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Speech Channels 
MHz 
% Solid-State 

No longer must the engineer at an isolated job 
worry over a communication gap between site 
and office. Nor must communications personnel 
at telephone offices, nation-wide businesses, 
hospitals, newspapers, resort areas, etc., seek suit­ 
able permanent, temporary or back-up communi­ 
cations equipment. NEC's versatile 10W TR-400C5 
is the perfect choice for those requiring top quali­ 
ty in UHF radio telephone equipment. Its small 
size (20 5/8" wide, 16" high, 8 7/8" deep) and 
light weight (88 lbs) guarantees portability and 
permit speedy installation. Check these economi­ 
cal, time-saving features: 

D Five multiplex channels with ring-down cir­ 
cuits. ·RF range 335-470 MHz. 

D Compact cabinet houses radio transmitter­ 
receiver, carrier telephone terminal with built­ 
in 16Hz ring-down signal generator. 

D Single antenna for transmit and receive. 
O Low voltage (DC-24V) power supply requiring 

no converter. 
D Minimum maintenance due to all solid-state 

circuitry and plug-in construction. 

For more details, on this and 150MHz/800MHz 
models, please contact: 

NEC Australia Pty., Ltd. 649-655 5pringvale Road, Mulgrave, Victoria 3170 Australia 
Tel: Melbourne 560-5233 

NEC 
Nippon Electric Co .. Ltd. 

P.Q.Bok l ,Takanawa,Tokyo,Japan 
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FUTURE TELEPHONE SWITCHING SYSTEMS 
S. DOSSING, M.Sc.E.E.(Hons.), M.E.E., F.l.E. Aust," 

Editorial Note: This paper is reprin­ 
ted from the April 1971 issue of the 
Proceedings of the Institution of Radio 
and Electronic Engineers, Australia, 
by kind permissiJOln .of the Institution. 

INTRODUCTION 

Telephone communications are dis­ 
cussed in this paper although reference 
is occasionally made to other commu­ 
nications services, such as telegraph 
and TV, and in particular the general 
problems encountered in switching any 
subscriber to any other subscriber, 
perhaps in an entirely different part 
of the world. 
The telephone· systems of the future 

are placed in perspective by examining 
the past and present systems in rela­ 
tion to the needs of the community 
and the technological capabilities of 
the time. 

HISTORY OF SWITCHING SYSTEMS 

The first switching systems in gene­ 
ral use were simple manual switch­ 
boards. On the simplest of such boards 
each subscriber's line had one appear­ 
ance and could be connected via a 
'cord circuit' under the control of the 
operator to any other subscriber asso­ 
ciated with the same board. Such a 
switching system served the need of 
the community for some time but it 
was soon found desirable to enable 
subscribers associated with one switch­ 
board to talk to subscribers on another 
and 'links' (junctions) were intro­ 
duced between switchboards, making 
it possible for a subscriber on one to 
be connected, via two (or even more) 
operators to a subscriber on another 
switchboard. 
This type of operation expanded and 

orderly switching rules were intro­ 
duced to enable the expansion to take 
place in a logical and economical 
manner, in particular when long­ 
distance communication became prac­ 
ticable on a larger scale by the intro­ 
duction of electronic carrier telephone 
systems and radio in the field of trans­ 
mission. The relatively high cost of 
manual operation, the limited size of 
board and traffic possible and the 
slowness associated with the setting­ 
up of a multilink connection together 
with man's natural inclination to auto­ 
mate led to the invention of automatic 
switching systems, in which the sub­ 
scriber himself could control at least 
part of the switching operations, 
although manual switching was, and 
* Mr. Dossing is Assistant Director-General, 
Transmission Systems, in the A.P.O. Research 
Laboratories. 

still is, used comprehensively for long 
distance connections. The first auto­ 
matic exchange in Australia was 
opened in Geelong (Victoria) in 1912 
(Ref. 1). 
At the present time 75% of the sub­ 

scribers enjoy automatic service and 
with the introduction over the last 
few years of ELSA (extended local 
service area), which expanded the 
areas around the capital cities within 
which calls may be made at the same 
charge as a call within the one ex­ 
change, and s.t.d. (subscriber trunk 
dialling), a reasonably sophisticated 
and modern telephone system may be 
claimed to exist in Australia. 

SWITCHING SYSTEM REQUIRE­ 
MENTS 

Cost 
The subscribers and the Department 

are naturally cost conscious and any 
improvements in the new system must 
be weighed against the possible costs 
involved. 

Costs are dependent on a number of 
complex factors, such as: 

(i) The form of the telephone net­ 
work as a whole (see Ref. 2). 

(ii) Interrelation of the telephone 
network with the other commu­ 
nications services, such as: tele­ 
graph, telex data, 'private line 
networks' (that is, lines and 
perhaps associated switching 
facilities leased to 'private' 
users), radio and TV transmis­ 
sion and others. For economic 
reasons, there is a trend towards 
integrating these networks with 
one another. 

(iii) The degree of sophistication of 
services offered to the users of 
the network ( this topic is dis­ 
cussed in more detail in a later 
section). 

(iv) The degree of quality provided; 
a 'perfect' telephone connection 
may naturally be more expen­ 
sive to provide than one with 
a number of tolerable imperfec­ 
tions. 

Currently the Department is investing 
about $30M. per annum on switching 
equipment. Consequently, new deve­ 
lopments and trends are under con­ 
tinual surveillance and assessed with 
the objective of keeping expenditure 
down, whilst at the same time attempt­ 
ing to provide a more modern and 
versatile service. 

Services Offered 
Present System: Briefly speaking, the 

basic function of a telephone network 

is to allow interconnection of sub­ 
scribers. The area within which this 
can be done in the automatic network 
is increasing, namely, the introduction 
of subscriber trunk dialling (s.t.d.) 
and international subscriber dialling. 
There are however many other im­ 

portant services required by the public 
and which are catered for to a reason­ 
able extent by the present telephone 
system. Some of these are: 

(i) The facility for the installation 
at a customer's premises of 
a small 'local exchange' 
(p.a.b.x.), enabling calls between 
p.a.b.x. extensions to be made 
without the use of the public 
network and enabling various 
services to be rendered by the 
p.a.b.x. operator. 

(ii) The facility to make local and 
trunk calls from coin-operated 
public telephones. 

(iii) Various secretarial-type inter­ 
ception and transfer arrange­ 
ments in smaller offices. 

(iv) The facility to make calls to 
vehicles (mobile radio) and 
ships at sea. 

(v) The facility to make special 
emergency calls (that is, police, 
fire), enquiry calls (that is, tele­ 
phone numbers, trunk call rates) 
and recorded information ser­ 
vices ( that is, weather, sports, 
dial-a-prayer). 

(vi) A variety of other services, such 
as: fixed time trunk calls, par­ 
ticular person trunk calls and 
credit card calls. 

Future System: The variety of the 
services offered at present meets the 
requirements demanded by the majo­ 
rity of subscribers but there is an 
increasing demand, mainly from busi­ 
ness subscribers, for a wider range of 
facilities. Some of these services can 
be provided on modern systems now 
being developed but not necessarily at 
an agreeable cost. Some of the facili­ 
ties which are technically possible are: 

Conference Facility: By dialling a 
'conference' code and subsequently 
the numbers of, say, up to ten different 
subscribers, a telephone-conference on 
a nationwide and perhaps on an inter­ 
national basis can be set up. 

Subscriber Controlled Transfer of 
Incoming Call: After dialling special 
'transfer' codes followed by the num­ 
ber of the subscriber to which an 
incoming call is to be transferred, sub­ 
sequent incoming calls will be trans­ 
ferred to that subscriber. 

A number of possible different trans­ 
fer arrangements can be foreseen, such 
as: 

DOSSING - Future Telephone Switching Systems 
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(a) Immediate transfer, where the 
call is transferred to the pre­ 
arranged number without the 
normal line being called at all. 

(b) Dual calling transfer, where the 
normal and the pre-arranged 
number are called simultane­ 
ously. 

(c) Delayed transfer, where the pre­ 
arranged number is not called 
unless the normal line is not 
answered within a pre-determi­ 
ned time. 

(d) Busy line transfer where the 
call is transferred to the pre­ 
arranged number, if the normal 
line is busy. 

Centralised P.A.B.X. Arrangements: 
In many cases a group of subscribers 
have common interests (for instance 
employees in a single firm) but they 
may work in widely separated pre­ 
mises. Under these circumstances it is 
feasible to integrate the p.a.b.x. 
switching facilities with the public 
telephone exchange whilst the operat­ 
ing consoles are installed in one of 
the premises. 
The main advantage of this arrange­ 

ment would be improved transmission 
performance for connections involving 
the public network, if some type of 
'crankback' operation is introduced, 
but lower costs would possibly also 
be obtained. 
Abbreviated Dialling: It is feasible 

to make special arrangements, enab­ 
ling subscribers to use abbreviated 
dialling codes when calling frequently 
required numbers. 

One possible way of doing this, is 
to equip the telephone with a push­ 
button; depressing the button signifies 
that the exchange is to prepare itself 
to receive an abbreviated code, for 
instance a two-digit code which may 
represent any one of up to 100 differ­ 
ent normal numbers. 
Direct Call or Hot Line Service: As 

an extension of the above concept it is 
possible to arrange that upon lifting 
the receiver you are automatically 
connected via the public telephone 
network to a pre-determined number 
anywhere else in the network. 

Ready Tracing of Malicious Calls: 
A speeding up relative to the present 
fairly slow and cumbersome methods 
could help to stamp out this nuisance. 

Enquiry and Transfer: During an 
incoming or outgoing call the subscri­ 
ber may make an enquiry call to 
another subscriber and consequently 
arrange to transfer the call to this 
other subscriber. 

Call Back: If a number which is busy 
has been dialled, a 'call back' code 
may be dialled followed by the replace­ 
ment of the handset. When the called 
number becomes free the exchange 
will establish the call. 

Wake-up Service: A wake-up call to 
a specific subscriber can be arranged 
by dialling a 'wake-up service' code 
followed by the time of the day or 
night at which the wake-up call is 
desired. 

Reverse Charges: Business houses 
may wish to offer to pay for the calls 
made to them. This would mean that 
the charge for the call, normally 
debited to the calling subscriber, 
would be 'reversed' and debited to 
the called subscriber. 

Private Networks: Large business­ 
undertakings with a considerable 
amount of traffic may wish a private 
network. This network could, as far 
as equipment is concerned, be inte­ 
grated with the public network in such 
a manner that from the customers' 
point of view it would be indistin­ 
guishable from a genuine private net­ 
work. The arrangement would be 
similar to a centralised p.a.b.x. but 
could be on a nationwide or an inter­ 
national basis rather than on a local 
basis. These networks could also be 
used for data transmission purposes. 

Barring of Incoming Calls: It is 
feasible to bar a telephone, so that it 
will not accept incoming calls. 
New Telephones: Telephone switch­ 

ing systems of the future may be re­ 
quired to work with telephones of new 
types. Three possible changes seen 
are: 

(a) the replacement of the bell with 
a tone-calling device; 

(b) the replacement of the present 
10 i.p.s. (impulse per second) 
dial with a faster dial, say, 20 
i.p.s.; 

(c) the replacement of the dial with 
an array of pushbuttons, which 
are operated in a similar man­ 
ner to the keys on a typewriter 
or cash register. 

Data Transmission: Using the push­ 
button telephone referred to above, it 
is possible to arrange for data trans­ 
mission, using the pushbuttons to send 
the appropriate data codes. This type 
of data transmission could be useful, 
for instance, for commercial travellers 
contacting their head offices and for 
the housewife ordering deliveries from 
a supermarket. 

Numerous other applications of a 
similar nature can be envisaged. 

'Proper' data transmission at higher 
speeds, say, 600, 1200 and 2400 bits 
per second, is a growing requirement 
and it would obviously assist its pene­ 
tration if the facilities for such data 
transmission could be integrated with 
the telephone network rather than 
establishing a completely separate new 
network for data subscribers only. 
Such an integration appears quite 
feasible with new telephone switching 
systems now being designed and 

studies in this direction are proceed­ 
ing. 

Meter Registration at a Subscriber's 
Premises: With a meter at his pre­ 
mises, operating in step with the meter 
at the exchange, the subscriber can at 
any time check on the number of 
meter-pulses chargeable to him. By 
noting the increment during a (long · 
distance) call he can ascertain the cost 
of the call. 

The facilities listed above would 
increase the range of services available 
to the subscriber and the Department 
is seeking attractive, low-cost solutions 
to the technical and administrative 
problems involved in their provision. 
There are however other problems to 
be faced in efforts to provide an eco­ 
nomical service. Some of these are: 

Larger Exchanges are required: To 
cope with the increasing number of 
subscribers and the increasing number 
of calls from each subscriber, the 
largest future exchanges are most 
likely to be about one order of magni­ 
tude bigger than present exchanges. 
Most types of present automatic large 
local exchanges have a capacity of 
approximately 10,000 lines. 
Network Management: Manual ope­ 

rators have been able to supervise the 
performance of the network and have 
been able to initiate corrective action 
in case of minor and major troubles. 
With the disappearance (relatively 
speaking) of the operator, they must 
be replaced by automatic supervisors 
and the telephone system must be 
organised to take automatic corrective 
action. This feature is known as net­ 
work management and typical actions 
may be: 

Verbal Announcement: Perhaps 
these can be synthesised from words 
on a number of recorded tapes and 
relayed to subscribers, informing them, 
for instance, that calls to various ex­ 
changes or areas are not possible for 
the time being due to a major break­ 
down on a particular route. 
Automatic Rerouting: In case of 

outage of a number of Melbourne­ 
Sydney circuits, for example, part or 
all of the traffic could be rerouted via 
Canberra, Brisbane or Adelaide. In the 
non-busy hours, there might be enough 
unused circuits to enable this to be 
done without the subscribers detecting 
any abnormal delays or behaviour. 
Automatic 'Busying' of Circuits: If 

a circuit or group of circuits becomes 
faulty, it is automatically busied and 
taken out of service. Calls are auto­ 
matically rerouted over other suitable 
indirect routes. Automatic busying and 
rerouting is a feature of some present 
day systems. 

Computerisation of Charges: The 
switching system should make the 
charging information available in such 
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a form that it is suitable for direct 
input to a computer which in turn 
bills the customer. 

Information and Enquiry Services: 
With the spread of s.t.d. a greater per­ 
centage of calls will be dialled by sub­ 
scribers, and there is consequently an 
increasing demand for information and 
enquiry services (such as, number 
information, charge information and 
information concerning how to make 
proper use of the system). The trend 
is for such information services to be 
concentrated at regional centres. 

Traffic Measurements: With the 
declining use of telephonists, fewer 
trunk dockets will be available for the 
determination of traffic quantities and 
growth of traffic. New automatic 
switching systems must be capable of 
yielding this information automati­ 
cally. 

FORM OF FUTURE 
TELEPHONE EXCHANGES 

The telephonist has provided many 
of the services listed above. What 
made this possible from a technologi­ 
cal point of view was that the 'intelli­ 
gence' in the exchange was concentra­ 
ted in one machine (the operator, or, 
in a more functional term, the pro­ 
cessor), which controlled a fairly 
simple switching matrix (a cord type 
of switchboard). In the automatic 
system, which followed, it was too 
expensive (and technologically imprac­ 
ticable) to match the human intelli­ 
gence and, as a result, we came to 
have an automatic system, which could 
cope with little more than bare essen­ 
tial tasks. 
Most of the earliest automatic sys­ 

tems in common use were of the step­ 
by-step type. In the step-by-step 
system each train of dial impulses is 
received and analysed by the control 
circuitry associated with a particular 
switch. The information contained in 
the train of dial-impulses is then used 
to set the switch connecting the calling 
subscriber through to the next switch. 
If the dial is 'spun' six times, each 
of the six trains sets six different 
switches, the control circuitry of each 
switch receiving, analysing and res­ 
ponding to one of the trains of impul­ 
ses. Due to the vast number of 
switches there is a distinct upper eco­ 
nomic limit to the amount of intelli­ 
gence which can be associated with 
each switch. 
In the common control switching 

systems, such as the present standard 
crossbar system, most of the intelli­ 
gence ( which used to be associated 
with each switch) is separated from 
the switches and grouped in common 
equipment. In the crossbar system, 
the common equipment functions are 

carried out by assemblies of electro­ 
mechanical relays, known as registers 
and markers. This common equipment 
receives the incoming signals, trans­ 
lates them, selects the optimum rout­ 
ing and then sets up the call. Common 
control systems of the crossbar type 
offer facilities for alternate routing 
that are not available with the step­ 
by-step system. 
Under the alternate routing scheme, 

the exchange can route the call directly 
to a distant exchange if a direct route 
is provided. If a direct route is not 
provided or if all lines of the direct 
route are busy it can route the call 
via one or more indirect alternate 
routes involving transit-switching at 
one or more tandem exchanges. This 
facility is not obvious to the subscri­ 
bers but they do nevertheless benefit 
in terms of lower cost than would 
otherwise be the case. 
The 'next generation' switching 

systems, now in an advanced phase of 
development, make more pronounced 
use of common control than present 
so-called common control systems. 
This has been made possible by the 
advent of inexpensive and reliable 
electronic logic circuitry and memory 
systems. Briefly, most of these systems 
employ reed-relays or other mechani­ 
cal form of contact for switching the 
call through the exchange, whilst vir­ 
tually all intelligence, control and 
supervision is centralised in an elec­ 
tronic central control unit. This unit 
is often referred to as a 'processor'. 
To obtain adequate reliability the 

processor is often provided in a repli­ 
cated form, each unit of which is 
capable of performing all tasks with­ 
out any assistance from the other. For 
the sake of completeness it must be 
mentioned that other arrangements 
are possible and perhaps even more 
attractive and that several processors 
may be necessary to carry out the 
multitude of tasks in a very large 
exchange. 
The processor must be programmed 

to carry out the work expected from 
it. The simplest, but not necessarily 
the most attractive, solution is to wire 
the program into the processor. How­ 
ever, for flexibility reasons there is 
an increasing preference for computer­ 
like processors operating under the 
control of software programs. 
The speed at which the logical pro­ 

cesses are carried out in electronic 
processors is inherently 1,000 to 10,000 
times faster than that achieved by 
electromechanical common control 
equipment. Therefore, assuming the 
volume of control functions to be 
carried out is adequate to load the 
control equipment fully, we would 
appear to be able to reduce consider­ 
ably the amount of control equipment 

and the total required switching equip­ 
ment cost. 
The savings are however to some 

extent offset by the necessity to pro­ 
vide extra equipment for the following 
reasons: 

(a) Equipment must be provided to 
buffer the very fast processor 
to the speed of the much slower 
switching matrix and the even 
slower input from the dials. 

(b) Likewise, power-buffering equip­ 
ment must be provided to inter­ 
face the processor to the switch­ 
ing matrix. 

(c) Last, and probably most impor­ 
tant, since the control equip­ 
ment is so highly centralised, 
command, scanning and super­ 
visory channels between the 
processor and the switching 
equipment proper must be pro­ 
vided. 

(d) The need, from the point of 
view of reliability, to provide 
redundancy in the processor 
and the more important inter­ 
face equipment. This is also to 
some extent applicable to 
present day electro-mechanical 
systems. 

Telecommunications research and 
development teams all over the •.-,-arid, 
including the Research Laboratories, 
are deeply engaged in finding the most 
economical solution to these problems. 
A number of different approaches have 
been followed and new ones are being 
found. Some of the approaches have 
been developed to the extent where 
equipment embodying processor con­ 
trol is being manufactured and instal­ 
led on a routine basis. 

It is not the intention of this paper 
to review the different present ap­ 
proaches nor to postulate new ones 
but rather to illustrate the principles 
involved by describing one particular 
fairly readily understandable approach. 

PROCESSOR CONTROLLED 
EXCHANGES 

General Description 
Two types of processor controlled 

exchanges were mentioned above, 
namely: 

(i) hard-ware processor controlled, 
and 

(ii) soft-ware (or stored program) 
controlled. 

The latter has the advantage of much 
greater flexibility than the former and 
appears to be more widely preferred. 
The principle of operation of a stored 
program controlled exchange will 
therefore be described. Most of the 
exchanges now being developed 
employ space-division switching in the 
speech-path switching matrix, with a 
trend in the more forward looking 
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Fig. 1 - Processor Controlled Telephone Exchange. 
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DRIVER 
Sets-up the required 
paths through the 
switching matrix on 
instructions from 
the processor. 

SIGNAL 
DISTRIBUTOR 
Distributes commends 
to send: 
Service Tones 
(Ring, Busy, etc.) 
Signalling to other 
exchanges. 

CONTROL 
CONSOLE 

Input devices to 
processor. 
Monitor and Supervision. 
Alarms. 

LOGIC UNIT Performs logic and arithmetic operations as required by the progr_o'm. 

j 
I OPERATIONAL PROGRAM 

TEMPORARY STORE 
In this store is stored information 
relevant to the setting-up, supervision 
and clearing-down of connections 
including present status (as required) of 
lines and switches. 

SEMI-PERMANENT STORE 
ln this store are stored tables describing: 

Abbrevioted Call Numbers 
Coll-back Numbers 
Transfer Numbers 
Private Networks 
Centralised P.A.B.X's 
Direct Coll (Hot Lino) Services 
Wake-up Services 
Barring of Incoming Calls 
Special Circuits, for instance for Data 
Network Management 
Link and Route Information 
Route Codes 
Charging Information 

BACK-UP STORE 
This store is usually a tape or disc store. 
It stores: 
Charge on each subscriber 
Diagnostic and other fault finding programs, 
Traffic data. 
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TABLE I - ANALOGIES BETWEEN MANUALLY OPERATED EXCHANGES 
AND "PROCESSOR CONTROLLED" EXCHANGES. 

Exchange type 

Processor controlled 

Switching matrix 

Interface equipment 

Scanner 

Driver and signal distributor 

Processor 

Operational program 

Temporary store 

Semipermanent store 

Manual switchboards 

Jacks and cords 

Vision and hearing processes and 
manual operations. 

Operators eyes and ears. 
Scans plug positions, 
lamps and indicators (vision), 
bells and instructions from 
subscribers (hearing). 

Hands of the operator used for 
plugging-in of plugs and opera­ 
tion of dials, keys and push­ 
buttons. 

Brain and various tables, such as 
telephone and routing directories. 

Operational functions learned by 
the operator during training. 

Operators short-term memory. 

Operators long-term memory, 
telephone directory, routine 
directory, etc. 

designs towards time-division multi­ 
plex (t.d.m.) switching. Space division 
(mostly reed relay) switching matrices 
will be assumed. 

Fig. 1 shows a simplified block 
diagram of a possible arrangement for 
a stored program controlled exchange. 
The diagram has been arranged for 
simplicity of explanation and repre­ 
sents a possible rather than a preferred 
arrangement. 
As may be expected, there is a close 

analogy between the operation of a 
processor controlled exchange and a 
manually operated exchange. For a 
system as indicated in Fig. 1, the 
analogies shown in Table 1 are quite 
striking. One paper (Ref. 3) states that 
'some 80 conceptions have come to 
be known for switching systems using 
electronic devices and electronic 
switching techniques. 80% of these 
never got beyond the stage of labora­ 
tory experiments, . . .'. It is thus 
clear, if one looks at the picture in 
finer detail than that of Fig. 1, that 
a variety of detailed arrangements are 
possible. These will not be described 
but two pairs of alternatives will be 
discussed. These are: 'wired program 
versus stored program' and the 'feasi­ 
bility of remote control of outposted 
smaller switching units'. 

Wired Program Versus 
Stored Program 

Whilst both types of programs no 
doubt will be encountered together in 
future exchanges, it is important that 

the right balance between the two be 
found. 
Wired programs may be justifiable 

where the programs never have to be 
changed; this could, for instance, be 
true in the case of the programs which 
control the scanning operations asso­ 
ciated with the scanner in Fig. 1. 
Electronically alterable stored pro­ 

gram control is seen as the only 
practicable concept capable of provid­ 
ing some of the facilities listed in the 
previous section (for instance, sub­ 
scriber controlled transfer, subscriber 
controlled change of abbreviated dial­ 
ling numbers). 

It seems desirable that programs 
which are subject to change, and this 
appears to be all programs other than 
those associated with the scanning and 
driving operations, should be of the 
stored type. As in the case of com­ 
puters, these programs may be 
changed electronically from a remote 
console. From Fig. 1 · it is seen that 
most of the programs listed as being 
in the semi-permanent memory as well 
as the operational program are of a 
type which needs to be changed 
(updated) as the telephone network 
develops and expands. 
An important point of controversy, 

not evident from Fig. 1, is the question 
of relay sets (labelled RS in Fig. 1). 
Many present types of relay sets per­ 
form a number of timing functions to 
determine, for instance, the lengths of 
signal elements as in our present T3 
Type out-of-band pulse type signalling 

system (single E and M lead in each 
direction on trunks and junction lines). 
These relay sets are subject to 
frequent changes as the telephone 
network is expanded and developed 
and a large variety of types is required. 
In the present state such changes 
involve a significant amount of manual 
work and it is becoming more and 
more difficult to effect the changes 
simultaneously in the required num­ 
ber of exchanges whenever a more 
widespread change is involved. In a 
processor controlled exchange it is 
possible to embody the timing and 
other functions of the relay sets into 
the scanner or the processor proper. 
This reduces the relay sets to a 

simpler form and by suitable design 
they can be made universally appli­ 
cable to almost any type of line thus 
reducing the number of types required. 
The transfer of these functions away 
from the relay sets could possibly 
increase the cost of the scanner and/or 
the processor and possibly the total 
initial cost may be higher. However, 
a higher initial expenditure could well 
be off-set by subsequent operational 
savings. Furthermore, with universal 
relay sets and stored program control, 
changes can be made with ease, almost 
instantly and simultaneously in all 
exchanges involved in the change. 
Even if stored program is more expen­ 
sive in terms of initial capital cost, it 
may still be more economical in the 
long run because of flexibility and the 
low costs associated with the program 
changes. 

Outposted Switching Units 

With present day state of technology 
and costs, stored program controlled 
exchanges tend to be uneconomical 
below a few thousand lines. The size 
at which they become economical is 
variously quoted but a maximum size 
of three to five thousand lines is at 
the optimistic end of the range. How­ 
ever, an economic need is seen, parti­ 
cularly in rural and country areas, for 
exchanges down to, say, about 100 
lines. If processor controlled exchanges 
are to be applicable in this range a 
new breakthrough in components or 
technology will be necessary or, alter­ 
natively, it must be possible to employ 
remote control of small switching units 
outposted from a centrally located 
processor. In this way the small out­ 
posted switching units may benefit 
from the lower cost and increased 
versatility of stored program control. 
The use of centrally located processors 
raises a security hazard unless ade­ 
quate steps are taken to safeguard the 
data link ( s) interconnecting the pro­ 
cessor and the outposted switching 
unit. Many approaches are being made 
to this problem which differs in large 
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city and country areas. In city areas 
it is usually possible to provide one 
or two alternate routes for the control 
(data Jinks) in case of failure of the 
regular control Jink(s). This is often 
not practicable in rural areas and the 
big question for application in these 
areas is therefore how many, if any, 
of the services between the lines con­ 
nected to a particular outposted 
switching unit should remain operative 
when the control link to the central 
processor is severed. 

In city areas, remote control of out­ 
posted switching units is likely to be 
common place in systems of the future 
(Ref. 2). 

Extendability 
Manual switchboards and the step­ 

by-step automatic systems are readily 
extendable in small increments. Pre­ 
sent day common control systems, 
such as the crossbar system, are also 
extendable in reasonably small incre­ 
ments. 
Processor controlled systems tend 

to become uneconomical, as discussed 
in another section, in small sizes. It 
is possible, by appropriate systems 
design, to make such systems extend­ 
able also in reasonable increments, 
such as blocks of say 1000 lines. The 
control is also extendable but in larger 
blocks. This extendability is of para­ 
mount economic importance in a 
changing and developing telephone 
network. 

MANUFACTURING INDUSTRY 

The manufacture of present day 
electromechanical switching equipment 
requires a considerable amount of 
specialised production machinery and 
it is a multi-million dollar expenditure 
to set-up production facilities. 
The next generation switching sys­ 

tem will probably use reed-relays or 
some other type of electromechanical 
switch in the switching matrix. The 
manufacture of either requires expen­ 
sive specialised production machinery. 
The manufacture of the processor and, 
to some extent, the interface equip­ 
ment is, however, possible with the 
usual production facilities available in 
most electronics factories. This could 
lead to a saving in tooling costs and 

also provide the opportunity for manu­ 
facture to be spread readily over more 
factories than at present if this were 
found desirable. One could visualise 
an arrangement under which specified 
sub-systems could be manufactured in 
the same way as is done at present in 
the case of a large proportion of trans­ 
mission equipment purchased. 
With the introduction of pulse code 

modulation switching (p.c.m.) (Ref. 
2) even the switching matrix could be 
made in 'ordinary' electronics facto­ 
ries. 

The processors as well as p.c.m. 
switching matrices will make extensive 
use of integrated circuit techniques. 

TRAINING 

Processor controlled exchanges 
demand radically different skills than 
present day automatic exchanges in 
all phases of their execution, namely, 
design, installation and maintenance 
(manufacture having been dealt with 
separately above). As far as the ope­ 
rating administration is concerned, the 
requisite training must span from the 
technician level to the senior adminis­ 
trative level. The training must be 
undertaken well in advance so that 
the venture can be properly planned 
and executed, if maximum advantage 
is to be gained from the new tech­ 
nique. Universities and technical col­ 
leges should of course cover the basic 
concepts involved and this is already 
done to a large extent. 

INTEGRATED SWITCHING 
AND TRANSMISSION 

With space division processor 
controlled exchanges the traditional 
dividing line between switching and 
transmission is maintained. Advantages 
are however seen in integrating the 
two disciplines, arriving at what is 
known as an 'integrated switching 
and transmission system'. Such sys­ 
tems employ time division multiplex 
and a specific type of these is known 
as pulse code modulation switching. 

CONCLUSION 

A small number of processor con­ 
trolled switching systems are already 

in service in various countries and a 
larger number are about to be put 
into service. The Department is acti­ 
vely examining and contributing to 
the various developments with the 
object of deciding on the right type {s) 
for Australian condition and the right 
time for its introduction. 

ADDENDUM 

After the preparation of this paper 
the Department placed a contract for 
a stored program control (s.p.c.) 
trunk exchange in Sydney, to become 
operative from 1973 onwards. 

On the experimental side, the De­ 
partment has provided a small s.p.c. 
electronic exchange (developed by the 
A.P.O. Research Laboratories) in Mel­ 
bourne to work through a similar 
exchange at the O.T.C. in Sydney into 
the international network to test the 
practicability of a draft specification 
which has been prepared by the 
C.C.I.T.T. for a flexible new type of 
signalling system known as the 
C.C.I.T.T. Signalling System No. 6. 
These international tests commenced 
in 1971. 
In the more advanced techniques 

area the Laboratories are developing 
an experimental integrated switching 
and transmission system, employing 
stored program control and scheduled 
to be installed on an experimental 
basis in the South-Eastern Melbourne 
Metropolitan Network in the latter 
part of 1972. 
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TECHNICAL NEWS ITEMS 

THE POST OFFICE ENTERS THE 
ELECTRONIC SWITCHING ERA 
The Post Office entered the elec­ 

tronic switching era in September, 
1969, when it was decided to purchase 
a stored program controlled trunk 
exchange to be placed in service in 
Sydney by 1973. 

Studies commenced in 1966 indi­ 
cated that it would be extremely diffi­ 
cult to switch economically the trunk 
traffic, expected to be generated in 
Sydney in the mid-1970s, using stan­ 
dard crossbar trunk switching equip­ 
ment. Evaluation of tenders received 
in response to a world-wide request 
for offers of equipment for a very 
large capacity trunk exchange led to 
the acceptance of the proposal sub­ 
mitted by Standard Telephones and 
Cables Pty. Ltd., Sydney, for the 
supply of an I.T.T. Metaconta l0C 
stored program controlled four wire 
trunk exchange developed by the Bell 
Manufacturing Company, Antwerp. 

On 1 July, 1970 the Central Board 
of Management adopted the follow­ 
ing recommendation on the applica­ 
tion of stored program controlled l0C 

trunk exchanges in the Australian net­ 
work:- 
"That the A.P.O. approves, as an 
alternative standard to the cross­ 
bar system, the use of the lOC 
system for trunk switching, manual 
assistance or automatic intercep­ 
tion service." 
The 1 0C exchanges use dry reed 

relays for speech path switching and 
are controlled by I.T.T. 3200 stored 
program controlled processors each of 
which is capable of connecting up to 
290,000 calls per hour. Large ca­ 
pacity ferrite core memories are em­ 
ployed, as well as magnetic discs, 
magnetic tapes and teleprinters. 

The l0C exchanges are being pro­ 
vided essentially for switching trunk 
calls dialled by subscribers (S.T.D.). 
Manual operating positions, where 
telephonists will connect calls for 
subscribers requiring assistance, will 
be associated with and controlled by 
the l0C exchanges. 

The manual assistance positions 
will be the first of their type in the 
world and will incorporate an alpha­ 
numeric keyboard control and self-scan 

visual display system to indicate to 
the telephonist full details of each call. 
Call dockets will not be required as 
all information will be stored in the 
exchange processor system. The in­ 
formation required for accounting pur­ 
poses will be recorded on a magnetic 
tape for processing by computer. The 
operation of the switchboards will be 
more efficient than existing types and 
the switchboards may be located re­ 
mute from the trunk exchange if so 
desired. 

Plans are well in hand to install 
similar exchanges in Melbourne and 
Adelaide for the commissioning during 
1974. In subsequent years similar 
exchanges may be installed at Bris­ 
bane and Perth. The existing ARM 
exchanges at these locations (with 
the exception of Adelaide, which will 
be recovered) will then operate as 
secondary switching centres parented 
on the lOC exchange. 
The extension of the l0C system 

to large provincial centres with rea­ 
sonable growth of trunk switching 
requirements, together with a need 
for new manual assistance installa­ 
tions, is being considered. 

OPTICAL FIBRES FOR 
BROADBAND COMMUNICATION 
In December 1971, the Tribo Physics 

Division of the C.S.I.R.O. in Melbourne 
announced that it had manufactured 
optical fibres in lengths up to 1 km 
with measured attenuations of less 
than 20 dB/km. With further develop­ 
ment, this figure is expected to fall to 
as low as 10 dB/km. This achievement 
is significant since overseas investiga­ 
tors have been unable to achieve losses 
less than several tens of dB/km, except 
in relatively short lengths of fibre. 
The C.S.I.R.O. fibre consists of a 

drawn silica-glass tube containing an 
optically low-loss fluid rather than the 
more usual glass core. The diameter 
of this fluid core is large compared 
with the wavelength so that the bulk 
of the propagated energy travels in 
the core; in this condition a large num­ 
ber of modes can propagate and the 
fibre is said to be 'overmoded'. In 
contrast, most other effort has been 
directed towards constructing 'domi­ 
nant-mode' fibres in which the dia­ 
meter of the glass core is comparable 
with the signal wavelength. The glasses 
for these fibres must have extremely 
low impurity levels which are, in prac- 

tice, very difficult to attain. The use 
by C.S.I.R.O. of a low loss fluid over­ 
comes this difficulty. 

The Research Laboratories of the 
A.P.O. has acquired lengths of the 
C.S.I.R.O. fibre and, in February 1972, 
demonstrated the transmission of ana­ 
logue T.V. signals over a 400 metre 
length. The future programme of in­ 
vestigations will concentrate on deter­ 
mining the transmission capacity of 
the fibre and on developing suitable 
associated terminals and repeaters, 
with a view to specifying a possible 
system for the broadband network. 
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THE ACCURACY OF ELECTRICAL MEASUREMENTS MADE BY ELECTRONIC 
TECHNIQUES ]. M. WARNER, B.Sc., M.I.E.E.* 

Editorial Note: This paper which 
was presented to the May, 1972 Elec­ 
tronic Instrumentation Conference of 
the Institution of Engineers Australia 
and the Institution of Radio Engineers, 
Australia, is l:'eprinted by kind, 
permission of those Institutions. 

INTRODUCTION 
About 40 years ago, the require­ 

ments for electrical measurement 
reached the stage where they could not 
be met by the indicating instruments 
of that time, although these were pro­ 
bably within one order of the limiting 
sensitivity and certainly the same 
order of accuracy as today's instru­ 
ments. The measurement of alternating 
current, particularly at the higher fre­ 
quencies, was becoming increasingly 
important and there were requirements 
of high impedance, extended frequency 
range and high sensitivity that the 
instruments of the time could not 
provide. These needs brought about 
the development of the first electronic 
instruments, vacuum tube voltmeters 
and, while the desirable features listed 
above were attained, the accuracy of 
the measurements declined. In the last 
20 years, there has been a great in­ 
crease in both the quantity and com­ 
plexity of electronic instruments for 
making measurements of electrical 
quantities as well as those for measu­ 
rement of other quantities, which are 
not the concern of this discussion. 

It is known that we can often obtain 
an improvement in our product quality 
or output or our operational efficiency 
(depending on the type of industry 
concerned) by closer tolerance specifi­ 
cation somewhere in our respective 
processes. Closer tolerance specifica­ 
tion almost always requires higher 
accuracy measurement and with the 
introduction of automation into in­ 
dustry there arose the need for many 
of these measurements to be made 
automatically as well. This was for 
various reasons; so that information 
could be fed back into a process con­ 
troller, so that the measurement could 
be made without operator error, for 
the results to be printed out or pun­ 
ched onto a tape for digestion by a 
computer for further calculation or 
other statistical purpose. As well as all 
this, the demand was for increasingly 
higher accuracy. 

DIGITAL VOLTMETER ACCURACY 
The most common 'automatic mea­ 

suring instrument is the self balancing 
* Mr. Warner is Section Manager, Electrical 
Standards, A.P.O. Research Laboratories, 

digital voltmeter which, with the 
appropriate accessories, is the basis 
for most data logging systems as well 
as a most convenient tool for investi­ 
gations and general measurements. 
Modern DVMs are among the most 

sophisticated measuring instruments 
made and have passed the stage where 
the accuracy is inferior to that of a 
good portable indicating instrument. 
Today, the accuracy claimed by some 
makers suggest that they could be 
used to replace the traditional poten­ 
tiometer and standard cell in the 

standards laboratory. Instruments with 
a digital display are susceptible to a 
phenomenon that could be called the 
'credibility effect'. Because there is no 
obvious reading error, all the digits 
are to be believed. When the first 
three digit instruments were made, the 
accuracy was usually limited by the 
finite resolution and an error of one 
digit was believable. Today, six and 
seven digit instruments are made and 
it should be apparent that the same· 
limitations on accuracy do not apply. 
When we wish to examine the accu- 
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racy of digital voltmeters and, parti­ 
cularly, to compare the published 
specifications of different manufactu­ 
rers, we find some difficulty due to 
differing methods of writing specifica­ 
tions. (In what is a very competitive 
business there is also some advantage 
in skilful specification writing.) The 
method used differs from that almost 
standardized form that is used for 
indicating instruments, and the 
chances of misinterpretation are many. 
Errors are usually quoted in terms of 
the reading and range in combination, 
thus: ± X% of reading ± Y% of 
range. At full scale, this becomes ± 
(X + Y) % of reading but at the range 
change point, usually 1/10 of range, 
it becomes ± (X + lOY) %. A typical 
0.01 % + 0.01 % instrument has an 
error of 0.02% of reading at full scale 
and 0.11 % of reading at 1/10 full 
scale. Fig. 1 shows the effect of various 
typical two-part accuracy specifica­ 
tions of error expressed as a percent­ 
age of the reading, which is what the 
user wants to know. 

Over-Ranging 

Some makers provide over-ranging 
by putting an 'l' in front of the most 
significant digit, so that a three digit 
instrument can read up to 1999 instead 
of 999. Some people call this a 3½ 
digit instrument. There have been 
various over-ranges used, from 10% 
to 300%. Most manufacturers do not 
permit over-ranging on the maximum 
range (1000 volt). There is conse­ 
quently a certain amount of doubt as 
to what is the 'range' for the purpose 
of calculating errors. On a 3½ digit 
instrument with 100% over-ranging is 
full scale 999 or 1999? Is the error 
0.1 % or 0.05% of range? There are 
marginal advantages for the specifica­ 
tion writer (the maker's, not the pur­ 
chaser's); four digits with 20% over- 

range has a one count error of 0.008% 
compared with 0.01 % for a meter 
without over-range. Very few makers 
quote worst case accuracy (at the 
range change point) and certainly 
none headlines it. 

Stability 

The constancy of accuracy of digital 
voltmeters is usually given in the same 
two part form together with a time 
limit. Table 1 shows an extract from 
the catalogue of one maker. 

Comparison with another maker's 
product is not simplified by the change 
in temperature range for the various 
entries. The more interesting question 
is that of the event occurring at zero 
time - the calibration of the DVM 
against an external standard, the un­ 
certainty of which should be added to 
the figures above. There are very few 
laboratories in Australia that have the 
facilities for de voltage measurement 
up to 1000V with an uncertainty less 
than 0.01 %. For ac measurement, this 
would be even worse and, as will be 
shown later in this paper, there are 
difficulties with waveform. The cali­ 
bration, every 90 days of even a mode­ 
rately accurate DVM, is obviously 
outside the capabilities of the ordinary 
meter calibration laboratory and re­ 
quires the very best in the way of 
standards and they will of necessity 
be the traditional potentiometer, volt 
box and standard cell. 
A fairly common expression found 

in specifications is 'typical' as 'typical' 
accuracy, 'typical' stability and so on. 
'Typical' accuracy is higher than 
'guaranteed' accuracy by anything up 
to one order and is regarded with 
mistrust by some engineers because 
of the lack of definition of the expres­ 
sion, and the fact that in their past 
experience they had never been fortu­ 
nate enough to have bought a 'typical' 
instrument. 

TABLE I. - AN ACCURACY STATEMENT 

Accuracy 
(to 120% of range or 1100V maximum input) 

For 24 hours (23°C ± 1 °C) 
O.IV range ± (0.004% of input + 0.005% of range) 
IV ± (0.004% of input + 0.002% of range) 
10, 100, IO0OV ± (0.003% of input + 0.001 % of range) 

For 90 days (18°C to 28°C) 
O.lV range ± (0.005% of input + 0.005% of range) 
IV ± (0.005% of input + 0.002% of range) 
10, 100, 1000V ± (0.004% of input + 0.001 % of range) 

For 1 year (18°C to 28°C) 
O.lV range ± (0.02% of input + 0.005% of range) 
IV ± (0.02% of input + 0.002% of range) 
10, 100, 1000V ± (0.01 % of input + 0.001 % of range) 

On the subject of stability, one maker 
(J. Fluke) has given the following 
definition of 'typical' stability for his 
0.004% instrument: 

"Thorough error analysis studies 
into total instrument stability, taking 
into account the documented stabi­ 
lities of individual components and 
utilizing probability and statistical 
methods, indicate that typical instru­ 
ment stability (defined as a speci­ 
fication met by 80% to 90% of all 
instruments) is 40 ppm (0.004%) 
peak to peak per year. An instru­ 
ment so categorized need be cali­ 
brated only once per year to meet 
all specifications". 

Other makers might well follow this 
example. 

Other Errors 

The overall error in a DVM is the 
total of all or some of the following 
errors due to: 

finite resolution, 
non-linearity of basic range, 
range multipliers or attenuators, 
pre-amplifiers, 
internal reference, 
supply mains changes, 
effects of temperature, 
drift in zero setting, 
frequency of input, 
waveform. 
There are also other effects that are 

not properly classed as errors but are 
capable of causing errors when the 
instrument is used in a particular 
manner, such as that due to the current 
fed out from the input terminals of 
self-balancing potentiometric type in­ 
struments. 
If the specification is given for an 

overall error, it should list those 
causes that are included, but it is more 
common for the user to have to do 
his own arithmetic, particularly if the 
exercise is the comparison of allegedly 
similar instruments from different 
makers (as in the examination of 
public tenders). Accuracy statements 
such as the one quoted in Table 2 
make such a comparison very tedious 
as all makers do not use the same 
form. 

There is a tendency to make input 
resistances high to reduce internal 
heating as well as reduce circuit load­ 
ing. It is well known that high valued 
resistors are less stable than lower 
valued and the makers provide adjust­ 
able trimmers that are adjusted at the 
30, 60, or 90 day 'calibration'. Also, 
many instruments have a built-in refe­ 
rence, a zener diode or a standard cell 
against which the instrument is 'cali­ 
brated' at the user's demand by a 
front panel switch or button or even 
automatically in some cases. There is 
also a screw driver adjustment inside 
so that the change in this reference 
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TABLE 2. - AN A.C. ACCURACY STATEMENT 

A.C. Accuracy 

At 23°C ± 1 °c (nominal calibration temperature), relative humidity 
less than 70%; 

30Hz to 5kHz ± (0.05% of input + 0.0025% of range) from 0.001 
to 500V ± 0.1 % of input from 500 to llO0V. 

5kHz to lOkHz ± (0.07% or input + 0.005% of range) from 0.001 to 
500V ± 0.1% of input from 500 to 1100V. 

10 kHz to 20kHz ± (0.15% of input + 0.01% of range) from 0.001 to 
1100V. 

Over the temperature range 13°C to 35°C (55°F to 95°F), relative 
humidity less than 70%; 

20Hz to 5kHz ± (0.15% of input + 25µv) from 0.001 to 1100V. 

lOkHz to 20kHz ± 0.3% of input from 0.1 to ll00V. 

20kHz to 50kHz ± 0.5% of input from 0.1 to ll0V. 

50kHz to lO0kHz ± 1 % of input from 0.1 to ll0V. 

l0Hz to 20Hz ± (0.3% of input + l0Oµv) from 0.001 to 1100V. 

5Hz to l0Hz ± (1 % of input + 250 µ,V) from 0.001 to 1100V. 

Outside the 13°C to 35°C temperature range, the above specifications 
may be derated at 0.003%/°C (below 5kHz) or 0.005%/°C (above 
5kHz) to the extremes of 0°C and 50°C (32°F and 122°F). 

with time can be compensated. In 
practice, the DVM is not 'calibrated' in 
the usual sense when sent to the 
standards laboratory but the internal 
trimmers are adjusted so that it reads 
correctly within a specified tolerance. 
Few users would be happy to receive 
a list of corrections to be applied - 
the normal result of a 'calibration' 
operation. 

Temperature Effects 
Several components in a DVM will 

be temperature dependent and the 
overall temperature dependence will 
not necessarily be linear. The designer 
will make it small over a small range 
about a normal ambient but outside 
that range it may be non-linear. He 
may quote an overall figure which 
may be quite large, or give the co­ 
efficient of each part, leaving the user 
to do his own statistics. Most makers 

have adopted the practice of quoting 
the accuracy first over a very narrow 
temperature range (23 ± 1 °C for most 
instruments of American origin) and 
give additional errors for other tem­ 
peratures. If the temperature coeffi­ 
cients differ for various input ranges, 
then a two part specification is often 
used (see Table 3). 
In this example, the effect of tempe­ 

rature over the range 18-28°C is in­ 
cluded in the statement given for 
accuracy and stability. 

Unwanted Signals 
Interference from a.c. signals has 

a greater effect on d.c. DVM operation 
than it has on VTVMs or any other 
indicating type instruments. The ef­ 
fect of series mode unwanted signals, 
which originate mainly from the supply 
mains, can be reduced by either a Jo·.·1 
pass filter or inherently by the inte- 

TABLE 3. - A TEMPERATURE COEFFICIENT SPECIFICATION 

Temperature Coefficients (0° to l8°C and 28° to 50°C) 

0.lV Range 

± (0.0007% of input + 0.0005% of range)/°C 

IV Range 

± (0.0007% of input + 0.0003% of range)/°C 

10, 100, 1000V Ranges 

± (0.0005% of input + 0.0002% of range)/°C 

grating system used in some types of 
DVM. A low pass filter will reduce 
the reading speed to the extent that 
it may take ½ to 1 second to settle 
within 0.01 % of the final reading, 
although the time without filter may 
be few milliseconds. The written spe­ 
cification may headline the time of 
the unfiltered performance and the 
rejection appropriate to filtered per­ 
formance, which can be misleading. 
Slow balancing may not be important 
for some type of usage, in a laboratory 
for instance, but for data logging 
applications the high rejection of the 
integrating instrument is preferable. 
It should be noted that, although it 

is possible to apply lO0V a.c. on the 
100V d.c. range without obtaining a 
change in reading greater than 0.1 %, 
it is not reasonable to expect the same 
performance on lower ranges. In fact, 
low ranges which use pre-amplifiers 
frequently have clamping diodes for 
overload protection and these produce 
spurious signals when overloaded. 

A.C. MEASURING INSTRUMENTS 

So far, the matters discussed in this 
paper may be taken to apply equally 
to instruments for the measurement 
of either direct or alternating quan­ 
tities. There is an important source of 
error that affects the measurement of 
alternating quantities only: the rela­ 
tionship between the type of instru­ 
ment and the waveform of the quantity 
being measured. The effect applies to 
all a.c. measuring instruments, ordi­ 
nary indicating meters, all types of 
electronic voltmeter as well as diffe­ 
rential and digital voltmeters. 
The amplitude of an alternating 

wave may be specified by a single 
value provided the waveform is fully 
defined. The three well known para­ 
meters are the peak, average and root 
mean square (r.m.s.) values and they 
are interrelated as follows: 

f r.m.s. amplitude 
form actor = . average amplitude 

peak amplitude 
crest factor = 1.t d r.m.s. amp 1 u e 

and for a sine wave these have fixed 
values of 1.1107 and 1.4142, respec­ 
tively. 
The significance of the difference 

betr. een the three parameters is often 
overlooked. As the majority of measu­ 
rements is concerned with energy and 
power, the r.m.s. value is the most 
important. For measuring the break­ 
down of insulating materials or cali­ 
brating an oscillograph, the peak value 
is more important, and for measure­ 
ments of electrolysis, the average 
value is more appropriate. However, 
the r.m.s. value is always assumed to 
be specified unless otherwise stated. 
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Unfortunately, the r.m.s. value is the 
most difficult to measure in a practi­ 
cal manner. Dynamometer, thermo­ 
couple and electrostatic instruments 
all measure r.m.s. but suffer from 
limitations of sensitivity, frequency 
range, robustness and price as well as 
resolution. Peak rectifying diode volt­ 
meters for the measurement of radio 
frequency voltage and average rectify­ 
ing meters for lower frequencies are 
more practical. Although they do not 
measure r.m.s. values, but peak or 
average, the scales of these practical 
instruments are always scaled so that 
they indicate the r.m.s. value for a 
sine wave by applying either the crest 
factor or form factor and frequently 
declare on the scale 'R.M.S. of a Sine 
Wave'. 
While the sinusoid may be simple to 

describe mathematically, it is rarely 
encountered in reality in the electrical 
field. The accuracy with which a peak 
or average responding r.m.s. voltmeter 
measures the r.m.s. value of a distor­ 
ted sine wave voltage depends on the 
amplitude of the harmonics, their 
order, and phase relationship to the 
fundamental. It is not practical to 
calculate the correction for a particu­ 
lar amount of distortion because of the 
difficulty in measuring the phase rela­ 
tions. However, the errors can be 
calculated for the most unfavourable 
phase condition and this 'worst case 
error' used as a qualifying uncertainty 
for the measurer! value. The effects of 
harmonics differ with the type of 
instrument and are considered separa­ 
tely. 

Peak Responding Instruments 
For a sine wave with a single har­ 

monic added the maximum error 
occurs when a peak of the harmonic 
coincides with that of the fundamental. 
The effect on the peak measurement 
will in this case be equal to the 
amount of the harmonic. The effect of 
several harmonics will be additive and 
in the worst case the error will be the 
arithmetic sum of the harmonic ampli­ 
tudes. 

Average Responding Instruments 
The effects of even and odd order 

harmonics are quite different. The 
following summary is derived from an 
examination of the effects of harmonic 
influence given in Refs, 1 and 2 for 
the case where the amount of distor­ 
tion is less than 5%. 

Even-ordered harmonics: These can 
produce errors up to 

(H2/200) percent 
where H is the amplitude of the har­ 
monic expressed as a percentage of 
the fundamental. The maximum error 
occurs when the harmonic is in phase 
with the fundamental. The error due 
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to several even harmonics can be up 
to 

(1/200) (H2+H4+ ... )2 percent 
The effect is small, 4% of 2nd harmo­ 
nic producing less than 0.1% error. 

Odd-ordered harmonics: These can 
produce the greatest errors up to 

H3/3+H5/5+ ... percent 
The error produced by the lower 

order odd harmonics is the worst and 
3 % of 3rd harmonic can produce an 
error in an r.m.s. measurement made 
with an average responding instru­ 
ment between +1 % and -1 % depend­ 
ing on the phase relationship. 
When the distortion in a supply is 

given only as a per cent harmonic 
content and the order of the harmo­ 
nics is unspecified, then the worst case 
assumption is also that it is entirely 
3rd harmonic. 
The accuracy claims for a.c. measur­ 

ing instruments also require a term 
to be added for the accuracy of the 
local standard and it should be noted 
that the Australian National Standards 
Laboratory calibrates true r.m.s. 
measuring devices for the frequency 
range up to l0kHz with an uncertainty 
at the present time of 0.01 %. Conse­ 
quently, a figure of at least that mag­ 
nitude must be added to any maker's 
claims. 
While the majority of a.c. DVMs is 

average responding/r.m.s. calibrated, 

0.1% 0.2 0.5 1.0% 

Peak and Average Responding 

there are some true r.m.s. instruments 
available as well as accessory type 
a.c./d.c. converters which are true 
r.m.s. operated. The true r.m.s. instru­ 
ments use thermocouples and are much 
slower to reach final balance than the 
average responding types and, in 
general, are claimed to have worse 
accuracy than the average responding 
types. This will, of course, only be 
realized on sine waveforms of low 
distortion. 

NON . SINUSOIDAL WAVEFORMS 

There are occasions when measure­ 
ments have to be made of quantities 
where the waveform is not sinusoidal 
and r.m.s. responding meters are essen­ 
tial, whether digital or direct indicat­ 
ing is unimportant. Electronic instru­ 
ments that are r.m.s. responding are 
invariably known as 'true r.m.s.' 
meters. There is however a limit to the 
departure from sine wave form beyond 
which the electronic 'true r.m.s.' meter 
will not operate correctly, as the peak 
amplitude may be many times greater 
than the r.m.s. value and overload the 
amplifiers causing clipping and inaccu­ 
rate measurement. The ratio of peak 
to r.m.s. amplitude ( crest factor) is 
usually taken as a measure of this 
departure and most instruments will 
cope with waveforms having crest 
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TABLE 4. - WAVEFORM ERRORS 

Crest 
Error 

Form 
Waveform Factor Factor Peak Average 

Sine wave ,12 n/2y2 0 0 
Square wave 1 1 -29% +11% 
Triangular wave y3 2/y3 +22% -3.8% 
A.C. rectangular wave: 

1 :25 on/off ratio 4.90 2.55 246% 56.5% 
1:100 on/off ratio 9.95 5.03 605% 77.9% 

factors in the range 3-10. This figure 
applies to readings at full scale, crest 
factors of 30-100 being acceptable at 
10% of full scale. 
Table 4 gives the crest factor of 

some common non-sinusoidal wave­ 
forms and the error that would result 
from measurement using peak and 
average responding r.m.s.-calibrated 
instruments. These errors are calcula­ 
ted from the crest and form factors 
of the waveforms and are given as an 
indication of the errors inherent in the 
mathematics of the peak or average 
responding/r.m.s. calibrated system 
that we employ. It should be noted 
that with rectangular or pulse wave­ 
forms there are two crest factors due 
to the different amplitudes of the posi­ 
tive and negative peaks. Convention­ 
ally the greater one is quoted but in 
practice measurements made with a 
peak responding meter will show two 
different readings depending on the 
polarity of connection. There is also 
a half wave average but it is the 
same for both positive and negative 
half cycles of an alternating wave­ 
form, that is one with no direct current 
component. 

The value of the full wave rectified 
average is the value usually stated (the 
full wave average being zero of 
course) and this is twice the half 
wave average. 

A peak responding r.m.s.-calibrated 
meter indicates an amplitude 

Ai= Ap/V2 

The true r.m.s. value of a waveform 
with crest factor Cf is 

Ar= Ap/Cf 

The error in the value indicated is 

(Ai - Ar)/Ar = (Cf - v2)/V2 

Similarly the error in the value indi­ 
cated for an average responding meter 
is 

(n/2v2 - Ff)/Ff 

Where Ff is the form factor of the 
waveform being measured. 

MEASUREMENTS WITH NOISE 

Another measurement involving non 
sinusoidal waveforms is encountered 
when noise is present. Two types of 
noise can be considered, noise being 
defined as an unwanted signal. 

Non Harmonically Related Periodic 
Noise 

With average responding instru­ 
ments the effect of a single interfering 
signal of value E2 on the measurement 
of a signal E1 results in the following 
reading 

[ 1 (E2)
2 

1 (E2)
4 

s, l + 4 E
1 

+ 64 ,E
1 

1 (E2
)
6 

] + 256 E
1 

+ ... 
According to the author of Ref. 3, 
from which this formula is quoted, 
this effect has not been previously 
subjected to rigorous scrutiny and 
consequently the results appear at first 
to be surprising. An interfering signal 
of amplitude 10% of the desired signal 
produces only 0.25% difference in the 
value read on an average responding 
instrument compared with 0.5% on a 
true r.m.s. instrument and 10% on 
a peak responding instrument. 

Random Noise 
The measurement of noise with peak 

responding instruments is open to 
many sources of error. The reading 
depends on the rectification efficiency 
of the diode which is rather uncertain 
and their use is not recommended. 
The indication of average respond­ 

ing instruments to noise with a gaus­ 
sian distribution can be calculated and 
for the usual r.m.s. scaled instrument 
the readings will be 11.5% low 
(l.05dB). 
The measurement of sine wave sig­ 

nals in the presence of broadband 
noise has been simplified in the tele­ 
communication field by the use of 
frequency selective instruments. 
Although these instruments respond 
to the average value of the fundamen­ 
tal, this is quite a good indication of 
the r.m.s. of a distorted wave. (The 
difference between the r.m.s. value of 
the fundamental and that of a distor- 

ted wave is only 50 parts per million 
for 1 % harmonic distortion.) 

For measurements made with wide 
band instruments the extent of the 
error due to random noise will depend 
upon the signal-to-noise amplitude 
ratio R and for ratios less than 10: 1 
is approximately 

25 (1/R2) percent 
for average responding instruments. 
For true r.m.s. instruments the error 
is approximately 

50 (1/R2) percent 
A rigorous examination of the effect 
of superimposed noise can be found 
in Ref. 4. 

CALIBRATION 
The calibration of a.c. measuring 

DVMs requires a signal source of very 
low distortion and high amplitude sta­ 
bility (because of the slow response 
of true r.m.s. instruments of the ther­ 
mocouple type). The range multipliers 
(attenuators or voltage dividers) are 
usually provided with adjustable capa­ 
citors to compensate for changes of 
stray capacity distributions. The resis­ 
tive trimmers for the multipliers are 
adjusted at a low frequency and the 
capacity trimmers at a high frequency 
- usually l00kHz. The supply of 
1000V at this frequency with low dis­ 
tortion is probably the most stringent 
requirement for the signal source and 
its matching transformer, as the com­ 
bined capacity of the DVM, circuit 
wiring and the calibration standard 
constitute a surprisingly high loading, 
even if it is reactive power. 

CONCLUSION 
Electronic measuring instruments 

are becoming increasingly used and 
they can possess particularly high 
short term accuracy. Although tradi­ 
tional calibration laboratories have no 
great confidence in digital voltmeters, 
they are acknowledged to be a very 
convenient tool. 
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THE 2-WIRE/4-WIRE INTEREXCHANGE TELEPHONE CIRCUIT 
R. G. KITCHENN, B.Sc. (Eng.); C.Eng., M.I.E.E.* 

SUMMARY 

The switched telephone circuit which 
terminates in a 2-wire switch at one 
end and a 4-wire switch at the other 
presents some interesting transmission 
problems. In this paper the network 
implications of the design of this type 
of circuit are examined. In particular, 
the paper examines the following 
factors:- 
- transmission system loading 
- asymmetry of loss in opposite 

directions in a connection 
- data transmission implications 
- national semi-loop loss 
-noise 
- national sending and receiving 

reference equivalents. 
It is shown that when the circuit is 

required to introduce loss into a con­ 
nection, such loss (relative to a zero-loss 
circuit) should be provided in the 2- 
wire receive path only. 

INTRODUCTION 

In any switched telephone connec­ 
tion including 4-wire switched circuits, 
there must be two circuits which are 
switched 2-wire at one end and 4-wire 
at the other. Such circuits may be pro­ 
vided between a (4-wire) secondary or 
higher switching centre and a (2-wire) 
primary or local exchange. Note: 
C.C.I.T.T. exchange terminology is used 
here; corresponding terms are as follows: 

C.C.I.T.T. Australia 
Secondary ---- Secondary 
Primary ------ Minor 
Local ------ Terminal 

The transmission design of these cir­ 
cuits is dependent not only on the send 
relative levels at the exchange in which 
they terminate, and the transmission 
loss they are intended to introduce into 
a connection, but also on transmission 
system loading and noise considerations. 
Furthermore, the two 2w/4w circuits 
must always be considered together; they 
are complementary, and neither can ever 
be used without the other. 

send relative level of all circuits at a (4-wire) 
secondary exchange be S, dBr. Note in 
Fig. l(a) that the designation SP to the left 
of the switch point in exchange A and the 
designation S, to the right of the switch 
point in exchange B refer to the send 
relative levels of the circuits to which 
circuit AB may be switched. The S, desig­ 
nation to the right of the switch point in 
exchange A and the S, and R, designations 
to the left of the switch point in exchange B 
refer to circuit AB. 
If circuit AB is to introduce no trans­ 

mission loss in either direction of trans­ 
mission when it is included in a connection, 
it follows that the receive relative level at 
each end should be the same as the respec­ 
tive send relative level of the circuits to 

which it is connected. For example, the 
circuit AB in Fig. l(a) would have to have a 
receive level of R, = S, at B and a receive 
relative level of RP = S, at A. 
It then follows that as far as the outside 

world is concerned, the zero-net-loss 2w/4w 
circuit AB must look like the solid lines of 
Fig. l(b): a gain of (S, - Sp)dB would be 
measured between switches in the AB 
direction and a loss of (S, - Sp)dB would 
be measured in the BA direction, regardless 
of the actual make-up of the circuit be­ 
tween the exchanges. (The amplifier and 
pad symbols shown are appropriate for 
S, > Sp; they would be reversed if S, < Sp, 
and would each have the value O if S, = Sp,) 
The dotted complementary circuit BA' in 
Fig. l(b) shows how an overall loss of OdB 
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between 2-wire points is provided when 
two such circuits are connected 4-wire at B. 
The concept of a circuit contributing no 

loss to a connection yet providing a loss in 
one direction and a gain in the other, 
requires careful explanation in installation 
and maintenance instructions. For the 
transmission planner, at least, it is con­ 
venient to regard the circuit just described 
as a zero-loss circuit, and one which con­ 
tributes an effective X dB to a connection 
as an X-dB net loss circuit. 
We are thus led to define the net loss of 

the circuit AB as the mean of A-Band B-A 
losses: 

Net loss = ½[S. - S, - (S, - Sp)] 
= odB in the example of Fig. 1. 

MAKING IT LOSSY 

Adding Loss to Each Direction 
What adjustments have to be made 

to the zero-net-loss circuit of Fig. I 
to enable it to contribute a net loss to 
a connection? 
A first approach is to add that net 

loss to each direction of transmission. 
If circuit AB in Fig. 2 is to have a net 

loss of X dB, then the amplifier gain is 
reduced by X dB and the pad loss is 
increased by X dB. Fig. 2 also shows 
a complementary circuit BA' with a net 
circuit loss of Y dB. 
The receive relative levels of the cir­ 

cuit at A and B will each be lower than 
those indicated in Fig. 1 by the net loss 
of the circuit; they are shown in Fig. 
2(b). The net loss of circuit AB is now: 
½[S. - S, + X - (S, - S, - X)] = X dB 
Similarly, the circuit A'B has a net loss 
of Y dB. Their 2-wire-2-wire sum is the 
same in each direction: (X + Y)dB. 

Adding Loss to Only One Direction 
Suppose now that the loss of circuit 

AB in one direction of transmission 
remains independent of net circuit loss, 
and that all loss adjustments are made 
in the other direction only. In the first 
approach above, a net loss of X dB 
required the addition of 2X dB distri­ 
buted equally between the two directions. 
In this second approach, we place the 
entire 2X dB in one direction, and Fig. 
3 shows the effect of doing this, together 
with a, complementary circuit BA' which 

Q dB X dB 

B 

I 
Y dB Q dB 

. r:;:7 r:-;:7 
i------~- - - - -, 1 1-- --1 I r - \ 

' L ::: _j L ~-_J \ I 

I 
'\I 

X 
II 

1
1 

YdB QdB it II 

r;--7 ,..,1 1 
1------ ------1 I f---< t---_/ I 

I L:::...J '-J i 

(a.) ADDING LOSS EQUAL LY IN BOTH DIRECTIONS 

srr; 

Sp ~J \ (ss -sp +x) dB 
(sp-X)d Br 

I 

B A ~ c,+,--------- 
(ss~x1clar issdBr (s5-sp+Y)dB I r I r r:-!.7 

>-------X-------i I-~\ (sp-Y)dBr 

I

! L:...:_J \\ f rdBr 

1'* 
1 (55-Sp-Y)dB 1J1 I 
I 1 ; ! --<,.., r--E__; SpdBr 1----.Jf '-J ' 

SsdBrl~-Y)dBr I 
(b) EQUIVALENT OF (a.) 

Fig. 2 - A Lossy Circuit : First Approach. 

has a corresponding loss of 2Y dB 
added in one direction. The loss may be 
added in the 2-wire receive path (Fig. 
3,(a) ) or the 2-wire send path (Fig. 
3 (b)). 
It is clear from Fig. 3 that the overall 

loss between A and A' :is no longer the 
sum of the net circuit losses of the 
two circuits, and that unless X = Y, 
the loss will be different in opposite 
directions of transmission, the difference 
being 2(X ,-, Y)dB. Following the same 
approach as previously, the 'net circuit 
loss' is found to be X for the circuits 
AB and Y for the circuits A'B in both 
Figs. 3(a) and 3(b). However, the sum 
of the losses is no longer X + Y in each 
direction, and application of the con­ 
cept of 'net circuit loss' in a connection 
is less precise than in the previous 
arrangements. 

CHANNEL LOADING 

The circuits such as AB in Figs. 1, 2 and 3 
will generally be provided in f.d.m. carrier 
systems. The channels in such systems have 
standard input (send) and output (receive) 
relative levels (Sc dBr, Re dBr respectively) 
which must be independent of the net losses 
of the circuits of which they are a part, to 
ensure controlled multi-channel loading of 
the systems (Sc) and standardized channel 
test procedures (Sc and Re). 
Fig. 4 shows the internal arrangements 

of a simple connection, when circuits 
are provided over f.d.m. carrier systems. 
In this Figure 

(a) corresponds to Fig. 1 (b); 
(b) corresponds to Fig. 2(b); 
(c) corresponds to Fig. 3(a); and 
(d) corresponds to Fig. 3(b). 

Note that the relative levels at· the 
ends of the circuits in Fig. 4 correspond 
exactly with those of the earlier Figures. 
In practice, a complete connection could 
be extended to local exchanges over 
terminal circuits which could be pro­ 
vided by carrier systems switched 2-wire 
at each end, as shown in Fig. 5. 
Let the carrier channels in Fig. 5 be 

identified in direction and location by 
their terminal letters; thus aA represents 
the channel from a to A, A'B represents 
the channel from A' to B, and so on. 
Then for each case in Fig. 4 it is pos­ 
sible to describe the loading effects on 
the various carrier channels concerned. 
(See Table 1). The loading of channels 
aA and a' A' is independent of the con­ 
ditions in Fig. 4, and these channels 
are therefore not designated in the table. 

WHICH METHOD OF 
INTRODUCING LOSS? 

Loss and Loading 
We have seen that there are only 

three possibilities for designing 2w/4w 
circuits to provide a transmission loss. 

KITCHENN - 2 Wire/4 Wire Interexchange Circuit 
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(a) ADDING L055 IN THE 2-WIRE RECEIVE PATH. 

They are (with respect to a circuit pro­ 
viding zero net loss): 

(a) - add loss equally in both 
directions. (Fig. 2 (b )), or 

(b) - add loss in the (2-wire) 
receive direction only. (Fig. 
3(a)), or 

(c) - add loss in the (2-wire) send 
direction only. (Fig. 3(b )). 

Undesirable results attach to each 
method, either in respect of the overall 
connection loss, or in respect of carrier 
channel loading. In detail, these effects 
are: 

A 
I 
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'sp d~I ~dBr 

2X dB 
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(b) ADDING LOSS IN THE 2 -WIRE SEND PATH. 

Fig. 3 - A Lossy Circuit : Second Approach. 

TABLE 1: EFFECTS ON CHANNEL LOADING 

Zero loss Two lossy circuits 

Channel Fig. Fig. Fig. Fig. 
4a 4b 4c 4d 

{ AB N N N N 
Direction aa' BA' N L' N L" 

A'a' N L'' L" L" 

{ A'B N N N N 
Direction a/a BA N L' N L" 

Aa N L" L" L" 

Key: N = normal, or independent of net circuit losses. 
L' = lower than normal by net circuit loss of previous circuit. 
L" = lower than normal by (a) twice net loss of one of the previous circuits, 

or 
(b) sum of net losses of both previous circuits. 

KITCHENN-2 Wire/4 Wire Interexchange Circuit 

(a) Loss added in both directions (Fig. 
2(b)): 
Loss addition: satisfactory 
Channel loading: 

(i) 2w/4w circuits: only 2 of 
the 4 channels in the con­ 
nection are properly loaded; 
the others are underloaded 
by the net circuit loss of 
the previous circuit. 

(ii) terminal circuits: primary­ 
to-local channels under­ 
loaded by the sum of the 
net circuit losses of the 
2w/4w circuits. 

(b) Loss added in 2-wire receive direc­ 
tion (Fig. 3(a)): 

Loss addition: 
Unless the net circuit losses 
of the 2w/4w circuits in the 
connection are equal, there 
will be a difference in loss 
between the two directions 
of transmission. In an ex­ 
treme case, this could 
could amount to 6 dB or 
more in an international 
correction, but this would be 
very rare. 

Channel loading: 
(i) 2w/4w circuits: all chan­ 

nels are properly loaded, 
and the loading is indepen­ 
dent of net circuit losses. 

(ii) terminal circuits: primary­ 
to-local channels under­ 
loaded by twice the net 
circuit loss of one 2w/4w 
circuit at one end, and by 
twice the net circuit loss 
of the other 2w/4w circuit 
at the opposite end of the 
connection. 

(c) Loss added in 2-wire send direction 
(Fig. 3(b)): 
Loss addition: as for (b) 
Channel loading: 

(i) 2w/4w circuits: only 2 of 
the 4 channels in the con­ 
nection are properly loaded; 
the others are underloaded 
by twice the net circuit loss 
of the previous circuit. 

(ii) terminal circuits as for (b). 
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Channels in Terminal Circuits 
Any connection in which net circuit 

loss is introduced into 2w/4w circuits 
will inevitably result in underloading of 
carrier channels in terminal circuits in 
the primary-to-local direction; the pheno­ 
menon is common to each of the 
methods (a), (b) and (c) above. The 
degree of under loading may be assumed 
to be much the same for all three 
methods, since the possible loading dis­ 
crepancies ((X + Y)dB, 2X dB and 2Y 
dB) are statistically likely to have a 
common mean value over all possible 
connections. 
Furthermore, other, non-carrier, ter­ 

minal circuits connectable to a carrier 
terminal circuit at a primary exchange 
will also produce underloading if their 
loss is more than the difference between 
the send relative levels of circuits at the 
local and primary exchanges. 

We conclude that the loading of chan­ 
nels in terminal circuits cannot be used 
as a criterion for choosing a preferred 
method of allocating loss in 2w/4w cir­ 
cuits. 

Channels in 2w/4w Circuits 
Only one method, (b), ensures proper 

loading of all channels. The other 
methods each result in underloading half 
the channels concerned. On this criterion 
method (b) is the preferred solution. 
Loss addition: 
Only method (a) ensures proper 

addition of losses and equal losses in 
opposite directions of transmission. Are 
the disadvantages of asymmetrical losses 
in method (b) sufficient to outweigh 
that method's advantages in respect of 
channel loading? 
We must consider two aspects of 

bothway transmission: speech and data. 
Speech: 
The effect of difference in loss in oppos­ 

ite directions has been studied for tele­ 
phony by the Swedish Administration. 
(Reif. 1) A telephone connection having 
a overall reference equivalent of about 
12dB (about the value preferred by 
subscribers) was adjusted so that the 
loss in one direction was increased by 
X/2dB while the loss in the other was 
decreased by X/2dB, the difference in 

loss between the two directions then 
being X dB. Customers' reactions to 
these conditions were measured in terms 
of mean opinion scores, and it was 
claimed that values of X up to ± l 7dB 
could be inserted before noticeable 
degradation was revealed by the mean 
opinion scores. More specifically, if R 
and R' are the reference equivalents in 
opposite directions of transmission, 
examination of the data shows that the 
curves of mean opinion score against 
reference equivalent for: 

(a) R' = Rand 
(b) R' = (24.3-R) 

are virtually coincident over a range of 
27> R>OdB (See Fig. 6). 
On this evidence, there would be no 

observable disability to subscribers' 
conversations when presented with loss 
differences of the magnitude likely to 
result from the adoption of method (b) 
and we conclude that for telephony, the 
latter method is satisfactory. 
Note: Since the preparation of this 

article, the C.C.I.T.T. has 
declared " .... no great disad- 
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(b) NET LOSSES X dB (LEFT) & Y dB (RIGHT) (SEE FIG. 2b). 
Fig. 4 - Circuits Pro-vide 
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vantage attaches to any reason­ 
able difference in nominal over­ 
all reference equivalent between 
the two directions. In con­ 
sequence, there is no need to 
recommend a limit for this 
difference" (Ref. 2) 

Data: 
Data service over public telephone cir­ 

cuits is likely to be less critical with 
respect to difference of loss in opposite 
directions than telephony. 
Data receivers are designed to accept 

a wide range of input levels (typically, 
a 2w-2w loss of O to 40 dB) and the 
operation in one direction of trans­ 
mission is independent of that in the 
other. In principle, there is no reason 
why a data connection should not oper- 
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Fig. 5 - Simplified cennecuon between, Local Exchanges, 
Using Carrier Circuits Thro,ughout. 
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NOTES:- 
t ALL LEVELS SHOWN IN dBr THEY APPLY TO THE CIRCUITS NOT THE CONNECTIONS. 
2. TERMINATING SETS ASSUMED 3.5 dB LOSS. 
3. PAD VALUES SHOWN IN dB. 
4. X :::: SWITCH POINTS 

y Carrier Systems. 
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ate satisfactorily with a loss of 0dB in 
one direction and 40 dB in the other. 
The loss differential of method (b) 

is not a disadvantage to data trans­ 
mission. 

Semiloop Loss 
For both national and international 

transmission planning, the national semi­ 
loop loss':' is an important factor. The 
loss in the path a' - A - b' in Fig. 
l(a) is an element in the national semi­ 
loop Ioss, How is the loss a! - A - b' 
affected in the three possibilities for loss 
addition described earlier? 
To compare the three cases, we assume 

that the balance return loss BdB at 
exchange A is constant. Then the three 
losses to be compared are: 

The total noise received at either of 
the two-wire points in the connections 
illustrated in Fig. 4 is then sum of the 
noises attributable to the two carrier 
channels in tandem in the appropriate 
direction in the 4-wire path. 

It can be shown (Appendix 1) that the 
arrangement of Fig. 4c (loss in receive 
path only; method (b)) produces an 
overall signal-to-noise ratio at the 2-wire 
points of the connection which is equal 
to or higher than that produced for 
the other arrangements, and equal to that 
provided by zero-loss circuits. Unlike the 
other arrangements, the signal-to-noise 
ratio is independent of the values of X 
and Y. 

Method I Loss added I Fig. I Loss a'-A- b' (dB) 

(a) equally both ways 2b 
(b) in 2-wire receive path 3a I ~ B + 2X 

I 
(c) in 2-wire send path 3b 

National semiloop loss is not affected 
by a choice between the three methods. 

Noise 
It may be assumed for this study that 

the absolute level of noise NdBm0 at 
the output of any of the carrier channels 
in Fig. 4 is the same for all channels. 
It may also be assumed that it is inde­ 
pendent of small variations of signal 
level in the channels. 
*Loss in the path a-t-b, as defined in C.C.I.T.T 
Ree. G.122. 

National Sending and Receiving 
Reference Equivalents 

The method for providing the net loss 
of a 4-wire/2-wire circuit must also be 
chosen having regard to the require­ 
ments of C.C.I.T.T. Ree. G.121B (which 
specifies the maximum sending and 
recerving reference equivalents in a 
national network, referred to the inter­ 
national exchange) and the difference 
in sending and receiving reference 
equivalents of subscribers' local ends. 

If the 4-wire/2-wire circuit has a net 
loss of X dB, 

method {a) will add X dB to both 
sending and receiving 
national reference equiv­ 
alents. 

method (b) will add 2 X dB to the 
national receiving refer­ 
ence equivalent only and 

method (c) will add 2 X dB to the 
national sending refer­ 
ence equivalent only. 

Generally, the effect of microphone feed 
current loss in subscribers' local ends 
is such that the C.C.I.T.T. national send­ 
ing reference equivalent limits are con­ 
trolling, and there is still some margin 
before the national receiving reference 
equivalent limit is reached. In this case, 
there is obviously an advantage in adop­ 
ting method (b) for introducing loss in 
the 4-wire/2-wire circuit, since this 
method introduces no sending reference 
equivalent penalty. 

CONCLUSION 

Six factors have been examined in 
respect of the planning of lossy 2w/4w 
circuits:- 

1 - loading of carrier channels in 
terminal circuits 

2 - loading of carrier channels in 
2w/4w circuits 

3 - loss differential in connections 
including 2w/4w circuits 

4 - national semiloop losses 
5-noise 
6 - national sending and receiving 

reference equivalents. 
Of these factors, items 2, 5 and 6 

were seen to be significant influences in 
determining a preferred method. On the 
first two of these criteria - loading of 
carrier channels in 2w/4w circuits and 
noise - there is an advantage in adopt­ 
ing a design which introduces all the 
required loss in the 2-wire receive direc­ 
tion. On information so far presented 
to the C.C.I.T.T., it seems likely that 
existing distributions of national refer­ 
ence equivalents (factor 6) are such that 
the sending limit is generally reached 
before the receiving limit. This is cer­ 
tainly true for Australia. This situation 
also favours the provision of 2w/4w 
net circuit loss entirely in the 2-wire 
receive direction. 
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APPENDIX 1 

SIGNAL-TO-NOISE RATIO IN 
FIGS. 4a TO 4d 

1. Introduction 

The noise due to the carrier channel is 
taken as NdBmO at the output of the 
carrier channel. Since this point has a 
relative level of Re dBr, the absolute noise 
at each carrier channel output is (N + Re) 
dBm. 
Taking the upper (left-to-right) path as 

illustrative of each arrangement in Fig. 4, 
we determine the noise level at the right­ 
hand 2-wire point due to the combined 
effects of the noise contributions of the left­ 
hand and right-hand carrier channels. At 
the 2w point each noise level (N + Re) dBm 
will be diminished by the Joss between the 
carrier channel output and the 2-wire point; 
their sum N' is the total noise. 
The signal level may be characterised by 

the 2w-2w loss LdB of the connection. 
The signal-to-noise ratio is then proportional 
to -L-N', the numerical value of which will 
be taken as a decibel-like indicator of 
signal-to-noise ratio. 
Let the noise level at the right-hand 2w 

point due to the left-hand carrier channel = 
N1 dBm and let N2 dBm be the correspond­ 
ing noise level due to the right-hand channel. 
Let their power sum correspond to N' dBm. 

2. Zero-loss circuits (Fig. 4a) 

N 1 = (N + Re) - (Re - S,) - (S, - Sc) 
- (Sc - Re) - (Re - Sp - 3.5) 
- 3.5 

=N + S, 
N2 = (N + Re) - (Re - Sp - 3.5) - 3.5 

= N + Sp 
N' = N1 + N2 = (N + s, + 3)dBm 
L =0 
Then S/N = (2) - (1) 

=-(N+Sp+3) 
= - 3 - (N + Sv) ... (1) 

3. Loss X, Y, added equally in each direction 
(Fig. 4b) 

N1 = (N + Re) - (Re - s, + X) 
- (S, - Sc) - (Sc - Re) 
- (Re - Sp + Y - 3.3) - 3.5 

= N + Sp - X - Y 
N2 = (N + Re) - (Re - S, + y - 3.5) 

- 3.5 
= N + S, - Y 

The evaluation of N1 + N2 requires 
numbers to be assigned to X and Y. We will 
take four typical sets of values: 

(a) X = 1, Y = 2 
N1 = N + S, - 3 
N2 = N + Sr - 2 
With 1 dB difference between N1 and 
N2, N' is 2.5 dB above the higher 

power N2 : N' = (N + Sv + 0.5) 
dBm 
L=X+Y=3dB 
S/N = -L - N' 

= -3.5 - (N + Sv) dB ... (2) 
(b) X = 2, Y = 1 

N1 = N + S, - 3 
N2 = N + Sr - 1 
With 2dB difference between N 1 and 

N2 N' is 2.1 dB above the higher 
power N2: N' = (N + S, + 1.1) 
dBm 
L = X + Y = 3dB 
S/N = -L- N' 

= -4.1 - (N + Sr) dB ... (3) 
(c) X = 0, Y = 3 

N1 = N + S, - 3 
N2 = N + S, - 3 
With equal power N' = N + S, 
L=X+Y=3 
S/N = -L - N' = -3 - (N + Sv) 

... (4) 
(d) X = 3, Y = 0 

N1 = N + S, - 3 
N2 = N + S, 
With 3 dB difference between N1 and 
N2, N' is 1.76 dB above the higher 
power N2 : N' = N + S, + 3 
L=X+Y=3 
S/N = -L - N = -6 - (N + Sp) 

... (5) 

4. Loss X, Y, added in 2w receive direction 
only (Fig. 4c) 

N 1 = (N + Re) - (Re - Sc) - (S, - Sc) 
- (Sc - Re) 
- (Re - Sr + 2Y - 3.5) - 3.5 

= N + Sp - 2Y 
N2 = (N + Re) - (Re - S, + 2Y - 3.5) 

- 3.5 
= N + Sp - 2Y 

With N1 = N2, 
N' = (N + S" - 2Y + 3) dBm 
L =2Y 
S/N = - L - N' = - 3 - (N + Sr) 

... (6) 
This clearly holds for all values of X and Y. 

5. Loss X, Y, added in 2w sending direction 
only 

N1 = (N + Re) - (Re - s, + 2X) 
- (S, - Sc) - (Sc - Re) 
- (Re - Sp - 3.5) - 3.5 

= N + Sv - 2X 
N2 = (N + Re) - (Re - S, - 3.5) - 3.5 

= N + S, 
L= 2X 

(a) X = 1, Y = 2 
N1 = N + S" - 2 
N2 = N + s, 
With 2 dB difference, N' is 2.11 dB 
higher than the higher component 
N2 : N' = (N + Sr + 2.11) dBm 
L=2 
S/N = -L - N' = -4.11 

- (N + Sp) dB 
... (7) 

(b) X = 2, Y = 1 
N1 = N + Sr - 4 
N2 = N + Sr 
With 4 dB difference, N' is 1.45 dB 
higher than the higher component 
N2 : N' = (N + Sr + 1.45) j 
L=4 
S/N = -L - N' = -5.55 

- (N + Sr) 
... (8) 

(c) X = 0, Y = 3 
N1 = N + Sp 
N2 = N + s, 
N' = N + s, + 3 
L=O 

S/N = -L - N' = -3 - (N + Sv) 
... (9) 

(d) X = 3, Y = 0 
N1 = N + Sp - 6 
N2 = N + s, 
With 6 dB difference, N' is 0.98 dB 
higher than the higher component 
N2 : N' = N + S, + 0.98 
L=6 
S/N = -L - N' = -6.98 

- (N + Sp) 
... (10) 

6. Summary 

Since each of the expressions (1) to (10) is 
of the form q - (N + Sp), the bracketed 
term being constant, we may take q as an 
indicator of signal-to-noise ratio in each 
case. 
The table below collects the results for q 

in dB: 

For comparison, the corresponding value 
of q for a zero-loss circuit (Fig. 4(a)) is 
-3dB. 
It is clear that in all circumstances the 

signal-to-noise ratio on the connection of 
Fig. 4(c) is equal to or better than that 
provided by either of the methods of 
Figs. 4(b) and 4(d), regardless of the values 
ofX and Y. 

X= 1 X=2 X =0 f x~i y =2 y = 1 y = 3 Y=0 

Fig. 4(b) Loss in both directions -3.5 -4.1 -3 -6 
Fig. 4(c) Loss in 2w receive only -3 -3 -3 -3 
Fig. 4(d) Loss in 2w send only -4.11 -5.55 -3 -6.98 

KITCHENN-2 Wire/4 Wire Interexchange Circuit 
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NEW GENERAL SECRETARY 

MR. N. G. ROSS 

MR. R. KITCHENN 

NEW GENERAL SECRETARY 
The Council of Control has ap­ 

pointed Mr. N. G. Ross, B.E.E., to the 
position of General Secretary of the 
Society following the resignation of 
Mr. R. Kitchenn. Noel joined the 
Department in 1955 as a Cadet En­ 
gineer and completed the B.E.E. at 
the University of Melbourne in 1958, 
obtaining First Class Honours and the 
Dixson Scholarship. He is presently 
working in the Lines Branch of the 
Engineering Works Division at Head­ 
quarters and has contributed a num­ 
ber of articles to the Journal over 
recent years. The Society is confi­ 
dent that Noel will be a worthy suc­ 
cessor for this important post. 

THANK YOU RON KITCHENN 
The Council of Control of the Tele­ 

communication Society of Australia 
has regretfully accepted the resigna­ 
tion of the General Secretary, Mr. Ron 
Kitchenn. The evolution of the Jour­ 
nal to its present standard is due 
very largely to Mr. Kitchenn's work 
over the last 13 years. Ron was 
appointed Secretary of the Postal 
Electrical Society of Victoria in 1958, 
and it was mainly his initiative that 
led to the establishment of the pre­ 
sent Telecommunication Society of 
Australia with its Council of Control 
and State Committees. As a result 
of this re-organisation, print orders 
rose from a level of 2,400 in 1958 to 
6,600 in 1960 /61. Ron was appointed 
to the new post of General Secretary 
of the Council of Control in 1959, 
which office he has retained up to 
the present. During his term of of­ 
fice, the Journal was placed on a 
sound financial footing, and it now 
has world-wide recognition. We say 
thank you to Ron Kitchenn for a job 
well done. 

The Victorian State Committee has 
awarded Life Membership of the Soc­ 
iety to Ron Kitchenn as a mark of 
appreciation of his contribution to 
the work of the Society. 
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TYPE-72 MULTIPLEXING EQUIPMENT FOR THE APO NETWORK (PART 1) 
R. J. SPITHILL, B.Sc.(Eng.), G. VAN BAALEN, B.Sc.(Eng.), 

and L. R. GREGORY, M.l.E.(Aust.)* 

INTRODUCTION 

The introduction of the A.P.O. 
Design Guide for Long Line Equipment 
(Ref. 1) setting out the special needs 
of the A.P.O., particularly in the 
realm of standardisation, has led to 
the development and production of a 
new range of equipment by Standard 
Telephones and Cables Pty. Limited 
(S.T.C.). This new range meets the 
requirements and embodies the philo­ 
sophy of the Guide. For more than 30 
years S.T.C. has been actively asso­ 
ciated with the A.P.O. in local deve­ 
lopment of transmission equipment 
suitable for Australian conditions. 
This article describes the new equip­ 

ment and the techniques used to 
achieve optimum performance, consis­ 
tent with the need to use components 
and circuitry of proven reliability. In 
many areas, adaptation and refinement 
of well established principles has re­ 
sulted in developmental economies and 
contributed to an earlier realisation of 
the goals. 
The article is in two parts. Part 1 

of the article covers rack construction, 
channel translating equipment and 
channel carrier supply arrangements. 
Part 2 deals with group modems, 
group carrier supply and distribution, 
supergroup modems and carrier sup­ 
ply, automatic gain regulation, super­ 
group assembly equipment, master 
oscillator equipment, power supply 
and rack capacities. 
The fundamentally important standar­ 

disation concepts of the Design Guide 
have been applied in the design to 
provide economies in installation, ope­ 
ration and maintenance. 
In the realisation of an equipment 

design meeting the A.P.O. needs, the 
potentialities for export have not 
been overlooked, and in fact many of 
the A.P.O. requirements incorporated 
enhance the possibilities of sales in 
other areas. 

CONSTRUCTION 

The S.T.C. designed 72-type rack 
(Fig. 1) meeting the requirements of 
the Design Guide is a composite struc­ 
ture of steel and aluminium providing 
adequate strength with lightness. It 
weighs less than 50 kg ( 110 lbs); can 
be shipped knocked down, and only 
one man is needed for its assembly 
and raising to a vertical position. 

Where room to raise it from the hori­ 
zontal is not available, it is possible 
to assemble the rack, from its few 
constitutent parts, in the vertical posi­ 
tion. 

Four levelling screws bear on an 
inverted tray in the base which pro­ 
tects the floor from damage and pre­ 
vents the accumulation of dirt 
beneath the rack. 

The previous CW97 rack system for 
subrack mounting, using spring-held 
loose nuts, fitted as required to rectan­ 
gular holes in the rack uprights, has 
been retained because of its simplicity. 
The difficulty of inserting these nuts, 
and the protrusion of their springs 
onto the flat equipment-mounting sur­ 
face, has been overcome by a better 
match of the material thickness in the 

* Messrs. Spi_thill, van Baalen and Gregory are Fig 1 - New 72-Type 240-Channel Modem Rack alongside Two Earl'er 120- s.T.C. engmeers engaged 111 the design and • . · . · - · · . · , • 1 .. 
development of transmission equipment. channel Modem Racks. (Unequipped 72-type rack bemg placed m posltlon.) 
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uprights to the dimensions of the 
standard Nut Grip springs, together 
with a tooling operation on the upright 
faces to produce a recess for the 
spring ends. 

In an effort to achieve easier instal­ 
lation, a method of earthing subracks 
solely by physical contact to an earth 
strip at the subrack mounting face 
was considered. However, tests cast 
some doubt on the consistency of the 
earth connection so obtained, and on 
its long-term reliability. Therefore the 
usual practice of soldered earth con­ 
nections is continued, but care has 
been taken to position the copper earth 
strips so they are readily accessible 
for soldering connections in the field. 
These earth strips are attached along 

the length of the left and right-hand 
uprights by the rivets which hold the 
several components of the rack struc­ 
ture together at short intervals. This 
arrangement, being integral with the 
rack structure, is simpler than those 
used previously. The earth strips are 
continued without break over the top 
of the rack to a common rack earth 
bolt. A separate strip cross-connects 
the earth system at the base. 

To exploit the wiring convenience 
possibilities of the side-cabled 72-type 
rack fully, a re-examination of the 
cabling techniques used with the lar­ 
gely back-cabled racks of the CW97 
type was necessary. For some sub­ 
racks, particularly those operating at 
the lower frequencies, the provision 
of a wire-wrap terminal array at the 
front left side of the subrack was the 
logical and effective answer. However, 
when a large number of coaxial cables 
needed terminating, these could not 
be terminated readily at the side of 
the subrack because of limited space. 
This problem has been overcome by 
sweeping these cables in from the side 
and across a terminating shelf provi­ 
ded on the top of the subrack to con­ 
nection points conveniently arranged 
for front access. 

Flat metal clips, taking up little 
cable space, have been provided in the 
station-cable duct on the left-hand 
side of the rack, to retain cables with­ 
out the need for lacing. 
The ease of installation and main­ 

tenance of the equipment is further 
assisted by the use of a service shelf 
which has been designed for ready 
attachment by quick-acting clamps at 
any point on the front of the rack. 
Deflection tests have shown that a 

fully-equipped rack will support a 
further 136 kg (300 lb), applied at 
the top to simulate twice the normally 
allowed proportion of the weight of 
overhead cabling and superstructure 
to be borne by the rack. 
Whenever necessary for electrical 

shielding or mechanical protection, 

individual printed circuit units have 
been enclosed in readily-removeable 
metal cases. When dual cards are used 
to achieve greater packing density, a 
hinged arrangement allows ready 
access for inspection or repair. With 
greater packing density it is natural 
that heat dissipation problems would 
arise. Many of these problems have 
been mitigated by the strategic place­ 
ment of metal shields, which in addi­ 
tion to their nominal use, serve to 
conduct heat to areas where it can 
be safely dissipated. 
ISEP* connectors, extensively used 

in large volumes of equipment to 
earlier designs supplied to the A.P.O., 
continue to meet economically strin­ 
gent reliability requirements, and have 
been retained in the new equipment. 

CHANNEL TRANSLATING 
EQUIPMENT 

Design Considerations 
The channel translating equipment 

is the basic building block of any mul­ 
tiplex system and constitutes the main 
portion of translating equipment in 
stations. It follows, therefore, that any 
economies which can be achieved in 
its manufacture, installation and main­ 
tenance, give rise to large savings 
when the total volume of this equip­ 
ment is considered. The primary objec­ 
tive of the S.T.C. development was to 
incorporate in the new equipment all 
of the features required by the Design 
Guide, while still taking maximum 
advantage of the manufacturing cost 
savings now possible by the use of 
new techniques and components. 

The ability to mount channelling 
equipment manufactured by different 
suppliers on the same rack was a 
fundamental requirement of the 
Design Guide, and from this require­ 
ment followed limits on dimensions, 
performance and power dissipation, 
each of which presented special prob­ 
lems to the designer. 

Modulation Plan 
The pregroup double-modulation 

scheme (Fig. 2a) with three channels 
and four pregroups as currently 
supplied by two Australian manufac­ 
turers (Ref. 2) was specified by the 
A.P.O. and adopted by S.T.C. for this 
equipment. Pregroup modulation is 
well proven by its use in Australia 
and many other countries in the world 
and continues to be an economical 
solution for channel translation using 
LC filters in the band 12-24 kHz. For 
some years now, improvements in the 
quality of ferrite materials and in the 

* International Standard Equipment Practice - 
designed and marketed by Companies of the 
ITT System. 

winding of coils have kept pace with 
the demands imposed by equipment 
manufacturers, and could well con­ 
tinue to do so for some years to come. 

These techniques have the advant­ 
age that the components are available 
from established sources both inside 
and outside Australia, permitting the 
bulk of equipment manufacture to be 
carried out locally without the high 
initial capital costs required by some 
other filter techniques. 

Mechanical Design 
The A.P.O. adopted as its standard 

for channelling equipment a subrack 
height of 2½ rack units. This required 
a twofold increase in equipment den­ 
sity compared to that currently being 
manufactured, i.e., 240 channels per 
9 ft rack instead of 120 channels. In 
the new S.T.C. equipment this is 
achieved by the use of a space-saving 
subrack which allows a much greater 
proportion of the subrack volume to 
be taken up by the components than 
in previous designs (Fig. 3). A feature 
of the subrack construction is the 
hinged rail at the lower front edge. 
This rail serves to lock the plug-in 
units in place when in its normal 
position, and is also used for designa­ 
tion of the plug-in unit positions. 
The subrack is a factory-wired 

assembly and houses 15 plug-in units; 
these being 12 channel modems, 2 
pregroup cards and one combining 
card. At the left-hand side of the sub­ 
rack, a 108-pin wire-wrap terminal 
block is provided for termination of 
the V.F. and H.F. station cables which 
are brought down the left-hand duct 
of the 72-type rack. The terminal 
block is build up in modular fashion 
from interlocking 9-pin terminal straps 
which are moulded by S.T.C. in 
Sydney. The wire-wrap pin is 1.2 mm 
square and 19 mm long, allowing suffi­ 
cient space for cable termination and 
also for bridging test access using a 
novel 6-pin socket developed by S.T.C. 

Carrier distribution is by means of 
factory-wired plug-in links using the 
widely used ITT Cannon 'D' series 
connectors. Each channel modem and 
carrier supply subrack has a pair of 
connectors incorporated in a recessed 
position at the right hand side. These 
connectors are wired in parallel and 
also appropriately connected to the 
internal circuitry. Carrier links of 
fixed length are used to interconnect 
adjacent subracks, and one long link 
is used to complete the loop or ring 
main from the carrier supply at the top 
to the lowest group-end on the rack. 
Advantages of this arrangement are 
that it minimises on-site installation 
wiring, and permits any one modem 
subrack to be disconnected without 
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Fig .. 3 - STC 72-Type Channel Modem S,ubrack with a Channel Modem Shown Withdrawn and Opened. 

components from Australian manufac­ 
turers were included in this exercise. 
The channel filters use SM6 cores 

and high-stability sealed polystyrene 
capacitators. Active balanced modula­ 
tors of the amplifier type are used 
throughout and to improve their sta­ 
bility, dual silicon transistors have 
been chosen, thus providing a high 

Fig. 4 shows the functional diagram degree of matching between transis­ 
of the channel modem equipment. tors. As only low carrier power is 
An important concept of the Design needed to drive modulators of this 
Guide was that equipment should type, the carrier power has been sub­ 
employ proven but up-to-date techni- stantially reduced compared with that 
ques and components. In addition, and required by diode modulators. A 
of particular importance to manufac- further advantage is derived from the 
turers, multiple sources of supply inherent amplification, which permits 
should be available for all compo- a higher minimum relative level with­ 
nents. Accordingly, at an early stage out the need for additional amplifiers. 
in the development, substantial quan- This is turn allows a lower basic noise 
tities of each new component were figure to be achieved and contributes 
obtained from prospective suppliers to the low power consumption of the 
and were subjected to intensive type equipment. 
testing prior to their inclusion in The Design Guide specifies that the 
prototype units. Wherever possible E-lead switching device should have a 

SPITHILL, VAN BAALEN AND GREGORY - Type 72 Multiplexing Equipment 

interruption to other subracks on the 
rack. 
Power feeds to each subrack are 

individually fused and connect to 
screw-type terminals mounted below 
the carrier connectors at the right­ 
hand side of the subrack. 

Electrical Design 

minimum life of 108 maintenance free 
operations at a line current of 60mA 
into an inductive load. It is also re­ 
quired to withstand a 200V transient 
due to back e.m.f. and have a maxi­ 
mum period of contact bounce of 0.5 
mS. Based on previous experience and 
after an examination of available 
devices both mechanical and solid 
state, it was considered that the mer­ 
cury-wetted relay is still the most eco­ 
nomical and reliable means of perform­ 
ing this function. It exhibits virtually 
zero contact bounce, has a large 
current interruption capacity and its 
use should extend the maintenance­ 
free life of the equipment. 

Conscious of the problems which 
can arise in large stations due to 
power dissipation and in small stations 
in remote areas due to high ambient 
temperatures, the A.P.O. set a target 
of 150 watts maximum dissipation for 
a fully-equipped rack. This is normally 
very difficult to meet in the case of 
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Fig. 4 - Functional Diagram of Channel Modem Equipment. 

the channel modem rack, and in large 
stations the dissipation would normally 
include carrier distribution and the 
losses in the d.c.-to-d.c. converter. 
Alternatively, the carrier distribution 
unit may be replaced by a carrier 
supply. As a result of this require­ 
ment, extensive redesign was perfor­ 
med to reduce power consumption 
throughout the equipment. A particu­ 
lar outcome of this work was the 
development of a new V,F. amplifier 

which had significantly less power 
consumption than previous designs. 

Implicit with low power dissipation 
is, of course, low temperature rise 
which has been established to be a 
feature of this equipment. Tests car­ 
ried out on a fully-equipped rack of 
channel modems have shown that the 
temperature rise within the modems 
is a fairly uniform 5-6°C. As the 
design allowed for a 15°C rise above 
the operating temperature range due 

to rack dissipation, specification per­ 
formance will be obtained in ambients 
exceeding 55°C. 

The equipment includes facilities for 
injection of 84.08 kHz pilot and, as 
out-of-band signalling is used, pilot 
stop filters are equipped. Front access 
continuous adjustments are provided 
for channel gain and transmit pilot 
level. All other adjustments are factory 
set but may readily be reset without 
any special tools or facilities. 

Fig. 5 - STC 72-Type Duplicated Channe;I Carrier Supply. 
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CHANNEL CARRIER SUPPLY 

Design Considerations 
Two types of carrier supply subrack 

were referred to in the Design Guide. 
They were: 

(a) an amplifier subrack which 
would accept inputs of the 
carrier, signalling and pilot 
frequencies and would have 
sufficient capacity to drive a 
rack of channel modems, and 

(b) a generation subrack which 
would generate the required 
frequencies and would drive 
either the amplifier subracks in 
(a) above or channel modems. 
Initially manufacturers were 
allowed a considerable degree 
of flexibility in deciding on the 
arrangement of and facilities 
provided in these units. 

In designing equipment to meet 
these needs, it was noted that the re­ 
quirements for carrier supplies varied 
widely from station to station depend­ 
ing on the number of channels, pos­ 
sible future development, availability 
of synchronising frequencies and secu­ 
rity of service required. From an eco­ 
nomic viewpoint, it is of course 
undesirable to provide any more faci­ 
lities than are necessary in any station. 

Carrier Generation Subrack 
The standard subrack height adopted 

for the channel modems of 2½ rack 
units was also applied to the carrier 
generation subrack (Fig. 5). 

Using this height, two basic subrack 
types were designed allowing for fully 
duplicated or non-duplicated supplies. 
These subracks are of the same me­ 
chanical construction as the channel 
modem subrack and differ from each 
other only in the number of card posi­ 
tions equipped. These subracks are 
designed for direct connection to either 
channel modems or distribution ampli­ 
fier subracks and are fitted with ITT 
Cannon connectors as described for 
the channel modems. 

A functional diagram of the equip­ 
ment is shown in Fig. 6. The frequen­ 
cies generated are the channel carriers 
12, 16 and 20 kHz; the pregroup 
carriers 84, 96, 108 and 120 kHz; the 
signalling carrier 3825 Hz and the 
group reference pilot 84.08 kHz. With 
the exception of the group reference 
pilot, all frequencies are derived from 
a single high-frequency crystal oscilla­ 
tor by a process of division and modu­ 
lation using integrated circuits. 

By careful choice of oscillator fre­ 
quency and divider chain, a minimum 
number of components is required in 
the generation and filtering circuitry, 
permitting a fully duplicated supply to 
be obtained in one half the volume 
previously taken for a non-duplicated 
supply, i.e., a four-to-one reduction in 
size. 
The high-frequency crystal oscillator 

from which the carriers are derived is 
available in two forms as follows: 

(a) As an independent crystal oscil­ 
lator giving a frequency sta- 

bility of one part in 106 per 
three months over the ambient 
temperature range of 0°C to 
50°c. 

(b) As a phase-locked crystal oscil­ 
lator operating with the fre­ 
quency stability of the master 
4-kHz signal and with auto­ 
matic adjustment to cater for at 
least 15 years of crystal ageing. 
On failure of the master 4-kHz 
signal, the supply continues to 
operate with an operational fre­ 
quency stability of 1 part in 
105. 

Neither of these oscillators requires 
a crystal oven and this contributes to 
the low overall power consumption of 
this equipment. A fully duplicated 
supply with automatic changeover dis­ 
sipates less than 20 W from a 24-V 
d.c. supply. 
As all 72-type channel carrier supply 

subracks are wired for inputs of the 
4-kHz synchronising frequency, the 
mode of operation may be changed at 
any time by merely changing one plug­ 
in card. 

Automatic monitoring facilities are 
provided which will give rise to an 
alarm in the event of any failure which 
would affect the performance of the 
modem equipment, and in the case of 
the duplicated supply, automatic 
changeover of all frequencies to stand­ 
by working would occur. 

The capacity of the supply is such 
that one rack of channel modems (240 
channels) can be supplied directly 
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Fig. 6 - Functional Diagram o.f 72-Type Channel Carrier Supply. 
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under normal conditions or two full 
racks can be supplied under emergency 
conditions. Alternatively, by the addi­ 
tion of an amplifier subrack on each 
rack, 10 racks of channel modems 
(2400 channels) may be operated from 
a single supply. All connections 
between carrier supplies, amplifier sub­ 
racks and modems are made with 
factory-wired plug-in cords thus reduc­ 
ing the time taken to distribute car­ 
riers in a station to a fraction of that 
previously required. 

Therefore, as a result of the inherent 
flexibility of this equipment all of the 
varying requirements mentioned in the 
design considerations can be readily 
met. By choice of the appropriate sub­ 
rack, plug-in units, and distribution 
arrangement, it is possible to have any 
combination of duplicated or non­ 
duplicated, phase-locked or indepen­ 
dent, centralised or decentralised ope­ 
ration utilizing largely the same basic 
set of cards. 

Carrier Distribution Subrack 

The carrier distribution subrack con­ 
tains 9 buffer amplifiers for distribu- 

tion of the 9 frequencies required by 
the channel modem equipment, The 
amplifiers are required to have a high 
input and a low output impedance, 
unity voltage gain with adjustment to 
take account of level variations, and 
should not have any significant effect 
on the purity of supplies to the mo­ 
dems. The objective of this develop­ 
ment was to design a single amplifier 
which could be used for all frequen­ 
cies from 3825 Hz to 120 kHz, includ­ 
ing the 84.08 kHz pilot where a har­ 
monic distortion limit of 35 dB is 
desirable. This has now been achieved 
and the basic design of the three­ 
transistor amplifier has found a wide 
usage in other equipment. 
Its output impedance is less than 

1 ohm, its maximum gain deviation 
with frequency is 0.1 dB (3825 Hz to 
120 kHz) and individual harmonics 
are suppressed by a minimum of 40 
dB. The maximum gain variation over 
the temperature range 0°C to 65°C 
is 0.05 dB. The total power consump­ 
tion of nine such amplifiers is 1.3W 
when supplying a full rack load of 
240 channels. Under emergency con­ 
ditions, 480 channels may be supplied. 

When the 72-type carrier supplies 
and distribution amplifiers described 
in this article are used together, the 
overall level stability is such that the 
requirements of the modem equipment 
are met. However, in some locations 
it may be desirable to use existing 
carrier supplies, and to cater for this 
possibility, a stabilising· amplifier 
which is interchangeable with the 
standard amplifier has been developed. 
This unit stabilises the output level 
to within ±0.025V for input level 
variations of from 0.5V to 1.5V over 
the ambient temperature range of 0°C 
to 65°C. Its performance is comparable 
in other respects to the linear ampli­ 
fier and it can be used to stabilise 
supplies of the group reference pilot, 
signalling carrier, or if desired, all 
frequencies for the channel modems. 
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TECHNICAL NEWS ITEM 

MAJOR INTERNATIONAL 
AWARD TO AUSTRALIAN 

POST OFFICE 

An entry by Arnold Holderness, 
MIE (Aust.), of the Australian Post 
Office, won $500 first prize in the in­ 
ternational Lead Power 71 competi­ 
tions judged in Hamburg, Germany. 
The award was presented in Mel­ 
bourne on November 22 by Mr. J. 
B. Shackell, Chairman of Australian 
Lead Development Association, one 
of the fifteen world wide develop­ 
ment groups which organised the 
Lead Power 71 programme. 
The award was made for develop­ 

ment by the Post Office of an un­ 
attended, uninterruptible power supply 
for remote areas, using lead batteries 
and wind driven generators. The pow­ 
er supply is used in the 1427 mile 

long East-West microwave link be­ 
tween Northam, Western Australia 
and Port Pirie, South Australia. 
Fifty eight microwave repeater 

stations and two terminals make up 
the communications link. Forty three 
of the repeater stations operate auto­ 
matically in remote desert areas. The 
unattended stations are without mains 
power and rely principally on wind 
driven generators and lead storage 
batteries with diesel back-up for ex­ 
tended windless periods. Batteries 
provide a 24 hour reserve. 
Power requirements of the complex 

electronic repeater equipment demand 
an uninterruptible DC power supply. 
Due to isolated locations and unatten­ 
ded operation, each installation must 
provide extremely high reliability in 
maintenance of telecommunications 
service, with minimum attention. 

The "no-break" power system bas­ 
ed on lead batteries and wind driven 
generators was selected after examin­ 
ation of thermo-generators, solar cells 
and fuel cells. Installed cost of the 
lead battery based system is low and 
the design provides for future growth. 
Meeting these requirements over such 
a long link in isolated desert areas is 
among the most rigorous requirements 
yet called for in a telecommunication 
power plant system. 

The system is suitable for all re­ 
mote applications including aviation 
beacons, weather stations, country 
telephone exchanges or remote moni­ 
toring stations where uninterruptible 
DC power from 50 to 1500 watts is re­ 
quired and normal mains supply is 
not available. Installation and auto­ 
matic operation of the link is a major 
electronics/engineering feat. 
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TECHNICAL NEWS ITEM 
RADIO AUSTRALIA, N.T. - 

ANTENNA "PLUME" DETECTION 

The present Radio Australia Boos­ 
ter Station installation consists of 
three 250 kW H.F. transmitters and 
five vertical log-periodic antennae. 
When these antennae are operated 
at full power, certain environmental 
conditions can, at times, initiate 
"corona" discharges from the radiating 
dipole elements. 
These corona discharges, also re­ 

ferred to as "plumes" or "flares", if 
allowed to persist can damage the 
antennae by melting sections of the 
dipoles, and are being investigated by 
the A.P.O. Research Laboratories. 
The quickest solution to this pro­ 

blem, and one that did not interfere 
with the scheduled operation of the 
station, appeared to lie in the detec­ 
tion and extinction of such discharges 
until means could be found to eli­ 
minate their occurrence. Prior to the 
installation of the corona detection 
system to be described, the station 
staff relied on a discharge indicating 
system (disabling of squelch in a 160 
MHz mobile receiver by radiation 
from the discharges) which did not 
always respond to the discharges and 
could not be adapted to, indicate from 
which particular antenna they were 
taking place. 
Thus even when the station staff 

was aware that a discharge was tak­ 
ing place, the discharge could not be 
extinguished until its location was, 
visually determined. Owing to the re­ 
lative locations of the transmitter con­ 
trol room and the antennae, a con­ 
siderable time elapsed before this 
could be done. Furthermore, the 
plumes were not always readily vis­ 
ible in the day time, and consequent­ 
ly at times they persisted for long 
enough to damage, the antennae. 
Previous experience with short 

range detection of indoor radio fre­ 
quency arcs with ultra-violet radia­ 
tion of the plumes could be accom­ 
tion of the plumes could be accom­ 
plished with similar devices. 

At the same time various other 
detection methods were investigated, 
some of which are still under active 
consideration. The ultra-violet radia­ 
tion detection system however appear­ 
ed to the most promising, simplest 
and quickest to implement, and thus 
to minimise the risk of antennae dam­ 
age it was decided to install this sys­ 
tem as soon as possible. 

Owing to the time delays involved 
in importing the required compon­ 
ents, finalising the design and con­ 
structing the proposed system, it was 
decided to install a temporary detec­ 
tion system using the available ultra­ 
violet sensors. The sensors used have 
a spectral response in the 190 nm to 
290 nm wavelength range which ren­ 
ders them insensitive to natural am­ 
bient radiation. The intensity of radi­ 
ation in this range from a plume how­ 
ever, which is mostly due to the ioni­ 
sed and excited electrode (copper) 
vapour present in the plumes, is high 
enough to make them extremely sen­ 
sitive to such discharges. The two 
available detectors were found to be 
sensitive enough to be used at dis­ 
tances from which all five antennae 
and most of the transmission lines 
were in their view. 

The viewing arrangement for the 
two detectors and the mode of antenna 
use at any one time enables this de­ 
tection system to indicate from which 
particular antenna the discharge is 
taking place. 
The detection system is combined 

with the transmitter urgent alarm 
system, and eventually will be linked 
up with the transmitter control com­ 
puter. 
The computer will then be program­ 

med to interrupt temporarily the r.f. 
power fed to the discharging antenna 
thus extinguishing the, discharge, and 
to record the occurrence of the dis­ 
charge, the particular transmitter and 
antenna involved, time of occurrence 
and other data of interest on the 
transmitter fault log. 
The time from the occurrence of the 

discharge to the r.f. power interrup- 

tion will be too short (of the order of 
milliseconds) to ailow the discharge 
to cause any damage and the power 
interruption period (under one sec­ 
ond) too short to produce objection­ 
able interruption to the transmitted 
programme. 

Although the installed system ach­ 
ieved its purpose of relieving the 
station staff of the task of searching 
for discharge locations, thus permit­ 
ting almost risk-free operation of the 
station at full power, the system has 
a number of undesirable features, 
and its use will be restricted to the 
shortest term possible. Some of these 
are as follows: 

(i) The system is not "fail-safe". 
(ii) 'Certain components in the de­ 

tectors are not highly reliable. 
(iii) Not all locations from which dis­ 

charges can take place are cov­ 
ered by the two detectors, name­ 
ly parts of some transmission 
lines and the antenna switching 
network located in a hut. 

(iv) Owing to the large distances from 
which the discharges are detect­ 
ed (between 800 and 1,600 ft.) 
the sensitivity of the detectors 
could be impaired by very dense 
fog or heavy rain. 

(v) The use of only two detectors re­ 
stricts the flexibility of antenna 
use. 

(vi) Due to the location of the sen­ 
sors, precautions have to be 
taken when using welding equip­ 
ment around the site if false 
triggering is to be avoided. 

(vii) Occasional triggering by light­ 
ning discharges is anticipated. 

None of the above problems will 
exist in the proposed eventual ultra­ 
violet detection system which, how­ 
ever, will take some time to design, 
develop and construct. In the mean­ 
time, in view of (iii), (iv) and (v), nine 
additional sensors will be installed in 
the interim system before it is replac­ 
ed late in 1972. A description of the 
eventual plume detection system will 
be published at a later date. 
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MANAGEMENT OF THE RADIO-FREQUENCY SPECTRUM IN AUSTRALIA 
H. MELLING* 

INTRODUCTION 
History 

Before 1895, scientists had predic­ 
ted, and indeed proved, the existence 
of electromagnetic waves. However, 
in that year Guglielmo Marconi, while 
experimenting on his father's estate 
at Fontecchio, Italy, discovered that 
the combination of an elevated aerial 
and an earth connection removed the 
limitations hitherto restricting trans­ 
mission and reception of these waves 
over distance, thus opening up a new 
field of development. 

The sequence of discoveries would 
appear to be:- 
( 1) Maxwell and Crookes promul­ 

gated the theory of electrical oscil­ 
lations; 

(2) Hertz produced these oscillations 
and defined their characteristics; 

(3) Lodge and Popoff devised ap­ 
paratus which was limited to local 
experiment; and 

(4) Marconi discovered the means by 
which electric waves could be 
transmitted over distance, and 
later improved upon apparatus 
originated by Lodge and others. 

In Russia, the claim has been made 
that the eminent Russian Popoff was 
the inventor of wireless. However, 
many courts of law and other quali­ 
fied authorities have supported Mar­ 
coni's claim. 

In 1896, in order to gain official re­ 
cognition of his work, Marconi travel­ 
led to England, where he found a 
friend in Mr. (later Sir) William 
Preece (Engineer-in-Chief of the Bri­ 
tish Post Office). The first official de­ 
monstration of wireless telegraphy was 
at Salisbury Plain, England, in 1896, 
over a distance of 1 ½ miles. On the 
20th July, 1897, Marconi founded the 
Wireless Telegraph and Signal Com­ 
pany (which was. later renamed the 
Marconi Wireless Telegraph Com­ 
pany), and the history of the radio 
industry began. 
It is interesting to note that as 

early as 1896 Australia was to the fore 
in wireless experimentation. The Chief 
Electrical Engineer of the Victorian 
Postal Department (a Mr. H. W. 
Jenvey) played an important role in 
the early developmental work. Profes­ 
sor W. Bragg gave a lecture (entitled 
'Telegraphy without Wires'), at the 
Adelaide University on 21st Septem­ 
ber, 1897. During the visit of the 
Duke and Duchess of Cornwall and 
*Mr. Melling is Superintendent, Radio Regu­ 
latory and Ldcensing, Regional Operations, 
Tasmania. 

York in the vessel R.M.S. 'Ophir' in 
1901, the naval escort vessels H.M. 
Ships 'St. George' and 'Juno' estab­ 
lished the first marine wireless com­ 
munication in Australia, with shore 
stations at Queenscliffe lighthouse 
(Victoria) in May, 1901, and at Long­ 
beach Lightstation, Sandy Bay (Tas­ 
mania) in July 1901. 
The initial step towards inaugurat­ 

ing wireless telegraphy as an official 
communication medium in Australia 
was taken with the passing of the 
Wireless Telegraphy Act in 1905. The 
first fixed land station was licensed 
by the Post Office on 7th June, 1906. 
Located at East Devonport, Tasmania, 
it was owned by the Marconi Wireless 
Telegraph Company, and was used 
to communicate with a similar station 
later established at Point Lonsdale, 
Victoria. On 12th July, 1906, when 
both stations were fully operational, 
the Governor-General of the period 
sent what is believed to be the first 
Australian official wireless telegram 
to the Governor of Tasmania:- 

"The Commonwealth greets Tas­ 
mania and rejoices at the establish­ 
ment of new means for knitting the 
people of Australia more closely 
together-Northcote." 

The Measure of Progress 
In recent years, radio-communica­ 

tion techniques have played a vital 
role in man's first ventures into space. 
The most sanguine of the early de­ 

velopers could hardly have hoped that 
within 73 years the new medium 
would advance from its first public 
demonstration over a distance of 1 ½ 
miles in 1896 to voice (and also video) 
communication between the earth and 
the moon in 1969; neither could they 
have envisaged that the radio environ­ 
ment within the same span of years 
would encompass such activities as 
television, which makes extensive use 
of radio techniques, and radio astro­ 
nomy, by means of which modern 
scientists are probing the uttermost 
secrets of space. 

International Control 
At the first international Wireless 

Conference held in Berlin in 1903, 
arrangements were made for the 1906 
Conference (also in Berlin), at which 
the representatives of 29 countries 
initiated international management of 
the medium. 

Controls agreed to at subsequent 
conferences became progressively 
more stringent, in order to ensure in­ 
terference-free operation of the mul- 

tiplicity of radio stations, systems and 
services which were making rapidly 
increasing use of the radio-frequency 
spectrum. 

Brief comments relating to the 
various conferences are shown here­ 
under:- 
Conference Year 
Berlin 1903 

Berlin 1906 

London 1912 

Washington 
D.C. 1927 

Madrid 

Cairo 

Atlantic 
City 

Geneva 

Comments 
Preliminary Radio 
Conference. 
The first two fre­ 
quency allocations 
made (viz. 500 kHz 
and 1000 kHz) for 
use in the maritime 
service. 29 countries 
represented. 
The sinking of the 
British liner "Titan- 
ic" two months be­ 
fore this conference 
alerted participating 
countries and strin­ 
gent "Safety-of-life­ 
at Sea" Radio Regu­ 
lations were intro­ 
duced. 
Frequencies covering 
the range 10 kHz to 
23 MHz were alloca­ 
ted catering for oper­ 
ations in the fixed, 
mobile, broadcasting 
and amateur radio 
services. 

1932 A table of transmis­ 
sion frequency and 
instability tolerances 
was introduced. 
Television band­ 
widths were deter­ 
mined having due re­ 
gard to the state of 
technical develop­ 
ment. 

1938 The table of fre­ 
quency allocations 
was extended to 200 
MHz. 
This conference had 

1947 to cope with the re­ 
quirements of 76 
countries and im­ 
proved radio-com­ 
munication tech­ 
nology brought about 
by the 1939-45 world 
war. The frequency 
allocation table was 
extended to 10.5 
GHz. 

1959 The upper limit of 
the frequency alloca­ 
tion table was exten­ 
ded to 40 GHz. 

MELLING - R. F. Spectrum Management 
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Geneva 1963 Frequency alloca- 
tions, for Space 
radio - communica­ 
tion purposes, were 
determined. 

Geneva 1966 The Aeronautical 
Mobile (R) Service 
frequency assign­ 
ment plan was dealt 
with. 

Geneva 1967 Affairs relating to 
the Maritime Service 
received attention. 

Geneva 1971 Matters relating to 
space communication 
were dealt with. 

In 1968, the International Radio 
Regulations were revised and pub­ 
lished. 

RADIO-FREQUENCY SPECTRUM 
ADMINISTRATION 
National Control 

In 1905, the Commonwealth Gov­ 
ernment passed legislation under the 
title of the "Wireless Telegraphy 
Act" which gave to the Postmaster­ 
General (a Cabinet Minister) the ex­ 
clusive right to control all manner of 
wireless telegraphy (and later wire­ 
less telephony) communications 
throughout Australia. However, the 
Act permitted the granting of licences 
for the establishment of wireless 
stations, subject to certain prescribed 
conditions. The Wireless Telegraphy 
Regulations made under the Act are 
applicable in full to all civil radio­ 
communication stations, and in part 
to those under the control of the De­ 
fence Forces. 
The Postmaster-General has dele­ 

gated Authority to officers of the 
Radio Branch (Regulatory and Licen­ 
sing), Engineering Division, to enable 
them to administer the provisions of 
the Wireless Telegraphy Act, which, 
with its associated Regulations, is the 
cornerstone of the radio-communica­ 
tion environment in Australia. 

Penal Provisions of the Wireless 
Telegraphy Act 

Section 6 of the Act makes it a 
Commonwealth offence for any person 
to establish, erect, maintain or use 
radio-communication equipment with­ 
out the permission of the Department. 
The penalty prescribed by the Act 
is:- 

(i) a fine of $1,000; or 
(ii) imprisonment with or without 

hard labour for a term not ex­ 
ceeding five years. 

Section 7 of the Act provides that 
all appliances established in contra­ 
vention of the Act shall be forfeited 
to the Queen for the use of the Com­ 
monwealth. 

Search Warrants, obtainable from a 
Justice of the Peace, upon oath, may 

be used to assist the detection of 
illicit apparatus. Such warrants 
authorise the person to whom they 
are addressed to break and enter any 
place ship or aircraft where the ap­ 
pliance is supposed to be, either by 
day or by night-using force if neces­ 
sary-to seize the apparatus. 
Whilst the enforcing of the penal 

provisions of the Act is an unpleasant 
function, the Department is mindful 
of its obligations to the community. 
Inspecting officers are well rehearsed 
in the value of maintaining good re­ 
lations with the public and their 
duties are performed in such a way 
as to protect the Department from 
any suggestion of injustice or harsh­ 
ness. 
Rational use of the Radio-frequency 

Spectrum 
A major problem confronting all 

radio regulatory authorities through­ 
out the world is the rational use of the 
radio-frequency spectrum. Despite 
scientific improvements in the state 
of the art, certain segments of the 
spectrum are reaching saturation, and 
it is becoming increasingly difficult 
to accommodate additional services. 
The radio-frequency spectrum is an 

international and national resource, 
and is available to all mankind. This 
resource, however, is different from 
other natural resources in that it is 
used and not consumed, and it is 
actually being wasted when its full 
potential is not being exploited. 

Nations must co-operate with each 
other if maximum use is to be made 
of the radio-frequency spectrum. 
National plans can be developed only 
within a frame-work of international 
agreement, and this is one of the 
reasons why Australia participates in 
the International Telecommunications 
Union in general and the World Ad­ 
ministrative Radio Conference in par­ 
ticular. 

Increased Use of Land Mobile 
Services 

In recent years, the land mobile 
service, which operates mainly in the 
V.H.F. segment of the spectrum, has 
experienced particularly rapid growth. 
These stations are used extensively by 
a diversity of undertakings, such as 
Government authorities, public utili­ 
ties, industry, commerce, transport 
and mining. Some of these organisa­ 
tions are major contributors to the 
economic and social structure of the 
nation, and the use of radio-telephone 
facilities substantially increases their 
flexibility and efficiency. 

Radiocommunication Stations 
Authorised in Australia 

On the 18th October, 1905, the Com­ 
monwealth Parliament received Royal 
Assent to the Wireless Telegraphy 
Act. 
The growth rate from that date is as 

follows:- 
Year 

*1906 
*1910 
1925 
1935 
1945 
1955 
1965 
1970 
1971 

No. of stations 
2 

30 
140 
267 

11,077 
12,714 
71,652 

135,868 
150,797 

*Note: Records prior to 1925 are not 
clear. 
The diversity of functions involved 

in radio-frequency spectrum manage­ 
ment is exemplified in the following 
list:- 
Licensing 
Station Inspections 
Equipment Standards and Type­ 
Testing 

Frequency Assignments 
Radio Monitoring 

RADIO STATIONS, SYSTEMS 
AND SERVICES 

The Various Categories 
The types of radio stations, systems 

and services which are in use through­ 
out the world are detailed in the In­ 
ternational Radio Regulations (edition 
of 1968), Chapter I, Section II, page 
RRI-3 and include the following:- 
Stations Systems 
Fixed Radio-determination 
Mobile Radio-navigation 
Radio-telemetry Radio-location 
Broadcasting Radar 
Base Marker Beacon 
Aircraft Radio-altimeter 
Coast Radio-direction finding 
Ship Radio Beacon 
Survival Craft Radio Astronomy 
Satellite Space Radiosonde 
Amateur Instrument landing 

Frequency Measuring 
Examinations for Certificates of 
Proficiency, Radio Television and 
Radiocommunication 

Interference Investigations 
Marine Radio Surveys and Inspec­ 
tions. 

Services 
Fixed 
Land/Mobile 
Maritime/Mobile 
Aeronautical/Mobile 
Amateur Radio 
Meteorological Aid 
Standard Frequency 
Time Signal 
Special 
Safety 

MELLING - R. F. Spectrum Management 
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Frequency Assignments 
The registration and licensing of all 

classes of Radio stations is an essen­ 
tial part of radio frequency spectrum 
management. Such a record requires 
a Master Frequency List in which 
certain basic data associated with 
each frequency assignment is com­ 
piled. Such information includes the 
name of the station, geographical loca­ 
tion, the transmitter power and the 
nature of the service. 

In Australia the Master Frequency 
List is compiled and published by the 
Australian Post Office and printed by 
computer process. 
All frequency assignments are noti­ 

fied to the International Frequency 
Registration Board at Geneva in ac­ 
cordance with the requirements of 
Article 9 of the International Radio 
Regulations. 
Frequency Assigning is divided into 

two parts, namely:- 
(i) 10 kHz to 30 MHz, and 
(ii) 30 MHz and above. 
Frequency Assigning is a complex 

process, and it can take days - or 
even weeks - to determine a suitable 
frequency for a particular location. 
At the present time the lowest fre­ 
quency in use in Australia is 10.68 
kHz whilst the highest is 35.1 GHz. 

Considering Assignments up to and 
Including 30 MHz: Because of the 
vastness of the continent of Australia, 
and its isolation from other countries, 
a heavy demand exists for high­ 
frequency radio-communication chan­ 
nels to cater for internal and inter­ 
national communication facilities. In­ 
deed, the largest high-frequency 
radio-communication network in the 
world is the one maintained and 
operated by the Royal Flying Doctor 
Service, which exchanges medical, 
aviation, public correspondence and 
"School-of-the-Air" communications 
for people resident in remote areas. 
The cardinal principle adopted by 

the Department on matters associated 
with frequency assigning is the con­ 
servation of the radio-frequency spec­ 
trum, together with the orderly de­ 
velopment of the services. 

As high-frequency radio signals 
cannot be contained within the bor­ 
ders of the country, there can exist 
a serious interference problem for 
users elsewhere in the world. For this 
reason, high-frequency allocations are 
not made in cases where communica­ 
tion requirements can be met by other 
means. Close liaison is maintained 
with neighbouring countries and the 
International Frequency Registration 
Board concerning the technical charac­ 
teristics of the various proposed ser­ 
vices, namely:- 

Class of emission 

Bandwidth 
Power of transmitter 
Projected signal path and propaga­ 
tion characteristics 

Ratios of wanted to unwanted sig­ 
nals at the various terminals of 
the proposed service 

Hours of operation. 
Considering Assignments above 30 

MHz: Again, conservation of fre­ 
quencies is essential, more particularly 
in that part of the spectrum set aside 
for land and harbour mobile services, 
which are undoubtedly the greatest 
users in the V.H.F. region. Much time 
and effort is devoted by the frequency 
assigning staff to this part of the 
spectrum - generally single-frequency 
simplex networks are authorised. Base 
stations are restricted to a maximum 
power output of 50 watts, together 
with a ground-plane aerial gain of 2.2 
decibels when compared with an iso­ 
tropic radiator. This allows the user 
to employ a base station which is cap­ 
able of radiating an effective radiated 
power of 83 watts. 

Because of the heavy demand, it has 
been found necessary to share specific 
channels, and up to six organisations 
(more in certain cases) can be re­ 
quired to share - saturation loading 
is 100 mobiles per channel. 
Technical considerations such as 

intermodulation (first, second and 
third order), shock excitation, blast­ 
ing, harmonic radiation, etc., receive 
detailed attention in order to ensure 
interference-free operation by all 
stations, 

RADIO MONITORING 

Radio monitoring stations are 
located at all capital cities, and mobile 
stations are used to permit observa­ 
tions of the radio-frequency spectrum 
in areas remote from the main moni­ 
toring centres. 
The purpose of these stations is 

to:- 
(a) ensure compliance of all radio 

stations in Australia with the 
equipment and operating condi­ 
tions which are enforced by the 
Commonwealth Wireless Tele­ 
graphy Act; 

(b) ascertain whether any illegal 
use is being made of radio 
facilities; 

(c) analyse interference to Austra­ 
lian radio stations from national 
and international sources; 

(d) determine channel occupancy; 
(e) observe 'off frequency' opera­ 

tion; 
(f) give 'on-the-air' warning to 

licensees found to be trans- 

(g) assist users of radio-communi­ 
cation facilities where prob­ 
lems are encountered; 

(h) perform special investigations 
as required; 

(i) conduct traffic surveillances of 
all categories of stations; and 

(j) observe the quality of emissions 
from stations, having due re­ 
gard to 
(i) authorised bandwidth re­ 

quirements, 
(ii) freedom from spurious 

radiation, and 
(iii) conformity with acceptable 

modulation standards. 

Participation in the International 
Monitoring Programme 

As previously mentioned, high­ 
:requency radio signals cannot be con­ 
fined within the borders of a country 
and, because of the international uses 
to which they are applied, it is essen­ 
tial that international understanding 
.md co-operation should exist to 
nsure the orderly conduct and opera­ 
tion of the various services. Whilst 
monitoring stations are designed pri­ 
marily to meet the domestic needs of 
a particular country, they provide in­ 
valuable assistance to the · Inter­ 
national Frequency Registration 
Board by supplying:- 

(i) special occupancy reports; and 
(ii) special monitoring reports as 

required. 

gressing; 

Frequency Measuring 
The frequency measurement pro­ 

gramme maintained at the various 
centres is designed to ensure that all 
radio transmitters situated within 
Australia comply with prescribed fre­ 
quency tolerances. 
Elaborate precautions are taken to 

ensure that Departmental frequency 
measuring apparatus is maintained at 
the prescribed accuracy. The various 
frequency measuring centres are con­ 
nected by special lines to the Post 
Office Research Laboratory, Mel­ 
bourne, where an Atomic Caesium Fre­ 
quency Standard is employed to 
ensure accuracy of operation. 

In order to determine the accuracy 
of all frequency measuring apparatus 
throughout the Commonwealth, and 
to test the skills of the operating per­ 
sonnel, a simultaneous measurement 
programme is carried out by all 
measuring centres each Wednesday 
evening at 2200 hours E.A.S.T. All 
centres measure pre-determined sta­ 
tions at a precise time and send the 
results to Headquarters. A typical 
outcome of this activity would be as 
shown in Table 1. 

MELLING - R. F. Spectrum Management 
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TABLE I 
VLB9 VLR6 2CR BBC 2NC 5CL 

Centre 9680kHz 6150kHz 550kHz 15070kHz 1230kHz 730 kHz 
1200GMT 1205GMT 1210GMT 1215GMT 1220GMT 1225GMT 

Sydney 1.52L 0.86L 5.92L 0.08H 6.09H 0.93L 
Melbourne 1.68L 0.94L 5.96L 0.2H 6.04H 0.98L 
Brisbane 1.49L 0.69L 5.93L 0.26H 6.02H 0.97L 
Adelaide l.7L lL 5.59L ZERO 6H 0.95L 
Perth l.65L 0.88L 5.96L NMQSB 5.97H 0.98L 
Hobart l.4L lL 5.96L 0.2L 6.02H 0.98L 
Maximum 
Difference 
between 0.3 0.31 0.04 0.46 0.12 0.05 
measure- 
ments (Hz) 

Legend: L = Low, H = High, NM = No Measurement QSB = Signals varying in strength 

Examinations for Certificates of 
Proficiency 

Examinations for First, Second and 
Third Class Commercial, Broadcast, 
Amateur and Limited Amateur Radio 
Certificates of Proficiency are conduc­ 
ted to enable members of the general 
public to qualify and obtain these 
qualifications. Details of the examina­ 
tions are contained in the relevant 
Departmental brochures, which are 
readily available upon application to 
the Superintendent, Radio Branch, 
Capital City. 
The First, Second and Third Class 

certificates apply mainly to the mari­ 
time service. As an example, the 
First Class certificate is a pre-requisite 
and mandatory qualification for ap­ 
pointment as a Senior Radio Officer 
on board a passenger ship, the Second 
Class certificate is mandatory for 
Radio Officers on board cargo vessels 
fitted with radio telegraphy apparatus, 
whilst the Third Class Certificate is 
mandatory for Wireless Operators on 
board fishing, trading and pleasure 
vessels required to communicate with 
O.T.C. coast stations. 

issued. On the basis that each licence 
covers one family unit (of 3.5 persons 
per unit), approximately 11,263,973 
people expect to enjoy interference­ 
free reception. Interference as ap­ 
plied to radio and television recep­ 
tion refers to any electrical disturb­ 
ance which interrupts or interferes 
with the complete enjoyment of the 
programme. The interference prob­ 
lem has come to the fore to an in­ 
creasing extent in recent years, owing 
to the sensitivity of modern radio and 
television receivers, together with the 
increasing use of household and port­ 
able appliances. 
An analysis of sources of inter­ 

ference has revealed that the follow­ 
ing are the main causes:­ 

Low-tension services. 
High-tension services. 
Domestic apparatus. 
Television or radio equipment. 
Industrial equipment. 
Scientific and medical equipment. 
Traction services. 
Ignition sources. 
Propagation peculiarities. 
Radio-communication equipment:­ 
( a) Receiving 

(i) Intermodulation. 
(ii) Inadequate selectivity. 
(iii) Faulty or maladjusted. 

(b) Transmitting 
(i) Excessive deviation. 
(ii) Over modulation. 
(iii) Faulty or maladjusted. 
(iv) Spurious radiation. 

INTERFERENCE INVESTIGATIONS 
One of the principal functions of 

the Australian Broadcasting Control 
Board whose responsibility it is to 
administer the Broadcasting and Tele­ 
vision Act, is to detect sources of 
interference and to furnish advice and 
assistance in connection with the pre­ 
vention of interference with the trans­ 
mission or reception of programmes 
of broadcasting and television sta­ 
tions. This work is performed by the 
Post Office Radio Branch on behalf of 
the Board on a recoverable work 
basis. Interference to radio-communi­ 
cation stations is also investigated as 
a service to these licensees. 
As at March 1971, there were 

3,218,278 radio and television licences 
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Complaints 
The number of complaints received 

throughout the Commonwealth during 
1970/71 is listed below:- 
Radio-Broadcast . 
Television . ., . 
Radio-communication · 

4330 
12327 
1952 

TOTAL 18609 

In some instances, more than one 
source of interference affected single 
complaints, whilst in others a number 
of complaints were due to a common 
source. 

Over the years, the state-of-the-art 
in interference location techniques has 
greatly improved, with a result that 
an ultra-sonic detector is now consid­ 
ered to be a necessity in an inter­ 
ference investigator's kit. As an 
example, in heavy traffic density areas 
the sonic detector, by virtue of its 
principle of operation, isolates the 
various noise sources speedily and 
accurately, whereas other apparatus 
is readily subject to extraneous inter­ 
ference, such as that produced by car 
ignitions. This device is considered to 
be ideal for detecting at close range 
defective transformers, insulators, 
loose ties and perforated p.v.c. sleeves 
on electric supply lines, conventional 
medium, high and very high-frequency 
receivers being used to determine the 
approximate location of the defective 
apparatus. Use of the sonic detector 
has resulted in an improved service 
to listeners and viewers. 

In all States of the Commonwealth, 
interference investigation officers 
maintain close liaison with electric 
supply authorities, so that interference 
problems arising from electric supply 
plant are speedily rectified with mini­ 
mum inconvenience to listeners, 
viewers, consumers, line crew and 
Post Office staff. 

It can be expected that, with the 
introduction of colour television into 
Australia in the near future, Radio 
Branch interference investigation 
officers will become involved in the 
complex interference problems which 
are known to be associated with this 
medium. 
Pollution is a much used word to­ 

day; it is considered that pollution of 
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the radio frequency spectrum by man­ 
made devices is already a major prob­ 
lem confronting as it does, all radio 
regulatory authorities throughout the 
world. 

MARINE RADIO SURVEYS AND 
INSPECTIONS 

Australia, as a member-nation of 
the International Safety-of-Life-at-Sea 
organisation, provides an inspection 
service, in accordance with Article 21 
of the International Radio Regulations, 
for all merchant vessels, irrespective 
of nationality and category, visiting 
Australian ports. By arrangement the 
Australian Post Office plays an im­ 
portant role in these 'Safety-of-Life­ 
at-Sea' activities. 

Responsibilities of the Department 
of Shipping and Transport and 

Australian Post Office 
The Commonwealth Department of 

Shipping and Transport is responsible 
for providing the inspection service, 
which covers the three areas of ship­ 
board activity - that is, deck, engine 
and radio. It is in the area of radio 
that the Australian Post Office plays 
its part. By arrangement, and on a 
recoverable works basis, the Radio 
Branch provides Marine Radio Sur­ 
veyors to perform work involving the 
assessment of the efficiency of all 
radio-communication, radio direction­ 
finding, automatic-alarm and survival 
craft apparatus. Post Office Marine 
Radio Surveyors are provided at all 
State capital cities and at some prin­ 
cipal ports. 

Surveys are conducted in accord­ 
ance with the following provisions:­ 

Ships 
Registered Authority 

In 
1. Australia Commonwealth Naviga­ 

tion (Radio) Regulations 
2. United British Merchant Ship- 

Kingdom ping (Radio) Rules 
3. Other Safety - of - Life - at - Sea 

Countries Conference Radio-com­ 
munication Regulations. 

It is pertinent to mention that the 
requirements of (3) above are em­ 
bodied in (1) and (2) above, which 
are more stringent in their applica­ 
tion. 

Australian State Marine Radio 
• Surveys 

In Tasmania, Western Australia and 
Victoria Departmental officers act also 
as State Marine Radio Surveyors on 
a recoverable works basis on behalf 
of the respective State Governments. 
.Just as the 'Titanic' disaster was re­ 
sponsible for the establishment of a 
world-wide Safety-of-Life-at-Sea Or- 

ganisation for large ships, so too were 
the sinking of the fishing vessel 
'Cathy-Jo' in Western Australian 
waters and the trading vessel "Will­ 
watch" in Tasmanian waters finally 
responsible, after many similar 
tragedies, for the various State Marine 
(Radio) Regulations, which provide 
for the compulsory fitting of radio­ 
telephone apparatus on board fishing 
and intrastate vessels not subject to 
Commonwealth survey. 

Origin of the Safety-of-Life-at-Sea 
Organisation 

In order to enable the significance 
of this work to be more readily 
grasped, it is perhaps pertinent to 
recall how and why the inspection ser­ 
vice came into being. The Safety-of­ 
Life-at-Sea Organisation was estab­ 
lished following the sinking of the 
British Liner 'Titanic' in 1912, after 
collision with an iceberg in the murky 
North Atlantic icefields. 'Titanic' was 
the latest product of British shipbuild­ 
ing and was, at that time, the largest 
ship in the world. On this, her maiden 
voyage, she was carrying 1,348 pas­ 
sengers and a crew of 860. Of these, 
a total of 1,503 was lost, only 504 
passengers and 201 of the crew sur­ 
vived. One tragic feature of the dis­ 
aster was that possibly many hun­ 
dreds of other lives might have been 
saved had it occurred an hour or so 
earlier; for it was established, during 
the subsequent inquiry, that another 
ship, fitted with the then newly in­ 
vented wireless transmitting and re­ 
ceiving installation, was only twenty 
miles away. Her Radio Officer, how­ 
ever, had gone off duty after a long 
day's work, and so did not receive the 
'Titanic's' distress message. 
An editorial which appeared in 'The 

Times' (of London) expressed the 
thoughts of many people at the time:- 

'We owe it to patient research in a 
delicate and difficult branch of science 
that the "Titanic" was able with won­ 
derful promptitude to make known 
her distress and to summon assistance. 
But for wireless telegraphy the dis­ 
aster might have assumed proportions 
which at present we cannot measure, 
and should have known nothing of its 
occurrence for an indefinite period. 
Many a well-found ship has in fact 
disappeared in those berg-haunted 
waters without leaving a sign to indi­ 
cate her fate. Thanks to Marconi's 
apparatus it is hardly possible for any 
vessel equipped with even moderately 
powerful instruments to be lost on any 
frequented route without being able 
to communicate information and to 
summon help. The advantages con­ 
ferred by this abridgement of space 
are enormous. No vessel need be 

alone, none need vanish without sign 
from human ken and in none but 
crushing and instant disasters need 
any despair of help. This is surely 
one of the greatest of many boons 
conferred upon humanity by patient, 
persistent and often very discourag­ 
ing inquiry into natural laws, carried 
on, at all events in its initial stages, 
by students animated only by love of 
knowledge'. 

Following the 'Titanic' disaster the 
Governments of the principal maritime 
nations joined in establishing the Inter­ 
national Service of Ice Observation 
and Ice Patrol, which subsequently 
formed part of the world-wide Safety­ 
of-Life-at-Sea Organisation. The resul­ 
tant regulations issued by this body, 
together with suitable amendments in 
the light of technological progress, 
have made it possible for everyone to 
participate in the pleasures of a sea 
voyage with the full knowledge that 
those responsible for the conduct of 
affairs are fully versed in the need for 
safety precautions. It is an internatio­ 
nal requirement that all vessels, whilst 
at sea, maintain a continuous radio 
listening watch by human or electro­ 
nic means on the international distress 
frequency of 500 kHz or 2182 kHz. 
In recent years, the frequency of 156.8 
MHz has been selected as the Inter­ 
national very high-frequency Radio­ 
telephone Safety channel. 

OTHER AUSTRALIAN RADIO 
AUTHORITIES 

No treatise concerning the use of 
management of the radio-frequency 
spectrum would be complete without 
reference to the aeronautical and 
broadcasting and television services. 

Department of Civil Aviation 
In Australia, the control of aeronau­ 

tical radio stations, systems and ser­ 
vices is the responsibility of the De­ 
partment of Civil Aviation. However, 
administrative action ensures that the 
Radio Branch of the Post Office co­ 
ordinates and controls such matters as 
frequency assigning and ensuring the 
observance by all aeronautical stations 
of the provisions of the International 
Radio Regulations. 
Whereas the Australian Post Office 

is charged with the responsibility of 
performing marine radio surveys (to 
ensure compliance with international, 
national and State 'Safety-of-Life-at­ 
Sea' Regulations), the Department of 
Civil Aviation performs similar sur­ 
veys in the aeronautical sphere. The 
standards achieved by this body are 
extremely high, and no doubt have 
contributed immeasurably to aerial 
safety. 
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Australian Broadcasting Control Board 
The broadcasting and television ser­ 

vices of the Commonwealth operate 
under the provisions of the Broad­ 
casting and Television Act 1942-1969. 
The principal functions of the 

Board are briefly as follows:- 
1. to ensure the provision of servi­ 

ces by broadcasting and tele­ 
vision stations in accordance 
with Government policy; 

2. to ensure that the technical 
equipment and programme mate­ 
rial is of a high standard; 

3. to detect sources of interference; 
and 

4. to hold public inquiries into 
applications for licences for com­ 
mercial broadcasting and tele­ 
vision stations. , 

LOOKING AHEAD 
The rapidity of progress in the radio 

sphere during the past 73 years sounds 
a warning note for the years to come. 
We must keep abreast of develop­ 
ments as they arise, and prepare as 

far as practicable a sound groundwork 
for future expansion. 

It is interesting to note that during 
the years 1965-1970 there was a steep 
increase in the number of all classes 
of radio stations. If the experience of 
the more populous countries is a 
reliable indicator, it appears that this 
expansion will not only continue, but, 
indeed, accelerate in the years ahead. 
The important - in fact, often control­ 
ling - international aspects of spec­ 
trum utilisation relating to frequency 
allocations, radio regulations systems 
standards, operating procedures and 
associated national problems must 
therefore become more complex with 
the passage of time. 
The role played by radio-communi­ 

cation and television facilities in outer 
space exploration has caused a tre­ 
mendous acceleration of creative effort 
in these two industries. New techni­ 
ques can be expected to benefit the 
general public in a diversity of ways 
as the frontiers of knowledge are gra­ 
dually pushed back. Thoughts of 
Alfred Tennyson, expressed with con- 

fidence about a century ago, are still 
descriptive of the human thirst for 
knowledge:- 

'Men my brothers, men the workers, 
Ever reaping something new; 
That which they have done but 
earnest 

of the things they yet shall do.' 

FURTHER READING 
Commonwealth of Australia 

(a) Wireless Telegraphy Act and 
Regulations. 

(b) Navigation Act and Regulations. 
( c) Broadcasting and Television 

Act, and Regulations. 
(d) Air Navigation Act and Regula­ 

tions. 
(e) Australian Post Office-current 

and archival records. 
International Telecommunications 
Union 

(a) Radio Regulations 
(b) Publications 

Maritime Historical Records 
Press Material 

Mr. R. T. O'Donnell. 

NEW DIRECTOR, NEW SOUTH 
WALES 

Mr. R. T. O'Donnell, M.I.E. (Aust.), 
has been appointed as Director, New 
South Wales to replace Mr. E. F. Lane. 
(See Vol. 22 No. 1 Page 83.) 

Mr. O'Donnell joined the Australian 
Post Office as a Temporary Junior 
Mechanic in 1924. His whole career 
has been spent in N.S.W.; the early 
part progressing through the ranks of 
Mechanic and Senior Mechanic until 
1941 when he qualified as an Engineer. 
From 1941 until 1958, Mr. O'Donnell 
occupied a number of positions as En­ 
gineer and Divisional Engineer, pre­ 
dominantly in the field of Country 
Installation. During 1957 he was 
seconded as a full time member of the 
Training of Technicians-in-Training 
Committee which recommended vast 
changes in this scheme, In 1958 he 

was transferred to the Planning 
Branch as Supervising Engineer, In­ 
ternal Plant Planning and four years 
later was promoted as, Superintending 
Engineer Planning Branch, a position 
he occupied for six years until trans­ 
ferring to the position of Superintend­ 
ing Engineer, Metropolitan Branch in 
1968. In 1970, Mr. O'Donnell was pro­ 
moted to Assistant Director, Engineer­ 
ing, where he remained until his pre­ 
sent promotion to Chief Officer, N.S.W. 

In all his positions Mr. O'Donnell 
has assisted the N.S.W. Committee of 
the Telecommunications Society with 
the benefit of his long experience and 
he has contributed to the journal. 

On behalf of all readers, the Board 
of Editors congratulates Mr. O'Don­ 
nell on his appointment and looks for­ 
ward to his continued co-operation in 
New South Wales. 
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CABLE PROTECTION AND MAINTENANCE TESTING TECHNIQUES: (PART 1) 
B. M. BYRNE, B.E.E., C.Engr., M.l.E.E.* 

INTRODUCTION 

Cable Protection is that branch of 
Telecommunications Engineering devo­ 
ted to the prevention of cable failures, 
and the optimisation of cable plant 
life. 
This article describes techniques in 

this area and associated activities in 
Queensland where the writer has been 
closely associated with these for some 
two decades. As the extent of these 
operations are rather diversified, it is 
presented in two parts. Part One 
details the more traditional Cable Pro­ 
tection fields of (i) corrosion mitiga­ 
tion, particularly in the general, or 
non-traction current corrosion, area, 
and (ii) the gas pressure protection 
systems. Part Two covers the associa­ 
ted fields of Cable Testing and several 
minor activities applicable to the 
Queensland Cable Protection Organi­ 
sation. 
Early cable protection history dates 

back over half a century and was con­ 
cerned with the efforts, largely suc­ 
cessful, to obviate the hundreds of 
corrosion failures from direct current 
traction system (tram, trains) stray 
current electrolysis, in the capital 
cities. This early organisation provided 
a nucleus for the formation, after 
World War 2, of the Cable Protection 
Divisions in the various States to 
undertake the pressurisation protection 
programme. 
The rapid growth of telephone cable 

networks including the development of 
cable sizes up to 3,000 pairs, and of 
coaxial and other special cables, has 
required tremendous effort in the cable 
protection area. Most major telephone 
administrations have established a 
specific organisational unit to cope 
with this, as has the Australian Post 
Office. The precise organisational func­ 
tions vary between States, according 
to workload, density and disposition 
of plant and weather conditions. In 
Queensland, this area and those others 
described in the two parts of this 
article are the responsibility of the 
Cable Protection Section (recently, 
Cable Protection Division). 
In the early 1950's the broad charter 

of this Division comprised:- 
(i) Reduction of wet weather fault 

incidence. 
(ii) Prevention of corrosion from 

any cause (as opposed earlier 
to only traction current), espe­ 
cially in large sized cables. 

:!= Mr. Byrne is Supervising Engineer, Cable 
Protection; Queensland. 

(iii) Co-ordination and speed-up of 
fault locations and reduction of 
outage time. 

(iv) Anticipating preventable faults 
generally. 

Objective (i) has been fully achieved 
in Trunks, Junction and Main Sub­ 
scribers cables. Objectives (ii), (iii) 
and (iv) are continuing, as the cable 
network expands, doubling itself each 
decade. 

Most of the problems of 10 years 
ago have been solved, but a whole 
new series of problems, requiring diffe­ 
rent solutions, have replaced them. It 
is against this background that the 
following description of present day 
cable protection techniques is presen­ 
ted. The several current phases of this 
work are:- 

(i) Corrosion prevention. 
(ii) Cable pressurisation. 
(iii) Cable testing and fault locali­ 

sation. 
(iv) Production and evaluation of 

cable maintenance test equip­ 
ment. 

(v) Fault recording and analysis. 
(vi ) Incipient cable fault location. 
(vii) Preventive maintenance inspec- 

tion of major cable routes, espe­ 
cially coaxial cables. 

This article is concerned principally 
with (i) to (iv) above. 

CORROSION PREVENTION 

Traction current corrosion is now a 
problem in only the largest two capital 
cities and their environs, Sydney and 
Melbourne. A very minor traction net­ 
work survives also in Adelaide. 
Electrical drainage bonds employing 
modern semi-conductor techniques 
control up to several kilowatts in 
drainage power to a predetermined 
pattern, from each of gas, water and 
telephone construction, from a sensed 
condition of only a few millivolts. 
The design of traction current cor­ 

rosion mitigation is, however, covered 
by a number of papers and articles, 
and it is not proposed to proceed into 
further detail here. Rather, the accent 
in corrosion prevention over the last 
25 years has swung to control in non­ 
traction areas by cathodic protection. 
Although negotiations and liaison with 
other authorities often limits the 
extent to which cathodic protection 
can be applied, it is a most powerful 
tool to combat corrosion of telecom­ 
munications metal sheathed plant. 
Several cathodic protection installa­ 
tions were in use to suppress traction 
current corrosion along with the many 
traction bonds, in Brisbane, prior to 

the closure of the tramway system. 
It would be appropriate at this stage 

to consider, very briefly, the types of 
corrosion and their relationship to the 
application of cathodic protection. 

Types of Corrosion 
The C.C.I.T.T. 'Recommendations 

for the Protection of Underground 
Cables Against Corrosion' lists three 
groupings of corrosion:- 

( a) Chemical (caused by non-elec­ 
trolytes) 

( b) Intercrystalline 
(c) Electro-Chemical (electrolytic 

and non-electrolytic). 
However, from these groupings, it 

is desirable to extract and rearrange 
corrosion types in accordance with the 
feasibility of field control, and also to 
relate the names of the corrosion types 
to the field condition which cause 
them. Intercrystalline corrosion (but 
not Intercrystalline disaggregation) is 
relatively rare, except under the in­ 
fluence of high density traction current 
discharge or the like. 
Thus, in the control field it is perti­ 

nent to consider the following corro­ 
sion groupings:- 

(i) Galvanic - from proximate 
metal; especially iron conduit. 

(ii) Electrolytic - from 'stray' cur­ 
rents (not necessarily traction 
current). 

(iii) Chemical - in its several forms 
(acetic, bacterial, etc.). Also 
electrochemical, related to soil 
environment. 

There is no ready cure for galvanic 
corrosion, particularly as it applies to 
telecommunications cable with lead 
sheaths. If iron pipe is used to house 
unprotected lead, it will cause galvanic 
corrosion of the lead (and, often indi­ 
rectly, the iron) sooner or later. There­ 
fore, iron pipe must not be used in 
this application. Similarly, copper 
pipes and electrodes must never be 
connected to lead sheaths or the 
results will be disastrous. Actual field 
experience has, in fact, demonstrated 
this forcibly in a number of cases 
where copper earth electrodes have 
been so fitted. 

Cathodic Protection 
Electrolytic corrosion can be elimi­ 

nated where it is economic to preserve 
the existing cable at the not inconsi­ 
derable cost of a cathodic protection 
installation. 
Most forms of chemical corrosion 

can likewise be reduced to negligible 
proportions by cathodic protection. 
Some care must be exercised in the 
design of this equipment, following the 
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recognition of chemical failure of cable 
plant. A chemically caused fault pro­ 
duces current, and is not caused by it, 
as in electrolysis. Thus, from super­ 
ficial examination, corrosion potentials 
appear to be reversed to the more 
familiar electrolysis conditions. The 
application of cathodic protection 
serves rather to keep the corrosion 
cell inoperative, merely by keeping it 
'charged'. Removal of the. protection 
will usually allow even more rapid 
corrosion than was taking place before, 
due to the solution of lead by accumu­ 
lated hydroxides and other conditions 
produced by operation of cathodic 
systems. 

The design of cathodic protection 
must take account of the following 
factors:- 

(i) Extent of cable network - de­ 
termined by an electrical corro­ 
sion survey, in which cable 
potentials to ground and to a 
copper/ copper sulphate half 
cell are taken, backed up by 
ground resistivity measure­ 
ments. Chemical tests are made 
on soils from the area if there 
have been faults and on cable 
laid earlier, to determine soil 
aggressiveness to lead. A deci­ 
sion on economic and engineer­ 
ing grounds as to the feasibility 
of one or more installation/s to 
cover the area is usually neces­ 
sary. 

(ii) Accessibility of a.c. power. 
(iii) Availability of suitably isolated 

and low resistance earth elec­ 
trode sites - necessarily con­ 
sidered in relation to (i) above. 

(iv) Current required to depress the 
potential of the cable by a suffi­ 
cient amount (negative) over 
the area in (i) above, without 
exceeding about 1 volt at any 
point (depending on corrosion 
types involved). The test cur­ 
rent may be applied simulta­ 
neously at up to about four 
points on the network at about 
quarter mile intervals. 

(v) Determination of anode mate­ 
rials type - both from the 
surface area/resistance view­ 
point at the groundbed site and 
from the electro-chemical 
weight/equivalent to provide 
15-20 years' life. This design is 
something of an art, as not only 
may soil resistivities range from 
20 ohm/cm. to 10,000 ohm/cm. 
(over the 'usable' range) but 
also, the resistance of almost 
any site chosen can and does 
vary by a considerable factor 
after installation. For example, 
a 0.5 ohm anode (e.g. 100 lb. 
of silicon iron alloy) in 20 ohm/ 
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cm. salt river mud may rise 
from 0.5 ohm to 10 ohms, or 
higher for some weeks follow­ 
ing heavy rain. At the same 
time an anode of much larger 
surface area (e.g. 2,000 lb. 
steel) in the upper reaches of 
the catchment area of the Same 

Silicon Molybdenum Iron 
Silicon Chromium Iron 

Silicon Iron 
Graphite 

Platinised Titanium 
Silver Lead Alloy 

river (but installed in dry 
ground of say 10,000 ohm/cm.) 
may have had its resistance 
dropped from I O ohms to 
3 ohms by the same rain. 
The choice of anode materials 

at present used with a broad 
rule of thumb application are:- 

Cast Iron 

Steel 
(In any convenient form) 

Low consumption (1-4 lb. amp/yr) in 
high chloride salt areas. 

Low consumption (1-4 lb. amp/yr) in 
high salt, non-chloride areas. 

) Low consumption rate in open sea water 
) (the silver-lead alloys being restricted to 
) actual suspension in clear salt water, not 
) buried in mud). 

) Medium consumption (2-7 lb. amp/year). 
) Medium surface area; long life. 

) 20-25 lb. per year (for high surface area). 
) This is normally the most economic mat­ 
) erial in amp/years per dollar. 

Fig. 1 - Installation of 20 x 300 lb. Steel Anode Rails for a 15 Amp. Cathodic 
Protection System (Ca!boolture River). 



140 THE TELECOMMUNICATION JOURNAL OF AUSTRALIA June, 1972 

Fig. 2 - Geophysical Rig, Drilling a 10 in. x 200 ft. Hole for Three Si-licon/Chro­ 
mium/lron ,Alloy Anodes~ 

(vi) Calculation of electrical require­ 
ments - cable size, rectifier 
voltage, range, likely resistance 
variations between seasons of 
the anode, and total current 
having regard to the intended 

TABLE I 

'overlap' of adjacent installa­ 
tions; The maximum voltage 
used for safety reasons is 50v. 
There are about 20 standard 
rectifier types for this applica­ 
tion, following extensive expe- 

Period 

1955 to 1960 

1961 to 1965 

1965 to 1970 

Corrosion Failures ln Main 
Cable . ( other than galvanic 

in old iron conduit) 

17 ·~ :6"":, 
,,\; "',;e, 

5 

Installation of Cathodic 
Protection 

Date No. of Units 
--- 

- - 

1961 9 
1962 1 
1965 1 

1968 1 

rience and redesign to accom­ 
modate lightning surges and 
other encountered field prob­ 
lems. 

(vii) Measurement and calculation of 
the effect on other underground 
plant, structures, etc. (in parti­ 
cular, metallic water pipes). 
Design of appropriate resistive 
electrical interconnections with 
these services to restore status 
quo potentials. Negotiation with 
other authorities accordingly. 

(viii) Negotiation with power supply 
and council authorities (some­ 
times private persons or com­ 
panies) regarding siting, ener­ 
gisation and tariffs for indivi­ 
dual units. The range of diffe­ 
rent conditions in this context 
is remarkable. 

(ix) Last but not least, the paper­ 
work - recording of location 
of everything on permanent 
record plans - advising co­ 
ordinating authorities - in­ 
structing maintenance staff; 
recording data to assist in future 
design or variations. 

Records of corrosion fault incidence, 
and, of course, of installed cathodic 
protection equipment have been kept, 
in ledger form, for the last two deca­ 
des. The perusal of any page of these 
records yields proof of the effective­ 
ness of this corrosion control; a typical 
summary prepared from these records 
is shown below. 
For example, the city of Townsville, 

with two large exchanges (as provin­ 
cial cities go) and several smaller 
peripheral ones, with a total of some 
12,000 subscribers, and a cable net­ 
work of about 50 sheath miles of 
coaxial, trunk, junction and subscribers 
main cable has a corrosion fault record 
as in Table I. (It is to be remembered 
that this, as with most other networks, 
has been doubling at about eight year 
intervals, both in capacity and area.) 
The introduction of plastic jacketted 

lead cable and then, more recently, 
moisture barrier cable has eased the 
corrosion problem to some extent. The 
former has the effect of extending the 
influence of cathodic systems, by 
virtue of its high resistance to ground. 
In the more tropical zones particu­ 
larly, the need to apply cathodic pro­ 
tection is paramount however, on even 
jacketted cable types, due to the 
voracity of the several types of small 
brown and black ant, which perforate 
the polythene jacket. This concentrates 
any stray electrolysis current discharge 
to the perforated areas. On the other 
hand, as most of the cable is effectively 
insulated, chemical (i.e. non-stray 
current type) corrosion is largely eli­ 
minated. 

BYRNE - Cable Protection 
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In moisture barrier cable, the barrier 
is aluminium foil bonded to the inside 
of the polythene sheath. Cathodic pro­ 
tection of the foil in the event of 
plastic perforation is possible, although 
the pH/potential diagram for alumi­ 
nium is much more restrictive than 
that for lead. Damage by ants is mini- 

mised by the use of moisture barrier 
cable in conduit construction. Cable 
laid direct in the ground in the tropics 
is still largely plastic jacketted lead. 
Feasibility studies of cathodic protec­ 
tion on aluminium foil in M.B. cable 
are still in progress in Queensland. 

Other problems under current in- 

vestigation in the corrosion area are:- 
Failure of lead sheathed cable buried 
direct in the ground adjacent to 
the cathode connection of a few 
(3% of total) cathodic protection 
installations several of which 
have been in the Bundaberg area. 

Continued study of anode economy 

Fig. 3 - Silicon/Chromium/Iron Alloy Anode Prepared for Lowering down a Deep Well Anode. (A chlorine, resistant tub­ 
ing is fitted over the cable tail, and the anode weight is taken by a 600 lb. x ¾ in terylene or polypropylene rope.) 

Fig. 4 - Platinised (0.5 x 10·3 In) Titanium Mesh Anode. (Laid out prior to installation in a saltwater site adjacent in the 
Brisbane River.) 

BYRNE - Cable Protection 
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Fig. 5 - Pole Mo,unted 0.5 kW Cathodic Protection Rectifier. 

for the several alloys and forms 
in various environments. 

Relationship of chemical nature of 
various field environments to ob­ 
served corrosion rates. 

Free lime corrosion in F.A.C. and 
rigid P.V.C. conduits. 

CABLE PRESSURISATION 

Cable Pressurisation is a major pre­ 
ventive maintenance technique em­ 
ployed on underground telephone 
cables. Superficially there might 
appear to be little gain in preventing 
cable failures, if repairs are necessary 
in any case, except in the removal of 
restoration effort at penalty rates for 
after-hours faults. However, the loss 
of service revenue from inoperative 
main cables is quite substantial, and 
makes preventive maintenance a 
worthwhile proposition. A further gain 
is the avoidance of disruption of nor­ 
mal work by emergency demand on 
normal effort for breakdowns at any 

unpredictable time. Also the greatly 
improved grade of service attained is 
attractive from the customer commer­ 
cial viewpoint. 

Gas Pressure Alarm Systems rely 
on the elementary fact that if gas pres­ 
sure (typically 10 p.s.i.g., but may 
be from 3 to 25 p.s.i.g. in special 
cases) in a cable is greater than the 
water pressure outside, water will not 
enter, and the cable will not fail. 
In Brisbane, virtually the whole 

main cable network has been under 
pressure for some six or seven years. 
It took some 14 years to achieve this, 
commencing in the early 1950's. Wit­ 
ness to the effectiveness of the system 
is the fault incidence under the most 
intense rainfall ever recorded in Bris­ 
bane, i.e. in June, 1967. Four faults 
only were recorded in main cable, 
three being complete physical wash­ 
aways of conduits and cables, and the 
fourth a cable pothead failure under 
an exchange M.D.F. because of the 
inability of the two exchange cable 

tunnel pumps to control the tremen­ 
dous water flow. Thus under these 
extreme conditions no gassed main 
cable (some 1,500 miles) in Brisbane 
failed other than those physically de­ 
stroyed cables mentioned. 
It is quite apparent that the pressu­ 

risation philosophy has changed mar­ 
kedly in the last decade. Where earlier 
the big job facing the plant protection 
engineer was the massive backlog of 
thousands of miles of cable with lite­ 
rally thousands of sheath perforations, 
waiting to be gassed, this is no longer 
so. 
The picture now is of a very large 

pressurised network of lead sheathed 
cables, with a rapidly increasing pro­ 
portion of moisture barrier cable being 
added, and being pressurised as it is 
installed. Thus the service engineer 
is now concerned with alarm super­ 
vision and alarm data transfer prob­ 
lems plus the need to rapidly evaluate 
pressurisation methods developed to 
cope with new sheaths and new joint­ 
ing and repair methods. 
Electrically powered air driers have 

been fitted at most Queensland tele­ 
phone exchanges over 400 lines. These 
machines have been produced princi­ 
pally for three purposes:- 

(i) To drive some air into other­ 
wise ungassed cable systems, to 
achieve some measure of pres­ 
surisation. (With the general 
upgrading of cables this need 
is now of little consequence.) 

(ii) To avoid the high manhour 
component experienced in early 
gas pressure work in finding 
small leaks; and 

(iii) To provide a dry air supply 
where isolation or quantity 
usage make it uneconomic to 
use compressed gas in cylin­ 
ders. 

The economics of purpose (ii) is 
debatable. On one hand the security 
of a no-leak system without a machine 
drier is very high, but can have also 
relatively high cost penalty. On the 
other hand, the mechanical or electri­ 
cal failure of a machine (usually once 
or twice per annum) poses very urgent 
maintenance attention needs, if it is 
carrying substantial air flows to a 
number of cables, especially during 
wet weather. 

Also, it must be remembered that 
the visual flowmeters do not tell the 
full story of the leak numbers or dis­ 
position. A given reading, of say one 
standard cubic foot per hour might 
be a serious (from the point of immi­ 
nent failure) leak in a medium sized 
cable a mile from the exchange, or 
one or more irrelevant small leaks in 
a section of cable right at the ex- 

BYRNE - Cable. Protection 
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Fig. 6 - Standard 200 Cubic Ft./Day (Minim.um Size) Cable Air Dryer. (Can be 
mounted on a wall or on equipment rack.) 

Fig. 7 - Electronic Manometer in Use to· Determine, which o,f Fou·r Cabinet Cable 
Tails is L,eaking. (Note the 'instant' test points on the cable; these allow access 
to the cable gas stream, without loss of gas d,uring fitting, at locations where, no 

regular tes,t point has been fitted.) 

BYRNE - Cable Protection 

change, where more than adequate air 
pressure access exists. 
The ideal condition of operating at 

100% pressurisation can be attained 
if a reasonably low cost method of 
small leak elimination can be achieved. 
The installation of machines would 
then provide a relatively inexhaustible 
supply of dry air, but still at a small 
enough loss rate to be held by manu­ 
ally applied air cylinders if a machine 
fails. The economies of being able to 
defer leak location by use of the 
machine, until it is convenient to do 
so, without incurring penalty rates, 
quite easily amortise the machine cost 
in about 12 months on a large ex­ 
change network, and in a propor­ 
tionally longer time on lesser net­ 
works. In isolated country networks, 
of course, it is essential to be inde­ 
pendent of air supplies by rail. It is 
not permissible to forward pressurised 
air cylinders by commercial airlines. 

As it was realised some nine years 
ago that the pre-requisite for this low 
leak condition was a low cost leak 
location system, all existing methods 
of leak location were exhaustively re­ 
examined. Needless to say, methods of 
leak location were under review all 
over the world, because of the costs 
involved. In the United States of 
America the high labour costs forced 
the use of large and costly machines 
which produce up to 15,000 cubic feet 
of dry air per day. Normally, for 
security, these are installed in at least 
pairs. 
For the networks in Queensland, this 

was considered both uneconomic and 
of lower security than a no (or mini­ 
mal) leak system. The reasoning on 
such problems followed these lines:- 

(i) Leak location by pressure gra­ 
dients can be extended just so 
far. Using bulky manometers, 
or preferably, precision jewelled 
bearing gauges, the limit is 
reached where barometric and 
thermal differences cause con­ 
fusion. Likewise, flow sensitive 
devices such as ammonia indi­ 
cators, pithballs, iodine indica­ 
tors, etc., all have a limit of 
useful sensitivity, which may 
still represent an annoying leak 
in a large or coaxial cable of 
low pneumatic resistance per 
unit length. Electronic differen­ 
tial manometers are now avail­ 
able in a near ultimate sensiti­ 
vity range, but require a long 
time to achieve stabilised flow 
conditions in the cable, and are 
essentially only a 'this way' or 
'that way' indication. 

(ii) Acoustic methods involving lis­ 
tening devices, with or without 
amplifiers, are too specific in 
that they are applicable in some 
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cases only. Ultrasonic leak 
detectors are likewise a one in 
a hundred chance, although 
occasionally they have valuable 
application, e.g. on coaxial pot­ 
heads, or on cable suspended on 
a bridge side. 

(iii) The use of soaps or, more com­ 
monly, foaming type detergents 
is restricted to manholes, pits 
and accessible points. They are 
still of prime importance, of 
course, combined with prelimi­ 
nary pressure readings, as over 

90% of leaks are found in this 
way. Detergents cannot be used 
on plastic, as their use promotes 
environmental stress cracking. 
The remaining portion (well 
under 10%), are in section 
lengths where over 80% of the 
overall labour cost is involved. 
This is the 'hard' part, or at 
least the expensive part. 

(iv) Almost inevitably the indica­ 
tions were that a tracer tech­ 
nique should be employed for 
this difficult and expensive 

Fig. 8 - Ten, Inch Scale Precision Air Flowmeters. (Used for measurrement of 
cable pneumatic prcpertles, and fo,r flow/gradien,t fault location under_rivers etc.). 

residue. It is not proposed here 
to enlarge on the pros and cons 
of various methods, which are 
discussed in Ref. 1. 

The tracer system adopted was an 
extension of the proven but hitherto 
cumbersome refrigeration Halide Gas 
Detector. The gas used is Refrigerant 
12, also known by the brand or trade 
names, Fl2, Arcton 12, Freon, Forane, 
Icieon, etc. The detector used currently 
is the Queensland designed and pro­ 
duced transistorised Halide Gas Leak 
Detector Mk.3 (Ref. 1). 

In short, it is now possible to find 
a leak of any practical size (0.05 
Standard Cubic Feet per hour or 
larger) in a time measured in hours, 
instead of weeks under older methods 
largely independent of the leak rate. 
It is possible to locate a leak in 
directly buried cable with extreme 
accuracy - better in fact than an 
average D.C. electrical bridge reading 
on faulty pairs. In conduit, the prin­ 
ciple will yield a fast and positive indi­ 
cation of which conduit section is 
faulty. It is less useful in pin-pointing 
the precise point of the leak in the 
conduit. It is, and always has been, a 
general policy of cable protection gas 
pressure work not to dig for faulty 
conduit sections as it is uneconomic. 
The cable section, if corroded, is better 
replaced, and if not corroded and 
repairable, is better repaired with little 
loss of cable after withdrawal, having 
been cutover under good conditions 
in the manholes. The consideration 
here is not speed of restoration of ser­ 
vice, as ordinarily there is no loss of 
service under gas leakage circumstan­ 
ces. The change in conduit occupancy 
is, however, a disadvantage. 
The pressurisation concept includes 

the need to be able to effect cable 
cutovers of faulty sections in wet 
ducts. For this purpose, air driers 
operated from a propane fuelled inter­ 
nal combustion engine are used, to 
maintain adequate pressure in the 
faulty section, even with its ends open, 
against some hydrostatic pressure. 
Mechanical air restructions are nor­ 
mally applied to the ends of the 
section being cutover. · 

A mathematical study has been 
made of the complex conditions of gas 
flow in many sizes of cables. Field 
measurements and verification of this 
study, and the incorporation of the 
latter results have provided design 
data to allow more economic use of 
air driers. 
Previously, a flow rate of some 

nominal figure - say one standard 
cubic foot per hour (S.C.F.H.) - was 
an arbitrary measure of an acceptable 
loss in a large cable drawing air from 
an air drier. The intensive study of this 

_ problem now allows a reasonably accu- 

BYRNE - Cable Protection 
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.rate flow figure to be determined for 
any cable network, such that a safe 
pressure must exist in the peripheral 
parts of the network. One disconcert­ 
ing aspect of this analysis has been 
that this maximum safe flow is very 
much smaller than the arbitrary figures 
adopted earlier. Figures of the order 
of 0.1, 0.2, etc. S.C.F.H. are not un­ 
common for a subscribers cable, leav­ 
ing the exchange commencing as a 
2,400 pairs 4 lb., and terminating per­ 
haps 4,000 yards away as say 100/6½. 
Higher flows are acceptable if smaller 
peripheral cables are ignored. 

The need is thus stronger to develop 
and install a reliable, economic, and 
convenient volume flow alarm on each 
cable at the exchange end. While pres­ 
sure contactors provide the most con­ 
venient distributed form of alarm on 
long cables, they cannot, except at 
prohibitive cost, accurately monitor 
the many branches of a subscriber's 
cable with many laterals of various 
lengths and pneumatic resistance. 
Types of flow alarms tried in various 

States and localities include photo 
transistor and inductance variation 
systems to sense the height of a float 
in a flowmeter. One promising type, 
(except that it is a mass flow and not 
a volume flow system) uses a positive 
temperature co-efficient resistor in the 
air stream with electronic monitoring 
of the rate of cooling and indicates 
flow on a monitored thermal compara­ 
tor basis. Trials and evaluation of this 
system are well advanced. 

Development has commenced on a 
means of multiplexing flow alarms and 
on a data transmission system to 
operate compatibly. This is necessary 
to obviate inordinate use of junction 
cable pairs for this purpose. 
Continuing development is being 

carried out on the performance, main­ 
tenance, methods and costs, capacity, 
failure modes, desiccation process, 
alarm mechanisms, acceptable humi­ 
dity cycling, noise suppression and 
other phases of machine air driers. 
Long term performance of the various 
cable pressure networks is available 

Fig. 9 - lnje,ction of Epoxy Resin Seal into 2,400 Pair 4 lb. Polythene Insulated 
and She,athed Moisture Barrier Cable. 
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for study, and examination of costs 
and methods of pressurisation is re­ 
ceiving attention as engineering effort 
becomes available. 

Present practice is tending away 
from non-ferrous metals to plastics - 
nylon in particular in the manipulation 
of dry air feeds. Field trials of a com­ 
pletely non-metallic (including valves, 
test points, unions, ferrules) distribu­ 
tion are in hand. Substantial labour 
savings in this area are possible, but 
trials to date have indicated leak prob­ 
lems in this type of gas handling 
plant. 

Newer cable types and practices, e.g. 
Moisture Barrier, plastic insulated 
cable, for direct termination on the 
M.D.F. continually require updated 
pressurisation practice. High pressure 
injection of epoxy gas seals in large 
size (2400, 3000 pr.) P.E.I.U.T., using 
thermo-shrinkable materials to retain 
the seal and injection flanges, has 
been developed. A seal of this type 
takes little over an hour to complete 
and is 100% reliable. ' 
The longer routes and lighter con­ 

ductor gauges used in trunk cables 
has required redesign of alarm relay 
sets, with more convenient facilities 
than were previously acceptable. A 
Queensland type modern crossbar 
G.P.A. relay set is sensitive to shorts, 
opens, or earths ( the latter at least on 
one leg) up to 6,500 ohms line loop. 
Electronic and electromechanical de­ 
lays are incorporated to prevent light­ 
ning and power switching surges trip­ 
ping the alarm. Ring, speak, receive 
attention, and other regular facilities 
are available, Equalised portable ampli­ 
fiers have been provided for line staff to 
speak to control stations over such 
alarm pairs, with neither loading nor 
repeater amplifiers on up to 75 mile 
sections of a 20 lb. pair. 

Gas pressurisation technology now 
envisages a complete overall gas 
supply, alarm, centralised supervision 
and test facility, with the time of 
alarm operation being engineered to 
the relative importance of the cable 
system, and the back-up air feeds 
elaborated to provide a very high 
grade of security via a constant pres­ 
sure system, when necessary with 
alarms on the distant air feed points. 

Several photographs illustrating 
equipment described are shown, with 
details in the captions. 
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Mr. N. M. MacDONALD, B.Sc., M.I.E.Aust. 

Mr. Neil Macdonald, B.Sc., M.I.E. 
(Aust.) has been appointed First 
Assistant Director-General (Engineer­ 
ing Works) Headquarters, and took 
up this duty in November 1971, hav­ 
ing completed a term of 2½ years in 
the newly created position of First 
Assistant Director-General (Industrial 
Relations). 
Mr. Macdonald is very well known to 

Engineering staff throughout the De­ 
partment, having served in various 

high level positions at Headquarters 
in recent years. He was the first 
Editor-in-Chief of this Journal; the 
position being created in 1960. He is 
currently chairman of the Council of 
Control of the Telecommunication 
Society. 

The Society congratulates Mr. Mac­ 
donald, and offers him our co-oper­ 
ation and assistance in his new 
appointment. 

TELECOMMUNICATION SOCIETY OF AUSTRALIA (Queensland Division) 

Mr. G. E. K. DIXON - LIFE MEMBER 
Mr. Dixon was appointed life mem­ 

ber of the Society at a Council meet­ 
ing held on the 2nd February, 1972. 
He joins Mr. C. R. Anderson and Mr. 
C. Faragher, who are the only other 

persons on whom this honour has 
been conferred. 

Mr. Dixon was the inaugural Chair­ 
man of the Queensland Telecommuni­ 
cation Society in 1949, the society 
having been formed as a result of the 
inspiration and activities of Mr. Dixon 
and Mr. Brian Crutcher. At the time, 
the only other similar organization 
was the Postal Electrical Engineers 
Society in Victoria. 
In the early years, it was a struggle 

to keep the Society going, as lec­ 
turers were hard to find and facilities 
lacking. However, in the late fifties, 
a move was started in Central Office 
to combine the various State Societies 
and give official recognition of the 
part they played in the Post Office. 
The first Chairman of the Queensland 
Division as it is now formed was 
again Mr. Dixon in 1960. He subse­ 
quently served on the committee for 

several years and has delivered three 
papers to the Society and also given 
an illustrated address on his trip to 
Nigeria. 
He has retained his interest in the 

Society's activities and is always 
ready to assist in suggesting suitable 
topics for lectures or for the 'Gadget 
of the Month'. Whenever possible, he 
has attended our meetings and en­ 
couraged a better understanding of 
the subjects discussed through his par­ 
ticipation in the questioning after the 
talk was delivered. 

Mr. Dixon was presented with a 
certificate of his Life Membership of 
the Telecommunication Society of Aus­ 
tralia, by the Director, at the Annual 
General Meeting held on 29.2.72. 
Mr. Dixon is a member of the 

Institution of Engineers, Australia, and 
is presently a Supervising Engineer in 
the Construction Branch, Queensland. 
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THE THEORY OF MOISTURE BARRIER PAPER INSULATEQ CABLES 
R. A. O'CALLAGHAN; A.J.T. (W.A.), Com.Eng.* 

INTRODUCTION 

Ever since the introduction of plastic 
sheathed cables in Telecommunications it 
has been recognised that there are advant­ 
ages in having plastic sheathed paper in­ 
sulted cables but until recently the permea­ 
bility of plastic to moisture vapour has 
restricted their development. 
The British Post Office developed a 

moisture barrier cable which overcomes this 
problem of moisture permeation by bonding 
an aluminium foil wrapping to the inside of 
the cable sheath. This aluminium foil 
barrier greatly reduces the rate of perme­ 
ation, virtually eliminating moisture vapour 
permeation through the sheath as a factor 
affecting the cable service life. 
Following its successful introduction in 

the British Post Office and trials of both 
overseas and locally manufactured cables in 
Australia, the moisture barrier, polythene 
sheath is becoming the standard sheath for 
paper insulated cables in the Australian 
Post Office cable network. 

This paper covers the theory of moisture 
permeation and its application to moisture 
barrier sheathed paper insulated cables. 

PERMEATION RATE 
The rate at which moisture vapour 

permeates through a plastic is dependent 
upon (Refs. 1, 2, 3, 5):- 

(a) Permeability constant of the par­ 
ticular plastic. 

(b) Temperature. 
(c) Physical dimensions of the plastic 

material. 
(d) Moisture vapour pressure differential. 

The permeability constant (P0) of a 
plastic is mainly determined by its molecular 
structure. The larger the holes in the 
molecular lattice the larger the permeability 
constant. Hence the alteration of the density, 
addition of colouring compounds etc., can 
have a marked effect upon the permeability 
constant. Polythene, like all polymers, is 
permeable to gases and vapours and its 
permeability constant for water vapour is 
one of the lowest. 
The permeability constant is temperature 

dependent and follows the Arrhenious 
equations (Ref. 5) 

... (1) 

Where PT = Permeability constant of the 
material at T°K (cm3/sec 
for a gradient of 1 mm 
Hg/cm per cm2) 

PO = Permeability constant of the 
material at 0°K (cm3 /sec for 
a gradient of 1 mm Hg/cm 
per cm2) 

* Mr. O'Callaghan Engineer Class 2, Industrial 
Engineering Group, Western Australia. 

Er = Actuation energy of perme­ 
ation (cal/mole) 

R = Gas constant (1.987 cal./°C 
mole) 

T = Temperature of operation 
(OK) 

For an item of given physical dimensions, 
a constant temperature and a given vapour 
pressure differential, the rate of permeation 
of vapour through the item is given by 
(Ref. 1, 2, 3, 5):- 

P = (PT.A/s) (P1 - P2) ... (2) 
Where P = Rate of Permeation through 

the item@ T°K (cm3/sec) 
PT = Permeability Constant of 

the material @ T°K 
(cm3/sec for a gradient of 
1 mm Hg/cm per cm2) 

A = Area of permeation (cm2) 
s = Thickness (cm) 

(P1 - P2) = Vapour pressure differential 
(mm Hg) 

Permeation of Unbarriered Polythene Sheath 
Cables 

The rate of moisture vapour permeation 
in an unbarriered polythene sheath cable is 
determined by equation (2). Converting this 
equation to use the dimensions commonly 
specified for cables, i.e. sheath diameter and 
thickness (Ref. 2), we have:- 

Fig. 1-Unbarriered Polythene Sheath. 

P1 = (PT nd/s) (P1 - P2) per unit length 
... (3) 

Where P1 = Permeation rate of un­ 
barriered sheath @ T°K 
(cm3/sec per unit length) 

PT = Permeability constant of 
moisture vapour through 
the sheath polythene at T°K 

d = Mean sheath diameter (cm) 
s = Sheath thickness (cm) 
P1 = Moisture vapour pressure 

outside the sheath (mm Hg) 
P2 = Moisture vapour pressure 

inside the sheath (mm Hg) 

MOISTURE BARRIER 

The moisture barrier used in Australian 
Post Office cable sheaths is an aluminium 
foil wrapping on the inside of the polythene 
sheath. The permeability constant of 
aluminium is negligible compared to that of 
polythene so that permeation is effectively 
limited to the area of the foil overlap. 
The foil wrapping is applied longitudin­ 

ally to give a minimum length of overlap for 
a given length of cable. Some early types of 
moisture barrier were wrapped helically 
but this resulted in a much longer overlap, 
reducing the effectiveness of the barrier 
(Ref. 6). 
The reduction in permeation, or improve­ 

ment of the sheath's properties as a barrier 
to moisture permeation, due to the addition 
of the moisture barrier is commonly ex­ 
pressed as a Barrier Factor (BF) (Ref. 2). 

Barrier Factor (BF) = 

Permeation Rate of Unbarriered Sheath 
Permeation Rate of Barriered Sheath 

Depending upon the type of barrier sheath 
construction, a perfectly manufactured 
sheath will theoretically have a barrier 
factor in the range of from 20 to approxi­ 
mately 10,000 (See Appendix I), but in 
practice, in production cables, barrier 
factors of 100-200 only are commonly 
achieved (Ref. 2, 6). 

TYPES OF BARRIBR CONSTRUCTION 

The aluminium foil barrier can be applied 
to the cable sheath in several ways with 
various degrees of effectiveness (Ref. 2, 4) 
i.e. with:- 

(a) Fully bonded to the polythene sheath 
but not sealed at the overlap (Fig. 2). 

(b) Not bonded to the polythene sheath 
but sealed at the overlap (Fig. 3). 

(c) Fully bonded to the sheath and sealed 
at the overlap (Fig. 4). 

To achieve the bonding of the aluminium 
foil to the polythene sheath and to seal the 
overlap of the foil, a 0.0015 in layer of 
polythene is adhered to one side of the foil, 
prior to its use in the manufacturing of the 
barriered sheath. 

Bonded, Unsealed Barrier 
If the barrier foil is fully bonded to the 

polythene sheath but the overlap not sealed, 
the permeation is restricted to the area of 
the overlap. The major factors affecting the 
permeation rate, apart from the sheath 
material, are the physical dimensions of the 
overlap; however, the relative thickness of 
the sheath at the overlap also has a signific­ 
ant effect on the permeation (Ref. 4). 

O'CALLAGHAN - Moisture Barrier Cables 
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(b) 

Fig. 2-Bonded, 

The permeation rate for the bonded, 
unsealed barrier (P2) in the practical case 
(Ref. 4) is, 
P2 = (PT n}c 0·' 7 /2.53) (p, - P2) per unit 

length ... (4) 
Where 1 = t/s ( <.; 1 for the practical case) 

t = (width of foil overlap)/2 
PT, Pi, P2, s are as previously 
defined. 

(a) 

The barrier factor for this barrier con­ 
struction is, 

(BF)1 = P1/P2 = 2.53d/s1°·17 ••• (5) 
This theoretical barrier factor varies from 

26.3 for the smallest cable (10/4) to 164 for 
the largest cable (2400/4) in the Australian 
Post Office range of moisture barrier cables. 

Unbonded, Sealed Barrier 
In the construction where the foil barrier 

is not bonded to the polythene sheath but is 
sealed with polythene at its overlap, the re­ 
sistance of the sealed overlap becomes the 
significant factor, not the sheath thickness. 
The moisture permeates through the poly­ 
thene sheath resulting in approximately the 
same vapour pressure across the overlap 
seal as we originally had between the core 
and the external surface of the sheath. The 
permeation across the seal is then deter­ 
mined by the seal material (polythene) and 
its dimensions. 

AL FOIL 

Unsealed Barrier. 

P3 = PT (2t/L) (P1 - P2) per unit length 
... (6) 

Where P, = Permeation rate of an un­ 
bonded sealed barrier @ 
T°K (cm3/sec per unit 
length) 

2t = Width of material sealing 
overlap 

L = Length of material sealing 
overlap 

The barrier factor for this construction is 

(BF)2 = P1/P3 = ndL/2ts •.. (7) 

The theoretical barrier factors for this 
type of construction are approximately 
2,500 to 14,300 for the Australian Post 
Office range of moisture barrier cables. 

Bonded, Sealed Barrier 

The bonded sealed construction combines 
the effects of the bonded, unsealed and the 
unbonded, sealed constructions. The bonded 
foil restricts the area of permeation through 
the sheath to that adjacent to the overlap 
but the permeation rate is still greatly in 
excess of the permeation rate through the 
overlap seal, i.e. barrier factors of approxi­ 
mately 100 compared to 10,000 and there­ 
fore the permeation through the overlap seal 
is the significant factor. 

The permeation rate for this construction 
is virtually the same as for the unbonded 
sealed construction. 
P 4 = Ps = (PT 2t/L) (p, - P2) per unit 

length 
The barrier factor is:- 

(BF)s = (BF)z = ndL/2ts 
The barrier factor varies from approxi­ 

mately 2,500 to 14,300 for the Australian 
Post Office range of moisture barrier cables. 

MANUFACTURING DEFECTS 
In the preceding analysis of the various 

types of moisture barrier sheath construc­ 
tion, the bond of the foil to the polythene 
sheath and the sealing of the foil overlap are 
assumed to be perfect. However, in pro­ 
duction cables this is seldom, if ever, true. 
Australian manufactured moisture barrier 
cables have the foil bonded to the sheath and 
the overlap sealed, which theoretically 
would give barrier factors of the order of 
10,000 but overseas manufactured moisture 
barrier cables of the same type of con­ 
struction have only given barrier factors of 
the order of 100 (Ref. 6). This reduction in 
barrier factor is due to manufacturing 
defects, both in the bonding and in the 
sealing of the overlap. 
It might be inferred from the preceding 

theoretical analysis that the overlap seal is 
all important, however, if the analysis is 
extended to include the effects of manu­ 
facturing defects on the efficiency of the 
barrier, this is shown not to be so (Ref. 2). 

Fig. 5 shows in general terms the effects of 
defects on the permeation rate relative to an 
unbarriered sheath based on average values 
falling within the ranges (BF)1 = 50 and 
(BF)3 = 8,000. These curves give the order 
of the effects and it is necessary to define 
more closely the nature of the defects, i.e. 
their dimensions and disposition, to estimate 
accurately their influence on permeation 
rate. To illustrate this point, consider the 
situation wherein one half of the foil was 
not bonded to the sheath but the whole of 
this unbonded area was well removed from 
the overlap. The effect on the permeation 
rate would be negligible; however, this case 
is not very probable. Important points to 
note on these curves are.-> 

~ -­ ~ l-,-;:; l l J:;:z:z:zrt ~¥ > ,-;-;-, :7:=...-POLY 
S SJ s i S s s s s '- I 75 5 5 I i I I 45 .•.... AL 
POLYTHENE/ALUMINIUM 

LAMINATE 
Fig. 3-Unbonded, Sealed Barrier. 

'~ 
POLYTHENE/ ALUMINIUM 

LAMINATE 
Fig. 4-Bonded, Sealed Barrier. 
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PERMEATION RATE RELATIVE 
TO UN-BONDED JACKET 

O·l1 I i :::: r 

0·02 

::~~:SA I I IJ~f I ,.:z:1~ I I I 
A. UNBONDED JACKET. 

0-002 f---{J I I/ I 7'('. I I I B. SHIELD BONDED TO JACKET, LAP 
UH SEALED. 

0·001 av1 t-;1-1' I I 11 I I C. s~~E}gN~tb. SEALED, JACKET 
o:oooa i_:i1-+-+.,._/__,,,_f---+-+-+-+----+--~ D. SHIELD BONDED TO JACKET 
o 0006 . ,, , LAP SEALED. 

D' • DEFECTS IN BOND TO JACKET. 
D11 • DEFECTS IN LAP SEAL ONLY. 
D111-DEFECTS IH BOTH BOND TO 

0·00021 /J/ I I I I I I I I JACKET AND LAP SEAL. 1-1 
C o-- 

0·0001 '----''--'---'---'---'--.1.......'----'-------'-----'-----'--------' 
0 

--L~- 
·01 ·02 ·04 ·06 ·08 •10 ·12 

At the temperatures the cable will be sub­ 
jected to in the field, the variation in the 
permeability constant of the two types of 
polythene will be relatively small but as the 
temperature increases the different temper­ 
ature response of the two polythenes may 
make this factor considerably more signific­ 
ant (Ref. 1, 3). In order to reduce the time 
required to measure the permeation rate of 
the moisture barriered cable, the tests are 
conducted at a higher temperature (60°C), 
than that experienced in the field, so in 
theory, the polythene in the seal could have a 
significant effect on these measurements. 
However, it is the defects in the bond 

between the foil and the polythene sheath 
and the seal of the foil overlap, rather than 
the polythene material of the seal, which 
determine the barrier achieved in production 
cables. Hence differences in the permeability 
constants of the seal material and the sheath 
polythene are ignored in the determination 
of the actual· barrier factor, of production 
cables. 

·20 -40 ·60 ·10 1·0 

PROPORTION OF DEFECTS 
Fig. 5-Effect of Defects on Barrier Factor. 

(a) The point B indicates the perfectly 
bonded jacket with the foil overlap 
unsealed. The broadband covered by 
B' indicates how the barrier factor is 
decreased by increasing the pro­ 
portions of defects in the bonding. 

(b) Point C represents the unbonded 
jacket with the overlap sealed. C' rep­ 
resents the influence of defects in the 
overlap and it can be seen that the 
effects can be quite catastrophic for 
quite a small proportion of defects. 
A large area of sheath is available to 
feed each individual defect in the 
overlap seal. 

(c) Point D refers to a perfectly bonded 
foil with a perfect overlap seal. The 
permeation rate is virtually the same 
as for the unbonded, sealed case but 
the influence of defects is far less 
drastic. Defects in the bond only (D') 
hardly affect the permeation rate at 
all. Curve D" shows the effects of 
flaws in the overlap seal only, and the 
permeation rate never exceeds that of 
curve B (bonded, unsealed). Where 
defects occur in both the bond and the 
seal (D"') the initial deterioration is 
similar to curve D" because the 
defects will not generally overlap, but 
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with an increased proportion of 
defects the deterioration will proceed 
much more rapidly and approach 
curve B'. 

From this discussion of manufacturing 
defects it is apparent that the bonding of the 
foil to the polythene sheath and the sealing 
of the foil overlap are complementary and 
both are highly desirable in production 
cables. 

OVERLAP SEALING MATERIAL 
In the analysis of the types of moisture 

barrier sheath construction, the plastic used 
for sealing the overlap is assumed to be 
polythene with the same permeation co­ 
efficients as the sheath, but in practice this is 
often not the case. The permeation rate of a 
cable with a perfectly sealed overlap is due 
almost solely to the permeation through the 
overlap sealing material, therefore in this 
theoretical case the equation for barrier 
factor should contain the correction factor 
to allow for differing materials in the sheath 
and the seal, i.e. equation (7) becomes i-> 

(BF)z = (ndL/2ts) (Pn/PTZ) 
Where Pn = Permeability constant for 

the sheath polythene 
PT2 = Permeability constant for 

the overlap sealing material 

BARRIER FACTORS OF PRODUCTION 
CABLES 

The barrier factor of a cable sheath has 
been defined as the ratio of its permeation 
rate when unbarriered, to its permeation 
rate when barriered. The permeability 
constant of polythene at a given temperature 
varies considerably with change in density 
and type and quantity of additive, e.g. poly­ 
isobutylene. The activating energy also 
changes with density and is affected by type 
and quantity of additives. Therefore it is 
virtually impossible to determine the 
permeation rate of one sample of polythene 
at one temperature from the permeation 
rate of another sample of polythene at 
another temperature, even though both 
meet the same specification for general 
physical and electrical properties as perme­ 
ation rates are not, and probably could not 
be included in general specifications, such 
as Australian Standard 1049, used for cable 
sheath polythene. The maximum acceptable 
rate of permeation for a moisture barriered 
cable is based upon its unbarriered perme­ 
ation rate at the mean cable temperature 
experienced in the field (15°C is an accept­ 
able value in Australia). To reduce the time 
taken, permeation tests are usually con­ 
ducted at 60°C and the data from these must 
be adjusted to apply at 15°C. 
However the barrier factor for a given 

sample of polythene sheath varies very 
little with temperature, so the barrier factor 
can be determined accurately and quickly 
by identical tests at identical temperatures, 
on unbarriered and barriered sheaths with 
the unbarriered sample having been pre­ 
pared by chemically removing the barrier 
from otherwise identical sheath samples. 
The British Post Office data (Ref. 2) 

indicated that cables with barrier factors 
with less than 50 are rejected and that over 
95 % of all cables accepted have barrier 
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factors in excess of 100 ( their specification 
actually calls for a direct measurement of 
the rate of entry of moisture into the cable 
core). 

Equipment suitable for barrier factor 
tests has not yet been widely used in Aus­ 
tralia but there is good reason to be con­ 
fident that our production is of similar 
quality to that of British factories. Later 
sections of this paper study the variation in 
insulation resistance characteristics with 
time for cable with a barrier factor of 100. 

MOISTURE PERMEATION INTO 
PAPER INSULATED CABLE 

Formulae (3), (4) and (6) express the 
moisture permeation rate into cables. They 
are of the general form:- 

p = (PT D/BF) (P1 - P2) 

where PT, BF, p1 and P2 are defined as 
before, P is the permeation rate into the 
cable and D is the ratio of the mean cir­ 
cumference to the thickness of the polythene 
of the sheath. 

In this formula and the earlier equations, 
the permeation rate (P) is in units of volume 
per second per unit length of cable. It is 
more convenient for the remainder of this 
paper to express the permeation rate in 
units of mass (in lieu of volume) per year 
per 100 m of cable and to use relative 
humidity rather than pressure to express the 
water vapour pressures. With these changes 
the general formula becomes:- 

P = (PRD/BF) ((E - V)/E) ... (9) 

where PR is the permeability constant at 
15°C with a 100% relative humidity (R.H.) 
difference and E and V are the percentage 
R.H. of the air outside the sheath and 
inside the cable core respectively. With the 
equation in this form, the units of PR are 
gm cm per year per 100 m per cm. 

Moisture Absorption in Paper 
In a paper insulated cable, the weight of 

paper is much greater than the weight of the 
cable core air and hence only the moisture 
absorbed by the paper insulant and wrap­ 
pings need be considered, except in so far as 
the actual proportion of moisture in the 
paper is a function of the proportion of 
moisture in the cable core air. Therefore the 
permeation rate, when divided by the weight 
of paper in the cable core (W), becomes the 
rate of increase of the moisture content of 
the paper. Thus, if M is the moisture 
content of the paper:- 

dM 
dT = (PR D/W) ((E - V)/E) ... (10) 

The relationship between the moisture 
content of the paper and the core air R.H. 
i(shown in Fig. 6 (Ref. 6, 7) and can be 
expressed as:- 

M = f(V) ... (11) 

Relationship of Cable Core Air R.H. with 
Time 

The time taken for the core air R.H. to 
rise to a given value can be found by 
inverting equation (10) and integrating with 
respect to M 

t = (W/(DPR)) J (E/(E - V))dM ... (12) 

Since M = f(V) 

dM = df(V) dV-.dV ... (13) 

Substituting 13 in 12 and inserting the 
integration limits 

W fv E df(V) 
t, = PRD O E - V dV .dV · · · (l4) 

where t, is the time taken for the core air 
R.H. to increase from O to V. 

Moisture in the insulating paper affects 
its resistivity and hence affects the insulation 
resistance (I.R.) of the cable. The time 
taken for the I.R. of the cable to be reduced 
from the value at installation, to the value at 
which the cable is no longer serviceable is 
the cable's service life (Tc), The values of 
cable core air R.H. corresponding to any 
required I.R. values (V 1 and V 2 respectively), 
can be determined and when substituted in 
Equation 16 give an equation for the cable 
service life, the time for R.H. to rise from 
V1 and V2. 

W JV2 E df(V) 
Tc= PRD V

1 
E - V dV .dV '· · (l5) 

Linear Approximation 
If the relationship between paper mois­ 

ture content and cable core air R.H. is 
approximated as a straight line (Ref. 6), 
equation (11) becomes:- 

M = kV 

Differentiating with respect to V :- 

df(V) = k 
dV 

... (16) 

And if the cable service life is considered to 
be the time for the cable core R.H. to rise 
from zero to a specified value, V, then by 
substituting equation (16) into equation (15) 
and including the specific integration 
limits:- 

W (Y E 
Tc= PRD Jo E - v.k.dV 

= 2.303 CR log. , (E/(E - V)) ... (17) 

Where Tc = Cable service life (as deter­ 
mined by moisture perme­ 
ation through the sheath) 

C = W.k.E. = The moisture 
capacity of the 
paper when V is 
100% 

1 Inverse of the mois- 
R = PRD = ture permeation rate 

when V is O % 

This equation is a special case of general 
equation (15), which gives a simple approxi­ 
mation of the cable service life. 

More Exact Calculation 
Utilising a computer, a more exact 

calculation of the relationship between M 
and V was used to determine the cable 
service life. By trial and error, a complex 
relationship resulting in the "computed" 
curve of Fig. 6 was derived, which fitted the 
B.P.O. experimental data very accurately. 
It was also possible to start the cable service 
life calculation from the (small) cable core 
air humidity present in the cable at the start 
of its service life. 
Details of this method and a comparison 

of the results from it and from the linear 
approximation are given in subsequent 
sections of the paper. 

CABLE CORE INSULATION 
RESISTANCE LIMITS 

Jn the life of a cable there are three 
important cable core I.R. limits. They are:- 

(a) The Specified Manufacturing Limit. 
(b) The Installation Acceptance Limit. 
(c) The Maintainability Limit. 

The I.R. limits are combined with data on 
paper moisture content and cable core air 
R.H. to derive moisture content and 
humidity limits. 

The specified manufacturing limit for the 
A.P.O. paper insulated cables is at present 
25,000 megohm-miles. This is a minimum 
acceptable value of I.R. when the cable 
leaves the factory. To achieve this, drying is 
required during the manufacturing process, 
so this value is the maximum likely to occur 
at the beginning of a cable service life with 
perfect installation techniques. 
The installation acceptance limit is the 

minimum value, after installation, for 
which the cable will be accepted as part of 
the network and is 2,500 megohm-miles. 
This reduction from the manufacturing 
limit allows for the moisture which enters 
the cable during installation and jointing. 
As this moisture is generally concentrated in 
small areas, e.g, at the joints, with time it 
will migrate away from these areas to pro­ 
duce a relatively uniform moisture content 
over the whole length of the cable. This 
migration improves the overall I.R. of the 
cable substantially. The installation accep­ 
tance limit of I.R. is therefore the most 
pessimistic value of cable core I.R. at the 
beginning of a cable's life. 

When the I.R. of a normal telephone 
subscribers' line or junction falls below 1 
megohm the line is considered faulty. As 
subscribers lines up to 3 miles and junction 
lines up to 10 miles are common, this value 
of 1 megohm approximates a cable core I.R. 
of 3 to 10 megohm-miles. For isolated faults 
of one megohm to be locatable, the general 
I.R. level could not be allowed to fall to 10 

O'CALLAGHAN - Moisture Barrier Cables 



June, 1972 THE TELECOMMUNICATION JOURNAL OF AUSTRALIA 151 
~ 0 (°lo) 37911::> so 3l:IO::> NI l:1111 ao AJ.I0ll'inH 3AIJ.1173l:I 

8 - 

I\ 
..•••. 

r-.. 10 
' I- - 

I, z~ 

\ ' 
LU ...J g 
I- ::, 

I\ ', z <I) 
. 

oz 
.•.. u- 

\ "' /LU 0: 0:: LU 

\~ ~ 
..••.. ::, 0.. 

I- <( 
. 

' V <I) 0.. ~ 
' ~ ,I 0 IL 

' t;~ 
20 ~ 

I'- 

9. Q I"'--....- ' ~~ / I°" 
1, 

too ••• ' 
~ 

-'2 r--..: ~ ::, - 
L--- 1- ~~~ / 

.. . ....._ ' 
z~ j8:/ - ,=::::_ L,,,._ ' 

e---- - <t <t ' 0:: u w - --. ~ 
- u. I- 

'\. 
<t O <( rt ~ 

1----- -I- u. a'. 4 
i-- ..__ ' oUJ=>w 

0 

I~ 8 ~ ' r---..__ ......••• 

i\ 0:0<(-' I'-.. 

" \ ~ 
'\ I 

\1 ' , 
I 
I 

0 
CD 

0 
,0 

0 ... Q oo 
0 
0 ... 

0 
8 
Q 

0 
0 <I) 
- 1- 

z ::, 

Q 

"' 
0 

" "' "' 0 
"' 

Q 0 

(J.H9l3M All%) 

0 
0 0 

"' 0 ., 
•1. 

0 .,, 

NOlllllnSNI l:13dlld NI 3l:lrUSIOl'i 

A.LI0ll'inH 3AIJ. '173\:1 \:!IV 3\:10'.l 3711'1'.l 

0 
"' 

0 .., 0 
"' Q 0 

·o 

Q 
-+> 

"' 
>- a, 

!!] -;. 
'--' 
I- z 
w 
I- 

0 z 
"' 0 u 

w 
a'. ::, 

"' I,; 
"' 0 

2 

a: w 
0 a.. .., <t 

0.. 

"' .., 

0 .. 
O'CALLAGHAN - Moisture Barrier Cables 



152 THE TELECOMMUNICATION JOURNAL OF AUSTRALIA June, 1972 

CABLE CORE AIR RH 

- 

-- 
' - 

i,,,_ ..••.. 
I I .. 

' ' 
' I 

I " I '\. 
I '\. 

I 

' ' I ' I I\ I ' I " I I 
i I I 

! I 
I 

' 
' I CABLE CORE i 

' i ,, INSULATION RESISTAtlCE ' : 

' I 
I I I 

I ' I 
i ! ; I I \ 

' \ 
' ' 
' ! I ' : 

,I ' 
' I \ 

I ' I j ' I ' ' I I " ' I 
I " ' ' I I I\ 

'I ''' 
' ,, ' , 

' / '" / ..•.. •... 
' •... 

,, - 

9 

B 

7 

-----. ~ 
~ 
>- 
(D 

6 

~ 0 
'---' 
I- z 
UJ 

5 I- z 
0 u 
w 
er 
=> 4 f- 
V) 

0 
~ 
er 
w 

3 Q. 
~ 
a.. 

2 

-I 
10 10 

2 
10 

3 
10 

4 
10 

5 
10 

0 
6 

10 

CABLE CORE INSULATION RESISTANCE (MEGOHM MILES) 

-I 
10 10 

CABLE CORE AIR RH (°lo) 
Fig. 7-Relationship Between Cable Coil'e Air R.H., Cable Core Insulation Resis,tance and Paper Moisture, Content. 

O'CALLAGHAN - Moisture Barrier Cables 



June, 1972 THE TELECOMMUNICATION JOURNAL OF AUSTRALIA 153 

TABLE 1: PAPER MOISTURE CONTENT AND CORE 
AIR R.H. VALUES AT I.R. LIMITS 

Insulation Paper Moisture Cable Core Air Limit Resistance 
(MO mile) Content ( % by wt.) R.H.(%) 

Manufacturing 25,000 1.85 4.0 
Installation 2,500 4.25 19.0 
Maintainability 40 6.07 40.0 

TABLE 2. - CABLE SERVICE LIVES, VARIOUS CABLE SIZES, BARRIERED AND 
UNBARRIERED. 

PERM. RATE= 1.530 GRAM CM PER YEAR PER lOOM PER CM 
PAPER WT= 2200 GRAMS PER SQ CM lOOM LENGTH 
MAX. R.H.= 40.00 P.C. INITIAL R.H.= 19.00 P.C. 
BARRIER FACTOR=l00.00 

10/ 4 CABLE .3800 IN OUTER DIAM .0650 IN SHEATH 
CABLE SERVICE LIFE= . 788 YEARS UNBARRIERED 78 .8 YEARS BARRJ.fRED 

100/ 4 CABLE .8900 IN OUTER DIAM .0700 IN SHEATH 
CABLE SERVICE LIFE= 2.934 YEARS UNBARRIERED 293.4 YEARS BARRIERED 

600/ 4 CABLE 1.8500 IN OUTER DIAM .0900 IN SHEATH 
CABLE SERVICE LIFE= 8.716 YEARS UNBARRIERED 871.6 YEARS BARRIERED 

1800/ 4 CABLE 3. 0100 IN OUTER DIAM .1000 IN SHEATH 
CABLE SERVICE LIFE= 16.584 YEARS UNBARRIERED 1658.4 YEARS BARRIERED 

10/10 CABLE .5500 IN OUTER DIAM .0650 IN SHEATH 
CABLE SERVICE LIFE= 1.444 YEARS UNBARRIERED 144.4 YEARS BARRIERED 

100/10 CABLE 1.2100 IN OUTER DIAM .0760 IN SHEATH 
CABLE SERVICE LIFE= 4.585 YEARS UNBARRIERED 458.5 YEARS BARRIERED 

600/10 CABLE 2.6100 IN OUTER DIAM .1050 IN SHEATH 
CABLE SERVICE LIFE= 14.756 YEARS UNBARRIERED 1475.6 YEARS BARRIERED 

1200/10 CABLE 3.4500 IN OUTER DIAM .1200 IN SHEATH 
CABLE SERVICE LIFE= 22.694 YEARS UNBARRIERED 2269.4 YEARS BARRIERED 

10/10 CABLE .7600 IN OUTER DIAM .0650 IN SHEATH 
CABLE SERVICE LIFE= 2.268 YEARS UNBARRIERED 226.8 YEARS BARRIERED 

100/20 CABLE 1.6200 IN OUTER DIAM .0850 IN SHEATH 
CABLE SERVICE LIFE= 7.115 YEARS UNBARRIERED 711.5 YEARS BARRIERED 

600/20 CABLE 3.4500 IN OUTER DIAM .1200 IN SHEATH 
CABLE SERVICE LIFE= 22.694 YEARS UNBARRIERED 2269.4 YEARS BARRIERED 

TABLE 3. - CABLE SERVICE LIVES, 100/4 CABLE, EFFECT OF INITIAL CABLE 
CORE R.H. 

PERM. RATE= 1.530 GRAM CM PER YEAR PER lOOM PER CM 
PAPER WT= 2200 GRAMS PER SQ CM lOOM LENGTH 
MAX. R.H.= 40.00 P.C. INITIAL R.H.= 11.00 P.C. 
BARRIER FACTOR=l00.00 
100/ 4 CABLE .8900 IN OUTER DIAM .0700 IN SHEATH 

CABLE SERVICE LIFE= 3.836 YEARS UNBARRIERED 383.6 YEARS BARRIERED 

PERM. RATE= 1.530 GRAM CM PER YEAR PER lOOM CM 
PAPER WT= 2200 GRAMS PER SQ CM lOOM LENGTH 
MAX. R.H.= 40.00 P.C. INITIAL R.H.= 7.25 P.C. 
BARRIER FACTOR=l00.00 

100/ 4 CABLE .8900 IN OUTER DIAM .0700 IN SHEATH 
CABLE SERVICE LIFE= 4.759 YEARS UNBARRIERED 475.9 YEARS BARRIERED 

PERM. RATE= 1.530 GRAM CM PER YEAR PER lOOM PER CM 
PAPER WT= 2200 GRAMS PER SQ CM lOOM LENGTH 
MAX. R.H.= 40.00 P.C. INITIAL R.H.= 5.50 P.C. 
BARRIER FACTOR=l00.00 
100/ 4 CABLE .8900 IN OUTER DIAM .0700 IN SHEATH 

CABLE SERVICE LIFE= 5.335 YEARS UNBARRIERED 533.5 YEARS BARRIERED 

PERM. RATE= 1.530 GRAM CM PER YEAR PER lOOM PER CM 
PAPER WT= 2200 GRAMS PER SQ CM lOOM LENGTH 
MAX. R.H.= 40.00 P.C. INITIAL R.H.= 4.00 P.C. 
BARRIER FACTOR=l00.00 

100/ 4 CABLE .8900 IN OUTER DIAM .0700 IN SHEATH 
CABLE SERVICE LIFE= 5.886 YEARS UNBARRIERED 588.6 YEARS BARRIERED 
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megohm-miles and a value of 40 megohm­ 
miles has been adopted, somewhat arbi­ 
trarily, as the maintainability limit, i.e. as 
the end of the cable's service life. 

From Fig. 7, the values of paper moisture 
content and cable core air R.H. correspond­ 
ing to the above I.R. limits can be found, 
and are summarised in Table 1. 

COMPUTER CALCULATION 

A computer program was written (Ref. 8) 
to calculate:- 

(a) The variation of the cable core air 
R.H. and paper moisture content 
with time. 

(b) The cable service life of various 
dimensioned polythene sheathed 
cables, both with and without a 
moisture barrier, for various limiting 
values of cable core air R.H. 

The fundamental data values used in the 
calculations were:- 

(a) Permeability Constant (PR) is the rate 
of permeation of moisture through 
polythene with a 100% R.H. differ­ 
ence at 15°C and is considered to be 
1.53 gm cm/year/100 m/cm. This 
figure has been derived from the 
average of the values given in 
Appendix I of Ref. 6. 

(b) Weight of Paper (W) is 2,200 g per 
cm2 of cross-sectional area of 100 m 
of cable length and is an approxi­ 
mately average figure for various 
sizes of cable supplied to the A.P.O. 

(c) Cable Core Air R.H. (V). The values 
developed from the I.R. limits are 
used. The effect of using other values 
was also studied. 

(d) Barrier Factor (BF) of 100 is selected 
as the mean minimum value likely to 
be achieved with a good manufactur­ 
ing process for an aluminium/ 
polythene laminate moisture barrier 
sheath as supplied to the A.P.O. 

(e) Cable Dimensions taken from the 
A.P.O. Specification 912, Table 9. 

The results of the computer calculations 
are given in Figs. 8 and 9 and Tables 2 and 3 
Figs. 8 and 9 provide plots of paper 
moisture content, cable core R.H. and cable 
core I.R. against generalised time bases. 
The relation between the general time bases 
and actual time varies for different cables 
and is affected by cable diameter, sheath 
thickness and sheath barrier factor. 

Tables 2 and 3 are computer-generated 
data for particular cables. In Table 2 the 
cable service lives are the time for the cable 
core R.H. to rise from 19 % to 40 %, i.e. for 
the cable I.R. to fall from 2500 megohm­ 
miles to 40 megohm-miles. In Table 3 the 
cable service lives for one cable (100/4) is 
given for initial cable core air R.H's ranging 
from 19% down to 4% for a final R.H. of 
40%, 
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DISCUSSION OF RESULTS 

Non-Barrlered Cables Service Life 
For a minimum service life of 30 years, 

polythene sheathed, paper insulated cables, 
without some form of moisture barrier, need 
to have an external sheath diameter of 
3.45" or greater. This excludes all but the 
largest sizes of cables. The smaller diameter 
cables could have service lives lower than 
one year. Although the conditions used for 
these calculations may be slightly pessi­ 
mistic, the order of these results makes it 
clear that this type of cable construction 
could not be tolerated in the telephone cable 
network. 

Moisture Barrier Sheathed Cables Service 
Life 

All sizes of moisture barrier sheath paper 
insulated cables with a sheath barrier factor 
of 100 or greater have a calculated service 
life in excess of 75 years (Table 2). The 
larger sizes have lives in the hundreds of 
years. The permeation of moisture through 
the sheath can therefore be neglected as a 
practicable consideration in the actual 
service life of this type of cable construction. 

Comparison of Accurate Calculation and 
Linear Approximation 

While the linear approximation is 
satisfactory for the purpose described in 
reference 6, when used for other purposes it 
can produce large errors. A graph of the 
variation with time of the core air R.H. for 
both the more accurate relationship and the 
linear approximation is given in Fig. 8. 

Middle Values of R.H.: Over the range 
of cable core air R.H. from 25 to 80 % the 
time taken for the core air R.H. to rise from 
0 to a given value is approximately the 
same whichever relationship is used. 
Low Values of R.H.: Over the range of 

values of core air R.H. from O to 25 % large 
errors can result from the linear approxi­ 
mation. If the cable service life is considered 
to be from 4 to 40% R.H. instead of Oto 
40 % R.H., the accurate calculation in­ 
dicates that the cable service life is reduced 
by 25.4 %, whereas, the linear approxi­ 
mation indicates a reduction by 8.0%. If it 
is considered, as in this paper, that the 
service life is from 19 to 40% R.H., the 
accurate calculation indicates a reduction in 
the service life of 61 % whereas the approxi­ 
mation indicates a reduction of 47 %. The 
inaccuracies in the results obtained by the 
linear approximation could lead to in­ 
accurate decisions when determining manu­ 
facturing specification and installation I.R. 
limits. 
High Levels of R.H.: Over the R.H. 

range 80-100 % large errors also result from 
using the approximation. When considering 
the use of paper wrapping in a polythene 
insulated cable to delay the onset of internal 
moisture condensation, the accurate cal­ 
culation indicates that for a given quantity 
of paper the time taken for the core air R.H. 

to rise from Oto 95 % is three times as great 
as the time indicated by the approximate 
calculation. 

Insulation Resistance Limit 
The variation of the cable's I. R. with time 

due to moisture permeation through the 
sheath is shown in Fig. 9, and the calculated 
service life of a 100/4 cable for various 
initial values of cable core air R.H. are 
shown in Table 3. From the examination of 
these, and other computed data, the 
following comments are made:- 
Specified Manufacturing Limits: The 

present A.P.O. Specification sets a manu­ 
facturing I.R. limit of 25,000 megohm­ 
miles (5.5 % R.H.) which reduces the 
moisture that can be absorbed before the 
I.R. falls from infinity to the installation 
acceptance limit by 19.6%. This result 
assumes that the moisture absorbed during 
installation is absorbed uniformly through­ 
out the cable. It is however, considered more 
likely that most moisture enters and remains 
initially near joints and if so, the effect of 
reducing the manufacturing limit is greatly 
reduced, probably decreasing the allowable 
moisture absorption during installation by 
less than 5 %- 
Installation Acceptance Limit: The in­ 

stallation acceptance limit of 2,500 megohm­ 
miles corresponds to 19 % core air R.H. 
The effect of increasing this limit from 
2,500 to 5,000 megohm-miles was studied. 
It increased the amount of moisture that the 
cable can absorb during its service life by 
36%. 
Again this result assumes even distribution 

of moisture at the time of installation 
acceptance but the effect of uneven dis­ 
tribution on the results has not been 
assessed. To change the limit would how­ 
ever result, in many cases, in additional 
costs and extra drying of cables after 
jointing to meet the enhanced limit and this 
extra expense would not seem to be 
warranted as the extra cable service life 
gained is most unlikely to be availed of 
(the life being already greatly in excess of 
practical life achieved with traditional cable 
designs). 
Maintainability Limit: The choice of the 

maintainability limit used in this study has 
been somewhat subjective but the cable 
service lives derived are so greatly in excess 
of practical requirements that electrical 
requirements are unlikely to dictate recon­ 
sideration of this limit. 

SOME RELATED CONSIDERATIONS 

Gas Pressure Alarm Systems 
The relationship between paper moisture 

content and core air moisture content used 
in this paper apply at normal pressures and 
at the pressures used inside gassed cables. 
Hence the R.H. of the air injected into 
gassed cable must be lower than 19 % at the 
pressure in the cable if the I. R. of the cable 

is to be kept above the present installation 
standard. However, if the installation 
standard is considered to reflect the situ­ 
ation that, immediately after installation the 
R.H. of the core air varies from somewhat 
above 19 % near joints down towards the 
R.H. at manufacture (4 %) midway between 
joints, there could be some case for using 
gas dryer than 19 % R.H. particularly if the 
extra cost of equipment is not high. 

In the absence of a high rate of flow of 
low humidity air through all parts of the 
moisture barrier sheathed paper cable net­ 
work, the cable core I.R. will be controlled 
by moisture permeation through the sheath 
and within the normally expected service 
life of cables (say 30-40 years), the I.R. will 
fall below the present 2,500 megohm-mile 
installation standard. It will however re­ 
main well above any maintainability level 
likely to be adopted. For cables with an 
assessed service life ( due to moisture 
permeation) of 100 years that I.R. would 
be around 1000 megohm-mile after 30 years. 

Moisture permeation considerations do 
not dictate that continuous flow gas pressure 
systems be an essential adjunct to moisture 
barrier cables. 

Cable Conductor Corrosion 
It is possible, particularly with aluminium 

conductors, that at the humidity level pro­ 
posed as a maintainability limit, conductor 
corrosion (chemical) could occur. Such 
corrosion might lower the I.R. of the paper 
leading to faults and electrolytic corrosion. 
This aspect was not studied in this paper. 

Temperature Effects 
Many of the phenomena detailed in this 

paper are heavily temperature dependent. 
The study results are for 15°C. All effects are 
long term and hence the results need 
modification only when the mean annual 
temperature exceeds 15°C. Short excursions 
into higher temperatures are of no conse­ 
quence. The major effect of a rise in mean 
temperature to, say 25°C, is to lower the 
I.R. of paper at any particular moisture 
content quite substantially, and to moder­ 
ately increase the permeation rate. Overall, 
however, the effects do not lead to a con­ 
clusion that moisture barrier cables should 
not be used in say, tropical Queensland. 

Quality of Moisture Barrier 
The reduction in the permeation rate 

produced by even a poor quality barrier 
increases the service life of a cable to 
greater than its estimated service life due to 
other factors, so the main considerations in 
the manufactured quality of the foil barrier 
are these other factors, such as the possible 
damage it may cause to the core and the 
stresses borne by it which could cause its 
rupture in service. The causes of these other 
conditions also result in an increased perme­ 
ation rate, e.g, transverse ripples which 
could cause damage to the core, increase the 
permeation rate by increasing the width of 

O'CALLAGHAN - Moisture Barrier Cables 
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the overlap and in areas where the foil is not 
bonded to the polythene sheath causing 
stress to be borne by the foil, an increased 
effective permeation area results producing 
an increased permeation rate. Therefore 
the permeation rate, or barrier factor, is an 
indication of the manufactured quality of 
the moisture barrier. 

CONCLUSION 
The addition of an aluminium foil 

moisture barrier bonded to the inside of 
the polythene cable sheath and sealed at its 
overlap, increases the sheaths resistance to 
moisture permeation to such a degree that 
it can be ignored as a factor affecting the 
service life a of paper insulated cable. 
However, the effectiveness of the mois­ 

ture barrier, i.e. barrier factor of the sheath, 
is an indication of the general mechanical 
quality of the foil barrier. It is the mech­ 
anical quality of the barrier, not moisture 
permeation resistance, which will have the 
greatest effect upon its service life. 
The study of the relationship between 

cable core air R.H., I.R. of the insulating 
paper and time shows that the specified 
manufacturing and installation acceptance 
I.R. limits do not need to be tightened, or 
special gas pressure alarm systems installed, 
to cater for moisture barrier sheathed cable. 
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APPENDIX I 
POLYETHYLENE/ALUMINIUM 

LAMINATE MOISTURE BARRIER 
SHEATH-THEORETICAL BARRIER 

FACTORS 
Specification 

From the Australian Post Office Speci­ 
fication No. 1076 Cable Sheath Composite 
Polythene Aluminium Barrier we have, 

Minimum Length of Foil Overlap (L) = 
0.25" = 0.536 cm 

Thickness of Polythene Film (2t) = 
0.0015" = 0.0038 cm 

The thickness of the polythene film on the 
aluminium foil is taken to be the width of the 
overlap in both the construction with the 
sealed and unsealed overlap. In practice the 
actual width would most probably be less. 

Formulae 
The formulae for barrier factor ai e r-> 

Bonded and Unsealed Barrier 
BF= Pi/P2 = 2.53d/s.l,0·17 for A~ 1.0 

where BF = Barrier Factor 
P1 = Permeation Rate of Unbar­ 

riered Sheath (cm3/sec) 
P2 = Permeation Rate of Bonded 

Unsealed Sheath (cm3 /sec) 
d = Mean diameter of polythene 

sheath (cm) 
s = Thickness of sheath (cm) 
A = t/s 
2t = Width of foil overlap (cm) 

Bonded and Sealed Barrier 
BF= P1/P4 = ndL/2ts 

where P 4 = Permeation rate of bonded 
sealed barrier 

L = Length of sealed overlap 
For Specification No. 1076 sheaths, L 

and t are constants so this equation can be 
rewritten as, 

d 
BF=Pi/P4=2.54 X 102 X s 

Typical Calculation 
10/4 Cable 
Maximum External Diameter = 0.065 cm 
Sheath Thickness (s) = 0.165 cm 
Mean Sheath Diameter (d) = 0.800 cm 

t 0.0019 1 
A=-=--=- 

s 0.165 87 
Barrier Factor BF 
(a) Bonded, Unsealed Barrier 

2.53d 2.53 X 0.8 X 2.14 
BF= SA0.17 = 0.165 

BF= 26.3 

(b) Bonded, Sealed Barrier 
d 

BF = 2.54 X 102 X - s 
2.54 X 102 X 0.8 

0.165 
BF= 2,540 

Results 
The results of these calculations for 

various sizes of cables are detailed in 
Table 4 and Figure 10. 
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TABLE 4:_ THEORETICAL BARRIER FACTORS FOR VARIOUS A.P.O. CABLES 

Maximum External Sheath Mean Sheath Theoretical Barrier Factor 
Cable Size Diameter Thickness (s) Diameter (d) 

(cm) (cm) (cm) Bonded, Unsealed Bonded, Sealed 

10/4 0.965 0.165 0.800 26.3 2,540 
100/4 2.26 0.178 2.084 64 6,150 
600/4 4.70 0.23 4.47 111 10,200 

2400/4 8.63 0.305 8.325 164 14,300 
10/10 1.40 0.165 1.235 39 3,920 

100/10 3.07 0.19 2.88 84 7,650 
600/10 6.63 0.267 6,363 140 12,500 

1200/10 8.76 0.32 8.44 159 13,800 
10/20 1.70 0.165 1.535 50 4,850 

100/20 4.11 0.216 3.894 109 9,450 
600/20 8.76 0.52 8.44 159 13,800 

-- 
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TECHNICAL NEWS ITEMS 

THE SIMULATION TESTING SYSTEM 
FOR THE INTEGRATED SWITCHING 
AND TRANSMISSION PROJECT 

The development of the model ex­ 
change to be used in the Integrated 
Switching and Transmission project at 
Windsor in the Melbourne telephone 
network is now in an advanced stage 
(This was described in the previous 
issue of the Journal). Most of the hard­ 
ware design is complete and prelimi­ 
nary testing is now commencing. Simi­ 
larly, a large proportion of the soft­ 
ware system has now been completed 
and is in the initial testing phases. 
Testing of the software system (i.e. 
the programs that will be stored in the 
processors controlling the exchange) 
cannot be finally and completely car­ 
ried out until the exchange is placed 
in traffic. Small segments of the soft- 

ware system can be individually tested 
but the testing rapidly becomes more 
complex and less realistic as the size 
of the section of the software system 
being tested increases. As there are 
many segments to be tested, all of 
which have significant interrelations 
with other segments, a powerful test­ 
ing system is needed. 
In order to provide a software test­ 

ing system which is suitable for pro­ 
viding reasonably thorough testing of 
the software in a laboratory environ­ 
ment, a simulation testing system has 
been designed. This simulation testing 
system (S.T.S.) will use an additional 
processor with a special simulation 
interface; this simulation interface 
will be connected to the control pro­ 
cessors in place of the switching equip­ 
ment which would normally be con­ 
nected to the control processors. A 

special program is being developed 
for use in the simulation processor 
which will simulate the behaviour of 
the switching network under real 
traffic conditions. This program will 
exercise the control software system 
which will be stored in the control 
processors. As the characteristics of 
the simulated traffic can be readily 
varied by means of a special high level 
input language which has been deve­ 
loped, there is considerable flexibility 
to vary both the types of call and the 
traffic loadings being simulated. This 
method will provide a powerful and 
flexible method for testing the opera­ 
tional programs and will enable a 
considerable amount of initial testing 
to be carried out in the laboratory 
prior to installation of the equipment 
in Windsor for testing using artificial 
traffic and test calls. 

SOCIAL FORECASTING AS AN AID 
TO FUNDAMENTAL PLANNING 
Everyone is a prophet! It seems that 

almost every journal has some pro­ 
gnostications on the future of man­ 
kind, perhaps preaching doom from 
over-population and pollution or the 
boon of Utopian automation. 
The Post Office engineer who has 

ever considered where the paths of 
telecommunications will lead in the 
future, can conjure up devices to cater 
for any real or fancied telecommuni­ 
cation need. Every exhibition of elec­ 
tronic invention displays great schemes 
of future innovation, suggesting to the 
engineer that the technology to accom­ 
plish these marvels is here now, or at 
least just around the corner. 

But what can the Post Office make 
of all this fanciful stuff? Our problem 
in operating a telecommunications net­ 
work is to plot a course into the 
future which will give the greatest 
benefit from investment in telecom­ 
munications. Simply stated, we must 

go from 'now' to 'then'. 'Then' is not 
just where we happen to arrive but 
some future out of all the alternative 
futures we can predict, which we, the 
Post Office, think is worth aiming at. 
The paths between 'now' and 'then' 
must be planned so that we only take 
those steps which will allow us to 
approach the 'then' in the most eco­ 
nomical and efficient manner. 

In the face of this challenge to 
predict the future, Fundamental Plan­ 
ning Branch at A.P.O. Headquarters 
is working to throw more light on the 
forces that generate demands for tele­ 
communications services in the com­ 
munity. In particular, the position of 
telecommunications in the present day 
social structure is being examined. 
Sociological and psychological research 
methods are being used to study the 
interdependence of telecommunica­ 
tions, the individual and the commu­ 
nity. 
However, knowledge of the present 

day situation offers little useful data 
to forecast likely future trends. We 

aim to predict progressive changes in 
the community 'life style' and to 
extract from this total concept the 
demand on telecommunications. Will 
the future society demand, say, a T.V.­ 
telephone, or will the demand for 
personal privacy, in a world where 
that commodity is being steadily 
eroded, suppress the desire for such a 
service? 
The forecasting of 'life styles' is new 

to the Post Office; it has not yet 
seriously been attempted in this coun­ 
try and has only recently been recog­ 
nised overseas as a necessary tool to 
the prediction of technological change. 
Without a sound knowledge of the 

forces acting upon society's communi­ 
cation requirements, and without some 
indication of how these forces may 
alter in the future, no telecommuni­ 
cations authority can predict the future 
demands or the facilities required with 
any confidence. The Fundamental 
Planning Branch studies aim to provide 
the Post Office with just that confi­ 
dence. 
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S.T.D. PUBLIC TELEPHONE A. A. RENDLE, B.A. * 

INTRODUCTION 

Although limited facilities have 
been available in a few places (see 
Ref. 1), Australia has lacked an 
S.T.D. public telephone. This need 
will be met by a new instrument 
which provides full S.T.D. facilities, 
as well as handling operator assisted, 
local and emergency calls. The new 

• Mr Rendle is Engineer Class 2, Subscribers 
Equipment Section, Headquarters. See, Vol. 
18, No. I, page 69. 

telephone, Coin Telephone No. 3 
( CT.3), is based on the Nippon Tele­ 
graph and Telephone Public Corpora­ 
tion (N.T.T.P.C.) booth type S.T.D. 
coin telephone. but considerable 
modifications, particularly in protec­ 
tion against vandalism, have been 
made to suit local needs. The tele­ 
phone will be made in Japan initiallv, 
but local production is expected with­ 
in a few years. This article des­ 
cribes the main features of this in­ 
strument. 

GENERAL PRINCIPLES 

The basic principles of the S.T.D. 
public telephone were covered in an 
earlier issue of this journal (Ref. 2). 
In brief, the accounting and coin con­ 
trol logic, coin tone generators, etc., 
are located within the instrument, 
which forms an almost self-contained 
system. No coins are needed for 
dialling emergency and other non­ 
chargeable numbers, but at least one 
coin must be inserted before answer 

Fig. 1. - Coin Mechanisms Swung Out for Se,rvicing. (The eleetrlcal control circuit can be, seen at the rear of the instrument.) 

RENDLE-S.T.D. Public Telephone 
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on chargeable calls or the loop will 
be disconnected. The normal method 
of use will be to insert a coin ( or 
several coins for S.T.D. calls) before 
dialling. The coins are held in sus­ 
pense until a metering pulse is re­ 
ceived on answer, when one coin is 
taken. On S.T.D. further coins will 
be taken as needed during the call. 
The instrument equates the cost of 
the call, indicated by the arrival of 
metering pulses, with the value of 
coins taken. Low value coins are 
taken first, to minimise loss in the 
case of a wrong number. When all 
coins in suspense have been taken, 
a steady red lamp glows, to warn the 
user that his credit is nearly ex­ 
hausted. More coins can be added 
at any time during a call. The lamp 
flashes during the last metering 
period. Unused coins are returned 
on hanging up. Two coin sizes can 
be accommodated, initially 5 cents 
and 20 cents. The coin mechanisms 
can be replaced by other values if 
tariffs are changed. 

PROVISION OF LOCAL POWER 

A.C. power is supplied, via a double 
insulated transformer, to run the con­ 
trol equipment and provide ample 
power for the coin mechanism. If 
the power fails, emergency and other 
non chargeable calls can still be 
made, but chargeable calls are not 
available. If the power fails . during 
an S.T.D. call, unused coins will be 
returned to the user and the call cut 
off. 

ELECTRONIC CONTROL 
The control system is based on 

the circuit of Ref. 2 with a number 
of changes to suit the present 
mechanism and rationalise compo­ 
nents. High threshold logic (HTL) 
digital ICs were chosen, as they are 
now almost as cheap as standard 
DTL (Diode Transistor Logic) and 
TTL (Transistor Transistor Logic) 
lines and give better protection 
against noise produced by adjacent 
relays and electromagnets. The com­ 
ponents are mounted on a single 
printed wiring board attached to the 
rear of the mechanism compartment 
( see Fig. 1). The trunk unit fee 
rate ( cost of one metering period) 
can be adjusted to 4, 5, 6, 7, 8 or 
10 cents by plugs on the circuit 
board. Power supply components are 
located in a module in the floor of 
the mechanism compartment. A 
hybrid regulator supplies 15 volts to 
the logic ICs. 

EXCHANGE EQUIPMENT 

The signals required to operate the 
telephone are multi-metering pulses, 

Coin 

Coin Lever 

Qn 
Coin Slot Y 

~I \\_ 
~n 

CO,l_. 
L 

'« f 

/1 
~ - I} 

Stopper T/0!'--i, 
Coin Receptacle Coin Refund Pocket 

Fig. 2 - Coin Mechanism Layout. 

N. Gage 

Bent Coin 
Fig. 3. - Bent Coin Checker. 

transmitted as 50 Hz signals, and a 
polarity reversal on answer. Relay 
sets to provide these signals have 
been designed for crossbar and step 
exchanges. The step exchange relay 
set also provides P.T. tone to the 
operator to identify the call as from 
a public telephone. P.T. callers from 
crossbar exchanges will be able to 
gain operator assistance on a nomi- 

Coin Track 

nated code only. Due to difficulties 
in signalling through the network to 
remove the P.T. tone, most of the 
initial STD public telephones will be 
connected to crossbar exchanges. 

COIN MECHANISM 

This is similar to the N.T.T.P.C. 
coin mechanism, but is adapted to 

RENDLE - S. T.D. Pub[ic Telephone 
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Australian coin sizes. The original 
mechanism was the subject of a con­ 
siderable theoretical and practical 

study by the Electrical Communica­ 
tions Laboratory of the N.T.T.P.C. 
and the manufacturers (Anritsu 

Fig. 4. - Rear View of the 20 Cent Coin Mechanism. 

Coin Slot 

Turret 

Housing 

Coin Mechanism 
Assembly Plate 

Fig. 5. - Flapper Structure. 

RENDLE-S.T.D. Public Telephone 

Electric). In the course of develop­ 
ment, many different models were 
tested. A detailed study of the prin­ 
ciples of the design is given by Ya­ 
nagi in Ref. 3. The chief aim was 
that the mechanism be simple and 
trouble-free. All the parts for one 
coin size are built on to a single, 
separate plate. A single sided coin 
selector forms the upper part of the 
coin mechanism (see Fig. 2). Coins 
are checked for diameter, thickness 
and magnetic properties. The num­ 
ber of tests has been deliberately re­ 
stricted in the interests of reliability. 
After being checked, coins stack up, 
edge on edge, in the double sided 
storage chute whlch forms the lower 
part of the mechanism. The titanium 
balance arm operates a sealed reed 
switch, via a small permanent mag­ 
net. Bent coins which could jam the 
chute are removed by the device 
shown in Fig. 3. Thin coins, which 
could also jam the chute by wedging 
together, are rejected by falling 
through a slot in the selector runway. 
Coin collection is controlled by three 
electromagnets on the rear of the 
mechanism (see Fig. 4). The upper 
two magnets operate pins in the path 
of the coins. On S.T.D. they work 
together like an escapement to re­ 
lease coins one at a time. For opera­ 
tor assistance working both pins are 
withdrawn to allow all the coins held 
in suspense to run out together. The 
third magnet controls a slotted sec­ 
tion of the runway and either allows 
coins to fall through to the coin tin 
or run into refund. The flapper de­ 
vice (Fig. 5) is designed to release 
blockages ( accidentally or deliber­ 
ately induced) below the coin entry 
slots. 

THE CASE: PROTECTION FROM 
THEFT AND VANDALISM 

Along with other administrations, 
the Australian Post Office has suf­ 
fered severely in recent years from 
vandal and theft attacks on public 
telephones. The most successful 
weapons against this have been cam­ 
paigns to detect and prosecute offen­ 
ders, and to improve and strengthen 
the instruments in service. One of 
the fruits of this work is the streng­ 
thened Coin Telephone No. 1 case, 
designed and manufactured by Syd­ 
ney Postal Worshops (see Fig. 6). 
Although of no beauty, this case is 
one of the most rugged enclosures 
yet devised for a coin telephone. In 
view of its proven performance, it 
was taken as a standard for the 
CT.3. The CT.3 case was developed 
by the proven method of exposing 
a series of steadily improved models 
to the attentions of a Post Office 
team of "professional vandals." One 
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Fig. 6. - Streng,thened Coin Telephone No. 1 Case, Showing Coin Safe, Door 
Arrangemen,t. 

of these can be seen at work on an 
early model of the CT.3 case in Fig. 
7. The case, which ultimately satis­ 
fied the standards of the vandal 
group, is shown in Fig. 8. It relies 
mainly on the brute strength of heavy 
gauge steel, mostly 3.2 mm, supported 
by massive hinges and locking bolts. 
All joints are well protected against 
levers and chisels. The coin safe 
arrangement is taken from the streng­ 
thened CT.l case (Fig. 6). The coin 
safe door is, in effect, a large bolt; 
the lock merely moves a pin to pre­ 
vent the door being slid sideways. 
The door is held within a hardened 
steel frame. A new self-sealing, deep 
drawn, coin tin has been developed 
by the manufacturers for this instru­ 
ment. The handset cord is built 
around a steel chain and is proof 
against pulling. The handset caps are 
firmly cemented in place. In a way, 
it is a sad commentary on the so­ 
ciety we live in that such extreme 

measures have to be taken to protect 
a public utility: but, from the point 
of view of an operating organisation, 
it is much cheaper in the long run 
to build great strength into the de­ 
sign of a public telephone than to 
have to keep on repairing vandal 
damage. 

INSTALLATION 

One disadvantage of the brute 
strength approach is that the total 
weight of the instrument has risen 
to just over 100 lbs. This is ob­ 
viously more than one man can 
handle unaided, so the Sydney Postal 
Workshops work study group have 
devised a hoist system for hauling 
the telephone into position. The tele­ 
phone is mounted on a tubular steel 
frame, attached in the case of the 
aluminium cabinet, by bolts through 
the rear wall. Stainless steel coach 
nuts are used on the outside of the 

Fig. 7. - Testing an Early Model Case. 

wall. The frame also serves as a 
temporary support for the hoist. 

POTENTIAL FOR FURTHER 
DEVELOPMENT 

The massive case described above 
is an inelegant answer to the vandal/ 
theft problem. Apart from poor ap­ 
pearance it is also much too heavy 
for convenient handling. Stainless 
steel could be exploited to make a 
lighter and better looking case, with­ 
out reducing security. The simple 
lamp system to warn of impending 
disconnection is an unsatisfactory 
compromise. The user really needs 
a continuous credit indication to be 
able to control his call properly. The 
availability of light emitting diode 
arrays and complex logic ICs may 
soon make this economically feasible. 
A complex MOS chip is also likely 
to displace the discrete ICs used in 
the control circuit. 
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Fig. 8. -The New S.T.D. Public Telephone. 
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OUR CONTRIBUTORS 

R. A. O'CALLAGHAN 

R. A. O'CALLAGHAN, author of the 
article 'The Theory of Moisture Bar­ 
rier Paper Insulated Cables,' joined the 
P.M.G.'s Department as a Technician­ 
in-Training in 1957 in Perth. He was 
appointed as an Engineer Class 1 in 
1968, and in 1969 transferred tempo­ 
rarily to the Automotive Plant Unit of 
the Mechanical Aids Division, Support 
Services Branch in Headquarters. In 
1970 he transferred to the Cable 
Design Division of the Headquarters 
Lines Section, where he was engaged 
on investigation of the electrical cha­ 
racteristics of telephone cables. He 
has since returned to Western Aus­ 
tralia where he is appointed to the 
position of Engineer Class 2 in the 
Industrial Engineering Group. Mr. 
O'Callaghan gained an Associateship 
in Communication Engineering with 
Distinction from the West Australian 
Institute of Technology. 

* 
L. R. GREGORY, co-author of the 

article 'Type-72 Multiplexing Equip­ 
ment for the A.P.O. Network', is 
Senior Mechanical Design Engineer in 
the Line Transmission Division of 
Standard Telephones and Cables Pty. 
Limited, Sydney. He is mainly con­ 
cerned with equipment practice design 
and related problems and represents 
the Company on the ITT world-wide 
technical committee dealing with 
Equipment Practice. 

L. R. GREGORY 

His long association with the design 
and manufacture of transmission 
equipment has included considerable 
periods in charge of all phases of 
factory planning and production. 

In 1944 he completed a Diploma in 
Mechanical Engineering at the Sydney 
Technical College and is a Member of 
the Institution of Engineers, Australia. 

* 
R. J. SPITHILL, co-author of the 

article 'Type- 72 Multiplexing Equip­ 
ment for the A.P.O. Network', is Pro­ 
ject Engineer for Multiplex Equipment 
in the Line Transmission Division of 
Standard Telephones and Cables Pty. 
Limited, Sydney. He joined S.T.C. as 
a Cadet Engineer in 1962 and gradua­ 
ted from the University of N.S.W. in 
1967. 

Since 1965 he has been engaged on 
all facets of the design of multiplex 
equipment and now heads a team of 
engineers and laboratory support staff 
principally engaged in the local deve­ 
lopment of transmission equipment 
meeting the needs of the A.P.O. 

He is also responsible for the per­ 
formance and reliability of multiplex 
equipment. Technical performance 
standards, manufacturing processes 
and reliability procedures are estab­ 
lished under his guidance. 

G. van BAALEN 

G. van BAALEN, co-author of the 
article 'Type-72 Multiplexing Equip­ 
ment for the A.P.O. Network', joined 
Standard Telephones and Cables Pty. 
Limited in 1962 on an engineering 
cadetship, graduating from the Uni­ 
versity of N.S.W. in 1969. Since 1964 
he has been involved in various 
aspects of line transmission work, and 
participated in the design, installation, 
and commissioning of the Mt. New­ 
man iron ore mine private communi­ 
cation system. At present he is 
engaged in the design and develop­ 
ment of higher-order multiplexing 
equipment. 
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R. J. SPITHILL 
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S. DOSSING 

S. DOSSING, author of the article 
'Future Telephone Switching Systems', 
is Assistant Director-General, Systems, 
A.P.O. Research Laboratories, Mel­ 
bourne, in-charge of research and 
development on electrical communi­ 
cations transmission systems. 
He was born in Denmark in 1922, 

and received his M.Sc.E.E. Degree with 
Honours from the Technical Univer­ 
sity of Denmark in 1945. After five 
years academic and practical engineer­ 
ing work in Denmark, Mr. Dossing 
was recruited by the A.P.0., and 
during the period 1950 to 1964 he was 
attached to the Headquarters of the 
A.P.O. in Melbourne on the operatio­ 
nal aspects of electrical communica­ 
tions. He was awarded an M.E.E. 
Degree by the University of Mel­ 
bourne in 1959. 
He was promoted to his present 

position in 1964. Mr. Dossing has tra­ 
velled overseas on various missions 
for the A.P.0., and during the course 
of his career has written a number of 
papers on a variety of engineering 
topics. 

* 
H. MELLING, author of the article 

'Management of the Radio Frequency 
Spectrum in Australia', joined the Post­ 
master-General's Department in 1952. 
He occupied inspectorial positions in 
the Radio Branch until appointed 
Superintendent, Radio Regulatory and 
Licensing, Regional Operations, Tas­ 
mania, for which he is also Senior 
Commonwealth Marine Radio Surve­ 
yor, since 1970. He served in the 
Wireless Branches of the Royal Navy 
and Royal Canadian Navy during 
World War II. From 1946 to 1952 he 

H. MELLING 

was engaged in the Telecommunica­ 
tions activities of the British Foreign 
Office and the Marconi Wireless Tele­ 
graph Company at various places 
throughout the world. Mr. Melling 
designed a unique and complex Fre­ 
quency Assignment Plan, integrating 
the mobile radio communication net­ 
works of community services, after 
the disastrous fires of 1967 in South­ 
ern Tasmania. 

* 
B. M. BYRNE, author of the article 

'Cable Protection and Maintenance 
Testing Techniques', was appointed 
Engineer in the Queensland Adminis­ 
tration of the Postmaster-General's 

* 

J. M. W A·RNER 

B. M. BYRNE 

Department in 1952, following com­ 
pletion of an Electrical Engineering 
Degree Course at the Queensland Uni­ 
versity. His earliest Cable Protection 
experience was in 1952, with some time 
spent subsequently in District and 
Primary Works. Since 1959, he has 
controlled the activities of the Cable 
Protection Division (now Section) in 
Queensland. He has represented the 
Central Administration, as well as the 
State, at various Cable Protection con­ 
ferences interstate and in New Zea­ 
land. He is president of the Queens­ 
land Branch of the Australasian 
Corrosion Association, and is a past 
Australasian President of that Asso­ 
ciation. Mr. Byrne is a member of 
the Institution of Electrical Engineers, 
and currently holds the position of 
Supervising Engineer, Cable Protec­ 
tion, Queensland. 

* 
J. M. WARNER, author of the article 

'The Accuracy of Electrical Measure­ 
ments Made by Electronic Techniques', 
was born and educated in Hobart, 
graduating from the University of 
Tasmania with a B.Sc. in Physics and 
Electrical Engineering. From 1948 he 
was employed in the A.P.O. Research 
Laboratories where he was responsible 
for instrument maintenance and cali­ 
bration and the development of special 
instrumentation. He has been in 
charge of electrical standards since 
1963 and is at present manager of the 
Electrical Standards Section of the 
Laboratories. He is a Member of the 
Institution of Electrical Engineers. 



ii THE TELECOMMUNICATION JOURNAL OF AUSTRALIA June, 1972 

TRIMAX 
extended range 
volume indicator 

The Trimax G54 Solid State 
Volume Indicator has been 
specifically designed for dynamic 
programme level measurements, 
with a meter having the fast rise 
time required to detect the peaks 
of programme material. Its 
application, however, extends to 
the entire field of level 
measurement in the audio 
frequency range. The accuracy of 
calibration and small attenuator 
increments (2 db steps) also 
make it particularly suitable for 
the lining up and transmission 
testing of an entire system. 

A high-quality shielded input 
transformer enables the 
instrument to be used on 
balanced or unbalanced systems. 

L M Ericsson Pty. Ltd. 
TRIMAX DIVISION 
Cnr. Charles Street and Williams Rd, 
North Coburg 3058, Vic., Aust. 
Phone 35 1203. 
Cables and telegrams: 
Trimax, Melbourne. 

TELECOMMUNICATION JOURNAL OF AUSTRALIA 
AUSTRALIAN TELECOMMUNICATION RESEARCH 

Increasing costs have forced an upward revision of subscription rates for the above 
journals with effect from 1972 calendar year, which is also the volume year. 
The new annual subscription rates and the first volume affected are shown below: 

Telecommunication Journal of Australia $2.50 ($1.80)* as from Vol. 22 
Nos. 1-3 (1972). 

Australian Telecommunication Research : $3.00 ($2.50)* as from Vol. 6 
Nos. 1-2 (1972). 

Single copies of the current subscription year are available: 

Telecommunication Journal of Australia : $0.85 ($0.60)* 

Australian Telecommunication Research : $1.50 ($1.25)* 

Back numbers (other than current subscription year), if .available, are sold at the 
following rates: 

Telecommunication Journal of Australia $0.75 ($0.50)* 

Australian Telecommunication Research : $1.25 ($1.00)* 

(*The bracketed rates so marked apply only to residents of Australia (and Papua-New 
Guinea) who are also members of the Telecommunication Society of Australia.) 

The subscriptions are quoted in Australian Currency, and proper conversion must be 
made from other currencies, including U.S. and Canadian dollars. All rates include 
surface mail postage. 
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Iii eline of telecommunications 
Have you ever realised just how close our country Is to the rest of the •• 
world today! How overseas news reports, entertainment and telephone 
calls take seconds only to reach us? Olympic Cables help to make these· . 
services available to all Australians. As major suppliers of "' 
telecommunication cables in Australia, Olympic Cables are part of the . 
lifeline which makes these essential services a reality. 
There Is an Olympic Cable for every purpose - consult your Olympic "' 
distributor now. 

A member of the Olympic Group of Companies. 
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To serve the growing demands 
for RFI shielding and suppression 
Belling & Lee offers standard and 
specially designed Shielded 
Enclosures, In-Situ Shielded 
"Structures, Shielded Instrument 

•. or Equipment Test Boxes 

and RFI Components. 
Belling & Lee can assist your 
architects and engineers in 
incorporating Shielded 

. Enclosures integrally into 
building design and will control, 
supervise, erect and carry out 

final testing. 
Consult us in the design stages to 
assist you in your selection of an 
RF Shielded System and to 
fo'-ordinate with other trades. 

Technical Literature Available 

~LLING&LEE 
(AUSTRALIA) PTY. LTD. 

® 
Canterbury Rd., 
Kilsyth, 
Victoria, 
Australia. 
Tel. 729 0621 

P.O. Box 20, 
Kilsyth, 
Vic., 3137, 
Australia. 

Sales 
Offices 
in all 
States 
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Best quality-NATA lab. tests confirm long term 
electrical test results surpass the requirements of 
U.S. mil. specs, U.K. def. specs, and IEC standard 
specs. 

Best by world opinion- lRC licensees around the 

IRH Components Pty. Limited 

world sell over 6 million BT resistors each day. 
What other sophisticated technical product made 

in Australia can you buy for 1.4 cents? 

Available ex stock from Australian productiori. 

Wholly Australian owned and the largest manufacturer of resistive components in the Southern Hemisphere. 
THE CRESCENT, KINGSGROVE, N.S.W. 2208, PHONE: 50-0111. 74 RAGLAN ST., PRESTON, VIC. 3072. PHONE: 44-5021 

INTERSTATE DISTRIBUTORS 
S.A. Collet & Cant Pty.Ltd. 

Telephone 23-1971. 
Q'land. K.H.Dore and Sons. 

Telephone 21-1933. 

W.A. Simon Holman & Co.Ply.Ltd. 
Telephone 8-2271. 

Tas. W.P.Martin Pty.Ltd, (Hobart). 
Telephone 34-2811. 

Tas. W.P.Martin Pty.Ltd. (Launceston). 
Telephone 2-2844. 

(ifi;;\ THE COMPONENT DIVISION 
\!.!:!!) OF IRH INDUSTRIES LIMITED 

*Our selling price in 1000 lots 10% tolerance. 1001 
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A+R Soanar Group 
Market 
Leaders 

Soanar market a very exten­ 
sive range of leading brands of 
components to the electronic 
and telecommunications 
industries, including ELNA 
electrolytic capacitors, poly­ 
ester "greencaps", NOBLE 
slide, rotary and trim potentio­ 
meters, KOA cracked carbon 
resistors and suppressors, 
TYK ceramic capacitors, 
ITT diodes and rectifiers, 
Marushin parts and A & R rectifiers, 

The A & R-Soanar Group have 
been making high quality 
products for 26 years, and 
today are the acknowledged 
leaders in the field of power 
supplies, transformers, test 
equipment and an infinite 
variety of components. 

The range of A & R products 
extends into precision power 
supplies, inverters, converters, 
silicon bridge rectifiers and 
transformers, including air­ 
cooled, power, audio, constant 
voltage and step-down types. 
A series of double insulated 
power supplies and trans­ 
formers which comply with 
A.P.O. specification 1053, has 
recently been developed and 
produced. The Group are 
contractors to Federal and 
State Government Departments. 

Leadersin Magnetics 
& Components 
A & R-SOANAR GROUP, 30-32 Lexton Rd., Box Hill, Vic., 3128. Telex: 32286. 

Sales Offices Phones: 

Victoria: 89 0238 
N.S.W.: 780281 
S. Aust.: 51 6981 
Queensland: 51 5421' 
W. Aust.: 8 4137 
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Today, thirty years from its earliest 
operations in Australia, the Plessey group 
of companies employs over two 
thousand individuals in 
telecommunications alone. Individuals, 
because in this intricate field of man's 
achievements the work of individual men 
and women remains the vitally 
important factor. 

Plessey is a major supplier of 
technical equipment to the Australian 
Post Office, to defence authorities, and to Precision in 

telecommunications is 
a product of the right people. 

those areas of industry requiring 
advanced technical equipment in 
communications. 

To meet these demands requires the 
right people, and today Plessey is 
meeting increasing demands and 
sophistication in subscriber telephone 
equipment, complete automatic 
exchanges, PAX and P ABX systems, 
transmission and remote control 
equipment. Through research, 
development and planning Plessey 
Telecommunications has emerged as a 
world leader in such relatively new areas 
as mail handling and sorting systems 
and automatic conveying and sorting 
systems. (Plessey Australia was in fact 
commissioned to design and install a 
mail sorting system for the United 
States Postal Authority. An 
achievement for Australia, and 
for Plessey Australia.) 

An achievement for some two 
thousand Plessey people. 

If your problem is one which calls for 
precision in the field of 
telecommunications . . why not call us? 
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The world has become a 
village. You can see and talkto 

just about anyone. 
A man called Marshall McLuhan says 

that the world has become a Global Village. 
Thanks to television, satellites, co-axial 

cables and the Post Office systems network 
we're able to know what's going on in the 
world at any given moment. Just like a 
village, where everybody knows everybody. 

We've done our bit to make the world a 
Global Village. By manufacturing Australia's 
part of the world's nerve system of 
communication cables. 

. Our cables carry millions of telephone 
conversations throughout Australia 
every day. 

The Weather reports. 

Television signals. 
They can bring a friend to you from 

Adelaide. 
Your daughter on the phone from London. 
Warning of a cold front in the Indian 

Ocean. 
A man called Marshall McLuhan 

'discovered' the Global Village. 
We helped build it. 

Austral Standard Cables Pty. Ltd. 
Makers of Australia's telephone cables. 
Incorporating Bly's Industries, , ® 
suppliers of telephone cords and cordage. j · 
Head Office: 325 Collins Street, Melbourne, Victoria. . 
Works: Maidstone and Clayton, Victoria. 
Liverpool, N.S.W. and Hornby, Christchurch, N.Z. 
Laboratories: Maidstone, Victoria. 

ASC7277,19 
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NOW YOU CAN TEST WITHOUT 
BREAKING THE CIRCUIT 

Until now, circuit testing involved 
circuit breaking, complicated 
equipment and a meandering pro­ 
cedure. Until Krone. The Krone 50 
Pair Block serves as a break and 
test point without breaking the 
circuit. Its method of operation is 
simple. 
As simple as placing two plugs in 
two connections. And the circuit 
remains unbroken. 

The construction of the block: 
Within the strip the lateral solder­ 
ing tags take the form of contact 
springs with normal contact­ 
which can be tapped-with lowest 
contact resistance. Two full length 
transfer bars with soldering tags 
placed at the front are provided to 
accommodate 25 pairs each. The 
strip is equipped with a plastic 
double-sided fanning guide plate. 

The Uses: 
As break and test point in tele­ 
phone exchanges, PABX, tele­ 
printer exchanges, data transmis­ 
sion and wherever you need 
access to lines without breaking 
the circuit. 

For further information regarding 
this and other configurations up to 
100 pairs: 

N.S.W.: 73 Whiting Street, Artarmon 2064. Telephone: 439-2333. Telex: 21175. SOUTH AUSTRALIA: 49 Woodville 
Road, Woodville 5011. Telephone: 68-1111. Telex: 82529. VICTORIA: 138 Berkeley Street, Carlton 3053. 

Telephone: 347-6588. Telex 30948. QUEENSLAND: 32 Princeton Street, Kenmore 4069. Telephone: 78-6424. 
WESTERN AUSTRALIA: Telephone: 21-7861. 
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System 250 is unique. It has been designed specifically 
for controlling telephone and data exchanges and 
similar reliability-conscious real-time applications. It is 
modular in design in order to be flexible and easily 
extensible in operation and to provide economy in use. 

A particular feature is that it can provide the 
system reliability required in these types of application. 
Not only are faults in both software and hardware 
quickly detected and the relevant module isolated, 
but the system automatically reconfigures in order to 

ensure continuity of service. Basic checks built into the 
system permit time-sharing of programs without errors 
corrupting good program modules. 

Edge Lane, Liverpool L7 9NW, England. 
Telephone: Liverpool (051) 228 4830 Telex: 62267 

~ 581/a PTG 
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Our handling of Olympic background 
i'nformation backs the installation 
you may want tomorrow 

Surprise result: a Dutchwoman wins 
the discus throw. Now the world wants 
to know about her. Height? Weight? 
Date and place of birth? Married? 
Children? Profession? Trainer? Club? 
Hobbies? Previous best distance? 
Previous placing? And how did her 
fellow-countrywomen do in this discipline 
in previous Olympics? 

The GOLYM Information System set 
up by Siemens knows. It also knows the 
rules of all 196 Olympic events, can 
tell what social occasions are laid on 
during the Games, and what are the 
latest competition results. 
Two high-performance 4004 computers. 

Storage for 500,000 information records 
(which can consist of hundreds of 
items). 72 data display terminals with 

50 printers, connected by 6000:'km 
telephone lines - all this 
makes GOLYM the most comprehe 
source of sports information in the 
world, set up with Siemens knowho 
and Siemens equipment. 

Knowhow and equipment that cai 
at your service tomorrow. We desig 
and plan, deliver and erect. With rese 
before andservice after. 

Highest quality data systems: 
Siemens 
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t 
SIEMENS 

Computer centre set-up in a 
Siemens plant in Munich 

If you want to know 
more about our contribution. 
to the Olympic Games, 
we will send you our brochure 
"Technology for the'72 Olympics" 

Siemens Industries Limited, 
544 Church Street, 
Richmond, Victoria. 
Telephone: 420291 
Telex: AA 30425 
Offices at Sydney/Brisbane/ 
Perth/Newcastle 



xiv THE TELECOMMUNICATION JOURNAL OF AUSTRALIA June, 1972 

GEC of England lin • ~­ .~,nxw:, I 
KALGOOR~ 

S.G.t'. 
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, East-West 2G Hz microwave radio system is now in service bringing Western Australia into the 
national broadband trunk telephone and television relay network. 

rgest single telecommunications project carried out in Australia, and one of the longest systems in the 
carries trunk telephone calls, at the present rate of 1.3 million per year, over the 1500 miles between 

Western Australia and the Eastern States and provides circuits to all centres en route. 
oud to have been appointed the main contractor for the whole system Working in close collaboration 
he Australian Post Office G EC was responsible for the engineering, manufacture, installation and 
ssioning of the radio equipment, and the design parameters for antennas and feeders, power plant 
iiprnent shelters and towers, and overall project management-, 

illy acknowledges the co-operation of the Australian Post Office and the sub-contractors who contributed to the success 
:anding achievement. 
nnas Pty, Ltd, 
ric Works Pty Ltd. 
Partners 

Antennas and feeders 
Power Plant 
Civil Engineering Consultants 

Electric Power T ra nsm issio n Pty Ltd 
D.S. Thomas and Partners 
Sigal Industries Pty Ltd. 

Antenna and wind generator towers 
Design of equipment shelters 
Equipment shelters 

;t and West with one of the longest 
I microwave system in the world! 

BRISBANE, 

LISMORE' J 
CEDUNA 

SATELLITE EARTH 
.STATION 

ORANGE 

'SYDNEY 

G E C Microwave Systems in Australia 
New transcontinental route 
Other main routes for which G.E.C. equipment has 
been supplied 
Terminals and intermediate switching stations 
Repeater stations 

es telecommunications into tomorrow 
1EI Telecommunications Limited, Coventry, England 
sd in Australia by · 
ieral Electric Co. of Australia Ltd., Telecommunications Division. 
Street, Chiswick, N.S.W. 2046 ,.,. 
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While people keep talking to each other, 
L M Ericsson Pty. Ltd., keeps growing. 
Look at the record: 
Ten years ago, L M Ericsson had four employees 
in Australia. 
Today there are over 3,500. In three modern factories. 
More L M Ericsson Crossbar Exchange Equipment 
is now installed in this country than all other 
switching systems combined. 
An average of one L M Ericsson PABX system 
is installed every day. 
All the time more people are finding more to say. 
And L M Ericsson is making it easier for them. 

L M Ericsson Pty. Ltd. 
Head Office: 
Broadmeadows, Vic. 3047. 

LME:21610/95 
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Hy-Q Electronics manufacture 
a full range of crystal filters 
and discriminators. 

Available in a wide variety of mechanical con­ 
figurations within the range 1650 kHz to 21.4 
MHz with electrical characteristics to suit all 
normal requirements of the telecommunica­ 
tions industry. 

Phone, write or Telex us for specifications and prices. 

Hy- Q Electron;cs Pty. Ltd. 
1-10-12 Rosella Street, P.O. Box 256, Frankston Victoria, 3199. 
Telephone: 783 9611. Area Code 03. Cables: Hyque Melbourne. Telex: 31630. 

Hy-Q Electronics International (Pte) Ltd. 
SINGAPORE, 5. P.O. Box 29, Pasir Panjang. 

N.S.W.: Hy-Q Electronics, 284 Victoria Avenue, S.A.: General Equipments, Adelaide. 
Chatsworth. Phone 419-2397. Phone 63-4844. 

OLD.: Dresser Aust. Pty. Ltd., Brisbane. 
Phone 79-1182. 

W.A.: R.F. Systems, Perth. 
Phone 46-7173. 

TAS.: Video and Sound Service Co., Hobart. 
Phone 34-1180. 

N.T.: Combined Electronics. 
Phone Darwin 6681. 

Publiications of the 
Teleco1mmunication 

Society of 
Australia 

TELECOMMUNICATION JOUR­ 
NAL OF AUSTRALIA (3 per 
year) 

AUSTRALIAN TELECOMMUNI­ 
CATION RESEARCH (2 per 
year) 

AUSTRALIAN TELECOMMUNI­ 
CATION MONOGRAPH No. 1 

Calculation of Overflow Traffic from 
Crossbar Switches 

AUSTRALIAN TELECOMMUNI­ 
CATION MONOGRAPH No. 2 

Symposium on the Preservative Treat­ 
ment of Wooden Poles 

(Out of print) 

AUSTRALIAN TELECOMMUNI­ 
CATION MONOGRAPH No. 3 

Symposinm on Power Co-ordination 
and Lighting Protection 

(Out of print) 

Australian residents app,Iy to: 
State Secretary, 

Telecommunication Society 
of Australia 

Box 6026, G,P.O., Sydney, N.S.W. 
2001; Box 1802Q, G.P.O., Mel­ 
bourne, Vic., 3001; Box 1489, 
G.P.O., Brisbane, Qld., 4001; Box 
1069J, G.P.O., Adelaide, S.A., 
5001; Box Tl804 G.P.O., Perth 
W.A., 6001; Box 1180M, G.P.O., 
Hobart, Tas., 7001. 

Overseas residents apply to: 
The General Secretary, Telecom­ 
munication Society of Australia, 
Box 4050, G.P.O., Melbourne, 
Victoria. Australia,, 3001, or 
Agent for Europe, Mr. R. V. 
Martin, Canberra House, 10-16 
Maltravers St., Strand, London, 
WC2B 4LA England. 
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WARNER, J. M.: 'The Accuracy of Electrical Measure­ 
ments made by Electronic Techniques'; Telecom. Journal 

of Aust., June 1972, page 110. 

The use of electronic instruments is essential in some 
types of measurement. The published specifications of the 
more complex electronic instruments, such as digital volt­ 
meters, are capable of misinterpretation, even by technical 
personnel. This paper highlights those parts of such speci­ 
fications which, in the author's experience, are not unequi­ 
vocal and makes particular reference to the problems of 
alternating current measurement. 

SPITHILL, R. J., Van BAALEN, G. and GREGORY, L. R.: 
'Type-72 Multiplexing Equipment for the A.P.O. Net­ 
work'; Telecom. Journal of Aust., June 1972, page 123. 

This article describes the development and production of 
the new range of channel multiplexing equipment by STC 
Pty, Ltd. (Australia) in accordance with the requirements of 
the Australian Post Office Design Guide for Long Line 
Equipment. The article outlines the key features of the 
electrical and mechanical design of the equipment, with 
reference to such aspects as reliability, facility of installa­ 
tion, and operational needs. The article is in two parts, the 
second part being in the next issue of the Journal, Volume 
22 No. 3. 

KITCHENN, R. G.: 'The 2-wire/4-wire Interexchange Tele­ 
phone Circuit'; Telecom. Journal of Aust., June 1972, 
page 115. 
The switched telephone circuit which terminates in a 

2-wire switch at one end and a 4-wire switch at the other 
presents some interesting transmission problems. In this 
paper the network implications of the design of this type 
of circuit are examined. In particular, the paper examines 
the following factors:- transmission system loading, 
asymmetry of loss in opposite directions in a connection, 
data transmission implications, national semi-loop loss, 
noise, national sending and receiving reference equivalents. 

It is shown that when the circuit is required to introduce 
loss into a connection, such loss (relative to a zero-loss 
circuit) should be provided in the 2-wire receive path only. 

RENDLE, A. A.: 'S.T.D. Public Telephone'; Telecom. Jour­ 
nal of Aust., June 1972, page 159. 
This article describes the new STD (Subscriber Trunk 

Dialling) public telephone. It uses electronic logic for 
accounting and coin control. Only simple exchange equip­ 
ment is needed. The article also describes special measures 
taken to combat vandalism and theft. 

O'CALLAGHAN, R. A.: 'The Theory of Moisture Barrier 
Paper 111.iSulated Cables'; Telecom. Joumal of Aust., June 
1972, page 147. 

This paper outlines the theory of moisture permeation 
through the plastic and plastic/metal laminate cable 
sheaths as used by the A.P.O. and investigates the varia­ 
tion of the cable core paper insulation resistance with time 
due to this moisture permeation. Included is a discussion 
of some practical applications of this investigation in parti­ 
cular the various insulation resistance limits throughout a 
cable's service life. 

DOSSING, S.: 'Future Telephone Switching Systems'; Tele­ 
com. Journal of Aust., June 1972, page 103. 

For the purpose of comparison with future telephone 
systems, the main features of past and present systems 
are discussed briefly. 
The requirements of telephone switching systems of 

tomorrow and the more distant future are described in 
some detail. It appears that the requirements of the 
immediate future, including the requirement of reasonable 
cost, can be met by new types of processor controlled 
electronic systems at present under development. The 
main features of these new systems are discussed. 
The day when even these systems will become obsolete 

(mainly in economical terms) is clearly seen and even more 
advanced systems which will integrate switching and trans­ 
mission into a unified system (integrated switching and 
transmission) are already being developed. 

BYRNE, B. M.: 'Cable Protection and Maintenance Testing 
Techniques'; Telecom. Journal of Aust., June 1972, page 
138. 
Part 1 of this article describes various Cable Protection 

activities, largely as applied in the Queensland Administra­ 
tion of the Australian Post Office. Cathodic protection in 
corrosion prevention is discussed briefly in design, anode 
materials, performance and results. Present investiga­ 
tions are noted. Gas pressurisation is detailed briefly in 
application, performance and significance. Part 2 of the 
article describes cable testing for faults and substandard 
performance; miscellaneous cable protection activities are 
also described. 

MELLING, H.: 'Management of the Radio Frequency Spec­ 
trum in Australia'; Telecom. Journal of Aust., June 1972, 
page 132. 
This article outlines the use and allocation of radio 

frequencies from Marconi's day to the present time. The 
administration of the Radio Frequency Spectrum in Austra­ 
lia is described, together with methods of monitoring radio 
frequencies, and investigating radio interference. The article 
concludes with an outline of the responsibilities of various 
Authorities in Australia for radio frequency allocation. 
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Presenting 
PTMc SPEECH and TELEGRAPH 

TERMINAL UNITS 
The terminal units comprise four duplex F.M.V.F. telegraph channels plus a 
speech combining unit to provide simultaneous operation over standard 
bearer circuits. 

TYPE 8572 (2 WIRE) 
For 2 wire operation over physical 
bearers, with a speech path of 300- 
3400 Hz plus 4 Duplex telegraph 
channels in the frequency band 
3720-5040 Hz. 
Ideal for operating under a 3 
Channel Carrier System or for short 
haul telemetry. 
Total bandwidth 300-5100 Hz. 

TYPE 8603 (4 WIRE) 
Provides a speech path of 300-2600 
Hz plus 4 Duplex telegraph 
channels within the frequency band 
(300-3400 Hz) provided by a 4 wire 
C.C.I.T.T. voice carrier bearer cir­ 
cuit. 
The Frequency Compensating 
equipment incorporated compen­ 
sates for bearer frequency asyn­ 
chronism up to ± 10 Hz, and bearer 
level changes of± 10 db, eliminat­ 
ing channel distortion arising from 
these causes. 

• 120 Hz channel spacing 
• Operation up to 85 bauds 
• fi,[lY transistorised 
• Plug-in printed circuit card units 
• Integral jack panel 
• Sub-rack construction for 20½" 

rack mounting 
• Occupies only 10½'' of panel 

space 
• Wholly designed and produced 

in Australia 
For enquiries, ring Telephone 
Division, Philips Telecommunications 
Manufacturing Company Ltd. 
Phone: 519-2555, Sydney. 

5D0120-PTMC/24 



AUSTRALIAN 
TELECOMMUNICATION 
RESEARCH 

Published in May and November each year 

- Presenls the results of research carried out in Australia relating 
to the field of telecommunications. 

- Includes material and component studies as well as systems studies 
at both the theoretical and practical levels. 

Topics for May 1972 include - 

e Machine perception and character recoqnition. 

• Measurement of signal levels in a telephone network. 

e Digital TV-telephone over PCM bearers. 

e Traffic calculations. 

• Digital multi-frequency code sender. 

• Analysis of congestion in small PABXs. 

For subscription rates see page ii 

ORDER YOUR COPY FROM STATE OR GENERAL SECRETARY 

TELECOMMUNICATION SOCIETY OF AUSTRALIA 

PRINTED BY HEDGES a BELL LTD., MARYBOROUGH, 3465 


