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ACTUAL PROBLE~IS OF TELEPHONE SWITCHING 
H. ODEN, Dip/. Ing.* 

Editorial Note: Mr. Oden of Standard 
Elektrik Lorenz delivered the substance 
of this article as a lecture to the Vienna 
Institute of Technology in May, 1962. 
The Editors are indebted to S..E.L. for 
permission to reprint the English trans 
lation of the expanded text of this lec 
ture. 

NEW COMPONENTS AND 
TECHNOLOGIES AS STIMULUS 
In the last two decades, scientists and 

engineers have developed a number of 
remarkable new technologies and com 
ponents such as transistors, multistable 
magnets, reed switches, solar batteries, 
waveguides, etched circuits, printed 
components. These new components 
and technologies not only enhanced 
the progress in conventional equipment 
design, e.g., the construction of portable 
miniature radio sets, but also promoted 
the development of novel equipment 
like communication satellites and high 
speed computers which could not have 
been realized by conventional means. 

Stimulating influences are exercized 
by these new technical achievements 
also on the telephone switching art. 
Development work aiming at different 
objectives may be noticed everywhere 
which can be summed up under the 
headings: "Electronics in Telephone 

*Mr. Oden is Chief Engineer, Switching 
Systems, Standard Elektrik Lorenz, Stuttgart, 
W. Germany. 

Switching" or "Electronic Telephone 
Switching." 
This article shall be an attempt to 

compile systematically and describe the 
manifold. starts which eventually may 
lead to a gradual or complete structural 
change in telephone engineering and 
as far as it is already possible today 
to appraise their advantages and their 
difficulties. In doing so this investiga 
tion is limited to telephone switching 
although the same applies also to the 
switching systems for digital information 
to mention only the electronic buffer 
store in store and forward systems for 
teleprinter traffic. 
The occasion of a perhaps funda 

mental structural change in telephone 
switching should be used for a broad 
visioned critical analysis whether the 
performance characteristics of today's 
systems are adequate to meet future 
requirements or whether new services 
should be provided. In this case it is 
insignificant if such new services can 
only be rendered possible by electronic 
means or if they can also be realized 
at the present state of the art. 

DEFINITIONS, SOLUTIONS, POINTS 
OF VIEW FOR THE APPRAISAL 

When arranging the switching systems 
in operation or in development accord 
ing to the basic principle of their 
switching networks and further sub 
dividing them with respect to the corn- 

ponent used, a scheme similar to that 
illustrated in Table 1 results. All com 
mercially available systems use switch 
ing networks operating on the space 
division multiplex principle, i.e., a 
separate transmission path is set up for 
each connection through the exchange. 
Solutions using a switching network 
operating on the time-division multi 
plex principle associate each connection 
with an individual instant in a recur 
rent time cycle on common transmission 
paths or highways which can carry 25 
to 100 connections simultaneously. For 
the frequency division multiplex sys 
tems using a separate carrier frequency 
for each connection, no details are given 
because at the present stage of develop 
ment this system is not interesting from 
an economic point of view. 

Electro-mechanical systems which use 
space-division switching only because 
of the inertia of the components are 
known in a great diversity of systems 
equipped both with sliding and with 
pressure contacts. Systems made up 
largely of electronic components in the 
control circuits may be classified as 
semi-electronic. Several systems of this 
type (1-3) are presently in operation. 
(Though, strictly speaking, "electronic" 
components, i.e., components without 
mechanical movement, have been used 
in the earliest type telephone systems 
in the form of resistors, capacitors, 
glow lamps, etc., these systems should 

TABLE 1: SWITCHING SY.STEMS AND THEIR COMPONENTS 

Components Switching Systems 

I I I 
Space-division Time-division Frequency-division 

1-------1----1 I 1---1---1 

electro- semi- I quasi- I fully- 2-wire 4-wire 
mechanical I electronic I 

I 
1-l-1 

Sliding I Pressure PAM PAM 

I 
PCM 

contacts contacts 

Uniselectors, 
Two-motion selectors, 
Ericsson selectors ... K K 
Motor uniselectors K K K -- 

Crossbar switches K K 
Relays with open 
contacts s K s K s 
Relays with sealed reed 
contact K s s 
Tubes s s K s K s K s K s 
Semi-conductors s s K s K s - K s K s 
Magnetic Components s s K s K s K s K s 
K = Components used for connecting two circuits. 
S = Components used in control circuits (in a broad sense). 
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Fig. 1.-Resonant Transfer for Time-Division-Multiplex Systems (according to Svalal. 

not be classified as semi-electronic. For 
practical use its seems more appropriate 
to call a system semi-electronic only 
when essential switching functions, 
hitherto accomplished by electro-mech- 

anical means, are performed by elec 
tronic means, for instance, replacing a 
mechanical pulse repeater by multi 
stable magnets, converting a relay 
marker to diode and transistor circuits, 

substituting a relay chain by a diode 
matrix, etc.) 
Fully-electronic solutions using exclu 

sively components without mechanical 
movement are shown on the right side 
of Table I. If operating on the space 
division multiplex principle, they mostly 
contain bistable gas-filled tubes or semi 
conductor diodes and triodes as cross 
point elements, Besides some experi 
mental models set up in laboratories of 
the telecommunications industry ( 4- 7), 
exchanges have been built which are still 
rendering efficient service, e.g., on a 
French man-of-war (8), or which have 
been successfully operated, e.g., in 
Morris, Ill., U.S.A., where an exchange 
served several hundred subscribers for 
about one year (9-11). Fully-electronic 
systems based on the time-division 
multiplex principle are, apart from their 
first application for military equipment 
(12), still in the state of development or 
laboratory tests. Mention shall be made 
of the laboratory model Dollis Hills 
and, derived from it, the experimental 
exchange Highgate Wood, which both 
have been developed by the British 
working group, the Joint Electronic 
Research Council (JERC), formed by 
members of the British Post Office 
and of the telecommunications indus 
try. Highgate Wood will be put in 
operation before Jong. The two ex 
changes work on the 4-wire principle 
using amplitude modulation and have 
one highway each for speech and signals 
in either direction of transmission. Two 
wire systems with amplitude modula 
tion to which also the aforementioned 
military system belongs are being 
studied at several places. 

DBP: Syst. 55 
SEL: HKS 
ATT: No. 5 Cr. 
Schw.V.: A 204 

German PTT Administration, Local System Type 55. 
Standard Elektrik Lorenz AG, Crossbar System HKS 442 (21). 
American Telephone & Telegraph Co. Crossbar System No. 5 (22) 
Swedish PTT Administration, Crossbar System A 204 (23). 

CGCT: Pent. 

BTM: 7E 
ATE: 5004 
BTM: 8A 
NTT: XX 
ATE: XX 

Comp. Generale de Constructions Telephoniques, Crossbar System 
Pentaconta (3). 

Bell Telephone Manufacturing Co. Rotary-System 7 E (1). 
Automatic Telephone & Electric Co. Crossbar System 5004 (24). 
Bell Telephone Manufacturing Co. Crossbar System 8 A (2). 
Nippon Telegraph & Telephone Co. Crossbar System (25). 
Automatic Telephone & Electric Co. Crossbar System (26). 

SEL: HE60 
S & H: ESM 
BTL: ECASS 

BTL: DIAD 

BTL: (ESS) 

Standard Elektrik Lorenz AG, System HE-60 (27). 
Siemens & -Halske AG, System ESM (28). 
Bell Telephone Laboratories, Electronically Controlled Automatic 

Switching System (29). 
Bell Telephone Laboratories, Drum Information Assembler and 

Dispatcher (30). 
Bell Telephone Laboratories, Ferreed-Variant of ESSEX (20). 

1 LCT: XX 

3 { 

BTL: ESS 
Phil.: XX 
LCT: XX 
SEL: XX 

4 { 
BTL: ESSEX 
JERC: MK II 
BTM: XX 
LME: EMAX 

Laboratoire Central de Telecommunication, Marine Telephone 
Exchange (8). 

Bell Telephone Laboratories, Electronic Switching System (11). 
N. V. Phillips' G!oeilampen Fabrieken, see (7). 
Laboratoire Central de Telecommunication, see (6). 
Standard Elektrik Lorenz AG, see (5). 

Bell Telephone Laboratories, Experimental Solid-State Exchange (17). 
Joint Electronic Research Council, Mark II (14). 
Bell Telephone Manufacturing Co., see (31). 
L M Ericsson A. B. Electronic Multiplex Automatic Exchange (15). 

Non-electronic 
lflectro-mechanicall 

Semi-electronic 

Quasi-electronic 

Fully-electronic 

Fig. 2.-Examples for Switching Systems. 
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CU 
0. 

~ 
0 
'-' 

Number. of Subs. lines per Office---- 
Fig. 3.-Cost of Subscriber Line as a Functio11 of the Office Capacity. 

(a) Decentralized Control (Space-Division) 
(b) Centralized Control (Space-Division, Time-Division) 

Since in time-division systems speech 
samples from the audio-frequency signal 
are extracted in recurrent time cycles 
only, such systems inherently have a 
considerable insertion loss in the switch 
ing network. This disadvantage has 
been overcome to a large degree by the 
method of "resonant transfer" described 
by Svala 1 (15). As illusrated in Fig. 1, 
the speech energy between two samp 
lings is stored by a capacitor to be 
transferred instantaneously, at the 
moment of the connection of the two 
sections, in a resonant circuit to the 
opposite side (the contacts in the high 
way close for the duration of a quarter 
cycle of the angular resonant frequency). 
Theoretically, the signal transfer is loss 
free. In practice, the insertion Joss of 
several switching stages can be reduced 
to the order of 2.5 to 4.5 db. 
Time-division-multiplex systems with 

pulse code modulation (16, 17) which 
are likewise under study at several 
places show a radical change from con 
ventional systems. They convert the 
speech signal into digital signals for 
routing through the exchange. Gener 
ally, the analog speech signal is con 
verted into six digi ta! stages so that 
2s = 64 amplitude levels (correspond 
ing to irregular amplitude steps of the 
audio frequency signal) can be dis 
tinguished. Often, a seventh signal 
element per channel is additionally pro 
vided for a channel signalling circuit. 
The class of exchange systems listed 

in the column "quasi-electronic" (Table 
1) uses, besides the electronic compon 
ents, also an electro-mechanical com 
ponent, the reed switch (18-20). This 
is a mechanical switching contact her 
metically sealed in an envelope filled 
with an inert gas. In this paper, a 
switching system is called "quasi-elec 
tronic" if the switching network uses 
reed switches exclusively and the con 
trol circuits are made up of electronic 
components and reed switches. Group 
ing of such systems into a special class2 
appears to be justified on technical 
1. Independently suggested by Cattermole, too. 
2. Sometimes this combination is assigned 
without restriction to the class of fully-elec 
tronic systems. 

grounds and because it is being studied 
at several places. 
For the control circuits of an 

exchange, too, both the space-division 
multiplex or the time-division multiplex 
principle may be applied (completely or 
partially). Fig. 2 illustrates the classes 
of systems which may be formed by the 
application of the different switching 
principles to the switching and control 
networks and of the different compon 
ent groups and shows some examples 
of solutions and suggestions so far 
known. 

But it is not only the question of the 
components and the type of switching 
and control networks to be used which 
must be considered in the search for 
the best solution to a new switching 
system; also in other respects new sug 
gestions will have to be examined and 
evaluated. 

There is, for instance, the remarkable 
idea to conect all subscribers' lines via 
"concentrators" (4, 11) to the exchange, 
i.e., via dependent switching units out 
side of the exchange. In this case, the 
exchange proper would only have dis 
tributing functions without concentra 
tion and expansion stages. Simultan 
eously it is suggested that such an 
exchange acting as a central control 
facility should serve as large a number 
of subscribers as possible. According 

I 
I ------------- .••.. , 

,, I 
/ J 

>S<
,,,,,,:,,..,,· 
/ 

------( r would correspond 
! // tolotalfailure _____ .), 

r, r, 

r, 

wr--'1 

Relative loss or availability= t;~~:::e~~i~e period 
Fig. 5.-Loss of Availability. 

to these plans this central control equip 
ment is also to serve a number of offices 
including the associated concentrators, 
wideband information channels being 
provided between the control section 
on the one hand and the offices and 
concentrators on the other. Plans of 
this kind no longer restrict themselves 
to a rearrangement of an exchange but 
they may influence the basic structure 
of the local network. The insertion of 
such systems into networks of conven 
tional design will create additional 
problems. 

MI 

MI 

I• ~ • X1 •. • 2 

10 
Mill 

Fig. 4.-Active Width and Depth of Failure. 
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a min ~ 0.2 N (1.7 db) considering the 
singing margin of the two-wire ampli 
fier as represented by the office 
0.4 > a > 0.2 N (1.7 db) 
amedium = 0.3 N (2.6 db) 

Fig, 6.-lnsertion Loss in an Office. Left: With Electromechanical Crosspoints. 
Right: With Electronic Crosspoints. 

In the appraisal of a proposed system 
its prospective fields of application 
should be taken into account. It has 
to be checked for its adaptability to 
two-wire local exchanges, two- and four 
wire long-distance exchanges, specific 
wideband data switching networks (if 
any), PABX systems and, last but not 
least, for the maximum and minimum 
exchange capacity which can still be 
economically justified. 
Also the compatibility with existing 

switching and transmission systems, both 
from a viewpoint of circuit layout 
(adaptation expenditure) as well as net 
work structure and attenuation schemes 
has to be considered. With regard to 
the attenuation schemes, insertion loss, 
attenuation distortion, delay distortion 
(and its variation) as well as stability 
are of special interest. 
Present systems are also suited for 

transmission of signals outside the speech 
band in addition to the voice. These 
outband signals are frequently used for 
transmission of metering information or 
for subscriber identification. For systems 
which enable no outband signalling the 
cost of substitute solutions has to be 
regarded. 

Office with electro-mechanical 
crosspoints 

I Feeding I cross-I Feeding I 
/ bridge I points I bridge I 
I 0,0SN I ON i O,OSN I 

~ 
I I I I 
I .1 . I I 
I I I I 
I I I I 
1 

I I I 
I I I I 
I I I I 
I I I I 
I I I 
I 

0,5 
H 
0,4 

'" 0,3 c:: 
.!:! 

~ 0,2 c:: .•. :;::: 
< 0,1 

a= 0.1 (0.9 db) 

Fig. 7 .-Components for Quasi-electronic Systems. 

Office with electronic 
cross points 

!Feeding I cross-1Amplifier1
1 
Feeding I 

I bridge I points I bridge 

1 
a.as N 10,4:to,osNro,2±0,osNI o,osN I 

ik...rl..L.~ TL.JjXll~IL.JT 1 
I J I I 
I I I I I 
I 1 1' I I I I l!t,~ I 
I I 
I I 
I I 
I I 
I I 

COMPARISON BETWEEN SPACE 
DIVISION AND TIME-DIVISION 

SOLUTIONS 
Time-division switching systems basi 

cally differ from space-division switch 
ing systems (32). The clear circuit lay 
out of space-division systems facilitates 
maintenance works and fault localiza 
tion. Moreover, since for each con 
versation the speech connection has to 
be established but once, cross-point 
elements of moderate speed, e.g., electro 
mechanical components, suffice. In 
time-division systems, on the other 
hand, which require several thousands 
of short-time connections per second to 
the common transmission path in the 
course of each conversation, fast operat 
ing electronic switching elements are 
mandatory both in the speech paths as 
well as in the control circuits. This, in 
tum, stipulates a high degree of con 
centration because only a common cen 
tral control is able to ensure correct 
timing. Space-division systems in com 
parison allow any degree of centraliza 
tion to be used, ranging from the fully 
decentralized control to the one-at-a 
time principle, even for very large 
offices. Time-division systems require 
adapting circuits in their inputs and 
outputs for matching to audio-frequency 
switching and transmission equipments, 
as well as to conventional subscriber 
lines. Their economy, further, depends 
on the bandwidth of the signal to be 
transmitted, as a wider frequency band 
(e.g. for data systems) results in a 
reduced number of channels on the 
highway. 
From the above explanations which 

so far are in favour of space-division, 
no final conclusion must be derived as 
long as no definite data for a cost and 
space comparison are available. 
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Subs.stations 

20.000 
Contacts 

500 

15.000.000.000 
Contact operations 

within 25 years 
2,5°/o Mio ~er contact 6 °/. } Subs. stations 

3 •t. ;> Crosspoint elements 

<I> 0,03 Mio 
per contact 

Crosspoint 
elements 

75°/o 15000 

</>50 Mio 
per contact 

51°/. { IT 
Relays 21,7°/. ,::::::3500::::::::: 

0,8 ., •.... : .......•.. 
150 

Fig. 8.-Number of Contacts in a PABX for I 00 Extensions and Number of Contact Operations 
during a 25 years Period of Operation ( rounded-off values). 

CENTRALIZATION OF THE 
CONTROL ELEMENTS 

· Solution formulas based on a high 
centralization of the control elements, 
which is unavoidable in time-division 
but often also very attractive in space 
division, mainly devote themselves to 
large and very large exchange systems. 
However, it should not be forgotten 
that most offices are of a relatively small 
capacity. (In 1958, for instance, 98% 
of all local offices in Western Germany 
had less than 2,000 lines, or 95% of all 
subscribers were served by offices with 
less than 4,000 lines). 
The question as to whether and to 

what extent it is desirable to centralize 
the control equipment of a switching 
system is of major importance. High 
centralization is partly considered a 
merit and partly a disadvantage of a 
system, and therefore is applied only 
hesitatingly. 
The degree of centralization of the 

control equipment exercises a direct 
influence on the office cost as a func 
tion of office capacity. Fig. 3 shows 
that in decentralized systems the cost 
per subscriber line starting at an initial 
value increases steadily with the capa 
city of the office. In centralized sys 
tems, on the other hand, a considerable 
amount of initial equipment is required 
which in small offices raises the mean 
cost per subscriber's line whilst it 
decreases progressively with increasing 
office size. Presumably, the two curves 
will cross at a point showing an office 
size below which decentralization, and 
above which centralization will prove 
more economical. Nobody is able to 
predict where this point will be. 

3. By replacing the linear scale used here for 
WE, WT and the time by a more suiting scale 
(logarithmic scale?) an even better representa 
tion of the fault weight might be possible. 

40°/. 

</>1,8 Mio 
per contact Relays 

From the operational point of view 
a centralized control offers the advan 
tage that modifications in the system's 
working program can be carried out 
from one place only, thus permitting 
easy programming of all system func 
tions (11, 33). It additionally provides 
a possibility to continuously monitor, 
by means of the control equipment, 
proper operation of the system by 
routine test programs and to localize 
faults by "diagnostic" programs. 
However, the greater the centralization 

of the control equipment in a switching 

system, the more thought has to be 
given to the functional reliability of the 
control circuits if the system is not to 
become too vulnerable. Faults occur 
ring in the centralized control equip 
ment are more serious than those in 
decentralized circuits. Referring to the 
example illustrated in Fig. 4, a failure 
of a marker I, which handles the out 
going and incoming traffic of 200 lines 
of an office serving 2,000 subscribers, 
would affect 10% of the subscribers by 
100% loss of traffic. The marker failure, 
in this case, has an "active width" 
WB = 0.1 and an "active depth" WT = 1.0 resulting in an "availability loss" 
VV = 0.1 X 1.0 X failure duration = 0.1 X failure duration. Failure of 
a marker II, which serves the entire 
outgoing traffic (WT = 0.5) of one half 
of all subscribers (WB = 0.5) will result 
in availability loss VV = 0.5 X 0.5 X 
failure duration = 0.25 X failure dura 
tion. Finally, if marker III fails in 
such manner that one tenth of the out 
going traffic (WT = 0.05) of all sub 
scribers (WB = 1.0) is blocked, the 
availability loss will be VV = 0.05 X 
1.0 X failure duration = 0.05 X failure 
duration. Fig. 5 shows how the weight 
of a fault can be represented by means 
of a three-dimensioned graph (34)3. 
Failure of a central control facility 
serving the entire system on the one-at 
a-time principle would lead to a total 
failure of the system (WT = 1.0 and 
WB = 1.0 and consequently VV = 1.0 
X failure duration) graphically repre 
sented by a square block with base 
dimensions 1 X 1. Since an availability 
loss of the order of 1.0, or in the proxi 
mity thereof is not acceptable in a 
switching system-in contrast to com 
puter systems=-serious problems arise 
for systems with extensive centralized 
control. 
The only way to ensure uninterrupted 

operation of centralized units is by 
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Fig. I 0.-Crosspoint Element ( right below) and Crosspoint Strip with dry reed switches; at 
either side of the topmost switch and at right in front of the strip are screening plates. 

providing standby equipment, either in 
the form of complete duplication of 
the respective switching device (with two 
variants: firstly the two units are used 
alternatively or in different parts of the 
exchange and upon failure of one equip 
ment the other one takes over the whole 
load; second variant, the standby equip 
ment is available in the event of trouble) 
or through subdivision of the central 
ized equipment into smaller operating 
units, each of which being duplicated. 
If due to this subdivision a system con 
tains a number of identical central 
equipments, a smaller number of 
standby equipments (or even just one) 
may be provided for several operating 
units. 
Duplication or provision of standbys, 

however, requires facilities for the initia 
tion of signals indicating fault condi 
tion, i.e., the necessity for standby 
switching. Such signals may be derived 
from redundant codes, redundant cir 
cuits, routine tests or time allowances. 
Redundancy in switching circuits may 
be provided on the principle of an 
error-detecting code in such a way that 
any irregularity will cause a fault but 
simultaneously initiate a signal for 
standby switching. It may also be 
advanced to conform with an error cor 
recting code so that the switching cir 
cuit continues to operate upon appear 
ance of one error. The redundancy loss 
caused by the error, however, must be 
signalled at once because the protection 
provided is lost. Similar considerations 
apply to complete switching links: If 
two _identical switching links operate in 
parallel, the presence of differing out 
put information indicates the occurrence 
of a fault. Special action, however, is 
required to identify the faulty link 
(corresponding to an error detecting 
code). If three switching links operate 
in parallel, the. link with the differing 

output information can be disconnected 
on the "majority decision" principle 
(corresponding to an error correcting 
code). Again a signal is required to 
warn of the redundancy loss. 

Special attention has also to be paid 
to the reliability of the information 
channels discussed in the preceding sec 
tion, which in many system proposals 
are provided between the centralized 
control facility and the remote switch 
ing equipment it controls. The vulner 
ability of such "pilot channels" is 

increased because interferences are also 
liable to occur on lines, i.e., outside of 
operating rooms. Duplication in this 
case requires a standby channel on 
another route. 
The precautions for safeguarding the 

operation of centralized control facilities 
have to be carefully investigated. It 
should be examined for example, 
whether the change-over facilities that 
effect switching from operating to 
standby equipment and the alarm cir 
cuits are sufficiently reliable (dupli 
cated?) and whether they meet redund 
ancy loss signalling requirements. Un 
fortunately, these additional reliability 
assurance provisions for centralized con 
trol facilities partially reduce their 
operational and economic advantage 
resulting from the fact that they have 
to be provided but once. 

FULLY ELECTRONIC SOLUTIONS 
FOR SWITCHING SYSTEMS 

Preliminary to the discussion of fully 
electronic solutions for switching sys 
tems, the question as to the usefulness 
or necessity of electronic systems has 
to be dealt with. Undoubtedly, the 
frequently cited argument "modern" 
should not be taken too seriously. 

Of the advantages attributed to elec 
tronics in telephone switching, the attri 
bute "faster" shall be dealt with first. 
Electronic switching elements operate 
faster than electro-mechanical ones. 
The application of electronics is suffi 
ciently justified if time-division switch 
ing which cannot be realized by 
electro-mechanical means should turn 
out to be the ideal solution. The higher 
operating speed of electronic switching 
elements, however, opens still a wider 
field of application. They permit a high 
degree of centralization of control 
equipments in systems of any kind 

Fig. I I .-Slide-in Switch Block fr,;imes. 
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because their operation is quick enough 
to permit control of even the largest 
exchange systems from one place. The 
risk of excessive centralization and the 
necessity to provide measures for limit 
ing the effect of a fault in central equip 
ments have already been pointed out. 
If quick-operating components are not 
more expensive than slow-operating 
ones, but provide the same degree of 
reliability without raising any additional 
problems (e.g., because the functions are 
no longer quasi-stationary), they may 
eventually lead to a reduction of the 
number of components and thus of cost. 
Furthermore, the application of high 
speed electronic switches permits an 
extensive use of traffic routing to be 
made (with routes of first, second, etc., 
up to the last choice) with a consequent 
economy in trunk plant and reduced 
vulnerability in local and long distance 
networks. Also "re-arranging switch 
ing networks" using recurrent reassign 
ment of the connection paths during a 
call in order to reduce the internal 
blocking of the switching network and 
to enable the setting up of connections 
which otherwise could not be put 
through, can only be realized by the 
speed of operation of electronic com 
ponents. 
Another argument frequently brought 

forth in favour of electronic switching 
systems is that they are "lighter" or 
"smaller". A comparison of the space 
required for several semiconductor 
diodes with that required for a single 
telephone relay shows that it is possible 
to construct all-electronic exchanges 
that require less space than conventional 
exchanges. Whether and to what extent 
4. Some day, perhaps, "semiconductor inte 
grated networks" (35) will offer a remedy in 
as much as a functional unit comprising several 
individual components could be considered one 
single component. 

TABLE 2: COMPARISON OF MECHANICAL AND ELECTRONIC 
SWITCHING ELEMENTS 

Mechanical Switching Elements Electronic Switching Elements 

Advantages Disadvantages Advantages Disadvantages 

Suitable for Suitable for 
space-division space and 

only. time division. 
Slow (lms to Fast 

10 ms). (10 ms to 1 µs) 
Number of switch- Service life not 
ing operations dependent on 

limited number of switch- 
(107 to 109) ing operations. · 
Large space Small space 
requirements. requirements. 

Little dependent Temperature 
upon ambient dependent. 
temperature. 

Good switching Moderate switch- 
ratio ( - 1010) ing ratio 

(105 to 107) 

High switching Low switching 
capacity (lOW) capacity (lOmW) 

this advantage has to be paid for by 
higher costs or the need for artificial 
temperature stabilization cannot yet be 
foreseen. It should also be taken into 
consideration that a saving in the bay 
room floor space when related to the 
entire exchange would only amount to 
a factor of 0.4 because an exchange 
comprises still other equipments such 
as the main distribution frame, etc., the 
size of which could not be reduced as 
yet. Saving of space by greater pack- 

Fig. 12.-Matrix 10 x 5 o-f an 8-wire Link with Dry Reed Switches for ToU Registers. 
Frame dimensions: 320 x 272 mm ( 12 19/32 x l O l l /16 in.) 

ing densities of the components (e.g., 
because they need no longer be access 
ible for adjustment purposes) may lead 
to "smaller" but not to "lighter" equip 
ment necessitating adequate heat dissi 
pation (artificial cooling?) and floor 
loading. 
Finally, electronics are often claimed 

to be "more reliable". Undoubtedly, 
electronic components have the advan 
tage of remaining unimpaired by atmos 
pheric influences (contact corrosion, 
mechanical disturbances). Apart from 
e.g. electron tubes, they are not sub 
jected to wear and tear and require no 
adjustment in the field. They even can 
not be re-adjusted, thus excluding any 
maladjustment. On the other hand, when 
changing to electronic solutions there 
is an obvious increase in the number 
of components required per line+ which 
in part cancels the advantage inherent 
to electronic media as the failure 
liability increases with the number 
of components. Present-day modern 
switching systems-e.g., using crossbar 
switches-have already attained such a 
high degree of reliability that it will 
not be easy to compete with them or 
even surpass them in the future. 
Electronic switching has the advan 

tage of being highly suited for auto 
matic production while electro-mech 
anical systems always require a large 
proportion of highly paid manual 
labour. With continuously rising labour 
costs, conventional systems may thus 
become so expensive that the still high 
priced electronic systems will then offer 
real price advantages. This is certainly 
a positive feature of the electronic solu 
tions. Moreover, changing to electronic 
systems would include the advantage 
that identical components, equipment 
practice, and manufacturing methods 
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Fig. 13.-Close-up of a Quasi-eledronic Central Translator for Subscriber Long Distance Dial 
ling. The Slide-in Panels house the Coincidence Circuits incorporating Dry Reed Switches. 

Panel dimensions: 45 x 90 x 126 mm ( 1 49/64 x 3 35/64 x 4 3 l /32 in.) 

for the three main branches of com 
munication, i.e., switching, transmission 
and information processing, may be 
used, which in the long run will have 
a favourabe influence on costs. 
Unfortunately, the fully electronic 

solutions for telephone switching have 
also some drawbacks (at least with the 
presently known components) at the 
very switching element, i.e., at the point 
where the speech paths are connected. 
In Table 2, the advantages of electronic 
switching elements are compared to 
these difficulties. The switching ratio 
of electronic switching elements being 
poorer by several orders of magnitude 
introduces considerable cross-talk atten 
uation or insertion loss problems. Since 
a decrease of the cross-talk attenuation 
is not admissible in order not to violate 
the privacy-of-conversation principle or 
impair the transmission quality, this 
handicap usually is overcome by admit 
ting a somewhat greater insertion loss 
than in electro-mechanical switching 
systems. Theoretically, this increase of 
attenuation can be compensated for by 
amplifiers. Sometimes the switching 
element itself has a negative differential 
resistance (36, 37). Unfortunately, each 
amplification introduces temporary 
gain variations (due to temperature 
response, supply voltage fluctuations and 
ageing of components) so that, on 
account of the required singing margin, 
it has not yet been possible up to now 
to attain the low attenuation values 
used in electro-mechanical crosspoint 
elements. Fig. 6 shows the attenuation 
curves of an electro-mechanical and an 
electronic exchange. This increased 
insertion loss may be insignificant for 
a single exchange; however, conflicts 
with the internationally accepted atten 
uation plans are to be expected if in 

the future several or all exchanges in a 
connection will have the same increased 
attenuation values. The required reduc 
tion of attenuation could incidentally 
be effected in the subscriber's station, 
particularly if the latter has to be 
equipped with an amplifier because a 
better but less sensitive microphone is 
provided. However, the increase of the 
near-end cross-talk will set a rather close 

limit to this method of improving the 
attenuation conditions. 

Besides the poorer switching ratio of 
electronic crosspoint elements, the 
power handling capacity being likewise 
poorer by some orders of magnitude is 
unsatisfying, too. As a result of the 
lower power handling capacity it is no 
longer possible to transmit high-power 
ringing current through the exchange 
switches. Therefore, voice frequency 
ringing (38, 39) mostly is provided in 
fully-electronic systems, i.e., the sub 
scriber is called by means of a voice 
frequency within the level range of the 
speech signals. The voice frequency is 
amplified in the subscriber station and 
applied to a loud-speaker. This means 
that the introduction of such systems 
also requires a new and more expensive 
subscriber station. 
In a developing art such as semi 

conductor elements, rapid development 
of new techniques and components with 
improved characteristics is to be 
expected, so that an early conclusion 
should be avoided, 

QUASI-ELECTRONIC SOLUTIONS 
FOR SWITCHING SYSTEMS 

The problems arising with full-elec 
tronic crosspoint elements as described 
in the preceding section suggest the idea 
to examine whether the manifold advan 
tages of electronic switching circuits 
could be exploited in a system approach 
using at the critical spot of the cross 
point an electro-mechanical element 
because of its superior switching ratio 
and power handling capacity. (Of course, 
the low switching speed of electro 
mechanical components unfortunately 
then excludes the application of time 
division solutions.) This would be a 
promising solution if there were an 

TABLE 3: CHARACTERISTICS OF SWITCHING ELEMENTS 
Open 

I 
Semi- 

Switching Sliding 

I 
Pressure Sealed conductor 

element contact contact reed switch Gas tube element 

quasi- 
System semi-electronic electronic fully-electronic 

Speech good good good moderate moderate transmission 

Joint use for good good good bad bad control circuits 
---- 

Temperature no no no high high sensitivity 

unneces- 
Operating speed slow medium high high sarily 

high 

Atmospheric great great no no no influence 

Reliability medium high very very very 
high high high 
very very very 

Working life medium long long 
I 

long long 
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electro-mechanical crosspoint which also 
incorporates the advantages of electronic 
components such as insensitivity to 
atmospheric conditions, automatic mass 
production, freedom from adjustment 
and maintenance. 

Such a component is the dry reed 
switch" (18-20) developed by the Bell 
Laboratories. It combines the good 
switching performance of a mechanical 
switch with high reliability and insensi 
tivity to atmospheric conditions, needs 
no servicing, has a long service life and 
can also be manufactured in automatic 
mass productoin. Fig. 7 shows this and 
other essential components, i.e., tran 
sistor and diode, of a quasi-electronic 
system. 
Table 3 shows that the characteristics 

of the dry reed switch compare very 
favourably with those of other com 
ponents used as crosspoint elements in 
space-division systems. Concerning its 
working life and switching speed refer 
ence is made to Fig. 8 which shows by 
the example .of a crossbar type PABX 
for 100 extensions that, though 75% 
of all contacts of the system belong to 
the switching network, these contacts 
carry out only 3 % of the contact opera 
tions within 25 years of service. Since 
the reed switch is able to perform 10s 
to 100 switching operations in a pro 
perly dimensioned circuit, it meets the 
life requirement for this application. 
The low number of switching operations 
also shows that no particular require 
ments need be made regarding the 
operating speed of the component. Thus, 
the operating speed of the dry reed 
switch (switching time 1 to 2 ms) is 
quite sufficient for this switching func 
tion in a space-division system. 
The above statement explains why 

such switching systems which, due to 
the reasons cited above, certainly may 
be ciassified as "quasi-electronic", are 
being studied by several laboratories. 
Among others, German and American 
telecommunication firms as well as the 
British Post Office in co-operation with 
the industry (20, 27, 28, 30, 40) are 
engaged in these projects. In spite of 
the use of the same type of compon 
ents, quite different solutions are 
obtained. Fig. 9 indicates some pos 
sible lines of approach. 
Fig. 9a shows the crosspoint elements 

arranged in a matrix. By simultaneously 
switching on a vertical and a horizontal 
coil, each providing half of the required 

5. The dry reed switch manufactured by SEL 
is sold under the registered name "Herkon" 
(hermetically sealed contact). 

6. The exchange was cut into service in July, 
1963, with 500 subscribers connected and fol 
lowing satisfactory performance, is now being 
extended to 1,500 lines capacity. After more 
than ten months of operation, neither a total 
breakdown nor a failure involving a large num 
ber of lines has occurred. So far the follow 
ing troubles have been recorded: 1 wire break 
(caused during expansion work), 2 diode 
failures (wrong type diodes installed), 1 short 
circuit in wiring (manufacturing defect), 1 
transistor failure (caused during expansion 
work), 3 sealed reed switch failures (two of 
them presumably caused by the above tran 
sistor failure in conjunction with a manufac 
turing defect). The only effect these failures 
had was that the duplication became effective. 
The operation of the trial exchange was not 
affected. 

!------------- ------~ 
sse 1--~~~~~--- I Final Mixing Directional I 

I 
I 
I 
I 
I 
I 
I 
I 
JI Class of line J 

translator I 
L----------------+---~ 

operate ampere-turns, the crosspoint to 
be operated is marked by magnetic 
coincidence. 
The switching matrices of Fig. 9b and 

9c contain individual coils to be con 
trolled, e.g., by means of an access 
matrix consisting of diodes. An elec 
trical excitation (9b) or a built-in per 
manent magnet (9c) keep the crosspoint 
elements in actuated condition. The 
interconnection can be cancelled by 
interrupting the holding circuit or by 
applying a reverse pulse. When the 
second method is used all crosspoints 
engaged in the establishment of the 
connection have to be addressed once 
more to be restored to normal by a 
de-marking procedure. This introduces 
some difficulties when applying the so 
called "end-marking technique" (41). 
Finally, Fig. 9d shows an arrange 

ment in which the dry reed contacts of 
the crosspoints are actuated by means 
of a bistable magnet (20) which is trig- 

Switching relays (42) and crosspoint 
elements (43) were created by using the 
aforementioned reed contacts. By simply 
combining an excitation coil with a 
permanent magnet a "break relay" is 
obtained. The reed contacts are held 
in make-condition under the action .of 
the permanent magnet and are opened, 
when required, by the cancellation of 
the permanent magnet field with the aid 
of an opposing electric excitation. Fig. 
10 shows a (four-wire) crosspoint 
element and a 10-point mounting strip 
for housing the crosspoint elements. 
(Screening plates are required only for 
control duties, but may be omitted in 
switching grids because two adjacent 
coils never will be simultaneously ener 
gized.) These crosspoint strips are then 
combined-also together with electronic 
control media - in plug-in panels to 
form switch blocks (Fig. 11). 

(These components and their arrange 
ment, incidentally, have proven success- 
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other groups 
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Fig. 14.-Trunking Arrangem.ent of a 2,000-line Group of the Proposed System HE 60. 
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gered by a current pulse to the desired 
direction. This principle may be modi 
fied in different ways. If the bistable 
magnet can be triggered by a very short 
pulse, then the arrangement simultan 
eously functions as a "time trans 
former": A pulse of the order of micro 
seconds triggering the magnet causes 
the reed contacts to operate after a 
lapse of time of the order of milli 
seconds, so that even relatively slow 
crosspoint elements can be connected 
to high-speed central control equip 
ments. In this case, too, a de-marking 
process has to be initiated to release the 
cross points. 

EXAMPLE OF A QUASI 
ELECTRONIC SOLUTION 

Some details of the system concept 
HE-60 of SEL shall be given in the 
following to facilitate an understanding 
of quasi-electronic switching systems. 
An experimental exchange based upon 
this principle will soon start operation 
in Stuttgart. e It is also planned to install 
a similar exchange in Vienna. 

ful in several years of operation in 
some SEL equipments designed for use 
in the German subscriber long-distance 
dialling network. Fig. 12 shows the 
switching matrix of a register hunter 
with 8-wire crosspoints and Fig. 13, a 
close-up of a quasi-electronic central 
translator (44) for deriving the charging 
and routing information from the local 
network code). 
Fig. 14 shows the layout of a 2,000- 

line group of the system proposed. This 
is a register-controlled link system in 
which no relationship between switching 
stages and the digits of the directory 
number exists. Within such a group of 
2,000 lines, operations are performed 
on the one-at-a-time principle. The 
number of lines of such groups was not 
limited to 2,000 due to the switching 
speed of the central control equipment 
(the mixed use of electronic switching 
media and dry reed switches in the con 
trol circuits permits serving of even 
larger groups) but solely by the safety 
requirements. If several 2,000-line 
groups are provided then it will be 
possible to establish one incoming and 
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one outgoing connection for each group 
at the same time. 
Incoming connections from other 

offices are handled in arrival groups 
which are somewhat simpler in design 
and comprise separate registers. 
A subscriber lifting his handset is 

connected via the concentration stages 
A, B, C, D to a feeding circuit A for 
outgoing calls and via the register finder 
grid (switching stages E, F) to a register 
from which he receives dial tone. He 
dials into this register which, as soon 
as sufficient information is available, 
establishes the connection to the desired 
outgoing direction via the directional 
grid (switching stages G, H) by means 
of a directional marker. Incoming con 
nections from other groups are handled 
with the aid of the directional marker 
of the originating group and the group 
marker of the destination group, the 
group connector GV linking the two 
markers in the marking circuits. 
The establishment of connection 

through the various switching stages is 
based on the "conjugated selection 
principle", i.e., a link to a following 
switching stage is only seized if com 
pletion of the connection up to· the 
destination is ensured. This will be illu 
strated in Fig. 15 by the example of a 
three-stage concentration arrangement 
with 16 inputs and 6 outputs, assuming 
that the full-line trunks are seized. A 
connection to any one output is 
requested from the input marked I. 

In case of unconjugated selection 
(Fig. 15a) the selector of the 1st stage 
rotates to the first free outlet and seizes 
the associated link. The connection, 
however, will be stuck because the 
selector connected to this link cannot 
find a free outlet. The routes on which 
a free outlet might have been reached 
if the selector of the first stage had not 
seized the first free line, are shown by 
dashed lines. Thus unconjugated selec 
tion results in high internal blocking 
which can only be compensated for by 
a corresponding amount of crosspoints. 
The principle of conjugated selection 

can be realized in different ways. In 
the system HE 60, use is made of the 
so-called guide wire. This is an addi 
tional marking lead which is run 
parallel to all links without, however, 
passing through the crosspoint-elements, 
i.e., without increasing the number of 
leads to be switched. To connect the 
input marked I in Fig. !Sb with any 
one output, an "offering signal" is 
applied to the guide wire on the input 
side which is transmitted in fan-like 
shape via all free links to the outlets. 
On the output side, any one of the out 
lets marked free can be selected and 
marked by a "catching signal". In the 
example given, the always-the-lowest 
route principle is assumed. The catch 
ing signal causes a selecting procedure 
(in this case: "the lowest link marked 
by an offering signal"), to take place in 
the marker of the respective switching 
block of the last switching stage, thus 
determining one specific return link. 
The process is repeated up to the input 
of the switching section so that eventu 
ally the "offering signal fan" is reduced 

to· one single route and a connection is 
established without any negative attempt, 
provided that a connection possibility 
was existing at all. 
Fig. 16 shows a schematic diagram of 

a switching block and the function of 
the guide wire. The offering signal is 
fed as negative potential from the left 
to the guide wire m', regenerated in an 
offering amplifier and applied in parallel 
to the guide wires m" of all links lead 
ing towards the right side. Seized links 
suppress the offering signal by ground 
ing the guide wire. A catching signal 

of positive potential coming from the 
right effects connection of the stage 
marker to the respective switch block 
of this stage by means of relay B. The 
marker then selects, if offering signals 
on several guide wires are available, a 
specific guide wire and marks it in turn 
by applying the positive catching signal 
The combination of guide wires marked 
from the right with those marked 
towards the left determines the cross 
point to be operated. Through-connec 
tion of the respective speech and auxi 
liary wires is then effected by the cross- 
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Fig, 16.-Switching Block-Simplified Diagram. 

point without pressure of time. The 
crosspoint holds itself in the c-wire via 
a holding contact until it is released 
again by the breaking of the c-wire. 
The class-of-line translator provided 

for each 2,000-line group (Fig. 14) 
furnishes information relating to parti 
cularities of a line (blocking, transfer, 
classes of authorization, PBX numbers, 
etc.) while the routing translator derives 
the desired direction, or an alternative 
route, from the dialled number and 
communicates this information to the 
register. 
To ensure reliable operation of a 

2,000-line group, among others the fol 
lowing measures are taken: 
For the switching stages B, C, D of 

the concentration grid and E, F of the 
register finder grid, two common inter 
mediate-stage markers ZSM 1 are pro 
vided (Fig. 14) which have access to 
half of the switch blocks of each switch 
ing stage. Failure of one of the markers, 
which will be signalled, may cause a 
reduction in traffic capacity but will 
never result in complete failure of a 
specific subscriber group. Similiarly, 
the intermediate-stage marker ZSM 2 
serving the directional switching stages 
G and H is duplicated. In the end 
stage A two end-stage markers ESM 
interwork in such a way that one serves 
the even numbered hundred-line groups 
and the other the odd groups. In case· 
of failure of one marker the second 
marker will serve all hundred-line 
groups. 
The group marker which assigns a 

register to a calling subscriber and 
directs the incoming traffic to the wanted 
subscriber, and the directional marker 

which controls the outgoing (within the 
calling group, to other groups, or to 
another office) are duplicated in such a 
way that even all access contacts and 
access multiples are available twice. 
Normally, the marker and its standby 
operate alternately. In case of a 
failure in one marker the other marker 
takes over the whole load without loss 
of traffic capacity, thereby initiating, of 
course, an alarm. The fault signals are 
obtained from the supervision of error 
detecting codes and by time allowances 

for the individual switching functions. 
Moreover, at each establishment of con 
nection, the marker tests whether all 
leads to be switched through are free 
of potential up to the last switching 
stage, and that they carry a specific 
potential after reaching this stage. If 
any particular test circuit fails to 
respond, a fault signal will be initiated. 

In case of trouble, the information 
relating to the switching elements 
involved in the particular connection 
is fed into a "data memory" (Fig. 17). 
As soon as a fault signal appears, the 
respective switching condition is held 
for a few milliseconds to permit the 
numbers of the markers, links, etc., 
concerned to be recorded in this 
memory, which then may pass them 
without hurry to an indicating panel, 
printer or perforator. It is expected 
that by means of the information 
recorded, fault localization will be con 
siderably facilitated. 

NEW SERVICES 
As has been mentioned above, the 

expected fundamental change in tele 
phone switching offers an opportunity 
to examine the list of performance 
characteristics and to consider whether 
new telephone services are desirable. In 
doing so the change as such is essential, 
but not the expected more or less inten 
sive transition towards electronics. And 
that all the more so as apparently all 
conceivable new services for the sub 
scriber can also be realized technologi 
cally by the present-day modern sys 
tems, e.g., the crossbar systems. (Per 
haps in some cases electronic switching 
systems will offer, however, less expen 
sive solutions.) 
From a technological point of view, 

the dream of a "television telephone" 
could have been realized long ago. The 
economic difficulties, however, accruing 
from the necessary modifications in the 
exchanges and the required bandwidth 
on the subscriber, local and long dis 
tance lines will prohibit a general intro 
duction for a long time. 

Sub. 

+ to data memory 

'( from the switching elements 

Display panel, Printer, Perforator 
Fig. 17.-Storing of Data for Fault Localiz:ation. 
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The establishment of connections 
between more than two parties, the 
"telephone conference" (Fig. 18a), would 
offer some advantages to the user. Diffi 
culties concerning tariff regulation, 
message accounting and attenuation 
conditions are to be expected. 
The user should not only be able to 

freely decide to have a telephone 
installed, he should also be given an 
opportunity to put his telephone tem 
porarily out of operation if he does not 
want to be disturbed. A "telephone 
pause" (Fig. 18b) could be signalled to 
the callers by a tone signal, if necessary 
with the announcement "called sub 
scriber absent" or the calls could be 
transferred to an information position. 
The subscriber wanting to initiate a 
"telephone pause" dials a predetermined 
code number, for instance, which starts 
the necessary switching functions, and 
another code number for cancelling 
this condition. Since modern switching 
systems usually include identification of 
the calling subscriber an abuse of this 
facility may easily be prevented. Another 
solution would be to suppress, e.g., the 
first five rings if the telephone pause 
feature is effective at the called sub 
scriber. 
This condition is signalled to the caller 

by a distinctive ringing tone who then 
may replace the handset. However, if 
he thinks the call important enough to 
justify a disturbance he permits the 
ringing condition to continue. The 6th 
and the following rings actuate the bell 
of the wanted subscriber while the 
caller now receives normal ringing tone. 

a) 

--x-@ 

c) 

12hoxc;~~:phooe 
L _ ~ Telephone of -- X ~ visited person 

0515: 

[Q]y-~g 
,,six fifteen'' 

The disadvantage of this solution of 
the telephone pause is that it requires 
the introduction of a new audible signal 
while persons not very familiar with 
the telephone are not even able to dis 
tinguish the presently used signals cor 
rectly. 
Another feature which might be called 

"visitor's service" (Fig. 18c) (10, 45) 
effects, after initiation by the subscriber 
(dialling of a code number and a direc 
tory number), that all arriving calls are 
transferred to that last dialled sub 
scriber's number, e.g., that of a friend 
to be visited. This feature may also 
become effective if the called subscriber 
is busy or if he does not reply after a 
predetermined lapse of time. Many 
variants are conceivable. If, however, 
this visitor's service should be extended 
beyond the local exchange area of the 
subscriber concerned, then the attenua 
tion problems will become critical. 

Often it is annoying if the called sub 
scriber is found busy again and again 
although he probably would prefer to 
interrupt the existing conversation if 
he knew that a third party was calling. 
This problem could be solved by a 
"knocking" feature (Fig. 18d) in such 
manner that an audible "knocking signal" 
is transmitted to the conversing parties 
if a third party has dialled the number 
of one of them. The caller would 
receive a special busy tone for a pre 
determined time (say 10 seconds) giv 
ing the conversing parties the possibility 
to terminate their conversation in favour 
of the new call. The "new" connection 
will then be established right away. If 

b) 

[Q}x-- 

d) 

[Q}--x---- 

Third 

Al Special 
besy tone 

8) Warning 
lone 

f) 

complete No. 
Fig. 18.-Proposed New Services: (o,) Telephone conference, (b) Telephone pause, (c) Knocking, 

( e) Automatic waking, ( f) Abbreviated dialling. 

called 
with ,,K' 

Fig. 19.-Push-Button Telephone Station. 

the conversing parties do not terminate 
the conversation within the predeter 
mined time, a change from special to 
normal busy tone advises the caller to 
replace the handset. Unfortunately, this 
service, too, cannot be realized without 
introducing new audible signals. 
An "automatic call-to-rise feature" 

(Fig. lSc) could be realized in such 
manner that the subscriber dials a ser 
vice number and, after reception of the 
answer signal, selects hour and minutes 
he wants to be waked by means of his 
dial. The facility then takes care that 
the subscriber - whose calling number 
had been ascertained by the call-to-rise 
service-is automatically called at the 
specified time, e.g., by the speaking 
clock. In an expanded version, the sub 
scriber could be enabled to record a 
message or text which will be talked 
back to him at the desired time. 
It would also be possible to create a 

group of "priority subscribers" whose 
requests for a connection rank before 
normal subscriber calls. If a·· priority 
subscriber encounters a busy trunk 
group or subscriber, a waiting condi 
tion is set up for a limited period of 
time. As soon as a trunk or the wanted 
subscriber becomes free, the waiting 
priority subscriber is handled with pre 
ference. This type of service requires 
the identification of the origin ( class 
of authorization) over the whole con 
nection path. As variants, permanent 
and temporary priority (push-button 
operation in response to busy tone) 
could be conceived. The problem of 
charging priority subscribers could be 
solved by a special fixed fee, or better 
still-as it becomes effective only dur 
ing the time this facility is used-by 
means of a higher metering pulse rate, 
e.g., doubling the pulse periodicity. The 
provision of a priority facility might 
also contribute to compensate, to a cer 
tain degree, the need of authorities, etc., 
for special networks. 

Of special interest is the problem of 
"push-button selection" (46), which will 
replace the slow-operating dial by a 
keyboard (Fig. 19). The progress con 
sists not only of a more convenient and 
quicker input of dial information but 
also and primarily, when used in con 
junction with high-speed switching 
elements, of a considerable speeding-up 
of the establishment of connection. It 
may be expected that the conversion 
from dial to push-button selection will 
entail an improvement ratio of I : 4 
for short numbers, and still of I : 2 for 
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long numbers, with respect to dialling 
time and - in conjunction with high 
speed switching media-also to switch 
ing-through time (Fig. 20). The tele 
phone user would not benefit from the 
high operating speed of the proposed 
new switching systems if the duration 
of establishment of connection con 
tinued to be dependent on the slow 
operating dial. Besides the advantages 
for the subscriber, push button selection 
also contributes to reduce the holding 
time of the lines and exchange equip 
ment, particularly of the registers. 
Another interesting feature might be 

the "abbreviated dialling" (9, 10). It 
enables any telephone user given this 
class of service to fix several frequently 
used subscriber's numbers (local or long 
distance) which he then may reach by 
two-digit numbers. Lest no directory 
numbers will be lost in the local net 
work it is recommended to give the 
criterion for abbreviated dialling either 
by a train of eleven pulses ( dial selec 
tion) or by an eleventh key (push-button 
selection) (Fig. 21). When marking the 
eleventh hole of the dial or the eleventh 
key by the letter K, the eleven calling 
numbers Kl, K2 to K9, KO, KK are 
available for such short numbers. Opera 
tional studies showed that by means of 
eleven numbers a considerable portion 
of the telephone traffic can be covered. 
In addition to a simpler dialling pro 
cedure, abbreviated dialling provides in 
conjunction with modern and fast oper 
ating exchanges the additional advan 
tage? of substantially reducing the time 
required for the establishment of a con 
nection, which not only conveys more 
comfort to the subscriber but also 
results in reduced holding times for 
registers and subscriber lines. 
The abbreviated dialling feature may 

be realized according to Fig. 18 f: After 
identification of the abbreviated dialling 
criterion (1st digit = K), the register 
calls in a translator which determines, 
from the calling subscriber's number 
and the 2nd digit, the complete number 
of the required subscriber and conveys 
it to the register. 

7. Also compared with so-called auto-dials 
installed at the subscriber's premises. 

• 2', 

I s 

•• 20 
] 

o--1-----==:::::::::=-----4-------4--------~ 
0 1S 

Number i of Digits - 
Fig. 20.-lncrease of Operating Speed by Push-Button Selection. 

10 

OUTLOOK 
Obviously it is still too early to try 

to find an answer to the question what 
the switching system of the future will 
be. The variety of development work 
under way at different places shows 
that up to now no specific system has 
established a clear superiority. For this 
reason the alternatives: space- or time 
division and quasi- or fully-electronic 
solution, have been compared in this 
paper, and attention has been drawn to 
some points of particular interest for 
the appraisal of systems, as they are 
not directly obvious in a comparison 
of cost, space requirements, efficiency 
and reliability. 
It is to be welcomed that in the near 

future a number of experimental ex- 

changes using different techniques will 
be built. This will offer a possibility 
of studying the various concepts and 
comparing them. These comparisons, 
however, must not be restricted to 
clearly measureable values (cost, cur 
rent consumption, space and mainten 
ance requirements) but should also 
cover those properties which cannot be 
expressed by figures (differing perform 
ance characteristics, complexity of sys 
tem). Fortunately, there are telephone 
switching systems available today (e.g., 
crossbar switching systems) of such a 
high quality that there is no need to 
expedite the development. Designers 
all over the world appreciate the oppor 
tunity of letting their plans mature 
quietly. 

Fig. 21.-Dial and Push-Button Keyboard for Station with Abbreviated Dialling Facility. 
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CROSSBAR TRUNK EXCHANGES FOR THE AUSTRALIAN 
NETWORK-PART I. 

Editorial Note: Pali II of this article 
will appear in the February, 1965 issue 
and will deal with Charging Require 
ments, Traffic Characteristics, Registers, 
Line Relay Sets, Special Facilities and 
other aspects. 

INTRODUCTION 
The use of crossbar trunk exchanges 

in the Australian telephone network is 
a natural outcome of several decisions 
which were made a few years ago. 
These included the decision to adopt a 
common control system for the switch 
ing of telephone traffic, the decision to 
push on with and accelerate the move 
towards nation-wide subscriber trunk 
dialling, the decision to adopt a cross 
bar switching system, and later, after 
consideration of the equipment avail 
able at that time, the decision to use 
and manufacture in Australia the L M 
Ericsson types of exchange. References 
1 to 9 cover the reasons for these vari 
ous decisions in much more detail. 
Initially the emphasis was on the 

development of local switching systems. 
One of the most urgent problems con 
fronting the Department at that time 
was the need to meet the situation in 
the Sydney and Melbourne metropolitan 
networks where 7 digit working using 
conventional step-by-step exchanges was 
increasing and where the whole local 
switching system was becoming increas 
ingly inflexible and costly. It was 
decided to use L M Ericsson ARF 102 
type crossbar for the larger automatic 
exchanges in Australia both for new 
exchanges and for extensions of step 
by-step exchanges. Because the policy 
of the Australian Government is to 
manufacture in Australia as much as 
possible of the switching equipment we 
require, it was also decided to manu 
facture the ARK 51 and ARK 52 
exchanges in Australia for use as small 
terminal exchanges and to discontinue 
the production of bi-motional switch 
ing equipment. 
It was always envisaged that crossbar 

trunk switching equipment would also 
be introduced to permit nation-wide 
subscriber dialling with a nation-wide 
unique numbering scheme, and the 
equipment covered by Australian Post 
Office Specification No. 959 (10) and 
described in this article will meet this 
need. 

Since 1938 motor uni-selector ex 
changes together with 2 VF signalling 
equipment have been used to provide 
single operator dialling in the trunk 
network, particularly in the period from 
1950 onwards. During the decade fol 
lowing 1950 trunk traffic approximately 
trebled without a very significant 
increase in the number of trunk opera 
tors. 

*Mr. Wright is Engineer Class 4, Switching 
and Facilities Section, Planning Branch, Head 
quarters. See page 421. 

The use of ARM equipment of L M 
Ericsson design is now proposed, and 
growth in the trunk system will be 
catered for by circuits and switching 
equipment over which the subscribers 
may establish their trunk calls directly 
to the maximum extent possible. 
Although some subscriber trunk dialling 
equipment is already in use, the rate of 
introduction of subscriber trunk dial 
ling will now be greatly increased, and 
the current target is for 66% of all 
trunk calls to be subscriber dialled by 
1975. Although this will involve a con 
siderable outlay in capital, it is expected 
that this can be achieved without sub 
stantially greater investment either in 
trunk or trunk switching plant and with 
a very great saving in the number of 
operators required to handle calls. This 
is in line with the estimates and experi 
ence of all other major Administrations 
in the world. 
In particular, it is estimated that the 

capital investment required in trunk 
switching equipment during the next 
10 years will be of the order of 
£43,000,000 to provide subscriber 
trunk dialling. To continue with pre 
sent equipment would cost approxi 
mately £31,000,000, but by 1975 there 
would be an additional 13,500 opera 
tors (there are approximately 9,000 at 
present) and assuming steady growth 
over the 10-year period, the additional 
operator wage costs would be of the 
order of £65,000,000 to £70,000,000. The 
expected savings, coupled with the fact 
that Australia is growing in the eco 
nomic sense at a very rapid rate and has 
for some years enjoyed full employment 
conditions make it imperative to pro 
ceed with this trunk mechanisation in 
order to assist in a national objective 
of using mechanisation to the maximum 
extent possible to permit the best use 
of our limited labour resources. 

EQUIPMENT SELECTED 
Although variations in detail in these 

exchanges have been negotiated, the 
basic design of the two types used is 
that of the L M Ericsson ARM 20 and 
ARM 50 exchanges. (A block diagram 
of the ARM 20 Trunk Exchange is 
shown in Fig. 1.) Generally speaking 
the ARM 50 exchange will be suitable 
in Australia for exchanges requiring 
not more than about 1,000 trunk term 
inations in the 20-year period. The 
current trunk growth rate is as high 
as 10-12% per annum so that unless 
we are prepared to replace the switch 
ing equipment within the 20-year 
period, the ARM 50 exchange can only 
be considered for exchanges with an 
initial capacity of the order of 100-120 
trunk lines. The ARM 20 exchange on 
the other hand can cater for exchanges 
having of the order of 4,000 to 8,000 
trunk terminations depending on the 
proportion of both way circuits used. 
On this basis the ARM 20 will be used 

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

at main and primary switching centres 
and the majority of secondary switch 
ing centres also. At some of the 
smaller secondary centres the ARM 50 
exchange will find application and also 
at some of the minor switching centres. 
It is proposed that some of the minor 
switching centres should use ARF 102 
equipment slightly modified to provide 
2 wire transit switching facilities, but 
if charge determination requirements 
are at all complex then an ARM 50 
will be provided. Alternatively, the 
trunk traffic will be switched via the 
next higher order switching centre. 

Because of the relative complexity of 
the task performed by the ARM 
exchange the switching cost tends to be 
high. It has been found economic in 
many cases to convert exchanges which 
previously had minor switching centre 
status to terminal exchanges, particu 
larly where the centre concerned is con 
nected by a V.F. trunk cable to the next 
higher order switching centre. This 
trend is a logical outcome of the general 
tendency in recent years for the bearer 
costs to decrease relative to the switch 
ing costs. 

SWITCHING REQUIREMENTS 
The ARM switching system as sup 

plied for the Australian network will 
provide for the following:- 
4-wire Switching: The present opera 

tor dialling network employs 4-wire 
switching but of the tail-eating type 
which was appropriate because of the 
higher proportion of 2-wire lines exist 
ing at the time of its adoption. In the 
ARM equipped network directional 
4-wire switching, sometimes called true 
4-wire switching will be provided. 
Bothway Circuits: In the Australian 

network there are many routes on which 
a relatively small number of trunks will 
be provided and economic bearer pro 
vision dictates the use of bothway cir 
cuits. In addition, the use of bothway 
circuits as well as unidirectional circuits 
on the larger routes gives a reduction 
in the total number of circuits required 
and has an additional advantage in 
those cases where the traffic peaks in 
the two directions do not coincide. 
Provision for Variable Availability: 

Although the numbers of trunks on 
some of the major routes will be such 
that full availability cannot economi 
cally be provided, there are many other 
routes on which a relatively small num 
ber of circuits will be provided. The 
equipment, therefore, provides for many 
increments in availability on outgoing 
routes, from as low as 4 up to as high 
as 90 outlets per route. 
Alternate Routing: To provide for 

economical use of bearers and a mini 
mal use of switching equipment, direct 
routing will be used to the maximum 
extent possible. High usage routes will 
be provided where there is sufficient 
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traffic to justify this, and the ultimate 
grade of service will be provided on 
the backbone route structure. The 
normal rules governing a hierarchical 
switching system will be used. 

Provision for both Local and National 
Numbers: The National Telephone Plan 
for Australia envisages the use of local 

numbers of 7, 6 or 5 digits, trunk area 
codes consisting of zero plus l , 2 or 3 
digits, respectively, and national num 
bers made up of the local number pre 
fixed by the area code, giving a maxi 
mum number length of 9 digits. The 
local number is used within a defined 
numbering area and the national num 
ber is used for calls beyond this area. 

In general, the whole of the number 
dialled will be forwarded through the 
trunk network at least to the point of 
entry to the closed numbering area of 
the called subscriber. From this point 
the trunk prefix may be omitted, and 
the local area number will be handled 
in the same way as if it had been dialled 
within the terminating area. 

TO ' 
EXCHANGE B 

NOT[S:- 
1 SHOWS TRUNKING ANO COMMON EQUIPMENT REQUIREMENTS 

FOR AN EXCHANGE OF MAXIMUM CAPACITY 4000 INLETS 

AND 4000 OUTLETS 
2 EACH CROUP OF RM's IS CAPABLE OF CONNECTING SO 

REGISTERS TO 5 ROUTE MARKERS 
3 THE CODE SENDERS K 5 MAY FORM A COMMON GROUP WITH 

THOSE IN AN ASSOCIATED ARF EXCHANC.E 

}· 
ABBREVIATIONS. 

G I INCOMING GROUP SELECTOR STAGE 
GU OUTGOING • 
M MAR KEA 

VM ROUTE MARKER 

TB TEST BLOCK 
VL FREE MARKING RELAYS FOR ROUTES 
GG1/GGU COMMON GROUPS. 
FAS JUNCTOA FOR CONN[CTINC. EXCHANGE A -EXCHANGE B 

Fig. 1.-Block Diagram of the ARM 20 Automatic Trunk Exchange. 
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Digit Re-insertion: Where access to 
the trunk exchange has been gained via 
step-by-step equipment, some digits will 
already have been absorbed in gaining 
access to the trunk exchange. To avoid 
ambiguity in switching it is necessary 
for the incoming register in the trunk 
exchange to re-insert the digits already 
dialled, and provision has been made 
for this by marking from the incoming 
relay set to the register. 
In some other cases it is necessary to 

switch from one exchange to another 
in the same closed numbering area via 
a third exchange which is outside that 
numbering area. A particular case 
would be one in which 2 secondary 
centres are included in the same closed 
numbering area, but for which the final 
route between them is via a primary 
centre common to both, but outside 
their closed numbering area. The sub 
scriber will have dialled only the local 
number, and if it is necessary to pro 
ceed via the primary centre in the 
example quoted,. the area code must be 
inserted before the number is forwarded 
to the primary centre to avoid con 
fusion with a subscriber in the primary 
exchange's area who may have the same 
local number as the called number. 
Echo Suppressor Switching: Because 

of the long transmission circuits in 
Australia, provision must be made for 
the insertion of echo suppressors. 
Although it would be possible to include 
echo suppressors on all long circuits, 
it is preferable to have only one far end 
operated differential half echo suppres 
sor at each end of the 4-wire section 
of the circuit. The signalling scheme 
provides for the insertion of an origin 
ating end and a terminating end half 
echo suppressor only on those calls 
which require echo suppressors, these 
to be at points less than 500 miles from 
the end of the 4-wire section of the 
circuit. 

Switching Overload: Switching sys 
tems which use high occupancy routes 
with overflow on to a common back 
bone route are highly efficient, but 
because of this efficiency, they are also 
quite sensitive to overload. When con 
gestion occurs in one part of the sys 
tem, repeated call attempts give rise to 
increased demands on the common con 
trol equipment at that point and also 
at preceding switching points. Further, 
the holding of trunks through other parts 
of the system whilst a delay occurs in 
associating common control equipment 
at the congested point can cause a 
spread of congestion through the whole 
network, even when serious overload 
occurs initially in a relatively small 
portion of the network. Deliberate 
action has therefore been taken to 
restrict the number of calls entering the 
trunk system from the originating net 
work when excessive delays are en 
countered, and the general philosophy 
is that those calls which have alreadv 
been set up through part of the trunk 
network , should be given preference 
over locally generated calls and com 
pleted if possible with a minimum of 
delay. The registers serving the local 
area will feed recorded announcements 
to the calling subscribers if an excessive 

delay is encountered when calling for 
the ARM marker. Depending on the 
conditions existing at the time, the 
recorded announcement will request 
the caller to call back in say 20 minutes, 
or it may make an announcement that 
it is estimated a particular route will 
be out of service until some particular 
tirne.: Initially it is proposed that this 
action will be taken if the delay in 
obtaining the marker exceeds one 
second, but this will be reviewed in the 
light of experience. 

TRANSMISSION REQUIREMENTS 
The connections effected through the 

trunk switching equipment may possibly 
extend as far as National networks in 
other countries via international cir 
cuits of extreme length. Even within 
Australia it is possible that 9 trans 
mission links will be connected in 

·tandem. For these reasons the trans 
mission performance of the exchange 
has been given particular attention, and 
the following characteristics have been 
considered in detail:- 

(a) Loss through the exchange. 
(b) Loss/frequency characteristics. 
(c) Linearity, harmonic distortion and 

intermodulation. 
( d) Crosstalk. 
(e) Phase distortion. 
(f) Speech path impedance. 
(g) Balance to earth of transmission 

paths. 
(h)Noise. 
(i) Transmission levels. 
(k) Circuit terminations. 
(1) Hybrid characteristics. 
(m) MFC injection and pick off 

effects. 
(n) Echo suppressor performance. 
Appendix 1 sets out the detailed 

specification of these various transmis 
sion parameters and characteristics. 

SIGNALLING REQUIREMENTS 
The trunk exchange must co-exist 

with. the equipment already in service 
and must also be compatible with the 
new crossbar exchange equipment com 
ing into service in the terminal areas. 
The signalling system provides the 
means of communication between the 
trunk exchange and both old and 
new equipment and must therefore be 
capable of meeting any of the interface 
conditions encountered. In the case of 
the older equipment the normal loon 
disconnect type DC signalling is used. 
The operator dialled network, whilst 
differing in detail, uses the same basic 
decadic signalling pattern. Since the 
signalling speed of this system is at 
least an order of magnitude slower than 
the MFC compelled sequence signalling 
system there is usually no point in using 
high speed either to or from the lower 
speed system. Generally speaking then, 
the loon disconnect mode is "used in 
signalling between the ARM and any 
step-by-step equipment. 
Pm future development of the Aus 

tralian network an MFC end-to-end 
compelled sequence signalling system 
has been adopted for information signal 
ling with provision for both forward 
and backward signals. Banks (9) has 

given further details of the reasons for 
adopting this system. Although end-to 
end signalling is a desirable objective, 
it is convenient to depart from this 
concept at the point of entry to the 
terminal closed numbering area. One 
of the reasons for this is that the actual 
series of signals used in large ARP 
equipped metropolitan networks is dif 
ferent in detail from that used in smaller 
networks employing ARP, and the 
series of signals used for revertive MFC 
control of ARK exchanges is different 
again. Furthermore, in the trunk sys 
tem there is a requirement for some 
additional signals, mainly those con 
nected with echo suppressor switching. 
Although at first sight this appears to 
present considerable difficulties, much 
of the signalling scheme is common to 
all these applications and there are only 
very few calls on which echo suppres 
sors for example will be required. For 
the majority of calls therefore it would 
be possible to signal right through from 
the originating register to the terminat 
ing code receiver if the call were estab 
lished entirely through crossbar ex 
changes. 
The major reason dictating the reten 

tion of a register at the point of entry 
to a terminal network is that number 
length analysis is necessary at some 
point in the call to avoid holding code 
receivers unnecessarily, particularly in 
SL stages of the terminating exchange. 
In addition, our networks will generally 
be mixed step-by-step and crossbar net 
works, and therefore it is desirable to 
analyse in the incoming network not 
only for number length but also to 
identify the type of terminating equip 
ment in order to minimise post dialling 
delay on calls to step-by-step terminals. 
If the register were not retained at the 
point of entry to the closed numbering 
area, changes of exchange type or num 
ber length in that area would require 
corresponding changes in the analysing 
equipment throughout the whole of 
Australia, and this is clearly impractic 
able. 
The MFC signalling equipment on 

order and already in use has been 
designed to be reasonably frequency 
selective and also to check that the two 
frequencies received as components of 
a legitimate signal are approximately 
equal in level. If significant amounts 
of frequency shift occur, or if the two 
frequencies undergo differential attenua 
tion in the transmission path, rejection 
of the signal could occur. The two 
main offenders in this regard are likely 
to be the older type of carrier system 
where a significant amount of asychron 
ism could occur, and loaded cables 
where the loss/frequency characteristic 
can be quite irregular. Provision has 
been made for the registers to be 
retained by the incoming line relay set 
if a particular circuit is known to be 
subject to one or other of these troubles. 
The line signalling techniques which 

will be used will vary according to the 
type of transmission path. Because of 
its basic simplicity and reliability 
normal DC loop disconnect line signal 
ling will generally be used to and from 
step-by-step equipment, including some 
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cases in which the phantom path of 
4-wire amplified junctions is used for 
conveying line signals. Where carrier 
equipment is used and, in some cases, 
where VF amplified circuits are used, 
A.C. signalling methods will be neces 
sary. If no provision is made in the 
carrier system for an out-of-band signal 
ling channel, then a single frequency 
VF system will be used. Later carrier 
systems are equipped with an out-of 
band signalling channel which will be 
used for line signalling. 

Many A.C. line signalling schemes 
are possible, but a pulse system using 
two different pulse lengths, viz., 600 m/s 
and 150 m/s has been adopted. This 
system is essentially that recommended 
by L M Ericsson and Appendix II gives 
more detail of the actual signals passed 
backward and forward. An important 
factor in its selection was its provision 
for the recognition of dual seizure on 
both way lines. It is foreseen that the 
number of both way lines used in the 
Australian system will rise, and it is 
desired to avoid dual seizure problems 
by clearly recognizing the condition 
when it occurs. It is true that other 
systems could also provide for this but 
it was considered that the particular 
pulse system recommended was likely to 
give the best performance in practice 
in this regard. 
Generally speaking pulses of tone 

will be used in preference to pulses of 
absence of tone since it is much more 
difficult for fault conditions such as dry 
joints or human interference to simu 
late pulses of tone as compared with 
pulses of no tone. The penalty involved 
in this decision however is that there 
is no tone on the line in the idle con 
dition. Failure of the circuit is not 
immediately detected and one call will 
be lost before the line is busied against 
further traffic. In this regard there are 
other measures which can be taken, e.g., 
the circuits concerned may be auto 
matically busied when the group pilot 
fails, but generally it is reasonable to 
tolerate the loss of the first call con 
nected over a faulty channel, provided 
the circuit is busied subsequently. 
The rural carrier systems which were 

purchased some years ago provide a 
special problem so far as signalling is 
concerned. Their use is confined to 
terminal links only but, for this reason, 
they are likely to be used for both way 
circuits and also they must transmit 
multi-metering pulses from the parent 
centre to the terminal centre. These 
carrier systems use transmitted carrier 
and 2 sidebands, and signalling is 
effected by interrupting the carrier. 
Interruption of the carrier also inter 
rupts the speech while the carrier is 
off, and since multi-metering pulses 
must be passed during conversation, 
provision must be made for another 
out of band path for multi-metering. 
Equipment operating at 83 c/s had 
already been developed for signalling 
over rural carrier systems and it was 
decided to use the 83 c/s channel in the 
parent to terminal direction 'only. This 
path although established for multi 
metering has also been used for other 
purposes. 

The other major difficulty with car 
rier signalling of this type is that the 
carrier must be present during speech 
and also during the set-up of the call 
to allow transmission of progress super 
vision tones, and in some cases speech 
is required before an answer signal has 
been received, e.g., in booking a call 
with a trunk operator or in talking to 
a non-metering service. This therefore 
forces one in the direction of having 
pulses of carrier off, rather than pulses 
of carrier on. This in tum leads to the 
necessity for guarding against breaks 
of carrier caused by fault conditions. 
The rural carrier signalling scheme, also 
included in Appendix II, is rather more 
elaborate therefore than the signalling 
scheme used with conventional out-of. 
band signalling channels, and hence, 
although the carrier system itself is 
much cheaper, the signalling system 
which must be provided with it becomes 
more expensive. 
Finally, provision must be made for 

working towards international circuits. 
The Overseas Telecommunications Com 
mission (Australia) has responsibility 
for the establishment and operation of 
circuits external to Australia. The 
information and line signalling used on 
the COMPAC cable and which will be 
used on the SEACOM cable are essen 
tially the C.C.I.T.T. No. 5 Signalling 
System. It is envisaged that the main 
ARM exchange in Sydney (Haymarket 
ARM Exchange) will be equipped with 
registers to send and receive the 
C.C.l.T.T. No. 5 signals, although it 
would be possible to meet the situation 
equally if the OTC gateway exchange 
for international calls in Sydney were 
equipped with registers to send and 
receive the Australian network signals. 
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APPENDIX I 
Transmission 

General: The connections effected will 
normally be part· of a multi-link con 
nection possibly extending to inter 
continental circuits. The following 
transmission requirements have been 
framed in this context, and apply to any 
path through the 4 wire exchange after 
the necessary signalling and switching 
operations to establish the desired path 
have been completed. 
For the purpose of this specification 

the required · path is defined as incor 
porating all exchange equipment and 
wiring between and including the incom 
ing and outgoing signalling sets asso 
ciated with the switched line. The 
signalling sets referred to include any 
line and/or information signalling relay 
sets remaining in the desired path after 
it has been established. The term "path" 
shall be taken as applying to either the 
"go" or "return" direction unless either 
the "go path" or the "return path" is 
specifically referred to. Where the 
above definition of a path through a 
4-wire exchange includes such items of 
line transmission equipment as echo 
suppressors or compandors, these items 
shall be excluded from the path for the 
purpose of meeting the path character 
istics specified. 
The transmission path through the 

exchange must be bi-directional to cater 
for the interconnection of two 2-wire 
lines. This type of interconnection also 
imposes a requirement for correct pal 
ing of all connections through the 
exchange. 
DC potentials should not be fed to 

line except those deliberately inserted 
for line and information signalling or 
for contact wetting purposes. In parti 
cular, D.C. currents should not be fed 
transversely through line transmission 
equipment, and any contact wetting cur 
rents should not exceed lmA and should 
flow longitudinally. 

Transmission Loss: The path loss 
through the exchange will vary with 
time. The mean loss of a particular 
path shall not vary over any period of 
time from the nominal loss at 800 c/s 
of that path by more than ± 0.2 db 
with a standard deviation of 0.2 db. 
The nominal loss of a particular path 
will be dependent upon the equipment 
employed on the incoming and outgoing 
circuits, and may vary for paths inter 
connecting different incoming and out 
going circuits. The nominal losses are 
included in Fig. 2. 
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Fig. 2 (a).-Transmission Level Diagrams for ARM Exchanges-Terminal to Terminal Exchange. 
(For key to notes see Fig. 2 (b).) 

Loss/Frequency - Characteristic: The 
permissible variation of the loss/fre 
quency characteristic of any path mea 
sured between nominal impedances at 
any frequency between 300 c/s and 3,400 
c/s is ± 0.2 db relative to the loss at 
800 c/s. The manufacturer should state 
the loss/frequency characteristic down 
to 200 c/s. 

any two frequencies f1 and f2 which lie 
in the range 540 c/s to 1980 c/s, any 
3rd order intermodulation products (i.e., 
2 f1 ± f2 or 2 £2 ± £1) which lie in 
the frequency rangy 540 c/s to· 1980 c/s 
shall be at least 40 db below the funda 
mentals in level, when these fundamentals 
are of equal level in the range -5dbm0 
to -38dbm0. 
Correspondingly, the second order 

intermodulation products (f1 ± f2) 
measured under the same conditions 
shall be not less than 30db - below the 
level of the fundamentals. · 

Crosstalk: Between the two paths of 
the same 4-wire circuit the crosstalk 
ratio shall be not less than 55db at any 
frequency between 300 c/s and 3,400 c/s. 

Between any two · paths in different 4- 
wire circuits the crosstalk ratio at any 

Linearity, Harmonic Distortion and 
Intermodulation: Over the frequency 
range 300 c/s to 3,400 c/s the path shall 
be linear to within 0.1 db for 'Ievels up 
to + 5dbm0, and to within l.Odb for 
levels up to + 12dbm0. · 
The total harmonic distortion of any 

fundamental frequency in the same 
range at any level up to + 5dbm0 shall 
be at least 26db below the fundamental. 

When the equipment is loaded with 

frequency between 300 c/s and 3,400 c/s 
shall be not less than 70 db in the worst 
case, with 90% of combinations in a 
large number of measurements being 
better than 80 db. 

Phase Distortion (Group delay): The 
group delay distortion, defined as the 
time difference· between the maximum 
and minimum. group delays in the fre 
quency range 500 c/s to 3,000 c/s shall 
not exceed 100 microseconds. 

Impedance: The nominal impedance 
of speech path connections to relay sets 
is 600 ohms (balanced), except that on 
the line (2W) side of 2W /4W and 4W / 
2W relay sets there shall be an option 
for either 1,200 ohms or 600 ohms 
impedance (balanced). 
The balance return loss of any input 

or output port measured against its 
nominal impedance with the relay set 
in its through-switched condition and 
with all other relevant input or output 
ports terminated in their nominal im 
pedances, shall be not less than 20 db 
between 300 c/s and 3,400 c/s, and not 
less than 15 db between 200 c/s and 300 
c/s. 

Balance to Earth: The impedance 
balance ratio at the input ( or output) 
of each path when the output (or input) 
is terminated in its nominal impedance 
shall be not less than 40 db over the 
frequency range 600 to 4,000 c/s, 26 db 
over the range 200 to 600 c/s and 15 db 
over the range 50 c/s to 50 Kc/s. The 
impedance balance shall be measured 
in accordance with the method outlined 
in C.C.I.T.T. COM. XVI, No. 18. 

Noise: By the choice of a suitable 
weighting network and indicating meter 
the disturbing effect of the four follow 
ing types of noise may be ascertained 
by a single measurement:- 
(i) Very low frequency (e.g., power 

supply) noise, 
(ii) High frequency noise, 
(iii) Audio frequency noise, 
(iv) Impulsive noise. 
The measuring instrument shall be a 

peak reading voltmeter similar to the 
U.K Peak Programme meter (C.C.I.T.T. 
Red Book, Vol. 3 Annex 49 p. 429) 
having a charging time constant of 0.25 
milliseconds (in lieu of 2.5 milliseconds) 
and used in conjunction with the fol 
lowing weighting:- 

0 to 150 c/s, 29.0 db (C.C.I.T.T. 1951 
weighting figure at 150 c/s ). 

150 c/s to 4,700 c/s in accordance 
with ···the table of weights for the 
C.C.I.T.T. 1951 psophometer. 
Above 4,700 c/s, 29.4 db (C.C.I.T.T. 

l 951 weighting figure at 4,700 c/s). 
The mean noise introduced into any 

path during any hour when measured 
on an instrument as described above 
shall not exceed a level of -'--70dbm0 
(weighted). Occasional peaks up to 
-40dbm0 will be · permissible. 

Transmission Levels: The nominal 
transmission levels through the 4-wire 
exchange for a particular arrangement 
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of level adjusting . pads are shown 
in Fig. 2. Switching out of the pads 'is 
only required for level adjustment on 
other than a connection between two 
4-wire lines. No pad switching is 
required for stability control. 
Switchable Level Adjusting Pads: 

Level adjusting pads are required to 
introduce a nominal loss of 8 db into 
the transmission paths on a 4-wire to 
4-wire connection on the assumption 
that the loss in the exchange equipment 
and wiring is 1 db. The positions of 
the level adjusting pads (see Fig. 2) 
were chosen to give the most favour 
able conditions from a considera 
tion of crosstalk and noise, but alter 
native positioning of these pads in the 
transmission path will be considered 
provided that all the requirements of 
this specification are met, particularly 
those relating to crosstalk and noise. 

Stability Pads: Stability pads must be 
provided in the go and return paths of 
2W /4W relay sets as shown in Fig. 2 
to meet echo and stability requirements 
when switching to 2-wire circuits of low 
loss (less than 3 db ). 
Line Building-out Pads: The normal 

levels at channel modulator and demodu 
lator points in the Australian network 
are -13dbm0 and +4dbm0 respectively, 
although some rural carrier equipments 
have corresponding levels of -1 ldbmO 
and -l-Sdbmn respectively. Building-out 
pads shall be associated with 4-wire 
relay sets on the line side and these will 
be strapped at the time of installation 
to give the correct levels at the ARM 
exchange taking account also of any 
losses involved in the physical extension 
of the circuits between the ARM 
exchange and the line transmission 
equipment. These pads should be on 
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NOTES: 
1. Building out pad 'A' W.5 + 1.0 -+- 2.0) 

db is inserted when the line loss is less 
than 3 db such that line loss and pad loss 
lies between 3 and 3.5 db (to give the re 
quired loss of 7 db between the terminal 
exchange and the switch bank). 

2. Building out pad 'B' (0.5 + 1.0 + 2.0 + 4.01 db is inserted to adjust the loss 
between the transmission equipment and 
the switch banks. 

Fig. 2 (bl.-Tronsmission Level Diogrom.s .. for ARM• El<chonges-Terminol to. 2-Wire Transit 
Exchange. 

3. Level adjusting pad . 'C' (nominal value 
8 dbl is "switched as shown for a particu 
lar ·connection. 

4. AmpHfie~s may be required at future date. 
Level ,adjusting pads .. will not be required. 

5. When amplifiers are fitted, as i.n note· 4, 
precision balance network is required. 

the line side of the line side test access 
jacks to achieve uniformity of test levels 
at these jacks. 

Terminations: Two wire lines shall be 
terminated at all times, i.e., either con 
nected through to another circuit or 
terminated locally. All speech circuits 
should be terminated at all times 
between seizure and release, and it is 
desirable that 4-wire lines be terminated 
at all times. 

Hybrids: Hybrids shall be provided 
in signalling relay sets as appropriate 
for association with 2-wire lines to 
enable these to be switched on a 4-wire 
basis.· 
A strapping arrangement permitting 

a nominal line side impedance of 600 
ohms + 2 microfarads or 1,200 ohms 
+ 1 microfarad is required. The hybrid 
will be permanently associated with the 
2-wire line, and these lines will be 
individually balanced. The types of 
2-wire lines most frequently encountered 
are:- 
(i) Loaded cable, paper insulation, 

mostly 10 lb. per mile, but isolated 
instances of 6! and 20 lb. per mile, 
loaded with 88mH at intervals of 
6,000 feet (midsection terminated). 

(ii) Unloaded cable as above. 
(iii) Open wire lines (in the case of a 

limited number of lines at country 
exchanges). 

Standard balance networks will meet 
all normal conditions, but provision for 
special networks to be mounted either 
within or external to the relay set would 
have marginal advantage. 

MFC Injection and Pickoff; Multi 
frequency code signalling equipment 
should be connected to the line relay 
sets on a 4-wire basis whether the parti 
cular lines are 2-wire or 4-wire lines. 

Echo Suppressors: It is proposed to 
use far end operated differential half 
echo suppressors on the longer distance 
trunk calls and on international calls. 
Echo suppressors will be provided at 
strategic points in the 4-wire trunk net 
work in such a manner that the distance 
from the echo suppressor to its most 
remote associated terminal exchange 
will not in general exceed 500 miles. 
In practice this will mean that echo 
suppressors will be required at all main 
switching centres, many primary centres, 
and at a few lower order centres such 
as Darwin, Alice Springs, Cloncurry, 
Carnarvon and Derby. 

APPENDIX II 

AUSTRALIAN NETWORK LINE 
SIGNALLING 

General 
Line signalling in the trunk network 

will be as follows:- 
(i) D.C. circuits-conventional loop 

disconnect signals. 
(ii) Standard out-of-band carrier-pulse 

line signals. 
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(iii) Standard carrier not incorporating 
out of band facilities - pulse line 
signals, using V.F. signalling. 

(iv) Rural carrier systems-special pulse 
and compelled line signals using 
carrier signalling and an 83 c/s path. 

The pulse type line signalling scheme 
is designed to allow both-way circuit 
operation to be applicable to in-band, 
out-of-band or separate path signalling 
arrangements. 
The line signalling is link-by-link in 

a multi-link connection, and the signals 
are transferred through transit switch 
ing exchanges on a D.C. basis. When 
the same basic code is used on different 
types of signalling media, no code con 
version is necessary and, for this rea 
son, the maximum use will be made of 
pulse line signals. All the line signal 
ling schemes cater for decadic informa 
tion signalling also, and details of this 
are included below where appropriate. 

Signalling Codes (Pulse) 
Pulse Lengths: The code is composed 

of two signal elements, one short and 
one long, with nominal lengths of 
150mS and 600mS respectively. In addi 
tion, decadic impulsing may be passed 
forward with 65mS pulses. 

CASE/ 
CAllAP.KIOAllN 

"'"'"'"" ] {Fl'.ONAIIM) 

Signal Forward Backward 

I SEIZE FOP.WA!\O 

ACKNOWl[Of,E _j< 
{NOIE3) 

SU8S£QUENT 
Slc/sPULSES 

•NETE!\ 
(NOTES) 

duration 
(mS) 
150 

duration 
(mS) 

65 

600 
150 
600 

600 

600 
Continuous 

150 operator 
in next 150 
operator out 

Metering 150 

Seizure Signal: The seizure signal 
consists of a short signal element which 
is sent from an outgoing junction relay 
set to the far end of the circuit where 
it initiates action in that exchange. 

CASE2 
(AllAfl.HIOAIU 

Fl!\STeJ,/1rULSE 
• AMSWU•l'IUEII 

1-·---- --- 
C.ASEl 

CAI.LP.AXTOUN 

....•.•. 
L------~1 

CASE4 
CALLA,.HTOllU 

5. MEl!:!\INC. IS 10 OCCUII ONLT If 83'/9 s11;.RECEl~EO IS !ETWHN 100 AND 200,ns OURA.TION 
00 GUAIID AGAINST SNOI\T s,uP.IOIJS ~IGNALS AND 10 ,1,YOIO CONFUSIOII IIJTH 
llELE.I.H SIGNAL.) THE TRANSMITTUI «nse IS 150 !: sc WITH A 20mS PI.I.AGIN TO UT(!I FOIi 
OISTOIIUJN OF THE SIGNAL OURlNG TIIAH5MISSl0N, 

6. HO SUHIIV!SIONOf a PARTY ISGlVfHON TEIIMINALTO MIM CALL. 

7 ULUSf su:.HAL ISNOTRECOGMISEOATAIIHTltt600.,.,s . .1.FTEII BFIE.l.k IN l.l.RFIIE/1 
OCCUIIS,{TO GUARD AGAINH CLEV, OOWHOU[TOSNOI\TUN£ 8UA1lS) 

~ ON .l.llf'I.IOTEIIMIHAL CONPlLLEO HOUENCE ANSlllfl'I SIGNAl MUST 8l CDf'IPLEl(O 
',IIIHIN!5Qrr,S (01NERW1Sl ITHAY BE IMTEIIPHHOASCUAII fOI\WA/10.) 

9. (II\CUIT1SAUTOMAflULlY.8USIE0AN0ALAf1MtSG1VEKIFCNI.KMH FAILS. 
11EPETITIVETESf.PULSESFF10f'IAI\H(600mSEVEIIYlHIMS.)AIIEUS£0TO<.NECK 
fOIIFIESTOIII.TIONOFCHAHHEL.FAULTTESTINGSEQUENCEISGENEIIALLYSINILl.11 
f011AIIKAH011Al. 

10 HI, EI ETC. IIEPll[S[NT tONOITIONS ON THE °N~I CARii.OM TO TEIIH'L UCN. i~ 
Hl,EI ETC.LUOS TO P.UIIAL CA/Ill/Ell SYSTEM E CI.IIFI.TEIIH'~lE'ftH.TOAIIH ·"'- 
CIIICUIT CONNECTIONS AA£ AS f0Ll9W5 

ANSWEII . ·,J :'-i 
COMPELLED {--::J7 .. --- 

si::::':, ~>§ 
8 PAIITV CllAIIS ~ 

BPAIITYRElOOPS-- 8PAIITYCLEUS 
• (NOTE6) 

APAI\IYCLEAII.S--1)000mS APAIIIYCLEAIIS 
-IIHEASf r~ -, """ '"\:I\.~\"'~ 

Seizure 
Decadic 
Impulses 

Forced 
release 

Answer 
Clear back 
Clear 
forward 

Release 
guard 

Blocking 
Forward 

transfer 

Forced Release Signal: The forced 
release signal consists of a long signal 
element. It is sent from the incoming 
end of a circuit if the register or code 
receiver times out because of non-receipt 
of digits after seizure. The receipt of 
the forced release signal initiates clear 
forward from the outgoing end. 
Answer (and re-answer) Signal: The 

answer signal consists of a short signal 
element. The signal is sent from the 
incoming relay set to indicate that the 
called party has answered. The signal 
has a supervisory function, and on a 
subscriber dialled call will be used to 
start metering. 

Clear Back Signal: The clear back 
signal consists of a long signal element. 
It is sent from the incoming relay set 
to indicate that the called party has 
cleared. The signal has a supervisory 
function. 
Clear Forward Signal: The clear for 

ward signal consists of a long signal 
element. It is sent from the outgoing 
relay set when it is desired to release 
the connection. It is the only long signal 
in the forward direction and is easily 
distinguished, thus giving positive 
release of the call at any time. 
Release Guard Signal: The release 

guard signal consists of a long signal 

FAULT COHO IT I ONS { NOTE 9) 

HOH 10. E2 H2f!Ml r K 

1

;3,/sFAIL J 

Afll(SEFHO~ 

I
KMTIMlSOUT·- .. 

AIIH SEIZ.EO--]' I AIIH S(IZEO I I l l"'>I 
SE!Zl/lH --- IACKHOWUOGE- 
,.CkNOIHEOGEO ,(AIIKS(IZEO)_- 

I
FI.ILUREOF t FAILUll(Of 
COHPElLEO I COMPELlEO 
SEQ'JfNCE SfQIJENCE 
IHCOGNtS£0 (NOJf4) 

I

("".,----· . ./ ;;'1;~'"' 
I IIECOGNIS£0 _ 
I .BYAIIK 

nsr PUL5lS -----··- - TEST PULSES -- -- 600 
(REPE1111ve) l-!J6oo ... s I {AEPET111vo !l,JJ:__:J 

I 
Bh/~ - lHlHS CAFIIIIEII. __ 
~EHOFlm--- · 111HTOMO 

NEXfTEST --~ NEXTHH 
PULSE I I I 1,......71 ,ULSES 

l
~ANNElfllH~ , 

,. 

!2H2EIHI EH 

CARRIER FAIL 
ARK TO ARM 

CARRIER FAIL 

I
ARM TO ARK 
FAULTIIECOCNISED--. 
ATAl\lt 1-··. 
I.Ill'! SEIZED 8Y 

1 
.-- 

I 
FAULT SIGNAL -~___..--"'I 
ACKNOWUOGf • 

FAtLU/1.!0F 

I 
COHPEUEO 
SEQUENC"E 
HCOG~tSEO --- 

SEIZUIIE__.-.- 
ACKNOWLEDG-EO 

I !YAIIH 

I fAILUIIEOF 
COMPELlfO 
SEQUENCE 
IIECOGNISED 
AlAIIM----- 

SUBSEQUENIS]c/sPULSE"' 
METER (NOTE5) 

BPARTY 

1.SUPPll[SSIOHOFCAlllll[ll!NIIIBIISSPEE.CHAN0SIGNALLINl,,0VEll.83c./1CNANNEl. 
IIESPONSf OF 6Jc./1CHAHNEL IS SLOW PAIITICULAIILY JUST AfTEFlllHTOIII.IION 
OF O,IIIIHll. . 

2.CAll.11.1Ef1ANDB3c/1SIGMALSONWHENCCT.10LE,C1IICUITISBUS!EOIFANT 
ONE SH,HAL IS ABSENT. 

j. DUAL SEIZURE IS f\ECOGNISEO Al TERMINAL SY BREAK Of 83 C/~ SIGNH IN 
LESS THAN 150mS(1,PPF10X.)AFIEFI SEIZE FOFl'i/1.110, If QUl,L SEl?UFIE 
OCCUf\S PIIEffFIENCElSGIVENTOAF\J'ITOAIIKCAlL,ANOCALLlNC.AFIK 
SUB tSCONNECHOT08US"f10NE 

~- If I HE SEI ZUIIE SEQUENCE !S NOT COMPLE TEO ON I.Ill( 110. 10 AFIM ON CALl S 
A FAULl CONOlllOII IS INOICATEO Al 80TH TEI\MINI.LS, 
THE TEIIHINAL RECOGNISES FAULT IF SEIZURE !SNOT ACKJ,iOWLEGEOWITHIN 
6DOmS ANO ARM RECOGNISES A FAULi IFCAIIFltEII rs NOT 11.ETUANEO F~OM 
TEl\.!-IINAL 111 l'lOmS[C FROM ACKNOWLEDGMENT OF SEIZURE 

I
IESTPULSH-~, ("""'"'' 1:- . .,,., : 
Cl.flPIIEII • - 3MINS. I 

I ::::,:.:: -J-m 
1:::::" .... 1111n 

CIIANHEL- 
1\ESTOflEO 

""""]Thl PULSE · - 

'"'"'"'""Ji 
II FORUD IIELEASE FOLLOWS TIM( our ON INEFFECTIVE CI.LLS OR 8 PAIITY CLEARl!<IG, 

ANO IS FOLLOWED 8Y A NORMAL CtEAR FORWl.flC SEQUENCE 

Fig. 3.-Australian Rural Carrier Signalling System-ARK and RAX to ARM ( both ways}. 
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element. It is transmitted in the back 
ward direction in response to the clear 
forward signal and indicates that release 
of the connection has been effected at 
the incoming end of the circuit. 
The release guard, forced release and 

clear back signals are identical. If any 
is received in the outgoing relay set a 
time supervision period of 90 seconds 
is started. If the connection through 
the exchange is not released in this 
period an alarm is given; this is parti 
cularly important where the call is con 
nected via a transit exchange. 
The release guard signal is sent only 

when the clear forward has been pre 
ceded by a seizure signal with the cor 
rect signal length. 

When no release guard signal is 
received, e.g., because of a line fault, 
the outgoing relay set is busied, and the 
outgoing relay set transmits repeated 
seizure and clear forward signals. When 
a release guard is received, the outgoing 
relay set busy condition will be 
removed. 

Blocking Signal: The blocking signal 
is continuous and busies the outgoing 
relay set against seizure. 

Forward Transfer Signal: This signal 
will only be required by operators and 
is a re-ring signal. In an international 
connection it will be used to obtain 
operator assistance in the country of 
destination of the call. 

Metering Signal: The short signal 
element is used for sending metering 
impulses during conversation. Because 
these impulses should not be heard by 
the subscriber the metering signals can 
only be sent over out-of-band signalling 
channels. 

Signalling Codes (Loop Disconnect) 

General: Conventional loop discon 
nect signalling when used will be in 
accordance with the summary of signals 
below:- 

(i) Seizure. Loop forward. 
(ii) Impulsing. Loop disconnect im 

pulses forward. 
(iii) Clear forward. Open loop forward 

for at least 400mS. After a period of 
say 600mS minimum, the back busying 
relay will be connected to line. 
(iv) Called subscriber answer. Reversal 

of battery feed in backward direcion. 

(v) Multi-metering pulses. Slow restora 
tion of normal polarity followed by 
slow return to reverse polarity (slow or 
silent reversal) -, 
(vi) Clear back. Restoration of normal 

battery feed polarity in the backward 
direction. 
(vii) Back-busy. Open or reverse battery 
feed in backward direction. 
(viii) Trunk Code Dialled. Reverse bat 
tery feed for 100-150mS followed by 
restoration of normal potential. 

Signalling Codes (Australian Rural 
Carrier Signalling) 

This signalling scheme has been deve 
loped specifically for use with the rural 
carrier systems used in Australia which 
employ carrier signalling in both direc 
tions, and an 83 c/s out-of-band signal 
ling channel in the main station to 
terminal direction only. Both-way 
working is possible with this signalling 
scheme which is also arranged for 
operation over trunk lines subject to 
interruptions of short duration. Further 
detail of the signalling scheme is given 
in Fig. 3. 

AUSTRALIAN TELECOMMUNICATION l\'IONOGRAPBS 
Until the introduction of Australian 

Telecommunication Monographs, the 
Telecommunication J oumal of Australia 
was the only Australian technical jour 
nal specializing in telecommunications, 
and therefore had an obligation to pub 
lish all types of papers on telecom 
munication subjects, including highly 
specialized papers of limited interest. 
At the same time, the Journal had 

(and still has) an obligation to give a 
well-balanced coverage of all important 
developments in telecommunications, 
with emphasis on topics of the greatest 
interest. 
These objectives sometimes clashed, 

and the Board of Editors was obliged 

at times to reject otherwise excellent 
"Journal" articles because of their great 
length or narrow field of interest. 
The Telecommunication Society of 

Australia is therefore grateful to the 
Australian Post Office for sponsoring 
the production of a separate technical 
publication: Australian Telecommuni 
cation Monographs. Monographs will 
be published from time to time, as suit 
able material is offered, with printing 
arranged by the Australian Post Office, 
editorial arrangements in the hands of 
the "Journal" editors, and sale and dis 
tribution by the Telecommunication 
Society of Australia (as for the "Jour 
nal"). 

The Society can now supply, on 
demand, copies of the first two .Mono 
graphs as described below at a cost of 
10/- (ten shillings, Australian currency) 
each. 
Australian Telecommunication Mono 

graph No. 1: Calculation of Overflow 
Traffic from Crossbar "Group Selectors. 
N. M. H. Smith. 
Australian Telecommunication Mono 

graph No. 2: Symposium on Preserva 
tion of Wooden Poles. Melbourne, 1963. 

Applications should be addressed to 
the General Secretary, Telecommunica 
tion Society of Australia, Box 4050, 
G.P.O. Melbourne, Vic., Australia. 

CHANGE IN BOARD OF EDITORS 

The Board of Editors is pleased to 
announce the appointment of Mr. H. S. 
Wragge, B.E.E., M.Eng.Sc., A.M.I.E.E., 
A.M.I.E.Aust., as an Editor of the 
Journal. Mr. Wragge is Engineer Class 

4, Principles and Standards in the Sys 
tems, Principles and Standards Section, 
Research Branch. His main interest at 
present is electronic switching and in 
1962 he spent three months overseas 

studying developments in this field. Mr. 
Wragge has been a Sub-Editor of the 
Journal since 1955 and is currently 
Chairman of the Papers Committee for 
Research Branch. This experience should 
enable him to make. a substantial con 
tribution to the Board's task of record 
ing major advances in telecommunica 
tions in Australia. 
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ORDERING MATERIAL FOR THE CROSSBAR INSTALLATION 
PROGRAMME 

INTRODUCTION 
General 

The Australian Post Office (A.P .0.), 
like any other Administration providing 
a telephone service, has several ways 
open to it of obtaining automatic 
exchange equipment and bringing it into 
service. It can:- 
(a) specify to the manufacturer the traf 

fic to be handled, its distribution and 
the basic facility requirements for 
particular exchanges and leave the 
detailed engineering - equipment 
quantities, mechanical design, circuit 
design, cabling plans and floor lay 
out-to the manufacturer, who would 
also install the equipment; 

(b) use method (a) but install the equip 
ment itself; 

(c) specify to the manufacturer the traf 
fic and trunking requirements and 
full engineering detail, including cir 
cuitry, for each individual exchange 
it proposes to purchase and have the 
equipment installed by the manufac 
turer; 

(d) use method (c) but install the equip 
ment itself; 

(e) specify to the manufacturer a stan 
dardised engineering design for each 
part of the automatic system and 
make purchases in bulk for installa 
tion by the administration as 
required; 

(f) use method (e) but have the equip 
ment installed by the manufacturer. 
The choice of method is dependent 

upon both technical and commercial 
factors and demands a critical appraisal 
of facility requirements, the advantages 
to be gained by a standardised design, 
the availability of experienced technical 
staff, the availability of equipment from 
a commercially suitable source and 
overall economic considerations. 
Methods of Purchasing Used by A.P.O. 
All of these methods have been used 

to some extent by the A.P.O. since the 
first automatic exchange in Australia 
was purchased from U.S.A. and installed 
at Geelong, Victoria, in 1912. The 
earliest exchanges were obtained and 
installed by method (a) but later, as the 
engineering strength of the A.P.O. grew, 
installation was carried out by its own 
staff. This led inevitably to a better 

. understanding of system and circuit 
design which enabled the A.P.O. to 
specify its requirements in more engi 
neering detail and adopt method (c), 
Several exchanges were purchased in 
this way but difficulties brought about 
by changes in development plans and 
delays in the completion of exchange 
buildings caused the A.P.O. to adopt 
the policy of having all equipment 
installed by its own staff. This proved 
to be a more flexible and economic 
method and, coupled with the advan 
tages of system standardisation, resulted 

*Mr. Dobbins is Engineer Class 3, Exchange 
Equipment Section, Headquarters. See page 422. 

in the adoption of bulk buying-method 
(e). This method has now been in opera 
tion for some twenty years. 
No exchanges had been installed 

under contract from equipment obtained 
by bulk purchasing until 1963/64 when 
a contract for this method (f) was placed 
for Cronulla crossbar exchange, N.S.W. 
This was a special case resulting from 
contracts with L M Ericsson, Sweden, 
to supply 8,000 lines on the Haymarket 
contract and install 4,000 lines at Hay 
market and a further 4,000 lines at 
another exchange in the Sydney metro 
politan area. Cronulla was nominated 
by the A.P.O. as equipment for this 
exchange had been delivered previous 
to this decision and was held in Stores 
together with bulk supplies delivered by 
Standard Telephones & Cables Pty. Ltd. 
(S.T.C.), Telephone & Electrical Indus 
tries Pty. Ltd. (T.E.I.) and L.M.E., 
Sweden. Thus equipment withdrawn 
from Stores for Cronulla was not 
necessarily of L.M.E. manufacture. This 
is characteristic of all A.P.O. exchanges 
installed since bulk buying was adopted 
and in the case of 2,000 type step-by-step 
equipment an exchange could contain 
racks and relay sets manufactured by 
two Australian and four British com 
panies. Such a combination of supplies 
well illustrates that the need for stan 
dardisation is fundamental to satisfac 
tory operation of the system. 

History 
In the period 1912 to 1935, about 

171,000 lines of automatic equipment 
were purchased for the Australian net 
work of which 101,000 came from 
U.S.A. and 70,000 from England. This 
equipment was of the Keith Plunger 
and Strowger (pre-2000) types. In 1935, 
the first purchases of 2,000 type equip 
ment were made from England, and 

G. A. DOBBINS, A.M.l.E.E., A.M.l.E.Aust.* 

from then until 1950 about 441,000 Jines 
were obtained. Of this, 216,000 lines 
were engineered for specified exchanges 
and 225,000 lines were purchased under 
the bulk buying scheme which began in 
the 1944/45 financial year. 
After the introduction of 2,000 type 

equipment, further purchases of pre- 
2,000 type were limited to extensions 
for established exchanges. No exchanges 
were purchased as complete units after 
1950 except for special trial exchanges 
which did not employ bimotional 
switches. These are listed in Table 1 
which shows their sizes and types. How 
ever, the volume of bulk supplies was 
increased and from 1950/51 to 1962/63 
inclusive a further 900,000 lines of 2,000 
type equipment were purchased. 
All supplies of 2,000 type equipment 

were obtained from England until 1948 
when the two Australian factories in 
Sydney, S.T.C. and T.E.I., began pro 
duction of this type of equipment. 
Approximately 800,000 lines were pur 
chased from these two companies in the 
fifteen years to June, 1963. 

PURCHASE OF CROSSBAR 
EQUIPMENT 

Manufacture of Crossbar in Australia 
The A.P.O. made the decision to adopt 

a register controlled crossbar system in 
April, 1959 (1) and in July, 1959, it was 
decided to standardise on the L.M.E. 
system (2). One of the factors which 
influenced these decisions was the neces 
sity to have supplies of automatic equip 
ment manufactured in Australia (3). 
Previous experience had shown the dis 
advantages of being fully dependent 
upon imported supplies. There had 
been a steady flow of 2,000 type equip 
ment from the Sydney factories in recent 
years, and close co-operation with the 

TABLE 1: PURCHASES OF COMPLETE EXCHANGES SINCE 1950 

t Exchange and Type 
Delivery 
Year for 
Initial 

Purchase 

Extensions 
Installed 
and/or 
Orders 

Placed for 
Extensions 

4,400 
400 

1,600 
1,000 

1950/51 
1958/59 
1959/60 

Size of 
Initial 

Installation 
3,600 
2,000 
2,400 
1,000 

2,000 
2,000 
1,900 

600 
600 

6,300 
200 

1,000 
1,100 

400 
400 

1,000 

North Essendon (Vic.j+-Sierncns 17 
Botany (N.S.W.) 
Gepps Cross (S.A.) 
Elizabeth (S.A.) ,, 
Matraville (N.S.W.)-Siemens & Halske 
EMD 

Maribyrnong (Vic.) ,, 
Kew (Vic.)-S.T.C. Pentaconta 
Sefton (N.S.W.}-L.M.E. Crossbar, 
ARF50* 

Templestowe (Vic.) 
Toowoomba (Qld.)-L.M.E. Crossbar, 
ARFlOl* 

Newtown (Qld.) 

* 

1960/61 
1959/60 
1960/61 

1956/57 

1959/60 
1964/65 

t The list excludes the standard crossbar exchanges for Petersham, Hayrnarket, 
Cooma and Flinders. 

* These crossbar exchanges are of different types from those standardised for use 
in Australia. 
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manufacturers, in both supply and 
design matters, made possible by hav 
ing a domestic industry, had been of 
great assistance to the A.P.O. There 
are, too, obvious reasons for supporting 
a local industry in a rapidly expanding 
country like Australia and it was funda 
mental to foster their growth. The poli 
tical and commercial implications of the 
decision are too involved for treatment 
in this article but it is pertinent to 
record that both S.T.C. and T.E.I. were 
licensed by L.M.E. to manufacture cross 
bar equipment in Australia and that 
L.M.E. themselves established a new 
factory in Melbourne from which ARF, 
ARK and ARM equipment started to 
flow in the 1963/64 financial year. S.T.C. 
and T.E.I. commenced production of 
ARF and ARK equipment in 1961 and 
made the first deliveries in the 1961/62 
financial year (4). 

Initial Crossbar Orders 
The first order for ARF equipment 

was placed on 5th June, 1959, for the 
supply by L.M.E., Sweden, of a 2,800 
line exchange for Petersharn, N.S.W. (5). 
It had been established in preliminary 
negotiations with L.M.E. that some 
modifications to the standard L.M.E. 
system would be necessary to make it 
suitable for integration into the A.P.O. 
network. Petersham was therefore 
treated as the "pilot" installation and 
detailed technical discussions were held 
with L.M.E. engineers to determine what 
facilities must be incorporated and what 
design changes were necessary. This 
work was not completed before manu 
facture of the equipment began but was 
considered during manufacture. Mean 
while, a further order was placed with 

131.190 .--- 
121,600 .--- 

l~O 

97,400 
92,192 .--- 

1959/60 1960/61 1961/62 1962/63 1963/64 
YEAR OF DELIVfRY 

TOTAL AUTO. LINES fJURCHASED 

L.M.E. on 14th July, 1960, for the sup 
ply of complete and fully engineered 
exchanges for Haymarket (N.S.W.), 
Cooma (N.S.W.) and Flinders (S.A.), 
and also for First Stage Switching equip 
ment for specified exchanges. As already 
mentioned, it was decided that Hay 
market would be installed by L.M.E. 

On 17th October, 1960, the first bulk 
orders were placed with S.T.C. and T.E.I. 
for a total of 39,860 lines including 
ARK equipment. All the equipment 
quantities in these orders were calculated 
by Engineers in Headquarters from 
trunking diagrams based on step-by-step 
principles provided by State Engineer 
ing Divisions and engineering informa 
tion then available from L.M.E. (6). At 
this stage, certain items were not being 
manufactured by S.T.C. and T.E.I. and 
orders for these were placed with L.M.E. 
All this equipment was for delivery in 
the 1961 /62 year. 
The first bulk supply order with 

L.M.E., Sweden, was placed on 17th 
January, 1962, and covered 11,230 lines 
including ARK equipment. For this 
order, L.M.E. were given trunking details 
of selected exchanges and were requested 
to provide all the necessary equipment, 
including miscellaneous items such as 
installation ironwork, to enable the 
A.P.O. to complete installation. Further 
orders placed with L.M.E. were for 
manufacture in their Australian plant 
and covered bulk supplies for 1963/64 
in quantities specified on an item-by 
item basis by the A.P.O. 
These supply arrangements are shown 

in Fig. 1 which indicates how purchases 
of 2,000 type equipment from S.T.C. and 
T.E.1. were also being made during the 
changeover from 2,000 type to crossbar 

11,700' 

equipment. The final purchase of 2,000 
type equipment was made for delivery 
in 1962/63; thus, the changeover was 
made, so far as bulk purchases from the 
local factories were concerned, in two 
years. Fig. 1 also indicates that a rela 
tively large purchase of 2,000 type 
equipment was made for 1961/62. This 
was done to provide a buffer stock to 
meet any disruption to the supply of 
crossbar equipment in the early stages 
of local manufacture. 

Factors on which Ordering is Based 
The true need for new, and extensions 

to existing, automatic exchanges is indi 
cated by the applications for telephone 
service combined with the necessity to 
replace manual services and old auto 
matic exchanges, and to develop the 
trunking in existing exchanges to cater 
for increased traffic and subscriber trunk 
dialling. This represents the work that 
ought to be done, and is known as the 
Needs Programme. However, this pro 
gramme must be restricted to fit within 
the limits of funds granted by the Trea 
sury for A.P.O. capital works, which 
cover not only telecommunications but 
also mail services, broadcasting and 
television. Therefore, when it becomes 
known what funds can be expected for 
telecommunication services, a realistic 
programme is drafted which must pro 
vide for a balance of purchases as 
between automatic equipment, cable, 
telephone instruments, equipment for 
trunk services, etc., and take into account 
available resources such as buildings 
and staff. A detailed examination of 
proposed expenditure on purchases of 
automatic equipment to ensure that sup 
plies will be adequate but not result in 
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unusable stocks because of labour short 
ages, etc., is a prerequisite of material 
ordering. 
Purchasing funds are made available 

in two categories - Forward Ordering 
funds and Short Term funds. The first 
is for those items of plant which must 
be ordered before the financial year in 
which delivery is required ar:d the 
second is for those items which can be 
ordered in the same financial year as 
that in which delivery is required. To 
satisfy short term contracts, manufac 
turers must carry stocks of those raw 
materials and components obtainable 
only on long lead times. For some 
materials, lead times from overseas can 
be as long as 12 to 15 months and manu 
facturers naturally are not prepared to 
invest in large stocks of specialised 
material, which can be used only in 
equipment for which there is no outlet 
other than the A.P.O., without some 
assurance of orders. Forward orders 
therefore form the larger portion of 
annual purchases so that manufacturers 
can organise their supplies and plan 
production programmes that will be 
economic to them and meet the A.P.O. 
delivery requirements. Economic pro 
duction means, in turn, lower prices to 
the A.P.O. 

Material held in stock by the A.P.O. 
is considered before a purchase is made. 
Stocks must be kept within predeter 
mined limits because all material held 
is a charge on a Stores Trust Account 
from which funds to make further pur 
chases are made available. Thus, exces 
sive stocks restrict purchasing power. 
The present value of Stores stocks of 
all types of equipment used by the Post 
Office is nearly £26 million. This 
includes £3.33 million of automatic 
equipment and with annual purchases 
at about £7 million it is necessary to 
maintain an average turnover rate of 
two. Provided that material purchased 
is used strictly according to the pro 
gramme of works planned at the time 
of purchase, a smaller stock can be 

maintained and orders can be confid 
ently placed far enough ahead of needs 
to ensure deliveries on time. 

Assessing the Annual Requirements 
The programme of exchange works is 

drawn up by the Engineering Divisions 
in each State in the form of a three-year 
project programme and in July each 
year, the six States present to Head 
quarters a detailed estimate of the auto 
matic equipment requirements for the 
three-years' programme. For example, 
the States submitted, in July, 1963, their 
requirements for the three years 1963/64, 
1964/65 and 1965/66. In preparing this 
information, every exchange in the three 
year programme is listed and the quan 
tities of individual items of equipment 
(as described later) for each exchange 
are shown. Special forms are used for 
this purpose on which the total annual 
requirement of every individual item is 
shown. These totals are carried for 
ward to a summary on which is entered 
current stores stocks, deliveries still to 
be made and recoveries which are 
expected to be made that will be suit 
able for re-use in the year under con 
sideration. An extract of the summary 
form used is shown in Fig. 2. Any 
changes in the usage pattern resulting 
from changes in design, standards, trunk 
ing or policy are taken into account. 
When the returns from each State are 

received in Headquarters, they are exam 
ined in relation to the project pro 
gramme and in the light of any develop 
ments in the extent of the overall pro 
gramme which may have become known 
during preparation of the information. 
At this stage an estimate of the cost of 
satisfying the needs is made and if this 
is within the budget for automatic equip 
ment purchases, material ordering pro 
ceeds. If the cost of meeting the stated 
requirement is too high adjustments are 
made in such a way that the most urgent 
works can proceed and the less urgent 
works are carried over into the follow 
ing financial year. Usually, the stocks 

of some items in some States are in 
excess of immediate requirements and 
the transfer of these items from one 
State to another is taken into account 
before purchases are made. (The actual 
physical movement of the material is 
not arranged until it is actually required.) 
There were many problems associated 

with the assessment of quantities for the 
initial bulk supplies of crossbar equip 
ment owing to unfamiliarity with this 
equipment and it was not practical to 
adhere to the established procedures out 
lined above for the orders placed during 
the first year. Equipment quantities 
were therefore estimated by Head 
quarters staff as already mentioned. In 
assessing these quantities frequent con 
sultation with L.M.E. was necessary to 
gain knowledge of the breakdown of 
major equipment units such as SL 
markers and to determine the relativitv 
between certain items, such as parts l 
and 2 of the incoming register. This 
information was consolidated into a 
Schedule of Items making up the ARF 
and ARK systems which was circulated 
to all engineers concerned with installa 
tion and material ordering and also to 
the manufacturing companies. It gave 
details of usage rates, and rack and 
relay set capacities to enable the States 
to assess quantities for orders in the 
following years. 
Although the Schedule of Items cov 

ered all racks and relay sets for the two 
systems, it did not provide for the wide 
variety of miscellaneous items such as 
installation ironwork, IDF strips, suite 
control equipment and plugs for inter 
rack cabling that also had to be pur 
chased. Estimates of the quantities of 
these items required for the first bulk 
order were made on the basis of recom 
mendations from L.M.E., Sweden. Short 
ages of some items occurred by doing 
this owing to the different methods of 
installation employed by L.M.E. but 
these were overcome by the placing of 
urgent supplementary orders and delivery 
by air from Sweden in some cases. As 

~~:0~iE ;E~~ ACT~~\1T3ocKs 0
~m::R~~~G Cf9~~t/~~~~~~c~N TRANSFERS AvW[:~u D;r~ALs lri.i! fg~~;~D RECOVERIES Avl~[t~LE o~lt~Als 

FOR FROM STOCK ON IN FOR FROM STOCK 
MAIN ENG. ON BULK LOCAL FROM TO 1963/64 FOR DEFIC- 1964/65 1964/65 1964/65 FOR 
STORE STORE H:~.g:~G 1961/62 1962/63 ORDERS 6tTtJ~ SoTi~~~ ~ifr~S \iti/K14 SURPLUS JENCY ORDERS \~i~rKss5 

1 RACK, SLA/B-LR, M=6 251/1 } 

2 M=8 251/2 ( 

3 ", M=lO 25113 ) 

4 SLB 251/4 f 
5 - ( 
6 SLB/PBX 251/6 ~ 

7 ?BXEQUIPMENf 251/7 J/m 
~ L----'--... 25118 .......____ - ....,.../~-~-+---+---4-' 

~ 251/9 ...._____L_,.--l...----' LI l 
~ ______,...____ ~~ 1 

116 2511193 

214 RACK.! FUR--PABX 

215 RElAY SIT t f.UR,PABX 

ROA 

217 2511194 ROA 

218 251/195 ROA 

219 25l/l96 ROA 

220 RELAY SET,AlARM & BLOCKED ROITTE 251/197 

223 RRAY SIT, OPERATORS CCT 49/65 

221 RACK, S~A/B,M = 8 2511198 

222 251/199 
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more information on the assembly of 
equipment became available, including 
that from experience by installers deal 
ing with the first installation, estimating 
guides were compiled and circulated so 
that future ordering could be handled 
by routine procedures for quantities 
assessed by State user divisions. 

ORDERING PROCEDURE 
General 

The first stage in the placing of orders 
is to give each manufacturer a broad 
estimate of the probable extent of orders 
at least 12 months ahead of the delivery 
year so that he can arrange for the 
ordering of raw materials and imported 
components, especially those with long 
lead times, in sufficient time to ensure 
delivery of complete equipment accord 
ing to schedule. This advice is given 
in the form of the number of lines of 
equipment required together with some 
indication of the product mix. About 
a month later, a detailed list of the items 
and quantities required is sent to the 
manufacturers who are then asked to 
confirm that they can supply the items 
at times suited to the A.P.O. programme. 

Because of the limitation on funds 
for forward ordering at this stage not 
more than about 70% of the annual 
needs can be placed on contract but this 
equipment must be ordered before final 
details of the programme are known. 
For example, about 70% of the equip 
ment required for 1963/64 was ordered 
before July, 1963, when the three-years' 
estimates for 1963/64 to 1965/66 were 
received from the States; therefore, the 
previous year's estimate (July, 1962), 
which showed 1963/64 as the second year 
of the three-year programme, was used 
to assess quantities. The placing of the 
short term order is left until the begin 
ning of the year in which delivery is 
required and before this order is placed 
the quantities shown in the latest esti 
mates from the States (July, 1963, in the 
example quoted) are examined and if 
these differ considerably from those 
indicated earlier the manufacturers are 
asked if they can accommodate the 
changes in their production programme. 
The content of orders, whilst being 

based on the annual three-years' pro 
gramme, is influenced by other factors 
including periodic reviews of available 
funds, an annual programming and plan 
ning conference, and a four-monthly 
conference to examine the adequacy of 
supplies coming forward. In the special 
case of the first bulk supply contracts 
with S.T.C. and T.E.I. for crossbar 
equipment, the timing of orders was 
different because of the decision to 
embark on local manufacture in parallel 
with development of the system in 
Sweden. This is explained in a previous 
article (6). 

Preparation of Contracts 
Once the details of equipment require 

ments have been . settled, a technical 
report is prepared by the Engineering 
Division which gives an item by item 
distribution of the equipment among 
the States. Usually, a quantity of each 
item is ordered from each manufacturer 
to safeguard supplies in the event of a 

breakdown in any one factory and 
against the possibility of a particular 
manufacturer being unable to schedule 
production at times suited to A.P.O. 
needs. This report also shows the prices, 
obtained from the manufacturers by the 
Stores and Contracts Branch, applicable 
to every item, and the total expenditure 
involved in the proposed contract. For 
the first crossbar orders, quotations were 
obtained from L.M.E. and the prices 
were related to labour rates ruling in 
Sweden at a specified date. Further 
orders placed in Sweden used these same 
prices, subject to the application of a 
specified escalation clause, and it was 
not therefore necessary to seek fresh 
quotations for subsequent orders. For 
the purpose of writing the initial con 
tracts with S.T.C. and T.E.I., Swedish 
prices, adjusted to provide for Austra 
lian labour rates, were used. The A.P.O. 
Finance Branch played an important 
part in establishing these rates in 
co-operation with the local companies 
and consulted the International Labour 
Organisation to assess the relativity of 
material and labour costs in Sweden 
and in Australia. After S.T.C. and 
T.E.I. had produced equipment in Aus 
tralia, they were able to determine actual 
production costs and, in conjunction 
with an A.P.O. cost investigation team, 
fixed a revised set of prices which were 
acceptable to all parties. 
The technical report is submitted to 

the Stores Branch where it is checked 
for prices and commercial aspects of the 
agreement with the suppliers and is then 
forwarded under cover of a recom 
mendation to the Tender Board. The 
Tender Board is an independent body 
comprising representatives of the Engi 
neering, Stores and Finance Divisions 

STATES 

INSTALLATION AND 
SERVICE DIVISIONS 

STORES 

and approves of all purchases made by 
the A.P.O. If approval to purchase is 
given-based on the estimated expendi 
ture being within the limits of available 
funds and the proposal being in accord 
ance with general purchasing policies 
the Stores Branch proceeds with the pre 
paration of formal contracts. These are 
issued in the form of Letters of Accept 
ance which contain all relevant com 
mercial clauses such as cost variation, 
delivery, payments terms and conditions 
of supply, and relate the technical 
aspects of the contract to the Catalogue 
discussed later in this article. The whole 
ordering pattern is shown in Fig 3. 
SPECIFICATION OF MATERIAL 

General 
All telephone equipment used in the 

A.P.O. is specified in a series of draw 
ings under the prefix "CE". No such 
drawings existed at the introduction of 
crossbar equipment and it became neces 
sary to determine how the new equip 
ment could best be specified. The most 
important considerations were the use 
by L.M.E. of the metric system in 
dimensioning mechanical drawings and 
the use of the semi-attached contact 
method in circuit drawings. S.T.C. and 
T.E.I. decided to convert all metric 
measurements into British equivalents, 
mainly because their established factory 
metrological facilities were based on 
British standards. An exception to this 
is screw threads for which the metric 
system has been retained. L.M.E., on 
the other hand, were faced with equip 
ping a new factory in Australia and 
chose to adopt metric measure. A.P.O. 
mechanical drawings are dimensioned in 
metric measure, usually with overall 
dimensions shown in British equiva- 
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lents to give a quick appreciation of 
sizes. 
The task of converting L.M.E. circuit 

drawings into drawings using the 
detached contact method was considered 
too large to undertake for the doubtful 
advantages to be gained. Moreover, 
A.P.O. technicians who installed the 
first crossbar exchanges (Sefton, Temple 
stowe and Toowoomba) had reported 
little difficulty in using the L.M.E. draw 
ings and it was decided to adopt the 
Swedish method. L.M.E. co-operated 
by having English translations of all 
Swedish terminology added to their 
drawings and providing lists of the more 
commonly used terms. It was also 
decided to retain the L.M.E. equipment 
designations and coding of individual 
parts both in the local factories and in 
the A.P.O. 
The production of A.P.O. drawings 

for each item of equipment was neces 
sary so that the Post Office would have 
control of the specification of items and 
be able to order the same equipment 
from all manufacturers. There is now 
a complete range of "CE" drawings 
covering ARF and ARK equipment. 

L.M.E. provided the local manufac 
turers with detailed design data and 
copies were passed to the A.P.O. which 
used this to determine what breakdown 
of the plant should be set as an objec 
tive. Bearing in mind the bulk method 
of supply, which involves the storage of 
material in units best suited to installers' 
needs and the invoicing of each unit at 
its true price, it was clear that a break 
down similar to that used for 2,000 type 
equipment should continue. Conse 
quently racks are ordered and delivered 
as units complete with wiring and mis 
cellaneous items but not fitted with relay 
sets, and relay sets are ordered and 
delivered as separate items. Crossbar 
switches are supplied mounted on the 
racks. Certain other items are also pur 
chased as separate units, such as testing 
equipment and IDF strips. A list of 
the items bought on a unit basis is 
given in Table 2. 

TABLE 2: SUMMARY OF ITEMS 
INCLUDED IN CATALOGUE 

ARF Equipment 
Racks, BDD types 
Racks, BDH types 
Racks, special types 
Relay sets, BCH 
ROA Boards 
Relay Sets, 

other types 
Other items, e.g. 
I.D.F. strips, 
Test Equipment 

ARK Equipment 
Racks 
Relay sets 

14 different types 
18 
4 

84 
35 

14 

15 

10 different types 
36 

A.P.O. Catalogue 
As the design information came to 

hand from L.M.E., a Catalogue of items 
was produced by the A.P.O. based on 
the original Schedule of Items but omit 
ting explanatory notes on the usage of 
the items which had by this time served 
their purpose. This Catalogue specifies 
each item in terms of Post Office item 

numbers, L.M.E. codes, and L.M.E. 
drawing numbers. Later, as the designs 
became more stabilised, each item was 
further specified by a CE drawing num 
ber which became the standard refer 
ence. The CE drawings are, in general, 
reproductions of the L.M.E. drawings 
and in their first issue represented the 
then current issue of the L.M.E. draw 
ings. Generally, whenever an L.M.E. 
drawing is re-issued, the corresponding 
CE drawing is also re-issued. There are 
times, however, when the L.M.E. or CE 
drawing is raised in issue without a 
change in the other, depending upon the 
need to incorporate a modification in 
current production or introduce it into 
the field, the decision resting with the 
A.P.O. A specific procedure was estab 
lished to ensure that local manufacturers 
were given immediate advice of forth 
coming changes so that they could 
arrange their production accordingly. 
The Catalogue is presented on a page 

per item basis which enables a new page 
to be issued whenever the design 
information for a particular item 
changes. The Catalogue forms part of 
the contract documentation and equip 
ment is supplied in accordance with the 
current issue of each page unless per 
mission for a variation is given to the 
manufacturer by the A.P.O. A sample 
page is shown in Fig. 4. The item 

ISSTJF.)JO. 3 
DATEl2!63, 
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Fig. 4.-Typical A.P.O. Catalogue Information 
Sheet. 

number appearing in the top right hand 
corner is a basic reference which appears 
on contracts and delivery schedules, and 
is used for identifying equipment in 
correspondence with suppliers, in deliv 
ery schedules and in all reviews of State 
requirements. The Serial and Item N os, 
are the primary A.P.O. identification for 
the purpose of stores holdings, internal 
accounting and stores issues. All equip 
ment used by the A.P.O. being similarly 
identified by item numbers within vari 
ous serials. All items must be clearly 
marked by the manufacturer as shown 
on the sample catalogue page. When a 

page of the Catalogue is reissued it is 
despatched to A.P.O. Acceptance Test 
ing Officers as well as to manufacturers 
so that they are kept informed of 
changes to equipment and see that only 
correct supplies are accepted into stores. 
The contract document itself gives no 
details of technical requirements but 
simply states the catalogue and serial 
item numbers, together with a brief item 
description; hence the need to reissue 
contracts bcause of technical changes is 
unnecessary. 
In the early stages of the changeover 

to crossbar equipment, ordering was 
complicated by the lack of detailed 
knowledge of the system. For example, 
it was not known that ROA boards, 
which are printed circuits mounting elec 
tronic components comprising oscillators, 
amplifiers, etc., would be delivered as 
separate items. These boards plug in to 
many relay sets and can in price exceed 
the value of the relay sets on which they 
are mounted. Swedish practice is to 
deliver ROA boards after the relay sets 
have been installed on the basis that it 
is a simple matter for the installer to 
plug in these boards before testing com 
mences. This method is satisfactory 
where the supplier installs the equip 
ment but for bulk supply contracts and 
installation by A.P.O. staff it is neces 
sary to minimise the number of items 
held in Stores and ensure that complete 
units of equipment are available to 
installers. This is particularly import 
ant where equipment is drawn from 
capital city stores for use in country 
centres hundreds of miles distant. It was 
therefore specified that ROA boards 
must be delivered with the relay sets to 
which they belong and be positively 
associated with them. 
Another example is the provision of 

wire guides for P.B.X. relays on P.B.X. 
racks. These relays are installed accord 
ing to the number of P.B.X. lines for 
each subscriber. They are therefore 
stocked as a separate item and with 
drawn as required. Wire guides through 
which jumper wires pass are provided 
according to the number of relays fitted. 
These guides were provided on initial 
orders as loose items, separately covered 
in contracts in quantities estimated as 
representing likely requirements. Their 
cost is small and it was considered that 
it would be more economic to have 
each rack supplied complete with guides 
rather than bear the administrative costs 
of carrying an extra item in stores stock. 
More important, it would be an advan 
tage to have them readily available to 
installers when they fitted the relays. 
Arrangements were therefore made for 
manufacturers to supply the full quan 
tity of wire guides which could be 
accommodated on the rack, temporarily 
fitted to the rack with appropriate 
screws. 

Design Changes 
Since design and development of the 

L.M.E. system to suit A.P.O. require 
ments was arranged to run concurrently 
with manufacture in Australia, changes 
to rack and relay set circuitry and com 
ponents became inevitable. Such changes 
have been classified as "Essential" to 
"Non-Essential", that is those that are 
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necessary to make the system work satis 
factorily and those that are desirable. 
In the essential category, contractors are 
given the choice of continuing produc 
tion to completion to the previous 
design and modifying the equipment 
before delivery or halting production 
until details of the change are made 
known and then continuing to the new 
design. In either case, it is incumbent 
on the contractor to secure any neces 
sary components to effect the change. 
In some cases it was necessary to 

release equipment subject to change 
from the factories to permit urgent cut 
over commitments to be met. This 
meant that modification, sometimes of a 
temporary nature, had to be made by 
installers and for this purpose any neces 
sary parts had to be made available 
quickly. Special orders were placed for 
modification kits and to simplify the 
association of these kits with the rele 
vant equipment they are branded with a 
Kit No. the same as that applying to 
the Catalogue Item subject to change. 
These kits are purchased from the con 
tractor offering the quickest possible 
delivery and in some cases arrangements 
are made to have them despatched from 
Sweden by air. 

PROGRAMMING AND DELIVERY 
SCHEDULING 

After orders have been· placed, the 
contractors draw up proposed schedules 
of deliveries, item by item for each 
State, and submit them to the A.P.O. 
for approval. The A.P.O. and the con 
tractors co-operate in achieving the most 
suitable schedule to fit the needs of both 
parties, that is the A.P.O. must be 
assured of continuity of supplies and 
the contractors should be able to pro 
ceed with production without the fear 
of unplanned changes in ordering level. 
Sometimes, a particular contractor can 
not arrange his production to meet all 
the delivery requirements, perhaps 
because of difficulty in obtaining sub 
contracted items, but with three manu 
facturers in the field and a large instal 
lation programme it is generally pos 
sible to absorb minor delays by slight 
adjustments to the programme. 
The delivery schedules are circulated 

to all six States where the Engineering 
Division examines them in detail against 
their planned installation programmes. 
At four-monthly intervals, State Engi 
neers meet with Headquarters to study 
in detail the progress of the programme 
and the supply of material and if 
changes to previous plans indicate likely 
shortages or difficulties due to late deliv 
eries, interstate transfers of material are 
arranged from stocks if the need is 
urgent or the contractors are asked to 
alter the distribution and priority of 
supplies to fit the needs. One of the 
biggest problems in obtaining satisfac 
tory deliveries has been the need for 
manufacturers to import certain com 
ponents but the continuing increase in 
the local manufacture of parts is improv 
ing the accuracy of delivery forecasts. 

Another factor influencing delivery is 
the complexity of factory testing of 
racks and relay sets. The setting up 
time for testing is long and certain parts 
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Fig. 5.-Movement of Supplies. 

J2l'·1mpor\ed Equipment Inspected at Bond Stores or on site 

of the system must be tested in groups, 
for example the three parts of the regis 
ter, REG-L. This means that unless all 
three parts of the register can be timed 
to be ready for testing together, holdups 
occur with resultant delivery delays. 

FUTURE TRENDS 
The system of bulk ordering adopted 

by the A.P.O. is not likely to be changed 
in the near future but methods of 
improving the system are under constant 
review. One of the biggest · problems 
with bulk purchasing is the need to hold 
sufficient stocks of all items in store so 
that installation work will never be 
delayed because of short supplies but 
at the same time keeping stocks within 
the limits of the Stores Trust Fund. 
With an ever increasing programme this 
can only be done by increasing the 
turnover rate. This, in turn, calls for 
greater accuracy in ordering and a close 
control on the delivery times of equip 
ment into store. 

Stores stocks could be reduced by 
having part of each year's bulk supplies 
delivered direct to exchanges instead of 
to State stores. (See Fig. 5). This could 
be arranged for those new exchanges 
where completion of the exchange build 
ing could be forecast with reasonable 
accuracy. In terms of material value, 
about 40% of the annual purchase could 
be organised in this way and "packaged 
deals" of this type would enable stocks 
to be reduced by an equivalent amount. 
Such a scheme might operate on the 
following basis:- 

Forward and short term orders 
would be placed as at present but 
contractors would be periodically 
advised of the items and quantities to 
be delivered direct to specified build 
ings by certain dates. Deliveries would 
be timed to match building comple 
tion dates and availability of instal 
lation staff. 

If the building has not been com 
pleted by the date forecast, the equip 
ment would be sent to store but all 
packages would be branded with the 
name of the exchange for which it 
was intended. 

The balance of the year's order 
would be delivered to a central store, 
probably Sydney and Melbourne, for 
withdrawal when required by all 
States. 
Now that the local manufacturers of 

crossbar equipment have an apprecia 
tion of the actual costs of production, 
it is intended to move away from the 
previous practice of placing orders on 
the basis of agreed prices and let con 
tracts against quotations from. each 
company for one, or perhaps two, years' 
supplies. This will entail an entirely 
new approach to the problems of mat 
erial ordering involving price compari 
sons of predetermined blocks of equip 
ment rather than of individual items, 
and the placing of contracts at order 
ing levels that will take advantage to 
the maximum extent of economic pro 
duction in the factories. 

CONCLUSION 
The changeover to crossbar equip 

ment · was a major undertaking which 
demanded a new approach by Post 
Office engineers and technical staff to 
the problems of planning, program 
ming, purchasing, installation and 
maintenance. Within five years of mak 
ing the decision to introduce crossbar 
equipment as the new standard, 42,000 
lines have been installed in 50 exchanges 
and a further 90,000 lines are at pre 
sent (May, 1964) in course of installa 
tion. 
Purchase on a bulk ordering basis 

proved satisfactory and involved the 
A.P.O. in detailed examination of the 
system design from the early stages of 
manufacture. This resulted in a much 
quicker and better understanding of 
the equipment than could have been 
expected had orders been placed for 
only fully engineered exchanges. 
Although there were some delays in 

obtaining supplies on time, there were 
no serious breakdowns in the pro 
gramme of exchange works. This was 
achieved not only by the individual and 
collective efforts of Post Office Staff, 
but also by the co-operation of the 
manufacturing companies who appre- 
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ciated the problems and organised their 
productive efforts to meet A.P.O. 
requirements. 
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CHANGE IN SOUTH AUSTRALIAN ENGINEERING DIVISION 
MANAGEMENT 

Mr. V. F. Reeves, B.E.E., A.M.I.E.E., 
retired from the position of Assistant 
Director, Engineering Division, South 
Australia, on 29/6/64. He had a varied 
career, starting from an apprenticeship 
with an implement company in Vic 
toria. He studied Electrical Engineer 
ing and gained a diploma in mechani 
cal and electrical engineering at the 
Melbourne Technical College in 1921, 
followed by the B.E.E. degree at the 
Melbourne University two years later. 
Following graduation he spent a period 
as a lecturer at the Melbourne Tech 
nical College. 
In 1927 he entered the Department 

and was appointed as an Engineer in the 

Mr. V. F. Reeves, B.E.E., A.M.l.E.E., 

Transmission Section where he was con 
cerned with transmission measurements 
in connection with some of the early 
carrier system installations. He was 
also involved in the laying of the Vic 
toria- Tasmania submarine cable in 
1930. He took his interest in trans 
mission work to Central Office when he 
was transferred there in 1935. In 1939 
he spent some months in South Aus 
tralia in connection with a number of 
three channel system installations. 
He was appointed Divisional Engi 

neer in 1942, Sectional Engineer in 
1952, and Supervising Engineer in 1954 
in the Long Line Equipment Section 
of Central Office. Then in 1957 he was 
appointed Assistant Director, Engineer 
ing, in South Australia and for the next 
eight years he steered engineering work 
in that State through difficult times of 
rapid growth, limited financial alloca 
tions, and major technical changes. 

Mr. Reeves was the foundation chair 
man of the S.A. Division of the Society. 
The Board of Editors on behalf of 

the Society wish to record their appre 
ciation of his contribution to telecom 
munications in Australia and to wish 
him a long and happy retirement. 

* Mr. E. J. T. Symonds, B.E. (Mech.) 
succeeds Mr. Reeves. Mr. Symonds 
gained his B.E. degree at the Adelaide 
University in 1926 and joined the 
Department as an Engineer in the fol 
lowing year. His first three years in 
the Department were spent in Central 
Country Division. He was then 
transferred to Lines Section where he 
was successively appointed as Divi 
sional Engineer in 1946 and as Super 
vising Engineer in 1957. During this 
period he invented the "Earth Saw" for 
use in installing subscriber cables and 
gained a major award from the Improve 
ments Board in 1954 as a result. This 
machine, with further developments, 

Mr. E. J. T. Symonds, B.E. (Mech.) 

has proved very successful in S.A., and 
there are now seven in service giving 
nearly twice the output of more con 
ventional machines of the same size. 
Mr. Symonds has been prominent in 

Postal Institute affairs, where he has 
been made a Life Member and has 
been an active member of the Profes 
sional Officers' , Association, where he 
has also been granted life membership. 
He was recently appointed chairman of 
the S.A. Division of the Society. The 
Board of Editors and the Society have 
pleasure in congratulating Mr. Symonds 
on his appointment as Assistant Direc 
tor and wish him well for the years 
ahead. 
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SELF-SUPPORTING AERIAL ~ABLE 

INTRODUCTION 
Self-supporting plastic aerial cables are 

in small scale use in several overseas 
countries (1). They are generally special 
cables with hard drawn copper or 
cadmium copper conductors and greater 
than normal insulation thickness. In 
1956 trial quantities of cable were pur 
chased with 20 lb. hard drawn copper 
conductors and 15-20 mils of polythene 
insulation. The high cost of the special 
cable and the difficulties in jointing and 
terminating made the cost of completed 
installations greater than similar projects 
using standard cable lashed to a steel 
bearer wire and no further quantities 
were purchased. 

In 1960 some installations of standard 
plastic cable as self-supporting aerial 
cable were made by Engineers in the 
Geelong Division, Victoria, and at the 
Training School in Perth. The first 
portion of this article outlines theoretical 
studies made to assess the possibility of 
using plastic cable in this way; the re 
mainder of the article describes an actual 
installation. 

:MECHANICAL DATA 
Stress-strain diagrams were prepared 

for "soft" copper cable conductors. 
These showed:- 
A verage breaking stress = 32,200 lbs. 

per sq. in. 
Elongation at break = 25%. 
Average Youngs Modulus on initial 

loading to 12,000 lbs. per sq. in. = 7.35 x 106 lbs. per sq, in. 
Strain at 12,000 lbs. per sq. in. 

0.163%. 
Modulus on subsequent loadings 

13.75 x 106 lbs. per sq. in. 
They also showed that the strain in 
creased by 0.043% after 20 load cycles 
between zero and 14,500 lbs. per sq. in. 
Published data for low density poly 
thene was also examined for strains of 
the order expected in cables. Under 
normal conditions the strain would not 
exceed 0.50% and the stress correspond 
ing to that strain would be 70 lbs. 
per sq. in. at initial loading, reducing 
to about 40 lbs. per sq. in. after 15 
hours. Stresses and strains of this 
order have negligible effect on poly 
thene. The initial modulus of polythene 
is about 14 x 103 lbs. per sq. in. which 
is about 0.2% of the modulus of soft 
copper on initial loading. Thus for 
equal strains, as in a cable, the stress 
in the polythene will be only 0.2% 
of that in the copper. 
In a typical 50 pair/6t lb. con 

ductor (50/6t) cable, with 12 mils 
insulation on each conductor, the cross 
sectional area of polythene is about ten 
times that of the copper. Thus only 
about 2% of the tension in a moderately 

*Mr. Clark is Engineer Class 3, Lines Sec 
tion, Headquarters. See page 423. 
•• Mr. O'Neill is Engineer Class 2, Arrnidale 
Division, N.S.W. See Vol. 14, No. 3, page 25. 

R. A. CLARK, B.E.* and P. J. O'NEILL, B.E., Grad.l.E.Aust.** 

loaded cable would be carried by the 
polythene so that the plastic can be 
neglected in designing working sags and 
tensions. 

On substantial overloads, however, the 
initial modulus of the copper falls 
significantly while that of polythene 
remains constant so that at I% elonga 
tion the copper stress would be 18,700 
lbs. per sq. in. and the polythene 160 
lbs. per sq. in. so that the load ratio, 
for 50/6t cable, would be 92% copper 
to 8% polythene. At 3% elongation 
the ratio would be 85% to 15% and 
at 20%, i.e., just before the conductors 
would break, the ratio is 71 % to 29% 
which means that the short-term break 
ing load is approximately 40% greater 
than for the conductors alone. For very 
slowly applied loads or repeated load 
ings the increase in strength would not 
be so great, but would still be signifi 
cant. 

SAG AND TENSION 
CALCULATIONS 

From the above data it was decided 
that designs based on neglecting the 
strength of the polythene and on a stress 
of 17,000 lbs/ per sq. in. in the copper 
when · cables are subjected to wind 
pressures of 10 lbs. per sq. ft. at tem 
peratures of 40° F. would have an 
adequate safety factor. The erection 
sags necessary to achieve this were 
determined using a Universal Sag Chart. 
The stress in the copper at erection 
was also determined. For some heavy 
cables, viz., 75/10, 75/20 and 50/20, this 
stress was found to be as high as 14,000 
lbs. per sq. in. and, as this was con 
sidered excessive, the maximum erection 

stress for these cables was set at 11,000 
lbs. per sq. in. 
These sag calculations assume that the 

modulus of copper remains constant up 
to 17,000 lbs. per sq. in. and are, there 
fore, only valid provided cables are 
prestressed to this figure at erection and 
then slackened off to their erection 
sag. The possibility of revising the 
sag tables to eliminate prestressing was 
checked, but was discarded, as the 
erection stress would in all cases ap 
proach 17,000 lbs. per sq. in. and the 
cables would spend their early life at 
this high stress. Prestressing also tends 
to ensure that all conductors are 
stressed equally. 

SAG TABLES 
Examination of the calculations for 

twin plastic cables with 12 mils insula 
tion showed that the cables fell naturally 
into four groups:- 
A. Cable sizes up to 15/6t, 10/10 and 

5/20-Unsuitable for self-supporting 
cables. 

B. Cables sizes 25/6t, 5/10, 10/20- 
for sags see Table I. 

C. Cable sizes 50/6t, 75/6t, 25/10, 15/20 
-For sags see Table 2. 

D. Cable sizes 50/10, 75/10, 25/20, 50/20, 
75/20--For sags see Table 3. 

OTHER CONSIDERATIONS 
Termination 

At terminations most of the ten 
sion in the conductors must be trans 
ferred to some supporting structure so 
that jointing and allied operations can 

TABLE 1: SAGS FOR CABLES IN GROUP B. 

Temp. 
Span Length in Feet 

100 132 150 165 180 200 250 300 
- 

40°F. 21" 37" 48" 58" 69" 85" 133" 192" 
60°F. 22" 38" 50" 60" 71" 88" 138" 198" 
80°F. 23" 40" 51" 62" 74" 91" 142" 205" 
I00°F. 24'' 41" 53" 64" 76" 94" 147" 212" 
120°F. 24" 42" 55" 66" 78" 97" 152" 218" 

Pre-stress 6" I 11" 15" 18" 21" 26" 41" 59" 

TABLE 2: SAGS FOR CABLES IN GROUP C. 

Span Length in Feet 
Temp. 

100 132 150 165 180 200 250 300 

40°F. 13" 23" 30" 36" 43" 53" 82" 119" 
60°F. 14" 25" 32'' 39" 46" 57" 90" 129" 
80°F. 15" 26" 34" 41" 49" 60" 94" 136" 
!00°F. 16" 28" 36" 44" 52" 64" 101" 145" 
120°F. 17" 30" 39" 47" 56" 69" 108" 155" 

Pre-stress 6" 11" 15" 18" 21" I 26" 41" 59" 
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TABLE 3: SAGS FOR CABLES IN GROUP D. 

Span Length in Feet 
Temp. 

100 132 150 165 180 
I 

200 250 300 

40°F. 9" 15" 19" 23" 27" 34" 53" 76" 
60°F. 10" 17" 22" 26" 31" 3811 60" 86" 
80°F. 11" 19" 24" 29" 35" 43" 66" 96" 
l00°F. 12" 21" 26" 3211 3811 4711 7311 10611 

120°F. 1311 2311 2911 3511 4211 5211 8011 !1611 

Pre-stress 611 11" 1511 1811 2111 I 2611 41" 59" 

be performed. As the conductors can 
not be connected directly to the sup 
porting structure this tension transfer 
must take place through the conductor 
insulation and the sheath. 
A suitable termination would be one 

where the cable is coiled around a drum. 
Then at any point if the radius of the 
bend in a conductor is R inches and 
the tension is T lbs. the reaction between 
the conductor and the, insulant is T/R 
lbs. per inch of· conductor. If the 
conductor diameter is D inches and we 
assume uniform pressure between the 
conductor and the insulant the pressure 
is T/RD lbs. per sq. in. 
For polythene insulation the pressure 

should not exceed about 200 lbs. per 
sq. in. 
For 6t lb. conductors, Tmax = 6 lbs. 

approx. 
and D = 0.02011 
.', Rmin = 1.5 ins. 
And for 20 lb. conductor, Tmax = 18 lbs. 

approx. 
and D = 0.03511 
.'. Rmin = 3.2 ins. 
The actual pressure is not uniform, 

particularly with twin cable, so that 
drums of radii 5 ins. to 9 ins. are 
probably essential. An interesting ob 
servation on these results is that the 
performance of cables with small soft 
copper conductors is likely to be better 
than that of cables with large and high 
strength conductors. 
Checking the pressure between the 

cable sheath and the drum shows that 
the pressure per unit length is again 
T/R where T is now the total tension 
in the cable. For a pressure not ex 
ceeding 200 lbs. per sq. in. the resultant 
flat contact between a flat drum and 
the deformed cable sheath would be 
about 0.2 in. wide for a 15/6t and 0.4 in. 
for a 75/6t cable. These deformations 
should be tolerable but, of course, 
grooved drums are to be preferred. 
The number of loops required around 

the drum can be assessed by the "belt 
on-pulley" formula T1/T2 = ekw where 
T1 is the inspan tension. 
T2 is the residual tension. 
k is the co-efficient of friction between 

the sheath and the drum. 
w is the angle through which the cable 

is wrapped, around the drum, in 
radians. 

e is 2.718. 

Thus T2 will never be zero but, for 
k = 0.4, 1 t loops around the drum 
will reduce T2 to about 1/40th of T1 
which should be satisfactory. 
Alternatively terminations could be 

made using the principles of the patented 
"Preformed Guy Grips". With these 
there is no doubt that sufficient bond 
will be achieved between the grip and 
the sheath but unless the grip is longer 
and tighter than normal there may be 
insufficient friction between the cable 
core and the sheath. 

Support at Intermediate Poles 
At intermediate poles the vertical 

reaction equals the weight of the cable 
plus an allowance for vertical and/or 
horizontal angles in the route. The 
pressures developed will not be exces 
sive provided the loading can be dis 
tributed over about two to four .inches 
for angles up to 20°. Over this angle 
it is desirable for the cable to be 
terminated. 

Changes in Sag in Service 
Even after pre-stressing there will 

be a gradual increase in the sag under 
no wind ambient temperature conditions 
because the modulus of the copper 
wire is slightly lower for increasing 
stresses than for decreasing stresses. 
Thus a typical cable at 80°F. and no 
wind in a 165-foot span might have a 
sag of 44 ins. If the cable is subject 
to a 10 lbs. per sq. ft. wind at 40°F. 
and then returned to 80°F. and no wind, 
the sag will increase to 44.6 ins., i.e., 
about 1 % increase. Subsequent loadings 
would not increase the sag as much. The 
smaller stress changes due to tempera 
ture variation and light winds would 
have very little effect individually, but 
may have a noticeable effect over a 
long period. 
However, cables could be re-sagged 

to their original condition many times 
without detrimental effect. 

Effect on Cable Characteristics 
Placing the conductors of twin or quad 

cable under tension will reduce the 
average conductor spacing inside the 
cable core thus slightly increasing the 
mutual capacity. It is unlikely that 
the increase would take the cable out 
side its specification limits. The slight 
elongation of the conductors will have 
negligible effect on conductor resistance. 

APPLICATION TO QUAD PLASTIC 
CABLE 

In 1963 quad plastic cables with 
reduced insulation and sheath thickness 
in most sizes were adopted as standard. 
The sag and tension calculations were 
repeated for the new cable and it was 
found that tolerable sags could be 
achieved at lower stresses thus leading 
to an improved safety factor and reduced 
stresses at supports. The design basis 
for these cables was:- 
Maximum stress under high winds and 
low temperatures-14,000 lbs. per sq. in. 
Maximum stress at erection-900 lbs. 
per sq. in. 
The cables were again grouped into 

the four erection sag categories used 
previously, viz. 
Group A-Up to 30/4; up to 20/6t; 

10/10. 
Group B-50/4; 70/4; 30/6t; 20/10; 

30/10; 10/20. 
Group C-100/4; 50/6t; 70/6t; 50/10; 

20/20. 
Group D-70/10; 100/10; 30/20; 50/20; 

70/20; 100/20. 

FIELD INSTALLATION 
Trial installations have been made in 

several States and the results to date in 
dicate that self-suporting cables are tech 
nically feasible and economically attrac 
tive in situations where frequent access 
to pairs for distribution purposes is 
not required. The only reported troubles 
have been on one installation where two 
conductors failed at repair joints inserted 
during manufacture. The rate of in 
crease of sag has in all cases been very 
slow. 

Self-supporting cables are particularly 
attractive for non-permanent installa 
tions. The remainder of this article 
describes one such case. It was the 
provision of extra junction circuits 
between Inverell and Elsmore, N.S.W., 
to meet Extended Local Service Area 
(E.L.S.A.) needs. The logical method 
of providing the additional circuits was 
by erecting physical open wire lines on 
the existing aerial trunk route between 
Inverell and Glen Innes and providing 
extensions on the spur routes where 
necessary. The provision of all the 
circuits by open wire would have meant 
that less than standard clearances would 
apply over road crossings in the Inverell 
town area. This problem will eventual 
ly be solved by upgrading the route. In 
the meantime, it was decided to use 
aerial cable, 15 pair 20 lb. conductor 
plastic cable being chosen. The length 
of cable to be provided (some 11.3 miles) 
meant that loading would be necessary, 
5,000 feet intervals between loading 
points being used instead of the more 
usual 6,000 feet intervals to allow for 
the different transmission characteristics 
of the plastic cable as opposed to paper 
insulated lead covered cable. 

Installation Methods 
Renewal of Poles: The route chosen 

was one which was in the process of 
being respaced progressively in conjunc 
tion with pole renewals. All "key" 
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INSULATO~ REEL l'. 
...._ BRACE ARM 18"' 

COACH SCREWS ..._2rxi" ....._,3"'xf" 

TOP ARM 

WOOD POLES 

poles with an expectant life of less than 
five (5) years were replaced on their 
correct spots so that pole renewals 
would be simplified during the expected 
life of the cable. "Key" poles in this 
case were poles on which joints were 
to be made and particularly those in 
the vicinity of which loading coils were 
to be installed. 

Supports: Owing to clearance pro 
blems, it was decided to suspend the 
cable from or near to the tops of all 
poles along the route. On wooden 
poles the support was fashioned from 
a reel insulator and an 18-inch arm 
brace attached to either side of the 
head of the pole with 3 in. x -l- in. 
coach screws. A further 2! in. x t 
in. coach screw was fastened through 
one brace to the pole to position the 
support. On steel poles, the braces 
were simply bent at right angles and 
attached to the top cross-arm. On 
common poles, a -l- in. bolt and a 
reel insulator were used. Fig. I shows 
the different methods. 

Tenninations: Guy grips were at 
tached to poles and wound round the 
cable to hold it at either side of all 
joints, angle poles and road crossings. 
In addition, a bearer wire was erected 
at all road crossings and the cable at- 

TOP ARM 

STEEL POLES 

ELECTRIC 
LIGHT 
WIRES 

COMMON POLES TERMINAL POLES 

Fig. I .-Methods of Attaching Self Supporting Cable to Poles. 

tached to it by means of a cable 
spinning machine. This was done as a 
safety precaution and also to get the 
necessary clearance at some crossings. 
The grips used were preformed ter 

minations consisting of five strand 
twisted galvanised iron wire with a resin 
coating on the inside. The grips were 
found to be very stiff to apply, so two 
of the strands were unwound and re 
moved. The resulting three stranded 
grip was then applied fairly easily ex 
cept for the last turn or two. These 
turns were left unwound in the finish as 
the grip was already secure enough. 
Fig. 2 shows the grips at a jointing 
pole. The grips were attached to the 
pole by passing them through a -l- in. 
eyebolt and lug. Some difficulty was 
experienced in passing the grip through 
the lug and it was necessary to first 
remove the thimble fitting. 

Erecting Cable: The cable was laid 
out prior to erection and a method was 
devised to position the cable from the 
ground. This was done in the following 
steps which are illustrated in Fig. 3. 
Stage I-One end of the cable was 

tied in using a preformed termination. 
One man then pulled a loop of slack 
cable into the centre of the line, using 
a forked stick with a hook on the 

Fig. 2.-Coble Termination at Straight Through Joint. 

side at first, while the second man 
assisted the cable to slide over the live 
wires. 
Stage 2-Both men walked along the 

span, one in the centre of the wires 
to keep the running loop in the cable, 
and the other at the side to assist in 
sliding it over the wires. 
Stage 3-At the next arm, the leading 

man flicked the cable over the spindles 
and insulators into the centre. 
Stage 4-The man in the centre then 

let go the slack and used the fork on 
the stick to lift the cable onto the reel 
insulator. He then pulled the slack 
into the next span and so back to 
Stage 1. 
This method used a small number of 

men, reduced climbing of poles to a 
minimum and did not cause any inter 
ference to the working open wire lines. 

Tensioning: The cable was tensioned 
in accordance with the values of sag 
given in Table 2-pre-stressing to a 
tension equal to that likely to occur 
under design maximum load conditions 
was carried out to minimise the gradual 
increase in sag expected during the 
early years after installation. One of 
the preformed terminations was used as 
a tensioning grip and the cable was 
pulled up with a truck. Two men 
were required up suitable poles with 
sighting sticks fixed at the required 
pre-stress and final stress distances as 
stipulated in the sag tables for the pre 
vailing temperature. A truck driver 
and a man in charge were also neces 
sary. 

An attempt was made, using a dyna 
mometer in the tensioning line, to 
convert the sags to tensions and so 
reduce the labour involved. However, 
the tension readings taken for the same 
sags at the same temperature varied 
by as much as 24% and this method 
was abandoned. It is probable that 
the variation in tensions was due to 
the varying number of spans in a length 
to be tensioned, thus varying the total 
frictional resistance of the supporting 
reels. Another factor may have been 
the unevenness of the ground. 
Tying In: The cable was tied in to 
the reel insulators at every pole except 
those at which terminations were pro 
vided. A length of plastic pipe with 
a helical slit was wrapped around the 
cable to give added protection against 
rubbing and 60 lb./mile galvanised iron 
binding wire was used to do the actual 
tying in. ' 
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FORMING LOOP 
BETWEEN WIRES 

Jointing: All the straight through 
joints were made up the pole. Hot 
twist conductor joints were used. To 
protect the jointer and his torch from 
the wind a jointer's tent was modified 
to allow it to be installed up the pole. 
A special jig to hold the cable was 
also developed. Fig. 4 shows the equip 
ment in use. 

Loading: The loading coils were 
small enough to be installed in a stan 
dard 36 in. x 18 in. x 18 in. asbestos 
jointing pit. The loading coil tails were 
jointed to two lengths of steel tape 
armoured cable which were taken up 
the pole and jointed to the aerial cable 
using an aluminium sleeve and expand 
ing rubber plug with holes of suitable 
size. As it is reasonably simple to gain 
access to the joints in the aluminium 
sleeves, only the working pairs in the 

LOOP EXTENDED 
FULL SPAN 

CABLE FLIPPED 
OYER INSULATORS 

CABLE LIFTED TO 
INSULATOR. REEL 
TOP OF POLE 

Fig. 3.-Erection of Self Supporting Aerial Cable. 

aerial cable were jointed to the lead 
cable leading to the loading coils. This 
was done to protect the spare coils in 
the loading pots from lightning damage. 

Suggested Improvements 
If this method of providing circuits 

becomes widespread, a number of im 
provements could be implemented. 
Selected lengths of cable could become 
an economical proposition for long 
extensions. With 20,000 yards (i.e., 40 
x 500 drums) of cable used on this job, 
an average waste of a half a span 
(22-l- yards) was left over per drum. 
This resulted in 900 yards of short 
lengths being left over. 
The manufacture of supports from 

other standard items of equipment can 
not be economical, and their standardisa 
tion and special manufacture, together 

Fig. 4.-Jo.inters Tent Installed up a Pole. 

with the attendant benefits of collective 
schedule purchases, would be desirable. 
This would also apply to the manufac 
ture of standard clips for holding the 
cables at loading points to the poles; 
in the Inverell-Elsmore case these were 
also specially manufactured. Four way 
combiners were attached to the pole 
at the top of the cable run to prevent 
a ladder against the pole from crushing 
the cables and these could probably be 
replaced with a cheaper new item. 
The discarding of the two strands 

from the grip and the thimble from the 
terminating lug is wasteful. A grip, 
using, say five (5) strands of a lighter 
and more flexible wire with a heavier 
coating of resin is desirable. 

Fault History 
At the date of writing this article, 

the cable had been in service for just 
on two years and its performance had 
been quite satisfactory. Transmission 
measurerrients made initially indicated 
that the cable has characteristics equal 
to that of underground paper insulated 
cable of the same conductor weight and 
no deterioration in these characteristics 
has become evident. 

Special arrangements were made to 
ensure that lightning strikes would not 
penetrate from the aerial cable to the 
underground cable at the Inverell end. 
Arrestors to earth from each leg of 
each pair of the aerial cable were 
provided by jointing the aerial cable 
to the tail of a protected terminal box. 
This box was tied to a second box with 
bridle wire and its tail jointed to the 
underground cable. 

Some of the grips failed to hold and 
the slack in the cable at angle poles 
was taken up. Whilst this did not cause 
any faults, it was undesirable. The 
slipping was considered to be due to the 
grips having been taken off and put on 
a few times during installation, resulting 
in much of the resin being rubbed off. 
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Replacement of faulty grips has been 
effective in stopping a recurrence of 
this trouble and better designed grips 
should probably eliminate it. No 
significant sag changes have been 
observed. 
A fault caused by a bullet piercing 

the sheath and severing some of the 
wires has been recorded. A short-circuit 
was in evidence and the approximate 
location was obtained by standard 
methods. Accurate location was then 
made by visual inspection of the cable 
in the vicinity of the fault using field 
glasses from the ground. The repairs 

were made by erecting a bearer wire 
in the span affected and spinning the 
cable onto it. This may be an ap 
propriate method of remedying all faults 
in span. 
The only other faults recorded were 

two open circuits and these were both 
located with considerable accuracy using 
a Line Fault Test Set. In each case 
the fault was the result of a manu 
facturing joint in a wire breaking 
under strain at the point where it had 
been welded. The answer to this may 
be an approach to the manufacturer 
to improve his technique in this regard. 

CONCLUSION 
Although some difficulties were en 

countered in an initial field installation, 
particularly with the design of the term 
inating grips, it is suggested that the 
use of self-supporting aerial cable may 
prove more economical that spinner 
erected cables and possibly even more 
economical than integral bearer cables. 
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NEGATIVE IMPEDAl\'UE REPEATERS-PART I. 
INTRODUCTION 

The Australian telephone network has 
a requirement for two types of trunk 
lines:- 
(i) Those where the transmission loss 

from end to end can be adjusted to 
a nominal value of zero (called "zero 
equivalent circuits"). 

(ii) Those where the transmission loss 
from end to end is restricted to a 
maximum of 6 db (called "6 db 
equivalent circuits"). 

These trunks are constructed into a 
transmission network in which no more 
than two 6 db equivalent circuits can 
be in any one connection. 
In big cities, the network consists of 

either relatively short circuits each with 
a loss of about 4 db., a typical connec 
tion consisting of three such circuits in 
tandem, or direct circuits, with a loss 
of approximately 10 db., which connect 
exchanges without intermediate switch 
ing. The latter type is becoming com 
mon with the introduction of crossbar 
switching. Such circuits will be referred 
to as "city junctions". 
Up until recently the 6 db. equivalent 

circuits and the city junctions were 
exclusively passive, a heavier gauge 
conductor being used to keep the loss 
within the limit as the length became 
longer. However, the cost of these pas 
sive circuits is very high, and in recent 
years the practice of amplifying lighter 
gauge conductors has been introduced. 

PERFORMANCE OF V.F. 
AMPLIFIED C1RCUITS 

Three types of amplified circuits avail 
able are:- 
(i) 4-wire. 
(ii) 2-wire with hybrid coil amplifiers 

or repeaters. 
(iii) 2-wire with negative impedance 

repeaters. 
Types (i) and (ii) have been used in 

the trunk network for many years. 
2-wire amplified circuits have never 
been highly regarded due to various 
factors. The use of 2-wire repeaters in 
the early days, in open wire lines on 
which varying climatic conditions have 
an adverse effect on the constancy of 
line-up levels, is one example of this; 
another is their use over links which 
originally may have been allowed some 
loss, but which in the evolution of the 
trunk network became zero equivalent 
links. Although little can be done to 
remove the limitations of 2-wire ampli 
fied circuits, they can nevertheless pro 
vide a satisfactory circuit if allowed to 
operate on suitable lines and at some 
loss as in the case of 6 db equivalent 
circuits and city junctions. 

Fom·-Wire Circuits 
A typical four-wire circuit is shown 

in Fig. 1. It is readily observed that a 
signal originating at, say, hybrid-line at 
station A will reappear at its starting 
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Fig. !.-Typical 4-Wire Circuit. 

point changed in level by the loop gain 
which equals:- 

2G-2L-R(Zy/Zc) - R(ZxfZc) 
where: G db is the total gain of the 
amplifiers in each direction; L db is the 
in each direction; R(Zy/Zc) db is the 
drop in level experienced by the signal 
when it is partially reflected at hybrid 
line at station C (this is equal to the 
return loss between the terminating 
impedance ZY and the hybrid network 
"compromise" impedance Zc); and 
R(ZxfZc) db is the corresponding drop 
in level at Station A. If simultaneously 
at any frequency the loop gain becomes 
equal to or greater than zero db and 
the corresponding loop phase change is 
some whole number multiple of 360 
degrees, then the system will oscillate 
at that frequency. 
When the circuit is lined-up at some 

nominal frequency to a zero equivalent 
from hybrid-line at one end to hybrid 
line at the other end, i.e. G - L, the 
loop gain will equal:- 

- R(Zy/Z0) - R(Zx/Z0), 

and under these conditions the system 
is liable to be unstable when the return 
losses are zero or worse. 
It is worth noting that since the ampli 

fiers are one way devices only, any 
reflected currents set up in the 4-wire 
path due to mismatches in the line 
(irregular loading sections, changes of 
gauge in the conductor, etc.) or a mis 
match between hybrids, lines and ampli 
fiers, would only be of a secondary 
order of magnitude when contributing 
to instability. (These same defects may 
also cause irregularities in the insertion 
loss/frequency response of the line, thus 

STATION A 

making the loop gain at some frequency 
higher than at the line-up frequency. 
Instability due to this aspect is rarely 
a problem.) 
It may be concluded then that the 

only important contributors to instabi 
lity in a zero equivalent 4-wire amplified 
circuit terminated with finite impedances 
are:- 
(i) reflections at the terminations. 
(ii) irregularities of the amplifier gain 

or line loss over the pass band 
which cause the loop gain at a 
particular frequency to be greater 
than that at the line-up frequency. 

With proper engineering control these 
two items can be reduced to 'almost 
negligible proportions, thus making 
4-wire circuits suitable for use as zero 
equivalent circuits. 

Two-Wire Hybrid Repeaters 
A typical 2-wire hybrid type ampli 

fied circuit is shown in Fig. 2. It will 
be observed that the hybrid coils may 
have two different types of balance net 
works-one Zc, the same as in the 4-wire 
case (the compromise network) and 
another ZP' called the precision net- . 
work, which is designed to represent as 
closely as possible the sending end 
impedance of the line on the other side 
of the hybrid. The expression for the 
loop gain of 2-wire amplified circuits 
such as the one shown in Fig. 2 will 
contain the factors derived above 
together with:- 
(i) terms resulting from return losses 

between ZP and the line imped 
ance, Z1, at each point where a 
mismatch occurs between these 
impedances. These will be called 
the "precision return loss factors". 

STATION B 

1 ""' l ,, ~ t 
Fig. 2.-Typical 2-Wire Circuit. 
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(ii) terms resulting from reflections 
within the line itself due to bad 
loading, etc., which will be called 
the "structural return loss factors". 

(iii) terms resulting from return losses 
between Z1 and Z;, which will be 
called the "image return loss fac 
tors". (Z;, the image impedance of 
the repeater, is mainly a function 
of the parallel combination of the 
input impedance of the transmitting 
amplifier and the output impedance 
of the receiving amplifier.) Norm 
ally, when the line is equipped 
with only one repeater, this factor 
will not be very important but 
with more than one repeater in the 
line it has a large effect since the 
reflected signal is amplified. 

Since the hybrid repeaters amplify 
in both directions, these three items 
contribute towards instability to such a 
degree, that this type of circuit cannot 
be successfully operated at a zero 
equivalent. 

Two-Wire Negative Impedance 
Repeaters 

If some negative resistance (-R) is 
inserted into a line such that it carries 
a current I, then the power absorbed 
by the negative resistance is -I2R, i.e., 
power equal to FR is supplied to the 
line in the form of an amplification of 
the signal. Use can be made of this for 
producing an amplifier for a transmis 
sion line. Such an amplified line will 
also have stability problems, but these 
will not be discussed until negative 
impedance repeaters have been investi 
gated in the following sections. 
It may be stated, however, that there 

are generally more stability problems 
encountered with negative impedance 
repeaters than with 2-wire hybrid 
repeaters. 

NEGATIVE IMPEDANCE 
REPEATERS 

Concept of Negative Impedance 
In Fig. 3 the impedance-frequency 

loci of several commonly known passive 
networks have been drawn on the usual 
impedance axes using frequency as a 
"running parameter". 

+JX 
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-r 
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R~ 
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f0 denotes O cps. 
f 00 denotes high frequency. 
fm denotes some mid-band frequency. 
It is not surprising to note that no 

parts of the loci appear on the left-hand 
side of the vertical axis since this would 
be the domain of negative resistance 
which cannot be obtained in a passive 
network. However, if the possibility of 
active elements can be admitted then it 
should be possible for a locus similar 
to, say, Fig. 3 (c) to be drawn on the 
left-hand side of the axis as shown in 
Fig. 4 (a); i.e., the locus of a general 
ised negative impedance. 
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I 
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Fig. 4.-la) Locus of a Negative Impedance. 

In synthesising apparatus to provide 
this locus, a 4-terminal device 1234, as 
shown in Fig. 4 (b ), would be needed, 
where k is some proportionality factor 
(assumed for the moment to be a real 
number and independent of frequency). 

Negative Impedance Converters· 
There are various circuits which are 

capable of transforming a positive 
resistance to a negative quantity but all 
suffer the following disadvantages:- 
(i) the transformation ratio k is not 

constant over the frequency band. 
(ii) k approximates to a real number 

at mid-band only and takes on com 
plex values at low and high fre 
quencies. This is due, as can be 
expected, to the presence of unwanted 
parasitic reactances present in all 
valve and transistor circuits, i.e. 
series inductance and shunt capa 
citance at high frequencies, and 
series capacitance and shunt induct 
ance at low frequencies. 
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Fig. 3.-Loci of Passive Impedances. 

(iii) the inevitable amount of parasitic 
impedance associated with the cir 
cuits will have the effect of con 
verting an impedance Z0, not into 
-kZn, but into (Zu -kZ0). Zu, 
the unwanted component, can be 
reduced to a small order by good 
design. 

The circuitry used in these converters 
is not new (Bartlett considered them in 
1927) and devices to obtain negative 
resistance were used in early radio 
receivers. It has only been recently, 
however, that suitable lines, and modern 

L R z3•__.. -K:I C 

4 

lb) Negative Impedance Conversion. 

components have made the device suit 
able for use as telephone line amplifiers. 

Classical feedback techniques are used 
in the design of the converters since 
they always consist of some form of 
regenerative circuit. (References 2, 3, 4, 
6, 7, 8.) Fig. 5 which illustrates a com 
plete "series-shunt" negative impedance 
repeater contains two modem transis 
torized converters. 

Series .and Shunt Converters: In 
Appendix A some basic feedback con 
siderations are discussed to illustrate 
that negative impedance converters fall 
into two groups-those which remain 
stable (i.e., will not produce self 
sustained oscillations) when their input 
terminals are open circuited, but are 
unstable when they are short circuited, 
and those which remain stable when 
their input terminals are short circuited 
but are unstable when they are open 
circuited. The former type of con 
verter is obtained from an amplifier by 
feeding back a reversed voltage in series 

+JX 
LOCUS OF Z3 

-JX 

(C) 
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.. 
with the input signal (positive series 
feedback) and consequently this unit is 
called a series converter. The latter 
type is obtained from an amplifier by 
feeding back a reversed current in 
parallel with the input signal (positive 
shunt feedback), and consequently this 
unit is called a shunt converter. 
Appendix A also shows that the four 

terminal network 1234 of Fig. 4 (b) pro 
vides a series type converter when the 
positive impedance is connected to 
terminals 3 and 4, while a shunt type 
converter is provided when the positive 
impedance is connected to terminals 1 
and 2, provided 0<k<2. This suggests 
that, as far as the electrical repercus 
sions are concerned, multiplying by -1 
is different from dividing by -1. Recall 
ing that the series converter is provided 
by reversed voltage type feedback, 

-v 
(i.e. -z = --), and that the shunt 

I 
converter is provided by reversed cur 

V 
rent feedback, (i.e. -Z = --), this 

-I 
statement is not so surprising. 
The peculiar properties of series and 

shunt converters demand that they be 
inserted into a circuit in a particular 
manner. In Fig. 6 converters are shown 
being interposed between a source of 
e.m.f. and -a matched load in two ways. 

Fig. 5.-Circuit Details o-f Philips Negistor, Type STR 137 . 

Two points should be observed:- 
(i) Without making the distinction 

between series and shunt converters, 
the above two circuits will be un 
stable when k = 2 since in this 
instance the source of e.m.f is 
required to supply a current to a 
circuit with a zero impedance. 
Therefore, when using negative 
impedance converters -there is a 
value of k to be avoided. Now in 
Fig. 6 (a) when k is much less than 
2 the negative impedance will not 
have much effect; when k is increased 
just beyond the critical value of 2 
the current should be very high (as 
when k is just less than 2), but will 
be reversed in direction. As k is 
increased still further, the reversed 
current should diminish in value. 
The opposite effect occurs in Fig. 
6 (b). 

e,,.... 

Zo 

Fig. 6.-(a) Series Negative Impedance. 

(ii) It is shown in Appendix A that one 
of the various . differences. between 
series and shunt converters, is that 
the series converter will be unstable 
when the total impedance in the cir 
cuit is negative (corresponding to 
k > 2), while the shunt converter 
will be unstable when the total 
impedance is positive (corresponding 
also to _k > 2). Therefore, it would 
be misleading to analyse such cir 
cuits as Fig. 6 without distinguish 
ing between the properties of series 
and shunt converters in this respect. 

Pursuing this difference in the 
behaviour of series and shunt con 
verters, it is easy to establish the fol 
lowing rules. 

If O < k < 2, then the converter in 
Fig. 6 (a) will need to be a series con 
verter to keep the total impedance posi 
tive. The converter in Fig. 6 (b) will 

Zo 

Zo Zo 

lb) Shunt Negative Impedance. 
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need to be a shunt converter to keep 
the total impedance negative. 
Conversely, if 2 < k < co, then the 

converter in Fig. 6 (a) will need to be 
a shunt type while the converter in 
Fig. 6 (b) will need to be a series type. 
Therefore, series converters are not 

necessarily inserted in series with a line 
or shunt converters are not necessarily 
inserted in parallel with a line. It is 
normal, however, for O < k < 2 so 
that the series converter is usually 
inserted in series and the shunt CQn 
verter, usually in shunt. 
Table 1 summarises the properties of 

series and shunt converters. 

Shunt Element 
Return loss 20 log (2l - 1) db ... (4) 
It should be observed that when -l 

1 
is made equal to -- then equations 

-k 
(3) and (4) become identical to equa 
tions (1) and (2) respectively. 

In Fig. 8 a graph is drawn plotting 
equations (1) and (2) with k as the 
abscissa. 
The limitations of simple negative 

impedances as repeating elements should 
be apparent from these curves. When 
the gain exceeds 6 db (k = 1), the 

Property 

TABLE 1: PROPERTIES OF SERIES AND SHUNT CONVERTERS 
Shunt Converter Series Converter 

Open circuit input 
Short circuit input 

l. Stable condition. 
2. Unstable condition. 
3. (External impedance 
Negative impedance) 
must be 

4. When terminating imped 
ance and source imped 
ance equal Z0, connec- 
tions to the line should 
be made- 
(i) if O < k < 2 
(ii) if 2 < k < co 

5. Feedback 
6. Impedance formula 

Short circuit input 
Open circuit input 

> 1 < 1 

-k : 1 in series 
1 : -k in parallel 
Positive series 

-v 
I 

1 : -k in parallel 
-k : 1 in series 
Positive shunt 

V 

-I 

Negative Impedance in a Circuit 
Fig. 7 shows (a) a negative imped 

ance (-kZ
0
) inserted in series between 

a generator and load both of imped 
ance Z

0
, and (b) a negative impedance 

(-IZ
0
) inserted in shunt between the 

same generator and load. 
The insertion gain and the return loss 

at the repeater terminals can be shown 
to be:- 

Series Element 
2 

Insertion gain 20 log -- db ... (1) 
2-k 

Shunt Element 
21 

Insertion gain 20 log --- db ... (2) 
21-1 

Series Element 
· 2-k 

Return loss 20 log -- db . . . (3) 
k 

+ 
db 

20 

NORMAL 
...,._.__ REGION OF -- 

\ NSTABILITY 

GENERATOR 
LOAD 

Fig. 8.-lmage Gain and Return Loss Versus 
K Characteristics for Series or Shunt Negative 

Impedance. 

return loss changes sign and becomes 
negative, i.e., it becomes a return gain. 
Thus the converter at this stage not 
only amplifies the forward signal but 
also the reflected signal. 
Under these conditions a severe limita 

tion would be placed on the structural 

Fig. 7.--(al Series Negative Impedance in a Circuit. (bi Shunt Negative Impedance in a Circuit. 
GENERATOR 

return loss so that the effect of the nega 
tive value of the image return loss may 
be reduced. 
Fig. 8 also demonstrates why it is 

usual to use series converters in series 
and shunt converters in parallel, because 
in this event the converters need to be 
operated in the 0<k<2 region which 
offers superior return loss character 
istics to the 2 < k < co region. Further 
more, if a series converter in series or 
a shunt converter in parallel is worked 
in the 2 < k < co region, they will be 
unstable as a consequence of the third 
property of converters listed in Table 1. 

Series-Shunt Negative Impedance 
It is apparent from the foregoing 

paragraphs that when amplification of 
a practical transmission line is required, 
a simple shunt OT series negative imped 
ance can only be used satisfactorily to 
achieve fairly small gains, while still 
providing good return losses at the ends 
of the line. However, it is possible to 
combine the series and shunt negative 
impedance into a unit where there is 
no theoretical limit on the gain due to 
return loss deterioration, and in fact 
the unit can be made to have an image 
impedance independent of the gain. 
This combination of series and shunt 
converters can be a T, Pi, lattice or 
bridged T construction. For the bridged 
T configuration, the bridged elements 
can be either impedances equal to the 
characteristic impedance of the line, or 
as shown in Fig. 9, a centre tapped coil 
can be used. (This latter arrangement 
has the advantage that DC or low fre 
quency signals can be · transmitted 
through the device unimpaired.) 

Fig. 9.--Series Shunt Negative Impedance. 

LOAD 

It is shown in Appendix B that if 
the inductance of the coil in Fig. 9 is 
high, the image impedance of the 
bridged T circuit is given by:- 

Z, = vZ series Z shunt (5) 

= Zo../(-k)(-1) 
and the attenuation is given by- 

r+tjz series 
Z shunt A= 20 log __ db (6) 

1 _ 1Jz series '2' Z shunt 

1+.1J-k 
2 l 

= 20 log .=_db 

J-k 1-t - -[ 

Now, if - l is maintained equal to ~ k' the 

image impedance becomes 
. (7) 
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where Z0 could easily be made equal to 
the characteristic impedance of a trans 
mission line, thus obtaining perfect matching 
for the device used as a line repeater. 
Furthermore, the attenuation will become 
negative, thus giving the device a gain of 

gain = 20 log(;~~)db .... (8) 
It should be observed that a change in k 
still changes the gain (c.f. equation (i)) and 
that the image impedance is independent 
of k. 
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INSTA81LITY 

10 

Fig. 10.-lmage Gain Versus K Characteristic 
for Series-Shunt and Series or Shunt Negative 

Impedance. 

These expressions for image imped 
ance and image gain overcome the 
limitations of series or shunt negative 
impedance used alone. 

By considering Fig. 9 as a balanced 
bridge when inserted into a line of 
impedance Z0, it is easily seen that the 
impedance across the input of the -kZ0 

converter is 2Z0 while the impedance 
across the input of the -/Z0 converter 

db 

10 

is fZ.0• Therefore if 0<k<2 then the 
-kZ.0 converter must be a series type 
and the -/Z0 converter must be a shunt 
type. If k is greater than 2, these types 
must be interchanged. 
In Fig. 10 the gain of the series-shunt 

negative impedance converter is plotted 
as a function of k and compared with 
Fig. 8. 
It can be shown (4) that if a series 

or shunt or series-shunt repeater is 
inserted into an ideal line, and k is 
adjusted to give just stable conditions, 
then k will be identical in each case. 
Consequently the difference between the 
two curves in Fig. 10 represents the 
gain advantage of series-shunt repeaters 
over the series or shunt type. Under 
actual line conditions, the series-shunt 
repeater is not favoured so much. A 
further observation can be made from 
Fig. 10. Should either the series or 
shunt section of a series shunt repeater 
fail, and the circuit still remains stable, 
then the repeater gain will be reduced 
by about one third. 

Negative Impedances in a Transmission 
Line 

Since the main application of nega 
tive impedance repeaters will be on 
inductively loaded cable pairs, the con 
siderations of this section will be con 
fined to this type of line. It will be 
found that the behaviour of a negative 
impedance repeater is closely related to 
the behaviour of the line in which it 
operates. Fig. 11 is intended to acquaint 
the reader with some of the character 
istics of VF loaded lines. 

The loading used on the lines repre 
sented in Fig. 11 consists of series 
inductance of 88 millihenry each 6,000 
feet with the end sections each 3,000 
feet. If for practical reasons these dis 
tances cannot be accommodated, defi 
ciencies are made up by the insertion 
of shunt capacitance and perhaps series 
resistance. Figs 11 (a) and 11 (b) repre 
sent the attenuation and characteristic 
impedance of 10 lb. cable when image 
terminations are used. Under working 
conditions, however, the important 
quantities are insertion loss and sending 
end impedance for some specified term 
ination, and Figs. 11 (c) and 11 (d) show 
typical curves for 10 miles of 10 lb. 
cable. The ripples are caused by various 
structural irregularities and the depar 
ture of the terminations from image 
conditions. 
Series-Shunt Negative Impedance 

Elements: When designing suitable values 
of negative impedance to insert into the 
transmission line, (which for the sake 
of this discussion will be .assumed to 
consist of 10 miles of 10 lb. loaded 
cable), there are two things to be 
decided:- 
(i) the required gain (i.e. what value 

of k). 
(ii) the required image impedance. 
The required gain is easily obtained 

from the requirements of the circuit 
which will be assumed to be a metro 
politan junction requiring a maximum 
loss between 1,200 ohm terminations of 
4 db at 1.6 Kc/s. The required gain is 
calculated as (10 X 0.76) - 4.0 = 
3.6 db. By substitution of this gain 
value in equation (8) k is obtained. 
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Fig. 11.-Frequency Characteristics of V.F. Loaded Cable. 
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Now of course, Z. should be made 
equal to the line impedance Z.0, and 

zo 
thus kZ0 and -, the required values 

k 
of series and shunt negative impedance, 
can be determined from equation (5). 
The converters and terminating net 
works can then be designed in the most 
convenient form. However, in order to 
match an impedance such as that shown 
in Fig. 11 (d), the value of Z, should 
vary with frequency in a similar man 
ner. 
Actually, if the repeater is to be 

placed at the end of a circuit, the 
impedance on the office side would be 
the rather indefinite office impedance 
while if the repeater is to be placed at 

· the centre of the circuit, the impedances 
to either side would be slightly different 
to Fig. 11 (d) due to the shortening of 
the line from 10 miles to 5 miles. (In 
voice frequency transmission considera 
tions, this kind of impedance variation 
is always difficult to handle. The same 
problem seldom arises in the carrier or 
radio frequency range where, because 
of the higher frequencies, the lines are 
almost always electrically long enough 
to exhibit their characteristic impedance 
which itself is substantially independent 
of frequency; e.g., the impedance of 3 
miles or more of 40 lb. unloaded cable 
is approximately (140 + j 0) ohms for 
all frequencies above 100 Kc/s.) Thus, 
it is obvious that the impedance require 
ment of every case cannot be met, so 
a compromise value for the required 
image impedance is selected, and the 
frequency response of the converters 
and/or the terminating networks is care 
fully controlled so that departures from 
the selected compromise in the actual 
line impedances over the frequency 
range are accommodated. It is import 
ant to repeat that only one value of Z. 
can be accommodated at any one fre 
quency, so that when a repeater has 
differing impedances on either side o.f 
it, the compromise uses up some of the 
available stability margin. This will be 
discussed later. 

Series or Shunt Negative Impedance 
Elements: Despite the limitations of 
this type of repeater many thousands 
have been used by overseas administra 
tions for amplifying junction lines. The 
series type of negative impedance 
appears to have been exclusively used 
for this purpose. This is probably 
because the high low frequency line 
impedance (Fig. 11 (d)) and the need 
for a DC blocking condenser made low 
frequency stability difficult to achieve 
in the shunt repeaters. 
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APPENDIX A 

How Negative Impedance is Obtained 
from an Amplifier 

To show that:- 
(i) Negative impedance can be obtained 

from an amplifier using positive 
feedback. 

(ii) Two types of negative impedance 
converting devices are obtainable 
one that is open circuit stable and 
another that is short circuit stable. 

(iii) One type is converted into the other 
by interchanging input and load. 

Consider an amplifier, voltage gain µ, 
with high input impedance and with 
output impedance Z arranged with posi 
tive feedback as in Fig. 12. 

INPUT LOAD 

It should be noticed that in short 
circuiting the input terminals, no signal 
can be impressed upon the amplifier 
and, therefore, the current falls to zero, 
i.e., the system is short circuit stable. 
Moreover, if the input terminals are 
open circuited then (since the amplifier 
input impedance > > Z or Zn) any 
amplifier input signal would be returned 
to the amplifier input by the feedback 
loop, multiplied by µ, (> 1), i.e., self 
sustained oscillations would build up 
and, therefore, the system is open cir 
cuit unstable. 

It is also important to observe that 
if the input is loaded with any imped 
ance equal to or more than the nega 
tive impedance produced by the con 
verter (i.e., Zn/(µ - 1) ) then the sys 
tem will oscillate, since for this critical 
impedance the forward gain is µ, the 

1 
feedback factor is - thus making the 

µ 
overall loop gain from input to input 
equal to 1. 

Another set of relationships can be 
obtained when Zn in Fig. 12 is con 
nected to the input terminals and a 
voltage E is impressed upon the other 
terminals as in Fig. 13. 

Fig. 13.-Amplifier with Positive Series 
Feedback. 

Once more, the current flows in a loop 
impeded by Zn and Z is generated by 
the difference between E and E0, but 
this time the input voltage to the ampli 
fier is -IZn which makes the output 
voltage:- 

Eo = -µIZn 

Substituting this in (10) : 

I= E+µIZn 
Z+Zn 

i.e. ¥ = Z-(µ- nz, 
which, applying the same conditions as 
previously, reduces to:- 

........ (12) 

This time, it should be noticed that 
an open circuit at the input will cause 
the current to fall to zero, i.e., the sys 
tem is open circuit stable. Moreover, 
if the input terminals are short circuited 
then any amplifier input signal would 
be returned to the amplifier input multi 
plied by µ (> 1), i.e., the system is short 
.circuit unstable. 

By similar reasoning it is seen that 
the system will oscillate if the input is 
loaded with any impedance equal to or 
less than the negative impedance pro 
duced by the converter. 

Fig. 12,-Amplifier with Positive Shunt 
Feedback. 

The current I flows in a loop impeded by 
Zn and Z, and is generated by the difference 
between E, an imposed voltage, and E0 the 
output voltage of the amplifier:- 

i .e. I=~~~: (10) 

But E0 = µE 
E Z+Zn 

··1=(1-µ) 
i.e. The input impedance 

E Z+Zn =Z1n=-=--- I -(µ-1) 
Now Zn can be arranged to be high com 
pared with Z, and the gain of the amplifier 
will be greater than 1. Putting (µ-1) 
equal to k (a positive number) 

........ (11) 
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APPENDIX B 

Derivation of Formulae for Gain and 
Impedance of the Series-Shunt Repeater 
To determine the propagation con 

stant and image impedance of the net 
work shown in Fig. 14. 

2 
Fig, 14.-A Bridged T Network. 

The coil in Fig. 14 has been redrawn 
in Fig. 15 (a). Let its inductance be L' 
and assume that it is exactly centre 
tapped into halves each L. Then if the 
mutual inductance from one half to the 
other is M, 

L' = 2L+2M. 

--L~~---- 
A o- ~ml000' o a ----L--. -L~ 

(a) 

C 

Then, bisecting the network shown in 
Fig. 14, that of Fig. 16 is obtained. 

3 

2 

4 
Fig. 16.-Bisected Equivalent of Fig. 14. 

The open circuit impedance of the bisected 
network is:- 

Zoe = 2Z2 
and the short circuit impedance is 

Zse =~in parallel with 2L 

= ~1 if L is large enough. 

A 

Fig. 15.-Alternative Representations of a Centre Tapped Coil. 
C 

To enable Bartlett's Bisection Theorem 
to be employed without the complication 
of mutual inductance, Fig. 15(b) shows a 
3-terminal network exactly equivalent to 
Fig. 15 (a) and which uses only self 
inductances. This is easily proved as 
follows:- 
In Fig. 15(a) 
LAc = LcB = L 
LAB = L' = 2L+2M 

In Fig. 15(b) 
LAc = LcB = L+M-M = L 
LAB = 2L+2M = L'. 

To further simplify the proof, assume 
tight coupling:- 

i.e. M = vL x L = L 

The image impedance (Z1) of the full 
network (Fig. 14) is given by:- 

= vZ1 Z2 

= vZseries Zshunt .... (13) 

and the propagation constant (P) is given 
by:- 

p JZse tanh- = - 
2 Zoe· 

(Note that P = a+j,B where a is the 
attenuation in nepers and f3 is the phase 
constant.) 

Rearranging this equation:- 

Jz;:- eP/2-e-P/2 
4Z, = eP/2+e-P/2 

eP-1 
= eP+l 

1+JZ1 
• P _ 4Z2 .. e - - 1-J~ 4Z2 

. 1+JZ1 
Le. ea+i/l = 4Z2 

1-JZ1 
4Z2 

. I+JL, 
i.e. ea = real part of 4Z2 

1-JZ1 
4Z2 

B 

A 
= 1020 where A is the attenuation in 
decibels 

(since power = e2a = 10~) 
reference power 

A= 

[ 

1 + 1 JZ series] 2 Z shunt 20 log real part of db 
1 _.1.JZ series 

2 Z shunt 

............ (14) 

Now in the series-shunt negative 
impedance repeater, Z1 equals -k Z0 and 

Z2 = =~; substituting these values in (13) 

and (14) 
Z1 = Z0, where Z0 is the impedance of 
the lines connected to the repeater. 

[ 
2+k] A= -20 log real part of 2_k .. (15) 

i.e. gain = 20 log [ real part of ; ~ ~] .. (16) 
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OPERATING AND SERVICING OF THE MELBOURNE 
TELEPHONE NETWORK 

INTRODUCTION 
General 

The aim of this article is to give a 
resume of the methods and practices 
involved in operating and servicing the 
Melbourne telephone network, includ 
ing an indication of improvements 
introduced in recent years directed 
towards improving service rendered to 
the public, at the same time achieving 
a greater overall productivity in pro 
viding service. It is proposed to dis- 

*Mr. Bu!te is Engineer Class 4, Metropoli 
tan Service, Victoria. See Vol. 13, No. 1, 
page 80. 
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cuss the various indicators by which 
results are measured, and to give details 
of probable future trends. 

Composition of the Network 
The Melbourne telephone zone is 

defined as the area included in a circle 
of 15 miles radius from the G.P.O. and 
within this area are located a total of 
102 automatic exchanges. The majority 
of these exchanges have all step-by-step 
equipment including pre-2000, 2000 and 
SE.50 types. Included in the total are 
one Siemens No. 17 type motor uni 
selector exchange, one Siemens & Halske 
E.M.D. type motor uniselector exchange, 
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one Pentaconta crossbar exchange manu 
factured by Compagnie Generale de 
Constructions Telephoniques and in 
stalled by Standard Telephones & Cables 
Pty. Ltd., Australia, and 15 exchanges 
either fully L M Ericsson type cross 
bar or part crossbar and step-by-step 
equipment. The subscribers have dial 
ling access with each other on a unit 
fee basis for untimed calls. The num 
ber of services involved total approxi 
mately 390,000, to which approximately 
530,000 telephones have access (see 
Fig. 1). These services may dial on a 
unit fee basis into the six adjacent tele 
phone zones contained in the area of 
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Fig. 1.-The Melbourne Telephone Zone. 
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the annulus between the 15 and 25 mile 
circles from the G.P.O. These are the 
Werribee, Sunbury, Kalkallo, Whittle 
sea, Croydon and Dandenong zones 
respectively and the total number of 
exchanges contained in these zones is 
50 involving about 30,000 services. 
Although the plant within these outer 
zones is maintained by the Country 
Branch, whereas that within the Mel 
bourne zone is controlled by the Metro 
politan Branch of the Engineering Divi 
sion, the service performances of the 
two areas are obviously fairly closely 
inter-related, and in this regard the ser 
vice observations taken to assess the 
performance of the exchanges within 
the Melbourne telephone zone do not 
differentiate in the overall results between 
calls which terminate in the Melbourne 
telephone zone and those directed into 
the six adjacent telephone zones men 
tioned. This article however will deal 
primarily with the conditions within 
the Melbourne zone, and in particular 
with internal plant problems, although 
some mention will be made of the 
external plant involved, in so far as the 
service to subscribers is involved, and 
also to the extent that exchange staffs 
are involved in testing and restoration 
work for external plant faults. 

Work Force and Its Deployment 
The total number of technical staff 

involved in operating and servicing the 
switching system, clearing faults from 
exchange, private automatic branch 
exchange (P.A.B.X.) and other sub 
scribers' equipment is app:roximately 
1,150. The staff involved in the several 
maintenance activities are exchange 
plant-870, P.A.B.X.'s-80, other sub 
scribers' equipment including telephones 
and private branch exchanges (P.B.X.'s) 
-200. 
The exchange plant staff are based 

on the 80 largest exchanges, the smallest 
22 exchanges being attended only on an 
"as required" basis. Some 16 of the 
largest exchanges are continuously 
staffed, the hours of staffing of the 
remainder being on a sliding scale 
depending on the size, the type of plant 
involved and the general spread of the 

· traffic load. The continuously staffed 
exchanges serve as control and testing 
centres to attend to urgent faults in the 
smaller exchanges when the staffs of 
the latter are off duy. Urgent or "no 
service" subscribers' equipment faults 
are also attended from these centres 
during week-day "after hours" times. 

Subscribers' equipment including 
P.A.B.X.'s are in general maintained by 
staff based on the associated exchange, 
although in certain large P.A.B.X.'s the 
technical staff is located at the P.A.B.X. 
In the city area proper too, the sub 
scribers' equipment staff tend to oper 
ate from a base located within the sub 
area where their main activities lie. 
For weekends and public holidays 

the clearing of faults on subscribers' 
equipment (and also external plant) is 
taken over by three centralised fault 
control centres, located at Collingwood, 
Malvern and South Yarra respectively. 
All instructions regarding despatch to 
faults are given from these centres. The 

fault staff normally controlled total 16 
for subscribers' equipment and 12 for 
aerial plant faults. 

EXCHANGE EQUIPMENT 
MAINTENANCE 

General 
Qualitative Maintenance (Q.M.) is the 

term applied to the method of servic 
ing the exchange equipment. The aim 
of this method is to maintain the plant 
in such a way that the service provided 
to the subscriber is at a satisfactory 
level, but that excessive time is not 
spent on readjustment of plant which 
is giving a satisfactory performance. 
Previously with the preventive main 
tenance scheme, regular checking and 
readjustments of plant were carried out 
mainly on a time table basis, irrespec 
tive of the consideration as to whether 
the readjustments were necessary to 
keep the service given by the plant at 
a satisfactory level. With Q.M. it is 
still necessary to perform regularly cer 
tain preventive routines, such as oiling 
and cleaning switches, adjusting wipers 
and cleaning banks. In general, how 
ever, a low priority is given to inter 
mittent faults which are not affecting 
many calls. In order that the service 
given to the subscriber may be main 
tained at a satisfactory level it is most 
important that service affecting faults 
be quickly detected and cleared as soon 
as possible. The following paragraphs 
give details of the main features of 
Q.M. as practised in the Melbourne 
network, including new practices intro 
duced recently. 

Subscribers' Trouble Reports 
(Complaints) 

What the subscribers tell us about 
the troubles they have in obtaining ser 
vice, merits the utmost consideration. 

The number of trouble reports received 
is in itself a measure of the quality of 
service rendered, and is used in gaug 
ing the overall satisfaction we are giv 
ing from the services involved. We use 
this information also to assist in pin 
pointing faults both in the plant within 
the exchange as well as that located 
outside such as line plant and tele 
phones. 

In view of the importance of this 
matter the facilities for subscribers to 
make trouble reports and the data 
received to be expeditiously dealt with 
have recently been given extensive con 
sideration and as a result a large scale 
reorganisation carried out, including 
the installation of completely new 
answering suites, equipped with many 
valuable facilities (see Fig. 2). 
Previously subscribers in the Mel 

bourne telephone zone were required 
to report service difficulties to one of 
13 locations, each with a different call 
number, the number to be used depend 
ing on the location of the service from 
which trouble was being experienced. 
With the new equipment a common 
calling number "1100" has been intro 
duced and the incoming complaints are 
automatically switched into the appro 
priate one of the three complaints suites 
which have been located near the Rus 
sell, Windsor and Hawthorn exchanges 
respectively. In addition to the usual 
facilities for answering calls and con 
necting the callers when necessary to 
numbers they are unable to obtain 
themselves, each operator has test dis 
tributor access to all subscribers in the 
network, so that queries as to whether 
services are "busy out of order" or 
"busy speaking" may be dealt with 
without the necessity of calling the 
technical staff. At the same time a "go 
no-go" test for determining whether a 
bell and condenser are connected to a 

Fig. 2.-Russell Service Centre-General View. 



October, 1964 THE TELECOMMUNICATION JOURNAL OF AUSTRALIA Page 385 

Fig. 3.-The Melbourne C.A.R.G.O. Room. 

subscriber's line reported by a sub 
scriber as not answering is available. 
Another useful facility is the ability of 
the operators to hold calls which per 
sistently fail to mature, apply "fault 
trace" tone and hand over to the tech 
nical staff for attention. 
At each of the three centres, tele 

printers are provided which have access 
by means of an automatic network to 
every staffed exchange in the network 
and also to the Complaints Analysis 
and Graphing Organisation (C.A.R.G.O.) 
centre. The teleprinters are used for 
printing fault dockets giving details 
required by the technical staff to locate 
and clear faulty equipment, whether it 
be in or out of the exchange buildings. 

C.A.R.G.O. Operations 
Omond (1) has described the methods 

used in the Adelaide network for analys 
ing subscribers' complaints to find faulty 
switching equipment. In general, simi 
lar methods are used in the Melbourne 
C.A.R.G.O. which is located in the 
Batman exchange building. Since its 
inception in January, 1962, this tech 
nique has proved to be a powerful tool 
for achieving network improvement and 
providing better customer service (see 
Fig. 3) and has greatly strengthened 
co-operation between the various Sec 
tions, Branches and Divisions which are 
concerned in its operation. The per 
formance of the network has improved 
as is clearly shown by the Service 
Observation results and it is considered 
that the importance of this organisation 
will continue to increase as the scope 
and size of the network expand. 
C.A.R.G.O. has been appreciated by the 
exchange staffs because it assists them 
in quickly locating faults which are not 
shown up by the fault finding methods 
available in the exchanges. In stating 
these facts however, it should be made 

clear that our aim is to operate the 
network as far as possible on a reducing 
number of complaints; that is most 
faults should be found and removed 
before subscribers are inconvenienced 
by them. 

Fault Records 
Records of faults found in different 

parts of the exchange plant are a valu 
able aid to pin-pointing equipment 
limitations in design or performance, 
and also in deciding what variations in 
maintenance procedures are necessary. 

For example, the fault rate per switch 
of uniselectors is clearly seen from fault 
graphs to be much smaller than for 
final selectors, indicating the need for 
more technical attention to servicing 
the latter. Efforts to introduce fast 
functional testers, and circuit improve 
ments are thus also called for in. the 
more fault-prone equipment. 

One example of equipment causing 
excessive trouble which has been shown 
up by a study of the number of faults 
is the M.D.F. equipment. It has been 
noted that a great number of faults 
have occurred on heat coils, due prim 
arily to weaknesses in their design. This 
has resulted in a close study being 
made of the protection value of heat 
coils and it has been demonstrated that 
they may be eliminated in many cases 
without increasing the protection risks. 
It is of interest that a survey disclosed 
that about 7 ,OOO heat coils operated per 
annum but only 140 power line crosses 
occurred in the same period, and only 
in two of the latter cases did the heat 
coils operate. The overall result of 
reducing the number of heat coils in 
service has been a reduction in service 
affecting faults, improved service and a 
reduction in equipment capital costs. 
Another aspect of fault statistics is 

to use a graph in each exchange to show 
by what means faults are located such 
as by alarms, traffic route tester (TRT), 
C.A.R.G.O., spark test (a simple func 
tional test of selectors), etc. By this 
means each exchange can be helped to 
determine the most economical way of 
finding and clearing faults in their 
particular exchange. 
In some cases, the fault rates in dif 

ferent exchanges can be used to con 
firm the relative reliability of those 
exchanges. For example, there are 
many fewer faults per erlang of traffic 
carried occurring in crossbar and motor 

Fig. 4.-East Doncaster-T.R.T. and Centralograph. 
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uniselector exchanges than in the step 
by-step exchanges. For example, whilst 
the Kew exchange was . composed of 
step equipment, the fault rate for the 
eight months prior to its cutover to 
crossbar was 37 faults per month. A 
recent check showed that there is an 
average of 9 faults per month occurring 
in the equipment, even though more 
switching facilities are carried out 
within the Pentaconta crossbar equip 
ment which now carries the traffic. It 
is necessary, however, to exercise care 
in attempting to judge the performance 
of various exchanges entirely by the 
number of faults found. For one thing, 
some faults which affect service severely 
such as those in first choice switches, 
can cause more degradation in service 
than others which are for example in 
late choice switches. Secondly, the 
length of time that faulty plant remains 
unrepaired has a bearing on the grade 
of· service provided, and this aspect is 
not recorded in fault statistics. 

Use of Artificial Traffic Equipment 
or Traffic Route Testers 

The T.R.T. has had a profound effect 
on exchange equipment maintenance 
and action has been taken to equip 
every staffed exchange with one. Also 
a portable unit has been developed; 
this can be used as required in the 
unattended exchanges and P.A.B.X.'s. 
They may be used on either a "fault 
trace" or "observe service" basis, and 
recognition (answering) bases are instal 
led at all exchanges, so that complete 
coverage of the network may be obtained, 
as required. They are valuable in cases 
where C.A.R.G.O. indications are that 
trouble exists on a particular route, 
particularly when other fault finding 
methods do not result in faulty plant 
being found. 
In a crossbar exchange, they are a 

most vital part of the maintenance 
equipment, as they provide a most 
economical means of checking that all 
the traffic paths through the exchange 
are functioning correctly (see Fig. 4). 
In a step-by-step exchange they per 
form a similar function, and are also 
most valuable as a fault finder. 

Functional Testing 
The T.R.T. is essentially a functional 

tester which checks the end to end 
working of equipment throughout typi 
cal complete trains of digits. Automatic 
routiners, switch or relay set functional 
testers, on the other hand, check the 
working of individual switches, or small 
combinations of switches and relay sets, 
e.g., the repeater routiner checks the 
repeater relay set and the associated 
junction and incoming selector (see 
Fig. 5). Another recently introduced 
example is the automatic functional 
tester which checks on a daily basis the 
overall transmission and signalling 
functions of carrier junctions and asso 
ciated switches and relay sets between 
City West and the exchanges in the six 
telephone . zones adjacent to the Mel 
bourne zone. Most of the traffic to and 
from these outer zones is distributed 
to the various exchanges in the Mel 
bourne zone via the City West exchange. 

It has been found that frequent use 
of functional testing, preferably using 
automatic testers, plays an important 
part in finding and clearing faults in 
the exchange equipment. The use of 
the testers is determined in the parti 
cular case, by their effectiveness in find 
ing faults, in relation to other mainten 
ance aids in the exchange. For example, 
in some exchanges the use of the quick 
"spark" or "snake" test on bimotional 
switches, usually on a daily basis in the 
early pre-traffic period, has been found 
to be an effective means of detecting 
and clearing faults from the exchange 
equipment. Recent studies have indi 
cated the desirability of incorporating 
in all types of functional testers the 
facility to use input impulses which are 
distorted at least to the degree of those 
which are likely to arrive from other 
parts of the network to the switches 
being tested. 

"Dead" Level Traffic Observation 
The interception of traffic arriving at 

unallotted swiching levels in the net 
work on an "as required" basis has 
been introduced as an aid to finding 
out various faults in the network. This 
observation is often carried out on the 
Test Desk. as a matter of convenience. 
As might be expected, quite a few calls 
arriving at dead level are due to sub 
scribers' errors, however, to quote the 
statement of one Supervising Tech 
nician when he first started this prac 
tice in his exchange, "the results were 
astounding". This was because he found 
out from the results that the service 
was being degraded in several cases by 
faults in his exchange which he had 
not picked up by other fault finding 
methods, but which nevertheless were 
in many instances quite serious faults. 
Dust Elimination from the Equipment 
It has been proved that exchange 

equipment works more reliably for 
longer periods if kept in a dust free 
condition. Jolley (2) has given details 
of trials made at the Civic exchange in 
dust proofing group selector racks. In 
view of the favorable results achieved, 
arrangements have been made to gradu 
ally extend the practice of enclosing 
bimotional switches in dust proof 
covers. Periodic blowing out of racks 
of equipment with air compressors, 
working under carefully controlled con 
ditions, is practised in efforts to improve 
the performance of the equipment. 
Specially treated lint-free coats are worn 
by the technical staff who are required 
to enter the equipment room, and build 
ing plans are arranged as far as prac 
ticable so that staff not concerned with 
equipment attention need not enter the 
equipment rooms. Specially treated 
sweeping cloths impregnated with an 
oil and water emulsion to which dust 
adheres readily are used to keep floors, 
walls and outer equipment surfaces 
clean so as to minimise the amount of 
dust which could settle on the equip 
ment working parts, including contacts. 
Special regularly cleaned mats are loc- 
ated near the entrance doors to equip 
ment rooms to reduce the amount of 

Fig. S.-Civic T.R.T., Group Selector and Final dust brought into these rooms on the 
Selector Functional Testers. shoes of the staff. 
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It is hoped that these measures will 
reduce faults from this source and 
further improve the service given by 
the equipment; there is general evidence 
that these aims are being met. Dust 
count measurements are made as 
required in equipment rooms to check 
the effectiveness of dust control 
methods. 

Reduction of Congestion 
When traffic routes are at or near the 

congestion mark the service is degraded 
in two ways. Firstly, the calling sub 
scriber who encounters "busy during 
dialling" conditions must dial again to 
get his number. Secondly, during con 
gestion, particularly if it is of a severe 
nature, there is an increased risk of 
triple connections, and no progress on 
calls made, one of the causes being cut 
in on the unguarded period of releas 
ing switches or relay sets. 

Arrangements have been made there 
fore to - install overflow meters on a 
wide scale, so that exchange staffs will 
have a ready means of knowing that 
congestion exists on certain routes, with 
a view to action being taken to install 
additional plant on the route involved. 
Allied to this is the need to have direct 
reading erlang meters at all exchanges, 
so that again the necessary detailed 
traffic readings may be made quickly 
when it is realised that congestion 
exists, so that the provision of addi 
tional plant may be expedited (see 
Fig. 6). 

Automatic Checking of "Off Normals" 
and "Permanents" 

Glick (3) has described a method of 
automatically "howling down" P.G.'s 
as they occur and counting the residual 
lines which remain, thus obtaining a 
reliable and quick cable fault alarm. 
This method has been· installed on a 

trial basis at Burwood exchange, and 
the results have been so good that action 
is now proceeding to extend this on a 
wide basis throughout the network. The 
double benefit of. obviating manual 
checking for "permanents" and getting 
a reliable cable fault alarm represents 
both a time saver and an improvement 
to service. It is of interest to record 
that in one period of 12 days, meter 
readings showed that during this time 
with the meters connected only between 
8 a.m. and 5 p.m, on each day, 654 
P.G.'s were automatically howled and 
86.6% were cleared by the replacement 
of receivers. 
More or less allied to this is a recent 

trial at the Camberwell and Burwood 
exchanges of automatic throw-out of 
called subscriber held final selectors. 
This trial has also been most success 
ful, in ·that the time consuming check 
ing for off normals is practically elim 
inated, also disruption to held sub 
scribers is eliminated. It is intended 
to extend this scheme on a wide scale 
to the step-by-step exchanges in the 
network. 

External Plant Fault Testing 
A considerable amount of time is 

spent by exchange staffs in testing and 
clerical work associated with faults on 
external plant connected to the exchange. 
Any reduction in the number of faults 
in this field is valuable, both from the 
point of improving overall service to 
the subscribers and in allowing the 
available exchange technical staff to 
concentrate on exchange equipment 
aspects. The progressive and now 
almost complete application of gas 
pressurising to junction cables in the 
network has resulted in the reduction 
of junction cable faults to negligible 
proportions. Progressive gassing of 
subscribers' cable plant, together with 

Fig. 6.-Mitcham-Erlang Meter and Routine, Controls. 

improved plastic cables and associated 
jointing techniques offer prospect of 
reducing faults in this section of the 
plant. Faults on subscribers' cables 
have tended to increase in recent years 
but the results for 1963/64 have shown 
a welcome downward trend (see Fig. 7). 
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In regard to faults on aerial distri bu 
tion on subscribers' lines, it is evident 
that these are decreasing, as may be 
seen from Fig. 8. 
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Fig, 8.-Fault Graph Aerial Faults. 

Drayson (4) has given details of the 
operation and use of the automatic line 
insulation routiners which cover the 
Melbourne network. These are regarded 
as an important aid to improving the 
overall service rendered to subscribers, 
and in general they tend to improve 
the overall line testing efficiency and 
economy, by reducing the amount of 
slower manual testing which would 
otherwise be necessary. 
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Automatic Back-Busy of Junctions 
The fact that the junctions between 

exchanges do not have a "back-busying" 
feature as do the links between switch 
ing stages within an exchange, un 
doubtedly leads to many misdirected 
and lost calls in the network. Many 
of these troubles are detected by 
C.A.R.G.O., including the troubles 
caused when staff fail to manually busy 
at the outgoing end junctions which are 
being worked upon at the incoming 
end. Maintenance attention to the 
switches is also slowed down because 
of this feature, because it is necessary 
to contact staff at the exchange from 
whence the junction comes to busy and 
unbusy the junction whilst repairs are 
being made to the incoming switch. 
Concentrated attention has been given 

to this problem in recent years, circuits 
tried out and perfected and trial instal 
lations made. All of the routes to and 
from exchanges in the "2" group have 
now been completely back-busied, and 
this has resulted in improved service 
in this group, together with a saving 
in maintenance time. The complete 
treatment of all routes in the network 
has accordingly been decided upon and 
it is expected this will be completed 
within two years. It is certain this will 
further improve the service and reduce 
maintenance costs .. In this regard recent 
tests carried out by the staff of the 
Metropolitan Service Laboratory on the 
length of release "blinks" on repeaters 
showed that in many cases they over 
lapped the releasing times of HA relays 
in selectors. From this it is clear that 
lost calls would result where certain 
switches and repeaters are associated 
in switching operations. With back 
busy conditions applying, the relative 
importance of the rather finicky and 
time consuming "blink" adjustments is 
very greatly reduced. Another import 
ant advantage of back-busying condi 
tions is that in the case of junction 
cable faults, the junctions are automati 
cally taken out of service and a lamp 
indication provided at the outgoing end 
of the junction. 

The Impact of Crossbar Equipment 
Although the amount of crossbar 

equipment in the network is still rela 
tively small, it is evident that it is 
reducing the equipment maintenance 
manhour requirements and improving 
the service. This is because less time 
is necessary on preventive maintenance 
due to the greater reliability of the 
components, from both an electrical and 
mechanical point of view, and the 
extensive provision of automatic fault 
indication equipment such as service 
and fault· alarms, lamp sets, TRT, route 
alarms, etc. The trunking arrange 
ments, including the automatic altera 
tion of routes through the equipment 
on successive calls, as against the 
graded access used on step equipment 
prevents repeated lost calls on faulty 
first choice routes thus improving ser 
vice and reducing trouble reports from 
subscribers. The more extensive use 
of direct routes between exchanges, 
involving fewer repetitions through 
equipment in intermediate exchanges, 

Fig. 9.-Metropolitan Servic.e Laboratory. 

also increases the reliability of the net 
work. 

Insufficient experience is as yet avail 
able to determine the Jong term effect 
on the C.A.R.G.O. activities but pre 
liminary indications are that a smaller 
proportion of faults may be found by 
C.A.R.G.O. in crossbar exchanges. On 
the other hand this group still plays a 
most important part in giving a quick 
indication of serious troubles in cross 
bar exchanges, including times when 
they are unstaffed. 

Network Performance and Testing 
Laboratory 

Just as the C.A.R.G.O. group has 
proved to be an essential part of day 
by day assistance in keeping the net 
work functioning at a satisfactory level 
of performance, so a network labora 
tory (see Fig. 9) bas been found most 
valuable in helping to solve network 
problems, mostly of a longer term 
character. 

In order to do this work the labora 
tory is equipped with a model network, 
consisting of all types of switches and 
relay sets, which may be interconnected 
as required by junction cable pairs of 
required electrical characteristics. The 
provision of crossbar equipment in this 
field is not yet complete, but action is 
in hand to remedy this deficiency at 
an early date. It is also used as a 
reservoir for the more critical and 
sophisticated types of testing gear which 
may be required from time to time in 
specific exchange problems. An idea 
of the scope of the contributions made 
to improved network performance can 
perhaps best be judged by listing the 
more important projects undertaken in 
the past two or three years, viz:- 
(1) Continuous checking of exchange 

equipment rooms for dust content, 

using the slide and microscope 
method. 

(2) Design and development of "blink" 
tester for repeaters and bimotional 
switches. 

(3) Microscopic and photographic 
examination of switch and relay 
contacts giving trouble. 

(4) Statistical sampling of the electro 
mechanical performance of switches 
and relay sets from various 
exchanges in the network. 

(5) Development of multi-frequency 
howler suitable for the 800 type 
telephone. 

(6) Examining the impulse repetition 
performance of various types of 
"A" relays. 

(7) Checking the signalling limits of 
various types of junction combina 
tions including interworking be 
tween step and crossbar exchanges. 

(8) Acceptance testing of multi-pen 
recorder and adapting its use to 
different types of relays. 

(9) Checking the performance over 
junctions and into different types 
of exchange equipment of the Sub 
scriber Call Recording Equipment 
(previously known as Printer Meter 
Check Equipment). This equipment 
has recently been obtained prim 
arily as an aid to the investigation 
of complaints from subscribers of 
overcharging. It may be connected 
to a particular service and prints 
a paper tape record of the time, 
duration and date of all outgoing 
and incoming calls together with 
the metering pulses placed on the 
meter wire of the service being 
observed. 

(10) Oversigbting audio visual work. 
(11) Checking the performance of sub 

scribers' equipment such as Public 
Telephones and P.B.X.'s and trying 
out modifications as necessary. 
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(12) Development of annoyance call 
tracing equipment for step equip 
ment. 

(13) Development of precise impulse 
generators and associated direct 
reading time interval •• measuring 
equipment. 

Previously some of the type of work 
mentioned above would be undertaken 
by various individuals in the field divi 
sions, often working under restricted 
conditions, and doing such work on a 
"side-line" basis. Close liaison is main 
tained in the working of the laboratory 
with the Central Office, Research and 
Circuit Laboratories, as required to 
avoid duplication of effort in the vari 
ous projects. In addition, a consider 
able amount of data and test results are· 
interchanged with the Sydney Metro 
politan Service Laboratory, particu 
larly in view of the general similarity 
of the network problems encountered 
in Melbourne and Sydney. 

MEASUREMENT OF EXCHANGE 
EQUIPMENT MAINTENANCE 

PERFORMANCE 

Service Provided 
The main criterion of the network 

performance is given by the results of 
service observations. These are taken 
regularly ( once a month), on a first 
selector basis from each exchange in 
the network, a total of about 18,000 
calls being observed per month. Fig. 10 
shows the results over the past four 
years, and it is evident that a steady 
improvement has been achieved and it 
is hoped that further improvement will 
occur as the full benefits of the 
improvements mentioned in previous 
paragraphs are felt. New observation 
equipment has recently been placed in 
service (Fig. 11) and this should improve 
the reliability of the observation 
results. It is planned to introduce 
automatic data processing into this 

5 

0 
f-- 

0 

Fig. 11.-Service Observation Room-Russell. 

field, to facilitate processing of the 
results, and to study the potential 
advantages in using the observation 
results when they are related to term 
inating rather than originating exchanges. 
For comparison purposes Fig. 12 

shows a summary of the faults found 
in exchange equipment over the past 
few years. As explained earlier, the 
fact that the curve has a downward 
slope does not necessarily show that the 
service must be improving, but when 
read in conjunction with the service 
observation graph it does indicate a 
healthy trend. 
A second indication of the service 

provided by the network exchange 
equipment is given by the number of 
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technical assistance complaints received 
for every 1,000 calls completed. The 
complaint rates in the network have not 
fully settled down due to alterations in 
the complaints reporting system men 
tioned earlier. There are also apparent 
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Fig. 12.-Total' Exchange Faults Graph. 

seasonal effects in trouble reporting 
rates, so that use of this information 
as a quantitative indicator of the effi 
ciency of the network is still not fully 
developed. It is confidently expected 
that ultimately, difficulties in the use of 
this indicator will be overcome but in 
the meantime, its use to indicate indivi 
dual exchange performances is already 
of considerable value. 
A third indication of service quality 

is given by TRT results. At the 
moment this is used mostly in indivi- 
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dual exchanges or in limited size areas 
as a service quality indicator, but active 
investigations are in hand to explore its 
value on a wider scale. One limitation 
to be taken into account in this regard 
is the fact that most TRT's at present 
in use do not differentiate between plant 
faults and congestion on "grade of ser 
vice" runs. 

Cost of Providing Service 
The aim is to reduce costs and at the 

same time improve service. The major 
cost of exchange maintenance lies in 
the manhours expended, and in this 
regard the graph in Fig. 13 shows there 
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Fig. 13.-Exchange Maintenance Manhours 
Graph. 

has been a gradual improvement in 
effective productivity. This is obtained 
by a continuing improvement in equip 
ment design and maintenance methods, 
including better testing equipment. It 
is pointed out that the manhours shown 
in this graph also include all time spent 
by staff in the exchange in attending to 
auxiliary equipment such as power and 
air-conditioning plant, together with 
test desk and M.D.F. work associated 
with the connection of new services, 
transfers and faults on subscribers' 
equipment and external plant. 

SUBSCRIBERS' EQUIPMENT 
MAINTENANCE 

General 
Corrective Maintenance is mainly 

used with substation equipment, with 
the exception of P.A.B.X.'s. This is 
because of the continuous oversight by 
the subscribers of substation equipment 
performance, and also because of its 
inherent reliability, which tends also to 
be improving. 
Until recently, substation mainten 

ance activity has been controlled prim 
arily from the associated exchanges 
during normal week-day operations. 
Some 10 years ago, however, a Central 
ised Despatch Scheme was introduced 
firstly during weekends and then extended 
to public holidays to control the clear 
ance of "no service" faults including 
aerial line plant faults. A couple of 
years ago, a special comparative study 
of the efficiency of this scheme from a 
fault clearing point of view was made, 
and it was shown that its efficiency was 
superior to the normal decentralised 
scheme operating on week-days. 

~ 
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It was accordingly decided to launch 
a full scale Centralised Fault Despatch 
scheme in the "4" group of exchanges, 
with a view to extending operations 
over the whole network if it proved 
successful. At about this time, informa 
tion obtained from on the spot checks 
by Mr. R. C. M. Melgaard, in overseas 
telephone administrations and com 
panies, had also indicated that such 
schemes were in successful and wide 
use. The trial in the "4" group proved 
that the new practice was a distinct 
improvement in many respects, and it 
has now been extended to cover the 
whole network, on the basis of 6 Fault 
Despatch Centres located respectively at 
Collingwood, Hawthorn, South Yarra, 
Malvern, Russell and North Melbourne. 
The main advantages of the central 

ised fault despatch scheme are: 
(I) An overall greater manhour efficiency 

due to the operation of a large group 
as against several independent groups. 

(2) Better field supervision of work. 
(3) More specialised attention can be 

given to complex faults. 
(4) A closer control over the handling 

of urgent faults. 
(5) Stores arrangements are more eco 

nomical, because of the centralising 
of main supplies under the control 
of the Despatch Centre Supervisor, 
and his headquarters staff. 
All of this adds up to the provision 

of a better fault clearance service at a 
lower cost, which after all is the main 
aim of our activities. Fig. 14 gives a 
general view of the Collingwood Des 
patch Centre which caters for the repair 
of 70,000 telephones, involving 15 repair 
technicians. Although a detailed des 
cription of the method of operation is 
not proposed some features are worthy 
of mention viz:- 
(i) Plotting magnets on a steel-backed 

area map are used to indicate types 
and locations of faults and tech 
nicians' positions. 

(ii) Vehicles with radio telephones are 
used to good effect in the outer 
areas and for specialised faultmen 
who may need to go to different 
areas frequently. 

(iii) The centre has recently been 
extended to cover the activities of 
aerial and cable faultmen, a Line 
Foreman controlling the despatch 
ing of 25 faultmen. 

(iv) The centre is also used as the con 
trol point for after hours service of 
an evening or weekends and pub 
lic holidays. 
Future Developments-Associated 

Testing 
A centre is to be set up at Malvern 

which will cater for the repair of 
140,000 telephones. This will provide 
valuable information on the efficiency 
of large centres. It appears that a 
greater efficiency could well result with 
the introduction of completely central 
ised testing from each of the Despatch 
centres to all the exchange areas con 
trolled from the particular centre. This 
also has the advantage of reducing extra 
handling points for faults, in that details 
can then be sent direct from the service 
(complaints) centres to the particular 
Despatch Centre where testing and des 
patching functions are under the one 
close control. Trials have proved the 
effectiveness of this arrangement, which 
is now being extended to all the centres. 
Of interest in this connection too is the 
recent introduction of test robots, which 
allows outside staffs to perform their 
own testing without the assistance of 
the test desks, thereby further improv 
ing overall efficiency. Various ways of 
using automatic data processing are also 
being tried with a view to quickly 
measuring the performance of the 
centres in regard to fault clearance 
times, and also checking types of faults, 
etc. 

Fig. 14.-Coilingwood Fault Despatch Centre. 
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Public Telephones 
Although these in number represent 

less than 1 % of the total number of 
telephones in the network, they account 
for over 40% of the faults on all tele 
phones. This is due to the higher call 
ing rate of P.T.'s, the relatively 
unfavourable housing conditions of the 
instruments, vandalism and the greater 
mechanical and electrical complexities 
due to the coin collecting and associated 
devices. The fact that some spurious 
fault reports are received by some 
users who do not operate the mechan 
ism correctly, or give incorrect informa 
tion for the purpose of obtaining free 
calls, adds to the unproductive time 
which may be spent by the technical 
staff on this type of instrument. Moni 
toring at the exchange is used where 
necessary to check on the service being 
given by a particular P.T. Another 
interesting facet of public telephone 
instruments maintenance is that they 
are very much cheaper and less trouble 
some to maintain when they are leased 
by subscribers, by comparison to being 
located in street cabinets. In this regard 
studies are now being made with a view 
to increasing the proportion of leased 
instruments, without decreasing the ser- 
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Fig. 1 5.-Telephones Fault Graph. 

vice provided to the public. At present 
we have 4,300 public telephones, and 
1,800 leased coin attachments. Figs. 15 
and 16 show the fault rates of ordinary 
telephones and public telephones respec 
tively over the past six years. An 
upward trend in the P.T. fault rate 
coincided with the increase of the unit 
fee rate from 3 to 4 pennies. It is 
already clear that the fault rate is start 
ing to fall since the unit fee was changed 
in February of this year to a single 6d. 
coin. No doubt the imminent intro 
duction of new P.T. instruments of 
modern design, made necessary prim 
arily by the proposed change to decimal 
currency in 1966, will assist also in 
reducing the fault rate on P.T.'s. In 
this regard it is pertinent to note that 
the fault rate on standard telephones 
has decreased, and this is thought to 
be due in a large measure to improved 
design in the telephone instruments in 
service over the period. 

P.A.B.X.'s 
The methods used in· the maintenance 

of P.A.B.X.'s are in general similar to 
those practised with the equivalent sized 
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improvement in the fault rate of public 
telephones is in sight. It may be stated, 
therefore, that in the whole of the sub 
scribers' equipment field, the service is 
improving. 
Regarding the speed of clearance, 

examination of fault clearance times 
has indicated an improving perform 
ance, particularly in the clearance of 
faults of the "no service" type, both 
during and out of normal business 
hours. · 

Cost 
As with the exchange equipment 

maintenance, the major expenditure 
with subscribers' equipment mainten 
ance lies in the manhours expended. It 
is seen from Fig. 17 that a gradual 
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Fig. 17.-Substation Equipment (less 
P.A.B.X.'s) Manhours Graph. 

reduction in manhours per unit has 
been obtained. This is due also to 
continuing improvement in equipment 
and maintenance methods. · 

CONCLUSION 
In setting out the improvement in 

the operation and servicing of the Mel 
bourne network it is clear that in the 
main a better service is being rendered 
to the public at a reducing cost. In 
noting this, however, it is the belief of 
the writer that with the introduction 
of better equipment and methods of 
working, further improvement is inevit 
able. There is plenty of scope for 1:,etter 
performance, and imagination, energy 
and persistence with good ideas will 
always be necessary to improve the 
results which can be achieved. In the 
complex system we operate, ideas for 
better performance come from many 
sources, and I would like to acknow 
ledge the assistance rendered by many 
people in the Metropolitan Service 
Section, as well as others in Head 
quarters and other States. 
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exchanges. As indicated earlier, the 
largest ones are maintained by a resi 
dent technical officer, and the smaller 
ones are visited as required. 
P.A.B.X. equipment, particularly the 

more modern types, is relatively com 
plex in its circuitry, which leads to a 
good deal of the maintenance being 
performed by staff who specialise in 
this field. Since the adoption of cross 
bar switching equipment by the Depart 
ment, several types of crossbar 
P.A.B.X.'s have been installed by the 
approved installing contractors, viz:- 
S.T.C.-Pentaconta Crossbar Type. 
L.M.E.-Five Ericsson Crossbar Types 

namely the 
(a) ARD.520-2 + 10 size. 
(b) ARD.526-3 + 16 size. 
(c) ARD.561-Multiples of 30 lines 

up to 210 lines. 
(d) ARD.151-400 lines up to 800. 
(e) Special ARF.102-2,000 lines. 

T.E.I.-A.T.M. Crossbar Type-basic 
80 line multiples. 
To date, no attempt has been made 

to regionalise the installation of this 
multiplicity of types, the number of 
which is still being increased. Pend 
ing some action along these lines, or 
alternatively the adoption of a Depart 
mental standard, a considerable amount 
of effort is being taken in staff training 
for maintenance of this equipment. At 
the moment the position is being met 
to some extent by having "teams" which 
handle the similar types irrespective of 
location, even though this increases 
travelling. 

MEASUREMENT OF SUBSCRIBERS' 
EQUIPMENT MAINTENANCE 

PERFORMANCE 

Service Provided 
In the substation equipment the ser 

vice given is related directly to the 
number of faults per unit found and 
also the time taken to clear them, hav 
ing regard to the type of fault. In the 
latter regard, for example, it is most 
important that the power or ringing 
supply to a P.B.X. or P.A.B.X. be 
restored quickly, whereas the replace 
ment of a frayed cord on a telephone 
can be given a much lower order of 
priority. 
The graph in Fig. 15 shows that the 

fault rate for telephones is steadily 
decreasing, and this pattern is the same 
for other types of subscribers' equip 
ment generally, except for public tele 
phones. As indicated earlier, positive 
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TELECOMMUNICATIONS IN CANADA 
Editor's Note: Readers will be inter 

ested to compare the Canadian National 
Telephone plan with that for the Aus 
tralian system. A brief description of 
the Australian plan is given in the 
article. "Australian Telephone and 
Telegraph Networks" in Vol. 14, No. 2, 
page 102, of this Journal and more 
detail is available in the references given 
there. Points where the comparison is 
considered of particular interest have 
been indicated in the article. 

INTRODUCTION 
Following the second world war, a 

period of relative stagnation, have come 
almost . two decades of expansion and 
change in the Canadian telecommuni 
cation industry. The growth of basic 
telephone service can easily be illu 
strated: in 1946 there were about 12 
million people and two million tele 
phones in Canada, eighteen years later, 
the population has increased by 60 per 
cent to about 19 million, the number 
of telephones has more than tripled to 
6.5 million. Today, the rate of growth 
in basic telephone service has become 
more manageable, but the scope and 
variety of new types of communications 
services has begun to increase at a fast 
pace. And it is to these new services, 
now that most telephones are dial oper 
ated, the telephone industry looks for 
'spectacular growth in the future. 

With the emergence of a fast-growing 
electronics industry, given impetus by 
the war years and the following boom, 
changes have been introduced rapidly 
in every facet of post-war society. 
Methods of business and of government 
administration have changed, and are 
still changing. Methods of production 
and distribution have altered and many 
previously neglected areas have "sprung 
to life, with the spread of both primary 
and secondary industries. The home 
lives of Canadians have also been trans 
formed, all in little more than two 
decades. And, in response, the tele 
phone industry has adapted the services 
it offers and the ways in which it offers 
them to meet the new needs and the 
new challenges posed by this developing 
society. 

ORGANIZATION AND OWNERSHIP 
In Canada today there are about 2,500 

separate telephone systems and com 
panies. The largest, the Bell Telephone 
Company of Canada, serves over four 
million of the country's 6t million tele 
phones. The systems range in size from 
rural co-operatives serving a few cus 
tomers to large provincially and priv 
ately-owned systems. In this type of 
organisation, long distance service, 
whether it is nation-wide, continent 
wide or world-wide, demands close 
co-operation between all the telephone 
systems whose facilities are inter-con 
nected. For it is a basic premise of the 
industry that, no matter how many com 
panies may be involved, every call 

=Mr. Brewer is with the Bell Telephone 
Company of· Canada, Montreal. See page 422. 

should be handled as speedily and as 
efficiently as if there were only one 
telephone organisation. In a country 
where there are as many as 2,500 separ 
ate systems, this calls for co-operation 
of a high order. 
From this basic requirement for 

co-operation has stemmed the formation 
of organisations whose purpose is to 
link the members of the telephone 
industry. The best known of these 
organisations is the Trans-Canada Tele 
phone System, formed in 1931 with the 
aim of developing and maintaining an 
all-Canadian coast-to-coast long distance 
network. Today there are eight full 
members of the System and one asso 
ciate member: 
The Avalon Telephone Company 

Limited. 
Maritime Telegraph and Telephone 

Co. Ltd. 
The New Brunswick Telephone Com 

pany Limited. 
The Bell Telephone Company of 

Canada. 
Manitoba Telephone System. 
Saskatchewan Government Telephones. 
Alberta Government Telephones. 
British Columbia Telephone Com- 

pany. 
(The Canadian Overseas Telecom 

munication Corporation is an 
associate member.) 

The members are the principal com 
panies or systems in the provinces they 
serve, and within the framework of the 
Trans-Canada Telephone System, work 
together as partners in a nationwide 
business, providing a complete network 
capable of carrying a diversity of com 
munications-television and radio pro 
grams, data and defence communica 
tions, as well as regular telephone traf 
fic-between the Atlantic and the Paci 
fic. Working to a common plan, each 
member builds and owns the telephone 
plant within its own territory, and each 
shares in the revenues from communi 
cations carried into, out of, or across 
its territory. 
An organization of somewhat dif 

ferent character is the Telephone Asso 
ciation of Canada, formed in 1921 to 
promote the interchange of technical 
and operating information within the 
industry. In addition to the eight full 
members of the Trans-Canada Tele 
phone System, four other companies 
belong to the Association: 
The Island Telephone Company (PEI.) 
Okanagan Telephone Company (B.C.). 
Ontario Northland Communications. 
Quebec-Telephone .. 

At a time when the industry is not only 
expanding but also diversifying at a 
rapid pace, and when technological pro 
gress is so· fast in so many different 
areas, the need for sharing technical 
and operating information is great. 
Through the medium of the Telephone 
Association of Canada, the experience 
of others in the industry is made avail 
able to any of its twelve members, and 
the sometimes painful process of adjust 
ing to new techniques and new develop 
ments is often greatly eased. In addi- 

C. T. BREWER, B.Sc., P.Eng., M.E.l.C.* 

tion to the larger Canadian telephone 
systems many smaller systems have 
formed groups, such as the Canadian 
Independent Telephone Association, the 
Quebec Independent Telephone Asso 
ciation and the Saskatchewan Associa 
tion of Rural Telephone Companies, 
all of which have aims which are basi 
cally similar to those of the Telephone 
Association. 

Co-operation within the industry 
often extends further. For example, 
nine companies have separate contracts 
with the Bell Telephone Company of 
Canada, through which they can obtain 
a variety of advice and assistance on 
both technical and operating matters 
in return for an annual fee. And the 
Bell Telephone Company itself has a 
similar agreement with the American 
Telephone and Telegraph Company in 
the United States, which gives it the 
benefit of the latest information from 
below the border. 
A unique feature of the Canadian 

telephone industry is its blend of private 
and public ownership; see Fig. 1. In the 
prairie provinces, for example, there are 
three major telephone organizations 
the Manitoba Telephone System, Saskat 
chewan Government Telephones and 
Alberta Government Telephones-each 
owned by the provincial government. 
In Edmonton and Fort William, to name 
two important cities, service is provided 
by municipally owned systems. Nova 
Scotia, New Brunswick and Prince 
Edward Island are served by privately 
owned companies holding provincial 
charters. Another serves a large por 
tion of Newfoundland. The two largest 
telephone companies in Canada hold 
federal charters. The British Columbia 
Telephone Company serves more than 
half a million telephones in that pro 
vince while the Bell Telephone Com 
pany· of Canada, the first telephone 
company to be incorporated in this 
country, operates over four million tele 
phones in Ontario, Quebec and parts 
of Labrador and the Northwest Terri 
tories. Both the British Columbia Tele 
phone Company and the Bell Telephone 
Company are privately-owned corpora 
tions. The Bell, for example, is owned 
by about 200,000 shareholders, of whom 
about 97 per cent live in Canada and 
almost 90 per cent in the territory served 
by the company. Ninety-three per cent 
of the Bell's shares are held in Canada. 

Because telephone service in a given 
area can be provided most efficiently 
by a single company, it is generally 
agreed that Canada's telephone com 
panies should not compete with each 
other in providing this essential ser 
vice. To compensate for the natural 
regulation of prices that normally takes 
place through competition, and to fix 
telephone rates at a level that is fair to 
both customers and owners, most tele 
phone systems are subject to govern 
ment regulation. Whether they are 
federally, provincially or municipally 
regulated depends on their particular 
charters or circumstances. 
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PACIFIC 
OCEAN 

SUPPLIERS 
The telephone companies are served 

by a number of manufacturers in 
Canada. Two of these, the Northern 
Electric Company, Limited, and Auto 
matic Electric (Canada) Limited, are 
associated with the two largest privately 
owned telephone companies: the Bell 
Telephone Company of Canada, and 
the British Columbia Telephone Com 
pany, respectively. While both these 
companies are major suppliers of com 
munications equipment to their parent 
organizations, much of their business 
is also obtained from other telephone 
systems. Several of the other suppliers 
are subsidiaries of internationally 
known telecommunications equipment 
manufacturers, and some of these main 
tain only sales and servicing branches 
in this country. 
CANADIAN TELEPHONE SERVICE 
Canada has many characteristics that 

parallel those of Australia. The popu 
lation density is about five people per 
square mile-compared with about 800 
each in the Netherlands and in England, 
and about 60 in the United States. The 
bulk of Canada's population is spread 
along the fertile southern belt which 
stretches almost 4,000 miles from the 
Atlantic to the Pacific, and much of it 

Fig. !.-Telephone Development in Canada, December, 1963. 

is concentrated in a few large industrial 
cities. These cities themselves tend to 
flow loosely into the countryside, 
creating ever-growing communities of 
interest. Quite apart from distance, 
there are the natural barriers to com 
munications - the Rocky Mountains, 
the wide plains of the prairies and the 
scarcely developed northlands; and there 
is the climate, which for several months 
of the year does little to encourage 
travel from one part of the country to 
another. These are some of the factors 
which have influenced Canadians in 
creating standards of values which often 
differ substantially from those held in 
other countries; and they are some of 
the many factors which have determined 
the development of telephone service 
in this country. 
Canadians rely heavily on their tele 

phone as a means of communication: 
this is a fact borne out every year in 
world telephone statistics, which show 
that Canadians use their telephones 
more often than any other people. They 
are also exacting customers: they want 
to be able to reach all the telephones 
within their community without paying 
long distance charges; they want their 
local calling area to include suburbs 
and neighbouring towns with which 
they have a community of interest; they 

DEC 31ST 1963 

TELEPHONE SYSTEMS WITH MORE THAN 50.0bo TELEPHONES 

SYSTEM TELEPHONES OWNERSHIP TERRITORY 

AVALON TEL. CO. 60.000 PRIVATE NEWFOUNDLAND 
MARITIME TEL. e TEL. 198,000 PRIVATE NOVA SCOTIA 
NEW BRUNSWICK TEL. 152.000 PRIVATE NEW BRUN SI'" CK 
QUEBEC - TELEPHONE 90.000 PRIVATE QUEBEC. EAST 
BELL TEL.CO. OF CAN. 4.090.000 PRIVATE QUEBEC & ONTARIO 
NORTHERN TEL. 71.000 PRIVATE ONTARIO. NORTH 

324.000 PROV. GOV'T. MANITOBA 
215.000 PROV. GOV'T. SASKATCHEWAN 
292.000 PROV. GOV'T. ALBERTA 
148.000 MUN. GOV'T. EDMONTON 
625.000 PRIVATE BR. COLUMBIA 

NEWFOUNDLAND 

POP: !07.000 
AREA: 2.184 
TOT. TEL: 24.000 

POP: 763.000 
AREA: 21 . 425 
TOT. TEL: 204.000 

POP: 615.000 
AREA: 28.354 
TOT. TEL: .153.000 

want to feel free to place a great num 
ber of calls; and they value the right 
to talk for just as long as they want on 
each call. 
In North America the practice of 

supplying goods and services in large 
lots or "packages" is widespread and 
the concept of "packaged" telephone 
service has taken hold. Traditionally, 
telephone service has been separated 
into two basic elements: local service 
and long distance (or toll) service. Local 
service is usually offered as a "package", 
for which the customer is charged a 
fixed monthly rate. For this he is pro 
vided with a telephone from which he 
can call any other telephone within a 
defined local calling area. The cus 
tomer can call any number of times, 
and he can stay on the line as long as 
he wishes without any extra charge. 
Long distance service, on the other 
hand, is usually tailored to the cus 
tomer's individual needs. He pays for 
each call he makes, and the charge will 
depend on how far he is calling and 
how long he remains on the line. Toll 
charges are generally based on a three 
minute minimum. 
In some parts of the country and in 

some special circumstances, local ser 
vice is available also on a message-rate 
or "per call" basis. There is. a distinct 
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trend, however, towards both "pack 
aged" long distance service and a sub 
stantial extension of the boundaries of 
local calling areas. 
Local calling areas were originally 

confined to the customer's own exchange. 
But with the trend toward suburban 
living near the major cities, and with 
the gradual merging of many smaller 
towns, there has been a growing demand 
for considerable widening of these "flat 
rate calling" areas. As a result, many 
telephone companies have introduced a 
broader concept of "packaged" local 
service, known as Extended Area Ser 
vice.* The object of this is to eliminate 
long distance charges on calls between 
certain centres which have a definite 
community of interest. To compensate 
for the loss of toll revenue, which is 
only partly offset by a reduction in 
operating, billing and other administra 
tive costs, the telephone companies 
charge a higher monthly rate, based on 
the number of telephones which can 
be reached in the extended area. Fig. 2 
illustrates a typical EAS complex. 

Fig. 2.-A Typical Example of Extended Area 
Service in Canada: Beaverton Subscribers Can 
Telephone to Cannington, Woodvilfe,, Kirkfield 
and Brechin, Without Long Distance Charges. 
Similarly, telephone users in each of these 
exchanges. can place calls to their neighbour 
ing communities with the cost included in the 

monthly telephone charge. 

Some persons in the industry predict 
that flat-rate calling will one day encom 
pass the whole country, and that cus 
tomers will merely pay a uniform 
monthly charge. That day is certainly 
a long way off, if only because such a 
service would today be prohibitively 
expensive for most of the users. A step 
in this direction, however, was the 
introduction in 1961 of a new packaged 
long distance service, known in the 
industry as "Wide Area Telephone Ser- 

*Compare ELSA (Extended Local Service 
Area) in the Australian system noting that 
ELSA calls are charged as unit fee calls 
whereas BAS calls in Canada are not indivi 
dually charged. (Editor.) 

**Compare STD (subscribers' trunk dialling) 
in Australia. (Editor.) 

**•Compare with the periodic metering used 
in Australia. (Editor.) 

vice". While it is primarily intended 
for business customers who place a 
large number of long distance calls, 
wide area telephone service makes flat 
rate calling within any of seven areas 
available to anyone. These areas range 
in size from a part of a province to the 
whole of Canada. Customers subscribe 
to a wide-area line on which they can 
dial their calls to any telephone in the 
area they have selected, calling as often 
and talking as long as they wish for the 
predetermined monthly charge. 
In practically all urban centres there 

is a choice of individual-line service or 
two-party service (at a lower rate) in 
the area surrounding the telephone 
company's central office. Some com 
panies offer four-party service but 
generally there has been a pronounced 
swing toward a higher proportion of 
individual lines. Further away from 
the central office and in most rural 
areas, where multi-party service is stan 
dard, individual and two-party services 
are available at a higher price. The 
number of telephones per rural line is 
gradually being reduced and in the Bell 
of Canada territory the objective is to 
have no more than six stations per rural 
line. 
Ten years ago most homes had only 

a single black telephone. Nowadays, 
with telephones in about 80 per cent 
of Canadian homes, many people are 
prepared to pay a little extra for the 
greater convenience and attractiveness 
of extensions and coloured telephones. 
Small telephones, such as the Starlite 
and the Princess, have found wide 
favour, while complete home communi 
cations systems are winning acceptance 
in many larger homes. For the busi 
nessman there is a wide variety of key 
telephones, and call directors, as well 
as a complete range of automatic, semi 
automatic and manual private branch 
exchanges. Despite this variety in tele 
phone equipment, practically all of it 
is available at short notice-few resi 
dence customers have to wait longer 
than a couple of days; even the more 
complex business equipment can usually 
be installed in a matter of a few weeks. 
The change to dial service, which 

began in the early 1920's, has been 
accomplished rapidly. By the outbreak 
of World War II, two-thirds of the 
system was dial operated. Following 
the war, large numbers of new dial 
offices were opened and many manual 
offices were converted to dial service. 
Today, nine out of ten telephones are 
dial operated, and rapid progress is 
being made in converting the remain 
ing ten per cent. The Bell Telephone 
Company, for example, expects to virtu 
ally complete its , conversion program 
by 1965. 
In the case of long distance service, 

dial operation has been introduced in 
two stages: the first makes it possible 
for an operator to complete customers' 
calls by dialling the distant number; 
the second, Direct Distance Dialling, 
allows the customer to dial directly into 
the continent-wide telephone network."" 
Today about 80 per cent of all long 
distance calls are dialled either by an 
operator or by a customer, customer- 

dialled calls accounting for roughly 20 
per cent; the ultimate objective is to 
approach, as nearly as practicable 100 
per cent. 
At the present time, telephone users 

who have access to the direct distance 
dialling network can dial their station 
to-station calls directly to any of about 
85,000,000 telephones in this country 
and the United States-more than 90 
per cent of those in service in the two 
countries. The only part played by an 
operator-and even this has been elim 
inated in many centres-is to record 
the number from which the call is being 
placed. Eventually it is planned to 
introduce direct dialling of person-to 
person, collect and other special calls, 
which will be handled entirely by the 
customer but supervised by an opera 
tor. Automatic accounting equipment, 
tied in to the direct dialling network,*** 
times every call and records all the 
information the telephone company 
needs for billing. These details are 
punched in a paper tape, which is later 
processed by accounting machines. 

Lower long distance rates-and in 
some cases a complete revamping of 
the long distance rate structure - are 
direct off-shoots of direct distance dial 
ling and other technological improve 
ments introduced in recent years. A 
three-minute call between Vancouver 
and Montreal, for instance, which in 
1931 would have cost $8.25, now costs 
only $3.15. And the Bell Telephone 
Company has introduced specially low 
night rates, which permit customers to 
talk 10 minutes for the price of five, on 
station-to-station calls, within their 
territory. 

PRIVATE LINES AND SPECIAL 
SERVICES 

Telephone companies lease private 
lines to many organizations for their 
exclusive use in carrying voice calls, 
teletypewriter messages, data, or vari 
ous combinations of these. For example, 
mail-order companies often use private 
circuits to receive daily inventories 
from their distributing houses; trucking 
firms use them to keep in up-to-the 
minute contact with their branches 
across the country; and pipeline com 
panies, piping natural gas or oil to 
users hundreds of miles away, use 
private lines to gather telemetering 
information from instruments and 
gauges along the line. And, of course, 
with the growth of data transmission, 
there has come a demand for wide-band 
circuits, capable· of carrying informa 
tion between large-scale computers. 

COMMUNICATIONS IN THE 
NORTH 

Canada's North is a land abounding 
in natural resources: oil, gas and a 
great variety of minerals are all to be 
found. It is a land where one can find 
scarcely-tapped timber stands; fertile 
farmlands in the Peace River valley 
region, quite at odds with the popular 
image of frozen wastes. It is, too, an 
area of strategic importance in the 
defence of North America. But the 
North is really an empty country by 
most standards with a population esti- 
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mated to be only about 230,000. For 
all its natural wealth, the high cost of 
extracting its riches and transporting 
them to markets in the south has made 
full-scale exploitation uneconomical. All 
but about two per cent of Canadians 
live in the belt which skirts the southern 
border; and apart from the small but 
steadily rising native population of 
Indians and Eskimos, the inhabitants 
of the North have tended to cluster in 
relatively small groups close to trading 
posts or mines. 
Although the North is very sparsely 

settled, and despite the fact that only a 
fraction of its resources has yet been 
extracted, three factors have impelled 
the members of the telephone industry 
to carry their communications services 
northward. The first of these is to pro 
vide a much-needed service to remote 
settlements; the second is the promise 
of greater economic development in the 
years to come; and the third is the 
creation of "early warning lines" for 
defence, with their need for rearward 
communications with the south. The 
economic development of the North 
will depend mainly on the exploitation 
of mineral, oil and gas resources. The 
extent to which these are exploited will 
depend on a number of factors includ 
ing improvement in transportation faci 
lities and on the availability of good 
quality communications. 
The enormous distances and the 

severe climatic and topographic condi 
tions (Fig. 3) in the North generally 

make it uneconomic to build and main 
tain landlines and the demand simply 
does not justify microwave systems for 
civilian services. High frequency radio, 
on the other hand, offers a means of 
giving reasonable coverage throughout 
the North for some years and is used 
fairly extensively. 
The long-term development of this 

region will in all probability create a 
need for permanent back-bone routes, 
stretching from east to west as well as 
southward to the Trans-Canada micro 
wave system. These may in part have 
to be built from scratch. But the exten 
sive northern defence networks, in many 
cases constructed by the telephone indus 
try itself, could well form the basis for 
a commercial network-either through 
direct leasing of circuits from the 
government, or through provision of 
additional circuits on these existing 
routes. Spanning the North, at a lati 
tude of about 70 degrees, is the Distant 
Early Warning Line. At approximately 
55 degrees north is the Mid-Canada 
Early Warning Line, for which the 
Trans-Canada Telephone System was 
management contractor. In both of 
these systems, the warning "stations" 
are connected laterally-by tropospheric 
scatter (Fig. 4) and ultra high frequency 
networks. Both also have rearward 
communications facilities, which link 
them to strategic defence posts to the 
south. In every case, they are facilities 
of the very best quality that the tele 
phone industry can provide. 

These systems, which have been built 
primarily for defence, provide complete 
networks stretching from the Atlantic 
to the Pacific with connection into the 
routes of the regular telephone network. 
Building new communications links in 
the North is, for obvious reasons, a 
very costly undertaking. Sharing of 
communications networks, on the other 
hand, would considerably reduce costs, 
not only for the industry but also for 
the government itself. This has been 
done to a large extent because, to 
duplicate communications pathways 
across such great distances would seri 
ously inhibit and defer the provision 
of any civilian communications. 

THE TELEPHONE SWITCHING 
NETWORK 

Even in the early 1950's, more than 
four million long distance calls were 
placed each year from Canada to the 
United States, and it was clear -that it 
would be to the advantage of both 
countries to integrate their plans for 
direct dialling. As a result, there was 
close co-operation between the tele 
phone companies involved on both sides 
of the border and an economical method 
of interchanging international traffic 
was worked out. In reality, there is 
today an integrated North American 
customer-dialling plan, within which 
the national networks of Canada and 
the United States carry national traffic 
entirely within their own borders. 

Fig, I 3.-The Changing Face of This Microwave Station in British Columbia Typifies the Wide Variations in Working Cond.ifions with Which 
Many Telephone Companies have to Cope. 
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Fig. 4.-Tropospheric ScoUer Station in Northern Canada. 

The basic ingredients of the customer 
dialling plan-or Direct Distance Dial 
ling-were a uniform system of tele 
phone · numbering and a hierarchy of 
switching machines connected by a net 
work of high-usage and final trunks. 
(See Fig. 5*). The hierarchical-network 
principle, with its inherent high effi 
ciencies for handling small or modest 
amounts of traffic, has served the North 
American continent very well. With it, 
Canada and the United States have been 
divided into about 120 numbering plan 
areas, each distinguished by a special 
three-figure code. Fig. 6 shows the 
numbering plan areas and the control 
switching points.** Within each num 
bering plan area, every telephone which 
can be reached by direct distance dial- 

ling has been assigned a different seven 
digit telephone number. Originally, two 
letters and five figures were standard; 
now a seven-numeral system is being 
introduced because it provides a larger 
number of central office codes. Taken 
together, the area code and the seven 
digit number provide a unique telephone 
number not duplicated elsewhere in 
North America. 

Generally, the first three digits of the 
continent-wide telephone number-the 
area code-are examined by a switch 
ing machine in a long distance centre 
to determine the route of a call to a 
distant numbering. plan area. The next 
three digits are examined by machines 
in the distant area to determine the 
route of the call within the area. The 
last four digits route the call through 
the local switching equipment to the 
specific telephone desired. If a call is 
placed to another telephone in the same 
numbering plan area, the area code is 

*Note the similarity in the switching plans 
of the two systems. See Fig. 6 in Vol. 14, 
No. 2, page 106, of this Journal. (Editor.) 

**Compare with the Australian. Numbering 
Plan, Fig. 5, Vol. 14, No. 2, page 105, of this 
Journal. (Editor.) 

not needed for routing purposes and 
therefore need not be dialled. 
If a switching machine has more 

than one direct route for calls to a 
distant numbering plan area, it needs 
to examine both the area code and the 
next three digits to determine the route. 
For example, Regina has direct circuits 
to both Edmonton and Calgary which 
are in the Alberta numbering plan area, 
and the machines obviously could not 
choose which route to take by examin 
ing only the area code "403". If the 
next three digits were 424, the call would 
be routed to an Edmonton office; if 
they were 277, to a Calgary office. Area 
codes have been assigned at random 
throughout North America - the only 
premise that has governed the assign 
ment is that a numbering plan area 
should not normally extend over a pro 
vincial or state boundary. 

SWITCHING SYSTEMS 
The switching systems are dealt with 

under two categories: Exchange or local 
systems and trunk tandem or toll sys 
tems. There are about 2,000 local dial 
central offices in Canada mainly of the 
Strowger step-by-step variety supplied 
by Automatic Electric (Canada), the 
Northern Electric Company, and 
Siemens-Edison-Swan. While step-by 
step apparatus has met the telephone 
companies' needs for many years, its 
heyday is now past, and there is evi 
dence that much of the equipment will 
either have to be replaced or modern 
ized within a few years. About ten 
years ago, cognizance was taken of the 
need for more versatile local switching 
equipment that would handle more 
economically and more rapidly the bulk 
telephone traffic that stems from increas 
ing usage and wider flat-rate calling. 
There was also a growing need for 
equipment to keep pace with the latest 
demands for more data services, 
switched-teletype service, etc. This 
demand is now to a large extent being 
satisfied by common-control, crossbar 
systems. 
Crossbar systems made it possible for 

the telephone companies to offer a 
variety of services which are difficult 
or expensive to provide with step-by 
step. Touch-Tone Calling, in which 
the telephone dial is replaced by a set 
of push-buttons, is one of these; others 
are Wide Area Telephone Service, which 
offers large flat-rate calling areas at 
a fixed monthly rate; and Centrex 
service, which enables callers to by-pass 
the customers' switchboards and dial 
directly to extension telephones. Even 
modern crossbar switching systems, 
however, do not provide all the features 
which will be required in the future, 
and most companies are trying to get 
electronic central offices as soon as pos 
sible. The electronic central office will 
provide an economical means of hand 
ling heavy loads of telephone traffic and 
will make feasible an impressive array 
of optional service features. 
These include: 

I. Automatic transfer of incoming calls 
from one home telephone to another. 
This can be arranged by the customer, 
who merely dials a special code. 
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2. Two-digit dialling (instead of the 
usual seven) to reach frequently called 
telephones. 

3. Camp-on feature--calls to a busy num 
ber are held automatically, and the 
called telephone rings as soon as it 
becomes free. 

4. Conference calls involving other tele 
phones are set up by the customer, 
and additional telephones can be con 
nected to a conference in progress. 
And so on. 
The telephone companies expect that 

electronic switching systems will be in 
operation in some of the major cities 
before the end of the present decade. 
The first in Canada is being installed 
in Montreal for the World's Fair in 
1967. The telephone companies are 
faced with major decisions as to how 
far they should go in modernizing their 
present equipment, and as to how much 
of it should be· replaced with electronic 
systems. The Bell Company has com 
pleted a long range study into the 
modernization and replacement of exist 
ing dial systems and finds that it is 
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economically feasible to replace their 
step-by-step equipment over a period 
of about 25 years. The study has been 
approved in principle, and a program 
of planned replacement, starting with 
the older and larger central ofhces, is 
expected to start by 1967. 
Toll switching has seen many more 

dramatic advances in post-war years 
than has its older and less up-to-date 
relative, the local central office. In the 
past decade the network had undergone 
virtually complete modernization, to 
provide for the introduction of direct 
distance dialling. Crossbar equipment 
is used in most of the principal toll 
switching centres. In a few, the switch 
ing machines are basically of step-by 
step design with associated "register 
control". Fig. 6 shows the locations of 
the main Canadian toll switching points. 
For all the efficiency and versatility 

of present-day toll switching systems, 
there is no doubt that electronic switch 
ing will eventually be used for toll 
routing - though probably not before 
the 1970's. The real need for electronic 
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Fig. 5.-Trunk Switching and Transmission Plan. 

systems is in the field of local switch 
ing, and it is here that development is 
being concentrated. It is possible that 
a good deal of the existing toll equip 
ment will be replaced-even though a 
major toll switching machine represents 
a large investment. 
Two main types of automatic equip 

ment are used to record billing informa 
tion on calls placed by direct distance 
dialling: Automatic Electric's SATT 
(Strowger automatic toll ticketing) and 
the Northern Electric Company's CAMA 
(centralized automatic message account 
ing). The billing information is now 
recorded on paper tape or cards. The 
paper tape is later converted into 
punched cards which, together with 
cards originated by operators on calls 
which they have handled, are machine 
processed at accounting centres. This 
paper process is being replaced in 
Montreal and Toronto this year by two 
electronic computors. Several cities 
have Automatic Number Identification, 
and there are active plans to extend 
ANI throughout Canada as soon as 
possible. The Bell Telephone Com 
pany, for example, expects that the call 
ing number will be recorded automati 
cally on the majority of customer 
dialled calls by 1965. 

Billing information on calls handled 
by an operator is now recorded on 
"mark sense" cards-the operator marks 
the called and calling numbers and the 
time elapsed on a business-machine 
card, using a special pencil with mag 
netically sensitive graphite lead. This 
type of card, which can be processed 
by machine, is gradually replacing the 
handwritten toll ticket which requires 
expensive manual processing. Person 
to-person, coin and credit card traffic 
will be automated and customer dialled, 
starting in the early 1970's. 

LINES OF COMMUNICATIONS 
The backbone of the telephone net 

work is the Trans-Canada microwave 
system, which stretches 3,900 miles from 
the Atlantic to the Pacific. In all, the 
telephone industry owns and operates 
some 10,000 miles of microwave routes 
-in several places the main system is 
reinforced by parallel networks, and 
there are sizeable spur lines which feed 
the backbone route in every province. 
A microwave route linking Newfound 
land to the mainland network is oper 
ated by the Canadian National Tele 
graphs who also are building a network 
across the country. 
The Microwave system was designed 

and built by the members of the Trans 
Canada telephone system at a cost of 
some $40,000,000. On -its completion 
in 1958, it made available for the first 
time, coast-to-coast television as well as 
hundreds of long distance circuits. 
There are currently two television net 
works carried on these facilities: the 
CBC which is publicly owned and the 
privately owned CTV network. In all, 
about 18,000 channel miles are used for 
television. The inter-toll facilities that 
feed into the backbone structure · are 
mainly cable-carrier systems using fre 
quency-division multiplex. These cables 
are virtually all paired cables, and are 
buried where the geology permits. Until 
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now, coaxial cable systems have not 
been used to any extent, mainly because 
of higher cost than for comparable 
microwave systems under the conditions 
we encounter. For example, trenching 
and cable construction would be very 
difficult through the Rocky Mountains 
or in long stretches north of the Great 
Lakes between Manitoba and Eastern 
provinces. Here the terrain is rocky 
and until recent years there was no 
adequate road system to facilitate cable 
construction and maintenance. In the 
future, however, we expect that inter 
mediate length and cross-section coaxial 
systems will play an important role as 
the radio frequencies get used up. 
Because of storm damage and sleet, and 
the need for improving the reliability 
and quality of service, open-wire sys 
tems are generally not satisfactory for 
long-haul toll circuits. Consequently, 
the companies are relegating their open 
wire to other uses or replacing it. By 
1970 the bulk of the toll open-wire will 
be replaced or reinforced by microwave 
and cable. 
A number of significant trends in the 

design of customer plant are now 
becoming apparent. Improvements in 
the supervision limits of central office 
equipment, for example, have made it 

HOR:THWEST RITOr~ TER ~~ 

(l (\ 

Fig. 6.-National Numbe,ring Plan and Control Switching Panels. 

possible to use wire of finer gauge. At 
the same time, the transmission quality 
of telephone sets has improved so that 
advantage can be taken of the increased 
signalling limits. The supervision limit 
of the electronic central office will be 
2,500 ohms and in order to take advan 
tage of this and meet transmission stan 
dards, a simple economical way has to 
be found for further transmission 
improvement of telephones or the loops. 
As wires become finer and finer, more 
and more of them are being put into a 
single cable and a standard full-size 
cable, for instance, now contains 2,700 
pairs of No. 26 (4 lb. per mile) gauge 
conductors. On the rural scene, long 
cables are gradually displacing the 
familiar steel wire rural lines which 
were at one time the staple of the indus 
try. 
If the wires which make up telephone 

cables have changed in the past few 
years, so too have the cables themselves. 
Once, paper insulated conductors and 
lead sheaths were standard; now the 
wires in many cables are insulated with 
polyethylene. Larger sizes still use 
paper conductor insulation and the 
cables themselves have plastic sheaths. 
One of the more obvious developments 
in the field of customer loops is more 

ATLANTIC 

OCEAN 

and more cable is being placed under 
ground, both for aesthetic reasons and 
because buried cable is better protected 
and is expected to have a longer life 
than its aerial counterpart. 

TRANSMISSION PLAN 
The present overall transmission 

objective is to provide a grade of ser 
vice that is rated by subscribers as Good 
in at least 95% of connections; Fair in 
no more than 5%, and Poor in a negli 
gible percentage of cases due only to 
specific trouble conditions. The trans 
mission loss objectives (at 1,000. cps.) for 
subscriber loops, interlocal trunks, toll 
connecting trunks and intertoll trunks 
are shown in Fig. 5 and amplified below. 
It might be noted that this is essentially 
the routing plan with transmission loss 
objectives superimposed. 

Subscriber loops are designed on the 
basis of assigning the minimum amount 
of copper wire necessary to meet the 
limitations imposed by the signalling, 
pulsing and supervision requirements of 
the central office switching equipment. 
For the most widely used types of 
switching systems, satisfactory operation 
can be obtained with d-c loop resist 
ances up to about 1,200 or 1,300 ohms. 
Electronic systems will have a 2,500 
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ohm limit as previously mentioned. To 
equalize voice frequency transmission 
performance over a comparatively wide 
range of loop lengths, loading coils are 
applied to the longer loops which are 
also equipped with modern highly effi 
cient telephone sets. With the loop 
plant designed on this basis, calls 
between any two telephones connected 
to the same switching office, or through 
the local or long-distance trunk net 
works, are given a "good" rating by the 
vast majority of subscribers. 
Interlocal trunks which provide the 

connection between two local offices 
located in a large metropolitan area or 
multi-office exchange area, are designed 
to meet an objective of 4 db average 
with a maximum of 6 db. This objec 
tive applies whether the connection is 
by means of a single direct trunk or 
two interconnected tandem trunks. 
The trunks which connect the end 

offices to the long-distance network are 
operated at losses ranging between 2 
and 4 db. The objective is to provide 
a loss of Via Net Loss + 2 db with a 
maximum of 4 db. * VNL is defined as 
the lowest loss in db at which it is 
desirable to operate a trunk facility 
considering limitations of echo, cross 
talk, noise and singing. From a know 
ledge of the various types of facilities 
employed, it has been possible to specify 
the VNL for each type of facility on a 
per mile basis. The minimum loss of 
2 db is required to ensure stability of 
overall connections. In the case of 
short toll connecting trunks; i.e., less 
than 2 db, this requirement is met 
through the insertion of attenuators. 
The final trunk groups linking the 

toll centres and higher ranking switch 
ing centres, are designed to operate at 
VNL with a maximum of 1.5 db. In 
the case of final trunk groups between 
Regional Centres the objective is 0.5 db. 
To operate these trunks at such low 
loss, it is necessary to insert echo sup 
pressors on the trunks since the circuit 
loss alone would be inadequate to con 
trol echo. High-usage intertoll trunks 
within a region are also operated at 
VNL. In the case of high-usage trunks 
between regions, operation is ·at VNL 
but with a maximum of 2.5 db. Echo 
suppressors are inserted on inter-regional 
high-usage trunks, permitting operation 
at any loss up to 2.5 db while main 
taining echo control. From Fig. 5, it 
is apparent that the average loss of a 
connection between two end offices is 
about 4 db if the connection is made 
via interlocal trunks. On connections 
between end offices via the long-distance 
network, the loss will be greater but 
generally not much higher since more 
than 80% of long-distance connections 
involve only one intertoll link. 

Circuit noise objectives are compar 
able to those currently recommended 
by the CCITT. However, because of 
the very long connections encountered 
within Canada and on calls to the 
United States, consideration is being 
given to the implementation of more 
stringent objectives. 

*Compare the Australian Joss allocation as 
shown in Fig. ·7, Vol. 14, No. 2, page 107, of 
this Journal. (Editor.) 

LINES OF COMMMUNICATION 
OVERSEAS 

Telephone calls can now be placed to 
165 overseas countries, via the facilities 
of the Canadian Overseas Telecommuni 
cation Corporation (COTC). In the 
past, most overseas telephone service 
has been provided by means of radio .. 
Today, cables provide direct circuits 
between Canada and Britain and 
between Canada and continental Europe. 
Last year the final section of another 
cable was laid across the Pacific, to link 
this country with Australia, New Zea 
land and a number of intervening points. 
Still more dramatic are the advances 
which have been made in the new field 
of satellite communication. It is likely 
that satellites will eventually carry much 
of the intercontinental communications. 
The COTC is the official government 
agency responsible for this country's 
participation in any satellite program 
designed to provide overseas. communi 
cation; and COTC is currently partici 
pating in engineering and other studies 
with the objective of securing a proper 
place for Canada in the development 
and use of satellites for communications 
purposes. Plans are now fairly definite 
for establishing a satellite tracking 
station on the Atlantic coast by 1965. 

RESEARCH AND TECHNOLOGY 
The telephone industry serves its cus 

tomers best when it remains responsive 
to change, and much of its progress has 
come from frequent interchange of ideas 
between the people of the industry and 
those engaged in research and develop 
ment work. Much of this co-operation 
has been international in scope. Through 
its service agreement with the American 
Telephone and Telegraph Company, for 

example, the Bell Telephone Company 
of Canada has access to the progress 
made within the A.T. & T., including 
the inventions and developments of the 
Bell Telephone Laboratories. The Bell 
of Canada pays an annual fee for 
information of all kinds-on new ser 
vice concepts, on new equipment, and 
also on operating and administrative 
matters. The British Columbia Tele 
phone Company, through its parent, the 
General Telephone & Electronics Cor 
poration, has access to the results of 
research and development work within 
the General Telephone System. 
At home, the Northern Electric Com 

pany, which is the manufacturing asso 
ciate of the Bell Telephone Company, 
has established Research and Develop 
ment Laboratories on the outskirts of 
Ottawa. The Northern research centre 
(Fig. 7), which was officially opened late 
in 1961, comprises some 100,000 sq. ft. 
of space in two buildings, plans call for 
the eventual construction of two addi 
tional buildings to provide space for 
the expansion of these laboratories. 
Construction has started on one of 
these buildings which will add 120,000 
sq. ft. of space. There are at present 
about 400 scientists, technicians and 
supporting staff at the Northern Labora 
tories. · Development work, much of it 
designed to produce equipment suited 
to Canada's specific needs, is concen 
trated in the fields of telephone and 
data transmission, microwave radio, 
communications switching, audio and 
video broadcasting, wires, cables and 
subscriber apparatus. The Laboratories 
are also working on fundamental studies 
in the new arts of electronic circuitry, 
and on basic research in such fields as 
micro-miniaturization and solid state 
physics. 

Fig. 7.-Northern Electric Laboratories, Ottawa. 
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An important development in the field 
of engineering education took place in 
1963 when the Bell Telephone Com 
pany opened a regional engineering 
school to provide post-graduate courses 
in communications technology for young 
engineers. It is affiliated with Queen's 
University in Kingston, Ontario, and 
all instruction is conducted by the 
faculty of the university. 

CONCLUSION 
The Canadian industry's primary aim 

has been to provide highly efficient tele 
phone service - easy to use, available 
virtually everywhere at short notice, 
and offered at the lowest possible price. 
At the same time the industry has made 
a substantial investment in research, 
and in the development of a wide 
variety of new communications services. 
In the years ahead the telephone 

industry will continue to increase both 
the scope and the quality of its corn- 

Fig. 8.-New Exchange Buildings, Toronto. 

munications. Telephone service will be 
carried to the furthest reaches of this 
country; more steps will be taken to 
enhance the value of service in both 
rural and urban communities; and the 
industry will extend the convenience of 
automatic long distance dialling to many 
more people. But telephone service, 
for all its importance, is but one com 
ponent in the increasingly diversified 
range of communications that is being 
offered by the industry. The telephone 
compames plan to provide a complete 
communications service - transmitting 
over the regular telephone network 
virtually every kind of information that 
can be translated into suitable electrical 
signals. With the introduction in recent 
years of methods of carrying hand 
written messages, printed text, and data 
between business machines, · the indus 
try is already well on its way towards 
the achievement of this aim. 
The reader will have noted the num 

erous parallels that can be drawn between 
Australia and Canada with regard to 

size, rate of expansion, telephone trunk 
ing plans and so on. Both countries 
are expansive from a geographical 
standpoint with vast undeveloped and 
virtually uninhabited areas. Opposite 
extremes of climate and geography 
make the countries look different to the 
casual observer, but the effects of these 
extremes on building and maintaining 
a communications network are probably 
very similar. Heating a central office 
(Fig. 8) can be as much of a problem 
as cooling one. Similarly, our objec 
tives and degrees of achievement are 
probably not too different. 
The future will, of course, bring 

many changes-some of them probably 
more sweeping than any that have been 
made in the past. Of these, one of the 
most significant will be the introduction 
of world-wide automatic communica 
tion-an event which will open impres 
sive new horizons and strengthen the 
bonds of friendship within the Com 
monwealth Family of Nations and, we 
hope, between all mankind. 

Mr. P. M. HOSKE.N, B.Sc., A.M.I.E.Aust. 
Congratulations are extended to Mr. 

P. M. Hosken, B.Sc., A.M.I.E.Aust., 
on his promotion to Assistant Direc 
tor, Engineering, Queensland. _Mr. 
Hosken joined the P.M.G.'s Department 
in Melbourne as a Cadet Engineer in 
1926. He qualified as an Engineer in 
1931 and graduated Bachelor of Science 
from Melbourne University in the 
same year. In 1944 he transferred 
to Queensland as Divisional Engineer, 
Transmission Planning, and in 1950 
was appointed Supervising Engineer. 
He was promoted to Superintending 
Engineer, Country Branch, in 1962. Mr. 
Hosken has been particularly active in 
the power co-ordination field and has 
been the Convenor of the Queensland 

Power Co-ordination Committee since 
its inception in 1954. . 
In 1935, Mr. Hosken visited Europe 

and U.S.A. for 10 months, three of 
· which were spent working with various 
communication authorities in the U.K. 
and U.S.A. He is a past Chairman of 
the Queensland Division of the Teles 
communication Society and has contri 
buted articles to the Journal. Mr. Hos·: 
ken was President of the Queensland 
Branch of the Professional Officers' 
Association for many years, is a Fellow 
of the Royal Institute of Public Admini 
stration, and is Vice-President of the 
newly formed Electrical and Communi 
cation Branch of the Institution of Engi 
neers, Australia (Queensland Division). 
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MULTI PAIR PLASTIC SUBMARINE CABLE-MORETON BAY 
QUEENSLAND K. L. HAFFENDEN, B.Sc., A.M.l.E.Aust.* and H.J. RUDDELL, A.M.T.C.** 

INTRODUCTION 
North Stradbroke Island, enclosing 

the southern end of Moreton Bay, 
near Brisbane, is some· 20 miles 
long and seven miles wide and 
includes the small townships of Dun 
wich, Amity Point and Point Lookout. 
Settlement on the island dates back to 
before 1850 when a Government 
quarantine station was established at 
Dunwich. The cemetery at Dunwich 
contains many graves from this time of 
immigrants and medical staff who died 
of typhus and other serious diseases 
contracted during the long voyage by 
sail from England. With Federation and 
the transfer of quarantine responsibilities 
to the Federal Government, Dunwich 
ceased to be a quarantine station, but 
was later established as a State Aged 
Persons' Home. Following World War 
II this was also closed and there is 
currently no major Government Institu 
tion on the island. 
The island is rich in mineral sands 

which are mined and treated in gravity 
separators on the Pacific Ocean beach 
front and transported across the sand 
mountains of the island by rope road 
way to Dunwich where electrostatic and 
magnetic separators complete the pro 
cessing into the various component 
sands. Recently a second large mineral 
sands lease has been gained by another 
mining company who intend to truck 
the sands to their own treatment works 
over a network of 60 miles of new road. 
The island's second major activity, which 
has begun to develop rapidly, is tourism, 
particularly at and near Point Lookout. 
Thirty miles of first-class surfing 
beaches, excellent fishing and the scenic 
location of Point Lookout have led, 
in the last two years, to the first formed 
road across the island from Dunwich 
to Point Lookout, the first hotel (located 
on a headland at Point Lookout) and 
a regular landing barge service from the 
mainland to Dunwich for transport of 
cars and trucks. As a result of this 
industrial and tourist development, the 
island appears to be at the start of a 
new period of development. Since exist 
ing telephone trunk line facilities have 
been close to fully occupied for several 
years a proposal was prepared in 1960 
to provide additional trunk circuits to 
the island from the mainland via a new 
74 pair cable. The submarine sections 
of this cable were laid in November, 
1963. 
The present article reviews briefly the 

submarine cable facilities which have 
serviced the island for the last 50 years. 
A description then follows of the plan 
ning and installation of the submarine 
sections of the new cable including 
details of the type of cable, the develop 
ment of a new method of jointing this 
cable and cable laying procedures. 

PREVIOUS SUBMARINE CABLES 
For many years telephone connec 

tion between the mainland and Strad 
broke Island was provided by two 
single core submarine telegraph cables. 
One was direct from Cleveland to 
Dunwich (on the Moreton Bay side of 
the island) and the other from Cleveland 
to Dunwich via Peel Island where a 
Government Lazaret was in operation 
up to about five years ago. Numerous 
repairs and replacements of sections of 
cable were needed over the years, but, 
operating as earth circuit telephone lines, 
the cables did provide good quality con 
nections. The last section of original 
single core cable was abandoned in 
1963. 
To replace one of the original cables 

and provide additional circuits an eight 
pair 40 lb. conductor Double Wire 
Armoured P.I.L.C. cable was laid in 
1942 between Cleveland and Dunwich, 
a distance of eight miles. Drum lengths 
of 8/40 cable were laid up on a vessel 
near Scarborough and jointed into one 
length prior to laying. All pairs of 
this cable are currently in use and in 
addition a 1 + 4 carrier system is 
operating over two of the pairs. The 
first failure of this cable occurred in 
December, 1960, when 440 yards of new 
cable were pieced in. The cable has 
since been inspected over approximately 
half of the route and seems to be in 
reasonable condition with the outer 
layer of armouring missing at a few 
locations. 

Over the years the maintenance of 
the above cables and the several other 
submarine cables in Moreton Bay has 
developed along fairly clear lines:- 
(i) Adequate stocks of single core 

cable have been stored underwater 
in cable tanks in Brisbane. In 
the early days this was gutta percha 
insulated cable, but since 1945, 
stocks have been mainly V.I.R. in 
sulated cable. Stocks of 8/40 cable 
are held under cover at the Main 
Store, Brisbane. 

(ii) In 1918 the Department designed 
and had built a boat for under 
running and repairing submarine 
cable. It was essentially a whale 
boat with stem and stern sheaves. 
A new improved boat, equivalent 
in size, replaced the original vessel 
in 1959. Since then various facili 
ties have been added to the boat 
to expedite cable repairs. The most 
recent is the addition of two coupled 
outboard engines, mounted in the 
stern compartment of the boat, and 
operating through two wells in the 
bottom of the vessel. This enables 
the boat to under-run cable under 
its own power. The practically 
instantaneous steerage action of the 
outboards means the boat can be 
steered along the somewhat tor 
tuous paths which the cable may 
take up thereby reducing the 
chances of damage to the cable. 

•, Mr. Haff en den is Engineer Class 2, District 
Works, Brisbane. See page 421. 
• • Mr. Ruddell is Chemist Class 2, Research 
Branch, Headquarters. See Vol. 12,, No.: 6, 
page 466. 

(iii) The normal methods of repairing 
and jointing submarine telegraph 
cables (1) have been modified 
slightly to suit shallow water con 
ditions, rubber insulation and 
double wire armouring. 

(iv) The earth circuit lines provided by 
the single core cables possess a 
waterproof insulant of substantial 
thickness and remain workable even 
after the armouring and outer brass 
tape have completely disintegrated. 
It is only when the insulation wears 
through or the inner conductor 
is broken due to boating activities 
that repairs need to be instituted. 
In the case of the 8/40 PILC cable 
a continuous gas pressure of 25 
lbs. per sq. in. is maintained at the 
two ends. For faults due to normal 
wear and tear the operation of the 
gas alarm gives fair warning of 
the need for repairs while the 
gas pressure inhibits the ingress of 
water to a reasonable degree. These 
factors have assisted in keeping the 
maintenance costs on submarine 
cable in Moreton Bay low. 

NEW CABLE ROUTE 
Following the decision to supplement 

and replace existing submarine cables 
to North Stradbroke Island with a new 
74 pair cable, a detailed survey of al 
ternate desirable routes was made. 
Factors bearing on the choice of the 
route and the type of cable were:- 
(i) Experience with existing cables had 

shown that areas of living coral, 
which are fairly common in the 
vicinity of Moreton Bay, should be 
avoided due to the wear and tear 
on the protective armouring. This, 
of course, also applied to exposed 
rock. 

(ii) There was no clear information 
available as to make up of the Bay 
bottom. Discussions were had with 
experienced Bay fisherman and of 
ficers of the Department of Har- 

l 

bours and Marine in an effort to 
determine the most suitable route. 

(iii) To assist future maintenance of 
existing cables it was desirable to 
keep the new route well clear of 
them. 

(iv) The State Government has under 
consideration the sub-division of 
Peel Island into a farming and 
tourist area and it is likely that 
additional circuits to the island will 
be required within 10 years. 

(v) Location of future faults in the 
new cable would be simplified if it 
could be sectionalised by a crossing 
of Peel Island. 

With the above in mind, various shore 
approaches at Cleveland, Peel Island 
and Dunwich were investigated above 
low water line. Reasonably satisfactory 
approaches were found for the Cleve 
land-Peel Island section consisting of 
mud and sand over a bed of dead 
coral and outcrops of growing mussels. 
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Rock shore approaches had to be 
accepted for the Peel Island-Dunwich 
section. Below low water line, alterna 
tive routes across the Bay were inspected 
using a glass-bottomed viewing box, an 
echo sounder and a lead line in an 
attempt to determine both the depth 
and type of bottom. The route selected 
appeared to be clear of major outcrops 
of live coral and rock though probably 
in several spots dead coral existed below 
a thin layer of silt or sand. 
The route finally chosen was very 

close to the path followed in the later 
laying of the cable and shown in Fig. 1. 

DESIGN OF CABLE 
Developments in the field of multipair 

plastic cable in recent years indicated 
that a further trial of submarine cable 
of this type would be economic and 
informative. Reference (2) gives details 
of a previous multipair plastic submarine 
cable installed between Townsville and 
Magnetic Island. 
From experience with previous cables 

in Moreton Bay it appeared that the 
most effective protection for the new 
cable would be Double Wire armouring. 
However, overseas trials suggested that 
if a sand or mud bed could be chosen 
for the cable route then an outer 
polythene jacket would provide sub 
stantial protection against abrasion dur 
ing movement of cable on the Bay 
bottom. With this in mind the plastic 
multipair cable was overlaid with a 
single layer of armour wires of gauge 
approximately half that specified for 
normal Heavy Wire Armouring 
(H.W.A.) (3). Over this was laid a fairly 
thick outer polythene jacket. The actual 
make-up of the submarine cable was as 
follows. (See also Fig. 2):- 
Core: 74 pair 10 lb. per mile con 

ductor with 15 mi! insulation of 
Grade 0.3 polythene to BS 3234. 

/ 

u'BIRD ISLAND 

0GOAT ISLAND 

00 00 00 00 00 00 00 00 00 OOO 
0 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 
E-----3 t------1 t::=:=i F---:--3 F---:3 I 

SCALE OF FEET 

Fig. I .-Locality Map and Route of Cable. 

Core Sheath: 0.1 in. grade 2BC poly 
thene to BS 3234. 

Brass Teredo Tape: 0.004 in. 
Middle Sheath: Reprocessed polythene 

0.020 in. Grade 2BC to BS 3234. 
Single H.W.A.: Wires of 0.128 in. diam. 

to Specification 6. 
Outer Jacket: Reprocessed polythene 

0.08 in. Grade 0.3C to BS 3234. 
The intermediate brass tape between 

cable and armouring wires was included 
to deter any action by teredo worms 
or termites and in addition provide a 
metal sheath which would be useful in 
the future maintenance of the cable. If 
the tape in later years should become 
earthed, a normal Varley Loop loca 
tion could be made and action taken 
to repair the cable before cable damage 
reached the stage of ingress of water 
into the inner sheath. 
The choice of plastic submarine cable 

was a controlling factor in several other 
facets of the proposal for these reasons: 
(i) Previous and current experience 

with plastic cable indicated that there 
would be at least some blemishes 
in the wire insulant, and, that it 
was important to keep the cable 
core dry for satisfactory operation 
of the trunk circuits. In addition, 
water in the core of a cable would 
lead to a substantial increase in 
transmission losses. 

(ii) It was unlikely a gas pressure 
system on the cable would be an 
effective inhibitor of water passage 
along the cable for any except the 
smallest sheath holes since the plas 
tic insulation on the wires would 
not swell when wet as is the case 
with paper insulation. In preference 
to the gas system it seemed more 
appropriate to firstly try and en 
sure the cable was repaired before 
water entered the core-hence the 
alarm on the brass tape. Secondly, 

if water did gain access to the core 
due to say major mechanical 
damage it would be best to contain 
it by sectionalising the cable with 
water barriers installed at drum 
length intervals (1,000 yards). 

(iii) The submarine cable joints would 
need to be proof against water 
entering the joint from outside the 
joint sheath and from along the 
core. Details of the method of 
jointing developed to accomplish 
this are discussed later. 

(iv) The vagaries and severity of weather 
conditions in Moreton Bay pre 
cluded completing the nine sub- 

Fig. 2.-Make-up of Cleveland-Dunwich Sub 
marine Cable. 
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marine joints after laying of the 
cable if the method of jointing 
required considerable time. As 
discussed later the method finally 
developed required the elapse of a 
period of some 24 hours between 
start and finish of each joint. As 
a result it was proposed to lay up 
the cable on the cable laying vessel 
and joint into one length of six 
miles prior to laying. 

(v) The finished joints, if rigid, would 
need to be reasonably short and 
close to the diameter of the cable 
to ease the problem of paying out 
the cable into the water. 

SUBMARINE CABLE JOINTING 
METHOD 

Basically the union of cable drum 
lengths consists of resin encapsulated 
conductor joints within a polythene 
sleeve welded to the inner sheath, 
around which teredo tape is bound for 
electrical continuity across the joint. 
This is surrounded by joined armour 
wires also embedded in epoxy resin 
within a larger polythene sleeve welded 
to the outer sheath. (See Fig. 3). 
Conductor jointing was carried out 

in a sheath opening of 7t ins. using a 
modified hot-twist method. This tech 
nique was adopted because the resulting 
continuous insulation eliminates the 
problem of air entrapment in the con 
ductor jointing sleeves normally as 
sociated with resin encapsulated sleeved 
joints. The over-all length of the con 
ductor wire joint was confined to 1-l.--lt 
ins. to permit four banks of joints in 
the first and second layers and five 
banks in the outer layer. The twists 
were tip-soldered to ensure complete 
electrical reliability, and the polythene 
"blob" made in exposing the wires for 
soldering was reformed around the 
soldered end by moulding in a shaped 
tool attached to plier handles. This 
ensured a complete and ample coverage 
by the original polythene insulation 
around the soldered twist for maximum 
protection against ingress of moisture. 
All heating of the polythene insulation 
was done with hot nitrogen gas delivered 
from industrial gas welding guns. Nitro 
gen was used to prevent degradation 
of the polythene by oxidation. 

OUTER SHEATH SOLDERED MODIFIED 
HOT TWIST 
CONDUCTOR JOINTS 

POLYTHENE PATCH 

After spark testing of the hot twist 
joints and testing of the conductors for 
continuity, the conductor joints were 
laid pointing away from the tight-fitting 
polythene slip-sleeve. This prevented 
fouling of the joints by the sleeve when 
it was moved over the joint opening 
prior to carrying out the hot-tool welding 
of the sleeve to the polythene spacer 
pieces. These spacer pieces had pre 
viously been welded to the inner sheath 
by the hot-tool technique. In this posi 
tion the welded sleeve completes an 
unbroken sheath over the conductor 
joint to provide another barrier against 
moisture, in addition to functioning as 
a mould during the resin encapsulation. 
At approximately 1 in. in from each 
end of the sleeve was installed poly 
thene adaptors for the thin-walled bottle 
of the Standard Epoxy Resin Field Pack 
(4) and a t in. diameter hole. These 
were to function as the filling port and 
air escape hole respective,ly during in 
jection of the contents of a single epoxy 
pack into the cavity of the sleeve to 
encapsulate the conductor joints. This 
was performed by compressing the thin 
walled mixing bottle in a specially de 
signed ratchet type injection gun when 
connected to the sleeve. When resin 
appeared at the air escape hole, it was 
temporarily closed with a wrapping of 
P.V.C. tape and injection continued to 
force resin along the cable for ap 
proximately 4-5 ins. on either side of 
the sheath opening. On completion the 
gun was removed and the collapsed 
bottle pierced and left attached to the 
sleeve to act as a resin reservoir. After 
a minimum curing period of eight hours, 
the adaptor and tape were removed from 
the sleeve and t in. diameter polythene 
patches hot-tool welded over the open 
mgs, 

Brass tape was then soldered to one 
of the exposed teredo tapes and wound 
spirally around the sleeve to completely 
cover it before soldering to the other 
teredo tape. It was found necessary to 
build-up the brass tape at each end to 
overcome the large difference in 
diameter between the teredo tape and 
sleeve. The function of the brass tape 
is to protect the joint from tere.do worm 
attack and to provide electrical con 
tinuity of the tape throughout the 

EPOXY RESIN 
INNER POLYTHENE SLEEVE 
INNER SPACER PIECE------' 
BRASS TAPE 
KRAFT PAPER 
GLASS TAPE 

Fig. 3.-Cross Section of Joint. 

L ~ 

OUTER POLYTHENE 
SLEEVE 
OUTER SPACER PIECE 
PRESS SLEEVE 

length of the cable. As it was desired 
that the armour wires also be made 
electrically continuous through each 
joint, connection between wires of ad 
jacent cable ends were individually 
made using 200 lb. G.I. press-type 
sleeves. The wire joints were further 
strengthened by embedment in epoxy 
resin within a 23t ins. long, 3 ins O.D., 
3/16 in. thick polythene sleeve, hot-tool 
welded to the outer polythene sheath. 
More information on hot-tool welding 
may be obtained from reference (5). 
Insulation between the teredo tape and 
armour wires was provided by a single 
half-lap lay of kraft paper followed by 
two half-lap lays of It ins.-wide glass 
tape. All polythene sheath surfaces 
within the joint area not covered by 
the paper and glass insulation were 
treated with an oxy-acetylene flame (a 
blue, not yellow flame) until the surface 
appeared glossy. This action permits 
a chemical bond to be made between the 
otherwise chemically inert polythene 
sheath and epoxy resin (6). 
The outer polythene sleeve was filled 

with epoxy resin whilst inclined at an 
angle of approximately 15°, through one 
of two 5 ins. x t in. I.D. polythene 
tubes, held in place by caulking com 
pound over holes in opposite ends of 
the sleeve. The resin was poured into 
the lower tube to displace air as it 
flowed up the cylinder and into the 
upper tube. When full, the sleeve was 
returned to the horizontal and a head 
of resin maintained in the tubes to com 
pensate for flow-out of air bubbles, 
shrinkage and resin penetration into 
voids adjacent to the armour wires. 
After a minimum cure of six hours, the 
tubes were removed and 1-1- in. poly 
thene patches were hot-tool welded 
over the openings to complete a water 
tight outer jacket. 

COMPOSITION OF CASTING 
RESINS 

Past experience has shown the liquid 
types of epoxy resin to be the most 
suitable casting resin for this type of 
application, mainly because they are 
easy to handle, can be modified to meet 
a range of properties and cure or set 
by exothermic polymerisation without 
evolution of water or · other volatile 
materials. This latter property is re 
sponsible for the low shrinkage obtained 
during casting. The formulation chosen 
for the conductor joint encapsulation 
was one which has already been proved 
satisfactory for this type of application 
and made available as the components 
of the Standard Epoxy Resin Field 
Pack. Its properties are such that at 
approximately lOO'F. its viscosity per 
mits penetration of the conductors and 
cable voids without excessive flow 
along the cable, and gelation occurs 
rather rapidly without damage to the 
polythene insulation by excessive exo 
therm. 
The purpose of the second epoxy 

resin pour was to combine the armour 
wires of the two cable ends in such 
a manner as to produce a union at least 
equal to the strength of the cable 
itself, in addition to sealing the teredo 
tape to provide yet another barrier 
against moisture. The most important 
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property required of the resin, therefore, 
is a high tensile strength. However, 
as it is encased only in a thin-wall 
polythene sleeve, it is preferable that 
it should also have a reasonable impact 
shock resistance to avoid damage by 
contact with boat anchors, etc., and be 
resistant to marine life found in sub 
tropical sea water that may penetrate 
the polythene sleeve. 
Previous experience (7) has shown 

that thiokol modified amine cured epoxy 
resins have the strength and impact 
resistance required, whilst literature (8) 
indicates that although unfilled epoxy 
resin suffered borer damage, glass lam 
inated epoxy resin showed no attack 
after one year exposure. On this ad 
mittedly limited evidence, the epoxy 
resin compound was filled with 25% of 
glass powder as a possible teredo worm 
deterrent. This had the desirable effect 
of reducing peak exotherm by bulk 
displacement of the other resin com 
ponents, thereby reducing shrinkage. 

Laboratory tests have shown that en 
capsulated sample cable joints contain 
ing only half the number of armour 
wires laid back over the joint to give 
a full overlap, had tensile strengths 
comparable with that of the cable. The 
actual joints containing the full com 
plement of wires joined by .press-type 
sleeves and embedded in resin will, 
therefore, constitute the strongest parts 
of the cable length. 

CABLE LAYING VESSEL 
The type of vessel required was deter 

mined mainly from the desire to pre 
joint the cable prior to laying. This 
meant the most suitable vessel should 
be:- 
(i) Capable of carrying 40 tons of cable 

and fittings. 
(ii) Shallow draught to ease the pro 

lems of laying the shore ends and 
laying across sand bars near Dun 
wich. 

(iii) Powered, preferably in such a 
fashion as to proceed at a slow 
speed and still maintain steerage 
way. 

After various approaches were made 
to find a suitable vessel it was found 
the Army had assembled a powered 
barge, 70 ft. x 20 ft., made out of 
rectangular steel pontoons (and de 
signated NLE). Fig. 4 illustrates some 
of the features of this barge which 
include a load capacity of 70 tons 
for a draught of 5 feet; a clear, flat 
deck 63 ft. by 20 ft.; and independently 
controlled inboard-outboard 115 h.p. 
Chrysler engines with propellors which 
are capable of being raised and 
lowered while driving and of turning 
through 360' for steering purposes. The 
barge and a crew of four were made 
available by the Army. 
Experience on the job has shown this 

vessel to be almost ideal for laying 
shallow water submarine cable since: 
(i) It is sturdy and· almost unsinkable 

(36 individual sealed tanks make 
up the barge). 

(ii) It can travel at up to six or seven 
knots or down to one to three 
knots · while still maintaining steer 
age way (under reasonable weather 
conditions). 

Fig. 4.-Cable Jointing Proceeding on Army Barge N.L.E. Note in foreground two inboard 
outboard 115 h.p, engines with propellors which can be raised through 180' and rotated 

through 360'. 

(iii) It travels backwards so that cable 
may be paid over the trailing end 
with no dangerous propellors near 
by. 

(iv) Its draught fully loaded with a 
40-ton load is 3 ft. 8 ins. near the 
engines and 2 ft. 8 ins. near the 
bow. 

(v) It may be beached with no danger 
to the vessel or crew and refloated 
on the next appropriate tide. To 
operate in the shallows the propel 
lors are raised while still driving. 

WORK SCHEDULE 
The selection of early November for 

the laying of the cable was governed 
by the delivery date of the last drums 
of cable into Main Store, Brisbane, and 
the development of a satisfactory sub 
marine. cable joint. At this time of 

the year the area of Moreton Bay 
between Cleveland and Dunwich is 
subject to unexpected sharp storms and 
cyclonic disturbances. The weather 
during the four days on the job down 
the bay was fortunately most favourable 
for the work. However, within two 
days of completing the work a fairly 
severe cyclonic disturbance built up 
quickly causing severe winds and seas 
and closing all boating activities over 
the route of the cable for several days. 
The specific dates for cable laying (11 th- 
13th November) were chosen in order 
to obtain reasonably good high tides 
at a suitable time of the day-this 
reduced considerably the work involved 
in getting the cable ends ashore. 
Prior to the start of the job a detailed 

works schedule and list of duties for 
all staff was prepared. It was planned 
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the job would take approximately three 
weeks as follows:- 
(i) Two weeks from 28th October to 

8th November for- 
(a) Team of three men (later five) 

to excavate shore approaches 
from low water to high water. 

(b) Team of six men plus Line 
Inspector and Line Foreman and 
welder to fit out barge and 
load cable. 

(c) Team of five jointers to be 
trained in new jointing technique 
and then complete nine joints 
on barge while loading of cable 
proceeded. 

(ii) Four days commencing 11th No 
vember to land shore end at Cleve 
land, lay cable to Peel Island, lay 
cable .from Peel Island to Dunwich 
and tidy up shore ends. 

Apart from some small variations the 
work of fitting out, loading, jointing and 
laying proceeded as planned. 

EXCAVATION OF SHORE 
APPROACHES 

Based on maintenance experience 
• with previous submarine cables it was 

decided to excavate a trench and bury 
the cable for some distance below high 
water line. Over this portion of the 
route the armour and outer jacket are 
subject to considerable weathering and 
to damage from fishing vessels, vandals, 
etc. The trenches, which would be in 
coral and rock, were to be excavated 
using explosives. At the start of the 
actual work it was decided to extend 
the trenches out to below low water as 
the outer plastic jacket of the cable was 
softer than expected and very susceptible 
to scoring by any item with a sharp edge, 
for example, mussels, broken coral, 
sharp rocks, etc; further, the armour 
was much lighter than previous sub 
marine cables laid in the same general 
area of the Bay. 
The extension of the trenching in this 

way led to approximately 1 t miles of 
excavation on the four shore ap 
proaches. Apart from approximately 
300 yards at the Cleveland shore end 
(excavated by Gofor Ditcher) all the 
trenching was completed with the use 
of explosives. Due to the rapid in and 
out of the tides on the shallow shore 
approaches, giving a maximum "out" 
of no more than three hours, the original 
gang of three men (including Powder 
Monkey) was increased to five to six 
men. Full sticks of gelignite (1 t ins. 
x 8 ins. AN60) were placed approxi 
mately 9 ins. below surface at intervals 
of 3 ft. using instantaneous Cordex fuse 
to fire runs of approximately 100-120 
yds. of trench at a time. Any greater 
spacing of charges resulted in a dis 
continuous trench. The trench obtained 
in this way was particularly suitable 
for cable laying being approximately 
2 ft. 6 ins. deep (with a slush bottom), 
3 ft. wide at the top and clear of any 
backfill. The method proved expedi 
tious, for example, 350 yds. were ex 
cavated through a 12 ins. thick coral 
shelf at Peel Island by six men in 
approximately 2! hours. A total of 
525 lbs. Gelignite and 9,000 ft. of 
Cordex were used on the job. 

LOADING CABLE 
Ten drums, each holding 1,050 yds. 

of submarine cable, were loaded on to 
Army vessel NLE at a wharf in Bris 
bane. Briefly, six miles of cable were 
laid up in a flat elongated coil (Fig. 5) 
approximately 30 ft. x 18 ft. with a 
6 ft. wide lay of cables. The height 
of this coil was slightly under 3 ft. 
Turns were laid down close to each 
other and feathering boards were, in 
the main, needed only where the cable 
fed from the inside to the outside of 
the coil or where the ends were brought 
out for jointing. No ties were needed 
to hold the turns of cable down during 
loading. Only in the first drum of cable 
was any trouble experienced. With this 
drum it was found necessary, due to the 
accumulation of a twist every few turns 
in the cable, to lay up three or four 
reverse loops to cancel the twist. 

This, of course, necessitated considerable 
timber feathering and slowed down the 
rate of loading. After changing the lay 
ing techniques slightly no trouble was 
experienced with later drums, for 
example three drums of 1,050 yds. each 
were laid up by nine men in one work 
ing day. The total loading time for 
the full six miles of cable was four 
days. 
From this and previous jobs of a 

similar nature it is clear that time spent 
in carefully laying up the cable during 
loading is more than recouped when 
paying out the cable on the water. 
Hurried loading with improperly coiled 
cable leads to long delays during laying 
and serious hazards to the staff (par 
ticularly if the vessel cannot be slowed 
down immediately trouble occurs). The 
features in loading drums of cable on 
to a flat deck are:- 

Fig. ,.-Six Miles of Cable Laid up on Barge. Note jointer working in foreground. 
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(i) Keep the cable running free from 
the drum. 

(ii) Feed it through a central paying 
out sheave approximately 12 ft. 
to 15 ft. above the flat coil. 

(iii) Pull the cable down from the 
sheave direct on to the coil-do 
not pull down immediately below 
the sheave and then feed out to 
the cable coil. 

(iv) Hold the running end down as it 
is laid up on the coil to prevent 
the twist accumulating. 

(v) Provide feathering boards wherever 
cable crossovers occur and wherever 
there are gaps between turns of 
cable. This latter is important, 
since, if turns from above should 
slip down in the gaps, real problems 
can occur when paying out the 
cable later. 

During and following the loading of 
the cable onto the vessel the five 
jointers completed the nine submarine 
joints at either end of the vessel. Fig. 
6 shows two joints at different stages 
of completion and three completed 
joints. 

LAYING CABLE 
No difficulties were experienced in 

paying out the cable. The actual time to 
run from Cleveland to Peel Island, a dis 
tance of 6,500 yds., was 2 hours while 
the 3,100 yds. from Peel Island to Dun 
wich took 1 ± hours. Fig. 1 shows the 
route of the cable as laid. 
The cable laying vessel proceeded at 

a speed of approximately three knots, 
the cable was fed up into the central 
cable sheave (approximately 15 ft. 
above the coil) and down and out 
through the cable brake-in the deeper 
channels slack was increased. As each 
joint was approached the barge was 
slowed down, the central sheave 

lowered, cable brake opened and 
the joint lifted free of the ramp on 
which the joints were mounted. No 
difficulty was experienced in paying out 
the joints. Towards the end of the 
second submarine section two of the 
reverse loops, which had been placed 
in the first drum length loaded on the 
barge, were paid out. The first was 
paid out with the barge travelling at 
approximately three knots. This al 
lowed little time for the cable to be 
"flipped" to get rid of the reverse loop. 
For the next loop the barge was slowed 
down (actually losing some steerage 
way) and the cable paid out without 
incident. This supports the earlier re 
marks that proper laying up of cable 
in the vessel is the secret in ensuring 
cable pays out into the water easily. 
At the end of the Cleveland-Peel 

Island run (Tuesday, 12th November) 
the cable barge was brought in to Peel 
Island on the high tide, adjacent to 
the trench previously excavated, and 
grounded some 200 yards from high 
water line. The cable was cut and caps 
hot-tool welded on to the ends ready 
for one end to be taken ashore. 
Excavation of the trench through the 

mangroves then proceeded. As the tide 
approached low water the cable end 
was carried ashore over the mussels 
(and exposed pieces of coral left after 
the blasting) and laid in the trench. A 
similar procedure was followed at the 
end of the Peel Island-Dunwich run on 
Wednesday, 13th. . 

On Thursday, 14th November, the 
digging in and tidying up of the shore 
ends at Peel Island was completed. This 
work included the injection of epoxy 
resin into the capped ends of the cable 
on both shore ends at Peel Island 
to ensure a positive open circuit; all 

Fig. 6.-Jointing in Progress on Barge. On left, hot twist jointing of conductors; on right, 
armouring wires being laid up and jointed. A completed joint is visible just to the right 

of the gas cylinder in the foreground. 

pairs were cut to staggered lengths. This 
was to allow for the later testing of the 
Cleveland-Peel Island section from 
Cleveland and the Dunwich-Peel Island 
section from Dunwich with a T.M.C. 
Pulse Echo Tester. 

FUTURE MAINTENANCE OF 
CABLE 

As mentioned earlier the multipair· 
plastic submarine cable requires a some 
what different maintenance approach from 
that of previous cables. In an attempt to 
prevent waterlogging of the cable core 
it is proposed to adopt the following 
practices:- 
(i) Provide polythene sleeved joints at 

the four points where submarine 
cable meets land cable, these to be 
capable of being opened and re 
sleeved several times-a suitable 
joint has been developed. This 
should assist in proving the two 
submarine sections in case of a 
fault occurring. 

(ii) Provide epoxy resin water barriers 
at the four ends of the submarine 
cable and set in these barriers an 
accessible 1 pr. block electrically 
connected to the brass tape and the 
armouring of the cable. Extend 
these connections back to Cleveland 
and Dunwich exchanges respectively 
via a separate cable pair and pro 
vide a permanent alarm on each at 
the exchange. 

(iii) If the alarm on the brass tape 
operates, complete a Varley Loop 
location on the fault from the end 
of the submarine cable using a 
spare cable pair as the good wire. 
As soon as convenient after the 
location, underrun the cable out to 
the location of the fault. 

(iv) Repair, by epoxy resin encapsula 
tion and split polythene moulds 
any cases where the armouring is 
substantially damaged and/or the 
brass tape is exposed. If necessary 
piece in armouring wires before 
encapsulating. 

If the above practices are followed 
there should be little need to piece 
in a new length of cable. However, 
if this becomes necessary:- 
(i) A check of the water-logged section 

can be made using the Pulse Echo 
Tester. Fig. 7 shows the artificial 
balance line which has been de 
veloped to balance either of the two 
sections of submarine cable. Test 
traces for selected pairs through the 
cable, using this network, have 
been recorded. Fig. 8 illustrates 
a typical trace on the 6,500 yard 
submarine section. 

(ii) Spare submarine cable is on hand 
to replace the water-logged section. 

(iii) The method of jointing, detailed 
earlier, has been modified somewhat 
to reduce the time of completing 
a joint on the water. 

135·6"- 517.n. 319•6.tl. 

0 I I r·02ff 

Fig. 7 .-Artificial Balance Line. 
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LINE PULSE ECHO DETAILS TRH 70 
STATION CL£VELAND LIME PAIR 3 
IIECORDEO B'I' K..NBBLE ·T.i.RM DATE 18 -12 -63 
FAIi EMD TERMIMATJON o/c PEEL ISLAND 

TRACE TYPICAL FOR AA.IRS .3,.14 LAYER 2 
SETTINGS CLOSE IN TRACE OVERALL TRACE 

LINE IMPED. 140..r.L. 
NETWORK INT. 

EXT. EXT. 
PULSE VOLTAGE X 10 

PULSE WIDTH !000 KC!S 

UC.GAIN S 

TIME BASE /00 M/SEC. 

OVERALL TlRACE I AS SHOSW ow MIRROR) i . 
s.!(1 ".., ~~ .,.-----;"' - v-- 
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Fig. 8.-Typical Pulse Echo Trace Record. 

CONCLUSION 
Experience with the installation of 

the six miles of 74 pair plastic sub 
marine cable has shown it is easy to 
handle and lay if normal care is taken. 
Provided an adequate cable laying 
vessel can be obtained (preferably one 
with the features possessed by Army 
Vessel NLE) and certain simple loading 
and laying techniques applied, several 
miles of cable can be loaded on the 
vessel in a continuous flat coil with no 
complications of "reverse loops" or 
"figure eights" and paid out speedily 
with little hazard to staff or cable. 

The jointing techniques used on the 
job include several new approaches to 
the jointing of armoured plastic cable 
designed to safeguard the electrical and 
mechanical properties of the joints dur 
ing the future life of the cable. As 
a result it is expected the joints will not 
be a point of weakness in the future. 
Several of the techniques used are simple 
and effective and likely to have applica 
tion in the jointing of normal plastic 
cables, e.g., hot-tool welding a con 
tinuous polythene sheath over a joint. 
Despite care in the selection of route, 

handling of the cable and excavation of 
shore approaches, damage to the outer 
plastic cable occurred during laying. It 
would appear normal plastic jackets, 
such as polythene, may provide mechani 
cal protection where the cable bed is 
sand or mud, but provide little protec 
tion in the presence of rock, coral or 
mussels. There is no doubt the poly 
thene jacket eases the handling of 
armoured cable (particularly when com 
pared with bitumen impregnated jute 
serving) and for this reason should be 
retained. However, until substantial 
progress is made in the development of 
new plastics with more appropriate 
mechanical properties, it is considered 
the armour wires should be relied on 
to provide the required mechanical 
protection. 
Experience over the last decade has 

shown multipair plastic cable is some 
what sensitive to the ingress of water 
into the cable core. Careful considera 
tion has, therefore, been given to the 
future maintenance procedure for the 
new cable. It is proposed to make use 
of the insulated brass tape laid up out 
side the inner cable sheath to indicate 
the presence of water prior to the water 

entering the cable core. In normal cases 
of wear and tear on the cable correc 
tive action at this stage should prevent 
further damage. Pulse traces on selected 
pairs, in the presently dry cable, have 
been recorded to assist in the location 
of water-logged sections if sudden and 
substantial damage should occur to the 
cable. For repairs under these circum 
stances the jointing method has been 
modified to suit piecing in of new 
lengths of cable on the water. 
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Mr. G. R. LEWIS, B.E. (Hons.), 
A.M.I.E.Anst. 

Congratulations are extended to Mr. 
G. R. Lewis, B.E. (Hons.), A.M.I.E. 
Aust., previously Superintending Engi 
neer, Country Branch, N.S.W., on his 
appointment as Assistant Director, Engi 
neering, N.S.W. Mr. Lewis joined the 
Department as Cadet Engineer in 1929 
and has occupied a number of positions 
in the Transmission, Equipment and 
Long Line Sections of the Country 
Branch. He has been connected closely 
with the introduction of a number of 
major developments of the telecom 
munications system in N.S.W. over the 
years, such as the introduction of 
specialised equipment for overseas radio 
circuits, trunk dialling systems, trunk 
repeaters and signalling systems, multi 
plex telephone and telegraph systems 
and junction carrier systems. He also 
played an important part in the initial 
installation and operation of major pro 
jects including the Type J1 and J2 car 
rier systems, the Sydney-Melbourne 

Coaxial Cable System, the Sydney 
Dalley Trunk Exchange and the re 
establishment of telephone services in 
Canberra after the disastrous Civic 
Exchange fire. 

Mr. Lewis is a graduate of the Uni 
versity of Sydney, with an Honours 
Degree in Mechanical and Electrical 
Engineering. He has taken a particu 
lar interest in the activities of The 
Institution of Engineers, Australia, 
where he has occupied the positions of 
Secretary and Chairman of the Sydney 
Division, Electrical and Communica 
tions Branch and is currently a Com 
mittee member. 

Mr. Lewis has been active in Society 
affairs in N.S.W., serving as a Sub 
Editor of the Journal since 1957. Mem 
bers of the Society will no doubt join 
with the Board of Editors in congratu 
lating Mr. Lewis and in assuring him 
of every support in his new sphere of 
activity. 
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GFELLER LINE CONCENTRATOR UNIT 
B. P. DEW* and J. D. MATHER, Dip.E.E., Dip.Mech.E., A.M.I.E.Aust.** 

INTRODUCTION 
A line concentrating device for sub 

scribers' services has been sought by 
most telephone authorities since the turn 
of the century. Many telephone author 
ities in an endeavour to keep the costs 
of their outside line plant to a minimum 
adopted a shared or party line system 
using code ringing or multi-frequency 
ringing, but this did not give the secrecy 
required by the subscriber. 
After the second world war the Aus 

tralian Post Office, in its endeavour to 
meet the heavy demand for telephone 
service and the need of secrecy for the 
subscriber as well as conserve line plant, 
introduced on a wide scale the duplex 
service. This service gives satisfactory 
service to the "average" residential, two 
subscribers using a single cable pair, 
but in practice it is nearly impossible to 
find two "average" subscribers whose 
telephone habits do not clash -, 

By the early 1950's a Subscriber 
Auxiliary Unit (S.A.U.) was developed 
by the Australian Post Office, this unit 
accommodated 10 subscribers on 2 ex 
change pairs. The main disadvantage 
with this unit was that 10 residential 
subscribers could originate and terminate 
more traffic that 2 cable pairs could 
handle at a reasonable standard of ser 
vice. 
Morris (1) has described a concen 

trator unit which was designed and built 
by the Australian Post Office in 1959. 
It consisted of uniselectors and relays 
commonly used in 2000 type telephone 

*Mr. Dew is Supervising Technician, Equip 
ment Installation, Victoria. See page 421. 

**Mr. Mather is Engineer Class 2, Equip 
ment Installation, Victoria. See page 421. 

Fig. ! .~Exchange End Unit. 

exchanges and had a capacity of 23 
subscribers on 5 exchange lines. 

Because of the demand for line con 
centration equipment various telephone 
equipment manufacturing companies are 
offering various types of subscriber line 
concentrators and the Australian Post 
Office has purchased a number of differ 
ent types of line concentrators for field 
testing in selected locations where ex 
pensive cable relief would be required 
to give telephone service to waiting 
applicants. 
The Swiss-made Gfeller line concen 

trator unit is only one of the types 
undergoing tests, and to date it appears 
to be the most attractive type on the 
market. This article will only deal with 
the Gfeller Line Concentrator as the 
A.P.O. have on order a number of these 
and similar A.T.E. units and it is felt 
that a circuit description will be of 
some assistance to the installing and ser 
vice staffs in the near future. 
A Gfeller Line Concentrator Unit 

capable of serving 49 subscribers and 
using 11 cable pairs was selected for use 
in the Hawthorn (Vic.) Exchange area 
to serve two adjacent blocks of flats, in 
all a total of 49 new residential flats. 
The Gfeller Line Concentrator uses a 

Trachsel-Gfeller crossbar switch and it 
is designed to accommodate 49 sub 
scribers using 9 (2 wire) junctions or 
links and 4 control and marking wires. 
Both the exchange end unit, Fig. 1, and 
the subscribers end unit, Fig. 2, can be 
either wall mounted or rack mounted. 
The switching and marking equipment 
is similar in both exchange and sub 
scriber units but there are a larger num 
ber of common control relays in the · 
exchange unit. 

THE TRACHSEL-GFELLER 
CROSSBAR SWITCH 

The principle of the Trachsel-Gfeller 
switch is shown diagrammatically in 
Fig. 3. The switch consists of nine 
vertical switching bars of a transparent 
plastic material into which are fitted 
three nickel silver strips having inclined 
teeth on one edge to engage the hori 
zontal cross links. 
Each subscriber on the concentrator 

has one cross link or horizontal bar. 
The subscriber cross link carries three 
twin nickel silver wires which correspond 
with the strips in the vertical bars, and 
the three twin sets of wires are mul 
tiplied across the switch nine times and 
can be engaged by any one of the nine 
vertical bars. 
When all the vertical bars are at rest 

the teeth are clear of the cross link 
wires even if a cross link is operated. 
With the vertical bar in the operated or 
raised position the wires on the hori 
zontal bar are moved beneath the teeth 
of the vertical bar, then when the verti 
cal bar is dropped or released the 
inclined teeth on the vertical bar trap 
the twin wires on the subscriber's cross 
link horizontal bar thereby making an 
effective contact. 

LOADING 
The connection between the connector 

bar elements and those of the horizontal 
bar is a physical connection. This 
means that at the completion of the 
call, the horizontal bar wires are main 
tained in an operated position by the 
contact with the connector bar, although 
the horizontal operating magnet coil is 
not energised. This is termed "LOAD 
ING". The horizontal bar remains 

Centre: With covers o.ff. Right: With gates open showing how accessible 
the equipment is for maintenance. 
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"loaded" to the connector bar until such 
time as the connector bar is raised when 
selected by "LINK ALLOCATION". 
This loading feature enables a sub 

scriber making frequent calls to use the 
same link circuit on subsequent calls, 
thus obviating unnecessary setting up of 
the equipment. 

LINK ALLOCATION AND TESTING 
Unless all link circuits are simultan 

eously busy, a corresponding connector 
bar in each unit is maintained in a 
raised position. 
This is a link circuit which has been 

tested and found free and so raised to 
enable its connection to the next sub 
scriber requiring a link circuit. The 
raised connector bar circuit is said to 
be "ALLOCATED". Link allocation is 
dependent on the link being free and 
the testing always takes place in 

Fig. 2.-Subscribers End Unit. Right: With covers off. 

sequence from the previously allocated 
link, i.e., if link circuit No. 5 was pre 
viously allocated, then, when it is taken 
into use, the No. 6 circuit would be 
tested for busy, then No. 7, 8, 9, 1, 2, 
3, 4, in that order, till a free link circuit 
is found, which would then be allocated. 
In practice, each link circuit, except the 
allocated circuit, would be loaded onto 
a subscriber circuit, and so the testing 
circuit is arranged to regard a link cir 
cuit with battery on the private or "C" 
wire as being free, and an earth or no 
potential on the "C" wire busies the 
link. Thus a "loaded" (to sub.) link 
circuit is tested according to the condi 
tion of the loaded subscriber's private 
wire in the exchange. Testing for free 
links only takes place in the exchange 
unit. Since absence of potential on the 
"C" wire of a link circuit will cause it 
to be tested as busy, an additional hori 
zontal bar (Bar 50) is provided in the 

exchange unit, the "C" wire multiple of 
this is connected via 600 ohms to bat 
tery. This bar 50 is always maintained 
in an operated condition so that during 
initial setting up of the units or the 
subsequent "unloading" of any link (for 
any reason) the link circuits will be 
loaded onto bar 50 to enable them to 
be tested as free. 

CIRCUIT OPERATION 
Link Allocation in Exchange Unit 

(Fig. 4) 
The sequence testing of links is con 

trolled by a chain relay circuit of nine 
relays VB1-VB9 and interacting relays 
M and N. Initially, all VB relays are 
unoperated, and W relay operates via 
Battery, 3,750 ohm coil W, VBl/1 nor 
mal, VB2/1 normal, etc., to VB9/1 
normal, 2,000 ohm R15, VB9/2 normal, 
to earth. VBl relay operates via bat 
tery, 2,000 ohm coil VBl, W/1 operated, 
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At this stage, link No. 1 has been 
tested, found free, and the correspond 
ing connector bars raised in both units, 
while link No. 2 has been tested and 
found free. Relays N, BSG, and VB2 
are holding while M relay remains 
released. If link No. 2 had tested as 
busy, i.e. if BSG failed to operate, then 
N relay would have released when con 
tact M/3 opened during release of M. 
M would then reoperate via N/1 
released. N would reoperate via M/3 
operated, and at N/1 open the circuit 
of M. VB3 would operate via earth, 
M/1 operated, VB2/2 operated, 2,000 
ohm coil VB3 to battery. BSU relay 
would test link No. 3 for busy via earth 
12,000 ohm BSU, VB3/3 operated, "C" 
wire of connector bar 3, "C" wire of 
bar 50, AK/2, 200 ohm RIO to battery. 
From this it is seen that the VB relays 
under the control of interacting relays 
M and N will test the link circuits in 
sequence until testing is stopped by the 
operation of either BSU or BSG. When 
a link is allocated, relay Al holds in 
series with the 300 ohm holding coil of 
that S magnet. Relay V holds via earth, 
Al/1 operated, V relay to battery. Since 
release timing of V controls the delay 

between subsequent operations of con 
nector bar lifting coils, it has a slow 
release controlled by 100 µF capacitor 
and 500 ohm resistor R3. This delay 
ensures that the 3,500 µF capacitor in 
the subscriber's unit is sufficiently 
charged before each lifting coil opera 
tion. When the allocated link is taken 
into use, C/4 opens the circuit of Al 
relay and S magnet holding coil. Al/1 
releasing, opens the holding circuit of 
V which releases slowly via V/1 and 
capacitor/resistor circuit. Until V 
releases, the relay group PA-PD is 
inoperative, being open at V/3 so no 
marking of the next free link can take 
place. 

Basically, the VB relays controlled by 
interacting relays M and N cause BSU 
and BSG to test link circuits in sequence 
till a free link is found, when a com 
bination of operated BSU or BSG, 
together with an operated VB relay, 
operates relays in the group PA-PD. 
These relays in turn release relays in 
the group RA-RF. Relays in the group 
RS1-RS3 operate, and these, together 
with relays RA-RC, determine the path 
for the operation of the lifting magnet 
coil of the required link circuit. 

M/1 operated to earth. VBl/1 releases 
W. Initially, all connector bars in the 
exchange unit are loaded by hand onto 
"bar 50". Therefore, BSU operates via 
earth, 12,000 ohm coil BSU, VBl/3 
operated, "C" wire of connector bar 1, 
"C" wire of "bar 50", AK/2 (disconnect 
key), 600 ohm R.10 to battery. BSU/1 
holds relay M. M/3 holds relay N. PD 
operates via battery, 2,000 ohm coil PD, 
BSU/2 operated, V /3 normal, C/1 oper 
ated, D/2 normal, to earth. PD/1 opens 
the holding circuit of relay RD in relay 
group RA-RF (normally operated). 
Relays RS2 and RS3 operate via earth, 
RF/1 operated, RE/2 operated, RD/4 
released, A2/1 normal, 2,000 ohm coil 
RS2 and 2,000 ohm coil RS3 in parallel, 
PD/3 operated, 570 ohm coil PIRS, 
SCH/2 normal (SCH previously released 
at RD/4), R2 to battery. Connector bar 
No. 1 is raised by lifting coil Sl via 
battery, R5, KOl/1 normal, RC/1 oper 
ated, RB/2 operated, RA/4 operated, 
RS2/1 operated, 56 ohm coil Sl, PIRS/2 
operated, V/2 normal to earth. The 
connector bar holds via earth, A2/3 
normal, M/2 operated (also from earth, 
A/2 operated if A relay has operated.) 
300 ohm coil Sl, Sl/3 operated, C/4 
operated, 450 ohm Rl3, 265 ohm coil 
A 1 to battery until required for a call. 

Subscriber's Unit (Fig. 5) 
When relay RD released in the 

exchange unit, relay RD released in the 
subscriber's unit, since they were hold 
ing in series. The release of relay RD 
in the subscriber's unit promotes the 
marking and operating of the cor 
responding connector bar in the sub 
scriber's unit thus, RS2 relay operates 
via earth, RF/1 operated, RE/2 oper 
ated, RD/4 released, A/1 normal, RC/3 
operated, 3,750 ohm coil, RS2, PIRT/2 
normal, SCH/1 released (SCH previously 
released at RD/4, 50 ohm R2 to battery. 
Connector bar No. 1 is raised by Sl 
lifting coil via battery, Rl, PIRT/1 
normal, RC/1 operated, RB/2 operated, 
RA/4 operated, RS2/1 operated, 56 ohm 
coil Sl, ABS/1 normal, PIRS/1 operated, 
A/2 normal, to earth. Connector bar 
holds via earth, 100 ohm coil A, 300 
ohm coil Sl, Sl/2 operated, "B" side of 
junction No. 1, 1/2 operated in 
exchange unit. C/2 operated, MK5 
terminals, 600 ohm Rl4, 60 ohm coil 
A to battery. 

Exchange Unit 
The raising of the connector bar 

breaks the connector bar/bar 50 con 
tact and releases BSU relay. BSU/1 
releases M relay. BB2 operates via 
earth, M/1 released, VBl/2 operated, 
2,000 ohm coil VB2 to battery. VB2/1 
releases VB 1 relay which had been hold 
ing via battery, 2,000 ohm coil VBl, 
VBl/1 operated, and chain contacts 
VB2/1 to VB9/1 normal, 2,000 ohm R15, 
VB9/2 to earth. VB2 relay holds via 
the same chain contact route as VBl 
through VB2/1 operated. BSG relay 
operates via earth, 12,000 ohm coils 
BSG, VB/2 operated, "C" wire of con 
nector bar No. 2, "C" wire of bar 50, 
AK/2, 600 ohm RIO to battery. N relay 
holds via battery, 7,800 ohm coil N, 
X/2 normal BSG/1 operated to earth. 

NORMAL POSITION 
-UNOPERATED 

t::,t:,t:,t:,t:,t:,t:,bt:J 
VERTICAL)WITCHING BARS 

(a) SELECTED VERTICAL 
SWITCHING BAR 
RAISED 

(b) SELECTED CROSSLINK 
CARP-IAGE OPERATED TO 
MOVE CROSSUNK 
WIRES OVER 

(c) SELECTED VERTJCAL 
SWITCHING BAR 
RELEASED AND 
SELECTED CROSSLINK 
SWITCHED 

FOR CLARITY, ONLY ONE OF THE 
THREE VERTICAL CONTACT STRIPS 
JS SHOWN IN THESE VIEWS 

Fig. 3.-Diagrammatic Representation of Trachsel-Gfeller Crossbar Switch. 
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Call Through Parent Exchange to 
Concentrator Subscriber 

The calling final selector earths the 
private wire of the called subscriber's 
final selector multiple. This earth is 
extended to the "C" wire of the cor 
responding concentrator subscriber's 
circuit. If the subscriber is not already 
loaded to a link, then a TN relay (indi 
vidual to subscriber) will operate. 
Assuming concentrator subscriber No. 1 
was called, then TNl relay operates via 
earth on "C" wire, horizontal off normal 
springs TRl/1 normal, 2,000 ohm RC, 
2,000 ohm coil TNl, Vl/4 operated, 
9 ohm R6 to battery. Relay K operates 
via earth, chain contacts Gl/2 to G4/2 
normal, 46 ohm coil G5, TNI/1 oper 
ated, 150 ohm RTNI, 60 ohm and 4,300 
ohm coils FI, chain contacts F2/1 to 
F7/1 normal, K/1 normal, Al/5 oper 
ated, 3,750 ohm coil K, ABI/1 operated 
20 ohm R4 to battery. K operates and 
locks via Kl to earth. K/4 extends F 
and G circuit via U/1 normal, MK 4 
terminals, ABI/2 operated, A2/5 oper 
ated, 20 ohm R4 to battery. This low 
resistance path allows G5 and FI to 
operate. Three relay holding circuits 
are opened, viz. RA at G5/1, RD at 
Fl/2, RC at G5/3, RTl operates via 
earth, RF/I operated, RE/2 operated, 
RD/4 released, A2/1 operated, 630 ohm 
coil and 370 ohm resistance of RTI, 
Al/2 operated, 570 ohm PIRT, SCH/2 
released, R2 to battery. Horizontal mag 
net TI operates via earth, C/3 operated 
60 ohm coil D, KOI/1 operated, RC/1 
released, RB/I operated, RA/2 released, 
RTI/2 operated, TRI/2 normal, 260 ohm 
coil TI, Vl/4 operated, 9 ohm R6 to 
battery. 

Subscriber's Unit 
Following release of RA, RC and 

RD, RTI operates via earth, RF/I oper 
ated, RE/2 operated, RD/4 released, A/1 
operated, RS3/l normal, 630 ohm coil 
and 370 ohm resistance of RT/I, 570 
ohm coil PIRT, contact Sl/3 to S9/3 
(dependent on which link is allocated), 
SCH/1 released, 50 ohm R2 to battery. 
Horizontal magnet TI operates via earth, 
150 ohm R4, 50 ohm coil D, PIRT/1 . 
operated, RC/1 released, RB/I operated, 
RA/2 released, RTI/2 operated, 260 ohm 
coil, TI, to battery from MK4 and 
3,500 µF capacitor through D/2 and 
9 ohm R5. Relay D operates in series 
with Tl, and holds on 3,300 ohm wind 
ing via earth, PIRT/3 operated, D/3 
operated, 3,300 ohm D, Sl/3 to S9/3, 
SCH/1 released, 50 ahm R2 to battery. 

Exchange Unit 
Relay D operates in series with TI, 

Relay C releases when D/1 operates. 
The allocated link releases when C/4 
releases. T50 releases when D/2 oper 
ates. The allocated link in the sub 
scriber's unit releases when C/2 releases. 
The two connector bars release simul 
taneously, and load to the operated sub 
scriber's horizontal bar. This action 
causes the operation of the horizontal 
bar "off normal" springs. TNI relay 
circuit is opened at TR 1/1. The TI 
magnet coil circuit is opened at TRI/2. 
The loaded subscriber's multiple restores, 
except for the loaded contact wires held 
by the connector bar elements. D relay 

releases when TRl/2 opens, and D/1 
allows "C" relay to reoperate. D/2 
allows T50 (bar 50) to reoperate. The 
release of the connector bar releases 
relays A and Al, Al/1 opens circuit of 
relay V (slow release). Al/5 opens cir 
cuit of relay K. Al/2 opens circuit of 
relays RTI and PIRT. The circuit of 
F and G relays is opened at K/4 and 
A2/5, and they release. This reoperates 
RA, RC and RD. SCH reoperates via 
earth, RF /1 operated, RE/2 operated, 
RD/4 operated, RC/2 operated, 10,000 
ohm coil SCH, RA/4 operated, RB/2 
operated, RC/1 operated, KOi/i released, 
R5 to battery. SCH/1 releases relay A2. 
When V releases, the allocation of the 
next free link takes place as previously 
described. 

Subscriber's Unit 
The subscriber's unit connector bar 

released when its holding circuit was 
opened at C/2 in the exchange unit. 
Relays RA, RC and RD reoperate in 
series with RA, RC and RD in the 
exchange unit. RF/I, RE/2 and RD/4 
reoperated, release RTI, and together 
with RC/2, reoperate SCH. RC/1 and 
RA/2 reoperated, release TI magnet and 
relay D. The next free link allocation 
takes place as described, under the con 
trol of the exchange unit. 

Basically, the calling final selector 
earths the private of the called. sub, 
operates a TN relay which causes a 
combination of G and F relays to oper 
ate. G and F operating, release mark 
ing relays in the group RA-RF. These 
relays released, permit operation of an 
RT relay in the group RTI to RT13 and 
the subsequent operation of the desired 
subscriber's circuit horizontal magnet. 

CALL FROM CONCENTRATOR 
SUBSCRIBER VIA PARENT 

EXCHANGE 
Assume Subscriber No. 1 Calling 

TNI operates via earth, TRI/I normal, 
subscriber's loop, TRI/2 normal, 900 
ohm coil TNl, A/4 operated ABS/2 
normal, D/1 normal, 400 ohm R3 to 
battery. G5 and FI operate via earth, 
chain contacts Gl/2 to G4/2 normal, 
46 ohm coil GS, TNI/1 operated, 150 
ohm RTN!, 60 ohm and 4,300 ohm coil 
FI in series, chain contacts F2/1 to F7/1, 
MK.4 terms. S-/1 contacts of allocated 
link, "A" side of link, S-/1 contacts of 
allocated link in exchange unit, 3,200 
ohm coil Ul, 600. ohm R12, U/1 oper 
ated, MK.4 terms, ABI/2 operated, 
A2/5 operated, 20 ohm R4 to battery. 
In marking group RA-RF, RA is opened 
at G5/l, RC at G5/3 and RD at Fl/2. 
Relays RA, RC and RD are also released 
in the exchange unit, and the subsequent 
operation is similar to that for an 
incoming call to subscriber. 
A subscriber remains loaded onto a 

link circuit at the completion of a call, 
until the link is reallocated. A call to 
or from the loaded subscriber cannot 
actuate a TN relay circuit, since they 
are opened in both units by the sub 
scriber's horizontal off normal springs. 

Terminating Call 
Since the loading of a subscriber to a 

link commences when the final selector 

earths the private, a slight delay (500 
m.s. approximately) will be present 
between the time the final selector 
switches and feeds ring forward and the 
actual time when the subscriber receives 
the ring. This is, however, of little 
significance, since a normal subscriber 
may have a delay of two seconds for 
the same conditions, due to the "quiet" 
period in the ring cycle. 

Originating Call 
Also due to the loading time, (500 

milliseconds) a concentrator subscriber 
would experience a similar delay when 
calling out, between the time of lifting 
off and the time of receiving dial tone, 
as compared to a normal subscriber. 
In the case of the call to or from an 

already loaded subscriber, no switching 
takes place in the concentrator, and no 
additional delay would exist, as com 
pared to a normal subscriber. 

GENERAL 
No special treatment of exchange 

equipment is required for the operation 
of this system, apart from the extension 
of the required subscriber's Final Selec 
tor multiple P, - ve, and + ve wires 
to the exchange unit. Testing (from a 
test desk) of the subscriber's equipment 
can proceed normally, as the test final 
selector earths the private of the required 
subscriber, causing the unit to connect 
via a link circuit to the distant end. 
Concentrator subscribers may call 

each other, although this requires the 
use of the two links (trombone trunk 
ing). If simultaneous calls are made 
through the system, chain relay contacts 
( G 1 /2. F l / 1 etc.) prevent incorrect 
marking and also give preference to one 
of the required subscriber's circuits. 
The maximum junction (link) loop 

resistance between exchange and sub 
scriber's unit is 780 ohm. The theoreti 
cal maximum loop resistance between 
the subscriber's unit and the subscriber 
may be 3,500 ohm. However, the com 
bined subscriber's and junction loop 
must not exceed the normal limits laid 
down for subscribers and exchange 
equipment, i.e., a combined resistance 
of I ,OOO ohms with a 400 type telephone 
and 2,000 type exchange. 
If all junctions (links) are busy, the 

following applies:- 
(L) A subscriber calling out will not 

receive dial tone until a link becomes 
free. 

(2) An incoming caller will receive ring 
tone from final selector, but ring will 
not be fed to the called subscriber 
till a link becomes free. This second 
condition could lead to D.N.A. com 
plaints and a modification can be 
made to busy idle subscribers under 
all links busy condition. 
In the above two cases when a link 

circuit becomes free, it is immediately 
loaded to the concentrator subscriber 
required for the uncompleted call, which 
then proceeds normally. Contacts in the 
exchange unit are extended to two 
meters mounted externally, which record 
the number of times the "all links busy" 
condition exists, and also the duration 
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of the condition. The occupancy meter 
is fed by six second pulses. Thus 10 
meterings indicates a total "all links 
busy" duration of one minute. Alarms 
are connected to the unit to indicate: 
(]) Fuse alarm (4 heat coil type fuses 

are in the exchange unit). 
(2) Open condition of any one_ of the 

three marking wires, MK I, II, Ill. 
(3) Open condition of the pilot wire 

supplying 72 volt D.C. to the sub 
scriber's unit or failure of a sub 
scriber's unit connector bar to operate 
and hold. (This could be due to the 
corresponding link pair being open). 

(4) Failure of an exchange unit connec 
tor bar to operate and hold. 

Power Supply 
The exchange unit is supplied with 

48 volt D.C., 72 volt D.C. and 70 volt 
A.C. The 70 volt A.C. is used to oper 
ate the marking relays RA-RF in both 
units, but is supplied directly only to 
the exchange unit. The 48 volt is dis 
tributed via 3 (1 amp) fuses in the 
exchange unit. The 72 volt D.C. is fed 
from the exchange unit over a pilot wire 
(MK IV) to the subscriber's unit, where 
it is used to operate the lifting coils of 
the connector bars. Since this pilot wire 
could be of considerable resistance and 
the lifting coil requires a relatively high 
operate current, the pilot wire at the 
subscriber's unit connects both to the 
lifting coil circuit and also a 3,500 µF 
capacitor (2 x 1,750 µF in parallel.) 
This capacitor charges over the pilot 
wire and provides a "reservoir" to be 
tapped during short periods of high 
current drain. 
To ensure that this capacitor is reason 

ably charged between subsequent calls, 
a slow releasing relay V is used in the 
exchange unit to provide a delay between 
successive calls. The slow release is 
effected by using V relay with three 
windings in series and a release shunt 
path of a 100 µF capacitor in series 
with a 500 ohm resistor. 

Subscriber Circuits Not in Use 
In the units these circuits have the 

"C" wire strapped to battery via 600 
ohm resistor R J 6 in the exchange unit. 
This strapping is done on the terminal 
strips in the exchange unit only. This 
ensures that a connector bar being acci 
dentally or incorrectly loaded to a spare 
circuit, may be tested as free and "allo 
cated" by the presence of the "C" wire 
battery during testing. 

Link or junction circuits may be 
busied by opening the testing circuit of 
the particular link. To busy link No. 1, 
insulate contacts VB 1 /3 to busy link 
No. 2, insulate contacts VB2/3 to busy 
link No. 3, insulate contacts VB3/3, etc 
It is important before busying a link 
circuit, to unload it from any subscriber. 
This must be done electrically, thus, 
links should be taken into use until the 
junction to be busied is "allocated", 
this unloads the subscriber. The appro 
priate VB contact is then insulated and 
the "disconnect" button operated. This 
releases the link and another free link 
is then allocated. 

Once a subscriber is loaded to a link 
circuit, no electrical component or 

potential of any kind is applied to 
either wire (A or B) of the subscriber's 
speaking circuit, nor to the private wire 
in the exchange by the concentrator. 
The through connection consists only of 
two relay type contacts (connector bar 
off normal springs, S-/1, S-/2), and the 
connector bar to horizontal bar connec 
tion in each unit. The subscriber may 
therefore be regarded as working norm 
ally over a temporarily allotted cable 
pair. 

JUNCTION (LINK) FAULT 
CONDITIONS 

As the "A" and "B" legs of the pre 
selected (allocated) link are used for 
marking and holding purposes, various 
fault conditions on the link pairs will 
cause differing reactions in concentrator 
operations. Examples are discussed 
below. 

Link Pair-Open "B" Side. 
Open "A" and "B" 

Under these condtions, the holding 
(B) leg is open and the link when allo 
cated fails to hold and step on occurs, 
that is, the sequence testing progresses 
to the next link circuit. If a calling 
subscriber's circuit is loaded to the 
faulty junction before the fault occurs, 
the subscriber cannot make or receive 
calls until such time as the sequence 
allocation raises the connector bars of 
the faulty link and releases the sub 
scriber's horizontal bars. 

Open "A" 
With this condition, the link may be 

allocated, and will hold (on B side) but 
a concentrator subscriber calling out 
cannot obtain battery over the "A" leg 
to operate the F and G marking relays. 
Therefore, the allocated link will not 
be loaded to the calling subscriber. This 
means that no concentrator subscriber 
can call out except those already loaded 
to other links. 
However, a call through the parent 

exchange to a concentrator subscriber 
other than those already loaded will 
cause loading of the faulty link to the 
called subscriber. This will cause 
sequence allocation of the next free link 
and calls will proceed normally until 
the faulty link is again allocated. Any 
subscriber loaded to the faulty junction 
will be out of service until freed by 
link _allocation. 

Ground "B" Side. Short Circuit. 
Ground "A" and "B" Side 

Under these conditions the subscriber 
loaded to the faulty link becomes a 
"P.G" in the parent exchange and the 
busy condition on the private ("C") wire 
prevents sequence allocation of the 
faulty link. Thus the loaded subscriber 
remains out of service until the link is 
artificially unloaded. 

Ground "A" Side 
A subscriber loaded to this link would 

be out of service until the link was 
allocated again in sequence. Dependent 
upon the combined resistance of the 
earth fault and the wire resistance to 
that point, various conditions occur: 
(i) If above approximately 20 ohms the 

line may appear noisy to the sub 
scriber and may prevent subscriber 
tripping incoming ring. 

(ii) If a very low resistance fault, e.g., 
a heat coil on the "A" side of the 
link in the exchange, then the sub 
scriber's fuse (1 amp) in the exchange 
unit may operate. The nature of the 
fault on the "A" will determine: 
Whether the circuit is noisy but 
usable. Whether the ground will 
shunt the battery supply to the sub 
scriber's F. and G. relays and pre 
vent calls out. Whether the incom 
ing ring cannot be tripped, because 
of the shunting effect on the ring 
return battery. 

CONCLUSION 
Concentrator working permits a num 

ber of low calling rate subscribers to 
have access to the parent exchange, using 
a greatly reduced number of cable pairs 
to the parent exchange than would be 
necessary under normal subscriber 
working. 
It is felt that the use of line concen 

trators should not be planned for in 
exchange line networks, but concen 
trators will prove a suitable method of 
providing telephone service in areas 
where severe line congestion exists and 
rapid residential development is taking 
place. 
The concentrators should then be used 

as an interim measure to provide ser 
vice to potential subscribers who would 
otherwise be denied a telephone service 
for many years. 
Connection of subscribers to con 

centrator units must be closely super 
vised to prevent overloading of the units 
and should overloading occur, selected 
heavy users should be removed from 
the concentrator and given an exclusive 
service which can be accomplished with 
out a change of numbers. 
Line concentrators should preferably 

be mounted in weatherproof cabinets 
adjacent to line distributing pillars 
rather than within buildings. This 
arrangement would permit the realloca 
tion of concentrators to other areas 
without disturbing the subscriber's pre 
mises, and the cost of subsequent re 
installation would be much less. The 
Gfeller Line Concentrator was exten 
sively tested to determine its reliability 
in service and a total of 115,000 simu 
lated terminating and originating calls 
were made through the concentrator 
requiring a complete switching opera 
tion for each call. These calls were 
distributed evenly over 10 of the 49 
subscriber circuits and the 9 link cir 
cuits, which represented a wear equiva 
lent to approximately 10 years' service 
assuming an average of 3 calls per sub 
scriber per day. 
There were no detected failures in the 

unit and the only noticeable effect result 
ing from the test was a discoloration 
and very slight pitting of some relay 
contacts which was corrected by a light 
burnishing with a contact cleaning tool. 
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SLOW SCAN TELEVISION BANDWIDTH REQUIREMENTS 
A. J. SEYLER, Dipl. Ing., M.E.E., S.M.l.R.E.E. (Aust.)* 

INTRODUCTION 
The bandwidth of a television signal 

generated by the orthodox X-Y scan 
ning method is dependent on the three 
systems variables: 
NE Number of elements per line, 

defining horizontal spatial resolu 
tion. 

NL Number of (horizontal) scanning 
Jines, defining vertical spatial 
resolution. 

F Frame frequency, the number of 
complete pictures per second 
each containing NE NL picture 
elements. 

For F in c/s the signal bandwidth, B, 
i.e., the maximum frequency component 
the television signal is considered to 
contain, is then given by 

NL NE F 
B= Kc/s 

2000 
Inspection of equation (1) imme 

diately suggests that within a given 
bandwidth the three variables are inter 
changeable and can be chosen to match 
the functional purpose of the system. 
For example, for the presentation of 
slowly moving or stationary events, or 
when only still movement-phases will 
suffice F can be chosen to be low and 
thus NL NE high. Moreover, depend 
ing on the major dimension of the dis 
played objects, the aspect ratio given 
as the vertical to horizontal dimension 
of the image, may be chosen to obtain 
optimum utilization of the image area 
in conveying the important informa 
tion. It is then appropriate to match 
the ratio NdNE to the aspect ratio. 

DESIGN CHART 
In order to more easily evaluate equa 

tion (1) and determine the choice of 
values for the three variables a design 
chart in the form of a nomogram has 
been prepared (Fig. 1). The ranges of 
variables contained in this chart were 
chosen specifically for low frame rate, 
i.e., slow scan, television signals as 
would be suitable for transmission over 
industrial TV channels equivalent to 
one, three (Subgroup), twelve (Group) 
or 60 (Supergroup) telephone channels. 
This is indicated by the figures on the 
right side of the B-scale. 
The usage of the chart should be 

self-explanatory, but some comments 
are in order on modifications of the 
actual value of the variables. 

Bandwidth: The bandwidth obtained 
from equation (1) is the maximum 
frequency component of the "base 
band" signal, generally denoted as 
"video" signal. Its minimum frequency 
component would be zero or, with 
appropriate equipment techniques, F c/s. 
For that reason it is generally imprac 
ticable to transmit the video signal in 

*Mr. Seyler is Assistant Director-General, 
Advanced Techniques Research Branch, Head 
quarters. See page 422. 

its original form over ordinary (switched) 
telephone lines. (Equalizing techniques 
are known, however, by which it is pos 
sible to do so over private lines). There 
fore some form of modulation process 
is usually involved resulting in the 
required channel bandwidth B, being 
greater than the video bandwidth B, 
i.e., 
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response of the channel, m may also 
be affected by this limitation. As a 
rule of thumb, borne out by experience, 
an unequalised phase-delay dispersion 
of some two picture elements, i.e., t:,:r = 
1/B would be tolerable. For the one 
telephone-channel equivalent these con 
siderations lead to a practical figure for 
m between 0.6 and 0.65 for switched 
telephone lines, i.e., approx. B = 2.5 
Kc/s, It would be expected that m 
will be somewhat greater for the Sub 
group, Group and Supergroup equiva 
lent channels, say, 0.7 to 0.75 depend 
ing on the respective filter and modu 
lation characteristics and the permis 
sible degree of pre-equalization com 
patible with S/N ratio and crosstalk. 
Thus, tentative values for B in those 
cases would be 9, 36 and 180 Kc/s 
respectively. 
Number of Elements per Line: The 

number of elements per line NE, being 
an electrical signal-variable, would be 
about 20% greater than the number of 
active picture elements NH resolvable 
(usually referred to as N H lines resolu 
tion) over the horizontal dimension. 
The 20% by which NH is smaller than 
NE is required to accommodate the 
horizontal synchronizing signal and the 
finite fly-back time of the scanning 
beam. 
Number of Scanning Lines: For 

reasons similar to those valid for the 
relationship between NE and NH a 
reduction of the active number of scan 
ning lines Nv in the picture must be 
accepted compared to the electrical 
signal quantity NL. But Nv is gener 
ally only ,about 3% smaller than NL. 
Thus, the product Nv NH must for 
practical purpose be assumed to be 
equal to 0.78 NL NE. 
Furthermore, when considering verti 

cal resolution Rv as a subjective view 
ing criterion of the displayed picture, 
this becomes a rather undetermined 
quantity due to the discrete nature of 

the scanning line structure affecting the 
reproduction of horizontal contours in 
the displayed objects. The ratio 
R /Nv = k is a statistically defined 
quantity known as the Kellfactor, and 
for TV-broadcasting systems an average 
value of k = 0.75 is generally used. 
However, for the design of utilitarian 
slow scan systems under consideration 
here, the introduction of the Kellfactor 
may be an unnecessary complication 
because the variety of picture content 
for any given application would be 
much less than in the case of entertain 
ment type systems and the system 
variables can be more specifically 
matched to the pictorial information 
to be transmitted. 

Frame Frequency: The free choice of 
the frame frequency is the most signi 
ficant feature of narrow band industrial 
TV-systems. In the entertainment type 
system this variable is primarily deter 
mined by the flicker criterion of the 
displayed image in order to minimize 
the cost of home receivers. In the 
industrial slow scan system, the flicker 
criterion can generally be satisfied by 
using some kind of image storage at 
the receiving end, either in the form 
of storage display tubes or electronic 
respectively magnetic signal storage 
devices. Thus, frame rate can be more 
freely manipulated to match the dynamic 
characteristics of the information to be 
displayed. The necessity of using such 
devices naturally increases the cost of 
the receiving terminal by from about 
£300 for the simplest display storage 
tube to £1,500 and more for other stor 
age devices which are preferred when 
the received signals are to be displayed 
on a multitude of screens in various 
locations (e.g. Stock Exchange, Hos 
pitals, etc.). Storage devices are indis 
pensable for frame times exceeding, say, 
2 to 3 seconds, as applicable for the 
one telephone channel and possibly Sub 
group equivalent. However, for higher 
frame rates, realizable on Group and 
Supergroup channels, the method of 
pseudo-random dot-interlace scanning 

together with the use of long-persist 
ence display screens seem to offer lower 
cost terminals. (This method is presently 
being studied by the Research Labora 
tories to define the applicable range of 
variables and economic equipment tech 
niques.) 

CONCLUSION 
The usage of the nomogram is prob 

ably best demonstrated by an example 
for which the Videx system, being 
offered by the I.T. & T. Group, is 
chosen. This system, designed for trans 
mission over a single standard telephone 
channel, operates with a video band 
width of B = 2:5 Kc/s and offers a 
choice of frame times of 10, 20 and 40 
seconds. (F = 0.1, 0.05 and 0.025 respec 
tively.) Entering these parameters in the 
chart yields values for NL NE of 50,000; 
100,000; and 200,000 respectively. It is 
then possible to choose NL and NE 
which is shown by way of example. 
Letting NL be 400, NE would assume 
values of 125, 250 and 500 for the three 
frame rates (and vice versa when choos 
ing NE = 400). As a rough approxi 
mation, one would prefer NL > NE for 
display of objects having predominantly 
vertical extent and containing mainly 
horizontal contours, whereas NE > NL 
would be chosen for horizontally orien 
tated objects and emphasis on resolving 
vertical contours. 

TABLE I: STANDARD TV-SYSTEM 
PARAMETERS 
F c/s NL NL NR B Mc/s 

British 25 405 240,000 3 
U.S.A. 30 525 267,000 4 
C.C.I.R. 25 625 400,000 5 
As a matter of interest and for 

general reference, Table I lists the para 
meters of equation (1) for the three 
main standard TV-systems. 

ACKNOWLEDGMENT 
The author is indebted to Mr. J. K. 

Lynch for the preparation of the Nome 
gram. 

TECHNICAL NE\VS ITEM 
EXPERIMENTAL TV-PHONE 

During a Science Exhibition held in 
Melbourne from the 7th to the 15th 
August, 1964, an experimental TV-phone 
was displayed to the public by the 
Research Laboratories of the Australian 
Post Office. The purpose of the TV 
phone is to provide visual and aural 
communication between persons or 
groups of persons. To provide such a 
facility using the 5 Mc/s base-band 
width channel, which is required to 
satisfy the picture standards laid down 
for the Australian television service, 
would impose prohibitive costs on its 
installation and operation. Therefore 
the experimental system displayed to 
the public has been engineered to use 
a considerably reduced bandwidth by 
taking into account the type of material 
to be transmitted. Since basically when 

we talk to another person it is only 
necessary to be able to see the conversa 
tion partner in a head and shoulders 
view, it is possible to change the picture 
format from the 3 by 4 used in the 
home receivers to a 4 by 3 format. 
Similarly a modification of the scanning 
standards can be made so that, all in 
all, a video base-bandwidth of 800 kc/s 
can be achieved whilst still preserving 
the resolution necessary for faithful 
reproduction of the human face. A 
picture of 375 lines is used and spot 
wobble techniques are applied to reduce 
the line visibility. A "Crispener" cir 
cuit improves the sharpness of outlines. 
The experimental system has been 

developed from normal industrial tele 
vision equipment using a minimum of 
additional instrumentation and modifi 
cation. One of the problems involved 
in the development of the system 

included the provision of a "mirror 
image" facility so that the calling or 
called party can view his own image 
preparatory to the connection of the call 
and see himself as he normally does 
when looking in a mirror. If this faci 
lity is not provided, quite disturbing 
effects are experienced. 
As at present designed, the experi 

mental TV-phone is suitable for use in 
a special booth and provides a reason 
ably natural image of the conversation 
partner on the standard 14" monitor 
when viewed from a distance of about 
4t feet. As yet, plans have not been 
made to bring this facility into opera 
tion. If introduced in Australia it 
would probably be provided initially 
on a booked call person-to-person 
arrangement between special terminals 
established in say Sydney and Mel 
bourne. 
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TECHNICAL NEWS ITEMS 
EXPANSION OF RADIO RELAY 

NETWORKS IN THE AUSTRALIAN 
TELECOMMUNICATION SYSTEM 
The Australian Post Office is currently 

engaged in a large programme of pro- 

viding microwave radio relay bearers for 
both telephony and television purposes, 
the extent of which is indicated in the 
table below. 
Major radio relay projects currently 

under construction include:- 

Under Programmed 
Completed Construction for 

Totals July, 1963 as at Construction 
June, 1963 by June, 1965 

Microwave Projects . 11 28 22 61 
Route Miles . . . . 647 3,098 1,593 5,338 
Radio Bearer Miles .. 2,896 9,222 9,260 21,378 
[nstalled Cost ( exclud- 

ing buildings) .... £I.42M. £4.98M. £4.22M. £10.62M. 

Brisbane - Cairns - 300 channel 
telephony and television system 
for completion during 1965. 

Sydney - Lismore - 960 channel 
telephony system for completion 
during 1964. 

Melbourne-Adelaide - 960 channel 
telephony system for completion 
during 1966. 

Melbourne-Launceston-300 channel 
telephony system for completion 
during 1966. 

The programme involves the use of 
radio relay equipment operating in the 
2000, 4000, 6000 and 7000 Mc/s fre 
quency bands, manufactured in the 
United Kingdom, Germany, Italy and 
Japan. 

AIR FORCE COMPUTER TO USE 
POST OFFICE TELEGRAPH 

CHANNELS 

Conforming to modern trends in 
business management techniques, the 
Commonwealth Defence and Service 
Departments are installing computers to 
handle many of the routine administra 
tive functions of their Departments. 

These computer systems will include 
communication networks linking the 
computers with the remote establish 
ments. The first of these will link RAAP 
airfields, depots and other centres through 
out Australia with a computer in Can 
berra and will utilize long distance voice 

frequency telegraph channels rented from 
the Postmaster-General's Department. 
At each depot information will be 

prepared on perforated paper tape, using 
Friden Flexowriters supplied by a com 
mercial firm. The information is then 
transmitted to Canberra through line 
sending equipment. At the Canberra com 
puter centre, line receiving equipment 
will produce a perforated tape which will 
be fed into the computer. Some of the 
results of the computer processing will 
again be in the form of perforated paper 
tapes which will be transmitted to the 
bases where it will be reproduced as 
paper tapes. These will then be con 
verted to printed information by the 
Flexowriters. 

Arrangements have been made for the 
Postmaster-General's Department to pro 
cure, install and maintain the line equip 
ment used to send and receive the data 
tapes between the bases and the com 
puter centre. This equipment will handle 
seven or eight level tape and will employ 
the familiar start-stop principle using an 
11 unit time cycle per character. To 
conform to the transmission capabilities 
of the trunk telegraph network, the 
equipment will operate at 50 bauds. 
The line sending and receiving equip 

ment will comprise tape transmitters 
and reperforators manufactured by an 
American company and ancillary con 
trols and mountings of Australian manu 
facture. 

RELAY DEVELOPMENTS 
The Components Group of G.E.C. 

(Telecommunications) Ltd. have recently 
announced development of the following 
new relays. 

A New Sub-Miniature Relay 
This new relay is being developed to 

give reliable operation within sub 
miniature assemblies while being suit 
able for many general purpose applica 
tions including mounting on to printed 
circuit cards. It has a volume of 
less than .04 cu. in. and has a mech 
anical life expectancy of 50 million 
operations. The relay has a single 
changeover contact action and contact 
reliability is achieved by using solid 
precious metal contacts and a contact 

pressure of 10 grms. All organic com 
pounds are excluded from the sealed 
contact compartment. 

Ratchet Relay 
This comparatively small and inexpen 

sive device is invaluable in pulse-operated 
circuits for the counting or absorbing of 
pulses. It provides the equipment de 
signer with a device retaining much of 
the flexibility of the uniselector while 
occupying no more mounting space than 
a single G.E.C. P.50-type (B.P.O. 3000- 
type) relay. The ratchet relay operates 
on the reverse-drive principle and is 
essentially a uniselector mechanism in 
which the wipers have been replaced by 
a cam and ratchet assembly and the 
contact bank has been replaced by long 
life springsets of the relay type. 

Seven-Cam Ratchet Relay 
This relay was developed from the 

2-cam version to provide an even greater 
range of applications in pulse-operated 
circuits, being particularly useful for 
decimal and binary coding. 

One such case is the transmission of 
decimal information in the 2 out of 5 
code form which is widely used in 
modern data transmission and data 
handling techniques. Five cams may be 
used for this purpose, the other two 
providing an off-normal impulse for a 
"start-from-zero" check and a "carry 
over" impulse to the next decade 
counter. The relay has all the attributes 
of the original ratchet relay, has the 
same mountings and occupies two relay 
positions. 
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ACTIVITIES OF THE SOCIETY 
The following extracts from the 

Annual Reports of the State Divisions 
of the Telecommunication Society of 
Australia highlight activities of the 
Society for the period 1963/64. 

NEW SOUTH WALES 

The "Statement of Receipts and Pay 
ments" for the year ended 30th April, 
1964, shows this Branch of the Society 
to be in a sound position financially. 
This has been achieved with a current 
membership of 1,050 and an overall 
Journal distribution of some 1,200 per 
issue, depending somewhat on the con 
tent of individual issues. The develop 
ment of the Society hinges largely on 
the popularity of the Journal for there 
are no real alternatives with any per 
manence to attract members and main 
tain their interest. On occasions the 
Society fulfils a very real need in aug 
menting the normal Departmental faci 
lities. A particular case was the organ 
isation of the crossbar and coaxial lec 
tures to introduce the staff to the new 
developments. For most of the time 
however, it is the Journal which is the 
reason for the Society's existence. Pro 
vided an intact organisation exists which 
can immediately rise to an occasion 
such as the presentation of the crossbar 
lectures its existence is well justified 
along these lines. 
We have experienced one period of 

intense interest and activity, the intro 
duction of crossbar and the coaxial 
cable, and the next could well be the 
advent of electronic exchanges. In 
between these events we are left largely 
with the Journal to sustain member 
ship. The Council of Control is also 
aware of this and is continuously striv 
ing to make the Journal more attrac 
ive. In this regard we feel your Com 
mittee has played an active part over 
the past year. 
To make the Journal attractive is one 

thing, to sell it is another. On this 
latter point the Committee took advan 
tage of the need to revise accounting 
procedures to incorporate in the changes 
a more direct access to the staff. A 
comprehensive system of field repre 
sentatives is being set up designed to 
introduce the maximum of personal 
contact in stimulating membership of 
the Society and Journal sales. This 
system will be introduced shortly when 
up-to-date representatives' lists of mem 
bers have been compiled and it is the 
Committee's view it will serve to restore 
membership to a level much closer to 
that applying at the height of the cross 
bar lecture series than presently applies. 
We are fortunate that New South 

Wales authors figure prominently in the 
compilation of the Journal but there 
are as yet many untapped resources 
particularly from amongst the staff in 
the field. Who better to appreciate the 
needs of the man on the job, and do 
something about it, than those actively 
engaged in the relevant sphere. 

You will already be aware of the 
Society's decision to issue the Journal 
on a three volume per calendar year 
basis. Allied to this decision is a cur 
rent examination of the desirability of 
having the Society's financial year also 
coincide with the calendar year. The 
outcome of these current considerations 
will be made known through the J our 
nal but it is worth mentioning in this 
report to forewarn you of impending: 
changes. 

An interesting series of visits was 
arranged during the year to 402 Signals 
Regiment "Signal Transmission Recep 
tion and Distribution" centre. Three 
well-attended tours were arranged and 
as a reciprocal gesture a party from the 
Regiment inspected our TRESS instal 
lation in the G.P.O. 
There has been a steady demand dur 

ing the year for the New South Wales 
Division printed notes, both from 
within and without the service. A fur 
ther set of notes treating the subject of 
TV Receivers is shortly to be issued to 
members of the Society. 
The Society was pleased in Novem 

ber, 1963, to publicise a lecture in 
Sydney organised by the Institution of 
Radio Engineers. The guest speaker 
was Professor Guelke, Dean of the 
Faculty of Engineering at the University 
of Capetown, who spoke on "The 
Transmission of Information by Means 
of Speech." 
During the year the Committee insti 

tuted the award of Telecommunication 
Society prizes to trainees. Prizes were 
awarded for the best performance dur 
ing the first two years of training by 
a Technician-in-Training in "Telecom 
munication Theory" and by a Lineman 
in-Training in "Practical Application." 
A similar prize for Traffic Officers-in 
Training was considered but deferred to 
this coming year as it was not appro 
priate to award such a prize at the time 
the Committee considered the matter. 
The Committee is hopeful that the 

proposed procedure of having active 
field representatives will better cater for 
the wants of our country members. In 
the meantime however it is pleasing to 
note that the Wagga/Albury Branch 
remains active and that a Branch is 
being formed in Goulburn. Lectures 
were held at Wagga and Albury and 
introductory crossbar lectures were held 
in Canberra with the able assistance of 
the Training School. 

VICTORIA 

Members and Journal Subscribers: 
These for the year were 949 and 1,393 

respectively compared with 1,033 and 
1,525 for the previous year. 

General Meetings: General meetings 
of the Division were conducted bi 
monthly, except December, 1963, in 
Radio Theatre, Royal Melbourne Insti 
tute of Technology. Attendances have 
been excellent in the range of 80-100. 

The following lectures were delivered: 
Impressions of Telephone Exchanges 

in U.S.A.-C. M. Lindsay. 
Electronic Exchanges-H. Wragge. 
New Developments in Subscribers' 

Equipment-K. B. Smith. 
Current External Plant Network Con 

siderations-I. C. Sloss, B. P. Howard, 
F. Lowenthal, K. Potter. 

One of the General Meetings con 
sisted of a tour of City West Exchange 
building. 
During the year the practice was 

established of showing a short film on 
a subject related to the main lecture 
prior to the commencement of the 
meeting. The large attendances in time 
to view the films indicate that the 
innovation is appreciated. 

Tour of Volkswagen Plant: The Divi 
sion arranged a tour of the Volkswagen 
Plant, Clayton. There was an over 
whelming response to the tour, more 
than 950 applications being received to 
attend. With the co-operation of Volks 
wagen (Australia) Pty, Ltd., a total of 
790 were shown over the plant over 
three dates, 13th, 27th November, and 
4th December, 1963. 

Country Lectures: During the year a 
total of thirty-two lectures was held at 
fifteen country centres. The lectures 
were:- 
Television-J. Wilkinson. 
Pentaconta Crossbar-B. Carroll. 
Exchange Services Overseas-C. M. 

Lindsay. 
E.M.D. Exchanges+-B. Worden. 
Ericsson Crossbar-R. Burbury. 
The attendances at these lectures has 

been very gratifying, and arrangements 
are in hand to conduct a yearly pro 
gramme of at least two lectures at each 
of the fifteen centres (Ararat, Ballarat, 
Bendigo, Colac, Croydon, Dandenong, 
Frankston, Geelong, · Hamilton, Mildura, 
Sale, Shepparton, Swan Hill, Wanga 
ratta, Warrnambool). 
Information Cards: Following the 

practice established in the previous 
year, the committee again distributed to 
all members and subscribers a quality 
finish card giving information of the 
1964 Lecture Programme. 
Prizes for Technicians and Linemen 

in-Training: Commencing with the year 
1963 the Division has made available 
the following prizes:- 
Technicians-in-Training: 
A total of five prizes, each consisting 

of one year's Society membership and 
Telecommunication Journal of Australia 
subscription to the best Technicians-in 
Training in each of the 1st, 2nd, 3rd, 
and 4th years of training and to the 
Dux at the completion of the course. 
Prize winners to be determined by the 
Principal of the Technicians' Training 
School based on the highest total marks 
in theory over the year's work. 
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Linemen-in-Training: 
A total of two annual prizes (as 

above) to the Dux from each quota of 
Linernen-in-Training as determined by 
the Principal of the Linemen's Training 
School. 
The Prize winners for the year 1963 

are:- 
Technicians-in-Training: 
First Year: D. R. Appleton. 
Second Year: R. W. Collins. 
Third Year: K. J. Pannam. 
Fourth Year: N. E. Robinson. 
Dux: T. L. Guy. 

Linemen-in-Training: 
July, 1963: B. V. Potter. 
December, 1963: A. R. Kealey. 

QUEENSLAND 
General: Due largely to the activity 

of the Society's agents and the com 
mittee, there has been a further increase 
in membership and journal subscrip 
tions during the year:- 

April April April April 
1961 1962 1963 1964 

Members 436 463 524 613 
Journal 

subscribers 580 572 608 717 
General Meetings: Seven general 

meetings and the annual general meet 
ing were held during the year. Guest 
speakers and "gadgets" at these meet 
ings were:- 

25/6/63 - Annual general meeting. 
Modern Training Methods.-Mr. P. L. 
Dubois. Films - "Seven Letters a 
Second", "More Than Meets the Eye". 

23/7 /63 - Development of Marine 
Electronics.-Mr. S. Grantham. Gadget 
-A miniature two-way radio.-Mr. D. 
Roberts. 

24/9/63 - Electronic Equipment and 
Meteorology.-Mr. W. R. Wilkie, Gad 
get-A Light Sensing Device for Blind 
P.B.X. Operators.-Mr. G. A. Fooks. 

22/10/63-Multi-frequency Signalling. 
-Mr. J. K. Petrie. Gadget - The 
"Victa" Red Public Telephone.-Mr. 
G. Gahan. 

26/11/63-The Moonie Oil Pipe Line. 
-Mr. A. J. Etingen. Gadget-An auxi 
liary battery for N.B. power plant. 
Mr. A. Box. 

28/1/64-Radio Communications for 
Antarctic Exploration. - Mr. K. Mc 
Donald. Gadget-A test desk tutoring 
machine.-Mr. W. C. Harris. 

24/3/64-National Subscriber Dialling. 
-Mr. L. J. Lumb. Gadget-The new 
multi-coin P.T.-Mr. W. Trudgian. 

26/5/64-The Microwave Radio Route 
for Seacom.-Mr. V. J. Griffin. Gadget 
-The Ericophon.-Mr. W. Trudgian. 
Field Outings: Two well attended out 

ings were held during the year and 
proved of great interest to members and 
friends. We are indebted to the D.C.A. 
and members of their staff who acted 
as guides for an inspection of the opera 
tions of that Department at Eagle Farm 
Airport. 

Thanks are also due to organisers 
and guides for the visit to the Central 
Telegraph Office to inspect the opera 
tion of TRESS and the associated No 
break power equipment. 

Summary: The Queensland Division 
of the Society continues to grow in 
membership and the bi-monthly lec 
tures are well attended. This situation 
is due in no small measure to the acti 
vity of the programme sub-committee 
who arranged the year's programme of 
lectures covering topics from within the 
Department's activities as well as inter 
esting and informative topics from other 
authorities. The interest shown by 
members is to be commended and 
augurs well for the future of the 
Society. 

SOUTH AUSTRALIA 
The membership of this Division 

stands at 323, a decrease of 10% on 
last year's figure. At last year's Annual 
General Meeting also, a slight decline 
in membership numbers was reported, 
and this trend has continued; this mat 
ter may need to be given some attention 
by the Committee during the forth 
coming year. 

On the other hand, the attendances 
at meetings have indicated that there is 
no waning of interest on the part of 
those who have held membership over 
the past year. The seven General Meet 
ings have had average attendances of 
forty, no meeting had less than thirty 
present, and the highest attendance was 
fifty-five at the January meeting. It has 
been particularly pleasing to the Com 
mittee to see a number of country 
members attending. 
The following lectures were presented 

at the General Meetings:- 
June, 1963: Compac - the Sydney 

Vancouver Submarine Cable System. 
Mr. J. McLeod. 
July, 1963: The Changing Pattern of 

the Adelaide Automatic Exchange Net 
work.-Mr. 0. G. Bartlett. 

September, 1963: Broadband Carrier 
Equipment for Telephony Transmis 
sion.-Mr. H. G. Nowotny. 
November, 1963: Subscriber Distri 

bution Systems in England, Europe and 
North America++Mr. H. T. Davis. 

January, 1964: The Introduction of 
A.R.K. Crossbar Equipment into Coun 
try Areas.-Mr. K. M. Bartsch. 

March, 1964: The Role of the 
C.C.I.T.T. in World Telecommunica 
tions.-Mr. E. R. Banks. 
May, 1964: Physical Properties of 

Materials used as Contacts and Insula 
tors.-Mr. G. Flatau. 

Subscriptions to the Telecommunica 
tion Journal numbered 434. While most 
subscribers are in the P.M.G.'s Depart 
ment, there are approximately seventy 
in other Commonwealth and State 
Government Departments (chiefly the 
Department of Supply and the S.A. 
Railways), and ten in private industry. 

Sales of odd single copies of the 
Journal have taken the total quantity 

of the past year's three issues distri 
buted in this State and the Northern 
Territory to 1,350, an average of 450 
copies of each number. This is a slight 
increase on the previous year's distri 
bution. 

WESTERN AUSTRALIA 
During the past year of activities, the 

Society has continued to prosper and the 
membership list and total number of 
Journal subscribers has again increased. 

Over the year, six General Meetings 
and six Committee Meetings were held 
and the average attendance was main 
tained similar to past years. A new 
undertaking was fulfilled - our first 
country lecture - and this was held at 
Bunbury, with a talk on Transistors. It 
was gratifying on this occasion to have 
had about 50 in attendance, and it is 
hoped that we can cover other country 
centres in the future. 
The lectures conducted throughout the 

year were:- 
June, 1963-The Tellurometer, by D. 

Lee and A. Faulkner. 
August, 1963-External Plant aspects 

of the Perth-Bunbury Coaxial Cable 
Project, by B. Pember and R. Kelly. 

October, 1963-Some Aspects of Tele 
vision Servicing, by J. Cook of Hills 
Television Services Ltd. 
December, 1963-The Negative Im 

pedance Amplifier, by A. Timmins. 
February, 1964-Cable Protection, by 

R. Green. 
April, 1964 - Visit to Wanneroo 

Transmitting Centre with descriptions 
by J. Mead. 
Where possible, the Gadget of the 

Month has been retained at General 
Meetings, and this has continued to be 
of interest to all. The official Society 
Journal, "The Telecommunication J our 
nal of Australia", has been maintained 
at a high standard and the variety of 
subjects covered in the articles have 
been sufficient to keep the interest of all. 
The number of Journals distributed in 
this State has increased 20% over the 
past year, and we hope that it will con 
tinue to expand in the future. 
During this year, Society Agents have 

been established throughout the country 
and metropolitan areas, to conduct 
business on behalf of the State Divi 
sion. This includes collecting subscrip 
tions and distributing Journals, and has 
proved to be of benefit to both mem 
bers themselves and to the Committee. 
A closer liaison is obtained between 
members and the Society because of a 
'live wire' representative on the spot, 
thus providing a personal contact which 
was missing beforehand. 

Our future programme includes lec 
tures on the Telecommunications 
Administration of Turkey, Some aspects 
of Traffic Signal Controllers, and a talk 
giving a general and practical outline 
of Crossbar Telephone Equipment. 

TASMANIA 
The Society and its Division in this 

State have now been in existence for 
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four very active years. The progress 
evident in the early stages has con 
tinued. Development through the years 
is shown in the following figures:- 

Members Subscribers 
80 

300 250 
305 295 
315 292 
319 308 

*1959/60 
1960/61 
1961/62 
1962/63 
1963/64 

*Prior to formation of State Division. 
Six General Meetings were held in 

Hobart, and the lectures covered a wide 
variety of subjects. In addition, three 
Special General Meetings were held to 
cover subjects interesting primarily to 
particular groups of members. 
A visit to Cadbury's computer was 

also arranged, and thirty-five members 
took the opportunity to get first-hand 

knowledge of a modern electronic com 
puter. 
Details of the year's programme are: 
11/6/63. Annual General Meeting. 

Annual Report and Films. 
13/8/63. Computers - Theory and 

Application.-Mr. K. L. Briggs, B.E., 
B.Econ., A.M.1.E.Aust. 

17 /9/63. Egypt-Past and Present. 
Mr. H. L. Greener. 

8/10/63. TV Transmitters. - Mr. K. 
Newham, A.M.I.E.Aust., A.M.I.E.E. 

12/11/63. Emergency Power==Mr. K. 
Adams, B.E., A.M.I.E.Aust., Mr. R. 
Hanson, Dip.E.E., Grad. I.E. 

10/12/63. Space Flight. - Mr. L. 
Edwards. 

12/2/64. Communications in New 
Guinea.-Mr. G. W. Clark, A.M.I.E. 
Aust., S.M.I.R.E.E.Aust. 

16/3/64. A Review of Electronic 
Development. - Mr. B. Brodie, B.E., 
B.Sc., AM.LE.Aust., A.M.I.R.E.E. 
Aust. 

14/4/64. The Future of Broadband in 
Tasmania.-Mr. A. Traill, B.E., A.M.I.E. 
Aust., Mr. J. Macey, B.E., Grad. I.E. 

12/5/64. Crossbar Comes to Tasmania. 
-Mr. A. Head, Dip.E.E., Grad.I.E., 
Mr. R. Wyatt. 

1/10/63. Inspection of Cadbury's Com 
puter.-Mr. C. Chenoweth of I.C.T. 

The average attendance at General 
Meetings improved to forty-one, com 
pared with thirty-eight for the previous 
year. The three Special Meetings 
attracted an average of twenty-two 
members-very satisfactory for topics 
of interest to specialist groups only. 
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OUR CONTRIBUTORS 

B. P. DEW 

B. P. DEW, co-author of the article, 
"Gfeller Line Concentrator Unit", joined 
the P.M.G. Department in 1950 as 
Technician-in-Training subsequently 
qualifying as Technician and later as 
Senior Technician in 1956. After the 
Technician-in-Training course he was 
allocated to Country Installation, and 
transferred in 1959 to Metropolitan 
Exchange Installation where he is now 
acting Supervising Technician. At Haw 
thorn Exchange he was responsible for 
the installation and testing of the Gfeller 
Line Concentrator. 

* 
J. D. MATHER, co-author of the 

article, "Gfeller Line Concentrator 
Unit", commenced his training as an 
Apprentice Electrical Mechanic with 
the State Electricity Commission of 
Victoria in 1948, where he was engaged 
on a variety of heavy industrial elec 
trical installations, including Power 
Station, Briquetting, and coal winning 
equipment. On completion of a Dip 
loma course he was transferred to the 
Electrical Test Laboratory, and carried 
out field testing of electrical equipment 
in the power stations at Yallourn. He 
joined the P.M.G. Department as an 
Engineer, Grade 1, in 1954 and after 
experience in the Traffic and Trunking 
Division he was transferred to the 
Metro. Service Section as Group Engi 
neer, in 1955. Since 1958 he has been 
employed in his present position of 
Group Engineer, Metropolitan Exchange 
Installation. Mr. Mather holds the 
Diploma of Electrical Engineering, 
Diploma of Mechanical Engineering 
and is an Associate Member of the 
Institution of Engineers, Australia. 

J. D. MATHER 

K. L. HAFFENDEN, co-author of 
the article, "Multipair Plastic Submarine 
Cable-Moreton Bay, Queensland," is 
Engineer Class 2 in Queensland, but 
currently on temporary transfer as 
Engineer Class 3 in the Fundamental 
Planning Section, Planning Branch Head 
quarters. He commenced his service in 
the Postmaster-General's Department as 
a Technician-in-Training in 1948. Fol 
lowing promotion as Cadet Engineer, he 
qualified as Engineer in March, 1955. 
His subsequent experience was 15 
months as Grade 1 Engineer in Outer 
Metropolitan Division, Brisbane, three 
years as Group Engineer, Professional 
Training, Brisbane, eight months reliev 
ing as Divisional Engineer, Technical 
Training, at Headquarters and four years 
as Group Engineer, District Works No. 
2, Brisbane. 

K. L. HAFFENDEN 

L. M. WRIGHT 

In the latter position, he was re 
sponsible for the provision and main 
tenance of line plant over a major 
portion of southern Brisbane and the 
rural area adjacent to Moreton Bay, in 
cluding numerous islands in and around 
the Bay. At Headquarters Planning 
Branch, he is currently investigating the 
economics of rural automatic networks, 
the development of possible new equip 
ments and the application of line con 
centrators in urban areas. 

Mr. Haffenden possesses a Bachelor 
of Science Degree from the University 
of Queensland and is an Associate Mem 
ber of the Institution of Engineers, Aus 
tralia. 

* 
L. M. WRIGHT, author of the article, 

"Crossbar Trunk Exchanges for the 
Australian Network", joined the Post 
master-General's Department in Ade 
laide in 1940 as a technician-in-train 
ing. Following service in the R.A.A.F. 
from 1943 to 1945 he resumed duty 
early in 1946 as a cadet engineer and 
qualified as engineer early in 1950. 
During the next few years he worked 
mainly on the installation of long line 
and telephone exchange equipment and 
also worked for eight months in the 
Headquarters Circuit Design Labora 
tory. In 1956 he was promoted as Divi 
sional Engineer in charge of one of the 
two Long Line and Country Equipment 
Installation Divisions in South Aus 
tralia. During the next 6-} years he 
was responsible for equipment installa 
tion over a wide area of South Aus 
tralia and in this period he was the 
State's Circuit Liaison Officer. In 1962 
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he was promoted to the Switching and 
Facilities Planning Section at Head 
quarters where as Sectional Engineer, 
Application Standards, he was respons 
ible for specifying switching and signal 
ling facilities in the light of future 
needs, system compatibility and cost 
considerations. Early in 1964, Mr. 
Wright spent two months in U.S.A., 
Europe and India including two weeks 
in Stockholm, finalising the facility 
requirements for the ARM trunk 
exchanges currently on order from L M 
Ericsson. Mr. Wright is a science 
graduate of the University of Adelaide 
and an Associate Member of the Insti 
tution of Engineers, Australia. 

* 
A. J. SEYLER, author of the article, 

"Slow Scan Television Bandwidth 
Requirements," was born and educated 
in Germany where he received the 
degree of Diplom lngenieur in Electri 
cal Engineering from the Technical Uni 
versity of Munich. In 1937 Mr. Seyler 
joined the Air Radio Research Insti 
tute, Oberpfaffenhofen, Germany, where 
until 1945 he was engaged in, and from 
1942 directed, research on radio navi 
gational aids, ground and airborne radar 
systems and radar countermeasures. For 
his contributions to the advancement of 
radar he received in 1943 an award of 
the Lilienthal Society for Aeronautical 
Research. From 1945 to 1948 he was 
employed by the U.S.A.A.F. in Ger 
many as engineer for airborne radio 
and I.LS. equipment. 
Coming to Australia in 1948 under 

contract to the Department of Indus 
trial Development, he joined the staff 
of the Research Laboratories of the 

Postmaster-General's Department and 
in 1956 he obtained the degree of Master 
of Electrical Engineering from Mel 
bourne University. As Assistant Direc 
tor-General, Advanced Techniques in 
Research Branch, Mr. Seyler is con 
cerned with research in problems asso 
ciated with the application of advanced 
techniques in television, transmission 
and processing of visual information, 
high speed pulse techniques, transmis 
sion lines and computations, radio 
propagation and microwave techniques. 
Mr. Seyler is a Senior Member of the 
Institution of Radio and Electronics 
Engineers Australia, a foundation mem 
ber of the Television Society of Aus 
tralia and a Member of the Fernsch 
Technische Gesellschaft (Germany). 

* 
G. A. DOBBINS, author of the article 

"Ordering Material for the Crossbar 
Installation Programme", is a Divisional 
Engineer in the Exchange Equipment 
Section, Headquarters. His training in 
telecommunications started in 1939 at 
Automatic Telephone and Electric Com 
pany Ltd., Liverpool, England, where 
he spent 12 years. For seven years he 
had practical experience on the inspec 
tion and functional testing of automatic 
exchange equipment. From 1946 to 
1951 he was on the engineering staff 
of the Contracts Department engaged 
on the design of automatic exchanges 
and exchange networks for the prepara 
tion of tenders to overseas administra 
tions. 

Mr. Dobbins joined the Department 
in April, 1951, as an Engineer, Grade 1, 
and was associated with the Trunk 
Mechanisation programme for three 

years. He was appointed Group Engi 
neer in 1954 and attached to the sec 
tion responsible for automatic equip 
ment purchasing. In 1955 he was pro 
moted to Divisional Engineer and is 
now engaged on the programming and 
purchasing of ARP, ARK and ARM 
crossbar equipment in the Works Pro 
gramme Section. 

Mr. Dobbins attends the meetings of 
the Crossbar Advisory Committee and 
Technical Development Committee (see 
pp. 176, 177, Vol. 14, No. 3) and is 
Chairman of the Automatic Equipment 
Supplies Conference. He is an Asso 
ciate Member of the Institution of Elec 
trical Engineers, London, and an Asso 
ciate Member of the Institution of 
Engineers, Australia. 

* 
M. O'CONNOR, author of the article, 

"Negative Impedance Repeaters", joined 
the P.M.G.'s Department as a Cadet 
Engineer in 1953 and graduated Bachelor 
of Electrical Engineering at the Uni 
versity of Melbourne in 1956. After 
experience in Regional Works and Ser 
vices at Hamilton, Victoria, he spent 
four years as Group Engineer, Trans 
mission Standards, with the Victorian 
Planning Branch. In 1963, he trans 
ferred to his present position as Senior 
Engineer with the Overseas Telecom 
munications Commission (Australia) in 
Sydney, where he has been engaged 
chiefly on the South East Asia Com 
monwealth Cable (SEACOM) project. 
His duties in this position include plan 
ning of terminal transmission equip 
ment and overland cable works, and 
the procurement of plant associated 
with these aspects. 
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C. T. BREWER 

C. T. BREWER, B.Sc., P.Eng., 
M.E.I.C., author of the article, "Tele 
communications in Canada", was born 
in New Brunswick, Canada, and is 
a graduate in electrical engineering 
from the University of New. Brunswick. 
Mr. Brewer served with the R.C.A.F. 
in Britain from 1942 to 1945 and joined 

the Bell Telephone Company of Canada 
in 1950. Since then he has had various 
engineering and operating assignments. 
He currently holds the position of 
General Engineer-Long Term Plans-in 
the Vice-President's Engineering organ 
ization at the Bell Company's head 
quarters in Montreal. 

* 
R. A. CLARK, co-author of the 

article, "Self-Supporting Aerial Cable", 
joined the Postmaster-General's Depart 
ment in Tasmania in 1950, after gradua 
tion from the University of Tasmania. 
Between 1950 and 1952 he was Group 
Engineer for the Devonport district and 
transferred to the Launceston Division 
in 1953 where, he was responsible for 
the city district during the period when 
the first automatic exchanges were 
installed in Launceston and their cable 
networks were designed and installed. 
After a period as acting Divisional En 
gineer, Launceston, he transferred to 
Central Office, Lines Section, in 1958, 
where he has been engaged, as Divi- 

sional Engineer, Line Material Design. 
on improvements to many items of line 
material. Mr. Clark is particularly in 
terested in aerial cable design and sub 
stitution of aluminium and plastics for 
more conventional materials in line 
plant. 

R. A. CLARK 

ANS\VERS TO EXAMINATION QUESTIONS 
Examination No. 5147-6th July, 1963, 
and subsequent dates. To gain part of 
the qualifications for Promotion or 
Transfer as Senior Technician (Tele 
communications), Telephones, Post- 

master-General's Department. 

TELEPHONE AND LONG LINE 
EQUIPMENT 

Answers by K. F. Cody. 

QUESTION I. 
( a) List five alarms in one type of auto 

matic exchange with which you are 
familiar. Along with each alarm 
state the delay period, if any, and 
the purpose of the alarm. 

(b) List two methods that are used to 
obtain delay periods in the release 
alarm system. 

( c) You are instructing a technician in 
the method of placing in the bank 
a 2,000 type or SE 50 type bimotional 
switch which is fitted with new 
wiper assemblies. What points would 
you stress to ensure that the wipers 
perform satisfactorily in service? 
Electrical tests on the switch are not 
required. 

ANSWER I. 
(a) Five only of the following:- 

ALARM INDICATION DELAY CLASS 

Fuse An operated alarm-type fuse. Nil Prompt 
Capacitor Failure of uniselector spark quench. Nil Prompt 
Release Selector does not restore when release 9 sees. Prompt 

circuit is energised. 
Line finder Line finder fails to find calling line. 6 sees. Prompt 
High or low Busbar voltage outside prescribed Nil Prompt 

voltage limits. (or 1 min.) 
Ring fail Failure of exchange ringing supply. Nil Prompt 
Machine fail Duty ringing machine fails (second Nil Prompt 

machine takes over). 
Charge fail Overload or reverse current at circuit Nil Prompt 

breaker. 
Meter battery Failure of metering supply I-l- 50V). Nil Prompt 
fail 

P.G. Incoming or 1st selector held without Nil Deferred 
supervisory dialling. (or 6 mins.) 

C.S.H. Called or calling subscriber holds 3 mins. Deferred 
supervisory after conversation. 

N.U. tone Fault in equipment on ceased or 9 sees. Deferred 
supervisory unallotted lines. 

N.U. tone Earth fault on line temporarily on Nil Deferred 
overload N.U. Tone. 

(b) Several methods of obtaining delay 
periods in an alarm system are (two 
only required):- 
(i) Time delay relay set, utilizing a 

stepped uniselector. 
(ii) Dash pot relay ( oil filled). 
(iii) Valve-capacitor-resistor utilizing 

time constants. 
(iv) Thermal relays. 

(c) Before the switch is brought to the 
bank:- 
(i) It should be restored to its home 

position and 
(ii) It should be rendered "busy" by 

positioning the link in the appro 
priate test jacks or notifying the 
remote exchange in the case of 
incoming selectors. 
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After inserting the selector in the 
bank:- 

(iii) Vertical pressure is applied to 
"seat" the selector firmly. 

(iv) The "cut-in" of the wipers on the 
1st, 5th and 10th levels should be 
checked. 

(v) Alignment between wiper and 
bank on the 1st and 10th level 
for the 1st, 5th and 10th outlet is 
checked. 

(vi) The selector should then be tested 
by impulsing to a number of 
levels. 

QUESTION 2. 
(a) Listed below are V.F. signals used 

in the Siemens 2VF signalling sys 
tem. In the space provided state the 
frequency, duration and purpose of 
each signal. 

(b) Describe with the aid of a simple 
schematic circuit the action of a 
Siemens motor uniselector in search 
ing for and stopping on a free outlet. 

ANSWER 2 (a) 

The basic action of a motor uniselec 
tor in searching for and stopping on an 
outlet is as follows:- 
(i) The start contact is closed ( external 

circuitry). 
(ii) The latch magnet is energised and 

withdraws the latch detail from the 
wiper wheel teeth. The latch con 
tacts close. 

(iii) The motor now functions through 
the latch contacts. 

(iv) When a free outlet is reached, the 
Test Relay (T) is operated from 
negative battery via the resistor and 
breaks the circuit to the latch mag 
net at TI contact. 

(v) The latch restores and arrests the 
wiper wheel; at the same time dis 
connecting the motor circuit at the 
latch contact. 

QUESTION 3. 
(a) What facility is available in a big 

exchange to give temporary service 
under certain conditions on a faulty 
subscribers line? 

Signal Frequency Duration Purpose 

Pick up 750 c/s 60-100 mS To prepare equipment for call. 
Release signal 600 c/s 450 mS-2 sec. Busy outgoing until incoming 

is clear. 
Answer- 600 c/s 250-350 mS To arrest the answer signal. 

acknowledge 
Ringing 750 c/s manual To attract distant operator's 

signal attention. 

ANSWER 2 (b) 
START 
CONTACT 

LATCH 
CONTACT 

LATCH 
HAG NET 

2 

(b) What line conditions are essential 
before such a service can be given? 

(c) Show by means of a simple schema 
tic circuit how line insulation is 
checked from a test desk. 

(d) What procedure in an automatic 
exchange is designed to highlight 
those subscribers' services which 
have an excessive number of com 
plaints? 
What action would you take when 
such a service is brought to your 
notice? 

( e) A subscriber calls 60 1813 and gets 
018. What has happened to cause 
this? 

(f) A subscriber calls 60 1813 and gets 
7181. What has happened to cause 
this? 

ANSWER 3. 
(a) A relay set to give "Special Service 

on Faulty Lines" can be connected 
into the subscriber's line by plugs at 
the M.D.F. This facility is often 
called a "Hospital" circuit. 

(b) The line conditions under which the 
service· can be given are restricted to 
those where one conductor is avail 
able free of earth or foreign battery. 
Since an earth return is utilized, this 
is possible if:- 
(i) only one wire is earthed, contact 

ing foreign battery or open, or 
(ii) a short circuit exists between the 

wires of the pair, but without any 
other fault condition present. 

~~~!· 

80 
K~- KRTKIR 

---x ~x--x 

KRT RESISTANCE TEST } 
Kl R INSULATION RESISTANCE K 1 

250V. OR 400V. ; 
SUPPLY _. 

I 
(d) If, while attending to a repair request, 

one notes that more than two entries 
have been made on the subscriber's 
master card in two months, the card 
should be forwarded to the super 
vising technician for his attention. 
When the Supervising Technician 
receives the card, he should examine 
the entries to determine the history 
of the service, in relation to instru 
ment, line and exchange equipment. 
If attention is considered necessary, 
a Special Inspection Docket E.M.52 
is issued, noted on the Master card 
and in the Special Inspection Docket 
Register E.M.99. The service is com 
pletely overhauled by a different offi 
cer to the normal fault man and the 
subscriber contacted to confirm satis 
factory service. 

(e) Since 018 are the second, third and 
fourth digits in his call, it would 
seem that the first digit has been 
lost. The most likely cause of this 
would be a "drop-out" of the first 
selector after digit 6 had been dialled 
and the seizure of another first selec 
tor prior to subsequent digits. 
Another possible cause would be 
dialling before receiving dial tone. 
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(I) Since the 181 are common to both 
numbers the fault must have occurred 
before these digits. 
Since 7 is a reasonable part of the 
JO impulses for digit 0, it would 
appear that the second selector was 
seized during impulsing. This would 
occur if the original first selector 
"dropped out" after 6 was dialled, 
and another 1st selector was seized. 
The loss of 3 impulses from digit 0 
would be caused by the time differ 
ence between the interdigital pause, 
the release lag of selector relays and 
the uniselector hunting and switch 
ing times. Contributing factors are 
poor wiper alignment and faulty 
vertical stepping due to poor adjust 
ments. 

QUESTION 4. 
(a) List the equipment you would order 

for the installation of an intercom 
munication system, to provide for 
seven internal extensions, and one 
outdoor extension. A power lead 
from the exchange is not available. 

(b) Outline two ways in which you can 
provide for service to be given on 
the installation referred to above 
during periods of failure of the A.C. 
power supply. 

(c) What secrecy facilities are available 
on an AJO intercommunication sys 
tem? 

ANSWER 4. 

Item I Qua;tity I Remarks 

Extensions A 10 
Transfer unit 
No.3A 
Telephone 1 (Normal 

instrument) 
Battery 1 Rating: 
eliminator 1.5 amps 
Cable 2D pair as required 42 wires 
Cable 1, 2 or as required Point of entry 
5 pair to main 

station wiring 

Minor items include cable clips and staples. 

(b) Service to the subscriber may be 
given during periods of A.C. failure 
by:- 
(i) Provision of a standby battery of 

dry cells, connected when D.C. 
output from the eliminator fails. 

(ii) Operation of keys on the trans- 
fer unit to extend one exchange 
line to the external extension. 

Other methods involving the provi 
sion of standby normal telephone 
instruments via keys are possible. 

(c) Secrecy. 
(i) Normally calls from extensions to 

exchange lines are secret. 
(ii) Calls by the external extension on 

an exchange line are secret. 
(iii) Under night switched conditions, 

the external extensions may make 
secret calls but the calls of inter 
nal extensions on exchange line 
calls can be heard by the external 
extension. 

(iv) Exchange line supervision may be 
granted to an extension by strap 
ping in the instrument, permitting 
access to an exchange line which 
is already in use. 

QUESTION 5. 
( a) Draw a simple schematic diagram 

showing the call holding conditions 
on the p wire, on a call switched 
direct from one branch exchange to 
another. Assume the call is via a 
subscriber's uniselector, and show 
the connection of the subscriber's 
meter. 

Assume a 6 digit network. Designate 
switches, relays· sets and wipers. 
Details of all relay contacts are not 
required. 

(b) Describe how metering takes place. 
(c) What checks would you make on the 

exchange equipment when placing a 
new line in service? 

ANSWER 5. 
(a) I . 
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(b) The action of metering is as fol 

lows:- 
When the called subscriber answers, 
the polarity of the speech wires is 
reversed at the final selector A relay. 

This reversal causes the operation of 
relay D in the DSR and in turn its 
slave MD. Contact MD2 opens the 
J relay circuit, which releases after 
a lag produced by its slug. During 
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that period, where MD and J are 
operated, a potential of +so volts 
will be applied to the private. The 
rectifier MRA in the subscriber's 
meter circuit will conduct the meter 
ing pulse. Normally MRA is block 
ing to the negative potential behind 
the various relays on the private 
wire. 
A condition equivalent to the meter 
pulse will occur in the called branch 
exchange. This pulse is originated 
by the final selector and will be 
applied to the privates of the 4th 
and 3rd selectors. However, since 
the private is not extended over the 
junction, this pulse will not produce 
metering at the originating exchange. 

(c) The two checks carried out on the 
exchange equipment of a new line: 
(i) Routine 177 is applied to the 

meter (i.e., 10 operate and 1 non 
operate pulses) and the number 
of registrations noted. 

(ii) Two service test calls are origin 
ated from the subscriber's line 
circuit, and the meter is re-read 
to check for correct operation. 

QUESTION 6. 
(a) Show by means of single line block 

schematic diagrams the following 
call routings in a C type P.A.B.X. 
Designate relay sets and switches in 
volved in each type of call. 
(i) An extension to extension call. 
(ii) An extension to switchboard call. 
(iii) Switchboard to exchange call. 

(b) With the aid of a simple block 
schematic diagram explain the opera 
tion of the "call back" facility on a 
C type P.A.B.X. (i,e., an extension 
disengages from an exchange call, 
makes a call to another extension 
and then comes back to the exchange 
call). 

ANSWER 6. 
(a) 
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When the original extension depresses 
an earthing button momentarily, a relay 
(D) in the exchange line circuit responds. 
The call back circuit then operates a 
relay (RC) in the exchange line circuit 
which holds the exchange line looped, 
and diverts the extension to the spare 
extension line circuit. The links are 
started, actuate their extension line 
finders and the first one to find returns 
dial tone. A second extension is dialled, 
with whom conversation takes place. 
To return to the exchange, line the 

button is again depressed. The call back 
circuit responds by restoring the exchange 
line back to its former through condi 
tion, and releasing the spare extension, 
link and called extension. 

QUESTION 7. 
(a) What is the acceptable range of 

impulse make ratio from a sub 
scriber's line when tested from the 
exchange test desk? 

(b ) In what way does the spark quench 
on a telephone affect the make ratio 
as seen at the test desk? 

(c) What are the approximate upper and 
lower limits of impulse make ratio 
to which a properly adjusted bi 
motional switch will respond without 
"missing" or "gaining" impulses? 
Assume the impulse speed is JO i.p.s. 
-and state the type of switch to 
which you refer . 

(d ) What are the common sources of 
impulse distortion in a telephone 
network? 

(e) What design features are incorpor 
ated in the telephone dial and the 
bimotional selector to ensure that 
the selector can be seized and ready 
for impulsing before the impulse 
train arrives? 

(f) Under what operating conditions is 
a local selector most likely to receive 
an impulse train before it is seized 
and ready? 

ANSWER 7. 
(a) 34 to 39% make ratio. 
(b) The presence of a quench in the 

dialling circuit tends to raise the 
impulse make ratio by about 3% as 
measured at the test desk. 

(c) The upper and lower limits of im 
pulse make ratio acceptable to a 
bimotional selector are:- 
Pre 2,000 20-65 % make ratio. 
2,000 15-65% make ratio. 
S.E.50 25-50% make ratio. 

(d) The main sources of impulse dis 
tortion in a telephone network are:- 
(i) The variations in resistance (etc.) 

of junctions and subscribers' 
lines which are presented to the 
impulsing relays. 

(ii) The presence of the spark quench 
especially on short or long lines. 

(iii) Deterioration or maladjustment 
of the telephone dial. 

(iv) Maladjusted impulsing relays. 
(v) The limitations of capacitor type 

transmission bridges in repeaters, 
DSRs. and signalling relay sets. 

(e) Features which ensure adequate pre- 
paration of selectors for impulsing 
include:- 
(i) The· lost motion period in the 

telephone dial introduced before 
(or after) an impulse train. 

(ii) The impulse steering relay (CD) 
has a maximum release period 
not in excess of 200mS, to ensure 
that testing and switching of the 
previous selector begins as soon 
as possible after impulsing has 
stopped. 

(iii) Rapidity of search, by means of 
a self-interrupted forward acting 
drive. Maximum search time 
should not exceed 350mS. 

(iv) Selector pick-up time kept to a 
minimum by reducing the induct 
ance of pick up loops. 

(v) Pre-operation of the impulsing 
steering relay (CD). 
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(f) A local selector could receive an 
impulse train before it is properly 
prepared under the following con 
ditions:- 
(i) Subscriber does not wait for dial 

tone. This can occur if a sub 
scriber dials from the called sub 
scriber holding condition on a 
final selector, or from the latter 
outlets of his uniselector. 

(ii) Fumbling of the cradle switch 
(switch hook), or momentary 
breaks in the line circuit which 

What does the symbol L mean (5)? 
What is meant by the O indicated 

by (6)? 
(b) On a call to the even hundreds after 

the called subscriber has answered 
and metering has taken place, all 
relays except J are operated. Briefly 
explain why flashing of the switch 
hook by the called party while the 
calling party is still holding does not 
cause false metering. 

ANSWER 8. 

(4) The sequence H25-J3-E23-NR23 
beside the line in the diagram 
indicates the route of the wire as 
from spring 25 on the H relay, 
to spring 3 on J relay, to spring 
23 on E relay and ending on 
spring 23 on the Normal Rotary 
springs. 

(5) The symbol L indicates that the 
wire on which it is placed is a 
loop, i.e., the wire runs from 
spring 3 of H relay, to spring I 
of J relay and then to spring 25 
of the Normal Rotary springs. 
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have been accepted by the pre 
vious selector as impulsing. 

(iii) Seizure of a selector during the 
release "blink" unguarded period. 

(iv) Rapidity of dialling, especially in 
the case of one impulse, after 
which a search to a late outlet 
is involved. 

(v) Seizure of another selector, after 
a "drop-out" has occurred from 
a previous digit. 

QUESTION 8. 
( a) Attached is the circuit of a final 

selector with arrows pointing to the 
features referred to in the following 
questions=-« 

What is the purpose of R2 marked 
by (])? 
What is the symbol marked by (2)? 
What is the purpose of RI marked 

by (3)? 
What does H25-l3-E23-NR23 mean 

(4)? 

(a) (1) The resistor (R2) ensures the 
operation of the, alarm even if 
the lamp (LPI) burns out or is 
removed. The resistor (R2) shunt 
ing the lamp also permits a larger 
current in the circuit for more 
positive operation of the CSH 
alarm supervisory relay (LA). 

(2) This symbol indicates that CSH 
ALM BATT is multipled (com 
moned) to other switches. The 
direction of commoning shows 
that it is supplied to the selectors. 

(3) The resistor (Rl) serves as a limit 
ing resistor to current from the 
metering battery:- 
(i) in the event of an earth being 

on the private during meter 
ing, 

(ii) in the event of a uniselector 
testing the private during the 
metering pulse, 

(iii) to prevent "welding" of the 
circuit contacts during main 
tenance operations. 

(6) The O indicates that there are 0 
(Zero) springsets actuated directly 
by the Vertical Magnet (for ex 
ample Vertical Interrupters). 

(b) For metering to recur it would be 
necessary to reoperate relay J to 
provide a path at J2 for metering 
on the private. (See (3) in part (a)). 
Considering the earths which might 
provide a path for reoperating J. 
(i) The wipers are in the bank and 

for this reason NR4 springset is 
operated. This breaks any pos 
sible earth through the CD 700 
ohm winding and contact BI. 

(ii) J cannot reoperate through its 
own JI springset since this is 
open. 

(iii) The path via springset E6 has 
been broken by the operation of 
E relay. The E relay was oper 
ated by contact D3 and locked 
itself at El. As long as the switch 
is kept off-normal and looped 
either by the calling and/or 
called subscribers, E will remain 
locked. 
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Telephony and Long Line Equipment 

Date 
July 1962 
July 1962 
July 1962 
July 1962 

July 1963 
July 1963 
July 1963 
July 1963 
July 1962 
July 1963 

No. No. 
5043) 
5044) 
5045) 
5046) 

5147) 
5148) 
5149) 
5150) 
5043 
5147 

4 

4 

3 
5 

Page 

335 

335 

252 
423 

3 172 

3 174 

356 5 
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VOLT AGE VOLT AGE ST ABll.lZATION VOLT AGE ST A Bf LIZ.A T!ON 
VOLTAGE STABILIZATION VOLTAGE 5TA.Bil..fZA110N 
VOLTAGE VOLTA.GE STABILIZATION 
VOLT AGE VOLT AGE STAB!!.!ZAT!ON 
VOLT A.GE VOLT AGE ST ABfl.lZA TiON 

l'OlTAEf r.,. A n11 ,., ~ 1r11111 
JI ADILILA I lllff 

TRIMAX 

SERVO-CONTROLLED "LINE VOLT AGE STABILIZER" TYPE S116. 
This unit gives stabilii:ation against mains voltage 
variations without distortion of the output wave .. 
form, and can accommodate input variations of 55 
to 60 volts on 50 to 60 c/s systems. Output voltage 
is adjustable over the range 215 to 245 volts for 
load currents up to 10 amperes, with ambient fem .. 
peratures up to 50° C., making the stabilizer suit 
able for a wide variety of , applications. Stability 
of voltage setting within 0.1°/o, Maximum drift ap 
proximately 0.1°/o over 50 day,, Response 0;25 second 
for small input variations and 18 volts per second 
for larger variations ... Dimensions: 131/211 length. 
11" depth, 8" height .•. Weight: 48 lbs. 

LM ERICSSON PTY. LTD. 
"TRIMAX" DIVISION 

FACTORY : CNR. WILLIAMS RD. & CHARLES ST., NORTH COBURG, VICTORIA •. 'PHONE: 35-1203 ••• TELEGRAPHIC ADDRESS: "TRIMAX'' MELB. LM 36 

t 
SIEMENS 

MINIATURE Selenium & Silicon 

RECTIFIERS 
for all applications including Radio & Television 

Voltage Range up to 6 KV 
Current Range up to 2.2A 
Typical Applications 

AC/DC Power Supplies 
DC/DC Converters 
Signalling and Control Circuits 
Switching 
Non-Linear Devices 
Pulse Techniques 



ii TIIE TELECOMMUNICATION JOURNAL OF AUSTRALIA October, 1964 

Planning ahead P 

Some things are nearer than they seem 
Electronic Exchange Equipment for example. Until 
recently it seemed unlikely that commercially accept 
able electronic exchange equipment would be avail 
able for at least four or five years. 

But current developments in the G.E.C. Telecom 
munications Laboratories now suggest that progress 
in this field is likely to be much more rapid than was 
supposed. 
Without indulging in the hazardous art of crystal 

gazing we would suggest that today's telecommunica- 

tions plans should certainly include consideration of 
tomorrow's electronic possibilities. 
Of three things we can be certain: 
1 The introduction of electronic exchange equipment 
will be a milestone in telecommunications progress. 

2 G.E.C. are leaders in electronics development. 
3 All G.E.C. electronic equipment will be fully com 
patible with existing G.E.C. Strowger equipment. 

If you're planning ahead-get in touch with G.E.C. 

everything for telecommunications 
G.E.C. (Telecommunications) Ltd., Exchange Division, Telephone Works, Coventry, England SP7 
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The reasons why Philips 
is the world's leading manufacturer of Single Sideband Tubes 

(You are looking at four. Read· about the others) 
Philips produces more tube types for Single Sideband Suppressed 
Carrier Service than any other producer. Leadership has been 
achieved as the result of a deliberate and continuing programme 
of engineering research and intensive laboratory testing from 
which has emerged a distinctive and clearly superior comprehen 
sion of SSB technology and SSB applications for any power level 
from 5 watts to 5 kilowatts PEP. From internal tube geometry to 
overall envelope design, Philips SSB tubes are Performance Tested, 
Performance Rated and Performance Guaranteed for optimum 
linearity and minimum intermodulation distortion at full Single 
Sideband Power rating. Illustrated are four radiation air-cooled 
tetrodes of a line of more than 20 Philips "Performance-Rated" 
SSB tubes with power ratings from 5 W. to 5 Kw. PEP. Watch for 
releases of new SSB tubes now in prototype stage. Write for tech 
nical data sheets. Applications engineering assistance available. 

8179/ 6156/ I 7527 ;
1
6079/16155/ 

/Lll00/1 YLlllO SSB Type No. QB5/ QB3.5/ 8117 / QB4/ QB5/ QB3/ 
2000 750 YL1070 1100 1750 300 YlllOl 

421 1158 

------ 

40 I 630 
Peak Envelope 
Plate Power 1410 723 1032 206 
Output (watts) 

------ 
3rd ORDER 
Intermodulation 
Distortion (db) 34 35 30 35 35 30 31 31 
(without feed- 
back) 

-- -- -- -- -- --- ,- 
5th ORDER 
Intermodulation 
Distortion (db) 40 40 40 40 40 38 35 36 
(without feed- 
back) 

20 Herbert Street, Artarmon, N.S.W. 
THE ELECTRONICS D'IVISION OF PHILIPS ELECTRICAL INDUSTRIES PTY. LIMITED 

Sydney • Melbourne • Brisbane • Adelaide • Perth • Hobart • Newcastle • Canberra 
PHE3935 
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With the environment of space beyond the control of man, only 
submarine telephone cables can provide intercontinental com 
munications of proven reliability, economy and freedom from inter 
ference. Submarine Cables Ltd. can supply cable, repeaters, cable 
laying gear and services, and-through AEl-terminal equipment. 

SUBMARINE 
CABLES LTD 
GREENWICH· LONDON· SE10 OWNED JOINTLY BY AEI AND BIGG 
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Symbol of superior engineering 

A DESK PHONE 
IS THE OPERATOR'S 
SWITCHBOARD FOR 

THE ARD-526 
CROSSBAR PABX 

Features:-Up to 16 extensions and three exchange lines e Any extension telephone can be nominated to be 

the "operator" • And this extension then answers and transfers all incoming calls • All extensions can dial 

each other • Outside calls can be dialled direct from any extension, but if necessary certain extensions can be 

barred • Exchange callers can be transferred from one extension to another with 

out the operator's assistance G No batteries or special room are necessary and the 

unit can be mounted in any convenient location e All telephones used are of stan 

dard Australian Post Office type • Approved by the A.P.O. 

AGENTS: F. R. MAYFIELD LTD., 11 HALIFAX STREET, ADELAIDE 
C. A. PEARCE & CO. PTY. LTD., 33 BOWEN STREET, BRISBANE. 
CARLYLE & CO. ( 1959) PTY. LTD., 1-9 Ml LLIGAN STREET, PERTH. 

'8 4131 
2 3201 
21 9331 
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Mullard 
OFFER THE WIDEST 
CHOICE OF LOW-COST 
POWER TRANSISTORS 

P101 max 
(W) 

15 

130 

100 

45 

35 

30 

47 50 55 60 80 100 (Y) 

A wide range of reliable low-cost power tran 
sistors is offered by Mullard-Australia Pty. Ltd. 
With the addition of new germanium and 
double diffused silicon types power coverage is 
now extended to 130W. The steady introduc 
tion of Mullard power transistors of proven 
performance has resulted in a range covering a 

wide variety of requirements and applications. 
The chart above is intended as a selection guide 
for the types required for a particular applica 
tion. For more detailed information on price 
and performance contact . . . 

Mullard-Australia Pty. Ltd. 

Mulla' rd Mu, •• ,, .• ""'·"· PTY. LT, •• as.sa CLARENCE"'"'· SYDNEY, N.,.w .• ,,,. •• _ 1~1 · 123 VICTORIA PARADE, COLLINGWOOD, N.S, VIC., 41 6644 
Associated with MULLARD LIMITED, LONDON MlJZ 
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EXCHANGE INTERCEPT EQUIPMENT 
The Rola Company Exchange Intercept Equip- to the caller. 

ment, now standardised for service by the Aus- A potential service that may be offered by 
tralian Post Office, is a fully professional the telephone authority is the hiring of recorded 
mac~ine engineered to the ~i~hest standards tracks for short periods. For example, a medical 
required _by telephon~ authorities and capable practitioner may leave a recorded message re- 
of recording and playing back messages into a garding his whereabouts to be routed to anyone 
telephone network. II' hi b 

The equipment is so designed that full actua- ea in~ rs num. e~. 
tion can be provided by normal telephone ex- Technical Descr1pt1on 
change equipment, with up to 12 tracks avail- The Rola Exchange Intercept Equipment corn- 
able, i.e., up to 12 messages may -be recorded prises three main units: the Magnetic Drum unit, 
and played back as selected. the Amplifier Section and the Switching Panel. 

In a busy telephone exchange the Rola They are mounted in a frame suitable for a 
Exchange Intercept Equipment can provide standard Post Office 33" rack. 
weather forecast data for telephone subscribers. Th 12 f t · t · t · d lif 
This forecast may be modified as often as is e . our-s age _rans1s onse a~p ' rers 
found necessary. Incorrect or obsolete directory have an outpu! ~ating of ap~rox,ma_tely 
numbers when called can be routed to the 500 mW. The sw,tchrng panel permits monitor- 
equipment where an automatic announcement ing and the change from the "Record" to the 
giving the corrected information can be made "Play" mode on any channel. 

Further Information from: 

. . . !C?o~,~t!?!?H~~~ ~!cro~u ~I~~u ~(.,!:!.Y-!!~. 



I ..&. - f f ...._,,...._,.._ ..•.. ..••. •• .L .••. ..L. . ·~ ,.._, ..••. ,.._, ..••. "'-' ..••.••. ,.._, 

Ptot max 
(W) 

45 

130 

100 

35 
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Registered Trade Mark 

METERS TO COUNT ON 

TELEPHONE & ELECTRICAL INDUSTRIES PTY. LTD. 
FARADAY PARK, MEADOWBANK, N.S.W. TELEPHONE: 80-0111 
70 Collins Street, MELBOUR.NE, VICTORIA. TELEPHONE: 63-2560 
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wide range of 
equipment 
manufactured 
by T.C.A. 

First to Transistorise Mobile Radiophones. In 1957 TCA led 
the world by replacing the vibrator power unit of its FM mobile 
radiophone unit with a transistorised DC/DC converter. The imme 
diate acceptance and success of this venture inspired further develop 
ment in transistorisation with the result that. in December, 1961, 
TCA commenced marketing a mobile unit with a fully transistorised 
receiver and DC/DC converter, and a transmitter that was transis 
torised to the extent that only three electron tubes remained. This 
unit is now the most field-proven unit available in Australia; already 
several thousand are in use throughout Australia and overseas 
countries by government and commercial organisations. For both 
recent Royal tours TCA mobile and base equipment was employed 
exclusively. The P.M.G. has approved the equipment for use through 
out the Commonwealth. 

Radio Control of Traffic 
Lights. The Melbourne City 
Council ordered TCA Series 
1857B equipment for nine King 
Street intersections. This equip 
ment has been designed to en 
able the entire traffic light system 
of the city to be controlled, over 
a single VHF link, from a central 
point and includes the facility for 
voice communication to main 
tenance personnel. Eventually 
the system will embrace the 
whole of the central business 
district and finally to the extre 
mities of the city. 

Radio Reporting Rain Gauge 
System for the Common 
wealth Bureau of Meteoro 
logy. To overcome the problem 
of obtaining regular details of 
rainfall in remote areas the 
Bureau has ordered from TCA a 
special Radio Reporting Rain 
Gauge System. The equipment 
operates at VHF and will auto 
matically provide Bureau per 
sonnel. at the recording centre, 
with details of rainfall throughout 
their area. The facility for voice 
communication to maintenance 
personnel is also included. The 
Macleay River Valley will be the 
testing ground for the first 
system, where it is hoped it will 
aid the Bureau in providing a 
flood warning service to the 
many settlers in that area. 

Broadband Carrier Tele 
phone Equipment. This 48 
channel modulation bay is being 
prepared for shipment to the 
Postmaster General's Depart 
ment. The bay is identical to 
those previously supplied to the 
P.M.G. for the Sydney-Mel 
bourne Coaxial Cable Project. 

Philips Radar in the R.A.N. 
The anti - submarine frigates 
"Par rarnatta", and "Stuart" 
and the aircraft carrier "Mel 
bourne" are all fitted with 
Philips Radar, supplied by TCA. 

Radio Control of Power Dis 
tribution Networl<s. The 
Townsville and Mackay Regional 
Electricity Boards have taken 
delivery of a special electronic 
supervisory and control system 
designed and manufactured by 
TCA. The system provides a 
VHF duplex radio repeater link 
network connecting Townsville 
and Mackay with facilities for 
speech traffic; supervisory con 
trol of circuit breakers and tap 
changing regulators, and the 
telemetering of power flow 
indications. 

f/JlBCONNUNICAff ON CONPANf 0/1 AUSfBAl/A Pff. Ll!llf/JD 
Sydney 20 223 
Perth 21 3131 

A DIVISION OF PHILIPS ELECTRICAL INDUSTRIES PTY. LIMITED 

Brisbane 42 471 
Adelaide 45 021 

Melbourne 41 5368 
Canberra 44 498 Hobart 33 038 
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STC Transmitter and Receiver 
capsules bring greater definition 
to both ends of the line; extra 
sensitivity that makes a noticeable 
improvement to any sound 
communication system. STC 
Capsules are the means of 
up-grading audio reproduction 
and making the best of 
fine equipment. 
Type 4041 Rocking Armature 
Receiver 
A small lightweight receiver 
capsule suitable for telephone 
operators' headsets, telephone 
handsets and similar equipment. 
Overall dimensions 1 ·54" x 0·62" 
(39 mm x 16 mm). Weight 0·75 oz. 
(21 g). Available with impedence 
of 300 ohms, and in multiples 
and sub-multiples. 
Type 4042 Rocking Armature 
Receiver 
The standard receiver capsule 
adopted by the British 
Post Office and other 
administrations throughout the 

Sound Sensitivity 
world for use in telephone 
sets and handsets. Also used by 
services. 1 ·83" x 0·76" (47 mm x 
19~mm). 1 ·25 oz. (35 g). Available 
in standard or tropical finish 
with impedance of 300 ohms, and 
in multiples and sub-multiples. 
Type 4039 Carbon Transmitter 
A small sensitive lightweight 
transmitter capsule for use in 
headsets, and handsets. 
1 ·42" x 0·59" (36 mm x 15 mm). 
0·5 oz. (15 g). 
Type 4103 Rocking Armature 
Transmitter 
For use in conjunction with an 
amplifier, in handsets, hand-held 
microphones, pedestal 
mountings, loud speaking 
telephones, loud hailers, etc. 
used extensively by armed 
forces, police, ambulance and 
fire services, etc. 1 ·83" x 0·77" 
(47 mm x 20 mm). 1 ·25 oz. (35 g). 
Available in standard or 
tropical finish. 
Type 4125 Rocking Armature 
Transmitter 
A small lightweight transmitter 

capsule for use in conjunction 
with an Amplifier, in aircrew 
headsets, and headsets used in 
radio and television studios. 
1 ·54" x 0·78" (39 mm x 20 mm). 
0·75 oz. (21 g). 
Type 4050 Carbon Transmitter 
The standard transmitter 
capsule adopted by the British 
Post Office and other 
administrations throughout the 
world for use in telephone sets 
and handsets. 2·29" x 0·95" 
(58 mm x 24 mm). 1 ·2 oz. (32 g). 
Write, 'phone or Telex Standard 
Telephones and Cables Limited, 
Telephone Switching Division, 
Oakleigh Road, New Southgate, 
London N.11. ENGLAND. 
Australian Associates: 
STC Pty. Ltd., 252 Botany Road, 
Alexandria, SYDNEY. 
314 St. George's Road, 
Thornbury, MELBOURNE. 
39 Empire Circuit, CANBERRA. 

jI~TI. world-wide telecommunications and electronics ST C 
64/60 
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AEI with world-wide experience 
in communications and well 
known for its contribution to 
the success of CANT AT B 
and COMPAC in the Com 
monwealth Cable Link, intro 
duces a further addition to its 
range of carrier transmission 
equipment. 

Transistorised FMVFT 
TYPE CT 24A 
For the provision of teleprinter or data transmission circuits. 
Minimum space... Minimum maintenance ... 
Minimum power consumption ... 

* CCITT standards of performance 
* 24 channels per rackside * 50 baud nominal, with operation 

up to 80 bauds 
* Plug-in units * Pilot facility 300 c/s or 3300 c/s 

* Optional in-built test equipment 
comprising :-a) Telegraph test set 

b) Level measuring set 
c) Frequency check unit * Completely self contained with all 

power supplies. 

24 frequency modulated channels are provided in the nominal frequency 
band 420-3180 c/s with 120 c/s separation between adjacent channels. 
These are built up from 4 sub-groups of 6 channels each in the frequency 
band 1140-1740 c/s. 
Compactly assembled plug-in units use printed circuit wiring boards 

with small encapsulated filter and transformer units. Equipment is 
protected by bay covers, 
but test equipment and 
jackfields are directly 
accessible at centre of 
rack. 

Details of the latest AEI 
Carrier Telephone and 
Telegraph Equipment 
supplied on request. 

Associated Electrical Industries Ltd 
TRANSMISSION DEPARTMENT 
Telecommunications Division Woolwich London SE18 England 

AEI Engineering Pty. Ltd. 
93 Clarence St., Sydney, N .s. W. 555 Bourke st., Melbourne, Victoria 
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The 12-circuit and 3-circuit open-wire, 
transistorised. carrier telephone units shown 
here were designed, developed and 
manufactured by TMC at their Canterbury 
(N.S.W.} Works. 

TMC designs and manufactures all types 
of open-wire, carrier telephone systems for the 
Australian Postmaster General's Department; 
also for export to overseas Government 
instrumentalities and corporate telephone 
system operators. 

The range of TMC apparatus includes all 
modern applications of carrier telephone 
equipment to open-wire, cable and radio 
bearers; FM VF Telegraph Equipment, VF 
Amplifiers, Privacy Equipment; Illuminated 
Push-Button Equipment and Solid-State 
Circuit Elements. 

Other TMC Australian manufactures for home and 
export markets include Instruments for Level 
Measuring, Transmission Measuring, Pulse Echo 
Cable and Power Line Foul/ Loco/ion, and Diol ond 
Telegraph Impulse Sending. 

CONVERSATION PIECES 
of the NATION ... 

TMC 
AUSTRALIA 

TELEPHONE MANUFACTURING CO. (AUSTRALASIA) PTY. LTD. 
HEAD· OFFICE: 14 The Crescent, Annandale, N.S.W. • Phone 68-4534. WORKS: 174 Canterbury Road, Canterbury • Phone 78-3407 

Telegrams & Cables: Teemsea, Sydney 
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THE OIL INDUSTRY SPECIFIES • • 
In many of the major petro-chemical complexes built in Australia, 
Olympic cables, wires and flexibles have been specified. To suit 
conditions never previously encountered in this country, Olympic has 
always come up with the answer! 
Throughout Australia, Olympic sales engineers are available to assist 
you and your own industry with expert advice on your particular problems. 

Now - or tomorrow - your planning will call for Olympic cable 
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From putting green to picturegram 
ASC cables are the important link 

In rolls a putt worth £5,000 to the new champion. Click! 
Press photographers have captured this exciting moment 
on film. 
But that's only the beginning of the story. Soon afterwards, 
golf fans thousands of miles from the putting green will 
open their newspapers and see this picture. _ 
The Postmaster-General Picturegram section flashes pic 
torial news to all capital cities. Picturegrams are trans 
mitted over interstate trunk lines and city cable networks. 

~ 

~ 

Austral Standard Cables have supplied more than 5 million 
miles of telephone cables to the P.M.G. These cables 
range in size from 1 pair to 3,000 pair plastic or paper 
insulated cables - including Type 375 multi-tube coaxial 
cable capable of transmitting· thousands of telephone 
conversations. 

AUSTRAL STANDARD CABLES for safe, sure communica 
tion. MAKERS OF AUSTRALIA'S TELEPHONE CABLES. 

AUSTRAL STANDARD CABLES 
Pty. Limited 

Works at Maidstone, Victoria; Liverpool, N.S.W., 
Australia and Hornby, Christchurch, New Zealand 

AS29 
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We are specialists 
in Telecommunications 

For years the Pye organisation has pioneered Australian telecommunications 
... developing new methods in electronics ... establishing one of Australia's 
largest telecommunications research teams . . . employing skilled engineers 
from here and overseas. In this complex and highly technical field it is our 
function to look well ahead of industry . . . to be able to advise on technical 
developments which will result in improved control and productivity now 
and in the years to come. 

In Australia Pye Proprietary Ltd. is proud to be accredited de 
signers, manufacturers, and suppliers, to the Department of Civil 
Aviation, the P.M.G., the three Armed Forces and the Department 
of the Interior, and many state government utilities. 

RADIO COMMUNICATION SYSTEMS for H.F., V.H.F. and U.H.F. 
QUARTZ CRYSTALS FOR HIGH STABILITY FREQUENCY CONTROL 
CRYSTAL FILTERS FOR PRECISE SELECTIVITY 
"DATRAN" DATA TRANSMISSION AND CONTROL MULTIPLEX SYSTEMS 
CAVITY RESONATORS for V.H.F. and U.H.F. 
RELAYS and SOLENOIDS for LIGHT and HEAVY CURRENTS. 

PLAN YOUR FUTURE WITH PYE 

PYE PTY. LTD. CLARINDA RD., CLAYTON, VICTORIA. 

P.O. BOX 105. TELEPHONE 544-0361 (8 LINES) 

Stale Sales and Seroice 0/jices in Adelaide, Brisbane, Hobart, Melbourne, Perth and Sydne_y. 

~~~ 
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FUJITSU TK-960E1 Coaxial Cable Carrier Terminal Equipment 
The Fujitsu TK-960El carrier telephone system transmits large numbers of telephone conversations - with signalling - 

over standard 2.6/9.5 mm coaxial cables and provides 960 channels in the 60 to 4028 kc/s frequency range. Single side 

band suppressed carrier modulation is used. Each voice channel width is from 0.3 to 3.4 kc/s. Transmission frequency bands 

are produced by a basic group of twelve channels (60 to 108 kc/s) which are established on pregroups of three channels 

(12 to 24 kc/s),and the basic super-group of sixty channels (321 to 552 kc/s). Pilot frequencies of 60 and 4092 kc/s are 

provided on the lowest and highest sides of the band. All components are transistorized except the line amplifier bay. 

Distance between attended repeater station ranges up to 100 km with unattended repeater stations at 9 km intervals; 

every second unattended repeater station is equipped with AGC equipment. 

Fujitsu Limited would like to assist in the development of telephone systems in Australia - as well as in the rest of 

the world - and invites your further, enquiries. Please write directly to: 
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EDMONTON __ ..t;> ••••• 
KAM LOOPS .,_..;..;# : ---osASKATOON ,, ,..• ••••- _ .. o~ 6 9MELVILLE WINNIPEG wi~c~JM ~~# - •••• 

VANCOUVER CALGARY ~••••••••O••••••••• 
..• __ REGINA DUFF ••.••• ---- •••• _,.,. ••• 

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

G.E.C. TRANSISTORED MULTIPLEX 
FOR THE MONTREAL-VANCOUVER ROUTE 

KEY O CANADIAN NATIONAL TELECOMMUNICATIONS • CANADIAN PACIFIC TELECOMMUNICATIONS 

All multiplex equipment of this system 
is completely transistored and extensive 
use is made of supergroup derivation 
filters at intermediate terminals to avoid 
demodulation of the supergroups direct 
ly connecting Montreal and Vancouver. 
These supergroups are equipped with 
automatic gain regulating equipment. 
Each group and supergroup in the sys 
tem is provided with a reference pilot 

which is monitored by electronic scan 
ning equipment and an alarm is given 
if the level of the pilot deviates by more 
than a fixed amount. 
The multiplexing equipment used 
throughout this new system was de 
signed and manufactured by The 
General Electric Company Limited of 
England, and supplied by Canadian 
General Electric-Toronto, Canada 

G.E.C. has secured the order for all 
the multiplex equipment at the 32 ter 
minal locations on the new Montreal 
Vancouver microwave route which is 
being constructed jointly by Canadian 
National Telecommunications and 
Canadian Pacific Telecommunications. 

everything for telecommunications 
Transmission Division 
G.E.C. (Telecommunications) Ltd · Telephone Works· Coventry· England 
Works at Coventry · Middlesbrough 

196A 
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T.M.C. FLOOR PATTERN SWITCHBOARD 

'' A thing of beauty '' • • • • • • 
Leading industrial designers, top circuit engineers, and a production team with years of 
accumulated switchboard experience have worked together to evolve this sup'erb TMC 
switchboard. The result is a product which in appearance and performance will fulfil 
the needs of many years to come. It will blend with the decor of the most modern office 
or reception hall. It is highly adaptable and can be variously equipped, as a multiple or 
non-multiple. This switchboard will serve subscribers, operators and engineers through 
out a long working life-and serve them well. 

TELEPHONE MANUFACTURING COMPANY LIMITED 
Telephone Equipment Division • Public Equipment Unit · Martell Road 
West Dulwich • London • S.E.21 • Telephone GIPsy Hill 2211 • Telex 28115 .. 
A MEMBER OF THE f:J~ GROUP OF COMPANIES 
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THE OIL INDUSTRY SPECIFIES • • 
In many of the major petro-chemical complexes built in Australia, 
Olympic cables, wires and flexibles have been specified. To suit 
conditions never previously encountered in this country, Olympic has 
always come up with the answer! 
Throughout Australia, Olympic sales engineers are available to assist 
you and your own industry with expert advice on your particular problems. 

Now - or tomorrow - your planning will call for Olympic cable 
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From putting green to picturegram 
ASC cables are the important link 

In rolls a putt worth £5,000 to the new champion. Click! 
Press photographers have captured this exciting moment 
on film. 
But that's only the beginning of the story. Soon afterwards, 
golf fans thousands of miles from the putting green wi II 
open their newspapers and see this picture. 
The Postmaster-General Picturegram section flashes pic 
torial news to all capital cities. Picturegrams are trans 
mitted over interstate trunk lines and city cable networks. 

Austral Standard Cables have supplied more than 5 million 
miles of telephone cables to the P.M.G. These cables 
range in size from 1 pair to 3,000 pair plastic or paper 
insulated cables - including Type 375 multi-tube coaxial 
cable capable of transmitting thousands of telephone 
conversations. 

AUSTRAL STANDARD CABLES for safe, sure communica 
tion. MAKERS OF AUSTRALIA'S TELEPHONE CABLES. 

AUSTRAL STANDARD CABLES 
Pty. Limited 

Works at Maidstone, Victoria; Liverpool, N.S.W., 
Australia and Hornby, Christchurch, New Zealand ,... 

~ 
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FEATURES OF STC SILICON 
CONTROLLED RECTIFIERS * Low forward voltage drop during conducting 

state. * Low leakage current ir. both forward and 
reverse directions at high temp~rature. * Large power control with small gate power. * Wide range of allowable operating 
temperatures. * Quick response. * Stable operot:on and long life. * Compact, light weight. 

• 1n 

The Industrial Products Division of STC can supply either the device 
or the complete equipment incorporating Silicon Controlled Rectifiers. 
In addition, engineering advice is available to assist in applying 
the wide range of S.C.R. 's offering. Its research facilities are 
at present engaged in the development of a complete range of 
equipment using Silicon Controlled Rectifiers for inverter/ converier 
equipment up to 25 kVA, both 3 phase and single phase. 

For further information on STC Silicon Controlled £! ,,J- ,,J 'T:.I .t: .,J Q ,t.t tJfw t • • d , .. 
Rectifiers contact Industrial Products Division . . . ;)ft1Jtwl'u ,wep11011ec, Cfl1u CftJJ(!f; ,, ~1 ulltlife I~~ 
svor~EY: Moorebank Avenue, Liverpool, 602-0333; MELBOURNE: 314 St. Georges Road, Thornbury, 44-5161; CANBERRA: 39 Empire Circuit, Forrest, 
A.C.T .• 9-1043; SOUTH AUSTRALIA: Unbehaun & Johnstone Ltd., 54 North Terrace West, Adelaide, 51-3731; WESTERN AUSTRALIA: M. J. Bateman 
Pty. Ltd., 12 Milligan Street, Perth, 21-6461; TASMANIA: W. & G. Genders Pty. l.td., Launceston, 2-2231, Hobart, Burnie, Devenport: QUEENSLAND: 
Fred Hoe & Sons, 104A Boundary Street, West End. 4-1771; NEWCASTLE: Newcastle Automatic Signals Pty. Ltd., 116 Lawson Street. Hamilton, 
61-5172. 

Printed by The Ruskin Press Plv. Lid., 39 Leveson Street, North Melbourne 
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