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In 1912 Plessey installed the 
first automatic exchange for 
the British Post Office at Epsom. 

That was the day we said 
Goodbye to the Hello girls. 

The day our number came up. Automatically. 

So what else has come up? 
Since then Plessey has clocked up a great many other firsts - 
particularly in TXE2 (Pentex in the world markets). 

A Plessey TXE2 was the first production electronic exchange 
to be installed in Europe. There are now over 80 Plessey 
electronic exchanges in operation in Britain alone - 

not to mention those overseas. 
Plessey equipment is in great demand all over the world, 

so we can't promise delivery overnight. But what we can promise is 
the care we take to meet our obligations to you. Care in the opening 

of new factories, training of new staff and the availability of our 
engineers to advise on your telecommunications problems. 

Whether you want an electronic, crossbar or Strowger system -whether you 
want to replace existing equipment piece by piece, do a direct conversion or 
provide an entirely new system - Plessey will ensure that everything is 
ready and waiting to go. The very day you want your number to come up. a Plessey Telecommunications 
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A BRIEF INTRODUCTION TO DIGITAL DATA TRANSMISSION TECHNIQUES 
B. M. SMITH, B.E., Ph.D.* 

INTRODUCTION. 

Data transmission has become a 
rapidly expanding component of the 
traffic in the telephone network since 
many large public and private institu­ 
tions have the need for a rapid transfer 
of information between widely scat­ 
tered computing and data processing 
installations. Data transmission is 
not of course restricted to the tele­ 
phone network and is used widely in 
military and space communication 
facilities. 

Some examples of data communica­ 
tion over the telephone network are:­ 

(a) a bank with a central computer 
linked directly with the tellers in 
the bank's branches; 

(b) a Stock Exchange quotation ser­ 
vice for the rapid transfer of 
the prices of securities to stock­ 
brokers and financial institu­ 
tions; 

(c) time-sharing computers where 
several independent operators 
have access simultaneously by 
telephone lines to a large com­ 
puter; 

(d) reservation networks for air­ 
lines, hotels and motels; 

(e) transmission of meteorological 
data. 

Digital data transmission refers to 
the transmission of information in a 
digital rather than an analogue form 
over a communication channel. The 
information to be transmitted may 
already be in digital form (e.g. the 
output from computers) or may be an 
analogue signal that is sampled at 
discrete time instants and then con­ 
verted into digital form. 

In this paper a discussion of some 
of the basic -concepts underlying data 
transmission is given and these con­ 
cepts are illustrated by examples from 
data transmission systems which use 
the telephone network. A list of defi­ 
nitions of data transmission terms is 
given in Table 1. 

BITS, BAUDS AND BANDWIDTH. 

A large number of data processing 
devices (e.g. computers) operate with 
binary notation in which information 
that is fed into and out from the com­ 
puter must be coded into a sequence 
of elements, with each element in the 
sequence having only two possible 
states, which are often referred to as 
0 or 1. For example, the state of 
these elements may be whether there 
is or is not a hole in a particular 

*Dr Smith is Engineer Class 2, P.M.G. Research 
Laboratories. 

TABLE 1: DATA TRANSMISSION TERMS. 

Modem 

Binary 
Bit 

Symbol, Digit 

Baud 
Intersymbol 
Interference 

a unit for modulating the data into a form 
suitable for transmission over an analogue 
transmission channel and for the demodulation 
of the received signal. 
having two possible states. 
the elementary unit of information associated 
with the outcome of a binary event. 
the basic signalling element of a data transmis­ 
sion system; it will have two or more states. 
the number of symbols transmitted per unit time. 
overlapping of neighbouring symbols making 
their correct detection more difficult. 

location in a paper tape or computer 
card. 

Since data transmission is concerned 
with the digital transmission of infor­ 
mation, a brief introduction to the 
unit of information is appropriate. Con­ 
sider a given element in a binary 
sequence which can be either O or l; 
then when this element has been re­ 
ceived the uncertainty about its state 
has been removed, or alternatively 
some information has been received. 
If the two states are equally likely, 
the amount of information that has 
been received is defined to be one bit, 
which is a corruption of the words 
'binary digit.' In short, a bit is the 
information associated with the out­ 
come of an equally likely binary event. 
Most simple communication systems 

transmit this binary data in binary 
form, as, for example, a telegraph 
system. Thus the communication rate 
can be expressed in bitsj,sec. With 
the advent of computers and other 
terminal equipment which can produce 
a very large volume of data in a given 
time, the need to increase the infor­ 
mation rate of a channel occurs and 
initially this can be done just by in­ 
creasing the repetition rate of the 
binary data sequence. 
However, in a channel with a limited 

frequency bandwidth (e.g., a telephone 
channel occupying 300 Hz to 3400 Hz) 
there is some upper limit to the sig­ 
nalling rate after which the binary data 
elements or symbols interfere with 
each other and cause errors. This 
phenomenon occurs because the band­ 
width of the signals no longer fits 
inside the channel bandwidth and is 
known as inter-symbol interference. 
The maximum rate at which the sym­ 
bols can be transmitted without any 
inter-symbol interference at the samp­ 
ling instants has been shown by Ny­ 
quist to be twice the bandwidth of 
the· channel for an ideal channel with 

no distortion, although in practice one 
must be satisfied with rates less than 
this. 

Thus for an ideal channel of band­ 
width W Hz, with no delay distortion, 
the maximum symbol rate that can 
be sustained without any intersymbol 
interference at the sampling instants 
is given by 

R = 2W baud . (1) 
where R is the symbol rate. The unit 
of the symbol or signalling rate is 
the baud. It may be noted that 
Nyquist's relation concerns intersym­ 
bol interference at the sampling in­ 
stants and bears no relation to the 
information rate in bits/sec. 

Consequently to achieve higher data 
rates in a channel of limited band­ 
width, more than two states or levels 
must be allowed in each symbol to be 
transmitted. Assuming that the total 
power of the transmitter is limited, 
this means that as the number of 
possible states in a symbol is increased, 
the states come closer together and 
are more sensitive to an error due to 
noise. Hence, summing up the pre­ 
ceding discussion, the maximum sym­ 
bol rate is determined by the channel 
bandwidth and the number of possible 
states in each symbol that can be 
reliably detected is limited by the ratio 
of the signal power to noise power. 
The signalling or symbol rate is speci­ 
fied in bauds and is only equal to the 
bit rate for a binary system. 
To see how the information rate 

(in bits/sec) of a transmission channel 
with multilevel symbols can be calcu­ 
lated, consider the following simple 
examples:- 

(a) if binary data is grouped into 
pairs, called dibits, then each 
dibit can have four possible 
states ~see below), which can be 
identified with four level trans­ 
mission: 

SMITH~ Introduction to Data Transmission 
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(b) 

dibit level 
00 A 
01 B 
11 C 
10 D 

similarly an eight level system 
corresponds to grouping the 
binary data into threes, called 
tribits: 
tribit 
000 
001 
010 
100 
0ll 
101 
ll0 
111 

Level· 
A 
B 
C 
D 
E 
F 
G 
H 

From these simple examples it can 
be inferred that a symbol with m 
possible levels is equivalent to q 
bits where 

m = 2" .... (2) 
Taking logarithms to base '2' of both 
sides of (2) gives 

q = log-m (3) 
That is, the information q, in bits of 

an m-Ievel symbol, with each level 
equally likely, is given by (3). The 
logarithmic expression in (3) can be 
demonstrated to advantage by consi­ 
dering n consecutive symbols each 
of m possible levels; then intuitively 
we would expect n log-m = nq bits of 
information to be contained in these 
symbols. But n symbols of m levels 
can have m" possible states and hence 
contains log , m" bits, which is iden­ 
tical to n log.m, as above. 
The received signal after having 

been distorted and filtered by the 
communication channel will typically 
appear as in Fig. 1, if it is a binary 
signal. It is often useful to form an 
'eye-pattern' from this signal by super­ 
imposing segments of the received 
signal many times on an oscilloscope, 
where each trace is triggered at the 
same point in time in relation to the 
symbol boundaries. The formation of 
a binary eye pattern is also shown in 
Fig. 1. In general the more open the 
eye-pattern the greater the immunity 
from error, although in the next sec­ 
tion an exception to this is given. As 
expected, non-binary symbols give 
multi-level eye-patterns with the num­ 
ber of vertical eye-openings being one 
fewer than the number of levels in the 
symbol. 

MODULATION. 

Where there is a direct physical line 
with a d.c. path between the trans­ 
mitter and receiver it is possible to 
transmit the data directly as a 
sequence of pulses whose rate and 
number of levels are determined by 
the bandwidth of the circuit and the 
noise on the line. The d.c. path is 

Fig. 1. -A Typica.l Distorted Binary Waveform and the Formation of an Eye Pat­ 
tern by Superimposing Segments of this Waveform. 
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Fig. 2. - The Relative Power Spectral Density ot a Random Binary Rectangular 

Pulse Sequence. 
necessary since the power spectral This precludes the direct transmission 
density of a sequence of random pulses of the baseband pulses which have a 
extends to d.c. (Ref. 1, p. 320). For frequency spectrum extending down 
example, the power spectral density to d.c. and to circumvent this problem 
of rectangular binary pulses of random the frequency spectrum of the signal 
sign is shown in Fig. 2. must be shifted up above the lower 
However, in many cases the commu- cut-off frequency of the channel. 

nication channel may have a band- This operation is called modulation 
width that does not extend down to and is performed by modifying some 
d.c.; for example, a telephone channel parameter (e.g. amplitude, phase, fre­ 
extends from about 300 Hz to 3400 Hz. quency) of a sinusoidal carrier by the 

SMITH - Introduction to Data 'Transmission 
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data sequence, where the frequency of 
the carrier is located in the passband 
of the channel. The location of the 
carrier frequency and the maximum 
symbol rate are determined by the 
passband of the channel. 

At the receiver, the reverse process 
called demodulation is performed to 
obtain the transmitted data. Often 
the functions of modulation and de­ 
modulation are contained in the one 
unit of equipment, which is then 
referred to as a modem. 

The characteristics of different types 
of modulation are now discussed in 
the context of data transmission, with 
special reference to data transmission 
over the telephone network. For 
several of the modulation techniques, 
relations between the error proba­ 
bility and the signal-to-noise ratio for 
gaussian (normal) noise are presented. 
Although other forms of noise are 
experienced on communication chan­ 
nels (especially on the telephone net­ 
work where impulse noise predomi­ 
nates) these relations are widely used 
for the following reasons. Gaussian 
noise is easy to generate and has 
simple statistics, whereas impulsive 
noise has no such simple model. Fur­ 
thermore, because it is the large peaks 
of the gaussian noise which cause the 
data transmission errors, the ranking 
of modems with respect to their error 
performance in the presence of gaus­ 
sian noise often does not change when 
impulsive type noise is encountered. 

Frequency Modulation (FM). 
This is a widely used method of 

modulation in data transmission, espe­ 
cially for low data rates up to 1200 
bit/sec. in the telephone network. It 
is also called frequency-shift keying 
(FSK). 
Digital frequency modulation can be 

carried out in two ways; firstly there 
can be a number of oscillators, one at 
each signalling frequency, to which the 
transmitter output is switched depend­ 
ing on the input data. The second 
technique switches the frequency of a 
single oscillator between the different 
signal frequencies, whilst maintaining 
continuous phase in the oscillator out­ 
put. The second technique has an 
advantage in that the continuous phase 
in the transmitted signal gives a nar­ 
rower frequency spectrum than the 
first method with its attendant phase 
discontinuities. 
For a random binary data sequence 

the power spectral density of the 
output of an FM transmitter with 
continuous phase has been calculated 
(see Bennett and Davey, l, chapter 
18). Furthermore, it can be shown 
from this result that a peak-to-peak 
frequency deviation of about 0.6 to 
0.7 times the bit rate leads to a well- 
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shaped spectrum, resulting in a high 
efficiency of transmission in terms of 
occupied bandwidth. For example, 
the modems used in the A.P.O. DATEL 
service at 1200 baud have two signal­ 
ling frequencies at 1300 Hz and 2100 
Hz, giving a ratio of frequency dif­ 
ference to bit rate of 800/1200 = 0.67. 
Similarly at 600 baud, the carrier fre­ 
quencies are 1300 Hz and 1700 Hz 
and the ratio is 400/600 = 0.67. Fig. 
3 shows the relative power spectral 
density of the 1200 baud FM signal 
with random binary data and signalling 
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frequencies of 1300 Hz and 2100 Hz. 
It may be noted that there are no 
discrete frequency components at 
either 1300 Hz or 2100 Hz, but only a 
finite power spectral density at these 
frequencies. This explains why this 
signal sounds noise-like, with no dis­ 
crete frequency components. 

If the signalling frequencies of 1300 
and 2100 Hz are retained but the data 
rate is reduced to 600 baud, a radically 
different spectrum as shown in Fig. 
4 is obtained and which still requires 
about the same bandwidth. 
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Fig. 4. - The Relative Power Spectral Density of a Random Binary FM Signal at 
600 Baud, with Signalling Frequencies of 1300 Hz and 2100 Hz. 
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FM 
SIGNAL 

BAND PASS 
FILTER 

LIMITER­ 
DISCRIMINATOR 

POST 
DETECTION 

FILTER 
SAMPLER 

RECEIVED 
DATA 

Fig. 5. - Functional Diagram of a Digital FM Receiver. CLOCK 

A functional diagram of a typical 
receiver for this type of modulation 
is shown in Fig. 5. The bandpass 
filter has the important role of re­ 
moving noise from the signal outside 
the signal's spectrum, without signi­ 
ficantly distorting the signal. That 
is, the filter needs to have as narrow 
a bandwidth as possible without filter­ 
ing too severely an FM signal with 
a spectrum as in Fig. 3. 

The limiter has the function of hard 
limiting the input signal and any noise 
that passes through the bandpass filter. 
Thus the instantaneous frequency of 
the signal fed to the discriminator is 
the frequency of the sum of the FM 
signal plus the filtered noise. The 
resulting instantaneous frequency is 
not a linear function of the noise and 
consequently the calculation of the 
error rates due to the noise is a rela­ 
tively difficult problem. 
However, there is a simple approxi­ 

mate approach to the error behaviour 
of a binary FM system which gives 
a result that is relatively accurate and 
gives some insight into what causes 
an error. 

This approach is based on the 'cap­ 
ture effect' in FM receivers whereby 
the average frequency of the sum of 
two sinusoidal signals is equal to 
that of the stronger signal (Ref. 2, Sec­ 
tion 5.4). Hence if the noise envelope 
exceeds the signal envelope it will to 
a large extent determine the instan­ 
taneous frequency in the discriminator. 
Given a bandpass filter symmetrical 
about the two binary signal frequen­ 
cies, we will assume an equal proba­ 
bility of the instantaneous frequency 
of the signal plus noise being closer 
to a given one of these frequencies 
when the noise envelope exceeds the 
signal envelope. If it is closer to the 
frequency opposite to that transmit­ 
ted, an error will occur. For white 
gaussian noise the probability that the 
envelope of the noise exceeds the 
signal can be shown to be exp(-p) 
where p is the signal-to-noise power 
ratio (SNR). Hence for this form of 
noise the probability of a bit error is 
given by 

Pe = ½ exp(-p) (4) 

More detailed analysis gives a result 
that is very close to the above relation 
(see Ref. 3, Section 8.2). 

Equation (4) has been plotted on 
Fig. 6, from which it can be seen that 
a SNR of 8.4 (9.2 dB), the error proba­ 
bility is 10-4• Note that the SNR 
is not plotted in dB. It is important 
to realise that the error probability 
is highly dependent on the FM signal 
envelope amplitude, although this 
parameter does not appear on the 
'eye-pattern' of the discriminator when 
there is no noise. Thus when assess­ 
ing the likelihood of errors in an FM 
signal, both the signal envelope and 
eye-pattern should be observed. 
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Phase, Modulation (PM). 
In data transmission over the tele­ 

phone network at 2400 bit/sec, it is 
possible to use binary FM at 2400 
baud, but with twice the bandwidth 
requirements relative to 1200 baud 
operation. However, it has been found 
in practice that it is better to use 
phase modulation at 1200 baud with 
four possible phases to give a data rate 
of 2400 bit/sec. This is done by 
grouping the incoming binary data 
sequence to be transmitted into dibits 
which are then encoded into four pos- 

10-:z1 ' 

/P~' / e 2exp(-,o) 
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SNR (P) --------.. 

Fig. 6. - The Probability of Error as a Function of the Signal-to-Noise, Ratio of a 
Binary FM System. 

16 

SMITH - Introduction to Data Transmission 



June, 1971 THE TELECOMMUNICATION JOURNAL OF AUSTRALIA 115 

TABLE 2: ALTERNATIVE CODING CONVENTIONS. 

Dibit I Phase Change 
Pattern 

Alternative A Alternative B 

00 QO 45° 
01 goo 135° 
11 180° 225° 
10 270° 315° 

sible phases depending on the particu­ 
lar dibit. 

To avoid the problem of having to 
transmit a reference carrier phase 
against which the phase of the signal 
can be compared, the information is 
transmitted as a phase change and 
this form of modulation is often re­ 
ferred to as differentially coherent 
phase shift keying (DCPSK). The two 
internationally agreed alternative cod­ 
ing conventions used in these modems 
are shown in Table 2. 

A phase modulated signal with the 
instantaneous phase jumps as set out 
in Table 2 will have a wide frequency 
spectrum and it is normal to adopt 
measures to limit the spectrum of 
the signal. For example, after phase 
modulation filtering may be used or 
alternatively the carrier may be ampli­ 
tude modulated and the phase jumps 
applied when the carrier is a minimum. 
A typical power spectral density using 
the latter technique for a 1200 baud 
four-phase modem (2400 bit/sec.) is 
shown in Fig. 7. 
There are several techniques that 

can be used in demodulating the phase­ 
modulated signal, but when demodulat­ 
ing for example, a four-phase signal, 
the basic procedure is to divide the 

270° 
Fig. 8. - The Decision Regions of a Four-phase Data Modem. 
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circle representing 360 deg. into four 
quadrants ias shown in Fig. 8. · The 
correct phase vectors are situated at 
the centres of the quadrants or 'de­ 
cision regions' and if the demodulated 
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Fig. 7. - The Relative Power Spectral Density of a Particular 
Modem Operating at 2400 bit/sec. 
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Resulting 
Signal 
Vector 

2800 3200 

Four-Phase Data 

phase falls inside a given quadrant, the 
phase vector associated with that 
quadrant is assigned to be the decision 
of the receiver. 
'The added noise can be represented 

by the vector, n(t), as shown in Fig. 
8. As long as the resulting phase 
vector falls inside the quadrant, the 
correct decision will be made. For 
gaussian noise, the probability of an 
incorrect decision for four-phase modu­ 
lation is plotted in Fig. 9 as a function 
of the SNR. 

The coding of the phase changes 
shown in Table 2 has been chosen so 
that the two phase shifts on either 
s.de of a given phase shift corresponds 
to dibits differing in only one digit 

Decision 
Region 

from the dibit corresponding to the 
given phase shift. Normally if _the 
noise causes an error in the detection 
of the phase shift, the incorrectly de­ 
tected phase shift will be one on either 
side of the correct one rather than 
180 deg. different, and hence the bit 
error rate is minimised for a given 
symbol error rate. 
A further interesting point emerges 

from the differentially coherent phase 
modulation system in that the com­ 
parison of these two successive phases 
can be made before or after these 
phases are quantised in the receiver. 
If the phases are first quantised and 
then successive phases subtracted to 
give the phase change, an error in 
detection in a given phase will affect 
two successive subtractions and hence 
two dibits will be in error with prob­ 
ably only one bit in error per dibit 
due to coding of the phase changes (see 
Table 2). This means that errors will 
tend to occur in pairs. However, if 
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rate of 9600 bit/sec. With this carrier 
frequency the lower sideband will be 
the main one transmitted. 

AM is a linear form of modulation 
and the output from an AM receiver 
can be regarded as a linear ,sum of 
the individual signal symbols trans­ 
mitted. This fact is used in adaptive 
equalisers (see next section) which 
are often associated with this type 
of data modem. 

Other variations on the above forms 
of modulation are used. For example 
it is possible to combine amplitude and 
phase modulation to give .a modem 
with four phase states and two ampli­ 
tude levels giving effectively eight 
possible levels per symbol, 

the successive phases of each dibit 
symbol are first subtracted and then 
quantised to the changes shown in 
Table 2, then the likelihood of double 
errors is considerably reduced. 

Amplitude Modulation (AM). 
Although amplitude modulation is 

perhaps the easiest form of modulation 
to understand and analyse, it has not 
been widely used for data transmis­ 
sion on the telephone network, espe­ 
cially at the slower speeds where fre­ 
quency and phase modulation are more 
reliable and economical. However, 
at higher speeds multilevel AM is 
preferred, especially as the linear 
nature of this form of modulation 
facilitates the design of automatic 
equalisers for correcting the effects 
of frequency distortion. 

In AM data transmission it is normal 
to conserve bandwidth by transmitting 
only one sideband of the AM signal 
(SSB) or one sideband with just a 
vestigial part of the other sideband 
(VSB). Alternatively quadrature AM 
can be used where two independent 
carriers, 90 deg. apart, are indepen­ 
dently amplitude modulated, retaining 
both upper and lower sidebands, and 

then synchronously demodulated by 
two carriers 90 deg. apart as used by 
the transmitter. Double sideband 
transmission is necessary to prevent 
inter-channel interference between the 
two carriers. The capacities of SSB 
and quadrature AM are the same, be­ 
cause, although the necessity for 
double sidebands halves the baud rate 
of the latter system, there are effec­ 
tively two parallel channels giving the 
same overall data rate. 

When one considers Fig. 5 for four­ 
phase modulation it can be seen that 
a given phase vector can be resolved 
into two components in quadrature; so 
that each of the four possible phase 
vectors can be made up of two quad­ 
rature two-level AM signals. Con­ 
sequently four-phase modulation can 
be regarded as two-level quadrature 
AM; for example, the spectrum shown 
in Fig. 7 follows from considering the 
phase-modulated signal as quadrature 
AM. 

A typical high-speed data modem for 
the telephone channel uses VSB AM 
with a carrier frequency of about 2.8 
kHz and a modulation rate of 4800 
baud with four levels giving a data 

CHANNEL IMPAIRMENTS. 

When transmitting data over a com­ 
munication channel there may be a 
wide variety of impairments which 
can degrade the channel and increase 
the likelihood of errors in the received 
data. However, it is possible to clas­ 
sify these impairments into several 
categories based on their effects rather 
than their causes. The most important 
channel impairments experienced in 
the telephone network fall into the 
following classifications. 
Additive Disturbances. - These in­ 

clude: 
(i) Gaussian (background) Noise. In 

general this is at a very low level and 
is not usually significant in data 
transmission on the telephone network. 
However, in some situations such as 
receivers for spacecraft communication 
this type of noise is dominant. This 
form of noise is widely used by de­ 
signers and analy,sts of digital commu­ 
nication systems for the reasons given 
in the previous section on modulation. 

(ii) Impulse Noise. This is due to 
switching transients in the telephone 
exchanges, lightning, and other similar 
disturbances. Its characteristics are 
far less defined than gaussian noise 
and there is not at the present time 
any simple model of this form of noise. 
The usual technique of measurement 
is to count the number of pulses in a 
given time that exceed fixed levels. 

(iii) Sinusoidal and other periodic 
disturbances. 

Linear Distortion. - As its name 
suggests this form of distortion 
linearly transforms the transmitted 
signal on its passage through the com­ 
munication channel. The characteris­ 
tics of linear distortion are usually 
specified in the frequency domain by 
amplitude and delay (phase) curves. 
Linear distortion can be caused by the 
attenuation of cables, the delay in 
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carrier filters, echoes due to mis­ 
matches, etc. 

Since speech is not sensitive to delay 
distortion, the telephone network has 
developed without this parameter be­ 
ing specified, but when data is trans­ 
mitted over the network the delay 
distortion can very seriously degrade 
the signal especially for high data 
rates. Some form of equalisation of 
the delay will then be needed. The 
effect of linear distortion on data 
transmission is to cause interference 
between adjacent symbols of the re­ 
ceived data. Normally this inter­ 
symbol interference is insufficient to 
cause errors by itself but rather it 
makes the data more susceptible to 
noise disturbances. 

The most common form of equalisa­ 
tion used on the network brings the 
attenuation and group delay of the 
channel within some given range over 
the bandwidth of interest. For ex­ 
ample, Figs. 10 and 11 show the 
C.C.I.T.T. recommendation Ml02 
attenuation and group delay charac­ 
teristics for special quality telephone 
circuits. 
As linear distortion can cause inter­ 

symbol interference, it is better to 
adjust the equalisation to minimise 
this interference at the sampling 
times of the receiving data modem. 
rather than attempt to fit the fre­ 
quency response of the channel into 
some arbitrary criterion. Because the 
inter-symbol interference is more 
easily represented in the time domain 
than the frequency domain, the form 
of the equaliser that best minimises the 
inter-symbol interference is a trans­ 
versal filter which gives weighted 
versions of the original signal at a 
range of delays. (See Fig. 12.) In 
fact, it is this form of equaliser that 
lends itself to being made adaptive by 
observing the inter-symbol interference 
in the data and adjusting the weight­ 
ing at the various delays to minimise 
this interference. 

Other Impairments: The communi­ 
cation channel may distort the signal 
in a non-linear fashion, which can 
give rise to inter-modulation products 
and harmonic distortion. 

Other important classes of impair­ 
ments experienced on a communication 
channel are frequency and phase varia­ 
tions. On the telephone network 
these effects are the result of using 
carrier systems, A constant fre­ 
quency shift due to a difference be­ 
tween the modulator and demodulator 
oscillator frequencies of a carrier sys­ 
tem is not important in data transmis­ 
sion provided it is small. However, 
above about 10 Hz some data modems 
cannot track the frequency shift and 
hence cannot function. 
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OUTPUT 

Channel phase variations, either ran­ 
dom, periodic or isolated jumps, are 
thought to be a major impairment to 
the transmission of data at the higher 
rates on the telephone network. The 
effect of these phase variations - 
commonly called phase jitter - on 
data transmission will depend on the 
type of modulation being used as well 
as the statistics of the phase variation; 
for example, the phase jitter on a 
channel carrying a frequency modu­ 
lated signal appears at the output from 
the FM receiver as additive noise. 
As well as phase variations, a com­ 

munication channel may be susceptible 
to amplitude variations such as fading 
and breaks. Once again the effect of 
these variations on data transmission 
will depend on the type of modulation 
being used, as well as the statistics of 
the amplitude variations. 

TESTING DATA TRANSMISSION 
SYSTEMS. 

In a synchronous data transmission, 
where the signal at the receiver is 
not fully regenerated after retiming, 
but is a squared up version of the 
demodulated analogue waveform, it is 
usual to characterise the effect of the 
communication channel on the received 
signal in terms of telegraph distortion. 
Basically this measures the variations 

Fig. 12. - A Transversal Filter. 

of the data transition instants from the 
undistorted times (see Fig. 13). 

It is conventional to allot 100 per 
cent. as the total bit duration and then 
as can be seen in Fig. 13 an error will 
occur when the distortion exceeds 50 
per cent., assuming an ideal sampling 
clock at the middle of the bit period. 
More telegraph distortion can be tole­ 
rated in electronic equipment than in 
mechanical equipment which eff'ec .. 
tively samples the bit over a longer 
duration. 

In most higher speed data modems, 
a clock waveform is extracted from 
the received signal and used to retime 
the data with resulting low telegraph 
distortion. However, the data may 
still contain errors due to noise and 
hence the criterion of performance of 
these modems in a given channel is 
their error rate. TMs error rate is 
specified, for example, as one error per 
10,000 received bits or an error proba­ 
bility of 10-4• A block error rate is 
often measured where a block error 
is said to have occurred if there is one 
or more errors in a predetermined 
length of data called a block. The 
comparison of the block error rate and 
the bit error rate can give some idea 
of how the errors are distributed. For 
example, if the bit errors are widely 
distributed, then the bit and block 

/BIT DURATION 

i.. •I .SAMPLING 
/ INSTANT 
I 

I 
TRANSMITTED 
~DA:A 

------1 
I ------. 1 TELEGRAPH 

DISTORTION 

Fig. 13. -The Definition of Telegraph Distortion. 

error rates are close together, while 
if the bit errors cluster together, then 
many occur in a given block and the 
two rates will differ widely, 

Although this is a simple technique, 
it is relatively crude and for a better 
understanding of the distribution of 
bit errors a more detailed recording 
and analysis of the error events is 
needed. Also it may be noted that 
if multi-level modulation is used and 
then decoded back to binary, the error 
events occur in the multi-level symbols 
and this will then impose certain pro­ 
perties on the binary error distribu 
tion. For example, the four-phase 
differential phase-keying system often 
gives double errors because a com­ 
parison between the present and the 
previous symbols is used. Hence an 
error in the present symbol will affect 
this decision and the following one, 
when the present symbol becomes the 
previous symbol. 

For testing data transmission sys­ 
tems, a data sequence with the follow­ 
ing properties is needed. It must be 
easily generated and have characteris­ 
tics similar to that of random data; 
furthermore it should have a finite 
length and be predictable so that the 
same sequence can be generated at the 
receiver, synchronised to the incoming 
sequence and matched bit by bit to 
detect errors in transmission. A 
maximal length shift register sequence 
commonly referred to as a binary 
pseudo-random signal fulfils these re­ 
uirements and is widely used in 
A.P.O. data tests. The usual sequence 
length is 511 bits generated by a 9-bit 
feedback shift-register. 

Although much information about 
the performance of a data transmission 
system can be obtained from the dis­ 
tribution of errors, a more complete 
understanding of the causes of these 
errors is only obtained when the ana­ 
logue waveforms of the signal and 
noise are observed, especially at the 
point where the decision is made. For 
example, observation of the eye-pattern 
may yield considerable information 
about the distortion of the signal and 
its immunity to noise. 
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CONCLUSIONS. 

Data transmission in the telephone 
network is growing rapidly in both 
quantity and system complexity as 
users aim for higher rates of reliable 
information transfer. This paper 
briefly outlines some of the charac­ 
teristics of currently used data trans­ 
mission systems, especially in regard 
to the different modulation and de- 

modulation techniques that are pos­ 
sible. Of course not all techniques 
have been discussed and the reader 
should refer to the references cited 
if further information is required. 
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TECHNICAL NEWS ITEM 

I.R.E.E. CONVENTION, 
MELBOURNE, 1971 - THE 
A.P.0. CONTRIBUTION 

The Institution of Radio and Elec­ 
tronics Engineers (I.R.E.E.) held its 
13th National Radio and Electronics 
Engineering Convention in Melbourne 
during the period 24-28th May. 1200 
delegates from all Australian States 
and a number of overseas countries 
attended the technical paper sessions 
and 12,000 professional and technical 
people visited the $5 million display 
of electronics and communication 
equipment held concurrently with the 
technical sessions. 
The Convention was officially open­ 

ed by Sir Donald Anderson, C.B.E., 
Director-General of Civil Aviation and 
the keynote speaker at the opening 
function was Dr. B. M. Oliver, Vice 
President, Research and Development, 
of the Hewlett-Packard Company of 
U.S.A. who spoke on "Society and 
Technology in the Seventies". The 

professional staff of the Australian 
Post Office, with 24 authors presenting 
papers in 11 of the 29 sessions, pro­ 
vided a significant contribution to the 
success of the Convention. 

Two sessions were given over en­ 
tirely to Post Office papers. In Session 
2 F. Hailstone, B. Penhall, and R. 
Monks described the field trial of a 
V.H.F. radio solution to the problem of 
providing economical telephone ser­ 
vice to remote areas of Australia. In 
the same session A. Edwards describ­ 
ed the Post Office technical require­ 
ments for Commonwealth-wide ap­ 
plication of radio to the problem and 
discussed the influence of modern 
technology on equipment design - 
for example it is now possible to de­ 
sign solid-state radio equipment with 
continuously-operating receivers with­ 
out placing impracticable or unecono­ 
mical demands upon the primary 
energy sources. 

Session 26 was entirely devoted to 
papers from the Post Office Research 

Laboratories on T.V.-phone and T.V. 
conferencing developments. An intro­ 
ductory session by A. J. Seyler drew 
attention to the fact that the basic 
conception and many of the basic in­ 
ventions influencing current develop­ 
ments date back to the 19th century. 
J. L. Hullett discussed the factors in­ 
fluencing the choice of technical stan­ 
dards for the T.V.-phone and R. Dem­ 
psey described the problems being 
faced in the reticulation of a visual 
telephone service to subscribers. H. 
Bruggemann and J. L. Hullett describ­ 
ed the A.P.O. closed-circuit television 
conferencing facility set up in Mel­ 
bourne during 1970 and discussed the 
technical difficulties which have had 
to be faced in preparing for a possible 
commercial application of the service. 

During the Convention, parties of 
visitors visited the Post Office Re­ 
search Laboratories to view work be­ 
ing carried out in television telephony 
and in the provision of services for 
instrument calibration and environ­ 
mental testing. 
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THE NEW AUSTRALIAN DIAL (D.M.S.) J. COMP ANEZ, A.M.l.E. ( Aust.)" 

INTRODUCTION 
The dial is the means by which the 

subscriber connects his telephone line 
to other lines in the automatic net­ 
work. With the introduction of Sub­ 
scriber Trunk Dialling, the network 
available to direct dialling has in­ 
creased enormously, and very soon 
the possibility of subscriber dialling 
between countries or even continents 
will be commonplace. Therefore, the 
dial is one of the most important items 
in the automatic telephone system. 
The primary function is to interrupt 
the line loop with pulses of about 
± 5% precision. 

NEED FOR A NEW DIAL 
Until recently a number of different 

imported dials have been used in the 
Colorphone telephones. The new dial 
was necessary because the dials in use 
till now have not been sufficiently 
stable in pulsing performance; they 
require regular service attention, and 
are expensive to purchase and recon­ 
dition. In the eight years since the 
introduction of the Coiorphone, three 
different dials have been used in tele­ 
phones, but none had suitable per­ 
formance to be locally made as the 
A.P.O. standard. 

In June 1963, the P.M.G.'s Depart­ 
ment placed a developmental order 
with Amalgamated Wireless Aus- 

*Mr. Companez is Engineer Class 2, Sub­ 
scribers Equipment Design Section, Head­ 
quarters. 

tralasia Pty, Ltd for a new Australian 
made standard dial based on ideas 
patented by the late R. J. W. Kennell. 

DESIGN FEATURES 
Most of the parts of the new dial 

(Fig. 1) are made of plastics for better 
wear, lower friction coefficients and 
weight, ease of manufacture and low 
price. 
The design chosen. is a mixture of 

the B.P.O. No. 21 ten lobed pulsing 
cam, trigger dial modernised by a pat­ 
ented unilever trigger and controlled 
by a governor which can be steplessly 
set to any speed by means of a knurled 
nut. The governor is driven by spur 
gears, avoiding the end thrust of worm 
drives. The highly reliable, sturdy and 
sensitive clutch is located in the main 
gear wheel. The main spring is of wire 
48 in. Jong wound in 3 layers and 
provides a uniform driving torque. 

Design Spe'Cification 
The outside appearance and overall 

dimensions of the dial were chosen 
to resemble dials previously used in 
Colorphones so that there will be in­ 
terchangeability without obvious dif­ 
ferences. 
For the electrical performance, much 

stricter limits were imposed. In the 
past, dial performance was specified 
by speed and ratio. In practice, only 
average speed is measured by the test 
equipment so that any variation in the 
length of each individual break or 
make pulse is not evident. The equip- 

ment at the exchange is sensitive to 
each break and make pulse length, 
and it is these time intervals that have 
been specified for the new dial. 
For a nominal speed of 10 pulses 

per second and a break to make ratio 
of 2 1 the acceptance limits are set 
at: 

Break 62 - 75 ms 
Make 31 - 37 ms 

The maximum allowable spread in 
any train of 10 pulses is 5 ms for 
break periods and 4 ms for make 
periods. 

The interdigital pause was chosen 
to occur before the start of the pulsing 
with an inbuilt delay of 200 ms which 
geometrically corresponds to 2 spaces 
on the finger plate at a speed of 10 
pps. 

Fig. 1. 

DIAL PARTS (FIG. 2) 

The largest moulding in the dial is 
the body which has two lateral ex­ 
tensions for mounting in the telephone. 
The finger plate is fixed to the main 
spindle and has at its centre the label 
protected by a plastic cover - the 
dial label holder. The clutch is fixed 
to the spindle between the finger plate 
and the body. The chaplet or number 
ring is separate but locked into the 
dial body. The finger stop enters the 
body at the rim, through a hole in the 
chaplet ring and around the chaplet 
ring and the finger stop there is a 
P.V.C. gasket to cushion the dial in 
the telephone case. 
The main gear is part of the outside 

of the clutch and it meshes with the 
pinion of the intermediate gear which 
protrudes through a hole in the body 
and runs in an outrigger bearing 
moulded onto the body. In turn, the 
intermediate gear drives the gover­ 
nor which has a nickel bronze cup 
fixed into the body. 

The main spring is fixed to the 
main spindle by means of a spider 
and is isolated by a cage of poly­ 
propylene; the small end of the spring 
is hooked in a hole in the body. Also 
fixed to the spindle are the toothed 
pulse, or cam wheel and the off-nor­ 
mal actuator. In a later design the 
spider, the pulse wheel and the spring 
cage are one polycarbonate moulding. 

The trigger pivots on a spindle fixed 
in the body and is moved by the pulse 
wheel, this in turn acts on the pulse 
springs opening and closing them with 
every lobe of the pulse wheel as the 
spindle returns to normal under spring 
torque. The pulse springs are part of 
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a spring assembly which also con­ 
tains two off-normal spring sets all 
moulded in a plastic supporting block. 

A bridge mounted between two pi!- 

CHAPLET RING 
OR NUMBER RING 

DUST COVER 

pulse wheel has ten teeth on 27' cen­ 
tres. The Delrin trigger pivots on a 
stainless steel spindle fitted into a 
moulded recess in the body, it has on 

INTERMEDIATE GEAR 

Fig. 2. - Dial Cross Sectoin. 

MAIN SPRING 
SPRING CAGE 

Fig. 3. - Dial Back without Dust Cover. 

Jars on the: body and the spring assem­ 
bly supporting block provides bearings 
for the intermediate, governor and 
main spindles. 

The pulsing mechanism comprises 
a ten lobed cam, a trigger and a pair 
of pulsing springs. (See Fig. 3.) The 
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its cam follower three flat faces and 
a curved one which contact the pulse 
wheel. The curved face contacts the 
teeth when the dial is wound up, two 
other faces control the pulsing of the 
trigger, the last one determines the 
length of the break period percentage 

or ratio. In consequence, it is possible 
to use the same pulse wheel for dif­ 
ferent ratios by just changing the 
trigger. 

The pulse springs can be adjusted 
with the aid of an adjusting screw 
which moves the position of the sta­ 
tionary spring, thus changing the 
amount of travel of the moving spring, 
consequently the pulse ratio. 
The trigger is free on its spindle 

but is kept captive by the trigger 
spring which acts with a force of 20- 
25 grammes on the trigger, keeping 
it in one of two positions; these being 
either in the working position on dial 
return, when it can ride over the teeth 
and influence the pulse springs or in 
a position at 72' to this one in which 
it rides over the teeth but is away 
from the pulse springs. 

On the opposite side of the pulse 
wheel are the two off-normal spring 
sets. An off-normal metal actuator 
fits into a recess in the pulse wheel 
and pushes the off-normal buffer on 
the springs. The actuator allows the 
buffer to move at the moment the 
finger plate is rotated from its rest 
position and the two contacts are 
made all the time the dial is away 
from the rest position. 
The contacts of both pulse springs 

and off-normal springs are made of 
fine silver which proved to be more 
reliable than other precious metal 
contact materials although softer. The 
back of the dial is provided with a 
tight fitting dust cover. 

Original Governor 
The dial governor (Fig. 4) which 

determines the dialling speed, consists 
of a moulded body and gear, a spindle, 
two springs, two weights with brake 
shoes and a cup on which the brake 
shoes run. The governor only works 
during the return of the dial while 
the pulses are being sent out. The 
balance between the spring's position, 
the speed and the friction of the pads 
determines the speed at which the 
governor will run under the torque 
of the main spring. 
The stainless steel governor spindle 

is moulded in the Delrin body. An 
aluminium or polycarbonate nut runs 
on the threaded body and by moving 
two sliders in contact with the springs 
sets the speed of the governor by 
varying the length of the· springs. 
The nickel-silver springs are tapered 
to allow for almost linear adjustment 
of speed from 9 to 22 pps. 
The weights are of sintered brass 

and the brake shoes moulded in Poly­ 
ethylene Terephthalate (mylor, tery­ 
lene). The governor cup is turned in 
Ni-Bronze and is pushed into the body 
while the moulding is still hot. 
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Fig. 4. - Governor and Trigger. 

BRAKE PAD 

PIVOT HOLDING BAR 

DRIVE BAR 

DRIVE BAR GOVERNOR 

Drive Bar Governor 
Recent research has shown that the 

wide speed range of the original gov­ 
ernor is not necessary, and a differ­ 
ent kind of governor is now being 
tested; this new governor is expected 
to improve pulsing performance and 
be more economical to manufacture. 
The present governor in the dial, 

in which the weights are pivoted on 
a bar driven by the governor directly 
from the pinion, is called a fly-bar 
governor (Fig. 5). The new one is a 
drive-bar governor in which the pivot 
of the weights is on a free running 
bar, the weights being driven by an­ 
other bar pushing at their opposite 
end. A single spring applies equal 
restraint to both weights. Different 
speeds can be achieved by changing 
the spring. This type of governor 
gives even better performance by 
maintaining narrower speed limits 
than the fly-bar governor. 

Gears 
The materials of the gears are var­ 

ied; the main gear and clutch drum 
is made out of Rilsan (Nylon 11) with 
graphite, the intermediate gear com­ 
prising a 12 tooth pinion and a 67 

PIVOT FIXED 
TO GOVERNOR BODY 

WEIGHT 

Fig. 5. FLY BAR GOVERNOR 
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Fig. 6. - Dismantled Clutch. 

tooth gear including the spindles is 
made in one moulding of polycarbo­ 
nate. The last gear on the governor, 
a 12 tooth pinion, is moulded in one 
with the governor body in Delrin. 
The gear ratios are 91:12 and 67:12 
giving a total ratio of 42.34 to l. 
The small 64 DP pitch of the gears 

is necessary because the small gears 
have only 12 teeth to obtain the re­ 
duction without more gears in the 
train. 

Clutch 
The clutch in this dial is of the 

spragg type with stainless steel 
springs pushing stainless steel rollers 
and riding on a Delrin cam (Fig. 6). 
The drum of the clutch is the inside 
of the main gear which is moulded 
in Rilsan and the rollers jam between 
the clutch drum and the cam to en­ 
gage the clutch. 
The clutch is fixed onto the main 

spindle by splines. The main qualities 
of the clutch are; it is corrosion re­ 
sistant, it readily releases in the re­ 
verse direction, has good gripping in 
the engaged position and is easy to 
manufacture. 

Main Spring 
The main spring is a coiled wire 

48 in. long in three helixes, the middle 
layer being back wound. It is preten­ 
sioned 3½ to 4 rotations which supply 
a substantially constant torque for 
the return of the dial, which needs 
about 300 gfcm torque for proper 
working. The stainless steel spring is 
corrosionproof, but it is dry lubricated 
with a fluoroplastic. This is applied 
as a suspension in Freon, and allows 
the spring to work for one million 
operations or more without any 
troublesome wear products. 
The spring cage was . included to 

prevent the small quantity of wear 
products from the spring - usually 
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iron and ironoxide dust - from 
spreading and interfering with the 
contacts. 
The main spring has a spider or 

tensioning frame on which the start 
of the spring is fixed and which in 
turn is fixed to the main spindle by 
means of a spline. The other c nd 
of the spring is fixed by slipping its 
hooked end in a hole in the body of 
the dial. 

Plastic Structural Parts 
Both the body and the bridge are 

moulded in Delrin 500 and the body 
has radial ribs and circular rims for 
reinforcing. The circular rim on the 
outside of the body is only for rein­ 
forcing purposes but the inner rim 
about an inch in diameter also keeps 
the finger plate from over-straining 
near the main spindle when pushed 
eccentrically. 
The Delrin bridge on the back of 

the dial supports three bearings: the 
main spindle, the intermediate and the 
governor bearing. The outrigger in the 
body front has two stiffeners to 
strengthen it because it acts as a stop 
for the clutch. The outrigger makes 
room for the intermediate pinion and 
bearing. 
The body pillars supporting the 

bridge have the same general thick­ 
ness as the body but are hollow and 
are sufficiently strong to provide a 
stable positioning of the bearings in 
the bridge in relation to the body, 
keeping the spindles in correct posi­ 
tions against each other. 
The finger plate is made out of 

acrylic in order to get good transpar­ 
ency. It could be made in polycar­ 
bonate for special dials to be used 
in Public Telephones where the in­ 
creased strength of this material 
makes the finger plate more vandal­ 
proof. 
The size and taper of the holes had 

to be very carefully designed to allow 

the average finger to get a good grip, 
without allowing too much scratching 
of the chaplet or number ring. 
The centre of the finger plate 

mounts the label which is covered by 
a dial label holder made in polycar­ 
bonate and retained by three lugs 
which fit into the finger plate. The 
dial label holder can be released 
either with a suction cup or by insert­ 
ing a pin in a small hole in the finger 
plate. 

Originally the finger stop was fixed 
to the body with a screw and nut but 
is now positioned with a plastic snap 
closure - a pin on the body and a 
hole in the finger stop. The positioning 
of the finger stop into the dial fixes 
the chaplet or number ring, stopping it 
from rotating, and when the dial is 
installed, the finger stop cannot be 
removed so that the whole dial is 
vandal resistant. 

TESTING 

Because of the new performance re­ 
quirements specified for this dial, the 
testing is now accomplished on a new 
set of electronic instruments, which 
measure ratio, speed and pulse length. 
There are two instruments in the set. 
The Adjustment Set is mostly used 

to set the dial into its proper speed 
and ratio; it displays by means of 
two meters the average speed and the 
ratio at which the dial runs. They are 
averaged over nine complete pulses. 

The Pulse Length Monitor shows 
whether all the pulses are within set 
limits - these limits can be set on 
the instrument by means of tumbler 
switches. It shows if the pulses are 
shorter, longer or within the limits 
set. 
Two other instruments were built 

by AW.A. during the development of 
the dial to allow the dial performance 
to be analysed in greater detail dur­ 
ing life tests. 
The Pulse Length Analyser shows 

whether each pulse is within limits, 
shorter or longer. 

The Pulse Deviation Meter is a digi­ 
tal indicator device on which the 
longest and the shortest break period, 
the longest and the shortest make 
period and their differences and the 
duration of nine complete pulses is 
displayed. 

LUBRICATION 
The dial is one of the major sources 

of faults in subscribers equipment and 
experience shows that while most 
new dials, if properly adjusted, have 
a relatively low fault incidence for a 
period of up to five years, dial faults 
rise after that. An explanation may be 
found in the fact that the ingress of 
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dust and contaminating substances to 
the oil lubricated parts of the dial, 
and the oxidation of the lubricating 
oils, produces thickening and loss of 
the lubricating properties and exces­ 
sive friction which adversely affects 
the operation of the dial. 

Some lubricants containing sili­ 
cones can produce very high incidence 
of microphonic pulsing contacts and 
open circuits due to the formation of 
an insulating layer on the contacts. 
As silicones are very difficult to re­ 
move, they must not be used in the 
manufacture of or in the lubricating 
oils for the dial. 
In the DMS dial the spindles are 

in stainless steel or polycarbonate and 
the bearings in Delrin; these combina­ 
tions require a minimum of lubrica­ 
tion. The lubricant used is dioctyl 
sebacate and only a very small 
amount is necessary at the assembly 

of the dial, this being sufficient for 
the dial's life. 

REPAIRS 

Approximately 3½ million dials are 
in service at present in the Australian 
network of which about 55% are less 
than five years old. This is due to. the 
large growth rate sustained in the 
last few years and to the replacement 
of obsolete and obsolescent telephones 
with new instruments. 

Nevertheless repair activities re­ 
main comparatively high and in the 
year 1970 a total of 72,000 dials were 
reconditioned at Departmental Work­ 
shops in various States, the direct 
cost being about $108,000. To this 
must be added considerable amounts 
representing the cost of recovery from 
subscribers' premises, handling and 
administrative charges. 

From accelerated life tests and up 
to date field experience, it seems that 
the DMS dial will have a longer life 
in the field; thus decreasing the repair 
and maintenance costs. 

CONCLUSION 

It is believed that the cost of this 
dial can be kept low and probably will 
be further lowered in time because 
plastic materials have a tendency to 
decrease in price and at the same 
time plastic technology is advancing 
so rapidly that better production 
methods and amalgamation of parts 
will lower costs. In conclusion, this 
dial is believed, for a time of about 
fifteen years to be the answer to the 
Australian requirement for a mecha­ 
nical dial, a very good dial, reliable 
and cheaper than similar performance 
dials available overseas. 

TECHNICAL NEWS ITEM 

MULTIPATH DISTORTION IN HIGH­ 
CAPACITY MICROWAVE SYSTEMS 
When signals from a distant trans­ 

mitted reach a radio received by 
several paths, their interference causes 
distortion and noise. 
The maximum bandwidth which an 

optical tropospheric path can support 
is determined by the effects of such 
multipath propagation - an increase 
in noise in F.M./F.D.M. systems, or 
an increase in error rate in digital 
systems. 
To probe this problem further, a 

current project in the A.P.O. Research 
Laboratories aims to represent multi­ 
path propagation through the tro­ 
posphere in a general statistical 
model. It is hoped that the model will 
provide data for assessing the effects 
of this type of propagation and for 
predicting situations where distortion 
may reach unacceptable levels. 
The model is based on the incidence 

in the atmosphere of layers of finite 
thickness, each an aggregate of uni­ 
formly distributed scatterers. These 
layers are Poisson distributed with 
height. Their distribution in time delay 
with respect to the direct path is 

therefore a Poisson distribution with 
variable density. 

A similar model, incorporating the 
effects of Doppler shift, may also be 
developed for mobile radio systems. 
The common method of analysis has 
however, even more general applica­ 
tions - in the fields of equalisation 
and of the design of phased-array 
antennae to achieve a given polar 
pattern. 

The method is based on the approxi­ 
mation of a given function by a 
finite sum of exponentials; the requir­ 
ed minimisation techniques are being 
developed by a consultant at Monash 
University. A computer program is 
now working and gives good resolu­ 
tion. 

In F.M./F.D.M. microwave systems 
of 600 and 960 channel capacity, as 
currently employed, significant in­ 
creases in total system noise due to 
multipath propagation have been ob­ 
served only rarely (and then primarily 
on "freak" paths as when a for­ 
tuitiously oriented building reflected 
a delayed signal). 
However, as system capacities in­ 

crease to 1800 and 2700 channels, so 

do intermodulation effects (for a given 
multipath situation). Under bad multi­ 
path conditions, intermodulation noise 
might then exceed thermal noise, and 
further degrade system performance. 

Experimental work will be carried 
out on commercial 1800 and 2700 
channel bearer systems to evaluate 
this phenomenon. Microwave Link 
Analysers will be employed on these 
bearers, and instrumentation is being 
designed to digitise and tape-record 
their output data. 
Adjusting the parameters of the 

mathematical model from such field 
data, it is hoped that the model can 
then be employed to reduce subsequent 
work in determining paths likely to 
show severe multipath distortion. A 
sufficiently comprehensive model, so 
validated, in effect defines the propa­ 
gation mechanisms operative. 
Preliminary measurements are cur­ 

rently proceeding, at Julia Creek, 
Qld., using white-noise tests to es­ 
tablish simply if, under the severe 
fading experienced there, "path­ 
intermodulation" noise ever reaches 
thermal-noise level for a loading 
equivalent to a 1260 channel system. 
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THE EVALUATION OF TELEPHONE DIAL PERFORMANCE 
A. H. BADDELEY, B.Mech.E., B.E.E., M.l.E. Aust." and G. W. G. GOODE, B.Sc.** 

INTRODUCTION 

The advent of crossbar switching 
into the Australian telephone network 
has prompted the development of 
dials capable of operating at higher 
pulsing rates, viz. 20 pulses per se­ 
cond, than the older 10 pulses per 
second standard. Concurrently with 
consideration of higher dialling speeds, 
the Australian Post Office (A.P.O.) has 
sought to establish designs for dials 
which are locally produced, less ex­ 
pensive and less demanding of main­ 
tenance than those it has employed 
in the past. (Ref. 1). 
The purpose of the present article 

is to describe the manner in which 
prototypes of the new Australian dial 
were subjected to performance trials 
in the Postmaster-General's Research 
Laboratories, the types of testing 
machines and measuring instruments 
which are used in the monitoring of 
dial performance and typical results 
of tests. The tests conducted up to 
the time of writing have been res­ 
tricted to dial speeds of nominally 
10 pulses per second. This article 
makes reference to certain design 
features of the new dial which were 
under examination during the dial 
development period but does not aim 
to describe all the features eventually 
incorporated in the final design. 

Performance Requirements 
The performance required by the 

A.P.O. for multispeed dials has been 
the subject of various interim tech­ 
nical stipulations. To some extent 
these have been modified in the light 
of discoveries made about the per­ 
formance of the dials during evalua­ 
tion studies. Certain values typical 
of those at present stipulated are 
shown in Table 1 alongside values 
observed in dials tested. 

ma.Is Evaluated 
Groups of dials were tested at var­ 

ious stages of their development. 
Modifications, which were seen to· be 
desirable as a result of testing of 
each batch, were often incorporated 
in the succeeding batch. Early groups, 
for instance, had governor bearings 
comprising stainless steel balls loca­ 
ted in conical cups in the shaft ends 
and governor brake shoes of a pheno­ 
lic plastic material. 
These groups performed unsatis­ 

factorily. Improved performance was 
• Mr. Baddeley is Engineer Class 3, Research 
Laboratories, Headquarters. 

•• Mr. Goode is Physicist Class 3, Research 
Laboratories, Headquarters. 

obtained from the succeeding groups 
which had stainless steel governor 
spindles with plastic journal bearings, 
a few drops of lubricant being added. 
The governor brake shoe material 
was changed to a thermoplastic mat­ 
erial. 

One design of dial was entirely 
abandoned owing to a major design 
weakness which led to frequent gen­ 
eration of an extra digit in the pulse 
train. 

IMPULSING TEST METHODS 
During the dial evaluation tests, 

three main methods of measurement 
were used. In the first method, a 
cathode ray oscilloscope (C.R.O.), with 
suitable trigger and pulse selection 
circuits, was used to display selected 
single pulses within a train on the 
screen of the 'C.R.O., making use of 
the C.R.O. time base. The pulse was 
photographed by a camera with a 
continuously open shutter during the 
period of the train. The beam in­ 
tensity of the C.R.O. was strongly 
modulated at 2 kHz and a timer was 
used as an extra check. When the 
resulting negative was projected on­ 
to a screen, pulse length could be 
measured to ± 0.5 ms, and contact 
bounce, where it existed, could be 
measured. 

In the second method, a double­ 
beam C.R.O. with a short-persistence 
screen was used. The signals were 
applied to the horizontal inputs, but 
no time base was applied to the ver­ 
tical inputs. The dial pulse train was 
applied to one horizontal input and 
a 4 kHz marker with a superimposed 
200 Hz of greater amplitude was ap­ 
plied to the other input. The traces 
were photographed by a moving film 
(as opposed to cine) camera with a 
continuously open shutter during the 
duration of the train. This method 
permits the whole pulse train to be 
photographed. Both pulse length and 
contact bounce can be measured. The 
measuring accuracy is about ±0.25 
ms. 

In the third method, a 14-channel 
electro-mechanical osci!lograph using 
ultra-violet light recording on a photo­ 
sensitive, high speed recording pap­ 
er was used. The galvanometers had 
a flat response ( ± 5,%) to 2 kHz and 
the paper speed used was 1.06 m/s 
(42in/s). The attainable measuring 
accuracy, obtained by comparison 
with simultaneously recorded 1 kHz 
and 100 Hz timing traces, was at least 
± 0.5 ms. The great advantage of this 

method is that up to 12 dials can be 
measured simultaneously. Contact 
bounce is recognizable by this me­ 
thod, but cannot be measured with 
useful accuracy. 
Ref. 1 describes electronic methods 

of measuring impulsing performance 
which are used in production testing. 

ENDURANCE TESTING MACHINES 
The A.P.O. cannot justifiably ac­ 

cept a new type of dial unless many 
samples are able to produce stable 
impulse times throughout a life of 
some half million dial operations. 
Verification of this ability demands 
that the A.P.O. have the means to 
test many dials to half a million 
operations within a reasonably short 
time. Manual dialling would be ted­ 
ious and costly. 
As dial development had not pre­ 

viously been undertaken in Australia, 
it was necessary to develop new test­ 
ing machines for the purpose of car­ 
rying out endurance trials. 

Basically, all that was required was 
a machine which would be capable 
of dialling '8' or '9' and releasing the 
dial finger plate. The choice of dial­ 
ling 8 or 9 digits instead of 'O' (10 
digits) was made because of the type 
of pulsing mechanism used in some 
of the dials. This comprised a ten­ 
lobed cam with a pivoted follower. 
It was considered that, if one or two 
of the cam lobes remained unworn 
during the endurance testing, they 
would serve as suitable reference 
surfaces for measuring the wear of 
the other lobes. The machine would 
have to keep dialling continually un­ 
til the dial failed or until the stipul­ 
ated dial testing period was com­ 
pleted. The means adopted for wind­ 
ing up the dial were quite simple 
and, in fact, had been used in earlier 
designs. A recirculating steel ball en­ 
gages the dial finger plate intermit­ 
tently with the continuously-running 
drive spindle of the testing machine; 
the period when the finger plate is 
not engaged by the ball is used to 
permit the dial to run down. The 
ball is picked up from its 'loading 
position' on every alternate revolu­ 
tion of the drive spindle of the testing 
machine and, after it pulls the dial 
finger plate around through the ap­ 
propriate arc, the ball escapes and 
falls · down to the loading position 
again. The passage of the ball from 
its escape position to the loading 
position must be delayed in order to 
avert the possibility of seizing the 
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finger plate before the dial has run 
back. In previous machines, this de­ 
lay was induced by having the ball 
bounce repeatedly on a hardened 
steel plate before it could roll to its 
loading position. However, in these 
new testing machines, the ball was 
made to run around a path in a 
casting. This resulted in a quieter 
machine. This particular machine 
dials '8' continuously. 

One of the essential requirements 
of the testing machine was that it 
should not be capable of causing ad­ 
ditional damage to the dial, even 
when the dial mechanism has failed. 
This safety feature was ensured in 
two ways. Firstly, the drive to the 
testing machine spindle from the 
electric motor was effected by means 
of a slack roller chain with a spring­ 
loaded jockey sprocket in the tension 
side, so that excessive chain tension 
would cause the jockey sprocket 

mounting to move enough to operate 
a trip switch to shut down the test­ 
ing machine. Secondly, the rotating 
plate, which engages the recirculating 
ball with the finger plate of the dial, 
was driven via a dry-cork-pad torque­ 
limiting clutch. 

Fig. 1 shows the general appear­ 
ance of one of these endurance test­ 
ing machines. 
An electromechanical counter was 

used for the purpose of counting the 
number of dialling operations. Equip­ 
ment for monitoring dial pulse trains 
containing too many or too few pulses 
is under development. 

GOVERNOR TEST RIG 
In connection with the develop­ 

ment of the dials, experiments were 
carried out to determine the braking 
torques of governors of various types 
as functions of their speeds of rota- 

tion. A special test rig was built for 
this purpose. 

When mounted in the test rig, a 
governor rotor is carried in bearings 
identical with those in the dial. It is 
driven by a spur gear which, for 
this purpose, duplicates the function 
of the intermediate gear wheel of the 
dial. This spur gear is belt-driven 
from a small a.c. squirrel cage motor, 
speed control being obtained by vary­ 
ing the frequency of the supply by 
means of a variable frequency power 
oscillator. 

In order that the torque developed 
by the braking action of the gover­ 
nor may be measured, the governor 
brake drum in the test rig is carried 
in its own pair of miniature ball bear­ 
ings and is equipped with a spiral 
wire control spring and a pointer. 
The pointer scale was calibrated by 
reference to the deflections produced 

- Telephone Dial Endurance-Testing Machine (Dust covers removed from machine and dial. The rear of the dial 
· can be seen at the right-hand end of the machine). · 
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by deadweight loads applied at a 
known moment arm. 
This governor testing machine was 

used to demonstrate the relationship 
between speed and torque for lead­ 
ing-shoe and trailing-shoe governors 
and for brake shoes of various m it­ 
erials. The effects of temperature 
rise on governor performance were 
investigated by running the machine 
first continuously and then intermit­ 
ten· ly (under the control of a cycle 
timer). 

BEARING CHATTER RIG 
The occurrence of bearing chat­ 

ter in the governor assembly is des­ 
cribed in detail in later paragraphs. 
During its investigation, the 'chatter 
proved to be elusive and it was not 
until one particular dial was found 
which exhibited chatter almost con­ 
tinuously that it became possible to 
construct a visible demonstration of 
the phenomenon. 

This dial was modified, by removal 
of its finger stop, mainspring and off­ 
normal cam, and was mounted in a 
demonstration rig. A groove was 
machined in the rim of the finger 
plate so that the dial could be con­ 
tinuously driven in the pulsing direc­ 
tion by means of a rubber-band belt. 
With the aid of a stereo· micro­ 

scope, the location of the chatter was 
easily traced to the governor spindle 
bearings. As the governor was ac­ 
celerated to its operating speed, the 
sudden transition from smooth rota­ 
tion to the chatter condition could 
be seen quite dramatically. 

MAINSPRING DYNAMOMETER 
The design of the mainspring of a 

dial constitutes a fundamental factor 
in the control of speed variation. A 
relatively stiff mainspring, which has 
a wide variation in wind-up torque 
over the working range of angular 
displacement, will lead to greater 
variation in dialling speed than would 
occur with a mainspring possessing 
a flatter load-displacement character­ 
istic. 

Thus, it is important to be able 
to measure the load-displacement re­ 
lationship for prototype mainsprings 
during dial development. A torque 
balance was built, in which a torque 
load could be applied to one end of 
the spring by means of a pivoted arm 
and weights. The other end of. the 
spring could then be wound up 
through a measured angle in order 
to produce a condition of balance 
with the gravity loading. From a 
series of measurements for each 
spring at varying torques, the torque­ 
displacement curves were readily 
plotted. 

LIFE TESTING 
Each group of dials was tested on 

the life testing machines described 
above for up to 1,000,000 operations, 
this being above the expected number 
of operations of the great majority 
of dials. The number of operations 
was recorded by a 5 digit subscribers' 
register operated by the off-normal 
contacts of the dial. Each operation 
dialled the digit '8' at the rate of 
1,680 operations per hour. The pulse 

lengths of sample pulse trains mea­ 
sured at various stages in the test 
are shown in Table 1. This shows 
the results of pulse length measure­ 
ments of a typical dial from the 
seventh development group. Certain 
other properties (e.g. contact bounce, 
spring force, contact resistance) were 
measured. Fig. 2 shows the variation 
in break pulse lengths versus number 
of operations for a sample dial from 
each of the three groups tested. 

Fig. 3 shows a pulse target dia­ 
gram of the sample dial from the 
last group. This diagram comprises 
a set of points, each of which repre­ 
sents complementary make and break 
pulse durations at some stage of a 
dial's life. If many such measure­ 
ments are made throughout the life 
test of one particular dial, a pattern 
of dots, as shown in Fig. 3, is ob- 

tained. The rectangle in Fig. 3 repre­ 
sents the tolerance area of the speci­ 
fication. 

ENVIRONMENTAL TESTS 

Early technical stipulations did not 
specify environmental tests for dials 
and none was performed until the 
fifth group tested. Such tests are 
necessary in order to check on the 
ability of dials to perform satisfac- 

TABLE I: TYPICAL PULSE LENGTH MEASUREMENTS DURING LIFE TEST. 

Interval 
Quantity (No. of Observed 

Operations Values 

Range of MAKE pulses (ms), 0-104 33-37 
measured in interval (cf. 104-105 34-37 
specified 29-40ms) lQ5-5xl05 31-34 

5xl06-lQ6 29-42 

Range of BREAK pulses (ms) 0-104 65-70 
measured in interval (cf. 104-105 66-69 
specified 60- 76ms) 105-5xl05 59-64 

5xl05-1Q6 55-77 

% of BREAK pulses outside 0-104 0 
specified limits in interval 104-105 0 
(+ for above limit, - for be- 105-5xl05 -3 
low limit). 5xl05-lQ6 -60, +1 
Maximum BREAK pulse 0-104 3.0 
specified limits in interval 104-105 2.5 
pulse train in interval (ms). 105-Sxl0S 2.0 

5xl05-106 21.0 

Number of pulse trains mea- 0-104 15 
sured in each interval. 104-105 9 

105-5xl05 15 
5xl05-106 12 

Total number of pulse trains 0-106 51 
measured. 

torily under extreme conditions, e.g, 
in public telephones and some sub­ 
scribers' telephones in southern moun­ 
tain areas of Australia the temper­ 
ature of the dial could often be below 
o0c and in hot, tropical areas the 
temperature of dials might exceed 
50°C. Only a small proportion of 
dials in use would be subjected to 
such extremes, but environmental 
testing can exaggerate weaknesses 
that exist under normal conditions 
and which could ultimately be a prob­ 
lem. This testing thus enables such 
possible weaknesses to be relatively 
easily detected. 

Environmental test results for the 
last three groups tested are shown in 
Table 2. Samples of the fifth group 
can be clearly seen to have failed 
catastrophically at 0°C. Some at­ 
tempts at obtaining pulse trains ended 
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With the third group of dials test­ 
ed, an intermittent chattering noise, 
coinciding with severe, visibly ap­ 
parent slowing of the dial, occurred 
on all dials in the group, the earliest 
occurrence being after 100,000 opera­ 
tions. There was complete correla- 
tion between the slowing down and 
the chatter. Thus, when chattering 
was heard, the mean break pulse was 
about 95 ms whereas otherwise it was 
about 60 ms. 
The construction of a special rig 

to demonstrate the presence of chatter 
has been described previously in this 
article. When a frequency spectrum 
analysis of the chatter noise was 
made, no predominant frequencies 

GROUP were revealed. Therefore, the noise 
zrr could not be traced to the influence 

of gear profile irregularities or reson­ 
ance effects. 

50 t------.-----..------.-::----.--,--~-~---~----- The chatter phenomenon is thought 
1 10 100 103 104 10s 106 107 to be due primarily to the disparity between the static and dynamic co­ 

efficient of friction of steel on the 
moulded plastic bearings. A probable 
explanation of the behaviour of the 
governor spindle, when chatter is 
present, is as follows: 
The spindle, coming in contact with 

one part of the bearing, begins to 
rotate about the point of contact. Be­ 
cause there is radial clearance in the 
bearing, . the axis of the spindle be­ 
gins a translatory motion. At the 
same time, the spindle rebounds from 
the point of contact with the bearing. 
The spindle thus moves away from 
its first contact point and also across 
the bearing space until it again con­ 
tacts the bearing some finite chordal 
distance away from its first point of 
contact. The same thing happens at 
the second point of contact. Continu­ 
ing on, the spindle progresses around 
the bearing in a series of leaps, the 
centre of the spindle tracing out a 
path resembling a hypotrochoid. 

It was demonstrated, during the 
development of the dials, that there 
is a fairly close correlation between 
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sign of the new dial. (The silver­ 
nickel alloy was found to be superior 
in this application.) Pure silver is 
used for the contacting material in 
production versions of the dial. 
Observations are made of contact 

pressure and electrical contact resis­ 
tance; tarnish film development and 
erosion of the contacting surface are 
observed by microscopic inspection. 
These observations are made before, 
during, and after a programme of re­ 
peated dialling under circuit condi­ 
tions simulating the exchange and 
line circuits met with in the field. 

GOVERNOR BEARING CHATTER 

N°· OF TEST OPERATIONS. 

Fig. 2 - Break Times of Sample Dials from Groups V to VII During Life Test. 
(Cross-hatched areas indicate the range of break pulse durations). 

in seizure of the dial mechanism. Ex­ 
cessively slow pulses occurred at all 
temperatures below 10°C. Although 
the dial was initially within the stip­ 
ulated pulse length limits, and recov­ 
ered after being held at ambient 
temperature for 2h after the o0c test, 
Table 2 shows that a subsequent 2h 
at 50°C caused the dial again to ex­ 
ceed the stipulated limits. 
These faults were attributed to: 
(i) Misalignment of intermediate 

gear and governor spindle 
bearings. 

(ii) Insufficient manufacturing con­ 
trol of centre distances be­ 
tween gears. 

(iii) Insufficient bearing clearances. 
(iv) Changes in the coefficient of 

friction of the governor brake 
shoe material over the requir­ 
ed temperature range. 

The sixth and seventh groups of 

dials incorporated changes designed 
to overcome the above deficiencies. 
The brake shoe material was changed 
as indicated earlier, and a damping 
pad and thrust spring in the gover­ 
nor bearing were eliminated. Table 
2 shows that these changes were ef­ 
fective in that the environmental tests 
were passed. 

CONTACT EXAMINATION 

From time to time investigations of 
the life and efficiency of contact mat­ 
erials and spark quench circuits are 
carried out in connection with studies 
of dial performance. For example 
comparative tests were conducted on 
a silver-nickel alloy and a silver/ 
cadmium-oxide alloy as contacting 
materials (in conjunction with two 
different spark quench circuits) as 
part of the investigations of the de- 
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30 

the amount of radial clearance in the 
governor bearings and the tendency 
to exhibit bearing chatter. If the 
bearing clearance can be kept small, 
the possibility of encountering bear­ 
ing chatter is lessened but, of course, 
such a requirement makes the solu­ 
tion of the problem the responsibility 
of the production engineer. 

On several mornings, when the 
dials had not been operated during 
the previous night, it was noticed 
that, when testing was begun next 
day, the chatter took much longer to 
develop than if the dials had not had 
such. a long rest period. It is thought 
that an increase in bearing clearance 
due to thermal expansion and to 
temporary deformation of the bear· 
ing surfaces after long running pro­ 
motes chatter. Modifications which 
succeeded in overcoming the chatter 
were made, but these modifications 
were superseded in later designs. 

40 45 

BROWN POWDER 
In laboratory testing, a brown 

powder was found to have accumu­ 
lated over the body of most dials 
underneath the back cover after about 
200,000 operations. Chemical analy­ 
sis of the powder showed that 80% 
of its mass was dust which could not 
have come from the dial. The main 
constituents of the remainder were 
iron, chromium and nickel with smal­ 
ler quantities of copper and zinc in 
the powder of certain dials. 

Analysis of the main-spring mater­ 
ial showed it to consist of iron, 
chromium and nickel. The trigger 
spring consisted of copper, zinc and 
nickel. The governor brake drum was 
made from Austral alloy 907 which 
contains copper, zinc, nickel and lead. 
As iron was found only in the 

main-spring, wear of the main-spring 
must have contributed to the brown 
powder. As the main-spring contain· 
ed no copper or zinc, part of the 

powder must have come from com­ 
ponents other than the main-spring, 
probably the governor brake drum or 
the trigger spring or both., The pow­ 
der was probably an abrasion or pos­ 
sibly fretting corrosion product. The 
80% of dust was due to the dusty 
room in which testing took place. 
The powder cannot fall into the 

spring contacts and therefore is not 
considered hazardous in a subscrib­ 
er's telephone under normal use, but 
because it is electrically conducting 
it could cause bridging of contacts 
if allowed to fall under gravity dur­ 
ing movement of the dial in a portable 
telephone or 'Buttinski'. 

BODY MOULDING 
The body is an acetal injection 

moulding. The stiffness of the dial 
body moulding must be adequate to 
prevent undue deflection under the 
loads applied during dialling. Tests 
were carried out to specify a figure 
for stiffness of the moulding which 
could be reasonably achieved with 
the types of resin commercially 
available. 
Further tests at extremes of tern· 

perature were made to ensure that 
mouldings conforming to the above 
specification would be satisfactory in 
service in severe conditions. 

GOVERNOR SPINDLE LUBRICANT 
In the sixth group of dials tested, 

a lubricant, di-octyl sebacate (D.O.S.) 
was used in the governor bearing to 
prevent chatter. One of these dials 
became moderately noisy after about 
450,000 pulse trains. This chatter was 
cured by the application of a few 
drops of D.0.S. to the governor 
spindle bearings. This showed that 
the lubricant had become ineffective, 
possibly as a result of chemical 
change, dust accumulation, creep, 
evaporation or other cause. The fail· 
ure of the lubricant could have been 
a function of time or of the large 
number of operations. In these ac­ 
celerated tests, it was not possible to 
obtain a clear indication of the rela­ 
tive contribution of these causes, but 
in view of the known low volatility 
of D.O.S. and the short time elapsed, 
an operation-dependent phenomenon 
is suspected. 
Tests showed that D.O.S. is not 

likely to form disruptive surface films 
on the impulsing contacts, nor to 
cause accelerated erosion by contact 
activation. Immersion of acetal body 
mouldings in D.O.S. for 150h at 50°C 
produced no significant dimensional 
or hardness change in the plastic 
moulding. 

BADDELEY & GOODE - Dial Periormance Evaluation 
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TABLE 2: TYPICAL ENVIRONMENTAL TEST RESULTS 

Group V Group VI Group VII 

Range of Initial 36-39 33-37 32-36 
MAKE pulses 0°C 38-108 30-34 31-33 
measured 2h later (ambient) 34-38 - 33-35 
(ms) 50°C 36-44 36-42 34-38 

2h later (ambien.) 37-42 33-36 31-33 
Range of Initial 73-81 66-71 67-70 
BREAK pulses 0°C 83-259 62-69 65-68 
measured 2h later (ambient) 68-78 - 64-66 
(ms) 50°C 68-81 66-75 62-65 

2h later (ambient) 71-80 63-68 62-65 
% of BREAK Initial +100 +6 0 
pulses outside 0°C +100 0 0 
specified 2h later (ambien.) + 3 - 0 
environmental 50°C + 30 0 0 
test limits 2h later (ambient) + 30 0 0 
( + above, - below) 

Maximum BREAK Initial 7.0 4.0 3.0 
Pulse Spread 0°C 126.0 4.0 2.5 

- (ms) observed 2h later (ambient) 4.0 - 2.0 
in a single 50°C 5.5 4.0 2.5 
pulse train 2h later (ambient) 4.0 5.0 2.5 
Number Initial 4 4 5 
of 0°C 12 4 5 
pulse trains 2h later (ambient) 4 - 5 
measured 50°C 4 4 4 

2h later (ambient) 4 4 5 
Total number of pulse trains 28 16 24 

CONCLUSION 

This article has been restricted to 
describing the work performed by the 
A.P.O. in the evaluation of new tele­ 
phone dials for its use. This work in­ 
cluded the design and construction of 
various mechanical testing machines 
and dynamometers, the most im­ 
portant of which was an endurance 
testing machine using a recirculating 
ball to engage the dial's finger-plate. 
Although the recirculating ball prin­ 
ciple had been used previously in a 
known commercial machine, it had 
been the practice to use a single 
machine for testing several dials. 
Each of the machines developed by 
the A.P.O. was designed to operate 
one dial only. This principle enables 
the testing of other dials to continue 
if one dial fails. It also permits the 
incorporation of more effective over­ 
load trips to protect a seized dial from 
mechanical damage. 

It must be emphasized that the re­ 
sults quoted are based on small 

samples made from production-type 
tools but not under full scale pro­ 
duction conditions. For this reason, 
similar tests to those described in 
this article will be conducted on 
samples drawn from time to time 
from full-scale production to obtain 
an audit of their quality. Another 
aspect of this dial which has not yet 
been explored is its performance at 
20 pulses per second. 
The testing programme employed in 

these tests largely involved contin­ 
uous operation to obtain results of 
a large number of operations quickly 
although on some occasions the dials 
were not operated during the night 
so that their recovery behaviour 
could be examined. 
It is realized that such a continuous 

testing programme might not accur­ 
ately simulate the behaviour of dials 
in service as time-dependent effects 
could have been masked. Informa­ 
tion from actual service is required 
to confirm the findings made in this 
investigation. 

Possible alternative programmes 
which could be used in future dial 
testing would include regular and 
frequent recovery periods. Such test­ 
ing would have the disadvantage that 
it would take considerably longer to 
complete. 

As a result of experience gained 
during the testing period of the dials, 
the A.P.O. established specifications 
for equipment for measuring the pul­ 
sing performance of dials. New test­ 
ing equipment built to these specifi­ 
cations has been developed by an 
Australian manufacturer and is used 
in dial manufacturing and recondi­ 
tioning workshops, acceptance labora­ 
tories and performance trials. 

REFERENCE: 

1. J. Companez, 'The Australian 
Dial'; Telecom. Journal of Aust., 
June 1971, Vol. 21 No. 2, Page 120. 
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THE APPLICATION OF PERT TO A MULTI-DISCIPLINE PROJECT 
S. A. HOWARD, A.M.I.E.E.* 

INTRODUCTION 

The development of two new coal 
mining centres and a new township 
in Central Queensland has involved 
the Department in a major project 
to provide telephone services to the 
mining complex and township. The 
mines, one at Goonyella due to start 
production in 1971 and the other at 
Peak Downs due to start production 
in 1972, will be served by a new 
township being constructed at Mor­ 
anbah to accommodate from 2,000 to 
3,000 people with a permanent popul­ 
ation of 2,000 in 1972. Engineering 
planning had to consider not only 
the present project but also require­ 
ments for the development of two 
additional mines farther south and 
also growth in the Brigalow area. 
The use of Programme Evaluation 

and Review Technique (PERT) has 
spread throughout many sectors of 
industrial and government organis­ 
ations since its introduction into Aus­ 
tralia some 10 years ago. This paper 
discusses the application of PERT to 
the activities associated with the 
complex engineering and management 
task of planning and providing the 
telephone services. Manual process­ 
ing methods have been used through­ 
out because thev offered a faster and 
more economical result than comput­ 
er processing for this particular pro­ 
ject. The use of a computer for net­ 
work analysis and resource schedul­ 
ing was outlined in a previous paper 
entitled 'PERT In the Light Engineer­ 
ing Field' (Ref. 1). 

THE PROJECT 
At the time of writing this paper 

the project had been in progress for 
two weeks in the Mackay engineer­ 
ing division. A plan of the project 
indicating distances and locations 
where work was required along with 
the main activities associated with 
each location is shown in Fig. 1. Work 
could proceed in a number of areas 
simultaneously, requiring a high de­ 
gre-e of co-ordination by the project 
manager to ensure smooth operation 
and optimum utilisation of men and 
machinery. 
The work of a variety of specialist 

personnel had to be considered and 
co-ordinated as the project involved 
aerial line construction, installation 

of underground cable, ARK equip­ 
ment installation and carrier equip­ 
ment installation by departmental 
staff and the installation of a P ABX, 
road clearing, building erection and 
conduit laying, by outside organis­ 
ations. The PERT technique was selec­ 
ted as the means of analysis. and 
scheduling because it had been well 
established as a sound management 
and decision making aid in the equip­ 
ment installation field and offered a 
superior method of project analysis 
to other available techniques. The 
project in this exercise comprises 200 
activities with 16 different types of 
resources requiring consideration. 

THE BROAD STEPS 
The following steps which represent 

the systematic PERT method of 
project planning were employed:- 

(i) Preparation of a network 
showing the inter-relation­ 
ships of all activities to be 
performed. 

(ii) Allocation of an activity time 
and resources to each activity 
in the network. 

(iii) Performance of network cal­ 
culations, selection of the cri­ 
tical path and analysis of the 
project in the light of calcul­ 
ated information. 

(iv) Preparation of a time scaled 
schedule from the information 
0;1 the network. 

(v) Calculation of resource re­ 
quirements for each day of the 
project. 
Levelling of resource require­ 
ments for the project to en­ 
sure that the schedule could 
be achieved with available re­ 
sources. 

To provide an indication of the 
planning effort and personnel invol­ 
ved the following details are offered: 

(vi) 

The exercise was undertaken as a 
team effort with the team comprising 
the Divisional Engineer and Engin­ 
eer Class 2 of the Mackay Division 
and a Senior Technical Officer Grade 
2 (the author). Two line inspectors 
were also involved part time. Net­ 
work preparation required six hours 
elapsed time for the three team mem­ 
bers. Allocation of activity times re­ 
quired three and a half hours for 
the team members in conjunction 
with the line inspectors. 

* Mr Howard is Senior Technical Officer Grade 
2, Country Branch, Queensland. See Vol. 19, 
No. 2, P, 176. 
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Network calculations were perform­ 
ed by the senior technical officer in 
one and a half hours. He also pre­ 
pared the time scaled schedule in 
five hours, Three hours were then 
utilised by the team in discussing 
and levelling resources, allocating 
and calculating the resource 'engin­ 
eer time' and obtaining prints of the 
schedule. 

NETWORK PREPARATION 

This was a crucial stage of the 
planning because at this point the 
project was dissected and analysed to 
enable the team to commit to paper 
the intended method of working, the 
decisions made and the relationship 
between various parts of the project. 
The network is shown in Fig. 2. 
Considerable care was exercised dur­ 
ing this stage because all further 
calculations, and decisions were to 
be based on the network. Conven­ 
tional symbols were used in network 
preparation Le. an event represented 
by a circle, an activity or definable 
piece of work represented by an 
arrow and a dummy activity used to 
show a restriction or relationship re­ 
presented by a dotted arrow. (Ref. 2.) 

Before commencing the network 
the Divisional Engineer outlined the 
work to be undertaken and stated 
his requirements. This information 
along with discussion arising from 
questions regarding the number of 
work locations, the type of work in 
each and the technical relationship 
between these localities enabled the 
networker to broadly visualise how 
he would lay the network out. The 
type of information in question has 
been entered on the plan in Fig. 1. 
As work could commence immediate­ 
ly in a number of locations it has 
been possible to present the network 
roughly in geographic areas although 
there was unavoidable overlap with 
some activities. All arrows do not 
necessarilv move in a direction from 
left to right but this does not affect 
the logic of the diagram. The impor­ 
tant aspect is the relationship of one 
arrow to the other arrows in the net­ 
work. 

In selecting appropriate activity de­ 
finitions, consideration was given to 
the degree of detail necessary to en­ 
sure adequate project analysis and 
the requirements of the project man­ 
ager in the ensuing period from the 
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point of view of project control. Ac­ 
tivities outside the control of the lo­ 
cal division, such as 'wire CAX' 
were considered only in broad terms 
while activities within the division's 
control were subject to more detail­ 
ed discussion and definition. Activi­ 
ties for the pole route construction 
Moranbah-Goonyella and Peak Downs 
mine have been sub-divided into two 
parts to enable practical presentation 
of the performance of this work in 
network form. Having decided the 
activity definition requirements, the 
network was built up piece by piece. 
This meant planning all the moves 
and making decisions to enable the 
team to display the entire project on 
paper. 

It was not certain at the network­ 
ing stage whether the link between 
the Eton CAX site and Eton manual 
exchange would be provided in un­ 
derground cable or by aerial con­ 
struction. Activity 22-28 'Install Eton 
line plant' shows the, assumption that 
aerial construction would be used. 
The project manager was aware of 
the implications of this assumption 
and it was a better course of action 
to follow than to leave the planning 
incomplete because of the absence of 
a small percentage of the total in­ 
formatior,. 

Upon completion of the network 
drawing, multiple start events and 
multiple finish events were extended 
out to single start and finish events 
by dummy activities. A check was 
made to ensure that the logic w:as 
true anrl that technical considerations 
were not overlooked. 

NE1WORK NUMBERING 

To assist in identifying any activity 
in the network, all events were num­ 
bered commencing with number 1 for 
the start event and continuing 
through to number 129 for the finish 
event. Tu identify an activity by 
event numbers, the activity 'test rur­ 
al system Moranbah to Peak Downs' 
would be seen as activity 125-126. 
Event numbers higher than 129· were 
introduced as a result of network 
modifications being made after alloc­ 
ating the original event numbers. The 
networker could have altered the ori­ 
ginal numbers to ensure seauential 
numbering throughout but no advan­ 
tage could be gained from the extra 
time am! effort which would h=ve 
been expended so the higher num­ 
bers were used where convenient en­ 
suring that event numbers were not 
dunlicated. 

ACTIVITY TIMES 

It was necessary when entering 
activity times on the network to sel­ 
ect a suitable unit of elapsed time and 
enter all activity times as a multiple 
of this unit. The selected time unit was 
one working day. This could mean 
seven men for one day or one man 
for one day or simply a delay of one 
day waiting for the supply of mater­ 
ial. Having decided on the unit, each 
activity was taken as a separate iden­ 
tity and a time to perform the work 
allocated. The times were generally 
derived through discussion and agree­ 
ment concerning the method to be 
used, the team size for that particul­ 
ar activity and the amount of time 
most likely to be required. To illust­ 
ra-e how this information was enter- 

ed on the network, activity 53-55 from 
the Moranhah-Goonyella pole route is 
shown in Fig. 3. 

Thus for each activity the time and 
resources were assessed and shown 
on the network. The total level of 
resources which may be available 
was not considered at that stage be­ 
cause an attempt to build restric­ 
tions into the network because of 
total resource availability would 
have prevented a thorough analysis 
of the alternatives and probably con­ 
cealed valuable information from the 
project manager. However, one re­ 
source and timing restriction was in­ 
cluded by the use of dummy activity 
58-90 to ensure that work on the Peak 
Downs route would follow work on 
the Goonyella-Moranbah route. It was 
important that the level of resources 
allocated to any single activity did 
not exceed the total resources avail­ 
able 

NETWORK CALCULATIONS 
AND ANALYSIS 

Network calculations were carried 
out using the conventional forward 
pass and backward pass method. The 
forward pass calculation which 
nominates the earliest time an event 
can be achieved is shown on the net­ 
work as a figure in a square symbol 
adjacent to the event concerned. The 
backward pass calculation giving the 
latest time any event can be achieved 
and still complete the project in the 
calculated time is shown in a circle 
adjacent to the event concerned. Ac­ 
tivity 53-55 is again used to illustrate 
these calculations in Fig. 4. 
This information says that event 53 

could commence on day 23 but must 
commence no· later than day 24 if 

@ CLEARING 1 •@ 
. 2 3L 
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1 
2 WORKING DAYS 

Fig. 3 . 
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@ 

~ 

@ ~@ 
Fig. 4. 

the calculated completion time of 9·7 
days as shown on event 129• is to be 
achieved. Activity 53-55 has one day 
slack or free time. 

An inspection of the network in 
Fig. 2 will show that the earliest time 
in which this project could be com­ 
pleted is 97 days - according to the 
method shown in the network. By 
studying the earliest and latest event 
times for each event it was found 
that events numbered 1, 2, 4, 21, 24, 
25, 26, 27, 30, 31, 43, 86, 87, and 129 
were critical, i.e. they had no slack 
or free time. By selecting the activi­ 
ties that linked these critical events, 
the critical path was located. This 
placed the critical path through ac­ 
tivities 1-2, 2-4, 4-21, 21-24, 24-25, 
25-26, 26-27, 27-30, 30-31, 31-43, 43-86, 
86-87 and 87-129. After further anal­ 
ysis of the activities along this path 
it was decided that activity 27-30 
'test cable, install Z12N housings' 

HOWARD - Multidiscipline PERT Project 
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could be subdivided into two parts, 
27-i60 'test cables, install, Zl2N hous­ 
ings' taking 32 days and 160-30 'final 
test' taking four days with activity 
25-26 'cutover Eton-Mackay lead in' 
being required for the start of activi­ 
ty 160-30. 

Earliest and latest event times 
were not recalculated after this alter­ 
ation as the effects could easily be 
seen from the existing figures. This 
introduced a new critical path through 
portion of the Moranbah-Goonyella 
pole route and the Peak Downs mine 
pole route. This path which previous­ 
ly had one day slack time involves 
activities 1-12, 12-17, 17-52, 52-146, 
146-147, 147-53, 53-55, 55-58, 58-90, 
90-91, 91-94, 94-96, 96-97, 97-98, 
98-101, 101-103, 103-106, 106-108, 
108-111, 111-114, 114-119, 119-121, 
121.-122, 122-123, 123-124, 124-125, 
125-126, 126-127', 127-128 and 128 to 
129. It was decided that the Peak 
Downs route could be allowed to go 
slightly beyond the calculated time 
and the next path to critical should 
be selected and studied further. The 
effect of rearranging activity 27-30 
apart from introducing a new critical 
path through the Peak Downs mine 
pole route has been to reduce the 
amount of slack time available to 
other events in the network 
The path 1-2, 2-33, 33-34, 34-39, 

39-41, 41-42, 42-43, which joins the 
original critical path at event 43 was 
then considered critical also. As this 
path involved activities associated 
with the installation and testing of 
the Moranbah CAX, an area of work 
outside the control of the Mackay 
Division, the path which had to be 
considered critical as far as divisional 
resources Were concerned was also 
selected. This path passed along ac­ 
tivities 1-12, 12-17, 17-52, 52-146, 
146-147, 147-53, 53-55. 55-58, (these 
activities were also critical as far as 
the peak Downs route was concerned) 
58-62, 62-65, 65-67, 67-69, 69-71, 71-73, 
73-77, 77-79, 79-81, 81-82, 82-83, 83-84, 
84-85. 85-86 which joins the original 
critical path at event 86. This path 
from event 58 to event 86 had a 
slack time of the nine days shown 
on the network less four days which 
is the reduction caused by the modi­ 
fication to activity 27-30. 
The slack or free time available to 

all other events in the network can 
be read directly from the diagram by 
comparison of the earliest and latest 
event times for each event, remem­ 
bering that the latest event time for 
many of the events has been reduced 
by four days. When satisfied that the 
project had been adequately. present- 

ed and analysed, the information was 
transcribed onto a time scaled draw­ 
ing. 

TIME SCALING 

While the network was the main 
document in that it illustrated the 
decisions made during the disciplined 
and systematic planning and calcula­ 
tions, it was considered a difficult 
document to use for project control 
and was not suitable for resource 
levelling as it was not drawn to a 
time scale. To prepare a project 
schedule which would be easier to 
read and use for control purposes 
the activities, whose earliest start and 
and latest finish times had been de­ 
termined by network calculations, 
were transferred onto a standard 
PERT pro formae QG.3155, Sheet 77 
(tracing paper) as shown in Fig. 5. 
This involved drawing the critical 

path activities and all non-critical 
activities to scale with one division 
on the pro formae representing one 
working day. When the activities 
were drawn to scale-it was possible 
to show the duration of the float 
time for each activity by the length 
of a dotted line. It was important to 
see this float time so that resource 
levelling could be undertaken. Initi­ 
ally all activities were drawn at their 
earliest start time. 

RESOURCE CALCULATIONS 

Sixteen different types of resources 
have been considered, they are:- 

Personnel 
Engineer manhours 
Linemen not in the camping party 
Linemen in the camping party 
Jointers 
Technicians from the local division 
and three other specialist divi­ 
sions 

Mechanical Aids 
Bulldozer 
Ditcher 
Low Loader 
Wire running truck 
End Loader 
Borer 
Platform truck 
Backhoe 
After the time scaled schedule was 

drawn the quantity of each type of 
resource for each day of the project 
was assessed by totalling the require­ 
ments for the activities being worked 
on during that day. The totals for 
each day appear at the foot of the 
schedule 

RESOURCE LEVELLING 

The earliest start schedule pro­ 
duced irregular profiles of daily de­ 
mands on resources and moves were 
made to eliminate the peaks and val­ 
leys in the requirements by altering 
the start time of activities within the 
range of their float time. Fig. 5 shows 
the completion of testing and cutting 
over the Moranbah-Peak Downs rural 
system to the CAX on day 103. A 
study of the schedule will show that 
spare time has been introduced into 
the critical path through the Peak 
Downs work on days 32, 33, 34, 35, 
62, 63 and 86. The extra time was in­ 
corporated to facilitate resource 
scheduling Utilisation of an addi­ 
tional bore!' could result in a re­ 
arrangement of work eliminating six 
of the 'spare days and bringing the 
completion time back to day 97. The 
seventh day could also be eliminated 
by rearrangement of activity timing 
but the method shown provides con­ 
tinuity in activities such as 'regu­ 
late, transpose the tie in'. 
The resource 'Iinemen' has been 

considered as two groups Le, line­ 
men not in the camping party and 
linemen ii! the camping party. This 
was necessary because the camping 
party was to he established as one 
group and the non-camping men were 
to be provided from the Mackay line 
depot. The schedule has not produc­ 
ed a particularly even profile for the 
camping party but based on this 
information the project manager can 
make the necessary day to day ad­ 
justments to ensure a uniform and 
continuous work load e.g. 21 camp 
linemen are shown to be required on 
day 55 because of an overlap of one 
day of activities 68-70 requiring 6 
linemen and activity 104-117 requiring 
4 linemen. A few alternatives could 
be adopted to reduce this level, they 
are:- 

(a) Relocate the activities within 
their float time. 

(b) Split one or both of the activ­ 
ities causing the peak. 

(c) Vary an activity time and its 
resources. 

In an attempt to predict the extent 
of engineering effort required to plan 
and control the project, the resource 
'engineer time' has been included. 
The method of calculating this re­ 
source was possibly a little unortho­ 
dox but resulted in an indication of 
the volume and distribution of en­ 
gineering effort to be provided 
throughout the project. The method 
employed was simply to estimate the 
man hours of engineers time for each 
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activity and enter the figure as a frac­ 
tion of a. day below its activity on 
the schedule. The schedule was sub­ 
divided into units of 20 working days 
and all entries within each period 
totalled to produce a man hour re­ 
quirement for each of the periods. 
The times were not intended as 
standards but assessed by the divi­ 
sion to be a reasonable representation 
of the time and effort to be allocated 
to this particular project. The levels 
of each resource for each day of the 
project can be taken directly from 
the figures at the foot of the sched­ 
ule in Fig. 5. 
While it was anticipated that wet 

weather would interfere with pro­ 
gress it has not been accounted for 
either in the activity times or the 
schedule although the seven spare 
days could be useful in the event of 
unforeseen circumstances. When 
weather conditions affect the pro­ 
ject, it wiH be necessary to decide 
whether to extend the final date to 
take account of the delay or to re­ 
schedule the remainder of the project 
in an attempt to achieve the original 
completion date. In the latter case 
an increased number of resources 
will almost certainly be required if, 
on further analysis of the remainder 
of the project, activities could he 
shortened or rearranged to produce 
a new critical path which confirmed 
that the original completion date was 
still a realistic target. 

INFORMATION GAINED BY THE 
EXERCISE 

and the resources for each activ­ 
ity. 

The level of each type of resource 
required for each day of the pro­ 
ject. 

A mechanical aids programme for 
the project. 

The schedule provides an excellent 
aid to project control and can be re­ 
vised quickly in the light of changed 
conditions or variations in the rate 
of progress. Variations are expected 
to occur because the times used were 
mainly estimated and changes in the 
plans of any of the other divisions 
or outside organisations could affect 
this project. The project has, how­ 
ever, been carefully analysed and laid 
out so that the effect of changed con­ 
ditions can quickly be assessed by 
the project manager and the wisest 
decision made regarding future action. 

PROGRESS REPORT 

This paper would not be complete 
without a progress report. The ob­ 
jective of the exercise was to co­ 
ordinate the resources of several de­ 
partmental specialist divisions and 
outside contractors to provide a com­ 
munication service to the new min­ 
ing area early in 1971. After the first 
two weeks of operation the Divi­ 
sional Engineer, Mackay, has offered 
the following facts which have 
emerged to highlight the value of 
the PERT method of project plan­ 
ning:- 

(a) The network and schedule 
clearly presented the project 
manager's thoughts and pro­ 
jeer complexity thereby en­ 
abling him to evaluate his 
plans and extract from the 
schedule essential data to en­ 
sure adequate co-ordination. 
He is confident at this stage 
that the completion target 
will be achieved. 

(b) Copies of the schedule (Fig. 5,) 
have been forwarded with a 
covering memorandum to each 
of the three specialist divisions. 
namely Long Line Equipment 
Installation, Bearer Utilisation 
No. 2, and Country Equip­ 
ment Installation No. 2 show­ 
ing their involvement and re­ 
questing confirmation of the 
target dates associated with 
their work. Confirmation has 
been given and the divisions 
expressed pleasure at receiving 
information in this form, 

(c) Written advice has been for­ 
warded to Utah Development 

From the schedule in Fig. 5 the 
f'ollcwlng information was available: 

A clear presentation of all neces­ 
sary activities. 

Logical relationship of all activities. 
Completion times of phases of the 

project and of the whole project. 
From this target dates could be 
given to other divisions and or­ 
ganisations. 

Latest allowable dates for the re­ 
ceip': of planning and design in­ 
formation. 

Latest allowable dates for the de­ 
livery of material and equipment 
to the work site. 

Required time for the delivery of 
buildings to their site. 

Critical activities. 
The priority to be given to non­ 

critical activities. 
The range of times between which 
any activity must be undertaken 
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Company stating acceptable 
dates for commissioning and 
cutover of the PABX · and 
construction of the road to 
Peak Downs and erection of 
the Peak Downs Building. If 
the Company fails to meet the 
specified dates the project com­ 
pletion will be delayed. 

(d) The Lands Department sur­ 
veyor at Moranbah did not 
have the CAX site on his list. 
As the CAX was on the 
critical path, pressure has 

· been exerted to quickly rec­ 
tifv this omission. 

(e) Arrangements have been made 
with the Regional Electricity 
Board to ensure a co-ordinated 
effort. 

(f) Utah have been given dates 
for the completion of the 
trenching and conduit instal­ 
lation at Goonyella. 

(g) Difficulty was experienced in 
procuring poles but this has 
been overcome. The latest al­ 
lowable supply date was known 
from the schedule. 

(h) The supply of caravans has 
been arranged with units being 
made available by two other 
divisions and local hiring. The 
latest allowable supply date 
was shown on the schedule. 

(i) Limited staff availability pre­ 
sented a problem at the time 
required for activities 27-160 
'test cable, install Zl2N hous­ 
ings' and 160-30 'final test'. 
With the knowledge that work 
could not be allowed to slip 
behind on this path, alternative 
arrangements ware made. 

The amount of time allocated to 
the resource 'engineer time' was 
proving to be inadequate as 117 hours 
were required during the initial two 
weeks compared with 144 hours an­ 
ticipated for the first 20 working 
days. 
It is emphasised that having pre­ 

pared a network and schedule for a 
project, it cannot be accepted as final. 
It represents a plan of action in­ 
fluenced bv known circumstances at 
the time ,) planning. To gain most 
from a schedule, the project manager 
uses it as a starting point and makes 
modifications where and when he 
sees that it is advantageous to do so. 
Numerous minor changes can be in­ 
corporate::! without the necessity of 
redrawing the schedule but in the 
event of a major setback, redrawing 
may be necessary. 



140 THE TELECOMMUNICATION JOURNAL OF AUSTRALIA June, 1971 

CONCLUSIONS 

The value of PERT has been 
proved beyond any doubt in fields 
such as equipment installations but 
very limited use has been made of 
the technique as an aid in the exter­ 
nal plant field as a co-ordinating aid 
where the activities of several divi­ 
sions and possibly outside organisa­ 
tions are involved. This paper demon­ 
strates the application of PERT to 
a project requiring both external plant 
work and co-ordination of the activ­ 
ities of other divisions and organisa­ 
tions to meet a common objective. 

It is not suggested that the break-up 
of activities or the times used are 
appropriate to other projects but the 
technique and this method of analy­ 
sis and presentation are applicable 
and provide project management per­ 
sonnel with better information re­ 
garding their project and potential 
trouble areas than any other tech­ 
nique available at this time. 
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TECHNICAL NEWS ITEM 

TROPOSPHERIC SCATTER 
RADIO SYSTEM 

The first Tropospheric Scatter Radio 
Relay System to be employed by the 
A.P.O. is currently being installed 
between Darwin and Gove in the 
Northern Territory by the contractors, 
N.E.C. Australia Pty, Ltd., to provide 
access to the A.P.O. trunk network 
for the Nabalco township at Gove. 
The system, providing an ultimate 

capacity of 120 voice channels, will 
have an installed cost of approximately 
$1.2M and is anticipated to be fully 
commissioned during December, 1971. 
A three-hop configuration has been 

chosen for the 650 kilometer path 
between Darwin and Gove, with re­ 
peater stations located at the Mun­ 
malary Homestead and Millingimbi 
Island. The system parameters are as 
follows:- 

(a) Frequency Band 2.5 GHz 
(b) Transmitter Power Output 1 

kilowatt 
(c) Free Space Antenna gains are 

45.7 dBi for 10 metre dishes and 
47.2 dBi for 12 metre dishes 
(the latter located at Mun- 

malary); these figures being re­ 
duced by 5 to 8 dBi per hop due 
to the "antenna to medium" 
coupling loss associated with 
tropospheric scatter propaga­ 
tion 

(d) Path attenuations (for 50% of 
time) vary from 213dB (183 km 
hop) to 221 dB (259 km hop) 

(e) Frequency and space diversity 
are used, requiring four 12 
metre and eight 10 metre dishes 

(f) Receivers employ low noise 
(better than 2.5 dB noise figure) 
parametric amplifiers and will 
operate down to an input level 
of -110 dBm for a signal to 
noise ratio of 25 dB. The S/N 
ratio for the overall system will 
be better than 39.8 dB for 
99.99% of the time. 

The system will operate to C.C.I.R. 
Recommendations and is thus suitable 
for operation into the A.P.O. and in­ 
ternational networks. 

Due to the difficulties anticipated in 
gaining regular site access to the re­ 
peater stations, special arrangements 
regarding supervisory, control and 

maintenance are being implemented. 
Power supplies present a difficult pro­ 
blem and the solution adopted is to 
provide three diesel alternator sets 
(each 35 kVA) at Munmalary with 6 
months fuel supply, two similar sets 
at Millingimbi backing up the Mission 
power station, and electric motor 
alternators at Gove to stabilise line 
fluctuations on the available mains 
supply. 

Supervisory and control is carried 
out via sub-baseband channels from 
the control centre located at the 
Darwin Troposcatter Terminal. Ar­ 
rangements have been made with 
N.E.C. to provide "plug-in" mainten­ 
ance units in specially designed transit 
cases, each coded in accordance with 
the supervisory indication, so that 
only minimum time delays will be 
incurred in transporting (by light 
aircraft if possible) the spare units 
to site in the event of equipment fail­ 
ure. The use of quadruple diversity 
provides a substantial advantage from 
the maintenance viewpoint. It will re­ 
quire a catastrophic failure of working 
equipment to render the system un­ 
useable for traffic. 
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THE APPLICATION AND METHOD OF MEASURING GROUP DELAY 
G. B. Read, B.E., Grad.I.E. Aust.* 

INTRODUCTION 

Until the last few years the demand 
on the Australian Post Office telecom­ 
munications network has been for 
telephone, telegraph and television 
services. At the present time a pro­ 
jection of trends indicates that within 
ten years possibly 50% of the network 
will be used for the transmission of 
digital signals. Because of the high 
percentage of the band-width which 
ultimately will be occupied by such 
signals the overall loading of broad­ 
band systems must be taken into ac­ 
count, and consequently the level of 
the data signal. In order to maintain a 
satisfactory margin between the data 
signal and both impulse noise and basic 
noise, the linear distortion of a data 
link must be tightly controlled. Group 
delay distortion is measured and, if 
necessary, equalised to ensure that the 
existing transmission equipment and 
physical lines will efficiently handle 
digital signals. (Ref. 1). Generally the 
individual group delay characteristic 
from filters, transformers, amplifiers, 
loading coils and line capacitance add 
systematically in a link. At present on 
the longer more complex links group 
delay distortion is measured so that 
the data link may be equalised to ob­ 
tain a flat group delay response over 
the required bandwidth. These 
measurements which require expensive 
instruments and skilled operators are 
at present justified by the inherent 
flexibility of the telecommunications 
network to provide service to cus­ 
tomers in almost any location. As the 
present transmission equipment was 
developed mainly for telephony there 
may be advantage in developing a com­ 
pletely separate transmission network 
in the future to carry the major part of 
the digital traffic. (Ref. 2). Group delay 
equalisation is used for data speeds 
greater than 600 bauds on voice band 
links, for 40.8 kilobits/sec data on a 
48 kHz link, and for newspaper fac­ 
simile transmission on a 240 kHz link. 

CARRIER FACILITIES 

Broadband line links (coaxial cable 
and radio) were introduced into the 
Australian network in 1959 and will 
soon connect all of the large population 
centres. The terminals of these broad­ 
band line links are connected to several 
stages of multiplexing equipment - 
which assembles voice bands in the fre­ 
quency range of 300 to 3400 Hz in 
blocks of twelve to form one basic 
*Mr Read is Engineer Class 3, Long Line 
Equipment, Headquarters. 
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group in the range 60 to 108 kHz; five 
of these groups are then assembled to 
form one basic supergroup in the 
range 312 to 552 kHz. Depending on 
the type of line link a total of 2 to 45 
supergroups can be transmitted, 
equivalent to 120 to 2700 voice chan­ 
nels. The single sideband multiplex­ 
ing equipment produces a line signal 
comprising a large number of voice 
band channels spaced at 4 kHz in­ 
tervals. Data modems have been de­ 
signed to operate on 2.4, 48 and 240 
kHz bandwidth links which utilize 
the present facilities and avoid most 
problems of compatibility with other 
services on the telecommunications 
network. 

Generally the group and supergroup 
modems are so designed that a band­ 
pass filter must be used when through 
connecting a basic group or basic 
supergroup between two separate line 
links; otherwise energy at the fre­ 
quencies of the adjacent groups or 
supergroups can leak between the two 
line links via the through connecting 
point. The filter in a voice band 
modem has a sharp attenuation 'cut­ 
off' characteristic and an additional 
band pass filter is not required when 
through connecting these modems. The 
group and supergroup modems pro­ 
duce negligible group delay distortion 
while voice band modems have signi­ 
ficant group delay distortion in the 
passband. 

It can be seen from the above that 
if all voice band modems, and through 
group filters, and through supergroup 
filters had a standard group delay 
characteristic the need for field 
measurements of overall delay 
distortion would be reduced con­ 
siderably. Planners would probably 
avoid allocating edge of band positions 
in certain instances; i.e., channels 1 
and 12 when a steep sided through 
group filter (T.G.F.) is used, or groups 
1 and 5 when a through supergroup 
filter (T.S.G.F.) is used, or supergroups 
situated near the lower and upper 
frequency edges of the broadband line 
link, as these may have excessive de­ 
lay distortion. There are two types of 
T.G.F.'s. A steep sided type for through 
group connection between group 
modems on broadband line links and 
a simplified filter used for through 
group connection of balanced cable or 
open wire carrier equipment to a 
broadband line link. 
If it is required to transmit at an in­ 

formation rate of 40.8 kilobits/ sec 
from Melbourne to Sydney a 48 kHz 
data link· would consist of frequency 

translating equipment on balanced 
cable pairs in Melbourne and Sydney, 
group connected at each end to a 
broadband system. In the link may 
be one steep-sided T.G.F. at the re­ 
ceiving terminal and at least one 
T.S.G.F. By using either group 2, 3 or 
4, delay distortion from the T.S.G.F. 
would be small and the overall delay 
distortion results from the T.G.F. and 
two, group band translating terminals. 

SUBSCRIBERS CABLE CIRCUITS 
The balanced cable pair which con­ 

nects the subscriber to the carrier 
equipment must be properly engineer­ 
ed to ensure a satisfactory link be­ 
tween the subscriber's transmit and 
receive modems. The cable pairs are 
prone to crosstalk and impulse noise, 
and co-ordination of levels and carrier 
equipment on the same cable is neces­ 
sary to avoid excessive interference; 
e.g., interference from a teleprinter 
service into a low level data link. 
Split pairs, bad jointing, incorrect 
lumped loading and poor terminations 
all contribute to the overall distortion 
and error rate. The first two affect the 
noise on a cable pair, and the others 
distort the frequency response produc­ 
ing unwanted echoes of the data signal. 

MEASUREMENT OF GROUP 
DELAY 

Although the time delay between the 
input and output waveform may be 
important when considering error de­ 
tection and correction, it is the dif­ 
ference in delay between the frequency 
components of a modulated signal 
which causes intersymbol interference 
and pulse distortion. This implies that 
it is only necessary for the phase 
shift characteristic to be linear in that 
part of the frequency spectrum con­ 
taining the carrier frequency and its 
significant sidebands. If there is no 
phase distortion, all the sidebands 
have zero delay with reference to the 
carrier, frequency and the group delay 
frequency response will be flat. 

The terms used are explained below 
with reference to Fig. 1. 

Phase delay (absolute time delay of 
a single frequency) is given by 0c/ 
fc, where 0 is the phase shift in 
cycles and f the frequency in hertz. 
If the angle of intercept (A) is 

neither zero nor a multiple of ± 1800, 
or the phase response is not linear (as 
shown) a baseband signal (unmodulat­ 
ed components from d.c. upwards) will 
be distorted. By using a modulated 
signal the zero reference is shifted to 
the carrier frequency (f0) and the 
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problem of zero intercept is removed. 
The delay of a sideband of a 

modulater signal with reference to 
the carrier frequency is called­ 

Sideband Delay = (0,- 00)/(f, -f0) 
Generally this is not measured but 

is deduced from measurements of en­ 
velope delay which gives an average 
measurement of delay over a frequency 
bandwidth equivalent to twice the 
modulating frequency. 
Envelope Delay= (01-02)/(f1-f2) 
In the limiting case when the fre­ 

quency increment f is much smaller 
than f0 (6f-+O) envelope delay is 
termed group delay. 

Group Delay = d0/ df = r 
The difference in phase delay be­ 

tween two frequencies (usually called 
sideband delay) can be found by integ­ 
rating the group delay frequency res­ 
ponse between those two frequencies. 
0 = J rdf + A (Angle of intercept) 
The value of A is lost in the process 

of measuring (differentiating) the slope 
of the phase response. Fortunately this 
is only of concern when using a base­ 
band system. 

It is not possible to measure the 
phase response of a data link in Aus­ 
tralia as the carrier frequency supplies 
are not phase locked and are usually 
not frequency synchronised. For this 
reason group delay is measured and 
it also has the advantage of being able 
to be measured between remote loca­ 
tions. Group delay is thus a derived 
term used by sheer necessity for the 
measurement of a particular link 
characteristic to design and adjust de­ 
lay (phase) equalisers. 
When measuring group delay be­ 

tween remote localities only the dis­ 
tortion can be measured; i.e., group 
delay is measured with reference to 
that existing at a particular frequency 
in the band: 

't"rel = (6 0m- 6 0,er)/ 6f 
Where i-,01 is the group delay dis­ 

tortion and 0m and 0,er are the phase 
increments over a frequency increment 
L:;f at the measuring frequency and 
the reference frequency, respectively. 
This means that besides losing the 

angle of intercept, also a measure of 
absolute delay is lost which is usually 
of no consequence. When the trans­ 
mitter and receiver are located to­ 
gether 60 ref can in effect be made 
equal to zero and thus enable 
absolute group delay to be measured. 
Group delay is normally measured by 

using a narrow band amplitude 
modulated carrier signal and measur­ 
ing the· delay of its envelope relative 
to the envelope of a reference carrier 
frequency. For measuring purposes 
envelope and group delay are 
synonymous when the modulating fre­ 
quency is much smaller than the car­ 
rier frequency. Under these conditions 
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Fig. 1.-Phase/Frequency Response 

f0 is carrier frequency 
00 is phase shift at fequency f0 
f, and 0, relate to the sideband of a modulated signal 
f1 and f2 are the line frequencies of the modulated 
signal used toJ measure envelope delay 
A is the angle of intercept 

Fig. 2.-Resolution of Group Delay Distortion 

Average group delay = ( 0' - 0")/2f m 

f m is the modulation frequency 
0' and 0" are the phase shifts at (f0 + f m) and 
(fc - f m) respectively 

SHADED SECTION 
ABOVE & BELOW , 
THE LINE JOINING 
MEASURING 
POINTS IS NOT 
RESOLVED. 

f c-fm fc fc+fm 
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the delays of the upper and lower side­ 
bands relative to the carrier are almost 
equal; i.e., the phase frequency res­ 
ponse over a sufficiently small fre­ 
quency increment is linear. 

There are two practical methods of 
synchronising the send and receive 
units for measuring group delay be­ 
tween two remote locations. The first 
is to use two highly stable oscillators 
and synchronise them prior to carrying 
out measurements; and secondly to 
add extra information to the test signal 
which will synchronise the two oscil­ 
lators at regular intervals. 

Group delay is actually measured 
over a finite bandwidth bringing in the 
further factor of frequency resolution 
which is directly determined by the 
modulating frequency. The larger the 
modulating frequency the more ac­ 
curate the resolution of delay distor­ 
tion but with a decreased frequency 
resolution. The only way to overcome 
this difficulty is to use a different 
modulating frequency for the various 
frequency ranges to obtain the requir­ 
ed resolution for both delay distortion 
and frequency. 
Fig. 2 shows a modulating frequency 

with an increment in the frequency 
band greater than the fine structure of 
the phase response. Consequently the 
measuring set only measures the aver­ 
age group delay over that frequency 
band and the actual phase ripple is 
not resolved. 

The accuracy of the measurement is 
also dependent on the sensitivity of 
the instrument to interference. The 
larger the modulating frequency the 
less sensitive the measurement is to 
interference from noise, spurious 
tones, phase jitter and hum modula­ 
tion, which is a further reason for not 
using a lower frequency than is neces­ 
sary to obtain the required frequency 
resolution in the range being measured. 

rier frequency as measurements at all 
other frequencies are referred to it. 
For very accurate measurements oc­ 
casional checks at the reference fre­ 
quency should be made and any drift 
in the reading corrected. The measur­ 
ing frequency is demodulated in the 
receiver and the phase shift encounter­ 
ed by the envelope with respect to 
the reference carrier frequency is mea­ 
sured by a zero crossing detector. 

In the other method a combination 
of signals conveys information to 
synchronise the receive oscillator to 
the transmit oscillator at regular inter­ 
vals. In the recommended set the trans­ 
mitter generates a reference frequency 
and a measuring frequency, and 
switches from one to the other at 4 Hz. 
This alternating signal is amplitude 
modulated at 40 Hz and for one cycle 
of the 40 Hz modulating frequency, 
during the transmission of the re­ 
ference frequency, a 160 Hz marker 
is added. The latter sets timing cir­ 
cuits in the receiver and switches 
through the measuring frequency for 
determining its frequency and group 
delay. Now a phase difference will be 
due to either drift between the trans­ 
mit and receive oscillators or a fre­ 
quency dependent phase variation of 
the link. By switching from reference 
frequency to measuring frequency at 
a 4 Hz rate there will be two distinct 
components at the output of the phase 
meter: a slow change due to drift 
between the oscillators and a faster 
change due to phase delay between 
the reference and measuring fre­ 
quencies of the link. The slow phase 
change is separated from the output of 
the phase meter and used to phase 
lock the receive oscillator; i.e., the re­ 
ceive oscillator is continuously ad­ 
justed to reduce any slow phase varia­ 
tion to zero. The output of the phase 
meter contains essentially the faster 

TABLE I : ACCURACY REQUIREMENTS 
Modulating 

Frequency range Accuracy Frequency 
(kHz) (v sees) (Hz) 

0.2 to 20 10 41.66 
20 to 600 1 416.6 

100 to 1400 0.01 20,000 

Table 1 shows the order of accuracy 
required for various frequency ranges 
and suggested modulating frequencies. 

In the method of long term 
synchronisation a reference carrier 
frequency in the middle of the pass­ 
band is transmitted and the modulating 
signal is used to synchronise the re­ 
ceive oscillator to the transmit oscilla­ 
tor by tuning the receive oscillator for 
a steady group delay reading at that 
frequency. This is the reference car- 
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(4 Hz switched) phase changes which 
are further processed to give a mea­ 
surement of the group delay of the 
link. 

DIFFICULTIES IN MEASURING 
GROUP DELAY 

Difficulties have been encountered in 
measuring group delay due to actual 
transmission impairments of the link 
being measured, and problems of the 
measuring technique. 

Transmission Impairments 
Noise, spurious signals, phase jitter, 

hum modulation, mismatch, incorrect 
termination and crosstalk can degrade 
the accuracy of the measurement. Al­ 
though these same impairments 
similarly effect a data signal they are 
nevertheless a handicap when dealing 
with group delay distortion on its 
own. Noise, spurious signals, phase 
jitter and hum modulation cause ran­ 
dom fluctuation in the group delay 
reading as the phase meter cannot 
determine whether it is measuring a 
phase change or interference. 

The interference from regular in­ 
band noise and spurious signals can 
generally be allowed for. Noise causes 
fluctuations across the whole band 
while a spurious signal will only cause 
interference when its frequency is less 
than 12 Hz different from the carrier 
frequency of the measuring signal. The 
measuring set used by the Department 
has a receiver bandwidth of 12 Hz and 
for a test signal level of O dBmO and 
weighted noise level of - 60 dBmOp 
the group delay reading fluctuates by 
approximately 4 microseconds peak 
to peak ( 4vs p-p) in a voice band and 
by 60 µs p-p in a basic supergroup 
band. A spurious signal 60 dB below 
the level of the carrier frequency used 
by the measuring set will cause 
fluctuations of 30 µs p-p. For every in­ 
crease in noise or spurious signal level 
by 20 dB the amplitude of the fluctua­ 
tion increases by a factor of 10 times. 

Hum modulation has been found to 
originate on some old carrier supplies, 
thus causing phase modulation on a 
signal transmitted through the link 
with 50 Hz components less than 60 dB 
below the signal level. This inter­ 
ference could result in a random 
fluctuation across the band with an 
amplitude of up to 20 µs p-p. Depend­ 
ing on the type of modulation used, 
hum modulation may or may not de­ 
grade the data signal even though it 
affects the measurement of group 
delay. 

Many reports have been received of 
large fluctuations (from 100 µs to 1 
ms) occurring during group delay mea­ 
surements. This has not been fully ex­ 
plained but phase hits of the order of 
200 peak to peak can occur due to ir­ 
regular phase changes of the system's 
carrier supplies which produce low 
frequency sidebands of magnitude ap­ 
proximately 22 dB below the trans­ 
mitted signal. Phase jitter of this order 
could cause fluctuations of about 1 
ms p-p if one of the spurious com­ 
ponents has the same frequency as 
the modulating frequency used in the 
measuring set. 
Additional paths to the main signal 

resulting from mismatch, an incorrect 
termination or crosstalk can cause 
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fluctuations with a magnitude in 
milliseconds and must be eliminated 
before any meaningful measurements 
can be made. In the case of a mismatch 
in the link or incorrect termination at 
the transmitter or receiver the group 
delay frequency response may have 
a regular ripple. The frequency of the 
ripple is dependent on the location of 
the mismatches, and the amplitude of 
the ripple depends on their severity. In 
the case of crosstalk, the difference in 
time delay and frequency shift of the 
main and crosstalk paths, and the level 
of the crosstalk signal, will determine 
the type of interference. 

Measurement Technique 
A difficulty most probably common 

to all group delay measuring instru­ 
ments is intermodulation within the re­ 
ceiver. Referring back to the section 
on carrier facilities a voice band link 
has very little interference from fre­ 
quencies of the adjacent modems. In 
contrast the group and supergroup 
modems do not suppress the fre­ 
quencies from the adjacent modems 
as much and this has led to serious 
problems when measuring the group 
delay of these links. 
Measurements with white noise load­ 

ing have shown that intermodulation 
products corresponding to a level of 
aproximately 63 dB below the input 
wideband noise level affect the measur­ 
ing set receiver. The wideband energy 
(mostly out-of-band) intermodulates in 
the demodulator of the receiver and 
some of these products then randomly 
fall within the passband of the follow­ 
ing stages in the receiver causing inter­ 
ference. 
Without a receive band pass 

filter noise levels in excess of O dBmO 
can occur producing random fluctua­ 
tions greater than 10 µs p-p, This can 
be overcome by using a T.G.F. or 
T.S.G.F. and making allowance for the 
filter's group delay distortion, or by 
clearing traffic off the adjacent group 
or supergroup bands, or by doing the 
measurements when the traffic load is 
light. In the case of a voice band link 
a high pass filter to eliminate low fre­ 
quency components below 200 Hz and 
a low pass filter to block carrier leaks 
from the modems should be used. 

CHOICE OF SYNCHRONISATION 
METHOD 

For measurements on voice band 
links the synchronising of oscillators 
prior to measurement and automatic 
synchronisation, are both satisfactory. 
The technique used must take account 
of frequency resolution, group delay 
resolution and sensitivity to inter­ 
ference. The overall accuracy under 
realistic field conditions is the sum 

of these parameters which will dictate 
the synchronisation method and the 
modulating frequency. By using a 
modulating frequency as large as 
allowable the problem of detecting a 
very small angular difference in phase 
shift in the presence of noise and other 
unwanted products is reduced. 
Generally it may be easier to achieve 
all these requirements in the voice 
and possibly the group band ranges 
by the manual synchronisation method 
prior to and during measurement. But 
for the supergroup and high fre­ 
quency bands the need for absolute 
stability between the send and receive 
modulating frequency oscillators 
would almost certainly demand syn­ 
chronisation at quite frequent inter­ 
vals. Any instability between the 
oscillators during a measuring period 
is interpreted as group delay. This can 
be eliminated by automatic continuous 
synchronisation or when doing discrete 
measurements, manually alternating 
between measuring and reference fre­ 
quencies and checking that the latter 
has not varied. On some links it is 
possible to maintain the group delay 
response by doing a loop measurement 
of the two directions of transmission 
and obviate the problem of stability. 

HIGH SPEED NEWSPAPER 
FACSIMILE SYSTEMS 

At present in Australia there are 
three links with a bandwidth of 240 
kHz over which newspapers are trans­ 
mitted at a very high speed. Nation­ 
wide News transmit the "Australian" 
from Sydney to both Brisbane and 
Melbourne, and John Fairfax transmit 
the "Financial Review" from Sydney 
to Melbourne. 
The facsimile equipment makes use 

of the basic supergroup band, 312 
to 552 kHz. It has a carrier fre­ 
quency of 500 kHz and uses vesti­ 
gial sideband modulation with two 
levels to convey information that the 
spot being scanned is either black or 
white. 
There are no greys and the facsimile 

system can be likened to a binary non­ 
synchronous data set. A non­ 
synchronous detection gives it the 
freedom to send transitions at any 
arbitrary time which are not neces­ 
sarily spaced at multiples of a uni­ 
form time interval. It is vital that the 
rotating transmit and receive drums 
are locked together in speed and posi­ 
tion. Because of their mechanical in­ 
ertia they are locked in speed by 
synchronising a transmit and receive 
9.6 kHz oscillator with a 600 Hz 
signal transmitted by amplitude 
modulating a 320 kHz pilot, and locked 
in position by comparing phasing 

pulses generated by each drum. The 
pilot, 10 dB below the carrier level, is 
also used to regulate the level of the 
received signal. 
The facsimile system can resolve 

fine grained dots and transmit the 
equivalent of 330 kilobits per second 
over a deiay equalized supergroup 
link with linear distortion less than 2 
dB and 8 µs from 328 to 532 kHz. These 
limits control the tolerance margin 
the signal has to impulse and basic 
noise, and spurious signals. It also de­ 
termines the distortion observed on a 
pulse transmitted through the system. 

False triggering produced by noise, 
interference between pulses and pulse 
shape distortion will cause 'errors' at 
the facsimile receiver. These 'errors' 
are generally only noticeable on half 
tone pictures where regular errors can 
produce moire patterns. Waveform 
distortion may alter the size of the 
pulses and change the ratio of the 
lengths of a series of alternate black 
and white dots which has the effect 
of making a page appear to have its 
highlights either darkened or subdued 
depending on the black/white ratio 
and the modulation polarity. 

By making very efficient use of the 
240 kHz bandwidth with a VSB signal 
the facsimile equipment can transmit 
a copy of one page to a distant city 
in three minutes. It has a fine resolu­ 
tion to cater for high quality half 
tone pictures having elements of ex­ 
ternal dimensions 3 thousandths of an 
inch (i.e., 9 µs at a drum speed of 
3000 r.p.m.) which can be transmitted 
with little distortion. Although smaller 
elements can be transmitted pulse dis­ 
tortion starts to be significant due to 
band limiting of the facsimile equip­ 
ment and the supergroup link. 

For the initial facsimile links high 
quality measuring equipment was 
necessary to measure the group delay 
distortion of the link and components. 
From these measurements delay 
equalisers were designed and built 
which are now standard. All that is 
required is that a check be made of 
the delay distortion of the link after 
the equalisers have been installed. An 
eight section equaliser is used for one 
T.S.G.F. and a 12 section equaliser for 
each pair of tandem T.S.G.F.'s (See 
Fig. 3). It has been found that 
generally broadband line links, super­ 
group modems and coaxial cable end 
sections (operating at 312 to 552 kHz) 
contribute negligible group delay dis­ 
tortion. The most important factor in 
facsimile transmission is the group 
delay (coming from the T.S.G.F.'s) of 
the lower frequency components; i.e., 
equalisation of the band 500 ± 30 kHz 
to a limit of 3µs. Although this limit 
was generally obtained for a larger 
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range (328 to 532 kHz) subsequent 
tests showed that it is not as critical 
below 470 kHz and the limit could in 
fact be allowed to gradually widen 
over the frequency range 470 to 328 
kHz with only a small increase in the 
distortion of the finer elements. 

FUTURE DIGITAL NETWORKS 

For a digital system comprising a 
transmission line and a modem to 
operate successfully the interface be­ 
tween the two must be compatible. 

One of the more important criteria 
is the group delay distortion of the 

data link which may have to be 
measured, equalised and maintained 
under field conditions. For the sake 
of expediency it would be desirable 
if objectives for group delay distortion 
were set, such that, say, 90% of all 
data links could be provided without 
the need for special delay equalisation 
and delay distortion measurements. 
With carrier systems properly planned 
and specified it should be possible to 
provide standard links suitable for 
digital transmission. Even so, delay 
equalisation of special quality links 
could be quite elaborate and for this 
reason alone the development of suit- 

able measuring equipment tailored for 
the various frequency ranges and field 
conditions is a definite requirement 
for the communications industry. 
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THE COMMISSIONING AND MAINTENANCE OF ARM EXCHANGES (Part 1) 
C. E F. FLETCHER, A.R.M.I.T. * and E. A. LIUBINAS, A.R.M.I.T., M.I.E. (Aust.)** 

INTRODUCTION. 
The development of the subscriber 

trunk dialling network envisages the 
establishment of some 50 L. M. Erics­ 
son ARM exchanges at the secondary 
and higher switching centres in the 
Commonwealth. 
The relatively high order of com­ 

plexity of the ARM system makes 
fault location difficult under service 
conditions. It is, therefore, desirable 
that the installation testing prior to 
the commissioning of the ARM be 
integrated with the maintenance 
testing to follow, so that no areas 
remain untested and there is a mini­ 
mum overlap of effort. 

This article shows the boundaries 
between the testing efforts of the 
installation and maintenance groups 
based on the experience gained at the 
North Melbourne ARM. New test sets, 
test aids and testing methods are dis­ 
cussed under the following headings:­ 
PART 1: 

Common Control Equipment and 
Switching Stages. 

Registers and Analysers. 
PART 2: 
Incoming Circuits and Tariff Equip­ 
ment. 

Outgoing Circuits. 
PART 3: 
A Maintenance Plan for ARM Ex­ 

changes. 
Summary of Maintenance Experience 
at North Melbourne ARM. 

The complete article wlll appear in 
three parts as shown in this and two 
subsequent issues of the journal. 

The discussion of the testing 
methods does not deal with the early 
stages of the installation testing as 
prescribed in the ARM installation test 
instructions issued by Headquarters. 
This area covers wire testing, elec­ 
trical push-up tests, etc., an example 
of which is shown in Fig. 1, and pre­ 
cedes the functional testing discussed 
in this article. 

THE COMMON CONTROL EQUIP­ 
MENT AND SWITCHING STAGES. 

As can be seen from Fig. 2, the 
internal switching machine of an ARM 
20 comprises the switching stages (GI, 
GU) organised in 200 line groups, 
Route marker connectors (RM), Route 

* Mr. Fletcher was Engineer Class 2, Trunk 
Service, Victoria, and is now with L. M. 
Ericsson Pty, Ltd. See Vol. 15, No. 1, 
Page 82. 

** Mr. Liubinas was Engineer Class 2, Metro. 
Exchange Installation, Victoria and is now 
with L. M. Ericsson Pty. Ltd. 
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Test Out - Program 
1. Operate manually relays IS1 and US1 in marker 1. Relays 1-14 Ml1 and 1-8 

MU1 in the MGI, MGU racks corresponding to the marker and 200 group should 
operate as soon as R1 in marker is operated. 

2. Check all IS-US combinations (181 with all US relays etc.) and observe that 
corresponding Ml and MU relays operate. 

3. Repeat tests 1 and 2 from all markers. 
Marker 1 operates Ml1 and MU1 
Marker 2 operates MJ2· and MU2 
Marker 3 operates Ml3 and MU3 
Marker 4 operates Ml4 and MU4 
Marker 5 operates Ml5 and MU5 
Marker 6 operates Ml6 and MU6 
Marker 7 operates Ml7 and MU? 
Marker 8 operates Ml8 and MUS 
Marker 9· operates Ml9 and MU9 
Marker 10 operates M110 and MU10. 

Fig. 1. - Operation of Ml and MU Relays. 

Markers (VM), Markers (M), Test 
Blocks (TB) and free line indicating 
equipment (VL). 

Fig 2 also shows the various strap­ 
ping and jumpering areas in the com­ 
mon equipment, together with the 
various tests performed at installation. 
It is important that before any func­ 
tional tests are carried out on the 
Common Control Equipment, the Cen­ 
tralograph (Cph) equipment should be 
fully operational, with typical tests 
described later. 

Link Tester. 
The most important installation test­ 

ing aid for the ARM switching stages 

is the link tester. This device was 
initially designed by the staff of L.M. 
Ericsson Pty. Ltd. and was further 
developed by installation staffs in 
South Australia and Victoria. The 
tester can set up and hold up to 20 
simultaneous calls from FIR rack posi­ 
tions to FUR rack positions with the 
aid of the common control equipment. 
Fig. 3 shows the connection of the 

link tester and the strapping and [um­ 
pering required for the link test. 
The Link Test. - The prime purpose 

of the link test is to set up a call via 
each GIB to GUB link and to test 
these for continuity and absence of 
foreign potentials or transpositions. 

FLETCHER & LIUBINAS - ARM Exchange Commissioning 
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Fig. 2. - ARM Common Control Equipment. 
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1/c 200 LINE GPS O/G 200 LINE GPS 
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15 FUR 
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RUNS 21-40 
15 FIR 
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No. OF CALLS PER RUN = 2 X 15 = 30 CALLS 
TOTAL No. OF CALLS= 400X30 = 12000 CALLS. 

LINK TESTER 

Fig. 4. - Link Testing. 
\ 

The FIR to GIA links are adequately 
tested by functional tests performed 
on FIR's, as will be seen later. The 
GIA to GIB, and GUB to GUA, links 
are all tested with 95 per cent. cer­ 
tainty, as approximately 600 calls are 
set up via each 200-line group and 
there are only 200 GIA to GIB and 
GUB to GUA links per 200 group .. 
Fig. 4 shows the test runs (400) 

required to completely test the links 
between each of 200 i/c and o/g 200 
groups, with 15 links in each case. 

The total number of calls involved is 
12,000 and the only links not ade­ 
quately tested are the GUA to FUR 
connections. These will be tested in 
the following series of runs, i.e., the 
route test programme. As can be 
seen from Fig. 4, the connections be­ 
tween two particular 200-line groups 
are tested during each run. As the 
outgoing stage number is transferred 
to the marker from the test block (VIR 
relay), it is only necessary to fully 
strap and jumper one outgoing route 

ALL FUR'S ON RTE. N',> f _ RUN Nq 1 

RUl~S 1~200 20 FIR POSITIONS 

VM 

- "IRUNl fRUN2 
l1srcODEl2NDCODE 

' ' 
IRUN200 
12QQT~CODE L__, 

EACH RUN CONSISTS OF 4 TEST CYCLES MIN. 
N'i' OF CALLS PER RUN=4X20=80CALLS 
TOTAL N'.' _OF CALLS= 20_Q_X80=t6000CALLS 

LINK TESTER 

Fig. 5. - Route Test with Link Tester. 

with one circuit per selected test block 
per outgoing 200-line group. 
For additional links only FUR to 

GUA jumpering is required in each 
o/g 200-line group, as each connection 
in this 200 group is set up utilising the 
path of FUR 21 built into the link 
tester. 

The Route Test. - For this test all 
jumpering and strapping except FIR­ 
GIA connections and charging must 
be completed. 
Fig. 5 shows the method of calling 

from 20 FIR positions to every outlet 
on all available routes. In our ex­ 
ample, if their are 200 routes and 4 test 
cycles are carried out in each run. 
some 16,000 calls are put through the 
exchange during this programme. This 
to FUR. connections, the functions of 
VM, M, TB, and VL. To adequately 
test all common control devices a per­ 
test checks, in addition to all GUA 
centage of · all calls should be forced 
via each VM-M pair. During the 
course of this test as the fault inci­ 
dence diminishes, all M's and VM's are 
let in and the statistical meters are 
read to check the correct functioning 
of allotters and distributors. The 
few remaining common equipment 
faults are traced using Cph printouts. 
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Fig. 10. - ARM Link Tester. 
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The Operation of the Link Tester. 
The link tester is first set to indicate 

'B' subs digits, 'A Subscribers' cate­ 
gory and incoming stage number, and 
is then connected up by plug-ended 
cables to selected FIR',s, FUR's and the 
REG-Yl as shown in Fig. 6. 
When all the switches and keys on 

the link tester have been set and the 
tester connected to REG, FIR and FUR 
positions the start key is thrown and 
the connection through the ARM is 
set up as shown in Fig. 7 (for descrip­ 
tion of Fig. 7 see Ref. 1). 
After the connection has been estab­ 

lished, the al, b l , a2, b2 and c wire 
connections are tested for continuity 
and absence of foreign potentials (see 
Fig. 8). 

Fig. 9 shows the flow diagram of the 
link tester operation and also the 
indications received under various 
fault conditions. 

Fig. 10 shows the photograph of the 
link tester. The SO-point jacks con­ 
necting to FIR, FUR and REG connec­ 
tions can be clearly seen, as well as 
the various keys and rotary switches, 

The Centralograph. 
The ARM switching system is 

equipped with automatic print-out 
equipment, which will provide a 
printed record of the equipment in­ 
volved in an unsuccessful attempt to 
set up a connection. This equipment 
is known as the Centralograph and is 
connected to route markers, markers 
and test blocks. 
The Centralograph (Cph) is always 

called from the route marker if time 
supervision occurs there, or from the 
marker via the route marker if the 
failure is recognised in M. Fig. 11 
shows how 1RR6 relays in each of 
these devices originate the call to the 
Cph equipment. 

One Cph rack will serve 20 VM'·s 
so that a 4000/4000 exchange requires 
two Cph installations. The call to 
the Cph is identified in the relay set 
AK-VM, and the operation of one of 
the relays Al-A20 operates the con­ 
necting relays in VM-Cph. If the 
connection did not proceed further 
than the VM then only one line of in­ 
formation, namely the VM print-out, is 
recorded. If, however, the marker 
was called in, the Cph equipment for­ 
wards a negative to the VM which is 
transferred via the VM-M relay set, 
with relays 1RR6 and RRlO in the 
marker operated, to the M-Cph relay 
set to effect a connection between M 
and Cph. Similarly, a relay in the 
TB-Cph relay set is operated via the 
VM and VM-TB connection. Fig. 11 
also shows the information printed 
out for M and VM in the 20 columns 
of each line. A study of these will 

reveal that all relevant details of the 
failed connection are recorded, making 
fault location relatively simple. How­ 
ever, it should 'be understood that 
one individual print-out seldom leads 
to a particular fault condition, but 
rather that an analysis of a number of 
print-outs is necessary to locate the 
faulty equipment. 

It may be useful at this stage to 
describe the principle of the Cph equip­ 
ment. The printing unit (normally 
situated in the service control room) 
is associated with rack-mounted inter­ 
rogating equipment and prints lines of 
20 digits where each digit can take on 
the value 1-20 (1 to 0 and -1 to -0). 
The printer consists of 20 printing 

sub-units, each sub-unit consisting of 
a printing wheel which can be turned 
into one of 11 positions (home and 
digits 1 - 0). In the "home' position 
a separate lever is attached to print 
a 'dash' (-) to the left of where nor­ 
mally the figure would be printed. 
The digit wheel is stepped on by suc­ 
cessive energisation of the 'F' magnet 
connected to one of the wires 41-50. 
When the printing of the figure to 
which the wheel has been turned is 
required, the 'S' magnet is energised 
and the wheel is pressed against a 
typing ribbon and the paper. After 
this action, the wheel flicks back to 
the home position. 

If the 'S' magnet is energised with 
the wheel in the home position a 
'dash' is printed. The survey in Fig. 
12 shows in principle how the follow­ 
ing is printed:- 

Digit 1 on wheel No. 1. 
Digit 5 on wheel No. 2. 
Digit -2(12) on wheel No. 19. 
Digit 5 on wheel No. 20. 
These figures were chosen for sim­ 

plicity and do not necessarily form 
part of a normal VM print-out. For 
the •same reason TB and M information 
has been omitted. 

In the VM, as well as in M and TB, 
there are certain relays provided with 
contacts specifically for the Cph, 
When a time-out occurs, these relays 
will either be operated or will have 
failed to operate, depending on which 
function was disturbed, causing the 
'time out.' 
These special contacts connect the 

pulse leads 41-50 to leads 21-40 (F 
magnets) as required. Other contacts 
may connect + ve to leads 1-20 to 
effect a 'dash' print if the digit lies 
in the range 11-20. The reliability 
of Cph print-outs is of great import­ 
ance to both installation and service 
staffs. To ensure this, functional tests 
on Cph connections should be carried 
out at a very early stage of the in­ 
stallation (see Ref. 2). 

Fig. 13 illustrates how routing digits 
1-5 are displayed on columns 5-9 in the 
VM line. To test this function one 
should proceed as follows:- 
Pre-operate relays Slll, S121, etc., 

to S151 by operating appropriate relays 
in the KM R/S in VM No. 1. 

Operate 1RR6 in VMR, which will 
cause a VM registration on the Cph. 
The registration should be:- 

column I 2 I 5 I 6 I 7 I s I 9 
----1--1-1--1-1-1~ 
Reg'n I 1 I 1 I 1 I 1 I 1 I 1 
------1-1-1-1-l_l'-- 

Pre-operate relays Sll2, Sl22, etc., 
to Sl52 and repeat (b). 
Registration should be:- 

I 2 I 5 I 6 I 7 I s I 9 
----l-1-l-1-1-1- 

1 1 I 2 , 2 I 2 I 2 I 2 
------1-1-1--1--1-l- 

This procedure is continued until 
S110, Sl20, etc., to S150 have been 
operated and checked for correct re­ 
gistration. 
Repeat steps (a)-(f) on VM No. 2. 

The first registration should be:- 
1-1-1-1-1-r-- 

column I 2 I 5 I 6 I 7 I 8 I 9 
----1--1-1-1-1-l'-- 
Reg'n I 2 I 1 I 1 I 1 I 1 I 1 

Column 

Reg'n 

The procedure is continued until all 
digit registrations in all VM's have 
been tested. 
As mentioned earlier, a single Cph 

print-out rarely leads directly to the 
cause of the fault. A number of 
prints, when analysed, combine to form 
a pattern showing the faulty piece of 
equipment by repetition of certain 
figures. An example of such an 
analysis is given below. Position No. 
20 in both lines reveals the particular 
disturbed function by means of an ap­ 
propriate code, while all the other 
positions detail the equipment in­ 
volved. It is, therefore, reasonable 
to group together prints containing 
the same fault code, i.e., the same 
figure in position 20. Maintenance 
staff at Haymarket ARM in Sydney 
developed an analysis pro forma which 
is now generally used. One such pro 
forma is made out for each fault code 
and prints are entered thereon as they 
occur. 
The sample analysis given below con­ 

cerns the M 9 print, which is the most 
frequently encountered type of print. 
The M-9 print is given when the final 
act in establishing the connection be­ 
tween FIR and FUR, i.e., the 'C' wire 
control test, is not successful. The 
'C' wire control test is carried out as 
follows: see Fig. 14. 
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When all the relevant verticals in 
the switching stages have operated, the 
marker connects R22 in series with 
F12 in the FUR. Fl2 and R22 operate 
and Fl2 connects positive to the 'C' 
wire in the FUR. This potential should 
hold the switching stages, operate Fl 
in the FIR and be extended via the 
register and VM to operate 1R4 in the 
marker. 1R4 releases F12 in the FUR 
and connects the low resistance wind­ 
ing of 1R5 in series with 1R4. F12 
disconnects the positive from the 'C' 
wire but 1R5 will hold the switching 
stages and operate in series with the 
vertical magnets. The operation of 
1R5 signals a successful connection 
to the register via wire 47, which in 
turn releases the common equipment 
(VM, M and TB) and holds the con­ 
nection via 1R23 operated. Two con­ 
ditions are thus checked: 
An open 'C' wire prevents 1R4 from 

operating, and 
A permanent positive potential on 

the 'C' wire prevents 1R5 from operat­ 
ing. 
Failure of either or both of these 

relays to operate causes the M-9 print 
Table I contains some Cph prints 

(M fault code No. 9) spread over three 
days. The sheet contains six prints 
identified as prints 1-6, which form a 
pattern. 
Fig. 15 shows the grouping plan of 

the incoming and outgoing stage in 
which the particular failures are oc­ 
curring. The verticals, as far as they 
are identifiable, are also marked. The 

analysis is carried out in steps as fol­ 
lows:- 

Step 1. - Attention is first brought 
to the fault by the repetition of 9 
prints from I/C group 1 to O/G group 
5. 

Step 2. - An obvious pattern is 
that I/C group 1 GIB RKl Vertical 3 
is used on each call to O/G group 5 
(prints 1 to 6). 

Step 3. - A general look at these 
6 prints reveals: 
A different FIR used on each call. 
A different FUR used during each 

call. 
Either GIA, RKl or RK2 are used 
and always an odd switch using 
Verticals 7 and 8. 
(Vert. 7 prints 3 and 4.) 
(Vert. 8 prints 1, 2, 5 and 6.) 
This indicates that the GIB RKl, 
Vertical 3, is in Switch 4. 

The GUB rack, Switch and Vertical 
can now be found from the 'Link' 
charts. 

The fault occurred when either HA 
or HB was used from this GIB 
vertical, and also occurred when 
any Hl to Hl0 was switched on it. 

Similar analysis is used for the GUE 
Vertical. 

Step 4. - Fault is centred on the 
GIB and GUB Verticals themselves. 

Electrical test should be carried out 
to prove the GIB and GUB verti­ 
cals will operate in parallel, and 
will hold to a +ve on the 'c' wire. 

Check spring-lift by operating the 
verticals with- 

(i) HA-Hl op. 
(ii) HB-Hl op. 
(iii) HA-Hl0 op. 
(iv) HB-Hl0 op. 

Step 5. - The fault was GUB Verti­ 
cals HA/HB operating finger jammed 
and therefore inoperative. 

The Centralograph is one of the most 
effective and important service and 
installation aids in the ARM system. 
However, its effectiveness is seriously 
impaired if the exchange is operating at 
too high a fault level, because analysis 
becomes extremely difficult as dif­ 
ferent faults may cause similar pat­ 
terns, and efficient testing at the 
installation stage is therefore essential 
to prevent such a disastrous condition 
from arising. 

Strapping Testers. 
As indicated in Fig. 2, the route mar­ 

ker contains two important and com­ 
plex strapping areas: 

Routing analysis in 'S' relay sets, 
together with signalling mode and 
starting point strappings in the VR 
relay sets. 

Charging analysis in the 'S' (charg­ 
ing) and the SAN relay sets. 
Installation staff at Haymarket ARM 

developed strapping testers for these 
strappings, which were further im­ 
proved by installation staff in Mel­ 
bourne. 
Fig. 16 shows, in principle, how the 

routing strappings in a new VM rack 
are tested. The principle of all strap­ 
ping testers is the same, i.e., digit and 
other information is transmitted to 
the analysis relay sets and the re­ 
sultant signals are observed and 
checked for correctness. On the VM 
rack spare jack places 30 and 53 are 
specially wired to accommodate this 
tester. After connection to the VM 
rack the testing officer sets the digit 
switches 1-5 and the 'O' - 'not 0 
switch to the code to be tested, the 
route choice switch to the appropriate 
route choice number and operates 
KTT. The 'S' relays will now be ope­ 
rated from negative potential behind 
KTT and the VR relays of the various 
choices will operate. The testing 
officer checks by observation that the 
correct VR relays operate. Depend­ 
ing on the route choice a particular 
I relay operates which signals to the 
ZN relays in the tester, the signalling 
mode, starting point and amplifier in­ 
formation. The ZN relays de-code 
this information and display it on 
lamps. Comparison between the lit 
lamps and the information contained 
in the routing chart can now be made 
to verify the correctness of strappings. 
To check charge strappings the process 
is similar, except that the 'O' - 'Not O' 
switch is set to contacts 3 or 4 and not 

:;', '. '' ,:,· -,. . ' · .. ·- '. . ' ' .· '·' '' . '' '··. ,- __ ', .. - ·;-_,, \ .-~} :·_\ - 
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Fig. 16. - Checking of Routing Strappings in VM. 

contacts 1 or 2 as previously. The 
'Zone of Origin' switches must also 
be set to the appropriate ZOO marking. 
The charge rate, appropriate to the 
code and ZOO set, appears on lamps 
A-N and can be compared with the 
charge analysis sheets. - 

Fig. 17 shows a typical charge 
analysis sheet for the Lonsdale ARM. 
These sheets are produced as a joint 
effort between the Engineering and 
Telecommunications Divisions, and 
are individual to each exchange. 
Checking of the charge strappings by 
means of the tester against these 
sheets is facilitated by testing each 
particular code against all ZOO's start­ 
ing from 1 to 24 in one code setting, 
which corresponds with the layout of 
the charging information sheet, 

Maintenance of Common Control 
Equipment. 

There are no specific routine tests 
performed on common control equip­ 
ment. Service staff rely here on the 
automatic surveillance of live traffic 
provided by the Cph Service Alarms 
and Statistical Meters as an efficient 
analysis of these indicators will reveal 
any plant fault very quickly. 

REGISTER AND ANALYSER 
EQUIPMENT. 

Fig. 19 shows a block schematic of 
the register complex and its associated 
equipment. Its functions are briefly: 

To store details of the wanted 'B' 
number, together with the 'Zone of 
Origin' number for charge analysis. 

Fig. 18 shows such a strapping To initiate the setting up of the con- 
tester in use on a VM rack. nection through the exchange, and 

FLETCHER & LIUBINAS - ARM Exchange Commissioning 

To forward signals to the next traf­ 
fic point as and if required. 

The Crossbar Switch (REG-KV). 
ARM registers are at times required 

to perform the 'Waiting place' func­ 
tion, i.e., to delay seizure forward until 
sufficient digits have been received if 
the call is to be routed to a X-bar 
terminal. If this rule is not adhered 
to, time-outs will occur in the terminal 
GV marker should the 'A' subscriber 
delay dialling the complete 'B' number. 
To carry out the 'waiting place' func­ 
tion the ARM register must be in­ 
formed of the length of the B number 
(NL) and the type of terminating 
exchange (T.O.T.E.), which it obtains 
from the analyser. Due to limited 
analysing capacity of the REG-KV, 
the register calls for an analyser at the 
reception of 5 digits at the latest, if 
required. Use is made of REG-KV 



158 THE TELECOMMUNICATION JOURNAL OF AUSTRALIA June, 1971 

2 
3 

4 

5 
6 

7 1 1 

7 1 2 
7 1 3 

7 1 4 

7 1 5 

7 1 6 

7 1 7 

7 1 8 

7 1 9 

7 1 0 

7 2 
7 3 

7 4 1 

7 4 2 
7 4 3 

7 4 4 

7 4 5 
7 4 I 
7 4 7 

7 4 8 

7 4 9 

7 4 0 

mewm 
SERVICE COD£ 

l 
) l flELBOURNE 

) 
) 
) 

WERRl8££ 
IIHITTLESEA 
SUWURY 

IHITTLESEA 
KAlkAllQ 

) 
) 
) 
) IHI Tll[SEA 
) 
) 
) 

) 
) CROYDON 

) 
) ICRRIBEE 

) 
) 
) 
) SUNBURY 
) 
J , 
) 
) l[RRIBEE 

SUNBURY 

L I l I L 

L I L I L 

l F F 
l A L 

L F f 
l A L 

L f A 

LIAIL 

LI L I L 

l If IF 

l If IF 

l If I F 

I 

• 

I 
F 
I 

F 

f 

• 
l If IF l,....l..,...1..1 I 

F I A 

F I A 

F f 
F f 

F F 
F F 
F F 

F IF 

A IF 

F IF 

F If 

F If 

F IF 

F IA 

F IA 

I f 
A A 

I F 
A A 

F F 

A IA 

A ll 

I If 

I IF 

I IF 

I IF 

A IF 

A If 

F I 
L A 
F U 

L A 

A F 

l I A 

L I A 

F II 

F II 

F II 

F II 

ZONE N° 11213 I •I s1e 11 i BI s11011111~131n11s~s11111e119J2o 12112212312• 

Fig. 17. -Typical Charge Analys,is Sheet. 

FLETCHER & LIUBINAS ~ ARM Exchange Commissioning 



June, 1971 THE TELECOMMUNICATION JOURNAL OF AUSTRALIA 159 

vertical slave relays to provide this 
waiting place function as shown in 
Fig. 20. 

Fig. 20 shows haw the route marker 
is called if REG-KV strappings are 
made to one of tags lhl-lh7. 1R21 is 
operated via these straps and relays 
2V2 - 2V8 operated. If the analyser 
is required, strappings are made to 
tags 1h11 - 1h15. Relay lANl is ope 
rated via relays 2V2-2V5 operated, 
and the analyser will analyse 'B' digits 
and will indicate T.O.T.E. and NL 
by operating one of relays MFC or 
SBS and two of relays NL1-NL5. Fig. 
20 shows that if SBS was operated, 
the route marker is called as soon 
as the analyser has restored (lANl 
released). If MFC was operated, then 
the VM is only called when the full 
B number has been received in the 
register. 
A REG-KV strapping tester is shown 

in Fig. 21. The tester is mounted on 
a 'Rotissery' trolley and the REG- 

Fig. 18. - Strapping Tester. 

KV relay set under test is plugged in 
below. 

Fig. 22 shows how the digits are 
stored in the crossbar switch. The 
digit switches 1 - 8 are set to the 
appropriate values, and by stepping 
the uniselector by means of the step­ 
ping key over contacts 1-15, multi­ 
coil relays Vl-V8 are operated in turn 
Whenever a coil is operated the appro­ 
priate horizontal in REG-KV operates. 
The horizontal off normal via an arc of 
the uniselector, operates the appro­ 
priate vertical, which locks to its off 
normal springset via relay RV. 

Once the digits are stored, lamps on 
the tester will display (see Fig. 23)­ 
What digit the VM or AN is called. 
The number lengths of the distant 

closed numbering area if the call 
is to be routed to a foreign ter 
minal. 

By rotating the digit display switch 
and appropriately operating the MFC­ 
decadic key, the digits stored in each 

vertical will be displayed in '2 out of 
5' or 'l out of 10' code. The tester 
thus not only checks the correctness 
of the strappings, but also the wiring 
of REG-KV for any possible fault 
conditions. 

The Analyser. 
The VM strapping tester can also be 

used to test the analyser strappings. 
With the AN relay set removed, the 
tester is plugged into places 25 and 27 
if ANl is to be tested, and places 34 
and 36 for AN2. 
As previously described the 'B' code 

to be tested is set, and on operation 
of KTT a number length lamp, toge­ 
ther with a T.O.T.E. lamp should light 
a& shown in the survey diagram (Fig. 
25). Each analyser code is set up in 
turn and the correctness of the strap­ 
pings is verified by comparing the 
lamps alight with the analyser strap­ 
ping chart. 

The Register Test Rack. 
During the installation of the North 
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Fig. 21 - REG-KV Tester. 
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Fig. 26. - Register Test Rack. 

Melbourne ARM many faults were 
found in the various register parts and 
their location with the relay sets 
mounted in their rack positions proved 
inefficient and time consuming. For 
this reason the installation staff at 
Lonsdale ARM developed a register 
test rack, a photograph of which is 
shown in Fig. 26. The rack contains 
a specially strapped up 'Test REG KV' 
as well as equipment that simulates 
the peripheral conditions surrounding 
the register complex. 

Table 2 shows the B numbers used 
on the register test rack, together with 
analyser, REG-KV, and VM strappings. 
Each test consists of transmitting the 
particular test code to the register 
under test from a tariff tester causing 
the register to re-transmit the digits to 
a network simulator. The tariff tester 
is used in the role of an exchange 

tester to simulate the originating ex­ 
change. The network simulator is 
the exact inverse of a tester in that 
it is pre-set to receive particular digits 
either in MFC or decadic pulses, 

If the received digits agree with 
those pre-set, the network simulator 
signals success by a number of 'An­ 
swer' conditions. 
Fig. 27 shows a block schematic 

survey of the test rack as well as the 
flow of one call through the equip­ 
ment as follows:- 
(!) The tariff tester seizes the FIR. 
(2) The FIR causes the RS simulator 

to connect it to the register under 
test. 

(3) The first digit is transmitted and 
stored in the test REG-KV. 

(4) If MFC signalling is employed the 
REG under test will call for ZOO or 
further digits as required. 

(5) and (6). When sufficient digits are 
stored in KV, the analyser or VM 
is called. We assume in this case 
that AN is called. 

(7) The REG under test causes the RA 
simulator to connect it to an AN 
relay set, and the analysis simu­ 
lator. 

(8) AN returns the appropriate NL and 
T.O.T.E. signals as shown in 
Table 2. 

(9) The register under test now calls 
for the VM simulator, to which 
it connects via the RM simulator. 

(10) Digits and other information are 
transferred to the VM. 

(11) & (12) The digits are analysed and 
converted to the appropriate 'P 
Chain' information. 

(13) The 'P Chain' information is re­ 
turned to the register under test. 

(14) At the same time signals are 
transmitted via the REG under 
test to establish a connection 
through the GI/GU simulator. 

(15) The FUR-LlM-C is seized and a 
'C'-wire test is carried out. The 
VM simulator and associated 
equipment are now released. 

(16) The register under test now 
couples to a KSR/KST via the SS 
simulator. 

(17) The digits are forwarded in MFC 
to the network simulator, where 
they are checked for correctness. 

In this way the functions for each 
type of call can be checked in the re­ 
gister under test. The only faults 
that should be encountered after a 
register has been put through the regis­ 
ter test rack are rack wiring faults. 
Although the relay sets under test are 
plugged directly into the rack, they 
oould be mounted on 'Rotisseries' 
and extended by 80 wire cords to the 
appropriate places on the test rack. 
The fault-finding process is very effi­ 
cient as all the interworking equipment 
is concentrated on one rack. 

Service Testing of Registers. - 
Faults occur more frequently in the 
registers and associated equipment 
than in the other ARM equipments. 
(It has been found in practice at the 
North Melbourne ARM that approxi­ 
mately 13 faults occur in 100 regis­ 
tern every month). The register and 
associated peripheral equipment com­ 
prises many racks of relays and 
switches embodying quite complex 
circuitry. In the normal lifetime of 
an exchange, changes have to be 
made to register strappings quite fre­ 
quently to meet growth and changes 
in the network. Because of this, it 
was necessary to develop routining 
methods for testing ARM registers 
and associated equipment under actual 
call conditions. 
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FIR-P's - Modified FIR's for each 
type of register (see Fig. 28) accessible 
via test jacks on the service control 
rack are provided as FIR-P's. The 
modifications are concerned mainly 
with giving the FIR the ability to hold 
the register until the call is successful 
('answer' received). The FIR-P con­ 
nects to the 16th inlet of each RS stage 
associated with the particular type of 
register. The call RSM lead from the 
FIR-P is switched by means of keys 
on the service control rack to call 
only the RSM of the wanted RS stage, 
In this way, test calls may be directed 
into any wanted group of 20 registers. 
In large ARM exchanges it is desirable 
to test all registers automatically with­ 
out human intervention, and an auto­ 
matic changeover to the next RS group 
after completion of 63 test calls in 
each, has been developed (see Fig. 29). 

One FIR-P is provided for every one 
of 13 RS stages. The 'call RSM' lead 
(m wire) from the FIR-P is switched 
by the m-wire switching relay set to 
call the RSM of the wanted stage. 

During each call, relay 1F2 in the 
FIR-P operates, and the operations of 
1F2 are counted in a DL relay set. 
When 63 calLs have been made Rl4 is 
operated. The reason for 63 calls is 
that as there are 20 registers in each 
RS group, approximately 60 calls must 
be originated to ensure, with 95 per 
cent. certainty, that each device is 
tested at least once. The operation of 
Rl4 operates relay P in the 'm wire' 
switching relay set. RSI was ope­ 
rated originally when the auto step 
key on the service control rack was 
pressed. When P operates, PA is 
operated and resets the DL circuit by 
removing positive from the reset lead. 
This, in turn, causes Rl4 and P to 
release and PB is now operated in 
series with PA. PB restores the 
holding circuit for the DL and PA 
operates RS2 via RSI contact made. 
RS2 in operating releases RSI, and the 
m wire of the FIR-P is now extended 
to call the RSM of the second RS 
stage. The process is repeated every 
63 calls, and continues until all 13 
RS stages have been test-called. The 
keys on the service control rack also 
allow direct access to any wanted RS 
stage, and with the auto step key 
released no 'Step on' in the 'm' wire 
switching relay set will occur. 

Register Tests. - Network simu­ 
lators have already been mentioned as 
part of the register test rack. Their 
facilities have been further increased 
for service requirements by the addi­ 
tion of a pulse length monitor circuit. 
The simulator will now not only check 

the received digits for correct value 
but also each decadic pulse length to 
be within specified limits. It is pos­ 
sible to test registers by means of 
Auto Exchange Tester runs into self­ 
answering bases located at distant ex­ 
changes. However, fault location is 
difficult and time-consuming due to 
the amount of extraneous equipment, 
e.g., carrier circuits, distant switching 
stages, etc., included in the test. The 
aim should therefore be to test ARM 
registers by originating normal Jest 
calls to any 'B' number, with.the path 
of the call involving as little equip­ 
ment, other than the register complex, 
as possible. 

This can be achieved by utilising the 
original tariff test facility built into 
the ARM exchange (see Figs. 30, 31, 
32). To this end REG-HI and REG-H2 
are made to extend a negative on wire 
30 towards VM, by sending code 13, 
or 12 impulses, to them respectively. 

Register Yl has to be modified to 
include a new relay (A9) operated 
from the FIR-P as shown in Fig. 30. 
Operation of A9 again places negative 
onto wire 30, resulting in the opera­ 
tion of relay Pl in the route marker. 
To achieve different starting points 
with a single VR relay in VM, relays 
R41-45 are utilised in a particular VR 
relay set, and are operated by keys on 
the service control rack depending on 
which particular route should be simu­ 
lated. If these relay contacts cannot 
be made available for this purpose, the 
alternative mentioned in the note on 
the surveys should be followed. 

Fig. 33 shows the information signal­ 
ling that takes place as a call pro­ 
ceeds from Camperdown ARF via the 
ARM grid to Swanpool ARK. Fig. 34 
shows how the same call is simulated 
in Melbourne to test register type Yl. 
It is proposed to test one working 
routing code in the VM per test run, 
and this will ensure that even in a 
large ARM such as 'Lonsdale A' all 
registers are tested against all codes 
approximately once every six months. 
To override the disconnection of REG 
Hl or Yl whenever signal 'start PO 
MFC' is received all FIR-P's are marked 
as long i/c line (operation of relay RL). 

Automatic Call Surveillance in the 
Register Complex. 

In large ARM exchanges, some 400 
registers may interwork with approxi­ 
mately 15 analysers or 70 KSR's and 
under these conditions back tracing to 
the register is extremely difficult. With 

the provision of the HK keys, holding 
potentials can be fed back to the regis­ 
ter under time out conditions, thus 
holding the register with all stored 
information intact. Fig. 35 shows how 
the analyser can hold the register via 
wire 18 and how the KSR holds via 
wire 10. 

Relays lRl and 2Rl in REG Part 1 
are held operated and the register only 
needs to be traced in order to 
obtain the information about the fault 
condition.' Fig. 35 shows how lamp 
leads can be extended into the service 
control room to aid in the tracing 
operation. If, for example, a particular 
analyser times out, relay K2 lights the 
red FL lamp appropriate to the ana­ 
lyser in the service control room. The 
holding positive from the same ana­ 
lyser via wire 18 also lights a red AFL 
lamp associated with the particular 
register. If only one time-out has 
occurred at any one time (the usual 
condition), both register and analyser 
are immediately identified. Similar 
facilities have been provided for the 
KSR's. 

At North Melbourne ARM a field 
trial was conducted to indicate 'No 
Progress' calls to MFC destinations. 
With the addition of a small electronic 
timing circuit, selected KSR's can be 
caused to 'time-out' in 6 sec. and hold 
the REG if no revertive signals are 
received. Normally the register times 
out under these conditions and returns 
'Congestion.' The trial was success­ 
ful and helped to locate some faults. 
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PATENTS AND THE AUSTRALIAN POST OFFICE 
L. R. A. MELTON, B.Sc., D.C.U., M.I.lnf.Sc. * 

INTRODUCTION 
A major review of Post Office policy 

on the protection of its interests in 
inventions, designs, developments and 
development contracts was concluded 
in 1968. The main decision taken as 
a result of this review was that there 
should be a greater emphasis on the 
use of patents to cover inventions 
made within the Post Office and on 
the acquisition by the Post Office 
of rights in inventions and new equip­ 
ment designs resulting from its own 
financial and technical contribution to 
developments made by contractors. 
The aim is for the Post Office to ac­ 
quire sufficient rights in inventions 
and know-how to give it both royalty 
free usage for its own purposes and 
the right to charge royalties for the 
use of the inventions and know-how 
to supply non-Commonwealth custo­ 
mers. 
The new policy can only be effec­ 

tive if information about inventions 
and new developments is brought to 
attention early enough to allow ap­ 
propriate patent protection to be 
obtained before the information be­ 
comes public knowledge. The aim of 
this article is therefore to give a 
brief outline of the Australian patents 
system, as a guide to what may be 
patentable, and how it can be used 
to the advantage of the Post Office. 

THE BASIS OF THE AUSTRALIAN 
PATENTS SYSTEM 

Patent law in Australia was of 
course taken directly from the British 
law by the separate States individu­ 
ally before federation. At federation, 
responsibility for the patents system 
was transferred to the Common­ 
wealth. The Australian Patents Act 
i;; still very similar to the British 
equivalent in most of its provisions. 
British court cases are therefore 
relevant to the interpretation of the 
law in Australia as well as forming 
part of the history of its development 
(Refs. 1 and 2). 
Letters Patent, literally "open let­ 

ters", refers generally to letters issued 
by a sovereign addressed openly to 
all his or her subjects. The purpose 
of the open letters is usually to make 
known the granting by the sovereign 
of some favour or appointment. In 
the case of letters patent for inven­ 
tions· the favour granted is a limited 
monopoly to the use of an invention 
in return for its disclosure to the pub­ 
lic. The. monopoly is in one sense 
a reward for the Inventor's ingenuity 
*Mr Melton is Engineer Class 3 (Patents Officer), 
Research Laboratories, H.Q. 

but it is conditional upon disclosure 
of the idea and may be taken away 
if abused. It is normally limited to a 
period of 16 years in Australia with 
provision for extension in certain ex­ 
ceptional circumstances. 
The origins of the modern patent 

system can be traced back at least 
to mediaeval England where the earl­ 
iest grants of monopolies by letters 
patent appear to be to foreigners, in 
return for introducing certain indus­ 
trial arts into England. These early 
monopolies were for 14 years, two 
periods of apprenticeship, and it was 
expected that the introducers would 
train native citizens in their crafts 
during the period of monopoly. Early 
14th Century grants related to weav­ 
ing, dyeing, clock making and salt 
manufacture. By the 16th Century 
the system had become the subject 
of abuse by the Crown. It was being 
used as a method of rewarding court 
favourites or enriching the privy 
purse. Existing craftsmen were being 
prevented from working by unjustifi­ 
ably wide monopolies. By the time 
of James I, however, Parliament had 
become powerful enough to do some­ 
thing about such abuses and the 
ability of the Crown to grant mono­ 
polies was sharply curtailed by the 
Statute of Monopolies of 1624. This 
permitted the granting of monopolies 
only to the 'true and first inventor' of 
'any manner of new manufacture'. 
These words appear in Section 6 of 
the Statute which is still referred to 
in the present Australian Patents Act 
a~ the basis for defining an invention. 
Originally there was no requirement 

that the inventor should describe his 
invention in writing but conditions 
written into the grant required that 
demonstrations of the invention were 
to be made, apprentices and the public 
were to be instructed, facilities for 
witnessing manufacture were to be 
provided and the invention or a model 
were to be set up within a definite 
time. The equivalent conditions to­ 
day involve the lodging of a detailed 
specification which fully describes the 
invention and the best method known 
to the inventor of performing it. The 
specification must also end with a set 
of claims clearly delimiting what is 
claimed as the invention. If the in­ 
ventor himself does not work the in­ 
vention in a reasonable time there is 
provision for the grant of compulsory 
licences so that others may do so. 

WHAT IS PATENTABLE? 

The basis for deciding .what is pat­ 
entable in both British law and Aus- 

tralian law, which is derived from the 
British, lies in Section 6 of the 1624 
Statute of Monopolies referred to 
above. To be eligible for grant of 
monopoly an invention must fit with­ 
in the words 'any manner of new 
manufacture'. It must be 'new' and 
it must be a 'manufacture', both words 
requiring careful definition because of 
their legal significance in this context. 

The requirement of newness · or 
novelty involves something more than 
just a difference over what was known 
before. There must be an inventive 
difference, something more than 
would normally be expected of a skil­ 
led man in the particular field, Thus, 
by way of example, a 'new' sausage 
making machine which was simply a 
combination of a known mincing 
machine and a known filling machine 
driven on the same shaft was held not 
to be patentable and a 'new' applica­ 
tion of fish plates for joining rails was 
held to be too closely analogous to 
earlier use for joining bridge girders 
to be 'new' in the patent sense. Nev­ 
ertheless a novel invention may be 
extremely simple in its final embodi­ 
ment without detracting from the in­ 
genuity of the inventor, witness the 
hairpin and the zip fastener. 
The interpretation of what is a 

'manufacture' is a question which has 
often exercised the courts when de­ 
ciding questions of patentability, It 
is interesting to see how the defini­ 
tions given in succeeding court deci­ 
sions have gradually changed in line 
with changes in the character of in­ 
dustry and the needs of society. 

Clearly there is no difficulty in ac­ 
cepting something tangible, which has 
been made, as a manufacture, but it 
will be seen that this is insufficient if 
patents are to serve a real purpose. 
As early as 1790 the courts decided 
that a process of manufacture came 
within the definition. They have had 
some difficulty since in trying to de­ 
cide whether a process which does 
not result in some tangible product 
may be included within the definition. 
For some time Australia followed the 
English Courts in holding that unless 
some saleable end product could be 
identified there was no 'manufacture'. 

By 1957 the definition had been 
widened sufficiently to allow a method 
of dispersing fog to be patented on 
the grounds that the production of a 
fog free atmosphere could be a factor 
in the site value of the land where the 
process was applied. This English 
Court decision was followed soon 
afterwards by an important Australian 
case in which the National Research 

MELTON - Patents and the A.P.O. 



June, 1971 THE TELECOMMUNICATION JOURNAL OF AUSTRALIA 173 

and Development Corporation sought 
to have a process for the selective 
destruction of weeds growing in a 
lucerne crop declared patentable. The 
High Court of Australia held the pro­ 
cess patentable and in doing so estab­ 
lished new guidelines for deciding the 
patentability of a process. It now 
seems that as long as some artificially 
created object, or state of affairs, 
which has economic value can be 
identified then the process involved 
may be patentable. 

Certain things, however, remain not 
patentable. For instance it would ap­ 
pear that processes for the treatment 
of the human body cannot be patented. 
The same processes applied to animals 
may be patentable, presumably be­ 
cause they can have an assessable 
economic value in terms of the sale­ 
ability of the animal or animal pro­ 
duct. Business schemes are not paten­ 
table nor are mathematical methods 
as such, though apparatus which 
enables them to be carried out or re­ 
lies on their validity may be patent­ 
able. 

Of particular note is the fact that 
computer programs are not yet patent­ 
able in Australia and it is of some 
concern to those who are in the soft­ 
ware business that the copyright laws 
are not adequate to protect their pro­ 
duct either (Ref. 3). Perhaps there is 
some logic in this situation in the 
sense that a modern computer is ap­ 
proaching the infinitely adaptable 
machine and having invented this 
there is no patentable merit in finding 
a new adaptation. It is certainly the 
case that the courts have refused 
patents which amount to no more 
than sets of instructions for operating 
existing machinery; a new takeoff 
procedure for an existing aircraft was 
held not patentable, for example. On 
the other hand patents are granted 
when new applications are found for 
known chemicals. By analogy it might 
be argued that patentable inventivity 
is involved in finding a new applica­ 
tion for a known computer. The more 
ingenious programs would then merit 
patents. There is some indication from 
the latest English court cases that in 
some circumstances 'processes for 
the conditioning of' computers and 
ancillary equipment to achieve certain 
results can be patented. 

As a final requirement to sustain 
a patent it is of course necessary 
that the invention should be useful. 
If it has no purpose or does not work 
in the way the inventor says it should 
when his instructions, as set out in 
the specification, are carefully fol­ 
lowed then the patent will fail for 
'inutility'. 
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THE PATENT SPECIFICATION 

The document which serves to de­ 
fine for the patents office (acting for 
the Crown) and the public, what it is 
that the inventor claims to have in­ 
vented, is the patent specification. 
The patent application may be ac­ 

companied by either a provisional 
specification or a complete specifica­ 
tion. The only requirement of a pro­ 
visional specification is that it should 
describe the invention. A complete 
specification is required to describe 
the invention, give details of the best 
method of performing it known to the 
inventor and include a set of claims, 
specifying exactly what the inventor 
believes he is entitled to monopolise 
as his invention. 
The provisional specification is 

filed at the Patent Office as a record 
of the fact that the inventor had 
thought of his idea at least by the 
date when he lodged his application. 
It establishes his priority to claim 
the invention as his own. If he is to 
take advantage of the priority date 
established he must follow i;p with 
a complete specification within 12 
months of the application date. Any­ 
thing he claims which is fairly based 
on the disclosure in the provisional 
specification will then be accorded 
a priority date corresponding with 
that first disclosure. 
In effect this gives the inventor 12 

months in which to consider all the 
possibilities of his invention, develop 
it further if necessary and take initial 
steps to find out whether there is 
sufficient chance of commercial ex­ 
ploitation to justify the extra ex­ 
pense of lodging a complete speci­ 
fication and going ahead with the 
application. If the application is not 
completed the provisional specifica­ 
tion remains confidential within the 
Patent Office and as long as the in­ 
vention has not been published in the 
meantime a new application could be 
started at some later date. 
The complete specification and 

particularly the claims it contains 
have to be very carefully prepared 
if the applicant for a patent is to ob­ 
tain worthwhile protection for his 
patent. It is usual to hire the services 
of a skilled patent attorney to pre­ 
pare and lodge the specification. He 
must ensure that the description of 
the invention is complete and un­ 
ambiguous and is so worded as to 
include, without necessarily describ­ 
ing them in detail, all possible varia­ 
tions of the invention as a basis for 
the claims. The method of perform­ 
ance must be described in sufficient 
detail for persons skilled in the appro­ 
priate arts to follow without difficu1ty. 
This does not necessarily mean that 
sizes, materials, times and tempera- 

tures etc. must be specified exactly. 
It is permissible to leave the skilled 
person to experiment to some extent 
to achieve the specified results but 
he must not be left completely in the 
dark over some aspect or faced with 
a choice of possibilities, some of 
which will not work. 

In the final analysis it is the claims 
appended to the specification which 
determine how good the patent is in 
protecting the invention. They must 
of course be fairly based on the de­ 
scription of the invention and they 
must be drawn wide enough to pro­ 
tect the invention in all its variations 
without being so wide as to include 
any of the prior art. If the claims 
are not wide enough it will be too 
easy for somebody to use the essence 
of the invention without infringing 
the patent. If they are too wide the 
patent will not be granted or will be 
held invalid because it includes some­ 
thing which is already known. 

Because of the difficulty of being 
sure of what is already known it is 
permissible, and usual, to include a 
series of graded claims starting with 
a wide general claim and proceeding 
to narrower claims in which various 
features of the invention are specified 
in more detail. If the wider claims 
are disallowed because they include 
some of the prior art then narrower 
claims, including, hopefully, the pre­ 
ferred form of the invention, may 
still be available to give the inventor 
some protection. 

APPLYING FOR A PATENT 

The process of obtaining a patent 
involves a series of steps which may 
take place over a period of several 
years. For an inventor resident in 
Australia the process will usually 
start with the lodging of an applica­ 
tion accompanied by a provisional 
specification, followed 12 months later 
by a complete specification if the 
inventor is still convinced that he has 
something good. In fact nearly two 
thirds of applications started with a 
provisional specification are allowed 
to lapse or are withdrawn before a 
complete specification is lodged. 

Once a complete specification has 
been lodged at the Patent Office the 
next step is examination. Previously, 
every complete specification would 
be examined in its turn unless it had 
been positively withdrawn. Changes 
made in the Patents Act which came 
into force in January 1970 provide 
that an application is only examined 
on the request of the applicant. This 
change was aimed at reducing the ex­ 
amination load on the Patent Office, 
which now only examines applications 
which are still of interest. Examina- 
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tion may not be deferred indefinitely 
of course. If some other party has an 
interest in the fate of an application 
he may, for a fee, ask the Commis­ 
sioner of Patents to direct the applic­ 
ant to request examination. The Com­ 
missioner may on his own discretion 
also direct a request for examination 
at any time up to five years from the 
lodging date. If a request is not made 
within the time allowed the applica­ 
tion lapses. 

The examination of a patent is 
carried out in the Patents Office by 
an examiner specialising in the sub­ 
ject field of the patent. He checks 
whether the application and specifica­ 
tion complies with the Patents Act 
and whether the invention is in fact 
novel. This means in particular that 
he must report whether the descrip­ 
tion of the invention is sufficient, so 
that the public will be able to use 
the invention when it becomes public 
property at the end of the monopoly 
period and whether the claims are 
fairly based on what is described as 
the invention. The novelty check is 
limited to a search of the patents 
office records of published patent 
specifications lodged in Australia 
within fifty years before the date of 
the patent under examination. How­ 
ever, other information of which the 
examiner has knowledge may be 
taken into account in certain circum­ 
stances. A new clause inserted into 
the Act in 1969 provides that after 
a patent specification has been made 
open to public inspection any person 
may submit to the Commissioner pub­ 
lished documents which he feels 
would affect the validity of a patent 
if granted. 

If the examiner is satisfied, the pat­ 
ent specification will be accepted. If 
his report is adverse then the applic­ 
ant will be given the opportunity to 
amend his specification to meet the 
examiner's objections. If he disagrees 
with the validity of objections he may 
be heard by the Commissioner who, 
after hearing both sides of the argu­ 
ment, may allow or refuse the case. 
An appeal against a refusal may be 
made to the Patents Appeal Tribunal, 
from there to the full High Court and 
finally to the Privy Council. 

If the application is accepted this 
fact is advertised in the Australian 
Official Journal of Patents. Any per­ 
son who can show that he would be 
affected in some way by the grant 
of the patent then has six months in 
which to lodge an opposition to the 
grant on various grounds including 
alleged lack of novelty of the inven­ 
tion or lack of 'invention'. The op­ 
position, if any, is heard by the Com­ 
missioner with the possibility of 
appeals as above. 

Assuming the application survives 
any opposition, it then becomes 
eligible for sealing, on payment of 
the appropriate fee which then keeps 
it alive for 4 years. Further fees are 
payable annually thereafter to· renew 
the patent up to a total of 16 years 
from the date of lodgement of the 
complete specification. These fees 
rise from $12 for the fifth year to $50 
for the sixteenth year. Extension be­ 
yond 16 years is only possible in 
special circumstances if the patentee 
can show he has suffered loss due to 
war or that he has been inadequately 
remunerated for a meritorious pat­ 
ent which was difficult to exploit. 
Such extensions are relatively rare. 

The sealing of a patent gives the 
patentee the right to sue infringers 
of his monopoly which is the right to 
make, use, exercise and vend his in­ 
vention. However, it does not make 
his patent immune from attack. A 
patent may be revoked at any time 
on application by the Attorney-Gen­ 
eral or any other person to the High 
Court. 

The· grounds for revocation include 
all of those grounds of lack of nov­ 
elty, incompleteness of description 
and lack of invention on which the 
examiner must report or which an 
opponent may raise. There are also 
some additional grounds such as that 
the alleged invention was not an in­ 
vention within the meaning of the 
Act, it was not useful, the patent was 
obtained on a false suggestion or that 
it has been used secretly in Australia 
before the priority date of the claim. 
An application for revocation will 
most often appear as a counter claim 
from a defendant being sued by the 
patentee for infringement of the pat­ 
ent. A long and expensive legal battle 
may then ensue as by the time such 
actions occur both sides may well 
have large financial investments at 
stake. 

INTERNATIONAL ARRANGEMENTS 

So far, only Australian patents have 
been discussed. The grant of an Aus­ 
tralian patent gives the inventor, or 
his assignee, protection in Australia 
only. If he wishes to protect his idea 
in other countries he must apply in­ 
dividually to the patents offices in all 
the countries concerned. There is no 
such thing as a world patent. 
However, there is an International 

Convention for the Protection of In­ 
dustrial Property which at least makes 
sure that the foreign applicant is not 
at a disadvantage relative to the 
native inventor. The main provision 
of importance to the applicant for a 
patent is that, if an application for a 
patent is made in any of the countries 

subscribing to the Convention, prior­ 
ity is then assured for a period of 12 
months in all the other countries as 
though an application had been lodged 
in each. In order to maintain the 
priority date of the first lodged ap­ 
plication, individual applications must 
be made in each country within the 
12 months period of grace. 
It is interesting to note that the 

Soviet Union is a subscriber to the 
International Convention as are some 
other Communist countries. They seem 
willing to pay royalties on their use 
of foreign inventions on the basis that 
by doing so they can expect a return 
when their inventions are used by 
other countries. It would seem that 
an inventor within one of these 
countries is bound to assign his in­ 
vention to the State, but in return he 
receives at least a "Certificate of 
Authorship" and usually a direct fin­ 
ancial reward calculated in terms of 
the value of his invention to the 
State. 
An inventor will need to be fairly 

confident of the value of his invention 
before he embarks on a major world­ 
wide patenting programme. He will 
almost certainly require the services 
of patent attorneys and will therefore 
be involved in costs averaging $500 
or more per country to have his ap­ 
plications lodged for him. The best 
use the private inventor can make of 
his 12 months period of protection 
under the International Convention is 
therefore to find a commercial enter­ 
prise which is interested in taking up 
his idea and making the most of its 
exploitability. 
Whilst there is at present no 'World 

Patent,' international discussions are 
currently working towards some sim­ 
plification of the process for obtaining 
protection in several countries (Ref. 
4). Present suggestions are for a sys­ 
tem which would reduce the duplica­ 
tion of searching effort which at pre­ 
sent takes place as each country's 
patent office tries to determine the 
novelty of an invention separately 
according to its own rules. The pro­ 
posed system would involve the 
designation of two or three major 
countries as search centres and nov­ 
elty searches done by these centres 
would be accepted by other coun­ 
tries. There are also proposals for 
simplifying the method of lodging ap­ 
plications in selected countries after 
a basic application has been made in 
one country. 

Australia has gone some way to­ 
wards accepting the fact that it is 
most probably duplicating work by 
doing a novelty search on patent ap­ 
plications where a patent has already 
been granted in another country. 
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Under amendments to the Patents Act 
made in 1969, an applicant for an 
Australian patent under the Inter­ 
national Convention may request an 
abbreviated examination of his patent 
application if he has already been 
granted a patent in another country. 
The other country must be one which 
has done a novelty search and the 
Australian specification must be the 
same, apart from matters of form, as 
that lodged overseas. 

OWNERSHIP 

An invention is a piece of property 
which may be owned, sold, trans­ 
ferred, left in a will or otherwise 
dealt with in much the same way as 
a piece of real estate. It starts life as 
a product of the intellect, 'intellectual 
property', in much the same way as 
a work of literary, dramatic or musi­ 
cal art. In common with such works 
it is recognised that the first owner 
is the person who conceives the idea. 
However, whereas the author of a 
literary, dramatic or musical work is 
automatically protected by the Copy­ 
right Act, without having to register 
his work in any way, the inventor is 
required to peg out his claim and ob­ 
tain title to his property by way of 
an application for a patent. If he 
simply publishes his idea it is tacitly 
assumed that he is giving it to the 
public. 
There are some special exceptions 

to this assumption. For example, if 
the publication is by way of an ex­ 
hibition recognised by the Attorney­ 
General or by way of a paper read 
to or published by a learned society, 
a patent may still be obtained if ap­ 
plication is made within a specified 
limited period after such publication 
and the other conditions laid down 
by the Patents Act have been met. 
Great care needs to be taken in in­ 
terpreting these conditions and it is 
as well to avoid any publication, if 
possible, before a provisional patent 
specification has been lodged. It is 
quite possible, for example, that the 
publication somewhere else of an ab­ 
stract of the learned society paper 
could constitute publication . of the 
invention which would invalidate any 
claim to a patent. 
Whilst the first owner of an in­ 

vention is of course the inventor he 
may, if he is an employee who is ex­ 
pected to produce inventions as part 
of his duties and the invention is in 
the field of operations of his employer, 
be required to assign ownership of the 
invention to the employer. This re­ 
quirement may be spelled out in a 
contract of employment. If it is not 
it applies as a common law right 
which derives from long established 
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legal precedent resulting from court 
examinations of the master/servant 
relationship in numerous cases, over 
hundreds of years. 

Since there is no written contract 
of employment in the Commonwealth 
Public Service it is the common law 
principle which applies to any inven­ 
tions made by Australian Post Office 
staff. It is difficult to generalise to 
give any satisfactory indication of 
what the position would be in a given 
set of circumstances because this will 
depend very much on the nature of 
the invention, the area of employment 
and instructions or requests which 
may have been given to the employee 
concerned. However, it can be expect­ 
ed that the Commonwealth of Aus­ 
tralia will be entitled to the assign­ 
ment of most inventions made by 
Engineers and other professional staff 
if they are at all related to the areas 
in which the inventors are working. 
In the case of inventions by technical 
staff, ownership may depend on 
whether they have been made on the 
inventors' own initiative or have re­ 
sulted from work which the inventors 
have been asked to carry out. Other 
staff are unlikely to be expected to 
invent and would normally be entitled 
to retain ownership of inventions they 
make even if they relate directly to 
Post Office activities. 
Where an invention is made in the 

course of normal duties there is no 
provision in the C.P.S. for any special 
reward to the inventor. Where an 
inventor has gone beyond what is ex­ 
pected of him in the position in which 
he is employed then he may be en­ 
titled to an award under the Post 
Office Suggestions Scheme (Ref. 5). 
This is similar to the practice in most 
large commercial organisations both 
in Australia and overseas, though in 
some places token awards may be 
made as an incentive, even to those 

· who are employed in a situation where 
they are expected to invent. It differs 
from the position in academic institu­ 
tions where a staff member will 
usually be permitted to retain his 
invention, share in its ownership, or 
at least receive a share in any profits 
from its exploitation by the institu­ 
tion. 

EXPLOITING INVENTIONS 

The hopes of a patentee are, natur­ 
ally, that he will gain in some way 
from his patent, preferably financially. 
It is of course a main purpose of the 
patents system that the inventor 
should be given the opportunity to 
benefit from his ingenuity as long as 
the public also benefits. However, 
there is no guarantee in the system 
that there will be any reward for 

every invention. It will not matter 
how much ingenuity has gone into 
the invention, if it is not something 
the public wants there will be no re­ 
ward. In fact, only a very small pro­ 
portion of inventions make money for 
their inventors. 

By way of example the experience 
of the National Research and Devel­ 
opment Corporation in Britain may be 
quoted (Ref. 6). N.R.D.C. was estab­ 
lished for the specific purpose of en­ 
suring that worthwhile inventions 
should not be lost to the nation for 
want of some initial interest by indus­ 
try or because of lack of funds for 
development. In 19 years, from 1949 
to 1968, N.R.D.C. was offered some 
8800 inventions resulting from Gov­ 
ernment financed research. 
Just under half of these were accept­ 

ed for further development and ex­ 
ploration of licensing possibilities but 
only 350 marketable industrial pro­ 
ducts have resulted. Thus less than 
cine in twenty inventions resulting 
from professional research work was 
commercially successful and the figure 
for private inventions will be much 
lower. 

The major benefits of N.R.D.C.'s 
activities appear to accrue not always 
to N.R.D.C. and the inventors but to 
the users of the inventions who find 
they can operate more cheaply and 
efficiently by having access to the new 
inventions. Thus the farsightedness 
of the thinking behind the introduc­ 
tion of the patent system ' .... that 
our realm may subsist more of itself; 
that idleness be avoided, and the 
drawing out of our treasure for for­ 
eign manufacture be stopped' (Chan­ 
cellor Moreton, in the time of Henry 
VII, Ref. 1) seems to be vindicated. 
The nation benefits in the long run 
by protecting the ingenuity of the 
inventor and allowing (and even as­ 
sisting) him to collect some reward 
for his ingenuity during a limited per­ 
iod of monopoly. 
The words of Chancellor Moreton 

might well be applied to Post Office 
policy in relation to the encourage­ 
ment of Australian manufacture of 
its needs. Its aim is to see that Aus­ 
tralia contributes at least a propor­ 
tionate share of new developments 
in the telecommunications field. It 
is expected that some of the develop­ 
ments will result in products for 
which there is a market overseas or 
in other fields in Australia. Present 
Post Office policy is therefore to cover 
inventions arising from developments 
it carries out or finances by patent 
applications where appropriate. As 
well as the possibility of direct earn­ 
ings in the form of royalties a favour­ 
able bargaining position is created 
for the exchange of know-how with 
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overseas administrations and manu­ 
facturers, 

The Post Office has in fact recently 
concluded an agreement with the 
Western Electric Company, U.S.A. for 
a royalty-free exchange of rights in 
each others' inventions. Western 
Electric handles all patents for the 
Bell Telephone System in U.S.A. and 
the agreement therefore relates to 
inventions of all A.T. and T. com­ 
panies including Bell Telephone Labor­ 
atories. It covers all fields of tele­ 
communications but excludes inven­ 
tions related solely to mail-handling. 
The Post Office gains free use only 
of Western Electric's 'systems' pat­ 
ents which apply to systems as they 
are installed and operated by an ad­ 
ministration. The agreement does not 
disturb the Post Office's relationship 
with Australian manufacturers who 
are normally . required to negotiate 
appropriate rights to patents involved 
in equipment being supplied to the 
Post Office. Its main effect is to 
facilitate the flow of information be­ 
tween the two organisations. Inven­ 
tions arising from the interchange of 
ideas will be freely available to both 
parties under the agreement. 

In the field of telecommunications, 
where operations are carried out in 
most countries by government de­ 
partments or government controlled 
administrations, and much of the re­ 
search and development work is car­ 
ried out under government sponsor­ 
ship, it may well be that the arrange­ 
ment of royalty-free exchange agree­ 
ments would largely obviate the need 
for expensive patenting action. It 

would be necessary to accept that all 
administrations tend to produce new 
ideas at a rate proportional to their 
size and therefore also to the value 
they obtain from new ideas arising 
in the field. If this were in fact the 
case then the necessity for patenting 
of inventions with application only in 
the field of telecommunications would 
disappear. The incentive to finance 
research and development would lie 
in the need to establish acceptability 
as a member of the circle exchanging 
ideas and information. In the mean­ 
time international patenting of its own 
ideas is the only way an administra­ 
tion can hope to offset the payments 
it or its contractors have to make for 
the use of ideas conceived elsewhere. 

POST OFFICE INVENTIONS 
With this in mind the Post Office 

is now being much more protective 
of its own ideas and inventions. 
Formerly the results of research and 
development work carried out or fin­ 
anced by the Post Office were made 
freely available to Australian industry 
in the interests of establishing a 
healthy local telecommunications 
manufacturing capacity. The position 
has now been reached where local 
industry is well established and is be­ 
ginning to compete on world markets. 
It is therefore considered that the 
Post Office may expect some return 
for its technical and financial contri­ 
bution to new developments in its 
fields of interest. Greater emphasis is 
therefore being placed on the use of 
patents to protect the possibility of 

earning royalties or entering into ex­ 
change licensing agreements. 
Responsibility for examining new 

Post Office developments for possible 
patentability, and initiating the neces­ 
sary action where appropriate, rests 
with the Post Office Patents Officer 
located in the Research Laboratories. 
This includes a general oversight of 
the industrial property aspects of re­ 
search and development contracts 
proposed anywhere within the Post 
Office and the protection of Post Office 
industrial property involved in other 
contracts. The majority of new 
Post· Office inventions arise from 
work carried out within the Research 
Laboratories. The table shows the 
subjects and inventors of 12 new in­ 
ventions for which patent applications 
have been started in the two years 
following the change of policy. Prior 
to this only seven inventions in the 
previous 18 years had been followed 
up with patent applications and until 
patents are granted on some of the 
current applications the Post Office 
has only five valid patents and a reg­ 
istered design. These relate to a cable 
jointing technique (U.S.A.), a subscri­ 
ber instrument tester (U.S.A. and Aus­ 
tralia), telephone dials (2 Australian 
patents) and the 800 series wall tele­ 
phone case design (Australia and New 
Zealand). 

In addition the Post Office has 
acquired an interest in patent applica­ 
tions originating with the University 
of N.S.W., for a novel form of cable 
with built in amplification, and with 
Monash University, for a novel form 
of self adapting hybrid circuit. It also 

TABLE I: CURRENT A.P.O. PATENT APPLICATIONS 

Subject 

Vandal Proof Public Telephone 
Dual Vibrating Tine Cable Plough 
Tip Welding Tool for Cable Jointing 
Analogue Multiplier 

Inventor(s) 

Faulty Circuit Detector 

K. B. Smith and A. A. Rendle 
E. W. Corless 
E. Bondarenko 
H. Bruggernann 

Semiconductor Light and Magnetic Field De- IN. F. Teede 
tector 

Improved Trunking Method (For Integrated I A. Domjan 
Switching and Transmission) 

Self Adaptive Filter and Control Circuit (Echo I L. K. Mackechnie 
Cancellation) 

Reduction of Error Noise· in P.C.M. P. Glick 
Digitally Tuned Detector J. Lewis 
Fluidic Detector and Double Letter Separator R. Kilby 
Pulse Generator and Flip-Flop I. Macfarlane 

N. McLeod 

Countries 

Australia, Britain, Japan 
Australia, South Africa, U.S.A. 
Australia, Britain, U.S.A. 
Australia, Britain, Germany, Japan, 
U.S.A. 

Australia; Britain, Germany, Japan, 
U.S.A. 

Australia, Belgium, Sweden, Holland, 
France, Britain, Garmany, Japan. 

Australia, U.S.A., Britain Germany, 
Japan, Italy, Sweden, France, Hol­ 
land 

Australia (Provisional) 
Australia (Provisional) 
Australia (Provisional) 
Australia (Provisional) 
Australia (Provisional) 
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has rights in mail-handling equipment 
developed under contract by Plessey 
Pacific Pty. Ltd. 

PATENTS AS INFORMATION 

Patent specifications are of course 
a valuable source of information giv­ 
ing details of new developments which 
have taken place. They become open 
to public inspection 18 months after 
the application has been completed 
and at this stage the Patents Office 
publishes abstracts sheets usually 
giving the first claim of each specifica­ 
tion. These abstract sheets are used 
to provide a patent watching service 
for the information of the Post Office 
Research Laboratories and other Cent­ 
ral Office staff. Abstracts of patents 
which appear likely to be of some 
interest to the Post Office are circu­ 
lated to appropriate officers in a form 
of SDI (Selective Dissemination of 
Information) service. Copies of the 
abstract are also filed to provide a 
retrospective searching facility. Where 
further information is required copies 
of complete patent specifications are 
obtained from the Patent Office in 
Canberra. 
A watch is also kept on patent 

applications accepted for grant of a 
patent as advertised in the Australian 
Official Journal of Patents. If neces­ 
sary, action can then be taken to 
oppose the grant of a patent where 
there is a conflict with Post Office 
interests and suitable grounds for op­ 
position appear to exist. 
For example the grant of a patent 

for a Mylar electret, the electrical 

analogue of a magnet, was recently 
successfully opposed. Post Office in­ 
terests arose because of the possible 
application of electrets in telephone 
transmitters. It was shown that papers 
describing Mylar electrets, written by 
Bell Telephone Laboratories authors, 
had been published in Australia before 
the priority date of the patent ap­ 
plications. 

CONCLUSION 

The Australian patents system with 
its origins in mediaeval England still 
serves as the best available protection 
for the individual inventor. The sys­ 
tem has developed and been refined, 
particularly in respect of the defini­ 
tion of what may be patented, but 
it is inevitably a step or two behind 
the needs of developing industry. 

On a world-wide basis the protec­ 
tion of an invention by patenting is 
a cumbersome and expensive process. 
Patenting may not necessarily be the 
most appropriate way of protecting 
the exchange of know-how in the 
telecommunications field where gov­ 
e.rnments hold a monopoly of opera­ 
tions in most countries. However, 
until there are improvements in in­ 
ternational arrangements for patent­ 
ing, or perhaps agreement on mutual 
sharing 6f know-how between ad­ 
ministrations, the available system is 
the only way of protecting Post Office 
industrial property which may then 
be leased or exchanged for know-how 
originating overseas. Post office acti­ 
vity in this field is in fact increasing 
following a change of policy in 1968 

which recognized the advanced stage 
of development reached by the Aus­ 
tralian telecommunications industry. 
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MELBOURNE TEST AND FAULT DESPATCH CENTRES 
R. G. NELSON, M.I.E. Aust., M.I.E.E., Assoc. M.C.T.* 

Editorial Notec This article describ­ 
es the Fault Despatch Centre at Bruns­ 
wick, Melbourne and illustrates the 
basic approach of the Victorian Ad­ 
ministration to the initial fault test­ 
ing and to the despatch of a fault­ 
man on subscriber complaints in the 
Melbourne network. In the next is­ 
sue of the Journal will be a descrip­ 
tion of the development of Fault De­ 
spatch Centres in the Brisbane net­ 
work. Whilst these centres have a 
common purpose, there are some va­ 
riations in the basic organisation 
and procedures employed, and these 
are described in the two articles. 

INTRODUCTION 

This article describes the facilities 
and operation of a typical Fault Des­ 
patch Centre (F.D.C.) in the Mel­ 
bourne metropolitan area. Some infor­ 
mation on the evolution of these cen­ 
tres and possible future trends has 
been included. 

Bulte (Ref. 1) summarised briefly 
the initial steps of the establishment 
of F.D.C. in Melbourne and listed the 
main advantages of centralising the 
control of substation equipment main­ 
tenance. 

During the six years which have 
elapsed since then, 1964, further cen­ 
tres of varying size, complexity, and 
functions, have been established, but 
all the advantages then listed are still 
being obtained. For convenience they 
are repeated here:- 
(a) An overall greater manhour effi­ 

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

(b) Better field supervision of work. 
( c) More specialised attention can be 

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

of urgent faults. 
( e) More economical stores handling. 
Centres have since been established 

at Footscray, Malvern, South Yarra, 
Brunswick, Russell and Ivanhoe and 
all except the Brunswick Centre are 
located at telephone exchanges; Bruns­ 
wick F.D.C. is in leased premises very 
close to Brunswick telephone ex­ 
change. The original centre, Colling­ 
wood, was replaced by Ivanhoe F.D.C. 
because the available space at Colling­ 
wood was insufficient to accommodate 
all the staff and facilities required. 
Centres first established at North Mel­ 
bourne and Hawthorn were replaced 
* Mr Nelson is Engineer Class 3, Metropolitan 
Branch, Victoria. 

by centres at Brunswick and Footscray 
and South Yarra. 

Also, since 1964, the F.D.C.s have 
taken over the testing of telephone 
services and the maintenance of P.A. 
B.X. equipment. On absorption of the 
testing function, the name was chang­ 
ed to Test and Fault Despatch Centre 
(T.&F.D.C.) 

SIZE AND LOCATION OF CENTRES 

Some of the factors governing the 
size of a centre are:- 
(a) Each T.&F.D.C. should have suffic­ 

ient work to justify the employ­ 
ment of a reasonably large num­ 
ber of people. 

(b) The number of persons employed 
at a centre should not be so 
large that control by a Senior 
Telecommunications Technical 
Officer is not practicable. 

( c) The centre should have an easily 
identifiable geographical area 
consisting of a number of com­ 
plete telephone exchange areas. 

( d) The related Line Fault Despatch 
organisation should be in the 
same room as the T.&F.D.C. be­ 
cause close co-operation between 
the two is essential. This means 
that T.&F.D.C. boundaries should 
coincide with Metropolitan Dis­ 
trict Works boundaries. 

Some factors which influence the 
location of a T.&F.D.C. are:- 
(a) A site large enough to accommo­ 

date a building having on one 
floor an area of about 4000-5000 
square feet, and able to cater for 
the parking of about 25 vehicles 
is needed. 

( b) The exchange to which the centre 
is to be connected should have 
ready access by cable to all the 
exchanges in the centre's area. 

( c) The centre should be close to the 
"work centre" of its area and it 
should have ready access to pub­ 
lic transport. 

Consideration of these factors has 
led to the conclusion that, for the 
time being, the locations and areas for 
the T.&F.D.Cs. should be as shown 
in Fig. 1 and steps are being taken to 
implement this. The establishment of 
the centres at Brighton and Blackburn 
is well under way, the existing centres 
at Footscray, South Yarra, Brunswick 
and Russell will remain, and the Ivan­ 
hoe and Malvern T.&F.D.C.s will event­ 
ually close down. Later, the centre at 
Russell will move to Lonsdale Ex­ 
change and the centre at Brunswick 
will move to a site at Preston. At a 

much later stage a centre will be 
established at Oakleigh. 
The boundaries of all T.&F.D.Cs. 

except Russell will coincide with Met­ 
ropolitan District Works boundaries. 
The Russell Centre controls the city 
area, in which there is enough main­ 
tenance work to occupy fully the staff 
of a large T.&F.D.C., but there is little 
line maintenance work. The number 
of staff working at the centres will 
vary from about 45 to 85. 

GENERATION OF WORK 

Wth the exception of older types of 
P.A.B.Xs., corrective maintenance only 
is applied to subscriber's plant. Plant 
reliability is increasing with modern 
technology and further the subscriber 
can give prompt advice when perform­ 
ance is not satisfactory. A subscriber 
experiencing trouble with his service 
will dial ll 00 and be answered by one 
of the three Service Centres - Russell 
(24 operators' positions), Hawthorn 
and Windsor (14 operators' positions 
each). 
Consequently, almost all suburban 

maintenance activity is initiated by re­ 
ports from the Service Centres. Re­ 
ports from exchanges account for only 
a small percentage and are mainly 
reports of external plant faults detect­ 
ed by permanent ground alarms 
(PGs). Trouble Recording Registers 
in ARF exchanges (R.K.R.) and Auto­ 
matic Line Insulation Routiners. A few 
exchanges are equipped with devices 
to monitor public telephone services 
and some reports are originated by 
these devices. 

A great deal of clerical work is 
generated by the need to keep records 
up to date. For instance, cable trans­ 
fers alone cause several hundred man­ 
hours per year to be expended in each 
centre on amending cable information 
on master cards. 

BRUNSWICK TEST AND FAULT 
DESPATCH CENTRE 

Although all T.&F.D.Cs. perform 
essentially the same functions, the 
procedures in all centres are not ident­ 
ical. This is because of variations in 
size, the type of work load and geo­ 
graphical area, and differences in the 
stage of evolution. 

To simplify presentation, Brunswick 
T.&F.D.C. will be described. This is the 
longest established centre using the 
layout and equipment recommended 
by the Centralised Testing Working 
Party (Ref. 2) and its procedures are 

NELSON - Melbourne Fault Centres 
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fairly typical of those at the other cen­ 
tres. 

The apparatus maintained by Bruns­ 
wick T.&F.D.C. includes 100,000 tele­ 
phones and 150 P.A.B.Xs to which 
2,500 exchange lines and 15,000 exten­ 
sions and tie-lines are connected. Just 
under 4,000 repair requests per week 
are processed there. 

Activities 
The activities carried out by the 

Brunswick T.&F.D.C. can be divided 
into seven main components which 
are:- 
1. The maintenance of public tele­ 
phones and subscribers' equipment. 

2. The maintenance of P.A.B.X. switch­ 
ing equipment. 

3. The handling of repair requests and 
the testing of services. 

4. The despatching of technical staff 
to faulty services. 

5. The despatching of line faultmen to 
faulty external plant. 

6. General clerical duties (working re­ 
ports, petty cash, vehicle returns, 
updating master cards, sorting and 
counting of fault dockets and com­ 
pilation of repair statistics, handling 

· of telephone orders). 
7. Miscellaneous duties such as the 
handling of stores, special inspec­ 
tions, discussions with subscribers, 
handling letters of complaint, etc. 

Organisation and Hours of Staffing 
The organisation established to 

carry out the work of a particular 

body is determined to a great extent 
by the importance and demands of 
the individual activities carried out, 
and the experience and ability of the 
individuals attached to that body. The 
organisation of the Brunswick T.& 
F.D.C. is shown on the chart, Fig. 2. 

A Senior Telecommunications Tech­ 
nical Officer Grade 3 (S.T.T.O.3) is in 
charge of the centre and subordinate 
staff are functionally grouped. 
Activity 1 is carried out by a team 

of Telecommunications Technical 
Officers Grade i (T.T.Ols) and tech­ 
nicians for which a Senior Telecom­ 
munications Technical Officer Grade 1 
(S.T.T.O.1) is responsible. A typical 
team is two T.T.O.ls, 18 technicians 
engaged on fault clearance work and a 
re-wire team. 
A Telecommunications Technical 

Officer Grade 2 (T.T.O.2) having a 
group of 11 T.T.O.ls and lower grade 
staff carries out Activity 2. 

A T.T.O.2 is in charge of Activity 
3. His teams consists of two T.T.O.1.s, 
three technicians engaged on test desk 
work and two clerical assistants 
handling teleprinter slips, fault dock­ 
ets and master cards. 
A T.T.O.1 who is denoted program­ 

mer in the text and a clerical assistant 
handle work at the technicians' des­ 
patch console, while a Line Foreman 
Grade 2 and a Lineman Grade 2 man 
the linemen's despatch console. 

General clerical duties are the re­ 
sponsibility of five clerical assistants 

under the control of the S.T.T.O.3 or 
the T.T.O.2 in charge of Activity 3. 
Activity 7, miscellaneous duties is 

spread over the six functional depart­ 
ments. 

The hours of staffing and the num­ 
ber of men required at a particular 
time are influenced by:- 
(a) The rate of arrival of repair re­ 

quests. 
(b) The average time allowed be­ 

tween the receipt of a repair re­ 
quest and the repair of the faulty 
service. 

(c) The number of faulty services a­ 
waiting attention. 

(d) The need to visit exchanges after 
normal working hours to deal 
with exchange alarms, the recon­ 
nection of services, the release of 
held services, etc. 

The hours of staffing and the num­ 
ber of men on duty vary from the 
ideal requirements because it is desir­ 
able to have as many as possible of 
the persons attached to the centre 
working normal working hours, 8.00 
a.m. to 5.00 p.m. weekdays; split shifts 
and six-day weeks are avoided, and 
although the work load varies from 
hour to hour and day to day, the num­ 
ber of men on duty is arranged well in 
advance. The staffing outside normal 
working hours is as follows:- 
From 7.00 a.m. to 8.00 a.m. a T.T. 

0.1. only is in attendance and is 
stationed in the centre. From 5.00 p.m. 
to 10.00 p.m. on normal week days a 

Fig. 3. - Clerical Assistant Area. 
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T.T.O.1 is in charge of all operations. 
He has a technician at a test desk and 
a clerical assistant in the centre; his 
staff outside is two fault technicians. 
There are normally no linemen work­ 
ing for the centre at this time. At the 
weekend and on public holidays all 
activities are controlled by a Telecom­ 
munication Technical Officer and a 
line foreman is also in attendance be­ 
tween 8.00 a.m. and 5.00 p.m. 

The number of other staff on duty 
depends upon whether the day is a 
Saturday, Sunday or a public holiday. 
Typical Saturday staffing is:­ 
Controller - 8.00 a.m. to 5.30 p.m. 
Line Foreman - 8.00 a.m. to 5.00 p.m. 
Clerical Assistant - 8.00 a.m. to 

5.00 p.m. 
Testing Officers - 7.00 a.m. to 3.00 

p.m.; 9.00 a.m. to 6.00 p.m.; s.oo 
p.m. to 10.00 p.m. 

Fault Technicians (3) - 8.30 a.m. to 
5.30 p.m. 

Fault Linemen ( 4) - 8.00 a.m. to 5.00 
p.m. 

Apparatus 
Teleprinters: There are four tele­ 

printers in the centre. Two, connected 
as a rotary group, receive repair re­ 
quests from the Service Centres; one 
is used for the receipt of information 
from the Finance and Accounting 
Branch, such as advice about discon­ 
nection and reconnection of services 
following delay in settling accounts; 
and one is used for the receipt of 
telephone orders from the local Sales 
Office. 

Master Card Storage: Master cards 
are stored in specially designed filing 
cabinets with free running drawers. 
Most cabinets have six drawers, each 
with 3,000 cards, but later cabinets 

have seven drawers and hold approxi­ 
mately 20,000 cards. 

This method of master card storage 
is compact and allows simultaneous 
access by several persons. The facility 
of simultaneous access is important 
because of the many operations which 
require access to the store. Some of 
these are:- 
(a) The search for a master card to 

attach to a repair request. 
( b) The replacement of a "card-out" 

card by a differently coloured 
"card-out" card. 

( c) The search for a master card 
which is to have some of its in­ 
formation changed. 

( d) The placing back of a master card 
which was taken out for some 
reason. 

( e) The marking of a master card to 
indicate that the service has been 
disconnected. 

The store can be seen in the back­ 
ground of Fig. 3. 

Conveyor System: Cards, etc., are 
carried between the operating units 
by a ten track, straightline, flat belt 
conveyor system which has eight for­ 
ward and two reverse tracks. It 
stretches from the clerical area to the 
technicians' despatch console and on 
the way feeds the test desks and the 
linemen's despatch console. 
The conveyor system has been de­ 

signed in modules to give flexibility in 
layout and to facilitate removal, if 
necessary. The modules, except for the 
end modules, are six feet in length. 

Cards are placed on edge in the 
track to be carried to the required 
destination. At each test console and 
the linemen's despatch console a small 
wedge is inserted into a track and 

Fig. 5. - Test Consoles. 

cards, when stopped by a wedge, ride 
on the belt at that point without 
suffering damage. At each end of the 
conveyor system the cards drop into 
a trough. 

Test Console and Auxiliary Equip­ 
ment: The test console are two posi­ 
tion units to economise on space. The 
normal layout and positioning of test 
keys on the face panel has been ad­ 
hered to wherever possible, but push­ 
button keys and miniature lever keys 
have replaced the older lever keys and 
lamps. The face panels of the consoles 
are inclined at an angle of 750 to 
the horizontal. Figs. 4 and 5 show the 
layout of the equipment on the panels. 
Each desk has two individual trunks 
to test distributor selectors and pro­ 
vision has been made for 15 incoming 
trunks. Some changes from normal 
have been made and these will now 
be described. 
Avoidance of Correction Factors. 

Test pairs between the test centre and 
the local exchanges vary in capacit­ 
ance and resistance. While the differ­ 
ences can be taken into account by 
the use of correction factors for each 
exchange, it is far more convenient to 
make tests which do not need this. 

Insulation testing and the detection 
of foreign battery are virtually unin­ 
fluenced by the cables which connect 
the test centre to the local exchanges; 
dial testing, loop resistance measure­ 
ments and the location of ' open cir­ 
cuits" are severly affected. 

Correction factors have been avoid­ 
ed by:- 
(a) The use of pulse length monitors 

preceded by Dial Testing Impulse 
Repeaters to reshape the incom­ 
ing distorted impulses for dial 
testing. 

( b) All test pairs have resistors insert­ 
ed at the local exchanges so that 
the test pair loop resistance is 
two thousand ohms. A "floating" 
24 volt supply is provided so that 
the loop resistance of lines can 
be read directly. Fig. 6 shows the 
relevant circuits. 

( c) Test pairs have capacitors plac­ 
ed across them at local and inter­ 
mediate exchanges and are com­ 
bined into capacitance groups. All 
members of a group have the 
same total capacitance. A multi­ 
vibrator which automatically ap­ 
plies constant frequency line re­ 
versal conditions to the test pair 
is brought into circuit when the 
Condensor Key is operated. This 
allows the meter deflections to be 
read accurately and gives greater 
precision in the location of open 
circuit faults. 

Digit Translation. For simplicity, a 
testing officer should need only dial 
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Fig. 7. - Keysender Panel. 

a subscriber's directory number to 
gain access to his service. Digit trans­ 
lators have been provided which store 
the digits sent from a key-sender, 
change the directory number to the 
code required to gain access to the re­ 
quired exchange, and send out all 
necessary digits. 

A translator also informs the testing 
officer of the type of equipment at the 
remote exchange and the capacitance 
group. Equipment is split into three 
types-step bp step, crossbar and SR­ 
B, and in practice, it has been found 
convenient to divide the exchanges 
into three capacitance groups. 
The crossbar sub lamp shows to the 

test desk operator the type of ex­ 
change equipment. This lamp glows 
permanently when the called number 
is connected to crossbar equipment, it 
flashes for a line connected to SR-B 
equipment, and it remains extinguish­ 
ed for a step by step number. 

The "Outer Exchange" lamp indi­ 
cates in which capacitance group the 
exchange to which the operator is con­ 
nected lies. Depending upon the capac­ 
itance group the lamp will glow per­ 
manently, flash or remain extinguish­ 
ed. 
Keysender Key Panel. No dial is 

provided on the test console; instead 
a keyboard mounted on the writing 
table section of each console is used 
to insert digit information into the 
translater. 

Fig. 7 shows the keyboard. The 
'dial' key is pressed to seize a trans­ 
lator and the supervisory lamp glows 
when the translator is transmitting 
digit information. 
Selector Release. A selector release 

key is not needed. Circuits at the local 
exchanges have been provided which 
apply the selector release condition on 
the application of ringing current. The 

ring key therefore, performs the fun­ 
tion of selector release key. 

Orderwire. An orderwire circuit is 
associated with each of the trunk to 
test distributor selectors. The circuit 
consists of a single wire earth return 
speech circuit utilising the sixth wire 
of the test circuit. The orderwire is, 
therefore, automatically connected to 
the local exchange while the test is 
being performed; this obviates the 
need for a separate orderwire network. 
Detection of High Voltage A.C. 

Potentials on Test Pair. Two neon 
lamps are provided to indicate the 
connection of A.C. supply potential to 
the 'a' and 'b' wires of the test pair. 

Despatch Consoles: Four position 
despatch consoles have been provided 
though only two positions are normally 
manned. The other two positions are 
normally staffed only between 8.00 
a.m. to 8.30 a.m. and 1.00 p.m. to 1.30 
p.m. when all technicians are calling 
in for work. Up to thirty incoming 
lines can be terminated at each con­ 
sole and one outgoing lir.e per position 
can be provided. 
Mounted on top of the technicians' 

despatch console are four rows of pig­ 
eon holes in which are kept fault 
dockets and master cards for repair 
requests awaiting, (i) allotment to a 
technician, or (ii) the advice of a 
clearance code from a technician, or 
(iii) an appointment to visit a sub­ 
scriber after he has been found not-in­ 
attendance, or (iv) the receipt of 
parts. 

Fig. 8 shows the technicians' des­ 
patch console and the rows of pigeon 
holes mounted on the top. The line­ 
men's despatch console has three rows 
of pigeon holes for a similar purpose. 
Magnet Boards and Magnets. A 

magnet board consists basically of a 
suitably mounted sheet of mild steel 
on which maps and other information 
are mounted. To ensure a long life the 
whole is coated with a thin sheet of 
plastic. 
Fig. 9 shows a close-up of the tech­ 

nicians' magnet board which is 6ft. x 
7ft. 6in. On the left half of the board 
is a map of the area maintained from 
the centre, and on this map has been 
drawn the relevant section of the key 
map of the street directory used by 
the outside faultmen. The top right 

Fig. 8. - Despatch Consoles. 
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Fig. 9. - Technicians' Magnet Board. 

section of the board has the magnet 
store and a chart which is used to 
indicate the progressive total of faults 
cleared by the outside staff, and there 
is also a store for the magnets which 
were allocated to faults subsequently 
coded T99, subscriber not-in-attend­ 
ance. The bottom right hand corner 
has a map, to a much larger scale than 
the main map, of the outer city area 
which lies in the area maintained from 
the centre. 
An auxiliary board 2ft. 6in. x 2 ft. 

is used to show the location of the 
P.A.B.Xs outside the city area and ad­ 
jacent to this board is a stack of 
pigeon holes in which are posted faults 
dockets for P.A.B.X. equipment. 
On the technicians' board the mag­ 

nets used to denote the location of 
faulty services are 3/Sin. in diameter, 
coated with coloured plastic, and 
sequentially numbered, while the mag­ 
nets used to denote the location of 
technicians are 11/16in. in diameter 
and painted. Different colours are 
used for different classifications of 
faulty services. Some of the colours in 

use at the moment and the corres­ 
ponding classifications are as follows: 
Red Urgent 
Red on Yellow Prompt 
Black on Yellow... Minor 
Green Public telephone 
Red on Blue Upgraded minor 
Blue Appointments 
Green on Yellow Awaiting parts 
A similar system is used on the line­ 
men's board. 

Power and Tone Supply Require­ 
ments: The following power supplies 
are provided: 
50 V - provides power for the equip­ 

ment and transmission require­ 
ments. 

50 V + combines with 50 V - to 
supply 100 volts transmission 
battery. 

24 V - and 24 V "floating", for loop 
resistance measurement. 

80 V - and 250 V - for insulation 
testing. 

The following tones and supplies are 
provided: 
Busy tone. 
Interrupted ring tone. 

Ring - continuous and interrupted. 
Interrupted earth. 
Howler - standard sweep-frequency. 

Standby A.C. Power and Lighting: 
Standby A.C. power for the teleprint­ 
ers is provided by an invertor operat­ 
ing from the 50 V-battery and standby 
lighting is provided by butane lamps. 

LAYOUT OF CENTRE 
Fig. 10 shows the layout of Bruns­ 

wick T.&F.D.C. The Centre is divided 
into three main areas:- 
(i) The teleprinter and master card 

area. 
(ii) The testing and despatching area. 
(iii) Offices, store, equipment room 

and amenities area. 
The layout has been designed to:­ 
Minimise staff movement and facilitate 

the flow of data. 
Provide for adequate supervision by 

the Officer-in-Charge. 
Isolate from other working areas the 

noise generated in the teleprinter 
and master card area. 

Provide security for the store. 
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Fig. 11. - Faull Docket Stamp. 

Provide separate accommodation for 
the batteries, power equipment 
and relay sets. 

The movement of dockets between the 
operating centre is facilitated by the 
conveyor belt system; background 
noise is reduced by the carpet pro" 
vided in the operating areas. 

HANDLING OF REPAIR REQUESTS 
IN CENTRE 

The handling of repair requests in 
the centre, while basically simple to 
understand, is, in fact, complicated be­ 
cause of the procedural changes which 
can occur as data about a faulty ser­ 
vice accumulate. The following is a des­ 
cription of the processing procedure 
for a repair request on an ordinary 
telephone service and it also indicates 
how some of the required statistics 
are obtained. 
Repair requests from the Assistance 

Centres arrive on a group of two tele­ 
printers. The teleprinter stationery 
consists of two sheets interleaved with 
carbon paper so that an original and 
a duplicate report are available. 
1. A clerical assistant tears off the 
teleprinter slip and stamps the top 
copy with a fault docket stamp 
(Fig. 11) This stamped slip is now 
a fault docket. 

2. He then attaches the fault docket 
and the duplicate report to the 
relevant master card and substi­ 
tutes a yellow "card-out" card for 
the master card. 

3. The docket, the duplicate report, 
and the master card are then sent 
to the test desk. 

4. A test desk operator tests the line, 
unless the repair requests shows 
obvious reason for this not being 
necessary, and talks to the sub­ 
scriber, if possible. 

5. The test desk operator writes on 
the fault docket: 
( a) Result of test and discussion 

with subscriber. 
(b) Date and time of test. 
( c) Priority allotted to fault. 
( d) His initials. 

6. The test desk operator then sends 
the docket, the duplicate report, 
and the master card to the appro­ 
priate despatch console, or to the 
clerical area (teleprinter room) if 
his test indicates an exchange fault 
or if the service is R.W.T. (Right 
when Tested). Assume that the 
fault docket and master card are 
sent to the technicians despatch 
console. 

7. Substation Equipment Fault. The 
programmer stamps the docket 
with a numbering machine, allots 
an appropriately coloured magnet 
to the fault, and writes the mag­ 
net's number on the fault docket. 
The duplicate report, together with 
a green "card-out" card, he sends 
in a plastic envelope to the clerical 
assistant area. 

8. The duplicate docket and the green 
"card-out" card replace the yellow 
"card-out" card which replaced the 
master card at step 2. 

9. The programmer then places the 
allotted magnet on his map at the 
point corresponding to the street 
directory's map and reference num­ 
ber shown on the master card. 

10. The fault dockets and the master 
card to which it is attached are 
then placed, until required, in the 
pigeon hole labelled with the allot­ 
ted magnet number. 

11. The details of the reported fault 
are passed on to a fault technician 
as early as the work load and the 
priority allotted at step 5 allow. 
The master card and fault docket 

are then transferred to a pigeon 
hole labelled with the fault technic­ 
ian's number and the magnet rep­ 
resenting the fault is placed ad­ 
jacent to the technician's magnet. 

12. When the fault technician rings 
back with the fault clear code and 
the time the fault was removed, 
the relevant information is entered 
on the fault docket, the allotted 
magnet is removed from the board, 
and the technician is credited with 
the fault clearance. 

13. The despatcher then sends the 
docket and the master card to the 
clerical assistant area. 

14. A clerical assistant replaces the 
master card in the master card 
file after writing on the back of it 
details of the fault and checking 
to see if a special inspection of the 
service is warranted. He stores the 
docket for subsequent sorting and 
counting for statistical purposes. 

15. Subscriber Not In Attendance. If 
the fault technician at step (12) 
reports that the subscriber is not 
in attendance and he has left a 
'not-in-attendance" card, the des­ 
patcher enters the information on 
the fault docket which, together 
with the master card, he places in 
a slot marked with the day of the 
week. 

16. Two days later, if the service is 
without service and the subscriber 
has not contacted the centre to 
arrange a visit, the programmer ar­ 
ranges another visit by a fault 
technician. 

17. Transfer from Technicians to Lines. 
If the fault technician at step (12) 
reports that the fault is in external 
plant, the despatcher places this 
information on the fault docket 
which, together with its master 
card, he sends to the lines despatch 
console. 

18. It is then handled in a manner 
similar to that in which a fault 
passed directly from the test desk 
is treated. 

19. An "ALFA" (Automatic Line Fault 
Analysis) fault docket is made out, 
and the original fault docket and 
the master card are sent to the 
clerical assistant area. 

20. A clerical assistant replaces the 
green "card-out" card with a pink 
card and the docket and master 
card are held in suspense until an 
ALFA card showing fault clearance 
details is received from the line 
despatch console. 

21. Subsequent Reports. During the 
time the technicians' despatch con­ 
sole was holding the fault docket 
a further repair request could have 
been received. 

22. In this case a clerical assistant, 
after finding a green "card-out" 
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card where the master card should 
have been, takes the fault docket 
directly to the. programmer after 
placing on it the clear code "90Z/ 
PR". 

23. The programmer places it with the 
original fault docket and raises the 
priority he has already given to 
the repair request. He raises the 
priority by placing a piece of paper 
under the magnet he has allotted 
to the fault. 

24. Action as described in ( 11) then 
follows. 

25. Transfer from Technician to Ex­ 
change. If the fault technician finds 
that the service is affected by a 
fault in the exchange, he reports 
this to the exchange and receives 
a sequence number. He then ad­ 
vises the despatcher that the fault 
is in the exchange. 

26. The despatcher enters the neces­ 
sary information on the fault doc­ 
ket and sends it and the master 
card to the clerical assistant area. 

27. A clerical assistant subsequently 
replaces the green card-out card 
with a white card and holds the 
master card and fault docket in a 
slot labelled with the name of the 
exchange until the exchange rings 

in with the required fault clear­ 
ance details. He then carries out 
the procedure he followed in (14). 

28. Request for Technical Assistance. 
The technician attending the fault 
may find that he is unable to clear 
it owing to his having insufficient 
technical knowledge or mainten­ 
ance aids. In this case he will seek 
the assistance of the programmer 
who will supply the required infor­ 
mation or, alternatively, arrange 
for one of the field Technical 
officers to assist the technician or 
attend the fault later. 

29. Repair Request Coded RWT (Right 
when Tested). A fault docket hav­ 
ing a RWT code written on it to­ 
gether with its attached master 
card which arrives in the clerical 
area after being sent by a test desk 
operator at step ( 6) is dealt with 
as at step (14). 

30. Raising of Priority. At 7.30 a.m. 
each morning each fault docket for 
services reported faulty over 24 
hours earlier to which a technician 
is to be sent has its priority in­ 
creased. This is carried out by al­ 
lotting to it a magnet which denotes 
"up-grade". A list is made out of 
the numbers of the magnets used 
for "up-grade" purposes and the 

corresponding numbers of the re­ 
placed magnets. 

Method of Dealing with a P.T. Repair 
Request: If the report is other than 
"Coins No Service", CNS, for which 
no refund is claimed, it is dealt with 
in the same way as a normal sub­ 
scriber's repair request except that it 
is not referred to the test desk. It is 
sent by a clerical assistant directly to 
the technicians' despatch console. 

If the report is a "Coins No Service", 
CNS, request for which no refund is 
claimed, the fault docket and the mas­ 
ter card are placed in suspense and an 
orange "card-out" card replaces the 
master card. If no further report is 
received within a predetermined time 
which depends on the calling rate and 
is shown on the master card, the re­ 
port is coded 90P and action similar 
to that described in ( 14) of the 
method of dealing with a repair re­ 
quest on an ordinary service takes 
place. 

If a further report is received before 
the predetermined time has elapsed 
then both reports and the master card 
are posted to the technicians' despatch 
console after the second report has 
been coded 90Z/PR. The procedure 
followed is then similar to that follow- 

TELEPRINTER 

TELEPRINTER 

SLIP 

DOCKET 

PRINTING 

TABLE 

MASTER 

CARD 

STORE 

FILED 

SUSPENSE 

LINES 

DESPATCH 

TRANSFERS TECHNICIANS 

TO LINES 

TECHNICIAN 

DESPATCH 

TRANSFERS TO 

EXCHANGES a 
CLEARED FAULTS 

IN HAND
1 

LINES, 
+ ALPHA CARDS FOR 

CLEARED FAULTS AND 

TRANSFERS TO 

TECHNICIANS AND 

EXCHANGES 

FAULT DOCKET ATTACHED TO MASTER CARD 

MASTER CARD ALONE 

FAULT DOCKET ALONE 
FAULT DOCKETS FOR 

SORTING a COUNTING 

Fig. 12. - Path followed by Fault Dockets and Master Cards for Repair Requests on Ordinary Services. 
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Fig. 13. - Path followed by Faull Dockets and Master Cards for Repair Requests on Public Telephones. 

ed for a repair request on an ordinary 
service from step (7) onwards. Figs. 
12 and 13 show in a simplified form 
the routes followed by fault dockets 
and master cards in the centre. 

DEPLOYMENT OF FIELD STAFF 
Outside fault technicians and line­ 

men spend most of their time in one 
distinct geographical area. Some time 
is spent in areas adjacent to their 
home area, but it is unusual during 
normal working hours for a technician 
or a lineman to be sent a considerable 
distance to clear a fault. 

The faultmen are divided into 
groups and each group is stationed at 
a location reasonably close to its work 
load centre. These locations are tele­ 
phone exchange or the T.&F.D.C. for 
fault technicians and line yards for 
fault linemen. This arrangement pro­ 
vides simplification of supervision and 
material supply. An average of four 
fault reports are allotted to a tech­ 
nician at one time, but normally only 
one fault at a time is alloted to a line­ 
man. All faultmen are expected to re­ 
port in hourly. 

The two T.T.O.ls engaged on sub­ 
station maintenance: 
(i) handle special inspections follow­ 

ing the issue of special inspection 
dockets; 

(ii) attend to faults on new equip­ 
ment until the training of tech­ 
nicians is sufficiently advanced; 

(iii) assist, at the request of the pro­ 
grammer, technicians experienc­ 
ing difficulty in fault finding; 

(iv) assist in training; and 
(v) sample, at the request of the 

S.T.T.O.1 in charge of substation 
maintenance, work carried out by 
technicians. 

The standard of workmanship of 
the fault linemen is checked by line 
inspectors attached to the District 
Works Division employing the line 
faultmen. Each inspector samples work 
carried out in his area only. 
Each T.T.O.1 engaged on PABX 

maintenance is assigned a group of 
PABXs for which he is responsible for 
the maintenance. Each group of PA 
BXs is confined to an individual geo­ 
graphical area or particular types of 
equipment. A T.T.O.1 can have sub- 

ordinate staff, technicians, technician's 
assistants, or technicians-in-training to 
assist him. 

MANAGEMENT CONTROL 

A continuous oversight of staff and 
plant performance is required for the 
following purposes: 
(a) To ensure that an adequate ser­ 

vice is being given to subscribers. 
( b) To ensure that staff are being 

used effectively and economically. 
( c) To facilitate the estimating of 

future staff requirements. 
( d) To determine where training of 

staff is needed. 
(e) To pin-point plant weaknesses. 
The following data for each centre 

is available to management as an aid 
to assess staff and plant performance 
and the quality of the service given to 
subscribers. 
(a) The average number of visits 

made by each technician per day 
(weekday and weekend). 

(b) The average number of faults 
carried over from one day to the 
next. 
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( c) The average number of repair re­ 
quests handled by the staff at 
the technicians' despatch console. 

( d) The average number of repair re­ 
quests handled per day (week 
day and weekend) by the Centre. 

( e) The average distance travelled by 
vehicle per visit made. 

(f) Histograms showing the percent­ 
age number of faults cleared in 
different time intervals. 

(g) The number of ordinary service 
repair requests per 100 tele­ 
phones. These repair requests are 
segregated into the following 
groups:- 
telephone instruments, switch­ 
boards, P ABXs, external plant, 
exchange equipment, right when 
tested, which are then further 

sub-divided. 
(h) The number of public telephone 

repair requests per 100 instru­ 
ments for each type of public 
telephone. The repair requests for 
each type are segregated into the 
following groups:- 
faults and FOKs, faults due to 
vandalism, right when tested 
(RWT). 

Since a public telephone service is 
not tested from a test desk, RWT 
applied to a PT is a misnomer, even 
though a test desk RWT code, 90P, 
is applied. A RWT code is applied to a 
CNS report when no further report 
arrives within a predetermined time. 

COST OF OPERATIONS 
The cost of carrying out the activi­ 

ties controlled by the centre, except 
for activity five, are available from 
Costing returns, and the information 
is available now in far more detail 
than it was only a few years ago. 

For instance, the plant account XIM 
which is applied to the maintenance 
of sub-station plant and public tele­ 
phones has now been sub-divided into 
four main parts:- 
lXIM for workshop costs; 
2XIM for the costs of staff working 

in the centre except for line staff; 
3XIM for maintenance work, other 
than fault removal, carried out in 
the field; 

4XIM for fault clearance work in the 
field. 

These four main categories are each 
divided into two parts; one part is 
for the maintenance of normal sub­ 
station plant, and the other is for the 
maintenance of public telephones. 

Typical examples are:- 
8/ /2XIM5 indicates costs incurred 

by Metropolitan Service West Division 
for work connected with subscribers 
equipment carried out in the Footscray 
Test and Fault Despatch Centre. For 
instance technicians engaged on test 
desk work will book their time to this 
plant account. 
ll/4XIM8 indicates the plant ac­ 

count debited for the clearance of 
faults on public telephones by staff 
in the Metropolitan Service East Divi­ 
sion. 

CONCLUSION 

The advantages which at the outset 
were expected to be gained by the 
centralisation of substation mainten­ 
ance have been fully realised. Further, 
the administration of this activity has 
been greatly simplified because of its 
concentration to a few centres; for 
example, the training of staff and the 
carrying out of surveys to collect data 
is now performed much more quickly 
and efficiently than hitherto with mini­ 
mal effort on the part of divisional 
office staff. Subscribers, too, have ben- 

efitted from the change despite the 
savings in man-power and material. 
They benefit because time commit­ 
ments, quality of workmanship, and 
attention to services incurring a high 
complaint rate, are virtually uniform 
over the whole metropolitan area and 
are better on the average than those 
experienced in the decentralised 
scheme. 
The future will see the application 

of ADP to substation maintenance 
statistics, the possible transfer of the 
substation maintenance activity from 
divisions carrying out exchange main­ 
tenance, the possible transfer of the 
P ABX maintenance activity to these 
divisions, a large increase in the num­ 
ber of females employed in the cen­ 
tres, an increase in the technical com­ 
plexity of substation equipment and an 
increase in the qualifications - not 
necessarily technical qualifications - 
required by the higher levels of super­ 
visory staff at the centres. 
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TECHNICAL . NEWS ITEM 

WORLD ADMINISTRATIVE RADIO 
CONFERENCE ON SPACE TELE­ 

COMMUNICATIONS 1971 

Following numerous preparatory 
meetings of Commonwealth Govern­ 
ment Departments and instrumentali­ 
ties concerned with the use of radio, 
an Australian delegation of 15 radio 
experts led by Mr. L. M. Harris, 
F.A.D.G. (Planning and Research), of 
the Australian Post Office is at present 
(June, 1971) attending the 1971 World 
Administrative Radio Conference on 
Space Telecommunications (W.A.R.C. 
- S.T.) in Geneva. 

W.A.R.C.'s are held from time to 
time by the International Telecom- 

munications Union (I.T.U.) to revise 
and supplement the administrative 
and technical provisions of the inter­ 
national radio regulations which de­ 
termine the way in which the radio 
spectrum is used and which co­ 
ordinate the conflicting requirements 
of the many radio services and 
scientific radio activities throughout 
the world. 

The rapid development of space 
communication technology in recent 
years has given rise to demands for 
facilities for communication with 
space vehicles (used for meteorological 
purposes, earth resources surveys and 
spacetravel) as well as with terrestial 
and aeronautical mobile vehicles 
which so far have been provided with 

a very limited service from ground­ 
based stations. 
Radio astronomy and amateur radio 

communications are examples of non­ 
commercial activities which will also 
be affected by the conference de­ 
cisions. 

It is anticipated that satellite broad­ 
casting services, firstly to remote com­ 
munity centres and later to individual 
home receivers, will grow consider­ 
ably during the next decade. In Aus­ 
tralia such techniques are particularly 
attractive, but the frequency spectrum 
requirements conflict with existing 
terrestial services, such as those used 
in civil aviation. Such matters will be 
resolved by the Conference taking 
into account world-wide requirements. 
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Hy-Q Electronics Pty. Ltd., Australia's largest 
facility devoted exclusively to the development 
and production of Quartz Crystals and related 
products have greatly expanded their production 
capacity to provide even better service for Austra­ 
lian equipment manufacturers. 

Hy-Q's new fully air-conditioned plant provides 
application engineering, design and testing facili­ 
ties in addition to a large production capacity for 
low frequency and high frequency crystals in 
glass, cold weld or solder seal holders, crystal 
filters, discriminators and crystal oscillators. 

These facilities are available to all equipment 
manufacturers and crystal users. Hy-Q Electronics 
do not manufacture equipment, nor are they 
affiliated with any other manufacturer so that you 
may discuss your problems and requirements in 
complete confidence. 

Write, 'phone or Telex us any time. 

Hy- Q Electronlcs Pty. Ltd. 
1-10-12 Rosella Street, 
P.O. Box 256, Frankston, Victoria, 3199. 
Telephone: 783-9611. Area Code 03. 
Cables: Hyque Melbourne. Telex: 31630. 

HQ04 

Pub&cations of the 
Telecommunication 

Society of 
Australia 

TELECOMMUNICATION JOUR­ 
NAL OF AUSTRALIA (3 per 
yeair) 

Aust. O's- 
AnnnaJ Subscription $1.50 $2.40 
Single issues (recent) $0. 70 $0.80 

AUSTRALIAN TELECOMMUNI­ 
CATION RESEARCH (2 per 
year) 

Aim~ Subscription $2.00 $2.80 
Single issues $1.25 $1.40 

AUSTRALIAN TELECOMMUNI­ 
CATION MONOGRAPH No. I 

Cakulatioit of Overflow Traffic from 
Crosobar Switel,Q $1.00 $1.25 

AUSTRALIAN TELECOMMUNI­ 
CATION MONOGRAPH No. 2 

Symposium on the Preflen'Stive Treat­ 
ment of Wooden Poles 

$1.00 $1.25 

AUSTRALIAN TELECOMMUNI­ 
CATION MONOGRAPH No. 3 

Syll!posium oa Power Co-ordination 
and Lightnin; Protecti()ll 

$1.00 $1.25 

Australian residents apply to: 
State Sec:retaty, 

Telecommunication Society 
of Australia 

Box 6026, G.P.O., Sydney, N.S.W. 
2001; Box 1802Q, G.P.O., Mel­ 
bourne, Vic., 3001; Box 1489, 
G.P.O., Brisbane, Qld., 4001; Box 
1069J, G.P.O., Adelaide, S.A., 
5001; Box Tl804 G.P.O., Perth 
W.A., 6001; Box 1522, G.P.O., 
Hobart, Tas., 7001. 

Overseas res.idents appfy to: 
The General Secretary, Telecom­ 
munication Society of Australia, 
Box 4050, G.P.O., Melbourne, 
Victoria. Australia, 3001, or 
Agent for Europe, Mr. D. Mc­ 
Bride, Canberra House, 10-16 
Maltravers St., Strand, London, 
W.C.2, England. 
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The family doctor 
oithe70S. 

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 last year, the Australian Post 
Office began its Datel services for the 
transmission of computer data over 
telephone and telegraph. You just 
dial a number and "talk" to your com­ 
puter. 
At the same time, medical and computing 
scientists in Melbourne developed the 
world's first 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 

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. 
Works at: Maidstone and Clayton. Victoria; Liverpool, 
N.S.W., Australia; and Hornby, Christchurch. N.Z.; 
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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 SGT&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 Automatic Electric Company, 
Ed Elettronica, S.p.A. Milan, Italy (Marelli Lenkurt Northlake, Illinois, U.S.A. 
microwave equipment and Autelco switching) Automatic Electric (Canada) Ltd., 
Lenkurt Electric Co. Inc., Brockville, Canada. 
San Carlos, U.S.A. Automatic Electric S.A., 
Lenkurt Electric Co. of Canada Ltd., Antwerp, Belgium. 
Burnaby, B.C., Canada. Sylvania Electronics Systems, U.S.A. 

GENERAL TELEPHONE & ELECTRONICS AUSTRALIA PTY. LTD. 
Telecommunications Divis~o,1 

1-7 Lucas Road, Burwood, N.S.W., Australia 2134. Telephone: 747 1833. Telegrams and Cables: "Gentelint" Sydney. 

GT/1 
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SIEMENS 

Good contacts 
are important to us 
This is \,vhy our coaxial connectors 1.8/5.6 (50 Ohm) and 
1.6/5.6:(75 Ohm) conforming to DIN 47295 {IEC recorn­ 
rnendation in preparation) show constant characteristics 
even under great mechanical stress. They prove them­ 
selves day after day in our carrier telephone and radio 
equipment. 
There are three special requirements for coaxial connec­ 
tors when transmitting television programmes over radio 
links, or transmitting 10,800 long distance telephone calls 
sirnultaheously over coaxial cables. These are: good con­ 
nections ... low coupling impedance ... and low reflection. 
Siemens coaxial connectors 1.8/5.6 and 1.6/5.6 meet 
these requirements. 
We supply coaxial connectors in many different designs 

and for various applications, such as plugs and jacks 
(both angular and straight) for slide-in units or for plug-in 
terminal panels, for cables with screw locking facilities, 
and as Li-connectors with rigid or variable pin spacing. 
Accessories such as adaptors, terminations and coupling 
units for connector size 2.5/6.0 complete our range. 
Further information regarding the extensive range of 
Siemens coaxial connectors is available from: 

Siemens Industries Limited 
Melbourne: 544 Church Street, Richmond, Vic. 42 0291 
Sydney: 383 Pacific Highway, Artarmon, N.S.W. 439 2111 
Brisbane, 294 St. Paul's Terrace, Fortitude Valley, Q'ld. 51 5071 
Perth: 35 Great Eastern Highway, Rivervale, W.A. 6 2703 
Newcastle, 16 Annie Street. Wickham, N.S.W. 61 4844 
Adelaide: R. G. Pank (Electrical) Pty. Ltd., Adelaide, S.A. 51 2416 

Siemens 
Coaxial Connectors 

SH410 
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SIEMENS 

13 GHz '08' Van Link 
Transmission of TV programmes in the 13 GHz RF 
band has many advantages for outside broadcast 
applications. 
With smaller antenna, large antenna gain is achieved. 
Power drain is minima! due to solid state circuitry. 
The system can be assembled and dismantled 
rapidly. It is suitable for monochrome or colour 
transmission, with the option of one or two sound 
channels. 

The equipment is suitable for 0B van !ink to studio or 
radio path from studio to TV transmitters using 
standard 70 MHz intermediate signal. 
Its performance complies with CCIR Standards. 

For further information call or write: 
Siemens Industries Limited 
544 Church Street, Richmond, Victoria, 3121. 
Te!. 42 0291 Telex AA 30425 

z r--­ 
N ..,. 
:c 
"' 

Siemens TV 
Transmission Equipment 
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em__gv.e 
W01uS 

Words are the essence of communication, used to convey every 
idea known to man. 

And getting the message across is the essence of our business at 
L M Ericsson. 

We make equipment to move words across an office, across a 
city, or all around the world. 

Our name means telecommunications in over 90 countries. 
In Australia, 1959, the APO chose L M Ericsson crossbar 

switching equipment ahead of all other systems in the world. 
They decided to standardise on this equipment for the future 

development of the public network ... in trunk, city, and rural 
telephone exchanges as well as Telex exchanges throughout 
Australia. 

They've kept us very busy. 
Meanwhile, our PABX systems for the private market have 

been revolutionising business communications. 
All this equipment is made here in Australia. And we're making 

so much of it that L M Ericsson has grown by three factories and 
three thousand people. 

Very quickly. 
Keep talking, everyone. 

L M Ericsson Pty, Ltd. 
Head Office: Broadmeadows, Victoria 3047. 
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S184 

ENQUIRIES TO 

S185/1 
S185/2 

This range is designed to encompass a 
wide variety of applications, such as 
laboratory, educational and production 
testing. 
The units have been designed and 
manufactured in Australia. They 
incorporate high quality solid state 
components and integrated circuits. 
Other advantages of all types are: 
e Mains operated e compact 
e robust construction 8 excellent 
regulation e rapid load transient 
recovery time • short circuit prod 
• low ripple and output impedance at 
low unit cost. 

S180/60/5 
D.C. Output 0-60 Volts at 
0-5 Amperes. 
Continuously variable 
output voltage (program­ 
mable) and output 
current. Suitable for 
5185/1 
D.C. Output: 3-35 Volts 
at 0-1.25 Amperes. 
5185/2 
D.C. Output: 2-18 Volts 
at 0-2.5 Amperes. 
Continuously, variable 

S184 
D.C. Output Dual: 2 x 15 
Volts at 125 mA. 
Variable output voltage 
approximately ±20% of 
nominal. 
Series or parallel 
operation. 

either bench or rack 
mounting. 
Dimensions: Height 53/16" 
Width 1613/16" Depth 
12½" Weight 42 lb. 
(19 Kg.) 

output voltage and 
current control. 
Dimensions: Height 4¾• 
Width 4" Depth 8" 
Weight 7 lb. (3 Kg.) 
approx. 

Dimensions: MS drawn 
steel case 
Base. 29/16" x 115/16" 
Height 35/s" 
Weight 14 oz. (0.4 Kg.) 
approx. 

DIVISION OF 
L M ERICSSON PTY LTD 

CHARLES STREET AND WILLIAMS ROAD NORTH COBURG 3058 VICTORIA 
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consult BELLJ:NG & LEE 
Communication Antenna 
Systems 
Corner reflectors Mobile whips 
Panel arrays High gain mobile whips 
Ground planes HF mobile whips 
Co-axial dipoles · HF manpack whips 
Bi-conical dipoles Log periodic arrays 
Discones Unidirectional yagis 
Co-linear dipole arrays Stacked yagi arrays 

Special antennas to customer specification 

Modular Shielded Enclosures 
• Modular 
construction 

• Simple assembly 
. • Mechanically robust 
• Transportable 
• Shielded windows 

• No-lock doors 
• Simple routine 
maintenance 

• High performance 
• Wide frequency · 
ranges 

Electronic Components 
General Purpose Plugs and 
Sockets 
Screened Plugs and Sockets 

, Co-axial Plugs and Sockets 

Multiple Plugs and Sockets 
Printed Circuit Connectors 
B.N.C. Connectors 
Panel Terminals and Turret Lugs 
Flexible Terminal Blocks · 
Fuseholders and Fuselinks 
Thermal Delay Devices 
Miniature .Circuit Breakers 

®BBLLJ:NG ·& LBB (A"lJ'STRAUA) PTY. J:.TD. 
1 ' Re.gis.ter.ed O.ffi~. e & W. orks.: CANTER.BURY RD., KILSYTH., VIC.·TORIA. 313~. Telepho~e.': 729 0621 

N.S.W. Branch. 25 BURWOOD RD.,, BURWOOD, N.S.W. 2134. Telephone. 7'47 343.3 .. ,,, 
W.A. Branch: 24 LO.NGROYD ST., MT, LAWLEY, W.A. 6050. Telephone: 71 9726 B L 001 
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Today, thirty years from its earliest 
operations in Australia, the Plessey group 
of companies employs over two 
thousand individuals in 
telecommunications alone. Individuals, 
because in this intricate field of man's 
achievements the work of individual men 
and women remains the vitally 
important factor. 

Plessey is a major supplier of 
technical equipment to the Australian 
Post Office, to defence authorities, and to Precision in 

telecommunications is 
a product of the right people. 

those areas of industry requiring 
advanced technical equipment in 
communications. 

To meet these demands requires the 
right people, and today Pl essey is 
meeting increasing demands and 
sophistication in subscriber telephone 
equipment, complete automatic 

-exchanges, PAX and PABX systems, 
transmission and remote control 
equipment. Through research, 
development and planning Plessey 
Telecommunications has emerged as a 
world leader in such relatively new areas 
as mail handling and sorting systems 
and automatic conveying and sorting 
systems. (Plessey Australia was in fact 
commissioned to design and install a 
mail sorting system for the United 
States Postal Authority. An 
achievement for Australia, and 
for Plessey Australia.) 

An ac-h icverrien t for so me two 
thousand Plessey people. 

If your problem is one which calls for 
precision in the field of 
tc l ocom nu m ira t io ns why not «a l l us? 

AT3 
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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 

glaze element 

Ceramic substrate 

Plated-on copper 

High temperature 

terminat.or, 

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 
ventional films. defies catastrophic 
failure, withstands high temperatures 

and high overloads, and is impervious to 
environmental extremes. Its fully insulated 

moulded body resists solvents, corrosion 
and mechanical stresses and has a dielectric 

strenqth of 500 VR MS. 

Load life stability is excellent. Resistance change 
is typically less than .5% after 1000 hours, 
-four times better than Mil-R-22684 speci­ 

fication allowance. 

TIB 
SAFI 
0•1 - , . . ' - ' ,- - ' 

riiili) TH!: CpMPONENT DIVISIO. N 
~ OF IRH INPUSTf!IES LIMITE:p 

· · · . N1800~/2 
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'" ITT world-wide telecommunication and electronics· 
ASSOCIATE 

Out of his 
office, but 
still in reach. 
STC PRO 411 keeps 
him in touch. 

Was the time that our Bob Hill could 
never be contacted. After all, Bob's 
one of those people who are always 
attending meetings, supervising staff­ 
generally chasing progress. 

Now with the PRO 411, STC has 
made it possible to reach Bob any­ 
where in the building - at the touch 
of a button. In fact, it's that easy to 
reach anyone or everyone even if 
they're not in an office. 

For a start, PRO 411 can give access 
to audio or visual paging systems. 
Personnel are made aware that they're 
wanted. They can then make instant 
contact with the caller from any PRO 
411 phone. 

Just by pressing the right buttons, 
you can switch all calls to your sec­ 
retary - automatically. Or to the con­ 
ference room ~ or anywhere in the 
building automatically. You can hold a 
meeting without anyone leaving his 
office - even contact with a radio 
car! 

The PRO 411 is a loudspeaking 
internal communications system. Your 
conventional phones are left free to 
accept only those vital external calls 
-calls that mean business! 

Remember, a company is only as 
good as its internal communications. 
The STC PRO 411 does everything 
you'd expect from the perfect internal 
communications system. So now it's 
up to you. 

For further information on the STC 
PRO 411, send the coupon below to 
Standard Telephones and Cables Ply. 
Limited, 252-280 Botany Road, Alexandria 
2015, or phone Melbourne 480-1255; Can­ 
berra 95-9883; Fred Hoe & Sons, 'Brisbane 
47-4311; Unbehaun & Johnstone, Adelaide 
51-3731; M. J. Bateman, Perth 24-7788; 
W. & G. Genders, Launceston 31-.2511. 

r-----------------~ I Please send me more information on the I 
I PRO 411 internal communications system. I 
I I I Name..................... .. I 
I Company..................... . I I Position............................... .. I 
I Address................. . I 
I I I.......... . I ~-----------------~ Y691 
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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 co17JrQl.b,y tJ)(?ans:ot simple screw 
adjustment. Single screw mounting. 
Solder/Quick connect terminals. ~~ 
Spark suppression unit is optional. 0 
E. S. RUBIN & CO. PTY. LTD. 
73 Whiting Street, Artarmon, N.S:W.2064---Telephone:·· 
439 2333. Telex: 21175. 6 Kemp Street, Woodville, 
South Australia 5011 - Telephone: 45 3579. Telex: 
82529. 138 Berkeley Street, Carlton, Victoria 3053 - 
Telephone: 34 6469. Telex: 30948. Queensland-Tele­ 
phone: 70 8097. Western Australia-Telephone: 21 7861. 

ESR5632+-t 

Wickmann miniature 
fuses (5 x 20 mm) with 
{DIN 41577) and without 
{DIN 41571) indicator. 
Available with 3 time/ 
current characteristics 
for various 
applications:~ 
FAST - No current 
surges - quick 
interruption on over 
current or short circuits .. 

MEDIUM-Start 
circuits, etc. with 
normal current surges 
for short duration. 
SLOW - Start circuits, 
etc. with high initial 
current surge for longer 
duration. 

CURRENT RATINGS 0.1A to 
6.3A 
BREAKING CAPACITIES at 
250 vrms 80A, 1 OOOA and 
1500A .. 

E.S.RUBIN & CO.PTY.L TD. 
73 Whiting Street, Artarmon, N.S.W. 
2064 -- Telephone: 439.2333. Telex: 
21175 • 6 Kemp Street, Woodville, 
South Australia 5011 -- Telephone: 
45.3579. Telex: 82529 • 138 Berkeley 
Street, Carlton, Victoria 3053-Tele­ 
phone: 34.6469. Telex: 30948 • 
Queensland - Telephone: 70.8097 • 
Western Australia - Tel.: 21.7861. 

ESR6176B 
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VACUUM ENCAPSULATED 
TRANSFORMERS &SOLENOID 

CO I l S for Adverse Environments! 

Vacuum epoxy 
resin encapsulated. 

As supplied to Federal and 
State Govt. Depfs. and Industry! 

A & R TRANSFORMERS PTY. LTD. 
30-32 Laxton Road, Box Hill, Vic. 3128. Ph.: 89 0238 

SALES OFFICES 
VIC: 30-32 Lexton Rd., Box Hill. 89 0238. Telex 32286 
NSW: 82 Carlton cr., Summer Hill. 798 6999. Telex 22874. 
SA: 470 Morphett si., Adelaide. 51 6981. 

INTERSTATE AGENTS 
OLD: R. A. Venn Ply. Ltd., Valley. 51 5421. 
WA: Everett Agency Ply. Ltd., West Leederville. 8 4137. 

Australia is a Nation 
where communications have come a long way 
In a country covering nearly 3 million square miles, communications are a serious business. 
Australia's largest business, in fact. It's all a far cry from the days of Ned Kelly's notorious 
mail-coach robberies! 
Computer services by telephone; TV and radio broadcasting; satellite communications; electronic 
letter-sorting; these are just some of the vital but diverse Australian Post Office activities 
which enable one half of Australia to know what the distant other half is doing! 
Australia's is one of the world's most advanced telephone systems; it incorporates a microwave 
and co-axial grid extending throughout the continent, a modern crossbar switching system has 
been operating tor a decade and computer-controlled exchanges are being introduced. 
Because Australia's communications network is growing so rapidly, we are always looking for 
suitable professional engineers either with experience or as new graduates. 
As a matter of fact there are openings right now for the right kind of people. Commencing 
salaries range from $A4714 to $A8570 (£stg.2200-£stg.4000} depending upon experience. 
Our Headquarters is located at Communications House, 199 William Street, Melbourne, Victoria 
3000. We also have a London representative at Canberra House, Maltravers Street, WC24LA. 
Perhaps you'd like to drop a line to our Recruitment people at Headquarters giving some 
details of your background. 
If you'd like to talk over your prospects with us our Melbourne phone number is 67 - 2152. 
In London it's 836-2435. 

AUSTRALIAN POST OFFICE 
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GEC of England link 
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The East-West 2G Hz microwave radio system is now in service bringing Western Australia into the 
national broadband trunk telephone and television relay network. 

is the largest single telecommunications project carried out in Australia, and one of the longest systems in the 
vorld. It carries trunk telephone calls, at the present rate of 1.3 million per year, over the 1500 miles between 

Western Australia and the Eastern States and provides circuits to all centres en route. 
EC is proud to have been appointed the main contractor for the whole system Working in close collaboration 
with the Australian Post Office G EC was responsible for the engineering, manufacture, installation and 
commissioning of the radio equipment, and the design parameters for antennas and feeders, power plant 

equipment shelters and towers, and overall project management- . 

. C gratefully acknowledges the co-operation of the Australian Post Office and the sub-contractors who contributed to the success 
this outstanding achievement. 
drew Antennas Ply, Ltd. 
,Coll Electric Works Pty Ltd, 
e Arup and Partners 

Antennas and feeders 
Power Plant 
Civil Engineering Consultants 

ElectricPowerTransmissionPtyltd - 
D, S. Thomas and Partners 
Sigal Industries Pty Ltd. 

Antenna and wind generator towers 
Design of equipment shelters 
Equipment shelters 

East and West with one of the longest""'"""l 
civil microwave systems in the world ! usvone J 

CEDUNA 
SATELLITE EARTH 

STATION 

\)~i>- 
c~'i> 

ORANGE 

'SYDNEY 

G EC Microwave Systems in Australia 
- New transcontinental route 
- Other main routes for which G.E.C. equipment has 

been supplied 
- Terminals and intermediate switching stations 
- Repeater stations 

.akes telecommunications into tomorrow 
;EC-AEI Telecommunications Limited, Coventry, England 
ipresented in Australia by · 
·he General Electric Co. of Australia Ltd., Telecommunications Division, 
1 Bibby Street, Chiswick, N.S.W. 2046 1B/65 
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The TELECOMMUNICATION JOURNAL of Australia 

ABSTRACTS: Vol. 21, No. 2 

BADDELEY, A. H. and GOODE, G. W. G.: 'The Evaluation 
of Telephone Dial Performance'; Telecom. Journal of 
Aust., June 1971, page 125. 

The advent of crossbar switching in the Australian tele­ 
phone network has prompted the development of dials 
capable of operating at either 20 pulses per second or at 
10 pulses per second as required. Concurrently, designs 
have been sought for dials which can be locally produced 
and which are cheaper and easier to maintain than older 
types. The equipment developed for testing prototype 
dials and the range of pulsing performance, operating life, 
environmental behaviour, and mechanical tests which may 
be applied are described. 

COMPANEZ, J., 'The New Australian Dial (D.M.S.)'; 
Telecom. Journal of Aust., June 1971, page 120. 

A telephone dial designed for the Australian network 
is described. The paper includes references to the principal 
design features as well as to testing and repair features. 

FLETCHER, C. and LIUBINAS, A. E., 'Commissioning and 
Maintenance of ARM Exchanges'; Telecom. Journal of 
Aust., June 1971, page 146. 
In a series of three articles the authors describe testing 

procedures developed for the commissioning of ARM ex­ 
changes. The emphasis is on those tests which ensure 
satisfactory interworking of the ARM equipment with the 
telephone network. The principles of the maintenance of 
ARM equipment are also covered. 

HOWARD, S. A., 'The Application of PERT to a Multi. 
Discipline Project'; Telecom. Journal of Aust., June 
1971 page 131. 
This paper describes the application of P.E.R.T. to a 

major project involving external plant work and the co­ 
ordination of the activities of several departmental divisions 
and outside contractors to provide telephone facilities at 
the new township of Moranbah and two new coal mines 
at Goonyella and Peak Downs in the Mackay Engineering 
Division, Queensland. The paper lists the steps taken, the 
personnel and time required, and information gained from 
the analysis and planning. A progress report outlining 
how the Divisional Engineer is using the P.E.R.T. technique 
is also included. 

MELTON, L R. A.: 'Patents and the Australian Post Office'; 
Telecom., Journal of Aust., June 1971, page 172. 

The history and development of the Australian patents 
system is outlined and some indication given of what may 

be patented. The process of obtaining a patent in Australia 
and extending protection to other countries is described. 
The methods of exploiting patents are discussed with par­ 
ticular reference to current Post Office activity in this area. 

NELSON, R. G., 'Melbourne Test and Fault Despatch Cen­ 
tres'; Telecom. Journal of Aust., June 1971, page 178. 

This article covers briefly the evolution of the Test and 
Fault Despatch Centres in the Melbourne Metropolitan 
Telephone Area, the size and location of the centres, the 
way in which work for the centres is generated and it 
describes in some detail one particular Test and Fault 
Despatch Centre. Items included for this centre are activi­ 
ties, organisation and hours of staffing, apparatus, method 
of dealing with fault dockets, deployment of field staff, 
management control, and cost of operations. 

READ, G. B.: 'The Application and Method of Measuring 
Group Delay'; Telecom. Journal of Aust., June 1971, 
page 141. 

The volume of digital signals transmitted through the 
trunk network is increasing. Projection of trends indicates 
that within ten years 50 per cent of the capacity of the 
broadband line links which are used to provide voice band 
links for the trunk telephone network will be used for 
other services than telephony. Until it is found expedient to 
control the phase characteristic of carrier modems ( chan­ 
nel, group and super group) and through connecting filters 
within specified limits and thus be able to utilise standard 
equaliser networks, it will be necessary to measure group 
delay distortion before and after delay equalisation. 

A description is given of three high speed newspaper 
facsimile services in Australia, two between Sydney and 
Melbourne and one from Sydney to Brisbane. 

SMITH, B. M.: 'A Brief Introduction to Digital Data Trans­ 
mission Techniques'; Telecom. Journal of Aust., June 
1971, page 111. 
This paper provides a brief introduction to the principles 

of digital data transmission systems, with particular refer­ 
ence to transmission on the telephone network. The paper 
has a short section on bits, bauds and the effect of a 
limited bandwidth transmission channel, and then it dis­ 
cusses the characteristics of the more common modulation 
techniques used in data transmission as well as the effects 
of various channel impairments. 

ERRATA 
In the previous issue, the ABSTRACTS page was in­ 

correctly headed as Vol. 21, No. 3 instead of Vol. 21, No. 1. 



..... Via 42 "solid-state" microwave systems. 
Long and short hauls. Line-of-sight or over-the-horizon. 
Large and small channel capacities. And more. Your 
choice. 

Because all systems are solid-state (except some with 
TWT's and klystrons), they are easy to install, maintain 
and operate. At low cost. Constant and reliable service 
is assured. 
We offer you 42 complete systems being available by 

flexible combination. 
• Frequency range covering from 2 to 18 GHz 
• Channel capacities from 60 to 2700 
• All systems designed for trunk line circuits meeting 

CCIR and CCITT Recommendations 
• Over-the-horizon systems of OH 900 and OH 2000 
Domestically, 95% of the public microwave network 

and 78% of the private microwave network are NEC­ 
equipped. An impressive market share considering Japan 
is the second largest user of microwave systems. Aus­ 
tralia, Brazil, Iran and Mexico are among the major pur­ 
chasers of our equipment. We've installed over 137,000 
RF channel kilometers overseas in these and many other 
countries. 
As one of the few manufacturers producing all kinds 

of telecommunications and electronics equipment, NEC 
provides the total systems for satellite earth stations and 
subsystems compatible with existing communications 
facilities, satisfying the requirements recommended by 
ICSC. 

NEC has the experience and know-how to advise on 
all problems in the field of telecommunications and 
electronics. 

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

Products for today - 
Jnno vations for tomorrow 

NEC 
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