procedure would be feasible for calls 
on which a record of the time and 
charges was required, for particular 
person calls, and for calls from non 
S.T.D. exchanges. If the called num­ 
ber were dialled by the subscriber, 
and displayed to the operator, opera­ 
ting effort and time would be saved 
as there would be no need for the 
operator to ask for the called num­ 
ber. If, in addition, automatic call 
charging equipment were installed, 
further savings would be possible, for 
example, no action would be required 
of the operator on "time and charges" 
calls until the end of the call. 

Source of Traffic 
It has been decided not to segregate 

coin telephone traffic and operator 
originated traffic from demand traffic 
from ordinary subscribers. Australian 
experience with earlier types of op­ 
erating positions indicates that any 
disadvantages there may be in mixing 
all types of traffic are out-weighed by 
the overall smoothing of the operating 
load brought about by the combination 
of traffic with non-coincident peaks. 
Every operator must be able to handle 
all types of calls, but in practice, a 
monitor is readily available to assist 
the operators on difficult calls, and a 
visual or aural indication will be given 
automatically of the type or origin of 
individual calls. 

Sequential Answering 
Various arrangements have been 

considered for ensuring a reasonable 
speed of answer at all times without 
having to provide operating staff and 
positions extravagantly. Service to 
subscribers and staff morale are sig­ 
nificant factors and from both points 
of view, queueing was considered the 
most satisfactory way of achieving 
that objective with the type of trunk 
assistance traffic envisaged. Such a 
system eliminates the "unfortunate 
call" which is quite a serious service 
difficulty under manual operation. It 
also lends itself to the provision of 
alarms or control lamps to show if 
the speed of answer becomes unsatis­ 
factory and remedial action is requir­ 
ed of the supervisory staff. 
A defect of some earlier queueing 

systems is the limited number of con­ 
necting circuits which can take calls 
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from a single queue, and the conse­ 
quent need on large exchanges to have 
several groups of positions fed from 
separate queues; "link positions" are 
then used to even the load by taking 
calls from either one of two queues. 
If all the positions in an exchange can 
be fed from a single queue, greater 
efficiency is possible and it is easier 
to make staffing changes to meet 
traffic fluctuations. 

With the new positions it is hoped 
to avoid the need for link positions, 
although in some very large exchan­ 
ges, a separate group of positions may 
be provided to handle special traffic 
such as that originated by other op­ 
erators. In these cases, the queries 
may be arranged so that the special 
positions will be offered traffic from 
the general queue whenever there are 
no calls in the special queue. 

Cord Circuits 
In some cord type systems used 

overseas the line circuits have switch­ 
board jack appearances but are also 
connected to automatic switching 
equipment. The connection is control­ 
led by the cord and jack but the 
actual connection is via the automatic 
switches. This arrangement seems un­ 
economical as compared with cordless 
positions or simple cord type positions 
under Australian conditions, and 
therefore it will not be discussed fur­ 
ther in this article. 

DIFFERENCES BETWEEN CORD­ 
LESS AND CORD TYPE POSITIONS 
Appearance and Grouping of Positions 

Cordless type positions can readily 
be grouped in short suites and as the 
position equipment is not very high, 
they resemble tables with low turrets 
which do not obstruct the telephon­ 
ist's vision. Normal office chairs can 
be used. On the other hand cord type 
trunk assistance positions are normal­ 
ly linked by a multiple jack field 
which increases the height of the 
positions and restricts the way in 
which positions can be economically 
grouped. With small exchanges of up 
to 30 positions it is possible to avoid 
a very high jack field, and the height 
of the position can be reduced further 
by using cord retraction rollers. 

Connection of Incoming Calls 
As discussed earlier, incoming calls 

to the new cordless positions will be 
queued even though the equipment 
required is appreciably more expen­ 
sive than that for distributing calls 
at random. However with cord type 
positions the difference between the 
cost of equipment for queueing and 
for call distribution is greater and 
other less expensive compromise 
techniques should be satisfactory in 
most cases. 
With simple cord type switchboard 

installations, the incoming lines may 
be accessible on a number of posi­ 
tions. Although each incoming call is 
indicated by a separate line lamp, the 

calls are apt to be answered at ran­ 
dom particularly during periods of 
heavy traffic when the "unfortunate" 
or "neglected" call is most likely to 
occur. A relatively inexpensive alter­ 
native to full queueing and cord type 
positions is a simple gating system. 
Waiting calls are gated or corralled 
in groups until all calls in the preced­ 
ing group are answered; the next 
group is then connected to the an­ 
swering display field. This is a satis­ 
factory compromise as it smoothes 
the time taken to answer calls within 
a group. 
Outgoing Access and Routing Codes 
Unlike cord type positions, cordless 

switchboards cannot provide direct 
access to particular circuits, routes or 
portions of the network. All calls 
from the new cordless positions will 
be routed through the associated 
ARM exchange, by means of the stan­ 
dard national access code or the sub­ 
scriber's local area number for calls 
which can be established entirely 
through the ARM (S.T.D.) grid and 
special routing codes to provide ac­ 
cess to the semi-automatic (2VF) net­ 
work. The equipment associated with 
the cordless switchboards will ensure 
that all calls are correctly routed. 

Party lines, multi-office trunk cir­ 
cuits and small non-official manual ex­ 
changes will probably be retained in 
remote areas for many years. Cord 
type switchboards provide a simple 
means of connecting to this type of 
circuit but automatic access may be 
necessary even to these types of lines 
if the manual assistance service is to 
be centralised to higher order centres 
during periods of light traffic. 

Release of the Connection 
On some of the old type positions 

"operator release" conditions applied; 
all connections were held until releas­ 
ed by the operator. On the new suites 
there will be through clearing on· de­ 
mand calls when the caller hangs up 
and on reverted calls both out-going 
circuits will release when the A and B 
parties clear; alternatively the oper­ 
ator will be able to release either side 
of the connection. This will reduce 
the likelihood of either party being 
held and it will free all links involved 
on either side of the call earlier than 
would be possible under operator re­ 
lease conditions. This will apply to 
cord type as well as cordless posi­ 
tions except that the first link of the 
connection will be blocked to other 
calls until the plugs are removed from 
the jacks. 

Signalling 
On cordless switchboards the con­ 

necting circuits and the line circuits 
are selected automatically. This 
places some restrictions on the 
method of operation and consequently 
the use of some types of line circuits 
(such as conventional ring down cir­ 
cuits) is unattractive. On the other 
hand the greater flexibility of the 

cord type positions may introduce 
complex design problems, particularly 
if the operator's registers are associa­ 
ted with the position or cord circuit. 

Field of Use 
From an operating point of view, 

cordless positions are more attractive 
than cord type positions not only 
aesthetically but because they ensure 
more uniform operating procedures 
for all calls. Whilst the choice be­ 
tween cordless and cord type positions 
can usually be made on the relative 
costs in a particular traffic and switch­ 
ing situation, cordless positions are 
somewhat less suitable than cord type 
positions in remote areas where uni­ 
formity would require expensive up­ 
grading of line circuits. However the 
state of the network should improve 
as additional circuits are provided 
and even in the rural areas most cir­ 
cuits will eventually be suitable for 
automatic access. There will then be 
less advantage in using cord type 
positions. 

MANUAL SWITCHBOARDS - 
PHYSICAL FEATURES 

The physical characteristics of the 
position consoles have an important 
bearing on the operation of manual 
trunk assistance exchanges. The pres­ 
ent trend is to design positions which 
are aesthetically pleasing and to 
group them so that this produces an 
atmosphere similar to that encounter­ 
ed in commercial and business offices 
as this helps to attract and to retain 
suitable operators. Experience with 
the semi-automatic cordless positions 
since they were introduced in Mel­ 
bourne in 1940 has highlighted the 
advantages and efficiency of this type 
of cordless equipment in the Aus­ 
tralian environment. The latest ex­ 
ample of this type of switchboard, 
the Dalley Street Trunk Exchange in 
Sydney, is in keeping with recent de­ 
velopments overseas. 
When considering the purchase of 

switchboards to operate in conjunc­ 
tion with the ARM equipment it was 
decided to design a new console 
which incorporates the best features 
of previous positions, and allows 
space for the subsequent addition of 
keys, lamps and digit displays which 
may be required if improved facilities 
are developed. Local experience in 
the development of modern switch­ 
boards was available and in fact the 
A.P.O. had already embarked on the 
design of a new cord type operating 
console which could be readily adapt­ 
ed. Local production of a cordless 
switchboard carcass was therefore 
feasible and this offered the best 
means of meeting the firm target 
dates which had been set for the in­ 
stallation of the new switchboards. 
The layouts proposed for cordless and 
cord type trunk assistance positions 
are shown in Figs. 1 and 2 while Fig. 
3 illustrates the type of construction 
envisaged. Figs. 4 and 5 are typical 
operating room layouts. 
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The cordless trunk position console 
features a translucent panel on which 
designations are illuminated during 
the progress of the call. Below this is 
a sloping key shelf and a horizontal 
writing space. The keys and timers 
for the six connecting circuits are 
mounted in the centre portion of the 
key shelf below the associated lamps 
on the translucent panel. The digit 
key strip and some of the other com­ 
mon position equipment is on the 
right hand side of the key shelf and 

the remainder on the left hand side. 
While it is felt that push button keys 
are preferable to lever type keys for 
both the cord and cordless type posi­ 
tions it has been agreed that lever type 
keys will be used for speak and moni­ 
tor keys on cordless positions to avoid 
delaying the design of the equipment. 
Push buttons, some with illuminated 
tops, will be used for functions which 
are common to all connecting cir­ 
cuits. A routing index, docket boxes, 
and two jacks for the connection of 

operators' headsets are also required, 
and at the larger exchanges pneumatic 
tubes will be used for transferring the 
trunk dockets from the operating 
positions to the sorting and pricing 
positions. 

The cord type trunk assistance posi­ 
tions will have a multiple jack field 
normally arranged for three complete 
appearances per five positions; there 
should be no need for extra multiple 
sections adjacent to the switchboards 

Fig. 3 - General Appearance Envisaged for Operators Consoles. Left: Cordless Type. 
Right: Cord Type. 
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Fig. 5 - Trunk Assistance Exchange Room Layout - Cord Type Positions. 

at either end of the suite. Retractable 
cord rollers will be used to minimise 
the height of the positions. Push but­ 
tons will be used instead of lever 
keys throughout. 

OPERATING PROCEDURES 
AND TERMS 

The facilities which are to be pro­ 
vided by the new operating positions 
can be readily understood by study­ 
ing the operating procedures and 
terms which are described below. The 
operation of the trunk switchboards 
will not be described in detail but 
typical calls will be used to illustrate 
the general approach. Particular ref­ 
erence will be made to the new cord­ 
less positions but the operating tech­ 
nique will be very similar for the 
cord type positions. 

Demand Working 
"Demand Service" is given when an 

operator completes an incoming call 
originated by the caller who waits on 
the line; this is known as demand 
working. In general terms, the oper­ 
ator answers the call, notes whether 
it originated in a particular service 
area, accepts from the subscriber the 
details of the call required and, after 
referring to a routing index or to a 
special operator for routing direc­ 
tions, sets up the call, generally 
without the intervention of other oper­ 
ators. She then supervises the call, 
obtaining the called party on a par­ 
ticular person call, introducing the 
parties or leaving, word etc., as ap­ 
propriate. When the conversation 
commences she starts the timing 
equipment and records the timing de­ 
tails. 

If the particular person asked for 
by the calling subscriber is not avail­ 
able the call may be reverted or a 
message may be left for the particu­ 
lar person to advise when he is avail­ 
able. The call would then be estab­ 
lished by demand or revertive work­ 
ing from a distant assistance ex­ 
change serving the called subscriber. 

Revertive Working 
When a call cannot be set up on de­ 

mand, the details of the service re­ 
quired are recorded. the subscriber is 
advised of the likely delay, and the 
call is later set up by revertive work­ 
ing. This requires the operator to re­ 
call the originating subscriber and to 
call the wanted number; the two cir­ 
cuits outgoing from the · manual 
switchboard are then switched to­ 
gether. When the call is set up, the 
normal supervisory conditions and 
charging procedure are used. 

Caller-in-Circuit and Overlap Working 
In setting up the call, the calling 

subscriber is normally left in circuit 
so that he can hear progress tones 
and the answer from the distant end, 
etc.; this is known as caller-in-circuit 
working. The operator, however, has 
the option of dividing the circuit if 
necessary and speaking with either 
party independently. 

The operator is also able to operate 
and speak on one connecting circuit 
while monitoring a second connection 
without there being significant coup­ 
ling between the two connecting cir­ 
cuits. In practice, the operator may 
use this to set up a connection A to 
B and, while waiting for a particular 
person at B to come to the telephone, 
start to set up a further connection C 
to D, leaving A to B in the monitored 
condition. At other times, she may 
use the monitoring connection for 
supervising or monitoring other con­ 
nections during brief breaks in the 
action on the particular circuit with 
which she is primarily engaged. 
Therefore the maximum number of 
circuit keys operated simultaneously 
is one speak key and one monitor key. 

Call Timing 
To time the call for charging pur­ 

poses a digital clock is provided as 
part of each connection circuit on the 
position console. This operates in six 
second steps and has two starting 
positions, one for timing calls from 

ordinary subscribers and the other 
for timing calls from coin telephones. 
The timer is started (and reset) 

manually but it does not commence 
to operate until the called party 
answers and it stops when either the 
calling or the called party clears; i.e., 
the timer does not operate when 
either of the supervisory lamps is op­ 
erated. It cannot be started on a sub­ 
sequent call until it has been reset. 
Each timer has an associated timer 
lamp which flashes on calls from 
coin telephones at 2.8 minutes, 5.8 
minutes, etc. (The timer is set manu­ 
ally for either ordinary subscriber or 
coin telephone operation.) As the 
timer has a restricted range of 9 
minutes it must be reset after this 
time; the time lamp flashes on all calls 
when the time limit has been reach­ 
ed. On completion of the call the time 
lamp glows steadily until the time 
key is restored. 
With the arrangement of timing 

clocks outlined above all calls must 
be recorded in writing on dockets 
which are subsequently passed to 
sorting tables for processing. It is 
hoped eventually to provide equip­ 
ment to allow the details of certain 
classes of calls to be recorded auto­ 
matically by means of electrical sig­ 
nals initiated from the position cir­ 
cuit and various schemes have been 
put forward for reducing the amount 
of manual effort involved in record­ 
ing and computing charges. Auto­ 
matic equipment could be provided 
to identify the calling subscriber's 
line thus eliminating human errors. 
Unless this is done the operator will 
have to key the calling subscribers 
number (or the credit card number, 
etc.) and the class of call in addition 
to the normal routing information. The 
calling and called subscribers' num­ 
bers and the class of call information 
should be stored and displayed to the 
operator while the call is being set 
up. Subsequently the time at which 
answer and clearing occur would be 
automatically added to the stored 
information which would then be fed 
to an accounting computer. A printed 
statement of charges would be re­ 
quired immediately on completion of 
certain calls. 

Identification of the Origin of Calls 
For charging purposes the operator 

must ascertain the calling subscrib­ 
er's number. If a manual trunk as­ 
sistance position serves several closed 
numbering areas the calling subscrib­ 
er's number must include the sig­ 
nificant portion of the national prefix 
to avoid ambiguity. To simplify oper­ 
ating procedures and to reduce the 
amount of information which has to 
be obtained from the subscriber it is 
necessary for cordless position equip­ 
ment to provide a visual indication of 
the particular closed numbering area 
in which the call originates. In some 
exchanges arrangements may also be 
made to indicate whether the call has 
originated in the immediate charging 
zone in which the manual suite is 
situated or in some other zone. This 
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is a useful operating aid for calls 
which have to be charged on a zone­ 
to-zone basis, particularly if most of 
the traffic to the trunk assistance 
position originates in the local zone, 
but the facility will not be provided 
in cases where it would involve ad­ 
ditional expense. 

Demand traffic is predominantly 
from subscribers and coin telephones, 
but a small amount of traffic from 
operators may be mixed with it. As a 
slightly different operating procedure 
is used on calls originated by other 
operators, a visual signal is provided 
on the position to alert the operator. 
This also helps to guard against 
fraudulent practices. 

Identification of calls from coin 
telephones is also required because of 
the special operating techniques and 
as a safeguard. This is achieved by a 
lamp signal or by the insertion of a 
special tone which is audible to the 
operator. If identification tone is ap­ 
plied, it is removed automatically 
8-10 sees after the call is answered 
by the operator or when a tone cut­ 
off key is pressed; operation of the 
tone cut-off key will also cause the 
coin telephone identification lamp to 
glow. 

On cord type positions identifica­ 
tion of the type of origin of a call 
may be achieved by means of segre­ 
gated incoming circuits. 

Delay Working 
When the trunk network is over­ 

loaded the available trunk circuits 
should be reserved as far as possible 
for subscriber-dialled traffic. This 
may be accomplished by the manual 
exchange supervisor who is able to 
place final choice routes to trunk dis­ 
tance switching centres "in delay". 
This prevents local manual assistance 
trunk demand operators from obtain­ 
ing access to the routes and when 
codes corresponding to these routes 
are keyed, the demand operator re­ 
ceives an indication of the length of 
delay likely to be encountered. The 
call docket is then passed to a special 
position which has been set to "over­ 
ride delay". The call is later reverted. 

Digit Keys, Routing Codes and 
Registers 

The address information for rout­ 
ing the call from trunk assistance 
positions is inserted by means of digit 
keys on the operating positions. For 
calls within Australia the digits 1-0 
are used but on international calls 
auxiliary digits 11 and 12 are some­ 
times used. The maximum number 
length which will be catered for is 
15 digits which gives a margin of 1 
digit over the longest national and in­ 
ternational number foreseen. The 
maximum storage requirement for in­ 
ternational calls is related to the 
single digit international access code 
fifteen (15), plus a maximum of the 12 
digits for country code and national 
code combined as recommended by 
C.C.I.T.T.; a language digit is also 

necessary. On some national calls 
which leave the ARM switching net­ 
work and traverse the semi-automatic 
(2VF) system, dialling codes . of the 
order of 14-15 digits can also be ex­ 
pected. Facilities are to be provided 
in the equipment to reduce the like­ 
lihood of operators making use of un­ 
authorised routing combinations to 
reach the destination. This control 
over the routing of operator estab­ 
lished calls is needed so that the traf­ 
fic loading of the ARM and 2VF trunk 
systems may be kept reasonably bal­ 
anced, particularly on the main inter­ 
state routes. 

The address information is trans­ 
mitted from the digit keys to oper­ 
ators registers which control the es­ 
tablishment of the call; a common 
group of registers serve a number of 
positions; a register connect key is 
used to call a register. 

Two lamps are provided to indicate 
that a register has been coupled to 
the switchboard positions circuit on 
the calling or answering side respec­ 
tively and that the register is ready 
to receive information from the digit 
keys. Each continues to glow until 
the register has completed its action 
and has uncoupled from the position. 
If the call encounters congestion 
within the crossbar network the 
lamps flash to indicate that the out­ 
going line has been released. A tone 
will also be heard by the operator. 

The operation of the key strips and 
registers will be different to that of 
the key senders used on existing 
types of switchboards in that, on a 
reverted call, it will be possible to 
key up the wanted number on the 
call side and follow on immediately 
keying up the calling subscriber on 
the answer side. 

Call Acceptance Condition 
When there are no calls waiting in 

the queue the operators will depress 
a "Call Acceptance" Key and a "Pre­ 
set" lamp will glow. This indicates 
that the position is ready to receive a 
call and that a signal has been 
given to the queue which will cause 
a subsequent call to be immediately 
connected to the position which is 
preset. The preset condition is can­ 
celled either on acceptance of an in­ 
coming call, on operation of a con­ 
necting circuit speak key or on with­ 
drawal of the operator's headset plug. 
Operation of a monitoring key will 
not cancel the preset condition. 

Priority 
During busy periods most of the 

available trunk circuits will be occu­ 
pied on calls dialled by subscribers. 
There is a requirement for a manual 
operator to obtain priority access to 
trunk routes in the event of emer­ 
gencies, such as major disasters, hos­ 
tilities, etc., as well as to connect 
calls booked by cabinet ministers, 
and some other urgent calls on which 
priority must be given. 

This facility is available only under 
the control of the supervisor who is 
able to preset a position to connect 
one call under priority conditions. It 
all possible routes are congested the 
equipment will make repeated at­ 
tempts to set a connection until a cir­ 
cuit becomes free; the priority call 
will then be set up. In special cir­ 
cumstances the exchange supervisor 
may make a random selection of calls 
on the required route and request the 
caller to terminate his conversation 
so that a priority call can be connect­ 
ed. No provision has been made to 
automatically break down established 
connections in order to set up prior­ 
ity calls. 

Data Transmission 
Calls involving data transmission 

are sometimes established over the 
switched trunk line network. When 
these calls are connected via manual 
assistance positions special precau­ 
tions are necessary to avoid mutilat­ 
ing the data. Pip tone timing pulses 
normally transmitted to subscribers 
automatically every three minutes 
could interrupt the data. In addition, 
operation of the speak key associated 
with the data call could cause inter­ 
ference. To overcome this a key 
and an associated lamp are provided 
so that if the key has been operated, 
pip tone will not be injected and the 
operator cannot speak across the 
data connection. The call can be 
monitored and if the operator con­ 
siders it necessary she may cancel 
the data setting and speak across the 
connection. 

Miscellaneous Aspects 
Conference Calls: Facilities are 

provided on selected positions for the 
connection of up to ten parties in ad­ 
dition to the caller. 

Check of Busy Subscribers' Lines: 
Trunk assistance positions do not 
have access to busy lines. If busy tone 
is encountered repeatedly, the trunk 
assistance operator calls a service as­ 
sistance position from which the sub­ 
scriber's line can be checked. 
Automatic Coupling of Switch­ 

boards: Automatic coupling is pro­ 
vided to permit an operator to use the 
connecting circuits of an adjacent un­ 
staffed switchboard, using the posi­ 
tion equipment of her own switch­ 
board. When an operator's headset 
plug is withdrawn the position is 
coupled automatically to a staffed 
position on the left or right hand side, 
depending on the connections made 
during installation. 
Night Switching: When it is desired 

to close an exchange during the slack 
periods of a day the queues feeding 
the demand positions are blocked and 
the traffic is automatically diverted 
to a permanently-staffed assistance 
centre. The night switching is con­ 
trolled from a key on the supervisor's 
position at the exchange to be night 
switched. 
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PROPOSED METHOD OF 
OPERATION 

Simple Demand Calls 
Operator Waiting: If there are no 

calls in the queue the operator will 
depress the CALL ACCEPTANCE key 
and the position is then said to be 
"Preset". The PRESET lamp will 
glow. 
Arrival of a Call: If an incoming 

call arrives when a position is preset, 
it will be connected immediately to a 
free connecting circuit, and a short 
signal will be transmitted to the oper­ 
ator's headset to alert her that a call 
is waiting. The ANSWER lamp associ­ 
ated with the particular connecting 
circuit will glow. 

Booking the Call: When the SPEAK 
KEY of that connecting circuit is op­ 
erated, the operator will be able to 
converse with the caller; the ENGAG­ 
ED lamp will glow, and the PRESET 
lamp and the ANSWER lamp will be 
extinguished. One or more displays 
may be illuminated to indicate the 
type or origin of the call. The details 
of the service required will be taken 
from the caller and recorded on a 
trunk docket. The caller is left across 
the circuit during the setting up of 
the call. 

Establishing the Connection: The 
REGISTER CALL key is operated to 
couple a register to the DIGIT KEY 
STRIP and the wanted number is key­ 
ed, after which the FINISH key is 
depressed to indicate to the register 
that all digits have been keyed. 
(If the operator does not know the 
calling code of the required distant 
station, she operates the ROUTE 
order wire key and obtains the infor­ 
mation from the ROUTING POSI­ 
TION where comprehensive records 
are maintained.) 
The CALL SUPERVISORY lamp 

will glow from the time a register is 
associated with the call side of the 
connecting circuit until the called 
subscriber has answered and will 
again glow when he clears. During 
the time a register is connected to the 
connecting circuit the brilliance of 
the CALL SUPERVISORY LAMP will 
be reduced. 

Conversation: Having assured her­ 
self that the connection has been satis­ 
factorily established, the operator 
closes the SPEAK key and operates 
the TIMER key to the "Subscriber" 
position to start the TIMER. The call 
is supervised by the operation of the 
MONITOR key at frequent intervals 
during its progress to ensure that 
conversation is proceeding satisfac­ 
torily. Should it be necessary for the 
operator to speak again on the con­ 
nection, the SPEAK key is operated; 
this also causes the "type or origin 
of call" information to be displayed 
again. 

Timing and Release: The time lamp 
will flash rapidly when the TIMER 
has been operating for 9 minutes to 
indicate that it requires resetting. Dur- 

ing the course of the conversation 
three short pips of 900 c/s tone are 
applied to the circuit shortly before 
the end of each three minutes period 
to warn both parties that a charging 
period is about to conclude. When 
either the calling or called party res­ 
tores his receiver the ANSWER or 
CALL SUPERVISORY lamp and the 
TIME lamp glows steadily until the 
TIME key is restored. The TIMER 
cannot be started on a subsequent call 
until it has been manually reset. If 
the calling party replaces his receiver 
both sides of the connection will re­ 
lease and subsequent resetting of the 
TIMER will extinguish the ANSWER 
and CALL SUPERVISORY lamps, the 
TIME lamp and, the ENGAGED lamp. 

At the end of the call, the operator 
completes the trunk docket and des­ 
patches it to a central position via 
the PNEUMATIC TUBE. 

Special Calls 
Reverted Calls: It may be necessary 

to revert a call either because the 
trunk route is busy or because the 
called party was not available. Assum­ 
ing the operator elects to establish 
the connection to the called party be­ 
fore recalling the calling party, a typ­ 
ical call would be handled as follows: 

The operator selects a disengaged 
connecting circuit and operates the 
SPEAK key. The ENGAGED lamp 
will glow. Operation of the REGISTER 
CALL KEY will couple the register 
to the DIGIT KEY STRIP via the call­ 
ing side of the connect circuit and the 
called party's number will be keyed, 
after which the FINISH key will be 
depressed. Immediately following this 
the REGISTER ANSWER key may be 
operated to couple a register to the 
DIGIT KEY STRIP via the answer side 
of the connecting circuits; the calling 
subscriber's number will be keyed 
after which the FINISH key will be 
depressed. 
The subsequent establishment of the 

conversation, timing and supervision 
would be similar to that for demand 
calls. When both the calling and the 
called parties replace their receivers 
both sides of the connection will re­ 
lease. The operator can release either 
side of the connection by pressing 
the appropriate RELEASE key. 

Calls from Coin Telephones: When 
a call from a coin telephone is re­ 
ceived at a demand position the opera­ 
tor will receive either an audible or 
"visual" coin telephone indentification 
signal. If an audible signal is receiv­ 
ed, it must be disconnected by the 
operation of the TONE CUT-OFF key; 
this will cause a visual indication to 
be given on the transluscent panel 
immediately, and on each subsequent 
operation of the SPEAK key. 
The details of the service required 

will be obtained from the caller and 
recorded on a trunk docket. Connec­ 
tion will be made to the called party 
but before the conversation is allow­ 
ed to proceed the operator will div­ 
ide the circuit and supervise the col­ 
lection of coins from the caller. 

The TIME lamp provided in con­ 
junction with the TIMER will flash 
rapidly at 2.8, 5.8 and 8.8 minutes 
and continue to flash rapidly for ap­ 
proximately 10 seconds after the end 
of each three-minute period or until 
the TIMER key is restored. 

In all other respects the operation 
is similar to that for a simple demand 
call. 

Priority Calls 
When congestion is encountered on 

a demand call and the subscriber 
indicates that the call is of an ex­ 
tremely urgent nature the operator 
will call the monitor. If the monitor 
considers that priority service is war­ 
ranted she will arrange for the opera­ 
tion of a PRIORITY key on the sup­ 
ervisor's position. This, in conjunction 
with the PRIORITY key on the opera­ 
ting position will cause the PRIORITY 
lamp on the operating position to glow 
and the particular connecting circuit 
will be set for priority operation. The 
priority condition will be automati­ 
cally cancelled on completion of the 
call. 
Calls Requiring the Assistance of the 

Monitor 
If the operator finds difficulty on a 

particular call she will press the 
CALL MONITOR key to attract the 
monitor's attention. This will cause 
the MONITOR CALL lamp on the top 
of the position to glow and will give 
an audible signal at the monitor's 
post. The monitor call setting can be 
cancelled either from the monitor's 
post or from the operating position. 
By operating a key on the monitor's 
post the monitor may speak and lis­ 
ten across the operator's position cir­ 
cuit. 

SIGNALS 
Audible 

Apart from the normal service tones 
used on calls dialled by subscribers 
such as dial tone, ring tone, busy 
tone, NU tone and recorder connected 
tone some special audible signals are 
needed on manual calls - 

Call waiting to indicate that a call 
has been switched to the position. 

Coin telephone identification tone 
to indicate that the call was originated 
from a coin telephone. 

Coin tones to indicate to the opera­ 
tor the number of and value of coins 
deposited on calls from coin tele­ 
phones. 

Pip tone to inform the caller that a 
3-minute period is nearing completion. 
Delay announcements to advise the 

operator of the expected delay on the 
particular route. 

Visual 
The visual signals to be used are 

set out in Table 2. Identical signals are 
used if possible for cordless and cord 
type positions. Steady signals are pre­ 
ferred but some use is made of flash­ 
ing signals to denote urgency. 
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TABLE 2: VISUAL SIGNALS 

Location 

Connecting . circuit 
(T) 

Connecting circuit 
(T) 

Connecting circuit 
(T) 

Connecting circuit 
(T) 

Position (T) 

Position (T) 

Lamp 

Multiple 

Multiple 

Engaged 

Time 

Answering 
Supervisory 

Calling 
Supervisory 
Pre-set 

Call Waiting 

Position (T) I Coin Telephone 
Position (T) Distant Numbering 

Areas (one lamp 
per numbering area) 

Position (T) I Operator 
Position (T) Register Connect 

Call (or Answer) 

Position (T) Delay ( one lamp 
per position) 

Position (T) Priority 

Position (T) Tube Fail 

Position Key Unit Data (one lamp 
per position) 

Position Key Set Call monitor 
Position Key Set Route 
Position Key PA 
Multiple Incoming Line 
Multiple Incoming Call 

Pilot 

Outgoing Line 

Delay ( one lamp 
per route) 

Function 

Connecting circuit engaged 

(a) 2.8, 5.8 or 8.8 minutes (coin 
telephone calls) 

(b) Timing limit of timer 
reached 

(c) Call completed but timer 
key not restored 

(a) Call unanswered or cleared 

(b) Recall 
Call unanswered or cleared 

Position preset to receive 
incoming call 
(a) Call waiting 
(b) Call waiting longer than 

pre-determined time 
(nominally 20 seconds but 
variable in three steps - 
10, 20, 30 seconds ± 25%) 

Call from coin telephone 
Calls from (particular) 
distant closed numbering areas. 

Call from an operator 

(a) Register connected 
(b) Congestion 
(c) Called subscriber busy 

(This latter function is · 
highly desirable but not 
essential) 

Route in delay 

Connecting circuits set for 
priority working 
Pneumatic tube system out of order 
Connecting circuit set for data call 

Assistance of monitor required 
Routing position busy 
Public address system in use 
Call waiting 
(a) Call waiting 

(b) Call waiting longer than 
pre-determined time 

Line is free and should be 
used next 
The particular group of lines 
is in delay 

Periodicity 

Steady * 

Rapid flashing for 12 
to 22 sees. 
Rapid flashing. 

Steady 

Steady 

Slow flashing 

Steady 

Steady * 

Steady * 
Slow flashing 

Steady * 

Steady * 

Steady * 
Steady 
(reduced brilliance) 
Rapid flashing 

Slow flashing 

Steady * 

Steady 

Steady * 
Steady (when speak 
key operated) * 
Steady 
Steady 
Steady 
Steady t 
Steady t 
Slow flashing t 

Steady t 

Steady t 

(T) Translucent panel on cordless 
position or position key set on 
cord type positions. 

* Cordless positions only. 
t Cord type positions only 
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MANAGEMENT POSITIONS 
Monitors' Posts 

The work of the trunk assistance 
operator is supervised by monitors 
who each look after a specific number 
of positions. One of the duties of a 
monitor is to assist the operators in 
handling any difficult traffic. A moni­ 
tor's post is fitted with a call monitor 
lamp to indicate that a particular op­ 
erator requires assistance. By means 
of keys on the monitors post the 
monitor can obtain direct access to 
the speech circuit of any of the posi­ 
tions under her control. The design 
will allow a monitor to have access 
to up to 10 operating positions. Each 
monitors post is also equipped with 
a bothway line to the local automatic 
exchange and a bothway miscellane­ 
ous services circuit for intercommuni­ 
cation within the manual exchange. 
It is proposed to use digit key strips 
rather than dials. 

Supervisors' Positions 
The supervisors' positions should 

permit quick assessment of the staff­ 
ing and call handling situation of all 
positions in the part of the exchange 
controlled by the supervisor. In the 
larger exchanges it will be necessary 
to locate certain of the facilities on 
separate positions for more efficient 
operation by specialist staff; alterna­ 
tively in the smaller centres it may 
be necessary to include some of the 
facilities mentioned below on the 
monitor's post. 

At cordless trunk assistance ex­ 
changes the following facilities are 
required, (only minor differences are 
required at cord type exchanges):- 
An Occupied Circuits Indicator to 

show the number of circuits occupied 
(at least on backbone routes to trunk 
distance switching centres). 
Rotary Delay Switches to select a 

recorded announcement to indicate the 
delay conditions applying on particu­ 
lar routes. Operation of a delay switch 
will bar access from local demand 
operators to the particular backbone 
route, but it will not prevent S.T.D. 
subscribers, suspense and delay opera­ 
tors or demand operators at other 
assistance exchanges from gaining 
access to the route. Delay switches 
will normally be fitted on final choice 
trunk routes. 
Delay Override Keys to allow de­ 

mand positions to gain access to back­ 
bone routes temporarily barred to 
other demand operators. 

Staffing Lamps to indicate which 
positions are staffed. 

Calls Waiting Display to indicate 
the number of unanswered calls and 
the number of calls which have been 
waiting longer than a predetermined 
period. 
Waiting Time Control Key to vary 

the time a call will be allowed to re­ 
main unanswered before the call 
waiting lamps on the trunk assistance 
positions commence to flash. 

Priority Control Keys and Lamps 
to allow particular positions to be 
preset for priority access. 

-- -- - 

A Busy Override Facility to allow 
the supervisor to obtain access to a 
busy outgoing circuit via the cross­ 
bar trunk exchange test access equip­ 
ment. 

Three Connecting Circuits 
Cyclometer Type Meters to re­ 

cord:- 
(i) Total calls answered from each 

queue. 
(ii) Total number of calls not ans­ 

wered within the specified 
time. 

(iii) Total number of demand calls 
through connected by each posi­ 
tion. 

(iv) Total number of demand calls 
through connected. 

(v) Total number of offered in­ 
coming calls from subscribers 
and coin telephones. 

(vi) Total number of offered calls 
from other assistance exchan­ 
ges. 

(vii) Total number of calls reverted. 
Queue Control Keys to:- 
(i) Permit each queue to be by­ 

passed for fault and test pur­ 
poses. 

(ii) Allow each queue to be block­ 
ed for concentration of traffic 
during slack periods. 

(iii) Halve the length of each queue 
and 

(iv) Allow traffic for different ser­ 
vices to be concentrated to a 
single queue during light traffic 
periods. 

A Night Alarm Control Key 
A Night Switching Key at exchan­ 

ges which are closed during some 
periods. 

MISCELLANEOUS SERVICES AND 
ANCILLARY POSITIONS 

Telephone Number Information 
Positions 

These positions handle directory 
enquiries. Calls can be switched to 
a supervisory position and operators 
can make outgoing calls either to the 
local or trunk network. Incoming calls 
may be received from the local net­ 
work, distant parts of Australia, and 
overseas countries. Calls from over­ 
seas will be identified so that they 
may be given priority. 

Trunk Enquiry Positions 
These positions are for enquiry 

traffic such as for the charge of a 
call and the likely time of connection 
of a delayed call. In large installa­ 
tions, switching positions will be used 
to distribute the enquiry traffic to 
specialised auxiliary positions. 

Service Assistance Positions 
Service assistance positions are for 

handling calls from subscribers re­ 
porting faulty service or requiring 
assistance in establishing a call. On 
these positions details of the difficul­ 
ties reported by subscribers will be 
recorded. No testing facilities will be 
provided other than access to a local 
or distant subscriber's line to test 
whether it is free or busy or to con- 

firm a D.N.A. condition. A facility to 
listen and challenge on the line, even 
if it appears to be busy, will be pro­ 
vided. Extension of local caIIs with 
normal metering, or without meter­ 
ing and S.T.D. calls with the relevant 
multimetering charges where applic­ 
able, will also be provided. 

Service Assessment Positions 
These positions will be such that 

highly-trained and experienced opera­ 
tors will be able to assess the quality 
of service given to subscribers on 
normal calls without being able to 
break in on any conversations. Pro­ 
vision will be made for observation 
of the actual metering and answering 
conditions and a display of the num­ 
ber dialled by the subscriber. Local 
area service will be assessed by samp­ 
ling calls at first selectors or DSRs 
in step exchanges and SR relay sets 
in crossbar exchanges. The objective is 
to provide these facilities in all ex­ 
changes exceeding 400 lines in both 
metropolitan and country areas. In 
particular cases, perhaps remote rural 
areas, this may not be practicable or 
economic and alternative arrange­ 
ments may have to be made. S.T.D. 
traffic will, where practicable, be ob­ 
served separately from local traffic at 
a point as close as possible to its 
source and immediately after its 
separation from local traffic. This will 
permit the taking of fairly large sam­ 
ples of this important traffic in a 
relatively short time. 

Interception Positions 
Interception positions will handle 

traffic which for any reason must be 
diverted to a manual operator; for 
example, calls to lines with incorrect 
directory entries or which are on 
temporary interception, changed num­ 
ber service or similar special category. 
In general, the intercepted traffic will 
be diverted to the interception centre 
from crossbar exchanges in a local 
network but some of this traffic will 
be connected to recorded announce­ 
ments and tones. Some of the calls 
coming into the interception position 
will be extended to the number dial­ 
lied or to another number. 

Routing Positions 
These positions provide answering 

points for the order wires from the 
operating positions. An index panel 
containing the routing codes for all 
destinations is mounted on each posi­ 
tion. 
Docket Collecting and Distribution 
In large exchanges a sorting rack 

is provided having access from both 
sides for sorting, pricing, enquiry or 
call back purposes. Dockets are nor­ 
mally conveyed from the demand and 
delay positions by means of a pneu­ 
matic tube system and docket receiv­ 
ing and distributing positions. 

Training Positions 
These are requred at large exchan­ 

ges where cordless positions are pro­ 
vided. They are similar to normal op- 
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erating positions and can be used 
for either simulating the various types 
of calls an operator would be re­ 
quired to handle or for handling live 
traffic. 

Suspense/Trunk Enquiry Positions 
These positions will handle trunk 

enquiry traffic and particular person 
calls which have not been completed 
because the particular person was 
not available. When he becomes avail­ 
able he advises his local exchange and 
the operator calls the suspense posi­ 
tion at the originating exchange and 
completes the call. Access to the sus­ 
pense position is obtained via special 
calling codes. In addition to the nor­ 
mal facilities provided on demand posi­ 
tions, the suspense positions have 
equipment for receiving and storing 
dockets for suspense, "particular per­ 
son to advise" calls, and fixed time 
traffic. 

Mobile Radio Telephone Positions 
In some exchanges facilities will be 

required for providing assistance on 
calls to and from mobile radio tele­ 
phones. 

Multi-purpose Positions 
In order to achieve maximum staff­ 

ing economy and operating conveni­ 
ence at small exchanges and during 
periods of very light traffic at larger 
exchanges it will be necessary to pro­ 
vide for some combination of the 
various functions to suit local circum­ 
stances. This may be done either by 
providing specially equipped positions 
or by modifying one or other of the 
functional type positions. 

Emergency (000) Positions 
Special positions are installed in 

some exchanges for the termination 
of direct lines to the 000 emergency 
services (police, fire and ambulance) 
or for access through the network to 
the services. Special alarm facilities 
are provided. 

Appointment and Reminder Call 
Positions 

These are simple positions or tur­ 
rets for the acceptance and verifica­ 
tion of appointment and reminder re­ 
quests. They are fitted with suitable 
time alarms and docket storage. 

International Positions 
Subscribers requiring outgoing in­ 

ternational calls are required to dial 
special service codes which ultimately 
will route the calls to large selected 
assistance centres at which special in­ 
ternational positions are installed. 
These are similar to demand positions 
but have additional equipment such 
as additional digit keys for the codes 
11, 12 and 15 used on the international 
service. In addition to the digital 
clock indicating local time an extra 

clock is required to show Greenwich 
mean time. 

Additional equipment is also re­ 
quired on the international positions 
for handling incoming calls from over­ 
seas. 

CONCLUSION 
The trunk assistance positions be­ 

ing designed to provide the facilities 
described in this article will meet the 
basic requirements of the A.P.O. for 
many years, and the Specification 
should be a valuable reference docu­ 
ment for subsequent developments as 
it describes not only the facilities but 
also the boundary conditions between 
the manual equipment and the auto­ 
matic network. 

Commercially the telephone service 
cannot continue to operate profitably 
if the rapidly-expanding demand for 
trunk service continues to be manu­ 
ally handled. As a matter of policy 
therefore, the Australian Post Office 
is vigorously extending the S.T.D. 
network to minimise the growth in 
manually-handled traffic with its re­ 
lated costly accounting processes. 
Nevertheless, it is forseen that im­ 
provements in the efficiency with 
which operators handle manually-con­ 
nected calls will be essential in order 
to limit the rate of increase of manu­ 
al call handling costs. New techniques 
and new equipment are already under 
study and will be introduced in the 
future, including no doubt new manu­ 
al facilities. 
Preliminary assessments indicate 

that the introduction of a service 
permitting the subscriber to dial the 
called number while awaiting opera­ 
tor assistance would produce signifi­ 
cant savings and would probably be 
welcomed by many subscribers. Call­ 
ing line identification, automatic pre­ 
paration and processing of charging 
information, automatic billing, and 
subscriber dialling of international 
calls are other potential means of re­ 
ducing the operating load. Some 
equipment economies would also re­ 
sult from switching certain calls clear 
of the operating position once they 
are established. The actual form of 
the new manual facilities and the 
timing of their introduction will de­ 
pend primarily on subscribers' reac­ 
tions to the introduction of S.T.D. on 
a broad scale and to the resultant ef­ 
fect on the growth of particular manu­ 
al exchanges. The technical capabilities 
of any major new items of equipment 
adopted could also be significant, for 
example, the impetus for new facilities 
could come with the introduction of 
electronically controlled exchange 
equipment in several years time. 
While the positions which have been 

specified do not provide all these re­ 
finements they represent an economic 
compromise at this stage in the devel­ 
opment of the network. 
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SEACOM-E RADIO BEARER SERVICE ORGANIZATION 
A. ELLIS, B.Sc.* 

INTRODUCTION 
This seventh article in the SEA­ 

COM series describes the service or­ 
ganization responsible for the opera­ 
tion and maintenance of the SEA­ 
COM-E radio bearers and the way it 
has been developed to assure the high 
standards of performance and reliab­ 
ility set down for this link during the 
Kuala Lumpur Conference. (Ref. 1.). 

Briefly, the desired standards ex­ 
ceed those of the usual Departmental 
trunk systems in the following ways: 

Noise Allowance: The noise allow­ 
ance for the section between Bris­ 
bane and Cairns has been reduced by 
approximately 5 dB from the usual 
C.C.I.R. limit. 

Traffic Loading: The loading of the 
supergroup which carries the SEA­ 
COM traffic is approximately 6 dB 
higher than C.C.I.R. loading. 

Reliability: The maximum outage 
limit during any four-week period 
must not exceed 0.1 per cent over 
the entire route from Sydney to 
Cairns. 

Maintenance Radius: The distance 
from any radio site to a maintenance 
centre should not exceed that requir­ 
ing 1 ½ hours' travel by road. 
* Mr. Ellis is Engineer Class 3, Radio Sec­ 
tion, Headquarters. 

With these objectives in mind, it 
is not difficult to understand the need 
for the highly developed service or­ 
ganization now operating along the 
route, which is staffed, equipped and 
organized to a level higher than that 
previously felt necessary for internal 
trunk routes. 

GENERAL 
The two major radio sections of 

SEACOM-E (Sydney to Lismore - 
425 miles and Mt. Gravatt to Cairns 
- 960 miles) are linked between Lis­ 
more-Mt. Gravatt (140 miles) by a 
coaxial cable system. 

Because of the differing adminis­ 
trative, geographic and equipment 
parameters which apply in these three 
sections, the service organization has 
been decentralised so that responsi­ 
bility for performance, operations and 
maintenance is vested in Brisbane for 
the cable section, and at Redfern and 
Mt. Gravatt for the radio sections. 
As shown in Fig. 1, each of these 
stations (called Line Section Control 
Stations), occupies a similar level in 
the overall service organization and 
carries out its functions within it 
with a great deal of autonomy. Each 
is, however, subject to direction from 
the line control station at City South 
(Sydney) for activities concerning the 

performance and co-ordination of the 
route as a whole. 
Within the radio sections, the main­ 

tenance function has been further 
decentralised to provide direct co­ 
ordination of these activities at vari­ 
ous points along the route. These 
levels in the organization are known 
as Maintenance Control Centres and 
are physically located at the baseband 
terminals which conveniently separate 
the route into approximately 200 mile 
intervals (Fig. 2). 

There is only one other level in the 
organization, and this is the one which 
provides the vital 'first-in' mainten­ 
ance attention to the unstaffed re­ 
peaters within the 1 ½ hour time limit 
mentioned previously. 

The staff for this level is drawn 
from the permanent district staff lo­ 
cated at the various telephone ex­ 
changes along the route. 

RADIO LINE SECTION CONTROL 
Within their respective Sections, 

the Line Section Control Stations at 
Redfern and Mt. Gravatt carry out 
the detailed duties shown below. Both 
stations are staffed continuously and 
are operated at all times under the 
direction of senior supervisory staff. 

(i) Carry out or arrange line-up 
and noise measurements over 

. --------- ----- ---r==-------===-~=.------ ---- -- -- ----- ------ -- -- -- 
CITY SOUTH (SYDNEY) 

T--- 
BRISBANE 

TRUNK TEST REDFERN I I ENGIN,EERING I MT. GRAVATT EXPERTS 

/\ --- ~1":---- ---- 
\ --- 

/ --- / " ---- 
/ .,,,_.--- / ------ 

PORT MACQU;;;;;i GOONELLABAH MARYBOROUGH ROCKHAMPTON MACKAY TOWNSVILLE !CAIRNS 

Fig. 1 - Coaxial and Radio Line Section Control. 
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@ 
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Fig. 2 - Maintenance Section Control. 
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(iv) 

the bearers and whole sections 
to ensure that the performance 
standard set for the Section is 
being maintained. 

(ii) Supervise the testing and 
clearance of faults other than 
those delegated to the main­ 
tenance control centres. 

(iii) Advises line control of all 
conditions which may affect the 
operation of the Section under 
its control. 
Arranges for the release from 
traffic of the Section as re­ 
quired for routine performance 
measurements and mainten- 
ance. 

As well as having a very experien­ 
ced staff, both of the line section 
control stations are equipped with 
two resources which play a major 
part in the co-ordination of the over­ 
all section performance: 

an extensive supervisory sys­ 
tem which shows the opera­ 
tional status of each bearer at 
each site along the section; and 

(ii) an auxiliary engineering order 
wire with express circuits in 
each of the maintenance con­ 
trol centres and which can be 
patched to communicate direct­ 
ly with any repeater site in 
any section as desired. 

The tele-signalling system at each 
line section control station plays its 
major role during the hours when 
the maintenance control stations are 
unstaffed, by accurately and quickly 
locating faults, and 'off normal' con­ 
ditions which might cause faults if 
allowed to continue. The line section 
control does not personally attend the 
fault clearance at these times, but 
operates a well-defined system of staff 
recall to alert staff from the approp­ 
riate maintenance centre and local 
district. The use of the order wire 
to allow demand calls to each main­ 
tenance centre is an obvious require­ 
ment of a service 'line' command, 
whilst the ability to communicate 
with any site along the section is 
designed to cover emergency periods 
at the maintenance centres. 

(i) 

MAINTENANCE CONTROL 
These centres are staffed on either 

a one or two shift basis and during 
these hours, have the responsibility 
for ensuring the rapid clearance of 
faults within the maintenance section. 
Although the centre is mainly con­ 
cerned with providing expert assis­ 
tance to the staff performing the 
'first-in' maintenance, in some cases 
where travelling time is a considera­ 
tion, the actual repeaters adjacent to 
the centre are maintained directly by 
staff from the centre. After the above 
normal hours of duty, this staff is 
available on a 'recall' basis. 

Each centre is equipped with a 
supervisory system similar to that at 

the line section control station, ex­ 
cept that the tele-signalled indications 
are limited to those from bearers 
which terminate at their centre. The 
supervisory display is arranged so 
that indications from sites are trans­ 
mitted to both adjacent maintenance 
control centres so allowing control 
from an adjacent centre. This feature 
permits the specialist at the Mainten­ 
ance Centre to personally attend near­ 
by repeaters without control being lost 
throughout the maintenance section. 

As shown in Fig. 2, certain of these 
maintenance centres are equipped and 
staffed to carry out detailed unit re­ 
pair. All maintenance centres are of 
course equipped to test repaired un­ 
its before they are placed in service. 
District Staff: Although the work of 

the district staff at the radio sites is 
closely directed by 'Maintenance Con­ 
trol', they exercise a great deal of 
initiative in locating alternative em­ 
ergency routes from their base to the 
radio site and in dealing with emer­ 
gency transport problems as they 
arise in the very rugged country 
traversed by the route. 

As in the case of the Maintenance 
Control Centres, the district staff op­ 
erate on a 'recall' basis after normal 
hours. 

Special Service Groups: A group of 
experts under the control of an ex­ 
perienced engineer is attached to 
each of the radio line section control 
stations (Fig. 1). The group acts in a 
'staff' capacity to the route as a 
whole by providing expert assistance 
when required, and also as an auditor 
to line section control with respect 
to the overall section performance. 

COMMUNICATION WITHIN THE 
ORGANIZATION 

Communication problems within the 
organization fall into three main areas 
as follows: 

Staff Recall: During the period when 
the Maintenance Centres are unstaff­ 
ed, recall of staff to effect fault clear­ 
ance is carried out by the line section 
control stations at Redfern and Mt. 
Gravatt, both of which are staffed on 
a continuous basis. 

Service Activity Affecting Bearers: 
In order to control the overall sys­ 
tem performance as seen by the user, 
service activity at any site which may 
result in a bearer outage exceeding 
2 msec., is only authorised by line 
control. When an outage is expected 
to be less than 2 msec., authority is 
only required from line section con­ 
trol. Hence, close communication is 
essential at these times between the 
control stations concerned. Further, 
during the clearance of faults or the 
performance of routines at repeaters, 
communication regarding the status 
of the bearers, the usage of spare 
units and general technical advice is 
required between the repeater and 
its maintenance control centre .. 

Assessment of Reliability and Per­ 
formanee: Because the reliability of 
the route is conveniently defined in 
terms of a four-week period, some 
recorded form of communication is 
required between the field staff and 
the control centres. This permits in­ 
dividual records to be integrated to 
produce a route summary, and allows 
maintenance centres to obtain a long 
term view of the bearers under their 
control so that they may observe and 
correct adverse trends. The assess­ 
ment of performance also involves a 
two-way communication system, that 
is, a flow of raw data from field to 
control and a flow of 'exception .re­ 
ports' back from control to field. 

The first communication problem 
of after-hours recall raises little diffi­ 
culty, as the facilities of the internal 
trunk network are available along the 
entire length of the route. As men­ 
tioned previously, an internal super­ 
visory and order-wire system is used 
to solve the second problem which 
entails the immediate recognition of 
distant fault conditions and the con­ 
comitant demand telephone connec­ 
tion. 
With regard to the third problem, 

no simple solution exists, since the 
required communication must provide 
for the flow of permanent records 
from the field to control, their sub­ 
sequent analysis and the final flow of 
integrated performance and reliability 
summaries back to the field. On the 
performance side, the flow of routine 
measurements occurs at regular, plan­ 
ned intervals and by virtue of the 
measuring process, yields an integra­ 
ted picture which needs little process­ 
ing other than that required to attract 
attention when limits are being ap­ 
proached. The picture is considerably 
different with regard to reliability 
however, since the data concerning 
it is generated frequently and at ran­ 
dom times throughout the entire 
length of the route, and requires a 
great deal of processing before its in­ 
formation content can be effectively 
used. 

The solution to this problem which 
has been adopted by the Radio Sec­ 
tions, involves the application of mod­ 
ern computer techniques to the sort­ 
ing, assessing and correlation of field 
service reports to produce the desired 
summaries in forms suitable for the 
various levels of management con­ 
cerned. Circulation of this information 
is made both up and down the organi­ 
zation regularly each month, and at 
other times as found necessary. 
The types of analysis being carried 

out at present fall into the three 
major categories of equipment, site 
and route. The first two are produced 
primarily for use within the main­ 
tenance section, whilst the route ana­ 
lyses are of major importance to the 
radio line section control and also 
the line control station. The same 
basic data is used to produce each of 
these analyses. 
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Q. RACIOCOMM SERVlCE ANALYSIS JULY 1966 PAH NO. 11 

•••REPORTED AS FAULTS ••• ••••• PLAN~EO ACTIVITY ••••• TRAFFIC 
!RR NO. OUTAGE MANHOURS NO. OUTAGE MANHOURS LOSS 

sne NAME AND HU~8ER NO. HRS.~N.SC HRS.MN.SC HRS.HHoSC HRS.HNoSC HRS.MN.SC ------- ------------------------------------------------------------------------------------------------------------ HARYHOROUGH lt06 000 COM EQUIPHNT 2 It 40 0 3 40 0 3 0 0 0 21 30 0 0 0 0 
HARYSOROUGH lt06 021 NEC TR4Gl2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
MARY30ROUCt! 406 022 NEC TR4G12 0 0 0 0 Q 0 0 l 0 10 0 0 10 0 0 0 0 
MARYBORO\JGH lt06 023 NEC TR4Gl2 1 0 ' 0 0 5 0 0 0 a 0 0 0 0 0 0 0 
IIARYBOROUGH lt06 021t NEC TR4Gl2 l 0 10 Q 0 15 Q l 0 ' 0 0 10 0 0 10 0 
MARYBOROUGH 406 029 NEC TR4Gl2 3 0 10 0 0 ;15 0 0 0 0 0 0 0 0 0 0 0 
MARYU~ROUGH 406 031 NEC TR4Gl2 l 0 5' 0 4 0 Q 0 0 0 0 0 0 0 0 0 0 
MAAYBOROUGM 406 032 NEC TR4GU 0 0 0 0 0 0 0 1 0 6 0 0 6 0 0 0 0 
M~RYBOROUGH 406 033 NEC TR4Gl2 1 0 5 0 a 5 0 0 0 0 C 0 0 0 0 0 0 
HARYSOROUGN 406 034 NEC TR4Gl2 0 0 0 a 0 0 0 1 0 s 0 0 9 0 0 0 0 
folA!I.YBOROUGN 406 039 NEC lRltG12 2 0 8 0 C e 0 0 0 0 0 a 0 0 0 3 0 
MARYBOMUGN 406 071 NEC 1R4G12 0 0 0 0 c 0 0 0 0 0 0 0 0 a 0 I) 0 
MARY BOROUGH 406 073 NEC TR4Gl2 2 0 1 0 0 25 0 0 0 0 0 0 0 0 a 0 30 
MARYBOROUGH 406 121 NEC TR4GO SY 0 0 0 0 0 0 0 0 0 Q 0 0 0 0 0 0 0 
MARYSOROUG~ 406 122 NEC lR"GD SV 0 Q 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
MARYIIOROUG~ 406 131 NEC Tft4GO SY C 0 0 0 0 a 0 0 Q 0 0 0 0 0 0 0 0 
MOY80ROU6H 406 132 NEC TR4GO SY 1 0 55 0 " 0 0 0 0 0 0 C 0 0 0 0 0 
~ARY80ROUGH 406 111 NEC U4GO SY 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
"AR YBOROUGH 406 172 NEC TR4GO SY 0 0 0 0 0 0 0 0 0 0 () 0 0 0 0 0 0 
"ARY80ROUGH .\06 990 SH AOHIN 0 0 0 0 0 0 0 6 0 0 0 45 9 0 0 0 0 
l!UYBOROUGH 406 996 TST INSnNTS 0 0 0 Q a 0 0 l 0 0 0 7 0 0 a 0 0 
'HARYSOROUGH 406 997 SPL ASSIST 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 () D 
IIAAYBOROUGH 406 998 EQT REPAIR 0 0 0 0 0 0 0 0 0 () Cl 0 0 0 0 0 0 
IIARYBOROUGH 406 999 ATE CONTROL 0 0 a () 0 0 0 5 0 0 0 33 20 0 0 0 0 
---------------------------------------------------------------------------------------------------------------------------------- TFC INTERRUPTIONS;_ 3 H 7 9 Q 13 3 0 19 0 26 C 110 3<\ 0 0 13 30 

--------------------------------------------------------------------------------------------------------------------------- 
Fig. 3 - Radio Bearer Site Analysis. 

OETAILEO SITE ANALYSIS MAftVBOROUGH 

COMPLAINT OR OBSERVATION. ••••PLANNED ACTIVITYo•••• ••••COMMON EQUIP"ENT ••••• •••••••FAULT CAUSE••••••• OTHER RADIO EQPT FAULTS 
BEARER OUTAQES BEARER OUTAGes BEARER OUTAGES 9EARER OUTAGES - BEARERS NOT AFFECTED - 

TYPE NO. H~S.MN.SC TYPE NO. HftS.MN.SC TYPE NO. HRS.MN.SC TYPE NO. HAS.MN.SC 

SYSTEM Off 2 0 13 0 AllJUSTMINT 2 CU 0 LOC PRI SUP 1 " llll a ADJUSTING 1 0 10 0 NIL 
NOISY 2 l ,o 0 HI$ SET RTNE 2 0 0 0 EMERG SUPPLY 1 0 G 0 UNIT CHAHGEC 2 0 6 0 
URGENT ALARM 2 0 10 30 PERF RTNE 3 0 15 0 SUPV EQT 2 0 20 0 CONTACTOR l 4 30 0 
DET BY INSP 2 4 30 30 COAX C:ONNCTR 1 0 0 so 
HIGH L!VEL " 0 20 0 IHTERFERENCE 2 1 50 0 
NO PICTURE 1 0 2 0 PLANNED ACTS. IIANHOURS FAULT occuiREHCES PDORS 5 0 22 0 
VIDEO BR~JNG 1 0 3 Q TYPE NO. HRS.MNoSC TYPE NO. DURATION UNLOC•TEC 1 Q 0 30 

-----------------------------------------------HUMAN ERROR 1 0 10 0 
ACJUSTll!NT 2 
N/S SET RTNE 2 
POF RTNE 3 

0 15 Cl 
1'i 30 0 
7 20 0 

Fig. 4 - Detailed Site Analysis. 

NIL 

Q. 'RAOIOCOMM SERVICE ANALYSIS DECEMBER 1966 ROUTE SUMMARIES 

ROUTE TRAFFIC TIME LOST 
NR HRS MIN SEC 

MT GRAVATT PASSCHENDAELE 4 0 3 42 

TOTAL BEARER OUTAGES 
NR HRS MIN SEC 

-------------------------------------------------------------------------------------------------- 
9 l 49 24 

HEARER 
MAINS FAIL 
HRS MIN SEC 

0 

0 U T A G E S 
EQUIP FAIL 
HRS MIN SEC 

3 0 

0 U E TO ROUTE 
INSTL ACTION RELIABILITY 
HRS MIN SEC PERCENT 

o 45 o 99.99 
------------------------------ -------------------------------------------------------------------------------------- CENTRAL AUTO MT GRAVATT 
------------------- HT GRAVATT HT NARDI 
------------------- BRISBANE CABOOLTURE 
------------------ BRISBANE HARYBOROUGH 

0 

5 

5 

0 

0 0 

0 

0 

7 50 

0 

12 

10 

000 000 000 000 ----- ------------------- ------------------- 
7 29 40 0 0 0 3 59 0 0 0 0 99.98 

6 48 

0 0 0 

13 32 0 
--------- 
0 40 0 

100.00 

0 0 0 -------- 
0 0 0 

8 17 0 -------- 
0 40 a 

0 0 

0 0 0 

98. 99 

100.00 

l 
--------------------------------------------------------· 

2 
------------------------------------------------------· BRISBANE TOWNSVILLE O O 0 0 5 ,5 53 0 0 0 0 2 53 0 0 0 0 100.00 

------------------------------------------ ------------------------------------------------------------ 

BRISBANE ROCKHAH~TON 0 0 0 0 0 40 0 0 0 0 0 40 0 0 0 0 100.00 

BRISBANE MACKAY 0 0 0 0 1 13 0 0 0 0 13 0 0 0 0 100.00 ----------------------------------------------------- 
BRISBANE CAIRNS 0 0 0 0 5 5 53 0 t O 0 2 53 0 0 0 0 100.00 
------------------------------------------- --------------------------------------- -------------- ROCKHAHPTON MACKAY 0 
------------------------- -----------------------~ ----- 

0 

0 0 0 

MACKAY TOWNSVILLE 0 0 0 

l 

2 

0 33 0 

1 40 0 

0 0 0 

0 0 0 

0 33 0 

40 0 

0 0 0 ------- 
0 0 0 

100.00 

100.00 
----------------------------------------------------------- ---------- --------------------- TOWNSVILLE CAIRNS 0 0 0 1 3 0 0 0 0 0 -------------------------------------------------- 0 
MT GRAVATT MT GOONANEMAN TV 2 0 5 0 6, 35 6 0 

-------------------- -------------------- 
0 0 0 

0 0 0 

6 34 0 

0 0 0 

0 O 0 

100.00 

99.99 ----~-----------~- ------------------------------------------------------------------------------- MT GRAVATT HT HOPEFUL TV 2 

--------------------------------- MT GRAVATT MT STUART TV 

Ml GRAVATT CAIRNS TV 

2 

4 

MT GRAVATT MOWBULLAN TV 4 ____ .,...., -- .••. ·---~ ..•. ,------- 

Q 5 0 9 35 41 0 0 0 0 1 9 0 0 0 0 99.99 ----- ----- ------ 
0 5 0 6 35 6 0 0 0 0 6 3.r, 0 0 0 0 99.99 

-------------------------- 0 22 0 10 38 30 0 0 0 0 6 58 0 (I 0 0 99.95 - ------------ ----------- 0 3 lt2, 8 1 ,, 14 8 1 " 1 3 0 0 0 0 99.99 

------------------------------------ 
Fig. 5 - Route Summaries. 
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The equipment print-out (see Fig. 3) 
shows the performance of bearer-ter­ 
minals and bearer-repeaters at each 
site in terms of the number of faults 
(due to all causes), the number of 
routines and the resulting outages 
and manhours summed over the month 
of analysis. It is used as an indicator 
of equipment trends and as a record 
of the preventive/corrective mainten­ 
ance ratios being employed in each 
maintenance section. 

The site analysis (see Fig. 4) inte­ 
grates this information to show the 
level of activity at each site required 
to cope with the problems associated 
with different types of complaints, 
routines and faults, and so provides 
an indicator of the efficiency of the 
station which is not masked by the 
equipment performance at other sites. 

The third type, called Route Sum­ 
maries (see Fig. 5), shows the dura­ 
tion of bearer outages and their major 

causes for each route, .and produces 
traffic statistics which are time-corre­ 
lated with those from other sections 
to show the overall route performance 
as seen by user. These analyses are 
also used to highlight unusual occur­ 
rences along the entire route such as 
the differentially high (or low) out­ 
ages of bearers within the various sec­ 
tions. 

It is perhaps of interest to note the 
cost of each monthly group of com­ 
puter analyses is comparable with the 
costs associated with one clerk-week. 

CONCLUSION 
The service organization described 

above was developed to meet the 
challenge raised by the introduction 
of international traffic into the Aus­ 
tralian trunk radio system. 
The organization is, of course, only 

a means of assembling a team of 

skilled men so as to make best use 
of their vast potential, and with the 
staff now operating· along the route; 
if this is achieved in even a moderate 
degree, then the performance of the 
SEACOM-E route will have been as­ 
sured. 
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TECHNICAL NEWS ITEM 
NOSFER-AN INTERN A TIO NALLY 
RECOGNISED REFERENCE STAN­ 

DARD OF TELEPHONE 
TRANSMISSION 

One of the functions of the P.M.G. 
Research Laboratories is to investi­ 
gate the transmission performance of 
representative telephone circuits and 
to assess the range of circuit and en­ 
vironmental conditions which enables 
a satisfactory transmission perform­ 
ance to be achieved. The planning 
rules for the Australian telephone 
network currently prescribe that the 
transmission performance of any sub­ 
scriber/ subscribers connection is not 
worse than the performance provided 
by a circuit incorporating two tele­ 
phones (APO Type 300) with local 
lines of specified gauge and length and 
various other specified circuit and en­ 
vironmental parameters. 

This limit-connection which is 
known as the Overall Transmission 
Performance Standard was formu­ 
lated many years ago to represent 
the practical limit of useful perform­ 
ance. The performance of a connec­ 
tion just meeting the prescribed 
limit permits effective conversation 
over the connection but not without 
conscious effort on the part of the 
subscribers. 
The transmission rating of a prac­ 

tical telephone circuit relative to this 
standard is obtained by adding loss 
to either the standard or to the prac­ 
tical circuit as required, until equal­ 
ity of performance is obtained using 
a team of trained talkers and listen­ 
ers and comparing the circuits either 
for relative articulation quality or 
loudness (volume). 
With the rapidly-growing propor­ 

tion of international calls to and 

from the national network it has be­ 
come very important that the trans­ 
mission performance experienced on 
such calls be adequate and one of the 
requirements in this regard is that 
the sending and receiving efficiencies 
within all countries which have inter­ 
national calls be compatible so that 
interconnections are possible without 
either excessive or inadequate listen­ 
ing levels. 

The International Telephone and 
Telegraph Consultative Committee 
(C.C.I.T.T.) which has its headquar­ 
ters in Geneva, has made recom­ 
mendations relevant to the desirable 
ranges of loudness (or volume) per­ 
formance both for sending and re­ 
ceiving circuits in national networks 
in order that compatible performance 
on international connections will be 
achieved. These loudness ratings are 
specified in terms of volume "refer­ 
ence equivalents", which are ratings 
of the telephone send and receive cir­ 
cuits against a standard reference 
transmission system installed in the 
laboratories of the C.C.I.T.T. and 
known as NOSFER, using the loud­ 
ness of speech as the basis of rating. 
NOSFER represents the abbreviation 
of the French title "The New Funda­ 
mental System of Determination of 
Reference Equivalents". The NOSFER 
supersedes an earlier reference trans­ 
mission standard known as SFERT 
(The European Master Reference Sys­ 
tem for Telephone Transmission). 
The NOSFER utilises a high quality 
microphone and head receiver with 
high quality amplifiers and attenuators 
plus the addition of special sending 
and receiving equalisers which con­ 
vert the frequency response to be 
similar to that obtained with the old 
SFERT reference system. It is teas- 

ible to reproduce the essential trans­ 
mission characteristics of NOSFER 
using any appropriate high quality 
transducers and amplifiers providing 
the overall electro-acoustic response 
and efficiency is met. 
To assist telephone administrations 

in determining their reference equiva­ 
lents of the national part of inter­ 
national connections they may for­ 
ward telephone sets (with simulated 
local circuit conditions) to the Gen­ 
eva Laboratory for rating against the 
C.C.I.T.T. NOSFER. However, the de­ 
mand on the C.C.I.T.T. Laboratories 
for such determinations is high and a 
substantial back log of work exists. 
Administrations are therefore encour­ 
aged to set up their own reference 
standards and to carry out their own 
determinations. 
The setting up of a NOSFER refer­ 

ence system in the Department's Re­ 
search Laboratories was completed in 
1966. Its overall response and sensi­ 
tivity matches that of the C.C.I.T.T. 
NOSFER. A team of five persons 
trained in speaking and listening over 
this system is maintained in the 
Laboratories. In 1965, a set of five 
carefully selected and tested tele­ 
phones and local line circuits were 
sent to the Geneva Laboratories for 
rating. The same sets were later rated 
using the Laboratories' NOSFER 
reference system, and good agree­ 
ment was obtained. A programme of 
measurements of reference equiva­ 
lents of telephones and associated 
local lines as used in the Australian 
network is now in hand in order to 
provide the basic information neces­ 
sary to assess the volume perform­ 
ance (reference equivalent) of the 
present telephone network and to plan 
and design for the future. E.J.K. 
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THE A.P.O. THREE STAGE GROUP SELECTOR --- INITIAL 
PLANNING M. FARDOULY, B.Sc., B.E.* 

INTRODUCTION 
Since the introduction of crossbar 

switching equipment into the tele­ 
phone network, the Australian Post 
Office has been investigating possible 
methods of retrospectively increasing 
the availability of conventional L. M. 
Ericsson metropolitan .type group sel­ 
ector equipment in order to reduce 
costs and permit greater exploitation 
of the alternate routing facilities at 
tandem and larger terminal exchang­ 
es. This article outlines some of the 
factors which were considered by the 
A.P.O. in developing an acceptable 
grouping plan, facility specification 
and survey diagram to be used as 
the basis for the final design and 
documentation of the A.P.O. three­ 
stage group selector by a joint L.M.E. 
and A.P.O. team. The three-stage 
group selector equipment developed 
jointly by this design team, is des­ 
cribed in this issue (Ref. I.). 

BACKGROUND INFORMATION 
The announcement in April 1959 by 

the Postmaster-General that the Aus­ 
tralian Post Office would adopt the 
crossbar automatic switching system 
was followed soon after by a further 
announcement that · the type of sys­ 
tem would be. that. developed by L. M. 
Ericsson of Stockholm, Sweden. The 
main reasons for adopting this new 
system iri favour of step-by-step equip­ 
ment were based on economical, tech­ 
nical and operational considerations 
outlined in Ref. 2. 

One important feature of the cross­ 
bar system is its ability to increase 
the traffic-carrying capacity on links 
by the use of direct and alternate 
routing techniques. This is made pos­ 
sible by the use of common control 
selector equipment with its alternate 
routing· facilities and larger availabil­ 
ity. The Department realized during 
the early stages of negotiations with 
L.M.E. that although the 400 outlet 
availability provided by the standard 
L.M.E. selector equipment was. satis­ 
factory for smaller exchanges, .it 
would restrict the efficient utilisation 
of the alternate routing facilities at 
tandem and larger terminal exchang­ 
es. The. method used by L.M.E. to 
increase availability by . connecting 
40 or 80 outlets of the lGV stage to 
a subsidiary 2GV stage, was consid­ 
ered unsuitable for general application 
in the A.P.O. network for the follow­ 
ing. reasons:- · 

(i) Calls switched by the 2GV 
stage · required four partial 
stages in tandem. · 

(ii) Alternate routing from the 
2GV stage to the lGV stage 
was not economically practic­ 

. able. 
(iii) An additional marker rack was 

required for each i60, 2GV 
inlets . 

·* Mr. Fardouly is Engineer· Class 3, Exchange 
Installation, New South Wales, 

(iv) There was an increase in the 
average register holding time 
due to the need to retransmit 
the routing information to the 
second marker. 

(v) The necessity to make frequent 
strapping changes to the analy­ 
ser. 

The first three-stage· group selector 
scheme was proposed by Mr. N. M. H. 
Smith of the Australian . Post Office 
during discussions with L.M.E. repre­ 
sentatives in Stockholm during 1959. 
This proposal envisaged the adoption 
of conventional L.M.E. GV equipment 
initially, with conversion to three­ 
stage operation when traffic growth 
made this economic. (Ref. 3.). The 
third stage was to be added in units 
of 200 outlets in effective full avail­ 
ability trunking. The design objective 
was for a maximum of ten, 80 inlet 
GVA/B groups to be interconnected 
by grading to a normal maximum of 
five, 200 outlet GVC groups. This 
proposal provided a maximum avail­ 
ability of 1,000 in increments of 120 
per GVC group. . 

Due to the pressure of. other corn, 
mitments and the need to introduce 
ARM automatic trunk · switching 
equipment into the A.P.O. network; 
the development of the three-stage 
group selector was - delayed until Sep­ 
tember 1965 when an L.M:E. engineer 
arrived in Australia to work in col­ 
laboration with the A.P.O. on its de­ 
velopment. 

ALTERNATIVE SCHEMES 
Internal Trunking Arrangements. 
A new design approach for the 

three-stage group selector · was put 
forward by L. M. Ericsson in Septem­ 
ber, 1965. The proposal was to take 
80 outlets from a 160 GVA/B group 
and connect them to a GVC stage with 
320 outlets to give an overall increase 
in availability. of 240 per "C" stage. 
It was also proposed to restrict the 
number of GVC stages per 160 GV A/B 
group to two, thereby limiting the 
overall "B" and "C" stage· _availability 
to 880. 
The A.P.O. considered that the 

L.M.E .. scheme did not meet the long 
term objectives for the economic de­ 
velopment of the A.P.O. network as it 
would restrict routing arrangements 
at tandem and larger terminal ex­ 
changes. The A.P.O. therefore, devised 
three variations of the L.M.E. scheme 
for consideration. These. were as fol- 
lows:- - . . 
(iii) A GVC stage of 100 inlets and 

300 outlets accessible from two 
160 inlets lGVA/B group!'[ and 
controlled by two modified IGV 
marker organisatrons operating 
in parallel for calls via the GVC 
stage .. 

An evaluation of the four schemes 
was based on a comparison between 
the following factors:- 

(i) Route sizes 
(ii) Traffic characteristics 
(iii) Grading facilities 
(iv) Increments in availability 
(v) Maximum availability 
(vi) Depth of availability 
(vii) Rack requirements. 
The comparisons were made for 

selector stages with from. 320 to 4,000 
inlets for a range of availability from 
400 to 1,600. 

It was found that the best inter­ 
nal trunking arrangement for appli­ 
cation in the A.P.O. 'network was one 
where 100 outlets from each 160 
GV A/B inlet group were connected 
to 100 inlets of a GVC stage with a 
total availability of 400. This meant 
that increments in availability would 
be 300, giving a total "B + C" stage 
availability of 700, 1,000, 1,300 and 
1,600 for l, 2, 3 and 4 "C" stages 
respectively. 
A grouping plan of the preferred 

link trunking arrangement is shown 
in .Fig .. 1-. . . - ~ 
(i) A GVC stage of '160 inlets and 

400 outlets accessible from a 
single 160 lGVA/B. group and 
controlled. by a modified IGV 
marker. · 

(ii) A GVC stage of 80 inlets and 
240 outlets accessible from two 
160 inlets lGVA/B groups and 
controlled · by two modified· IGV 
marker organisations operating 
iri parallel for calls via the GVC 
stage: · · 

Marker . Organisation 
The second aspect to consider was 

the most suitable marker organisa­ 
tion to control the three partial 
stages. Two schemes . were considers 
ed. The first scheme proposed by 
L.M.E. permitted the existing lGV 
marker to be modified to control the 
GVC stage associated with each 160 
inlet GV A/B group. The second 
scheme, proposed by the A.P.O., was 
to permit two markers associated with 
two 160 inlet GVA/B groups to con­ 
trol calls to a common GVC stage. 
With this technique free marking of 
outlets was mandatory whereas with 
the L.M.E. scheme it was optional. 

In order to compare the two schem­ 
es a complete survey diag.ram was 
prepared for each, showing all the 
relays and switches required. A com­ 
parison was then. made between the 
following .features:- · 
(i) Call handling capacity' 
(ii) Design complexity 
(iii) Link path selection 
(iv) Outlet selection , 
(v) Network switching requirements 

. e.g. alternate routing. capabili- 
ties . 

(vi) Economic considerations. 
Although the A.P._O. scheme per­ 

mitted a single GVC stage to be 
shared by two 160 inlet GVA/B groups 
it required. a more costly and complex 
marker organisation and. would have 
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fig. 1 - Grouping Plan. 
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Fig. 2 - Trunking Arrangements. 

NOTES: 1. Analysers will be available to perforrn the following functions:- 
(a) GV-AN parts 1 a and 2a for route deterrnination for 80 routes. 
(b) GV-AN parts 1 b and 2b for number length and type of terminating equipment analysis. 
(c) GV-AN parts 1 c and 2c replaces GV-AN parts I a and 2a when the number of routes exceeds 80. 

2. The GVB outlets trunked to the GVC stage shall be directly connected by plug ended tie cables nnd not via the IDF. 
3. The GV-AD, GV-RB and GV-VT relay sets will replace the GV-W relay set only in coses where free marking is required or 

there are more than 80 routes. 
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involved a higher percentage of re­ 
tests due to link congestion during 
busy periods. Another problem was 
the necessity to prevent simultaneous 
calls to the same GVC outlet group 
from the two markers. This would 
have had the undesirable effect of 
increasing the average marker call 
holding time. 

An assessment of all' these factors 
indicated that the preferred marker 
organisation was that suggested by 
L.M.E. 
An important improvement to the 

marker organisation, suggested by the 
A.P.O., was the retention of the GV­ 
W relay· set (route relays) if free 
marking was not required and the 
number of routes were fewer than 80. 
In such cases the GV-RB, GV-VT, 
(route testing) and GV-AD (address) 
relay, sets would not be required, 
thereby retaining the GV-W relay 
sets in use for most three-stage 
applications. Other important chang­ 
es proposed-by the A.P.O. related to 
the design of the GV-AD relay sets 
and the equipping of the GVC rack 
with ten crossbar switches instead of 
the eight originally suggested by L. 
M. Ericsson, thereby conserving rack 
space. 

A block diagram showing the pro­ 
posed marker organisation for the 
A.P.O. three-stage group selector is 
illustrated in Fig. 2. Two methods 
are shown and the one used will 
depend on the number of routes re­ 
quired and whether free marking is 
required. The two methods are:- 
Where Free Marking Is Required or 

There Are More Than 80 Routes: 
The additional marker control equip­ 
ment required for C-stage working 
when using this method will be GV­ 
VT, GV-CK (marker) and two or 
more GV-AD relay sets. The existing 
GV-W relay set will not be required. 
The method provides the routing and 
alternate routing · capacity outlined in 
Table B of the Appendix and can be 
used to control up to four GVC stages. 
Where Free. Marking Is Not Requir­ 

ed and There Are Less Than 80 Rout­ 
es:. In this method the existing GV­ 
W relay set can be retained and 
used in conjunction with the GV­ 
CK relay set which will be the only 

· additional marker control equipment 
required for three-stage working. This 
method provides the same total num­ 
ber of routes, route sizes and alter­ 
nate routing capacity as the present 
lGV marker and it can be used to 
control up to three "C" stages giv­ 
ing a total availability of 1,300. 

FACILITIES REQUIREMENTS 
The final specification of techni­ 

cal facilities to be met by the A.P.O. 
three-stage group selector is set out 
in the Appendix to this article. (See 
also Ref. 4.) 

ECONOMIC CONSIDERATIONS 
In order to determine the likely 

overall network economies that would 
result from the use of the three-stage 
group selector compared with other 

trunking. arrangements, the costs of 
providing a GV stage of 960 inlets 
and a total availability of 1,000 was 
considered for each of the following 
schemes:- 
(i) The original A.P.O. three-stage 

GV 
(ii) Subsidiary GV stages 
(iii) The new A.P.O. three-stage GV 

with free-marking 
(iv) The new A.P.O. three-stage GV 

without free-marking. 
It was shown that the most econo­ 

mical arrangement was the new 
A.P.O. three-stage GV without free­ 
marking which in turn was about $5 
per inlet less costly than the scheme 
with free-marking.. 

The economical advantage of the 
proposed three-stage group selector 
stems from its greater availability 
and its ability to more efficiently ex­ 
ploit the alternate routing facilities. 
Another advantage is the more effi­ 
cient traffic arrangement which en­ 
ables circuits connected to the GVC 
stage to be accessible through five 
parallel link paths. This results in 
less internal congestion which per­ 
mits each outlet to carry traffic more 
efficiently. The main economies from 
the use of the proposed three-stage 
group selector compared with subsi­ 
diary GV stages are:- 
(i) A reduction in group selector 

equipment costs 
(ii) Greater efficiency of junction 

plant 
(iii) Fewer SL and GV inlets. 
The three-stage group selector 

should therefore find widespread ap­ 
plication in both metropolitan and 
provincial exchanges and will pro­ 
vide more efficient network designs 
and consequent substantial overall 
savings. 

FEASIBILITY OF CONVERTING 
EXISTING IGV EQUIPMENT 

In order to establish the feasibility 
of introducing the third partial stage 
into existing equipment, a Working 
Party was convened by Switching and 
Facilities Planning. Section Of the 
A.P.O. Central Administration. This 
Working Party consisted of represen­ 
tatives from Metropolitan Installation 
in New South Wales and Victoria, 
Telephone Exchange Equipment in 
Central Office, L. M. Ericsson and 
Switching and Facilities Planning. 
The Working Party investigated the 
practicability of retrospectively add­ 
ing the GVC stage to existing and 
working metropolitan type lGV 
equipment. The conclusion reached 
by the Working Party was that the 
proposed new three-stage group selec­ 
tor proposal was 'practicable and 
could be added to existing and work­ 
ing equipment without disrupting ser­ 
vices. In addition, the Working Par­ 
ty made certain recommendations to 
facilitate the future introduction of 
the three-stage equipment into the 
network. These recommendations 
were incorporated into the specifica­ 
tion and design of the three-stage 
group selector. 

CONCLUSION 
Rapid subscriber's development 

and the establishment of tandem ex­ 
changes have led to the need for 
larger junction groups and larger 
volumes of traffic to be handled by 
switching stages. The three-stage 
group selector has been developed to 
permit full availability trunking to 
be employed instead of the less effi­ 
cient schemes provided by conven­ 
tional 400 availability selector stages. 
The three-stage group selector should 
find widespread application in the 
A.P.O. telephone network and result 
in a substantial reduction in the over­ 
all investment by the A.P.O. in the 
junction and trunk network. 

The final design and documentation 
of the three-stage group selector was 
based on the Specification of Facili­ 
ties, and survey diagram developed 
jointly by the A.P.O. Planning Branch 
and L. M. Ericsson. 
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APPENDIX 
FACILITY SPECIFICATION 
A.P.O. THREE-STAGE GROUP 

SELECTOR 

General 
The three-stage group selector is 

required to increase the availability 
of conventional A.P.O. metropolitan 
type lGV equipment at large terminal 
and tandem exchanges. to permit great­ 
er exploitation of the alternate rout­ 
ing facility. The third stage, which 
will be used when traffic growth 
renders it economic, must be designed 
so that it can be added to existing 
lGVA/B crossbar equipment with 
minimum modification to existing 
equipment. It must also be capable 
of interworking with the existing 
Reg-LM and the proposed Reg-LP 
and Reg-ELP. 

Traffic Handling Capacity 
It is anticipated that the GVC stage 

may be added to existing lGV equip­ 
ment when the number of inlets 
reaches 320. The range of traffic 
capacities the three-stage group selec­ 
tor must be designed to handle is set 
out in Table A. 
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TABLE A: TRAFFIC HANDLING CAPACITY 
Number of Input traffic Availability inlets erlangs 

320 160- 240 700 
480 240- 360 700-1000 
640 320- 480 700-1000 
800 400- 600 700-1000 
960 480- 720 1000-1300 

1120 560- 840 1000-1300 
1280 640- 960 1000-1600 
1440 720-1080 1000-1600 
1600 800-1200 1000-1600 , , ' , , , 

2400 1200-1800 1000-1600 , , ' , , 

3200 1600-2400 1000-1600 

Link Trunking Arrangements 
The A.P.O. has considered a num­ 

ber of alternative link trunking ar­ 
rangements, which are variations of 
the original L.M.E. proposal, and the 
conclusion has been reached that the 
arrangement most suitable is one 
providing a C-stage with 100 inlets 
accessible from a single 160 inlet 
GV A group and 400 outlets. This ar­ 
rangement, which is outlined in Fig. 
2, permits a B to C stage link loading 
of approximately 39 Erlangs per 160 
GV A inlets per C stage. 

Routing Capacity 
Where Free-marking Is Required · or 

There Are More Than 80 Routes: 
In this case the three-stage group 

selector should provide the route siz­ 
es, availability and number of alter­ 
native routes outlined in Table B. 

Where Free-marking Is Not Requir­ 
ed and There are Less Than 80 Rout­ 
es: In this case the total number of 
routes, route sizes and alternate rout­ 
ing capacity shall be the same as 
the present metropolitan lGV equip­ 
ment and the maximum total B 
plus C stage availability 1300. 

Connection of Outlets 
Routes requiring larger availability 

than 20 will be distributed over as 
many C-stages as possible and not 
restricted to a single C-stage. This 
will assist in distributing the traffic 
more evenly and lessen the possibility 
of lost calls due to congestion in 
any C-stage. 
For routes made up of two or four 

sub-routes, provision shall be made 
in the design to permit either sequen­ 
tial or random selection of the basic 

TABLE B 

Description of Facility 

Basic Availability 
Maximum number of routes which 
may be used to obtain additional 
availability or route alternatives 
and which may have either se­ 
quential or random selection be­ 
tween the sub-routes. 
Number of route alternatives 

Availability per C-stage 
Total B + C stage availability 

one C-stage per 160 GV inlets 
two C-stages per 160 GV inlets 
three C-stages per 160 GV inlets 
four C-stages per 160 GV inlets 

Maximum number of addresses 
(route codes) 

Maximum number of routes 
Maximum depth of availability to 
a particular address 
(2 route choices of 20 availability) 
(3 route choces each of 
(80 availability) 

Capacity Required 

5, 10, 15 and 20 
30 routes made up of 
four sub-routes with availability 
5, 10, 15 or 20; or 60 routes made 
up of two sub-routes with availa­ 
bility 5, 10, 15 or 20. 

120 1st ( direct) route choices + 45 1st or 2nd route choices + 45 2nd or 3rd route choices + 15 1st, 2nd, 3rd or 4th route 
choices + 15 2nd, 3rd, 4th or 5th route 
choices 

400 

700 
1000 
1300 
1600 
180 

160 

280 

5, 10, 15 or 20 availability group in 
which the outlets will be tested. 

Testing and Selecting Outlets. 
The method of testing, selecting 

and seizing a free outlet should not 
affect reliability and should guard 
against dual seizure, the selection of 
a busy connection or the selection of 
a releasing connection. In addition 
the selection of an idle outlet should 
be conditional on a free path being 
available through the partial stages, 

Call Handling Capacity 
The design of the marker to con­ 

trol the three-stages should enable as 
many calls to be switched per hour 
as the present metropolitan lGV 
marker. 

Re-Testing 
The marker should be designed 

to test on the next · route alternative 
under the following conditions: 
(i) If a free circuit cannot be reach­ 

ed because of link congestion. 
(ii) If a free circuit to the tested 

route is not available. 
It is desirable that the retest be 

performed in a different B-C link 
path. The number of re-tests shall 
be limited by normal lGV time out 
organisation. To enable testing over 
all route choices to be completed 
within the time out period, it may 
be necessary to free-mark all route 
choices greater than four. 

The marker should be designed to · 
re-test in the same route if the select­ 
ed outlet is busied from some other 
marker or distant exchange before it 
is properly seized, 

Free-Marking 
In order to reduce the marker 

holding time and to expedite the 
switching process particularly on 
small sized routes, it may be desirable 
to indicate free routes with a free­ 
mark from the FUR relay sets. Free­ 
marking will not be required in most 
cases where the number of route 
choices is limited to four. Provision 
shall be made for free-marking any of 
the 400 GVC outlets by inserting a 
rectifier between the e and f tags on 
the IDF strips and extending 20 
free-marking leads per GVC rack 
from the IDF to the relays set for 
free-marking. 

Analysing Capacity 
The marker for the three-stage 

group selector should provide the fol­ 
lowing route analysing capacity: 
(i) all first digits 
(ii) expansion of 10 first digits to 

second digits 
(iii) expansion of 90 or 100 second 

digits to third digits 
(iv) expansion of 38 or 48 digits to 

fourth digits. 
Number of Routing Codes 

The design of the new analyser re­ 
lay set GV-AN Parts le and 2c should 
permit mounting in place of the ex­ 
isting GV-AN Parts la and 2a. The 
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number of marking leads from the 
GV-AN Parts le and 2c relay sets 
should be 80 and 60 respectively. The 
aim is to permit the number of route 
marking leads (addresses) to be in­ 
creased as required from 80 to 140 
or 200. 

Alternate Routing 
The equipment shall be equipped 

with the following alternate routing 
facilities: 
(i) Routes connected to the GVB 

stage may have alternate routes 
to either the GVB or the GVC 
stage. 

(ii) Routes connected to the GVC 
stage may have alternate routes 
to either the GVB or the GVC 
stage. 

Each route alternative shall be test­ 
ed in a fixed order of choice. 

IDF Terminations 
Provision shall be made to enable 

the outlets of GVB racks to be connec- 

ted to the inlets of GVC racks by 
plug-ended tie cables. The aim is to 
conserve IDF space and reduce the 
high cost of terminating and inter­ 
connecting on the IDF. Two appear­ 
ances of the GVC inlets will be re­ 
quired on the GVC rack connecting 
field to give access from each 80 
GV A/B group. 

Traffic Recording 
Provision must be made in the 

design of the control equipment for 
the connection of A.P.O. call disper­ 
sion equipment to enable extraction 
of details of the identity of the code 
receiver or marker and the number 
of the route choice taken. 

Statistical Recording 
Provision shall be made for the 

connection of counters to record in­ 
formation concerning congestion, the 
number of occupations, the number of 
timed throw-outs of particular items 
of equipment, and the occupancy of 
the B to C stage link paths. 

Occupation Indicators 
An occupation indicator consisting 

of specially treated paper chart is re­ 
quired for plugging into a jack box 
provided on the switch racks. The 
terminals in the jack box will produce 
a mark on the paper whenever a 
particular vertical of a crossbar 
switch is operated. This equipment 
will be used to check that each verti­ 
cal of the crossbar switch is being 
utilised. 

Re-routing under Special Conditions 
The facility shall be provided to 

alter the routing of 12 route codes 
for night switching or other special 
purposes. 

Retention of Existing GV-W 
Provision shall be made to use the 

existing GV-W relay set in place of 
the GV-VT and GV-AD relay sets to 
control two GVC stages at exchanges 
where free-marking · is not required 
and the number of routes is less than 
80, . 
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THE A.P.O. THREE-STAGE 
DETAILED DESCRIPTION 

GROUP SELECTOR - 
B.-]; McMAHON, B.E.* and G. P, E. SVENSSON, Ing.'** 

INTRODUCTION 
The initial planning considerations 

leading to the design of the Austra­ 
lian Post Office 3-stage group 
selector are discussed by Fardouly 
(Ref. 1). This article discusses the 
detailed design considerations and 
describes the operation of the new 
equipment .. 
In the ARF crossbar system, calls 

are switched by two basic switching 
stages, the SL and GV stages. The 
SL stage provides switching for a 
group of 1000 subscribers. The GV 
stage is used for selection of the 
appropriate SL group for a call with­ 
in a particular exchange, or for selec­ 
tion of a free route to another ex­ 
change. The trunking diagram of Fig. 
1 illustrates the possible inlet and 
outlet connections to the GV stage 
which can occur in a network with 
both crossbar and step-by-step equip­ 
ment. 
The GV stage will be called either 

by SR relay sets for calls which ori­ 
ginate in a local 1000-group, or by 
junction relay sets FIR when the call 
is from another exchange. The out­ 
lets of the GV stage are connected 
either to the SLD or via junction 
relay sets FUR to the inlets of other 
group selectors. 
In the Australian network, two 

group selectors, the metro IGV and 
the GIV, have been used. These differ 
mainly in the call-handling capacity 
and the analysing capacity. The group 
selector known as the "Metro IGV" 
will here be referred to as the GV2/ 
160/400, and it is this group selector 
which has provided the basis for the 
design of the three-stage unit. 
Two new group selectors will now 

be available as a result of this design 
work. Both of these will be capable 
of working as 2-stage selectors, simi­ 
lar to the GV2/160/400 with 160 in­ 
lets and 400 outlets. With the addi­ 
tion of GVC switching equipment and 
the GVC marker, 3-stage working 
can then be added as the traffic 
handling requirements are increased. 
With the GV2/160/1300, the marker 
equipment can control up to 3 . C­ 
stages, giving a maximum outlet capa­ 
city of 1300, and up to 80 addresses. 
The group selector GV2/160/1600 can 
handle a larger number of addresses 
(up to 180), provides a free-marking 
test to reduce marker holding time, 
and has a maximum capacity of 1600 
outlets. The additional outlet capacity 
available from one group selector 
stage, and a link arrangement which 
increases the traffic-carrying capacity 
of C-stage outlets will lead to low 
internal congestion and efficient use 
of junction routes. Thus the 3-stage 
* Mr. McMahon is Engineer Class 3, P.M.G. 
Research Laboratories. See Vol. 16, No. 2, 

• Page 190. 
** Mr. Svensson is Group Leader, Tele-phone 

Exchange Division, L. M. Ericsson, Sweden. 

group selector will find application in 
both terminal and tandem. ARF ex­ 
changes. 

FACILITIES AND APPLICATION OF 
THE GROUP SELECTOR 

A basic requirement of this group 
selector is that it should be possible 
to build a 3-stage selector by addi­ 
tion of C-stage equipment and minor 
modification of existing 2-stage racks 
and relay sets. As a result of this 
constraint, the two new group selec- 

tors use the relay sets GV-XY, -IK, 
-KMR and -T without modification; 
modification of GV-K and the GVM 
rack has been kept to a minimum; 
arid the relay set GV-W has a simple 
modification for use in GV2/160/1300 
or . is replaced by new relay sets 
GV,;_VT, ..:.RB and -AD in the group 
selector GV2/160/1600. The addi­ 
tional equipment required for 3-stage 
working is the relay set GV-CK and 
the GVC-racks. . 
This arrangement allows consider­ 

able flexibility in the provision of 

.CROSSBAR EXCHANGE A 

SL STAGE 

~.... . . - •. \. 

IST.-4TH. 
SELECTORS IN D 
SXS EXCHANGE. __, 

DISTANT S x S EXCHANGES OR 
S x S SECTION OF HYBRID EXCHANGE 

FUR 

tROSSBAR EXCHANGE B 

TO SL 
STAGE 

I 

TO GV STAGES l OTHER 
CROSSBAR 
EXCHANGES 

FROM GV STAGES C & D 

Fig. 1 -'-'-''Trunking Diagram. 
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group selector equipment, as the out­ 
let capacity can be increased in steps 
of 300 outlets from the basic size of 
400. The choice of the group selec­ 
tor appropriate to a particular instal­ 
lation will be dependent on the ex­ 
pected maximum outlet capacity re­ 
quired and the traffic load to be car­ 
ried. In addition, if an installation 
will have an eventual need for more 
than 80 addresses, then the GV2/ 
160/1600 should be used as it has 
the facility for using the extra addres­ 
ses available from new analyser relay 
sets which have been designed for 
this application. 
A comparison of the facilities avail­ 

able from the two group selectors 
is made in Table 1. 

Analyser Relay Sets GV-AN 
The existing relay sets GV-AN la 

(b) and 2a (b) allow translation of 
codes to a maximum of 80 addresses, 
these being common between each 
relay set. The new relay sets, which 
are designated le (d) and 2c (d), each 
contain 60 individual address outlets, 
and provision of two relay sets GV­ 
AN 2c (d) gives a total capacity of 
180 addresses. Each analyser relay set 
is associated with an address relay 
set GV-AD which can handle the 60 
address inputs, so that these relay 
sets can be added as the number of 
route codes required by the group 
selector increases. 

The analysing facility has also been 

TABLE I 
Facility 

Availability per C-stage. 
Maximum availability. 
Maximum number of 
addresses. 

Number of routes per 
address. 

Route availability. 
Sub-route availability. 
Maximum no. of sub-routes. 

Number of sub-routes per 
route. 

GV2/160/1300 
400 
1300 
80 

Limited by GV-W 
straps 

5, 10 or 20 
20 

14 (One C-stage): 
4 (Three C-stages) 

2 

GV2/160/l600 
400 
1600 
180 

1-5 

5, 10, 15 or 20 
5, 10, 15 or 20 

120 

2 or 4 

modified in the new relay sets, and is 
summarised below. 
In GV-AN le (d) 
(i) Analysis of one-digit codes 15 

(1-10 plus 5 special codes) 
(ii) Analysis of two-digit codes 110 

(from 1-10 plus one special code 
in (i)) 

(iii) Analysis of three-digit codes 300 
or 400 (from 30 or 40 codes in 
(ii) ) 

(iv) Analysis of four-digit codes 100 
or O (from 10 codes in (iii) ). 

In GV-AN 2c (d). 
(v) Analysis of three-digit codes 300 

(from 30 codes in (ii) ) 
(vi) Analysis of four-digit codes 190 

(from 19 codes in {iii) or (:v) ). 
In comparison with the analysis 

available from AN la (b), the main 
difference here is that the option has 
been given in ANlc (d) to provide 3 
to 4-digit analysis as an alternative 
to 2 to 3·digit analysis for 10 codes. 
The facility has also been made for 
extended analysis of one of the spe­ 
cial codes "11-15". 
Under certain circumstances, furth­ 

er analysis of special codes may be 
needed, and another relay set GV-AN4 
has been designed for this purpose. 
It extends the analysis o.f all special 
codes to two digits, and allows fur­ 
ther analysis of up to 9 of these codes 
to three digits. 

Mark of Origin Relay Set. GV-UM 
As an additional facility available 

for use with the group selector, a relay 

GVB GVC 

GVA 

fllOl'I SIi !?ft_ f1II 

IK 
COMNECHWG I\U,.1,H 

w 
ROUTEIIELAYS 
m 

cw::_ 
IIOUTEIIEUYS. 

'" 

~Ef\COH)ffCTIOH fOJf 
JfOUT.ES. 

IDH!TIF)ff\ 
FOR 
IHLETS 

INLET I CODf ~ECEIVER l 
IDENTIFIER I r:.M I 
XY 

CODE ~ECEIVER l 
KMll 

R!YU.T.IVI Slilt.U 

,lftST LAST 

,,,m/"""' TfSTS CMO!t£ O!Oltl 

MH. WEG. 

fll[[ 

ANALYSER 
AN 

MARKER TESTING 
PA.RT ~~;.m I PART 

------- Fig. 2-Simplihd 5uJV•y-GV2/160/1600. 



June, 1967 THE TELECOMMUNICATION JOURNAL OF AUSTRALIA 127 

set has been designed which deter­ 
mines the origin of an incoming call. 
It can then signal the appropriate code 
receiver with a special mark, and can 
use the analysis result to allow switch­ 
ing of the addresses from the analyser 
GV-AN. 

In the group selector GV2/160 
there are 160 inlets, and these have 
been subdivided into 52 origin groups 
each of 3 i(oi, 4) inlets. After identifi­ 
cation is completed by GV-XY, and a 
code receiver is selected, the calling 
inlet is further identified by its mark 
of origin in GV-UM. When this has 
been stored a signal is available for 
use by the code receiver. A second 
output from the GV-UM store is ener­ 
gised when this call is connected to 

the GV-marker. If the origin is one for 
which addresses must be transferred, 
strapping in GV-UM connects this 
second store to relays which switch a 
number of the incoming addresses. 

GROUP SELECTOR OPERATION 
In this section, an outline of the 

processing required for connection of 
a call from inlet to output of a GV 
stage will be given. This is illustrated 
by the simplified survey diagram, Fig. 
2, and the flow charts for marker oper­ 
ation, Figs. 3 and 4. The following sec­ 
tion will then expand this general des­ 
cription by a detailed consideration 
of some of the steps taken during 
marker operation. 

INPUT ·- ADDRESS INFORMATION FROM ANALYSER 

MARKER 
SEIZURE 

ROUfE FREE -MARKING TESTS 
NEGATIVE 

'------- CONGESTION 

SUB-POUTE FREE-MAl<KING TESTS 
POSITIVE NEGATIVE 

---, ,---- 
_;:L_ 

CONNECTION I fffiEE LINK 7 IC<?NNECTION I CONNECTION 
I ~3 STAGE .I OF 
~~ ~ SUB- ROUTE 

OF 
ROUTE 

,----- 1 _...,_.... __ 

I 
I 
I 

I 
!~Kl 
L..:ELECTION I ----, 

-----' 

RELEASE MARKER 
TESTING PART 

RELEASE MARKER 
WITCHING PART 

-------------7 
I 
I 
I - - ----+-- -7 

I I 
DISCONNECTION I II 

OF SUB-ROUTE I 
SECTION I 

TO NEXT I --+ 
AL TERNATIV~ 
OR I 
CONGESTION I I 

I I 
l I 

ROUTE .---SU_B __ •• RO_U_TE ••••• I I 
DISCONNECTION DISCONNECTION I 

I 
CONGESTION TO NEXT I I 

OR _ :.'..j I 
TO NEXT SUB-ROUTE 
ALTERNATIVE OR I 

I DISCONNECTION OF 
SUB-ROUTE SECTION I SEND REVERTIVEi 

SIGNALS I I I TO NEXT__J 
ALTERNATIVE I I OR I CONGESTION I 

L J 

Fig. 3 - Flow Chart for Marker Operation - GV2/ 160 /1600. 

Identification, Code Reception, and 
Analysis 

A call is made to the group selector 
from an SR or FIR by application of 
positive to the d-wire of an inlet. The 
calling inlet is first identified by the 
identifier GV-XY. This is a 2-stage 
process in which X-identification de­ 
termines the switch associated with 
the calling inlet, and the Y-identifi­ 
cation locates the vertical within that 
switch. During identification of the 
calling inlet, one of the code receivers 
is called, and the relay set GV-IK 
then connects the inlet to the selected 
code receiver when identification has 
been completed. The identifier is 
then released and the code receiver 
is ready to receive the MFC signal 
applied to the a-b wires by the re­ 
gister. 

The code receiver is capable of re­ 
ceiving up to four digits from the 
register. These are received and stor­ 
ed sequentially, and internal strap­ 
ping in the KMR is used to call the 
analyser if either one or two digits 
are sufficient for route determination. 
If three or four digits are required, 
the analyser is called during recep­ 
tion of the third digit by the KMR. 

The analyser is divided into two 
sections, one for determination of the 
address or route code of the call, 
and the other for analysis of the num­ 
ber, length and type of terminating 
equipment associated with the call. 
This second function is not required 
when the calling register is able to 
determine this result, as for example, 
with REG-LP. 

The analysing process is simply a 
translation of the stored digit code to 
either address or number length infor­ 
mation. This translation is achieved 
by transferring the stored digits in 
KMR to relays in the analyser, and 
strapping on terminal strips from tags 
representing a particular digit code to 
an output address or number length 
signal. 
Marker Operation. GV2/160/1600 
Seizure, Free-Marking Tests, and 

Route Connections: When analysis has 
been completed, the analyser checks 
that the testing section of the marker 
is free, then operates the IW relays to 
connect the address information to 
the marker. As shown on the ac­ 
companying figures 2 and 3, this ini­ 
tiates the seizure of the marker. At 
this stage, the AD relays associated 
with the selected address are opera­ 
ted, and when an AD relay operates, 
one or two routes associated with the 
address are known. Thus the free­ 
marking test, which is used to deter­ 
mine if there is at least one free 
line in a route of 5 to 20 lines, can 
be made over contacts of each opera­ 
ted AD relay. This test is made by a 
relay individual to each route which 
operates from a negative potential 
in any of the free FUR's associated 
with the route. An unsuccessful re­ 
sult for the route free-marking is 
indicated when none of the test re­ 
lays operate during the testing period. 
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Further tests for this address are then 
unnecessary, and a congestion signal 
is generated. 
When one or more of the test relays 

operate to indicate a positive free­ 
marking test result, the next step is 
taken for the earliest choice route 
which is free-marked. As shown on the 
diagram, the resultant action will be 
modified when the route is divided 
into sub-routes. In this case, a free­ 
marking test is necessary to locate 
the sub-route which has a free line 
available. The probability of making 
a negative free-marking test on all 
sub-routes of a large route will be very 
small. However, if this occurs, the sub­ 
route testing section is disconnected, 
allowing the next free-marked alter­ 
nate route to be processed. 

Following a successful free-mark­ 
ing test on a sub-route, positive is 
connected through the operated test 
relay to operate the route and route 
size relays appropriate to the sub­ 
route selected. For a 2-stage call 
these could be the W, WT, and Rl-4 
relays; and for a 3-stage call, some 
of the CW and CR relays would be 
operated. 

In a similar manner, route connec­ 
tion is made over contacts of the 
operated route test relay when the 
route is not divided into sub-routes. 

Link Connection and Transistor 
Test: In the 2-stage group selector GV 
2/160/400, the bypath test of the out­ 
lets is made over all available A-B 
links by testing through the A-B con­ 
necting relays and break contacts on 
the verticals of GVB switches. With 
the addition of the third partial stage, 
the test organisation is modified so 
that the transistor test finds and 
selects an available outlet from the 
C-stage. Since this test is made only 
over all the free A-B-C links from the 
calling inlet, the result of the transis­ 
tor test includes the condition of link 
availability to the C-stage. 
This procedure takes place imme­ 

diately after the route or sub-route 
has been connected. The relays CTl- 
20 will operate to indicate free links 
to the C-stage and each operated CT 
relay completes the testing path of 
one of the relays Tl-20. 
If there is no T-relay operated at 

the end of the transistor test period, 
then it is known that no free line 
is available from a free link. The re­ 
lays associated with the route or sub­ 
route are then released, and if a fur­ 
ther route or sub-route is available 
for testing, it is then connected. If. 
there are no further alternatives, a 
congestion signal is generated. 
Following a successful transistor 

test, a further test is made on the 
selected outlet to ensure that it has 
not been seized by another marker. 
This is the control test and if it is 
unsuccessful, the allotter giving prior­ 
ity to the relays Tl-20 is stepped be­ 
fore a re-test is made over the transis­ 
tor test circuit. 

Switching: After positive transistor 
and control tests· have been made, re­ 
lay TK5 will operate and call the 

switching section of the marker. When 
this is free, the test information is 
transferred, and revertive signalling is 
initiated. Switching of all stages ex­ 
cept V(GV A) takes place before the 
testing section of the marker is releas­ 
ed. Revertive signalling between the 
marker and the register must be 
finished before switching is completed 
by operation of V(GVA). The switch­ 
ing section of the marker is then re­ 
leased to complete the release of the 
group selector, and the call is held 
through all stages from positive on 
the d-wire of the switched inlet. 

Marker Operation. GV2/16/1300 
The marker for this group selector 

consists of the GV2/16U/400 Marker 

PRE-TEST 
PERIOD 

TEST 

relay sets GV-K, -T and -W, with the 
addition of GV-CK for control of the 
C-stages. The operation of this marker 
is therefore similar to that of the 
existing 2-stage group selector. When 
the relay set GV-W is used for trans­ 
lation of the input address to a num­ 
ber of alternate routes, there is no 
free-marking test. Thus the pre-test 
period for 2-stage calls with this group 
selector includes only marker seizure 
and route connection. In the case of 
a 3-stage call, the free A-C links must 
also be connected prior to the start 
of the transistor test period. 

The sub-route organisation with 
this group selector is restricted to 
2-stage routes of 40 lines which are 
divided into two sub-routes of 20 
lines. The flow chart shows the pro- 
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cedure for connection and release of 
these sub-routes and also indicates 
the method of selection of an alter­ 
nate route after a negative transistor 
test. 

Following a positive transistor test, 
the general operation of this group 
selector is similar to the switching, 
revertive signalling, and release of 
the GV2/160/1600. For a summary of 
this phase of operation, references 
should be made to the previous sec­ 
tion. 

DETAILED DESCRIPTION OF 
MARKER PROCESSES 

The operation of the group selector 
outlined in the previous section was 

IW 

ANALYSrn 
DIGIT (B 
CODE 

TEST' 

treated in terms of a number of dis­ 
tinct processes indicated on the flow 
chart. The more important of these 
will now be considered in detail, and 
for clarity a particular case will 'be 
considered. We will assume that 
the address found from analysis has 
a direct route with two alternate 
routes available. Further, we will as­ 
sume that the free-marking tests are 
positive, but no free line is found 
from the transistor test until we 
test on the second alternative route. 
The route connection is strapped as 
shown below:- 
Direct route ADl relay-10 line, 2- 
stage route on Wl, WTlO, R3-4, 
1st alternate on AD41 relay - 30 
line route with two sub-routes. 

(--;-) 

AT2 

I 

•,mo(R1,-4)- - -14a----, 

1AT1 IAT2 

AT3 

I 

I I 

' t SIA,B VTl,2 

AT4 

I I 
t t 

CW3 CRl,2 

Fig. 5 - Roule Free-Marking Test. 

ATS 

IAT3 I 
--------t: 

(a) Tested on VTl is a 15 line, 
3-stage sub-route on CWl, 
CRl-4. 

(b) Tested on VT2 is a 15 line, 
3-stage sub-route on CW2, 
CRl-3. 

2nd alternate on AD41 relay - 10 
line 3-stage route on CW3, CRl-2. 
Free-Marking Tests. (Figs. 5, 6.) 
The analysis function is completed 

when a positive is extended from the 
input digit code to operate the IW 
relay. This circuit checks that the 
testing section of the marker is free 
and IW operates VH to seize the 
marker. For this address, the strap­ 
ping is arranged so that IW also oper­ 
ates ADl, which then operates AD41. 
Since AD41 connects the test path 
on the final choice route, a contact of 
this relay is strapped to operate VRl; 
the operating time of VRl then con­ 
trols the duration of the free-marking 
test. 

A test is made for each alternate 
route of the address, and in this case 
the test is made over relays ATl-3. 
If at least one of the 20 FUR relay 
sets for the! direct route is free, then 
ATl operates from negative in the 
relay set, via contacts of ADI, VRl 
and VH. Similarly, prior to the opera­ 
tion of VRl, AT2 operates from an 
internal strapped negative and AT3 
operates if there is a free mark availa­ 
ble on any of the 10 lines associated 
with the! final choice route. Since the 
relavs ATI-5 are bi-stable Clare re­ 
lays, they will all remain in their 
selected condition until another switch­ 
ing current is applied. 
When ATl operates, the first route 

connection is made as a positive 
connected to the relays WI and WTl0 
associated with this 2-stage route. In 
addition, relay lATl operates to indi­ 
cate the alternative under test. Now 
if we assume a negative transistor 
test, then the signal indicating that no 
free line is available will cause ATl 
to be reset through the lATl contact. 
This initiates disconnection of the 
route, and when this process is com­ 
pleted, positive is returned to the 
chain of ATl-5 contacts. 

Since AT2 is still operated, this 
positive now operates 1AT2 and 
transfers control to the sub-route 
testing section, by operating the con­ 
necting relays SIA, B. From Fig. 6 
it may be seen that these relays ex­ 
tend the operate windings of VTl, 2 
to the free-marking negatives for 
the two sub-routes. The SI relay also 
provides operating current to VR4, 
so that the period for the sub-route 
free-marking test is controlled by the 
operate time of VR4. 

Assuming that a free mark was 
found in each sub-route, both VTl 
and VT2 will have operated. Selec­ 
tion of the first sub-route to be test­ 
ed is made by the allotter OVl-4. 
If priority is given to the VTl sub­ 
route, the relays CWl and CR2-4 
connect the required 15 test wires 
for the transistor test, and 1 VTl 
prepares the reset path for VTl. Fol- 
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From Fig. 8, it may be seen that 
the operating circuit for each CT re­ 
lay includes break contacts on a 
group o.f 5 C-stage verticals, the con­ 
necting relays 1-8 CCI of the selected 
C-rack, break contacts on B-stage 
verticals, and the A-B connecting re­ 

A T2 I I lays. Thus when a CT relay operates 
I it is known that there exists one or 

...j_ <+l more free links from the calling inlet j I to a particular column of outlets. 

S1A,B\IY\-:-- ------''----- .__ _ 

-15-- --15-- 

AT2 
+(+) 

.,... .,,., r-+----,x--~--"' 

VTI VT2 

CW! CR2-4 CW2 

Fig. 6 - Sub-Route Free-Marking Test. 

In the example selected, free links 
to columns 1-10 of the output array 
are required, since the test will be 
made over contacts of the relays 
CR1-CR2. Contacts o.f the relays CT 
11-20 will not be used by the tran­ 
sistor test, even though they operate 
as an indication of free A-C links. 
We will assume that the relays CTl, 
2 and 5 have operated to connect 
available links. 

Transistor Test. (Fig. 9.) 
It may be seen that the test wind­ 

ings of the relays Tl-20 have two 
separate paths depending on whether 
they are used for testing a 2- or 3- 
stage call. In the example being con­ 
sidered, the relays Tl, T2, and T5 
will be connected through CTl, 2 
and 5 over CRl and CW3 to test 
for 1000 ohm negative. The outlets 
being tested are shown with shading 
on Figure 7. The test is initiated by 
operation o( TKl which gives a start 
pulse to the feedback circuit of all 
the relays Tl-20. All three of the 

COLUMN 
NO. 

C STAGE 
OUTLETS 

lowing a negative transistor test VR6 
operates to initiate release o.f the 
sub-route, and when this is complet­ 
ed positive is returned to the allot­ 
ter output to select the next sub­ 
route. When the last of the free­ 
marked sub-routes has been tested, 
the sub-route testing section must be 
released before transfer to the next 
alternative. This transition being 
completed, positive is then recon­ 
nected to the chain of contacts on 
ATl-5. 

Connection of the final choice 
route for this address is then made 
through the operated AT3 contact, 
over contacts of AD41, to operate 
CW3 and CRl, 2. Further processing 
of this call will now be considered in 
the following sections. 

Link Connections 
At the same time as the route size 

relays for a 3-stage can are being 
operated, a link connection is made 
to ensure that the transistor test for 
a free line is made only for outlets 
which are accessible from free links. 

The simplified grouping plan, Fig. 
7, shows the 400 outlets from one 
C-stage arranged in an array of 20 
columns and 20 rows. Each row 
forms a basic 20-line route connect­ 
ed by one CW relay, and this row 
is sub-divided by CRl-4 into four 
groups each of 5 outlets. Each col­ 
umn of this array is associated with 
one of the relays CTl-20. and has 
outlets which are accessible from a· 
group of' 5 C-stage verticals. 

I 

9 
I 
I 
I 
I • 0 
0 

2 3 4 
0 0 0 

e O O • 
0 0 0 0 
0 0 0 0 

CRI 
GVCI 

CLI 0- rB I/CCI J 

f ~" CL2 <j>' CONNECTING 
I I QELAYS 

I 0- I 
CL5 I 
CL6 0- I r CL7 <j>' I 

CT2 t I I I 
I & I CLIO 
I I GVB ~ I I GVC2 I fr, I 0- I 
I <j>' I I 
I I I 
I <>- I 
I 0- I 

m{f 
I I 
I 0- I I 
I I I I J.. 

___ I 

IASl·l ~A-I!, J 
2A 1-3 - CONNECTING 

RELAYS 

GVA ~ rn 

5 6 20 0 0---------------0 CW2O 
I I 
I I 
I I 
I I 

0------------Q C~3 
0--------------0 CW2 
0---- -- - ------0 CW I ..___,__,~~ . 

CR2 CR3 CR4 ROUTE 
RELAYS, 

GVCIO 

~" 

11 
GVC 

Fig. 7 - Simplified Grouping Pla,n. 
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GVB GVC 

CL! CL2---CL5 2Al-3 IASl-3 VI r-s cc i Vl(I) y, 

+"1" I 1-~--r---~ I: -h .'1' t •:: ,;i-?:tr~. --~~. ---L---'------'-1 \' 41 -;----~ 
I \ I I I 

~ 

I \ vs I ' I I I 
I, \ j I, v;\m Jvs;<3l I v~ I 

--'------'- .~ "' ., •. -l---- I 

+ 
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1-20 

17 ICT17 
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Fig, 8 - Link Connection and Seleclion. 

2-STAGE 
d- WIRE 

Ti RI----R,4 
2Al-3 
IASl-3 

GVB 

3-STAGE. I Cli'I-----CRI-' CW11--=--=--==--ti-CW20 d-WIRE . 
' . ' 

S
--CT20 ' " --- CTI CT2--CT , L--- 

4 I ------ 1__J 4---,- t ~ I 
!.L --- -----h I 

I 
T 4 _ , 1 

I L----- . I 
~s_ •-+--6- u· . ---.- _J I 

I - -~i_J I • t_ _ ll() 

Fig. 9 - Tronsislor Test. 
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relays Tl, 2 and 5 may operate if 
the outlets are free, but the OT 
allotter ensures that a holding path 
is given to only one relay. When only 
one T-relay remains operated, the 
reed relay "KT" is connected to per­ 
form the low-ohmic control test on 
the selected outlet. 

When the transistor test is made 
for a 2-stage call, it is a bypath test 
which includes selection of a free 
Iink in addition to selection of a 
free outlet. In this case, each T-relay 
having a complete path through Rl-4, 
2Al-3 or lASl-3, vertical contacts in 
GVB, and Wl-20 to negative on the 

-d-wire will operate. 
For both cases, a positive result 

from the transistor and control tests 
results in the operation of relay TK5. 
This relay then calls the switching 
section of the marker, but may have 
to wait for this to become free if the 
previous call is still being switched. 
When the transistor test has a 

negative result, indicated by the fail­ 
ure of any of the T-relays to operate 
-during the test period, the route or 
sub-route under test is disconnected. 
.It may 'be seen by reference to the 
flow chart that the next sub-route or 
alternate will then be connected 
when available. If the test was made 
on the final choice route, then a 
congestion signal will be generated 
.and the marker released. 

Switching 
When the switching section of the 

marker is called, the information from 
the test procedure is not sufficient 
to allow storage of the test result 
and switching to proceed immediate­ 
ly. Since each CT relay may have 

operated to indicate a number of 
available links, a selection must first 
be made to choose one free link to 
the required outlet. This selection is 
made by the relays CL_l-20. 

The operating path for these relays 
is shown on Fig. 8. After the test 
result has been stored in the 2CT 
relays (by operation of 2CT2 and 
2CT11 from T2 in the example) re­ 
lay CTC operates to connect negative 
to the CL relays. It should be noted 
that the operating path for the CL 
relays is part of the circuit used 
previously for operation of the CT 
relays. This correspondence between 
particular CT relays and groups of 
five CL relays is also indicated on 
the grouping plan. In this case, the 
negative from CTC is used to oper­ 
ate any of the relays CL6-10 which 
have free links to the chosen outlet. 
An allotter then selects one of these 
CL relays to give a dispersion of traf­ 
fic through the switching equipment. 
When this process of link selec­ 

tion has been completed, switching 
of the horizontal bars of all partial 
stages can proceed. After a time in­ 
terval sufficient to ensure satisfac­ 
tory operation of all horizontals, the 
vertical switches in GVB and GVC 
will also be operated. At this point 
the holding path for the operated 
switches is complete through the 
test result storage relays, all the 
test information has been used, and 
so the testing part of the marker can 
be released to accept a new call from 
the analyser. 

During switching of the call, sig­ 
nalling between the group selector 
and the register takes place. These 
signals prepare the register to send 

the appropriate digits to the next 
switching stage, and when the neces­ 
sary information has been accept­ 
ed by the register, switching of the 
group selector is completed by opera­ 
tion of V(GVA). This initiates the 
release of the switching section of 
the marker, which is then ready to 
accept the next call from the testing 
part of the marker. 
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TECHNICAL NEWS ITEM 
SURVEY FOR THE EAST-WEST 

RADIO RELAY SYSTEM 
Work has commenced on the $8 

million project to establish a 2 Gc/s 
radio relay system between Port Pirie 
in South Australia and Northam in 
Western Australia, a distance of 1400 
miles. The system will have an initial 
capacity of 600 telephone channels 
which will be extended with existing, 
systems to Perth and Adelaide. 

The route survey and site selections 
being undertaken by the Postmaster­ 
General's Department, with the assis­ 
tance of the Department of the In­ 
terior, are almost complete. This phase 
of the work has involved methods new 
to radio relay path selection work in 
Australia. 

From Port Pirie to Ceduna and Kal­ 
goorlie to Northam, the repeater sites 
have been selected by conventional 
techniques using map information and 

ground surveys. Between Ceduna and 
Kalgoorlie the route follows the main 
highway which crosses the edge of 
the Nullarbor Plain and, because of 
the lack of map information and the 
remoteness of the area, conventional 
survey methods would have been time­ 
consuming and expensive. The use of 
aerial photogrammetry was therefore 
proposed for the 36 paths on this 
900-mile section. 

The approximate position of the 
sites was chosen after an extensive 
study of available topographical in­ 
formation and ground and air inspec­ 
tions of the route. Factors considered 
in the site selection were tower 
height, length of access road, over­ 
shoot angles to other repeaters using 
the same frequency and the require­ 
ment to have a repeater near certain 
towns. In some areas it was necessary 
to move paths to areas with favour­ 
able propagation characteristics. 

The Department of the Interior then 
undertook a photogrammetric survey 
of the area between repeaters, to 
give a contoured strip about 2½ miles 
wide and a profile of the longitudinal 
section between the repeater sites. 
The survey results were then used 
to determine the optimum position 
of the repeaters. The final sites were 
then surveyed by a ground survey 
party. 

This survey method has given ex­ 
cellent results and it is anticipated 
that the method will be used exten­ 
sively on future long-distance radio 
relay routes. 

The Department of the Interior 
proposes to establish permanent sur­ 
vey marks at each repeater site. With 
the contour and photogrammetric in­ 
formation, this should be of substan­ 
tial benefit to future works in this 
remote region of Australia. 
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ESTABLISHING L M ERICSSON CROSSBAR PRODUCTION 
IN AUSTRALIA C. A. SPONGBERG, M.A.I.E.E., Dip.E.E., B.M.E.'* 

INTRODUCTION 
In previous issues of this [ournal 

announcements have been made of 
the adoption by the Australian Post 
Office of the L. M. Ericsson crossbar 
system as the new standard for auto­ 
matic switching in the Australian 
telephone networks. References have 
also been made to the manufacturing 
agreements between L. M. Ericsson, 
Sweden and two Australian manu­ 
facturers Standard Telephones and 
Cables Pty. Ltd. and Telephone and 
Electrical Industries Pty. Ltd, both of 
Sydney, New South Wales, for the 
production of subject equipment. 

It is the intention of the author of 
this paper to describe the third phase 
of this development - the production 
of L. M. Ericsson crossbar equipment 
by L. M. Ericsson Pty. Ltd. in Vic­ 
toria, Australia. 

In order not to repeat what has 
already been published by other writ­ 
ers in the crossbar production field, 
it is not intended to give a detailed 
explanation of the various production 
processes, but rather cover the sub­ 
ject of production from an adminis­ 
trative and organisational point of 
view. It is hoped by this to bring 
to light some important factors which 
are to be covered in the establishing 
of production facilities. 

Background of L. M. Ericsson 
in Australia 

L. M. Ericsson Telephone Company 
Pty. Ltd. was formed in 1951, primar­ 
ily as a Sales Company of the L. M. 
Ericsson Group. Ten years later the 
Company acquired its first factory in 
Australia by entering as a main 
partner in the former Trimax Trans­ 
formers Pty. Ltd., Coburg, Victoria. 
Trimax had, since 1937, been a sup­ 

plier of transformers, amplifiers, 
power supplies and other telecom­ 
munication equipment to the Austra­ 
lian Post Office. At the time of the 
acquisition, the name of the Company 
was changed to L. M. Ericsson-Tri­ 
max Pty. Ltd., and the Company 
undertook, in addition to earlier pro­ 
duction lines, the assembly of cross­ 
bar P.A.B.X. equipment. 
When L. M. Ericsson Telephone 

Company Pty. Ltd. was granted con­ 
tracts with the Australian Post Office 
for crossbar equipment, both for city 
and rural exchanges as well as trunk 
and telex exchanges, it became ap­ 
parent that additional production faci­ 
lities were required adequately to cope 
with the volume of orders. The con­ 
tracts stipulated that the bulk of the 
equipment should be produced in Aus­ 
tralia, and detailed plans for the im­ 
plementation· of local production by 
L. M. Ericsson were drawn up during 
* Mr. Spongberg is Factory Manager, L. M. 

Ericsson Pty. Ltd., Victoria. 

1961-62. The name of the manufac­ 
turing and trading company became 
L. M. Ericsson Pty. Ltd. 

PLANNING AND ERECTION OF 
FACTORY 

Factory Facility Planning 
The successful conveying of tech­ 

nical production know-how from one 
country to another is a matter of 
balance. The appropriate importing of 
a product, a process, a management 
system or control, is influenced by the 
interaction of the technical, cultural, 
political and economic systems of 
the two countries. 
Attitudes and regulations regarding 

such things as labour, importation, 
investment have a bearing on the 
forecasting. and controlling of costs 
for labour, material, overhead and 
capital. The most suitable production 
processes have to be chosen together 
with machine and tool investment, 
in conjunction with effective produc­ 
tion planning, to establish adequate 
and economical output and inventory 
levels. All these factors play a vital 
part in the decisions and actions to 
be taken when planning for produc­ 
tion. 
Experience from similar operations 

in other parts of the world is of 
course advantageous, as long as such 
experience is effectively combined 
with local practices. Each new situa­ 
tion must be thoroughly considered. 

Within the L. M. Ericsson Group an 
internationally-trained staff of people­ 
is available for new factory facility 
planning. This group of engineers. 
and economic advisers is located at 
the parent company in Stockholm, 
Sweden and helps to establish factory· 
layouts, suggests machine and tool 
procurement and the selection and 
training, of specialist personnel. After 
the commencement of production, the· 
group's services are available for 
helping further development of pro­ 
duction processes and factory manage­ 
ment procedures. 

Due to continued technical develop­ 
ments in the equipment to be produc­ 
ed, and the possible introduction of 
improved processes of production, the, 
factory must have a layout which is 
also able to handle changes. Such 
changes are usually governed by the 
general plans for stages of growth 
which can vary from one factory to­ 
another depending on local circum­ 
stances. 

Location of Factory 
When selecting land for a factory 

for the production of crossbar equip­ 
ment, there are five main points which 
require thorough investigation and. 
subsequent decision: 
(i) Supply of labour. 
(ii) Gas, water, sewerage and elec­ 

tricity supply. 
(iii) Access to main transport faci­ 

lities. 

Fig. l - L. M. Ericsson Pty. Ltd., Broadmeadows, Victoria. 
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Fig. 2 - Tea Break in the Cafeteria. 

(iv) Air cleanliness. 
(v) Financial aspects. 
After a study of the conditions in 

Victoria, it was decided to locate the 
L. M. Ericsson factory in the northern 
part of Melbourne at Broadmeadows. 
In our study, areas such as Frankston, 
Dandenong, Greensborough, Lilydale 
and others were considered, but in 
each of these places one or more of 
the requirements were not at that 
time fully met. The site is located in 
the middle of the Victorian Housing 
Commission development at Broad­ 
meadows which gives assurance of a 
supply of labour. 

Factory Building 
From basic drawings and floor plan 

layout which were prepared by the 
parent company, the responsibility 
for the design of the building was 
given to the Melbourne firm of archi­ 
tects, Garnet Alsop and Partners. 

The building is divided into two 
floors, of which the lower ground 
floor has about half the area of the 
main floor. In addition there is an 
office building across the front of the 
factory, and there is also a central 
store adjoining the factory with floor 
level coinciding with the factory main 
floor. The excavation for the founda­ 
tions started in December 1962, and 
the building was completed to such a 
The building is made of solid brick 

and has a new method of natural roof 
lighting. This method of lighting has 
given excellent light at work bench 
height even during winter days, with a 
minimum of artificial light. This light­ 
ing method increases the temperature 
in the factory during the summer 
months, compared. with, for example, 
a saw-tooth roof construction. The 

factory is ventilated through mech­ 
anical filters, and is pressurised to 
keep dust out. In the Paint Shop, 
there is an additional pressurised sys­ 
tem over and above the factory pres­ 
sure, for the same reason. The build­ 
ing was erected by F. T. Jeffrey Pty. 
Ltd. and was officially opened on Dec­ 
ember 6, 1963 by the former Post­ 
master-General, the Hon. C. W. David­ 
son. 

Early in 1967 a company-sponsored 
Child Minding Centre opened to take 
up to 90 children in the 3-5 years 
age group. This building is fully 
equipped with beds, play rooms and 
facilities for the serving of hot and 
cold meals. The Centre is on a strict­ 
ly non-profit basis, with a staff of 
one matron and about nine nurses. A 
Social Hall has also been built on the 
premises for the employees of L. M. 
Ericsson. It offers facilities for even­ 
ing entertainment such as dancing, 
movies, study and other various club 
activities. 

HIGHLIGHTS OF PRODUCTION 

The production of crossbar equip­ 
ment is facilitated by a high degree 
of standardisation of piece parts. The 
main components, the RAF Relay and 
the RVD Switch, are employed in 
such large quantities as to permit a 
well developed mechanisation of both 
machine-shop processes (primary de­ 
partments) and of the assembly-wir­ 
ing-testing operations (secondary de­ 
partments). 
In the primary departments . the 

emphasis is on making full use of the 
standardisation by investing in high 
speed, advanced tooling to minimise 
production lead-time and tool main­ 
tenance. The predominance, (70%) of 
the work is in the press-shop, making 
it possible to employ simple automa­ 
tic feeding and stacking devices. 
Wherever progressive tooling has not 
been introduced, the arrangements of 
the required machines and the associa­ 
ted operations for a particular piece­ 
part is such that it achieves a pro­ 
gressive flow of work operations with 
a minimum of inter-operation delays. 

Fig. 3 - Primary Production Departments. 
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Fig. 4 - Secondary Production Departments. 

In general the machine tools are of 
standard types. Only a few special 
purpose machines are in use, for ex­ 
ample, contact riveting, jack and 
plug assembly and strip tinning. These 
machines were designed by L. M. 
Ericsson in conjunction with the de­ 
sign of the piece parts. 

A flow-line concept has also been in­ 
troduced . in the secondary depart­ 
ments. The successful implementation 
of a relay set production flow-line, 

including all operations from coil 
winding, relay adjustment, cable-form 
making, wiring, testing and packing 
has been in operation since the end 
of 1966. Further improvements of the 
individual handling operations are be­ 
ing undertaken to gain additional re­ 
ductions in lead-time and work-in­ 
progress. 

Another highlight of production 
which may be of interest, is the suc­ 
cessful introduction of the metric 

Fig. 5 - Flow-Line Production of Relay Sets. 

measuring system including estab­ 
lished tolerances in accordance with 
the recommendations of the Interna­ 
tional Organisation for Standardisa­ 
tion (I.S.O.) in all phases of our pro­ 
duction, including the production of 
tools. Contrary to some opinions in 
the industry, the training of the ope­ 
rators, leading-hands, tool-room and 
inspection personnel is less difficult 
with metric than commonly assumed. 

A course in measuring technique 
_was arranged for a few people in 
leading and supervisory positions. No 
other arrangements were made except 
a ban on all measuring devices not 
graduated in metric dimensions. 

MANPOWER REQUIREMENTS 
The estimate of manpower require­ 

ments is a part of the factory facility 
planning. As such, it was originally 
a plan showing the numbers and typ­ 
es of managers, technicians and work­ 
ers needed at the start of production 
in Broadmeadows. The plan outlined 
a program for supplying these needs 
from local and overseas sources and 
included specific steps to develop 
local manpower into successively 
higher supervisory levels. 

The original team from the parent 
company for the factory consisted of 
a Factory Manager, Production Man­ 
ager, Technical Manager and six Fore­ 
men. The personnel selected had pre­ 
vious experience in similar work posi­ 
tions in the Swedish factories or 
abroad. The team was engaged on 
this project for periods ranging be­ 
tween six months to three years. Their 
main task was to help select and 
train local personnel at all levels of 
production supervision and technical 
support. The training not only in­ 
cluded the conveying of information 
of various production processes, but 
also the know-how of making full 
use of documentation supplied and 
acquiring knowledge of the inherent 
company policies not always docu­ 
mented. 

The Production Engineering, Plan­ 
ning, Procurement and Personnel 
Management was handled by locally 
employed people, some of whom were 
sent to the parent company for study. 
Exchange of knowledge continued 
through the years and will continue 
to do so as the factory grows and 
new products and/or production me­ 
thods are being contemplated. It is 
recognised that the different stages of 
growth of the factory will require 
different contributions of knowledge 
from the parent company. 

Training of Factory Personnel 
With the establishing of produc­ 

tion facilities in Melbourne the Man­ 
agement was faced with problem of 
starting production operations from 
scratch. Speed was essential because 
of contractual requirements. This in 
itself imposed a heavy load of selec­ 
tion-recruitment on the Personnel De­ 
partment. 

Speed was also essential from an­ 
other point of view. The training 
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scheme had to be short and efficient 
to reduce precedents of low perform­ 
ance and productivity which could 
have become a problem in time. It 
was decided to organise training. fac­ 
ilities under the supervision of the 
Personnel Department with assistance 
from a professional group of train­ 
ing consultants. The organisation sel­ 
ected to undertake this project was 
chosen mainly because of the new 
process analysis method of training 
which had been developed by the 
consultants and been used success­ 
fully in other parts of the world. The 
essence of the technique is the thor­ 
ough analysis of the operation to be 
taught so as to determine the precise 
skills required for its proper per­ 
formance. This skill analysis is fol­ 
lowed by the design of appropriate 
selection tests and training proce­ 
dures. The training method incorpor­ 
ates special methods for the develop­ 
ment of both skill and consistent out­ 
put. 

Relay adjustment was the first 
process analysed in accordance with 
this method. The result was encour­ 
aging and as a consequence all major 
operations in the secondary depart­ 
ments are today covered by this 
scheme. 

ENGINEERING TO SUPPORT PRO­ 
DUCTION 

It is essential that strong engineer­ 
ing support for factory operations be 
provided. This type of engineering, to 
be distinguished from design-develop­ 
ment eng.ineering, is giving support 
and guidance to the production op­ 
erations from the point of product en­ 
gineering, including the setting of 
quality standards, provision of tooling 

and methods to the point of apprais­ 
ing the conformity of set quality stan­ 
dards of the product produced or pur­ 
chased. In other words, function con­ 
trols of all required technical input 
information of the products for the 
production/purchasing, and by means 
of its own inspection activities in the 
factory and of sub-suppliers, it is 
able to obtain all necessary output in­ 
formation of the products-in-process 
or completed, to adequately control 
quality at the most efficient level. 

In a broad sense the organisation 
covers four major functions: 
(i) Product Control 
(ii) Production Engineering 
(iii) Quality Control 
(iv) Inspection. 
The four functions constitute an 

integrated control effort in an overall 
company quality control system to 
assure quality of the products at mini­ 
mum costs and render assistance to 
the production in cases of non-con­ 
formity to set standards. 

Product Control 
The Product Technique Section is 

in charge of all product drawings 
related to production. It is responsible 
to accumulate performance require­ 
ments of the products, act in the 
capacity of a common pool of pro­ 
duct know-how and instigate actions to 
assure full use of existing L. M. Eric­ 
sson documentation. It is responsible 
for issuing of requisitions for altera­ 
tions or changes of the products being 
produced. It investigates production 
problems related to design and sug­ 
gests changes in design to facilitate 
production. Furthermore, the section 
is responsible for planning and avail­ 
ability of documentation to be used 
by the Production Planning Depart- 

Fig, 6 - Factory Organization. 

ment in formulating the production 
program. 

The Record and Print Distribution 
Section is in charge of the recording 
of official technical documentation 
used within the company. It serves 
as a printing and distribution centre 
of copies for a number of permanent 
drawing files located in various areas 
of the office and factory buildings. 
It is the responsibility of this section 
to issue new copies of these files 
whenever the originals are subject to 
changes or obsolescence. 

The Chemical and Metallurgical 
Laboratory is in charg.e of any raw 
materials testing required for the 
purpose of establishing sub-suppliers. 
Any subsequent test requested by the 
Incoming Goods Department on batch 
deliveries of raw materials is also 
carried out by this section. It is the 
responsibility of this section to assist 
production in the control of electro­ 
plating, painting, impregnation and 
heat treatment processes. 

Production Engineering 
Work Study is responsible for the 

critical analysis of the way and con­ 
ditions under which work is done 
and the development of better and 
more economic methods and measure­ 
ment of the labor required. 
Tools and Methods is responsible for 

the design of tooling, special machine 
and ancillary equipment, the prepara­ 
tion of tooling schedules, estimating. 
tool production times and investigation 
of production problems related to 
tooling. 

Quality Control 
Inspection Planning has the respon­ 

sibility for any action required to 
determine that quality objectives and 
goals are sufficiently defined to permit 
adequate production. It plans and 
directs the inspection measurements 
and controls to be provided on pro­ 
cesses and products. It is also res­ 
ponsible to analyse quality assess­ 
ment reports and other feedback in­ 
formation from the field and make 
recommendations for adjustment to 
product design, production processes 
and inspection procedures. 

Quality Assessment is responsible 
to designate quality characteristics 
to be measured in establishing meth­ 
ods and procedures for performing 
a continuous assessment of the qual­ 
ity of products being produced. Its 
main objective is to determine the 
actual level of quality and to detect 
any significant variation to such lev­ 
els. The information is reported to 
Management and the parent company 
and is used by Inspection Planning 
in the direction of corrective actions. 
Reliability Laboratory is in charge 

of reliability studies of components 
being produced and/or purchased. 
The standards of reliability required 
for the "products are determined by 
the technical departments of the par­ 
ent company. It is then the responsi­ 
bility of this section to appraise con­ 
formity to these standards. Reports 
of the tests performed are submitted 
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to the parent company and to cer­ 
tain customers on their request. 

The reliability activities may be 
grouped under three headings: 
(i) Establishing the reliability re­ 

quirements. 
(ii) Reliability analysis of com­ 

ponents prior to production. 
(iii) Continuous reliability testing 

of components of approved 
design, purchased or of own 
production. 

Establishing the Reliability Require­ 
ments: The initial new design control 
activity is the responsibility of the 
technical departments of the parent 
company. The reliability targets and 
standards have been chosen with due 
attention to the state of the technical 
art and the overall functional require­ 
ments as experienced from actual op­ 
erations in the field. The standards 
are thus very realistic and cannot be 
altered without the consent of the 
parent company. 
Reliability A;nalysis of Components 

Prior to l,ntroduction: This portion of 
the reliability activities is covered by 
the parent company in its approval of 
the design for production. In the 
design approval is also included the 
recommended production processes 
and tools to be used to attain desired 
reliability level. It is a well estab­ 
lished L. M. Ericsson practice to keep 
the production of a newly-introduced 
product for several years as close as 
possible to the department respon­ 
sible for the design. This practice is 
for the purpose of obtaining adequate 
attention to production processes and 
their effect on the product reliability. 
Not until the design is proved feasible 
to be produced in large quantities is 
the product authorised for production 
in other factories within the L. M. 
Ericsson group. 

Similar caution is exercised on the 
introduction of purchased components. 
The reliability testing facilities are 
being utilised to assess all aspects of 
the component reliability before ap­ 
proval is granted to use such com­ 
ponent in an L. M. Ericsson product. 
As a reference, a list of approved sup­ 
pliers and their components is issued 
to the Purchasing Departments within 
L. M. Ericsson. The list is maintained 
by the Quality Control Department. 

Continuous Reliability Testing of 
Components of Approved Design, 
Purchased or of Own Production: 
Continuous testing is necessary for 
the purpose of making sure that the 
design and production data continu­ 
ously and repeatedly result in the 
production or purchasing of products 
with required reliability. This will 
normally involve the taking of random 
samples from the running production 
or Incoming Inspection. The samples 
are subjected to detailed examination 
and accelerated tests in accordance 
with established procedures and stan­ 
dards. In addition to the continuous 
reliability assurance on the products, 
the continual testing provides ex- 

Fig. 7 - Metrology Department. 

haustive data on which to base re­ 
liability improvement programs. 

Production Test Engineering is in 
charge of test methods, instructions 
and the design of electrical test equip­ 
ment used by inspection authorities 
and certain production departments 
in the factory. Included here are 
techniques for creating measurement 
practices and instrumentation proced­ 
ures for the application to those qual­ 
ity information requirements that are 
established by the Inspection Plan­ 
ning Section. 
Metrology is in charge of calibration 

and re-checking of electrical and 
mechanical measuring devices used 
within the company. It conforms with 
N.A.T.A. (National Association of 
Testing Authorities) requirements for 
registration. The section is also res­ 
ponsible to carry out "First-Off Piece 
Part Examination" from new or modi­ 
fied tools and to render service to 
tool room and production when spec­ 
ial examinations are required. 

Inspection 
Incoming Goods Inspection is res­ 

ponsible to ensure that incoming raw 
material and components from sub­ 
suppliers are subjected to test and 
inspection as laid down by Quality 
Control. It acts in this capacity as a 
receiving and distribution point work­ 
ing from test schedules and samp­ 
ling tables. The actual tests are per­ 
formed by the various specialised 
test authorities within the factory 
organisation. The section is also res­ 
ponsible to maintain a suppliers' qual­ 
ity rating system. 

Piece Part Inspection is carrying 
out quantitative and qualitative in­ 
spection and sorting of parts being 

produced. It works from inspection 
instructions and sampling tables pro­ 
vided by Quality Control. It is res­ 
ponsible to record fault rate on piece 
part production and submit weekly 
inspection reports. On request from 
Quality Control it performs special 
quality auditing. 
Assembly Inspection is responsible 

to carry out test and inspection pro­ 
cedures required during the various 
stages of assembly and adjusting op­ 
erations. It works from test instruc­ 
tions and sampling tables provided 
by Quality Control. The section is 
requested to record fault rate on a 
daily basis and submit reports to 
Quality Control. 

Fig. 8 - Automatic Test Equipment for the 
Final Inspection of Rack Wiring. 
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Final Test Room is carrying out 
visual mechanical inspection and final 
functional testing from documentation 
submitted by Test Engineering on 
company's products before delivery to 
the customer. It is responsible to as­ 
sure that the equipment produced is 
of the latest approved issue. It carries 
out modifications on equipment when 
requested by Product Control Depart­ 
ment on official change orders. It 
maintains all electrical test equipment 
used within the factory. It submits to 
Quality Control fault rate statistics 
based on the findings from the test 
operations. 

CONTROL OF PRODUCTION 

The implementation of an integra­ 
ted management control system within 
the company, utilising a computer, 
will in the near future change the 
planning, expediting, and costing as­ 
pects of the present concept of con­ 
trolling production. The system is 
quite advanced, using exponential 
smoothing techniques for forecasting 
uncontrolled demand and advance 
notice of demand. Stock levels will 
be strictly controlled from an econo­ 
mic order quantity analysis based on 
the cost of acquisition, cost of pos- 

session and some safety stock para­ 
meters. It is not possible to cover 
adequately the complexity of this 
system in this paper. 

CONCLUSION 

In conclusion it may be said that 
the factory today is effectively pro­ 
ducing equipment, but that quite a 
lot of work always lies ahead to 
keep pace with the competition in the 
telecommunication field. It is a true 
challenge with real incentives, for 
both the customer and the supplier. 

TECHNICAL NEWS ITEM 

STORED PROGRAMME CONTROL 
OF JUNCTION RELAY SETS 

The functions of a telephone ex­ 
change can be treated under two 
categories: 

(i) the establishment of connections, 
and 

(ii) the subsequent supervision of 
the connections. 

In step-by-step networks, individual 
control circuitry is provided in 
each connecting device to establish 
the connections, and supervision is 
performed by a specific device includ­ 
ed in the connection (relay set re­ 
peater or final selector). 

Crossbar equipment used in the 
A.P.O. network provides common con­ 
trol of the connecting processes, but 
supervision is still performed by a 
specific device ( cord circuit relay set, 
FIR or FUR) in the connection. 

By the use of high-speed electronic 
devices it is possible to perform super­ 
vision functions at a common control 
point also. The supervising devices 
in the connection can be reduced to 
simple circuits detecting line con­ 
ditions with the necessary logic and 
control functions performed at a 
central point by a "processor". 

The use of common control for 
supervision functions can introduce 
serious problems if it is desired to 
change the signalling conditions on the 
connection, as it may then become 

necessary to modify the processor as 
well as individual line circuits. Flexi­ 
bility in these circumstances can be 
obtained by the use of a stored pro­ 
gramme in the processor. The order in 
which functions are performed by the 
processor is determined by the con­ 
figuration of the programme store, 
which may be in the form of a mag­ 
netic pattern on a magnetic drum or 
in the . pattern of diodes in a hard­ 
wired diode store. In either case the 
pattern may be readily changed; in 
the former case by re-writing on the 
drum and in the latter case by re­ 
wiring the diode matrix. 
The concept of a stored ·programme 

has been the basic operating princi­ 
ple of electronic digital computers 
since their inception, and is finding 
increasing application in telephone 
switching as manufacturers and ad­ 
ministrations resort to electronic con­ 
trol of exchanges, to gain greater 
traffic capacity and more sophisticated 
subscriber facilities. 
To gain first hand experience in 

stored programme techniques, the 
A.P.O. has started the design of a 
processor to control carrier signalling 
relay sets. A preliminary model to 
control some of the functions of such 
a relay set is nearing completion. 
Work will soon commence on the 
construction of a processor to control 
an actual relay set in a working 
situation. The experience gained from 
the design and the construction of 
the first model will provide a firm 

foundation on which the main project 
can confidently proceed. 
The model processor has been con­ 

structed using micrologic elements 
and a hard-wired diode store for pro­ 
gramme storage. The choice of the 
programme storage technique is 
largely determined by the size and 
the complexity of the programme 
and its probable amendment rate. 
For the control of line signalling 
relay sets, a simple, relatively-short 
programme is used, and changes to 
the programme should not occur at 
frequent intervals, so a hard-wired 
store is suitable. 
The controlled relay set is signifi­ 

cantly reduced in number of com­ 
ponents by use of common control, 
and lends itself more readily to reali­ 
sation in solid state devices, thus 
producing a very great reduction in 
size. 
Aspects of stored programme con­ 

trol that are being given close con­ 
sideration include reliability and the 
optimum allocation of functions be­ 
tween the controlled device and the 
processor. Security is a major consid­ 
eration when a large number of line 
relay sets are controlled by one pro­ 
cessor, and the use of two processors 
working in parallel will almost cer­ 
tainly be necessary. As regards the 
allocation of functions between the 
controlled device and the processor, 
the decisions taken during the design 
of the small ,model have been suppor­ 
ted by similar investigations conduc­ 
ted overseas. G.L.C. 
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COMMISSIONING OF CROSSBAR EXCHANGES C. S. LAVERY, B.E.* 

INTRODUCTION 
The introduction of crossbar equip­ 

ment into the Australian network in 
1962 posed many new problems for 
engineers and technicians, and the one 
which was of most concern to the in­ 
stallation staffs was the technique of 
testing. Up to that time, testing had 
consisted of using a multiple tester 
on a number of switch multiples, and 
the adjustment and checking of a 
large number of individual items 
(selectors and repeaters) which all 
performed the same function. Because 
of the repetitive character of these 
items it was not difficult to build up 
proficiency in detection and correc­ 
tion of faults. Common control equip­ 
ment then presented the problem of 
fast operation of a large amount of 
equipment during a very short inter­ 
val of time. Obviously the technique 
had to be different to that used in 
step-by-step, and the problem resolved 
itself when a set of instructions was 
produced having been prepared for 
the APO by an L. M. Ericsson Instal­ 
lation Engineer. 
These instructions set out the basic 

principles of the tests required, and 
the technique of testing, systematic­ 
ally, all the various switching paths 
associated with the common control 
system. At the time there was little 
specialised equipment available for the 
testing required, and the instructions 
reflected this in their concentration 
on manual or simple detector type of 
testing techniques, while at the same 
time, indicating the principles of test­ 
ing where more sophisticated in­ 
struments were available. 

The early techniques have now 
been well learnt, and the proficiency 
of technical staff in their use has im­ 
proved, but there is a limit to the im­ 
provement which can be gained using 
manual techniques. What are now to 
be described are techniques and test 
sets which have been applied success­ 
fully in an attempt to introduce some 
automatic process into the installation 
phase of work, and which offer sub­ 
stantial gains in productivity. 

This article describes the various 
installation testing units supplied as 
standard equipment by L. M. Ericsson 
together with additional units 
developed by the author when work­ 
ing as a P.M.G. Installation Engineer 
in South Australia prior to taking up 
employment with L. M. Ericsson. 

PRINCIPLES OF TESTING 
Productivity and Testing 

Before proceeding to discuss tech­ 
nical aspects of fault finding an im­ 
portant aspect should be considered 
and that is, what is useful and what 
is redundant work in the testing 
• This article was prepared by Mr. Lavery 
whilst he was employed as an Engineer 
Class 2 on exchange installation in the 
Sourh Australian Administration of the 
P.M.G.'s Department. Mr. Lavery is now 
Senior Design Engineer, L. M. Ericsson, 
Melbourne. 
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stages? It is obvious that if a tech­ 
nician's time is fully occupied with 
clearing faults then his productivity 
cannot be increased. But some work 
must be performed to encounter a 
fault before corrective action can be 
taken. Then if productivity is to be 
maximised the time expended en­ 
countering faults has to be minimised. 
Or expressed differently, the tech­ 
nician has to be moved as quickly as 
possible from fault to fault. This can 
be done in two ways, firstly by pro­ 
viding testing techniques which are 
routine and can be rapidly applied, or 
by some form of test set which can 
automatically find the faults. Both 
systems relieve the testing staff of 
much routine work and enable them 
to concentrate their efforts on the 
location and correction of faults. 

Testing of Installation Cabling 
The conditions which predetermine 

the technique to be employed in test­ 
ing installation cabling are the types 
of faults and mistakes which are nor­ 
mally encountered. These can be 
briefly enumerated as below, where 

ACCESS 
PLUO 

1 

I 
I 
I 
I 
I 
li 

N 

Fig. 1 - Automatic Wiring Tester Insulation Test (Simplified). 
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the first few are technical faults, the 
latter are due to human error. 

(i) Crossed wires. 
(ii) Open circuit wires. 
(iii) "Dry" joints. 
(iv) Insulation faulty due to faulty 

cable manufacture. 
(v) Insulation faulty due to faulty 

cable terminaton. 
(vi) Wrong terminations from tem­ 

porary loss of concentration. 
(vii) Wrong termination from gross 

miscalculation. 
A system is then required which 

will check all the common technical 
faults, that is (i) to (iv) above, and 
which will also guard against the per­ 
sonal factor when the operator has 
tested his own work and has made 
the same mistake twice. 

A buzzer, or lamps, can be used to 
check a limited range of faults, for 
example continuity and crosses, with 
a limited coverage of wires, but 
where a cable joins two points with 
terminations in close proximity 
something better than a test from one 
wire to the previous and next is ob­ 
viously required. As well a buzzer or 
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lamp leaves open the human error 
factor. 

Another problem also needs a solu­ 
tion. When testing the insulation of 
cables how far should testing go, for 
a test could be made between one 
wire, and all other wires in the ex­ 
change. To go beyond the same cable 
with such testing is surely of aca­ 
demic interest only, for, with quality 
control during cable manufacture, it 
is rare that a fault within a cable is 
found. 

When determining the coverage of 
testing what should be examined is 
the grouping of wires on a terminal 
block, compared with the grouping 
of those wires in the cable since it 
is the installation work which is 
being tested. Obviously the wires 
which are terminated on adjacent 
lugs, and are also in the same group 
in the cable need to be tested as 
a group, as the probability of a 
fault is highest in this case. Similarly 
for forty wire cable links, it is 
preferable that they be all tested at 
one time, or because of the physical 
construction of forty point terminal 
plugs, as two twenty point units. How­ 
ever, to avoid duplicate testing of the 
cabling it is necessary to compromise 
between breadth of testing and time 
taken, keeping in mind that wires 
which consistently occupy adjacent 
terminals need to be tested as a group. 
Several items of equipment have been 
designed for such testing but the one 
used, and described below, is the L. 
M. Ericsson Wire Tester (A.W.T.) 
and a unit developed to allow more 
rapid testing procedures, known as 
a selector setting unit (S.S.U.). 

Testing of Marker Equipment 
Once the installation cable testing 

has been completed the relay sets can 
be fitted to racks and the system made 
to work. The current specified method 
of testing is the push up tests where 
particular relays in the markers are 
manually operated and the reactions 
to them checked 'by watching the 
operation of the other relays and 
switches. This again requires a large 
amount of effort but always leaves 
an open test, the opening being the 
manually operated relay, for it may 
not be known how it will operate 
electrically, or what the effect of its 
electrical operation will be on later 
stages. 

The purpose of these push up tests 
is to check that the marker by-path 
selection, information transference, 
and selector operation functions are 
operating correctly. This work can be 
effectively, and rapidly carried out by 
dynamically testing each marker as 
a whole, by judiciously selecting spe­ 
cified operating paths, and forcing the 
marker to work over each path at 
least once. The functions indicated 
above can be all tested simultaneously 
using the techniques described below. 
A brief description will be given of 
two familiar testing instruments, the 
L. M. Ericsson load tester, and the 
L. M. Ericsson auto exchange tester 

(A.E.T.) and a third recently develop­ 
ed, the Auto Exchange Tester Auxil­ 
iary Test Unit (A.T.U.). 

STATIC TESTS 
Automatic Wiring Tester 

Provision is made to connect and 
test a maximum of 20 wires to the 
tester, the tests being the insulation 
of each wire to the others under test, 
and to earth, thereby covering such 
faults as transpositions and crosses, 
and the continuity of the wires which 
enables detection of dry joints and 
open circuits. The tester is adjusted 
to accept insulation resistance above 
100,000 ohm, and to reject wire con­ 
tinuity above 60 ohm. 

For the insulation test (Fig. 1), both 
ends of the wires connected to the 
tester are joined at contacts of the 
P7-9 relays. The insulation test relay 
P2 is pre-operated and then connected 
to wire 1 by the operation of the P21 
relay. If the insulation resistance is 
greater than 100,000 ohm P2 will re­ 
lease, P5 will operate and the stepping 
control relays will initiate a new test 
on wire 2 'oy operating relay P22. 
All the wires will be tested similarly. 
The standard A.W.T. was modified to 
provide changeover contacts on the 
P7-9 relays; this allows a complete 
test on all wires. When the insulation 
test is completed the P7-9 relays oper­ 
ate and allow the continuity test to 
be made (Fig. 2). The test commences 
at wire 20 with the P40 relay being 
applied to one end of the wire, and 
shunted by an earth at the other end. 
If the shunting resistance is less than 
60 ohm the relay will release and 
subsequent wires tested similarly. 

If a fault is encountered, either 
on insulation or continuity the testing 
process stops and the faulty wire is 
indicated by a lamp. The full circuit 
of the A.W.T. is given in Fig. 3. 
It is possible for less than twenty 

wires to be tested at a time and, so 
that any arrangement of wires can 
be tested from amongst the twenty 
connected, a jack field is provided 
between the two ends of the cables, 

1 SET CONNECTORS(HC & T 40 B) 
SB 4500 Sht. 5 

and the test and selection unit of the 
tester. This can be seen in the circuit, 
and diagrammatically indicated in Figs. 
2 and 3. The only requirement is that 

Fig. 4 - A Connection to an MDF Protector 
(H.C. and T.40B) Being Applied. 
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Fig. 6 - An LR/BR Connection Being Fitted. 

the wires can be tested in any order 
from among the twenty but must be 
arranged sequentially from the. lowest 
numbered jacks having access to the 
test unit. 
Programmed Testing: The A.W.T. 

makes available an instrument which 
checks the common technical faults 
and which, if it is used, has to be 
programmed by the installation staff 
in the field. Such programming can be 
determined from the cabling charts 
used for terminating the cables but 
this leads to two further problems:- 
(i) The human factor - the same 

chart may be misread by the 
operator who terminated the 
cable. 

(ii) The inefficiencies which occur 
through the same programmes 
being repetitively determined on 
each installation for which the 
test is required. 

Both problems are overcome by the 
preparation of installation wire test­ 
ing programmes which specify in de­ 
tail how the equipment is connected 
to the A.W.T., which programme cords 
are to be used, and what moves to 
make to carry out the tests efficiently. 
This system also leaves little room 
for the human factor problem outlined 
previously, in the section-testing of 
installation cabling. 
A series of programmes have been 

prepared for all regular cable runs 
for ARF 102 equipment and as an 
example the programme to test the 
cable from LR/BR relay sets to the 
MDF is given in Appendix 1. To allow 

the full programming of the equip­ 
ment, a range of cable connectors 
was produced to allow temporary con­ 
nection to PBX-X and Y strips, meter 
plates, 2000 type terminal blocks, 
IDF's, LR/BB relay set jacks etc. An 
example of these can be seen in Figs. 
4, 5, 6 and 7. 

The cabling from BDD (switch) 
racks to the marker racks has also 
been programmed for testing, and 
organised such that there is a mini- 
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mum of changes to the programmes 
on the A.W.T. it being quicker to 
shift plugs on the racks than re-ar­ 
range cords and plugs on the jack­ 
field. 

Other tests of interest are those 
through the register finders and code 
sender finders. Consider the SR to 
RS-L to REG-L (M) link. By plugging 
into the SR, and the REG-L (M), and 
fitting the RS-L relay sets, testing 
through the RS-L connecting crossbar 
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switches can be accomplished by 
using the programme given in Appen­ 
dix 2. 
From the above examples it can 

be seen that a number of links can 
be tested simultaneously, where they 
can be readily connected in series 
with each other, and this is conven­ 
iently done by following the trunking 
diagram of the exchange, a simple 
one being as shown in Fig. 8. 

Testing through Switching Stages: 
One important group of tests not so 
far discussed is that of cabling into 
and out of the switching stages. These 
routes form a large bulk of the cao­ 
ling in the exchange, and are quite 
readily adaptable to rapid testing tech­ 
niques. Appendix 3 specifies portion 
of the testing of the cables SR-SLB­ 
SLA and uses the technique of set­ 
ting 2 SLA switches to the same sub­ 
scriber's number, from the SLA's via 
2 SLB switches to two SR positions 
and hence to the A.W.T. The test is 

MDF 

SUBS. 

OUTGOING 
JUNCTIONS 

A 

SL GIY 

~ 
(_ /( IDF 

,~ '--i- 

':}RS-I 
I IDF 

,R:L, 
Fig. 8 - Typical ARF 1 02 Trunking Diagram Indicating IDF Points. 
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Fig. 10 - Selector Setting Unit Key Panel. 

now made via the loop formed in the 
subscribers multiple. These tests are 
designed to check all of the installa­ 
tion cabling and terminating, but only 
that part of the manufacturers' work 
as is incidental to the requirements of 
testing other work. Similar methods 
are used for testing the cabling 
around FUR, FIR, lGV and GIV 
stages, but it can be seen that using 
such techniques involves a deal of 
setting of selectors by hand, and this 
can 'be time consuming and wearying 
on the part of testing staff. 

Selector Setting Unit (S.S.U,) 
(See Fig. 9) 

Because of the time consumed in 
setting selector stages, three or four 
men being employed setting swiches, 
a unit was developed which allows 
one operator to be stationed close to 
the racks at which the A.W.T. gains 
access to allow plug units to be con­ 
veniently altered and to control the 
A.W.T. and S.S.U. By pressing keys 
on the face panel of the S.S.U., the 
operator can select and operate any 
vertical and horizontal in any switch 
of any stage to which the S.S.U. is 
connected. In the initial design the 
selection is made by using multicoil 
and 3000 type . relays to mark the 
wires terminated on the marker racks 
and which operate switch horizontals 
and verticals. Access is gained to the 
marker racks by 80 point fork units 
and cables, the connections being so 
arranged that any cable with a stan­ 
dard termination can be used any­ 
where, the knife units on the S.S.U. 
being designated with the jack posi­ 
tion of the appropriate marker to 
which it should be connected. The 
S.S.U. _ is designed to handle an 
m = lOB exchange, which has the 
largest traffic carrying capacity of all 
the existing ARF 102 crossbar ex­ 
changes. Figs. 10, 11 and 12 show the 
face panel layout, and the key desig­ 
nations, the layout and designation of 
the jack-field and a general view of the 
relays used. Fig. 13 shows the corn- 

pleted machine set up and working 
at an installation. 
When in use, the operator presses 

the buttons specified in Table I of 
Appendix 3, under the columns head­ 
ed Set 1. Internal lamps in the press 
buttons light to confirm that the cor­ 
rect buttons have been pushed before 
the operator presses the SET button 
which sets the selectors. When they 
are set, and the holding transferred 
to the A.W.T. on the d wire, the 

S.S.U. is automatically cleared for 
the setting of selectors under Set 2. 
The complete link has now been made 
and the test carried out. Selector 
setting has to be carried out in this 
two stage fashon since the marker 
equipment is organised to handle one 
call at a time in the one rack, and 
if more than this is attempted from the 
S.S.U., multiple paths, which are not 
required, will be set up. 

This unit now enables one operator 

Fig. 11 - Selector Setting Unit Jackfleld. 
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to do, from the floor and at a faster 
rate, what four men were doing under 
the previously-mentioned system of 
testing. It is now possible to give this 
systematic routine work to a less 
highly trained operator allowing the 
technician to be freed for fault find­ 
ing, and to be called in when the 
operator encounters a fault. 

The circuit of the SLA/B switching 
stages of the S.S.U. is given in Fig. 
9. 

DYNAMIC TESTING 
Equipment 

Load Tester: This instrument can 
be connected to a maximum lof 10 A 
lines having access to a register 
which receives decadic impplses as 
its information input. A further maxi­ 
mum of 10 B lines, toward weich the 
tests will be made, can be copnected. 
Ringing signal is the identifiqation of 
a correct switching function. At 
start, the load tester simultj' neously 
applies all connected lines to the 
marker and checks either fo~ receipt 
of dial tone, if connected to a, REG L 
(M), or for correct polarity o~] battery 
and earth, if connected to a REG 1. 
Once this check is completJd satis­ 
factorily, impulsing commences to the 
predetermined B numbers serj on the 

load tester, and it is so designed that 
the last pulse of each digit is trans­ 
mitted simultaneously on all lines, 
so that when the last digit is stored 
in the register, even though these dig­ 
its may all be different, the registers 
all call for the GV marker simultane­ 
ously thus simulating a very heavy 
calling load to the marker. 

Switching now takes place toward 
the called test lines and if switching 
is successful the identification is in­ 
dicated on the load tester which 
automatically resets to commence the 
cycle again. 
The load tester can also be set to 

identify that the calling A line is con­ 
nected to dial tone and to reset itself 
at that stage. It is this function which 
is used for the SL Marker Outgoing 
Switching Tests. 
Automatic Exchange Tester (A.E.T.): 

This instrument is in common use in 
crossbar exchanges and is capable of 
initiating calls at any point irt the ex­ 
change which is capable of receiving 
decadic pulse or MFC inputs. It is a 
one to one device in which the B 
number is set up on switches and the 
call controlled by the relevant parts 
of a register, KSR and KST which 
are fitted to it. Various arrangements 
of detection devices are available, and 
when a call is successfully switched 

Fig. 12 - Swit~hing Relays of ·selector Setting Unit. 

the tester is automatically reset and 
initiates a new call. 

Auxiliary Test Unit (A.T.U.): This 
has recently been developed to allow 
the expansion of test lines from the 
exchange tester to a maximum of ten. 
From Fig. 14 it can be seen that via 
the A and AA relays the A and B 
test lines of the A.E.T. can be con­ 
nected to any of the test lines of the 
A.T.U. The relevant digit information 
for each test line which is preset on 
"Contraves" digit switches, is also 
connected to the KSR leads by the 
AA relays, the particular digit being 
selected from the P chain in the regis­ 
ter part of the Exchange tester. When 
a call is initiated an A relay will oper­ 
ate to the + put on the 'd' wire by 
the A.E.T. The A relay sets the A.T.U. 
for the call and calls the marker on 
the outgoing 'd' wire. When the call 
is completed and identified the A.E.T. 
removes the + on the 'd' wire and 
the B relay operates to hold the call. 
The next call initiated from the 
A.E.T. operates a subsequent A relay, 
and the process is repeated until all 
the calls programmed are completed 
when relay C operates and clears the 
unit. The Fl relay is also included in 
the A.T.U. as an FUR termination for 
GV stages. By connection to the 'd' 
wire of a GVB outlet it will deter­ 
mine correct switching through a 
group selector stage. 

A further facility provided is that 
when the GV SWG key is thrown, 
the first two digits for each line are 
then set on the fourth and fifth digit 
switches for each line. This was made 
necessary for use in GV Marker 
Switching Tests since three digit 
switches were provided as common 
switches for the first three digits of 
all lines. 

There is one limitation of the Unit 
and it is that it can only be used on 
inlets where MFC signals are the nor­ 
mal information input. This is not a 
serious limitation however, since the 
load tester is available with similar 
facilities for decadic impulse inputs. 

Marker Switching Tests 
SL Outgoing Marker Switching 

Tests: Appendix 4 details the steps to 
be followed in carrying out this test, 
initially the marker needs to be 
checked that it will switch, that is, 
that calls can be made to the REG L, 
before the test is applied. 

The principle of the test is that in 
a full SL suite five calls are made 
from the load tester through one line 
only on each of the SLA racks, and 
that one path through one SLB is left 
open for each call to select. Any of 
the grouping plans for any size of ex­ 
change can be used to determine the 
path nominated together with Tables 
1 and 2 of Appendix 4. By forcing the 
calls through the various paths and 
watching the operation of the SLM, 
and RSM relays, faulty switching. can 
be rapidly determined. 
While it may seem that slow pro­ 

gress is being maintained on cycle 1, 
it has been regularly experienced that 
this feeling· is rapidly dispelled on 
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subsequent cycles. The programme 
thus completed will have ensured that 
each vertical and horizontal of each 
SLA and SLB switch in the outgoing 
path of the SL stage will have oper­ 
ated, that each digit to be transferred 
from the SLA/B racks to the marker 
has been transferred correctly, and 
that all bypaths involved have been 
checked. Subsequently it is only 
necessary to use the load tester for 
each subs line to check that identi­ 
fication is correct, and the LR/BR re­ 
lay set can be checked at the same 
time. This test has not checked that 
selection relays will not operate in 
parallel, but load testing subsequent 
to Marker Switching tests will show 

any evidence there may be for this to 
happen. 

Switching Test in Metropolitan GV 
Stage: Appendix 5 details the method 
of testing the GVM and includes tem­ 
porary strapping required for the test, 
a total of 25 straps in all. Temporary 
connection is .required to the 'd' 
wires of specific outlets of the GVB 
1-10, and the outlets to those speci­ 
on the IDF. Having set up the Auxili­ 
ary Test Unit, and the Auto Exchange 
Tester, to the inlets (GVA verticals) 
fled the test can proceed. Again one 
specific path only is available for 
each call made. Thus it can be con­ 
fidently asserted that each vertical 
and horizontal has been operated if 

Fig, 13 - The Selector Setting Unit and the Automatic Wiring Tester on an SR-SLB-SLA Test. 

this series of tests is carried out suc­ 
cessfully. That each vertical and hori­ 
zontal is concerned in the test can be 
checked from a grouping plan when 
it will be seen that the GVB route 
outlet determines to which GVB ver­ 
tical the call is directed from the 
GV A, and hence the GV A horizontal, 
and that the route determines the 
GVB horizontal that is operated. 

Because GVB horizontals 1-10 are 
operated for routes 1-10, and 11-20, 
with the difference of HA or HB re­ 
spectively, it is not necesary to check 
the operation to all routes, as this is 
only a marker switching test in which 
the correct operation of horizontals 
and verticals is being determined. 
Hence the change in route number in 
the middle of the testing table. Once 
again the early tests will encounter 
most of the faults. · 
Incoming SLM and Provincial Mark­ 

er Tests: Similar marker switching 
tests can be applied to the incoming 
subscriber's marker, and the provin­ 
cial marker, but these are not speci­ 
fied here since they use exactly the 
same principles as those already de­ 
scribed. 

CONCLUSION 
The principles of testing describ­ 

ed above have been put into practice 
and have led to practical and efficient 
methods of testing;. However, it will 
be quickly recognised that well train­ 
ed staff are necessary when using the 
marker switching tests, if full advan­ 
tage is . to be taken of the rapid pro­ 
cedures; the switching of a call of 
this nature is rapid, and demands the 
full concentration of the staff to de­ 
tect faults. 

The emphasis of these tests has 
been to find faults at the earliest 
stage possible. With the introduction 
of a comprehensive wire testing pro­ 
gramme it was noted that the in­ 
cidence of installation wiring faults 
found in the later testing stages of 
push up tests and load testing was 
greatly reduced. A similar effect was 
noticed with the introduction of 
marker switching tests, the combined 
gains being such that a very re­ 
stricted programme of load testing 
was possible. 

The methods outlined above do of­ 
fer improvement in productivity in 
the field of installation testing, and 
where properly carried out the gains 
could be quite large. Much emphasis 
has been placed on gains in terminat­ 
ing, and these have been significant, 
but there are worthwhile gains still 
to be made in the field of testing, es­ 
pecially in the rationalisation of tests 
on registers, junction relay sets, and 
the like. 

ACKNOWLEDGMENTS 
The author wishes to acknowledge 

the assistance given during the de­ 
velopment stages of these techniques 
by Mr. 0. G. Bartlett, the late Mr. A. 
R. Pennifold, Mr. L. R. Waller, and 
the technical staff, all of the Metro­ 
politan Installation Division, Ade­ 
Iaide, 



June, 1967 THE TELECOMMUNICATION JOURNAL OF AUSTRALIA 147 

,:7 
.~.- § L:t~ [~:it ~~ ~· ~ ~ ~--- 

~ r-------t+J w . " ~ ~ ~ :;:- 
~ L!J . ~ -~~~~~~~~~~~~~~~~ g ;--_~_- -~-~; ----- ------'-i-1-- 

~ ~-----' ' 

~ 
" J,__ -2 ~-+---------'1 i J~ .. (,2 -- ti 

.., + I ,.C 
~ ~ 

m~--r-----------i W 

u 
// -----....__\2 ~~~~~. ~ 

u,~--t------j g 
'5 
<t 
~ /----------..., .E 

·;; 
'8 0 : ::> 

\. -;: ~ -f I -:. 
" ~-+----~ * ~~f ~ 

SI _l~\s I HU { 
~ '= I ~-, e " ll l l <( 

~ 6 - l?-~--j------;c 3 !!!! 0 
~ =cc-----,,--i------r--------i---c::1 ~--+-------+--~ ~I~ ., Ol - oJ ·S 
~ > r~=~~===;;::f==tff=i- i1: ~ N _H d 
' -------- " I 
• +----NVf-+-1 -·,,_,L- -,-- I \g j "' "' "' ;,, 
::,:: •••• + o~-,------,-,--,., Q 2 .Q ~ 

~ ~---f--~~ ~ ~~~UU-~ --: 

I -~--- m ~~-,------,-,c; ii: 

"l / _,--__~' 2 

i .,'>; ~ ~ 

~ ~---~'-' ~~----~ ~l=~::rvs j £ 
~ 5 

~ Ul s co -----------------, f ~ ~ 
Ls_J :m _--,--,..---:----,-----,--,------,-- i ; ; 

."'- "' - £ f « ~ ~- 

; j ~ 
[ ; i 
~ ~ ~ 

11~7 · ~. ; i 
. w-=J- . C, ~ ~ I ~ ~ ---+-----~~~ i ~~ L O Ott 

- :l ~------------------- Ih i r; 

6 ~ 6 6 6 6 a a a af 

. - .. - ·: - - - - ·:1 i I I } tt; ttittL _, ' . . . . . . . ., . i 
t t • t t t ' t t <>t * .• 

g ~ 

- . . g ';J 
- <> ~ 

---1: "'t ~t "'f "'t -<>t •.•• "'t •f E:t ~ 

-(i,:i. :~, '~. :~- :~. :~.~-'i.~~, I•"' ~N ~N ~N ~~ ~N ~N ~NIN I~ ~ ~----------------- -~ rh 

. 

~ fl1 .,~.Ju- ,ffl1.I~ 
" 

~ 

I 

W:fift·JF 



148 THE TELECOMMUNICATION JOURNAL OF AUSTRALIA June, 1967 

APPENDIX I. 
AUTOMATIC WIRING TESTER 

PROGRAMME 

MDF to LR/BR Cabling. 

Cabling Diagram. 
(1) Use cable type No. 2 and plug to 

LR/BR to be tested. Connect 
wires 1-20 to plug 2 of tester. 
Use cable type 6 and connect 10 
subs to plug 5 wires 1-20 of 
tester. 

(2) Programme Cords. 
BI - El 
B2 - E2 
B3 - E3 
B4 - E4 
B5 - E5 
B6 - E6 
B7 - E7 
B8 - ES 
B9 - E9 
BIO- EIO 
Bll- Ell 
B12- El2 
Bl3- El3 
B14- E14 
Bl5- E15 
Bl6- E16 
B17- E17 
Bl8- EIS 
B19- El9 
B20- E20 

Cl - FI 
C2 - F2 
C3 - F3 
C4 - F4 
C5 - F5 
C6 - F6 
C7 - F7 
CS - F8 
C9 - F9 
CI0- FI0 
Cll- FU 
Cl2- F12 
C13- Fl3 
Cl4- F14 
Cl5- F15 
Cl6- F16 
C17- F17 
C18- F18 
C19- F19 
C20- F20 

(3) Press Kl, KIA to test 20 wires. 
( 4) Replace wires 1 - 20 from LR/BR 

with wires 21 - 40 in plug 2 of 
tester. Shift MDF Access to next 
10 subs. 

(5) Repeat Test. 
(6) Use cable type 3 to connect 20 

C wires on X and Y block PBX 
rack to plug 5 wires 1-20 of 
tester. 

(7) Throw Kl, KIA to test for insula­ 
tion and continuity. 

APPENDIX 2. 
AUTOMATIC WIRE TESTING 

PROGRAMME. 

SR-RS-(L) - REG-L(M) Programme. 
Cabling Diagrams. 

· Disconnection and Insulation test 
and checking of disconnection in RS. 
co-ordinate, RSM and RS-L relay sets 
plugged in. 

1. Use four cables type No. 1. 
Fit 80 pt. plug cable 1 to SR jack. 
Fit 80 pt. plug cable 2 to REG-LI, 
pt. 1, place 1. 

Fit 80 pt. plug cable 3 to 
SLMI-K place 2. 

Fit 80 pt. plug cable 4 to REG-Ll 
pt. 1 place 3. 

Fit wires 1-20 cable 1 to plug 2. 
Fit wires 41-60 cable 3 to plug 3. 
Fit wires 21-40 cable 2 to plug 3. 
Fit wires 41-60 cable 4 to plug 6. 
Hold IMAI in RSM-L operated 
and RE relay associated with 
Reg. being tested. 

2. Programme cords. 
Bl - Fl 
B2 - F2 
B3 - F3 
D4 - F4 
B5 - F5 

CI0-D10 
C33-Dll 
C34-Dl2 
C35-Dl3 
C36-Dl4 

Al5 tip -C31 
Al5 ring -C32 

3. From Al5 connect TIP and RING 
to REG 1 pt. 1, 351 and 352 using 
an 80 pt. plug. 
From Al2 conect TIP to TJ sleeve 
of circuit 1 being tested. 

B10-FlO 
B21-Fll 
B22-Fl2 
B23-Fl3 
B24-Fl4 
B4 -LPJ 20 

Cl - Dl 
C2 .c..- D2 

C3 - D3 
C4 - A6 
C5 - D5 

4. Operate K2, then KIA. When the 
relay chain has completed the in­ 
sulation test, relay P6 operates 
putting earth on the tip of plugs 
Dl-12 via the break spring on 
El 12. Lamps 1-3, 5-10 and leak 
should light. If a contact fault has 
occurred on any of the wires 
through the RS co-ordinate, then 
that lamp will not light. The P21-40 
relay associated with the faulty 
wire is short circuited from the 
earth put on by the E relay, but 
only if the fault produces a resist­ 
ance of less than 60 ohms. Higher 
resistance contacts would not be 
detected. Release K2 and KIA. 

5. Press K3 and K4 to call RSM (re­ 
lease K4). The vertical in RS holds 
to earth at K3. Operate Kl and 
KIA to test wires connected. 

6. Release K3 to restore RS. 

7. Replace wires 1-20 cable 1 with 
wires 41-60 cable 1, in plug 2. Re­ 
peat test. 

8. Check SR's to accompanying 
table using paragraphs 4-6. 

SR REG 
1 - 10 1 - 10 

11 - 40 - 10 

9. Shift cable 3 to SLM2 - K place 2 
to test last SR. 

NOTE I: Jack D4 is plugged to F4 
so that continuous testing 
can take place and that 
the wires are kept in a 
close number rotation 
from the lamps to the 
SR's and REG's. 

NOTE II: Special IDF Conns. requir­ 
ed for RSL-REG-L. 

APPENDIX 3. 
AUTOMATIC WIRING TESTER 

PROGRAMME. 

SR-SLB-SLA Links 
Cabling Diagrams. 
Grouping Plan. 

(1) Remove meter rack earth and un­ 
plug any LR/BR relay sets. - 

(2) Use 2 cables type 1. 
Plug 80 pt. jack cable 1 into SR 

connected to SLBl, vert 1. 
Plug 80 pt. jack cable 2 into SR 

connected to SLB2, vert 1. 
Plug wires 21-40 of cable 1 into 
plug 2 of tester. 

Plug wires 21-40 of cable 2 into 
plug 5 of tester. 

(3) Programme cords 
Bl - El 
B2 - E2 
B3 - E3 
B4 -A6 
B5 - E4 

Cl - Fl 
C2 - F2 
C3 - F3 
C4 -A7 
C5 - F4 

( 4) Throw K3 to hold verticals. 

(5) Set up SLB and SLA verticals ac­ 
cording to the schedule specified 
for the particular size of ex­ 
change. A loop is now formed - 
Tester, SR, SLB, SLA, SLA, 
SLB, SR, Tester. 

(6) Throw Kl and KIA to test for 
continuity and insulation. Re­ 
lease K3 to release verticals. 



June, 1967 THE TELECOMMUNICATION JOURNAL OF AUSTRALIA 149 

APPENDIX 3. 
SR - SLB - SLA. A.W.T. TEST SCHEDULE. 

FROM 

Cable 1 
wires in 
Plug 2 

21-40 
21-40 
21-40 
21-40 
21-40 
21-40 
21-40 
21-40 
21-40 
21-40 
21-40 
21-40 
21-40 
21-40 
21-40 
21-40 
21-40 
21-40 
21-40 
21-40 
61-80 
21-40 
61-80 
21-40 
61-80 
61-80 
61-80 
61-80 
61-80 
61-80 

SET 1 SET 2 

SR 

No. 

21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
22 
23 
24 
25 
26 
26 
26 
26 
26 
26 

SLA 

R. No. V. H. 

1 3 1 
1 3 2 
1 3 3 
1 3 4 
1 3 5 
1 3 6 
1 3 7 
1 3 8 
1 3 9 
1 3 10 
1 3 1 
1 3 1 
1 3 1 
1 3 1 
1 3 1 
1 3 1 
1 3 1 
1 3 1 
1 3 1 
1 3 1 
5 1 1 
5 1 1 
5 1 1 
5 1 1 
1 5 1 
1 5 2 
1 5 3 
1 5 4 
1 5 5 
1 5 6 

Bl 
Bl 
Bl 
Bl 
BI 
Bl 
Bl 
Bl 
Bl 
Bl 
Bl 
B2 
B3 
B4 
B5 
B6 
B7 
B8 
B9 
BlO 
Al 
Al 
Al 
Al 
Al 
Al 
Al 
Al 
Al 
Al 

SLB 

No. V. H. 
9 1 Bl 
9 1 B2 
9 1 B3 
9 1 B4 
9 1 B5 
9 1 B6 
9 1 B7 
9 1 B8 
9 1 B9 
9 1 BIO 
9 1 Bl 
9 2 Bl 
9 2 Bl 
9 2 Bl 
9 2 BI 
9 2 Bl 
9 2 Bl 
9 2 Bl 
9 2 BI 
9 2 BI 
9 2 Al 
9 3 Al 
9 4 Al 
9 5 Al 
11 1 Al 
11 1 A2 
11 1 A3 
11 1 A4 
11 1 A5 
11 1 A6 

SLA 

R. No. V. H. 

1 4 1 Bl 
1 4 1 B2 
1 4 1 B3 
1 4 1 B4 
1 4 1 B5 
1 4 1 B6 
1 4 1 B7 
1 4 1 B8 
1 4 1 B9 
1 4 1 Bl0 
1 3 1 Bl 
1 3 2 Bl 
1 3 3 Bl 
1 3 4 Bl 
1 3 5 Bl 
1 3 6 Bl 
1 3 7 BI 
1 3 8 Bl 
1 3 9 Bl 
1 3 10 Bl 
5 2 1 Al 
5 2 1 Al 
5 2 1 Al 
5 2 1 Al 
1 6 1 Al 
1 6 1 A2 
1 6 1 A3 
1 6 1 A4 
1 6 1 A5 
1 6 1 A6 

SLB 

No. V. H. 

10 1 BI 
10 1 BI 
10 1 BI 
10 1 BI 
10 1 Bl 
10 1 Bl 
10 1 BI 
10 1 BI 
10 1 BI 
10 1 BI 
10 1 BI 
10 I B2 
10 1 B3 
10 1 B4 
10 1 B5 
10 1 B6 
10 1 B6 
10 1 B8 
10 1 B9 
10 1 BIO 
10 2 Al 
10 3 Al 
10 4 Al 
10 5 Al 
14 1 Bl 
14 1 Bl 
14 1 BI 
14 1 Bl 
14 1 Bl 
14 1 Bl 

TO 

SR 

61 
61 
61 
61 
61 
61 
61 
61 
61 
61 
61 
61 
61 
61 
61 
61 
61 
61 
61 
61 
62 
63 
64 
65 
66 
66 
66 
66 
66 
66 

Cable 

Wires in 
Plug 5 
21-40 
21-40 
21-40 
21-40 
21-40 
21-40 
21-40 
21-40 
21-40 
21-40 
21-40 
21-40 
21-40 
21-40 
21-40 
21-40 
21-40 
21-40 
21-40 
21-40 
61-80 
21-40 
61-80 
21-40 
61-80 
61-80 
61-80 
61-80 
61-80 
61-80 

APPENDIX 4. 
SL - OUTGOING MARKER SWITCH- CYCLE 

ING TEST. 

Bypath, Switch, Identification Testing 
Using Load Tester. 

(1) Set up Load tester on subs num­ 
bers, shown in Table 1, for cycle 
1. 

(2) Block all SLA switches except 
those shown in Table 2 for Test 
1. 

(3) Block all but 1 SR available on 
each of the SLB's. Select these 
from the exchange interconnec­ 
tions. 

(4) Set the Load Tester to "Identifi­ 
cation", and make Identification 
calls for test 1 on the odd hun­ 
dred test numbers. 

(5) Watch the relays in the marker 
for faulty operation. If a 30 lamp 
lampset is available, use it to 
check the stage the marker reach­ 
ed at any fault which may occur. 

(6) If a fault does occur on any line 
check that line alone to localise 
the fault to Bypath, Switch Ver­ 
tical on Horizontal operation or 
identification. 

(7) When the test is satisfactory, 
block out the SR used, and free 
another; repeat the test. Free fur­ 
ther SR's individually until all 
SR's connected to the SLB have 
been checked. 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

TABLE 1: SUBS NUMBERS TABLE 
NUMBERS 

111 211 311 411 511 611 711 811 911 011 
122 222 
133 233 
144 244 
155 255 
166 266 
177 277 
188 288 
199 299 
100 200 

322 422 
333 433 
344 444 
355 455 
366 466 
377 477 
388 488 
399 499 
300 400 

522 
533 
544 
555 
566 
577 
588 
599 
500 

622 
633 
644 
655 
666 
677 
688 
699 
600 

722 
733 
744 
755 
766 
777 
788 
799 
700 

822 
833 
844 
855 
866 
877 
888 
899 
800 

922 
933 
944 
955 
966 
977 
988 
999 
900 

022 
033 
044 
055 
066 
077 
088 
099 
000 

TABLE 2: SWITCH BUSYING TABLE 

TEST 
NUMBER RACK 1 RACK 2 RACK 3 RACK 4 RACK 5 REMARKS 
l, 2 
3, 4 
5, 6 
7, 8 
9, 10 
11, 12 
13, 14 
15, 16 
17, 18 
19, 20 

1 1 1 1 1 Check SR's 
2 
3 
4 
5 
6 
7 
8 
9 
10 

2 
3 
4 
5 
6 
7 
8 
9 
10 

2 
3 
4 
6 
5 
8 
7 

10 
9 

2 
3 
4 
6 
5 
8 
7 

10 
9 

2 Check SR's 
3 
4 
6 
5 Check SR's 
8 
7 Check SR's 

10 
9 
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(8) Repeat the test for even hundred 
test numbers through one SR - 
Test 2. 

(9) Block out SLA's used for Test 1, 
2 and free those used for Test 3, 
4. Repeat stages 3 to 8 above. 

(10) Repeat (9) above for all other 
tests in the table. Check SR's com­ 
pletely only where indicated on 
the test table. 

(11) Set up test numbers for cycle 2 
and repeat (2) to (10) above, but 
omitting. tests of SR's. 

(12) Repeat for all other cycles nom­ 
inated. 

(13) The table is set out for an m=l0 
exchange. For smaller exchanges, 
all the test numbers in the test 
cycles are to be tested, but only 
the number of tests to check the 
SLA switches on each rack. 

(14) Only one test call need be made 
on each test. 

(15) When the testing as laid out above 
is complete, use the load tester 
from each subscriber to check the 
identification. One call only is 
necessary. 

(16) Hand operating techniques may 
be useful for localising individu­ 
al faults after detection as above. 

APPENDIX 5. 
IGV MARKER SWITCHING TESTS. 

Programme of Tests. 
1. General. 
The purpose of these tests is to 

test the identification of an inlet, by- 

path selection, and operation of hori­ 
zontals and verticals of all switches. 
To accomplish this, the Automatic 

Exchange Tester and the Auxiliary 
Test Unit are required, and temporary 
strapping is necessary in the relay 
sets. (See Table 1). 

The method of use of the equipment, 
and the straps required are specified 
below. It is not necessary in these 
tests to check every path through the 
stage, only the switching circuits are 
being tested. Refer to CE 14041 and 
CE 14077 for grouping plans. 

2. Setting Up. 
2.1 Attach the Auxiliary Test Unit 

to the Auto Exchange Tester. 
2.2 Connect the 10 B lines, FUR jacks 

to the outlets as in Table 2, Col­ 
umn A. The d wires only are re­ 
quired from the IDF. 

2.3 Plug TJI and TJ2 of 10 A lines 
into inlets 1-10 of GV racks. Use 
plug holder for the 20 plugs so 
that they can be shifted rapidly 
to the next 10 inlets. 

2.4 Operate the GV SWG Test key 
and FUR key on Auxiliary Test 
Unit. This terminates the B lines 
in an FUR, and rearranges the 
digit selection switches so that 
digit A and B of a code can be 
set on switches D, E respectively 
of each line. Set the D switches 
on 1 - 0 for lines 1 - 10 res­ 
pectively. 

2.5 Strap up the relay sets in the 
marker according to the strapping 
in Table 1 from lGV. Once strap­ 
ped up the strappings can be 

transferred to other markers as 
required. 

2.6 Set up the keys on the Auto Ex­ 
change Tester to the required 
test. 

3. Operation. 
3.1 Once set up, a series of 10 calls 

will be sequentially switched 
through the stage, each call being 
held until all 10 calls are comple­ 
ted when they will be released 
and a new series commenced. All 
H and V of GV Al, GVBl, have 
now been checked for current 
operation, bypath, and identifica­ 
tion. 

3.2 When the first 10 are completed, 
shift the inlet plugs to the next 
10 inlets and repeat the test, 
GV A, B2 have now been check­ 
ed. 

3.3 Repeat the tests for inlets 1-30 
of both racks of the group. GVAl- 
3 racks 1, 2 and GVBl-3 racks 
1, 2 have now been checked. 

3.4 Leaving IDF links on route 1-5, 
outlets 1-5, shift the remainder 
to routes 16-20, outlets 16-20. 
Shift inlet plugs to 31-40, rack 
1. Refer to Table 2 Column B. 
Repeat Test. H and V of GVA4 

is checked. 
3.5 Shift inlets to 31-40 of rack 2 

and repeat. 
3.5 Shift lDF links on routes 1-5, 

to outlets 11-15. Refer to Table 2 
Column C. Repeat test from in­ 
lets 1-30 of each rack in turn. 

3.6 All tests of H and V, bypath, and 
identification are now complete. 

TABLE I: TEMPORARY STRAPPING 

1st I KMR-PT 2 AN lb AN la w 
* * * * :;: 

D r-, r7 r-1 r-1 17 
I 
G 

I I I I I I I Ist I I 
I Ist Rev Ist Rev Digit p P I Pl-10 I I I Pll-20 

I Tem1 I 
Size T Digit Term Sig. Digit Tenn Sig. Term Coil Relay Cont. Tenn R~~te Cont. of 

Term Term Cont. Term Nos. Term · Term Route 
Strip 
-- 

1 lAl 2c4 RV6 3al.5 4hl 1A8 3al5 4el 1-11-21 la5 la2 1 2a5 2g4 WIT20 2 lBl 2c4 3bl5 4hl 1A8 3b15 4al 1-11-25 la9 lb2 2 2a9 2g4 WIT20 3 lcl 2c4 2cl5 4hl 1A8 3cl5 4jl 2-12-21 lb5 lc2 3 2b5 2g4 WIT20 4 ldl 2c4 3dl5 4hl 1A8 3dl5 4c2 2-12-25 lb9 ld2 4 2b9 2g4 WIT20 5 lel 2c4 3el5 4hl 1A8 3elS -4a7 2-13-21 lc5 le2 5 2c5 2g4 WIT20 6 lfl 2c4 3fl5 4hl 1A8 3fl5 4g2 2-18-25 lh9 lf3 16 2h9 2g4 WIT20 7 lgl 2c4 3gl5 4hl 1A8 3gl5 4e7 2-19-21 lj5 lg3 17 2j5 2g4 WIT20 8 lhl 2c4 3h15 4hl 1A8 3h15 4j7 2-19-25 lj9 lh3 18 2j9 2g4 WIT20 9 ljl 2c4 3jl5 4hl 1A8 3jl5 4c8 2-20-21 lk5 lj3 19 2k5 2g4 WIT20 0 lkl 2c4 3kl5 4hl 1A8 3kl.5 4g8 2-20-25 lk9 lk3 20 2k9 2g4 WIT20 
* indicates strappings. r-1 
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TABLE 2: ROUTE AND OUTLET TESTING 

A B C 
Aux. Test 

I I Unit Digit A test lines to inlets A Test lines to inlets A test lines to inlets 
Line Set 1-10, 11-20, 21-30 1-10, 11-20, 21-30 

each rack 31-40 each rack each rack 

Route Outlet Route Outlet Route Outlet 

El 1 1 1 1 1 1 11 
B2 2 2 2 2 2 2 12 
B3 3 3 3 3 3 3 13 
B4 4 4 4 4 4 4 14 
B5 5 5 5 5 5 5 15 
B6 6 16* 6 16 16 16 16 
B7 7 17 7 17 17 17 17 
B8 8 18 8 18 18 18 18 
B9 9 19 9 19 19 19 19 
BIO 10 20 10 20 20 20 20 

*Where Route. 1-10 only are cabled to the IDF, substitute Route 6-10 for 16-20. 

FOR IGV SWITCHING TEST ./ 
KMR-PT 2 

I 
w 

I 
KMR-PT 2 

* Congestion 
* Signal 

A3 + B4 
Q I A Q 

I 
Relay Rev A Relay Congestion 

Relay Cont. Tenn Sig. Relay Cont, Tenn via 
Nos. Tenn Nos. Tenn BS 5 

-- 
1-11 2a8 2jl 2A9 1-11 2al3 2j4 2b4+2h3 
1-15 2al2 2jl 2A9 1-15 2al7 2j4 2b4+2h3 
2-11 2b8 2jl 2A9 2-11 2h13 2j4 2b4+2h3 
2-15 2h12 2jl 2A9 _ 2-15 2h17 2j4 2b4+2h3 
3-11 2c8 2jl 2A9 3-11 2cl3 2j4 2b4+2h3 
8-15 2h12 2jl 2A9 8-15 2h17 2j4 2b4+2h3 
9-11 2j8 2jl 2A9 9-11 2jl3 2j4 2b4+2h3 
9-15 2jl2 2jl 2A9 9-15 2jl7 2j4 2b4+2h3 
10-11 2k8 2jl 2A9 10-11 2kl3 2j4 2b4+2h3 
10-15 2kl2 2jl 2A9 10-15 2kl7 2j4 2b4+2h3 
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A TRANSISTORISED HALIDE 
CABLE GAS PRESSURE ALARM 

GAS LEAK DETECTOR 
SYSTEMS 

FOR 
B. M. BYRNE, B.E., M.I.E.E.* 

GAS PRESSURISATION OF CABLES 

In common with most telecommuni­ 
cation authorities the Australian Post 
Office commenced a planned pressuri­ 
sation of underground metal sheathed 
telephone cables, shortly after the 
1939-1945 War. A few special cables 
had indeed been pressurised well be­ 
fore this. The benefits to be obtained 
from this scheme were fully obvious 
to external plant engineers and staff, 
most of whom had personal experi­ 
ence of long wet hours, even days at 
a time, restoring service after heavy 
rain. It used indeed to be customary 
to check the availability of test instru­ 
ments and staff when dark rain clouds 
began to appear. 

Commencing with trunk and junc­ 
tion cables, in the late 1940's, and 
continuing for some 10 years, the prac­ 
tice continued, without much change, 
of sealing and fitting alarm equipment 
to· these cables, finding and repairing 
hundreds of leaks, especially in joints 
which were either defective or had 
failed from their inability to withstand 
the undesigned-for pressure. Many 
faulty sections were located and re­ 
placed or repaired. In the case of cor­ 
roded or split sheaths the repairs were 
often only temporarily effective. 

By about 1957, in Queensland, all 
trunks and junctions and a few sel­ 
ected subscribers' cables carrying im­ 
portant circuits were under pressure 
in the metropolitan area and the 
greater part of the equivalent net­ 
work was in like condition in the 
country. The apparently immense task 
of pressurising the main subscribers' 
cables was undertaken to spread fur­ 
ther the benefits of this system. It 
was at this point that the inevitable 
change followed. 

The make-up of an average exchange 
subscribers' network is built up over 
perhaps 40 years, with a growth de­ 
pending on population habits, natural 
boundaries, cable types currently 
available, municipal practices and so 
on. The final result differs considerably 
from a long junction or trunk cable 
of uniform cross-section and hence 
uniform pneumatic resistance. Also, 
the quantity of compressed dry air 
contained is considerable, Again, the 
network radiates from one point, rath­ 
er than exists as a continuous line. 

The problems of leak location are 
multip~ied many times. The practice 
of takmg pressure readings along the 
five or six mile run of a uniform junc­ 
tion cable, giving a fairly regular ; 
pressure/distance graph is much less 
informative. Again, multiple leaks in 
the large network give rise to varied 
pressure gradients. The use of a 
,. Mr. Byrne is Engineer Class 3, Cable Pro­ 
tection. Queensland. 

foaming solution to find sleeve fail­ 
ure on joints is as good as it ever 
was, but there are a greater number 
of sleeves. For all these reasons, the 
manhours required per leak location 
rise steeply. It is not unusual for 
many gas leaks to involve several hun­ 
dred manhours each in their location 
on a pressure gradient basis. 
With this background, many tele­ 

communication authorities have re­ 
appraised the position with rather 
different results. 

One school of thought has been 
to ignore as many leaks as possible 
and continue to feed dry air from in­ 
exhaustible sources (i.e. machine des­ 
iccators) to the cable network. Only 
the large leaks are found, sufficient 
to extend pressure to all extremities 
of the network. Needless to say, this 
calls for an outstanding degree of 
reliability of the machine, particularly 
in wet areas, where air supply fail­ 
ure would be catastrophic. 

Other authorities have not proceed­ 
ed past the pressurisation of trunk 
and junction cables. This appears to 
be a negative attitude, although local 
factors, such as the use of deep, seal­ 
ed cable tunnels or other types of 
construction unaffected by a light 
local rainfall, may make it acceptable 
to proceed no further in pressurisa­ 
tion. 

Some authorities have proceeded 
with pressurisation of subscribers' 
cables on the original basis. 
The A.P.O. practice, at this point, 

has varied somewhat from State to 
State, depending on local network 
layout, cable condition and other fac­ 
tors. 
An appraisal of the general prob­ 

lems would be appropriate at this 
point. The question of: To find a leak, 
or not to find it (but feed it with dry 
gas) is not clear cut. A cable network 
may be in relatively good condition 
(say one leak per sheath mile) and 
many have been thus improved for 
example, by clearance of sheath per­ 
forations located over perhaps 10 
years by incipient insulation loss fault 
practices, as has been the case in 
Queensland. Alternatively, perhaps 
80% of an exchange main cable net­ 
work is under five years old and has 
been jointed uniformly by jointers 
trained to sleeve cables with pressure­ 
resisting sleeves and -using pressure 
equipment made available in more 
recent years to ensure sound installa­ 
tions. The temptation, if it can be 
thus termed, is then strong to eradi­ 
cate all leaks and start with a "tight" 
system. 
If a cable network is old, complica­ 

ted, difficult of access, has few spare 
ducts for replacement of faulty sec- 

tions and these of doubtful alignment 
and condition, the temptation may be 
to try, in the first instance to feed it 
with machine dried air and clear suffi­ 
cient leaks to obtain perhaps 2 p.s.i.g. 
at the distant ends. Also, replacement 
of odd cable sections complicates the 
succeeding relief cable duct occupan­ 
cy. The capital cost of fitting pressure 
contactors on all extremities plus 
cable pairs to each at perhaps $60/ 
mile is not particularly attractive, but 
is essential if a reasonably fully pro­ 
tective system is to be achieved. 

LEAK LOCATION 
Some indefinite point may be ad­ 

opted between the two foregoing ex­ 
tremes. At this point, when this is 
either decided, or as can happen, de­ 
cides itself on the availability of 
machines or staff, the. position obtains 
whereby the cable is protected to 
some degree. In this condition,' sooner 
or later, irrespective of the principles 
adopted, an air leak, beyond the cap­ 
acities of machine, or sufficient to 
cause uncertainty about the security 
of the system, will occur. Even if the 
fully gas tight system has been ad­ 
opted on all networks, as is the case 
in Queensland, some -machines will 
generally be in use to avoid the sup­ 
ply problems and labour costs associ­ 
ated with cylinders for filling or top­ 
ping-up the cable network. The prime 
consideration in this type of use of 
machines is to defer leak location 
until staff can conveniently deal with 
it. In any case, there remains the 
problem of finding air leaks. 
Now the physical properties asso­ 

ciated with gas leaks give rise to a 
number of possible means of location. 
Gas is compressible, unlike a liquid, 
but must obey the laws of flow 
(in particular, flow from high pressure 
points to low pressure areas). The 
flow may be either lamellar or tur­ 
bulent depending, in the case of tele­ 
phone cables, largely on local pres­ 
sure differences. The former is the 
almost universal condition. Thus, any 
pressure or differential pressure indi­ 
cating system will show the direction 
to a fault. Multiple faults, further 
confused by gas injection for saf­ 
ety reasons, from a local cylinder or 
from a distant machine, will compli­ 
cate the overall pressure pattern. 
However, as time elapses and steady 
state conditions obtain, the leak(s) 
must be at the lowest pressure 
point(s). 

. This principle is so · basic that it is 
occasionally overlooked when more 
sophisticated means of. leak location 
are available. All leak locations may 
well then start with a pressure gauge. 
At least two series of pressure versus 
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distance readings along the leaking 
cable must be made to determine both 
the severity of the gradient and hence 
the urgency of the fault . and also 
whether steady state conditions exist 
or are still being approached. 

At this stage, statistics prove that 
some 90% of leaks are in manholes 
or pits, usually in sleeves. Also, the 
gas loss . is in a jet shaped stream, 
causing drawing in and entrapment 
of atmospheric air with local turbul­ 
ence. ·· This property can be used to 
form foam or bubbles with a variety 
of soaps and detergents. As this prin­ 
ciple lends itself to the simple practice 
of swabbing or squirting soaps or 
detergents over the sleeves, it is too 
obvious a follow-up not to use. As 
might be expected, several different 
substances have been found effective 
by local trials in different States. It 
is probably significant though that 
most of these substances are similar, 
in that they are now liquid-detergent­ 
based. Some extremely tenacious 
foaming agents have been used to 
pick up the fine high-speed air jets 
from hairline cracks, which do not 
cause much turbulence and ebullition. 
These foams are usually too persis­ 
tent, with consequent subsequent con­ 
fusion looking for a secondary leak, 
for general use. · 

Gas escaping from an orifice makes 
a spectrum of sounds ranging through 
the audible range, up to about 50 
kc/s. A very pronounced peak in the 
range occurs due to molecular inter­ 
action in the 40-44 kc/s range, the 
exact peaks depending on pressure 
difference orifice dimensions and other 
related factors. This noise spectrum 
of a gas leak has given rise to the 
production and use of commercially 
produced portable transistor-powered 
"ultrasonic leak detectors". These in­ 
struments usually consist of a suitable 
pressure/voltage transducer, band 
pass filter and heterodyne frequency 
band converter and amplifier. The 
unit is highly directional and is use­ 
ful in finding the odd very fine crack 
in a cable sheath which is missed 
by a foaming agent. 

The remaining 10% or so of leaks 
- in sections and in directly buried 
cables-comprises the "hard" part. It 
was found that location of these leaks 
was taking 80% of the total man­ 
hours spent on leak location! No 
doubt this fact has led to the early 
favouring of desiccator machines and 
continuous gas flow systems by some 
authorities. 

Nevertheless, it was obvious in the 
late 1950's that existing methods to 
find leaks in buried or conduit sec­ 
tions, especially in complicated sub­ 
scribers' networks, were not good 
enough. 

By extending the properties of gas 
flow to extremes, using exceedingly 
sensitive manometers, aneroid type 
pressure gauges, jewelled-bearing pre­ 
cision gauges, precision flow meters 

and the like, the limit of useful sen­ 
sitivity was reached to the point 
where gas temperature difference er­ 
rors and other factors were limita­ 
tions. Ammonia/sensitised paper gas 
flow indicators and other methods 
did not extend the flow location meth­ 
ods reliably. Very occasionally, due 
to limitations of flow and pressure 
measurements, sound cable sections 
were condemned. Needless to say, 
this engendered a feeling of caution 
in condemning a cable section, until 
it could be proved by sealing it off 
or other not particularly attractive 
(in cost) means. 

DEVELOPMENT OF A HALIDE LEAK 
DETECTOR 

Overseas, various tracer techniques 
had been tried, with varying degrees 
of success. It was fairly obvious that 
a foolproof tracer technique would be 
an enormous help in two ways. Firstly, 
that it could be applied early in the 
leak location operation, when the ap­ 
proximate location (to within-200 
yards) was found fairly quickly by 
pressure methods; secondly, it would 
give the operator the confidence, lack­ 
ing up to this time, that the leak was 
indicated absolutely, requiring no fur­ 
ther extensive checking that the ap­ 
parent location was indeed correct. 
There are a number of requirements 

of a tracer technique. The tracer sub­ 
stance must be an inert (to cable mat­ 
erials) gas, relatively cheap and 
readily obtainable. It must be distinc­ 
tive, and able to be positively iden­ 
tified in considerable dilution in air. 
It must be suitable for use by cable 
jointers, following reasonable instruc­ 
tion and training. 
Possible tracer materials which were 

considered are shown in Table 1. 
It will be noted that combustible 

and corrosive gases, which could be 
detected in small quantities are not 
included. 

Of the gases considered, carbon di­ 
oxide appears attractive at first, sight 
as it is not difficult to produce a sensi­ 
tive thermal conductivity detector. But 
it is not distinctive enough among 
gases found underground to avoid 
spurious indications for telecommuni­ 
cation purposes. It has been used as 
a tracer in some industrial applica­ 
tions. 

Nitrous oxide detectors have been 
used in a few applications notably in 

fluid carrying pipes but it · has not 
been attractive on account of its cost 
and availability. 
Radon is effective, but poses supply 

and haridlirig problems, also it does 
not exist as a large volume tracer 
source, for deeply buried, slow leaks. 
The halide compounds - in par­ 

ticular the. widely available refriger­ 
ants - do appeal as a suitable sub­ 
stance. In particular: Refrigerant 12 
(Dichloro Difluoro Methane) often 
known popularly by the commercial 
name "Freon", is relatively cheap, 
safe and freely available. Further, the 
detectors developed for refrigeration 
system leakage are in well distribu­ 
ted use in that industry. It is, how­ 
ever, necessary to purge the halide 
gas from the cables, to avoid chemi­ 
cal breakdown to noxious acid sub­ 
stances at plumbing temperatures. 
With this background, a number of 

refrigeration leak detectors were ob­ 
tained in about 1958 for trial 
use in several States. This followed 
similar practice on the Continent. 
Using Refrigerant 12 the tracer tech­ 
nique proved most effective. However. 
almost immediately it became appar­ 
ent that a great amount of flexibility 
was lost by the need to power the 
unit with about 0.2 kW of 240 volts 
single phase 50 cycle power. While 
this can be and was, supplied by a 
portable petrol-engine-driven alterna­ 
tor, it was not very satisfactory as the· 
refrigeration type detector is some­ 
what frequency (of supply) sensitive 
and, to a lesser extent, voltage sensi­ 
tive. In addition, long trailing 240 volt 
leads and the not inconsiderable 
weight and bulk of the equipment, 
greatly detracted from its usefulness. 
An attempt was made, unsuccess­ 

fully, in 1960, to locate a supplier in 
Australia or overseas of a fully por­ 
table high gain transistorised unit, 
still utilising the same principles. Fol­ 
lowing this, it was decided to develop 
a suitable unit, aimed solely at tele­ 
communication needs and usage. 

The operational premises and com­ 
ponents available with which to des­ 
ign this equipment were initially con­ 
sidered. A suitable halide sensitive 
element or ozotron was available as 
used in refrigeration type detectors. 
This element which is about the size 
and shape of a good-sized hen's egg 
is a three element open-ended tube. 
It has a 35 watt (5 volts 7 amps) 
heater, which indirectly heats a plat- 

TABLE 1 

Gas 

Nitrous Oxide 
Radon 
Carbon Dioxide 
Halide Compounds 

(containing combined 
fluorine, chlorine, 
bromine or iodine). 

Distinctive and Detectable Property in Small 
Concentration 

Relatively opaque to infra-red light. 
Radio-activity. 
Thermal conductivity greatly different to air. 
Thermally ionisable. Also flame colouring. 
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inum cylinder about 2 cm. long and 
about 7 mm. diameter. A similar outer 
electrode is spaced about 0.5 mm. 
radially from the inner cylinder; In 
operation, the outer cylinder is polar­ 
ised with about 270 volt D.C. from 
the inner cylinder. (reverse to a vac­ 
uum tube). Under the temperature 
(800°C)/electrical gradient condition, 
portion of the halide-combined gas is 
ionised. Some thermionic current also 
flows with a net result that, in free 
air, with an air sample being drawn 
through it at about 2 inches/second, 
a standing current of between one and 
15 microamps D.C. appears between 
the electrodes. This current, surpris­ 
ingly, can be quite different for diff­ 
erent new ozotrons, even from the 
same batch and with identical heater 
currents and air flow rates. No satis­ 
factory explanation is available to 
account for this. 
When a trace of halide gas is pas­ 

sed through the ozotron, the ionisa­ 
tion current rises - the increase often 
being quite different also between 
new and apparently identical tubes. 
For a concentration of about one 
part in a million of halide gas in air, 
the increase in current on an "aver­ 
age" ozotron would be between 0.1 
and 0.01 microamp. With halide gas in 
high concentration (one part in 10) this 
rise in current may be as high as 
100 microamp. In general, an increase 
in inner cylinder temperature increases 
both the standing current and also 
the sensitivity, but reduces element 
life and decreases stability. 
The operator requires a visual sig­ 

nal for comparison and also an audi­ 
ble signal, proportional in some way 
to the gas concentration to draw his 
attention to the presence (and con­ 
centration change) of the gas as a 
search head is used as described be­ 
low. 

Thus a "front-end" of a halide de­ 
tector based on transistors partly 
suggests itself. The requirement is 
for a D.C. amplifier of perhaps 70 dB 
gain up to an indicating meter, stable, 
but with a zero set facility to manu­ 
ally accommodate the initial stand­ 
ing current of the ozotron. The ozo­ 
tron can be heated by a portable 30 
lb. 64 AH. accumulator for about 
eight hours' use. Power to run the 
unit may be derived from this battery 
via a transistor inverter or internal 
dry batteries, the former being pre­ 
ferable. 

A sound source, controlled also by 
the D.C. amplifier plus suitable ampli­ 
fier stages and a loudspeaker follows 
as a reasonable "rear" end. 
In 1961, construction of an experi­ 

mental model was begun on a project 
basis. The detailed design of the pro­ 
totype unit centred around two os­ 
cillators - in the 15-30 kc/s region - 
-one manually adjustable to a fre­ 
quency to match the second one which 
would be frequency controlled by the 
l).C. amplifier. This control, inciden- 

tally, was effected using voltage sen­ 
sitive capacitors. 
The field prototype using dry cells 

for the transistor stages and utilising 
germanium transistors, was completed 
in the Brisbane Postal Workshops 
later in 1961. Field trials were begun 
immediately. The instrument was suc­ 
cessful, but was very sensitive to 
case temperature variations due to 
sunlight. Design improvements were 
then considered, the major change 
effected being that the circuit was 
adjusted to. suit silicon transistors. 
About this time, a transistor inverter 
was developed to provide three ancil­ 
lary voltages from the 6 volt input 
in lieu of dry cells. Among various 
suggestions offered, a significant one 
adopted about 24 months later was 
the replacement. of the heterodyne 
sound system by a D.C. controlled uni­ 
junction oscillator which is simpler, 
cheaper and more stable. 
The first fully effective field unit of 

the heterodyne type was then placed 
in service in February, 1962. After 
very gratifying results during the 
next few months, further instruments 
were manufactured and distributed to 
Queensland Country Divisions with 
fully satisfactory results. It was found, 
though, that informed verbal instruc­ 
tion to operators was essential. Fur­ 
ther instruments were manufactured 
and distributed to other States. 
The total number of instruments in 

use at the time of writing, together 
with those under manufacture, ex­ 
ceeds 100. 

An estimated saving of some tens 
of thousands of manhours has been 
made by the use of these instruments 
in Queensland with the total number 
of leaks located in Queensland by this 
method being about 1,000. 

The extent of the sensitivity and 
effectiveness of the system may be 
gauged from one of the more spec­ 
tacular results. A slow leak - 0.1 
standard cubic feet/hour - existed in 
a buried section of coaxial cable six 
feet deep. Fl2 gas was injected for a 
week, then a search made and a plot 
of concentration on the surface of the 
ground - taking an hour or so of 
search time in all. The leak was loca­ 
ted to within six inches. 
It has been found not uncommon 

for a fault patrol of two cable joinrers 
to return from a halide detector-leak 
location before lunch, with the mis­ 
sion completed - either the conduit 
section indentified · or the buried cable 
leak located, dug up and repaired. 

ELECTRICAL FUNCTIONING 

Fig. 1 shows the current design. 
It will be noticed that all semi-con­ 
ductors are silicon type and, for the 
most part, of recent introduction. 

The circuit functions as follows:­ 
Free air is drawn through the ozo­ 

tron by a 5,000 r.p.m, precision motor 

and centrifugal fan at about 2 inches/ 
second. The ozotron and fan are set 
up in a search head, shaped some­ 
what like a bulky pistol, with a 4 
core connecting flex. A potential of 
about 270V (D.C.) is supplied to the 
ozotron cylinders from an inverter 
stage (VTll). The inner cylinder is at 
a temperature of approximately 800° 
from the heat supplied to its heater 
by a 6 volt accumulator, taking some 
10 minutes to attain full temperature 
at final steady state heater current of 
7 amps. 

The resultant thermionic and con­ 
ducting current passing between the 
ozotron cylinders passes also through 
R27, Rl and R3. Rl is merely a pro­ 
tective resistor, R27 a metering resis­ 
tor (see below) and R3 is the resis­ 
tor across which a potential is set 
up to be fed to the first transistor 
VTl. The first part of a two section 
set zero potentiometer (RV3) allows 
manual adjustment of the input con­ 
ditions to the base of the first stage, 
via the "earthy" end of R3. 

When a trace of F12 gas is samp­ 
led, a small ionisation current passes 
between the ozotron cylinders in ad­ 
dition to the standing current. This 
raises the voltage on the base of 
VTl. VTl, VT2 and VT3 are direct 
coupled amplifiers (NPN, PNP, NPN) 
with supply voltage of +1s supplied 
also from the inverter stage VTll. 
The third stage is metered with an 
auxiliary zero set (RVl) control, 
ganged to the input potentiometer 
(RV3) between the second and third 
stages. This extends the range over 
which the meter and subsequent stag­ 
es can be zeroed, without applying 
excessive voltage or current · to the 
input stage (VTl). The meter is 0-50 
uA shunted to 1 mA in the normal­ 
operate position. The use of the more 
sensitive movement allows a check on 
the standing current of the element 
by switching it across R27 (mentioned 
above) to determine the cause of ir­ 
regular operation, should (as happens) 
the ozotron become contaminated with 
conducting material. 

VT4 is a current control stage, sup­ 
plying power from the 18V supply 
to the unijunction oscillator R-C cir­ 
cuit (VT5, RS and C2). The rate at 
which the unijunction can switch is 
thus controlled by the voltage ap­ 
pearing at the base of VT4. 
As the unijunction switches from 

one mode to another, the pulse is 
inverted by VT6 and VT7 and re­ 
injected to restore the original non­ 
conducting mode of VT5 to await the 
next R-C controlled voltage rise to 
"fire" it again. 
The pulses, being controlled in rate 

by the input signal change, are then 
picked off VT7 and converted by three 
direct coupled stages (VTS, 9, 10) to 
the approximate pulse impedance of 
a 3.5 ohm speaker. A simple volume 
control is fitted after the last stage. 
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Fig. 2 - The Detector Complete with Accessories. 

METHOD OF USE OF THE HALIDE 
. GAS LEAK DETECTOR 
Fig. 2 - shows the detector complete 

with accessories as used in the field 
by a cable jointer. An alternative ar­ 
rangement has been produced (Fig. 3) 
which is lighter and more convenient 
for some applications. This is fitted 
in a commercially available 
bakelite case. Fig. 4 shows an Fl2 
(Dichiaro Difluoro Methane) cylinder 
with automatic expansion valve and 

pressure gauge and hoses, set up for 
injection of halide tracer gas to a 
telecommunication cable. 

Leak Location in Buried Cables 
Equipment: One Fl2 cylinder of 20 

lb. or 40 lb. capacity charged with 
Fl2 gas with appropriate regulator, 
hose and gas fittings. 
Two air cylinders and regulators 

with appropriate hoses and gas fit­ 
tings. 

Fig. 3 - Lighter Version of the Detector. 

One detector, complete as described 
above, with 6 volt x 64 A.H. portable 
storage battery. 

One 5 feet crowbar or hammer and 
blunt spike. 

Length of rubber hose, etc. 
It is assumed the leak has been 

previously sought by pressure read­ 
ings and indicated into one or more 
sections of perhaps 200-500 yards. It 
will usually be the case that it can 
be proved to one jointing section by 
other means. It is unnecessary, how­ 
ever, to have steady air conditions in 
the cable, once the section length is 
known. 

The arrangement shown in Fig. 5 
is then set up. (Simplified arrange­ 
ments, suitable for some cases are 
sometimes possible.) 

The air cylinders are used to main­ 
tain cable pressure temporarily and 
also to restrict the Fl2 flow to the 
section concerned. Otherwise there is 
difficulty in removing large quantities 
of Fl2 from the cable later. 

Sufficient instructions for adjusting 
the detector are engraved on its front 
panel. These are (in the current pro­ 
duction model)- 
MARK II 

First: Plug-in 6V battery and head. 
Turn switch to "on normal". Allow 
15 minutes to warm up. 
Second: Set sound and meter to 

near zero. (This control needs reason­ 
ably careful adjustment as it is easy 
to "overshoot" the setting.) 

Third: Volume (normally full on). 
The procedure is next thus:- 
(i) Air regulator on cylinder A is 

opened to deliver about 3 p.s.i. 
higher pressure than the exist­ 
ing cable pressure. 

(ii) Air hose D is opened well away 
from top of the manhole. 

(iii) Fl2 cylinder regulator C is 
opened to deliver pressure just 
marginally less than the air 
cylinder A regulator setting. 

(iv) Presence of Fl2 at the air 
hose D is sought with the de­ 
tector. As soon as it has ap­ 
peared"'- 
(a) Air hose D is closed off. 
(b) Fl2 cylinder is shut off. 
(c) Cylinder B regulator is op- 

ened to deliver air at same 
pressure as air cylinder A. 

The cable section in which the 
leak exists in now filled with Fl2 and 
the search with the detector may now 
begin. The two air cylinders will nor­ 
mally hold the Fl2 gas pocket in the 
cable steady for a few hours. For a 
large leak about a quarter of an hour 
should be allowed for F12 gas to 
escape through the ground. For a 
tiny leak, about 24 hours should be 
allowed before searching, for each 
week it has taken to empty a 110 
cubic foot air cylinder at constant 
pressure. The search is best preceded 
by a cable location to ensure the 
buried cable track is correctly fol­ 
lowed, using an electronic pipe finder. 
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A crowbar or hammer and gad are 
used to make small holes, about four 
inches deep, about four feet apart, in 
the ground over the cable track. The 
detector head is then introduced into 

these holes. The Fl2 presence is reg­ 
istered on the detector. In most cases 
a plot of concentration may be made 
in the early stages before ground sat­ 
uration with gas occurs to allow a 

Fig. 4 - The Fl 2 Cylinder and Attachments. 

precise location. It is essential that 
the holes be tested when freshly 
punched, as surface diffusion is rapid. 
Armouring materials will sometimes 

take the gas stream away from the 
leak along the cable before releasing 
it. Likewise, newly reinstated trench­ 
ing can have this effect. Plastic jack­ 
eting may have to be sectionalised. 

A simplification of the preceding 
set-up is sometimes possible. Where 
a cable can be sealed off, or where 
there is no objection to filling a whole 
cable with Fl2, the air cylinder may 
be dispensed with. The main difficul­ 
ty in this condition is that much more 
time and quantity of air is required 
to flush the cable before plumbing 
operations may be started to repair 
the leak. Flushing with air is neces­ 
sary to avoid breakdown of Fl2 to 
acid gases at cable plumbing tem­ 
perature. 
Flushing the cable is carried out 

by driving air from the cylinder 
through the F12 gassed section until 
the detector shows no further F12 es­ 
caping. In the set-up depicted earlier, 
it is sufficient to drive from Cylinder 
A to the valve holder where Cylinder 
B was attached; but where an in­ 
definite length of cable has been filled, 
it is usually necessary to flush the 
whole cable. Often small traces of 
F12 will remain, but these will not 
normally cause any difficulties. 

It must be kept in mind that even 
in the controlled condition, F12 gas 
may have penetrated further along 
the cable than is needed for leak de­ 
tection, particularly when the gas 
pocket is left in the cable for some 
time. 

Leak Location in Conduit 
Equipment: As for armoured cable, 

excluding a crowbar but including 
caulking compound. In conduit the 
prime function of Fl2 location is to 
determine which conduit section is 
leaking, rather than to locate the dis­ 
tance along the conduit. There are 
several ways by which an approximate 
leak location within a section may be 
attempted, but the benefits of the F12 
location system are mainly in being 
able to positively distinguish which 
of several successive sections is leak­ 
ing. 
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The set-up of Fl2 and air cylinders 
is made as for the armoured cable 
arrangement. In addition, caulking 
compound is used to block all ducts 
each end of each suspected section. 
If there are three possible leaking 
sections in a six-way conduit run 
for example, this will mean six blocks 
of six ducts, which would require per­ 
haps 28 lb. of compound. (About 90% 
of this may usually later be recover­ 
ed.) The reason for blocking all 
conduits is to prevent by-pass leak­ 
age from the leaking section through 
cracked or imperfect pipe joints to 
other pipes. It is essential to keep 
Fl2 out of the manholes until the 
leak is proven, otherwise the gas re­ 
mains in the manholes for some days 
and causes confusion of test results. 
It is not toxic, however, unless heat­ 
ed to about 500°F in which case 
the fumes are pungently unpleasant 
and easily recognisable before they 
become a hazard. 

The leak location procedure invol­ 
ves the injection of Fl2 as for the 
buried cable arrangement described 
above. Air is caused to flow through 
the suspected sections of conduit by 
inserting an air hose, attached to a 
gas cylinder, and the flow rate ad­ 
justed by a regulator to about 50 
s.c.f.h., the easiest method being by 
observation of the fall in pressure of 
the H.P. gauge on the cylinder re­ 
gulator. This gauge records in effect, 
both cylinder pressure and contents 
in cubic feet (110 cubic feet for small 
cylinder and 220 cubic feet for large). 
The gas flow is allowed to escape 
through a finger hole poked in the 
compound at the other end of the 
section. The detector is used to 
sample the escaping air from this 
hole. If no indication is received in 
an hour (with 50 s.c.f.h. flowing) it 
may be assumed that either the con­ 
duit is blocked or the leak is else­ 
where. After some experience in the 
technique it will be found convenient 
to test two consecutive conduit sec­ 
tions simultaneously - preferably 
driving air towards the common man­ 
hole for convenience in handling the 
detector. 
When a duct is blocked it will 

usually be found that F12 escapes 
into the soil through imperfect pipe 
joints and a reasonably reliable test 
may be made on the ground above as 
for armoured cable. This aspect, how­ 
ever, may cause erroneous tests in 

an area adjacent to recent (2-3 days) 
previous tests. 
An approximate location of the leak 

within the section is possible if con­ 
ditions are favourable - moderate 
leak rate, relatively clear conduits and 
conduits in good condition. In general, 
the economics of the need for loca­ 
tion should be weighed carefully be­ 
fore commencing, as it is not a 
precise location and may take several 
days or longer to clear F12 between 
tests from conduits. One method is 
to set up the system as for the ini­ 
tial test and adjust the air flow rate 
through the conduit before injecting 
F12 gas. F12 is then injected and 
the time taken for it to appear at 
the end of the conduit is recorded. 
Both cable and ducts (about 50 cubic 
feet air required) must then be clear­ 
ed of Fl2 and the process is repeat­ 
ed, end for end. By taking into ac­ 
count the time for the Fl2 to flow 
along the duct and cable (usually 
fairly negligible compared to duct 
flow rate) an approximate distance 
proportion may be attained in the 
time of appearance ratio. 
Another method of leak location, 

which at first consideration would 
appear precise, but has a number of 
practical difficulties, is to draw a 
sampling tube along the duct with a 
wire with a suitable duct air flow 
existing and to use the detector on 
the sampled air drawn from the 
tube. Difficulties include blocked 
tube intake, considerable time delay 
between sampling end of the tube 
and the detector sensing head receiv­ 
ing the sample, positioning of the 
tube in the duct to receive F12 at 
the point of leak which may be on 
the other side of the cable from the 
tube and general saturation of man­ 
hole air with F12. 

To summarise, it is possible to 
develop various techniques consistent 
with operator ability. The following 
basic precautions apply in all cases 
and any location system must ade­ 
quately cater for theses= 
(i) No plumbing must be carried 

out on the cable until F12 is 
flushed out. 

(ii) Saturation of the manholes, 
ground, clothes and equipment 
with Fl2 must be avoided. It 
makes the testing (subsequent­ 
ly) suspect or useless. 

(iii) Contamination of the detector 
head with more F12 than neces- 

sary should be avoided. It 
should be allowed to recover in 
free air after it has received 
gas. Above all, it must not be 
tested with cigarette smoke or 
other of the gases or fumes 
which will cause it to register 
signal as this may greatly re­ 
duce the ozotron (sensitive ele­ 
ment) life. This usually is only 
several hundred hours in any 
case. If a test system is neces­ 
sary, two bottles half full of 
chlorbutol solution in water, one 
made 1/10,000 and one· 1/100,000 
will adequately indicate the sen­ 
sitivity of the head. The vapour 
above the former solution should 
drive the meter to near full 
scale and the latter somewhere 
between 10% and full scale, de­ 
pending on battery voltage, in­ 
dividual transistor gain of the 
units and ozotron sensitivity. 
These solutions will deteriorate 
if not kept sealed. 

(iv) After testing, the head should 
be allowed to clear itself and 
the meter to return to normal 
before switching off. 

SUMMARY 

The development of a portable high 
gain transistorised halide (tracer) gas 
leak detector was commenced in 1961. 
This was intended for use in the 
A.P.O. for leak locating or section­ 
proving of faulty cable by cable joint­ 
ing staff. An entirely satisfactory in­ 
strument was developed and has been 
in use for several years. The use of 
this equipment, described in some de­ 
tail has been the means of effecting 
substantial savings in the cable gas 
leak location field. In this application 
it has restored a marked portion of 
the cable network to the category of 
being economically maintained as a 
minimum or zero gas loss system. 
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SOME RECENT DEVELOPMENTS 
ADMINISTRATIVE PRACTICES AT 

IN ENGINEERING 
BENDIGO, VICTORIA 

INTRODUCTION 
The past two years have seen the 

introduction of some striking changes 
in the administrative practices and 
the organisational arrangements in the 
Engineering District Works Division 
at Bendigo, Victoria. This article out­ 
lines the nature of these changes in 
the works programming, works schedu­ 
ling and material supply areas, as 
well as in the form of the clerical 
organisation, developed as a result of 
0. & M. and limited Industrial En­ 
gineering studies between two and 
five years ago. The majority of the 
procedures described in this article 
have been, and still are, under trial. 
However, from experience to date, it 
is apparent that their introduction has 
given a substantial improvement in the 
degree of control over Divisional acti­ 
vity with a resultant increase in effici­ 
ency. 
The present approach in the Engin­ 

eering Division of the Australian Post 
Office is towards more fully integrated 
management systems embracing pro­ 
gramming, scheduling and control as 
envisaged in current Industrial Engin­ 
eering thought. This article does not 
include references to these applica­ 
tions, which will no doubt be describ­ 
ed in future issues of the Journal. 

Background 
In the Australian Post Office, the 

basic organisational unit responsible 
for the technical direction and man­ 
agement of the public telecommuni­ 
cations network in country areas is 
the Country Engineering Division of 
which there are 53 throughout Aus­ 
tralia. These divisions are essentially 
territorial in nature and hence the 
field operations cover a very wide 
range of activities, equipment and 
plant. 
The purpose of a Country Engineer­ 

ing Division can be stated as the 
provision and maintenance of exchan­ 
ge, long line, radio and subscribers 
telephone equipment and associated 
external plant within its boundaries 
in accordance with sound business 
practices and Departmental policy. 
* Mr. Ruffin is Engineer Class 3, Bendigo, 

Victoria. 

DISTRICT ENGINEER DISTRICT ENGINEER 

However, in many instances, the pro­ 
vision of exchange, long line and 
radio equipment would be of a rela­ 
tively minor nature only as there 
exist State-wide specialist groups to 
perform the larger installations. A 
typical organisation chart for a Coun­ 
try Division is shown in Fig. 1. 

A Divisional Engineer is responsible 
for the efficient management of each 
division and he is assisted in this 
task by several engineers and a cleri­ 
cal group. The District Engineers un­ 
der the direction of the Divisional 
Engineer, have control of both Lines 
and Technical staff within a region 
of the Division. In rapidly growing 
areas the number of engineers may 
be more than that shown. Alterna­ 
tively an engineer may take charge 
of all large installation works leaving 
the District Engineers responsible for 
maintenance and small works. The 
field staff are likewise organised on 
an area basis with groups of linemen 
and groups of technicians stationed at 
suitable locations throughout the Divi­ 
sion. 
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f;g_ 2 - Growth of Country Telephone 
Services. 

Fig. 2 shows the growth of coun­ 
try telephone service in recent years 
and that expected by 1971. A notable 
component of this growth is the ex­ 
tension of automatic services, which 
is expected to reach 80% by 1971. 
The number of country Trunk Line 
channels is also expected to increase 
significantly, from approximately 
36,600 in 1966 to 48,200 in 1969. In 
1960 the number of channels was only 
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18,000. It is estimated that by 1969 
there will be 257 country S.T.D. 
routes, and some 441,000 subscribers 
will have access to them, three times 
the present figure. Furthermore other 
authorities such as those responsible 
for rural electrification are also ex­ 
panding and this again adds to the 
task of providing service and improv­ 
ing telephone facilities. 
Because of these changing circum­ 

stances there has been a marked in­ 
crease in the Divisional workload and 
its complexity. A greater engineering 
and administrative effort is required 
which in turn imposes additional 
strain on the resources of the Divi­ 
sion. From the foregoing figures, it 
is evident that this increased effort 
will need to continue or even expand 
further. Therefore it appears oppor­ 
tune to examine the current organisa­ 
tion and procedures employed in 
country Divisional offices to determine 
their efficiency under these new con­ 
ditions and to alter them as appro­ 
priate. 

In the Bendigo Division certain key 
administrative activities have been the 
subject of two separate, but inter-re­ 
lated, exercises. The first investigation 
was confined to the development of a 
more appropriate clerical organisation, 
while the second was mainly devoted 
to the examination of administrative 
arrangements in Country Engineering 
Divisions. These two investigations 
are here outlined under the headings 
of "The Office Organisation" and "Re­ 
view of Administrative Arrange­ 
ments". 

THE OFFICE ORGANISATION 
The Integrated Clerical Organisation. 

The clerical organisation at Ben­ 
digo prior to the trial period was as 
shown in Fig. 3. This type of organi­ 
sation is typical of other Country 
Divisions today although the numbers 
of staff may differ. A poor feature is 
the existence of two distinct groups, 
one being responsible to the Divi­ 
sional Engineer and the other being 
responsible to a Costing Officer re­ 
motely situated in the Metropolitan 
area. The functions of the adminis­ 
trative and clerical group are to:- 

AREA SUPERVISORS AREA SUPERVISORS AREA SUPERVISORS 
I 

STORES 
CLERK 

l 
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Fig. 1 - Organizotion of a Typical Country 
Division. 
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(i) record the operations of the 
Division to meet the require­ 
ments of both engineering man­ 
agement and Government fin­ 
ancial control; 

(ii) provide clerical services to the 
professional staff and the field 
staff; and 

(iii) administer staff and industrial 
relations. 

This type of Divisional organisa­ 
tion has remained relatively stable 
for the past twenty years, as have 
many clerical and administrative pro­ 
cedures associated with it, despite the 
major technological developments, 
improved field methods and policy 
changes which have affected country 
areas in recent years. 

The work of the administrative 
group covers staff and transport re­ 
cords, processing of works estimates, 
filing, typing and other clerical ser­ 
vices. The Divisional clerk in charge 
also renders personal assistance to 
the Divisional Engineer on non-tech­ 
nical functions and oversights the 
discipline of the Divisional costing 
group. 

The Divisional costing group car­ 
ries out duties relating to the costing 
of materials, labor and incidentals, 
the preparation of wages and allow­ 
ances, audit control of stores and tool 
kits as well as providing financial data 
for the Departmental accounting sys­ 
tem. 

In early 1964, analysts from the 
Victorian Personnel Branch and W. D. 
Scott and Co., Management Con­ 
sultants undertook a "Clerical Meth­ 
ods and Measurements Programme 
Survey" in the Divisional Engineer's 
office at Dandenong Victoria. This 
survey, which covered the work of 
both the administrative and costing 
groups, had as its aims:- 

(i) the elimination of unnecessary 
clerical work, improved efficien­ 
cy and reduced costs; 

(ii) the provision of data to de­ 
termine the number of clerical 
employees needed for the cur­ 
rent work load 'and varying 
work loads; 

(iii) the provision of job descrip­ 
tions to facilitate employee 
training; and 

(iv) the provision of control data 
for management. 

The analysts used the Mulligan 
Manuals of Standard Time Data to 
determine the times taken for indi­ 
vidual clerical operations. These stan­ 
dards represent the times that a fully 
trained clerk working at a normal 
level of skill and speed would take 
to do each job and they include a 
16 2/3% allowance for personal needs, 
etc. Allowances were also made by the 
analysts for interruption and query 
time. In cases where application of 
the Mulligan Standard was not war­ 
ranted, estimated times were struck 
with the agreement of those respon­ 
sible for the operation. 

One important result of this study 
was the recommendation that the two 
clerical groups be integrated and pla- 

ced under a senior officer to be called 
the Divisional Administrative Officer. 
The organisation of this integrated 
unit is shown in Fig. 4 and it will be 
noted that the clerical staff was re­ 
faced from 14 to 10. 

DIVISIONA!EtJGltJ(ER 

01v1s101;AL ADM\H\STRAmE OFflCER 

l'ERSO~NE'.L OFFICEH 

Fig. 

I 
COST 
CLERK CHECKER 

l 
PAY 

OFnCESrRVISOR 

4 - Initial Integrated Clerical 
Organization. 

I 
TRANSPORTMACHINIST TYPIST 

CLERK CLERK 

Apart from reduced staff and im­ 
proved methods, further advantages 
claimed by the analysts for the inte­ 
grated unit included:- 

(i) the most effective utilisation of 
clerical resources; 

(ii) maximum flexibility in the cler­ 
ical structure allowing local in­ 
terchange of duties and more 
avenues of promotion; 

(iii) co-ordinated office services e.g. 
typing, machining, filing, etc., 
available as common facilities 
to all; 

(iv) the clerical organisation repre­ 
sented to field employees and 
others as one unit; and 

(v) the organisation is self-relieving 
for recreation leave, illness or 
other short-term absences. 

In the latter part of 1964 the 
recommended organisation was intro­ 
duced on trial in the Bendigo Division. 
This trial was oversighted by a Steer­ 
ing Committee consisting of rep­ 
resentatives of the Methods, Personnel 
and Engineering sections at Head­ 
quarters and the Victorian Personnel 
and Engineering Administration Bran­ 
ches. 
With the reduction in staff num­ 

bers and the re-arrangement of some 
duties it was necessary to re-train 
staff accordingly but even after allow­ 
ing a reasonable familiarization period 
it became increasingly obvious that 
a staff of 10 was not adequate for 
efficient operation and the clerical 
service gradually deteriorated. There 
were several reasons for this de­ 
terioration. Firstly the new procedures 
recommended by the analysts envis­ 
aged the abolition of checks on tool 
kits and store bin tally cards. How­ 
ever, to satisfy Treasury and Audit 
requirements these checks could not 
be terminated. Secondly, the duties 
of the Divisional Administrative 
Officer, Office Supervisor and Person­ 
nel Officer were not measured by the 
Mulligan Technique as the higher 
type of clerical work undertaken by 
these officers is of a less routine 
nature. Furthermore, the volume of 
staff and industrial work generated 
by the Divisional staff of about 300 
proved to be too great for one Per­ 
sonnel Officer. Accordingly the posi­ 
tion was reviewed, the staff increased 
to 12 and a further re-organisation 
of activities undertaken. 

DIVISIONAL ENGINEER 

I 
DIVISIONAL ADMINISTRATIVE OFFICER 

OFFICE SUPERVISOR 

PeR~CER 

ASSISTANT PAY MACHINIST 
CLERK 

WO~ 

ASSISTANT STORES 
WORKS CLERK 

OFFICER 

TRMSPORT 
CLERK 

I 
TVPISTE OFFICE 

BOY 

Fig. 5 - Final Integrated Clerical 
Organization. 

Fig. 5 shows the final organisation 
adopted at Bendigo in which the pay 
and allowance functions were incor­ 
porated into a more appropriate Per­ 
sonnel unit, whilst the activities re­ 
lating to the production, costing 
and finalisation of work authorities 
were further consolidated. 

This final clerical grouping has 
proved most efficient. Not only is the 
number of staff employed less than 
that prior to the commencement of 
the trial, but the new system frees 
at the highest level, a clerical officer 
(Divisional Administrative Officer) 
with completely new functions de­ 
signed to assist the engineers and to 
partake actively as a member of the 
Divisional management team. The ex­ 
pected advantages of the integrated 
structure have been fully realised 
and many procedures simplified. The 
centralisation of staff and pay 
functions has enabled a better service 
to be given to the field staff with 
less margin for error. The centralisa­ 
tion of Works Authority activities 
has considerably reduced the amount 
of paper circulating in the office and 
has reduced the number of copies 
of authorities etc., needed. A further 
important advantage is that the duties 
of the Divisional Administrative 
Officer relating to programming and 
productivity, which will be described 
in detail later, are also greatly 
facilitated. As a result of these favor­ 
able findings the organisation was 
approved by the Steering Committee 
extended to all other Country 
and it is intended that it be eventually 
Divisions. However, because of the 
variations of work load and field 
staff which occur between Divisions, 
the staff will not necessarily number 
12 as at Bendigo. 

The Divisional Administrative Officer 
Another important recommendation 

of the analysts following their Dan­ 
denong survey was for the introduc­ 
tion of a Divisional Administrative 
Officer (D.A.O.). They envisaged that 
this officer would have little routine 
day-to-day duties, apart from gener­ 
ally oversighting the work of the 
clerical group. He would thus be 
free to handle special investigations 
and to assist the Divisional Engineer 
in the preparation, analysis and inter­ 
pretation of control data necessary 
for the efficient operation of the 
Division. The concept of the senior 
clerical officer taking a more active 
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part in the affairs of the Division 
and providing greater assistance to 
the professional staff was not alto­ 
gether a new one. In 1961 a joint 
Public Service Board-Post Office 
Organisation and Methods report on 
Engineering Administrative practices 
had recommended that the Divisional 
Clerk- in the segregated organisation 
(Fig. 3) should have greater respon­ 
sibilities particularly in relation . to 
material supply and works program­ 
ming. Appropriate items were sub­ 
sequently included in the duty state­ 
ments for the position of Divisional 
Clerk. 

In practice however, these new 
functions were not realised to any 
degree, even though the increasing 
complexity and expansion of the 
work-load made the concept of a 
more active clerical officer a most 
attractive one to engineers endeavour­ 
ing to rid themselves of unwanted 
routine and administrative work. The 
ideal condition envisaged in the 1961 
0 & M Report was when the Divi­ 
sional Management Team as a whole 
comprised:- 

(i) engineers who shed the maxi­ 
mum amount of clerical and 
semi-technical work; and 

(ii) clerks who had both the ex­ 
perience and the initiative to 
perform the work. 

Nevertheless the report appeared 
to limit the Divisional Clerk to a 
more active supporting role rather 
than one of direct involvement in the 
managerial process. 

The concepts contained in the 1961 
report were not realised because of:­ 

(i) the very general terms of the 
recommendations; 

(ii) the non-existance of formal 
procedures for works program­ 
ming and review; and 

(iii) the pressure of day-to-day rou­ 
tine work which prevented the 
individual development of the 
new activities. 

As already stated the role expected 
of the D.A.O. was a more involved 
one than that of the Divisional Clerk, 
yet strangely enough both duty state­ 
ments were practically identical. Con­ 
sequently during the reorganisation at 
Bendigo it was found that the D.A.O. 
was not free as expected. There was 
still too much time devoted to rou­ 
tine work and the assistance to the 
Engineers was not forthcoming. To 
coincide with the introduction of the 
organisation shown in Fig. 5, the 
duties of the D.A.O. were completely 
reassessed to allow full development 
of the position along the lines 
originally intended with the result 
that the D.A.O. is now a new position, 
bearing little relationship to that of 
the former Divisional Clerk. In fact 
the office supervisor in the new 
organisation would now be the nearest 
equivalent to the Divisional Clerk in 
the previous organisation. 

The duties of the D.A.O. may be 
summarised as:- 

(i) non-professional executive and 
administrative assistance in the 

management of the Division, 
particularly in the areas of:­ 
(a) works programming and re- 

view; 
(b) assessment of resources and 

supply; 
(c) evaluation of achievement 

and productivity; 
(ii) administrative advice and assis­ 

stance to the Divisional En­ 
gineer; 

(iii) performance of special investi­ 
gations, analysis and interpre­ 
tation of control data as re­ 
quired. 

Procedures have been developed at 
Bendigo to facilitate the work of the 
D.A.O. enabling this officer to become 
a valuable acquisition to the Divi­ 
sional management team. In particu­ 
lar, there has been improved co­ 
ordination of the Divisional resources 
and at the same time engineers have 
been relieved of much clerical and 
administrative effort. 

Although it is most desirable for 
each engineer to divest himself of 
all possible routine administrative 
work to allow sufficient time for 
his more important professional 
duties, he must nevertheless retain 
and perform certain administrative 
tasks if he is to adequately discharge 
his duty and maintain his authority 
over, and the respect of, his staff. 
It is considered that the inclusion 
of the D.A.O. in the Divisional man­ 
agement team enables the ideal situ­ 
ation to be more readily attained. 
The procedures evolved at Bendigo 
emphasise the valuable assistance and 
co-ordinating functions which the 
D.A.O. can perform. Control is still 
with the Divisional Engineer and his 
Engineers and of course must remain 
there. 
A factor which could reduce the 

usefulness of the D.A.O. to the en­ 
gineer is that higher administration 
mav tend to add other extraneous 
duties as these arise. Unless such 
moves are resisted, the nature of the 
duties could easily alter so that the 
primary role of assistance is even­ 
tually lost. 

The 1961 0 & M Report recog­ 
nised the lack of suitable training 
given to clerks in the Engineering 
Division and recommended the intro­ 
duction of a formal training course 
for future Divisional Clerks. It was 
pointed out that Divisional Clerks 
were required to have knowledge and 
experience to varying degrees in the 
following aspects of work:- 
(i) types of equipment. and plant 

used in field; 
(ii) material supply; 
(iii) personnel administration; 
(iv) financial management; 
(v) human relations; 
(vi) motor vehicle maintenance; 
(vii) accommodation. 

It was further considered that such 
training was necessary even if the 
scope of clerical functions were not 
widened. The 1964 report on Dande­ 
nong also stressed the need for suit­ 
able training of the D.A.O. 

To date no formal training courses 
exist but further consideration of their 
introduction would appear to be time­ 
ly. If the position of D.A.O. is to be 
successful, careful consideration must 
be given both to the choice of occu­ 
pant and his training. If this is not 
done there will be no real or lasting 
benefits, but there will be a very real 
danger that the position will degen­ 
erate into a means of promotion for 
Divisional Clerks who, either due to 
a lack of training or initiative may 
not be suitable in any way for the 
increased responsibilities and re­ 
quirements of the D.A.O. position. 

REVIEW OF ADMINISTRATIVE 
ARRANGEMENTS 

The second investigation was 
aimed at the development of suitable 
techniques to enable the clerical 
organisation and the D.A.O., in par­ 
ticular, to become more actively in­ 
volved in the non-technical adminis­ 
tration of the Division. This exercise 
was controlled by a working party 
comprising, the then Divisional Clerk, 
Bendigo, and two representatives of 
the Headquarters Administration and 
was co-ordinated with the changed 
administrative arrangements already 
described. 
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Fig. 6 - Country Engineering Division 
Management Plan. 
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As a result, a set of control docu­ 
mentation was developed which 
formed the basis for the preparation 
of the several works programmes and 
allied activities for which a country 
Division is responsible. It also in­ 
cluded provision for co-ordination with 
all external plant programmes likely 
to affect the Division's operations, 
and these procedures have now been 
published as a Country Administrative 
Manual. Fig 6 shows the scheme of 
operation. In particular the investi­ 
gation disclosed a real need for im­ 
proved programming of minor works 
on a depot basis. 

Depot Works Programming 
Unlike the long term three-yearly 

and annual works programmes which 
have well established procedures for 
their production, the programming of 
works for periods of shorter duration 
is not subject to any formal method. 
Consequently short term works pro­ 
gramming is not performed in all 
country Divisions even though if 
properly prepared and utilised, such 
programmes can be a valuable aid to 
management. 
For external plant activities a short 

term Depot works programme has 
been used in Victoria for many years. 
With the lack of a formal procedure 
the method of production has varied 
between Divisions and even within 
the Division itself with resultant vary- 

STATION: IrERANG. 
MANHOURS AVAILABLE:­ 
!. LOCAL 
2. OUTSIDE ASSISTANCE 

TOTAL: 

ing degrees of effectiveness. Depot 
Works Programming can be defined as 
the allotment of separate jobs to each 
depot in priority order after taking 
into account all relevant factors for 
the period concerned. A typical pro­ 
gramme is shown in Fig. 7. 
The advantages of factual Depot 

Works Programming include:- 
(i) control and review of minor 

works. These constitute substan­ 
tially more than half of a Coun­ 
try Division's activities and 
without such programming they 
are virtually uncontrolled; 

(ii) improved forward ordering of 
material. The supply of materials 
should be commensurate with the 
labor capacity to consume them 
so that capital is not idle in 
the form of excess or unwanted 
stores. Conversely when material 
is in short supply, labor and 
plant can be diverted to other 
work with a minimum loss of 
effort; 

(iii) improved efficiency in the field. 
The resources of labor, material, 
mechanical aids, transport and 
tools are co-ordinated. In turn, 
these resources are further co­ 
ordinated with local priorities 
of work and the policies and 
programmes which originate 
from outside the Division; and 

(iv) improved utilisation of re­ 
sources. The Area supervisors 

2172 
672 
2844 

are relieved of much organisa­ 
tional work and therefore have 
greater time to devote to effec­ 
tively supervise the efficient 
performance of the work. 

The assessment of works priorities 
for each depot is the concern of the 
appropriate District Engineer. The 
effectiveness of programming depends 
upon the state of the engineer's for­ 
ward planning and the time he has 
available for, or is prepared to devote 
to, the preparation of each programme. 
With the pressures of day-to-day 
work it is probably true that most 
engineers seldom found time for the 
clerical effort needed in the prepara­ 
tion and documentation of the neces­ 
sary data to the desired detail or in 
a uniform manner. Effectiveness fur­ 
ther depends upon the degree of liai­ 
son maintained with the other Dis­ 
trict Engineers of the Division. If 
an engineer produces depot pro­ 
grammes quite unrelated to the needs 
of the other engineers, then field 
supervisors may well have to vie 
amongst themselves for the material 
or mechanical aids vital to the suc­ 
cessful completion of the several 
programmes. 

Unco-ordinated work can also re­ 
sult in staff at one depot being en­ 
gaged on relatively unproductive 
maintenance work whilst at another 
depot the demand for service can not 
be met. When either type of situation 

PARTY: ALL STAFF. 

(A. J. Brown, 12 Days R/L). 
Bendigo Aerial Party 22.8.66 to 28.9.66 
3rd Aug. 1966 to 28th Sep. 1966. 

Authority No. Man- Man- 
(In Priority BRIEF DESCRIPTION Hours Hours 

Order). Jtg. Other 
84847 Murrabit-Benjeroop: Channel 

Crossing. 224 
84845 I Murrabit-Benjeroop Tk: Erect 

2/24 poles = Lay 10/10 cable 63 90 
84801 I Gann Crossing: Lay 54/10 P.J. 27 173 
84843 Kerang: Lay ducts Vaughan St. 

between Albert & Boundary Sts. 164 
Pole Renewals 1123 
Subs Faults 320 350 
Trunk Faults 60 
Telephone Orders 200 50 

610 2234 

Tentative October - November. 
84843 I Kerang: Lay ducts Vaughan St. 

between Albert & Boundary Sts. I 308 
69459 I Benjeroop-Murrabit Tk: Provide 

slavey cable, dismantle idle plant I I 494 
84849 I Lake Meran: 54/20 cable, Potters I Lane. · 

I 
32 132 

69871 Dingwall: Eliminate P.P.E. subs 56 172 
Fig. 7 - Typical Depot Works Programme. 
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arises, the area supervisor concerned 
is thrown into confusion with the re­ 
sult that the programme may be 
ignored completely and the wishes 
of higher management may not be 
carried out. It is, of course, the re­ 
sponsibility of the Divisional Engineer 
to ensure that the programmes are 
realistic, co-ordinated, and in accord­ 
ance with overall policy. 

With the re-organised clerical 
staffing at Bendigo the opportunity 
was taken to develop formal pro­ 
cedures for Depot Works Program­ 
ming which would result in more 
accurate and therefore more effective 
programming. The D.A.0. is now res­ 
ponsible for the co-ordination of all 
preparatory information necessary to 
assemble a programme thus relieving 
the engineers of considerable clerical 
effort. Once the programmes are fin­ 
alised and approved by the Divisional 
Engineer it is the duty of the D.A.O. 
to arrange for their production and 
distribution. The centralisation of all 
relevant information with the D.A.O. 
facilitates liaison between engineers, 
and improves the effectiveness of the 
Divisional Engineer's overall control. 
This is a significant contribution, as 
previously the Divisional Engineer 
had to develop and maintain his own 
rough control documentation. 
A period of four months is cover­ 

ed by each Depot Works Program­ 
me. For the first two-month period the 
firm programme is listed for the use 
of the Field Foreman. This is based 
on the priorities of works and the 
availability of resources. The second 
two-month period consists of a ten­ 
tative list of work and is used by the 
Divisional Storekeeper for the advance 
ordering of material. The two-monthly 
period is the minimum necessary to 
ensure that sufficient time is avail­ 
able for the supply of material and 
auxiliary services. The four-monthly 
programme is prepared every two 
months with the previous tentative 
programme forming the basis of the 
next firm programme. Following. re­ 
ceipt of the tentative programme the 
Divisional Storekeeper prepares the 
material budget, which is processed 
and the material supplied to the Divi­ 
sion prior to the preparation of the 
next firm programme. In this way the 
firm programme is prepared with the 
full knowledge of the material that 
is available. 

For the preparation of each Depot 
Programme, the D.A.O. assembles the 
following data which covers the firm 
two-monthly period only:- 

(i) the depot labor capacity. This 
is prepared in the Personnel 
group; 

(ii) a list of proposed or projected 
works. This is available from 
the Works group who now 
keep a separate register of 
works for each depot in lieu 
of a Divisional Register; 

(iii) a list of works partly comple­ 
ted and details of manhours 
needed for their completion. 
This information is supplied by 
the area Line Inspector; 

(iv) details of field conditions and 
other factors which could in­ 
fluence the type of work to be 
undertaken. This is also ob­ 
tained from the Line Inspector 
although it may already be 
known to the Engineer; and 

(v) the material supply position 
from the Divisional Storekeep­ 
er. 

With the presentation of the infor­ 
mation in this form the engineer can, 
by discussion with the D.A.O. indicate 
the work he requires to be carried out 
during the period and its priority 
order. This is done after taking into 
consideration the conditions through­ 
out the Division and not just his 
particular District. In this manner the 
preparation of a realistic co-ordinated 
programme of works is obtained with 
a minimum of effort on the part of 
the engineer. 
At Bendigo it has been found bene­ 

ficial to consider depot labor capacity 
in the primary categories of jointing, 
digging and aerial work. At depots 
with a small staff the amount of 
specialist manpower e.g .. cable jointers 
is strictly limited and outside assis­ 
tance from another depot is often 
required. Analysis of labor capacity 
in this manner facilitates recognition 
of the type of assistance required 
and its duration. For the larger de­ 
pots such as Bendigo itself where up 
to 70 men are employed and defined 
groups are continuously engaged on 
work relative to these primary cate­ 
gories, the break-up enables separate 
simple works programmes to be pre­ 
pared for each group. The number of 
manhours in each category for each 
particular work is assessed when the 
work estimate is prepared. The use 
of broad units for estimating readily 
allows this to be done and the re­ 
sult is considered well worthwhile. 
Table 1 shows the percentage of 

lines staff manhours lost each month 
due to unforeseen leave in the Bendigo 

TABLE I: 
PERCENTAGE OF TOTAL TIME 

LOST DUE TO UNFORESEEN 
LEAVE 

BENDIGO LINES STAFF 

Month % 
JANUARY 1.5 
FEBRUARY 3.0 
MARCH 3.0 
APRIL 2.0 
MAY 3.0 
JUNE 4.5 
JULY 5.0 
AUGUST 4.5 
SEPTEMBER 4.0 
OCTOBER 4.0 
NOVEMBER 3.0 
DECEMBER 2.0 

Division. Altogether this totals some 
12,000 manhours per year and the in­ 
fluence of this on the works program­ 
me is taken into account, as is the 
average time required for fault clear­ 
ance per month per depot. 
With careful preparation it has been 

found possible to prepare Depot 
Works Programmes with a firm expec­ 
tation of 90 - 95% fulfilment. It is 
realised that there will be alterations 
or interruptions to the programme 
due to bad weather or unforeseen ur­ 
gent works. However, accurate pro­ 
gramming assists in reducing the ef­ 
fect of these alterations to a minimum 
as resources necessary to meet the 
emergency are considered on a Divi­ 
sional basis and not necessarily res­ 
tricted to those at the particular de­ 
pot concerned. Works of low priority 
simply become deferred and appear 
as a carry over in the next program­ 
ming period. 

Experience at Bendigo indicates 
that most Field Supervisors appreciate 
receiving detailed factual programmes 
as they are relieved of organisational 
work and therefore have more time 
to devote to their supervision func­ 
tion. The supervision of works is of 
course as important as programming 
in reaching. acceptable standards of 
efficiency. An important further ad­ 
vantage of accurate detailed pro­ 
gramming is that it allows a compari­ 
son · of the predicted programme to 
be more readily made with actual 
depot achievement for the period, 
thus giving a measure of the effici­ 
ency of management in the field. 
The comparison can be made, quite 

simply, by the D.A.0. from an ana­ 
lysis of the way in which the depot 
labor resources were utilised during. 
the programme period and comparing 
this analysis with the predicted man­ 
hour consumption as per the pro­ 
gramme. This can be further facili­ 
tated if costing months are used for 
programming instead of calendar 
months. Should an unreasonable num­ 
ber of manhours remain unexplained 
after all known factors are brought 
to account, the engineer is in a posi­ 
tion to investigate and to pinpoint 
the inefficiency. Subsequent reviews 
will enable an assessment to be made 
of the corrective action taken. 

At the present time field supervis­ 
ors, Line Foremen and Line Inspec­ 
tors are not given formal training in 
either management or supervision 
even though their task is becoming 
a more and more complex one. Fur­ 
thermore it is doubtful whether many 
field supervisors really regard them­ 
selves as a part of the management 
team as in the main they are geo­ 
graphically isolated from the Divi­ 
sional headquarters. The individual 
abilities of supervisors vary exten­ 
sively and this system of comparing 
programme with performance can 
highlight weaknesses in "foreman­ 
ship" and allow on-the-job training 
to be given. 
Factual Works Programmes also 

facilitate accurate estimating. The 
comparison between performance and 
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prediction not only checks the ac­ 
curacy of the estimator but it also 
permits the opportunity for the de­ 
velopment and review of local esti­ 
mating rates. 

Depot Scheduling 
In May 1964, the Engineering Stud­ 

ies Division, Victoria, published a re­ 
port (No. 65/1) entitled District Works 
Depot Management. This report cov­ 
ered a number of key activities re­ 
lating; to the organisation of work 
in line depots and resulted from in­ 
vestigations and trials conducted in 
the Melbourne Metropolitan area. The 
report recommended the introduction 
of the following:- 

(i) a revised method of depot 
works programming; 

(ii) a system for scheduling work 
at Line Depots; 

(iii) a new labor reporting system; 
(iv) a revised stores issue proce­ 

dure; and 
(v) a procedure to assess labor 

productivity in the field. 
These recommendations had been 

successfully introduced into the Met­ 
ropolitan area and it was desired to 
ascertain whether they would be 
suitable for the country situation and, 
if so, to what extent modifications 
would be needed. As Bendigo had 
been committed to the trials previ- 

ously described, it was log;ical to ex­ 
tend their scope to include recom­ 
mendations of the Engineering Studies 
Division as they likewise affected 
costing, programming and productiv­ 
ity. 

Scheduling is the advance alloca­ 
tion of the programmed work in de­ 
tail at the depot. Each particular job 
is assigned to a specific party or 
member of the staff with a definite 
starting time being indicated. In the 
proposed system a scheduling period 
of two weeks was chosen to reduce 
the number of jobs being handled at 
any one time. The Engineering Stud­ 
ies Report further recommended the 
use of a scheduling board to provide 
a convenient visual display of the 
distribution and the timing of jobs 
ahead. The type of board used in 
the Bendigo Division was the same 
as that recommended in the report 
and is shown in Fig. 8. The third 
week is provided to allow for carry 
over from the second week. 
The field units are listed on the 

left hand side of the board. A label 
showing authority, location and es­ 
timated manhours is prepared for 
each category of the job and placed 
on the board under the day the work 
is to commence and opposite the ap­ 
propriate field unit. The manhours 
shown divided by the daily hours 

worked by the field unit gives a guide 
to the starting; time of the following 
job. Different colored labels are used 
for different types of work, whilst 
special tags can be used to remind the 
Foreman of liaison required with 
other authorities, etc. Color codes can 
also be used against the field units to 
indicate special qualifications such as 
motor driver or compressor operator, 
etc. 

Initially the use of scheduling boards 
was limited to two at the Bendigo 
Depot where there were Depot Line­ 
men to assist each Foreman in the 
preparation and up-dating of the 
boards and where the large number 
of field units indicated that schedul­ 
ing could be used to advantage. From 
the introduction of scheduling boards 
several benefits soon became appar­ 
ent. These were:- 

(i) the display enabled the Fore­ 
men to approach their work in a 
more orderly fashion. Knowing that 
a job is about to commence the Fore­ 
man can arrange pre-inspection, de­ 
cide whether any special instructions 
are needed, check material, liaise with 
other authorities etc., so that when 
the team goes to the job everything 
is in order and no delays occur; 
(ii) the board made it possible to 

display and schedule each new tele­ 
phone installation individually im- 

Fig. 8 - Depot Scheduling Board. 
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mediately upon receipt of the order 
in the depot. Furthermore this was 
done in a systematic manner with due 
regard to the priority of each as well 
as economy of installation. In the 
past there was always the tendency 
to handle telephone orders in a "top 
of the heap" fashion as they can only 
be indicated in bulk on the depot 
works programme; 

(iii) the boards proved of consider­ 
able assistance to the District En­ 
gineer and the Line Inspector. With 
all current jobs prominently displayed 
as well as the location of the various 
parties, the District Engineer and 
the Line Inspector are materially as­ 
sisted in their duties of overall con­ 
trol; 

(iv) the field staff appreciated the 
facility of being able to know their 
daily movements in advance. 

In view of these benefits the use of 
Scheduling boards was subsequently 
extended to smaller depots with a 
total staff of 10 or more and this 
move also proved successful. It has 
been found that the Foremen appre­ 
ciate the facilities of the board as an 
aid to organisation and memory. Each 
Foreman developed its use in some 
fashion to suit the requirements of 
his particular area. It is significant 
that the boards have not fallen into 
disuse at any depot even though at 
the smaller ones their preparation 
must be done by the Foreman with­ 
out the aid of a Depot Lineman. It 
is apparent that the small amount of 
time taken in their preparation and 
updating. is considered well worth­ 
while due to the savings that can be 
made in other directions. 

Group Working Reports 
Possibly the most significant pro­ 

cedural alteration recommended in the 
Engineering Studies Report was the 
introduction of new types of working 
reports for the recording of labor us­ 
age. Information regarding manhour 
costs is, of course, an essential re­ 
quirement of audit which stipulates 
that all expenditure must be brought 
to account. This recording also pro­ 
vides statistics from which labor 
rates can be derived for use in esti­ 
mating and budgeting procedures. 
Ideally a labor costing system should 
also enable the production of perfor­ 
mance statistics for the measurement 
and control of the efficiency of the 
engineering. effort. 

The existing system of preparing 
labor cost returns based on fort­ 
nightly working reports prepared by 
each individual workman was found 
to have two main defects. Firstly ac­ 
curacy was suspect. Although the 
working reports should be prepared 
daily, this is impossible to enforce 
in practice, and consequently many 
entries are made in bulk. Due to the 
time lapse and the ease with which 
the entries can be manipulated, little 
regard need be paid to accuracy ex­ 
cept for those statements pertaining 
to pay and allowances. Secondly, the 
processing of a great volume of in­ 
dividual reports is most time con- 

suming and laborious with inherent 
time delays and thus the checking of 
irregularities, inefficiencies etc., be­ 
comes a difficult task. 
A new procedure for the record­ 

ing of manhours was therefore devel­ 
oped to overcome these defects and 
to facilitate the production of accurate 
performance statistics for manage­ 
ment purposes. At Bendigo these pro­ 
cedures were further developed to 
allow their application in the coun­ 
try situation and are now used by 
the lines staff throughout the Division. 
A summary of the procedure is as 
follows:- 

(i) each field unit is given two 
small exercise books, one red and 
the other blue for easy recognition. 
The books are used on alternate days 
to record in an informal fashion de­ 
tails of the work performed during 
the day. Plant accounts, authority 
numbers etc., as well as details of ir­ 
regular allowance claims are enter­ 
ed. The books are forwarded to the 
Line Foreman at the end of each 
working day; 

(ii) the foreman or the Depot Line­ 
man prepares in detail from the pri­ 
mary data in the field books the 
following. returns:- 

(a) a pay and allowance statement; 
(b) a work statement sheet l; 
(c) a work statement sheet 2. 
Each of the above is a group return 

covering all staff at the depot for a 
period of two weeks. All entries are 
made daily as is a cross balance of 
total hours between the pay and 
allowance statement and the sum of 
both work statements. 

The pay and allowance statement 
records all the information required 
for the payment of wages and allow­ 
ances to each staff member. It is pre­ 
pared in duplicate. One copy is filed 
in the depot for reference whilst the 
remaining one is forwarded fortnight­ 
ly to the Divisional office. This copy 
is processed in the pay subsection 
and used by the staff clerk as a leave 
journal. The Works Statements are 
prepared in duplicate and one copy 
of each is forwarded to the Divisional 
office fortnightly. The Works State­ 
ment Sheet 1 records in total for the 
station, the daily manhour details of 
non-specific charges, e.g. telephone 
orders, faults, supervision etc., whilst 
Sheet 2 records details of daily man­ 
hours debited to specific works auth­ 
orities. The works statements are 
processed in the Divisional office to 
fulfil the costing and audit require­ 
ment. Information for the production 
of productivity analysis, etc., is also 
available and can be assembled with 
little effort. 

The advantages of such a system 
are:- 

(i) higher degree of accuracy par­ 
ticularly in manhours due to the daily 
recording checking and reconciliation. 
However, as referred to later, plant 
accounts still can be incorrect due to 
the ignorance of staff in these mat­ 
ters; 

(ii) up-to-date costing information 
concerning each job is readily obtain- 

able. The District Engineer and the 
Line Inspector are now in a position to 
be informed regarding possible over 
or under expenditure whilst the job 
is still current and to take appropriate 
action. Previously, such knowledge 
was not generally available for some 
months following. the completion of the 
job; 

(iii) the field staff are relieved of 
clerical effort. The system of daily 
recording, checking and reconciliation 
takes less effort than the earlier fort­ 
nightly assembly and scrutiny of in­ 
dividual reports. Similarly the use of 
the book is less time consuming. Field 
staff are therefore favorably disposed 
to group working reports; 

(iv) there is less effort required to 
handle group working. reports in the 
Divisional office. The amount of paper 
is reduced and certain functions es­ 
sential when handling individual re­ 
ports are eliminated; and 

(v) source documents are available 
for the compilation of productivity 
statistics as already stated. 

Productivity Analyses 
Although productivity can be very 

simply defined as the efficiency with 
which goods and services are produ­ 
ced it is, nevertheless, an extremely 
complex concept to measure. In 
Country Divisions the factors influen­ 
cing production are numerous and at 
the present time techniques to en­ 
able all of them to be measured do 
not exist. However, of the three factors 
i.e. men, materials and equipment, that 
play a major role in the production 
process, it is the human element which 
often has the greatest influence. This 
is particularly true in field work 
where there is a high percentage of 
manual content. For these reasons the 
Bendigo trials, like those undertaken 
by the Engineering Studies Division, 
concentrated on the "Productivity of 
Labor" i.e. the number of manhours 
consumed for each unit produced. 
Use was made of the information 
conveniently presented by means of 
the group working reports to effect 
improvements in work organisation 
and methods. 

One form of depot labor productiv­ 
ity analysis using. the completed 
Works Programmes has already been 
described. However, for works pro­ 
gramming purposes the activities of 
connecting new telephone services 
and fault clearance on existing ser­ 
vices can only appear on the pro­ 
gramme as an estimated total number 
of hours based on past performance 
(See Fig. 7.). Yet for the Bendigo 
Division the manhours utilised for 
these two activities represent ap­ 
proximately one third of the total 
labor capacity. Furthermore, this work 
directly affects the customer and it is 
mainly by the performance of the 
field staff in these two areas that the 
telephone service as a whole is jud­ 
ged. Therefore, there is a need for 
critical examination of fault clearance 
and telephone order organisation so 
that the engineer can define accept- 
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LABOUR ANALYSIS STATION BENDIGO P.E. 14-9·66 TOTAL HCXJRS* 4164 

NEW WORKS HRS. J.388 ¼ lOTAL 33fo 
Hours ~Total 

TELEPHONE ORDERS 
635 15 

WORK AUTHORITIES 753 /8 

OTHER HRS. 107-4 ~ TOTAL 261, 
Hours ~Total 

LEAVE 508 JZ 
SUPERVISION 387 9 
MISCELLANEOUS 17.3 5 

TELEPHONE ORDER ANALYSIS 

Hours 1 Total t-BOrders It~ 
A. UNDERGROUND EXTN. 2/G 5 2 108 
B. DIRECT LEAD 19G s 16 12 
C. AERIAL EXTN. 98 2·5 8 12 
D. DROP WIRE JOO 2·5 13 8 
E. TEST ONLY I - 5 0·2. 

; F. LINEMAN INSTLR ( X.1.P) 2-4 - // 2 
I TOTAL 635 15 55 ll·S 
I 

MAINTENANCE HRS. /702 r. lOTAL 4/fa 
UNDERGROUND AERIAL 
Hours 'io Total Hours •• Total 

FAULTS 48/ /2 200 5 

WORK AUTHORITIES 27.3 5 256 G 

TELEPHONE ORDERS 190 s JO - 
UNSPECIFIED 266 b 80 2 

TOTAL /156 28 546 13 

FAULT ANALYSIS 

Hours %Total t-BF-autts 1-ts/Flt 
A. SUBS UNDERGROUND 481 12 75 G-5 

B. TRUNK UNDERGROUND - - - - 

c. SUBS AERIAL 102 2·5 36 3 

o. TRUNKS AERIAL 98 2-S 5 20 

TOTAL 68/ 17 JIG 6 
* THIS lOTAL MUST AGREE WITH lOTAL MANHOURS ON THE PAY AND ALLOWANCES STATEMENT 

Fig. 9 - Depot Labour Analysis. 

able standards and have them achie­ 
ved. 
Fig. 9 depicts a depot labor ana­ 

lysis report developed at Bendigo. It 
can be prepared fortnightly i.e, per 
costing period, in the works section 
directly from the group working re­ 
ports with the Depot Foreman pro­ 
viding the statistics of telephone con­ 
nections and faults. The analysis 
gives the percentage of labor employ­ 
ed on new works and maintenance 
and further subdivides these sections 
for telephone orders and faults as 
shown. The use of this type of analy­ 
sis is restricted to the larger depots 
which employ staff regularly on these 
activities and where the greatest gains 
can be made, e.g. at the Bendigo De­ 
pot it has been found possible by 
simple re-arrangements of staff and 
transport to reduce the time taken for 
direct lead telephone orders from an 
excessive 18 hours to a more reason­ 
able figure of 10-12 hours. 

The use of the depot labor analy­ 
sis also has other advantages. Firstly 
it provides a check on whether the 
staff are recording. their time to the 
correct account and this check can 
be performed by the D.A.O. In the 
Bendigo Division the results in this 
area have been somewhat surprising. 
Experienced linemen of many years 
standing, including some supervisors, 
have been found lacking in a basic 
appreciation of plant accounts and 
their purpose. In one period some 
500 manhours of maintenance work 
was incorrectly debited to new work 
because of this lack of knowledge. 
The first use of the depot labor ana­ 
lysis was therefore to assist the train- 

ing of field staff in the use of correct 
plant accounts. A second advantage 
of the analysis is that it highlights 
the percentage of labor consumed on 
unspecified maintenance. This type of 
work is inherently inefficient and is 
often of doubtful value. The analysis 
provides a means of control and en­ 
sures that unspecified work is kept to 
an absolute minimum. In the example 
of Fig. 9 the 6% of unspecified main­ 
tenance represents essential work on 
cables under gas pressure. 

If required, the basic information 
of the analysis sheets can be extrac­ 
ted monthly on to a yearly summary 
sheet for each depot. This is of as­ 
sistance is displaying long-term trends 
or other significant changes which in 
turn may require a complete re-as­ 
sessment of the depot organisation. 
Group Working Reports can also be 
readily used to extract further pro­ 
ductivity information concerning the 
installation rate of plant, e.g. that for 
underground cable laid directly in the 
ground could be expressed in yards/ 
manhour. These figures can be ex­ 
tracted either for each depot or for 
certain Works Authorities as speci­ 
fied by the engineer or both. This 
line of approach has not been fully 
pursued at Bendigo but it would ap­ 
pear to have value, particularly fol­ 
lowing the introduction of a new 
machine or some other circumstance 
from which a significant change of 
rate could reasonably be expected. 

Centralisation of Stores 
A further re-organisation under­ 

taken in the Bendigo Division was 
the centralisation of all stores activi- 

ties. Although internal plant opera­ 
tions are not subject to programming 
procedures, the demand for material 
can, nevertheless, be closely antici­ 
pated by an analysis of past issues 
and other known factors. Prior to the 
trial period there were eleven tech­ 
nicians' stores operating throughout 
the Division. Material was ordered 
directly from the Melbourne main 
store by each Supervising Technician 
individually as and when the need 
arose. 
The first stage of this particular 

trial was to close each of these tech­ 
nicians' stores and to transfer the 
provisioning of internal plant items 
to the Divisional Store in Bendigo. In 
lieu of a store each Supervising. Tech­ 
nician was given an approved main­ 
tenance holding individually assessed 
for his station and based on past 
needs. This holding is approved by 
the Divisional Engineer and is quite 
flexible. It is replenished by means of 
a simple budgeting procedure on the 
Divisional Store. Material for other 
works is sent by the Divisional Store 
on a scheduled delivery basis and is 
debited directly to the job. Divisional 
Store supplies of internal plant mat­ 
erial are obtained by means of a two­ 
monthly budget on the main store 
which is prepared by the Divisional 
Storekeeper and designed to maintain 
the Divisional Store stocks at a pre­ 
determined figure. 
This revised system proved success­ 

ful from its inception despite the fact 
that the Supervising Technicians 
needed time to become familiar with 
the new routine. Immediate benefits 
were:- 
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(i) a 25% reduction in the volume 
of stores vouchers and hence less 
work in the Divisional office and the 
field. 

(ii) the value of internal plant 
stores holding was reduced , from 
$22,000 to $10,000. The average main­ 
tenance holding at each station is 
only $100; 

(iii) elimination of costly stores in­ 
spection procedures; and 

(iv) the reduced clerical effort both 
in the field and the office lessened 
the risk of documentary errors. 

Because of these advantages, the 
fourteen line depot stores in the Divi­ 
sion were also closed and similar ar­ 
rangements made. However, in this 
case the value of the average main­ 
tenance holding is $160. With the in­ 
troduction of effective works pro­ 
gramming the closure of out-posted 
lines stores is a logical step. As al­ 
ready described the material budget 
is based on the tentative works pro­ 
gramme and phased one month ahead 
of the firm one. The firm programme 
is thus prepared with full knowledge 
of the material available. Hence it 
should be possible for outlying depots 
to order material from the Divisional 
Store, have it delivered at a suitable 
time and debited directly to the job. 
To book the material through a local 
store under these conditions only re­ 
sults in a significant amount of un­ 
necessary paper work. 

With the closure of all stores the 
Divisional Storekeeper became res­ 
ponsible for the complete storage, 
distribution and accounting arrange­ 
ments. This centralisation gives a bet­ 
ter overall control of material usage 
and allows a greater flexibility of dis­ 
tribution. In the Bendigo Division, 21 
of the 25 stores closed were within 
a 60-mile radius of the Bendigo Divi­ 
sional Store. However, the area of a 
Division of the geographic location 
of depots should not make any funda­ 
mental difference to the principle of 
centralisation. In some Divisions due 
to the distances involved more than 
one store may be necessary. In Divi­ 
sions with a different workload it 
may be preferable to maintain two 
separate centralised stores, one for 
external and the other for internal 
plant. The procedures devised are 
flexible enough to. cater for these 
changed circumstances although some 
operational and control advantages 
could be lost. The transfer of these 
stores activities to the Divisional 
Storekeeper at Bendigo did not result 
in the need for additional store staff. 
One Lineman, however, was replaced 
by a Clerical Assistant to facilitate 
the accounting side of the stores ac­ 
tivities. The need for the store staff 
to handle technical equipment gave 
rise to very few problems and it took 
only a short time for them to become 

TABLE 2: COMPARISON OF 
STORES OPERATING COSTS 

Stock Value of 
Financial 

I 
Stores Value at Material 

Year Handling 30th June Used in 
Manhours $ Year 

$ 
1963/64 

I 
18,000 73,200 305,000 

1965/66 11,000 68,600 442,000 

fully conversant with the main items 
in common use. 
The trial arrangements have proved 

acceptable to field staff, Divisional 
Store staff and Office staff alike, pro­ 
viding better service with less effort 
and at a considerably reduced cost 
(see Table 2.). 
In Table 2, 1963/64 represents the 

last full year of operation under the 
old system while 1965/66 covers the 
first year of operation for the centra­ 
lised store. The total manhours de­ 
voted to stores activities has decreas­ 
ed significantly whilst the value of 
material used has increased. Approxi­ 
mately 20% of the 1965/66 material 
value represents rises in prices during 
the interim period. However, after 
taking these rises into account there 
is still a 17% increase in material 
turnover and a 25% reduction in stock 
holdings. 

CONCLUSION 
The changes introduced in the 

Bendigo Division during the past two 
years have overcome many of the 
defects of the former methods and in 
each case the objectives of the trials 
were met. However it is appreciated 
that each Country Division is not 
identical and that there are often 
basic differences, even between neigh­ 
boring Divisions. Hence to gain the 
maximum benefits from the introduc­ 
tion of these new methods it may 
well be necessary for local manage­ 
ment to make certain modifications. 
The procedures have been designed to 
be flexible and should meet this re­ 
quirement. 

It is also considered that not all of 
these new procedures should be made 
mandatory. In particular, those relat­ 
ing to productivity are designed as an 
aid to local management and, as such, 
the conditions governing their use 
should rest with the controlling. Divi­ 
sional Engineer. There is ample scope 
for further development in this area 
and this should be allowed to con­ 
tinue. 

It was found that the need to sat­ 
isfy the legal requirements of Govern­ 
mental control in the financial and 
staffing areas often dominated pro- 

cedures, etc., whilst detrimental side­ 
effects on the field staff, their opera­ 
tions and the Divisional management, 
tended to become secondary in nature. 
Unless severe, these effects were tol­ 
erated. Also Governmental control 
does make it difficult to effect rapid 
changes in staff and methods even 
though these may become necessary 
due to technical developments and the 
ever-increasing workload. These fac­ 
tors can readily make management 
the slave to an outmoded system 
which gives little managerial assis­ 
tance in return; whereas, for effici­ 
ency, the system should be an aid to 
management. 

The need for this governmental 
control is recognised and of course it 
must remain in some form or another. 
Nevertheless the experiments at Ben­ 
digo indicate that it is possible to 
utilise some of the legal require­ 
ments to g.ive valuable assistance to 
the needs of local management and 
at the same time achieve a desirable 
increase in operational efficiency. From 
the foregoing it will be realised that, 
so far, only a limited number of 
inter-related aspects of the work of a 
Country Division have been subject 
to investigation but on the basis of 
the results already obtained, there 
appear to be many other activities 
which would benefit from a similar 
approach. 
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CALL RECORD PRINTING EQUIPMENT 
R. W. CUPIT, A.M.l.E.Aust.'* and V. HOLLIDAY** 

and this equipment has proved of 
great assistance in cases of disputed 
accounts since call details can be com­ 
pared with subscriber records or re­ 
collections. In this way the subscrib­ 
er is made .aware of the calling habits 
on his lines which may differ from 
his preconceived ideas. 

A number of miscellaneous uses 
have been found for the equipment as 
a whole, and the line bridging element 
has been incorporated into the Cen­ 
tralised Service Assessment equipment 
in Melbourne. 

INTRODUCTION 
The Call Record Printing equip- 

ment is designed for connection to 
individual subscribers' line equipment 
e.g. Uniselector - Final Selector in 
step equipment, and LR/BR in cross- 
bar equipment. It produces a printed 
record (Fig. 1) showing the digits 

WEEK DAY HR MIN. SEC. 
08 4 10 59 21 LOOP 0/G CALL 
08 4 10 59 35 SWITCH HOOK FLICK 
08 4 10 59 

40 l 08 4 10 59 41 
08 4 10 59 43 DIALLED PULSES 
08 4 10 59 44 
08 4 10 59 45 
08 4 10 59 48 

M 08 4 11 00 00 METER PULSE 
08 4 11 00 11 END 0/G CALL 

vc 08 4 11 00 44 1/C CALL RECVD. 
08 4 11 00 53 RING TRW 

1/C 08 4 11 01 00 END OF CALL 

1/C 08 4 11 01 15 LOOP 0/G CALL 
J/C 08 4 11 01 16 END OF UNANSWERED CALL 

08 4 11 01 14 LOOP 0/G CALL 
0B 4 11 01 17 } 0B 4 11 02 28 DIALLED PULSES 
0B 4 11 02 30 
08 4 11 02 41 END NON METERED CALL 

08 4 11 03 09 LOOP 0/G CALL 
0 08 4 11 03 12 
1 08 4 11 03 14 
2 08 4 11 03 15 I DIALLED PULSES 
0 08 4 11 03 17 
7 08 4 11 03 18 
4 08 4 11 03 21 

I.I 08 4 11 03 25 
M 08 4 11 03 31 l STD. METER PULSES 
M 08 4 11 03 35 
M 08 4 11 03 39 

08 4 11 03 41 END OF CALL 
Fig. l - Typical Tape Record. 

dialled and the number of meter pul­ 
ses recorded on outgoing calls and 
the seizure and ring trip on incoming 
calls. The printed record includes 
the time to the nearest second that 
each event occurs. 

Information is made available with­ 
out loss of secrecy in conversation 

*Mr. R. W. Cupit is Engineer, Class 3, Metro­ 
politan Service, Melbourne. See Vol. 15, No. 
3, page 247. 

**Mr. V. Holliday is Supervising Technician, 
Metropolitan Service, Melbourne. 

Fig. 2 - Rack Mounled Call Record Printer 
Equipment. 

Fig. 3 -· Portable Cali Record Printer Equipment 

GENERAL DESCRIPTION OF 
EQUIPMENT 

There are two types of equipment 
at present in use - rack mounted 
(Fig. 2.) with nine units per rack, and 
individual portable units (Fig. 3.) 
The line bridging and monitoring 

elements and the control circuitry for 
the printing mechanism are contained 
in a relay set with the printing mech­ 
anism as a separate unit. (See Fig .. 4). 

The circuitry of both fixed and port­ 
able units is basically the same; Fig. 
5 is a block diagram showing the 
main circuit elements. 

Modifications 
A number of modifications have 

been made to the equipment to suit 
local conditions. These fall into two 
groups, those required to permit 
operation on crossbar equipment and 
those made so that operation over 
junctions is possible. Minor modifi­ 
cations to the meter pulse detection 
element were also necessary to 
cover some Australian metering sys­ 
tems. A time clock has been added 
to the portable units to provide one 
second pulses, which are not always 
available. The method of connection 
to these units has been changed to 
screw terminals in place of the plug 
and jack arrangement supplied. This 
latter change is necessary because of 
the different I.D.F. arrangements en­ 
countered in Australian exchanges. 

EQUIPMENT OPERATION 
Step Equipment 

Connections are made to the -ve, 
+ve and the meter wires at the 
I.D.F. and connections are made to 
the Final Selector and Uniselector pri­ 
vate wires after removal of the I.D.F. 
strap. 

Outgoing call: Earth on the Uni­ 
selector P wire is applied to a tran­ 
sistor switch and relay P releases 
following which relays OC and CT 
operate. Relay OC busies the Final 
Selector private and. CT connects the 
line bridging unit to the -ve and 
-l-ve wires, operating relay A. At the 
same time a dash is printed on the 
tape to signify the start of an outgoing 
call. 
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Relay A responds to subsequent 
dialled digits which are printed on 
the tape together with the time. The 
line bridging and monitoring unit con­ 
sists of an oscillator which is trigger­ 
ed when a minimum negative potential 
of 1.5 volts is present on the -l-ve 
line in the looped condition. This 
oscillator is followed by amplification, 
detection and DC amplification stages. 
A guard circuit is connected to the 
-ve wire which prevents spurious 
operation due to line surges or short 
open crcuits during switching. A 
more detailed explanation of these 
elements is contained in Ref. 1. 
When the called subscriber answers, 

the meter pulse of whatever type e.g. 
-l-ve battery, booster, -ve battery 
etc. causes relay MP to respond by 
operation of a transistor voltage de­ 
tector. Depending on the type of 
metering, various alternative strapping 
is required and in some cases e.g. 

+ve battery, a two-stage transistor 
switch is used, while in fourth wire 
-ve battery metering, the second 
stage only is used. In both cases the 
pulses are recorded on the meter 
pulse magnet of the printer mech­ 
anism. On S.T.D. calls each meter 
pulse is recorded separately together 
with the time. 

The end of a call is signified by 
a further dash on the tape following 
release of relays A and CE when 
the loop is broken. 

Incoming call: Relay CI is operated 
from the Final Selector private. CI 
earths the Uniselector private to 
operate the subscribers K relay ( or 
equiv.) I/C is printed on the tape at 
this time. 
When the subscriber answers, the 

DC loop is detected by a transistor 
voltage detector, which is triggered 
when the voltage on the earthy side 
of the line falls towards -50v. 

Fig. 4 - Printing Mechanism with Cover Removed, 

Relay F operates and causes the time 
only to be printed. At the end of 
an incoming call I/C is printed once 
more on release of relay CI. 

Crossbar Equipment 
Auxiliary relays XC and IC were 

fitted to all units to permit operation 
on crossbar equipment. 

Connections are made to the a, b 
wires at the M.D.F., to the c wire 
at the PBX rack and to the sub­ 
scriber's meter. In addition a con­ 
nection is made to the category analy­ 
ser (KAN) which is strapped for in­ 
coming call classification. This gives 
a short pulse to operate relay IC on 
incoming calls followed by relay XC 
when the earth appears on the c 
wire. Relay IC must hold over this 
period hence the large capacitor on 
the second winding. On outgoing calls 
relay XC only operates from the c 
wire. Relays XC and IC are arranged 
to simulate the calling earth condi­ 
tions on the P wires of step equip­ 
ment. All subsequent operation is 
the same as in step equipment except 
for the meter pulse which occurs at 
the end of a normal call. 

The voltage detector ring trip unit 
was included to cover the crossbar 
case in which no DC polarity change 
occurs on the a and b wires following 
ring trip. 

Operation Over Junctions 
The first delivery of C.R.P. equip­ 

ment was of the rack mounted type 
and to permit it to be used through­ 
out the metropolitan area it was con­ 
nected over junctions radiating from 
a central installation. 

Difficulties were encountered with 
the line bridging and monitoring circuit 
due to differences in earth potential 
causing false operation. Modifications 
were made so that the oscillator and 
guard circuits were connected to 
the earth at the distant exchange 
over a junction wire. The operation 
of the test relays in final selectors 
was also improved by changing the 
coil of relay CI to a lower resistance 
value to permit operation over junc­ 
tion loops up to 2000 ohms. Intro­ 
duction of a transistor detector for 
ring trip also helped eliminate a dif­ 
ficulty which would have been en­ 
countered in working over junctions. 
The other transistor detector units 
operate satisfactorily over junctions 
of 2000 ohms loop. 

FUTURE USE OF EQUIPMENT 
Deliveries of individual relay sets 

and printers will make it possible to 
have one or more C.R.P. units in 
each exchange above say 1000 lines. 
It is proposed to cable for up to 
three relay sets but provide only one. 
Requirements for more than one ob­ 
servation at the same exchange will 
then be met by transferring relay 
sets and printers from other ex­ 
changes. Requirements which cannot 
be met by this semi permanent ar­ 
rangement will be filled by the small 
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number of portable units available. 
These portable units will also be 
used in small exchanges in which a 
permanent installation is not war­ 
ranted. 

PRACTICAL APPLICATION 

Experience since mid 1964 has con­ 
firmed the early promise and this 
equipment has enabled the great ma­ 
jority of complaints of overcharging 
to be proved groundless. However, a 
number of cases of faulty registration 
due to technical causes have been 
encountered. 
The equipment has been used for 

a number of special investigations 
which have included:- 
1. Intermittent metering on a CE. 

11251 S.T.D. access relay set. 
2. PT coin service complaints, in an 

attempt to see whether conver­ 
sation times prior to calls to com­ 
plaint centres indicated success­ 
ful calls. 

3. Call dispersion on junctions in 
small country exchanges. 

4. Checking output of Traffic Route 
Testers. 

EXTENDED USE OF BRIDGING 
CIRCUIT 

The transistorised line bridging cir­ 
cuit has been used to replace the 
bridging circuit in the Melbourne Ser­ 
vice Assessment equipment. This has 
been successful and has eliminated 
a long standing problem which arose 
due to the use of a high resistance 
polarised relay which was difficult 
to keep in adjustment. In particular 
the high impedance was essential in 
making possible observation on 
S.T.D. outgoing routes. 

CONCLUSION 
The Call Record Printing equipment 

has proved a valuable aid in dealing 
with complaints of overcharging. 

The ability of the equipment to de­ 
tect digits dialled and meter pulses 

on any equipment has been used to 
advantage in a number of cases. 
Extended use of the bridging circuit 

on Service Assessment equipment has 
resulted in significant improvement 
in reliability and reduced maintenance 
on that equipment. 
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tion of the Group Selector design. 

* 
J. H. ELLIOTT, co-author of the ar­ 
ticle, "Operating Facilities for Manu­ 
al Assistance Centres", joined the 
Postmaster-General's Department in 
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umption in the Commonwealth Public 
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Serum Laboratories, Melbourne, be­ 
fore being accepted as trainee Traffic 
Officer, Telephone Branch, in 1949. 
Since then he has performed most of 
the duties of Traffic Officer in the 
Telephone Branch, and for the last 
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with the Works and Equipment Sec­ 
tion (now Telecommunications Divi­ 
sion) both in the Victorian and Head­ 
quarters Administrations. Mr. Elliott 
was promoted Senior Traffic Officer, 
Headquarters in 1964. 
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A. G. ELLIS, author of the article, 
"SEACOM-Radio Bearer Service Or­ 
ganization", graduated Bachelor of 
Science from the University of Mel­ 
bourne in 1952 with honours in Phy­ 
sics, and Associate Diploma of Man­ 
agement from Royal Melbourne In­ 
stitute of Technology in 1966. From 
1949 to 1952, he was employed in the 
Radio Laboratory of the Victorian 
State Electricity Commission, trans­ 
ferring to the Design Establishment, 
Department of Supply, in 1953, where 
his main interest lay in the develop­ 
ment and production of portable HF 
transceivers. In 1957, he joined the 
Postmaster - General's Department 
where for several years he was a 
member of the Design, Planning and 
Standards Group, Engineering Divi­ 
s'on Headquarters. Mr. Ellis is now 
Divisional Engineer Radio Communi­ 
cation Service Division. 
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C. A. SPONGBERG, author of the 
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Factory Manager of L. M. Ericsson 
Pty. Ltd., Broadmeadows, Victoria. 
He graduated in 1943 from Stockholm 
Institute of Technology, Sweden, in 
Mechanical Engineering and completed 
a Diploma in Electrical Engineering 
four years later. He has been employ­ 
ed by L. M. Ericsson since 1945 as 
Test Engineer, Circuit Designer, and in 
1957 became Chief Engineer for the 
Crossbar Engineering Department at 
North Electric Company, Ohio, U.S.A., 
an affiliate to L. M. Ericsson. After 
having spent some time in Australia 
during 1962 to provide technical 
assistance to L. M. Ericsson's Aus­ 
tralian manufacturing licensees of 
Crossbar Equipment, he was appoint­ 
ed Technical Manager in 1963 to 
L. M. Ericsson's new establishment 
in Victoria. In this capacity he 
was responsible for the implementa­ 
tion of the Company's techniques and 
controls particularly in the field of 
production documentation and qual­ 
ity assurance. In 1966 he became Fac­ 
tory Manager responsible for the pro­ 
duction and deliveries of Crossbar 
Equipment to the Australian Post Of­ 
fice and the private P.A.B.X. market. 
Mr. Spongberg is a Member of the 
American Institute of Electrical En­ 
gineers. 

* 
C. S. LA VERY, author of the 

article, "Commissioning of Crossbar 
Exchanges", was formerly a tech­ 
nician in the P.M.G.'s Department. He 
graduated from the University of 
Adelaide in March, 1960, securing his 
Bachelor of Engineering degree. In 
1960 Mr. Lavery was appointed En­ 
gineer Grade 1 in Metropolitan Ex­ 
change Installation in Adelaide and 
subsequently was appointed as an 
Engineer Class 2 in the same group 
in 1961. He took up duty with L. M. 
Ericsson, as a Senior Design Engineer 
in September, 1966. 

M. F ARDOUL Y, author of the 
article "The A.P.O. Three-Stage 
Group Selector-Initial Planning", join­ 
ed the Postmaster-General's Depart­ 
ment as a Cadet Engineer after quali­ 
fying as a Bachelor of Science at Syd­ 
ney University. On graduation as a 
Bachelor of Engineering in 1955, he 
spent eight years with Long Line and 
Country Installation, Sydney, on the 
installation of carrier systems and 
most forms of telephone switching 
equipment. 

In 1963 he was appointed Engineer 
Class 3 Switching and Facilities Plan­ 
ning in Central Office and was re­ 
sponsible for carrying out feasibility 
studies, preparing specifications, etc., 
for new telephone and telegraph 
switching equipment. He recently 
transferred to the position of Divi­ 
sional Engineer, Metropolitan Ex­ 
change Installation, Sydney. 
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B. M. BYRNE, author of the article, 
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Detector for Cable Gas Pressure 
Alarm Systems", was appointed Engin­ 
eer in the Queensland Administration 
of the Postmaster-General's Depart­ 
ment in 1952, following completion of 
an Electrical Engineering Degree 
course at the Queensland University. 
Since that time he has been engaged 
in all phases of external plant activi­ 
ties, particularly maintenance. He has 
retained an interest in electronic devel­ 
opments and their applications to line 
plant practices and problems. Since 
1959, he has controlled the activities 
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of the Cable Protection Division in 
Queensland and currently occupies 
this position. Mr. Byrne is a Mem­ 
ber of the Institution of Electrical 
Engineers. 
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J. E. RUFFIN, author of the article, 

"Some Recent Developments in En­ 
gineering Administrative Practices at 
Bendigo, Victoria", joined the Post­ 
master-General's Department in 1944 
as a Technician-in-Training. After 
completing this course and a De­ 
partmental Cadetship he was appoint­ 
ed Engineer in 1954. Following 
periods in the Country Installation 
and Metropolitan District Works 
Sections. Melbourne, he transferred 
to the Colac Division in 1956 where 
he worked as a Group Engineer. 
Whilst at Colac he acted as Divi­ 
sional Engineer for a period of 
twelve months. In 1961 he was trans­ 
ferred to the Bendigo Division as act­ 
ing Divisional Engineer and was sub­ 
sequently permanently appointed to 
this position. Mr. Ruffin is an Associ­ 
ate Member of the Institution of En­ 
gineers, Australia, and an Associate 
of the Australian Institute of Manage­ 
ment. 
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V. HOLLIDAY, co-author of the 

article, "Call Record Printing Equip­ 
ment", joined the Postmaster-Gen- 
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eral's Department as a Technician's 
Assistant in 1946 after four years ser­ 
vice in the R.A.A.F. He qualified as 
Senior Technician in 1953 whilst on 
Melbourne city exchange mainten­ 
ance. As Supervising Technician he 
spent three years on acceptance test­ 
ing of contractor-installed P.A.B.X.'s. 
In 1961 when the Metro. Service 
Laboratory was established he was 
appointed to the position of Super­ 
vising Technician in-charge. The 
modifications to the Call Record 
Printing Equipment for Australian 
conditions as described in the article, 
were developed in the Laboratory 
which is now part of the Melbourne 
Network Performance Division. 

ANSWERS TO EXAMINATION QUESTIONS 
Examination No. 5483 - 2nd July, 

1966, and subsequent dates. To gain 
part of the qualifications for promo­ 
tion or transfer as Senior Technician 
(Telecommunications), Telegraphs, 
Postmaster-General's Department. 

SECTION 2. TELEGRAPH 
EQUIPMENT 

QUESTION 1. (a) 
The Teletype Model 14 Transmitter/ 

Distributor and the Siemens & Halske 
T Send 77f Transmitter/Distributor have 
three major operating sub-systems in 
common. 
List these three sub-sys'ems and briefly 

state the purpose of each. (Approxi­ 
mately JO words should be sufficient 
statement for each one.) 

ANSWER I. (a) 
(i) Power assembly - motor plus 

gearing to provide drive to cams 
and contact assembly. 

(ii) Transmitter - converts perfora­ 
ted coding on tape to electrical 
condition (current or no current). 

(iii) Distributor - converts electrical 
condition of transmitter assembly 
into correct form for line trans­ 
mission. 

QUESTION 1. (b) 
Two of the sub-systems in I (a) 

interoperate to convert the information, 
contained physically as perforations on 
paper tape, into electrical signals. 
Describe for the two types of trans­ 

mitter/distributor in I (a) how these 
sub-systems operate and how it is ensured 
that correct relationship is maintained 
between the two sub-systems so that 
proper signals are sent to line. 

ANSWER I. (b) 
The transmitter and distributor of 

the model 14 are driven from the one 
shaft, while the magnets controlling 
the transmitter and distributor of the 
T Send 77 are tripped simultaneously 
for clutch engagement. 

In both machines, the tape sensing 
pins are offered to the tape during 
the time the distributor is sending 
the start pulse. The combination sen­ 
sed is set on the. transmitter contacts 
under the control of the tape-sensing 
levers. The Transmitter Tongue re­ 
mains in the spacing condition if no 
hole is detected in the tape and 
changes over to the mark condition 
if a hole is detected in the tape. The 
distributor then reads code elements 

1, 2, 3, 4 and 5 from the transmitter 
contacts before inserting the stop 
element. 

The tape sensing pins of the Model 
14 are withdrawn from the tape just 
after the distributor begins to send 
the stop pulse. 

The sensing levers associated with 
code elements 3, 4, 5 of the T Send 
77 are coupled to storing levers which 
are held in the marking condition if 
such exists on the tape. This allows 
the sensing levers to be withdrawn 
much earlier in the cycle of the char­ 
acter being sent. In both machines, 
once the pins have been withdrawn, 
tape feed takes place, advancing. the 
next code above the sensing pins 
during the time the stop pulse is be­ 
ing sent from the distributor. 
QUESTION 1. (c) 
How does the tape transmitter 

attachment for the Siemens & Halske 
M JOO Teleprinter vary from the two 
machines in I (a)? 

(Restrict your answer to principles - 
mechanical detail is not required.) 
ANSWER I. (c) 

The M 100 Tape Transmitter is not 
associated with a distributor. The 
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correct timing and sequence of im­ 
pulses is controlled by cam-operated 
code levers which sense the code con­ 
dition of the sensing levers, and gov­ 
ern the transmitting contact operation 
by means of a code bail and a con­ 
tact operating rocker. Only the fifth 
code impulse condition is stored. 
again to allow tape feed to begin a 
little earlier in the character cycle 
than in the T /T Model 14 TD. No 
separate power unit is required, as it 
is driven from the M 100. 

QUESTION 1. (d) 
The tape transmitter attachment for 

the Siemens & Halske M 100 has one 
feature not integrally included in the 
T Send 77f and the Ml4 TD. 
What is this feature and why is it a 

desirable inclusion? 

ANSWER 1. (d) 
The GM magnet, which is operated 

by the stop pulse being transmitted. 
The operator receiving transmission 
from this tape transmitter can stop 
the transmitter remotely by transmit­ 
ting preferably the T character such 
that at the time the tape transmitter 
is sending stop pulse, the space con­ 
dition from the "receiving" machine 
opens the GM magnet circuit, caus­ 
ing the tape transmitter to switch 
off. 

QUESTION 2. (a) 
Describe, with reference to Fig. 1, the 

mechanical operations involved in switch­ 
ing ON a reperforator attachment fitted 
to a Siemens & Halske M 100 Teleprinter. 

ANSWER 2. (a) 
Operation of the "On" key turns 

221 forward under the latching sur­ 
face of 223 to lock in the "On" con­ 
dition. 221 is coupled to a shaft, crank 
and lever to withdraw 219 so that its 
face 217 releases clutch member 195 
and its upper projection moves clear 
of plate 218. Dog 195 will engage in 
the driving collar 220 when the prin­ 
ter shaft is stationary. 

Shaft 194 will then turn with the 
printer shaft. 

QUESTION 2. (b) 
How does the tape feed mechanism on 

a reperforator attachment for a Siemens 
& Halske M 100 Teleprinter vary from 
other reperforators outside the Siemens' 
range of machines? 

ANSWER 2. (b) 
The M 100 reperforator tape feed 

mechanism incorporates a tape puller 
which strikes the tape in the track 
at the time the feed punch is through 
the tape. This pulls a little tape for­ 
ward off the supply reel, so the roller 
type friction feed mechanism feeds 
a free length of tape. 

QUESTION 2. (c) 
When fitting a reperforator attachment 

to a MJO0 Teleprinter certain "connec­ 
tions" have to be made to the Teleprinter 
machine. 
List these and state their purpose. 

ANSWER 2. (c) 
Transfer shaft and driving sleeve 

must be. provided. No wiring changes 
are needed. The reperforator must 
be fitted so that the suppression bail 
is located above the release lever, 
and a stop plate must be adjusted so 
that marking function code bars clear 
the reperforator transfer bars. 

Once this plate has been adjusted 
and the three mounting screws tight­ 
ened, the driving sleeve must be ad­ 
justed to give the transfer shaft a 
little end play. 

QUESTION 2. (d) 
An operator, while using a Siemens & 

Halske M JOO Teleprinter, with reper­ 
[orator attachment, for tape preparation 
in the "local run" condition, accidentally 
depresses the "WHO ARE YOU" key 
while in "Figures" case. 
Describe, without mechanical detail, 

how this code is prevented from being 
transmitted when the taped information is 
sent to line, and give reasons for this 
being necessary. 

ANSWER 2. (d) 
The 1st and 4th code holes will be 

punched in the tape, but selection of 
the Answerback pullbar suppresses 
tape feed. This combination will re­ 
main above the punches. The opera­ 
tor may then select "Figures" once 
more, which will overpunch the previ­ 
ous code, converting it to 1, 2, 4, 5, 

I 94 2 I 5 21 7 21 9 195 
209 I 21 6 I 210 I I 220 

.•.•. 

.•.•••..•... 

223 222 

obliterating the error, but retaining 
the machine in Figures shift. Tape 
transmission of a 1st and 4th in fig­ 
ures condition would trip the ans­ 
werbacks of sending, and receiving 
machines, garbling the text and stop­ 
ping the tape. 

QUESTION 3. (a) 
The BATE Type 6 Telegraph Distor­ 

tion Measuring Set di plays on the screen 
of a C.R.0. a series of do's, superimposed 
on either a circular or spiral trace, which 
by their position indicate the degree of 
distortion being measured in signals pass­ 
ing through a telegraph line. 
Write, with simple explanatory 

sketches, a brief description of how the 
following displays are achieved: 

ANSWER 3. (a) 
(i) Spiral trace. The oscillator gain 

is reduced to slightly less than 
unity, producing damped oscilla­ 
tion at the X and Y inputs of the 
C.R.O. tube. 

(ii) Circular trace. The oscillator out­ 
put is .fed to the X and Y inputs 
through a 90° phase shift net­ 
work. (See Fig. 3.) 

....•..........•.......•...••.• 
.•......•. 

.•...••....•......• .. 
221 

Fig. I. 
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(iii) Brightening Dots Indicating Sig­ 
nal Transitions. Short duration 
pulses coinciding with the obser­ 
ved telegraph signal transitions 
are applied to the grid of the 
C.R.O. tube to drive it positive, 
momentarily increasing the bril­ 
liance of the trace at that time. 
(See Fig. 4.) 

QUESTION 3. (b) 

How would you check that the time­ 
base oscillator frequency (and therefore 
the speed of trace) of a BATE 6 was 
correct for a telegraph speed of 50 bauds, 
before attempting to measure distortion 
on telegraph signals? 

ANSWER 3. (b) 

Observe the speed indicator neon 
lamp through a vibrating 100 c/s 
tuning. fork for 50 baud working and 
adjust the fine speed control until 
the lamp seems to remain either on 
or off. 

QUESTION 3. (c) 
If you wished to check distortion with 

a BATE 6 T.D.M.S. firstly at 50 bauds 
and then at 75 bauds, what alterations 
would you make to the BATE 6? 
Would it be necessary to check the 

speed again at 75 bauds? (Give reasons 
for your answer.) 

ANSWER 3. (c) 

For 50 bauds - select 50 on the 
range switch and adjust fine speed 
control as in 3 (b). 

For 75 bauds - select 70 or 75 on 
the range switch according to the 
model in use and adjust fine speed 
control using a 150 c/s tuning 
fork, as the fine speed control des­ 
ignations may not be absolutely 
accurate. 

QUESTION 4. (a) 
Describe with the aid of sketches the 

principles of signal formation in a Tele­ 
graph Character Generator suitable for 
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the production of "service codes" in a 
Telegraph Switching Centre. 

ANSWER 4. (a) 

With reference to the T send 73a 
Character Generator: the code cam 
contacts are designed to close earlier 
and open later than the transition 
times of the signal generated (graph 
(c) ), eliminating. arcing at these con­ 
tacts. Timing contacts K, each control­ 
led by an accurately cut single-lobe 
cam, close at precisely the correct 
time of each transition possible, and 
determine the leading and trailing 
edges of the character elements. 
These timing. cams turn at eight 

times the speed of the character cams, 
so the character output of the genera­ 
tor is an 8-unit code rather than the 
normal 7.5 unit code. The stop pulse 
in this case is 40mS or two units long 
instead of the normal 30mS or 1 ½ 
units. 

The timing diagram shows at (a) 
an 'R' character being generated, at 
(b) the 'K' contacts' make times, at 
(c) the resultant output from the 'K' 
contacts, and at (d) the ultimate 
output from a polarised relay con­ 
trolled by the 'K' contacts. The dot­ 
ted lines across the diagram repres­ 
ent the correct transition times of the 
signal generated. 

QUESTION 4. (b) 

List the features necessary in a Tele­ 
graph Character Generator to ensure 
reliable operation and describe with the 
aid of sketches how a "programme" of 
characters may be obtained from a 
Character Generator source. 

ANSWER 4. (b) 

Close-tolerance governor, control­ 
ling drive motor. Precisely cut tim­ 
ing cams controlling output. Good 
quality, large surface area, contacts. 
Efficient spark suppression prolong­ 
ing contact life. 

K CHARACTER • 

g~~;~~;oe } c• 
0---- '7'- 0-- TO U. 

I UNtSELECTOR 
I BANK CONTACTS-Q.. . 
: IN ORDER • ( ~NISELECTOR 
: ,EQUIREC SP \ 0--- ,. 
§-- H •• 

T 
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The character output from the 
Character Generator is fed to repeat­ 
ing polarised relays. The relay out­ 
put is then wired to the bank contacts 
of a "programme" uniselector in the 
order required to make a meaningful 
text when the wiper of the uniselector 
connects these contacts in succession 
to the signalling circuit of a machine. 
The uniselector is stepped during the 
stop pulse time of the characters. 
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t 
SIEMENS 

241-004-4 

1800 Voice Circuits per Radio Bearer 
Based on the experience overseas and in this country with 
the proven Siemens system FM 960-TV/4000, which was 
the first broadband bearer system to be put into service in 
Australia", Siemens has developed a new transistorised 

Radio Link System FM 1800/6000 
(with TWT) working in the 6000 MHz range. This system 
has a capacity of 1800 speech channels per radio bearer 
according to CCITT, or alternatively a television channel 
and up to 4 sound programme channels. 
A fully equipped route has. for example, a capacity of 
10,800 voice circuits (6 x 1800) and one TV channel, 
leaving one bearer available for standby. 

Our equipment spectrum offers also technically 
and economically favourable solutions for smaller 
voice circuit requirements. 

*Commissioned by P.M.G 's Department in 1959 between 
Melbourne and Bendigo. 

An FM 1800/ 6000 installation. 

For further information contact: 

Siemens Industries Limited 
544 Church Street, Richmond, Vic. 42 2371 
Branches at Sydney, Brisbane. Newcastle 
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the KEY to better switching 

Fifty years of specialist experience ~s the 
reason why switches designed and manufac­ 
tured by TMC Australia are specified by lead­ 
ing electrical and electronics manufacturers. 
Other manufactures of TMC Australia are: 
24-channel High-speed FM-VF Telegraph 
Equipment, Open-wire Telephone Carrier 
Systems, Transistorized Test Instruments. 
TMC Australia specialises in the design and 
manufacture of Filters used with Long Line 
Telecommunications. 

TMC 
AUSTRALIA 

Actual size of a 
TMC Illuminated 
Push-Button Key­ 
Switch. Available 
with magnetic hold 
or standard. 

Key Switches by the Key Switch Specialists 

TELEPHONE MANUFACTURING CO. [A'ASIA] PTY~ LTD. 
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Another NEW L M ERICSSON 

PABX 
Now available in Australia 

TheAKD-741 
CODE SELECTOR PABX 

AVAILABLE 
FROM 4 EXCHANGE LINES • 25 EXTENSIONS 

UP TO 14 EXCHANGE LINES • 50 EXTENSIONS 
Simplest to operate - compact and economical - the AKD- 7 41 brings a 
new degree of speed and efficiency to Telephone traffic and facilities. 
Components are the same high quality as used in the L M Ericsson public 
exchange equipment, which has been adopted by the Australian Post Office 
for the development of the National Telephone Network. Enquire now for 
complete details of the comprehensive new modern facilities now available. 



By providing electronic common control of reed relay spatial 
switching, the REX system offers an extremely compact and reliable 
solution to both the switching and control problems of modern 
exchange design, The REX exchange has been developed by AEI to 
integrate smoothly with existing automatic networks 
its exceptional flexibility ensures full growth capacity 
for both services and traffic , , , .AE:J: 

TELECOMMUNICATIONS 
iv 



_combines sophisticated electronics 
with building-block simplicity 

THE REX SWITCHING ELEMENT 
The basis of the REX system is this reed relay crosspoint switching element. It contains only nine 
components, compared with 200 in a bimotional selector, and its very simplicity makes it uniquely 
reliable. It gives highest quality transmission paths with gold at the point of connection, requires 
no routine maintenance, generates no vibration and therefore no microphonic noise. There's 
nothing to wear out and it is sealed completely to be immune to interference by dust or 
atmospheric pollution. 

THE REX SWITCHING MATRIX 
Since multiple wiring across the end-caps is inherent iri the reed relay crosspoint design, 
switching matrices can be built up in any form simply by clipping reed relay crosspoints together. 
Matrices may be enlarged in any ordinate simply by the addition of rows and columns of 
reed relay crosspoints to cater for any switching requirements. This means that unlimited 
provision for the growth of lines and links is built into the REX system. 

THE REX SWITCHING UNIT 
Basic switching arrays (normally called sections) are built up out of matrices and assembled in 
parallel to form a REX switching unit. The number of sections supplied depends on the anticipated 
originating traffic per line. Typically, a 1000-line four-section unit would serve a community with 
an average calling rate of 150 call seconds per line in the busy hour; other calling rates can be 
accommodated by varying the number of sections. 

"::i;i'" "t{:":'"' THE MULTI-UNIT REX EXCHANGE 
:::.;:§'~l~::t~ Switching and linking arrangements are provided for all sections of each unit so that complete 

' crosspoint path interconnection is made between all lines of the REX exchange. For purposes of 
security of service and simplicity of electronic control the units are divided into self-contained 
basic switching blocks termed 'sub-units'. Each sub-unit is linked only to adjacent sub-units, a 
linking pattern which provides for every traffic pattern and retains simplicity of control. 

r- - -- ---- ---- --7 
I ~-,-------,--.,......,..~ I I I 
I I 
I I 
I I 
I .---------------, I 
] S1orod prog,am I 
I I L Commoooo,,,,, J 

THE REX ELECTRONIC CONTROL 
Closely related in its simplicity to the 'building block' structure of REX switching equipment, 
the REX electronic control system has three main areas of activity: 
SCANNERS AND REGISTERS 
These determine the source and final destination of a call. 
MARKERS AND INTERROGATORS 
Provided on a per-sub-unit basis, these controls are concerned with interrogating the state of 
crosspoint paths and marking these paths through the switching sub-units. 
COMMON CONTROL 
The control processes the necessary call setting data in accordance with instructions from the 
stored programme control in such a way that the calls are routed with maximum utilisation 
of the switching network. 

V 



THE REED ELECTRONIC EXCHANGE 

serves a much greater area in far 
less space than a conventional 
exchange: every part accessible - 
every pad repla1ceabl,e ! 

The REX subscriber's lme circuit tolerates substantially wider lme conditions enabling a REX' 
exchange to serve an area much larger than that of a conventional exchange, permitting 
big reductions in line plant investment. 
AEI engineers have devised the entirely new Reed & Electronic Modular Apparatus practice 
(REMA) for the REX exchange providing completely compatible mounting of reed relays and 
electronic circuit components. Combined with a new sliding frame installation system, the REMA 
practice allows more than 20,000 lines of REX equipment to be accommodated in the space 
normally required by a 10,000 line electromechanical exchange. In existing buildings this means 
more space for future expansion: in new exchanges it makes possible great savings in 
construction and installation costs. 

(TOP LEFT) Part of a cross-point switching frame 
also showing associated electronic modules. 
(TOP RIGHT) A sub frame withdrawn for inspection 
showing the method of tape wiring. 
(AT LEFT) Electronic modules can be arranged to 
revolve horizontally or swing down for inspec­ 
tion and maintenance. 
(BOTTOM LEFT) Terminal wafers may be easily 
withdrawn from the main block to reveal circuit 
components mounted within the wafer. 
(BOTTOM RIGHT) Frame assembly illustrating the 
wiring gutters used to accommodate the tape 
wiring. 

vi 



THE REED ELECTRONIC EXCHANGE 

ehecks and reports on its 
own performance automatically! 
·The high-speed electronic control system is programmed to provide complete self-checking and 
reporting facilities for maintenance purposes. A prototype reed electronic exchange supplied to the 
BPO at Leighton Buzzard has been designed for completely unattended operation and can report all 
servicing requirements to a remote maintenance control centre. 
Exhaustive circuit design and testing during the development period, and replication of important 
items of equipment, enables a high degree of security of service to be offered. 

FUTURE· FACILITIES 
The basic design permits the provision of all future switching facilities likely to be required by a 
modern telecommunications network, including abbreviated dialling and subscribers' automatic 
transfer, together with all current standard features such as data for automatic message accounting. 
A stored programme control is provided to expedite inclusion of these facilities. 

REX-A SUMMARY 
The exchange employs electronic common control of reed relay spatial switching arrays 
providing sealed precious metal contacts in the speech-path The electronic control is simple in 
design and provides economic high-speed operation readily adaptable to provide expanded 
service and Iacihties. 
Full security of service has been achieved in the system by exhaustive testing in the design stage, 
coupled with the multiple provision (with automatic changeover) of the vital control 
functions. At the same nrne REX offers dramatic savings in floor space with consequent reduction 
in the buildinq capacity required for present switching systems in multi-exchange urban areas. 
The system 1s completely flexible to allow for the extension of lines and traffic growth It requires 
minimal maintenance which is simple and largely automatic 

INFORMATION SERVICE FOR ADMINISTRATIONS 
AEI Telecommunications Group can supply technical information on detailed aspects of REX which 
will be of interest to experts in the held of automatic telephony. In addition, courses of technical 
lectures have been prepared, together with detailed lecture notes, and AEI would welcome 
invitations for a team of lecturers to be sent to provide, for the engmeenng staff of interested 
Administrations. a short introductory course on the principles of the REX system. Later, more 
detailed courses could be arranged for an Administration's key personnel in our UK factories, 
and detailed on-site instruction would be provided during the actual installation of REX exchanges 
AEI are also prepared to consider settmg up and staffing training schools in those territories 
where it is proposed to standardise on reed-electronic exchange switching equipment. 
Please write for fully illustrated REX brochure 

:i: 
TELECOM MUN I CATIONS 

Public Telephone Systems Department (Electronic) 

Telecommunications Group 

Associated Electrical Industries Limited 

Woolwich, London SE18. 

Tel: Woolwich 2020 Telegrams: Assocelect London SE18. 

vii 
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The expedition, under the command of John McDouall Stuart, leaving Chambers Creek on 8th January 1862. 
From originals held in the Archives 
Department of the Public Library of 
South Australia. 

Point Stuart, where the coast was first reached on 24th July 1862. 

Over 100 years ago, the South Australian govern­ 
ment offered £2,000 to the first person to cross to 
the Northern part of the continent. One of the main 
reasons for doing so was to bring about the prop­ 
osed link with the cable and telegraph line to Europe. 
The reward was eventually won by John McDouall 
Stuart, who succeeded in finding a route across the 
centre of Australia on his sixth and final expedition. 
More than a century later, a new £3,200,000 trans­ 
continental microwave communications system, 
linking eastern and western Australia, is to be sup­ 
plied by G.E.C. (Telecommunications) Ltd., of 
Coventry, England. The system, one of theIonqest 
civil microwave links in the world, will be 1n service 
in 1969, By this date, telephone traffic over the 1500 
mile route linking Perth and Adelaide-as far apart 

REWARD 
as London and Moscow-will amount to about one 
million calls a year, 
Initially, the system will provide two bothway radio. 
bearer circuits, one main and one standby, with a 
capacity of 600 telephone circuits. The standby 
circuit may also be used to provide a television link 
giving a nationwide T.V. network. In addition a 
separate T.V. link will be provided between Northam, 
near Perth, and Kalgoorlie. 
Completely semiconductored equipment, operating 
in the 2000 Mc/s frequency band, will ensure maxi­ 
mum reliability and minimum maintenance of the 
equipment throughout the mainly virgin country 
which it will traverse. Over a hundred years after 
John McDouall Stuart's achievement, G.E.C. 
(Telecommunications) Ltd. will forge new links 
across the continent. 

S.G.<?. 
Takes telecommunications 
into tomorrow 
G. E.C. (falecommunicotions) Ltd., of Coventry, Englond 
Represented in Australia by , 
G.E.C. (Australia) Pty. Ltd., Telecommunications Division, 
l 8-22 Collins Street, Melbourne, C. l. 
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in Australia 
Racal Electronics Pty. Limited is a member of the 
world-wide RACAL Group which now includes 10 
companies, involving factories in Australia, United 
Kingdom, U.S.A., Canada and South Africa. This. 
Company, formed in 1961, consisted of a manager 
and typiste and operated purely as a sales office. 
Within 12 months a small repair centre was estab­ 
lished to meet both in-guarantee and out-of-quaran­ 
tee service obligations. In 1965 the total staff was 
21. The Company now employs approximately 100 
personnel, of whom some 20 are professionally 
qualified engineers, showing the emphasis that 
RACAL places on engineering and original design. 
Owing to this rapid growth of the Company, a 
five-acre site has been purchased at North Ryde, 
N.S.W. Construction has commenced on a 43,000 
square feet factory and administration centre, which 
will be occupied by September, 1967. It is antici­ 
pated that this will be increased to 110,000 square 
feet by 1972. 

Department of Civil Aviation at Cocos Island. Racal 
products are divided into two distinct categories. 
(a) Communication equipment and frequency 

standards. 
(b) Digital instrumentation. 

RACAL equipment of Australian origin includes 
solid-state H.F. communication equipment, digital 
frequency meters covering the frequencies 0.30 MHz, 
digital interval timers covering the range 1 micro­ 
second to many hours, digital clocks with a stability 
better than 100 microseconds per day, as well as 
ancillary units . 
To complement the Racal range of equipment the 
Company has negotiated exclusive Australian repre­ 
sentation for the following companies: Tracor In­ 
corporated - Rubidium and crystal frequency stan­ 
dards, VLF phase tracking receivers, OMEGA VLF 
navigation systems and general time/frequency pro­ 
ducts. Communication Electronics Incorporated - 
Receivers and auxilliary equipment for communica­ 
tions, telemetry and surveillance roles covering the 
range VLF through to SHF. Telesignal Corporation 
-VF telegraph terminals and regenerators, tele­ 
phone carrier and repeater equipments, multiplexers, 
sequential telegraph polling systems, digital data 
error protection devices and associated test equip­ 
ment. Inter-continental Instruments Incorporated - 
Pulse generators. Hatfield Instruments Limited - 
Baluns and matching transformers. RF impedance 
bridges, attenuators, transmission test equipment, 
miniature capacitor and resistor decade boxes. 
Amplivox Exports Ltd., - Headsets, ear defenders, 
microphones. Fylde Electronic Laboratories Limited 
- D.C. amplifiers. Cubic Corporation - Digital 
voltmeters, data-logging systems. 

During 1965 a survey of the instrumentation market 
in Australia was made and a decision was made to 
manufacture the widely accepted 1.2 MHz Universal 
Counter Timer type SA.535. Soon after this an 
order was received from the P.M.G. for solid-state 
High Frequency Single sideband 100-watt trans­ 
ceivers. The decision was made not only to manu­ 
facture this equipment in Australia but also to fully 
design it locally as an investigation showed that 
excellent export possibilities exist for this class of 
equipment. A section of the Company is devoted 
to communications system engineering which allows 

. detailed planning, engineering and installation of re­ 
ceiving, transmitting and transceiving stations for 
both transportable and fixed applications. A typical 
project is the 10-kW transmitting complex for the 

RACAl ELECTRONICS PTY. LIMITED HEAD OFFICE: 75-77 Chandos Street, CROWS NEST, N.S.W. Telephone: 43-0664 or, 
BRANCH OFFICE: Suite 22, 553 St. Kilda Road, MELBOURNE, Vic. Telephone: 51-5726 
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KODAK SOUND RECORDING TAPE 
EASTMAN MAGNETIC SOUND RECORDING FILM 
For the highest professional quality, together with the greatest uniformity 
in magnetic products. 
KODAK SOUND RECORDING TAPE 
TYPE 31A ¼" x 1½ mil and½" x 1½ mil LOW 
PRINT Standard Play, Durol Base 
The superb qualities of Type 31A actually provide 
a combination of two tape types. Firstly, it is a 
general-purpose tape. Secondly, it is a low-print 
tape having a print-through ratio of 54db. In achieving 
this desirable characteristic, the output has not been 
lowered as with other low-print tapes - in fact, the 
output is about 33% greater than conventional 
general-purpose tapes. Type 31A is ideally suited 
for professional mastering and all general-purpose 
standard play applications. 

TYPE 34A ¼" x 1½ mil and½" x 1½ mil HIGH 
OUTPUT on Durol Base 
This professional tape has 125% more undistorted 
output than conventional general-purpose tapes. Yet 
this increase in output has been attained without 
the usual increase in print-through. The print-through 
ratio is equal to that of most other general-purpose 
tapes. Type 34A also has a second use - low noise 
applications. Because of its great dynamic range, 
tape noise can be greatly reduced simply by lowering 
the record level. 

TYPE 21A ¼" x 1 mil EXTRA PLAY on Durol 
Base 
The same low-print oxide dispersion as with Type 
31A but coated on 1 mi I Durol Base to give 50% 
more playing time for a given reel size. Type 21A 
has added advantages of Durol Base. 

TYPE 21 P ¼" x 1 mil and ½" x 1 mil EXTRA 
PLAY on Polyester Base 
A companion to Type 21A having the same low-print 
oxide layer, but this tape is coated on stronger 
polyester base which has been tempered to reduce 
stretching. 

TYPE 11P ¼" x ½ mil DOUBLE PLAY on 
Polyester Base 
The low-print oxide layer is coated on tempered 
½ mil polyester base; this gives twice the playing 
time of standard play tape. 

TYPE 12P ¼" x ½ mil TRIPLE PLAY on 
Polyester Base 
Special high-potency oxide is coated in a compact 
layer on tempered ½ mi! polyester, increasing 
playing time threefold over standard play. Type 12P 
exhibits superior print-through characteristics, less 
noise and higher output than any other triple 
play tape. 

KODAK THREAD-EASY REEL 
The design of the KODAK Thread-Easy Reel saves 
valuable time by simplifying threading. Just lay the 
end of the tape back through the slot, give the reel 
a twist and it is ready to record. Sturdy one-piece 
construction and dynamic balance give smooth tape 
transport and even winding. All edges are bevelled 
and all surfaces super-smooth. As an extra bonus, 
there is a splicing jig, a matte writing surface and 
an indexing scale on both sides of every KODAK 
Thread-Easy Reel. 

EASTMAN MAGNETIC SOUND RECORDING 
FILM, TYPE A704 
A full-width-coated magnetic sound recording film 
formulated for high undistorted output, low noise 
and an excellent signal-print ratio. The unique binder 
provides chemically stable magnetic dispersions of 
unusual abrasion resistance together with a highly 
uniform, smooth-surfaced coating for optimum high 
frequency sensitivity and excellent dynamic range. 
Made in 35mm, 17.5mm and 16mm width rolls. 

EASTMAN MAGNETIC SOUND RECORDING FILM TYPE A704 
STOCK ROLLS CORE PERFORATION TYPE WINDING SPECIFICATION 

35mm 1,000 ft K KS-1866 666 
17. 5mm 1,000 ft z KS-lR-1866 B 340 
17. 5mm 1,000 ft z KS-lR-1866 A 341 
16mm 1,000 ft z lR-2994 B 612 
16mm 1,000 ft z lR-2994 A 618 
16mm 1,200 ft z lR-2994 A 618 
16mm 1,200 ft z lR-2994 B 458 

TYPE A704 FILM to specifications other than those listed is available to special order. 

KM9S31/R Magnetic Products Sales Division. KODAK (Australasia) PTY. LTD. Kodak 
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PLESSEY 
at Expo 67 
Montreal 

To give an informative account of the nine main 
exhibits in the Australian Pavilion 250 luxurious 
"talking chairs" are arranged among the exhibits to 
give an intimate and detailed description of each 
display. 
These are remarkable chairs! A seated person actu­ 
ates an electrical circuit and hears an interesting 
and informative dialogue between two people dis­ 
cussing the nearby exhibit. Loudspeakers located 
in the headrest of the chair connect to one of 250 
endless loop stereo cartridge recorders located 
elsewhere in the Pavilion. 
These stereo cartridge recorders were expressly 
developed by the Rola Division of Plessey Compon- 

ents Group for the Montreal Exposition. 
The Government Department responsible for the 
display set exacting performance standards - the 
recorders must operate CONTINUOUSLY for six 
months, the duration of the Exposition. 
Reliability and minimum maintenance were essen­ 
tial requirements. 
Following development of this high performance 
recorder Rola Division has produced a commercial 
Desk Top model. This cartridge unit meets the 
specialised needs of the broadcast industry. The 
high standards of the Montreal recorder are 
matched but the design is particularly suitable for 
station operators and other professional users. 

Montreal Cartridge Recorder 
Desk Top Cartridge Recorder 

• 
Plessey Components Group 
Rola Division The Boulevard 
Richmond E1 Victoria Telephone 42 3921 
NSW Plessey Components Group Rola Division Box 2 PO Villawood Telephone 72 0133 
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You can pick out 
the new Deltaphone 
with your eyes 
closed 

Even in the dark, you can tell the 
new Deltaphone is revolutionary. 
Try picking it up with one hand. Easy. 
The compact body is only slightly 
wider than the dial-4·3 inches (109 
mm.). And it's as lightweight as it is 
compact. At 4 ounces (120 gms.), the 
handset-which rests neatly along 
the body-is less than half the 
weight of an ordinary handset. 
Listen when the phones start ringing. 
The Deltaphone doesn't. It warbles 
discreetly. At any volume level you 
choose. 
And, when it's silent, the Deltaphone 
still attracts attention. By its looks. 
Its functional elegance has earned an 

award from the Council of Industrial 
Design. 
Once you've studied its high tech­ 
nical specifications, seen the res­ 
trained colours in which it comes, 
and noted such features as optional 
dial illumination, you'll have your own 
awards to make. 
Sufficient to say now that the Delta­ 
phone is ideal for reception areas, 
modern offices-wherever prestige 
is essential. 
Standard Telephones and Cables 
Limited, Telephone Switching Group, 
Oakleigh Road, New Southgate, 
London, N.11. Telephone: ENTer­ 
prise 1234. Telex: 21612. 

world-wlde telecornmunlcatlons '"' electronics s Tc 
67/3D 



xiii THE TELECOMMUNICATION JOURNAL OF AUSTRALIA June, 1967 

... the same people 
who make telemetry 
& remote supervisory 
control equipment 
for electricity 
authorities ... ? 

The same people ... making the same 
systems for all kinds of 
other projects besides 
power transmission networks. 
After all, whether it's a supervisory 
installation for a new electric 
power distribution system, 
or for rain-gauging in the 
Mcleay River Valley, or for controlling 
and programing the city intersection 
traffic lights in Melbourne, 
the basic function of the equipment­ 
one of control and telemetry- 
is very much the same in each case. 
This is why you will find TCA 
individual systems of telemetry and 
control playing a critical part in 
these and similar operations ... 
radio and TV broadcasting, water and 
sewage reticulation, 
water storage, and many others ... 
The same people, the same know-how, 
the same competency ... 
as in all other fields of communications. 

Telecommunication Company of Australia Pty, Ltd. 
Hendon, S. Australia . , , and all States. 

-- ---------- 
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Calling 
arnarvon 

"Is that you, Sis? 
Wonderful news! 
Betty's just had a son." 
Even in remote Carnarvon -600 lonely miles north of Perth­ 
a technological world of space tracking, of communications 
with the Pentagon, defence stations and warships, 
it's still a world of people. People who need people. 
The voice of a friend from across a continent can ease the isolation. 
Telephone cables made by A.S.C. (Austral Standard Cables) 
help bridge the distance, keep the Carnarvon people 
in touch with relations and friends. All over Australia A.S.C. cables 
play an important part in telecommunications. 
A.S.C. cables are used in weather control systems, hospital emergency 
systems and water control in the Snowy Mountains, and 
millions of miles of A.S.C. cables have been supplied to 
the Australian Post Office for the telephone that sits on your desk. 
Austral Standard Cables for safe, sure communication. 

Austral Standard Cables Pty. Limited. Head Office, 325 Collins St., Melbourne, C.l. 
Works at Maidstone and Clayton, Victoria, Liverpool, N.S.W. and Hornby, Christchurch, N.Z. 
Laboratories at Maidstone. 
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Now available in laboratory kits - 
Electrosil 1, 2 and 5% tolerance 

triple-rated resistors! 
Never before has so much 
flexibility been presented in 
resistor laboratory kits. And 
every resistor in each kit has 
three ratings - semi-precision, 
high stability and general pur­ 
pose. An Electrosil innovation, 
Triple rating is the concept 
which led to the introduction of 
Pattern RFG5 of DEF Specifi­ 
cation 5115.1. It is the first 
really new piece of resistor 
thinking for decades, and is 
now used by 70% of Britain's 
electronic manufacturers. Triple 
rating immediately reduces 
storage space, inventory levels 
and associated clerical work. 
Now it is available to you, in a 

choice of kits at three different 
tolerance levels. Details of re­ 
sistors available in kits are as 
chart on right. 
Prices of TR5 Resistor Kits, 
each containing 600 resistors 
in 30 different values are. $66 
(5% tolerance), $/12 (2%), 
$7 32 (1%). Sales tax 25% 
extra where applicable. 
For further information on 
these and other kits, please 
phone 27 431 8 in Sydney, 
94 0491 in Melbourne, or 
23 1922 in Adelaide. 

CORNING 
ELECTRONICS 

RATING (Watts) 70°C 

Type DEF 5115-1 Semi High General Length Dia 
Style Pre- Sta- Pur- ins ins 

cision bility pose 
-- 

TR 4 RFG5-F 1 /16 1/8 1/4 .281 .09 
RFG2-0.25 1/4 

--- 
TR 5 RFG5-E 1/8 1/4 1/2 .375 .1 

RFG2-0.5 1 /2 
--- --- - 

TR 6 RFG5-D 1/4 1 /2 1 .593 .1\ 
RFG2-1.0 1 

--- --- 
TR 8 RFG5-C 1/2 1 2 .728 .33 

RFG2-2.0 2 

25,000 hour max. 
drift 1% 2% 3% 

8 

5 

6 
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NEW 
VERSATILITY 
VARIPAK II 

PRINTED CIRCUIT CARD ENCLOSURE 

VARIPAK II is our improved printed circuit or matrix board 
card enclosure designed to provide maximum density 
coupled with complete flexibility. It has, in addition, the following features: 

1. Simplicity of Card Guide design offers grt:tater 
strength. 

2. Guides can be easily inserted into Guide Plate 
and also quickly removed from any position 
without damage to either the Guide or the 
Guide Plate. 

3. Card Guides have sufficient float to allow for 
any tolerance accumulation between the Card 
Guide and connectors. 

4. Guide Plate fabrication from extruded aluminium 
provides a much stronger unit. 

5. Connector Panel is assembled with machine 
screws and nuts rather than self-tapping shee1 
metal screws. 

6. Sixteen standard sizes covering a wide range of 
printed circuit card sizes are available. 

7. Special sizes can be provided with little or no 
tooling charges. 

DUAL PURPOSE MODULE ENCLOSURE 
PRINTED CIRCUIT OR MATRIX CARD 

The Elco 5002/4 Series Printed 
Circuit Connectors shown with a 
printed circuit board is unique 
in its design and flexibility. The 
actual connection is made by 
a male contact. attached to the 
P .C. board by a simple staking 
operation. This ensures a de· 
gree of reliability which cannot 
be obtained by the old method 
of connection. This method 
relied on the foil of the P.C. 
board for the actual male con· 
tact and unlike the ELCO 
contact, did not provide the 
gold surface now considered 
almost essential by experienced 
circuit engineers. 
The connector itself is made 
from individua.l modules and can 
be readily altered if this ~e~ 
comes necessary at some later 
date. 

An ELCO 5023 Series Printed 
Circuit Connector with a Vector· 
Board Type 837 BWE epoxy 
glass matrix board is an ideal 
combination for prototypes. The 
strong board will withstand 
even the most rugged handling 
and can be drilled or punched 
for mounting components with 
no danger of cracking or 
breaking. 
Elco contacts may be quic~ly 
staked to the board, if required 
and by using the special MINI­ 
KLIP terminals for component 
mounting, the board may be 
wired i.n the same actual layout 
which will be used when a 
printed or etched circuit module 
is made. This means that even 
in the very early prototype 
stage the circuit can have all 
the advantages of plug.in 
facilities. 

Technical Data Bull.etins 00-5002, 00-5023_ and the Vector. leaflets may be obtained from any ELCO Distributor 
ELCO (AUSTRALASIA) PTY. LIMITED. A subsidiary of International Resistance Holdings Limited 

The Crescent, Kingsgrove, N.S.W. Phone: 50 0111 (20 lines) 

I 
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Efficiency begins with a system 

Plessey PAX private automatic telephone 
and comm_unications systems 
Instant contact with every member of your organi­ 
sation makes for an efficient, smooth-running 
business. 
Plessey PAX systems, designed and manufactured 
in Australia, offer you many time-saving facilities 
such as code calling, dictation service, public 
announcements, push-button dialling, loud-speak­ 
ing telephones and complete security for all 
confidentia! conversations. 
Plessey PAX systems are never cluttered with 
outside calls and you will be surprised how little 
they cost to run. 

Plessey PAX systems are marketed throughout 
Australia by Communication Systems of Australia 
Pty, Limited. 

Ring your nearest CSA Office now for a demon­ 
stration. 
Sydney 642 0311 
Melbourne 329 6333 
Adelaide 51 4755 
Canberra 9 1956 
Newcastle 61 1092 

Perth 3 1587 
Brisbane 2 3287 
Hobart 34 2828 
Townsville 6232 
Launceston 2 2828 

Plessey Telecommunications 
Communication Systems of Australia Pty. Limited 
87-105 Racecourse Road, North Melbourne, N.1, Victoria 
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EDDYSTONE 
IIIGH ST ABILITY 
COMMUNICATIONS 
RECEIVER 
MODEL 880'2 

Of most advanced design, this model 
offers many advantages, and is directly 
suitable for reception of single-sideband 
signals. Notable are the extremely high 
frequency stability, precise frequency 
setting, and ease of operation. The first 
oscillator is specially designed for high 
thermal, mechanical and voltage stabil­ 
ity. In effect, the "880/2" gives the, 
equivalent of crystal control whilst per­ 
mitting continuous coverage from 500 
KHz to 30.5 MHz. Other advantages are 
a very low level of radiation, and pro­ 
vision for use in diversity with common 
oscillator control. The standard table 
model is easily converted to rack mount­ 
ing. 

/(//4 Austraiian 

VIC.: 608 Collins Street, Melbourne. 61-2464. 
N.S.W.: 64 Alfred Street, Milson's Point - 

929-8066. 
OLD.: L. E. Boughen & Co., 95 Central Ave., 

Sherwood - 79-2207. 
W.A.: H. J. McQuillan Ply. Ltd., l 017 Wel­ 

lington St., Per!h-21-4821. 

TRIM AX for a complete transf armer range! 
Trimax have avail­ 
able most types 
of transformers, 
ranging in weight 
from a fraction of 
an ounce to half 
a ton. You bring 
us the problem - 
we will supply 
the transformer. 

LM ERICSSON 

/ 
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we are _ e~pand1ng 
to match the growth in telecommunication 



EPOCOR 
the new name for 
epoxy/ copper 
laminated circuit 
boards ... 
now made in 
Australia by STC 

Manufacturers of electronic 
equipment can now depend 
on immediate delivery of their 
requirements in laminated cir­ 
cuit boards. STC is now manu­ 
facturing Epocor ( Epoxy/ 
copper) circuit boards in Syd­ 
ney, in a full range of standard 
sizes, from 1 /64" to 1 ", to 
MI L. specifications, at a price 
which is competitive with 
imported boards. The epoxy 
board, much more stable than 
bakelite, is virtually unbreak­ 
able. Standard sheets are 1 8" 
x 18" or 36" x 36". Sheets will 
be cut to any size required. 

Single-sided or double-sided 
copper sheathing (of 1 oz. or 
2 oz. per square foot) or plain 
(with no copper). The product 
offers high electrical proper­ 
ties, high temperature range. 
Special orders on application. 

Further information from: Standard 
Telephones and Cables Ptv. Limited, 
Components Division, Moorebank 
Avenue, Liverpool. N.S.W. Phone: 
602.0333. Melbourne44.5161. Can­ 
berra 9.1043. Agents in Brisbane 
47.4311, Perth 21.6461, Adelaide 
51.3731, Launceston 31.2511 

worldwide telecommunications and electron;cNs ITT 
ASSOCIATE 



NEC and Lani Bird 

Most of the intricate electronic equipment for KDD's 
(Japan's Overseas Radio and Cable System) earth 
station at Juo, near Tokyo was manufactured and 
installed by NEC. The Juo station is Japan's link 
with INTELSAT's 11-8 (Lani Bird) transpacific tele- 

1 phone and television transmission system currently 
in operation. This is just one example of NEC's ac­ 
claimed 4elecommunications and electronics prowess. 

NEC products cover just about every field of 
application in the world of telecommunications and 
electronics. Telephone exchange-carrier transmis­ 
sion-radio communication-radio and TV broad­ 
casting- navigation -electronic data processing­ 
data transmission-automation. 

Consult NEC, the organization with the widest 
range of systems and components in the industry. 

P.O.Box l ,Takanawa,Tokyo,Japan Nippon Electric Company.limited 

Products for today - 
Innovations for tomorrow 

NEC 
PR!NTED BY HEDGES 8: BELL LTD., MARYBOROUGH, VICTORIA 


