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Here comes the future

lt's all happening. Population explosion . . .
demand explosion . . . and, along with it, the
explosion in communications technology.
Tomorrow’s Australians will inherit a brave
new world. A world changed radically by the

i ITT
worldwide telecommunications and electronics

ASSOCIATE

impact of such developments as synchronous
satellites, laser, micro-miniaturisation, and
revolutionry ideas and techniques yet to be
discovered. STC of Australia is preparing now
to meet the challenge of the future.
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Mr. C. J. GRIFFITHS, O.B.E.

On March 27, 1970, Mr. C. J.
Griffiths, O.B.E., M.EE. FILEE,
F.IE. Aust., retired from the position
of First Assistant Director-General,
Engineering Works, after a distin-
guished career which began in 1927
as an engineer in charge of subscri-
bers installation and maintenance
activities in Melbourne.

Mr. Griffiths’ initial contribution to
telecommunication engineering was in
the external plant field particularly
in the transposition design, cable
corrosion and cable protection areas.
Subsequently, as a senior engineer
in the Headquarters Lines Section he
played a prominent part in establi-
shing the telephone cable manufac-
turing industry in Australia.

In between these landmarks there
is a record of significant engineering
association with many important pro-
jects such as the Sydney-Maitland,
Melbourne-Ballarat, and Adelaide-
Nuriootpa trunk cables, the Bass
Strait submarine cable, the Adelaide-
Perth, Adelaide-Darwin and Towns-
ville-Cape York aerial trunk routes,
and telecommunication facilities for
the Woomera and Maralinga rocket
range projects.

September 1956 brought a new
phasz to Mr. Griffiths’ career with
appointment to the senior administra-
tive position of Deputy Engineer-in-
Chief, Services. In this position he
made his mark on the technical
training, material supply, works pro-
gramming, industrial engineering,
workshops and automotive plant
areas of activities and through them
contributed significantly to such
major projects as the Sydney-Mel-
bourne coaxial cable and other broad-
band projects, as well as the various
crossbar switching programmes.

In 1964 Mr. Griffiths was appointed
to the top position in his Division.
As First Assistant Director-General,
Engineering Works, he became res-
ponsible to the Director-General for
the management and control of en-
gineering works, for the technical
operation and all maintenance of
telephone and telegraph plant, the
maintenance and technical operation
of National broadcasting and televi-
sion services as required by the Aus-
tralian Broadcasting Control Board

and the Australian Broadcasting
Commission.
International telecommunications

became a major interest during the

latter part of Mr. Griffiths’ career. He
played a leading role in the planning
of COMPAC and SEACOM submarine
cables and achieved a significant suc-
cess in the effective integration of
the separate ocean cable portions of
the SEACOM system with the
AP.O’s broadband network between
Sydney and Cairns. Mr. Griffiths’
contributions to international tele-
communications through the Inter-
national Telecommunication Union
reached a happy climax in 1965, the
centenary year of the Union. In that
year he was Chairman of the Admini-
strative Council, the main executive
body of the Union and presided over
important policy making meetings in
Geneva and Paris. Mr. Griffiths has
the honour of being the first Aus-
tralian to occupy this important
position.

A measure of the man and his con-
tribution to telecommunications on
the world scene is this extract from
the LT.U’s January 1966 Telecom-
munication Journal:—

“From the outset of ths recent
Plenipotentiary Conference in Mon-
treux it was clear that the most sig-
nificant results for the future struc-
ture of the I.T.U. would depend on
what was done in the key Committee
on the organisation of the Union.
With over 400 separate proposals to
be considered and debated by more
than 100 delegations in an atmos-
phere heightened by eager interest in
the results, the Committee was faced
with a formidable task. The fact that
it nevertheless managed to complete
its businegs in less than 60 hours of
discussion is above all a tribute to
its Chairman, Clyde J. Griffiths of
Australia.

Quiet, courteous but firm, brisk
yet unhurried, threading his way
again and again through a maze of
proposals and counter-proposals with
the main point always clearly in
view, this was a model of Chairman-
ship.”

For all who have had the pleasure
to work with Mr. Griffiths, these
words reflect accurately the personal
qualities which took him to one of
the highest engineering appointments
in the Post Office.

As a member of the Council of the
Royal Melbourne Institute of Tech-
nology for many years, active on
several of its committees, and cur-

rently its Senior Vice President, Mr.
Griffiths has also made a valuable
contribution to Victorian technical
education.

The Telecommunication Society of
Australia is very much indebted to
Mr. Griffiths for sustained interest
and active support as author, editor
and administrator over a period of
36 years. He contributed several im-
portant articles on fundamental
topics, the first in 1938 and the last
in 1968. He served on the controlling
body of the Society from 1934 to
1947; and from 1944 to 1956 he was
Editor of the Journal. He was elected
a Life Member of the Society in 1953
and was Chairman of the Council
of Control from 1961 to 1962, and
again from 1966 to 1968.

This thorough-going, loyal and
sustained effort typified Mr. Griffiths’
approach to whatever was before
him. The Society therefore takes this
opportunity to record its sincere ap-
preciation for remarkable interest and
support, solidly maintained over such
a long period. On behalf of all mem-
bers, the Board of Editors wishes Mr.
and Mrs. Griffiths a very happy and
successful retirement, hoping that re-
tirement from office will not neces-
sarily mean retirement also of one
of our most notable authors.
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STAFF CHANGES

The retirements of Mr. G. N. Smith,
(See P. 112) and Mr. C, J. Griffiths
have led to changes in senior staff
appointments in the Victorian and
Headquarters Administrations. Mr. H.
S. Robertson, M.B.E,, B.Sc.,, M.LE.E,,
previously Superintending Engineer,
‘Country Branch, Victoria has been
appointed Assistant Director, Engineer-
ing, Victoria and is currently occupy-
ing the position of Director, Posts and
Telegraphs, Victoria. Mr. I. M. Gunn,
M.B.E., previously Assistant Director,
Engineering, Victoria, has been ap-
pointed First Assistant Director-Gen-
eral, Engineering Works, at Head-
quarters.

Succession to positions previously
occupied by Mr. Griffiths seems to
have become a habit for Mr. Gunn.
In 1956 he was appointed to the posi-
tion of Deputy Superintending Eng-
ineer, Metropolitan Branch, Victoria,
a position made vacant by the pro-
motion of Mr. Griffiths to Head-
quarters. Then in 1957 Mr. Gunn was
appointed Supervising Engineer, Lines
Section, a position just vacated by
Mr. Griffiths, Subsequently, in 1959,
he succeeded Mr. Griffiths as Assist-
ant Engineer-in-Chief, Services, and
now he has been appointed to the
top Engineering Works position, in
succession once again to Mr. Griffiths.

:‘3155._..@ %_;
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Mr., I. M. GUNN, M.B.E.

Mr. Gunn’s career began in Vic-
toria with appointment as Cadet Eng-
ineer in 1928. Almost immediately he
was given an opportunity to see how
the other fellow lived when the Public
Service economies of the depression
years took him out of training as an
engineer to become a clerk in the
Research and Transmission Sections
of Central Office.  Appointment as
Engineer occurred in 1935 and by
1940 he was acting at Divisional Eng-
ineer level in charge of the Melbourne-
Seymour Trunk Cable project.

Other highlights
career have been:

in Mr. Gunn’s

e Four years active military service
in the Corps of Signals rising to the
rank of Major in charge of substan-
tial line and cable projects in the
South West Pacific area.

o Committee on introduction of div-
isional store system.

e Committee on introduction of
pressure treated poles.

e Award of the Coronation Medal.

e Chairman of the 1956 Victorian
Olympic Games Branch Committee for
communication facilities for the
Games venues.

e Award of the M.B.E. in the 1957
Birthday Honours’ List.

e OC. of a CMF. Signals Unit
from 1952 to 1956.

® President of the Victorian Branch
of the Professional Officers’ Associa-
tion 1955 to 1956.

e Appointment as Deputy Superin-
tending Engineer, Metro. Branch in
1956.

The Board of Editors on behalf of
all readers have pleasure in congratu-
lating Mr. Gunn on his new appoint-
ment and offer best wishes and full
support in his new venture.

Congratulations are extended also
to Mr. Robertson on his appointment
as Assistant Director, Engineering,
Victoria. He joined the Department
as a Junior Mechanic-in-Training in
1922 and was appointed to an engine-
ering cadetship some three years
later. During 1929/30 he graduated
Bachelor of Science from Melbourne
University and took up duty as eng-

Mr, H. S. ROBERTSON, M.B.E.

ineer in the Transmission Section.
This was followed by some years in
radio and then transmission planning
until in 1962 he was appointed Deputy
Superintending Engineer, Country
Branch and later in 1964, Superin-
tending Engineer of that Branch.

Amongst other interests, Mr. Rob-
ertson is Chief of the Communications
Division of the Victorian Govern-
ment’s ‘State Disaster Plan Organisa-
tion’. In this role he is well known
in State Departments as the author
of the communications network plan
that is used for control of disaster
operations throughout the State.

As Victorian President of the Pro-
fessional Officers’ Association for
several successive terms, Mr. Robert-
son played a major part, during the
Association’s Golden Jubilee year, in
arranging the very successful Sym-
posium of Public Lectures by eminent
scientists and leaders in the other
professions.

Mr. Robertson has maintained a
keen interest in the Society since its
inception as the Postal Electrical So-
ciety in the early thirties. During his
term as Deputy Superintending Eng-
ineer of the Country Branch, he was
involved in the expansion of the So-
ciety’s Lecture Programme to include
all of the main country centres.
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THE SIEMENS CONCEPT FOR A 12-MHz COAXIAL CABLE SYSTEM

INTRODUCTION.

Siemens AG has developed three
transistor carrier systems for the ap-
plication on coaxial cables; the V300
system, with a bandwidth of 1.3 MHz,
the V960 system with a bandwidth of
4 MHz, and the 12 MHz system. A
system with an even greater band-
width, the 60 MHz system V10800, is
being developed at present. All four
systems are laid out on the basis of
similar aspects. The former can all
be applied to coaxial lines with a
diameter of 2.6/9.5 mm, the three first
mentioned systems in addition also to
small coaxial tubes of 1.2/4.4 mm.

The 12 MHz system was laid out in
such a manner that it is suitable for
the transmission of 2700 telephone
calls (V2700) or also for the collective
transmission of 1200 telephone calls
and one TV programme with a band-
width of 5.5 MHz (V1200/TV). This
V1200/TV system, in comparison with
the 6 MHz system which can be used
for one TV programme with a band-
width of 5 MHz or 1260 telephone
calls, represents the more economical
solution. As it were, double the num-
ber of lines are required with the
6 MHz system for the same transmis-
sion capacity (e.g., 1200 telephone
channels and one TV channel). The
equipment complexity is then about
equal for both systems, since a 6 MHz
system, due to double its length of
repeater sections, only requires half
the number of repeaters per route. The
total costs are determined largely by
the cable costs, including the charges
for laying; for this reason the higher
cable quota in two 6 MHz systems
leads to higher total costs as compared
with a 12 MHz system possessing the
same transmission capacity.

BASIC CONSIDERATIONS.

Coaxial cable systems are normally
designed to obtain the best possible
quality for transmission of telephone
calls. If a coaxial cable system, how-
ever, is also to transmit TV signals, a
few additional points must be ob-
served. The route equipment must be
laid out in such a manner that delay
distortion does not become too great
in the range of the TV transmission
band (e.g., from 6.3 MHz to 12.3 MHz
in the 12 MHz system), in order to
keep the requirement for delay equal-
isers as small as possible. An optimum
choice of transmission levels for tele-

* Mr. Kugler is Head, Line Repeaters Labor-
atory, Central Communications Laboratories,
Siemens AG.

phone calls and TV signals must be
arrived at, taking noise and inter-
modulation distortion into account.
This will now be explained in detail
by using the 12 MHz system as an ex-
ample,

Noise and Transmission Level.

The development objective was to
obtain a weighted noise of less than
1 pWop/km even for the poorest voice
channel using a standard route-pattern
for the 12 MHz system on a coaxial
line 2.6/9.5 mm, i.e., in the case of a
4.65 km repeater spacing and 10 deg.
C. mean cable temperature. The
quota of the intermodulation noise in
this connection should be small as
compared with the basic thermal noise.
Only with a sufficiently low distortion-

noise contribution can the high
linearity demands be met. This as-
0 2 4

2

E. KUGLER, Dipl. Ing.*

signment must be laid down for 1200
toll calls plus a TV signal so that a
satisfactory noise breakdown can also
be anticipated in this instance. Ac-
cordingly, the transmission levels have
been optimally selected. In the case
of a pure telephone assignment
(V2700), the relative level at the oatput
of the line amplifiers for the uppermost
channel is -13 dBr, and with pre-
emphasis provided of 10 dB, at low;
frequencies-is approx. -23 dBr (curve
1 in Fig. 1). With a mixed assign-
ment (V1200/TV), all voice channels
are transmitted without pre-emphasis,
with the same relative level of -20
dBr at the output of the line amplifiers
(curve 2 in Fig. 1). Here, the carrier-
frequency TV signal corresponding to
the load range of the picture signal

possesses a relative level of -4 dBr
(curve 3 at 6.8 MHz in Fig. 1). The
f——
8 LY 12 MHz 1{.

dBr

-5

-104

RELATIVE LEVEL

154

VOICE CHANNELS IN
THE V1200/7V-SYSTEM

N—————— -

68
. TV CHANNEL IN THE
¥ 1200/ TV - SYSTEM

12.388

™1

VOICE CHANNELS
IN THE Y 2700-SYSTEM

Fig. 1 — Relative Levels at the Output of the Line Amplifiers
in the 12-MHz System.

KUGLER — Siemens 12-MHz Cable System



s

high video frequencies of the TV sig-
nal are attenuated by up to 5 dB by
TV pre-emphasis. Consequently the
nonlinear interference in the voice
channels which may result due to in-
termodulation of the 6.8 MHz TV car-
rier with the picture information com-
ponents of the TV signal remains suffi-
ciently small. With such transmission
levels, the loading of the 12 MHz
system by the equivalent peak power
of 1200 telephone channels and a TV
signal will be less than the corres-
ponding loading by 2700 telephone
channels.

When operating over coaxial tubes
with a 2.6/9.5 mm dia., a noise value
smaller than 0.8 pWop/km is ob-
tained for all telephone channels. The
weighted signal-to-noise ratio of the
video signal is better than the value
recommended by CCI by a safe mar-
gin. With a standard route design,
noise values of less than 2 pWop/km
can be anticipated for a V2700 system
using small-diameter coaxial tubes of
1.2/4.4 mm.

TECHNICAL SOLUTION.

It is not intended to describe the
electrical and mechanical concepts of
the 12 MHz system and the 12 MHz
TV converters, since this has already
been done elsewhere (Refs. 1, 2, 3, and
4). On the other hand, however, the
aspects concerning level stabilisation
and equalisation will be considered
particularly in respect of TV transmis-
sion. This is followed by a brief
survey relating to protective measures
against induced inter{erence, and to
the power feeding and fault-locating
systems. It is intended to publish
measured results in other articles in
this journal.

Automatic Level Control

The temperature-dependent varia-
tions in attenuation of the lines must
be offset by the route repeaters in
relation to their frequency response.
From the technical aspect, a route is
optimally laid out if each route re-
peater offsets the variation in attenua-
tion associated with its repeater
section. In that case the output level
will always be the same at each re-
peater, thus ensuring an equal amount
of overload margin. This, for ex-
ample, is particularly important with
a mixed assignment in the 12 MHz
system in conjunction with one TV
programme and voice channels with
low-level continuous tone supervision.
Furthermore, the systematic residual
errors along a route, caused as a
function of the frequency by the level
control, will be lowest if each repeater

June, 1970

produces the same small level correc-
tion, instead of only inserting an
automatic level control with a corre-
spondingly wider range after several
sections.

A favourable level control will be
obtained if each line repeater is con-
trolled by the main control pilot (e.g.,
12.435 MHz in the 12 MHz system).
With systems incorporating transistor
repeaters, in which the above-
mentioned advantages are not to be
waived, it is, however, more econo-
mical to provide temperature control
for the major part of the repeaters and
to apply pilot-controlled repeaters
only at greater intervals. In this
manner similarly good results can be
obtained, yet with considerably less
effort,

The repeaters, which require little
or no maintenance, are accommodated
in suitable underground containers,
preferably directly buried in the
ground. In this manner care is taken
that the repeater temperature largely
follows the variations in cable tem-
perature, permitting favourable tem-
perature control. In general it is
best if approximately 11 temperature-
controlled repeaters are followed by
one pilot-controlled repeater.

Should route conditions not permit
an adequate temperature control every-
where, e.g., when existing repeater
buildings are to be used jointly, repeat-
ers may also be installed with a fixed
gain. In this case the pilot-controlled
repeaters must be provided at shorter
intervals. Thus by suitably mixing
the available type of repeaters, which
will be briefly described further on,

0003+

it is possible to achieve a technically
and economically optimum solution in
respect of each route.

The pilot-controlled repeaters pos-
sess a transfluxor regulator with a
memory store (Ref. 3), i.e, with a
pilot failure, the gain last set is pre-
served, thus resulting in the correct
level conditions along the route con-
tinuing to exist. Also with interrup-
tions of the power supply (e.g., during
line-up operations along a route), the
transfluxor regulator proves its worth.
In fact there are no undesirable regu-
lating processes occurring during re-
connecting, which might possibly lead
to a control unit no longer being re-
leased for regulating purposes.

In the temperature-controlled re-
peater, a flux-controlled resistor is
used (Refs. 2 and 3), as a ‘controller’
in the feedback path with a suitable
temperature coefficient. With the
aid of a permanent magnet which can
be swung across the flux-controlled
resistor, the resistance of the latter
can be varied. Thus, in addition to
the temperature control, a stepless
adaptation of the gain for deviations of
the nominal repeater-section attenua-
tion is feasible within certain limits.

As Fig. 2 shows, the temperature
control is an optimum at +10 deg. C
in relation to the development objec-
tive, since in this instance the mean
temperature coefficient of the tem-
perature-controlled line amplifier coin-
cides with that of the coaxial cable. On
the —10 deg. C to + 20 deg. C range,
the deviation from the temperature
coefficient of the coaxial cable is
smaller than 10 per cent., i.e, the

TEMPERATURE COEFFICIENT OF COAXIAL CABLE. ( ALSO FOR 2.6/95mm
MEDIUM TC VALUE OF A TEMPERATURE CONTROLLED 12-MHz-LINE
TCy: RESULTANT TC VALUE OF 5 TEMPERATURE CONTROLLED AND

TCy+: RESULTANT 7¢ VALUE OF 3 TEMPERATURE CONTROLLED AND

rEcl
AND 1.2/44mm DIAMETER)
TCy:
g g 00011 AMPLIFIER
S
S5 TFIXED GAIN AMPLFIER
P
8 TFIXED GAIN AMPLIFIER

10 0 10

T Y T

20 30 °G 40

TEMPERATURE ——

Fig. 2 — Temperature Coefficient of the Coaxial Cable as Compared with the Tem-
perature Coefficient of Temperature-controlled 12-MHz Line Amplifiers.

KUGLER — Siemens 12-MHz Cable System
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temperature-dependent cable attenua-
tion variations are reduced in this
range by more than a factor of 10 by
means of the temperature-controlled
repeaters. At temperatures above 10
deg. C. an over-compensation occurs,
which for example at 20 deg. C con-
stitutes approx. 10 per cent. and be-
comes effective as a level advance.
After ten repeater sections with tem-
perature-controlled repeaters, the out-
put level with temperature variations
will then be higher by approximately
the same value as the corresponding
attenuation rise of the subsequent sec-
tion. The input level of the 1lth
repeater is therefore independent of
the temperature to a first approxima-
tion, so that the control range of the
subsequent pilot-controlled repeater
(e.g., the 12th of a section) is relieved
by means of this level increase.

With still higher cable temperatures
(T greater than 20 deg. C), over-
compensation increases. Even in this
case, pilot-type control is only re-
quired after every 12th repeater, since
an adequate regulating range is avail-
able. A considerably more effective
temperature control is obtained at
higher cable temperatures, however, if
a repeater with a fixed, temperature-
independent gain is applied following
a given number of temperature-con-
trolled repeaters. In this manner the
effective temperature coefficient of
the entire repeater arrangement (tem-
perature-controlled plus fixed-set) can
be reduced approximately to that of
the coaxial cable (cf. Fig. 2). Thus,
for example, a route layout is recom-
mended for mean cable temperatures
between 17 deg. C and 26 deg. C, in
which every 6th repeater possesses a
fixed temperature-independent gain
and in which every 12th repeater is
pilot controlled. In tropical areas—
with mean cable temperatures be-
between 25 deg. C and 34 deg. C—a
layout is expedient in which each 4th
and 8th repeater is permanently set
and the 12th repeater possesses a pilot
control system.

With the use of a suitable combina-
tion of temperature-controlled and
permanently set repeaters an optimum
adaptation thus becomes feasible in
respect of any possible conditjons.
The overload margin of the route is
preserved very largely in this manner,
the systematic regulating errors be-
come as small as possible and the
regulating range of the pilot-controlled
repeater is relieved.

Equalisation.

Equalising Attenuation Errors: An
echo equaliser has been provided in
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the equipment above ground for the
equalisation of the attenuation distor-
tion of a route section (of say 25 re-
peater sections). In the range below
600 kHz, an attenuation equaliser is
additionally effective, which can be
set in steps corresponding to eight
sections each. In this manner the re-
maining residual errors plotted as a
function of the frequency in the line-
frequency band between 300 kHz and
12,5 MHz assume a character which
can be compensated to within a few
tenths of a decibel with the 27 echo
taps of the attenuation echo-equaliser.
With the aid of a simple sweep me-
thod (Ref. 5) the echo equaliser can be
set for smallest residual attenuation
distortion quite rapidly <(e.g., in 10
minutes). The small residual errors
of preceding route sections are also
corrected at the same time. Should a
correction of the equalisation of very
long routes be desired, this is also
feasible with the aid of inter-channel
pilot measuring frequencies, without
interrupting the service.

Delay Equalisation: In order to
transmit a TV signal in the 12 MHz
system, the frequency range for the
TV band between 6.3 MHz and 12.3
MHz must be delay-equalised. The

essential delay distortion is given by
the route repeaters and separating
filters, which separate the telephone
range between 300 kHz and 5.636 MHz
and the TV band, and which are ap-
plied in the TV transmitting and re-
Curve

ceiving station respectively.
1400 4
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1 in Fig. 3 illustrates as a typical
example the delay distortion of a 308-
mile route without any delay equalisa-
tion. In the range up to approxi-
mately 7.5 MHz the distortion
of the two separating filters prepon-
derates, whereas the distortion of the
110 repeater sections preponderates
above approx. 8 MHz. The delay dis-
tortion per repeater section is
approx. 10 nsec. The latter is con-
siderably smaller than with the older
12 MHz valve system, since with the
new transistor system the frequency
response of the repeaters has been
matched to the cable attenuation be-
yond the nominal band up to the RF
fault locating frequency of 13.5 MHz,
and even beyond this figure will only
gradually deviate from the natural law
of the cable attenuation changing with
the square root of the frequency.

The fixed delay equaliser for the
308 miles of route was dimensioned
on the basis of measurements on a
test route with only 12 repeater sec-
tions without TV/multichannel sepa-
rating filters. Delay distortion of
the separating filters was ascertained
separately, the former being included
in the delay equaliser. As is con-
firmed by curve 2 in. Fig. 3, a good
delay equalisation is already achieved
with the aid of this fixed delay equal-
iser.

For arbitrary route lengths with up
to 200 sections (approx. 570 miles)
without intermediate TV equalising
points, a complete spectrum of fixed

WITH FIXED DELAY
EQUALISERS

9 10 N Miz 2 i
TV RANGE ——————————=|
f—>

Fig. 3 — Delay Distortion of a 308-mile 12-MHz Route without
and with Fixed Delay Equaliser.

KUGLER — Siemens 12-MHz Cable System



June, 1970

110 THE TELECOMMUNICATION JOURNAL OF AUSTRALIA
: B A2
) L A3 ]
AT 1

AS

.
e

b

—

0 1 20 30 4 50 60 70 80 90 100 10 120 130

REPEATER SECTIONS

AZ..A5: FOR LINKS INCLUOING TWO TV SEPARATING FILTERS
B: FOR LINKS WITHOUT TV SEPARATING FILTERS

Fig. 4 — Spectrum of Fixed Delay Equalisers of the 12-MHz System.

delay equalisers is available (see Fig.
4). Four types with overlapping
ranges for the equalisation of a maxi-
mum of 130 repeater sections (A2 to
A5 in Fig. 4), also compensate for the
delay equalisation of two separating
filters. Another variant (Type B),
which may, for example, be applied in
the transmitting station as a pre-
equaliser, is only intended for the
delay equalisation (without separating
filters) for a total of up to 70 sections.
Each of the five fixed delay equaliser
units referred to can be adapted to the
prevailing route pattern, in steps in
relation to five repeater sections, Thus
it is feasible to effect a setting to a
residual delay error of less than 25
nsec, apart from a residual ‘fast
ripple’ appearing in a graph as a func-
tion of the frequency; this value of
error already corresponding to a good
transmission quality (cf. curve 2 in
Fig. 3. If no dropping, together with
a replenishment of TV signals, is
required at the carrier-frequency range,
a residual equalisation in the video
position by means of a fine echo
equaliser in the TV receiving conver-
ter is sufficient. Equalisation of the
video signals can be achieved which is
better than the values recommended
by CCIL

If a flexible dropping and replenish-
ing of TV signals is required in the
carrier-frequency position, the respec-
tive carrier-frequency section must be
adequately equalised in itself. This is
already ensured by the fixed delay
equalisers for routes which are not
unduly long (see Fig. 3). Only when
dealing with very long routes (e.g.,
greater than 400 miles) will additional
fine equalisation be required in the
carrier-frequency position. This may
be achieved with the aid of two car-
rier-frequency echo equalisers, which
can be set independently for small
delay distortions and attenuation dis-
tortions.

In each fully regulated station it is
possible to effect a simple parallel
drop of the TV signal from the carrier-
frequency band via a hybrid circuit.
This may prove a practical considera-

tion if a local TV transmitter is to be
fed directly from the coaxial cable
route. Such a parallel-drop unit can
also be added later on at option with-
out changing the equalisation of the
continuing main transmission direction.
For separating the TV signal from the
multichannel signals, the high-pass
section of the TV-CF (CF = Carrier-
frequency) separating filter is used in
the parallel drop unit. Thus, the avail-
able fixed delay equalisers can also
be used for parallel dropping; the fine
alignment is effected with the video
echo equaliser at the output of the
TV demodulator. A typical route
layout with parallel dropping is indi-
cated in Fig. 5.

In the case of this layout each sec-
tion is individually equalised as far as
the respective parallel drop and the
terminal station respectively, by a fol-
lowing fixed delay equaliser. This is
done in repeater station II by the type
A5 for 40 sections, in station III by the
equaliser type A3 for 85 sections and
in receiving station IV by the type A2
for 110 sections. A route layout with
a relatively low equaliser complexity
is possible when the greater part of

the route is pre-equalised in the trans-
mitting station I, with a type already
providing the equalisation of two
separating filters. This is illustrated in
Fig. 5 by dashed lines. In transmit-
ting station I, the equaliser type A3
for 85 sections should, for instance, be
used. In this case, the section up
to dropping station III has already
been pre-equalised; hence, no further
fixed delay equaliser is required there.
In repeater station II a delay line
building out network C for 45 sec-
tions which may consist of the avail-
able delay line building out networks
for 10 and 5 repeater sections, respec-
tively, should be used. In terminal
station IV, 25 sectoins would still
have to be equalised with the delay
equaliser type B. Thus, all possible
cases can be optimally adapted both
electrically and economically.

Protective Measures Against
Extraneous Influences

The repeater units are protected
against extraneous influence and light-
ning voltages at the input and output,
as well as in the power-feeding current
path. By using gas-discharge arres-
ters, diodes and resistors, overvoltages
are reduced, in several stages, to such
low values that no changes of charac-
teristics of the sensitive RF transistors
or other components will occur (Ref. 3)
Damage of a repeater is improbable,
apart from exceptional cases in which
a lightning stroke of high energy
strikes the repeater directly or the
cable close to it. In this case it is
most probable that the cable will also
be damaged.

In general, a route layout with float-
ing outer conductors, i.e., with float-
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Fig. 5 — Parallel Dropping of the TV Signal in the Case of the 12-MHz System.
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ing potential to ground, is recom-
mended. Therefore the repeaters are
also designed safe to the touch, i.e.,
insulated. However, the use of
grounded outer conductors is also pos-
sible if no unfavourable cases of ex-
traneous influence are present along
the route.

Power Feeding.
Power-feeding sections with a maxi-
mum length of 200 km are possible in
the case of a power feeding with a
constant d.c. current of 90 mA via the
inner conductors of the coaxial tubes
only and a maximum voltage of

600V between the inner and the
outer conductor. (Ref. 2). In
this case, in accordance with a

principle observed with all Siemens
coaxial cable systems, no additional
interstice wires are required apart
from service channels, which will
always have to be provided as an
independent part of the transmission
system. If additional interstice wires,
which of course must have a suffi-
ciently high dielectric strength, are
made available, distances of up to 330
km without intermediate power-feed-
ing points can be handled with the
devices available. This is presented
in Fig. 6 as a block diagram. The
first 25 underground repeaters (one of
which is pilot regulated) are fed, in
the usual manner, from the feeding
station by two power-feeding units
connected in series (Ref. 3). After
feeding the 26th section, the d.c. loop
is closed in a fully regulated repeater
station. This fully regulated repeater
with equalisation, which can be accom-
modated in an accessible underground

£

Fig. 7 — Underground Container Accessible to Entry, with Rack for Fully Regulated

Power-fed Repeater.

container (Fig. 7) is also power-fed
via interstice wires (4 x 0.9 mm dia.)
and a dc/dc power inverter 90
mA/24V. The dc/dc converter and
the resistances of the interstice wires
consume only a part of the power-
feeding output available. For this
reason a further 10 underground re-
peaters (one of these pilot-controlled
as required) can be jointly supplied
from the same power-feeding circuit.
During normal service, the outer con-
ductors of the two coaxial tubes are
electrically dead, although they are in-
terconnected as apparent ‘return lines’
of the various power supply circuits

POWER FEEDING  ZGREPEATER POWER FED 10 REPEATER ONE 10 REPEATER
STATION | SECTIONS ’ STATION | SECTONS | SECTION | SECTIONS
Al ! : [ i
e + $ Ho ‘
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Fig. 6 -— Power-feeding of Long Sections with the Aid of Interstice Wires (shown
in detail for one half only).
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(see Fig. 6). A total of 73 sections can
be covered in this manner. Still lon-
ger power-feeding sections can also be
realised in special cases.

Fault Location.

The methods of RF pulse location
and dc fault location (Refs. 2 and 6)
also do not require additional inter-
stice wires. Furthermore, they have
been chosen in such a manner that uni-
form fault-locating attachments can be
used in the underground repeaters.

In general, a fault-locating section is
identical with the associated power-
feeding section. In special cases
where the same power-feeding direc-
tion is provided in two adjacent power-
feeding sections, fault-locating sec-
tions which are longer than the indi-
vidual power-feeding sections can be
formed as regards RF pulse location.

The tault-locating methods are in
the main intended to serve for the
perfect location of any possible fault
locations which may arise. The RF
pulse locating device, which operates
at a carrier frequency of 13.5 MHz,
also permits a check on the operating
condition of a route (Ref. 2). Since
the amplitudes of the individual RF
fault-locating receiving pulses are a
replica of the level states of the indi-
vidual repeater sections, an opinion
may, for example, be formed from
the temporal variation of these pulse
amplitudes, as to whether the level
control is functioning satisfactorily.

SUMMARY AND PROSPECT.

The most important points of view
concerning the concept of the 12-MHz
system have been considered by spe-
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cially accounting for the common
transmission of telephone calls plus a
TV programme. Measurements on a
308-mile 12-MHz route from Perth to
Geraldton in West Australia (route lay-
out is basically equal to that in Fig. 5)
have confirmed that in the case of a
mixed assignment a good transmission
quality is obtained for telephone calls
as well as for the TV signal.

In future the 60-MHz system, which
is being developed at present, will
also be available for transmission of
several TV programmes in conjunction
with telephone calls. For this reason
a brief survey shall here be given.

In the 60-MHz (V10800-system), the
proven principle of temperature control
with a flux-controlled resistor (‘Feld-
platte’) combined with the application
of only few repeaters regulated by the
61.16-MHz main regulating pilot will be
retained. The methods of level sta-
bilisation with additional pilot regu-
lating circuits (4.287 MHz and 22.372
MHz) and the equalisation with an
echo equaliser will also remain un-
changed. Despite the fact that three
times as many repeaters per route
length are required in the 60-MHz sys-
tem (repeater section spacing about 1.6
km), the selected power-feeding mode
—dc series feeding system with am-

plifiers connected in parallel for dc
in the repeaters — still allows power-
feeding sections up to 120 km long.
Equally, the 60-MHz system requires
no additional interstice wires.

The experience gained with the
mixed assignment in the 12-MHz sys-
tem led to the conclusion that even
in the 60-MHz system the common
transmission of several TV pro-
grammes together with telephone calls
will become a possibility. The first
60-MHz route for pure multichannel
telephone assignment will be put into
operation early in 1972; a short test
route is to be ready as soon as the
beginning of 1971.

Almost simultaneously with the ap-
plication of the 60-MHz system, the
introduction of a videophone service
may be expected. In developing the
facilities for videophone signal long-
range communications, using an analog
basis, the experience gained with the
simultaneous transmission of multi-
channel telephony and television in
the 12-MHz system will be of great
advantage. First considerations on
this basis concerning a prospective
transmission of videophone signals
with a 1-MHz bandwidth over coaxial
cable systems have shown that with
systems suitable for this purpose

(V300, V960, V2700 and V10800) good
transmission quality may be expected
even in the case of long routes.

REFERENCES.

1. K. Barthel, ‘Transistorised Re-
peater Design for Long Haul Systems’;
Telecom. Journal of Aust., June 1965,
Vol. 15, No. 2, p. 139.

2. H. G. Enke, H. Keil, ‘Repeater
Equipment of V2700 Carrier Telephone
System’; Siemens Review, Vol. 34
(1967), No. 12, p. 450.

3. K. Barthel, E. Kiigler, ‘Das Trager-
frequenz-Fernsprechsystem V2700’
(Carrier Telephone System V2700),
Frequenz Bd. 22 (1968), No. 10, p. 274.

4. W. von Guttenberg, E. Kiigler,
“Modulation of TV-Signals for Com-
bined Telephone and Television Trans-
mission over Cables’; NTZ Commun.
Journal, Vol. 4 (1965), No. 2, p. 61.

5. E. Kigler, ‘Measuring Setup for
Simple Adjustment of Equalisers in
Carrier Transmission Systems’; Nach-
richtentechnische Zeitschrift, Vol. 22
(1969), No. 3, p. 193.

6. L. A. White, Melbourne-Kyneton
Coaxial Cable Transistorised Line

Equipment’; Telecom. Journal of Aust.,
Feb. 1969, Vol. 19, No. 1, p. 65.

Mr. G. N. SMITH, B.Sc.

Mr. Glen N. Smith, Director of Posts
and Telegraphs, Victoria, retired on
1st April, 1970 from a career that
began when he joined the Depart-
ment as a Cadet Engineer in 1926.

Mr. Smith completed the cadetship
and graduated Bachelor of Science
from Melbourne University in 1930.
At that time he took up duty in the
Research Section where, amongst
other things, he formulated the A.P.O.
Transmission Standards that are even
now the basis of transmission design
in the Department. In 1935, as eng-
ineer for submarine cables he was
responsible for the testing and the
acceptance of the Tasmanian cable.
In 1939 Mr. Smith was transferred to
the transmission division in Brisbane
where he controlled an intensive com-
munications installation programme
during the war years.

Mr. Smith was promoted to the
position of Inspector in the Central
Office Telephone Branch in 1949 and
later, as the result of reorganisation,
to Controller, Planning and Develop-

interest

ment. His next promotion was in
1958 when he came to Victoria as
Assistant Director, Telecommunica-
tions. Mr. Smith became Director,
Posts and Telegraphs, Victoria in May
1960.

A man of very wide interests, Mr.
Smith has served the community well
in a number of different areas. He is
a member of the Melbourne Univer-
sity’s Graduate Council and the
Standing Committee of Convocation.
He is also a member of the State
Executive of the Boy Scouts Associa-
tion and is Chairman of the Melbourne
District of that organisation. Mr.
Smith is a member of the Advisory
Council of Melbourne High School and
he has maintained a lifetime interest
in church affairs.

It is understood that Mr. Smith’s
first interest in retirement will be to
develop a country property that he
has recently acquired.

Mr. Smith has always taken a keen
in the Telecommunication
Society particularly during his term

as Director. We congratulate him on
completing an outstanding career in
the Department and we extend to
him our best wishes in his retirement.
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DEVELOPMENT OF THE S.T.C. 12-MHz COAXIAL CABLE SYSTEMS

INTRODUCTION.

Two transistorised 12-MHz coaxial
line systems to provide multiple tele-
phone and telegraph services have
een developed in Britain. One sys-
tem, which was designed to use 9.5-mm
coaxial pairs, was put into service in
Austria in May, 1968, the first of its
traffic-handling capacity and design to
be installed in Europe. The second
system has been developed for 4.4-mm
or 9.5-mm coaxial pairs and is under-
going a field trial of one power-fed
tection in conjunction with the British
Post Office.

When planning the design of a new
roaxial line system, consideration must
be given to its area of application so
that any requirements for compatibility
with existing systems may be assessed.
In the case of the 12-MHz system, it
was considered essential that it could
be applied to spares in cables carrying
4-MHz (960-channel) systems, or
could replace such systems.  The
prowth of traffic inevitably leads to a
demand for additional bandwidth on
most routes, and the further exploita-
tion of existing coaxial cables repre-
sents the main demand for 12-MHz
systems in most territories.

The 4-MHz systems in widespread
ase in many countries have a nominal
repeater spacing of 9.6 km (six miles).
A study of actual spacings on many
existing routes, however, revealed a
mean value of 9.0 km (5.6 miles). The
aim was to use a repeater spacing of
one-half of this for the new 12-MHz
system, in order to minimise the
number of points at which the cable
would have to be cut. This led to a
final choice of 4.5 km (2.8 miles),
which involves a repeater gain at the
top line frequency of 37 dB. A
similar spacing had been adopted for
the earlier 12-MHz system, using
thermionic valves.

Requirements of compatibility also
affect the choice of technique for
automatic gain control to compensate
for cable attenuation changes with
temperature. The system is, of course,
designed primarily for underground
repeater installation, but the existing
4-MHz and 12-MHz systems use sur-
face repeater buildings. It is often
significantly more economic to con-
tinue to use these buildings than to
re-terminate the cable and provide an
underground repeater point. Wide
ambient temperature variations are

*Mr. P. J. Howard is Project Development
Leader of Coaxial Cable Systems, Microwave
and Line Division, Standard Telephones and
Cables Ltd., London, England

axperienced in such buildings, and the
conventional backward-acting type of
pilot gain control employed is ideal
for this application as it is effectively
independent of temperature. Alternate
repeaters are not gain-controlled, that
is, they are operated at a fixed gain and
provide a convenient method for cnm-
pensation for repeater sections not
2xactly 4.5 km (2.8 miles) long. The
gain can be adjusted by up to p'us or
minus six dB, corresponding to 720
metres (787 yards) of cable; line-
building-out networks can also be
provided.

12-MHz systems are now being in-
stalled in many countries for both the
upgrading of existing ceble routes
from 960 channels to 2,700 channels,
and as initial equipment nn new cable
routes. However, in narallel with
this greater exploitation of the 9.5-mm
cables, there has been a rapid growth
in the installation of the 4.4-mm
cables. Initially, these cables were
equipped as 1.3-MHz (300-channel)
systems, but nowadays most installa-
tions tend to be 4 MHz (960-channel)
systems. In fact it is already clear
that many of the routes would justify
a larger capacitv system, such as a
12-MHz (2,700 channel) for 4.4-mm
cable. A system which is currently
being developed is described.

COAXIAL CABLE SYSTEM—9.5-mm.

Line Amplifier.
The line amplifier is, of course, the

heart of the system, and is worth
discussing 1m some detail. Con-
siderable  development effort was

expended in its realisation, as the
choice of transistor types and circuit
configuration have a profound effect
on repeater spacing and power require-
ments. Thus one development was
for an amplifier at three km (two
miles spacing). By increasing the
power dissipation to about 7.5 W per
amplifier it was found possible to
raise the signal levels so that a spacing
of about 4.5 km (2.8 miles) between
amplifiers could be achieved. How-
ever, with the advent of better types
of silicon epitaxial planar transistors,
and further development of the ampli-
fier configuration, it was found pos-
sible to achieve this result with a
power consumption of only 0.64 W.
A performance to enable a system
noise of one pW/km to be achieved
was set as a design target. This gives
a good margin for any deterioration
due to equalisation errors, in order to
guarantee the CCITT requirement of
three pW/km for the hypothetical

HOWARD — S.T.C. 12-MHz Cable System
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reference circuit of 2,500 km (1,500
miles) under all conditions of service.

Desirable Properties.

The most important properties may
be listed as follows:—

(a) Good input and output return
losses (to minimise reflections
and gain-errors).

(b) Low noise figure.

(¢) Low intermodulation noise.

(d) Good overload margin.

(e) Low power consumption.

(f) Accurately shaped gain (to
match the cable) and good sta-
bility of gain despite variations
in power supply and ambient
temperature variations.

(g) Accurate variable gain (to com-
pensate cable loss change with
temperature and cater for re-
peater spacing tolerances).

(h) Circuit flexibility (to enable
minor changes to be easily
made in both mean and variable
gain-frequency characteristics).
Then amplifier variants for
use with older types of coaxial
cable, which have slightly dif-
ferent characteristics, can be
conveniently designed.

(i) Long life and high reliability.

(j) Ability to withstand induced
power and lightning surges.

The requirements of low intermodu-
lation noise and good overload margin
conflict with low power consumption,
and a compromise is therefore neces-
sary. A major factor in the design
has been the aim to restrict the power
supply current fed along the cable
inner conductors to the dependent
repeaters to a maximum of 50 mA, at
a maximum voltage relative to earth
of about 300 V (250 V for the British
Post Office). This is considered to
be safe for maintenance personnel
(Ref. 1). Work on the cable route is
then possible without provision of the
expensive safety precautions that were
necessary on the earlier designs of
coaxial system using valves.

Thus, the amplifier power consump-
tion is severely limited if a reasonable
number are to be fed remotely from
widely spaced points along the route,
and the remarkably low figure of 0.64
W (13 V, 49 mA) has been achieved.
Other benefits arising from this low
power consumption are low junction
temperatures of the transistors (only
75 degrees C above ambient in the
output transistor) and low ambient
temperature rise of the amplifier com-
ponents (about 2 degrees C). These
are conducive to long life and high
reliability.
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Fig. 1.— Line Amplifier Configuration,
Configuration. The circuit provides the substantial

Line amplifier circuit configuration
is shown in Fig. 1. It is a feedback
triple of silicon planar transistors, with
hybrid circuits at input and output to
provide good return losses against the
cable, together with low noise figure
and good output-stage efficiency. The
mean forward gain-frequency charac-
teristic is shaped mainly by the impe-
dances R, + Zp and Z, together with
an input pre-equaliser (not shown).
The pre-equaliser loss is small in the
top portion of the band, to permit
maximum slope of system pre-emphasis
characteristic in that region and so
optimise thermal and intermodulation
noise and overload performance.

The gain may be varied to compen-
sate for cable loss change with tem-
perature and repeater spacing toler-
ance, by means of the wvariable
equaliser in the feedback path. It is
a well-known type described by H. W.
Bode (Ref. 2), and employs the sym-
metrical constant resistance equaliser
(characteristic impedance R,) ter-
minated in the variable resistance xR,.
This is either a thermistor, automati-
cally controlled by a 12.435-MHz pilot
regulator at regulated repeaters, or a
fixed resistor at unregulated repeaters.
The loss-frequency characteristic of
the equaliser R, governs the variable
gain-frequency shape of the amplifier.

To satisfy the requirements of the
variable equaliser:

Ri(R,+Ry) (a2-1)
——— = (—) R,
Ri+R,+R; (a)

where a is a design constant, and R,
and R,4R; are impedances presented
by the rest of the circuit.

amount of forward gain variation of
plus or minus six dB at 12.5 MHz, and
the configuration is notable in that this
is achieved without appreciable varia-
tion in the overall loop gain. This is
a valuable feature, because it is im-
portant to have as much overall feed-
back as possible to minimise inter-
modulation and achieve good gain
accuracy. The more usual way of
altering the gain of a feedback ampli-
fier is to vary the amount of overall
feedback.  Sufficient amplitude and
phase margin must be obtained at
minimum gain (maximum feedback) to
ensure freedom from oscillation. Thus,
at maximum gain (minimum feedback)
the amount of feedback may not be
sufficient for good intermodulation or
gain accuracy. However, the circuit
is not subject to this limitation. A
way of looking at it is to say that
change of the variable equaliser varies
the local feedback on the first stage,
and not the overall feedback.
Similarly Z, may be changed to alter
the forward gain without appreciably
changing the overall feedback. In-
stead, the local feedback on the output
stage is changed. This can be useful
in shaping the forward gain of the
amplifier without affecting the overall
loop gain, giving considerable freedom
in the design. Minor changes in mean
gain-frequency and variable gain-
frequency shapes, to cater for various
cable types, may readily be made.

Regulation.

As will be explained later, pilot
regulation requires more components
than some other methods. However,
failure of one or more regulators will

not materially harm the system, and
the pilot regulator can easily be ar-
ranged to produce an alarm in the
event of pilot failure. The system
now being described was therefore
designed to use backward-acting pilot
regulators, a technique found success-
ful in earlier systems.

Whereas the thermionic-valve 12-
MHz system used a control pilot fre-
quency of about 4 MHz because of
possible amplifier gain changes at
the top frequencies due to valve
ageing, the transistor amplifiers are
highly stable over the whole band, and
thus the use of a pilot frequency at
the top of the band is permitted. A
frequency of 12.435 MHz is used. It
is, of course, at the top frequency
where maximum cable attenuation
changes occur, and hence a more ac-
curate level control is obtained. The
pilot detector produces a direct-current
(d.c.) which controls the resistance of
a thermistor located in the amplifier
feedback circuit.

It was found feasible to obtain plus
or minus four dB of automatic regula-
tion range, and this, coupled with the
excellent amplifier noise performance,
permitted regulation at alternate am-
plifiers only. At the fixed gain
amplifier, the control network can be
used over its full plus or minus six
dB range to compensate for excessive
length errors. This means that sec-
tions of up to 5.25 km (3.25 miles) can
be tolerated.

On any given route, the degree of
‘stretching’ is usually such that the
resultant increase in random noise is
tolerable, and a total noise of within
three pW/km can be expected.

HOWARD — S.T.C. 12-MHz Cable System
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Method of Fault Location.

Closely allied to the regulation
philosophy is the method of super-
vision used, so that staff at attended
terminal stations can identify a faulty
repeater. A pilot regulator of the
type described can provide, at rela-
tively little extra cost, a second output
for driving an alarm circuit. A dif-
ferential d.c. amplifier is used to drive
a relay which puts a loop across an
interstitial pair when the pilot error
at the line amplifier output is greater
than plus or minus two dB. The
range of the regulator is such that
only alternate amplifiers need to be
regulated. In order that the unregu-
lated amplifiers are also monitored, a
simple output pilot level detector is
used, and to keep this circuit as
simple and cheap as possible, it is
operated from the 308-kHz pilot.

If a cable breaks, current ceases to
flow in the power feeding loop, and
pilot alarms are given from all sta-
tions. A combination of a series-
and a shunt-connected relay is used
te give a unique power alarm from the
station immediately before the break.

Large-core coaxial cables (9.5-mm
diameter) are normally well supplied
with interstitial pairs which can be
used for extending the alarm condi-
tions from the repeaters to the terminal
as d.c. loops. Three alarm pairs are
needed. At the terminal, after the
presence of the loop has been detected,
its resistance is measured and the

* EDITOR’'S NOTE: In Australia these systems
use the standard APO underground repeater
housing in accordance with Dwg. CL 1121.

-20

distance away is proportional to the
value obtained. If a fourth intersti-
tial pair is used as a reference arm of
the Wheatstone bridge, operation is
independent of temperature variation.

A differential d.c. amplifier is used
in the bridge to obtain a uniform per-
formance over the operating range.
The sensitivity is such that accurate
discrimination is achieved on routes
of up to 100 stations. An advantage
of this scheme is that very long routes
can be supervised from a single
attended station.

Mechanical Features.

The attended station equipment is
mounted on 2.75-m (nine-foot) double-
sided rack-sides; one terminal repeater,
complete with optional chart-recorders,
occupies one rack.

The dependent repeaters can either
be buried in underground housings or
rack-mounted. The housing is of cast-
iron, polyester-resin  impregnated,
externally zinc sprayed and epoxy-
bitumen painted, and may be pres-
surised up to 0.7 kg/sq. cm (10
pounds/sq. inch) by means of a Schra-
der valve. The dimensions of the
housing are 52 cm x 52 cm x 41 cm
high (20.25 x 20.25 x 16.25 inches).*

System Performance.

A 50-km (31-mile) field trial route
was installed, and extensive measure-
ments confirmed that the design
objectives had been met. The attenua-
tion frequency characteristic was
measured at regular intervals during
a two-year period. These figures

showed that the route was extremely
stable. The biggest change recorded
was 0.3 dB, and no general tendency
could be detected.

Several of these systems have now
been installed and are in commercial
service., Typical performance data
are shown on Figs. 2 and 3, which
were recorded during the installation
of a route in Austria. Thus Fig. 2
shows the attenuation frequency dis-
tortion in each direction, and the
similarity between the two directions
demonstrates the effectiveness of the

factory quality-control techniques.
Fig. 3 shows the response of the
looped system (120 km - 75 miles)

when loaded with white noise, and
shows that the CCITT recommended
maximum of three pW/km is met with
good working margins to allow for
equalisation and system line-up errors.

COAXIAL CABLE SYSTEM—4.4-mm.

Line Amplifier.

The parameters of a 12-MHz system
for 4.4-mm cable have been discussed
by the CCITT and the recommended
spacing of two km (1.24 mile) defines
an amplifier of virtually the same gain
as the large-core design. However, as
in any route there will be nominally
two-and-a-quarter as many amplifiers
in tandem, the noise performance
needs to be correspondingly improved.

A suitable amplifier has been de-
signed, based on the circuit configura-
tion of the large-core amplifier
described above but using the im-
proved transistors now available.
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Fig. 2. — Attenuation-Frequency Characteristics of 50-km (31-miie) Line.
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These devices have lower noise
figures, giving improvement in thermal
noise and higher cut-off frequencies,
which has made it possible to increase
the negative feedback, and hence
reduce the intermodulation distortion.
A further improvement in intermodu-
lation performance has been obtained
by increasing the power dissipation.

Regulation.

Several methods of gain regulation
to compensate for cable loss changes
due to temperature variation have
been considered. An investigation of
cable manhole and footway box tem-
peratures with various degrees of
thermal insulation was undertaken,
and from these it was concluded that
unless great care is taken, direct
ambient temperature control of the
amplifier gain is really only feasible
if the repeaters are buried in the
ground at cable depth. The alternative
of using remote temperature-sensors in
the ground or cable was considered
too complex.

Many administrations and railway
authorities prefer to house the re-
peater cases in shallow concrete foot-
way boxes or sometimes in existing
buildings, and in these situations a
conventional pilot regulator must be
used. Considerable advances have
been made in the development of such
regulators: for example, the ratio of
the sizes of the 12.435 MHz pilot pick-
off filter used on the 12-MHz valve
system, the transistorised system of

9.5-mm cable and that available for the
new system, are in the proportion
30:6:1.

The advantages of a pilot regulator
over ambient temperature techniques
are:

(a) Precisely defined levels.

(b) Simple and quick installation.

(c) Automatic compensation for
monitoring errors and cable
variations, including occasional
exposed sections over bridges
and so on.

Repeater cases can be installed
in manholes or existing buildings
or be buried in the ground.

(e) The thermistor is included in
the control loop, and compensa-
tion for variations due to ageing
is therefore automatic.

The advantage of the ambient tem-
perature controlled technique is essen-
tially that less equipment is required
and therefore reliability is improved.

The new system has therefore been
designed to operate with either the
pilot-regulator or ambient-temperature
method, or a mixture of both. When,
for constructional reasons, ambient
temperature control cannot be used,
pilot regulators are fitted at alternate
amplifiers. The dynamic performance
of the system is such that very many
regulated amplifiers can be connected
in tandem without instability. A
circuit is provided to switch the re-
peater automatically to nominal gain
should the pilot fail. If the repeaters
are installed in such a manner that
there is confidence that the repeater

(@

temperature excursions will coincide
with the cable, then single thermistor
networks, appropriate to the nominal
section loss, can be connected directly
to amplifier gain-control network. The
resistance/temperature characteristic
of these networks is such that the
amplifier gain will be changed as
required.

The first two stages of the line
amplifier do not require the full line
current and this surplus is used to
power the regulator; that is, the power
feeding distance is not affected by the
choice of regulation method. Similarly
there is no mechanical restriction on
the number of regulators used, as
sufficient space is always provided.
If desired, both amplifiers in a re-
peater may be regulated, and, as
described below, the supervisory
system is independent of the pilot
regulators.

Supervisory System,

In the large-core system, d.c. condi-
tions on the interstitial pairs laid up
between the coaxial tubes had been
used to signal alarm conditions back
to the terminal repeaters. However,
with small-core cables, too few inter-
stitial pairs are provided for this tech-
nique to be used. It was therefore
decided that the supervisory informa-
tion must be passed over the high-
frequency (h.f.) path—that is, over
the coaxial tubes. Many such h.f.
supervisory  schemes have been
described, but most of these either
tend to suffer from a proliferation of

HOWARD — S.T.C. 12-MHz Cable System



June, 1970

THE TELECOMMUNICATION JOURNAL OF AUSTRALIA

117

identifying frequencies requiring com-
plex terminal equipment or can only
be operated over a restricted range,
typically over a power-fed section. As
in the case of the 12-MHz on 44-mm
cable system the repeaters are spaced
at close (two-km-1.24 mile) intervals,
it was considered essential that the
supervisory scheme should have a long
range, preferably terminal to terminal.

Some of the desirable properties of
a supervisory scheme are:

(a) An alarm condition at any
amplifier—that is, a change in
amplifier gain of, say, plus or
minus four dB at the highest
frequency—should be signalled
to the terminal.

(b) At the terminal station, unam-
biguous localisation of the alarm
should be possible.

(¢) The system should be capable
of operating over a long dis-
tance, typically 280 km (174
miles), involving a chain of 130
repeaters.

(d) The equipment at every depen-
dent repeater should be identi-
cal.

(e) It should be readily possible to
integrate into the system super-
visory information arising at
non-attended power feeding
points.

(f) The terminal equipment should
be simple to operate and the
information should be presented
on lamps or meters.

(g) The scheme should operate
without interfering with traffic.

(h) The scheme should operate in
fault conditions.

(i) The scheme should provide level
monitoring features of ampli-
fiers selected at will.

(j)) The scheme should have a high
level of reliability.

A completely new supervisory tech-
nique has been developed to meet
these requirements, and is incorporated
in the 12-MHz system for 4.4-mm
coaxial  pairs. In principle, the
operation is as described below,

An interrogation signal is injected
at the terminal station as a transverse
pulse between the inner and outer of
the incoming h.f. coaxial tube. At
the first dependent repeater the inter-
rogation signal is filtered off, regene-
rated and passed on to the next
repeater. At the same time, an
oscillator operating at 13.5 MHz is
connected for a short time to the
output of the line amplifier. Thus,
in response to the interrogation signal,
the terminal receives a short high-
frequency burst above the traffic
signal. The regenerated interrogation
signal passes from repeater to repeater
and therefore each local 13.5 MHz
oscillator is connected in turn. Conse-

quently, at the terminal, a succession
of pulses of 13.5-MHz signal is
obtained, each originating at different
repeaters, all incoming pulses of 13.5-
MHz being spaced in time,

At the terminal, the incoming pulses
are filtered off and fed into a counter.
The result of the count is compared
with the expected number for the
route, and, if there is an error, an
alarm is given. This cycle is repeated
continuously.

A standard 12-MHz system was
modified to incorporate this super-
visory technique and tested on site.
Excellent results were obtained, and
it was shown that the supervisory
circuits continued to operate, even in
the presence of very high noise levels,
including simulated high-level induc-
tion of power frequencies.

Further development of this pulse
technique has confirmed it as an
extremely powerful and effective
supervisory system, giving the system
designer and user great flexibility., As
currently being engineered for the new
12-MHz on 4.4mm cable system, the
facilities include:

(a) The receive counter display of
numerical indicator tubes shows
the number of responses re-
ceived. If this does not corre-
spond with the expected
number, an alarm is given and
the counter displays the number
of the faulty station.

(b) The incoming pulses are checked
for amplitude, and, if more than
plus or minus three dB from
nominal, the counter is stopped
and an alarm is given.

(¢) If it is required to monitor the
level at a particular station, a
decade switch is set to the
appropriate number. This
brings into circuit a second
counter which opens a gate to
a meter circuit at the time the
selected pulse arrives. The
output of this meter circuit is
displayed on a decibel meter.

(d) The output from the meter
circuit can also be used to drive
a chart recorder.

(e) Supervisory units similar to
those at the dependent repeater
are provided at unattended
power feeding points.  These
are operated from dry loops
extended from alarm relays in
the power equipment, door
alarms and so on, so that in an
alarm condition the response
pulse is inhibited, and hence
an alarm is given at the ter-
minal.

(f) On some routes, or at certain
times of night, it is convenient
to supervise both directions of
transmission from the end. This

HOWARD — 8.T.C. 12-MHz Cable System

can be done by operating a key
which sends a command tone,
over the order wire circuit, to
the far end, which turns round
both the interrogation pulse
and the response pulse. This
facility can be provided at
either terminal.

The equipment needed to provide
these facilities occupies no more
volume than the d.c. system used on
the large-core system. Extensive use
has been made of integrated circuits,
with the result that the number of
components used at dependent re-
peaters is quite small, this being
conducive to high reliability. The
supervisory system operates continu-
ously, and any fault — be it in the
transmission path or the supervisory
equipment—is signalled immediately.
This permanent, self-monitoring fea-
ture is to be preferred to an arrange-
ment in which supervisory equipment
is brought into use only when required.

The maximum length which such a
system can supervise is determined by
the noise falling into the bandwidth
of the supervisory input filter. This
has to be fairly wide to pass the pulses
of 13.5-MHz signal, and the situation
worsens in fault conditions when
regulated amplifiers can rise to maxi-
mum gain. It has been found feasible
to design the system for a 280-km
(174-mile) route. However, this can
be extended indefinitely by introduc-
ing regenerative repeaters in the
response pulse path.

It is foreseen that this technique
could in the future be developed
further——for example, to provide direct
maintenance control of line systems
by a central computer, and the ex-
tension of the level monitoring
facilities to give information on ampli-
fier noise performance.

Power Feeding.

The system has been designed to
operate with a constant current of
50 mA, and therefore no special pre-
cautions need to be taken to protect
maintenance staff from the power feed-
ing supply. Up to ten repeaters can
be fed with a supply voltage of 320-0-
320, and power feeding points are
spaced at nominally 42-km (26-mile)
intervals The h.f. equipment at
alternate power feeding stations can
be identical to that at dependent
repeaters, and only the power feeding
equipment is extra. The other type
of power feeding station includes extra
equipment in the h.f. path for equalisa-
tion and flat, level access points for
dropping circuits.

The power feeding equipment
includes metering circuits which,
in the event of a cable fault,

can be used to locate the faulty
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section. A four-wire order wire
circuit with selective calling is

provided between all power feeding
stations on the route. A portable
‘speaker box’ can be used to obtain
access to this circuit at dependent
repeaters.

Terminal Repeaters.

A manually adjustable equaliser is
provided to facilitate the rapid
equalisation which may be needed,
when routes are interconnected in a
new pattern. This equaliser can be
used to compensate for any long-term
or seasonal gain changes that may
occur. It was considered essential

that it should be possible to adjust the
equaliser without disturbing traffic.
This precluded a sweep technique,
which in turn makes the adjustment
of a cosine type of variable equaliser
very difficult. Consequently a ‘bump’
equaliser is used which can be adjusted
in conjunction with the recommended
CCITT additional measuring frequen-
cies.

Line systems are frequently connect-
ed in tandem to make up the national
network. Should one system go faulty
and, for example, overload, the tandem
connected systems also suffer, and the
whole network can become affected.
A similar situation can arise if a main-

tenance man inadvertently connects
high-level test signals at a low-level
point in the system. To safeguard
against these situations, load monitors
are used at the input and output of
the system, to control a traffic cut-off
switch.
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TECHNICAL NEWS ITEM

$3.75 MIL. TO IMPROVE FLYING
DOCTORS’ RADIO

The Royal Flying Doctor Service
has one of the biggest fleets of light
aircraft in Australia, operating 20
planes on the mainland.

These could not function effectively
without radio telephony, and what
has become the largest high-frequency
radio communications network in the
world is to be rebuilt shortly at a
cost of about $3.75 million.

The Flying Doctor Service has three
aircraft operating from Mt. Isa and
Charters Towers, three from Broken
Hill, four from Port Augusta and
Alice Springs, two from Kalgoorlie,
seven from other bases in Western
Australia, and one from Wyndham
and Broome.

In Tasmania the service uses char-
tered aircraft.

The RFDS aircraft made 3161
flights, amounting to 1,422,460 miles
flown, in the 12 months to June 30
last. The flights represent 8489 hours
in the air.

The radio communications system
which enables the medical service to
operate over the wide continent, be-
yond the reach of normal telephone
and telegraph service, consists of 12
base stations and thousands of trans-
mitter-receivers.

The RFDS does not know how
many, but they probably number
about 5000 transceivers.

Fixed or mobile instruments, they
hook in to a network which covers
two-thirds of the continent.

The radio network is to be con-
verted from double sideband to single
sideband operation. The changeover
is dictated by international agree-
ment on the use of radio frequencies.

It will double the number of chan-
nels available to the Royal Flying
Doctor Service. Also it will effect a
dramatic improvement in communica-
tions performancs, by reducing the
static to which traffic is now prone
by reasons of climate and terrain.
Furthermore, it will reduce inter-
ference from overseas transmissions.

The RFDS and the Postmaster-
General’s Department have collabor-
ated in planning the conversion, with
advice from m:zmbers of the Aus-
tralian Telecommunications Develop-
ment Association.

The instruments have been improv-
ed vastly, of course, sincz the or-
iginal pedal-generator wireless.

ATDA member-companies have put
a lot of effort into lighter, more com-
pact and more reliable equipmont, so
that when the conversion is complet-
ed the inland radio communications
system should be the most efficient
it is possible to attain.

The target datz originally was 1975,
but this will have to be extended,
possibly by a year.

Tenders have been called for supply
of transmitting and receiving equip-
ment for the base stations. This first
stage of the conversion is expected
to cost about $480,000.

The Commonwealth Government
will meet the cost of re-equipping the

base stations, but the owners of in-
dividual transceivers will have to bear
the cost of replacing their instru-
ments.

These are scattered far and wide,
in station homesteads and outstations,
and in the trucks of drovers, geolo-
gists, prospectors, surveyors, hauliers
and others.

The new transceivers probably will
cost between $500 and $600 each and
the total cost of the conversion pro-
gramme is expected to reach about
$3.75 million. It has been suggested
that some leasing arrangement might
be worked out to ease the burden of
replacing transceivers.

The importance of efficient com-
munications is emphasised by the fact
that in addition to its primary purpose
of summoning medical help the radio
network handled 327,416 radiograms
in the last financial year. The net-
work also makes possible the School
of the Air teaching service.

The present nstwork enabled the
Royal Flying Doctor Service’s doctors
to give 20,000 medical consultations
by radio in the 12 months to June 30.

The service’s aircraft, with the help
of radio, enabled doctors to attend
55,000 patients in the outback and
transported 4,000 patients to hospitals.

Radio informed people about den.
tists’ visits and RFDS aircraft trans-
ported dentists who conducted clinics
in various places, at which they treat-
ed 3791 patients.

HOWARD — S.T.C. 12-MHz Cable System
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DEVELOPMENTS IN UNDERGROUND BALANCED PAIR TELECOMMUNICATION
CABLE IN AUSTRALIA SINCE 1945

Editorial Note: This paper was pre-
sented at the Institution of Engineers,
Aust. Jubilee Conference, Sydney,
April 1969; it is reprinted from the
‘Elec. Eng. Transactions’, Vol. EES5,
No. 2, Sept. 1969,

INTRODUCTION.

The balanced pair cable construc-
tions used in Australia have com-
prised assemblies of twisted pairs of
wires or of twisted four-wire quads in
which each diagonaily opposite pair
of wires forms a circuit. The pri-
mary constants of cable pairs are
resistance, inductance, conductance
and capacitance. Balanced pair cable
design is generally based on resistance
and capacitance, the inductance then
being determined by the geometrical
spacing of the wires and the conduct-
ance by the choice of insulating ma-
terial. The insulant is almost in-
variably either dry paper, applied with
as much air space around the conduc-
tor as practicable, or polythene.

The two secondary parameters of
main importance for signal transmis-
sion are attenuation and impedance,
and at voice frequencies these are de-
termined by the resistance and capaci-
tance.

A large communication authority is
faced with a wide range of uses for
cables, and for economic reasons the
designer is required to produce a mini-
mum range of cables to meet these
needs.

In the Australian Post Office 98.5
per cent of the sheath miles of bal-
anced pair cables purchased annually
is local type as distinct from trunk
type or carrier type. Local type cables
are used mainly at voice frequencies
for subscriber, junction and minor
trunk purposes in either the loaded or
unloaded condition. To best suit this
wide application they are designed
with constant capacitance (0.072 mi-
crofarads/mile) and a range of resist-
ance values (88 ohms/mile for 20 1b./
mile conductors to 700 ohms/mile for
21 1b./ mile conductors). When loaded,
the impedance in the transmitted fre-
quency range becomes approximately
the same for all gauges and a choice
of various attenuations and D.C. re-
sistances remains. This also applies
at carrier frequency in the unloaded
condition. D.C. resistance remains
important because of the direct current
* Mr. Sisson is Divisional
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requirements of the switching equip-
ment and subscribers’ instruments.

Another factor affecting transmis-
sion is crosstalk caused by mutual im-
pedance unbalances between the pairs,
or between the pairs and outside
sources of interference. The import-
ance of crosstalk has been highlighted
in recent years due to the tendency
to reduce cable costs by permitting
higher circuit attenuation, which can
be economically offset by amplifiers,
greater use of loading coils or multi-
plex methods of working.

Crosstalk is reduced within the cable
by the continuous transposition of the
pairs in relation to one another and
using different lengths of twisting lays,
more complicated twisting schemes
being required for high frequency
operation. At carrier frequencies
magnetic couplings between the pairs
become more important, and these are
not substantially reduced by physical
separation or shielding by other con-
ductors as are electrostatic couplings.

The protection of the cable core
against moisture entry, mechanical
damage, lightning, pest attack and
other hostile elements of the environ-
ment is an important component of
first cost, and inadequacies of the pro-
tection measures are almost entirely
responsible for the maintenance costs
arising during service.

With these factors in mind, the de-
velopments that have occurred in out-
door cables are reviewed in relation to
other components of the telephone
system and to the cable manufacturing
industry. Emphasis is placed on the
constant interaction between improve-
ments in technology over the whole
communication field, and the changes
that have been made in an effort to
provide a system of the quality and
capacity required today, whilst taking
into account the predicted needs of the
future.

THE EXPANSION OF CABLE
MANUFACTURE IN AUSTRALIA.

The growth and demand for cable
after 1945 quickly outstripped the
capacity of the only local cable fac-
tory, established by Metal Manufac-
tures Ltd. in 1923 at Port Kembla. A
new company, Austral Standard Cables
Pty. Ltd., was formed in 1948, and this
company absorbed the Port Kembla
plant and erected a new factory at
Maidstone, Victoria (Refs. 1 and 2). In
1950-51 the Australian Post Office pur-
chased approximately 275,000 pair
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miles of local type cable; in 1960-61
approximately 543,000 pair miles; and
in 1967-68 approximately 1,107,000
pair miles. This demand has been
met by expansion in the manufacturing
industry, supplemented by imports
during various periods. In 1959 Aus-
tral Standard Cables built a factory at
Liverpool, N.S.W., in place of the old
Port Kembla plant, and in 1960 Olym-
pic Cables Pty. Ltd. entered the field
of communication cable manufacture
(Ref. 3) with a new plant at Totten-
ham, Victoria. In 1965, Austral Stan-
dard Cables opened a new factory for
the production of plastic insulated
cables at Clayton, Victoria, and in 1967
Conqueror Cables Pty. Ltd. commenced
plastic communication cable manufac-
ture at Dee Why, N.S'W. Expansion
and change are taking place at all
locations.

EFFECTS OF OTHER NETWORK
COMPONENTS.

Subscribers’ or Sub-Station Equipment,

The improvement in telephone re-
ceivers and transmitters has consider-
ably reduced cable costs. The effect
of different transmitters and receivers
on the transmission limits is quite com-
plex. (Refs. 4 and 5.) In general
greater efficiency in these components
allows increased attenuation in the
outside line, but requires improved
crosstalk characteristics in the cable
if the same performance standards are
to be maintained.

In 1956 the transmission limits were
revised to take advantage of the 2P
and 4T receivers (Ref. 6). For ex-
ample, the limiting resistance for a
line of 10 Ib. cable was extended from
500 to 700 ohms. The increased limit
enabled the use of 4 1b./mile conduc-
tors, first manufactured in 1952, to
increase rapidly. This cable was of
twin construction laid up in units as
distinct from star quad concentric
layer cable which had been the stan-
dard since about 1935.

Unit type cables offer advantages
over concentric layer cables both in
manufacture and in installation, these
becoming more marked as pair sizes
increase and with the use of twin
construction. The main advantages
of unit type cables, which were de-
veloped in 1927 by Western Electric
(Ref. 7) to permit the manufacture of
large pair size 26 AWG (4 lb./mile)
cable, are:—

(i) Manufacture is simplified since

the same basic cable unit is used
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for a large number of finished
cable pair sizes. Only two ope-
rations are necessary for any size
cable; unit making and stranding
of units into cable. With con-
centric lay cables multiple passes
through the largest machines are
necessary.

(ii) Manufacturing productivity is
improved. Longer lengths of
the unit can be made on small
machines at speeds higher than
are possible with the drum stran-
ders used for concentric lay
cables. If stationary feed stands
are used change-over times can
be reduced by duplication, and
spool loading can proceed while
production is in progress.

(iif) In the field the jointer can work
from the rear to the front of a
joint, unit by unit, instead of
commencing at the centre and
working around layer by layer.

Price studies showed unit twin to be

more expensive than star quad con-
tric cables in the heavier gauges and
the cable network evolved with twin

4 lb. and star quad larger gauges in

the subscriber portion, loaded 10 and
20 Ib. star quad in the junction and
minor trunk portion, and 40 lb. star
quad for carrier cables.

In 1963 a review of the transmission
limits led to a further extension (from
700 to 770 ohms for 10 lb. cable).
There were no changes to the trans-
mitter or receiver, but the review led
to a clearer definition of network
levels and the establishment of a pre-
ferred near-end crosstalk performance
of better than 65 dB at 1600 Hz for
subscribers’ lines. These crosstalk
requirements were met by the 4 lb.
unit twin cables, but 63 1b. star quad
unloaded cable without balancing was
meeting them only marginally.

Specifications had been tightened,
as a preliminary step, to values com-
patible with production achievements
and by 1965 new specification limits
had been derived. However by that
year parallel investigations had shown
that subscriber loading offered sub-
stantial economic gains, particularly
in rural areas, where open-wire con-
struction could be replaced by loaded
cable. The effect of loading is dis-
cussed in the next section.

Loading.

The effect of loading on cable cross-
talk can be judged from the equation
used for capacitative coupling cross-
talk.

AT -6
CT.U — 2rfK \/Z,éZ,, x 10
where C.T.U. is Crosstalk Units,

f is the frequency of measure-
ment (Hz),

K is the capacitance unbalance
(picofarads),

Z, and Zy are the impedances of the
disturbing and disturbed cir-
cuits at frequency f (ohms).

When loaded, the impedance of the
circuits increases and the crosstalk
in C.T.U. increases proportionately.
Furthermore, the attenuation of the
circuits decreases and the near-end
crosstalk deteriorates further due to
the greater length of cable contribut-
ing to the accumulated value of K.

Loaded junction cables were
balanced within quad to provide a
crosstalk performance of generally
better than 60 dB at 1600 Hz by reduc-
ing all capacitance unbalance values
within quad to less than 450 pF in a
2000-yd. loading section.

The proposal to load subscriber
cables meant that the preferred cross-
talk objective could not be met with-
out either a marked improvement in
cable quality, or the balancing of sub-
scriber cables, or both. Balancing
of subscriber cables is not favoured
because of increased initial installation
costs and later problems of ensuring
that the cable performance is main-
tained. The consequent design
changes were not made in isolation,
but became part of an overall change
needed to solve this and similar prob-
lems in the junction network, and are
described in the next section.
Amplifiers and Carrier Equipment.

Negative Impedance Repeaters: A
proposal was made in 1966 to intro-
duce amplified working into the junc-
tion network using Negative Impe-
dance Repeaters. The N.LR.’s would
reduce losses in certain parts of the
network and as a result the near-end
crosstalk requirement in local type
cables used as junctions needed to be
increased to better than 65 dB at 1600
Hz, the same as for subscriber use
mentioned previously. Investigations
started in 1964 to determine the econo-
mies of meeting the crosstalk re-
quirements in loaded cables by either
balancing of an improved quality in
star quads, or by changing to unit
twins.

The advantages associated with
quad type cables were their smaller
diameter (about 10 per cent.), which
affects both sheathing costs and the
pair capacity of the ducts, and the
fact that a substantial investment
already existed in the industry for
manufacturing this type of cable. The
advantages associated with unit twin
cables were that core costs are lower
and capacitance balancing can be
eliminated.

The net result was that in 1968 the
Post Office decided to adopt unit
twin construction for all local type

cable for subscriber, junction and
minor trunk purposes.

Other network considerations which
made minor contributions to the de-
cision were:

(i) Digital systems, particularly
pulse code modulated (P.C.M.),
are well suited to unit construc-
tion, where directional separation
of 4-wire circuits can be achieved
by unit selection.

(ii) Cables installed without voice
frequency balancing are in-
herently more suitable for
higher frequency operation.

(iii) Twin cables would allow some
scope for further improvements
in crosstalk beyond that re-
quired at the time of the decision.
The scope arises from the use of
‘random jointing’ (any pair to
any other pair from the corre-
sponding unit) in paper cables or
from the selection of polythene
as the insulation.

Transistorised Carrier Equipment:
Transistorised carrier equipment has
changed the relativity of cable and
equipment costs and increased the po-
tential use of carrier systems in local
type cables. This, followed by the de-
velopment of Pulse Code Modulated
systems, has led to a review of the
high frequency characteristics of local
type cables.

The characteristics considered for
changes are:

(i) Mutual capacitance uniformity
within and between lengths. In
the past the maximum mean mu-
tual capacitance for factory
lengths has been specified. Var-
iations in the mutual capacitance
of pairs in a factory length at
higher frequencies can represent
impedance irregularities in the
installed cable (at 1500 kHz the
wavelength would be less than
200 metres).

(i) Resistance and Resistance Un-
balance. These characteristics
are generally uniform, and in
local cable only the maximum
loop resistance is specified. Some
limit for resistance unbalance is
desirable for high frequency ope-
ration to assist in control of cir-
cuit noise. It could also become
necessary to place limits on loop
resistance variation to gain im-
proved impedance uniformity.

Studies on these aspects are proceed-
ing, but it is still too early to indicate
what limits, if any, will be introduced.

RAW MATERIALS — DEVELOP-
MENTS AND EFFECTS.

The Impact of Plastics.
The impact on cable technology
of thermoplastics has been far-reach-
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ing. In Australia, the first use was
in about 1951 (Ref. 8), and since 1956
has been substantial.

Their application has been twofold,
firstly as an insulation and secondly as
a sheathing and jacketing material
(Refs. 9 to 15). The first application
to outdoor cables was the use of
P.V.C. (polyvinyl chloride) for the in-
sulation of conductors in lead-sheathed
subscribers’ lead-in cable.

Where longer distances are involved
the preferred insulation has been and
still is low density polythene. Other
thermoplastics with good electrical
properties, such a high density poly-
thene and polypropylene, have not
been used to date because of price.
Although the price of polythene has
dropped, it still remains more expen-
sive than paper as an insulation. How-
ever, it is considerably cheaper than
lead as a sheath and this more than
compensates for the increase in insu-
lation costs in small cables. The
economic changeover point, depending
on the relative costs of polythene and
lead, has varied from about 74 pairs
in 1960 to around 150 pairs at present.
Polythene has many other advantages
besides cost (in small sized cables)
to support its increased use, and these
are:

(i) It is a very stable material and

is virtually corrosion free.

ii) It is light in weight, particularly
when compared with lead.

(iii) The high frequency characteris-
tics of polythene are superior to
those of paper.

(iv) When extruded on to a con-
ductor the uniformity is better
than can be achieved with paper
insulation, giving better crosstalk
characteristics.

(v) Polythene as an insulant is not
affected by normal environmental
conditions of humidity or tem-
perature.

(vi) It can be produced in a wide
range of positive colours and so
allows full colour-coding of sub-
units.

The Post Office now specifies poly-
thene for the insulation and sheath of
distribution cables, for the insulation
of cables where direct termination can
be used and of cables for special high
frequency operation, for the corrosion
protection of the lead sheaths on most
trunk cables and many subscriber and
junction cables, and for moisture bar-
rier sheaths. The development of
moisture barrier sheaths is described
later.

This large penetration has been ac-
companied by developments of pro-
cesses and machines designed for the
new material, and plants entirely de-

voted to plastic cable have been estab-
lished.
Copper Prices and Shortages.

The Post Office made preliminary
examinations of the potential of alu-
minium as an alternative to copper in
the late 1950’s. Experimental alu-
minium cable of 20 Ib. copper equiva-
lent, polythene insulated and sheathed,
was produced, but was not installed
and only limited experience in manu-
facture was obtained. No emphasis
was placed on further developmental
work, particularly as reports on ex-
perience from the Bell System of
America indicated that their trials dur-
ing the same period were unsatisfac-
tory.

From 1964, high copper prices and
actual shortages, due to industrial
problems, prompted the Post Office
to resume the developmental work
with aluminium. The aim is to reach
a stage where the substitution can be
effected should physical shortages of
copper arise in the future. After that
the use of copper or aluminium for
conductors will be essentially a matter
of relative economics. One of the
penalties with aluminium cables is that
their diameter is approximately 28 per
cent. larger than equivalent copper
cables.

Initial trials with aluminium con-
ductors were confined to paper cables
installed in the subscriber main cable
area and placed under gas pressure.
So far they have indicated that fully
annealed aluminium can be satisfac-
torily substituted for copper in lapped
paper ribbon insulated cables. Haul-
ing problems due to the lower tensile
strength of aluminium are offset by
the reduced weight and electrically
satisfactory joints have been achieved
using electric welding or crimped
sleeve techniques. Developmental
work is being carried out on connector
jointing methods to improve jointing
productivity and trials are planned
using 4 lb. equivalent aluminium.

To date, aluminium cables have been
terminated with copper conductor tail
cables so that the copper to aluminium
joint remained in the gas pressure
protected dry cable core. In the pre-
sence of moisture, and with battery on
conductors, aluminium corrodes faster
than copper, and what is of more im-
portance, the corrosion by-product is
hydrated and cannot readily be dried
out. Replacement of the cable rather
than repair is generally necessary for
restoration of service. Since paper
will fail as an insulant before the rela-
tive humidity reaches the level at
which corrosion commences, a warn-
ing is given before conductor damage
occurs.

SISSON & BENNETT — Developments in Pair Cable

The use of aluminium conductors in
plastic insulated and sheathed cables
has not been attempted as yet because
of problems additional to the wire
jointing. Existing sheath design and
field practices do not sufficiently en-
sure freedom from moisture, but these
aspects and the potential application
are to be reviewed.

Lead Prices and Problems.

Shortages and high prices of lead in
the U.S.A., after the 1939-1945 war
promoted the development of Stalpeth
(steel, aluminium, polythene) sheaths
as a replacement for lead on most
paper insulated cables. Lead con-
tinued to be used as the standard
sheath in Australia until the moisture
barriered polythene sheath, adopted
by the British Post Office as standard
for paper insulated subscribers’ cables
since 1964, had been examined. Suc-
cessful field trials of cables with this
sheath type have been made, but some
installation and maintenance problems,
arising from sheath jointing difficul-
ties, have retarded the rate of intro-
duction.

The moisture barrier sheath con-
sists of a polythene extrusion over an
aluminium-polythene laminate which
becomes a uniformly integral part of
the sheath. The aluminium acts as an
effective barrier to moisture vapour
permeation in addition to being an
electrical shield. Without this barrier
molecular permeation of moisture
vapour through the polythene sheath
could reduce the effectiveness of paper
as an insulation to an unacceptable
level. The advantages of the moisture
barrier sheaths compared with lead
sheaths will lead to the eventual
replacement of lead except in special
circumstances. These advantages
are:

(i) A saving of about 10 - 15 per
cent. of cable cost is possible, de-
pending on ruling lead prices.

(i) A moisture barrier sheathed
cable is approximately one-half
the weight of a lead-sheathed
cable. This lowers transport
costs and permits longer lengths
of haul, eliminating some joints.

(iii) The sheath is free from corrosion.

(iv) Their use will permit exploitation
of rail transport or long distance
road transport without special
precautions to avoid the vibra-
tion fatigue which occurs with
lead.

EFFECTS ARISING FROM THE
ENVIRONMENT.

Insect Attack on Cable Sheaths.
Termite attack is a problem with
directly buried cables in some rural
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areas in this country, particularly in
the north and for this reason steel tape
armoured cables are standard for
direct burial in these areas.

When plastic cables were introduced
many of the areas previously regarded
as safe proved disastrous because of
ant attack from a number of species
which had never attacked lead cable
sheaths (Ref. 16). The first attack
was reported in 1955 very shortly after
the first plastic sheathed cables had
been installed. In 1958 a special com-
mittee, under the auspices of the Plas-
tics Institute of Australia, was estab-
lished to investigate means of over-
coming the problem of ant and ter-
mite attack on plastics in general. The
Commonwealth Scientific and Indus-
trial Research Organisation, Division
of Entomology, and the Research La-
boratories of the Department have
carried out extensive laboratory and
field tests with termites (Ref. 17).
Attempts to have laboratory and field
tests made with ants have not so far
been successful, but there is every
indication that a physical barrier to
termites will be a barrier to ants.

In 1967 the Post Office issued a
draft specification for an Insect Resis-
tant cable jacket which reflects the
present belief that a mechanical bar-
rier to prevent attack offers the most
reliable solution. The barrier speci-
fied is a thin jacket of Nylon 11 or
other comparable material. For some
years extrusion of thin nylon walls
over non-uniform sheath profiles posed
difficulties, but trial lengths have re-
cently been produced on cables up to
16 in. diameter. Nylon ijacketed
cables are expected in the near future.

Other types of nylon which have
been tested indicate an equally satis-
factory performance as a barrier, but
confidence in the Nylon 6 group is
reduced by the fact that it is soluble
in formic acid, which can probably
be exuded by ants.

DEVELOPMENTS IN MANUFACTUR-
ING MATERIALS AND PROCESSES.

As 70 per cent. of the cost of cables
lies in materials, the user largely con-
trols the cost of these components of
the specification. The cable manu-
facturer, in assessing the efficiency of
the enterprise, is primarily concerned
with the charges for labour and ad-
ministration, scrap, capital, develop-
ment and profit. This section is con-
fined to an outline of the more impor-
tant developments affecting quality
and productivity.

Raw Materijals.

Copper Wire: Marked improvements
in the productivity of paper insulating

machines followed the introduction
in the late 1940’s of spoolers on wire
drawing machines, permitting longer
supply lengths and eliminating the
tangling experienced with coil supply.
Wire may be batch annealed on the
steel spools, but longer lengths, espe-
cially suitable for high-speed feeding
behind extruders without trouble due
to stickiness, are produced by use of
continuous bright annealers between
wire drawing machines and spoolers.

Insulating Paper: Manilla-wood pulp
papers have become increasingly
expensive owing to shortages of old
ropes and the necessity to use virgin
manila fibre. The manila content of
the paper has been reduced from 60
per cent. to nil. The newer all-wood
papers run well on the insulators, ex-
hibiting about 15 per cent, higher
tensile strength and reduced sensiti-
vity to relative variations.

Polythene: Early insulating grades of
low density (1.D.) polythene had a
melt flow index (M.F.I) of 7, but
these have been replaced by harder and
tougher grades of 0.3 M.F.I. The new
grades have a much improved balance
of properties in respect of extrusion
performance with low defect rates at
high speeds, freedom from foreign
materials, thermal stability, and physi-
cal toughness.

For sheathing L.D. polythene of
M.F.I. 2 was originally used with the
addition of 10 per cent. butyl rubber
and 2.5 per cent. finely dispersed car-
bon black. This has been replaced
by a higher molecular weight grade of
0.3 M.F.I. with 5 per cent. butyl. It
has always been thought desirable in
Australia to include the carbon black

as a safeguard against ultra-violet light
degradation during storage and in use.
The inclusion of the butyl content has
prevented environmental stress crack-
ing and has the additional advantage
of making the sheath insensitive to re-
cidual stresses arising during extrusion

Manufacturing Processes.

Polythene Insulating and Sheathing:
The original specifications called for
a uniform insulation thickness of 0.012
in. for 6% lb. to 20 lb. conductors
inclusive, but to achieve comparable
mutual capacitances for all gauges the
present range of 0.0065 in. to 0.012
in. (4 Ib. to 20 lb) was specified in
1963. The consequent increased in-
cidence of pinhole faults (small de-
fects in the insulation) proved to be a
pressing problem for some time, and
it was found that extreme care is
necessary in all the following respects:

(i) Selection of copper rod and con-
trol of wire drawing to produce
clean wire free from surface im-
perfections.

(ii) Close control of tension adjust-
ments and maintenance of guid-
ing surfaces in clean and smooth
condition.

(iii) Avoidance of contamination by
air-borne dust bearing in mind
that polythene readily accumu-
lates static charge.

(iv) Selection of pigments with mini-
mum tendency to form agglome-
rates.

(v) Controlled extrusion conditions
in respect of temperatures, screen
pack design and replacement fre-
quency and head and die design
to avoid stagnant zones.

Fig. 1 — High Grade Quadding Machine.
SISSON & BENNETT — Developments in Pair Cable
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Fig. 2 — Single Twist Twinning Machine.

Outright pinholes can be detected at
extrusion speeds by a high voltage
electrode, but points of weakness in
the insulation seldom show up at this
stage. Very few faults occur during
extrusion but a rate of about one
fault in 30,000 conductor yards is
generally found after the twisting ope-
ration. These faults are repaired in a
separate injection moulding process.
The defect rate in completed cores
is now better than 1 fault in 40,000
conductor yards; the level first speci-
fied in 1963 required better than 1
fault in 25,000 conductor yards.

The spooling of bare wire has re-
ceived considerable study and with the
inner end brought out and cold pres-
sure welding to the next length, re-
liable continuous operation of extru-
ders is not difficult to achieve. With
extruders of modern design produc-
tion rates of 3000 ft./min. are main-
tained.

Sheath extrusion lines are scaled-up
versions of those used for insulation.
They have outputs up to about 1000
Ib. of polythene per hr., but are typi-
cally operated at two-thirds of this
rate. Plastic-sheathed cables do not
cast satisfactorily on single drum cap-
stans, and dual wheel capstans have

progressively given place to the cater-
pillar type, simplifying stringing up
and eliminating bending of the cable at
this point.

Twisting: Tubular type machines
with axially disposed floating supply
spool cradles were used from 1945 to

1968 for paper cables, but were not
capable of meeting modern capacitance
unbalance limits owing to the sensi-
tivity of quad geometry to variations
in conductor tension at the closing die.
Improved machines of this type, ope-
rating at 900 r.p.m. instead of 500, are
however suitable for plastic quad to
ordinary subscribers’ cable limits.

Paper cable machines similar to that
in Fig. 1 were introduced into Austra-
lia about 1965. These machines ope-
rate at 300-400 r.p.m. Rotating
masses are reduced since the supply
spool vyokes turn independently to
impart back twist. The quad is
twisted by rotation of the capstan and
take-up as a unit. Adjustment and
indication of conductor tension are
provided, but, without the use of a
centralising helix of paper string under
the paper insulation, the latest net-
work limits could not be met.

Compact vertical high-speed double-
twist (i.e., two complete helical twists
per revolution of the Flyer) twinning
machines were adopted with the in-
troduction of paper insulated unit
cables. Production rate is 1600-2000
twists/min., depending on conductor
gauge, and the twin produced meets
the new capacitance unbalance re-
quirements. At some cost in extra
floor space, horizontal machines pro-
ducing up to 3000 twists/min have
been used.

Double twist machines have been
abandoned for polythene twin in the
interests of avoiding damage arising
from the tortuous path around the
flyer. The single twist machine
shown in Fig. 2 therefore has a re-
duced output, but yields a high grade
product. The machine provides for

Fig. 3 — Concentric Stranding Machine.
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accurate metering of the conductor
lengths over a belt capstan, and the
flyer guides are located so that under
centrifugal action the twisted pair is
practically floating. The take-up ten-
sion is correspondingly accurately con-
trolled and ease of spool changing
has received special attention.

Stranding, Bunching and Cabling:
Concentric cables have almost invari-
ably been stranded in reverse direc-
tions in successive layers with an in-
crement of six quads or twins per
layer, using machines similar to that
illustrated in Fig. 3, which have typi-
cal speeds from 30 to 45 r.p.m. de-
pending on carriage size. These
machines are otherwise of low effi-
ciency, since re-loading cannot be
commenced until the previous run is
finished and several hundred spools
are needed for the larger cables. The
first improvements were developed in
the U.S.A. in the 1920’s and 1930’s
with the introduction of paper insu-
lated unit cable, and comprised a con-
ventional spool carrier, which was
however stationary, with a flyer re-
volving around it. At a later stage
the supply spools were arranged in
rows, and stranding was effected by
bunching the pairs through a closing
die, thence to a capstan and take-up
drum rotating about the axis of the
cable as well as about their normal
spindles. In some cases the capstan
was eliminated and the speed of the
take-up drum was automatically moni-
tored as the winding diameter in-
creased so as to achieve a uniform
length of stranding lay. The required
number of units was then re-stranded,
or cabled, on a similar but larger
machine.

Both these processes have consider-
able advantages in speed. Bunching
to about 150 r.p.m. is practicable. Also
by provision of duplicate supply posi-
tions, new spools can be loaded during
running, and in both America and
Japan elaborate mechanical handling
systems have been developed to re-
duce lost time still further. Cabling
speeds vary with machine size, but
60-100 r.p.m. is reasonably achievable.

Early paper insulated unit cables
were manufactured in Australia on
adapted conventional stranders. The
complete change-over to twin in paper
insulated cables will be achieved by
the installation of unit bunchers and
cablers to handle virtually the whole
of the cutput. A unit bunching ma-
chine is shown in Fig. 4. This ma-
chine was installed by Olympic Cables
in 1967 and has been modified from
pure bunching to include interlayer
whippings which were then standard.

For plastic cables, relatively light
pressures in core forming dies are

all that are necessary or desirable,
and this facilitates combining unit
stranding and cabling in the one ope-
ration, because by imparting twist to
the units alternately in opposite direc-
tions and applying a binder to hold
the twist, the tension in the units is
light enough to enable them to be led
to a rotating assembly for cabling
without straightening out the oscil-
latory twist already imparted (Refs.
18, 20 and 22). The oscillating pro-
cess requires no massive rotating
components such as capstans, but sim-
ply uses suitably disposed lay plates

e R

which oscillate over a range of about
180 deg. either way. The rate of
oscillation is adjustable to minimise
crosstalk between adjacent units. Fig.
5 illustrates a machine with supply
spools, oscillators, and binding heads
for 10 sub-units in the background,
and the rotating capstan, wrapping
heads, and rotating take-up for cabling
the oscillated units in the foreground.
This buncher-cabler has been in satis-
factory use since 1965. It does not
operate with best economy on small
sizes, and a process has therefore been
developed for cable up to 30 pairs

N

Fig. 5§ — Plastic Cable Unit Bunching and Cabling Machine.
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to oscillate and bind the units, with a
further similar process to cable them.
The equipment operates in tandem with
a sheathing extruder.

Stranding involves compromises in
respect of mechanical properties, elec-
trical properties, and price, because
shorter lays on the one hand improve
flexibility, but on the other increase
consumption of materials, increase re-
sistance and mutual capacitance of a
given cable length, and reduce output.

The bunching and cabling processes
introduce further compromises, in
that they are most economically car-
ried out with a constant lay length
in each operation. This represents a
departure from the ideal situation,
realisable fairly closely in concentric
cables, where the stranding lays in-
crease with the diameter so that the
helix angle is substantially constant.
It is also necessary to deform rhe units
fairly severely in large paper cables to
obtain a compact and circular core.
These cables can be very troublesome
to handle and it is a matter of con-
siderable  experiment to establish
suitable operating conditions.

In bunched units some displacement
of pairs can occur, and the introduc-
tion of additional pair twist lengths is
helpful in preventing chance adjacen-
cies of similar twists.

Drying of Paper Cables: Moderate
use of electrical heating of the con-
ductors with heavy D.C. currents
whilst the cables were in the steam-
heated vacuum ovens had been prac-
tised from about 1950 onwards, but
by 1968 new equipment had been
installed to dry all cables in this way,
reducing drying times from about 14
hr. to as short as 3 hr., depending on
cable size.

Moisture Barrier Sheath: The longi-
tudinal application of the polythene-
aluminium laminate round the core
is performed behind the sheathing ex-
truder, using relatively simple form-
ing tools, but it is necessary for the
core to be circular. Unit sizes in
unit twin cables have been reduced in
a number of cases to achieve this. The
polythene coating is outermost and
welds to the hot polythene emerging
from the extruder die. The success
of the process depends on the support
provided by the bond to the sheath in
preventing buckling or tearing of the
aluminium during bending of the cable
and the restriction of the moisture
permeation path to that section of
sheath immediately over the overlap in
the foil.

Testing: Electrical testing methods

themselves have undergone little
change until recently, when automatic
test sets were introduced. This

equipment reduces the cost of testing
and the risk of error, and removes
much of the strain to which repeti-
tive A.C. testing subjects the operator.

SOME FUTURE DEVELOPMENTS.

The use of bunching machinery for
unit making will mean an increase in
the number of lay lengths generally
used in paper cable and the use of
a minimum of ten lay lengths (alternat-
ing in threes in and between the
roughly defined layers, plus an addi-
tional marker) is likely in place of the
present six (alternating in twos in
and between layers plus a marker in
each layer). Any additional lay
lengths would be chosen to give the
lowest magnetic couplings and provide
carrier frequency as well as voice fre-
quency benefits. This would almost
certainly be accompanied by a change
in the colour coding of the paper insu-
Jation to assist identification at all
stages.

Polythene insulated twin pairs are
capable of being manufactured more
uniformly than paper pairs, and some
margin of crosstalk above that re-
quired to provide an acceptable level
could be provided in areas where long
lengths of plastic cable are installed.
This applies particularly to rural areas,
and developmental work on a long line
telephone, including some form of am-
plification to improve transmitter and
receiver levels, is expected to take ad-
vantage of this crosstalk situation.
Tighter specification limits, compatible
with the best modern manufacturing
techniques, are likely in the future.

The present plastic insulated and
sheathed distribution cables for direct
burial do not include screens. The
increasing numbers and voltages of
power distribution lines are causing
noise and induced voltage problems
in some cables and these problems are
expected to occur more frequently as
the network develops. The develop-
ment of a suitably screened cable for
this application and also for use in
rural areas of high lightning incidence
is being carried out (Ref. 19). Initially
moisture barrier sheathed cables will
be installed only in ducts, but in the
future protected types for direct burial
are believed necessary. Nylon may be
suitable for insect protection, but de-
velopmental work is being undertaken
to design additional protection for
cables in areas subject to lightning
where some conductive screen over the
sheath will be involved.

CONCLUSION.

This paper has attempted to define
both the reasons for and the nature of
developments which have occurred
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over the last 20-25 years in balanced
pair communication cables.

In 1945, these cables were composed
primarily of copper and lead. Both
these metals are costly. Engineering
design effort has been concerned with
the provision of an installed cable at
minimum cost to meet the network
requirements, and three clear areas of
development have stood out over the
last two decades.

First, there has been the exploitation
of development in other network com-
ponents which have permitted cables
to be installed with higher attenua-
tions. This has meant less copper
per circuit mile, but has necessitated
a parallel development in cable design
to provide better cable crosstalk.

Second, there has been the exploita-
tion of new materials, particularly
polythene . From an initial application
to small size distribution cables, where
its use as both insulation and sheath
was cheaper than that of paper insula-
tion and lead sheath, it is now replac-
ing lead on large-sized paper cables.
Also, the nature of the material has
been exploited for many developments
in manufacturing processes which have
shown marked cost advantages. An-
other material, aluminium, is likely to
challenge the market held by copper in
communication cable if developmental
work proves successful, since alu-
minium is substantially cheaper than
copper.

Third, there has been the develop-
ment of improved manufacturing
processes: some to achieve the cable
quality necessary to permit the ex-
ploitation of network developments,
some to exploit the nature of new
materials, and some simply to im-
prove productivity.

The achievements can be judged
from the approximate pair mile costs
for outdoor cable. A cost of $30
in 1950-51, when copper was about
$450/ton and lead about $105/ton, has
been reduced through engineering
design effort to $24 in 1967-68, when
copper reached a peak $1350/ton and
lead was about $220/ton, and further
substantial reductions are expected in
the future.
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SERVICE ASSESSMENT OF S.T.D. TRAFFIC

INTRODUCTION.

This article is part of a series dealing
with the subject of service assessments
(Refs. 1 and 2). It describes the basic
design of equipment for the assess-
ment of multi-fee traffic at ARM ex-
changes and ARF minor switching
centres. In order to check the pro-
gress of a call it is necessary to make
a connection to the exchange equip-
ment at a convenient point where line
and information signalling and speech
transmission can be monitored. This
point of connection may vary accord-
ing to the type of call to be sampled.
Equipment recently designed for as-
sessment of local service and sub-
scriber traffic (Ref. 2) uses the cord
circuit relay set (SR) in crossbar ex-
changes and the equivalent first selec-
tor in step exchanges because these
points are at the commencement of
the call. This arrangement is not
suitable for the assessment of S.T.D.
traffic, as the majority of the calls
would be local and a very large num-
ber of calls would need to be moni-
tored in order to obtain a reasonable
sample of S.T.D. traffic. The point
selected is the incoming relay set
(FIR) in ARM exchanges and ARF

* Mr. Braga is Divisional Engineer, Telephone
Exchange Equipment Section, Headquarters.

A.R.F.
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LOCAL SERVICE TAP
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EXCHANGE
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EXCHANGE

1 TAP FOR S.T.D. TRAFFIC

STEP EXCHANGE

FROM SUBSCRIBER I

LOCAL SERVICE TAP

Fig. 1 — Tapping Points for Local Service and S.T.D. Assessment.

minor switching centres where the
percentage of S.T.D. calls is high. (The
term FIR in this text also includes
FDR.) This requires new equipment
because tapping at the FIR involves
detection of MFC, as well as different
modes of decadic signalling, in con-
trast to the SR, which employs loop
disconnect pulses only. The tapping
points for local service and S.T.D.

OUTLINE FUNCTIONS OF THE
EQUIPMENT.

As well as providing a means of
connection between the FIR and the
assessment centre, the equipment must
also be capable of monitoring the set-
ting-up and progress of the call and
extract the following information (Ref.

1)

**Mr. Foote is Technical Officer, Telephone : ? s o,
Exchange Equipment Section, Headquarters, assessment are shown in Fig. 1. (@) Zone of origin;
EXCHANGE ASSESSMENT CENTRE
{OUTGOING TERMINAL) (JUNCTION} (INCOMING TERMINAL)
CONTROL
4w RELAY SET
{Amplified
circuit)
NOTE 1 CONSOLE
e e e —— || INCOMING
F.1.R. LINE OUTGOING OUTGOING | POSITION
OR REfAP\':“\é%T—" CONNECT Val JUNCTION ——{ JUNCTION JUS[“TE\T;?N L | incomiNGg b} caNTROL
F.UR RELAY SET PART 1 PART 3 [H————=~ - JUNCTION RELAY SET
i RELAY SET
OUTGOING DISPLAY CARD
JUNCTION STORE PUNCH
. PART 2 RELAY SET
NOTES:
1. Each start relay set is connected
to 4 junctions from arm or
minor switching centres.
2. An analyser is provided for
each junction from a minor
switching centre only.
SIGNAL
3. One signal insertion relay ANALYSER DISCRIMINATOR INSERTION
set is provided for RELAY SET
each junction.
NOTE 2 NOTE 3

Fig. 2 — Block Schematic.
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(b) Digits dialled, including national
code;

{c) Meter pulses received.
(d) Duration of call;

(e) Indication of the FIR under ob-
servation.

Information collected must then be
transmitted to the assessment centre,
where it can be stored and displayed
on the console. The complete equip-
ment for this purpose consists of an
outgoing terminal, situated in the ex-
change at which monitoring takes
place, and an incoming terminal at the
assessment centre. Connection be-
tween the two terminals is provided
by means of a four-wire amplified cir-
cuit, which for the purpose of ex-
planation will be called the junction.
A block schematic of the equipment is
given in Fig. 2.

Signalling.

Signalling between the two termi-
nals is by means of multi-frequency
code (MFC) as well as the ‘E and M’
leads. The signalling sequences for
typical calls employing MFC and
decadic signalling illustrate the prin-
ciples involved and it is suggested that
close reference be made to the figures
showing these sequences during the
reading of the text.

The In-Service Signal.

Each console is designed to accept
calls from four different exchanges,
made up of ARM exchanges, ARF
minor switching centres or a com-
bination of both. Normally the out-
going terminals are quiescent, but may
be brought into service by the opera-
tion of the associated exchange key
on the console, which applies a signal
to the junction by means of the M
lead. All or any of the four junctions
may be brought into service as re-
quired.

The Tapping Relays.

Each outgoing terminal may contain
up to 100 tapping circuits, each con-
sisting of a tapping relay and partner
line connect relay, by means of which
an FIR can be connected to the junc-
tion via the tapping equipment. When
an FIR is seized the associated tap-
ping circuit operates. If more than
one tapping relay operates, only one
will be held and the others released;
at the same time the operate circuit of
all tapping relays is disconnected to
preclude intrusion.

OPERATION ON AN MFC CALL.

Fig. 3 shows the service assessment
equipment sequence of operation for:

a typical MFC call. Suppose the in-
service signal has been given, then on
seizure of the FIR the associated tap-
ping circuit will operate: tapping relay
is held and FIR connected to the out-
going junction. The outgoing equip-
ment now makes an offer by means of
the M lead, and the associated incom-
ing junction start relay at the assess-
ment centre is operated. If more
than one start relay operates then
only one will hold; the others will re-
lease. The incoming equipment
accepts an offer merely by retaining
the in-service signal and makes a
rejection by disconnecting this signal.
When an offer is accepted the junction
is extended to the incoming equip-
ment, which is now connected, via the
junction, to the FIR. In the accepted
call shown in Fig. 3 the area code has
been dialled and the digit ‘0,” which
appears at the FIR, is stored by the
incoming equipment, translated into
marks on two out of five wires and
passed via a P chain to the first digit
storage relays and displayed on the
console. Ten digit stores are pro-
vided, each consisting of five relays
for operation of a display digitron and
the supply of data required for the
card punch, etc. When the digit
signal ceases the P chain is advanced
in readiness for the next digit.

Zone of Origin.

The zone of origin store requires six
relays and two display digitrons
because this MFC signal is in the
series 1 to 15 (two out of six code
signalling). The store is controlled
by the PZ relay, which is actually the
first in the P chain, but which is nor-
mally blocked and unable to operate.
This positions the chain on the second
relay for storage of the first digit
unless the PZ relay is made to operate;
the chain will always be set in the first
digit position. The requirement for
zone of origin is indicated by the pas-
sage of the appropriate MFC signal
through the FIR concerned. This
consists of an A2 (restart) signal when
the call is via an ARM exchange, or
two successive A2 signals when FIR
is situated at a minor switching
centre. The incoming equipment re-
sponds to these signals by releasing
all numerical storage relays, thus
cancelling the display already set up,
and stepping the chain completely
back to the PZ position, which is now
unblocked. The zone of origin signal,
which then follows, is passed to the
zone store relays and displayed. When
the signal ceases, PZ is locked out and
remains so during the progress of this
call.  Further restart signals will
merely step the chain back to PO, the

first digit position; the zone of origin
store remains held until released by
the operator. Al signals are used
only to determine the receipt of two
successive A2 signals when junction is
connected to an ARF exchange. This
is done by counting one A2 signal by
operation of a relay. This relay holds
when signal ceases, but is released on
receipt of an Al. If two successive
A2 signals occur, then the second A2
will be received with this relay ope-
rated and can then be recognised as
the request for zone of origin. In the
case of an ARM exchange the first A2
signal seen is accepted as the request.

Identification of Tapping Circuit.

The identity of the tapping circuit in
use is transmitted 1.25 seconds after
seizure of the outgoing equipment as a
two digits number (00-99), via the M
lead to the outgoing terminal, where it
is stored and displayed. The line
connect relay, which partners the tap-
ping relay, connects the FIR tapping
points to the outgoing relay sets and
also extends a --ve potential to each
of two arcs of uniselector DS to mark
the tens and units of the tapping cir-
cuit code. A self-pulsing relay then
interrupts the M lead and, at the same
time, steps DS to find the mark cor-
responding to the tens digit. When
the mark is found, pulsing ceases, DS
is homed, and the scanning circuit
changes over to the arc holding the
units digit, which is sent after an
interdigital pause. The pulses are
received at the incoming terminal by
two uniselectors; CSA, which accepts
the tens digit, and CSB, which re-
sponds to the units digit. (All uni-
selectors used in the assessment
equipment are B.P.O. No. 4 miniature
switches.) The ultimate position of
these two switches controls the dis-
play of the tapping circuit code and also
provides information to the signal
insertion relay set.

The Signal Insertion Relay Set.

As the name implies, the function
of this relay set is to insert into the
appropriate store relays, those signals
which are required, but not received
at some of the FIR’s. These consist
of the digits used to route the call as
far as the FIR, when decadic signalling
is employed, and in certain cases, the
zone of origin. These signals must be
added not only to complete the display
and card punch data, but also for con-
trol of the discriminator and analyser,
as will be described later. The relay
set consists of five multi-coil relays
with a fork jack strapping field, and
is provided one per junction. (See

BRAGA & FOOTE — S.T.D. Service Assessment
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OUTGOING TERMINAL INCOMING TERMINAL

Terminal E « o Exchange key operated.
in-service. " In-service signal sent aver junction.

F.IR. Seized. o

Offer of call.
Rejection by removal of in-service signal.

i?
‘VE
/
m

Tapping relay
operated and held,

Offer accepted. Call duration clock
started. Digit *O"" passed to first digit
I storage relays and displayed,

Type of distant exchange recognised by
junction in use. Digit store released and

® display cancelled. P chain stepped back
to Pz which is unlocked.

Request for zone of origin. .
A.R.M. — One A2 s:gnal
A.R. F -—— Two successive A2 s:gnals

\ 4

Zone of origin.

- Passed by Pz to zone store and displayed.
I On cessation of signal, Pz is locked out.

L

Used only to detect two successive A2 signals.

Digit stores released but zone store held.
Subsequent A2 signals. == P chain stepped back to first digit position.

If “O’" is dialled as first digit,

discriminator determines area

code. With discriminator key

operated, calls to other than

major centres are rejected.
e

Digits, g

!

Stored and displayed.

—
When cali is from A.R.F. Exchange
and 'O is not dialled as first
digit, analyser detects unijt
fee calls and rejects.

Tapping code stored and displayed.
) M E Signal insertion relay set, associated
1.25 seconds after seizure with junction in use, recognises F.[.R.

of F.ILR., number of tapping =~ @ === == == == e o o == <@ 1, tapping code and refers to memory
circuit is sent in two digits. for zone of origin. If this signal

is missing, it will be inserted into

the zone store relays and displayed,

P chain released. Change over in control

A3 < relay set for receipt of B signals.

v

{Acknowledgement) 2 No effect.

|

e §

B2 or B4

Y
e —0— ¢

Stored and displfayed.

!

iM El Recognised as meter,

eter pulses.
. 2 T— e e e o e e == @ Lulses. Counted & dlsplayed

v

Signal removed Cessation of signal on E lead,
Felcsse/otih Aty ——l) frc?m M lead, =—————=—g @——==Cal| duration clock stops.

Operator depresses print key. g
Terminal released =—=——==—==0 @ [n_service signal removed from junction

Tapping circuits remain inoperable,

E M| After printing, terminal restores to normal
Terminal in-service. 4@ and then re-applies in-service signal.

Fig. 3 — Signalling Sequences for Typical Call (MFC Signalling).
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Fig. 4) When the incoming terminal
accepts an offer for assessment from
a junction the associated signal inser-
tion relay set is called in. As the
tapping code is received and CSA is
positioned, one of the ten coils in each
of the five multi-coil relays is operated
in accordance with the tens digit. On
receipt of the units digit CSB connects
a +4ve potential to one of the first
ten bars of all five relays in common.
By this means the number of the tap-
ping circuit code, 00-99, is marked on
each of the multi-coil relays, thus pro-
viding five separate matrices, which
are wired to the form jacks together
with leads to the zone of origin and
first four sets of digit storage relays.
As the tapping circuit code reveals the
identity of the FIR under assessment
it is possible to insert straps between
the terminals representing the tapping
circuit codes and the storage relays
which must be operated for display of
the required signal. Thus the signal
insertion relay set consists of a
memory which can be referred to,
when the FIR has been identified, so
that the storage relays associated with
the missing signals may be operated.
In the call shown at Fig. 3 the zone
of origin was transmitted and there-

Fig 4 — The Signal Insertion Relay Set.

fore insertion was not necessary. Had
the zone signal not been transmitted
then the necessary information would
have been strapped into the memory
and insertion would have taken place.
Insertion of the zone of origin presents
no problem as the zone storage relays
will always be empty if the zone of
origin is not signalled. This is not the
case when the call is decadic and digits
are missing as arrangements must be
made to insert the missing signals into
the correct stores. An explanation of
the manner in which up to four digits
can be inserted is given in the section
dealing with decadic signalling.

The Discriminator.

The functions of the discriminator
are—firstly, to determine the length
of the area code, and secondly by
examination of the code, to reject all
calls which are not being routed to
one of the major predetermined
centres.

This relay set consists of two multi-
coil relays, 2D1-10 and 4D1-10, to-
gether with a fork jack strapping
field. Connections are made be-
tween the digit store relays in such
a manner that the second digit controls

the operation of the ten coils of 2D,
whilst the third digit is connected to
ten of the bars of the same relay. As
the relay set is designed to operate
only when ‘0’ is received as a first
digit, the matrix provided by the 100
contacts associated with ten coils
and ten of the bars, represent the
digits 000-099. By this means up to
three digits of an area code can be
recognised. For example, if 02 is
dialled, then on receipt of the digit ‘0’
the discriminator is engaged. The
second digit 2 causes operation of coil
2D2. As all calls to Sydney are pre-
fixed by 02 then the receipt of this
code can be established at this point,
i.e, in two digits. The code for Mel-
bourne (03) can also be established
in two digits. All codes prefixed by
04 or 05 are three digit area codes,
so that when 04 or 05 is detected, by
the operation of 2D4 and 2D5 respec-
tively, there is no need to progress to
the third digit for further examination.
However, codes commencing with 06
may be three or four digits in length,
four digit codes being 0648, 0649, 0675
and 0687, all other 06 codes being
three digits in length. 064, 067 and 068,
therefore all require four digit analysis
as some of the codes are three digits in
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length and others four. For example,
if we consider 0642, which is actually a
three-digit code, as the ‘2’ is part of
the local number. Position 64 on relay
2D is connected to the coil of relay
4D1, which will operate when 064
appears as the first three digits. Ten
contacts of 4D1 analyse 0640-0649 as
the fourth digit from the store relays
is connected to bars 41-50. In this
way it is possible to analyse the three
and four digit codes.

To increase the sampling of major
exchange traffic, selective assessment
may, at the option of the operator,
be acquired by the operation of the
discriminator key. This key sets the
equipment to examine the area code
and reject all traffic except that to
major predetermined centres.

From the information of the num-
ber length of the area code the dis-
criminator recognises the codes 3A4-
3A9 when a change to the detection
of decadic signalling is made, and the

c (ONE C RELAY
PER JUNCTION)

. 3

ZONE OF ORIGIN (1-15)

P chain is positioned to detect the
next digit. For example, if a signal
3A5 is detected the P chain is posi-
tioned to receive the second digit
after the area code in the decadic
form. Generally, when the discrimi-
nator has established the length of
the area code, one of four relays DI1-
D4 is operated in the control relay set.
On detection of a 3A4-3A9 signal a
translation is made according to the
D relay operated and the P chain is
set into the required position.

The Analyser.

As well as transmitting S.T.D. traffic
the FIR in the minor switching centre
also handles calls within its closed
numbering area. As unit fee calls
are not assessed, each junction from a
minor switching centre has access to
an analyser by means of which unit
fee calls are detected and rejected.
(Fig. 5.) A description of the me-
thod of selective analysis used can be

S

simplified by first considering traffic
within the closed numbering area. A
typical area is divided into a maximum
of 24 zones, each zone being served
by a number of exchanges. Each
minor switching centre handles calls
from a maximum of 15 of these zones
and imposes a charge rate according
to the distance between the exchanges,
calls to adjacent zones being unit
fee. It follows, therefore, that the
charge for a call to a certain zone will
depend upon the originating zone and
that, in order to establish the rate, the
equipment at the minor switching
centre must be able to recognise each
zone of origin, of which there can be.
15, with any of the 24 different zones
of destination. As the zone of origin
can be identified by the particular
FIR in use and destination obtained
by analysis of the dialled number,
the rate for the call can be determined.
Generally, three digits analysis is per-
formed, but in many cases two digits

[ p—

1ST DIGIT

1 20 (2} /21/ 22

T R ! a
-1
2ND DIGIT 1 v 51l ! 2 201, 203-209 @
== 22 1 e ’
=g
3RD DiGiT 12 v 92 v L““C:)
] \ ]
TERRE—— 1 20 vt
I I (P
1
1 |
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I
: | 113
t
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] | 14
U
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o
I
1
i ]
! .+ 24
a a
LEGEND: — — — — — TYPICAL STRAPS;
STRAPPED, AT FORK JACK,
! @ TO REJECTION RELAY
L ]

In this typical example, two zones have exchanges with numbering schemes as follows:— Zone A: 21xxx, 22xxx and 202xX..
Zone B: 2071xx, 203xx — 206xx and 207xx — 209xx. Point 20 is strapped to 3D1; the contacts of which now represent 201 — 200.
Points 202, 21 and 22 are strapped to Bar 1 whilst points 201, 203 - 209 are strapped to Bar 2. From Zone 1 comes 202, 21
and 22; are single fee and the first contact of 121 is strapped accordingly. Likewise codes 201 203 — 208 are single fee when call originates in Zone 2.

Fig. 5 — Analyzer Operation.
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will be sufficient to determine the
charge rate. The analyser rejects
from assessment all non-trunk traffic,
and conversely all ‘0’ traffic (except
service codes) is connected for assess-
ment.

Each analyser provides a facility to
analyse a maximum of 24 codes
through 24 bars of a set of three multi-
coil relays arranged as 1Z1-15 and
2Z1-15. For example, if a zone of
origin code 12 is fed into the storage
relays, then 1212 and 2Z12 will ope-
rate in parallel and provide 24 bars
representing the 24 zones of destina-
tion. Therefore, through the opera-
tion of a pair of Z relays, 24 different
parameters are established, and by
extending the Z relay contacts to the
strapping field those representing unit
fee destinations may be connected to

F.L.R.

F.L.R. Seized.

the rejection which, on operation,
brings about the resetting of the
equipment. Each analyser must be
strapped to suit the area concerned,
and is required to identify unit fee calls
only; no attempt is made to determine
the charging rate. An auxiliary ana-
lyser is required when an area re-
quires access to 25 to 48 zones of
destination.

Revertive Signals.

The revertive, or control, signals
through the FIR are passed to the
assessment centre for interpretation.
Al and A2 signals have already been
dealt with in the section dealing with
the zone of origin; the interpretation of
the remainder of the signals used in
the assessment equipment are as fol-
lows:

OUTGOING TERMINAL

(a) A10 (Send previous digit). On
receipt of this signal the P
chain is stepped back two
places. This is necessary as
on cessation of the last digit,
before the Al0, the P chain was
advanced. The storage relays,
however, remain held as the
only effect of repeated digits will
be an attempt to operate relays
already in the operated position,
A4-A8 (Start decadic first to
sixth digit). This signal causes
the P chain to be set in that
position corresponding to the
next digit to be sent in decadic
form. If the area code has first
been dialled then the control
relay set has already registered
the length of the code and is
ready to translate the signal, as

(b)

INCOMING TERMINAL

Exchange key operated.

Terminal 7
in-service.

v

In-service signal sent over junction.

E Offer of call.
(Rejection by removal of in-service signal}

Digits. emw——) =g
1
[ d

Tapping relay
operated and held.

Indication of number of

Offer accepted. Call duration clock started

P chain set in readiness for

digits missing given by @9
means aof one of the
3A5 — 3A8 signals.

receipt of first digit seen at F.I.R.

=

If O’ is dialled as first digit,
discriminator determines area
code. With discriminator key
operated, calls to other than
major centres are rejected,

=

Digits translated to M.F.C.
and transmitted during
intertrain pauses.

1.25 seconds after F.I.R. is
seized, number of tapping
circuit is sent in two digits.

v

-
<

v

Meter pulses.

Release of F.I.R.

ey SigNal removed from M lead. e g

Terminal released.
Tapping circuits remain inoperable.

—ee )

OP s e e s e e @

o e Co— —— —)

Terminal in-service. g,

- Stored and displayed.

—
When call is from AR.F.
Exchange and 'O’ is not dialled
as first digit, analyser detects
unit fee calls and rejects.

Tapping code stored and displayed.

Signal insertion relay set, associated

E with junction in use, recognises F.I.R.

from tapping code and refers to memory
for missing signals. Missing zone of

origin, and up to four digits, can be
inserted into the store relays and displayed.

Recognised as meter pulses,
Counted and displayed.

Cessation of signal on E lead,

@———— Call duration clock stops.

| Operator depresses print key.
@&—— in-service signal removed from junction.

After printing, terminal restores to normal
and then re-applies in-service signal.

M
<=0

Fig. 6 — Signalling Sequence for Typical Call (Decadic Signalling).
BRAGA & FOOTE — S.T.D. Service Assessment
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already discussed in the section
dealing with the discriminator.

(c) A3 (End of selection. 1B fol-
lows.) When this signal is re-
ceived the P chain is released
and so prevents the acknowledg-
ment, digit 2, being passed to a
digit store. The control relays
now prepare to interrupt all
other revertive codes as B sig-
nals.

(d) B2 (Busy Sub) and B4 (Con-
gestion). A B2 or B4 signal is
stored and displayed; other B
signals are stored but no provi-
sion has as yet been made for
display.

Meter Pulses.

After receipt of the tapping code the
incoming terminal recognises a pulse
on the M lead as a metering signal.
These meter pulses are used to posi-
tion three miniature uniselectors MPA,
MPB and MPC, which control the dis-
play of the units, tens and hundreds
meter pulses respectively. MPA is
stepped at each pulse, at the tenth
pulse MPB is stepped once and MPA
homed. Similarly, at the hundredth
pulse MPC is stepped, MPA and MPB
being homed. The total display is
999 pulses, after which a second cycle
commences. To guard against the
possibility of the first metering signal
arriving during sending of the tapping
code the pulse is stored at the outgoing
terminal and then transmitted when

PULSE
REPETITION
RELAY F10 F14 F15

o+ o——

tapping code sending has been com-
pleted.

Call Duration.

When the incoming terminal accepts
a call for assessment, a ‘uniselector
clock’ is started to time the duration
of the call. The clock is made up of
three miniature uniselectors SPA, SPB
and SPC, which are driven by a one
second pulse and behave exactly as
described for the meter pulse count.
Again the total display is 999 seconds,
followed by a cycle. When the dis-
tant FIR is released the clock stops.

Reset of Equipment.

The equipment is reset at both ends
when the operator presses the print
key. This causes the disconnection of
the in-service signal and operation
of the card punch mechanism. The
outgoing equipment releases whilst
the incoming holds until printing has
been - effected. Incoming terminal
then releases and, after restoring to
normal, re-applies the in-service sig-
nals to the chosen junctions. The
equipment may also be released by
operation of the reset key, but in this
case both terminals are released at
the same time.

OPERATION ON DECADIC
SIGNALLING.

Reference should now be made to
Fig. 6, which shows the assessment
of a typical decadic signalling call. The

[D.S.A. |

incoming junction relay set recognises
the type of signalling by the manner
in which the FIR has been jumpered
to the tapping circuit and also, where
necessary, by information given by the
line connect relay which extends the
tapping leads from the FIR to the
equipment. Under decadic signalling
conditions the first few digits, repre-
senting the trunk access code, are
absorbed in the network in the steering
of the connection to this point. The
insertion of the absorbed digits is
described in the next section; the fol-
lowing describes the method of regis-
tering the decadic digits transmitted
through the FIR under assessment.

In the incoming equipment two
miniature uniselectors DSA and DSB
are used, in turn, to temporarily store
the pulses received (Fig. 7). DSA is
stepped by the first digit and, at the
interdigital pause, will have taken up
a position according to the number
of pulses contained in the digit. Two
out of five S relays are now operated
from the arcs of DSA and an MFC
signal, corresponding to the dialled
pulses, is sent to line. At the second
digit DSB is set in position, the first
digit signal disconnected and DSA
homed in readiness for the third digit.
This continues, each of DSA and DSB
being used in turn, until all the digits
have been repeated.

In order to ensure that the trans-
mitted MFC signals, used for the
transfer of information between the

TO FIR. !

- — |

I SO

Fig. 7— Temporary Storage of Decadic Pulses.
BRAGA & FOOTE — S.T.D. Service Assessment
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exchange and the assessment centre,
are not passed to the calling party,
the line to the FIR is ‘split’ during each
interdigital pause when MFC transmis-
sion is taking place. It is therefore
necessary to know when all digits
have been sent in order to disconnect
the last signal and restore the con-
nection between FIR and the line
tapping junction. As the number
length is not known, this restoration
is effected by means of a timing cir-
cuit which is started at the same
time as the MFC signal is sent out
and which is reset on receipt of a
further digit. Should a pause of 1.25
seconds occur between digits then the
MFC signal is discontinued and the
FIR returned to the line tapping junc-
tion. Receipt of a further digit resets
the timer. At the first meter pulse
the repetition circuit is permanently
released for that connection.
Missing Digits.

Decadic signals through the FIR
under assessment are converted to
MFC signals, transmitted to the as-
sessment centre, and passed via the
P chain positions to the store relays
in the order of arrival. Suppose the
first two digits are missing, then the
first digit passing through the FIR will
actually be the third digit dialled.

Therefore at the assessment centre
it is necessary to advance the P chain
to the third position in readiness for
receipt of that digit, which first passes
through the FIR. This is done by
arranging for the line connect relay to
pre-store this information and cause

the outgoing junction to transmit this
information to the assessment centre.
This information is transferred over
the junction by means of one of the
four signals 3A5-3A8 (start decadic
second to fifth digits), according to
the number of digits missing, at the
same time as the offer of assessment
is made. It is not necessary to signal
that a zone of origin signal is missing
as insertion is effected from the iden-
tity of the line tapping circuit, which
information is available at the assess-
ment centre. If the offer is accepted
the forward signal is extended to the
control relay set where it is inter-
preted and used to operate one of four
SD relays which control a setting of
the P chain. If two digits are miss-
ing then a 3A-6 signal is transmitted
and operates SD2, The P chain is ad-
vanced to position three in readiness
for receipt of the third digit, leaving
the first two sets of storage relays
ready for insertion of the missing two
digits. Like the zone of origin infor-
mation, the missing digits can be
extracted from the identity of the
line tapping circuit, which is known at
the assessment centre.

CONTROL OF TAPPING CIRCUIT.

The tapping circuit, comprising the
tapping and partner line connect relays,
is under control of the FIR, ex-
cept in one case which will be ex-
plained later. As already mentioned,
when a tapping relay operates and is
held, the operate circuit of all 100
tapping relays is disconnected; this

disconnection persists until the equip-
ment is reset. Release of the tapping
circuit causes the removal of the signal
on the M lead, which stops the call
duration clock on the console. As the
operate circuit of all tapping relays is
disconnected, a follow-on call to the
same FIR will have no effect on the
assessment equipment.

There is one departure from this
principle, i.e., when the FIR is released
before the tapping code has been sent.
If the FIR is released at this instant
the tapping relay is released, but the
partner line connect relay remains ope-
rated. This is necessary because the
information as to the number of the
tapping circuit is held in the line con-
nect relay, which, therefore, cannot be
released at this stage. The multiple
of the line connect relays is connected
to the outgoing relay sets by means
of the SL relay, which is controlled by
the tapping relay. This ensures that
release of the tapping relay will bring
about a disconnection between FIR and
assessment junction, even when the
line connect relay remains operated.
Under these circumstances release of
the line connect relay takes place only
after the sending of the tapping code.

REFERENCES.

1. M. D. Zilko, ‘Service Assessment
Facilities’; The Telecom. Journal of
Aust., June 1968, Vol. 18, No. 2, p. 137.

2. V. R. Findlow, ‘Service Assess-
ment Equipment—Circuit Operation’;
The Telecom. Journal of Aust., Oct.
1968, Vol. 18, No. 3, p. 264.

CHANGE IN BOARD OF EDITORS

The Council of Control of the
Telecommunication Society has ap-
proved the appointment to the Board
of Editors of Mr. R. W. E. Harnath,
ARM.T.C., FIREE. (Aust), Grad.
LE. Aust., to represent the Long
Line Equipment area. Previously one
Editor took responsibility for both
Radio and Long Line; the Council
now recognizes the growing impor-
tance of both areas and the decision
to enlarge the Board to eight mem-
bers is consistent with policy to pro-

vide specialist representation at
Editor level for the separate ‘plant’
areas.

Mr. Harnath has actively supported
the Journal in the past both as an
author and as a Headquarters Rep-
resentative. He has had strong ex-
perience in the Long Line Equipment
field spanning a period of fifteen
years and covering most of the
various long line activities. Prior to
joining the Department in 1955, he
was responsible for electrical and

mechanical design of a wide range of
communications equipment manufac-
tured by Trimax Transformers Pty.
Ltd., a firm he joined in 1947 follow-
ing war service in Army Signals and
RAAF radar units.

Currently, Mr. Harnath occupies
the position of Engineer Class 3,
Special Investigations, in the Service
Sub-Section of the Long Line Equip-
ment Section. His major fields of in-
terest at present are video transmis-
sion and T.V. relays.
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THE SUBSCRIBERS INSTALLATION MANAGEMENT CONTROL SYSTEM

R. KEIGHLEY, ARM.T.C.* and P. HIGGINS, B.E., Dip.Eng.Mngt %%

INTRODUCTION.

In the Australian Post Office the
work of installing or rearranging
telephone equipment in subscribers’
premises is carried out by two dif-
ferent staff groups. Linemen-instal-
lers undertake the less complex instal-
lations, whilst technician-installers
undertake the more complex work.
The latter group work entirely on
internal equipment and operate from
subscribers’ installation depots with a
line of control through senior and
supervisory technicians to an engineer
with overall responsibility for the
Subscribers’ Installation function. The
former group work on both internal
and external plant, and operate from
what is usually called a Line Depot
with a line of control through Line
Foremen and Line Inspectors usually
to an Engineer with overall responsi-
bility for External Plant installation
and maintenance (District Works).

Technician-installer activities, which
range over a wide variety of equip-
ments and building types, present the
usual supervision problems which arise
when several small work groups are
dispersed over wide areas at locations
which are changing frequently. (Ref.
1).

The system described in this article
was designed to test means of improv-
ing the supervision and management
of technician-installer activities.

SYSTEM OUTLINE.

The objectives of the system are to
supplement and strengthen the super-
vision of the depot supervising and
senior technicians and to provide
them, and engineering management,
with an information and control sys-
tem having the following features:

(i) Scheduled allocation of work to
field staff.

(i) Work load balancing between
working groups and depots
within a division.

(iii) Detection of non-productive ef-
fort and time.

(iv) Work content assessment in
significant categories for man-
agement purposes.

The proposed system allows labour
resources to be accurately and con-
tinually matched to work loadings
and provides meaningful information
to supervisors and engineers to pin-
point areas and conditions which
may warrant improvement.

¥ Mr. Keighley is Engineer Class 3, Industrial
Engineering and Training, Headquarters. See
Vol. 20, No. 1, p. 82.

**Mr Higgins is Engineer Class 2, Industrial
Engineering and Training, Headquarters.
See Vol. 20, No. 1, p. 82.

WORK MEASUREMENT.

In order to initiate the required
work measurement, the total working
time was broken down into direct
and indirect work. The indirect work
was further divided into lost times
and overheads whilst the direct work
was divided into clearly defined ele-
ments called activities. The total
time to perform a task is also depen-
dent on such variables as environment,
class of service (provide, remove or
disconnect) and type of service (in-
ternal or external). In the case of
environment, a sample survey led to
the description of five types of build-
ing situations, from single-storey
houses or villa residences to multi-
storey houses, offices and factories.

The Activity Definition Manual is
an important document in the estab-

lishment of acceptable times for ac-
tivities employed in the system. It
must be centrally controlled to ensure
that the integrity of the derived in-
formation is maintained and that the
full system remains meaningful to
management. The manual is divided
into Commonwealth standard activi-
ties and activities of local (State)
significance only.

The activity definitions have been
made available at field level in two
different formats. The full manual
is used to estimate major and minor
works, to schedule work to the in-
stallers, and to calculate work load
figures for staff balancing. A con-
densed pocket-size handbook is issued
to all installers for quick reference to
identify tasks and determine the cor-
rect coding prior to reporting infor-
mation to the depot.

T%mé‘ym ooz ACTION  INFORMATION
a smepe- CONTROL  INFORMATION
Fed
e o - [ NFORMAL
COSTING
SECTION
DIVISIONAL DIVISIONAL :
b LI T XX X K OO
PROGRAMME ENGINEER
|
1
STAFF SUPERVISING
BALANCING | mxxmswxmmaaxexx] wroyy oy

i
|
WORK SENIOR Q9
SCHEDULING TECHNICIAN COMPUTER
PROLESSING

TECHNICIAN/
TECHNICIAN'S
ASSISTANT

Fig. 1 — Subscribers Installation Management Information and Control System
(SIMS).
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The activity manuals are used ini-
tially to establish acceptable per-
formance times for each defined ac-
tivity and these times will ultimately
be wused for job allocation and
management. The activity times have

been determined by the ‘agreed
times conference’ technique. Repre-
sentative technicians, senior tech-

nicians, supervising technicians and
engineers who are familiar with the
activities being discussed and who are
capable of assessing the work
content, form the conference, which is
chaired by an impartial officer who is
familiar both with the activities and
the requirements of work measure-
ment, generally an Industrial En-
gineer.

The procedures of the conference
require that all representatives con-
sider each activity in turn, confirm the
definition and then agree to an esti-
mate of the normal time taken by a
qualified technician, operating under
normal conditions, to perform the ac-
tivity. This method has produced a
reasonably high degree of accuracy,
by a quick and economic and gener-
ally acceptable process. The agreed
times may be employed with confi-
dence in estimating, scheduling, work
balancing and project control, but
they should not be used for staff con-
trol purposes until their accuracy is
confirmed. The early phases of the
implementation of a control system
should provide adequate data to statis-
tically confirm the times. The acti-
vity times must be reviewed fre-
quently during operation of the sys-
tem to keep them in step with changes
in the field situation.

SYSTEM DESCRIPTION.

The Subscribers’ Installation Man-
agement Control System can be
divided into two major segments.

(i) the work scheduling phase,
(ii) the information system.

The overall concept of this manage-
ment control system is portrayed in
Fig. 1 and depicts the flow of action
and control information and the in-
formal communication flows which
exist within this system. This pictorial
description of the system bears con-
siderable resemblance to that of the
generalised system displayed in Fig.
2 of Ref. 2.

The Work Scheduling Phase

Telephone orders (see Ref. 3) re-
ceived at the depot are reviewed by
senior technicians, who estimate times
for completion of each job, using a
Work Load Table in which unit times
are derived from the basic activity
times. This facilitates scheduling and

Orders Received
in Depot

Stamped by C/A

v

If Line Work required
placed in "Waiting Lines" -
Category

v

l Lines advice received

Sorted by C/A into Senior
Techs' areas and delivered
to respective Senior Tech.

L

Manhours Scheduled for job
and placed on order in

v

stamped part

If work cannot be carried
out orders placed in a
Waiting category until
available to be worked on

If work can be carried out

|

placed in Work Pool

& !

v

Scheduled to Techs. (approx.

2 days work) so that such man

has more than sufficient work for
one day. 'M" copy placed in
Techs personal folder, "SM" copy
in folder with control form and
Working Report, (i.e. work
statement)

-

Manhours tallied weekly and
recorded (for purposes of

balancing workload between

Senior Techs' areas and depots,

and for estimating O/T

requirements) as at C.0.B. Wednesday

Work Done

T/0 written off and returned
to Senior Tech.

Vv

On completion of job or other
time as stipulated, information
phoned into C/A (or Senior Tech
whoever is holding folder) to

be inserted on Work Statement and
for location of next job.

Fig. 2— Depot Allocation of Telephone Orders,

permits allowance to be made for any
known local factors which affect the
time estimate.

Work is allocated to installers in
volumes sufficient to cover a two-day
period (see Fig. 2). The installer
takes the M copy of the telephone
order; the SM copy is retained at the
depot in the pocket of an individual
folder for each installer. The SM
copies are sorted into the order pro-
posed for attention and placed in the
folders so that the top telephone order
indicates the installer’s location. The
installer phones the depot on com-
pletion of each job, gives detailed in-
formation about the job and nomin-
ates his next location; these details

are transcribed on to form CE60 (see
Fig. 3), which is held in each instal-
ler’s folder.

The CE60 form, in the initial phases
of the system development, is com-
pleted in duplicate, the carbon copy
(which replaces the working report
WPL) being subsequently forwarded
to Costing Section, as the work state-
ment, at the end of each period. The
SM copy of the order is marked ‘com-
pleted’ and placed beneath the in-
complete orders in the folder so that
the uppermost order, clearly visible
in the pocket, is the one for the job
in hand. M and SM copies of com-
pleted telephone orders are subse-
quently reunited for normal depot pro-

KEIGHLEY & HIGGINS — Subscribers Installation Management Control System
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Fig. 3 — Computer Source Document. Form CEG60.
cessing and despatching. A yellow Acceptance test schedule of completed work from the activity

slip is associated with the M copy and
provides a record of information
passed to the depot by the installer.
Sample checks by the senior techni-
cians ensure that installers are cod-
ing accurately and providing all the
required data.

At the end of each week the CE60
forms are checked by the respective
senior technicians and the two copies
are forwarded to the divisional office,
whence one copy is routed to the Cost-
ing Section, the other to the computer
service bureau for transcription to
computer punch cards.

The Information System.

The information system has been
developed to meet the Subscribers’
Installation = Measurement System
(SIMS) specification — Version ‘A
which details the requirements of data
processing and includes the following
information:—

System description

Source document
ciated input forms

Punching instructions

Computer punch card verifica-
cation schedule

System analysis /flow process
diagram

Processing requirements

File description

Computer printout formats

and asso-

Documentation required
Basis for calculations
System maintenance

Computer Processing.

Processing of information is by
computer and is depicted in the Pro-
cess Flow Chart, Fig. 4. Subject to
acceptance at the edit validation phase
of the program input, data is written
in appropriate format as three distinct
sets of records and stored on a mag-
netic tape file for subsequent proces-
sing. Costing information, sorted nu-
merically within the different classifi-
cations of work, 1is subsequently
grouped by plant accounts into over-
head, leave and school, and field plant
accounts and depot and divisional cost
reports are printed out.

Performance information, sorted nu-
merically within each work classifi-
cation, updates the work-in-progress
file by the inclusion of unfinished
work and the extraction of man-hours
relating to work, previously unfinished,
which has been completed during
the current processing period. Print-
outs of progressive expenditure of
man-hours to work authorities and
other orders are generated from the
updated work-in-progress file.

Completed work is sorted into ac-
tivity number sequence and the ac-
tivity time is matched to each record

KEIGHLEY & HIGGINS — Subscribers Installation Management Control System

master file. The unmatched activities
printout incorporates those job codes
inserted as input information which
cannct be matched within the activity
file. The summary file of activities
performed within the quarter is up-
dated and activity summary and ac-
tivity comparison reports are ulti-
mately generated quarterly from this
file.

Completed activities having accept-
able job codes are then numerically
sorted within the different work classi-
fications and recombined with over-
head and field plant account records
to produce summaries of overhead and
performance information by depot and
area. The performance data for the
current period updates the quarterly
performance file and generates the
fortnightly depot and divisional per-
formance reports. The multiple ac-
tivity report and the category count
report are also generated from the
same file of completed activities hav-
ing acceptable job codes.  Survey
data, which has been stored on tape
from the edit stage, updates the quar-
terly performance survey file and
prevides fortnightly and quarterly
printouts of survey statistics.

The Source Document.
The CE60 form is the source docu-
ment from which data is transcribed
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to computer punch cards as the com-
puter input. Personal identification
information is recorded in the header
of the form. The body of the form
makes provision for specific and de-
tailed entries peculiar to each job per-
formed.

Particular reference should be made
to certain information fields of the
source document.

Designation: Technicians-in-training
are distinguished from other installa-
tion staff by the insertion of designa-
tions T1 to T5 for first to fifth year
trainees. Other staff are designated
TO. Designation factors are specified

Fig. 4 — SIMS Process Flow Chart.

for each in accordance with costing
procedures (T1 = 0; T2 = 04; T3 =
0.55; T4 = 0.70; T5 = 0.85 and TO
= 1.0), such that the effective work
performed is assessed by multiplying
actual time expended on the activity
by the appropriate designation factor.
W/A Or Order No.: The telephone
order or works authority number
describes the activity on which work
is being performed. Differentiation
between the various works authori-
ties and different types of telephone
orders is possible by self-explanatory
prefixes to the numbers. Supervisory
overheads (OHDS) and miscellaneous
overhead activities (OHDM), excess

travelling time (ETT) and time ex-
pended on vehicles denoted by the
vehicle number (e.g., BH 345) can
also be recorded in this field as de-
sired.

Actual Time to Plant Accounts:
Times are recorded in hours to one
decimal place in the appropriate plant
account columns. Some columns
make provision for alternate plant ac-
count entries and for the insertion of
other plant accounts as desired. The
recording of plant account times by
columns permits their ready summa-
tion by the Costing Section. The daily
hours recorded for each member of
staff on the CE60 form must coincide

KEIGHLEY & HIGGINS — Subscribers Installation Management Control System
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with the hours recorded on the salary
and allowance sheets.

Order Category: Analysis of the
overall work pattern can be ascer-
tained from the recording of a cate-
gory or work type against each com-
pleted activity. Categories include
new service work, additions and al-
terations to existing equipment, remo-
vals, disconnections, broadcast orders
and service order docket work.

Job Code: The activity numbers, to-
gether with the type of equipment,
type of building and the location
within the building area are used to
identify the job. All work is desig-
nated as providing, removal or discon-
nection work. The job code is so
constructed that it can be recorded
directly on to the CE60 form by a
clerical assistant at the depot as the
information is transmitted over the
phone. For example, “I have discon-
nected (D) one (01) plan three ser-
vice (P03) having two portable tele-
phones and four sockets (24) internal
(I) in a multi-storey building (D),”
i.e., D0O1P0324ID.

Travelling and Waiting Times: Time
lost in travelling, waiting for sub-
scribers, waiting for material and
waiting test are recorded on the
source document. A further column
‘waiting others’ provides management
with the facility to study any parti-
cular aspect of lost time desired.

Survey: Columns have been made
available to permit the special study
of any desired item of interest by
the insertion in these columns of data
information which can be processed,
under direction to the service bureau,
to provide the desired printout. The
original survey performed has studied
the times expended in testing sub-
scribers’ services using the exchange
test desk by comparison with line test
robots.

PROCESSING OF SOURCE
DOCUMENTS

Source documents are processed and
the various computer printouts are
generated fortnightly and quarterly
and dispatched to the divisional office
for distribution to supervising and
senior technicians at each Subscribers’
Installation depot. Source documents
are initially converted to computer
punch cards at the Service Bureau and
are subsequently machine verified be-
fore input to the computer. A veri-
fication schedule for conversion to
punch cards has been drawn up which
refers to information omitted or out-
side specified limits. The verifica-
tion phase is restricted to checking

within the limits of a single column
or field and does not incorporate other
checks as to the validity of the in-
formation. Errors at this stage are
referred back to the Subscribers’ In-
stallation divisional staff office for cor-
rection. Source documents are de-
livered to the processing centre be-
fore 4 p.m. on Thursdays and all
punch card conversion and verifica-
tion must be completed before 4 p.m.
on the Fridays following the end of
the period at which time an edit vali-
dation computer check of the input
data is performed.

Edit Validation

Edit validation is a detailed check
of wvalidity of the data input and is
performed in conjunction with the
writing of acceptable information on
to magnetic tapes in a form suitable
for subsequent processing. The edit
program checks the accuracy of in-
put information within a single column
and the validity of groups of columns
which form a single field. In addi-
tion, the edit program ensures that
only certain combinations of infor-
mation in different fields are accept-
able. For example, recordings of lost
time are only permitted with field
plant accounts; leave and training
school entries relate only to certain
specified plant accounts, as do motor
vehicle and overhead costs; works
authority and telephone order identi-
fication numbers must meet specific
constraints, and only certain combina-
tions are acceptable in the formation
of the job code. Time checks are in-
corporated into the edit validation run
to ensure that only source documents
for the previous period are included in

the current processing run (e.g., the
edit validation run must be performed
within the seven days of the ‘period
ended’ date shown on the source docu-
ment and performance dates must be
within 14 days of this period ended
date). A computer printout of edit
rejects denotes by arrows under the
specific characters, that information
which is incorrect. Invalid data is
not stored in the computer memory,
and the edit reject report requires
correction and the punching of new
cards, which are subsequently re-
entered for edit and file storage.

COMPUTER PRINTOUTS

Four types of computer reports are

produced — performance, costing,
survey and control. Performance,
costing and survey reports are

generated fortnightly to the divisional
engineer and depot supervising tech-
nicians. Depot reports are, in general,
distributed to supervising technicians,
whilst divisional reports and depot
summaries are provided to the divi-
sional engineer, who also receives
quarterly summary reports. Control
reports relating to the review of data
recording standards are produced
fortnightly and other control reports
providing for the review of activity
time standards are generated quar-
terly. The distribution of printouts
is depicted in Fig. 5.

Costing Report,

Depot and divisional summaries of
costing reports are generated fort-
nightly. Reports are divided into
three sections — field plant accounts,
overhead plant accounts and leave

o
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Fig. 5 — Distribution of Computer Print-outs.
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and school accounts — and each is
further subdivided to the actual plant
accounts. Hours (adjusted for train-
ee contribution) are shown, together
with cost expenditure to each plant
account. The duplicate copy of the
CE60 form provides information to
Costing Section which was previously
recorded on the WPl forms, from
which plant account expenditure can
be processed by the Costing Section.
Ultimately the costing report may be
the only working document provided
to the Costing Section and the dupli-
cate CE60 form will not be needed.
This by-product of the SIMS system
could lead to considerable staff sav-
ings within the Costing area.

Progressive Expenditure of Man
Hours to Works Authorities

Man-hours expended against works
authorities are recorded progressively
and the printout summary depicts man
hours expended to date against each
plant account (adjusted for trainee
contribution) on current work. Pro-
gressive expenditure reports are pro-
vided each fortnight to depot super-
vising technicians and highlight the
senior technician area(s) in which
the work is being performed.

Unmatched Activity Report.

The activity codes and their as-
sociated activity times are stored in
the computer’s activity master file and
activity codes recorded as input data
are checked against this file. Only
certain combinations of information
which form the activity code are ac-
ceptable, and although each segment
of the job code may in itself be cor-
rect, combinations which do not form
acceptable job codes are incorporated
in this Unmatched Activity Report.

This reject report occurs during the
computer processing run and complete
rejection of the data at this stage
would result in the loss of consider-
able amounts of otherwise acceptable
data, including actual manipulative
times, essential to the reconciliation of
costing information. Accordingly the
source data should not be rejected
and, in practice, the unacceptable job
code is treated as having zero acti-
vity time for performance -calcula-
tions and all times expended are in-
corporated in the costing reports.

The Unmatched Activity Report
identifies the job and the depot from
which the source document originated.
Investigations may show a need for
further training of the staff concerned.

A downward trend in total hours
recorded against unmatched activities
would indicate a steady improvement
in the operation of the system by field
staff.

Maintenance Update Report.

Amendments to the master file are
punched on cards for input to the
computer. Whenever the content of
the master file is changed or the ac-
tivity times within the master file are
amended, a maintenance update re-
port is generated, indicating the ac-
ceptable amendments performed to the
activity master file, together with edit
listing of errors relating to unaccept-
able input data introduced in the up-
date operation.

Performance Report.

The divisional engineer is provided
with a fortnightly summary of per-
formance reports produced for each
depot, which are subdivided within
each depot report into senior techni-
cians’ areas. A typical depot per-
formance report is depicted as Fig. 6.

Two measures of performance are
generated, manipulative performance
and overall performance. Manipula-
tive performance — the comparison of
standard activity times with the equi-

SUBSCRIBER  INSTALLATION  MEASUREMENT SYSTEM A O E L A I D E.
DEPOT PERFORMANCE REPORT CITY DEPOT PERIOD ENDING  26/03/69
ACTIVITY  ACTUAL MANTP TOTAL TRAVEL WAITING  TIMES
AREA TIME TIME PERFORM  LOST TIME  TIME sUBS MATERIAL TEST OTHER
XXXXXX ¥ PM60
A 296,00 351,87 84% 25,50 20,60 1.10 0,80 3,00
8 566,50 610,95 93% 43,40 33,80 2,20 1,00 6,40
c 221,50 171,60 129% 27,70 21,50 1,00 1,50 1,80 1,90
0 203,25 206,20 9% 51,30 29,60 7,90 6,80 7,00
3 537,25 586,12 92% 84,90 44,20 24,20 4,60 11,90
F 156,00 115,36 135% 18,90 7,40 2,30 2,50 6,70
G 57,25 56,50 101% 5,00 5,50 1,50
DEPOT TOTAL  2037,75  2098,40 256,70 160,60 40,20 17,20 1,80 36,90
OHDM  TIME 599,20
0HDS  TIME 792,00
ETT  TIME
UNCLASS ACTY TIME 334,29
VEHICLES TIME
TOTAL 3823,89
DEPOT PERFORMANCE STATISTICS
OVERALL PERFORMANCE 53%
MANIPULATIVE PERFORMANCE 97%

Fig. 6 — Typical Computer Print-out.
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valent actual times for completed jobs
— is provided for each senior tech-
nician’s area. Overall performance—
which incorporates depot overheads —
is produced for each depot. Actual
times expended on defined activities,
travelling and waiting times, are item-
ised for each senior technician’s area,
whereas supervisory and depot over-
heads, ETT and motor vehicle times,
are summarised on a depot basis.

Category Report.

Completed activities are categorised
by work types for each depot and
division and the activity ratio pro-
vides a measure of the percentage dis-
tribution of time between the different
categories. This report highlights the
relative emphasis on the different
work types for such diverse purposes
as the measure of effectiveness, cost/
benefit analysis and loading and
grading. For example, the prime
function and major work content of
Subscribers’ Installation  divisions
might be considered to be the instal-
lation of new services. Analysis in
Adelaide indicates that the installa-
tion of new services accounts for 6
per cent., provision of additional
equipment to an existing service, 54
per cent., and alterations to existing
installations, 25 per cent. of the work
performed by the technician-installer
staff group.

Activity Summary Report
The quarterly activity summary
shows the number of occurrences of
each activity on each type of work
performed. This report provides in-
formation which is useful for material
ordering.

Activity Comparison Report

The quarterly report is designed as
a control report for continuing review
of activity times initially determined
at the Agreed Times Conference. The
average actual time and the frequency
of occurrence of each activity are
tabulated, together with the variation
of actual time from the activity time.
The variation index is specified as:—

Activity Time — Actual Time

Activity Time

PRESENTATION OF INFORMATION

Analysis of information generated
by computer printouts is assisted by
the graphical recording of such in-
formation and the review of trends
to detect changes in the various mea-
sures of performance. Action to ef-
fect productivity improvement could
result from the review of these trends
and the instigation of analysis and
subsequent action to arrest unsatis-

factory trends. It must be empha-
sised at this point that the computer
processing of information and subse-
quent transcription of printout infor-
mation to graphical format will never
in itself result in productivity improve-
ment. Essential to any productivity
improvement is the need to analyse
the information in detail, compare
actual results in relation to the pre-
vious trends and anticipated results
and instigate corrective action, where
necessary. Control is the essence of
all productivity improvement and the
necessity for continuing control must
be emphasised at all levels of super-
visory management. To this end a
three-section compendium has been
provided which, in addition to graphi-
cal recording, has provision for record-
ing of statistical data relating to de-
pot and divisional reports and a re-
ference to the distribution of com-
puter printouts. The statistical in-
formation is arranged in such a man-
ner that divisional summary totals are
readily portrayed down the right-hand
column of each page, the widths of
which have been staggered such that
all divisional information is imme-
diately visible. The equivalent in-
formation relating to each depot is
obtained simply by raising the appro-
priate flap, where such information is
shown in the left-hand portion of each
page.

Senior technicians are encouraged
to perform their own recording from
the depot printouts and to analyse the
information in order to instigate cor-
rective action.

IMPLEMENTATION OF THE
SYSTEM.

This system was implemented as a
trial in the Subscribers’ Installation
Division (SID), Adelaide. Field pro-
cedural manuals were prepared and
pre-implementation training courses
established. The scheduling of work
to installers and the subsequent re-
cording of data on to forms CE60 was
introduced from the second period
of January, 1968. During the next
five months, programming and testing
were completed in accordance with
the SIMS specification and processing
of current data commenced from 4th
July, 1968. During these interim
months, training of recorders and in-
stallers proceeded, with information
recorded on the CE60 form being con-
tinually checked, firstly by the respec-
tive depot senior technicians and sub-
sequently by the specialist senior tech-
nician nominated to provide assistance
in the development of the system.
Errors and omissions detected were
referred back to the originating source

KEIGHLEY & HIGGINS — Subscribers Installation Management Control System

and further explanation and guidance
provided as an integral part of the
training of recorders and installers
towards the generation of accurate
and complete input information.

Acceptance testing of the computer
program was satisfactorily completed
during the first week in June and cor-
rected information generated in the
interim period, transcribed on to punch
cards, was processed progressively at
the rate of two to three computer runs
per week during the remainder of the
month, primarily to create the neces-
sary historic data within the computer
files. In addition, progressive pro-
cessing of back data further checked
the capability of the program to
handle large volumes of data, to cor-
rectly process and update information
and to generally accommodate the
variety and combinations of informa-
tion which might normally be ex-
perienced in practice.

System Stability.

The effectiveness of the system in
increasing the productivity of Sub-
scribers’ Installation activities has
been assessed only after confidence
had been gained in the trial system
and it had become stable. To achieve
this confidence, four criteria were
aimed at:

(i) Errors produced by human ac-
tion should be reduced to a low
level.

(ii) Installers should be conversant
with the concept of correct cod-
ing of jobs.

(iii) The identification of activities
should be competently per-
formed by installers.

(iv) The initial standard activity
times which form the basis of
the control function should be
reasonable and acceptable times
for the defined activities.

Monitoring of these criteria has
been provided by control reports de-
signed into the information system.
The control features inherent in the
information system are as follows:

Input Edit: Rejects are listed during
the edit validation run prior to normal
processing and a statement of total
error rejects, together with total cards
read, is provided. The ratio of errors
to cards read has decreased from
over 10 per cent. during the early
periods of the system to less than 1
per cent. since August, 1968.

Uncompleted Work: The volume of
uncompleted telephone order work
should remain fairly constant if staff
levels and overtime are reasonably
steady and this feature is used to
ensure that completed work is being
coded off as required in the design of
the system.
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During the early pcriods of the
system many jobs were not being
cleared by the reporting of the ap-
propriate job code, which was indi-
cated by a substantial buildup of un-
completed work. Job codes were
subsequently inserted for these com-
pleted jobs and the volume of
uncompleted work was thus reduced
and has since remained fairly stable
at about 5000 manhours per period.

Unmatched Activities: A number of
codes are employed in describing a
completed job, and the unmatched
activity report depicts unacceptable
codes. Reduction in the number of
these indicates that the installers are
translating the job identification into
correct codes.

Activity Variation: The credibility
of any control system rests on the
accuracy of the standards employed
in relation to the recorded data. Ac-
cordingly, the actual time for the acti-
vities are compared with the standard
time and the variation of the average
(expressed as a percentage) from
this standard is listed. Variations
greater than a predetermined limit in-
dicate that the standard is at fault
or that factors external to the system
are affecting the activity times. This
check is performed periodically. A
variation index is employed to high-
light the relativity of the actual to
standard activity time, but because
of the generally positive skewness of
the statistical distribution of these
recordings, the mode or median may
be more appropriate.

RESULTS ACHIEVED.

Considerable benefits have been ex-
perienced by the management in Ade-
laide. Particular improvements
achieved during the first 12 months
of the trial were as follows:—

(i) Information relating to the pre-
vious period is available with-
in three working days of the
end of that period.

(ii) Divisional and  supervisory
management are provided with
sufficient information to enable
them to adequately assess per-
formance and initiate corrective
action when necessary.

Inefficient procedures which re-
sult in excessive time spent tra-
velling, waiting for material,
subscribers, test, etc., are high-
lighted.

(iii)

(iv) Management is provided with
costing details within three
working days at the end of the
period. Senior technicians also
can more closely control expen-
diture on works authorities in
progress.

(v) Supervising and Senior techni-
cians become more management
conscious.

(vi) Work scheduling can be per-
formed more effectively, and
staff locations can be readily
ascertained from the depot by
means of the work allocation
procedures.

(vil) Facilities to effect work balanc-
ing and reallocation of staff re-
duce the build-up of backlogs of
work at particular depots or
areas.

CONCLUSION.

This article has described a complex
management control system designed
to suit the telephone subscribers’ in-
stallation function. The system has
taken just over three years from sur-
vey to audit of the trial situation, and
present indications are that it will
make a significant contribution to
productivity improvement. The in-
formation generated by the system
provides middle and top management
with better opportunities to control
their work, particularly in the fol-
lowing areas:—

(i) Budget control procedures may

be implemented at sectional
level.

(ii) The effect of the introduction
of new equipment, methods or
practices can be shown.

(iii) Staff loading and grading can
be more accurately checked and
updated.

(iv) Those areas of activity which
offer the greatest prospect for
productivity improvement can
be identified.

(v) Material usage and therefore
material ordering can be more
accurate and stocks can be
maintained at a lower level
with safety.

The system has been designed with
sufficient capacity to be used in all
subscribers’ installation units through-
out the Commonwealth and with the
information output integrated for the
highest levels of management. Also,

it was recognised that the information
derived from the system is a small
element in a larger, more comprehen-
sive system for provision and service
of the telephone subscriber (see Fig.
7).

The system aims at achieving bet-
ter planning and control of work.
The gain from the field staff point of
view is reduction in frustrations at
the work face caused by inadequate
control using existing methods. In-
formation made available to all levels
allows all to participate in the con-
tinuing search for the most effective
and efficient use of the available re-
sources.
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TELEPHONE ORDERS BY TELEPRINTER
N. A. CAMERON, B.A., M.I.E.Aust.;* and K. N. SMITH, 4.R.M.IT **

INTRODUCTION.

When a customer applies to the
Australian Post Office for a new or
changed telephone service, the inter-
nal document which authorises the
necessary work is called a Telephone
Order. In the A.P.O., as no doubt in
other telephone administrations, the
handling of this document plays an
important part in the efficiency of the
main ‘bread and butter’ work of the
administration.

In the A.P.O. the telephone order
originates in the Sales Office of the
Telecommunications Division, that part
of the Post Office charged with dealing
directly with the public. Several
copies of the order are then sent to
the Engineering Division, that part of
the Post Office controlling the physical
work. Conventionally the transmis-
sion of the information on the tele-

* Mr, Cameron is Divisional Engineer, Sub-
scribers Installations, Victoria.
**Mr. Smith is Divisional Engineer,
Victoria.

District

Works,

Fig. 1 — The Sales Office Preparation and Transmission

phone order between these two divi-
sions and between the various sections
of the Engineering Division concerned
with the installation has been achieved
by manual delivery of the separate
copies of the order.

This paper describes a system of
teleprinted telephone orders which has
been in use in the Melbourne metro-
politan network since February 1967.
Another variation of the conventional
method is in use in Perth, W.A.

TELEGRAPH SYSTEM .

At the sales office the telegraph
system for the transmission of tele-
phone orders consists of two Siemens
Model 100 machines — one with off-
line tape preparation facilities, and a
Siemens T Send 77 transmitter with
associated switching relays (see Fig. 1).
Mode! 7 machines are located at each
of the 27 outstations (see Figs. 2 and
3.). Printed stationery is used at
each location and all machines, with

i g 25

Centre, Showing (A) Switching Equipment, (B) Local Copy Tele-

the exception of the order preparation
machine at the sales office, are
equipped with sprocket feed carriages.
In general, 15 different copies of
the telephone order are required from
each transmission. .
The distribution of copies is as fol-
lows:—
Sub-station Installation Depots (3):
T—Technician’s copy.
S—Senior Technician’s copy.
C—Clerical Assistant’s copy.
Line Depots (2):
L—Line-man’s copy.
P—Penman’s copy.
Exchanges (1):
EX—Exchange copy.
Sales Office (4):
A—Accountant’s copy.
ST2—Statistics 2nd copy.
M—Meter copy.
CR—Cable Recorder’s copy.
Directory Section (and Sales Branch
Statistics Sub-section) (4):
AL—Alphabetical copy.
CL—Classified copy.

o e e S S

printer, (C) Tape Transmitter, (D) Order Preparation Teleprinter, and (E) Operators Conirol Console.
CAMERON & SMITH — Telephone Orders by Teleprinter
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V—Visidex copy.

ST1—Statistics 1st copy.

Data Transcription Unit (1):

D.T.U.-Computer input copy.

All stationery being used is continu-
ous, fan-folded, pre-carbon interleaved,
sprocket punched and perforated.
The pre-printed area of the orders has
been revised to permit positive identi-
fication of the destination of each copy
(see samples Fig. 4).

THE SALES OFFICE SYSTEM.

Sales officers insert the details of
each telephone order on form TO.9
(see Fig. 5). The distribution point
in each case is indicated by inserting a
tick in the appropriate box provided.
The Test Centre for each exchange is
included on every order transmitted.
The forms TO.9 are passed by the
sales officer to the teleprinter operator,
who sets out each order on a prepara-
tion machine simultaneously producing
the required tape. In preparing tape
a two-figure code for each outstation
is inserted at the commencement of
each order. As the connection of all
outstations concerned is done auto-
matically by the tape transmission; it
is not necessary for the operator to
pre-sort orders according to locations.
After all order details are inserted
on the tape, the operator pages-up
to the 21st line and inserts a figure 5
Z (-+), which is used as the end of
message signal.

The operator inserts the tape in the
tape transmitter, presses a start key,
and the broadcast transmission to
field points commences. Under nor-
mal conditions this is the only re-
quirement of the operator until the
tape completes its run through the
transmitter. The operator may mean-
while continue to prepare further tapes
without interference to the trans-
mission taking place or to the copies
being produced on the second machine
for home office purposes.

The switching equipment reads and
calls the first valid address code on
the tape as it passes through the
transmitter. The teleprinten, after
“start-up” at the outstation, returns
its verification answer-back to the
control machine at the sales office.
The machines so connected are held
connected while each following loca-
tion is similarly set up. When all
machines are in circuit, the time and
date of despatch is called for from
the Chief Telegraph Office equipment
and printed at all addresses (see Fig.
4). The tape then proceeds and the
order details are transmitted in the
one broadcast. When the end of mes-
sage code passes through the trans-
mitter, nine line feeds are fed to all

Fig. 3 — Ouistation Teleprinter.

POSTMASTER-GENERAL’S DEPARTMENT
Telephone Order
OPERATOR MESSAGE GUIDE

Insert tick (\/) where applicable

TO. 9
(June,'69)

EXCHANGE AND TEST CENTRE

o1[_Jos
o2 [_Jos
03 [Tos
oa[ Jos
os [ ]-
o6 [ J27
07 Jos
o8 [_}jos
09 []os

ALTONA
ASCOT
BROOKLYN
FLEMINGTON
FOOTSCRAY
GLENROQY
LAVERTON
MAIDSTONE

NEWPORT

LINE DEPOT

10 [ ]27 NORTH ESSENDON 16 [ ] AscoT

11 [] 05 SUNSHINE

12 [ ] 05 WILLIAMSTOWN 18 ] GLENROY

13 [ ]27 BROADMEADOWS 19 {_JNEWPORT
(olso Bulla,
Greenvale & Wst. Meadows)
14 [ ] 05 ST. ALBANS
(oiso Deer Park,
Derrimut and Sydenham)
15[__J0S WEST ESSENDON
(also Keilor)

26 ]13-27 TULLAMARINE

20 [ ESSENDON
21 ] SUNSHINE

17 [/ FOOTSCRAY

SUBS. INSTALLATION

22 [V} FooTscraY

23 ] AIRPORT WEST

24 m DIRECT SECT.

25 [(¥]D0.T.U.CENTRE

ADDITIONAL COPIES (Other areas)

TELEPHONE NO.

ORDER NO,

X 652394

A.D.P. CODE

314 5465 /10
NAME A BRLACK
ADDRESS &2 CYCLEMEN AVE
NORTH _ ALTONA 3025
PARTICULARS NEW.  SERV. PelAnN 3 iVORY 4SET
AND _TWY S OCKETS
B3 CEIK 14l . B12S. PK I3 .014] -
Dw_ - ﬁ)ﬁ 138
RS PRI.D
(B)....RaAck A
PoMNER
652394
/6AM FLe ORDER oniy ) 314 5465
IMPORTANT : The Operator MUST always ensure that the ‘‘End of Order Message Code’”’

is inserted on the 2Ist line of the Telephone Order.
Fig. 5 — Operator Message Guide Form T.0.9.

CAMERON & SMITH — Telephone Orders by Teleprinter
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machines which then switch off. All
machines are thus available with the
printed stationery set up at the com-
mencing point for the receipt of any
further message. This process is con-
tinued throughout the running of the
entire tape containing a series of tele-
phone orders.

If an outstation machine fails to
return its answer-back signal, the
tape will stop in the transmitter gate
and an intercept condition is sig-
nalled by a lamp. Whilst in this con-
dition the tape cannot proceed. The
operator may then repunch the identi-
fication if the tape is incorrectly per-
forated. If the trouble is beyond her
control she may release the intercept
condition, allow the transmission to
proceed without the inclusion of the
station concerned, and transmit that
station’s copy separately later. Hence,
there is no chance that telephone or-
ders may be lost in the system through
line or equipment failure.

The cable recorder’s copy of the
order is detached from the sales
office set immediately following a
transmission, and passed by hand to
the district works office if it is in
the same building. Otherwise the
district works office would be included
in the network. The operator mes-
sage guide (Form TO0.9) is marked to
indicate that the order has been trans-
mitted, and the three remaining copies
(A, ST2, M) are retained by the sales
office until advice of completion is
received.

Completion Advice System.

When the work on a telephone or-
der has been completed, the exchange
is advised of all details by telephone.
In all cases the exchange sends to the
sales office a Telephone Order Com-
pletion Advice docket (Form Tel. 2—
see Fig. 6), which shows the order
number, telephone number, date of
completion, meter reading and any

SEQUENCE NO.

COMPLETION ADVICE

EL., 2 (Mar. '69) N
PIMIGRSY Dapsrmentl|C o Ar RERIXIIEISUBIENG: GRDER NO.
TELEPHONE ORDER |Name oF 305,

Ne 503

This order has been *

€.D.0. 9244

NOTE.

* - iasert x as required

completed without amendment
[T completed with amendment see details below

[ port completed ~ see details below

PLANT USED ON PART COMPLETED ORDERS AND ORDERS COMPLETED WITH AMENDMENT

Line Plant Show full equipment details in each section:-
(see Inst. No. 3} PROVIDED: oo e
REMOVED: .......
Lead:in details | mt. it oo S SREEER ool eores S romiemiemisoeseseeees cssenssososs sossee s SR et eesines s e
LTI URGEIGEOUAG | coeamersermrieniessinescreneeeens en s 88 eee b eest 50 5 55 4101ttt e e
[Joropwire RECOVERED:
[T Aeriol under
200 yds.
DAencl cver
200 yds,
Installed by Date / 4

Meter Reading/s

To Superintendent, Sales Branch

" (Supervising Technician) | Date

Installed by

eter Readin =
g/s To Sy i -
Pervising Techm‘cian
» Test Contre
o pervising Techm'cian) TR

/

Iaspgfp s
-1___;':3»,,
eter Req;——m_h

Fig. 6 — Telephone Order Completion Advice — TEL. 2.
CAMERON & SMITH — Telephone Orders by Teleprinter

variations made to the original order.
No copy of the telephone order is
returned from the Engineering Division
tc the Telecommunication Division
except where actual cost details are
required.

The Meter and Statistical order
copies (M, ST2) held in the sales office
are updated and despatched to their
respective locations on receipt of the
Tel. 2 advice from the exchange. Bill-
ing advices to the Accountant on the
A copy are prepared from the details
on the Form Tel. 2.

There is no longer a need for lines
and substation installation depots to
return order copies to the sales office,
except where actual cost details are
required, e.g., provision of new switch-
board, changeover of switchboard,
line-work same property. In these
cases an appropriate order copy is
returned, but the completion docket
system is unaffected, as a Tel. 2 ad-
vice is also returned from the ex-
change. The text of the order gives
an indication that actual cost charges
have to be included in the billing
advice.

The Tel. 2 Telephone Order Com-
pletion Advice is a pre-carboned book-
let, with triplicate copies of 50 sets
per book. Each docket is pre-
numbered, and this number is used for
a completion sequence. The distri-
bution of the copies on completion of
the work required by the order is:

Copy 1—to the sales office.

Copy 2—to the test centre con-

cerned.

Copy 3—retained in the book by

the exchange.

Charging Symbols.

The introduction of standard charges
for miscellaneous connections and al-
terations eliminated the need for a
large number of charging symbols on
telephone orders. In the teleprinter
system the charging symbols have been
abandoned altogether. Where actual
cost details are required, they are
specifically asked for in the text of the
crder.

Form S.E. 589—P.A.B.X. Facilities.

The wuse of this form has been
abolished. At present nearly all
P.A.B.X. services are installed by

private contractor and a fixed annual
maintenance charge is applicable. The
value of this form has diminished to
the stage where it is merely an indi-
cation whether an extension being
provided or cancelled was a direct ex-
tension or one in parallel. This in-
formation is only required when the
P.AB.X. has been provided by the
department and is being charged on a



150

THE TELECOMMUNICATION

JOURNAL OF AUSTRALIA

June, 1970

rental unit basis. In most cases where
major alterations are being undertaken
on such P.A.B.X/.s the rental units to
be charged have already been assessed
and included in the text of the tele-
phone order.

Temporary Services.

Two orders, one to provide service
and one to cancel service, are issued
for all temporary service installations.
This replaces the one order to both
provide and cancel and allows field
officers to clear the advice of connec-
tion as soon as this portion of the
work is completed. In the past it
has been necessary to retain the order
copies in the field until disconnection
of the service has been effected. The
new arrangement means that partially
completed orders are not held and the
early advice of connection permits bet-
ter metering and statistical records to
be maintained.

ADVANTAGES OF TELEPRINTER
SYSTEM OVER MANUAL SYSTEM.

The preparation of carbon impres-
sion order masters, and their duplicat-
ing by hand with the manual sorting
and mailing of copies to the field is
both messy and tedious.

The new system provides a clean
typed order and reduces the possi-
bility of misinterpretation and loss of
time checking back on illegible or
faded text. It is unlikely that these
problems will be overcome while
handwriting exists. Typing of order
masters would still require a duplicat-
ing, sorting and mailing process, as
sufficient copies are not obtainable at
one strike.

Use of pre-carboned stationery on
teleprinters enables multiple copies
of orders to be produced at outsta-
tions to meet or improve operating
requirements without imposing any
additional load on the sales office.
The additional copy being made avail-
able to substation installation and line
depots has overcome the necessity to
perform recording functions at the
inward/outward movement of orders,
with an estimated saving of five hours
of Line Depot Penman’s (Lineman
Grade 2) time per week and a similar
saving in time for the Clerical Assis-
tant Grade 2 in substation installation
depots.

Transmission time is reduced by one
to two days, allowing all customers’
requirements to be completed and the
new plant to become revenue earning
at least this much earlier than under
the mailing system.

It is not necessary to telephone or-
der details of ‘in-place’ service connec-

tions, cancellations, temporary ser-
vices or urgent alterations to the
exchanges or depots, as the immediate
transmission takes care of these re-
quirements. The manual system does
not cater for such everyday cases and
causes loss of time in both the sales
office and engineering locations in the
passing by telephone and recording of
details of orders which will eventually
be received through the mail.

With the manual system the actual
date of despatch of an order is often
under dispute, but in teleprinting, since
the time and date of actual transmis-
sion is automatically inserted, this
situation does not arise.

Automatic answer-back facilities en-
sure that orders despatched are ac-
tually received in the field, thus
eliminating any loss of order copies
in transmission, A record is printed
on the sales office copy of each point
included in the transmission as well
as the time and date of despatch
Under the present manual system,
there is no guarantee that all orders
are received at their destination, and
to establish a check-back procedure
would be most time-consuming and
costly.

The receipt of the authorising tele-
phone order copy through the tele-
printer network by the Sales Branch
Statistics Sub-section enables more
recent figures to be available when
statistical information is sought. At
least one day’s delay is incurred in
any mailing system.

Orders are transmitted only to sta-
tions where work is required.  This
eliminates the handling of ‘no work’
orders at receiving depots, with con-
siderable saving of time. Previous
attempts to overcome this problem in
the manual area have been unsuccess-
ful. When irrelevant orders are ex-
tracted after duplication they are
sometimes extracted in error and for
safety’s sake the tendency has been
to distribute every order to field units.

Regular transmission of orders
throughout the day facilitates the
Engineering Division planning activi-
ties for the following day.

Combined with the verbal acceptance
of minor miscellaneous requests, the
teleprinting of orders means that the
authority can be at the local depot the
same day as a subscriber telephones
the sales office with his request. This
could be essential if sales promotion
activities are to be vigorously pursued
in the future. Again, earlier comple-
tion of works leads not only to better
customer relations, but the earlier
receipt of additional revenue.

Teleprinting of orders meets the
requirements of the Automatic Data

Processing billing system introduced
recently, which needs copies of all
telephone orders involving exchange
line movement to be received at the
Data Transcription Unit at the same
time as distribution to the field takes
place. This is essential under com-
puter operation to ensure that rejects
from the computer, at input, are kept
to a minimum. If a manual system
exists at the time of A.D.P. implemen-
tation, special action for the handling
of D.T.U. order copies at the sales
office is necessary; the need to employ
a courier to carry orders from the
sales office to the D.T.U. has been
suggested as a possibility.

The capacity of a teleprinter system
is much greater than the present
manual system. It will easily cope
with the transmission of the quarter
of a million telephone orders yearly
expected by 1970, whereas the present
arrangements would need to be sub-
stantially improved to meet such a
commitment. At  present, some
230,000 orders are issued in the met-
ropolitan region each year.

The teleprinting of orders also clears
the way for further improvement, as
the selective despatch facilities avail-
able in the network permit proce-
dures for the handling of certain types
of orders to be reviewed. In the near
future, Telegraph Orders, Broadcast
Orders, and Disconnection Advices
could be passed through the system.
In the long term the production of
exchange master cards, directory
cards, and more detailed statistical in-
formation could be arranged by this
mechanised system. In addition,
the teleprinting back from the field of
information to all points is a possi-
bility. This could be most desirable
under a computer billing system where
immediate updating of computer his-
tory files is essential. The re-design
of agreement form and other docu-
ments to permit additions to the infor-
mation already supplied by the custo-
mer, could eliminate much transcrip-
tion work in sales offices.

ADVANTAGES OF THE TEL2
COMPLETION ADVICE SYSTEM.

The system eliminated the need for
exchange, substation installation and
lines staff to return a copy of every
order to the Sales Office. An order
copy is returned only where actual
cost work is involved and such orders
are less than 5 per cent. of all tele-
phone orders issued.

In exchanges, it also eliminates
much of the transcription of order
completion details from exchange
working documents to telephone order

CAMERON & SMITH — Telephone Orders by Teleprinter



June, 1970

THE TELECOMMUNICATION JOURNAL OF AUSTRALIA 151

copies returned under the previous
system.

Advice of partially completed orders
is more easily passed to the Sales
Office, where temporary installations
are provided pending the supply of
special equipment, or where not all
the work required on an order is car-
ried out simultaneously.

The Tel. 2 system permits the re-
cording of more accurate statistics in
the Sales Branch as both sales offices
and the statistical sub-section operate
from a common advice of outstanding
order completion. Under the manual
system advice of completion is returned
to these points from different loca-
tions in the field.

Advice of completion is received
by the Meter Checks and Statistics
Sub-sections much  earlier. By
eliminating the transcription work at
the exchange, an early advice is re-
ceived in the sales office and the
relevant information is then passed
promptly to both these areas.

The system, with all order comple-
tion details being returned from one
location in the field, lends itself to
any further development of advanced
or automatic means of speedily pro-
cessing charging advices from tele-
phone orders. Under the manual
system, information returned from the
field as separate advices would need
to be collated in the Sales Branch
before full information could be sup-
plied for accounting purposes. The
future A.D.P. billing system may even-
tually require more prompt or direct
advice of completion from either the

Sales Branch or engineering locations
in the field. The return of only
relevant information, rather than
endorsed copies of the original order,
seems far more adaptable to future
possibilities.

FUTURE.

The teleprinter system has proved
to be a successful one and in anti-
cipation of the system being extended
into other areas, the procedures
associated with the system were
introduced into the Melbourne Metro-
politan area on February 1, 1968.
What of the future?

There is already considerable use
of teleprinters for departmental pur-
poses in the Melbourne area. There
has been a tendency for these services
to be provided by separate networks,
and consideration is being given to
achieving the economies which could
be expected by integrating all these
teleprinter requirements into a com-
mon system.

It is feasible to provide an integrated
network which would include the dis-
tribution of telephone orders with
equal simplicity in operation and no
fewer features than those obtained in
the existing system.

Extension of the system in the Mel-
bourne area on a single central ex-
change basis is being planned; the
first transmission of telephone orders
by teleprinter using centralised equip-
ment is programmed to take place in
July, 1970.

Later features of the system could
include the transmission of Broadcast.

Telegraph, Public Telephone and Mis-
cellaneous orders and completion ad-
vice of Telephone orders from out-
stations via teleprinter. In addition
it is anticipated that the centralised
network will be capable of handling
administrative messages in addition to
telephone order traffic.

CONCLUSION.

The distribution of telephone orders
by teleprinter has been in operation
in the western area of Melbourne for
three years. During this time over
72,000 telephone orders at an average
of approximately 100 per day have
been passed through the system with-
out loss or mutilation and very
favourable comment has been received
from the recipients of the teleprinted
orders. The receipt in such an expe-
ditious and efficient manner of clear,
legible copy in the field has had a
beneficial effect on operational staff.

A similar number of advices of com-
pletion have been returned to the
sales office by the use of the Form
Tel. 2. This particular segment of
the system has been favourably re-
ceived by the various units of the
Engineering Division as it has sim-
plified the handling of orders and has
achieved the benefits hoped for within
the Telecommunications Division.
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TECHNICAL NEWS ITEM

C.C.IT.T. Meetings in Melbourne

Australia was host to teams of
delegates from 23 countries in Feb-
ruary and March, when two Study
Groups of the International Telegraph
and Telephone Consultative Com-
mittee (C.C.LT.T.) met at the South-
ern Cross Hotel, Melbourne. This was
the third occasion on which C.C.I.T.T.
meetings had been held in Australia.

The Study Groups debated tech-
nical matters requiring international
agreement in the field of telephone
transmission quality and telephone
transmission planning.

The Australian delegation compris-
ed five engineers from Post Office
Heaquarters, one from the Over-
seas Telecommunications Commission
(Australia) and one from the Aus-

CAMERON & SMITH — Telephone Orders by Teleprinter

tralian Telecommunication Develop-
ment Association representing Aus-
tralian manufacturers.

In addition, the Post Office spon-
sored an international 2-day seminar
on national telephone transmission
planning and contributed one of the
seven formal papers presented on the
first day of the seminar. The seminar
proceedings will have world-wide
distribution.
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TRANSMISSION LINES AND MEASUREMENTS — PART 1: OPEN WIRE

INTRODUCTION.

This article reviews developments,
past, present and future, in transmis-
sion lines. It discusses the basic
characteristics and limitations relevant
to open-wire transmission lines and
outlines the measurements made on
them. Paired and coaxial cable trans-
mission lines will be discussed in
subsequent parts of this article.

For each transmission medium
changing conditions, usually circuit
quantities, installation and material
costs (capital costs) and annual
charges, together with the practical
life of the system (depreciation rate)
have their effect on the suitability of a
particular system. In addition, de-
velopments in the electronic channel
deriving equipment have a large in-
fluence on the requirements of the line
bearer medium.

Background.

A characteristic which is common
to all modern telecommunication net-
works today is their very high growth
rate. This is further accentuated with
the provision of, firstly, improved ser-
vice, e.g., removal of delays and con-
gestion and improved transmission
quality, and secondly, additional facili-
ties, e.g., automatic service and sub-
scriber trunk dialling.

There are many statistics available
to illustrate this; however, it is suffi-
cient to quote one or two. The Syd-
ney-Melbourne route — Australia’s
largest interstate trunk route — has
experienced a growth rate of about 15
per cent. in recent years. With this
growth rate the number of circuits
required 10 years hence is four times,
and 20 years hence, is sixteen times
the present requirements. The overall
growth rate of trunk circuits in Aus-
tralia has steadily increased from less
than 4 per cent. in the 1939-45 period
to a value of approximately 12 per
cent. today. This may be compared
to a subscriber growth rate of approxi-
mately 6 per cent., for the whole of
Australia.

In providing for such growth rates
new systems and new or modified
techniques of transmission have been
introduced into the network. The
systems most widely publicised are
the Broadband systems, which may
generally be defined as those systems
having capacities of the order of 300
or more voice channels. At present

* Mr. Ray is Engineer Class 3, Mechanisation
of Planning Processes, N.S.W.

they are being utilised to form the
backbone or main trunk routes and to
date operate over coaxial cable and
microwave radio bearers. However,
there remains a large area of circuit
provision in the metropolitan type
junction networks, as well as in the
rural areas, which involves, in total,
greater expenditure than the broad-
band networks, and requires careful
designing and planning to meet the
problems of increased circuit and
quality requirements. It is the re-
sponsibility of planning engineers to
determine which method or type of
transmission system provides an inte-
grated and economically sound solution
to the problem of providing the neces-
sary circuits over the required plan-
ning period. This may vary from one
to three years for short term, to twenty
years for long term planning.,

In this context then the importance
of line plant cannot be over-empha-
sised because it is apparent that this
will continue to carry the bulk of the
telecommunication traffic for a consi-
derable period. At present, line plant
represents about 52 per cent. of the
total engineering plant assets, local
cable networks now contain approxi-
mately 9,000,000 pair miles, trunk
cable network about 700,000 pair miles
and 9500 tube miles.

Basic Characteristics of Line Trans-
mission.

In any transmission system the fun-
damental properties which control the
extent to which it may be used to
carry information are:

(i) Insertion loss;

(ii) Crosstalk; and

(iii) Impedance characteristic

over the frequency bandwith being
considered. There are other factors
such as noise level, loop resistance,
insulation resistance, etc.; however,
the first three are the most critical and
generally determine the bandwith over
which the transmission line may be
satisfactorily used. These characteris-
tics will be considered in discussing
each type of transmission line,

OPEN WIRE TRANSMISSION LINES
INTRODUCTION.

While the use of other types of line
plant has increased significantly over
the last decade, open wire plant has
decreased by about 6 per cent. overall.
The decline in the construction of new
wire routes is due to its inherent low
circuit capacity, coupled with its rela-
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tively high annual charges due to high
maintenance costs. Open wire routes
are still extensively used throughout
Australia, particularly in the more
remote areas, and will continue to pro-
vide a transmission medium for many
years to come.

CROSSTALK.

The characteristic which is control-
ling in limiting the circuit capacity of
open-wire routes is far-end crosstalk
ratio.

The standards set for far end cross-
talk ratio are 60-65 dB for intelligible
crosstalk, and 50-55 dB for the umin-
telligible crosstalk, which is obtained
by systems employing inversion and/
or staggering of channels.

The direct effects of near-end cross-
talk are eliminated on open wire
carrier systems by using different fre-
quencies for each direction of trans-
mission. Reflected near-end crosstalk
is, howevar a significant component
of the far-end crosstalk ratio. Other
major components are far-end inter-
action crosstalk and irregularity cross-
talk (Ref. 1). All components of
crosstalk are affected by physical
aspects of the constructed lines—the
placement and spacing of the pairs,
the transpcsition patterns used, and
the uniformity of pole spacing and
wire sag. The effect of placement and
spacing of the pairs is expressed in the
coupling coefficient; the effect of
transpos‘tion patterns in type un-
balance factors.

Over the years various means have
been used to increase the capacity of
open wire routes as new carrier sys-
tems are designed to derive more
channels per pair of wires and as the
demand for additional circuits has
increased. These means include re-
ducing the coupling coefficient and
choosing transposition patterns with
low type unbalance factors and the
adoption of stringent construction
standards.

Coupling Coefficient.

The coupling coefficient is a func-
tion of the mutual inductance M, and
the characteristic impedance of the
line, Z, and is given by the formula:

2M x 103

Coupling coefficient =

Z,
The mutual inductance is given by
the formula:

M = A log ((i@)
(d13.424)

RAY—Transmission Lines and Measurements: 1



THE TELECOMMUNICATION JOURNAL OF AUSTRALIA 153

June, 1970
In |
1 \2
d
13
\ -
3 4
AN
Fig. 1.

PAIR 1 ———-\

PAIR 2

———

o

Fig. 2.

where A is a constant and dl4, etc,
are the wire to wire distances as
shown in Fig. L.

Hence is can be seen that if the ‘geo-
metry’ of the wires is varied the
mutual inductance between the pairs
is changed. It is reduced by placing
the wires of a pair closer together
and/or by increasing the separation
of the pairs. Placing the wires closer
‘ncreases the incidence of wires touch-
ing, but this can be overcome to some
extent by increasing the number of
the poles per mile.

Type Unbalance Factor.

The type unbalance factor is the
length of equivalent untransposed line
which gives the same crosstalk. Trans-
positions are inserted in the pairs on
the route to reduce the crosstalk as in
Fig. 2.

Neglecting attenuation and phase
changes along the line, the transposi-
tion of the legs in one pair will cause
the crosstalk signals to cancel out on
either side of the transposition. In a
real situation, due to the attenuation
and phase change of the disturbing
current, the induced currents do not
cancel out exactly and there will re-
main always some residual crosstalk.

Transposition patterns have been
designed for open wire routes to reduce
the crosstalk between various pairs fo
acceptable standards. The route is

divided into basic sections known as E
sections—8 miles long usually, in
which there are 32 basic transposition
types. This var'es from the ‘P’ type
with no transpositions to the ‘a’ type
with 32 transpositions per section. For
carrier operation a more complete
balance is necessary and these funda-
mental patterns are further divided
into 64 96 and 128 intervals by an
extra one, two or three transpositions
in every one of the 32 intervals. The
derived patterns are known as ‘extra’

types.
Az

As far as the type unbalance is con-
cerned, only the relative pattern is of
importance. Theoretical calculations
of type unbalance factors are very
complex, but the factors are now
available, expressed as the product of
type unbalance and frequency at vari-
ous ‘line angles’ (see Refs. 1, 2 and 3).

Effect of Construction Standards.

Departures from ideal pole spacing
and/or non-uniform wire spacing and
sags lead to irregularity unbalance and
its associated crosstalk. The crosstalk
is approximately proportioned to fre-
quency and therefore as higher maxi-
mum frequencies are used construction
standards become more important.

INSERTION LOSS.

Ideally the insertion loss of an open
wire pair is proportional to the square
root of the frequency. However,
crosstalk between pairs and fundamen-
tal properties of the transposition pat-
terns lead to marked increases in the
attenuation at certain frequencies.
These are termed absorption peaks
and it is important that the actual
attenuation/frequency characteristics
of each pair be checked by field mea-
surement to determine its suitability
for systems proposed for use on it.

CHANGES IN CONSTRUCTION

In the 1930’s open wire routes were
being designed to carry 3 channel sys-
tems (30 kHz). These were later
modified to allow a small number of
12 channel systems (150 KHz) to
operate on selected pairs. The stan-
dard scheme C1394 allowed two 12
channel systems to operate on the
outer pin positions of the top arm.
The standard of construction is shown
in Fig. 3.

g” 19" 9"

28" >

9" 19" 9"

===

28"

32POLES [/ MILE

Fig. 3.
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By the early 1950’s the demand for  © 22" 6" ¢——— 34" — 6" 22" 6"

additional circuits between Sydney and

Melbourne had become so great that

an additional’ route was constructed — —1 — —

between Blayney, in New South Wales,
and Echuca, for Victorian circuits, and
Euston for South Australian circuits.
By this time the original open wire
route had exceeded its capacity; cer-
tain sections were carrying up to 10
twelve channel systems and the stan-
dard of crosstalk was less than that
desired. In particular the V.F.T. sys-
tems operating on the route were
causing interference to other system
channels. The new route was de-
signed using a reduced pole spacing
by increasing the number of poles/
mile to 40 (6.4 mile E. section), closer
spacing of wires (to 6 in.) and wider
separation of pairs (to 22 in.). The
vertical arm spacing was increased to
42 in. The transposition scheme used
double and triple extras (which left
every second pole untransposed), as

42"

AW

40 POLES / MILE

40
Fig. 4.
compared with quadruple and quin- channel systems, 12 x 3 channel sys-
tuple of the old Sydney-Melbourne tems, plus VF physical pairs providing
50 route. approximately a total of 180-200
This design gave better crosstalk channels. The crosstalk characteris-
figures and enabled 12 channel systems tics of a typical combination is shown
to operate on all pairs, that is, 12 x 12  in Fig. 5. The route is still being used
0 60 |-
-
=
x
L
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920 |
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Fig. 5.
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for short haul systems, together with
some interstate systems, providing an
alternative path to the main broadband
routes.

By the late 1950’s additional new
open wire routes were still required;
however the cost of the above con-
struction could not be justified by the
required route capacity. An alterna-
tive design was prepared for the
Moree-Collarenebri route, which re-
duced the number of poles per mile to
20. For this route, 9 in. wire spacing
was used, but the 6.4 mile E section
was retaned. A similar route was
constructed for Dubbo-Coonamble.
Measurements were made on this route
up to 300 kHz and Figs. 6, 7 and 8 show
crosstalk and insertion loss charac-
teristics. 12 channel (150 kHz) opera-
tion is possible on all six pairs pro-
vided.

Recently calculations have been
made on a modified design, in which
the 9-19-9 in. configuration on 108 in.
arms spaced at 28 in. has been altered
to 7-21-7 in. on 108 in. arms at 28 in.
spacing. These showed that a 5 dB
far-end crosstalk improvement would
result from this modification. A trial
installation was subsequently carried
cut in Queensland to test the calcula-
tions. This wire spacing was obtained
on non-transposition poles by tying
the wires of a pair on the inner fac-
ing sides of the insulators instead of

1
200 300

FREQUENCY — (KHz)
Fig. 8.

the outer faces. A new 7 in. trans-
position fitting was developed which
could be used on either 9 in. or 7 in.
bored arms. The results of the mea-
surements have confirmed the theoreti-
cal values and it is expected that 12
channel system operation will be pos-
sible on all pairs.

LONG SPAN CONSTRUCTION.

In the early 1960’s there was a need
to develop a light capacity route of
economical cost for use in the more
sparsely settled areas of the State. As
a result a new design was produced
for use in the Western Districts of New
South Wales. This was the nominal 8

i )
400 500

chain span (10 poles/mile) construction
using lightweight 26 ft. poles and an
aluminium conductor steel reinforced
(A.C.SR) I'ne wire. The long span
length required a wire of considerable
strength (greater than that provided
by copper or cadmium/copper) and all
suitable alternatives offering were in-
vestigated. The wire most suitable at
the time was the CISCO wire, which
consisted of a steel core with 6 strands
of aluminium wire wrapped around it.
This was then passed through a die to
fiatten the aluminium strands, forming
a smooth-bodied wire as shown in Fig.
9. This reduces wind loading.

The wire has an ultimate tensile
strength of 1400 lb. as compared to

ALUMINIUM CONDUCTORS

STEEL CORE

CISCO WIRE
Fig. 9.
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147 7 v 4 r ! saddle (a distance of 106 miles) and a
? o 14 14 1" 33-mile section between Yantabulla
| Eosromrrreey o | I 1 I 1 and Hungerford. @ The Packsaddle
route has recently been extended an-
by B P P, other 75 miles to Milparinka.

W

/

TRANSPOSITION
TYPE

Fig. 10.

1000 lb. for 237 Ib. cad/copper, and
600 lb. for 200 lb. copper. The re-
sistance is slightly less than that of 200
|b. copper.

The ultimate design capacity is one
arm (4 pairs) of wires with the outside
pairs suitable for high frequency work-
ing. The remaining two pairs were
designed for V.F. operation only. The
long span construction necessitated
wider wire spacing of the pairs as

This spacing was identical to that
originally used in the early days of
open wire construction for V.F. opera-
tion. In addition plastic wire spacers
were fitted in each span to prevent
wire contact.

The basic cost of one mile of route
with one pair fitted was approximately
25 - 30 per cent. less than that of stan-
dard trunk construction of 4 chain
spans with 200 1b. H.D.C. conductors.

The first two long span routes were

Measurements made of:

(i) Insertion loss;

(ii) Crosstalk;

(iii) Impedance.
indicated that 12-channel systems may
be operated on both carrier pairs. One
of these pairs’ pin position 1.1/1.2
(transposition type bl) has a smooth
insertion loss characteristic up to 400
kHz (see Fig. 11), and therefore may
be used for a high frequency 12-channel
system on top of the standard 12-
channel system.  Thus the two pairs
would provide a carrier channel capa-
c'ty of 42 circuits, allowing for two 3-
channel systems.

SUMMARY FOR OPEN WIRE
ROUTES.

At present no new major open wire
routes are being constructed, and in
fact many are being replaced, particu-
larly in the coastal and eastern half
of the State, by cable and radio sys-

shown in Fig. 10. constructed from Broken Hill to Pack- tems. Inherent low channel capacity
! j
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and high annual charges make the
open wire route less attractive today
for trunk routes. However, there are
developments in construction and
carrier system design which may eco-
nomically extend the life of existing
systems. Rural carrier systems, which
utilise compandors, enable end link
(3 dB) channels to be derived on routes
where the crosstalk may be as low as
35 dB. Alternatively, high frequency
12 channe! and now 48 channel sys-
tems have heen designed for open wire
routes, and in certain areas of Aus-
tralia these may be economically
applied. The high frequency 12
channel system uses frequencies 180
kHz to 300 kHz and operates above a
standard 12 channel system (30 to 150
kHz). The 48 channel system is a more
recent development; one design ope-
rates between 300 - 804 kHz and an-
other operates up to 630 kHz. In New
South Wales there may be cases where
these systems can be economically
used to defer the installation of expen-
sive larger canacity systems.

The construction required for the 48
channel systems will require special
features. One approach is to incline
legs of the wires at 45 deg. to the
horizontal and use an 8 in. spacing
as shown in Fig. 12,

LS
/S 7

Wi

Fig. 12.

This has the effect of reducing the
coupling coefficient considerably, but
requires more elaborate fittings. Wire

“sag irregularities and other non-unifor-

mities preclude the elimination of
crosstalk and absorption peaks.
Another approach is to provide a 2
in, spacing between the wires of the
pair. This will necessitate the fitting
of spacers to prevent contact. The
limitations of open wire transmission
lines may be summarised as:
(i) for one system~—absorption peaks,
restricting the bandwidth.
(ii) for more than one system—
crosstalk, restricting the number
of systems
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LETTER TO THE EDITOR

Standards Association of Australia,
Clunies Rcss House, 191 Royal
Parade, Parkville, Victoria. 3052.
Telephone: 34 9321.

2nd April, 1970.

Dear Sir,

You are probably aware of the
fact that the Association has recently
reorganized its work in the field of
Telecommunications and Electronics
under the Telecommunications and
Electronics Industry Standards Com-
mittee. A number of technical com-
mittees have been formed and are
working actively on a wide range of
subjects of interest to the Industry.

Wherever possible, the work of
these committees is being related to
international standards, particularly
those published by the International
Electrotechnical Commission. This
has been done for several reasons,
the major one being to achieve
greater recognition of our national
standards and thus promote accep-
tance of goods produced to these
standards on the export market.
There are many other benefits to the
industry, which accrue by following
this course.

One of the technical committees
which has been formed is Committee
TE/14, Radio Communications. The

terms of reference of this Committee
include consideration of standardiza-
tion for radio and television receivers,
transmitters and aerials. This is a
very wide field and the Committee
has decided, after due consideration,
to set up three Sub-committees each
related to one of the major fields
of activity; reception, transmission
and aerials.

The Sub-committees’ initial efforts
will be in the review of IEC Publi-
cations and other existing standards,
to decide their relevance as possible
Australian standards or as the basis
for Australian national standards.

The documents currently being
studied are:— ;
1. IEC Publication 107: Recommen-

ded methods of measurement on

receivers for television broadcast
transmissions

2. IEC Publication 244: Methods of
measurement for radio transmit-
ters

3. IEC Publication 138: Methods of
measurement of essential electri-
cal properties of receiving aerials

in the frequency range from 30-

1000 MHz.

Further documents of a similar
nature have been listed for study
when time permits.

In addition, the Sub-committee on
Aerials has undertaken two further
tasks:—

(i) The review of Australian Stan-
dard CC8: Radio and Television
Receiving Aerials, with a view to
possible revision or extension.

(ii) The production of a standard on
community aerial systems to
cover in particular, equipment,
installation and safety. -

The Committee agreed that the in-
formation quoted above should be
brought to the attention of all inter-
ested parties, with the request that
the various organizations concerned
should request that their staff or
readers consider this problem and
submit comments to the Association
on the need for standardization of
aspects in the above fields.

It is considered that this action
would be in the best interests of the
organizations concerned, and of stan-
dardization in general.

On behalf of Committee TE/14, we
earnestly commend these thoughts
and request that you endeavour to
assist the Committee in establishing
their future programme.

Yours faithfully,
R. K. Profitt
Engineer-Secretary,
Committee TE/14.

RAY—Transmission Lines and Measurements: 1
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DEVELOPMENTS IN POST OFFICE CO-ORDINATION

AUTHORITIES 1966-1969

INTRODUCTION.

A Joint Conference was held in
Melbourne between representatives of
the Australian Post Office and the Elec-
tricity Supply Association of Australia
(E.S.A.A) during the period 15th to
17th April, 1969. The Conference was
the sixth held between the two
organisations since 1953, when the
AP.O. and the E.S.AA. first agreed
to formal co-operation through the
medium of the Central and State Joint
Committees.

The formation of these independent
engineering advisory committees has
been referred to in previous articles
(Refs. 1 and 2). Briefly, the commit-
tees were established to facilitate the
co-ordination of the construction and
subsequent operation with freedom
from interference of power lines and
telecommunications circuits. These
committees comprise a State Joint
Committee in each State, with a Cen-
tral Joint Committee in Melbourne.
One of the primary functions of the
Central Joint Committee is the prepara-
tion of codes and arrangements on co-
ordination for use by the Post Office
and the power authorities. Nowadays
the role of the State Joint Committees
is to act as advisory bodies to the
Central Joint Committee on their par-
ticular State point of view and to refer
problems which are likely to be of
consequence on a Commonwealth-wide
basis. The Committees also act in an
advisory capacity to the Post Office
and the electricity authorities’ ad-
ministrations in the States.

The E.S.A.A. is an association con-
sisting presently of 63 members. The
members are either State authorities
constituted by statute for the purpose
of regulating or controlling the supply
or use of electricity throughout the
State, or bodies generating., transmit-
mitting or distributing electricity for
public supply under statutory au-
thority. The Association, therefore,
includes those municipal councils un-
dertaking distribution of electricity to
their consumers.

Membership of the Association is
purely voluntary and it acts in an ad-
visory capacity only. Despite this
apparent lack of power, the Asso-
ciation has achieved a great measure
of success in gaining uniform accept-
ance of co-ordination measures
amongst its members. No doubt this
is primarily due to individual partici-

* Mr.
tions,

Ross is Divisional Engineer, Lines Sec-

Headquarters.

pation of representatives in scheduled
series of conferences enabling the
representatives to put forward for con-
sideration by the conference the views
of their major organisations. The
Association comprises five sections,
with Section No. 2 representing
Transmission and Distribution in-
terests. Within each section are Com-
mittees with particular fields of
interest.  The 2/10 Committee of
Section 2 is responsible for matters
associated with the Co-ordination of
Power and Telecommunications Sys-
tems.

The E.S.A.A. representatives at the
Conference were drawn from the 2/10
Committee. The AP.O. representa-
tives at the Conference were members
of the various Joint Committees. The
E.S.A.A. was likewise represented by
Joint Committee members from the
various States.

The purpose of the Conference was
to review progress since the 1965
Joint Conference, and to discuss cur-
rent problems. A number of resolu-
tions were adopted which will form
the basis of the work of the Joint
Committees over the next few years.

PROJECTS COMPLETED SINCE 1965.

Joint Use of Poles.

A Commonwealth Arrangement for
Joint use of Poles was adopted by the
A.P.O. and the E.S.A.A. in September,
1965, and has subsequently been pub-
lished in a 94 in. x 6 in. size hand-
book. The Arrangement comprises
basically two parts: Part A sets out
the general administrative and finan-
cial conditions and procedures, whilst
Part B contains the engineering con-
ditions in the form of a Code of Engi-
neering Practice for Joint Use Con-
struction.

It was noted that the existing Ar-
rangement does not cover the situation
of aerial joint use on private property
where provision and ownership of the
pole is the responsibility of the land-
holder. This aspect will require fur-
ther investigation.

A Code of Practice for M.E.N.
(Multiple Earthed Neutral) High
Voltage Power Lines.

A new Code has been approved by
the A.P.O. and the E.S.A.A. and has
subsequently been published in new
B5 international paper size. The
Code is intended solely for use in
Western Australia, where M.E.N, High
Voltage distribution is the favoured
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form of power distribution to rural
areas. Residual ground currents in
the M.E.N. system are caused by
unbalanced operating conditions which
are introduced by the direct connection
of phase/neutral spur lines to the
three-phase backbone line. These
residual currents can induce noise into
nearby telecommunications lines unless
effective co-ordination measures are
practised.

Low Frequency Induction.

Also published in the new size for-
mat are Interim Recommendations on
Low Frequency Induction as to suitable
fault resistance values to be used in
power line earth fault current calcu-
lations.  These calculations  are
usually made by the power authority
on the request of the A.P.O. where
the degree of hazard of an existing
or proposed exposure is desired to be
known. Since 1963 the C.C.LT.T.
Directives allow for interposing a
lumped resistance value at the site of
a power fault. Previously it had been
assumed as zero as a means of ensur-
ing a factor of safety. In reality,
the resistance at the fault can vary
from zero ohms (for a fault at a main
sub-station) to hundreds of ohms (for
a broken power conductor), depending
on the degree of contact with earth.
The calculation is normally made for
the worst exposure case, and the use
of the appropriate resistance value
results in a better approximation to
the likely maximum current flowing
under actual earth fault conditions.

Revision of the Crossings Code and an
Arrangement for Common Use.

The existing Crossings Code—Issue
1, 1958, had been considered to
require review to bring it up-to-date
with changing circumstances. At the
same time it was realised that ‘com-
mon use’ of poles as distinct from
‘joint use’ should, from engineering
and safety considerations, be formal-
ised in a separate code. The common
use of poles is often required where
one authority wishes to aerially cross
the pole route of the other, both
authorities having their separate routes
or alignments. Since some aspects
of common use — in particular the
attachment of conductors to supports
—were part of the existing Crossings
Code, the review of the Crossings
Code, now titled ‘Code of Practice for
Overhead Power and Telecommunica-
tion In-span Crossings,’ and the pre-
paration of an Arrangement for the
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Common Use of Poles were undertaken
concurrently.

The revised Crossings Code now
contains four sections. Section 1 con-
tains essential definitions and draws
attention to the related Codes. Sec-
tion 2 defines the responsibility of the
A.P.O. and the power authorities re-
garding the planning of crossings, their
construction and subsequent mainten-
ance and safe working conditions. It
also includes principles for the appor-
tionment of costs. Section 3 lays
down conditions for the engineering of
low voltage crossings (less than 650
volts) and Section 4 deals similarly
with the requirements for high voltage
crossings. No reference is made in
the revised Code to crossings with
contact wires (aerial conductors used
for the supply of traction current to
trains, trams and trolley buses). The
need for such crossings rarely occurs
put when it does arise, individual ne-
gotiation will be necessary.

The Arrangement for Common Use
comprises two parts, Part A dealing
with General Conditions, Financial
Principles and Procedure, while Part
B is a Code of Engineering Practice.
In Part A it is stressed that common
1ise is confined to the sharing of a
single pole to facilitate the crossing
of the lines of the two parties. The
financial principles are consistent with
those used in the Joint Use Arrange-
ment in that payment to the owner
of the actual cost of any additional
expenditure incurred is arranged
initially and on each occasion that the
pole is replaced. If this expenditure
involves only additional pole height
a fixed scale of charges is recom-
mended. Unlike joint use, common
use is a reciprocal facility however,
and the benefits to both parties are
likely to be about equal. No ‘occu-
pancy’ charge applies as in the case
of joint use where, in the majority of
cases, the economic advantage accrues
mainly to the joint user rather than
to the owner.

Revision of the S.W.E.R. Conditions.

As a result of decisions of the 1965
Joint Conference, the Central Joint
Committee had established a working
party to revise the existing Conditions
for Single Wire Earth Return High Vol-
tage Power Lines, and to develop Con-
ditions for Unisolated S.W.E.R. HV
Power Lines, i.e., SSW.E.R. power lines
directly tapped off the three phase
feeder without the use of an isolating
transformer. While the existing Con-
ditions were satisfactory in the ma-
jority of cases, and had the advantage
of simplicity, it was considered that
greater flexibility was required to

enable the less usual application of
S.W.E.R. systems to be designed.
The working party was able to satis-
factorily merge the two subjects (iso-
lated and unisolated S.W.E.R.) and
the Code has been renamed the ‘Code
of Practice for Earth Return HV
Power Lines — Control of Interference
to Telecommunication Circuits.” The
Code consists of two parts, Part 1
being the conditions under which the
Department will give consent to the
erection of earth return high voltage
power lines as required by the Tele-
graph Lines Protection Regulations,
and Part 2 being an application guide
for the assessment of separations and
other requirements to enable the con-
ditions to be met. .
There are some significant changes
in approach in the new Code as com-
pared with the previous S.W.E.R. Con-
ditions. The Conditions limited the
earth return current to 8 amps at full
load from a consideration of a hypo-
thetical exposure 20 miles long at 250
feet separation, under which conditions
a standing voltage of 60 volts would
be induced in the exposed telephone
lines, and could cause injury to per-
sonnel who contacted the line and
earth. The new Code places no such
restriction, although faults which
cause over 60 volts longitudinal e.m.f.
to be induced must be positively
cleared. The new limits imposed
relate to the electromagnetically in-
duced longitudinal psophometric
em.f. in the telecommunication line.
No minimum separations between the
power and telecommunication lines are
specified, but the emphasis in the Code
is to maintain separations adequate to
avoid noijse interference. A further
requirement of the new Code places
responsibility on the A.P.O. to ensure
that its 2-wire circuits are balanced to
a particular standard in the event of
excessive induction being experienced.

PROJECTS UNDER STUDY.

Investigation of Underground Joint
Use Construction.

In the realisation that the future
would see increasing pressure on both
power and telecommunications authori-
ties to underground their plant, special
attention was given to this investiga-
tion from 1966, when an endeavour was
made in most States to arrange under-
ground joint use trials where practic-
able. Trials in some States were
successful, but other trials foundered
for various reasons involving co-or-
dination difficulties or doubtful econo-
mic savings. It has been established
however that joint use underground is
feasible from engineering and safety

points of view without major departure
from current techniques adopted for
underground reticulation. The use
of plastic pipe by the A.P.O. simpli-
fies co-ordination in urban areas, in
that one authority can be made respon-
sible for all excavation and reinstate-
ment and the placement of plant of
both parties. Although the sharing
of trenches offers economic advan-
tages over separate trenches, it does
involve considerably higher costs
(power plus telephone) than does joint
aerial construction, and at present un-
derground joint use can only be justi-
fied where a subdivider or local au-
thority is prepared to subsidise the
undertaking. The conclusion at the
Conference was that the Central Joint
Committee, after further establishing
the engineering construction and main-
tenance and safety requirements of
underground joint use, together with
relative cost savings, should work
towards the preparation of an Arrange-
ment.

Effects of Low Freauency Induction
(50 Hz.)

In an effort to obtain more quanti-
tative evidence of the effects of high
voltage power line faults on parallelling
telecommunications lines, a voltage
recorder was installed in April, 1967,
at the Geelong Telephone Exchange.
The recorder is connected to several
telecommunications cables which ex-
tensively parallel 22 KV power lines in
the area, and will record induced
voltages (between cable conductors
and earth) and their duration in three
ranges: between 50 volts and 215
volts; between 215 volts and 600

volts, and in excess of 600 volts.
There has been found to be
substantial correlation with State

Electricity Commission fault statistics
in the general area in regard to time
of occurrence and location. Some of
these faults resulted in induced vol-
tages in excess of 600 volts for ap-
proximately one cycle only. Rarely
did an induced voltage exceed 30
cycles (0.6 sec.) duration. Ammeters
are installed in the neutrals of the
five Geelong substations from which
the feeders radiate to enable actual
measurement of the earth fault current
flowing.

The report of the working party
which undertook this work for the
Central Joint Committee, and which
was received and accepted by the
Conference, also referred to methods
considered for providing economic
relief from the present co-ordination
measures.

These methods included:
(i) Restricted access to telecommu-

ROSS — Coordination with Power Authorities
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nication cables and adoption of
special isolated working prac-
tices. This was rejected for
general application because of the
complexity of the A.P.O. situation
(cramped spaces, large numbers
of conductors, etc.), and the low
probability of danger.  There
may be application in special
cases.

(ii) Restricted fault current on
power plant where practicable.
The use of earth fault current
limiting techniques to limit the
fault current to 3000 amps could
be an economic measure in vol-
tage systems of 66KV and 33KV.
For systems of greater than
66KV, the cost would be prohibi-
tive.

(iii) High conductivity shield wires
on power systems to improve the
shielding factor, Shielding fac-
tors down to 0.55 are obtainable
and such shield wires may be
economically feasible on some
future power routes.

(iv) The assumption of a shielding
factor of 0.25 in built-up areas.
The working Party have con-
cluded that such a value be
allowed in calculations to account
for shielding given by the vari-
ous cables and other earthed
conductors present in built-up
areas.

(v) The raising of the level of toler-
able induced voltage if certain
clearance times of the fault can
normally be anticipated. The
working party considered referen-
ces relating to fibrillation of the
heart following electric shock, in
which the heart muscles operate
asynchronously and stop pump-
ing blood. This is generally a
cause of death. It has been
experimentally shown (on ani-
mals) that if the duration of the
fault voltage is less than the
period of one heartbeat (0.75
seconds for man), the level of
current that can be tolerated by
the heart without causing fibril-
lation is significantly increased.
The working party almost unani-
mously agreed on the following
induced voltage limits:

(a) Where the fault will be
cleared within 0.35 seconds
or better under the normal
clearing conditions of the
power line, calculated maxi-
mum induced voltage must
not exceed 1500V.

(b) Where the power line com-
plies with the C.C.LT.T. defi-
nition of a High Reliability
Power Line, calculated maxi-

mum induced voltage must
not exceed 1000V. Such
power lines are required in the
majority of cases to have
earth fault current durations
less than 02 seconds but
never exceeding 0.5 seconds.

The Conference, whilst accepting the
working party’s report, agreed that the
physiological effects as related to the
duration of induced voltages, as well
as the distribution of the voltage
along the induced line, should be fur-
ther studied in an effort to arrive at a
voltage limit which would be reason-
ably safe. The working party have
since initiated experimental tests on
dogs in conjunction with Dr. Tre-
thewie, of the Physiology Department,
University of Melbourne, to obtain
further experimental evidence.

Protection of Persons and Telecommu-
nications Plant from Potential Rises
Associated with Power Earth Faults.

This subject suffers the same diffi-
culties as those of low frequency in-
duction, in that theoretical predictions
are often obscured by factors which
cannot be assessed accurately. It
was, therefore, decided to install
meters to measure the maximum po-
tential rise at selected main sub-
stations during earth fault conditions.
Due to the recent installation of this
equipment and the low probability of
substation earth faults adequate com-
parisons have not as yet been made
between theoretical predictions and
actual potential rises. Pending the
evaluation of these long-term studies,
a working party formed by the Central
Joint Committee has prepared some
interim recommendations after con-
sidering the problem under four cate-
gories:

(i) The probability of danger to
telephone users in the electrical
installation or adjacent premises.

(ii) The probability of danger to
AP.O. staff in the electrical in-
stallation or in the potential gra-
dient area.

(iii) The probability of danger to
AP.O. staff remote from the po-
tential gradient area.

(iv) The probability of damage to
cables in the potential gradient
area. This could arise by break-
down from conductor to conduc-
tor, from conductors to sheath,
or from metallic cable sheath to
adjacent ground in cases where
the sheath has a better earth
connection at a remote location.

Whilst these recommendations have
yet to be ratified by the Central Joint
Committee, the AP.O. and the
E.S.A.A., they provide for the use of
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isolating transformers or a neutralising
transformer on pairs entering the sub-
station where the estimated potential
rise exceeds 1000 volts. Various con-
ditions are also imposed by the use of
plastic insulated cables within certain
distances of main and distribution sub-
stations, and steel towers or metallic
power poles.

NEW STUDIES.

The Conference also considered fur-
ther aspects which could require atten-
tion in forthcoming years. The use of
tone injection systems over HV power
networks for control purposes was oc-
curring in some States, and in New
South Wales injection into 66KV lines
had been introduced, thus extending
the area of possible interference to
AP.O. circuits. Further investiga-
tions into noise interference with a
view to specifying standards to apply
to the various types of power and tele-
phone lines was also considered war-
ranted. The installation of HV sub-
stations in suburban exchanges could
give rise to noise and danger problems
due to the interaction of the power and
telecommunication earths, and the
establishment of practices to eliminate
these problems was desirable. 1t
was also agreed by the Conference that
very tangible benefits accrued to both
parties by the decentralisation of the
day-to-day responsibilities for power
and telecommunications co-ordination
to the local area level. An introduc-
tory manual on co-ordination which
would outline the action to be taken in
each type of case requiring co-ordina-
tion examination would be of great
value to field engineers and would
provide for more effective decentrali-
sation. The Conference served to em-
phasise that development in co-ordina-
tion between power and telecommuni-
cations systems is a continuing pro-
cess — increases in transmission vol-
tages on power lines, more sophisti-
cated means of signalling and data
transmission and the increasing den-
sity of operations bring fresh prob-
lems in co-ordination to test the
initiative of the engineers concerned.
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THE AUSTRALIAN POST OFFICE ROLE IN NASCOM: PART 1 — DEVELOPMENT

INTRODUCTION.

Part I of this paper records develop-
ment of the domestic Australian sector
of the worldwide network which pro-
vides communications support for the
various space programmes of the
National Aeronautics and Space Ad-
ministration (NASA) of the U.S.A. This
network is widely known as NASCOM.
A symposium of three papers (Ref. 1)
read in Adelaide in 1963 covered the
early developmental period between
the International Geophysical Year
1957/58 and the preparations for Pro-
ject Mercury 1962-63. This paper
has thus been directed towards cover-
ing the developmental period between
1962-63 and the end of 1969, which
included the Apolio 11 and Apollo 12
missions. Part II will deal with opera-
tional aspects.

NASCOM WORLD NETWORK.

The space research programmes of
the National Aeronautics and Space
Administration require that satellites
travelling in near circular to highly
elliptical earth orbits, together with
lunar and deep space probes, should
be accessible at all times for com-
mand control and data acquisition pur-
poses to the several mission control
headquarters in the U.S.A.

To give global coverage, the com-
mand, control and data acquisition in-
formation must be relayed between
overseas tracking stations and mission
control. NASCOM provides the com-
munication links to the various switch-
ing and tracking installations located
at longitudes and latitudes critical to
the respective space programmes.
(See Fig. 1)

NASCOM network control is exer-
cised from the Goddard Space Flight
Centre (GSFC), which is located in
Greenbelt, Maryland, U.S.A. Remote
regional switching centres have been
established in London (European and
African Sector), Canberra (Australian
Sector) and Hawaii (Pacific Sector).

In the development of NASCOM,
NASA has as far as possible leased
communications facilities from com-
mon carriers. Thus the network
shares national networks, international
submarine telephone cables such as
COMPAC and SEACOM and communi-
cations satellites in synchronous orbit
with other users. HF radio is also
used to certain remote locations. NASA
tracking ships in the Indian, Pacific

* Mr. McKenzie is Engineer Class 3, Planning
Branch, Headquarters.

and Atlantic Oceans now employ satel-
lite communications in place of the
less reliable HF radio facilities which
provided communications during the
first decade of the space research pro-
gramme,

Voice Facilities—SCAMA II.

A Station Conferencing and Moni-
toring Arrangement (SCAMA) facility
was established about 1960 to provide
four-wire voice communications be-
tween Goddard and the various NASA
tracking stations. (Ref. 2.) Multi-
station operation was achieved by the
use of a 44 type resistance hybrid, so
called because it has four inputs and
four outputs. This hybrid afforded
a means whereby a four-party confer-
ence could be conducted with each
party fully participating. The hybrid
is of particular interest to telecommu-
nications engineers. (See Fig. 2.)

The existing SCAMA II network is a
development of the earlier SCAMA
conferencing network and provides
multiple dual operating consoles which
enable an operator to devote full time
to a particular mission conference.

K. 'A. McKENZIE*

The SCAMA II operator at Goddard
has full control over the network.
adding and deleting conferences as
necessatry.

In addition to the SCAMA network,
which essentially provides a NASA
facility, an A.P.O. voice order wire
communications network is provided
in the Australian Sector of NASCOM
to provide instantaneous communica-
tions between Australian Post Office
centres vital to NASCOM security.
This A.P.O. facility is provided to
facilitate service activities and to assist
in providing a high level of reliability
to the leased services.

Data Facilities.

The NASCOM data switching sys-
tem has been developed around the
UNIVAC 490 communications proces-
sors at the NASCOM primary switch-
ing centre at Goddard and also at the
Manned Space Flight Network (MSFN)
Headquarters at Houston, Texas. The
initial processor installations were
effected about 1964 and these progres-
sively replaced the earlier electro-
mechanical and manual switching sys-
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CONDITIONS.

Fig. 2 — Four-Four Type Resistance Hybrid.
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tem (83B2 and 111B teletype switches)
which were in general use at GSFC
stations.

The communications  processor
utilises a digital computer which re-
ceives, examines, stores, queues,

routes and transmits messages elec-
tronically at very high speeds. The
processor also exercises considerable
pre-programme judgment thereby con-
tributing to its own speed and relia-
bility. For example, it attempts to
deliver messages with garbled routing.
It also automatically advises Facilities
Control as to open-circuit line failures
and other important operations data. It
is understood that UNIVAC 494 Com-
munications Processors (10 to 12 times
faster than the 490) (Ref. 3) have been
purchased by NASA for message hand-
ling duties. Dependent UNIVAC 418
Communications Processors are in-
stalled at Canberra and London and
2400 bits per second high speed data

lines link these processors to the
UNIVAC 490’s at Goddard.
The communications processors

having a store and forward facility
are able to accept several 75-baud
teletype messages from  various
sources and transmit them in the 2400
b/s mode. The original 75-baud
teletype messages are derived for deli-
very or onwards transmission at the
receiving processor. Where NASCOM
data traffic justifies the provision,
direct 2400 b/s links are provided
between Goddard and overseas track-
ing stations clear of the communica-
tions processors. The equalisation
of these circuits is dealt with in the
chapter NASCOM Australian Sector.

Data System Equipment—Data
Modems.

In ‘Implementation of a worldwide
high speed data transmission system
for NASA mission support’ (Ref. 2) thz
following paragraph describes the data
modem equipment and its operation:—

Wireline Modem: “The data
modems employed in the NASCOM
network (Western Electric Co.

Model 205B) are capable of operat-

ing at 600, 1200, or 2400 b/s. The

modem has a carrier of 1800 Hz and
employs synchronous four-phase
modulation. The data set can be
used as a full duplex terminal or as
a regenerative repeater. As a ter-
minal data set it can operate in any
of the three data rates independent-
ly in either direction. When used
as a terminal data set the transmitted
data stream is assembled in bit
pairs (dibits), each dibit being trans-
mitted as one of four phases. At

2400 b/s the data bits are examined

in pairs to make up the dibit. At

McKENZIE — A.P.O. Role in NASCOM

1200 b/s each data bit corresponds
to one dibit and at 600 b/s each data
bit corresponds to two dibits. Thus
the modulation rate is held constant
at 1200 baud regardless of the data

rate. Modem phase-shift logic at
2400 b/s is:—
Phase
Dibit Code Advance of the Carrier
00 225 degrees
01 315 degrees
10 135 degrees
11 45 degrees

At 1200 b/s serial data 1’s and 0’s
are encoded as 10 dibits or 00 dibits
respectively. Consequently, only the
135 degree and 225 degree phase
shifts are used at this data rate. At
600 b/s serial data 1’s and 0’s are
encoded 1010 (two 10 dibits) and as
0000 (two 00 dibits) respectively.
Thus two 135 degree phase shifts
represent a 1 and two 225 degree

phase shifts represent an 0. In the
regeneration mode, the modem re-
generates dibits and a 1200 Hz
timing signal is transferred between
the receiver and transmitter to main-
tain dibit encoding throughout the
data set. This is necessary for
proper operation of all three data
rates regardless of the speed of
the terminal data sets.”

NASCOM: AUSTRALIAN SECTOR.

Growth of the Australian Sector.

As an integral part of the develop-
ment of the world-wide NASCOM net-
work to 140,000 circuit miles in 1963
(Ref. 1), 600,000 circuit miles in 1966
(Ref. 4) and 2,000,000 circuit miles in
1968, the Australian Sector developed
from 10,000 circuit miles in 1963 (Ref.
1) to some 100,000 circuit miles in
1969 (Fig. 3 and Table 1).

TABLE 1: NASCOM NETWORK, AUSTRALIAN SECTOR 1963-1969.
Satellite Deep Space Manned
Control Tracking Probe Space
Sector Longitude Stns and (STADAN) (DSN) Flight
SCAMA Station Station (MSFN)
Station
Australian Mobile Indian
and Pacific Ocean
Sector Ship
114°E Carnarvon Carnarvon
116°E Muchea (1)
116°E Pearce
(RAAF) (2)
116°E Perth (3)
131°E Darwin
137°FE Island Red Lake (1)
Lagoon (Woomera)
(Woomera)
138°E Adelaide (1)
146°E Townsville
)
148°E Canberra | Canberra Canberra | Canberra
(Deakin) (Orroral (Tidbin- (Honey-
Valley) billa) suckle
Creek)
152°E Cooby
Creek
{Too-
Mobile woomba) (1)
Pacific
Ocean Ship
Notes:

1. The Adelaide switching centre and the Muchea MSFN station are now

closed.

Cooby Creek ATS station is temporarily employed by the AP.O. in

assessing the application of domestic satellite circuits to outback centres.
The Red Lake station has been virtually phased out and its tracking equipmen*
transferred to other locations.
2. The installations at Townsville and Pearce have been provid-
connection with the NASA Instrument Aircraft (ARIA), which operate~
manned space flight missions. - )
3. The installation at Perth (Basseéndean) consists of serial/-
conversion equipment at the interface of HF radio circuits -

landlines.
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Whilst the 10,000 circuit miles leased
by NASA in 1963 consisted of 7000
miles of 50 baud teletype lines and
some 3000 miles of station conferenc-
ing and monitoring (SCAMA) circuits,
the 1969 total of 100,000 circuit miles
had significantly changed in compo-
sition, being 60,000 circuit miles of
alternate voice/data lines, 35,000 cir-
cuit miles of 75 baud telegraph lines,
and 5000 miles of station conferencing
and monitoring (SCAMA) circuits.
These figures are approximate only and
include both full time and part time
facilities leased from the Australian
Post Office. NASA Installations in
Australia in 1963 (Ref. 1) consisted of
a mintrack orbiting satellite—tracking
installation plus a deep-space (85 ft.
diameter parabolic cassegrain) antenna
at Island Lagoon, some 20 miles south
of Woomera, South Australia.

These facilities, together with the
Mercury Tracking station No. 9, at Red
Lake, north of Woomera, and Mercury
Tracking station No. 8, at Muchea,
north of Perth, were connected to the
GSFC by a network of teletype lines
plus a SCAMA voice facility. The
Muchea station has since been replaced
by a tracking station at Carnarvon. A
NASA switching centre for these tele-
type and voice lines was established
in the A.P.O. trunk exchange engi-
neering building at Adelaide. This
switching centre has since been re-
placed by a new centre at Deakin
(Canberra)

As has been stated in the earlier
notes on the NASCOM world net-
work, the period between 1962-63 and
the end of 1969 saw significant de-
velopment due to the use of communi-
cations processors and voice/data
facilities. The pattern already evident
in 1963 of three discrete networks for
(a) satellite tracking, (b) deep space
probes, and (c) manned space flight
was expanded and consolidated. An-
other factor which had a bearing on
the development of NASCOM was the
NASA decision to centralise mission
control in the U.S.A. This called for
reliable transmission of information in
real time from all sectors. The avail-
ability of INTELSTAT communica-
tions satellites afforded support to the
terrestrial networks.

In addition to these developments
to the general NASCOM network, the
Australian sector experienced several
changes due to the extension of the
Australian Post Office broadband net-
work. This usually required re-
equalisation of voice/data lines. The
replacement of older 50 baud voice
frequency carrier telegraph systems
with systems having more efficient
channel filters was effected. With the
same channel spacing these new sys-

McKENZIE — A.P.O. Role in NASCOM

tems could accommodate 75 baud
channels. A complication arose, how-
ever, due to the adoption by Australia
of equipment having the C.C.LT.T.
standard transmission rate of 75 baud
for 100 word per minute teletype
lines. The 28A teletype machines in
use in the NASCOM network operate
at 74.23 baud (the US standard tele-
type transmission rate) and translation
to the C.C.LLT.T. standard was neces-
tary in Australia to facilitate fault
location and clearance using standard
75 baud testing equipment.

The NASA installations in Australia
served by the NASCOM network up
to and including the Apollo (Honey-
suckle Creek) tracking station, repre-
sent a capital investment of $64m. (A),
composed of $52m (A) for equipment
and $12m (A) for buildings, commu-
nications and roads. The cost of
operating the Australian installations
is approximately $13.5m (A) per an-
num.

NASA Installations in Australia.

Red Lake: Australia’s involvement
in the space programme began in 1957-
58—the International Geophysical
Year—with the tracking of the early
earth orbital satellites from the Red
Lake station. Red Lake was at this
stage a missile tracking station and
part of the Department of Supply (A)
Woomera missile testing range which
had been established some ten years
earlier.

NASA, from its inception in 1958,
was aware of the potential advantages
of Woomera for visual and radio
tracking of satellites and deep space
probes, and installed Minitrack equip-
ment and Baker and Nunn tracking
cameras in this area. Communications,
were supplied by open wire carrier
equipment (Ref. 1).

Island Lagoon: The installation of a
deep space tracking station at Island
Lagoon some 14 miles south of Woo-
mera was commenced in 1958.
This station was completed in
1960 and some Red Lake satellite-
tracking equipment was transferred to
the new site. Island Lagoon was the
first Australian tracking station to be
equipped with an 85 ft. diameter steer-
able parabolic antenna. With the
establishment in May 1958 of the God-
dard Space Flight Centre near Green-
belt, Maryland, U.S.A., the need arose
for a consolidated global network of
communications. Initially the network
consisted of 50 baud telegraph lines
plus the SCAMA speech facility. In
Australia, leased telephone and tele-
graph lines provided communications
to the Woomera installations. (Ref. 1.)

Muchea: Communications require-
ments in Australia remained virtually

unchanged until a new tracking station

was established in 1962 at Muchea
(north of Perth) and further equipment
installations effected at Red Lake to
provide communications support for
the initial (Mercury) manned space
flights of 1962-63. Communications
provided for these stations, plus the
provision of a NASA switching centre
in the A.P.O. Engineering Building at
Adelaide to co-ordinate communica-
tions requirements are fully described
in other papers (Ref. 1).

Darwin: In preparation for the EGO
(Eccentric Orbiting Geophysical Ob-
servatory) project of 1964 (et seq.), a
new Australian tracking station was
completed in November 1963 at Dar-
win. Communications support for
this station was relatively modest,
consisting of telephone and teletypé
access to Darwin exchange, and the
part time provision for a period of
4 to 6 weeks in every eight or nine
months of a teletype facility (non-
real time) between the Darwin station
and the Adelaide switching centre. No
backup communications were reques-
ted. The Darwin station operated on
this basis until 1968, but is unlikely to
be required in the future.

Carnarvon: A station complex to
participate in the satellite programmes
and to replace Muchea in future
manned space flight programmes has
been built over a period of several
years at Brown Range, about 4 miles
east of Carnarvon. Equipment was
transferred to Carnarvon from Muchea
and Red Lake following the completion
in 1963 of the Mercury project, and
the new tracking station was officially
opened in June, 1964, Communications
support was provided by the transfer
and extension of two teletype and the
voice SCAMA lines from Muchea to
Carnarvon. Transfer of these facili-
ties was completed by Feb. 1964. The
Australian order-wire network (4-wire
voice), which linked Muchea and Red
Lake to the Adelaide switching centre
for project Mercury (Ref. 1), was
disconnected from these centres and
extended to Carnarvon and Island
Lagoon.

A new 4-wire voice circuit was
provided in Feb. 1964 for call-up be-
tween Carnarvon, Adelaide, Melbourne
and Sydney, with extension to the
U.S.A. via the COMPAC cable. (Be-
tween March and August 1965 the
deep space station at Tidbinbilla had
access to this 4-wire circuit at Ade-
laide.) An additional (third) teletype
circuit was also provided between Car-
narvon and Adelaide.

Of particular significance was the
introduction late in 1964 of high speed
alternate voice/data operation between
Carnarvon and the Adelaide switching
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centre. Similar facilities were also
provided between the Adelaide switch-
ing centre and Woomera, Canberra and
the O.T.C.(A) International Gateway
Exchange at Paddington, Sydney, to
the U.S.A. via the COMPAC cable.
These circuits were not equalised
initially. Alternate path communica-
tions were provided in the overseas
link by HF radio to Honolulu plus sub-
marine cable to mainland U.S.A.

Within Australia, normal communi-
cations were provided by broadband
bearers between Sydney and Mel-
bourne and originally an open wire
carrier route Melbourne to Adelaide.
This section now uses a broadband
bearer also. An alternative route
between Sydney and Adelaide was
provided by the open wire route via
Deniliquin and Nuriootpa.

Between Adelaide and Perth normal
communications were provided by the
Interstate open wire pole route along
the transcontinental railway.

Limited alternative communications
were available in this section consist-
ing of a HF radio system between
Perth and Melbourne.

Beyond Perth, facilities to Carnar-
von consisted of an open wire route
through Mullewa and Gascoyne Junc-

tion. This section also now uses a
broadband bearer.

After consideration of several engi-
neering methods of providing alterna-
tive communications to Carnarvon,
NASA sought A.P.O. permission to in-
stall a recovered REL Series 2300
single span tropospheric scatter sys-
tem operating at 755/985 MHz between
the Carnarvon tracking station and the
A.P.O. network at Geraldton. This
system, which was originally installed
as part of a 5-span (1300 miles) D.E-W.
(Direct Early Warning) Line complex
in the Aleutian Islands in 1959, was
not fully operational over the long
unrepeatered distance between Gerald-
ton and Carnarvon and afforded only
four or five telephone circuits. It did,
however, provide valuable backup to
the AP.O. pole route facilities.

A.P.O. staff installed the Geraldton
terminal and gave assistance with the
Carnarvon terminal installation to
have the system operative for the first
two-man orbital mission (Gemini III)
launching of March 23, 1965.

Fig. 4 shows the tropospheric scatter
terminal installation at Carnarvon.

The Australian domestic sector has
undergone further changes since the
initial facilities were provided to Car-
narvon. Late in 1969 alternate broad-

band routes were available between
Sydney and Melbourne, diverse broad-
band and open wire routes between
Melbourne and Adelaide (plus the
direct open wire route Sydney-Ade-
laide already referred to), and a broad-
band route with open wire backup
between Perth and Carnarvon. An
Adelaide-Perth broadband route is due
for completion in mid 1970 with the
transcontinental open wire route as
backup. In addition an O.T.C. (A)
Earth Station had been built at Car-
narvon adjacent to the tracking sta-
tion complex and direct circuits to the
U.S.A. via an INTELSTAT satellite
are now available providing support to
the terrestrial network.

Tidbinbilla: The first NASA instal-
lation in the Canberra area was the
Tidbinbilla Deep Space Station (DSS
No. 42), located approximately 20
miles south of Canberra. The station,
which was completed in Marrh 1087
was initially connected to the Adelaide
NASA switching centre. A Tidbin-
billa-Mt. Stromlo cable was provided
at cost to NASA and connected
through to Canberra via the Deakin
telephone exchange on cable pairs
leased from the A.P.O. An alternate
route to Tidbinbilla was provided in
1968 by the provision of a NASA-

Fig. 4 —R.E.L. Tropospheric Scatter Terminal Looking South o Geraldton from Carnarvon Tracking Station.
McKENZIE — A.P.O. Role in NASCOM
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owned microwave radio system to a
new Apollo station at Honeysuckle
Creek and thence to Canberra (Dea-
kin) via an alternate cable route. This
alternate route was provided mainly
to support the Apollo station, but
served the dual role of supporting also
Tidbinbilla. Late in 1969 NASA were
giving consideration to transferring
deep space tracking facilities from
D.S.S. No. 41 Island Lagoon to Tid-
binbilla.

NASCOM Switching Centre, Can-
berra (Deakin): The completion in Au-
gust 1965 of a NASCOM switching
centre in the Deakin Telephone Ex-
change (some miles from the centre
of Canberra) to switch all (NJASA com-
munications to and from the Australian
sector was a significant step in consoli-
dating NASA communications in Aus-
tralia. Voice/data circuits equalised
to the C.C.LT.T. Specification M89
were provided between Deakin and all
NASA tracking stations in Australia
and APO/OTC (A) interface ternui-
nals such as Paddington, and via Perth
and Sydney O.T.C. HF radio terminals
to NASA tracking ships. Data re-
generation was provided on all voice/
data lines from NASA stations through
Deakin to the U.S.A. This regenera-
tion was provided by back-to-back
data modems and afforded flexibility
in the Australian sector in addition to
relaxing the equalisation objective to
the full MB89 specification between
Deakin and the dependent NASA in-
stallations i Australia.

Central to the operation of the Dea-
kin switching centre are the UNIVAC
418 Communications Processor instal-
lations. Two of these processors
were provided to work via high-spead
voice/data facilities with similar
UNIVAC 490 Communications Proces-
sors installed at Goddard, and for
manned space flight missions through
Goddard to two UNIVAC 490 Com-
munications Processors installed at
the Houston Manned Space Flight
Centre in Texas. The Australian Sec-
tor teletype network operates between
the Canberra processors and the de-
pendent NASA installations (see Fig.
3).

NASA approached tlie AP.O. and
O.T.C. (A) in 1969 regarding the feasi-
bility and cost of data links between
Deakin and Goddard having a group
bandwidth of 48 kHz and a bit rate
of either 40.8 kb/s or 48 kb/s, depend-
ing on the type of data modem em-
oloyed.

Whilst the Canberra (Deakin)
Switcher has virtually taken over all
the switching and control diities exer-
cised earlier by the Adelaide switch-
ing centre, full maintenance advantage
has been taken of the flexibility aris-
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ing from the availability of three
groups of A.P.O. circuits between Ade-
laide and Canberra, that is (a) a direct
group via Wagga, (b) a route via Mel-
bourne and (c) a route via Sydney,
avoiding Melbourne. In addition, some
patching flexibility is available due to
the sectional equalisation at Perth and
Adelaide. The establishment of
additional iracking installations in the
Canberra area increased the economic
justification for locating the NASCOM
switching centre for the Australian
sector close by. Diverse broadband
(microwave radio and coaxial cable)
routes are available hetween Canberra
and the O.T.C. (A) gateway exchange
at Paddington, Sydney. Beyoud Pad-
dington overseas carriers provide ex-
tension of the NASCOM circuits to
the U.S.A. Communications for OTC
(A) between Paddington and their
installations at OTC Cairns (SEACOM
cable terminal) and the OTC Moree
Earth Station in northern N.S.W. are
provided by the A.P.O.

Orroral Valley: A STADAN (Satel-
lite Tracking and Data Acquisition
Network) station was completed at a
site in the Orroral Valley, some 40
miles south of Canberra, in July, 1965.
The Orroral station was officially
opened in February 1966 and uses an
85 ft. diameter paraboiic steerahble
antenna similar to those already in-
stalled at Island Lagoon and Tidbin-
billa. Whilst this type of antenna
had previously been employed for
deep space probes due to its high sen-
sitivity and extremely low noise per-
formance, the Orroral installation was
directed towards the alternative use
of the wide bandwidth available at
normal signal-to-noise conditions. This
need arose from the much higher rate
of cata acquisition necessary wiih the
multi-experiment satellites such as
Orbiting Geophysical Observatory—
the second in this series being equipped
for 20 separate experiments.

Regarding communications support
for the Orroral station, it was shown
to be more economical to extend the
A.P.O. Canberra-Tharwa public com-
munications route from Tharwa along
the Gudgenby River Valley to Naas
and thence into the Orroral Valley to
the STADAN site. A part aeriel, part
underground cable was provided for
NASA between Tharwa and Orroral
with certain pairs suitable for 12 eir-
cuit cable carrier systems. ZI2N
systems were employed between Can-
berra and Orroral in addition to voice
frequency circuits. Due to the lower
security requirement, communications
facilities to the Orroral Valley wer
not duplicated as is the case with
manned space flight tracking installa-
tions.

Cooby Creek: In connection with
the Applications Technology Satellite
programme a satellite tracking station
was installed in September, 1966, at
Cooby Creek, some 19 miles north of
Toowoomba, Queensland. The Cooby
Creek station was similar and comple-
mentary in space role to the STADAN
installation at Orroral Valley.

Communications support to Cooby
Creek was provided by cable beiween
Toowoomba and Cooby Creek, and
from Toowoomba to Brisbane, Sydney
and Canberra, by circuits derived from
the A.P.O. national broadband net.-
work. As with the Orroral installa-
tion, alternative communications were
not required. The Cooby Creek
tracking station ceased duty early in
1969 and is currently employed by the
A.P.O. in experiments directed towards
the provision of Australian domestic
communications services to outback
centres by synchronous satellite.

Honeysuckle Creek (Apollo): In
March 1967 the most recent of the
NASA tracking stations in Australia,
the Apollo Manned Space Flight Sta-
tion, was completed at Honeysuckle
Creek (35 miles south of Canberra) in
an adjacent valley to the Orroral
STADAN station. The Honeysuckle
Creek station was involved in the
Apollo programme, including the
Apollo 11 and 12 missions of 1969,
The high security requirement of the
Apollo manned space flight missions
arises from the long periods (some
eight hours) during which each of the
three Apollo stations around the
earth—Goldstone, California (U.S.A.),
Robeldo, Madrid (Spain), and Honey-
suckle Creek, has sole access to the
lunar expeditionary modules. For
this reason each Apollo station was
through connected to the adjacent
deep space station. As already men-
tioned, the Apollo station and the
DSS 42 at Tidbinbilla have been
through connected by a NASA owned
microwave radio link, so Tidbinbilla
can support an Apollo mission if the
Honeysuckle Creek station equipment
fails.

In addition, the Apollo to Tidbin-
billa radio link provides backup com-
munications against the failure of the
cable circuits provided from Canberra
via Tharwa.

During Apollo 11 and Apollo 12 a
video transmission from the lunar
module was relayed from Honeysuckle
Creek through an A.P.O. radio relay
site at Williamsdale to Red Hill (Can-
berra radio terminal) and thence to
the U.S.A. via the OTC (A) Moree
earth station. Television stations
in eastern States and South Australia
received a video programme split from
Sydney. In Western Australia the
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video programme was picked up by
the Carnarvon earth station and re-
layed to Perth via the newly-completed
coaxial cable. For a period after the
lunar vehicle landed on the moon’s
surface and before a higher gain an-
tenna could be established at Honey-
suckle Creek, there was a foreseeable
need for a higher gain earth antenna
than the 85 ft. diameter parabolic dish
available to pick up the relatively
weak signal from the L.EM. By ar-
rangement with the CSIRO (A) the
210 ft. diameter radio telescope at
Parkes, in central N.S.W., was made
available to cover this phase. The
television signal, together with bio-
medical and other telemetry informa-
tion from the LEM, was relayed from
the Parkes CSIRO radiotelescope to
Parkes and thence via the A.P.O.
broadband network to a NASA Video
Switching Centre in Sydney. The re-
maining telemetry information was
relayed to the NASCOM switching
centre at Canberra,

The A.P.O. could never foresee this
demand, but the high quality of its
construction and maintenance allowed
it to provide these facilities at short
notice and low cost. The overall
quality of the television shots from the
moon depended critically on A.P.O.
facilities to a small town fairly remote
from the populated region along the
east coast.

As an adjunct to the Apollo pro-
gramme, &n Apollo Range Instru-
mented Alrcraft (A.R.LA.) was based
either on Townsville or Pearce RAAF
bases. During missions this aircraft
operates directly into the O.T.C. (A)
overseas HF radio terminals at Syd-
ney. During nonmission periods
checks of the airborne equipment may
be made via A.P.O. leased land lines
to the Canberra NASCOM switching
centre.

Voice/Data Facilities.

Design Objectives: The data chan-
nel specification adopted by the Na-
tional Aeronautics and Space Adminis-
tration in 1964 was the Bell System
Schedule 4B data design objective.
This specification (with additional
elaboration to include ‘normal’ tele-
phone circuits in addition to ‘special’
quality circuits having transmission
characteristics falling within defined
limits) was adopted by the C.C.LT.T.
in plenary session at the Geneva 1964
meeting. It was formally issued as
C.CIT.T. Recommendation M89, and
with certain additions regarding fre-
quency translation, phase stability and
non-linear (harmonic) distortion be-
came the NASA voice/data circuit de-
sign objective. A later design objec-

tive, C.C.1.T.T. Recommendation M102
was adopted by the C.C.IT.T. meet-
ing in Mar Del Plata 1968 for design
objectives for data channels and has
now superseded Recommendation
M89. However, the M89 Recommen-
dation was employed in the develop-
ment of the NASCOM network and a
1966 NASA request .for ‘special qua-
lity’ circuits was based on this ob-
jective as follows:—

“The prime technical objective is
high end-to-end data circuit per-
formance over various combinations
and qualities of communications
media that exist in the global en-
vironment. To transport economi-
cally the required amount of data
throughout NASA tracking ranges,

TABLE 2:

a data rate of 2400 b.p.s. per circuit
is necessary. A performance goal
of one bit error per 100,000 bits (one
in 105 bit error rate) has been estab-
lished for the longest combination
of circuits that could be assembled,
excluding HF radio. With these
goals in mind, it became necessary
to establish minimum performance
limits for quality of voice-bandwidth
data channels. The C.C.I.T.T. M89
‘Data  Channel Specification’ has
been chosen as the absolute mini-
mum channel performance that
would be allowed between data
transmission terminals.”
Brief comments concerning each of
the characteristics specified are given
below and in Table 2.

C.CIT.T. M89 DATA CHANNEL SPECIFICATIONS.

Characteristics.

Limit

Envelope delay

Frequency response.
(net loss variation from
1000 Hz)

Net loss variation (long
term: at 1000 Hz)
Impulse noise

Circuit noise

500 microseconds from 1000 Hz to 2600 Hz
1500 microseconds from 600 Hz to 2600 Hz
3000 microseconds from 500 Hz to 2800 Hz
—2 dB to +6 dB from 300 Hz to 499 Hz
—1 dB to +3 dB from 500 Hz to 2800 Hz
—2 dB to 46 dB from 2801 Hz to 3000 Hz
plus or minus 4 dB.

90 counts per 4 hour at a 68 dBm( threshold
as measured with a WECO 6A test set using
voice-band weighting

54 dBrnc0.

Envelope Delay: The limit, given in
microseconds, is the maximum allow-
able variation in channel propagation
in the bands of frequencies specified.
No reference frequency is given and
it is common practice to use that fre-
quency at which the channel delay is
a minimum as the reference point for
any particular channel.

Frequency Response: It is important
to note that the decibel (dB) values
specified represent maximum permis-
sible net loss variations of the channel
in the frequency bands shown with
respect to the net loss measured at
1000 Hz. Thus a reading of lower
level at some frequency other than
1000 Hz is represented by a positive
dB value.

Impulse Noise: This measurement as
specified must be made with the Wes-
tern Electric Company 6A impulse
noise test set or any test set with
identical static and, dynamic charac-
teristics. Both positive and negative
pulses are counted where peak voltage
amplitudes exceed a level of 68 deci-
bels above reference noise level (90
dB below one milliwatt or —90 dBm)
as measured at a 0 dBm test level
point (TLP) in the circuit. The maxi-
mum counting rate of the 6A test set
is 10 counts per second, and conse-

quently, many impulses occurring on
the circuit may not be counted. For
a relative measure of channel impulse
noise, however, the technique is valid.
Circuit Noise: The maximum noise
allowable under this specification is
defined as 54 decibels above reference
noise level as measured through a ‘C
message’ weighting network at an 0
dBm TLP. This specification is
usually interpreted as the total value
of all unwanted signal energy which
may appear in the channel. This
includes random or background noise
—plus any interfering signals such as
crosstalk and products of cross modu-
lation or intermodulation. 1

Design Objectives not covered by
C.C.LT.T. Recommendation M89: In
addition to the foregoing characteris-
tics of the C.C.LT.T. M89 listing, there
are at least three channel charac-
teristics which are not specified but
which can be a severe problem if they
are not controlled. The severity of
this problem usually depends on the
data modulation technique used and
it is difficult to specify a universally
applicable minimum performance limit.
Implementation of adequate test tech-
niques may also be somewhat difficult.
These characteristics with a brief
discussion of their nature, suspected
cause, and suggested limits are:
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Frequency Translation: Frequency
translation is manifested on a chan-
nel as the output or received signal
appearing as a higher or lower fre-
quency than the input or transmitted
signal. This occurs in single side-
band multiplexing equipment as a
result of a difference in frequency
between the oscillator used to sup-
ply the modulating frequencies and
the oscillator used to supply the
demodulating frequencies. It is
recommended that frequency shift
be kept less than 5 Hz, although
some data terminal equipments may
allow up to a 10-Hz frequency shift
without serious performance degra-
dation.

Phase Stability: The condition of
phase instab’lity or jitter can be
observed on sine wave signals trans-
mitted through most voice channel
multiplex equipment. This condition
is apparently caused by short-term
instability of the oscillators used to
derive modulating and demodulating
frequencies for multiplexing pur-
poses. It appears that phase insta-
bility is more common on long-haul
channels that are routed through
multiplex equipments which trans-
mit a pilot frequency for synchronis-
ing the carrier oscillator at the
circuit receiving end.  Accumula-
tion of noise apparently causes the
synchronising circuits to ‘hunt,’
which directly causes the phase
jitter. Again it is quite difficult to
establish a practical limit for this
characteristic, but a rate of change
of phase of 20 degrees per milli-
second or less seems to be accept-
able for operation at 2400 b/s. The
seriousness of this problem again
depends a great deal on the type of
data terminal system used.
Nonlinear (Harmonic) Distortion:
Non-linear distortion usually appears
as limiting (flat-topping or clipping)

on signals transmitted through
the channel.  An acceptable limit
for this characteristic is 10 per

cerit. total harmonic distortion.

The C.CIT.T. Recommendation
M102 is oriented towards a specifi-
cation for non-speech telephone band-
width circuits, including facsimile voice
frequency carrier telephone system
bearers and voice bandwidth data
facilities. In addition, international
circuits have been divided into frac-
tions of the objective. For example,
M-102 allocates one-third of the objec-
tive in both transmitting directions to
the domestic carrier up to the outgoing
gateway exchange. The remaining
two-thirds of the objective is allocated
between the sending country’s gate-
way exchange and the receiving ter-

MCcKENZIE — A.P.O. Role in NASCOM

minal equipment in the overseas coun-
try.

Typical Equalised Voice-Data Trans-
mission Lines: In applying the M89
specification to the Australian Sector
of NASCOM, two distinct stages were
encountered. Firstly, about 1964,
when the NASCOM switching centre
was located in Adelaide, it was opti-
mistically expected that circuits be-
tween tracking stations in Australia
and Goddard could be equalised and
ma‘ntained within the limits of the
M89 specification. The difficulty was
not so much the engineering of
through circuits to M89, but one of
maintaining them within the dynamic
ranges of this specification. This
was resolved in 1965 with the second
stage — the transfer of the Australian
Sector switching centre from Adelaide
to Canberra and the provision of back
to back data modems at that centre to
regenerate the data streams. Thus
the data circuits within Australia were

now permitted the full allowance of
the M89 specification between Aus-
tralian tracking stations and Canberra
against the fractional target objective
required earlier.

Beyond Canberra to the O.T.C. In-
ternational Gateway Exchange at Pad-
dington Sydney, the Australian cir-
cuits were required to meet and main-
tain one-third of the M89 specification.
This objective was achieved fairly
easily due to the availability of stable
broadband facilities between Canberra
and Sydney.

In addition to the two stages of line
equalisation, occasioned by the trans-
fer of the switching centre from Ade-
laide to Canberra, subsequent adjust-
ment to the equaliser components was
necessary, as the A.P.O. broadband
bearer network gradually replaced
open-wire carrier systems equipped
with less efficient channel filters.

The A.P.O. decision to purchase
variable equalisers arose from our
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experience with the inflexible static
equalisers.

Typical of the voice-data lines
within Australia is the group of cir-
cuits between the Carnarvon tracking
station and Canberra. These consist
of three component links, one equal-
ised to one-third of MB89 between
Carnarvon (Brown Range) and Perth,
one to one-third of M89 between Perth
and Adelaide, and one to one-third
of M89 between Adelaide and Can-
berra (Deakin).

Figs. 5 and 6 show the transmission
characteristics of relative attenuation

and relative group delay respectively
of typical through equalised circuits
between Carnarvon and Canberra.

In these circuits amplitude and
delay equalisers are located at Can-
berra, Adelaide and Perth. Desig-
nated patch circuits are also equalised
and made available from public traffic
in an emergency.

Reliability of Communications.

A very high order of reliability of
communications has been achieved in
the Australian Sector. Details ana-
lysed from the monthly NASCOM

reports indicate a circuit-mile relia-
bility of 99.825 per cent. (Standard
Deviation 0.08 per cent) as average
for the availability of services in the
Australian Sector when required for
duty. This high reliability has been
achieved by employing diverse opera-
tional routes and (in the case of
manned space flights) a complete em-
bargo on line work during missions.

CONCLUSION.

The establishment of a world-wide
network of communications services
employing  high-speed  voice/data
transmission facilities and communi-
cations processors has advanced their
introduction into the Australian com-
munications environment and has in
some measure afforded experience
which will be of assistance in expand-
ing the Post Office public communica-
tions (Datel) services and the later in-
troduction of a Common User Data
Network (C.U.D.N.), which will employ
Communications Processors.
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CO-ORDINATION OF TRENCHING WORKS IN NEW SUBURBS

INTRODUCTION.

The basic principles and purposes
of co-ordination of works involving
excavation being undertaken by two
or more authorities working concur-
rently in the one area have been fully
examined in recent years. The ad-
vantages and disadvantages of laying
distribution cables for telephone ser-
vices in an area while the roads are
being made and other service plant
installed are particularly appreciated
by those who have sought to make
such arrangements.

In a rural area just beyond the out-
skirts of Adelaide, the capital city of
South Australia, a housing estate de-
velopment company proposed to sub-
divide land and build houses on
nearly every allotment in the area
and an experienced entrepreneur was
to provide a shopping centre. The
developer desired to have a telephone
service available in each house when
it was first ready for occupancy. It
was established as a particular aim
that no road nor footpath should be
disturbed once it was first completed.

The author reviews matters which
received attention in ensuring that un-
derground cable provision and tele-
phone instrument installation kept
proper pace with the development of
the estate.

PRELIMINARY PROPOSAL.

The developer proposed to con-
struct a fully integrated residential
estate on about six hundred acres of
farm land (see Fig. 1) about one mile
from the closest telephone exchange.
It was proposed that single residen-
tial units be constructed on each al-
lotment with very little, if any, vacant
land left in between except for the
area required to be reserved for pub-
lic recreation. The land on all sides
of the proposed subdivision was va-
cant farm land also, but no informa-
tion was available that any early
development should be expected there.

The initial rate of construction was
proposed to be two hundred and fifty
houses per annum, rising to six hun-
dred per annum. The construction
was to be undertaken in lots of fifty
to one hundred houses, by sub-
contractors engaged by the developer.
Fig. 2 shows a stage of development
where two sections have been com-
pleted and the third and fourth sec-
tions are being processed. The de-
veloper arranged to sell vacant blocks
of land in the third section.

* Mi. Gooley is Diivisional Engineer, District
Works, S.Aust.

ADVANTAGES TO THE DEVELOPER

In preliminary discussions it was
established as a particular aim that no
road pavement nor footpath surface
should be disturbed once it was laid.
While narrow trenches could be
tolerated across metalled road bases
before the bitumen pavement was laid,
the bitumen surface itself was not to
be disturbed at all. Concrete drive-
ways were to be provided into all
houses. Footpath areas were planted
with lawns which, apart from some
shrubs and ornamental trees, were
contiguous with lawn areas in front
of the houses. All underground plant
was to be installed before the drive-
ways and lawns were laid. This aim
was achieved almost in its entirety
and because of this success, made the
estate attractive to potential pur-
chasers who would ‘be repelled by
disturbance and inconvenience caused
by late excavations. The estate will
be free of excavations in the streets
for many years.

The second advantage was that a
complete set of utility services could
be offered to all clients. Sewerage,
water supply, gas, electricity and tele-
phones were all connected when each
new home-owner first took up resi-
dence, and this at a time when rapid
development was occurring through-
out metropolitan Adelaide. The pro-
vision of a trunk sewer and connec-
tion of each house was an important
item which attracted buyers, but the
availability of telephone service was
also a major influence, particularly in
the early stages, in overcoming any
feeling of isolation which residents
might feel. The presence of a tele-
phone in the house when it was of-
fered for sale was a strong selling
point.

A further advantage in installing
telephone wiring during the construc-
tion of each house, is that the wiring
can be readily concealed, whereas, if it
is left to individual owners to have a
telephone installed some time after
they have taken up occupancy, wiring
cannot be concealed at all in some
designs of house, and only with con-
siderable difficulty in other designs.

DEPARTMENTAL BACKGROUND.

Some applications for telephone
service in the metropolitan area of
Adelaide were, at the time, waiting
up to two years before service could
be provided because sufficient funds
had not been available to the Depart-
ment to enable the connection of ser-
vices to match the high rate of de-

GOOQLEY — Coordination of Trenching Works

M. J. GOOLEY*

velopment occurring in the State. The
number of applicants waiting amount-
ed to a high level of about 2 per cent.
of the existing network. It was
desired to provide the facilities which
the developer required, but at the
same time to avoid causing adverse
affect on the delays already being
experienced by applicants elsewhere.
It was, therefore, agreed that the de-
veloper would pay for the cable dis-
tribution work within his area.

There was a small armoured cable,
laid direct in the ground, passing the
area. While this cable enabled the
initial telephone requirements for site
works offices to be provided imme-
diately, a system of main conduits
and a large-size cable had to be pro-
vided from the telephone exchange to
the subdivision. These main con-
duits and the cable were installed at
departmental expense. The telephone
exchange was a small one with a new
and large one planned to replace it
on a larger site several hundred yards
away. While this new building and
equipment installation could be ex-
pedited, the development might out-
strip the remaining equipment avail-
able in the old exchange before it
could be completed. The developer
was informed of the plans and advised
that immediate telephone service could
not be guaranteed if it should trans-
pire that the estate developed more
rapidly than could reasonably be an-
ticipated.

DESIGN OF PLANT.

The overall progress was reviewed
periodically at managerial level. At
a suitable time, the developer provided
a subdivisional plan to scale of two
chains to one inch of the first section
to be developed. For the purpose of
designing the cable reticulation, the
section was split into four cable dis-
tribution areas of 70 to 80 allotments.
One area was served direct from a
cable terminal cabinet to which the
main cable from the exchange was
connected, the remaining three areas
being served by cable terminal pillars
(see Fig. 3) via the cabinet. This
design was repeated in further sec-
tions as required by the development.
Plastic insulated and sheathed distri-
bution cables were installed, providing
1.25 cable pairs per allotment, pairs
in excess of one per allotment being
provided for additional facilities which
might be required later. Island Ter-
minal Pole (LT.P.) distribution from
the street to the house was used, it
being the developer’s opinion that the
extra expense of a fully underground
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Fig. 1 — The Undeveloped Land Area.
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Fig. 2 — An Intermediate Stage in the Development.
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system (about $30 per allotment) was
not warranted because the electricity
mains and consumers leads were to
be overhead.

The cost of connection from the
1.T.P. to the house and installation of
the telephone instrument is covered
by a standard installation fee. This
fee, together with the wusual six
months’ rental in advance, was paid
by the developer on behalf of each of
his clients. A bulk advance of
these fees was replenished by the de-
veloper as, and when, necessary. The
agreement for the telephone service
was completed by each client at the
developer’s office on P.M.G. stationery.

CABLE INSTALLATION.

When a preliminary financial ar-
rangement for cabling reticulation had

Fig. 3—A Cabe Terminal Pilar.

been completed with the developer,
plans of the proposed cable work esti-
mates were posted to the line foreman
for the particular district. A copy of

" plans of proposed cable work is al-

ways sent to the local District Council
with formal advice of intention to
excavate in the streets. In this de-
velopment, the simple act of also pro-
viding the developer with a copy of
the plan was of considerable benefit
to all those who worked in the pro-
ject. The cable plan was displayed
at the developer’s site office and was
frequently examined by sub-contrac-
tors. A close liaison with the de-
veloper’s field supervisor resulted in
satisfactory timing of cable installa-
tion work throughout the whole pro-
ject. Main pipes for sewers, for water
and for gas, were laid along the

streets after the alignments had been
surveyed and pegged. Conduits for
telephone cables were then laid across
the streets, while branch pipes for
sewer, water and gas were being in-
stalled to each allotment. The road
was then cut, formed and metalled
and the footpaths graded approxi-
mately to finish level. By laying the
telephone cables in the footpaths after
all other pipes had been laid, damage
to cables was completely avoided. One
instance of damage to a shallow cop-
per water pipe occurred while laying
cables. This damage arose from a
recent innovation in water pipe-laying
— a branching “Y” feed from the main
to two houses — and the surface jine
of trenching had become obscured.
One of the advantages of close co-
ordination of trenching work was that
the line of trenching usually remained
visible for sufficiently long to render
electronic location of shallow pipes in
the ground unnecessary.

When the construction of a group
of houses had been completed and ail
the pipes for the houses had been laid,
a sub-contractor laid concrete water
tables and kerbing in the street and
paved the roads with bitumen. Front
garden and footpath areas were then
topped with loam and seeded with

grasses. Shrubs and trees were
planted. Because of the careful at-
tention to work sequences, no

instances of pavement breaking have
occurred in the sections now com-
pleted.

CONNECTION OF TELEPHONE
SERVICE

‘While completing the house pur-
chase contract with the client, the de-
veloper arranged for a date of occu-
pancy of the house. When there was
insufficient time for written advice,
verbal arrangements for the installa-
tion of the telephone instrument were
made. Many instances of this prac-
tice were accurately handled during
the peak period of the development.

It was arranged that cable pairs be
allocated from each pillar and /or cabi-
net to. all of the houses in the distri-
bution area during the preparation of
the cable reticulation design. All ne-
cessary cross-connection jumper wires
were run in advance in each pillar and
cabinet by the cable jointer and not
left to be run individually by the
telephone installer. Copies of the
cross connection sheets were also
available to the installer, the exchange
technician, cable recorder and the
sales officer preparing telephone or-
ders.

It is desirable that all wiring inside
houses should be concealed. In the
case of flat-roofed houses, wiring for

GOOLEY — Coordination of Trenching Works



June, 1970

THE TELECOMMUNICATION JOURNAL OF AUSTRALIA

177

the telephone service must be installed
after the roof timbers have been fixed,
but before the roof cladding has been
installed. The timing is not so criti-
cal for a pitched-roof house. This tim-
ing of installation of wiring in a flat-
roofed house is, of course, the same as
that required for the electrical wiring.
It was therefore arranged that the
electrical sub-contractor would also
install conduits and draw wires for
the telephone wiring. After the de-
tail had been discussed with the de-
veloper, a specification for house wir-
ing was prepared and printed. Copies
of this specification were given to the
developer, who distributed them to the
various electrical sub-contractors em-
ployed from time to time. The tele-
phone installers also had copies of
the specification, some of their work
being described in it for the infor-
mation of the electrical sub-contractor
as well as for their own guidance.
The proposed location of the tele-
phone within each house was specified
on the building plan. It was thus
practicable to specify, (a) that the
cavity wall tie wires be omitted in a
vertical line above the telephone point
to facilitate telephone wiring; (b) that
one brick be omitted from the inner

leaf of the wall at skirting level to
form a hand hole; and (c) that the
carpenter bore a hole in the skirting
board for telephone wiring and, before
fixing the board, pull the telephone
wire through the hole.

Because the estate had some houses
at each of several stages of progress
in close proximity to one another, it
was economical for the installer to
attend at the one house on more than
the one occasion if some advantages
arose from so doing. In many in-
stances, the drop wire was run
through without any joint or terminal
point, reducing the fault liability of
this item of plant, but it required two
visits to obtain this continuity of run.

The close liaison between the site
supervisor and the telephone installer
made it easy for the latter to receive
advice of any last-minute changes of
occupancy dates and thereby to al-
ways attend on the day on which the
new owner moved into his house. On
this day, the telephone service was
tested through to the exchange and
subscriber satisfaction was enhanced
by affording an opportunity of an im-
mediate free change of instrument
for one of a different colour, if the
subscriber desired it. About 5 per

cent. of instruments was changed in
this manner.

CONCLUSION.

The aim of the developer that all
underground plant should be installed
early and no road pavements broken
was fully achieved. The material
success of the exercise was further
emphasised by the economic advan-
tages which occurred to the various
parties to the arrangement. The com-
pleted costs of each of the sections
of the work were consistently less
than respective estimates which were
prepared from average work rates.
The early problems of suitably phasing
the work of various authorities with
such divergent interests were readily
overcome in co-operation. This co-
operation was in evidence to such an
extent that it seems practicable in
this State to arrange successful trials
of schemes where the plant of more
than one authority is placed in one
trench.
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TECHNICAL NEWS ITEM

AUSTRALIAN POST OFFICE
INVOLVEMENT IN THE APOLLO
13 EMERGENCY

As a result of experience with the
earlier missions in the Apollo program-
me the arrangements used during the
earlier stages of the Apollo 13 flight
to interconnect the various N.A.S.A.
installations in Australia by A.P.O.
network circuits were well proven and
could be set up and operated in what
had come to be regarded as standard
arrangements for Apollo missions.

However, the emergency situation
which resulted from the explosion in
the service module of the spacecraft
led to requests being made to the
Post Office by the N.A.S.A. authorities
and by the U.S. Embassy for special
facilities and actions which were suc-
cessfully fulfilled in spite of the
limited time available and the amount
of office and field work involved.

The first request was made shortly
after the explosion when it became
necessary for the astronauts to close
down communications from the com-
mand module and to work instead

from the low power radio equipment
in the lunar module. To maintain
satisfactory communication and tele-
metry operations between the lunar
vehicle and earth while Australian
earth stations were in use it was vital
that the higher aerial gain and super-
ior receiver facilities at the Parkes
radio telescope be pressed into service.

These facilities had been used on
earlier missions, but with improve-
ments in facilities in the spacecraft
were not required under normal cir-
cumstances during the Apollo 13
flight. The temporary interconnections
which had been used during earlier
flights had therefore been dismantled.

In the emergency situation which
developed on Tuesday April 14th the
Post Office undertook to re-establish a
broadband connection between the
Parkes radio telescope and the
N.A.S.A, station at Honeysuckle Creek
which involved installing a micro-
wave system between the Parkes sta-
tion and the nearest Departmental
microwave station at Coonambra and
to also install a microwave system be-
tween the N.A.S.A. station at Honey-
suckle Creek and the Williamsdale

radio relay station. Existing radio
bearers between Coonambra and Syd-
ney, Sydney and Canberra, Canberra
and Williamsdale also required to be
interconnected to complete the circuit
from Parkes to Honeysuckle Creek.

Equipment for the connection was
found to be available from A.W.A. and
teams of Departmental and A.-W.A.
staff worked overnight to complete
and commission the installations by
Wednesday morning,

The Department has received the
following comment on its work on this
prcject:

“The Director of manned flight sup-
port in expressing his thanks for the
Australian support of the Apolio 13
mission has singled out those respon-
sible for bringing up the Parkes an-
tenna and associated data systems in
record time. He has also stated that
this response was so impressive that
special mention of it was made to
President Nixon during his visit to
Goddard Space Flight Centre”.

The second issue resulting from the
emergency was raised in a Note from
the Embassy of the U.S.A. on Thurs-
day 16th April and which was receiv-
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ed at Post Office Headquarters late on
Thursday morning.

The U.S. Note advised details of the
latest recovery plan and requested the
co-operation of the Government of
Australia in protection of the com-
munication frequencies to be used by
the spacecraft in its emergency des-
cent. The Note included the following
request:

“Although no radio interference has
been experienced on the above fre-
quencies to date, the Apollo 13 emerg-
ency situation is such that the United
States is asking all countries to co-
operate in avoiding any radio opera-
tion which might possibly interfere
with reception anywhere on earth of
the spacecrafts transmissions.”

With less than two days available
the Department undertook the work of
identifying the services which “might
possibly interfere”, of assessing the
level and effect of the interference
and of considering the possible conse-
quences of closing down the interfer-
ing services.

By late on Thursday three types of
radio services emerged as interference
sources:

(a) communication and radiolocation
type transmissions of the De-
fence group;

(b) Radiolocation services (“Shor-
an’) used by geophysical survey
parties;

(c) trunk line radio systems oper-
ated by the Post Office.

The transmissions under control of
the Defence Department were im-
mediately regulated by signals from
Canberra to all Services and to the
Supply Department prohibiting trans-
missions on all N.A.S.A. operating
channels and on potentially interfer-
ing channels until after splashdown.

A State by State (including New

Guinea) check of the operations of
Shoran users was undertaken and the
controlling operators and ten field
parties using this facility were asked
to cease Shoran operations until after
the return of the Apollo 13 spacecraft.
One operator was located in West Irian
which is beyond the range of Aus-
tralian control but his agreement was
nevertheless received to a request to
stop transmissions du.ing the emerg-
ency.

The greatest area of potential inter-
ference arose from the use of fre-
quencies closely adjoining the space-
craft frequencies by the trunk line
microwave radio systems of the Post
Office and also by microwave radio
systems operated by the Post Office
and Commercial television companies
to relay television programmes from
television studios to the associated
transmitting stations.

As studies continued it became ap-
parent that many of these systems
lay close to the track to be taken by
the spacecraft on the last stage of its
descent, while others were capable of
interfering with reception in the spec-
ial aircraft which were to be deployed
along the recovery track to act as
radio relay stations.

As the location of the aircraft and
likely track of the spacecraft became
known a hard core of about 50 micro-
wave links emerged as the most
troublesome.

By changing from “working” to
“standby” frequencies some of the in-
terference sources could be eliminated
while in some cases the radio system
could be closed down without serious
effect upon trunk telephone traffic.

In the case of television relays,
changes to alternative frequencies re-
quired the use of temporary systems
in view of the short time available
and the difficulty of retuning working

equipment for operation on another
frequency. As all National and most
Commercial television stations pro-
posed staying open all night to trans-
mit the satellite television relay from
the recovery area it was imperative
that no television relays be dislocated.
Two particularly difficult situations
arose from this requirement.

The microwave radio systems in
use between Sydney and the satellite
earth station at Moree in northern
N.S.W. and between Victoria and Tas-
mania via Flinders Island were very
serious sources of interference. Both
these links were critical in distributing
the satellite relay which was to be re-
ceived at Moree and relayed to all
States by the Post Office broadband
network.

By closing down the offensive
channel on the Moree-Sydney system
and operating on the protection bear-
er, with staff in attendance to remedy
any faults that might occur, the satel-
lite transmissions were successfully
relayed without risking interference
to the spacecrafts transmissions.

In the case of the Victoria-Tasmania
radio system, telephone traffic (which
was not high in the early hours of
Saturday morning) was re-routed via
King Island, the offending bearer was
closed down and the remaining bearer
was used for the television relay to
Tasmania.

The cessation of transmission on all
of the frequency assignments which
were finally listed as potentially dang-
erous sources of interference to the
critical descent and recovery of the
spacecraft was completed by late in
the evening of Friday April 17 some
hours before the onset of the critical
phase of the descent and all services
were restored to normal during Satur-
day morning after the astronauts had
“splashed down” safely.
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THE LIGHT WITH A THOUSAND
USES*

Looking back over the decade since
the invention of the Laser (Light Am-
plification by the Stimulated Emission
of Radiation) it seems surprising that
for the first two or three years of its
existence it was dubbed ‘a solution in
search of a problem’,

Like the Maser (the M is for Micro-
wave—the rest of the acronym is the
same), the laser is a device for gen-
erating an extremely narrow and pow-
erful beam of electromagnetic waves.

The maser grew out of a need for
very powerful microwave beams for
communication purposes on earth and
for the progress of radar systems both
in defence and in space and astronomy
research.

But whereas the maser (fitted
straight into an existing technology
and a pre-defined purpose, the laser—
producing visible light whose energy
over the cross section of its tiny beam
could be a million times as powerful
as a sunbeam of the same area—was
a development that seemed bizarre
rather than useful.

Unique Properties

But the ingenuity of men is such
that no potentially useful device, how-
ever bizarre, goes unused for long.

While physicists worked steadily on
the laser to give it greater power or
different wavelengths of operation,
the physicist-engineers of our age of
electronics and automated medicine
looked hard at the unique properties
of the new invention.

First, it produced electromagnetic
waves which—like the waves you tune
in to on the radio—were ‘coherent’.

This is simply the physicist’s word
for ‘in step’, and in this instance it
meant that the visible light not only
had extreme purity of colour but that,
like radio waves, it was an electro-
magnetic emission to which a receiver
could be tuned.

A signal of other frequencies could
be imposed on it and detected at the
receiving end.

Now, a laser beam is so narrow and
spreads so little that, if sent to the
moon 240,000 miles away, it is only
half a mile or soc wide when it gets
there.

Ordinary radio waves can be beam-
ed to some extent, but this accuracy
of beaming offers advantages of a
kind unthought of in ordinary radio.

* This non-theoretical review of a decade of

developments in LASER technology written
by A. Tucker, Science Correspondent of
‘The Guardian’ (London) was supplied by
the Information Service of the British High
Commission.

Value of Secrecy

First, there is the potential value of
secrecy: such a beam can be directed
at a particular receiver. Second, and
perhaps more important, such a beam
loses its power much more slowly
with distance than other kinds of
electromagnetic transmission.,

In other words it offers a chance
both of communicating over very
great distances in space and also of
measuring great distances accurately
because again the reflected signal
retains its energy more successfully
than waves of lower frequency.

It is very much to the credit of
India’s technology, and to the vision
of the late Dr. Homi J. Bahbah, that
one of the first successful laser com-
munication systems in the world oper-
ated between the Atomic Energy
Commission headquarters in Bombay
and the research centre out at Trom-
bay. The distance—about 15 miles—
may seem small, and in fact points
to a serious snag in this most promis-
ing theoretical possibility.

Fairly Short Range

This is that, on earth, the atmos-
phere absorbs and scatters the energy
of a light beam and even using the
light at its most penetrating infra-
red frequencies (we cannot see infra-
red light but we feel it as warmth), the
possible range for communication on
earth is fairly short.

But this is also true of microwave
beams (typically a microwave beam
has a wavelength of a few centimetres,
a radio signal has a wavelength of
anything from a few metres to several
thousand metres, while a laser
beam’s wavelength is a few thous-
andths of a millimetre!) and in that
case the problem is not important
because the receiver has to be in a
direct line of sight.

The fact that the surface of the
earth is curved and that high fre-
quency radiation travels in a straight
line means that the range is neces-
sarily limited.

Why cannot lasers be used in place
of microwaves, so that advantage can
be taken of their higher frequency
and therefore inherent ability to carry
more information? The answer is that
mist, rain and even smoke particles
interfere with a light beam much
more seriously than with a beam of
longer wavelength.

A good analogy here is that you
can shout through a forest success-
fully because the diameter of tree
trunks is small compared to the wave-
length of sound. But you could not
shout through a forest of gasometers
because the obstructions are of a sim-

ilar size to the wavelength of sound
and therefore absorb and reflect the
noise energy. Smoke particles look
like gasometers to light waves!

Space Role

So it seems that, as far as com-
munications go, the laser will find its
greatest use in space, although in
Britain, the United States of America
and elsewhere, experiments are being
pushed forward with the idea of ‘pip-
ing’ laser light inside tiny glass fibres.

This is rather like sending sound
down a tube-—the traditional basis of
ship’s speaking tube communication
systems—although on an extremely
miniature scale. The light simply re-
flects off the internal surface of the
glass fibre whenever there is a bend
and is steered to the fibre’s end.

Since glass is cheaper than wire,
and since a light beam could carry
several thousand simultaneous voice
communication channels, there is a
potential application of lasers which
could revolutionise telephone com-
munications and lead to very much
lower costs.

Again the problem lies in develop-
ing glassy materials which absorb
none of the light.

That has not yet been achieved
anywhere, nor is a real solution in
sight.

Another Potential Use

Accordingly, you could say that, in
the communications field, the laser
remains promising rather than useful,
but the very fact that it is reflected
by smoke particles or water droplets
opens up another potential use, one
which has already led to the develop-
ment of very advanced equipment by
instrument makers in Britain.

As in radar, or any other pulsed
signal system where you can measure
the time taken for a reflected pulse
to return to the sender, a laser beam
can be used for the measurement of
range.

Because a laser has such a very
short wavelength the measurement
can be extremely accurate—as has
been shown by the possible engineer-
ing applications developed by Britain’s
National Physical Laboratory at Ted-
dington, 13 miles south of London.
But, with much Jonger ranges in mind,
the laser beam is also partially re-
flected by clouds.

Partial Reflection

The ‘partial reflection’ is important
for it means that, in meteorological
use, it is possible to direct a beam up-
ward and get not only a measurement
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of the height of the lowest cloud layer,
but also still fainter detectable meas-
urements of a whole series of upper
cloud layers that are invisible from
the ground.

This measurement of the vertical
structure of cloud systems is of im-
portance to the forecaster and the
technique has the advantage of also
showing—by the degree of absorption
of light—the density of the invisible
cloud layers.

In a world occasionally worried by
the potential threat of more sinister
clouds, those of chemical or biological
droplets being used as weapons, it is
comforting to know that this radar
technique can spot a spraying aircraft
very easily, by day or might.

Further, because of its accuracy,
laser rangefinding can be used to de-
tect the tiny movements which pre-
cede a slippage in an opencast mine,
an earthquake tremor or a geological
fault, or the variation in distance of
celestial objects like the moon.

Indeed, among the first objects left
on the surface of the moon by men
will be a laser reflector designed to
provide astronomers with the most
accurate measurements of the moon’s
wobbly orbit they have ever had.

Power Density

These uses, like that of employing
a laser beam as a guide of straightness
when making long tunnels, lean on
only some of the laser’s properties.
But the most striking property of all
is that of power density. A laser beam
is capable of vaporising any material
on earth.

Small boys are prone to play with
a magnifying glass in such a way that
the focused rays of sunlight burn
holes in wood or plastic. The laser
beam can be a million times hotter,
a property which sounds, and certainly
is, dangerous but which can be turned
to a number of extremely valuable
uses.

In fine engineering and in modern
electronics—particularly in the manu-
facture of the latest tiny micro-
miniaturised components—there is a
need fer etching, cutting and boring
techniques on a scale far too small
for conventional tools. Now a laser
beam can have a diameter as small as

a hundredth of an inch and can easily
vaporise hard metals and metals or
materials like gold or silicon used
extensively in electronics.

It is, therefore, not surprising that
for special tasks of etching circuit
designs, punching tiny holes or cutting
very refined shapes, the laser has al-
ready established itself as a technique
of major importance. Its power can
be controlled very accurately, as can
its guidance, and both can be auto-
matigally controlled and ‘programmed’
for use on a production line.

Further, the technique can be used
for carrying out welding on a scale
much smaller than any known before.
But welding and cutting accurately
are activities by no means confined to
engineering. For reasons that are not
yet fully explained the laser beam
affects living cells in a curiously clean
way. Its damage is very closely con-
fined to its point of impact.

Can Help Surgery

This means that it could become a
valuable tool in surgery, offering the
medical profession refinements of
technique that are available in no
other way. Already in Britain, Inter-
national Research and Development
at Newecastle upon Tyne, in the north
of England with the backing of the
National Research Development Corp-
oration and the electronids firm of
Elliot-Automation, have developed
very small portable laser surgeon’s
welding tools which have been used
in the treatment of a condition known
as ‘detached retina’.

The retina is the sensitive curved
region at the back of the eye on which
the image falls and is processed by
the nervous system. Some diseases, or
age alone, can lead parts of this very
delicate area to separate from sup-
porting tissue so that sight is either
damaged or lost.

Re-attachment can be carried out in
several ways but it has been found
that a tiny burst of laser light—which
does no damage to the clear lens of
the eye through which it has to pass
—forms a tiny and neat weld at the
point at which it strikes the retina.
The process is so simple and painless
that it has immense promise and is

already being used experimentally in
several hospitals.

Equally there is promise that the
laser will be valuable in excising sur-
face tumours, for it creates an incision
that is sealed, thus markedly reducing
the likelihood of tumorous material
entering the bloodstream and being
distributed round the body.

Further, since laser light can be
‘piped’, there is a chance that it might
eventually be used through flexible
glass-fibre bundles for delicate treat-
ments internally.

So, already, there is a very wide
range of uses for this curious device
which depends on making light buzz
up and down inside a tube with re-
flecting ends and of such a length that
the light’s journey-time resonates at
the natural molecular frequency of
the material through which it is
passing.

If that material is continually ‘ex-
cited’ by the addition of energy, the
added energy will be given off as
light each time the internally re-
flecting bunch of light waves passes
by.

Great Precision Needed

In this way the energy of the
‘bunch’, whose frequency is that of
the material, increases step by step
and, if the mirror at one end is
momentarily removed, will leave the
tube as a burst of laser light.

If one of the end mirrors is only
partially reflecting, then a continuous
beam of lower energy will be emitted
and different materials and tube
lengths lead to laser light of different
wavelengths. The engineering preci-
sion needed to make a laser of high
efficiency is very great, but the truth
is that if you put mirrors of the right
kind on the ends of a neon light tube
you would have a laser of sorts.

That it took half a century for the
tubular gas-discharge lamp to evolve
into something far more powerful and
yet only a few years for the more
powerful development to find a host
of uses, is an indication of the strange-
ly erratic development of science and
technology.

One thing is certain, lasers are still
in their infancy and we are only just
beginning to exploit their enormous
potential for human good.
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OUR CONTRIBUTORS

C. F. BENNETT

C. F. BENNETT, co-author of the
article ‘Developments in Underground
Balanced Pair Telecommunication
Cable in Australia Since 1945, carried
out plant investigations on non-fer-
rous metal production with the Elec-
trolytic Refining & Smelting Co. at
Port Kembla for about two years from
1939, then joined the telephone cable
factory of Metal Manufactures when
p-oduction of 12-quad carrier cable
was introduced. With the formation
of Austral Standard Cables in 1948
he worked on the planning of the
new company’s Maidstone factory. He
was then appointed manager of the
Covered Wire Division of M.M.,, but
acted also as manager for A.S.C. at
Port Kembla for a year when Maid-
stone went into production, and later
co-operated with Aeronautical Re-
search Laboratories in development
of the wire dispensing system of the
Malkara missile,

In 1965, he transferred to A.S.C. as
Technical Manager in Melbourne, with
Company responsibility for technical
liaison with the Australian Post Office
and other customers, for cable design
and development and, later, new plant
provision. The cable development la-
boratories are engaged in original
work on problems special to Australia
and New Zealand and the application
of developments initiated by the over-
seas Associates of A.S.C.

Mr. Bennett has travelled abroad on
various occasions, is a graduate of
Melbourne University and a Member
of the Inmstitution of Engineers, Aus-
tralia.

A. W. SISSON

A. W. SISSON, co-author of the
article ‘Developments in Underground
Balanced Pair Telecommunication
Cable in Australia Since 1945, quali-
fied as an Engineer in 1951 after join-
ing the Postmaster-General’s Depart-
ment in Sydney as a Cadet Engineer in
1947. He spent four years in Lines
Planning and Metropolitan District
Works Division in Sydney before
transferring to Country District Works
at Narrandera, New South Wales, in
1955. He came to Headquarters in
1960 and started the new Division of
Cable Design. During three overseas
visits he has investigated develop-
ments in communication cables in
Europe, North America, and Japan.
He has played a major role in the
significant changes in design that have
occurred in communication cables in
Australia over the last decade.

*

M. J. GOOLEY

N. G. ROSS

N. G. ROSS, author of ‘Develop-
ments in Post Office Co-ordination
with Power Authorities 1966-1969,
joined the Postmaster-General’s De-
partment in 1955 as a Cadet Engineer,
and completed the B.E.E. course at
the University of Melbourne in 1958,
obtaining First Class Honours and the
Dixson Scholarship. He has obtained
experience as a Class 1 Engineer in
long line equipment and country ex-
change installation work in Victoria,
and as a Class 2 Engineer in Lines
Section, Headquarters and Frankston
District Works Division, Victoria.
Since 1968, he has occupied the posi-
tion of Engineer Class 3, Plant Pro-
tection and 'Co-ordination, Lines Sec-
tion, Headquarters. Mr. Ross previous-
ly contributed to the Journal in June,
1963, with the article ‘Theory and
Design of Gas Pressure Alarm Systems
for Telecommunication Cables.’

*

M. J. GOOLEY, author of the article,
‘Co-ordination of Trenching Works in
New Suburbs’, joined the Department
in 1935 as a Junior Mechanic-in-Train-
ing. After training as a Cadet Engi-
neer he was appointed as Engineer,
South Australia in 1943. As an En-
gineer, he has served in both country
and Metropolitan District Works Sub-
sections. He is at present an Engineer
Class 3 in a District Works Sub-sec-
tion in Adelaide, where close attention
is being given to further development
of work simplification techniques as
applied to external plant work and
telephone installation procedures. Mr.
Gooley is also Branch Secretary for
the South Australia Branch of the
Professional Officers’ Association.
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K. N. SMITH

K. A. McKENZIE, author of the
article, ‘NASCOM World Network —
Australian Sector. Part 1 — Develop-
ment’, joined the Postmaster-General’s
Department as a Technician in 1938
after some years in the radio indus-
try during which he studied Radio
Technology at the RM.LT. After four
years experience in the Victorian
Transmission Measurements Labora-
tory he transferred to the Central Ad-
ministration Transmission Section and
was engaged on pilot testing of broad-
cast studio equipment. He was en-
gaged as an Acting Engineer, Long
Line Equipment Planning in 1945,
qualified as an Engineer in 1948, and
was advanced as a Group Engineer
(Class 2) in 1952 and as Divisional
Engineer (Class 3) in 1957. Subse-
quently, in 1962, he transferred to the
then newly formed Headquarters Plan-
ning Branch. His interests include
negotiations on the engineering plan-
ning aspects of telephone, data and
television facilities required by over-
seas instrumentalities such as the
National Aeronautics and Space Ad-
ministration of the U.S.A., the Euro-
pean Launcher Development Organisa-
tion, and U.S. scientific and defence
agencies. On the local scene he is en-
gaged in the planning aspects of nego-
tiations with mining companies seek-
ing provision of normal Post Office
facilities at their mine and port sites,
and negotiations on planning matters
with other Commonwealth Depart-
ments and State Government Depart-
ments and Instrumentalities, Mr. Mc-
Kenzie was elected Chartered Engi-
neer by the Institution of Engineers,
Australia in 1956,

K. A McKENZIE

K. M. RAY, author of the article,
‘Developments in Transmission Lines
and Measurements’. joined the Post-
master-General’s Department as cadet
engineer, N.SW., in 1953. He com-
pleted the Bachelor of Engineering
Degree at the University of N.S.W. in
1956, gaining First Class Honours and
winning the Faculty of Engineering
University Medal. After one year’s full
time postgraduate study on network
design and further part time post
graduate work in communication en-
gineering he graduated in 1960 Master
of Engineering Science.

Mr Ray joined the Transmission
Planning Section, N.S.W.in 1958, was
promoted Engineer Class 2, Bearer
Utilisation in 1962 and Engineer Class
3 Transmission Measurements in 1965,
In this period he was associated with
the Sydney-Melbourne Coaxial Cable
installation work. In 1964 he was
awarded a Japanese Government
Overseas Fellowship for 12 months
study at the Electronic Communica-
tions Laboratories of the Nippon Tele-
phone and Telegraph Public Corpora-
tion on such topics as transmission
standards, system design planning, and
channel provision programming meth-
ods.

In October 1969 Mr Ray transferred
to the position of Engineer Class 3,
Mechanisation of Planning Processes.

*

K. N. SMITH, co-author of the ar-
ticle, ‘Telephone Orders by Teleprin-
ter’, joined the Postmaster-General's
Department in 1948 as a Clerk, Head-
quarters, was appointed as a Cadet
Draftsman in 1949 and qualified as an
Engineer, Class 1, Melbourne in 1955.
For the last 15 years he has worked

K. M. RAY

in External Plant in various divisions
in Melbourne (Metropolitan District
Works 14 years, External Planning 1
year) the last 8 years in the posi-
tion of Engineer, Class 3, Metropoli-
tan District Works. He holds an Asso-
ciateship Diploma of Mechanical En-
gineering and an Associateship Dip-
loma of Electrical Engineering, both
from the Royal Melbourne Institute of
Technology.

*

E. KUGLER, author of the article
‘The Siemens Concept for a 12MHz
Coaxial Cable System’, graduated as a
‘Diplom-Ingenieur’ (equivalent to
‘graduate engineer’) at the University
of Technology of Berlin in 1956. In
the same year, he joined the Siemens
& Halske AG and has since been en-
gaged in the Central Communications
Laboratories of the Siemens AG in
Munich.

He developed equipment units for car-
rier systems, and, among other things,
the TV converter for the 12-MHz sys-
tem. Since 1966, Mr. Kiigler has been
the head of a Ilaboratory for ‘Line
Repeaters’ in which the route equipment
for the 12-MHz coaxial cable system
has been developed and in which today
work is being carried out on the
60-MHz coaxial cable system.

*

P. BRAGA, co-author of the article,
‘Service Assessment of S.T.D, Traffic’,
joined the Postmaster-General’'s De-
partment as a Cadet Engineer in
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P. BRAGA

1956. Upon graduation from Sydney
University in 1956 he joined the Long
Line and Country Installation Sec-
tion in New South Wales, as an En-
gineer, Grade 1. In February, 1959,
he was appointed Engineer, Class 2,
still in the Long Line and Country
Installation Section, from which posi-
tion he was promoted to Engineer,
Class 3, Telephone Exchange Equip-
ment Section, Engineering Works Di-
vision, Headquarters, in July 1965,

is 4
G. FOOTE

G. FOOTE co-author of the article,
‘Service Assessment of S.T.D. Traffic’,
served with the British Post Office
for a very large portion of his car-
eer. In 1951 he was seconded by the
Malayan Telecommunications Depart-
ment where he worked until 1964. He
then came to Australia and joined the
Department as a temporary officer;
shortly afterwards Mr. Foote was act-
ing Technical Officer in the Telephone
Exchange Equipment Section, Engi-
neering Works Division, Headquarters.

N. A. CAMERON

N. A. CAMERON, co-author of the
article, ‘Telephone Orders by Tele-
printer’, joined the Postmaster-Gen-
eral’s Department in 1947 as a Tech-
nician-in-Training, and became a Cad-
et Engineer in 1948. He has been
engaged on Exchange Installation,
Exchange Service, and latterly, on
Substation Installation, He completed
a Bachelor of Arts degree in 1969 and
is a Member of the Institution of Engi-
neers, Australia.
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ANSWERS TO EXAMINATION QUESTIONS

Examination No. 6005, 22nd November, 1969, and subse-
quent dates, to gain part of the qualifications for promo-
tion or transfer as Senior Technician (Telecommunications),
Postmaster General’s Department.

CONTROL SYSTEMS
PART A

QUESTION 1 (a).

Draw a logic schematic diagram for the function
F = (4 4+ B.C.) D + E using,
(i) ‘And/or’ Inverter logic.
(ii) Relay logic.

ANSWER 1 (a).
(i) See Fig, 1.
A

(A+BC) D

B
C
D
3

(ii) See Fig. 2.

L ba
baxeg
£

==
L

.|H|———]

Fig. 2

QUESTION 1 (b).

Using Boolean Algebra, or otherwise, reduce by four the
number of contacts shown in Fig. 3.

B . B
_(} ) 3—0
= (&
A
Al A
i g T -

Fig. 3

ANSWER 1 (b): ,

[A. B+C). (B'4-C)] -+ [A/B (A4C)]
= [A. B/C) 4+ (B.C] + A/B/C
= AB.C’ + AB/C 4+ A'B/C
= AB.C’ + B.C

(See Fig, 4)

-—oA/A_—<B/A__4\C'

.

S

L

QUESTION 1 (¢):

A, B and C are light beams which are arranged to give a
logic ‘1’ at the output whenever an oversize article is
detected on the conveyor (Fig. b).

Fig. 4

(i) Describe briefly the operation of the logic circuit when
(1) an article within specified limits passes.
(2) an oversize article. passes.

(il) Complete Table 1, which is a truth table for Fig. 5.

LIGHT BEAM
4" ABOVE BELT

CONVEYOR

7

A'+g'.c' Joutpur

|

Fig. 5

ANSWER 1 (¢):

(i) A B and C are each normally at logic 1 condition and
will change to logic 0 when the relevant light beam
is broken.

1. An acceptable size article:—

paises beneath light beam A thus leaving a logic 0 at
the relevant input to the OR gate.

Sequentially, but not simultaneously, breaks light
beams B and C so that the output from the AND gate
presents a logic 0 at the other input to the OR gate.
As both inputs to the OR gate are logic 0 the output is
logic 0.

2. An oversize article, which is too high or too long will
result in a logic 1 being applied to one or the other
of the OR gate inputs, thus causing a logic 1 at the
ocutput.

(i) See Taktle 1. Required answers are in bold.
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TABLE 1
Output
A B G A B c B.C | g B
Acceptable Size 1 0 1 0 1 0 0 0
Article Passes 1 1 0 0 o 1 o o
Oversize Article Long 1 0 0 0 1 1 1 1
BasRes High 0 1 0 1 0 1 0 1
QUESTION 1 (d): a logic 1 pulse to set the 2* and 2* stages. With these

What is the operating function for the relay F in Fig. 6
in terms of A, B, C, X, Y and Z?

X

o 0 F
‘ |

B
o)
o h Z =
' A Tl C
Fig. 6
ANSWER 1 (d):
F=X(Y-+2Z) [B.A+O)Y

QUESTION 2 (a):

Draw a block diagram of a feedback binary counter that
will count up to 10 using flip-flops.

ANSWER 2 (a):

See Fig. 7.
MONOSTABLE
0
T L
1
0 R 0 R 0 R 0 R -
P | PX 2! T 2° Tle
—t S‘_]—I S(—Ll . PULSES

T

Fig. 7

QUESTION 2 (b):

Explain the operation of the counter with the aid of a
truth table.

ANSWER 2 (b):

The count may be gated out from either side of the flip-
flops depending on the circuit into which the count is to
be fed. Consider that the count is gated out from the 1
side of each flip-flop and that each stage is initially in the
reset state.

The counter acts as a simple binary counter up until the

7th input pulse. On the 8th input pulse, the 2° stage sets
and triggers the monostable multivibrator which provides

two stages set, an extra 6 is registered in the counter.
Hence, the counter which would otherwise count to 16,
has been modified so that an extra 6 is registered thus
making it a decade counter. :

Purse 2 o2 2 2
0 0 0 0 0
1 1 0 0 0
2 0 1 0 0
3 1 1 0 0
4 0 0 1 0
5 1 0 1 0
6 0 1 1 0
7 1 1 1 0
8 0 1 1 1#

9 1 1 1
10 or 0 0 0 0 0

*Count advances by 6.

QUESTION 2 (c):

Explain the operation of the circuit in Fig. 8 when the 6.6V
supply goes:
(i) High.
(ii) Low.
2: 2k
= Rv—" VA

-6°6V

680

Fig. 8

ANSWER 2 (¢):

With the 6.6 volt supply at the correct voltage level, the
voltage divider circuit at the input to TR1 is adjusted so
that TR1 is just switched on. This will bias TR2 in the
OFF condition.
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If the 6.6 volt supply decreases, TRl will switch off,
switching TR2 on and operating the alarm relay.

TR1 and TR2 make up the low voltage monitor circuit
The input to TR3 is adjusted to just hold TR3 off. If the
6.6 volt supply increases, TR3 will switch on. The emitter
follower circuit will cause TR4 to switch on, which will
operate the alarm relay-

QUESTION 3 (a):

Draw a logic diagram for the circuit expressed by the
logic equations below:

AZ 4+ BY + CX
A'Z + B.Y + C.X
JE;

L
M
Q IMI

oyt

Output

ANSWER 3 (a):
See Fig. 9

Fig. 9

QUESTION 3 (b):

Briefly explain the operation of the above circuit.

ANSWER 3 (b):

When A = Z AND B = Y AND C = X, one input to
each AND gate is logic 0, L and M are both logic 0
so that I’ and M’ are both logic 1 and Q is logic 1. If A
# Z OR B #* Y OR C # Z one AND gate output, and
therefore L or M is at logic 1. Q is then at logic 0.

QUESTION 3 (¢):
Mark the MOST obvious function of this circuit.

ANSWER 3 (¢):

Accumulator
Comparator
Inhibitor
Schmitt Trigger
Buffer

Counter
Multiplexer
Shift Register

QUESTION 3 (d):

Describe the operation of the circuit in Fig. 10.

~20v.
R4
0K oUTPUT
ﬂ
v
+1Qv

Fig. 10

ANSWER 3 (d):

The circuit comprises a reverse biased photo-voltaic diode,
an amplifier and an inverter.

With light input, the diode by photo-voltaic action, drives
the base of VTI1 slightly positive, thus cutting off VTI1
collector current. The voltage division across R1l, R2 and
R3 is such that the base of VT2 is made slightly nega-
tive with respect to emitter, thus causing it to conduct.
R1 and R2 limit the base current to an amount just
sufficient to saturate VT2, thus causing a logic 0 at the
output.

With no light input, current from ~—20V (via R5) saturates
VT1, thus its collector is at ground potential (logic 0). The
+10V supply is divided across R2 and R3, thus reverse
biasing the base of VT2 (+42V). The collector of VT2
is at logic 1 level.

QUESTION 4 (a):

(i) What is the circuit in Fig. 11 used for?
(ii) Why are two zener diodes used?
(iii) Describe briefly the operation of the circuit.

R

+24v _ W Py s
68V
33y
OUTPUT
1) o
Fig. 11

ANSWER 4 (a):

(i) To provide a source of constant current when there
is variability of either load resistance or supply vol-
tage.

(ii) Temperature compensation.
6.8V zener exhibits a positive temperature co-efficient
3.3V zener exhibits a negative temperature co-efficient.
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(ili) There will be a 10.1V drop across the zener diodes.
This causes the base of the transistor to be negative
with respect to its emitter and it will conduct.

Assume that for a given load, R is adjusted so
that there is 0.1V bias on the transistor and a 10V
drop across R.

If the load resistance decreases, the circuit will try
to supply more current. This will increase the vol-
tage drop across R and thus decrease the transistor
bias which in effect increases the resistance of the
transistor and compensates for the decreased load
resistance.

QUESTION 4 (b):

(i) Why are relay trees sometimes folded?

(ii) Identify counts X and Y in the relay trees shown in
Fig. 12.

COUNT @ =

AH

TTTT

ANSWER 4 (b):

(i) To distribute the contact load over the relays.
(i) X = 10
Y =13
The reason is as follows:
D4+B=3=2+41
D+A=6=4+2
D and 2 are common, therefore
D= 2t A — 4,Bs= 1
andas A4+ B+ C+D=15C=28
Count X=C+D=10
Y=A+B4+C=13

QUESTION 5 (a):

Complete Table 2 to show how the binary relay counter
in Fig. 13 operates. Use O and R in the table to show
whether the relays are operated or released. Assume all
relays are released when the first pulse is applied. The
A, B and C relays will operate on their 350 ohm windings
alone, or when in series with a 350 ohm winding of another
relay.

,l_cp/l_&
1A Zﬂ%‘é
T |1

5 =
EARTH &
PULSES. I lHl' JA\

Fig. 13

ANSWER 5 (a):

The required answers are in bold type,

TABLE 2

Pulse P JA A JB B Jc C
o o R R R R R

1 R o o R R R R
0 R ) o R R R

2 R R R o 0 R R
o ) R 0 o R R

3 R 0 0 o o R R
o R o R o 0 R

4 R R R R R 0 0
0 ) R R R o )

5 R 0 0 R R o o

QUESTION 5 (b):

How many input pulses are required before the X relay
operates?

ANSWER 5 (b):
5
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PART B

The questions in this part all refer to the Automatic Let-
ter Handling Plant used in Australian Exchanges.

QUESTION 1 (a):

What is the main function of the routiner and how does it
carry out this function?

ANSWER 1 (a):

The routiner monitors the outputs of the distribution buf-
fers on the operator’s rack, This point being the final
stage of buffering, the routiner monitors at this point. A
check is made by changing the input of the buffers from
0 to 1 just prior to reading the output. Thus the output
is checked for a permanent 0 output.

A special programme appears on the drum for monitoring
purposes.

QUESTION 1 (b):

The circuit in Fig. 14 is typical of those used in the letter
system for control of motors on a secondary channel
terminating at a Large Capacity Stacker.

State the procedure for starting the secondary channel
represented by this circuit, and describe the circuit opera-
tion. (Scope of answer should be limited to information
contained in the circuit.)

2ND. FLOOR IST. FLOOR
LC STACKER
5 RAD -
N I_n_| RC
C@M—m}j—‘ N
¢ & —o—0dg RAD RAF i sop
L L
571 RAD gD S8 SBE
'\;.,_A\_‘
c¢—o/o—t855 N
uGfifi
3RD. FLOOR T ol 8 RC
Cé N
MS2 | Ms3
3/1aft 3/181 SBE
N
SAG
4TH. FLOOR
ahh  re

Efs RAF stop
Co —ao0—c oy

E/S ONE

OF 5 -~

} OTHER
1§ CHANNELS
Y-

TDR

Ps

e e oo
C¢ = C Phase MC = Programme Starter Contact In 3/1A/1:
N = WNeutral E/S -~ Emergency Stop 3 = Floor numbzr
R = Relay PS = Programme Starter 1A = Chan. No.—Location
S = Starter TDR = Time Delay Relay 1 = Start Group

MS = Micro Switch on O/L

Fig. 14

ANSWER 1 (b):

LC stacker started.

RAD operates because LC stacker started.

RAF operates because RAD operated.

TDR operates because Start button pressed, RAF, E/S
normal,

PS operates because TDR operated.

RB operates because MC1 operated and overload normal.
RC operates because RB operated and overload normal.
RD operates because RC operated and overload normal.
SBP operates because RAD and RD operated and overload
normal. UG floor motors start,

SBE operates because SBP operated, 1st floor motors start.
SAG operates because SBE operated, 3rd floor motors
start.

SA operates because SAG operated, 4th floor motors start.
No motors will start unless all overloads and emergency
stop buttons are normal and then only if the preceding
motor has started.

QUESTION 2 (a):

In relation to the Pitney Bowes facer-canceller:

State in general terms the action of the machine when a
stamp is detected in the scan zone on BOTH sides of an
envelope (Lead and Trail) as it passes through the ‘A’
machine.

ANSWER 2 (a):

Both stamps will be cancelled and the letter will be
gated into the lead stacker.

QUESTION 2 (b):

If any preference is shown by the machine for either Lead
or Trail systems, state what preference is given and how it
is achieved.

ANSWER 2 (b):

Preference is given during the gating operation to the
Lead system.

Both Lead and Trail gate timers will set.

The Lead gate timer set output gives logic 1 to the And
gate of lead gate open solenoid driver and in conjunction
with the gate allow pulse, opens the Lead gate. Its
reset output applies logic 0 to And gate of Trail gate
open solenoid driver, inhibiting the trail gate opening.
This logic 0 passes through the And gate 1-20-23, is in-
verted to logic 1 at inverter output 1-14-17 and applied to
the And gate of Trail gate closed solenoid driver, which,
in conjunction with the Gate Allow pulse, closes the Trail
gate.

QUESTION 2 (c):

Describe a method of setting the sensitivity control of a
photomultiplier tube to ensure correct stamp recognition.

ANSWER 2 (c¢):

Set Fluorescent trigger level to maximum.

Set Phosphorescent trigger level to —2 volts.

Adjust photomultiplier tube sensitivity control until ap-
proximately 50% of mail with average stamps are gated
correctly.

Reduce Phosphorescent trigger level to —0.6 volts.

Alternative Answer

Inhibit all cancel.

Run machine to reset logic, stop motors.

Place ‘Standard Tag’ in front of the read head aperture,
being careful not to interrupt the edge detector.

Set Fluorescent trigger level to maximum.

Set Phosphorescent trigger level to —0.6 volts.

Connect an AVO 8 meter to test point 2-13-(5) trail or 2-
13-(10) lead on 25 volt range. A logic 1 at the associated
inverter is —19.5 volts. When the special amplifier fully
switches, this value drops to —17 volts.
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Adjust the Sensitivity control (high tension) until switch-
ing takes place, then reduce it until a 1 (—19.5 volts) is
just attained.

Check the high tension voltage,

Remove the Standard Tag and run live mail to check
gating,.

QUESTION 3
o
DISPATCH ggEIl()TE'ER RI ERR )__
L A3
COUNTE, -
SOWTER,  Qvi-oz Sel
NORMALLY MADE
CONTACTS 503
| M ALM3 /“ % \f
ERR2
OPERATED B!
ER A 4 (Rgssé KEV)Y
ERR) = e
i _4\_.' i
— X
& 1-30QRI conTacr
X CHAIN OF
ER7 I H =300 | @ reLavs
AP FiRST MONITORlNG(MACHINE X

NUMBER) STORE

= VP22
IH’@J % ]
° I-30Q
——— [io0e] 350]
AP4 T

TO DISPATCH
‘COUNTER

QUEUE POSITION
STORE
I-30QRT I-30V
I
130
-30x"

! o

|-30Y

1
QUEUEING 1-3CZ
I CIRCUITS I

so
=

LLR ERI-b -
Nelj = d —_t
ap—e B —
API DISPATCH
OTHER | 1 CONTROL
OPERATE & AP3 CIRCUIT
HOLD PATHS'
Fig. 15

The circuit in Fig. 15 illustrates the essential features of a
section of the stream feed control circuit. The 1-30Q
and 1-30QR relays are involved in allocating a queue
position to a coder, which calls for mail. The relays V to Z
store the queue position allocated. Relay LS operates when
the light beam near each dispatch position is broken by a
letter stream, and releases (slowly) after the beam is
remade at the end of the stream.

QUESTION 3 (a):
(i) State whether relays ER and ERR are operated or
released under the usual operating conditions when
several positions are calling for mail.

(ii) Under what circumstances will ER change state?
What effect will this have?

ANSWER 3 (a):
(i) ER is operated and ERR is released.
(ii) ER will release when the Dispatch Counter catches
up with the Queue Counter (i.e. QV-QZ and DV-DZ
are in the same state) so that no more positions

are calling for mail. Dispatch will then be inhibited
(by contacts ER1-6).

QUESTION 3 (b):

Explain the need for relay AP. Describe how it is called
into operation in certain circumstances and how the
circuit operation then differs from its usual mode of
operation.

ANSWER 3 (b):

Relay AP is necessary to step the circuit over ‘dummy’
queue positions. It is normally kept operated as there is
information in the VP-ZP store. When the D-counter
steps onto a number no longer allocated to any machine
(e.g. because the machine has been isolated), none of
VP-ZP will be operated. AP will release (ER is still
operated as long as some positions are awaiting dispat-
ches) and operate SD, which will operate LLR which in
turn releases SD. The D-counter will be stepped by the
earth pulse from SD4 instead of the usual way by LSI1,
but dispatch will not take place because of the inhibits
extended by APl and AP3.

QUESTION 3 (¢):

Under what conditions will relay ERR be brought into
action? Explain how this occurs and describe the resultant
circuit operation until conditions return to normal.

ANSWER 3 (c):

If the Q-counter gets a full cycle ahead of the D-counter,
ERR will be operated, As the last queue position is al-
located, SO is operated and is slow to release. In the
meantime the Q-counter steps on, assumes the same
state as the D-counter and the earth is removed from RI.
ERR will operate. ERR! will keep ER operated to allow
dispatch and ERR2 will prevent further queueing as well
as hold ERR. On the completion of the dispatch, the D-
counter will step on and ERR will be released as the
two counters now differ. Another machine is allowed
to queue, the process is repeated if necessary.

QUESTION 4 (a):

The following paragraphs describe, in jumbled sequence,
the operation of a STACKER FEEDER.

Insert numbers against the operations listed to indicate the
correct sequence of operation. Assume that there is no
mail in the front stacker at the beginning of the operation.

ANSWER 4 (a):

9 The stack moves forward to the pick-off area. The
front stacker arm moves to a vertical position ex-
posing the mail to the vacuum pick-off and operat-
ing MS5.

8 The operation of MS4 causes the stack to be driven
forward followed by the feed arm. The rear stacker
arm moves to a vertical position and the rear of the
stack is supported by the feed arm thereafter.

3 A stream of mail is deflected into the rear stacker
tray and forces the front stacker arm off-normal,
contacting MS1 causing the stacker arm drive chain
to cycle, and the forward feed belts to drive.

4 The front and rear stacker arms carry the stack of
mail forward until the rear stacker arm contacts
MS2 whereupon the stack halts. The forward feed
belts stop, also the inching and edging belts.

5 The feed arm chain starts to drive and the feed arm
cycles to the rear of the stacker tray.

11 The front and rear stacker arms cycle to the normal
position at the rear of the stacker tray, The coder
joins the queue for the stream feed dispatch.

10 The operation of MS5 causes the feed arm to stop
driving, also the forward feed belts,

6 The feed arm which has been moving rearward con-
tacts MS3, and (if MS2 is operated) falls to a hori-
zontal position behind the rear stacker arm, thereby
operating MS4 which causes the forward feed belts
to restart, also the edging and inching belts.
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12 As mail is picked off the front of the stack, the
stack pressure drops. This causes MS5 to operate and
the feeder arm drives forward to restore stack pres-
sure. Forward feed belts drive simultaneously with
the feeder arm forward movement.

1 Machine reaches head of stream feed dispatch queue
and mail is dispatched to it.

7 If MS2 is not operated, the operation of MS4 is delayed
unti] this occurs.

13 When the entire stack has been picked-off MS7 is
operated by the feed arm. No further movement takes
place if there is no mail in the rear stack. If mail is
present in the rear stack, MS1 being off-normal causes
the feeder arm to return to MS3 and the cycle of
operation is repeated.

2 Entry transfer deflector flap opens on signal from
stream feed control circuit, entry transfer belts start
up, also beater wheel, edging and inching belts.

QUESTION 4 (b):

List five basic functions of the Stream Feed Control
System.

ANSWER 4 (b):

The basic functions are:

Control the mechanical movements of the stacker feeders.
Control the dispatch of letters from up to four dispatch
units.

Control the entry transfer diverter flaps for each stacker
feeder to ensure they operate at the correct instant to
guide the letters into the desired stacker feeder,

Queue the stacker feeders as they empty so that they will
be filled in the order in which they become empty,
Queue the dispatch units so that they will be emptied in
the order in which they were filled.

QUESTION 4 (c):

Why is it essential to good working practices that cancel-
ling dies be replaced on their spindles before restarting
the cancelling machine?

ANSWER 4 (¢):

The inertia of the die is required to recock it after a can-
cellation print has been made. The spindle alone has not
sufficient inertia to recock, thus it will run with the spring
clutch permanently engaging the drive shaft with a pawl
holding the die spindle stationary, causing severe wear
on the drive shaft or the spring clutch to break.

QUESTION 5 (a):

Describe how pick-off is achieved in a coding machine by

answering the following questions:

(One mark will be deducted for each point that is either

omitted or incorrectly answered.)

(i) State the particular purpose of the Vacuum Pick-off
and Separator Rejector.

(ii) State the number of vacuum applications and the
purposes of each.

(iii) State the location of the weakest vacuum port,

(iv) State the number of spring-loaded fingers and briefly

explain their combined purpose.

(v) Briefly explain the ‘Slip/Stick’ principle.

(vi) Name the two materials which cover the curved tips

of the spring-loaded fingers and state the ‘Slip/Stick’

(friction) characteristic of each.

(vii) State the number of operating positions of the
vacuum pick-off belt.

(viti) State the number of holes and slots in the belt at
each operating position.

(ix) State the purpose of the holes in the vacuum pick-off
belt.

ANSWER 5 (a):

(i) The vacuum pick-off draws the first letter in the
stack into the presentation area, The separator re-
jector prevents letters behind the first from being
drawn down simultaneously with the first, i.e. the
occurrence of a ‘double pick-off’.

(ii) There are two vacuum applications.
The first is stronger, and supplies vacuum to the
pick-off belt through slots cut in the belt.
The purpose of the second vacuum is to provide a
means of retarding letters behind the first, by ap-
plying vacuum to the second letter opposite in direc-
tion to the pick-off belt vacuum.

(ili) At the centre finger of the three fingers comprising
the vacuum rejector.

(iv) There are three fingers. -
Their combined purpose is to prevent ‘double pick-
offs’ whilst allowing forward stack movement.

(v) The second letter in the stack is prevented from
moving down by being in contact with neoprene
coating on the fingers (stick); letters behind the
second are in contact with the PTFE coating on the
fingers (slip); hence the forward movement of the
stack is not retarded.

(vi) Neoprene — stick.
PTFE — slip.

(vii) Two.
(viii) 3 Holes 2 Slots.

(ix) To permit vacuum from the vacuum box to be ap-
plied to the first letter in the stack, thereby causing
it to be gripped by the belt, and cycle with it.

QUESTION 5 (b):

What is the purpose of the spring-loaded rollers which are
located between the spring-loaded fingers?

ANSWER 5 (b):

The purpose of these idler rollers is to keep the letter
under positive control until it enters the presentation area.
They hold the letter against the pick-off belt after the
letter has passed the influence of the vacuum ports.

QUESTION 6:
Fig. 16 shows the Coder Intermediate Relay Store Circuit.

QUESTION 6 (a):

Two letters have been coded by operator 2 and are pro-
gressing through the letter-sorting system; operator 1
is not coding. The first letter received a translation of
27, 06, 30, 27, and has entered the 30 channel conveyor.
The second letter received a translation of 14, 29, 09, 14,
and is in such a position that its CO code has just been
transferred into the second intermediate relay store.
Indicate the condition of the relays in Table 3 at this instant

by marking the appropriate column for those relays
operated.
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ANSWER 6 (a): TABLE 3.

1A ¥ 1B 1C v 1D Vi 1P

2A 2B 7 2C v 2D ” 2P v

3A 3B i 3C | 3D Q

4A 4B o 4C v 4D v R

5A 5B 5C v 5D v S

M ] 6B v 6C i 6D v

CT

QUESTION 6 (b):

If the 2C relay coil went open circuit, describe when and
how this fault would be detected under normal working
conditions.

ANSWER 6 (b):

(When the operator presses the reject key, the translation
received from the drum will be either 31, 31, 31, 31; or 32,
32, 32, 32, to test the relays in the Print and Intermediate
relay stores in their operated and released conditions.)
The first translation of 31, 31, 31, 31 to be received after
the 2C relay coil goes open circuit, will set up the alarm.
All C relays except 2C will operate when the Q relay

transfers the CO code 11111 into the third Intermediate
relay store. Contact 2C3 normal, extends earth through
1C3, 3C3, 4C3, and 5C3 operated, in parallel, to 6C3
normal and when Q2 makes on the release of the Q relay
to RP relay and negative battery, operating RP to give the
alarm.

QUESTION 7 (a):

Indicate in the appropriate columns of Table 4 which con-
trol wires of the Coder keyboard will change from their
normal condition when the following keystrokes are made:

ANSWER 7 (a)

TABLE 4.

Keystroke

L6

L7

18

L9

L10

L11

L12

4

Repeat ...

Air Mail ... 4

Victoria ..
(short code)

QUESTION 7 (b):

Below is a sample programme for the magnetic drum:
:13076 /0, REFRN = 10203010.13077
Briefly describe the meaning of the following.
@) :

(i) /0

(iii) =

(iv) .13077

ANSWER 7 (b):

(i) Write Marker, The information following this signal
determines the time slot in which a temporary mark-
er pulse is to be recorded.

(ii) State Code control signal, State 0 (NSW) is to be in-
serted into the address check store so that checking
of all recorded addresses will also include a check of
state information,

(iii) Write Translation, Indicates that translation informa-
tion follows and has to be converted from telegraph
code to translation code and to be recorded on the
translation section of the drum.

(iv) Check Marker control signal and the number follow-
ing is the location where the marker should be.
Group 1, time slot 3077.

QUESTION 8 (a):

State the purpose of the ‘clock’ system in the Register
Translator and briefly state how it works.

ANSWER 8 (a):

Purpose is to enable information to be written into the
drum, on any required timeslot, with respect to a reference
signal.

Clock is a 4000-bit counter, driven by strobe pulses and
thus counting in synchronism with the drum. The clock
consists of four stages of ring counters (units, tens, hund-
reds, thousands), each controlled by the state of the prev-
ious counter(s).

QUESTION 8 (b):

Describe how, with the aid of signals derived from the
‘Clock Correction Track,” the clock is brought back into
synchronism when necessary.

ANSWER 8 (b):

Whenever the clock reaches count 3999 at any time other
than when it should, as indicated by a reference signal
derived from the Clock Correction Track on the drum,
the clock is stopped on the next count 0000, as an inhibit
is placed on the unit counter. The inhibit is removed and
the clock restarts when the reference signal indicates that
the drum has reached the correct position.



June, 1970

THE TELECOMMUNICATION JOURNAL OF AUSTRALIA

193

QUESTION 8 (c):

Two other signals are derived from the ‘Clock Correction
Track.’ Name these signals; state when they occur, and
briefly describe their purpose.

ANSWER 8 (c):

The signhals are the FW and FZ signals. The FW signal
occurs between counts 3990 and 3999 and its purpose is
to inhibit comparisons during track switching, when spur-
ious comparisons could be found.

The FZ signal occurs every 8mS (5 times in one drum
revolution) and its purpose is to ensure that short dura-
tion contact bounces of keyboard and relay signals fed to
the R.T. are not registered by (and therefore do not con-
fuse) the sensitive electronic equipment.

QUESTION 9:

It is required to show the correct time relationship between
two waveforms on a cathode ray oscilloscope with a dual
trace vertical amplifier, using 10x probes calibrated to the
instrument. The waveforms are:
A 50 Hz square wave of 0 to — 10 volt amplitude.
A 1 mS pulse of 0 to — 1 volt occurring once every
20 mS.

QUESTION 9 (a):

Indicate in Table 5 the appropriate Volts/Division switch
setting for each input to display each waveform 2 divisions
high.

ANSWER 9 (a):

TABLE 5.
Waveform
Volts/Division 7 5
20
10
5 4
2
1
5 V
1
.05
02
.01

QUESTION 9 (b):

In what mode should the vertical amplifier be operated to
give the best display?

ZP7 P73 07

—_— w Ain ' Al;z 3[8
— - ‘ T
—

Indicate your answer opposite the appropriate Mode switch
setting in Table 6, and state briefly the reasons for select-
ing this mode.

ANSWER 9 (b):

TABLE 6.
MODE
CH. 1 ONLY
ALTERNATE
CHOPPED v
ADDED
CH. 2 ONLY

‘Alternate’ mode flickers at this frequency.

QUESTION 9 (c):

What are the settings of the timebase SOURCE and SLOPE
controls to obtain the waveform in Fig. 17 when a 50 Hz
square wave is applied to the vertical amplifier input. The
display should start at 0 volts.

ov l

-6V

Fig. 17

ANSWER 9 (¢):

It must be fed into channel 1 of the Vertical input and
the Timebase Trigger switch set to channel 1 only.
Trigger source: Internal.
Slope: +4ve.

or
It must be fed into channel 1 of the Vertical input and
also fed to the External Trigger input terminal.
Trigger Source: External.
Slope: +ve.

QUESTION 9 (d):

If a probe has been over-compensated for high frequencies,
sketch the effect it will have on the square wave calibrate

waveform display.

ANSWER 9 (d):

Fig. 18

QUESTION 10 (a):

Fig. 19 shows a section of the Decoder Sequence Control.

Complete the timing diagram in Fig. 20 to illustrate the

logic state of the following points in the circuit: ZPT3,

ZD7, XU34, XV34, ZD9, ZD15, ZD11, XU37, XV37, F4,
TO RELAY E

-15/08

5131

LIGHT BEAM
AT READING
HEAD

Fig. 19




194 THE TELECOMMUNICATION JOURNAL OF AUSTRALIA June, 1970
2p7
BROKEN
I T
zp73© T2 N
0
07 | 24 (]
xu.uiD r
X34 ? 24
D9 ? 27279
D15 ? , |
ZDI| |° ila] 206 s
xu37|° 20219 %
xv:v?
F4 ? I
xBg © \
' \
E RELAY OPERATED FOR SOMS, 229M$S
AFTER LETTER BREAKS BEAM OF ZP7
Fig. 20

XBE, and indicate the period when E relay is operated as a
10 inch letter passes through the reading head section at a
1 Division = 20 mS in Fig. 20.

rate of 12 mS/inch.

ANSWER 10 (a):
See Fig. 20.

QUESTION 10 (b):

ANSWER 10 (b):

What is the function of the E relay?

It transfers the code from the Staticiser to the first inter-

mediate relay store.

TECHNICAL NEWS ITEM

NEW SYSTEM
FOR SEMICONDUCTOR
PRODUCTION

Hitachi, Ltd. has completed a pro-
totype of a highly sophisticated ion
implanter for the manufacture of semi-
conductor devices. The new system,
the first of its kind in the world, is
expected to pave the way for thor-
oughly automated production of semi-
conductor devices.

Development of the ion implantation
machine, with which impurities for
determining the electrical properties
of semiconductors are ionized and im-
planted into semiconductor -crystals
after being accelerated at high vol-
tage, had been conducted by Hitachi
with subsidies from the Research De-
velopment Corporation of Japan, a
governmental organization.

Mass-production of diodes, transis-
tors and MOS (metal oxide semi-con-
ductor) field effect transistors have
already been undertaken successfully
with the new ion implanter, though on
a trial basis.

At present, the thermal diffusion
process is most popularly employed to
manufacture semiconductor devices.
This process, however, tends to cause
uneven distribution of doping impuri-
ties and permits no automatic produc-
tion, because quantitative monitoring
of impurities is impossible.

By ion implantation, such impurities
as boron and phosphorus are ionized
and accelerated at 200 kV and implan-
ted into silicon substrates.

The new system has many advan-
tages over the conventional thermal
diffusion process, including:

1. Ton beams can be implanted simul-
taneously into a maximum of nine

. Computer-controlled

silicon wafers, and processing of
a large number of semiconductor
devices with uniform characteris-
tics is possible. About 40 wafers
can be handled per hour with this
machine.

automatic
production is possible. Adjust-
ment of the ion source and acce-
leration voltage can be handled
easily and safely at ground po-
tential.

. The amount of impurities can be

monitored during the processing,
because direct measurement and
control of ion beam current is
possible.

. Processing can be made at relative-

ly low temperatures ranging be-
tween 400 and 900 degrees C.,
while the thermal diffusion process
requires 1,000 to 1,200 degrees C.
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TECHNICAL NEWS ITEM The Choice of
Audio Programme Engineers
s 3 e : !

TRANSMISSION EQUIPMENT FOR LS.T. PROJECT L

The Integrated Switching and Transmission (LS.T.) pro- |
ject being conducted by the A.P.O. Research Laboratories |
was described briefly in the June 1969 issue of the Jour-
nal (p. 126). ;

The digital transmission in this project is being perform-
ed by pulse code modulation (PCM) systems. Two 24
channels S.T.C. PCM systems will be installed in Victoria |
on junction cables between Windsor and Clayton, and |
Windsor and South Oakleigh. A normal and a standby |
bearer will be provided on each route. At present the |
PCM terminal equipment is being tested in the Research
Laboratories and the line repeater housings are being in- |
stalled in the field. Cable tests are about to commence |
and will include measurement of loss and crosstalk up to
5 MHz, and impulse noise. The PCM systems are expected :
to be installed and tested by mid July 1970.

1S.T. switching equipment is being designed and built by
the Research Laboratories. To facilitate the testing of this !
equipment in the Laboratories before its field installation

at Windsor, the PCM route is being extended from Windsor Generating Equipment
to the Laboratories with compatible Marconi PCM equip- .
ment. The bearer extension is expected to be completed Supplled under Contract to the A.P.O.

by October 1970.

Engineering Products Division
AMALGAMATED WIRELESS (AUSTRALASIA) LIMITED

SYDNEY MELBOURNE BRISBANE ADELAIDE PERTH LAUNCESTON
88 6666 67 9161 411631 72 2366 28 6400 21804

PUBLICATIONS OF THE TELECOMMUNICATION
SOCIETY OF AUSTRALIA

TELECOMMUNICATION JOURNAL OF AUSTRALIA (3 per year)

Australia Overseas

Annual Subscription $1.50 $2.40
Single issues (recent) $0.70 $0.80
AUSTRALIAN TELECOMMUNICATION RESEARCH (2 per year)
Annual Subscription $2.00 $2.80
Single issues $1.25 $1.40
AUSTRALIAN TELECOMMUNICATION MONOGRAPH No. 1
Calculation of Overflow Traffic from Crossbar Switches $1.00 $1.25
AUSTRALIAN TELECOMMUNICATION MONOGRAPH No. 2
Symposium on the Preservative Treatment of Wooden Poles $1.00 $1.25
AUSTRALIAN TELECOMMUNICATION MONOGRAPH No. 3
Symposium on Power Co-ordination and Lightning Protection $1.00 $1.25

Australian residents apply to:

State Secretary, Telecommunication Society of Australia
Box 6026, G.P.O., Sydney, N.S.W., 2001; Box 1802Q, G.P.O., Melbourne, Vic., 3001; Box 1489, G.P.O,

Brisbane, Qld.,, 4001; Box 1069], G.P.O.,, Adelaide, S.A., 5001; Box T1804 G.P.O., Perth, W.A,, 6001; Box
1522, G.P.O., Hobart, Tas., 7001.

Overseas residents apply to:
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RESISTORS - POTENTIOMETERS - FERRITES -
CERAMIC PRODUCTS - MICA PRODUCTS

Custom made

especially for you by Plessey Ducon

Components by the miilions—capacitors,
resistors, potentiometers, ferrites,
ceramics and processed mica are among
the standard range of Plessey Ducon
products.

So, you can’t use our standard products
in your design!!

Then why not discuss your specific
requirements with us—we are specialists
in custom-bullt products to meet low or
high volume applications.

Our Special Products Division is backed
by over 25 years experience and offers
specialised manufacturing facilities
together with highly skilled engineering
and production personnel to help you
build quality into your products.

We're rather versatile too, as these
examples will show.

PLESSEY
Components

Plessey Ducon Pty Limited

Box 2 PO Villawood NSW 2163 Telephone 72 0133

(a) Wire-wound resistors ranging from triple units each with adjustable taps for
diesel electric locomotives to resistors as low as 0.05¢) with 250W rating or
impulse resistors to take 50 times overload for 1 second.

(b) Special carbon track potentiometer/switch combinations, such as a quad-
ruple gang with rotary switch or one that has to be pushed to be turned and
also closes a contact while rotating. The possible arrangements are almost in-
finite.

(c) Mica, in various grades to any sheet shape. Applications include capacitor
dielectric, power transistor insulators, industrial and heating element plates,
washers and stove fronts.

(d) Ferrite components of world standard to any practical shape or size in
seven different materials, like the fiux concentrator for R. F. hardening of auto-
motive gears, the building blocks used for 30MHz power transformers, or
high stability adjustable inductors with fused silver spiral track.

(e} Ceramic tubes, rods, slabs, heating element formers, insulators, extrusions
and dry pressings, or ceramic dielectrics such as ultrasonic transducers or
other piezoelectrics.

Melbourne 42 3921
Brisbane 2 3287
Adelaide 76 3434
Perth 21 4821
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the KEY to better switching

Actual size of a

Fifty years of specialist experience is the TMC Illluminated
reason why switches designed and manufac- L) SPUS.'Q'%U“?\" .IK;IY'
tured by TMC Australia are specified by lead- | |2;Vl/ M maghaic held
ing electrical and electronics manufacturers. I : ] or standard.

Other manufactures of TMC Australia are:
24-channel High-speed FM-VF Telegraph
Equipment, Open-wire Telephone Carrier

Systems, Transistorized Test Instruments. ;
/ ) e : 8 43\" L @B Key Switches by the Key Switch Specialists
TMC Australia specialises in the design and AUSTRALIA

manufacture of Filters used with Long Line
Telecommunications.

TELEPHONE MANUFACTURING CO. (A'ASIA) PTY. LTD.

A MEMBER COMPANY OF ASSOCIATED TELECOMMUNICATIONS AUSTRALIA LTD.

21 Coulson St., Erskineville, N.S.W. 2043. Phone 519-2555. P.O. Box 14, Erskineville, N.S.W. 2043. Telegrams and Cables:

TEEMSEA, Sydney
TMC-8
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Sony replaced IFT in this
4-band transistor radio

Throughout the world electronic design engineers have
begun to realise the many benefits offered by Murata
Ceramic Filters. These include high gain, low spurious
response, negligible ageing characteristics (0.4% over
10 years) and, since no alignment is necessary, consider-
able cost saving in production.

Sony engineers have taken advantage of these benefits
and have incorporated two Murata Ceramic Filters

&

MODEL BFB-455A improves the selectivity
of transistor radios when used as an
emitter by-pass in transistor [F Stages.

receivers.

SFD-455B

MODEL SFD-455B
type filter of 455 Khz.
the transistor radio’s IFT or can be
used in combination with IFT's.

is a resonance

LADDER TYPE Ceramic Filters CFS-455
and CFP-455 (Popular Type) are ideal for
IF stages of high quality communication

with the new Murata
ceramic filter SFD-455B.

SFD-455B

BF B-455A

ACTUAL SIZE

SFD-4558 and BFB-455Ain the quality model TR-1000
4-band transistor radio.

Combining excellent overall response and selectivity
characteristics with space saving and production
economy, the Murata Ceramic Filters are proving
superior to conventional IF transformers.

Include Murata Ceramic Filters in your next design.

IRH Components
Pty. Limited

It replaces
The Crescent,
Kingsgrove,

N.S.W. 2208,
Phone: 50-0111

IR” THE COMPONENT DIVISION
OF IRH INDUSTRIES LIMITED

85000/1R
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Takes telecommunications into tomorrow
GEC-AEI TELECOMMUNICATIONS LTD, OF COVENTRY, ENGLAND.

A Management Company of The General Electric Co. Ltd. of England.




iv THE TELECOMMUNICATION JOURNAL OF AUSTRALIA

June, 1970

Where there’s telecommunications
there's Qlympic cable

Whether it be telecommunication for personal or business reasons, or television

for entertainment , you may be sure that Olympic Cables are a major
contributor to this service.

Qlympic Cables are a principal supplier of telecommunication cables and all
cables for these essential services.

Olympic Cables help you live better electrically.

OLYMPIC CABLES PTY. LTD.
Head Office: Sunshine Road, Tottenham, 3012, Victoria:

Branches in all States.

L1}
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Rubin Buzzer

When you need to make a noise, we make it
better than the rest. The Rubin Buzzer, made
right here in Australia. Small size. Big noise.
Soft tone. Compact (1" high) and efficient.

5 AC/DC Voltage Ranges from 3 v. to 60 v.
Featuring tone control by means of simple screw
adjustment. Single screw mounting.
Solder/Quick connect terminals. Spark
suppression unit is optional.

E.S. RUBIN & CO. PTY.LTD.

73 Whiting Street, Artarmon, N.S.\W. 2064, Tele-
phone: 439 2333. Telex: 21175. 6 Kemp Street,
Woodville, South Australia 5011. Telephone:

45 3579. Telex: 825629. 138 Berkeley Street, Carl-

ton. Victoria 3053. Telephone: 34 6469. Telex:

30948. Queensland—Telephone: 74 097. Western
Australia—Telephone: 21 7861.

ESRS5631
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METAL
GLAZE

Low-cost metal glaze resistor with per-

formance charactistics superior

to Mil-R-22684

* Long-term stability

* Thick-film reliability

* Generous power safety
factor

% Fully insulated
moulded body

IRC. the developer of Metal Glaze, now
offers a new, low-cost, moulded Metal
Glaze resistor, value engineered for opti-

mum precision and reliability.

The thick-film Metal Glaze resistance

element, 100 times thicker than con-
Diamond

spiralled metal
glaze element

ventional films, defies catastrophic
failure, withstands high temperatures
and high overloads, and is impervious to
Ceramic substrate environmental extremes. Its fully insulated
moulded body resists solvents, corrosion
and mechanical stresses and has a dielectric

strength of 500 VRMS.
Load life stability is excellent. Resistance change
is typically less than .5% after 1000 hours, } watt
at70° C.—four times better than Mil-R-22684 speci-
fication allowance.

Plated-on copper
end cap

High temperature

soldered
termination

For operation at lower ambients, take advantage with

confidence of this mighty midget's inherent stability

characteristics. For instance, at 40° C. you can give it a full
¥ watt.

IRH Components
Pty. Limited

The Crescent, Kingsgrd\ie, :
N.S.W. 2208. Phone: 50-0111

CAPSULE SPECIFICATIONS

IRC Type RGQ 2
Commercial rating: + W @ 40°C, INTERSTATESTEL ERHONES Y TES
Resistance: 6.22 to 150K MELB. VIC. = 489.1088 \§\\\\ \§
Tolerances: Std. = 5% HOB. TAS. = 34.2811 3 &\&\

Special += 2%
Temp. Coefficient: = 200 ppm/°C. max.
Voltage: 350 V. max.

LAUN. TAS. 22.844
i PERTH W.A.  23.1971

Moulded ADEL:. S.A. 8.2271

BRIS. QLD. -211933

Ii{ﬂ THE COMPONENT DIVISION
OF IRH INDUSTRIES LIMITED

R1800/1

Body
{Maroon colour)
.310°x_.110"
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Omni-directional

COMMUNICATION ANTENNAS

Designed to meet all omni-directional transmitting and
receiving requirements in the VHF and UHF ranges.

GROUND PLANES

COAXIAL DIPOLES

BI-CONICAL DIPOLES
DISCONES

CO-LINEAR DIPOLE ARRAYS

Excellent Performance

Vertical polarization

50 or 75 ohms impedance

Rated for 100 MPH wind loading
Power gains up to 9db available

At Belling and Lee's antenna laboratory a full range of modern
instrumentation is installed in RF Shielded Enclosures which
permits the complete analysis of any type of antenna through-
out the HF, VHF and UHF frequency ranges.

A rotating tower on the antenna test range, operating in con-
junction with a radiation diagram recorder, ensures accurate
measurement of polar diagrams

BELLING & LEE (AUSTRALIA) PTY. LTD.

Reg. Office & Factory: CANTERBURY RD., KILSYTH, VICTORIA. 3137 Tel. 729 0226
N.S.W. Branch: 170 BURWOOD RD., BURWOOD, N.S.W. 2134. Tel. 747 3303
W.A. Branch: 570 WILLIAM ST., MT. LAWLEY, W.A. 6050. Tel. 28 6144
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think of GEC-AEI and you think of...

Research Surveying. Transmission by Frequency Division Audio, Programme,

Development Planning, Radio, Cable and and Digital Signalling
Design Systems Design, Open-Wire Line Multiplex Telegraph and Data
Installation Equipment

Commissioning

Public Exchanges PABX-PAX Telephones Maintenance International

Trunk Switching Private Telephone Table, Wall, Training Representation
RAX-UAX Systems Secretarial,
Mobile Exchanges Loudspeaking

...a complete telecommunications service

GEC-AEI Telecommunications Limited is a management company responsible for the
telecommunications interests of The General Electric Co. Ltd. of England and
Associated Electrical Industries Ltd.

The largest company in this field in England, and one of the largest in the world,
GEC-AEI combines a vast research, development and manufacturing capability to
provide a complete telecommunications service.

Takes telecommunications into tomorrow
GEC-AEI TELECOMMUNICATIONS LTD,OF COVENTRY, ENGLAND.

A Management Company of The General Electric Co. Ltd. of England. 4 ' £1B/35A
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IRH Components Pty. Limited
introduce Sealectro products
for modern electronics.

o

C Satbstiz b or bace

The Sealectro Static Punched Card or Stub
Readers (80 x 12 or 51 x 12 cards) are
suited to a wide and growing range of pro-
gramming and matrix switching applications
wherein immediate programme change and
low volume programme store are requisite.
Some samples are: Low-cost automation,
machine tool control, automated testing,
process control, function simulation. The
Badge Reader (10 x 10 card) is designed
for Personnel identification, Credit status,
Data collection and transmission.

[ssm e

The PRESS-FIT terminal range includes
a broad line of types and sizes of Stand-offs,
Feed-throughs, Receptacles, Test Point Jacks,
Probes and Plugs, Transistor Sockets, Tran-
sistor Holders, Bushings, Taper-pin Receptacles
and special types for welded or wire-wrap
connections. PRESS-FIT terminals are avail-
able in the ten E.I.A. colours — white,
black, brown, grey, blue, violet, green, yellow,
red and orange.

@0@ sub-miniature
® RF.connectors

The widest range of Sub-miniature Co-
axial Connectors, in screw-on, snap-on and
slide-on styles. Conform to MIL-C-22557/A
50 ohm patterns available for RG—196/U or
RG—188/U cables, and also for the equivalent
semi-rigid cables. Hermetically sealed bulk-
head mounting connectors suitable for pres-
surised equipment. A full range of BNC,
TNC and C type adapters is also included in
the ConheX range.

ACTAN

programming switches.

Drum type programming switches per-
manent or field adjustable. Manual or tim-
ing motor or stepping solencid actuated.
Extreme versatility of contact arrangements
enable up to 60 discrete programmes per
switch,

$ _§E'A!..ECTOBOARD
programme boards

The most flexible and reliable pro-
gramming system, cord or cordless
styles, single or multi-pole switch-
ing, programming by shorting pins
or component interposition e.g.
Diodes for back-feed elimination.
Applications include: Analogue
Computers, Naval Communications
Channelling, Data Logging, Func-
tion Simulation, Pattern Genera-
tion, Factory Automation, Nuclear
Power Control.

IRH Components
Pty. Limited

The Crescent, Kingsgrove,
N.S.W. 2208. Phone: 50-0111

INTERSTATE TELEPHONES

MELB. VIC.
HOB. TAS.

LAUN. TAS,
PERTH W.A.
ADEL. S.A.
BRIS. QLD.

: Q\\\\\‘@
489.1088 N
34.2811 © N\ \\§\
22.844
23.1971
8.2271
211933

HE COMPONENT DIVISION
F IRH INDUSTRIES LIMITED

RR2247
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Bringing to Australia GT&E world-wide technical resources
in the field of telecommunications

In step with the march of technology, and to
keep pace with the steadily expanding market
in Australia for telecommunications services,
GT&E has set up an Australian organisation to
co-ordinate and service the sales activities of
its world-wide associate companies.

The products of these companies already in use

in Australia embrace a wide range of equipment,
including all solid state microwave equipment
manufactured by S.G.T.&E. (M.L.) Milan, Italy;
24-channel carrier equipment by Lenkurt
Electric Co. Inc., San Carlos, U.S.A.; automatic
line routiner by Automatic Electric Company,
Chicago, U.S.A.

Principal overseas GT&E subsidiaries are:

Societa Generale Di Telefonia

Ed Elettronica, S.p.A. Milan, ltaly (Marelli Lenkurt

microwave equipment and Autelco switching)
Lenkurt Electric Co. Inc.,

San Carlos, U.S.A.

Lenkurt Electric Co. of Canada Ltd.,

Burnaby, B.C., Canada.

GLE

International

Automatic Electric Company,
Northlake, [llinois, U.S.A.

Automatic Electric (Canada) Ltd.,
Brockville, Canada.

Automatic Electric S.A.,

Antwerp, Belgium.

Sylvania Electronics Systems, U.S.A.

GENERAL TELEPHONE & ELECTRONICS AUSTRALIA PTY. LTD.

Telecommunications Division

1-7 Lucas Road, Burwood, N.S.W., Australia 2134. Telephone: 747 1833. Telegrams and Cables: “Gentelint” Sydney.

GT/1

June, 1970



June, 1970 THE TELECOMMUNICATION JOURNAL OF AUSTRALIA

AB2000B-36

The family doctor
of the

(5.

The telephone won’t
ask you to open your
mouth and say “ahh”, but
with the help of a computer bank, it could
save your life.

Early this year, the Australian Post Office
began its Datel services for the transmis-
sion of computer data over telephone and
telegraph. You just dial a number and
“talk” to your computer.

At the same time, medical and computing
scientists in Melbourne developed the
world’sfirst computerized medical records
system.

A person’s medical record is compiled
from birth and stored in a computer bank.
The benefits are obvious. A Melbourne

man holidaying in Brisbane falls ill. The
doctor only has to dial the computer bank
for the man’s complete medical history.
But the whole Datel scheme would have
been impossible without cable to carry the
voices and the data. Over 20 million miles
of wire cable have been laid in Australia.
As development continues, the demand
for cable will be even greater. Austral
Standard Cables are ready to meet it.

Austral Standard
Cables Pty. Ltd.

Head Office: 325 Collins St., Melbourne, Vic. 3000.
Laboratories at Maidstone, Vic. 1
Works at: Maidstone and Clayton. Victoria; leerpool

N.S.W., Australia; and Hornby, Chnstehurch N.Z
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SMOOTHEST
MOVEMENT

brings Australia-wide
acceptance!

Success shown by Australia-wide sales of the Trimax
Laboratory Equipment Trolley is due to functional design,
use of high quality rubber tyred swivelling castors, and
finest workmanship.

Fitted (as illustrated), the unit is ideal for moving heavy
electronic test equipment. By inverting the shelves, the
unit becomes an ideal mobile production trolley with
deep, easily accessible trays.

Made in standard order, the Trolley is finished in grey
hammertone metal. Available with or without three mains
outlet sockets which allows mains-operated equipment to

TRIMAX be supplied by one extension lead.
7 Trolley supplied in easy-to-assemble knock-down form for
EQU/PMENT economic transport.
TROLLEY

LM ERICSSON (=

W) )
y

PUBLICATIONS OF THE TELECOMMUNICATION
SOCIETY OF AUSTRALIA

TELECOMMUNICATION JOURNAL OF AUSTRALIA (3 per year)

Australia Overseas

Annual Subscription $1.50 $2.40
Single issues (recent) $0.70 $0.80
AUSTRALIAN TELECOMMUNICATION RESEARCH (2 per year)
Annual Subscription $2.00 $2.80
Single issues $1.25 $1.40
AUSTRALIAN TELECOMMUNICATION MONOGRAPH No. 1
Calculation of Overflow Traffic from Crossbar Switches $1.00 $1.25
AUSTRALIAN TELECOMMUNICATION MONOGRAPH No. 2
Symposium on the Preservative Treatment of Wooden Poles $1.00 $1.25
AUSTRALIAN TELECOMMUNICATION MONOGRAPH No. 3
Symposium on Power Co-ordination and Lightning Protection $1.00 $1.25

Australian residents apply to:
State Secretary, Telecommunication Society of Australia
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Brisbane, Qld., 4001; Box 1069J, G.P.O. Adelaide, S.A., 5001; Box T1804 G.P.O., Perth, W.A., 6001; Box
1522, G.P.O.,, Hobart, Tas., 7001.
Overseas residents apply to:
The General Secretary, Telecommunication Society of Australia, Box 4050, G.P.0O., Melbourne,
Victoria, Australia, 3001, or
Agent for Europe, Mr. D. McBride, Canberra House, 10-16 Maltravers St., Strand, London, W.C.2,
England.




THE

TELECOMMUNICATION JOURNAL

OF AUSTRALIA

VOL. 20 No. 2
JUNE 1970

COVER

A Cable

Unit from the
Perth-Carnarvon
Coaxial Cable
Project

CONTENTS
Mr. C. J. Griffiths, 0.B.E.
Staff Changes

The Siemens Concept for a 12-MHz Coaxial Cable System
E.KUGLER

Mr. G. N. Smith, B.Sc.

Development of the S.T.C. 12-MHz Coaxial Cable Systems
P.J.HOWARD

Developments in Underground Balanced Pair Telecommunica-

tion Cable in Australia Since 1945
AW.SISSON and C.F.BENNETT

Service Assessment of S.T.D. Traffic
P.BRAGA and G.FOOTE

Change in Board of Editors

The Subscribers Installation Management Control System
R.KEIGHLEY and P.HIGGINS

Telephone Orders by Teleprinter ...
N.A.CAMERON and K.N.SMITH

Transmission Lines and Measurements — Part 1: Open Wire ...

K.M.RAY

Developments in Post Office Co-ordination with Power Autherities

1966-1969
N.G.ROSS

The Australian Post Office Role in NASCOM: Part 1: Develop-

ment ..
K.A. McKENZIE

Co-ordination of Trenching Works in New Suburbs
M.J.GOOLEY

Qur Contributors
Answers to Examination Questions

Technical News Items
$3.75M to Improve Flying Doctors Radio
C.C.L.T.T. Meetings in Melbourne
A.P.O. Involvement in the Apollo 13 Emergency
The Light with a Thousand Uses .
New System for Semi-Conductor Production
Transmission Equipment for 1.S.T. Project

Abstracts

105
106
107

112
113

119

127

134
135

144

152

159

162

173

181
184

118
151
177
179
194
195

XV




June, 1970

THE TELECOMMUNICATION JOURNAL OF AUSTRALIA XV

The TELECOMMUNICATION JOURNAL of Australia

ABSTRACTS: Vol. 20, No. 2

BENNETT, C. F., and SISSON, A. W.: ‘Developments in
Underground Balanced Pair Telecommunication Cable
in Australia since 1945’; Telecom. Journal of Aust., June
1970, page 119.

The developments which have occurred since 1945 in
underground cables used by the Australian Post Office are
reviewed. They have been related to the growth and de-
velopment of a manufacturing industry, and to the other
network components which form the speech circuits for
telephone calls. The effects of raw material prices and
the advent of thermoplastics on cable technology are con-
sidered, and a probable pattern of future development is
predicted.

BRAGA, P., and FOOTE, G.: ‘Service Assessment of S.T.D.
Traffic’; Telecom. Journal of Aust., June 1970, page 127,

This article describes the details and principles adopted
in the development of service assessment facilities for
S.T.D. traffic. Broadly, equipment is required at both the
assessed exchange and assessment centre. The equipment
provided at the assessed exchange incorporates the tap-
ping and transmission facilities required for the transfer
of information to the assessment centre. This includes the
identification of the inlet to the assessed exchange and
the line and information signals. All the information ob-
tained at the exchange end is transmitted and analysed
by the incoming equipment at the assessment centre. This
equipment has been designed to provide adequate display
of all the relevant signals and information extracted at
the assessed exchange. The circuit components and mount-
ing arrangements for this service assessment equipment
are based on current crossbar practices and hence con-
form with other equipment presently being installed.

CAMERON, N. A, and SMITH, K. N.: ‘Telephone Orders
by Teleprinter’; Telecom. Journal of Aust., June 1970,
page 144.

A system for transmitting the information needed to
authorize, record and account for the installation or modi-
fication of a telephone service in the A.P.O. is described.
Teleprinters in the exchanges and the work depots connect
with an order centre at the sales office where a tape trans-
mitter enables automatic broadcast transmission of the
required operational information.

GOOLEY, M. J.: ‘Co-ordination of Trenching Works in
New Suburbs'; Telecom. Journal of Aust, June 1970,
page 173,

The paper describes how utility installations to a new
housing estate were coordinated to the mutual benefit
of the utilities, the developer and the individual house-
holder.

HIGGINS, P., and KEIGHLEY, R.: ‘Subscribers Installa-
tion Management Control System’; Telecom. Journal of
Aust., June 1970, page 135.

This article describes the design of a complex, computer
based, management control system to assist supervision
and management of subscribers equipment.

HOWARD, P. T.: ‘Development of the S.T.C. 12MHz Coaxial
Cable Systems’; Telecom. Journal of Aust., June 1970,
page 113.

Two transistorised 12MHz coaxial line systems are
described. One system uses 9.5mm coaxial pairs, the other
either 4.5mm or 9.5mm coaxial pairs. The 12MHz system
can be applied to spares in cables carrying 4MHz systems
or can replace such systems. Aspects discussed include
line amplifier, regulation, fault location, supervisory system
and system performance.

KUGLER, E.: ‘The Siemens Concept for a 12MHz Coaxial
Cable System’; Telecom. Journal of Aust., June 1970,
page 107,

The essential points of view of the concept of the 12
MHz coaxial cable system — with particular consideration
of the common transmission of telephone calls and tele-
vision — are demonstrated. In addition to basic considera-
tions (noise, transmission level), the technical realisation
is considered somewhat more closely (attenuation and
delay equalisation means for dropping the TV channel,
power-feeding, fault location). In taking a look into the
future, the new 60MHz system, which will be suitable
for the transmission of telephone calls and several TV
programs, is dealt with in brief.

McKENZIE, K. A.: ‘The Australian Post Office Role in
NASCOM: Part I — Development’; Tel com. Journal of
Aust., June 1970, page 162.

Part 1 of this paper records the development of the
domestic Australian Sector of the worldwide network
which provides communications support for the various
space programmes of the National Aeronautics and
Space Administration (NASA) of the U.S.A. This paper
covers the development period between 1962-63 and the
end of 1969 which includes the Apollo 11 and Apollo 12
missions. Part IT will deal with operational aspects.

RAY, K.: ‘Transmission Lines and Measurements; Part I:
Open Wire’; Telecom. Journal of Aust., June 1970 page
152.

Developments in open wire transmission lines and
transmission measuring techniques are reviewed against
a brief background treatment of the basic characteristics
of line transmission. Results achieved on modern open
wire routes are presented.

ROSS, N. G.: ‘Developments in Post Office Co-ordination
with Power Authorities’; Telecom. Journal of Aust,,
June 1970, page 159.

A conference between Post Office and electricity supply
representatives in April 1969 confirmed advances made
in co-ordination practice since the previous conference
in 1965. The paper briefly describes joint projects com-
pleted since 1965 in the areas of joint use poles, MEN
H. V. lines, low frequency induction, crossings and com-
mon use, and S.W.E.R. lines. Reference is also made to
current projects on underground joint use, effects of low
frequency induction, and protection from effects of power
earth faults.
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ICSC.

NEC has the experience and know-how to advise on
all problems in the field of telecommunications and
electronics.
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