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NUMERICAL DESIGN OF RELAY CIRCUITS 
]. E. SANDER, B.Eng., Tek.Lic.* 

INTRODUCTION 

The first numerical methods for the 
design of relay circuits were proposed 
by Roginskii (Refs. 1, 2) and by 
Scheinman (Refs. 3, 4), about 1959. 
Since that time the methods have been 
extended and automatic machines and 
computers, using these methods, have 
been developed to design circuits 
automatically (Refs. 2, 6). 

In normal, day-to-day, relay circuit 
design work most of the problems 
which arise are small, and quite 
amenable to solution by the informal 
'intuitive' methods commonly used by 
most circuit designers. Whenever 
large or complex design problems 
arise, however, there is an understand 
able tendency for most designers to 
continue to try to reach a solution 
with their favourite intuitive method, 
rather than to try to apply some of 
the more effective formal methods 
now available. (Refs. 5 and 6.) The 
particular method of circuit synthesis 
described in this paper is simple to 
use and it gives good, straightforward 
solutions to most circuit problems 
almost irrespective of the number of 
relays involved. The more highly 
developed method of circuit synthesis 
described in Ref. 6 is capable of giv 
ing a better solution (i.e., a solution 
with a smaller number of relay 
springs), but it requires rather more 
skill to apply. 

The basic method of circuit design 
described below is a simplified ver 
sion of the method described in Ref. 6 
and it retains the main virtues of that 
method, which are:- 

(i) Only a moderate increase in 
complexity occurs when a 
large number of relays is re 
quired, compared with the 
rapid increases in complexity 
which occur when any of the 
methods discussed in Ref. 5 
are applied to problems in 
volving, say, 6 or more relays. 

(ii) The actual circuit solutions ob 
tained by numerical methods 
evolve directly as the synthesis 
proceeds. They do not need to 
be 'reconstructed' at the end 
from some form of algebraic 
representation as with most 
other methods. 

(iii) The amount of work required 
to produce a circuit solution is 

* Mr. Sander is Engineer Class 4, Telephone 
Exchange Equipment Section, Headquarters. 
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RELAY VARIABLES 

MULTIPLE {·: 
OUTPUTS . / 

I 

proportional only to the num 
ber of 'states' which the cir 
cuit relays assume in normal 
operations, and not propor 
tional to the total possible 
number of relay states, as is 
often the case. 

SPECIFYING THE CIRCUIT 
PROBLEM. 

The first barrier in any formal me 
thod of design is the work required 
to re-specify the circuit problem in a 
form suitable for mathematical hand 
ling. 

In the method described here the 
circuit requirements are specified as 
a series of decimal numbers derived 
from a normal relay state diagram 
(or relay sequence diagram). Ex 
amples are given later. 

The numerical method of contact 
network design can be applied to cir 
cuits of the kind illustrated diagram 
matically in Fig. 1. Initially, however, 
in this paper the circuit examples will 
only be of the 'single input terminal' 
kind illustrated in Fig. 2. (This is 
not a very great restriction in prac- 

MULTIPLE{ I 
OUTPUTS I 

I 

CONTACT 
NETWORK 

I ·}MULTIPLE 
I INPUTS 
I 
I 

Fig. 1. 

tice, as almost any relay circuit what 
soever can be broken up into func 
tional groups of contact trees of the 
single input type. As an illustration, 
the single input contact tree shown 
in Fig. 2 could have + (or earth) 
connected to its input, and various 
output terminals, signalling wires, 
relay coils, lamps or other devices, 
connected to its output terminals. 
(The terms 'input' and 'output' as 
used here are not intended to be taken 
literally; they are used only as con 
venient descriptive labels, and do not 
necessarily represent particular direc 
tions of current or energy flow).). 
Ref. 6 contains a full description of 
the numerical synthesis method ap 
plied also to circuits of the Fig. 1 
type. 

SAMPLE PROBLEM No. 1. 

It is desired to design a relay cir 
cuit which will light an alarm lamp 
when relay A and relay B are operat 
ed; also the lamp must light when relay 
A and relay C are operated. The lamp 
must not light, however, when all 
three relays are operated, nor when 
any single relay is operated. 

RELAY VARIABLES 

f ,f- ---~ 
! I 

SINGLE 
INPUT 

Fig. 2. 
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Relay States. Output 
A B C Lamp 

Wt.=l Wt.=2 Wt.=4 Condition. 

0 0 l Off 
0 1 0 Off 
I 0 0 Off 
I 0 1 On 
l 1 0 On 
1 1 1 Off 

State 
Numbers. 

4 
2 
1 
5 
3 
7 

Note: O means relay released; 1 means relay operated. 

Fig. 3. 

Rule (3): Apply Rules (1) and (2) to 
all output wires. 
Rule (4): Check if any of the make 

or break wires can be joined with any 
of the other make or break wires 
without causing the same state number 
to appear both above and below the 
line. 

Rule (5): Repeat all the above for 
each of the remaining relays in turn, 
working in each case with the relay of 
next highest weight. 
All of the five above Rules are 

applied to the E-sets and B-sets for 

The relay conditions are first set 
out in a table as in Fig. 3. It is only 
necessary to set out the relay condi 
tion which actually occur during 
operations of the circuit. All other 
conditions may be ignored. 
Each of the (three) relays is then 

allocated a 'weight number' starting 
with 1, and rising as ascending powers 
of 2, i.e., 1, 2, 4, 8, 16, etc. It does 
not matter which relay is allocated 
which weight as the final answer will 
still be correct. Different ways of 
allocating the weights amongst the 
relays will result in different final 
circuits, but each circuit will still give 
the desired result. 
The weights of each operated relay 

are now added together and placed 
in a column of 'State Numbers.' (See 
Fig. 3.) 
The two 'State Numbers' which 

correspond to the circuit closed (or 
lamp ON condition) are called essen 
tial numbers, and together they form 
the Essential set, or E-set. That is: 

E = 3, 5. 
The four numbers which correspond 

to the circuit open (or lamp OFF con 
dition) are called barred numbers, and 
together they form the Barred set, or 
B-set. That is: 

B = 4, 2, 1, 7. 
Now, following the procedure illus 

trated in Fig. 4 (a), the numbers in 
each set are 'processed' according to 
the following rules: 

A 
(e) 

El BREAK 
~ ~CONTACT ,a, 
' ' 4 6 ,.EAK 

'0,1,2,3 ~ 10 11 14, '< 0'1 2 3 WI RE 

B1 I I I I 

MAKE/ 
CONTACT 

. 0,4 MAKE 
'-----;-:;--:;-;----...Y!,_W_l£1R~E~-- 

l, 213, 6 

NOTE. E-SETS ARE WRITTEN 8f!QY!; EACH WIRE. 
B-SETS BELOW 

Fig. 4 (b). 

Rule (1): Take each individual state 
number from the incoming E-set and 
compare it with the weight of the 
relay. (N.B.: Start with the relay of 
highest weight.): 

(a) If it is less than the weight of 
the relay write it on top of the 
break=wire. 

(b) If it is equal to or greater than 
the weight of the relay, sub 
tract the weight of the relay 
from it, and write the result on 
top of the make-wire. 

Rule (2): Take the state numbers 
from the incoming B-set and com 
pare each one with the weight of the 
relay as above. 

Then apply (a) and (b) from Rule (1) 
as before, except that in each case 
write the result under the break-make 
wires. 

the single output in Fig. 4 (a). (Out 
put No. 1, of sample problem 2, is 
also treated in a similar manner in 
Fig. 4 (b) .... ) 
Redrawing Fig. 4 (a) with battery, 

and relay coils, we get the circuit in 
Fig. 5. Note that the make and 
the break springsets on relay B have 
been re-arranged, for economy, to 
save one relay spring. 

+ 

C B A 

' 

* 
...___ 

l t 
Fig. 5. 

C 
(4) 

B 
(2) 

A 
(I) 

35 3 - 

~ . . 

0 

0,3 0 

L 
I 

Fig. 4 (a). 

SAMPLE PROBLEM No. 2. 

Imagine that as part of a relay set 
specification there is the problem of 
designing a circuit to absorb the first 
of two pulses received, and then to 
generate an output pulse for the 
third, and every third, succeeding 
input pulse. The problem may be 
solved by first constructing a logic 
ally consistent relay sequence diagram 
and adding the necessary 'secondary 
relays as shown in Fig. 6. (Any 
trial-and-error, intuitive, on formal 
method, as the designer wishes, may 
be employed here to determine the 
necessary secondary relays. For 
example see Ref. 7.) 

SANDER - Numerical Design 
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OUTPUTS 

INPUT SECONDARY RELAYS OUTPUTS NECESSARY REQUIRED 
PULSE . STATE TO DRIVE SECONDARY OUTPUT 

A I B C 0 NUMBERS RELAYS PULSE 

RELAY WEIGHTS (S) (4) (2) (I) / l(b) 2 ( c) 3 (d)' 4 REMARKS 

/o 0 

I I --- -a- f_ OPERATE DELAY 
, FOR RELAY B 

2 I 12 

I!! 3 -4- ,_- ! OPERATE DELAY ____z - FOR RELAY C 
w 

" > 6 
-UJ 

I 
If) 

I- 5 _L-- ___ ~- I- f ~E~fDELAY 
-5 

:::, F R AY R 
I a. u 6 10 I- 

Q: :::, 
u ------ 0 I OPERATi:; ~~LAY 
u. 7 2-- ~-- FOR RE D -o X a: 
I- 8 3 •• <{ -en l -- ,~ ::i 9 

___ ,, I RELEASE DELAY -- .I- FOR RELAY C 

10 I 9 I _8 
II __L- - i-----~ x' l RELEASE DELAY 

FOR RELAY D 
'---- 0/12 0 

SUCCEEDING SEQUENCES REPEAT AS ABOVE 

Fig. 6. 

The bracketed figures appearing 
under the names of the relays A, B, 
C, D in Fig. 6 are the relay 'weights,' 
and the first step is to utilise these 
relay weights to produce the so-called 
'transmission sets.' 
As explained before, the weights 

may be allocated to the relays in any 
order, provided that weights beginning 
at the value 1, and ascending in 
powers of 2, are used. In this ex 
ample weights have been allocated as 
follows:- 

relay D has 
C ,, 
B 
A ,, 

weight 1 
2 
4 
8 

If the weights are allocated in any 
other order the final circuit will still 
be correct but, as before, it may be 
different to the result obtained with 
the weights allocated as shown in 
this example. There are obviously 
many different ways the weights may 
be allocated to the relays (N! in fact, 
if N = number of relays) and, in 
general, there are N! different possible 
solutions to any problem using the 
numerical method described here. 
'Circuit State Numbers' are then 

added to the sequence diagram as 
before, in a separate column, by add 
ing together the weights of the 
operated relays in each circuit condi 
dition. 
Using-these 'state numbers' it is now 

possible to derive the 'essential sets' 
and 'barred sets' for each output for 
each state of the circuit. These Essen 
tial sets (or E-sets), and Barred sets 
~B-sets), as before, consist of the set 
of state numbers which apply to the 

SANDER - Numerical Design 

conditions required at each output 
when a circuit path is 'essential' (or a 
circuit path is 'barred') in each case. 

Output 1, which operates relay B, 
obviously should not provide any 
circuit to relay B when the circuit is 
in state 'O,' therefore 'O' is one number 
from the set of 'barred' states for 
output 1. 

The next state '8' for output 1, is 
obviously one in which it is essential 
to provide a circuit to relay B. There 
fore state 8 is a number from the set 
of 'essential' states for output 1. 

Similarly the remaining state num 
bers for output 1, and for each of the 
other outputs (including the desired 
output pulse on output wire 4) can be 
assembled as shown in the transmis 
sion sets below:- 
£, = 8, 12, 4, 6 
E, - 4, 6, 14, 10, 2, 3 
£3 - 2, 3, 11, 9. 
E4 = 11, 9. 
B, 0, 14, 10, 2, 3, 11, 9, 1. 
B, _ 0, 8, 12, 11, 9, 1. 
B3 = 0, 8, 12, 4, 6, 14, 10, 1. 
B4 = 0, 8, 12, 4, 6, 14, 10, 2, 0. 
E, means the essential states for 

output 1. 
B3 means the barred states for 

output 3, etc. 
(The 'don't care' states correspond 

ing to the X's shown in Fig. 6 on 
output number 4 are merely ignored.) 

The E-sets and B-sets are now writ 
ten at the left-hand side of a blank 
sheet (with the numbers of each set 
re-arranged in ascending order for 
convenience, see Fig. 7), and each 
number of each set is then 'processed' 

as shown in the short example in Fig. 
4 (b), (which shows only output num 
ber 1). 

In Fig. 4 (b) and subsequently in 
Fig. 7, changeover contacts have been 
drawn for each of the four outputs 
on relay A (the relay with the highest 
weight), and the E, and B, sets 'pro 
cessed' through the contacts using the 
five Rules given above. 

In the circuit diagram of Fig. 7, it 
i, clear that wires (a) and (b) can be 
joined together ('merged' is the correct 
technical term) without contravening 
Rule (4). Wires (c) and (d) on the 
other hand cannot be merged, because 
if they were merged, a new resultant 
E-set = 0, 4, 6, and a new resultant 
B-set = 0, 1, 2, 3, 6, would be formed. 
Terms 'O' and '6' appear both in the 
E-set and in the B-set, and this is 
obviously impossible. It means that 
such a merged wire would be simul 
taneously required to be connected to 
the input wire in state 'O,' and at the 
same time be barred from the input 
in state 'O.' Similarly for state '6.' 
Such mergers are clearly not possible. 

Wires such as (e), which do not 
have any terms in their E-set are just 
abandoned and the associated contact 
not provided. 

The contacts for the relay with the 
next highest weight, relay B with 
weight 4, are then derived as before. 

This time more mergers become 
possible, and in addition a new situa 
tion occurs at (f). At this wire a 
B-set is derived which has no terms 
in it at all. This merely means that 
the particular wire does not need to 
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1 4,6,8,12 
0,1,2,3, 9,10,11,14 

(B) 

2 2,3,4,6,10,14 
(c) 0,1,e,9, 11,12 

3 2,3, 9, 11 
(D) 0,1,4,6,8,10,12, 14 

4 9,11 

0,2,4,6, 8,I0,12,14 

/OUTPUT) 
\ PULSE 

A 
ai) 

4,6 (c) 

~ 

0,4 (d) 
~ 

~4,6 
0,1 

2,6 
0,1,3,4 

2,3 

~6 

I 
(3 (b) 

0,2,4,6 
- (e) I >< 0,1,4,6 

_£__Ja) 
0,2,4,6 

B C 
G-1) (2) 

D 
(1) 

,, 
"< 0,1,2,3 

0,2 (t) 

0 (9) r f T 

I 

1,2,3 T v~ + 
--0 

V 
0 

0 -2~ 

2,3 
0,1 I I 0 

0,1 
- 
0,1 

02.._ I QI 
- 
2-.J.!Q 
q113 

2 
0 2,3 
0,1 

- 
q,2 

1,3 (-i.) 
0,2 

I 

- c~ r 
"< 6 

~ 
~ 

0 

NOTE. THE SYMBOLS USED FOR RELAY MAKE & BREAK CONTACTS 
IN THIS DIAGRAM ARE USED BECAUSE THEY ARE PARTICULARLY 
WELL SUITED TO THIS TYPE OF CIRCUIT DESIGN. 

Fig. 7. 

be barred to any further states and 
it is quite correct to extend it right 
through to the input terminal I. 
After making all possible mergers, 

and eliminating all wires which have 
empty E-sets, the remaining wires are 
then processed in order through the 
relays of decreasing weight as shown. 
It will always be found that after the 
last relay of weight 'l' all the wires 
will merge on to the input terminal I. 
The mergers which are shown at 

(g), (h) and (i) are quite correct and 
the obvious result of these is that the 

preceding (short-circuited) change 
over contacts on relays B and C are 
not required at all. When re-draw 
ing the contact network on to the final 
circuit diagram, Fig. 8, these contacts 
are of course replaced by straight 
through wires. 

In order to now make the complete 
circuit output 1 is connected to the 
coil of relay B, output 2 to the coil of 
relay C and so on as shown below. 
Also wherever possible individual make 
and break contact units are combined 
into changeover units. See Fig. 8. 

+ 

Fig. 8. 

One final requirement is that the 
circuit be visually inspected and when 
ever necessary changeover contact 
units be replaced with make-before 
break units to ensure continuity of 
the holding paths to relays B, C and D. 

COMPUTER DESIGNED CIRCUITS_ 

By means of applying an extension 
of the above method of numerical syn 
thesis ( employed so-called 'direct 
leads') (See Ref. 6), it is possible in 
most cases to reduce the number of 
relay springs required to make up any 
given circuit. Also by re-arranging 
the allocation of relay weights and 
working through the problem again, it 
is possible to obtain a different circuit 
solution which still fulfils the original 
requirements. This different solution 
may or may not contain a greater or a 
lesser number of relay springs than 
the solution obtained above. It is in 
these areas of applying direct leads, 
and of 'searching' over different allo 
cations (permutations) of relay 
weights, that computer methods are 
most useful and an example of a 
large circuit designed completely on 
a digital computer is shown in Fig. 9. 
In this diagram break contacts are 

shown as ---/---, and make contacts 
are shown ---X---, and they are ar 
ranged in each case in a direct line 
underneath the appropriate relay name 
printed at the top of the diagram. 

SANDER - Numerical Design 
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NEW SUBSCRIPTION RATES 
The Council of Control of the Tele 

communication Society of Australia 
(T.S.A.) has reluctantly decided to in 
crease subscription fees as from 1 
January 1970, and to amend the rate 
structure for its publication, in order 
to meet rising costs. 
At present, a person resident in 

Australia may become a member of 
the Society for 20 cents per year (40 
cents in Queensland) and/or may 
subscribe to the Telecommunication 
Journal of Australia (T.J.A.) for an 
additional annual subscription of $1. 
The latter rate has been unchanged 
since June 1952, during which time 
the size of the journal (excluding ad- 

vertisements) and average weekly 
earnings in Australia have each in 
creased by more than 100%. 
The new subscription rate for indi 

viduals combines membership and 
subscription fees and will be $1.50 
per year. This represents an increase 
of 50% to subscribers who were not 
previously members of the Society, 
just over 7% to Queensland members, 
and 25% to members in other States. 

Those who wish to belong to the 
Society without receiving the Jour 
nal may be granted Associate Mem 
bership at a reduced fee. 

Non-members of the Society (e.g. 
persons not wishing to join the Soc- 

iety, and organisations) may subscribe 
to T.J.A. at an annual subscription 
rate of $2. 

In explanation of this class of non 
member it should be noted that "The 
Librarian" at a company library, being 
a title, and not a unique person, can 
not be a member of the Society, and 
journals required to be addressed 
thus will be charged at the non-mem 
ber rate. However, Mr. John Citizen, 
who may also happen to be the Lib 
rarian, may join the Society and re 
ceive T.J.A. at the membership rate. · 
For convenient reference, the new 

subscription rates are tabulated be 
low: 

The Telecommunication Journal of Australia 

(a) Supplied to individuals at Australian addresses as a bene 
fit of membership of the T.S.A. 

(b) Supplied to non-members of the T.S.A. at Australian 
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not wishing to join the T.S.A.). 

(c) Supplied to individuals or organisations overseas (non 
members of the T.S.A.) 
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$2.80 $1.40 
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(a) Supplied to members of the T.S.A. 

(b) Supplied to non-members of the T.S.A. at Australian ad 
dresses (e.g. officers of organisations and individuals not 
wishing to join the T.S.A,). 

( c) Supplied to individuals or organisations overseas. 

Membership and/or subscriptions for 1970 may be renewed by completing the order form enclosed with this issue 
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with remittance, where appropriate. Overseas remittances should yield the full amount in Australian currency, free of 
transfer charges. 
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KEY LOGIC RELAY 
INTRODUCTION 

The recently introduced A.P.0. Four 
Wire Cord Type Manual Assistance 
Centre, System AFM402 (Ref. 1), uses 
non-locking push-button keys for all 
functions on the Type "E" Trunk 
Assistance Position, the Special Ser 
vices position and the Monitor's and 
Supervisor's turrets. Many of these 
keys control locking circuit Junctions, 
such as the operation of a speak key. 
The non-locking action of the key 
must therefore be converted to a lock 
ing function by the use of relays. These 
groups of relays are known as key 
logic relays and are contained in key 
logic relay sets designated by the pre 
fix code 0KR. This article explains 
the functions provided by the logic 
relays and outlines the circuit opera 
tion of a typical control circuit. 

LEVER AND PUSH BUTTON 
TYPE KEYS 

Pr.or to 1969, A.P,0. trunk assist 
ance switchboard positions employed 
mainly lever type keys for all func 
tions except digit keying and order 
wire connection. Locking type lever 
keys were used for speak and monitor 
key functions, while spring loaded 
non-locking lever keys performed 
functions such as ringing, metering, 
dividing, etc., which are of a brief 
duration. An operated lever key in 
a line of keys is easily recognisable 
due to the physical displacement of the 
lever, and therefore no other indication 
of its operation is required. 

The facility schedule for the new 
A.P.O. Four-Wire Trunk Assistance 
and Special Services positions which 
are part of Systems AFG201 and 
AFM402 calls for the use of push 
button type keys for all keyshelf 
functions which are key controlled. 
The Erga key is used for general key 
functions, while the Licon microswitch 
key is used for digit sending. Pho 
tographs of these keys appeared in 
Volume 19, No. 1, of the Journal (Figs. 
9 and 10 on page 47). 
The Erga key has a fixed comple 

ment of two changeover contact units 
and two independent lamp sockets. 
Two actions are available: non-locking 
and alternate. The non-locking key 
has the normal spring-loaded restore 
action and is suitable for heavy duty 
applications. A modified version of 
this key providing an alternate action 
is available, but the life expectancy is 
somewhat shorter than that of the non- 

* Mr. Scott is Engineer Class 3, Internal 
Equipment, Queensland. See Vol. 19. No. 1. 
P. 77. 
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CIRCUIT 
locking type. In the alternate action 
key the first pressing of the key knob 
mechanically latches the key so that 
the springsets remain actuated when 
the finger is removed from the key 
knob. When the key is pressed a 
second time, the latch is released and 
the springsets restore to normal fol 
lowing removal of the finger from the 
key knob. 

The Erga push-button key has the 
following advantages on a switchboard 
keyshelf:- 

(i) Improved operating efficiency. 
Push-buttons can 'be manipu 
lated quicker than lever keys 
and with less physical effort. 

(ii) Compactness. The Erga key 
contains two integral lamps 
which can be operated inde 
pendently or in parallel. 

(iii) Improved keyshelf appearance. 
This results from the almost 
flush mounting of the key 
knobs and the absence of keys 
and lamps of differing physical 
appearance. 

The main disadvantages are the lack 
of memory and the limitation of only 
two contact units. To compensate 
for these deficiencies, relays must be 
added to the circuit. These provide 
the memory functions; and, due to 
their greater contact loading potential, 
provide the means of introducing mul 
tiple contact actions for. control and 
chain circuits. A secondary advan 
tage from the use of memory relays is 
the availability of a mutual release 
facility whereby the operation of one 
key can be used to release a function 
previously established by another key. 
The first key operated does not have 
to be manually restored. 

In System AFM402 the key logic 
relays are grouped in 0KR relay sets, 
each of which controls a particular set 
of functions. Fig. 1 shows typical 
circuit elements for a key logic circuit 
controlling a set· of speak functions. 
The following conditions must be met: 

(i) No relays should be operated 
when the circuit is idle. 

(ii) It should not be possible to 
connect to more than one cir 
cuit by operating several keys 
simultaneously. 

(iii) A function should be set by 
momentarily pressing the de 
sired key. 

(iv) The function should be re 
leased by pressing the same 
key a second time, or by press 
ing another key arranged in a 
mutual release chain circuit. 

(v) The operation of the circuit 
should not depend upon se- 

F. M. SCOTT, A.M.l.R.E,E. (Aust.)'' 

(vi) 

(vii) 

(viii) 

quencing of the key contact 
units. 
When transferring from one 
circuit to another in a key 
group, e.g., from speaking on 
one cord circuit to speaking on 
another cord circuit, the key 
logic circuit should ensure that 
the first device is fully discon 
nected before the second is 
seized. 
Single finger operation of the 
key group should be possible. 
Resistance in the wiring be 
tween the keys and the relays 
should not be a critical factor 
in the circuit design. 

CIRCUIT OPERATION 

Referring to Fig. 1, the key logic 
relay set comprises one relay for each 
circuit controlled (Sl to S6), plus two 
common relays SX and SY. Thus for 
a key logic circuit providing the lock 
ing function under the control of one 
non-locking key, three relays are re 
quired (Sl, SX and SY), but for addi 
tional keys in the group only one relay 
per key is added. 
When Speak Key 1 is pressed earth 

potential at the key is connected to 
wire 1 to operate the Sl relay to bat 
tery via its 2000-ohm winding and the 
break contact units of SX and SY. 
Sl/12-13 and 33-34 provide holding 
for Sl independent of the key and the 
SX and SY break contact units. When 
the Speak Key is allowed to restore 
under spring tension, earth at the 
key operates the SX relay via Sl/35- 
36. SX then holds via SX/25-26 inde 
pendent of the key earth. SX/27-28 
in conjunction with Sl/15/16 provides 
an operate path for the relay in the 
controlled circuit, e.g., .SN0R. Sl/31- 
32 connects the key operated lamp 
located in Speak Key 1, which lights 
to indicate that the key function is 
connected. 

The chain circuit through Sl-6/11- 
12-13 ensures that holding is available 
to only one of the S relays at any time. 
The chain circuit through Sl-6/14-15-16 
allows only one external device to be 
actuated at a time. SX/21-22 opens 
the initial operate circuit to all S re 
lays. 
Release can be arranged in two 

ways. Firstly, by re-pressing the same 
key. The earth at Speak Key 1, when 
operated, is again connected to wire 
1, where it provides an alternate hold 
path for Sl and also operates relay 
SY via SX/23-24. SY breaks the cir 
cuit to the controlled SN0R at SY /13- 
14, opens the local hold circuit for Sl 
at SY /15-16 and further opens the 



204 

.,,-.. ~ 
0 
7- 
C/) 

3' ,._...,. 
Cl) )- 
I- J - z ::) 0 u 
O! . 
- z u -<( 

. .J n. 0 )( 
UJ w __J 
....J 
0 
Ol 
I- -:z 
0 u 

THE TELECOMMUNICATION JOURNAL OF AUSTRALIA 

IJ) 

(\I 

~ u (f) 
u -- ~- I I •.. 

~ - I 

~- 
\J IJ) - r· \J !, + 

et: 

~ 
.Lf '::L 

·IT ~ 
0 r~ ~1 ;t <I - 

"" 
'-.J 

I "' I I- Ul I I I I I uJ ~ I I I I I \I) J I 
I I : I 

>- >- j .j;R <( WN 
....J )I_ (f) :ll w l~ Cl 

I .j;a 
\j .• .• - 
\!) 
0 J 

I I 9<:' J ~ >- 
~ (/) 
u 

I 
u >- w 

N 

I It~ w ~ )( N 

~ 
:::it :i'! (/) 

X 
Ill 

:;:: 

+ 

ui >, 
Cl) ~ 
C ,g 
'S 
m 
.c 
(II 
:::s 
II. 
Cl 
C :i 
0 

;;; 0 
..J C: 
0 z 
= "i 
Cl) 
/JI :) 
,g 
(II 
"E 
Cl) 
E 
Cl) 
iii . 
":i 
~ 
0 
0 ·m 
0 
..J 
>, 
Cl) ~ 
m 
0 
'ii, >, 
I- 

I 
..: 
01 
u::: 

·I 
If) ~ 

~\g ©,1: I l (l_ ,-... 
:i r-,."-J \J ....• 

\9 + 0. 
-<( 0 J I ____,, Ill I I 

I I I I I 0 I I J 
Ill UJ I I I I- I I z -<( ,, ::j I ()< 

I~ 

-< 
Ill -..J •• 0. 

:I 
0. {\I+ 
0 >- 

~{\I@ 

)- -~ w !- @ + Ill "-J - ::,,_ 
"Y. - + n. •• 

II) 

SCOTT ~ Key Logic 



THE TELECOMMUNICATION JOURNAL OF AUSTRALIA 205 

initial operate path of the S relays at 
SY /11-12. In addition to the origi 
nal operate path, SY receives holding 
from SX/23-24 and SY/31-32, and also 
from the controlled circuits via 
SY/33-34. 

When Speak Key 1 is restored to 
normal Sl releases. SX is released by 
Sl/35-36 and SX/23-24 breaks the 
local hold circuit of SY, leaving it de 
pendent upon the guarding earth re 
turned from the SNORs. When SNOR 
1 is disconnected, SY will release and 
SY /11-12 prepare the Sl-6 relays for 
further operation. 

In the second method of release a 
different speak key in the same mutual 
release chain is operated, say number 
2. The operation of Speak Key 2 with 
Sl already operated will not operate 
S2 as the initial operate path is bro 
ken at SX/21-22. Speak Key 2 does, 
however, operate SY, which releases 
SNOR number 1 and relay Sl at SY/ 
15-16. Sl/35-36 releases SX. When 
SNOR number 1 restores, SY will re 
lease. With SX and SY both normal 
and Speak Key 2 operated, a path is 
provided to operate relay S2, which 
holds via SY /15-16 and S2/12-13. 
When Speak Key 2 is restored. SX 
operates and at SX/27-28 a circuit is 
provided to operate SNOR number 2 
via S2/15-16. Release of the Speak 
Key 2 function can be accomplished 
either by re-pressing Speak Key 2 or 
by pressing another speak key in the 
same mutual release chain. 
The mutual release facilitv mav be 

extended to provide mutual release 
between speak and monitor groups. 
In this case Speak 1 releases Monitor 
1 and vice versa. Speak 2 releases 
Monitor 2 and vice versa, and ~o on. 
The hold path of Sl would include a 
break contact unit of Ml while the 
hold circuit of Ml would contain a 

break contact unit of Sl and so on. A 
similar arrangement can apply between 
speak and hold kevs associated with 
automatic exchange lines and switch 
board junctions. wired to turret posi 
tions. 

BINARY NOTATION 

The above circuit operation may be 
expressed in shorthand form by the 
use of binary notation as used in 
Boolean Algebra. A relay has two 
steady states-operated and un 
operated. 

These are represented by the use or 
superscripts 1 and 0. Superscript 1 
indicates operation, while O indicates 
the normal condition. Thus relay Sl 
operated would be shown as Sll and 
when unoperated as s10. 

The circuit operation for the press 
ing and releasing of Speak Key 1 to 
connect to SNOR-1, then the repressing 
and releasing of Speak Key 1 to dis 
connect SNOR-1 can be represented as 
follows:- 

CONCLUSION 
The facilities developed for the key 

logic circuit are not related exclusively 
to the Erga key, but would find gene 
ral application with any spring loaded 
non-locking push button key used to 
control locking functions. Many 
other arrangements of the key logic 
circuitry could be devised, some per 
haps with less relays. A circuit with 
minimum relays is always the aim of a 
circuit designer, but this is not the 
madn criterion of good circuit design. 
The circuit described is simple and 
functional, and does not rely on se 
quenced contacts, relay timing, mar 
ginal current, critical adjustment, 
balanced windings, or any special 
components for its operation. 

REFERENCES 
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A.P.O. Four Wire Cord Type Manual 
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[Key 11 - S11 
1. ~ 

\ Key 1 o - sxi - SNOR-11 
[Key l ! - SY1 - SNOR-10 

2. ~ 
\ Key 10 - s10 -sxo -syo 

The second form of release, as pre 
viously described, may be represented 
as follows:- 

[Key 11 - Sll 
1. ~ 

\Key 10 - SX1 - SNOR-11 
[Key 21 - SYl - SNOR-10 ---- I -- SYO - S21 

I ,_ s1° - sx« - + ~ 
2. 1 I 

\ Key 20 - sx- - SNOR 21 
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OPTIMUM DESIGN OF TAPERED BUSBAR SYSTEMS 
Y. F. TONG, B.E. (Hons.)» 

INTRODUCTION 

There has been an extensive use of bus 
bars in d.c. power distribution systems in 
Australian Post Office telephone installa 
tions. In the early days, copper busbars pre 
dominated the scene. ·However, in recent 
years, aluminium busbars are widely used 
instead of the copper type because of three 
main factors:- 
(a) Aluminium is cheaper than copper, to 

the extent of about 2.5 to 1 price ratio in 
favour of aluminium (this figure has 
taken into account the difference in con 
ductivity between copper and alumin 
ium). 

(b) Aluminium is lighter. 
(c) There have been great improvements in 

aluminium busbar welding and joining 
techniques, thereby providing satisfac 
tory electrical contact. 

Also, there has been, in recent years, a 
tendency to introduce aluminium cables 
into power distribution systems; but ex 
perience has indicated that it is still more 
economical to use busbars in the main and 
submain distribution runs. This is particu 
larly true in very large exchanges where the 
designer needs to overcome the problems of 
supporting a big group of power cables and 
also arranging them in an optimum manner 
to minimise introduction of electrical noise 
into the exchange circuits, especially when 
they are used in the closed coupling mode 
(see Ref. 1). 
It is common practice to use cables or un 

tapered busbars in small exchanges but in 
larger installations, busbars are invariably 
used. A general design calculation guide for 
both untapered and tapered busbar runs 
was considered by M. W. Gunn (Ref. 2). In 
the discussion on tapered busbar design, 
Gunn considered only a small number of 
cross-sectional area changes at arbitrarily 
selected positions along the busbar run. 
Admittedly, the few cross-sectional area 
changes considered were for practical 
reasons. However, there remains the ques 
tion of whether the design based on the 
arbitrarily selected positions represents an 
optimum design. If not, then how can these 
changes in cross-sectional area be selected in 
an optimum manner in order to obtain an 
acceptable design? 
The purpose of this paper is to present an 

analytical method of optimum design of 
tapered busbar distribution systems using 
the minimum cost criterion. 

DESIGN BASIS 
Since the A.P.O's adoption of the L. M. 

Ericsson's Crossbar System in the Aus 
tralian Telephone Network, all new tele 
phone exchanges have been of the crossbar 
type and as such the basis of busbar design 
must be revised to be compatible with the 
following requirements of crossbar equip 
ment: 

* Mr. Tong is a Colombo Plan Student. 

TABLE 1: MAXIMUM ALLOWABLE VOLTAGE DROP 

Busbar Run 
Allowable Voltage 

Drop 

Battery terminal to main d.c. power distribution panel 0.5V. 

Main d.c. power distribution panel to suite power dis 
tribution box 

0.75V. 

Suite power distribution box to rack fuse 0.25V. 

(a) Allowance of a maximum of 1.5 volts 
voltage drop from the battery terminals 
to the most remote equipment rack of 
the ultimate installation when the maxi 
mum load current is flowing. 

(b) Allowance of a maximum current den 
sity of 500 amp/sq. in. for discharge 
circuits and 1,000 amp/sq. in. for charge 
circuits. 

These allowable figures are stipulated to 
keep the generation of thermal noise in the 
circuits to a low and acceptable figure (see 
Ref. 1). 
A breakup of the allowable voltage drop 

given in basis (a) is shown in Table 1. 

DESIGN CONSIDERATIONS 
Consider now the following general power 

distribution system as shown in Fig. 1. 
The section PQ represents the charging 

circuit and its design is a relatively straight 
forward application of the design bases 
given above. In most cases, this section is 
short and the controlling factor in design 
is the current density basis. 

Beyond Q are the discharge circuits, e.g. 
the main busbar run QXYZ, and the sub 
main runs X, X1, X2 .... XL-1, XL; Y Y1 
.... YM-1 YM; and Z Z1 .... ZN-1 ZN; 
which feed the various suites. In a very large 

p Q 'I.. 

exchange installation, discharge circuit 
QXYZZ1Z2 .... ZN could be of the order of 
several hundred feet which makes design 
basis (a) the controlling factor. Nevertheless, 
it would still be necessary to check that in no 
part of the discharge circuit, with the ulti 
mate current load flowing, should the 
current density exceed 500 amp/sq. in. 
In a busbar run, the current flowing in 

the · bus bar changes at each take-off, and 
the current flowing in the busbar section 
between two take-offs remains constant and 
so will the cross-sectional area required. 
Taking this fact into consideration, then 

· the most convenient position to effect a 
change of cross-section would be at the 
take-off points, e.g, at Q, X, Y, Z, x., X2, 

• ·, XL-1, Y1, Y2,,,, YM-1, Z1, Z2,. 
ZN-1• 

DESIGN MODEL 

The design model to be considered, from 
which a general formula could be obtained, 
'is shown in Fig. 2. 

It consists of a busbar run with lateral 
take-offs at x; Y, Y 1 .... Y N- i and lateral 
take-off currents i1, i2, h .... iN+1 respec 
tively; 
Closer examination reveals that the design 

model is part of the distribution system 

Y. Z. 

POWER 
Dl':>TRIBUTION 

PANEL. 

I 
I 

I I 
I I ~L-!E 
XL 

Fig. 1. - General System. 

Y1 
:2i- 

l I 
I 
I 

, I 
I I 
I I 

t,~ 't1,1c= 
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A.1. 

Q X ~ 
eo Io e1 

,f,o 
Ao 

I > I > Y1 I • - - - - - :., Ynl > Yr-21 • Yr-11 > - - - - - ,YN·2I • "{N·tl y 

er-1 Ir-1 e.- r, er+1 

-£ r-1 -Er 

Ar-1 
Fig. 2. - Design Model. 

shown in Fig. 1. Then QXY would be part 
of the main bus bar run and Y, Y 1, Y 2 •••• 
Y N-1 the submain with lateral take-offs at 
Yi, Y2, Y3 .... YN-t feeding into the 
various suites. In this manner it is possible 
to reduce a composite system into several 
simple systems. 
In Fig. 2, the potential at Q is e0, at X is 

e1, and so on, till at YN-t it is eN+l· For a 
general section, say Yr-2 - Yr-1, I, is the 
current flowing in that section, I, the length, 
and Ar the cross-sectional area. 
Applying Kirchoff's Law, it is simple to 

deduce the following current relationship at 
Y.-2:- 

I, - 1 = Ir + i, (1) 
r = 1, 2, N 

At YN-1, IN= iN+l 

CURRENT CALCULATION 

At this point, it is required to know the 
values of the lateral take-off currents, i's. 
For take-offs that feed into equipment 
suites, the i's are calculated by adding the 
various current drains per rack and multi 
plying by a utility factor* of 0.5 to 0.7; and 
* The current drain per "r ack as given in P.M.G. 
Dept. Drawing No. CE90069, is the peak cur 
rent load, and the utility factor is introduced 
to account for the fact that in any suite, not 
all the racks are drawing peak current load 
simultaneously . 

.A- r-1 

for take-offs that feed into another sub 
main busbar runs the i's would be the sum 
of the current drain of the suites fed by the 
submain. These can be obtained if the 
equipment layout of the exchange is avail 
able. Otherwise, it is necessary to assume 
an estimated ultimate current drain for 
these submains, 

DESIGN THEORY 

From Fig. 2, consider the r'h and (r + l )'" 
sections of the busbar run, which are re 
drawn in Fig. 3, 

Voltage drop across 
Y,_1 - Y,-2 = e,+1 - e, = V" say 

and that across 
Y,_2 - Y,-3 = e, - er-1 = Vr-1 
Since I, flows in the section Y,_ 1 - Y,_2, 

V, = l,Rr . ,. (2) 
where R, is the resistance of the section 
Yr-1 - Yr-2 whence 

I, 
R, = p A, (3) 

where p = resistivity of busbar material 
= constant. 
Substituting (3) into (2) 

u. Vr = P Ar,,,,,,,, .. ,, (4) 

er-1. I r-1 er. I r 

,e r-1 fr. 
Ar-1. Ar. 

Fig. 3. - rth and r+1th Sections. 

TONG - Busbar Design 

Similarly !,_1lr-1 ..... (5) v,-,=P~-- 
Now cost of busbar o: volume of busbar 

(Area x Length) and for the section 
Yr-1 - Y, 

Cost C, o: A,1, (6) 
Substituting for A, from (4) 

l,1,2 
Cr ex '1; (7) 

If the total cost of the whole busbar run 
is C 

Therefore 

N 
C = ECr 

r-0 
N 1]2 

C ex: E v' ' •.....••• (8) 
r-0 r 

Differentiating C with respect to e, 
N oc 

dC = E ~ de, (9) 
r=l uer 

For minimum cost 
oc 
-;;- = 0, c;e, 
r = 1, 2, 3, .... , N 

Assuming e, variable and the others con 
stant, then 
ec ec sv:., ec ev, - ~- -~ + - - = 0 (11) oer av,-1 ° oer avr • oer 
Therefore, from equation (8) 

I 21 121 - r-1 r2-1 (+1) - ~(-1) = 0 
v,-1 v, 

i.e. 

i.e, 

( 
V, )2 I/ l, 

Yr-1 = J,_12 l,_1 
V, 1,-vI, 
v~~ = 1,_nfl,-1 

= K" say (12) 
for r = 1, 2, , N. 

(N.B. For r = 0, define K0 = 1, for con 
venience.) 

Yr er+1 ~ er - - = · = Kr (13) 
Y,-1 er - e,-1 

Simplifying, 

Kr 
e, = e,+1 + K, + 1 (e,_1 - e,+1) .. (14) 
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Equation (14) indicates that the potential at 
any take-off point is dependent on the po 
tentials of the take-off points just before it 
and just after it. Thus, if the end potentials 
are known, e, can be solved, however, for 
large number of take-offs the procedure of 
solving for e, can be involved and tedious. 
To simplify the evaluation of er, an as 

sumption is made regarding one of the end 
potentials. Since it is known that the basis 
(a) would be the controlling factor, 
ea - eN + 1 is fixed and known. The assump 
tion then is to consider e, relative to one end 
potential and making that end potential 
equals 0. In this discussion, make eN+ 1 = 0. 
(N.B. This is equivalent to making the 
actual potential at YN-l the zero reference, 
and all other potentials relative to this new 
zero reference.) Using this assumption, the 
solution for e, becomes 

N-r rr+i ] I: IIK; 
e, = i=O i~O ea .... (15) 

itrj~OK;] 

r = 0, 1, 2, .... , N 
For derivation see Appendix A. 
To calculate A,, equation (4) is used. 

Simplifying 

N ( i ) I: IIK; 
pi,!, i=O i=O Ar= - . __ r _ 
ea II K- , 

=0 
r = 0, 1, 2, ... , N. 

For large value of N, equation (16) lends 
itself to calculation on a digital computer. 
Appendix B illustrates the flow chart and 
programme instructions for its solution on 

.......... (16) 

the Olivetti Programma 101 desk top com 
puter. 
The next step now is to consider the value 

of e0 to be used. If in Fig. 2, Q is the d.c. 
power distribution panel and Y N- i is the 
most remote suite power distribution box of 
the submain busbar, then the maximum 
voltage drop allowable, as given in Table 1, 
is 750 mV. Whereas, in equation (16), if I, 
represents the length of the busbar section 
(i.e. half total length of lead and return) e0 
would then be 375 mV. 
Having obtained the cross-sectional area, 

a plot of A, vs length of busbar run (i.e. 

half of total length of lead and return) will 
enable a quick and optimum selection of 
busbar size and the position of change of 
cross-sectional area from a range of avail 
able standard busbar sizes. 

As an example, the design of the new bus 
bar system at a Queensland telephone ex 
change is considered here. Fig. 4 shows the 
estimated ultimate system, and estimated 
ultimate current loads. 

SEC.ONO FLOOR.Sf'ro)oos~dl _ ··- __ . .. 1_ - ------------- ---- 
e.xi'=>TIMG $TE.P B-Y ':>TE.P EQUIPMENT TO ee, 
RE.PLACED ULTIMATE.LY BY C.RO';,&BAR EQUIPMENT. 

FIRST FLOOR. ( bis+in9.) _ 

24- f't, 

12 ft. Y!ut. Y, Ya Y, 
14-BOA. 780AI 

, P. i2c.BOA. 

jt----11 Q 

BATTERY. (DISCHARC.E. 
GROUND FLOOR. (Ex,st,ng.) PANE.L) 

Initially, the design is done for busbar run 
QXYY1Y2Y3 .... Yz3. Subsequent design 
on the other submain distribution runs may 
be iterated by making use of potential cal 
culated at X or Y and so on, and bearing in 
mind the maximum allowable voltage drop. 
Table 2 shows the results and Fig. 5 shows 
the plot of area of busbar cross-section 
versus busbar run, for aluminium busbars. 

AN EXAMPLE 

z 

700A. 

NEW CROSSBAR EQUIPMENT -------1---------~---- 
' 2.2, SUITE!:, $PACED a1-~• APART. 

THE. C.URRE.NT DRAlN IN THE. SUlTF.':,, 
ARE. :>HOWN IN TA~LE. 2.. 

Fig. 4. - Estimated Ultimate Power Distribution System for a Queensland Ex 
change. 

To facilitate selection of busbar sizes, the 
cross-section areas of available standard 
aluminium busbars are drawn in on Fig. 5. 
Hence, ignoring possible practical diffi 
culties and assuming that all the standard 
sizes are used, the tapered busbar design 
could then be specified as: two 6 in x ½ in 
from Q to Y, two 4 in x ½ in from Y to Y3, 
one 6 in x ½ in from Y3 to Y16, one 

TABLE 2: RESULTS 

Busbar Busbar 
Section r 1ft. lamps K A sq.in Section r 1ft. lamps K A sq.in 

QX 0 24 2280 1.0 5.477 
XY 1 12 1480 0.403 4.414 Y11Y12 13 3.75 441 1.0 2.410 
YY1 2 2 780 0.121 3.207 Y12Y1, 14 3.75 413 0.968 2.332 
Y1Y2 3 3.75 750 1.836 3.141 YuY14 15 3.75 385 0.965 2.253 
Y2Y3 4 3.75 708 0.972 3.052 Y14Y1s 16 3.75 357 0.963 2.170 
y3y4 5 3.75 686 0.984 3.004 Y,sY15 17 3.75 329 0.960 2.083 
Y«Ys 6 3.75 650 0.973 2.924 Y,5Y17 18 3.75 301 0.957 1.993 
YsY6 7 3.75 607 0.966 2.826 Y,1Y1s 19 3.75 273 0.952 1.898 
Y6Y1 8 3.75 571 0.970 2.741 Y,sY19 20 3.75 225 0.908 1.723 
Y1Ys 9 3.75 525 0.959 2.629 Y,0Y20 21 3.75 177 0.887 1.529 
YsY9 10 3.75 497 0.973 2.558 Y20Y21 22 3.75 129 0.854 1.305 
YoY10 11 3.75 469 0.971 2.485 Y2,Y22 23 3.75 86 0.816 1.066 
Y10Y11 12 3.75 441 0.970 2.410 y 22 y 23 24 3.75 43 0.707 0.784 

TONG - Busb ar Design 
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a JO 20 30 40 50 GO 70 eo JOO 110 120 

LENGTH OF E:iUSE>AR RUN ( 1.£. HALF TOTAL LEN6TH OF LEAD AND RETURN) IN FT. 
Fig. 5. - Plot of Busbar Cross Sectional Area Versus Length of Busbar Run in Example Considered. 

4in x ½infromY16toY20,one6in x ¼in 
from Y 2o to Y 22 and one 2 in x ½ in from 
Y 22 to Y 23. However, in adopting such a 
specification the assembly and installation 
of such a system can become difficult, thus 
increasing the cost and nullifying the eco 
nomic advantage. A compromise, therefore, 
must be reached to obtain a specification 
that keeps assembly and installation simple 
and maintains an optimum design. To 
achieve this one of the following selections 
can be adopted:- 
(a) Two 6 in x ½ in from Q to Y, one 

6 in x ½ in from Y to Y16, and one 
4 in x ½ in from Y,6 to Y23. 

(b) Two 6 in x ½ in from Q to Y, two 
4 in x ½ in from Y to Y16, and one 
4in x ½infromY16toY23. 

In selection (a) above, there is no risk of 
exceeding the maximum allowable voltage 
drop since the busbars selected overprovide 
for a large part of the run. 

A final point that needs to be mentioned 
is that busbars come in standard lengths 
and since cutting away sections of it repre 
sents waste, the final selection has to be 
tailored to minimise the waste. 

SUMMARY OF DESIGN PROCEDURE 

1. Construct the estimated ultimate power 
distribution system of the form shown in 
Figs. 1 or 4. The appropriate estimated 
ultimate current load in the various sec 
tions are inserted. 

2. Using Fig. 4 as an example, the composite 
system is broken up into four simple sys- 

TON G - Busbar Design 

terns similar in form to Fig. 2. This is 
shown in Fig. 6 below. 

3. Design system in Fig. 6(a) first. Here 
10 = 24 ft, J0 = 228OA; 11 = 12 ft, 
I1 = 148OA, ..... , 
b = 3.75 ft, 123 = 43A (See Table 2). 
and N = 24, e0 = 375 mV, p = 0.01364 
m ohm/sq. in/ft. 
Equation (12) enables the Kc's to be cal 
culated and equation (16) or (30) enables 
the areas A, to be calculated. A quick 

(a.) 

(b) 

(c) 

(d.) 

2c80A. 
Q 2.4- FT. 

X 
800A. :a 

calculation of the Kc's and A/s can be 
obtained using the computer programme 
instructions of Fig. 8 in Appendix B. In 
the first part of the programme, the Kc's 
are calculated by entering the input data 
I, and I, in the sequence r = N, N - 1, 
N - 2, ... , 3, 2, l, 0. When the last 1 
and I, i.e. 10 and 10, have been entered, all 
the Kc's and the Das defined in equation 
(29) would have been calculated and 
printed. Then proceed with the second 

1 1 1 r-----------------1 1 r 

1 J I b---------~-----------1 t t 700A., y Z Z1 z, Z3_ 

Fig. 6. - Reduction of Composite System into Four Simple Systems (a), (b), (c) 
and (d). 
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part of the programme to calculate the 
areas A, by entering data lr, I, and K, in 
the reverse sequence, i.e. r = 0, 1, 2, ... , 
N. Thus A0, A1, A2, ... , AN will be ob- 
tained in this order. · 

4. From the above results, the potentials at 
X, Y or any other points can be calcu 
lated. The potential at X gives the corre 
sponding value of e0 for the design of 
system of Fig. 6(b); and similarly, the 
potential at Y gives e0 for the design of 
system in Fig. 6(c). From the design of 
system in Fig. 6(c) the potential obtained 
at Z enables design of system in Fig. 6( d). 

5. Having obtained the areas, a plot of A, 
vs length of run (i.e. half total length of 
lead and return) is made to enable prac 
tical selection of busbar sizes. In the 
example considered, i.e. system in Fig. 
6(a), the specification is two 6 in x ½ in 
aluminium busbars from Q to Y, one 
6 in x ½ in busbar from Y to Y16 and 

one 4 in x ½ in bus bar from Y 16 to Y z3. 
From Fig. 5 it is evident that two 
6 in x ½ in busbars in sections Q to Y 
represents an overprovision in design. 
From this it can be deduced that a 
shorter length of the one 6 in x ½ in 
busbar section would be needed. To 
check on this, the procedure is reiterated 
from Y to Y 23 using the potential at Y 
to be e0• 
(N.B. Figs. 6, (b), (c) and (d) have not 

been fully dimensioned because present 
design is emphasised in Fig. 6(a) only.) 

CONCLUSION 

In this paper, a general analytical ap 
proach to the optimum design of tapered 
busbar systems is presented. Although, in 
the method, it is initially assumed that the 
busbar run is tapered at a large number of 
sections, the final design specification in- 

valves a relatively small number of cross 
sectional area changes to maintain sim 
plicity in assembly and installation. More 
over, the method lends itself to calculation 
on a digital computer. In short, it offers a 
quick and reliable solution. 
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APPENDIX A 
DERIVATION OF e, 

Rewriting equation (14), 
K, 

e, = e,+1 + -K (e,-1 - e,+1) (14) 
r+ 1 

for r = N, 

Since 

KN 
eN = eN+1 + ~K (eN-1 - eN+1) 

N+l 
eN + 1 = 0 as assumed, 

KN 
eN = ~K . eN-1 (17) 

N+l 

f KN-1 ) orr =N - l,eN-1 = eN + K , (eN-2 -eN 
N-1 + 

Substituting for eN and simplifying, 
KN-1(1 + KN) 

eN-1 = 1 + KN-i(l + KN) eN-2 (18) 
· Repeating the procedure, 

KN-2(1 + KN- 1(1 + KN)) 
eN-z = 1 + KN-2(1 + KN-1(1 + KN)) eN-3 • • • • • • • • • • • • • (l9) 

KN-3(1 + KN-2(1 + KN-1(1 + KN))) 
eN-3 = 1 + KN-3(1 + KN-2(1 + KN-1(1 + KN))) eN-4 · · · · (20) 
and so on. In general, 

KN-p(l + KN-p+1Cl + ... + KN-1(1 +KN) ... ) 
eN-p=l K (1 K (1 +K (l+K) )eN-p-t······················(2l) ,+ N-p + N-p+l + "• N-1 N • .. 

forp = N - 1 
K1(l + K2(l + ... + KN-1(1 +KN) ... ) 

ei = K (1 K (1 K (1 K ) ) ea ..... (22) 1 + 1 + 2 + .. • + N-1 + N .. • 
for p = N - 2 

K2(l + K2(l + ... + KN-1(1 +KN) ... ) 
ez = 1 K (1 K (1 K (1 K ) ) ei ..... (23) + 2 + 2 + .. • + N-1 + N "· 

Substituting for e1 from (22) into (23), and simplifying, 
. K1K2(l + K3(l + ... + KN-1(1 +KN) ... ) 

ez = 1 K (1 K (1 K (1 K ) ) ea · . · .. (24) + 1 + 2 + .. · + N-1 + N · .. 
Repeating the procedure 

K1K2K3(1 + K4(l + ... + KN-1(1 +KN) ... ) 
e3 = 1 K (1 · K (1 · K (1 K ) ) ea .... (25) + 1 + 2 + "• + N-1 + N "• 
and so on. In general, 

K1K2K3 ... Kr(l + K,+1(1 + ... + KN-1(1 + KN) 
e, = K ( K ( ( · ) e0 (26) 1 + 1 1 + 2 1 + ... + KN-1 1 + KN ... ) 
Since K0 has been defined to be equal to 1 

TONG - Busb ar Design 



THE TELECOMMUNICATION JOURNAL OF AUSTRALIA 211 

KoK1K2K, ... K,(1 + K,+1Cl + ... + KN-1(1 +KN) ... ) 
e, = Ka(l + K1(l + K2(l + ... + KN- 1(1 + KN) ... ) ea · · · · · · · · · · · · · · · · · · · · · · · (27) 

Using the l: and II notation, 

for r = 0, 1, 2, ... , N 
which is equation (15). 

APPENDIX B 
(a) Flow chart to calculate A, in equation (16) 
N . 

Let D =iE/i~OKJ) 
KoK1K2 ... K, + KoK1K2 ... Kr+ 1 + ... + KoK1 ... KN' ·-~ . 

. e. e, = K + K K + K K K + K K K. K + + K K K ea .. ' .. · · · · · · · (28) o o 1 o 1 z+... o 1 2--, r ••• o 1 .. , N 
= Ko + K0K1 + KoK1K2 + ... + KoK1K2 ... K, + ... + KoK1K2 KN 
= Ko(l + K1(l + K2(l + + K,(1 + + KN-1(1 +KN) ) (29) 

Then equation (16) becomes 
pl,I,D 

A, = K K K K .... ' .. · · · · · · (30) 
eoo12•••r 

Fig. 7 shows the flow chart for use on the Olivetti 101 programma 
desk top computer. 

(b) Computer Programme Instructions to Calculate A, 
Fig. 8 shows the programme instructions for use on the Olivetti 

Programma 101 desk top computer. Although programme is written 
with reference to the flow chart of Fig. 7, the limited capacity of the 
machine compels the programme to vary slightly from that of the 
flow chart. 

N =N. 
ENTER ../, N·1• :tN·l· 
C.A LC.. K.N , 0. 

PRINT K,. 

I!, N <. 0? 
YE.5. 

PRINT D. 

NQ. 

E.NTE.R P, eo. 
C.ALC.. P D/e-o. 

r =O. 

E.NTI.R 
C.ALC.. 

VE.!,. 
15 r,o;;N.? 

Fig. 7. - Flow Chart. 
TONG - Busbar Design 

START 
BY PRESSING Y. 

AV d- 
5 E.NTE.R N. >O. / V 

d. + ,s;;l• D 0 
Q+ /0 
dt 5 ENTER eo 
D + d t 

s E.NTE.R :rN. 5 E.NTE.R P 
e + .j, 
e -r D X 
et d. -;- 
s ENTER t ,. d. t 

E + a. t 
et d .• 
EX D t 
E t ,---., AZ 
A¥: / 0 
dt 5 ENTE.R ,l.0 
Q.V k- e t 
dt 5 ENTER I0. 

5 ENTER IN-1· E. t 
r 5 ENTER Ko 
5 ENTER ,eN·l· •• 
X D X 

E t D ~ 
E. + e .• 
AO E. X 
DX d X 
A+ D..;- 
+ A 0 

oi '-- z 
A+ 5 STOP. 
cl. i 

Fig. 8. - Programme Instructions. 
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ANTENNA MEASUREMENTS USING NATURAL RADIO SOURCES 
R. WIELEBINSKI, Ph.D.* 

INTRODUCTION 

Antenna performance can be specified 
in terms of parameters such as gain, 
complete power pattern, polarization 
response, phase characteristic or pointing 
accuracy, to mention only some of the 
more important parameters. The trend 
to large antenna apertures in such appli 
cations as satellite or space communica 
tions, and to low system noise tempera 
tures, leads to the requirement of 
measuring the antenna performance to 
a high degree of accuracy. Even when 
an antenna has been installed, sub 
sequent technological advances in the 
field of high efficiency feeds may require 
site testing of antenna performance. 

Several standard methods have been 
used in antenna measurements with 
varying degrees of reliability being 
achieved. Transmitters located on high 
towers are often used to measure 
antenna polar patterns. To work in the 
far field of a large antenna, free from 
earth effects, very high towers are 
required. An alternative method em 
ployed in some instances is to fly a 
transmitter in an aircraft or a helicopter. 
Serious problems arise in this technique 
through the lack of knowledge of precise 
transmitter position, aircraft antenna 
interactions and, in the case of heli 
copters, by variations of atmospheric 
refraction. In both methods ground 
reflections add a further error in polar 
pattern measurements. . Satellite-borne 
transmitters would be suitable for large 
antenna evaluation. However a far less 
expensive source of constant power may 
be found in the naturally occurring 
radio sources. 

Radio sources are available in great 
abundance at low values of flux level. 
They are distributed over the whole sky 
and the flux values are known to a 
precision of some 10%. Selecting some 
20 strong discrete sources for antenna 
measurements gives a very flexible 
calibrating system. A point which must 
not be overlooked is that many 'discrete' 
radio sources have a structure on the 
scale of minutes of arc. Furthermore 
some sources are somewhat linearly 
polarized. A criterion used for selection 
of suitable sources for antenna measure 
ments must include the following points: 

(i) Source intensity should be high. 

(ii) Source should have small angular 
size. 

(iii) Polarization of source must be 
known. 

* Dr. Wielebinski is Senior Lecturer, University 
of Sydney. · 

(iv) Source should be well clear of any 
potential sources of misinterpreta 
tion. 

(v) Positional accuracy should be high. 

On the basis of these criteria a list 
of suitable sources is presented in this 
paper. The sources have been obtained 
from catalogues with emphasis on 
accurate flux values at the quoted fre 
quencies. Interpolation to any specific 
frequency should be possible. In addition 
to the table of sources the basic calibra 
tion procedures are described. Correla 
tion techniques are described which 
allow some further advantage to be 
gained. 

THE RADIATION RECEIVED 
BY AN ANTENNA 

A discrete radio source of flux density 
S (watts metrer " Hz-1) produces a deflec 
tion in a matched receiver which corres 
ponds to an aerial input temperature Ta 
given by (Ref. 1) 

8nkTa 
S= G.P 

where k is Boltzmann's constant 
l is the wavelength 
G is the antenna gain, measured with 

reference to an isotropic radiator. 

In the above expression a factor of 
2 has been included to take account of 
the fact that an aerial of one polariza 
tion accepts only ½ of power incident 
from a randomly polarized radio source. 
The expression (1) is equivalent to the 
Frijs transmission formula (Ref. 2), 
which is often used in far field intensity 
determinations. 

An additional requirement of expres 
sion (1) is that the radio source be of 
small angular extent as compared to the 
antenna beam. If this is not the case, 
but if the source distribution is known 
a summation can be used to obtain the 
aerial temperature Ta' by 

n 
Ta' =L 

r-1 
T, a, P, 

(1) 

(2) 

where T, is the temperature of the r'th 
region 

a, is the area of the r'th region 
p, is the power polar pattern level. 

The ratio of. gain to system noise tem 
perature ultimately determines the system 
performance which may be expressed as: 

G 8nk Ta+ T, 
T =!12s · -T-,- C3) 

where T, is the system noise to temperature. 
G. 

The parameter T 1s the recommended 

measure of the system performance as used 
by the CCIR (Ref. 3). The measurement of 
the antenna performance as specified in ex 
pression (3) can be a relative measurement, 
The measurement can be made with the 
aerial pointing first away from the radio 
source used as a calibrator and later with 
the source in the main beam. This allows 
the determination of the ratio r: 

T0 + T, r=-- T, 
and as a result if the radio source flux S is 
known G /T can be determined. 

STANDARDS OF NOISE 

The basic standard of random noise is the 
thermal noise output from a resistor. 
A matched termination immersed in liquid 
nitrogen provides an output noise voltage 
which is equivalent to some 77°K (a higher 
noise voltage may result from loss in the 
connecting transmission line if it is at a 
higher temperature than the termination). 
A system of accurate noise deflections can 
be provided by the use of calibrated, 
matched attenuators. From elementary 
noise considerations the total effective 
noise TO to a receiver from a termination at 
temperature T, after insertion of a lossy 
component at temperature T0, with attenu 
ation (power ratio) ex is given by 

Te = cxT, + (1 - cx)T0 (4) 
In a calibration it is usual to measure first 

a deflection when a matched termination in 
liquid nitrogen is connected to the receiver 
and another with an attenuator inserted 
between the termination and receiver. The 
difference in deflections AT (if a square law 
detector is used) is 

AT = (1 - cx)(T0 - T,) (5) 
Thus for a ldB attenuator (ex = 0.794) at 
ambient temperature (T0 = 293°K) with a 
liquid nitrogen termination (T, ::::: 79°K) a 
noise step AT of 44°K is obtained. 

A typical switched calibration receiver 
used in radio astronomy is shown in 
fig. 1. Matching on the aerial and 
reference termination sides is achieved 
by use of a signal generator and a 
reflection technique. In this receiver 
initially two accurate hot-cold termina 
tions (Ref. 4) are used to replace the 
aerial and termination TI. Adjustments 
are made to matching unit MU3 to 
receive zero reflected signal. In future 
matching procedures either on the aerial 
side, or reference termination side, null 
techniques allow accurate matching. 
However an unswitched receiver can be 
used with some loss of stability. 

A set of 1, 2 and 3dB high precision 
attenuators used in conjunction with a 
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/\ERIAL 

NSI DCI 

MUI 

dB SW 

T2 Tl 

T3 

0 

latitude stations as well as having a 
slowly decreasing flux. Cygnus A is just 
visible from southern latitudes but is 
observed on a complex background. All 
the eight strongest sources have angular 
diameters of 3' to 5' with complex 
distributions within this area. Some of 
the sources are linearly polarized to a 
small degree. 

Table I has been drawn up using 
basically a series of Parkes catalogues 
(Ref. 7). The source positions given in 
the first three columns are in 1950 
co-ordinates. These positions change 
annually and precession using an astro 
nomical ephemeris is necessary for 
accurate work. The following columns 
give source flux values at a number of 
frequencies. The maximum source 
angular size is listed along with polari 
zation data. Sources are listed under the 
catalogue designation but common 
names are also given in the last column. 

Sl·/G 

SLD SYNC DEMOD 

RECORDER 

DCl, DC2 
NSl 

Directional couplers 
Noise source 

CIRC 
PREAMP 

MUl, MU2, MU3 Matching units LO 
Tl, T2, T3 Liquid nitrogen terminations IF 

Circulator 
Preamp] i fi er 
Local Oscillator 
IF amplifier 

T4 
dB 
CS 

Termination 
Calibrating attenuators 
Coaxial switch 

liquid nitrogen termination allows the 
calibration of secondary noise sources, 
over some 200°K temperature range. 
Secondary noise sources available are 
either noise diodes or noise discharge 
tubes. A concise literature exists cover 
ing the properties of noise sources (see 
Refs. 5 and 6). The principal conclusion 
is that commercial noise sources require 
calibration against thermal noise from 
resistors before use in antenna measure 
ments. 
In a typical noise calibrating procedure 

the deflection of a noise source through 
a directional coupler is calibrated against 
noise power increments due to attenuator 
insertion. In this way the secondary 
noise source becomes an absolute noise 
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SLD Square law detector 
SlvG Switching waveform generator 
SYNC DEMOD Synchronous demodulator 

SW Comparison switch 
Fig. 1. - A Switched Receiver Used for Antenna Cabibration 

standard to a high degree of accuracy. 
This procedure eliminates one of the 
main sources of erroneous calibration 
results. 

THE CALIBRATING SOURCES 

For beam pattern derivation, strong 
sources of small angular size, clear of 
other sources (including the galactic 
background) are required. For positional 
accuracy, sources of small angular size 
with accurately known positions are 
required. The strongest radio sources 
Cassiopea A, Cygnus A or Taurus A 
have a number of features which make 
them undesirable as antenna calibrators. 
Cassiopea A is only available to northern 

OTHER ANTENNA 
MEASUREMENTS 

The foregoing discussion covered the 
basic calibration of antenna gain. This, 
being the most important parameter, is 
of prime interest to an antenna engineer. 
System performance of calibration giving 

G 
the - parameter was also sketched out. 

T 
There are however a further number of 
measurements possible which may be 
required. 

The measurement of the total polar 
pattern is often desirable particularly 
for the purpose of determination of 
sidelobe structure. This can be done 
partly using the Sun as a source of 
power. However the method of correla 
tion measurement allows the derivation 
of the voltage polar pattern which 
permits sidelobe measurements down to 
-30dB or more although a second 
antenna is required for this measure 
ment (see Ref. 8). Polarization measure 
ments can also be made using voltage 
correlation methods. 

Further advantage in absolute gain 
determinations can be obtained by the 
use of a standard gain antenna (such as 
a horn) in conjunction with the test 
antenna,' (Ref. 9). These measurements 
are of particular interest in the determi 
nation of absolute flux values. 

SOURCE DETECTABILITY 
Strong radio sources are easily detected 

with present low noise receivers using 
antennas 45ft diameter or more. Weaker 
sources require larger antennas and 
better receivers. Conversely, given a 
dish diameter and a receiver of a parti 
cular noise figure, a limit is set on 
sources usable for calibrations. It is 
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TABLE 1 

Source 
Right Ascension 

(1950) Declination 
I 

S-fluxunits10-26wm-2sec-1 
1 2 3 4 5 6 

' 85MHz 150MHz 408 1420 2.7GHz 5GHz 
7 

8GHz Size Polarization Remarks 

0320-37 
0518-45 
0539-01 
3Cl44 
3C145 

0916-12 
3C273 

3C274 
3C348 
1717-00 
3C405 
2152-69 
3C461 
2356-61 

03h20m42s 
05 18 24 
05 33 11 
05 31 31 
05 32 51 

09 15 43 
12 26 34 

12 28 17 
16 48 42 
17 17 56 
19 57 45 
21 52 58 
23 21 11 
23 56 29 

-37° 25' 
-45 50 
-01 56 
+21 59 
-05 25 

-11 53 
+02 19 

+12 40 
+05 04 
-00 56 
+40 36 
-69 56 
+58 33 
-61 12 

950 
570 

1700 
69 

580 
167 

1800 
890 
475 

14000 
253 

18500 
296 

475 
343 

1600 
42 

340 
150 

1015 
420 
325 

10000 
114 

12000 
66 

177 
117 
37 

1150 
177 

110 
49 

510 
142 
116 

4700 
60 

5500 
49 

52 
51 

850 
281 

36 
38 

197 
43 
49 

1400 
26 

2200 
19 

935 
32 
56 

750 
51 

25 
41 

143 
23 
30 

750 
16 

1300 
11 

13 
38 

57 
12 
16 

10 

573 

9 
28 

44 
7 

14 
200 

590 

20' 
5' 

5' 
4.5' 

5' 

4.7' 
3.2' 
4' 

2.3' 
4' 
4' 
4' 

10% 
3% 
.2<% 

1< % 

.2<% 
2.5 

0.1< 
5% 
6% 

4% 

5% 

Fornax A 
Pictor A 

Taurus A 
Orion 
nebula 
Hydra A 
Some 
variability 

Virgo A 
Hercules 
3C353 
Cygnus A 

normal to set the munmum detectable 
temperature deflection as 

. Tsys 
~Tmm = 5 M (M,)½ 

where Tsys is the system noise temperature 
M is the receiver bandwidth 
, is the time constant Ir c:::: 2.2RC 

for a integrating filter) 
and M is a factor which equals 1 in un 
switched receivers, and equals 2 in a 
switched receiver. From the antenna 
diameter the antenna source temperature 
may be estimated. From the knowledge of 
receiver characteristic the minimum detect 
able deflection can be predicted. The use of 
wider bandwidth and longer time constant 
allows the detection of weaker sources with 

an antenna of particular gain. Using the 
information on source fluxes given in 
Table 1 or of weaker sources (Ref. 7) an 
antenna calibration procedure can be 
established for an antenna relying only on 
naturally occurring radio sources. 
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THE INTRODUCTION OF ELECTRONIC DEVICES 
INTO ELECTROMECHANICAL TELEPHONE EQUIPMENT 

J. L. PARAPAK, M.Eng.Sc.* 

INTRODUCTION 

In existing telephone equipment, the 
switching elements consist of electro 
mechanical switches such as relays, 
selectors and crossbar switches. Apart 
from their proven reliability, these 
switches are slow in operation, in 
efficient in their inter-connection, 
large in size and consume a large 
amount of power. 
The great success of electronic com 

ponents in transmission equipment 
and in electronic computers has stimu 
lated the development of electronic 
exchanges. This in turn has caused 
an increasing interest in the use of 
electronic devices in new units to be 
introduced into the existing network. 
In the introduction of these units into 
the existing networks, new problems 
arise on the electrical level; the in 
compatibility of electronic devices 
with the existing operating conditions 
and the reliability of electronic com 
ponents in the environment of the 
existing equipment are the main prob 
lems to be considered. On the network 
level, the electronic units may have 
been developed with a new system 
philosophy which may be incompatible 
with the system philosophy of the 
existing equipment. This paper exam 
ines the general principles to be fol 
lowed in using sensitive electronic 
devices in the existing equipment and 
describes an illustrative model in 
which the principles are demonstrated. 
The model is an electronic version of 
the outgoing junction relay set FUR 
T5F-H. (Australian Post Office PCM 
Signalling Relay Set, Ref. 1) 

INTERFACE PROBLEMS 
The problems encountered in intro 

ducing sensitive electronic components 
into the existing equipment can 
generally be grouped under one head 
ing, namely the interface problems. 

On one side we have the existing 
network, working at a high voltage, 
with a relatively slow speed and an 
electrically noisy environment. On the 
other side we have advantages offered 
by the latest electronic components 
such as fast operation, small size and 
low power operation. These advant 
ages, however, are accompanied by 
the noise susceptibility of the devices. 
The problem is, how to ensure a 

reliable operation of any electronic 
unit without losing the advantages 
offered by it. 
* Mr. Parapak is Engineer Class l, Radio 
Section, Headquarters. 
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GENERAL APPROACH 

There are several approaches which 
may be taken in finding an economic 
solution to the above problems:- 

(i) To modify the existing operat 
ing conditions to suit the new 
units. This may take the form 
of identifying the sources of 
noise and eliminating the noise. 

(ii) To adapt the proposed new 
units to work satisfactorily 
under the existing operating 
conditions. 

(iii) To employ an interface network 
between the existing equipment 
and the new unit. This requires 
no modification of the existing 
system and allows full use of 
the advantages offered by the 
new devices. 

(iv) To find a compromised solution 
of the first three approaches. 

In most cases the last approach 
gives the most satisfactory solution. 
This, however, requires a thorough 
knowledge of the two systems and the 
environment under which the existing 
equipment is working satisfactorily. 

In general the approach can be 
summarised as follows:- 
!. Define the functions of the unit. 

This should be as general as pos 
sible, so that a maximum amount 
of flexibility can be incorporated 
into the design. 

2. Assess the environment under 
which the new units are to pro 
vide a satisfactory service. This 
should involve the improvement 
of the environment wherever pos 
sible. Worst case conditions 
should be established. (Ref. 2) 

3. Design the units, perhaps with 
interface elements incorporated in 
the units, with the view of maxi 
mum reliability under the condi 
tions defined in (2). New tech 
niques may have to be developed 
to ensure reliable operation. 

4. Assess the performance of a unit 
in the real working conditions 
before the unit is fully accepted. 

FUR-T5F-H RELAY SET USING 
ELECTRONIC DEVICES 

This signalling equipment is design 
ed for use at ARF crossbar exchanges 
to signal over junctions having two 
separate signalling paths distinct from 
the speech path. (Ref. 1) This con 
dition is usually met by derived 
channels using Pulse Code Modulation 
(PCM). This relay set can be used on 
junctions operating in the modified 

Karlson mode or in the switch hook 
mode. A detailed description of these 
signalling schemes is given in Ref. 3. 
The general functions of the relay 

set are:- 
(i) To be seized from a group 

selector and to busy the junc 
tion against intrusion from 
other calls. 

(ii) To transmit the seized condi 
tion to the distant end. 

(iii) To give satisfactory repetition 
of loop disconnect impulsing to 
the distant end. 

(iv) To indicate answer condition by 
reversal of the line polarity, and 
restore normal polarity when 
the B party clears. 

(v) To transmit metering signals to 
the calling party on multi 
metered calls. 

(vi) To release the distant end when 
the calling party clears. 

(vii) To be busied against seizure if 
a fault occurs in the trans 
mission system or the distant 
end equipment is taken out of 
service for maintenance. 

(viii) To repeat a forced release sig 
nal if such a signal is received 
from the distant end. 

Assessment of the Working Conditions 
As the conventional exchange 

supply voltage is unsuitable for most 
commercially available integrated cir 
cuits, the electronic relay set has 
been designed to work from a separate 
low voltage power supply. This neces 
sitates the use of interface elements, 
e.g. fast operating miniature reed re 
lays. 

The environment under which the 
unit is to operate was investigated by 
measuring the noise in the peripheral 
equipment. Continuous noise (high fre 
quency) amplitude as high as lO0mV 
has been observed on some wires. 
Impulse noise spikes of 200 volts 

amplitude have to be allowed for. 
The proposed unit therefore, must 

be immune to those types of noise. By 
using delay circuits at the input and 
output wires, and electrically isolating 
the units from the external world by 
using reed relays and good shielding, 
the effects of noise can be minimised. 

Logic Diagram 
The main advantages offered by the 

electronic devices to be incorporated 
in this unit are the smallness in size 
and the faster speed of operation, the 
latter making possible a reduced toler- 
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Fig. 1. - Circuit Diagram. 

ance of the timing of signals. The 
present signal timing tolerance is as 
high as +20% which is determined by 
the tolerance of the commercially 
available timing relays. The unit to be 
described here is to function in exactly 
the same way as the electromechanical 
version. A logic diagram is shown in 
Fig. 1, and the following description 
refers to this figure. 
The retard coil Dr is required to 

provide a high impedance path to 
speech signals, and forms the conven 
tional relay set transmission bridge. 
Idle Conditions (power applied): 

a, b wires open 
ground disconnected from c wire 
-50V applied to d wire 
ground disconnected from ml wire 
ground applied to m2 wire 
el is open 
e2 is grounded. 

Seizure: The loop on a, b wires de 
velops a negative voltage at the left 
hand end of R2, the lower 330 ohm 
resistor in Fig. 1. This negative volt 
age is inverted through the high input 
impedance operational amplifier (A). 
If the loop lasts longer than 20 mS, 
the loop condition transmitted through 
the gates (G, and G,) operates the 
reed relay M. The operation of the 

relay M applies earth onto the wire 
ml. 

The voltage at the output of G, is 
returned through the delay release 
element (DR600) to the input of the 
AND gate G,; this opens the gate G, 
which bypasses the delay element 
DO20. This arrangement prevents the 
dial pulses from being distorted 
through DO20. 
The seize condition is transmitted 

through the inverter I, which operates 
relay C which applies earth onto wire 
c. This also releases relay D through 
the AND gate G,, hence breaking the 
d wire circuit. 

On pick up of the FIR, earth is 
returned on the e l lead. This condition 
is tested by the DOR 20. If it lasts 
longer than 20 mS, the relay El 
operates. 

MFC signalling: This may now pro 
ceed. Dialling may also occur and if 
so the dial pulses will be transmitted 
through the amplifier A and the gates 
G,, G. and G, onto the relay M which 
will repeat the dial pulses on the wire 
ml. The dial pulses are prevented 
from affecting the rest of the circuit 
by the delay release element DR600. 
Answer: On answering, the earth on 
e2 is disconnected. After the persist- 

ence test by the DOR20 is satisfied, 
the answer condition is transmitted 
through the inverter I. and the gates 
G, (which has been opened by the 
seizure condition), and G, to operate 
relay E2. The operation of E2 reverses 
the polarity of the wires a, b. 
Meter or B-Party Clear: Metering on 
a multi-metered call, or B-party clear 
on a unit fee local call, returns earth 
on to wire e2. This condition releases 
the relay E2 which returns normal 
polarity to the wires a, b. This con 
dition also prepares the gate G, for 
the restoration of relay D. 
A-party Clear: When the A-party 
clears, the loop condition on the wires 
a, b is broken. This condition, via the 
gates G,, G2 and G, releases the M 
relay which disconnects the earth 
from wire ml. When the persistence 
test of this condition by DR600 has 
been satisfied, the gate G, is prepared 
via L, relay C is operated which 
applies earth onto the c wire, and 
relay E2 is re/leased via the gates G. 
and G,. After E2 has been released, G, 
is closed for a period of 200 mS de 
termined by the DR200, via I2 and G,. 
This allows the line to go back to 
normal polarity without a momentary 
line charging current being registered 
as seizure condition. 
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When the corresponding FIR has 
cleared, wire el is opened and wire 
e2 is earthed. Relay D then operates 
and the FUR is marked idle to accept 
further calls. 
Force Release: A force release signal 
may be received after answer. This 
disconnects earth from el and hence 
releases El, and the loop condition on 
the wires a, b is interrupted. This con 
dition disconnects the earth from wire 
ml as described for the clear forward 
operation. FIR will release after 300- 
450 mS which is the recognition time 
of a force release signal. This may 
result in an idle condition being re 
turned (e2 earthed) but while el and 
e2 are both open circuited, an output 
will exist on the NOR gate G, which 
ensures that E2 remains operated; in 
the case of idle condition being re 
turned, E2 will remain operated for a 
period of 200 mS, to ensure a correct 
transmission period of the force re 
lease signal (480-720 mS). When the 
output of DR600 disappears, d wire 
is restored to normal and E2 releases. 
The FUR then returns to normal. 

Blocking: In the idle condition, if e2 
releases (opens), the d-wire circuit is 
broken, thus blocking the FUR out of 
traffic. 
Fault: A transmission system fault will 
result in both el and e2 being open 
circuited. This will cause blocking if 

the FUR is idle and force release after 
a call has matured. Before answer a 
fault will have no effect in the FUR 
until the A-party clears forward. 

Circuit Realisation 
The experimental unit has been 

built using commercial integrated cir 
cuits for the gates and inverters and 
miniature reed relays for the interface 
elements. The delay circuits have been 
constructed using an RC integrator 
followed by a Schmitt Trigger. A 
Schmitt Trigger is simply constructed 
using one half of an integrated circuit 
quad inverter. The unit was built 
mainly for checking the logic opera 
tion and the noise immunity of the 
circuit. The noise immunity was check 
ed in the laboratory using simulated 
noise. 

Although resistor transistor (RT) 
integrated circuits were used for the 
model, diode transistor (DT) logic 
elements are recommended for better 
noise immunity. 

It will be pointed out here that it 
is possible to realise a fully electronic 
unit using high-voltage medium 
power transistors instead of the reed 
relays. However this results in a 
very complicated circuitry to control 
the line polarity returned on the in 
coming a, b wires. 

ACKNOWLEDGEMENTS 
The work described in this paper 

was part of a post graduate project 
carried out in the University of 
Tasmania on a contract with the 
Postmaster-General's Department. 
The author wishes to thank Profes 

sor C. H. Miller and Mr. P. Watt of 
the Department of Electrical Engineer 
ing, University of Tasmania, for their 
help and encouragement. In particular, 
the author wishes to thank Mr. G. L. 
Crew of the P.M.G. Research Labora 
tories, Melbourne who suggested the 
project and read the manuscript of 
this paper. 

REFERENCES 
1. G. L. Crew, 'A Line Signalling 

Scheme for Pulse Code Modula 
tion Telephone Systems'; Telecom. 
Journal of Aust., Feb. 1968, Vol. 
18 No. 1, P.59. 

2. J. L. Parapak, 'A Probability Dis 
tribution and Density Meter and 
its Use for Measuring Noise in 
Telephone Channels' - to be pub 
lished in Australian Telecommuni 
cation Research, Nov. 1969, Vol. 3, 
No. 2. 

3. G. L. Crew, 'Line Signalling in the 
Australian Post Office'; Telecom. 
Journal of Aust., Feb. 1967, Vol. 
17, No. 1, P.23. 

TECHNICAL NEWS ITEM 
NEW A.P.O SWITCHING CENTRE 
FOR OPERATOR CONNECTED 

TRUNK CALLS 
On 17th June the installing con 

tractor, L. M. Ericsson, handed over 
to the Australian Post Office (A.P.O.) 
the Wangaratta Manual Assistance 
Centre for pre-commissioning tests. 
This manual assistance centre consists 
of a new design of operating position 
which is integrated with the A.P.O. 
standard automatic trunk switching 
equipment, the ARM exchange. The 
installation consists of 15 trunk assist 
ance positions, four special service 
positions and three supervisory posi 
tions, costing $337,000 with all assoc 
iated equipment. The commissioning 
of this manual exchange in September 
1969, will bring to fruition a project 
which started five years ago when 
work commenced on a specification 
for the manual assistance equipment. 

Although the A.P.O. objective is to 
divert more and more telephone trunk 
traffic to direct dialling, i.e., subscriber 
trunk dialled (S.T.D.) operation, it is 
still necessary to invest considerable 
resources in the provision of manual 
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switching equipment. Certain classes 
of trunk calls such as particular person 
calls, fixed time, reverse charge, and 
overseas calls cannot be directly dial 
led by subscribers. Over the next six 
years about 300 operating positions of 
the new design will be installed at 20 
manual assistance centres throughout 
Australia to handle this non-S.T.D. 
component of trunk traffic. 

Equipment has also been ordered 
for Newcastle (43 trunk assistance 
positions, 30 special service positions 
and 11 supervisory positions) and 
work at this centre is currently pro 
ceeding. An additional feature of this 
installation which has not yet been 
included at Wangaratta is a queueing 
facility which ensures that all calls 
are answered by the operators strictly 
in their order of arrival. The special 
queueing equipment also displays to 
the operator information regarding the 
origin and category of the incoming 
call, and arranges for emergency calls 
to go immediately to the head of the 
queue. These and other special fea 
tures of the new cordless manual 
assistance centres are designed to give 

more efficient handling of operator 
connected trunk calls. 

The electrical design of the switch 
board was carried out by L. M. Eric 
sson in Sweden and is a substantial 
adaption of their basic manual switch 
ing system design. The operating con 
sole was produced by the North 
Electric Company of the U.S.A., and 
that Company adapted their standard 
console to satisfy the A.P.O. operating 
requirements and the circuit design 
produced by L. M. Ericsson. The de 
velopment has included not only the 
main trunk assistance position but 
also ancillary special service and 
supervisory positions necessary for a 
manual switching centre. The physical 
characteristics of all the positions have 
been based on the one North Electric 
Company model. 

Following visits by A.P.O. engineers 
to Sweden and U.S.A. late in 1967, 
the equipment production and installa 
tion has run to a tight and closely co 
ordinated schedule. This new type of 
switchboard will be used extensively 
throughout the Australian network in 
the future for connecting both national 
and international calls. 
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TRANSISTORISED POWERLINE CARRIER EQUIPMENT 
J. W. WARTH* 

INTRODUCTION 

To provide some of the trunk line 
services for its own internal communi 
cations system (Ref. 1), the Electricity 
Commission of N.S.W. uses various types 
of powerline carrier equipment. This 
article describes a recent type supplied 
to the Commission. 

GENERAL 

As its name suggests, the equipment 
operates through a special coupling cir 
cuit over the high tension powerlines 
themselves, allowing the provision of 
telephone communication wherever high 
tension power lines exist. A brief de 
scription of one type of coupling equip 
ment is given at the end of this article. 
The system provides a single 4 kHz 

channel which is subdivided to provide 
the following: a speech channel from 
0 to 2.4 kHz; a frequency shift signalling 
channel at 2.55 kHz and 2.61 kHz; and 
up to eight frequency shift telegraph 
channels from 2.82 kHz to 3.66 kHz. 
Fig. 1 is block diagram of a complete 
terminal, while Fig. 2 shows how the 
system frequencies are used. 
The 4 kHz baseband is modulated 

twice and then transmitted to line in 
one of two bands, 152 - 200 kHz or 
406 - 480 kHz. The first modulation 
stage is the result of modulating a cry 
stal controlled 15 kHz source and selec 
ting the upper sideband product. This 
intermediate frequency then modulates 
the high frequency source for transmis 
sion to line. 
Generally, standard carrier principles 

are followed, varying only in detail to 
suit the approach of the designer, and 
the requirements of the Electricity 
Commission. 

CONSTRUCTION 

The equipment is mounted on one side 
of a pressed steel rack, approximately 
nine feet high and twenty one inches 
wide. Plug-in units are employed 
throughout, the smaller units clipping in 
by special locking devices, while the 
larger units are secured by screws. Print 
ed circuit boards are used with com 
ponents mounted on one side of the 
board only. Removable dust covers are 
fitted to bollards at the rear of the 
rack, whilst hinged doors cover the front 
except for the test and monitor panels, 
located in the centre front. 
For unit servicing and setting up ad 

justments, an extension plug-in frame is 
used, which is fitted with circuit isolating 
plugs. Special tools are provided for 
releasing the lock-in clips, and they 
double as handles when extracting the 
units from the shelves. 
• Mr. Warth is a Senior Technician with the 
Electricity Commission of N.S.W. 
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All the necessary tools and test plugs 
are provided with each rack, together 
with a set of handbooks and circuits. 

The test and monitor panels allow 
for the complete testing of the terminal 
without the need for any other test 
apparatus. It includes impulse generators 
for testing the signalling and telegraph 
channels, as well as level meters and 
current and voltage test meters. 

POWER SUPPLIES 
The equipment has been designed to 

operate from a nominal 50 volt battery. 

WARTH - Poioerline Carrier 
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Fig. 2 - Frequency Allocation. 

The primary d.c. is fed into a voltage 
regulator panel which caters for input 
variations from 43 to 65 volts, main 
taining the output from 43 to 53 volts. 
A contact making voltmeter is con 

nected across the output, with its con 
tacts set at 43 and 53 volts. If the 
voltage falls to 43 volts, a bank of 
diodes is switched out to increase the 
volts by 6 to 8. If on the other hand 
the voltage rises to 53 volts, the diodes 
are switched in to drop the volts by 
the same amount. Should the voltage 
fall to 30 volts, a fail safe relay releases, 
disconnecting the input and initiating 
an urgent alarm. 

The output of the d.c. regulator is 
fed to a static inverter unit which gene 
rates a 200 volt 200 Hz output, sub 
stantially constant for input variations 
between 43 and 53 volts. 
This 200 Hz voltage is finally fed into 

a power pack which provides the var 
ious voltages used, e.g. -21 volts, -24 
volts, -50 and +so volts. 
An external 50-0-50 volt telegraph 

battery is used for the telegraph chan 
nels. 

THE A.G.C. SYSTEM 

To maintain receive signals more or 
less constant with varying line atten 
uation, an automatic gain control 
system is employed. It will cater for line 
variations of + or -25 dB before it 
fails, and for variations up to + or -15 
dB, will maintain the output within + or -0.5dB of normal. 
The 15 - 19 kHz intermediate fre 

quency signal is fed into the A.G.C. 
amplifier. In the output of the amplifier 
is a TT pad network, part of which 
consists of two indirectly heated ther 
mistors. 
The signalling channel frequencies are 

used as the pilot signal and are fed 
into the two controlling amplifiers, Cont. 
Al and Cont. A2 in Figs. 3 & 4. 

Cont. Al is a three stage amplifier 
whose gain is set by altering the feed 
back resistors R22-R27. The output is 
rectified and fed into the second con 
trolling amplifier, Cont. A2. This is a 
two stage d.c. amplifier, whose input 
voltage is compared with a standard 
voltage set by a zener diode and the 
resistor network R6-R10. Any differ 
ence between the applied and the stand 
ard voltage appears at the base of the 
first transistor and is amplified. The 
heating elements of the two thermistors 
in the A.G.C. amplifier output pad form 
the load of the second transistor. 
Cont. A2 also incorporates the A.G.C. 

fail alarm. Under normal operating con 
ditions, the second zener diode and its 
associated network, maintain the cur 
rent in the meter relay MRL so that it 
is in a central position. Should the re 
ceive signal· vary by more than 25 dB, 
contacts in MRL will close causing relay 
Rl to operate. Relay Rl operating, 
changes the load of TS2 to a fixed 
resistor, and replaces the load current 
through the thermistors with a predeter 
mined, fixed current. It also initiates 
an A.G.C. fail alarm. 

THE COMPANDER 
To cater for a wide range of input 

speech levels, and yet maintain a good 
signal to noise ratio, a compander system 
is employed. 
At the transmitting end, speech signals 

are fed into a compressor, which com 
presses the signals in the ratio of 1 to 2 



220 THE TELECOMMUNICATION JOURNAL OF AUSTRALIA 

Cl 

CIO OUT 

Cl! 

RIS 

-24V 
Fig. 3 - Controlling Amplifier A1. 

RIO Rb 

ZDI 

RII 

R21 

Cl 

RS 

.B.L. 
2 

HRL~v 

D 

Rl3 

-21V ETH 
Fig. 4 - Controlling Amplifier A2. 

R2 R4 

:]11~ <RI Hl---f7 <;R6~illo =C2 <RB r---' Rl6 

TI R3 AS r,o Rl4f Ics 
All Rl2 

~ I ~ I 1 
R20 

OUT 

CIO 

ETH A 23 

Fig. 5 - Compressor Circuit. 
- 21V 

WARTH - Powerline Carrier 

~---- ------- ----- 



THE TELECOMMUNICATION JOURNAL OF AUSTRALIA 221 

TABLE 1: COMPANDER CHARACTERISTICS 

Compressor 

Input 
(dBm) 

-50 
-46 
-36 
-26 
-16 
-8 
-6 
-4.5 

Output 
(dBm) 

-29 
-27 
-22 
-17 
-12 
-8 
-7 
-6.25 

Expander 

Telegraph channels are used for tele 
metering, remote supervisory control and 
alarms. 

Input 
(dBm) 

-21 
-20 
-15 
-10 
-5 

0 
+us 

Output 
(dBm) 

-42 
-40 
-30 
-20 
-10 

0 
+3.5 

around a given mean. (See Table 1). At 
the receiving end the process is rever 
sed and the signals expanded in the 
ratio of 2 to 1. Where two terminals are 
connected back to back for long hauls, 
the compander may be switched out at 
the back to back location. Fig. 5 is the 
circuit of the compressor. 

THE 15 kHz INTERMEDIATE 
FREQUENCY 

The first stage modulation is the re 
sult of modulating the output of a 15 
kHz crystal controlled oscillator. The 
output of the oscillator is also fed 
directly to the second modulation stage. 
At the receiving end, this 15 kHz 

signal is extracted by means of a very 
narrow bandpass filter (30 Hz) and after 
amplification is used as the demodulator 
oscillator source. This is done to main 
tain transmit and receive signals in 
synchronism. Use is made of this com 
mon transmit and receive frequency in 
the 'Loop Test' feature, whereby send 
and receive paths may be tested locally. 
The 15 kHz frequency is common to 
all Fujitsu systems supplied to the Com 
mission. 

THE SIGNALLING CHANNEL 
A frequency shift channel outside the 

normal speech band is used for signal 
ling over the carrier. Keying is accom 
plished by biasing a diode switch, to 
switch in or out of circuit additional 
L.C. components in the oscillator tank 
circuit. The signalling frequencies are 
also used as the A.G.C. pilot signal, 
described earlier. 
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LINE AMPLIFIER 

To maintain a good signal-to-noise 
ratio and to allow for losses which may 
be present or occur, powerline carriers 
incorporate a high level transmitting 
amplifier. The Fujitsu amplifier has a 
power rating of 10 watts and the transmit 
level for speech is +33 dBm. Heavy 
negative feedback is used and the 
amplifier exhibits a substantially flat 
response over its entire range. The out- 

TO SWITCHYARD 

WAVE TRAP 

C. V. T. 

Rb 

TELEGRAPH CHANNELS 

The racks may be fitted with up to 
eight bothway telegraph channels. They 
use the same frequency shift method of 
keying as the signalling channel. The 
eight channel oscillators are in the 1.14 
to 1.98 kHz band and are group modu 
lated up to 2.88 to 3.66 kHz by a 4.8 
kHz signal. This has been done so that 
the telegraph channels may be used with 
out group modulation over other speech 
band paths. 
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put is monitored by means of a contact 
making meter-relay, which alarms if the 
output varies by more than a preset 
amount. A level meter is also connected 
to the output so. that the transmit level 
may be read at all times. This meter 
is mounted on the monitor and test 
panel. 

COUPLING EQUIPMENT 

The coupling equipment (Fig. 6) allows 
the carrier signals to be coupled to the 
high tension feeder itself, without the 
high tension voltage being connected to 
the carrier equipment. 
The actual coupling unit is a high 

voltage capacitor, the carrier being 
coupled to two of the three phases of 
the three phase line. Wavetraps are con 
nected between the line and the switch 
yard to isolate the switchyard and its 
heavy losses from the carrier signals. 
The point at which the carrier signal 
is connected is maintained at virtually 
earth potential to the 50 Hz mains 

potential by means of drain coils or 
transformers. Protective devices and arc 
gaps are fitted for breakdown protection. 
The capacitor is customarily made up 

of a number of units connected in 
series, each unit being rated at approx. 
8 kV. The total capacitance of a typical 
unit is about 8,200 picofarads. 
Coupling capacitors are also used as 

voltage sources for feeder protection and 
metering. 
The carrier output is fed via a coaxial 

cable from the rack to the switchyard, 
where it is connected to matching trans 
formers, protective devices and the 
coupling capacitors. Line impedances are 
in the order of 400 to 700 ohms, with 
attenuation at carrier frequencies of 
about 30 dB per 100 miles. 

CONCLUSION 

Powerline carri:ers are a logical 
method of providing internal communi 
cations for undertakings such as those 
of the New South Wales Electricity 

Commission. 
The main disadvantage is that services 

may be lost during feeder outages, 
planned or unplanned. During times of 
storms and rain, where high leakage 
currents may occur, some systems be 
come fairly noisy, but this has to be 
accepted to gain the economy of not 
providing separate bearers for com 
munication channels. Apart from this, 
they generally provide good, reliable 
communication. 
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TECHNICAL NEWS ITEM 
TELECOMMUNICATIONS FOR 

EDUCATION 
The Australian Post Office has been 

interested for some time in the way 
telecommunications could , assist in 
education and a seminar on 'Tele 
communications for Education' was 
organised by the Department in May 
1969. The aims were to inform educa 
tionists about telecommunication facil 
ities available now and likely to be 
available in the future and to deter 
mine the needs for these in education. 
A wide representation from Univer 

sities, tertiary and secondary colleges, 
the Victorian Education Department 
and some Commonwealth Government 
Departments attended. 

. Telecommunication aids to education 
were discussed under the general cate 
gories:- 
(a) Audio-visual education. 
(b) The application of computers for 

educational and administrative 
purposes. 

Representatives of the educational 
institutions presented papers on exist 
ing and future developments in edu 
cation which could use telecommuni 
cation facilities. 

The discussion covered such de 
velopment as the use of closed circuit 
television, which could have wide 
application in education and in-service 

training of teachers. Another and per 
haps alternative service would be a 
telelecture network, requiring only 
standard voice lines and using audio 
associated with facsimile transmission. 
This "blackboard by wire" facility 
would be considerably cheaper than 
closed circuit T.V. and still satisfy 
many needs. 

The seminar resolved that the Aus 
tralian Council for Educational Re 
search be invited to form a Working 
Party to report oh the likely level and 
location of special education facilities 
which will require telecommunications. 
This report could then form the basis 
of cost and feasibility studies by the 
Australian Post Office. 

WARTH - Powerline Carrier 
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MATHEMATICS OF RELIABILITY .. G. P. KIDD, B.E., B.Sc.* 

INTRODUCTION 
Engineers have always understood in 

tuitively the concept of reliability: factors 
of safety are their means of ensuring a long 
system working life with only a small risk of 
failure. But these factors are often quite 
arbitrary-e-and usually unnecessarily con 
servative-because the ranges of component 
variation are unknown or, if known, the 
manner in which such variations interact 
when components are assembled into a unit 
is uncertain. 
In recent years the rule-of-thumb ap 

proach to design has become less and less 
acceptable. The need for equipment to 
meet a specified reliability, stimulated 
particularly. by the requirement that com 
plex aviation, military and space systems 
should have a high probability of successful 
operation during a defined critical period 
(hence the emphasis in much reliability 
literature on 'mission availability'), coupled 
with the need to conserve an already 
limited maintenance manpower, has de 
manded a more quantitative approach to 
design. The awareness of this has led to the 
development of a satisfactory (but by no 
means final) mathematical theory of 
reliability. 
This paper will present and discuss some 

of those aspects of the theory which are 
considered to be most useful in the tele 
communications field. 

RELIABILITY 
To formalise the concept of reliability the 

following definition is given (Ref. 6): 
The reliability of a system or device is the 
probability that it will operate within 
defined limits for a specified time under 
specified environmental conditions. 

One interpretation of this definition in the 
telecommunications context is that equip 
ment should perform within specification 
for a sufficient period; another, is that there 
is only a small chance that grade of service 
would suffer or that maintenance facilities 
would be ~ver-strained. 

BASIC CONCEPTS 
Failure Density Function, f(t) 

Consider a number N of similar systems 
or components operating under identical 
conditions over a very long period. After 
some interval, t, from the beginning of 
operation (or, if repair is possible, from the 
previous repair instant) an item will fail or 
will otherwise drift outside its specified 
operating range. Over the whole period of 
observation suppose n failures occur. (If 
there is no repair, and all items fail, then 
n = N.) Assume also that the time intervals 
to failure are recorded in discrete steps of 
2h, the i-th interval being t1 ± h. 
Now of the total of n failures, n1 of them· 

will have failure times falling in the first 

• Mr. Kidd is Engineer Class 3, P.M.G. Research 
Laboratories. 
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Fig. 1 - Failure Density Function f(t) 

interval, n2 in the second, n1 in the i-th, and 
so on. If the values of n, are normalized by 
dividing through by n and the resulting 
ratios nJn plotted against time-to-failure t,, 
then the resulting histogram represents the 
time-to-failure density function of the items. 
The area under the histogram is unity and 
so it has the characteristics of a probability 
density function thereby allowing probabi 
listic statements about failure to be made. 
The normalized histogram could take any 

form, but for reasons given later it is as 
sumed to have the particular form shown in 
Fig. 1. In that figure a continuous failure 
density I(t) has been drawn to approximate 
the discrete density. From this curve the 
probability p,; of an item failing in the 
interval t1 to t; is given by the area bounded 
by the ordinates at these points and the 
curve. 

Failure Distribution Function, F(t) 

The failure distribution function is de 
fined for continuous f(t) as 

F(t) = J: f(s) ds, 
or for discrete densities 

i 

Pr(t,) = LPi> 
0 

where p; is the probability of failure in the 
j-th time interval (P; =nj/n)- The failure 
distribution function gives the probability 
that an item will fail in the interval (0, t] or 
[O, t;]. 

Failure-rate Function, r( t) 

The failure-rate function, r(t) (sometimes 
designated as ,l(t) or z(t)), is defined as the 
ratio of the probability that failure occurs 
in an interval given that it has not occurred 
prior to t (the start of the interval) to the 
interval length {Ref. 2). 

- TIME TO FAILURE I 

The failure rate in a given interval is given 
simply as 

number of failures in the interval 
-r ~ number of units operating at 

beginning of interval 
From the data in Fig. 1 the various values 
of r1 can be plotted against the time-to 
failure t,. The resulting shape of this graph 
depends on the form of the density function 
and for an arbitrary density function could 
take any form. For the particular density 
function of Fig. 1 the corresponding failure 
rate function would take the form shown in 
Fig. 2. A continuous function r(t) has been 
drawn, as in Fig. 1, to approximate the 
discrete function. 
The instantaneous failure-rate (sometimes 
called the hazard rate) is the limit of r(t) as 
the interval length tends to zero. This in 
stantaneous failure-rate function gives the 
probability that an item that has been 
operating successfully for a period t will fail 
in the next instant of time. 
The probability therefore that an item 

will fail in the interval [t, t + dt] given that 
it is operating at instant t is 

r(t) dt. 
Note that this is the conditional probability 
of failure in this interval; the unconditional 
probability of failure in the same interval is 

f(t) dt. 
Essentially the difference between these two 
is that for the first the item's behaviour is 
unknown only beyond the instant t (its 
characteristics being completely determined 
before this instant), whereas for the second 
the behaviour is unknown throughout the 
whole interval [O, t] and beyond. An analogy 
can· be drawn from actuarial statistics: a 
child at birth has a small chance of dying 
between (say) 95 and 100, while a person 
actually surviving to 95 has a considerable 
chance of dying before he is 100. 

KIDD - Mathematics of Reliability 
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TIME TO FAILURE t - Fig. 2 - Failure-Rate Function r(t) 

Reliability Function, R(t) 

The reliability function (sometimes called 
the survival function) is defined as 

R(t) = 1 - F(t), 
where F(t) is defined above and represents 
the probability of failure in the interval 
[O, t]; R(t) is the probability that the item 
will -not fail in this interval and therefore 
expresses the probability of survival to the 
instant t. This function is shown in Fig. 3 
for the particular failure density function 
of Fig. 1. 
It can be shown (see Appendix I) that 

f(t), r(t) and R(t) are linked by the relation 
ship 

f(t) 
r(t) = R(t)' 
Mean Life 

A useful parameter in defining the time 
to-failure density function is the mean life 0. 
For non-repairable items this is equivalent 
to the mean ( or expected) time-to-failure 
(MTTF), and for repairable items it is 
equivalent to the mean (or expected) time 
between-failures (MTBF). Its inverse gives 
the expected number of failures per unit 
time. (It should be noted that thisis not the 
only parameter that could be used, nor does 
it, in general, completely define the density 
function (higher-order moments such as 
variance would also.be needed for this).) 
For continuous density· functions the 

mean life is defined as · 

0 = J: R(t) dt, 
if the failure-rate r(t) does not tend to zero 
as t tends to infinity. For discrete functions 
summation replaces integration thus: 

0 = L t1P1 

or 0 =LR;, 
i 

where p1 is the probability of failure in the 
i-th interval and R1 is the reliability· function 
at the i-th interval. 

Renewal-rate, v(t) 
In the discussion above on failure-rate 

r(t), it has been implicitly assumed that the 
number of remaining items at a particular 
instant decreases with time; that is, it has 
been assumed that there has been no repair 

or replacement of failed items. However 
there are many situations (and most of those 
encountered in telecommunications systems 
fall into this category) where renewal of 
failed items takes place more or less instantly 
so that the number of remaining items at 
any instant remains sensibly constant. 
Such a system operates in principle for ever. 
The renewal-rate, v(t), is expressed in an 

analogous way to failure-rate as the ratio of 
the number of failures in an interval 
[t, t + dt] to the number of operating units 
at the commencement of the interval. 
That is, 

n(t + dt) - n(t) 
v(t) dt = N 

is the probability that a renewal will take 
place in [t, t + dt] where N is the total 
number of units put into service at t = 0, 
and n(t) is the number of failures up to 
time t. On the other hand 

n(t + dt) - n(t) 
r(t) dt = N _ n(t) 

Note that, numerically, the number of 
failures n(t) is not the same in both 
fomiulas since one includes failures of 
renewed items and the other does not. 
By integrating v(t) between O and t it can 

be found that 

J: v(u) du = i'i(t) = n(t)/N, 

where i'i(t) is the mean number of renewals 
in the interval [O, t], and is called the re 
newal function. It follows that its derivative 
is the renewal rate. 
It can be demonstrated (Ref. 7) that if a 

system made up of a large number N of 
similar units operates for a sufficiently long 
time, with individual units being renewed 
upon failure, then the limiting value of the 
renewal-rate for a unit is given by 

lim v(t) = _ _! 
t-> oo 0o 

where 00 is the MTTF of a unit. This 
limiting renewal-rate is independent of the 
under-lying failure density of the unit. 
That is, the renewal-rate of a unit after a 
large number of renewals tends to a con- 

R(r) 

0 = J: t f(t) dt. 
~....-~· ..••• c'.!lM'L .:::-~~~~ 

This can be shown (see Appendix II) to be 
identical to 

~ 

- 1lME TO FAILURE 

Fig. 3 - Reliability Function R(t) 
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tant, indicating that the limiting failure 
density is exponential (see below). 
For a system made up of a certain number 

of units, each essential · to- its operation, 
system failure will occur whenever a unit 
fails. But since failed units are renewed, the 
system will also be renewed simultaneously, 
and will consequently have its own renewal 
rate. In the limit (after a considerable 
number of renewals) this renewal-rate will 

be ;T, where 0T is the mean-time-between 

failures of the system and is the mean time 
between failure of a component and the 
next failure of any of the components. But 
from another point of view this system can 
be considered to be made up of series 
elements (see below) each with a constant 
renewal- (or failure) rate, so that the system 
renewal-rate is the sum of the individual 
element renewal-rates. It follows then that 

_l__=r.1_ 
0T i 0,' 

where 0, is the MTTF of the i-th element. 
If there are m identical elements with 
0; = 00 for all i, then 

0T = 001m. 
In the development of the above, the 

system under consideration has been 
assumed to be under control and to have 
been operating for a sufficiently long time 
to justify the assumptions made. Under 
these conditions the average number of 
failures, fi(t), will increase linearly (subject 
to random fluctuations), so that its deriva 
tive the renewal-rate, will have zero-slope. 
If, however, the 0o of the individuals 
should change for the worse, indicating 
the approach of the end of useful life of 
repaired units, then fi(t) will increase at 
a faster rate with a consequent upward 
trend of v(t). As long as other para 
meters remain unchanged (particularly 
maintenance procedures) the slope of 
the renewal-rate function can be used 
therefore as an indicator of system stab 
ility. 
Note that the time-scale used in plotting 

renewal-rate is a chronological one (months 
of the year for example), whereas for the 
failure-rate function it is an interval rep 
resenting time-to-failure. If statistics were 
able to be collected on the individual ele 
ment times-to-failure in a renewable system 
then renewal-rates could be presented in 
the same way as failure-rates, and a more 
thorough knowledge of the system would 
be obtained. 

Discussion of Failure Modes 
The failure density function can in theory 

(and often in practice) take any form. It has 
been found though that many components 
and systems used in electronics and com 
munications have a density similar to that 
illustrated in Fig. 1. The corresponding 
failure-rate function (Fig. 2) has regions of 
decreasing, constant and increasing value 
which can be considered as representing 
burn-in, random failure and wear-out 
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phases respectively. This type of model is 
certainly intuitively acceptable for mech 
anical components such as step-by-step 
switches, and would, though with probably 
less physical basis, appear to give a reason 
able description of electronic component 
behaviour. 

Mathematically this model requires three 
terms to describe each of the three phases of 
failure, viz: 

f(t) = f0(t) + fc(t) + fi(t). 
In practice such a function would be very 
difficult to fit to a given set of failure 
statistics so some compromise is necessary. 
The most common simplifications are firstly 
to assume that the component or equipment 
is put into service only after the burn-in 
period, thereby allowing the first ( decreas 
ing failure-rate) phase to be ignored, and 
secondly, to assume that replacement or 
maintenance takes place before the third 
(increasing failure-rate) phase is reached. 
Of these assumptions the first is the least 

f(t) 

r(t) 

R(t) 

1.0 

0,5 

acceptable; the second can, at least in 
principle, be met by a controlled mainten 
ance programme. 

THEORETICAL FAILURE 
DISTRIBUTIONS 

A particular set of failure data may be 
able to be approximated by more than one 
theoretical distribution function with more 
or less precision, but it is usual to restrict 
such distributions to one from a few of the 
better known and more mathematically 
manageable distributions. Some of these 
are given below with brief descriptions of 
their properties. Full discussions can be 
found for example in Refs. 1, 2 and 7. 

Exponential Distribution 
One of the most commonly used density 

functions is the exponential defined by 
f'(t) = .l. exp ( - },t), 
0 < t < w,). > 0. 

(a) FAILURE DENSITY FUNCTION 

(b) FAILURE-RATE FUNCTION 

R(t) = e.-;,..t 

0 
(c) RELIABILITY FUNCTION 

Fig. 4 - Exponential Distribution 
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The failure rate for this distribution is 
r(t) = l, 

and the reliability function is 
R(t) = exp ( - lt). 

These functions are shown in Fig. 4. 
The mean life 0 is given for this distribution 
as 

1 
0 = -;. 

A 

The important characteristic of the ex 
ponential is its constant failure-rate A, 
which makes it a suitable model for the 
second (constant-failure) phase of the 
assumed failure density of Fig. 2. However 
the exponential has a much more general 
applicability than this; namely it can be 
demonstrated (Ref. 1) that the exponential 
is the limiting failure distribution of a 
system made up of a very large number of 
single components operating over a long 
time. It is assumed that each component 

causes failure and that each component is 
replaced immediately at failure. 

Weibull Distribution 
A two-parameter distribution known as 

the Weibull has assumed an important role 
in characterizing failure mechanisms. Its 
failure density is defined as 

f(t) = lfJtP-1 exp ( - ltfi) 
l, fJ > O; t > 0. 

A is known as the scaling parameter and fJ 
as the shaping parameter. Selection of 
different values for these parameters allows 
a wide range of density function shapes to 
be fitted. Thus when fJ = 1 the exponential 
results. When fJ < 1 the density curve is 
more convex than the exponential, and for 
fJ > 1 it becomes humped. For fJ greater 
than about 3 the resulting curve tends to 
the Normal. These effects are illustrated in 
Fig. 5 (a) for fJ = ½, 1.2, 2, and 4. 
The failure-rate is found to be 

f(t) 

1.0 

r(t) 

2.0 

1.0 

0.5 

(a) FAILURE DENSITY FUNCTION 

r(t) = X/3 t /l-1 

(X= 1) 

2 
(b) FAILURE-RATE FUNCTION 

R(t) = e -xtll 

(>-. =l) 

r(t) = lfJtfi- 1. 
If fJ < 1 the failure-rate is decreasing 
(D.F.R.) and for fJ > 1 it is increasing 
(I.F.R.). Of course when fJ = l (expo 
nential) it is constant. The failure-rates for 
various values of fJ are shown in Fig. 5 (b). 
The reliability function is given by 

R(t) = exp ( -ltfi). 
Representative curves of this function are 
shown in Fig. 5 (c). For the Weibull 
distribution the mean life is 

0 = G)11r (1) 
where r (1//J) is the gamma function of 
(1/ /J)*. Note that only if fJ = 1 does the 
mean life 0 equal 1/l. 
For a given set of failure data it is necess 

ary to estimate the two parameters fJ and l. 
Sufficient accuracy is usually obtained in the 
estimation process by plotting the cumu 
lative percentage of failure against time 
to-failure on so-called Weibu11 probability 
graph paper. A complete description of how 
to use this probability paper to derive 
estimates of the parameters is given in 
Section 5.9 of Ref. 2. Note that a para 
meter c,; is used in that reference, where 
<X. = 1/l. 

Normal Distribution 
The Normal is also a two-parameter 

distribution with density function defined 
by 

1 (t - 0)2 
f(t) = -= exp - --.-2 -, av'2n 2a 
- co < t; 0 < co ; a> 0. 

Note that the density is defined for t <. 0 
which of course is physically unrealizable. 
However if 0/a is sufficiently large this is not 
a serious limitation. 
The failure-rate function can be found 

from 
f(t) 

r(t) = R(t) 

where R(t) the reliability function is given by 

R(t) = Ji00 f(s) ds 
R(t) can be found from tables of the 
Normal distribution. Graphs of I(t), r(t) 
and R(t) are shown in Fig. 6. The mean life 
for this distribution is 0. 
It would seem from physical consider 

ations that the Normal has no distinct 
advantage over the more general Weibull 
distribution; however there is a consider 
able theory built up for the Normal which 
makes it more attractive from the mathe 
matical point of view. 

Poisson Distribution 
The Poisson is a discrete distribution 

whose density function expresses the prob 
ability that there will be just x failures in a 

2 
. (C) R ELIABILI_TY F.UNCTION 

Fig. 5 - Weibull Distribution 
~ r(x) = J00 e-t t•-1 dt · 
Tables of this functiog_ can be found, for example, 
in Reference 10. 

KIDD - Mathematics of Reliability 
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f(t) 

0.4 

0.2 

r(t) 

2 

0.5 

' Pr (XJ 

0.2 

0.1 

-2d 

-2<T 

R (t) 

LO+----- 

-2,,. 

-<T 

(a) FAILURE DENSITY FUNCTION 

-<T 

-<T 

0 

<T 

<T 

<T 

t2 

f(l)=~e 2cr
2 

V 21rcr 

(bi FAILURE-RATE FUNCTION 

(C) RELIABILITY FUNCTION 

Fig. 6 - Normal Distribution 

2a 

2cr 

2a 

Pr (X:: x):: mx. em 
X! 

(m = 3) 

I 

NUMBER OF FAILURES X 
Fig. 7 - Poisson Distribution 
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given time interval. Its density function is 
defined by 

m" e-m 
Pr [X = x] = ~~, 

where m is the expected number of failures 
in the time interval. Thus the probabilities 
of 0, 1, 2 ... failures of the system during 
the interval O to t are given by 

Pr [OJ= e-m 
Pr [l] = me-m 

m2 
Pr [2] = 2- e "?' ••• etc. 

The function is plotted in Fig. 7 for a value 
of m = 3. When m is sufficiently large (m 
greater than about 5) the Poisson can be 
approximated by the Normal with mean m 
and standard deviation -v'm. 
Pr [X = OJ gives the probability that there 

will be no failures in the interval [o,t] 
and therefore represents the reliability 
of the system. 
i.e. R(t) = e-m 
Now if m = Jt this reliability function is 
directly equivalent to that of the exponential 
distribution, where A is the exponential 
failure-rate expressed as expected number 
of failures per unit time. It can be inferred 
then that if a system has an exponential 
time-to-failure distribution its number of 
failures per unit time will follow a Poisson 
law, and conversely. 

Other Distributions 
Some other distributions which have been 

considered in the literature include the 
gamma, log-normal, truncated normal, chi 
squared and binomial. Discussions of their 
properties can be found for example in 
Refs. 1, 2, 3 and 5. 

PREDICTION OF RELIABILITY 
In the preceding section the emphasis was 

on characterising the reliability of one type 
of component or system. That is, it was an 
a posteriori problem: components or 
systems already existed to be tested. The 
a priori problem, that of prediction of re 
liability, will be considered in this section. 

Basic configurations used in the analysis of 
reliability are shown in Fig. 8. Note par 
ticularly that the descriptors (viz. series, 
parallel, etc.) refer to the dependence of the 
units in a reliability sense and not necessarily 
in a circuit sense. Fig. 8 (a) is the common 
example of series dependency in which 
failure of one element results in failure of 
the system. Parallel dependency as in 
dicated in Fig. 8 (b) allows (in the simplest 
case) the system to continue operating in the 
event of some of the units failing. 
Parallel dependency is the basis of a 

powerful method of obtaining a system of 
specified reliability from generally less 
reliable components by making use of 
redundancy of components or sub-systems. 
The principle of redundancy is that certain 
similar units are replicated in such a way 
that the system does not fail until all units 
have failed. If repair of a unit is possible, 
an even better reliability can be obtained. 
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-0-0------0- 
(a) SERIES 

I 
I I 

~ 
(b) PARALLEL 

I 
I 

~~: 

____ RJ=l_ 
(C) SERIES-PARALLEL 

I 
I 

~---- 
(d) PARALLEL-SERIES 

Fig. 8 - Basic Redundant Configurations 

distributions. Therefore it follows that the 
failure-rate of a system composed of ele 
ments with constant failure-rates A is given 
by 

From the properties of the exponential the 
mean-time-between-failures of the system is 

1 1 0 -------- ' - 1: A, - J,1 + ... + An 
i 

The characteristics of the various con 
figurations are summarised below. 

Series Configuration 
For the series configuration of Fig. 8 (a) 

it is assumed that the failures of the in 
dividual elements are independent of one 
another and that system failure occurs if 
just one element fails. That is, at any instant 
of time, the system survives only if all ele 
ments survive to that time. Under the 
assumption of independence the probability 
of this combined event (survival of the 
system) is the product of the probabilities 
of the individual events (survival of the 
elements). In terms of reliability functions 
this can be expressed as 

R,(t) = Il1 Ri(t), 
where R,(t) is the system reliability function 
and R1(t) the i-th element reliability func 
tion. It follows that R,(t) will always be 
less than the worst R,(t). 

The mean-time-to-failure of this system is 
given by 

0, = J: R,(t) dt. 
As an example consider two series ele 

ments with Weibull failure distributions 
with common shape parameters P and scale 
parameters A.1 and A.2 respectively. The 
system reliability function is then 

R,(t) = R1(t) R2(t) 
= exp (-A.1tP) exp (-J2tP) 
- exp - (A.1 + A2)tP. 

From this it can be inferred that the system 
failure distribution is Weibull with shape 
parameter P and scale parameter (A.1 + A.2). 

By putting P = 1 the case of two series 
exponential elements is obtained, and then 

R,(t) = exp - (11 + A2)t. 
This result can be extended to any number, 
n, of series elements with exponential failure 

Note that this property is confined to series 
configurations of elements with exponential 
failure distributions. 

Parallel Configuration 
Consider m elements whose individual 

failures are independent of one another, 
integrated into a system in such a way that 
only when all elements fail does the system 
fail. Thus at any instant the probability 
of the system failing is the product of the 
probabilities that all of the elements will 
have failed by that time. These individual 
failure probabilities are given by 

F;(t) = 1 - R1(t), 
so that the system failure probability at 
instant t is 

F;(t) = IT, Fi(t). 
But the system reliability function is the 
probability of survival at instant t and is 
therefore given by 

Rs(t) = 1 - F,(t) 
= 1 - Il1 Fi (t). 

If the elements are identical 
R,(t) = 1 - [F1(t)r. 

Again the system mean-time-between 
failures can be found from 

0, = J: R,(t) dt. 
Consider a simple parallel system con 

sisting of two elements with independent 
exponential failure distributions having 
parameters A.1 and 12. The reliability 
functions for the two elements are therefore 

R1(t) = exp (-11t) 
R2(t) = exp ( -A.2t) 

It follows then that 
R,(t) = 1 - F1(t):F2(t) 

= 1 - (1 - e-A1t)(l - e-A2t) 
= e-Ait + e-A2t - e-<A1 +A2Jt. 

Or, if A1 = J,2 = A, 
R,(t) = 2e-At - e-2At. 

By integrating R,(t) over the range O to 
infinity the mean system life is found to be 

1 1 1 
0 --+-- - --- 

s - J1 A.2 A.1 + A.2· 
Or, if A1 = 12 = A, 

3 3 
0, =TI= i0, 

where 0 is the element mean life. 
These results can be extended to the case 

of m parallel elements with constant failure- 

KIDD - Mathematics of Reliability 
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rates. In particular if all m elements have 
the same failure-rate ,l the following results 
obtain: 

R,(t) = 1 - [1 - exp (-,lt)jITT 

e, 1 1 - -I:-,-, - ,l i I 

It is to be noted that the system failure-rate 
is no longer the sum of the individual con 
stant failure-rates as was the case for series 
elements. 
These results form the basis of the theory 

of redundancy, in which units capable of 
performing the system function both in 
dependently and together, are operated in 
such a way as to lead to an increased mean 
life over that of any of the individual units. 
The duplicate parallel system of exponential 
elements considered above demonstrates 
the gains to be expected. These gains are 
not proportional to system complexity: 
doubling the number of basic units from 
one to two leads to only a fifty percent im 
provement in mean life, and percentage 
improvement decreases with further addit 
ional redundancy. However the real 
strength of redundancy if, only realised 
when repair of failed units is possible; 
this situation will be discussed later. 

Series-Parallel and Parallel-Series 
Configurations 

The reliabilities of these configurations 
(Fig. 8 (c) and 8 (d)) can be calculated by 
first calculating the reliabilities of the 
individual blocks and then, by considering 
these as individual elements, the reliabilities 
of the overall system. Thus in the series 
parallel case the reliabilities of each block 
of parallel units would be determined first 
using the formulas given above and these 
combined to give the reliability of the series 
of blocks. For the parallel-series case the 
series arms would be considered first. 
As an example, suppose that it is required 

to calculate the reliability of two blocks of 
two parallel units, where all units have a 
constant failure-rate ,l, The reliability of 
each parallel block is 

R(t) = 1 - [F1(t)]2 
= 2e-).t - e-2;.t, 

The reliability of the two identical series 
blocks is 

R,(t) = [R(t)]2 
= [2e-).t - e-2).t]2. 

By integrating R,(t) from O to cc the mean 
life can be found to be 

11 11 
e, = i.2,1, = 12 °· 

On the other hand consider a parallel-series 
arrangement with two parallel arms each 
containing two elements in series, all ele 
ments again having constant failure-rate ,l, 
The reliability O f the individual arms is 

* Reference 2 quotes Epstein & Hosford's results 
incorrectly: on p. 265 "Design A" should read 
"Design B" and vice versa. There is also an error 
in the formula for mean life for standby redundancy, 
With these corrections Fig. 8.10 is correct. 
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R(t) = [R1(t)]2 
= e-2,lt_ 

The reliability of the system is 
R,(t) = 1 - [1 - R(t)]2 

= 2e- 2,\t - e-4,\t_ 

The mean life for this system is then 
3 3 e, = 4;, = 4 e. 

These results can be extended to any 
number of units and blocks, and to cases 
where units have different failure-rates. 
In general the series-parallel arrangement 
has a better mean life than an equivalent 
parallel-series system, but for a particular 
design problem considerations such as 
whether a unit is likely to fail by short 
circuit or open-circuit (or either) would 
control the configuration to be used. 

REDUNDANCY 

In this section the properties of parallel 
redundant systems will be considered in 
more detail. For simplicity the case of a 
system made up of only two parallel ele 
ments will be discussed, but the methods 
of analysis can be extended to a system 
consisting of m parallel elements. 

In a duplicated redundant system the two 
elements can both be fully operational so 
that if one fails the other is immediately 
able to sustain the full load. This condition 
is called active redundancy. Alternatively, 
one element may be fully operational while 
the other is in reserve: when the first fails 
the second is switched into circuit and only 
then becomes fully operational. This is a 
condition of standby redundancy. A third 
possibility is that the two elements may 
each share the load with one taking the full 
load if the other fails. This condition of 
partial-loading includes the first two types of 
redundancy at one or other of its extremes. 
For an active redundant system made up 

of identical elements having independent 
exponential failure distributions with mean 

life 0, the system mean life will be 
3
:. as 

discussed in the preceding section. The 
system mean life for standby redundancy 
can be shown fairly simply to be 20, where 
identical elements having exponential failure 
distributions are assumed, and where the 
reserve element is not subject to failure. 
However for such a system the reliability 
of the switching process would have to be 
considered and the system mean life would 
then almost certainly be less than 20. If the 
reserve element is partly energized it will 
have some likelihood of failure (but of less 
intensity than when fully loaded) and the 
system mean life would again be less than 20. 
The case of partial loading can be 

illustrated by considering a system of two 
parallel elements each with a mean life 0 
under half-load conditions and 0' = 0/k 
(k > 0) under full-load conditions. The 
system mean life can be shown to be 

0 0 0 
0, = 2 + 0' = 2 + k' 

When k = 1, 0' = 0 and the system is then 
equivalent to one using active redundancy 
as defined above. 

Redundancy with Repair of Elements 
Active and standby redundancy as dis 

cussed above are of limited interest in 
analysing the reliability of telecommuni 
cation equipment since such equipment is 
usually able to be repaired or replaced upon 
failure, and the above results are no longer 
directly applicable. (However they are valid 
for such items as submarine cable repeaters 
and satellite repeaters where repair is in 
convenient or impossible.) The analysis 
needs therefore to be extended to include 
repair of elements. 

Consider two elements in a parallel 
redundant configuration, where again it 
will be assumed that each element has a 
constant failure-rate ,l,. But now when either 
element fails it is repaired or replaced. 
The repair-time itself will be a random 
variable and will therefore have a particular 
density function which can be defined in the 
same way as the failure-time density 
function. The repair-time distribution 
could take any form but for convenience 
assume that it is exponential with parameter 
µ. That is the repair-rate (defined in the 
same way as the failure-rate) is constant 
and equal to µ. (More general failure- and 
repair-times are analysed in Ref. 9.) 
For this condition of parallel redundancy 

the system will continue to operate as long 
as each failed element can be repaired 
before the remaining element fails. Failure 
of the system occurs only when the second 
element fails before repair of the first 
element is completed. 

Epstein & Hosford (Ref. 8)* analyse both 
active and standby redundancy under the 
assumption of constant failure-rate ), and 
constant repair-rate µ. The mean life of an 
active redundant system with repair is 
found to be 

3), + µ 
0A=~ 

where 00 is the mean life of the active 
redundant system without repaic. Similarly 
the mean life of a standby redundant system 
with repair is 

2,1, + µ 
0s = ----..V- 

= 0a (1 + ~), 
where 80 is the mean life of the system 
without repair. 
It is seen that considerable improvement 

in time-between-system-failure can be effec 
ted by repairing elements as they fail, since 
the mean repair-time should be substantially 
less than the mean failure-time and there 
foreµ should be much greater than ,l,, 
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The analysis could in theory be extended 
to a system of m parallel elements of which 
k must operate successfully to maintain a 
specified system performance. An example 
of such a system would be a bank of exchange 
switches in which a certain number could 
be inoperative without lowering the grade 
of-service to an unacceptable level. Rather 
than repair switches as they fail, groups of 
failed switches would be repaired at one 
time. (This, of course, is the philosophy of 
qualitative maintenance.) What needs to be 
defined for such a condition is the reliability 
function and hence the mean time to reach 
unacceptable performance. From these the 
probability of entering a region of degraded 
performance for a given maintenance effort 
could be determined. 

CONCLUSION 
This paper has presented a brief review of 

some reliability concepts and in doing so 
has ignored many aspects which are prob 
ably of equal importance. For example, in 
digital circuitry an effective method of 
improving reliability is to use parallel 
redundancy of logic units followed by a 
voting or decision stage: the majority vote 
determines the system state. Likewise no 
distinction has been made between life 
testing and reliability-testing. In the one, 
components or systems are usually tested 
under conditions of high stress so that 
failures are induced in a shorter period than 
under actual conditions, while in the other, 
they are tested under normal operating 
conditions. The statistical methods of this 
paper are applicable to both, but in life 
testing a knowledge of the physics of failure 
is also necessary to allow extrapolation of 
the results to actual conditions. 
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APPENDIX I 
The failure-rate at instant t is given by 

the limit (as ot -+ O): 
. R(t) - R(t + at) 

r(t) = lims, ...• o ot . R(t) 
1 dR(t) 

= - R(ij· dt' 

But 
dR(t) 
dt 

d dt [1 - F(t)] 

= ~ [ 1 - J: f(t) dt] 
- f(t). 

Therefore 
f(t) 

r(t) = R(t)" 

APPENDIX II 
By definition 

0 = J: t f(t) dt 
Joo d 

= 
0 
t dt [ - R(t)] dt. 

Integration by parts gives 
loo Joo 0= -tR(t)l
0
+ 

0 
R(t)dt. 

At t = 0, tR(t) = 0 since O < R(t) < 1 for 
all t. 

For the upper limit Jim [R(~~ 1] is un 

defined. L'Hospital's rule though gives 

[ 
d l . -t . - dt (t) 

lirn, ...• oo [R(W 1] = lim-.., oo ~ (--1-) 
dt R(t) 

. [ R(t)2 ] = hm t ...• oo -1 . r(t)R(t) 

= limt__.oo[- ~~~] 

=0, 

ifr(t) does not tend to Oas t tends to infinity. 
Therefore 

0 = J: R(t) dt. 
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USE OF EXPLOSIVES NEAR COAXIAL CABLES 
M. F. LETTE, A.S.T.C., M.I.E. Aust.* 

INTRODUCTION 

With the increasing use of coaxial 
cables, cases are arising where other 
Utilities, Authorities and private con 
tractors seek advice on, or require to 
use explosives in the vicinity of co 
axial cables. 

This paper describes a field investi 
gation on the use of explosives near a 
coaxial cable. Since coaxial cables are 
by their construction less robust and 
more liable to damage than conven 
tional cable, it follows that the con 
clusions at the end of this paper 
could be applied to conventional 
cables. 

DAMAGE CRITERION 

When this problem was first inves 
tigated it was thought that amplitude 
and frequency of vibration, recorded 
by the Cambridge Vibrograph up to 
the failure of any tube would be a 
satisfactory damage criterion. 
However recent developments over 

seas have indicated that this instru 
ment cannot record the high frequen 
cies (from the Civil Engineer's view 
point), in the order of 100-1000 c.p.s. 
found in close proximity to a blast, 
and the modern technique is to use 
geophones coupled with oscilloscopes. 
As the shock waves pass through the 
ground the geophones record the vel 
ocity of the ground movement (here 
after called particle velocity), and by 
using this arrangement the threshold 
for particle velocity could be deter 
mined below which cables would not 
be damaged. 
The N.S.W. Department of Mines 

agreed to supply their equipment for 
the test and it consisted of the follow 
ing: 

(i) One vertical recording geophone 
(ii) One horizontal (longitudinal) 

recording geophone 
(iii) One horizontal (transverse) re 

cording geophone 
(iv) Four (4) channel oscilloscope 

equipped with a polaroid camera 
to record all results. 

Figs. 1 and 2 show the above equip 
ment. 

TEST PROCEDURE 

All formulae used in determining 
the possible damage effect of explo 
sives on structures are empirical. Con 
sequently the only way to achieve re- 
* Mr. Lette is Engineer Class 3, Primary 
Works, Sydney. See Vol. 19, No. 2, P. 175. 

LETTE - Explosives Near Cables 

suits for coaxial cable was to carry 
out actual field trials on a typical 
cable. As the cable was proposed to 
be tested to destruction, working cable 

could not be used, so it was necessary 
to install a suitable length of non 
working cable in a trench excavated 
in rock. 

Fig. 1. - Tektronix Type 564 Cathode, Ra.y Oscilloscope, with Storage Screen and 
Polaroid Camera. Screened leads in bottom L.H. corner connect the C.R.O. to the 

geophones. 

Fig. 2 - Four Taxco Geophone Transducers 2 Vertical, 2 Horizontal. Recording 
unit on the left used to trigger the C.R.O. Cambridge Vibrograph in the back 

ground. 
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Fig. 3. - L. to R. Centre, Backfilled Excavation; L. of Centre, Geophones and 
Vibrograph. Holes already drilled indica,ted by wooden plugs. 

A spare 63 yard length of 8 tube 
non layer plastic jacketed coaxial 
cable was installed in a 4 feet deep 
trench excavated at Bargo in the 
vicinity of the Sydney-Melbourne co 
axial cable crossing of the Nepean 
River. The cable was surrounded by 
6 in. cover of sand and then backfilled 
using the excavated material. The 
backfill was watered and well rammed 
and the top of the trench was sanded 
for easier identification (see Fig. 3). 
The cable ends were then removed 
and the cable tested with the pulse 
echo tester and the high voltage tester. 
After testing, each tube was placed 
across a High Voltage Tester and re 
mained there for the duration of the 
investigation. 

At right angles to the trench, holes 
were drilled at distances ranging from 
5 feet to 50 feet from the cable. These 
holes were later charged with explo 
sives varying from 1/6 lb to 2 lb of 
AN"60" and detonated individually. 

The three geophones were placed on 
the rock at the side of the trench (see 
Fig. 4), and testing commenced using 

1/6 lb of AN"60" at a distance of 5 
feet, a count down preceded each blast 
and at 10 seconds before the detona 
tion, the eight high voltage testers 
were energised to 4000 volts, with one 
operator to every two machines. These 
operators then observed the H.V. 
testers until a few seconds after the 
blast, and reported to the testing 
officer any fluctuations in the voltage 
readings. 

EXPLOSIVES 

The generally accepted definition of 
an explosive is as follows: 

"A solid or liquid substance or mix 
ture which on the application of a 
suitable stimulus to a small portion 
of the mass, is converted in a very 
short interval of time into another 
more stable substance, largely or 
entirely gaseous, with the develop 
ment of heat and high pressure." 
Blasting powder has been mainly 

superceded by the gelatinous type of 

high explosive, for general small scale 
excavation work. The gelatinous type 
of explosive is supplied as a wrapped 
waxed paper cartridge and is available 
in either the 

(a) sodium nitrate or 
(b) ammonium nitrate grades. 
The sodium nitrate grades are classi 

fied according to the percentage of 
nitroglycerine they contain. For ex 
ample, SN 60 % is a sodium nitrate 
gelignite containing 60 % nitroglycer 
ine. 
Ammonium nitrate on the other 

hand contains much less nitroglycerine 
and the strength is made up by the 
ammonium nitrate which is itself an 
explosive. Ammonium nitrate grades 
are classified according to their 
strength equivalent to the sodium 
nitrate grades. For example AN"60" 
is an ammonium nitrate gelignite 
which, although it only contains 32 % 
nitroglycerine, is equivalent in 
strength to SN 60 % which contains 
60 % nitroglycerine. 
As the ammonium nitrate grades 

contain much less nitroglycerine they 
are much cheaper than the sodium 
nitrate grades consequently the am 
monium nitrate grades are the most 
commonly . used. 

Of the AN grades AN"60" is the one 
most used on general excavation work 
and is characterised by high strength, 
high density and good water resist 
ance properties. 
The cartridge size used during the 

test at Bargo was 1 in. diameter by 
8 in. long, each stick weighing approxi 
mately 5 ozs. Consequently 1/6 lb rep 
resents approximately ½ of one of the 
sticks, and 1/3 lb represents 1 stick. 

Fig. 4 - C.R.O. and Operators Behind the Tarpaulin Covered Cable Trailer. Right 
of centre geophones on edge of backfilled excavation,. 
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TABLE I: EXPLOSIVE CHARGE-DISTANCE-RESULTANT PARTICLE VELOCITY 

Explosive C.R.O. 
Component Voltages Resultant Resultant Test Distance 

No. Charge (Feet) Sensitivity V1 HT HL Voltage Velocity 
(lbs.) (Volts/cm) (Volt) (Volt) (Volt) (Volts) (in./sec.) 

- 
1 1/6 25 0.2 0.214 0.1 0.12 0.26 0.7 

2 1/6 15 1.0 0.20 0.08 0.16 0.27 0.73 

3 1/6 10 1.0 1.1 0.24 0.28 1.12 3.02 

4 1/6 5 10.0 8.8 0.4 0.4 8.82 23.8* 

5 113 23.3 1.0 1.0 0.04 0.4 1.04 2.8 

6 l/3 13 5.0 4.75 0.05 4.95 6.86 18.5* 

7 113 8 10.0 15.0 0.1 0.1 15.0 40.5* 

8 113 3.3 10.0 20.0 1.2 0.4 20.1 54.2* 

9 11s 23.5 5.0 5.0 0.2 0.2 5.1 13.8* 

10 ½ 13.5 10.0 25.0 0.8 3.2 25.3 68.5* 

11 112 8.5 10.0 40.0 - - 40.0 108.0* 

12 1/2 4 10.0 10.0 - - 10.0 27.1* 

13 1/6 50 0.2 0.4 0.078 0.08 0.41 1.1 

14 1;1t, 40 0.5 0.65 0.06 0.195 0.68 1.84 

15 1/6 30 2.0 0.16 0.08 0.4 0.44 1.19 

16 1/6 20 5.0 0.1 0.1 0.4 0.42 1.13 

17 1/6 19 2.0 0.04 0.12 0.1 0.16 0.43 

18 1/6 10 5.0 6.5 0.2 0.45 6.51 17.6* 

19 213 50 5.0 0.05 0.1 0.15 0.19 0.53 

20 213 40 1.0 0.4 0.22 0.3 0.55 1.48 

21 213 31 
22 213 20 2.0 0.54 1.0 0.24 1.13 3.05 

23 213 16 5.0 0.4 1.0 0.4 1.23 3.32 

24 1 13.5 10.0 1.4 1.0 2.5 3.04 8.21 

25 1 50 1.0 0.08 0.2 0.45 0.46 1.24 

26 1 40 1.0 0.65 0.4 0.35 0.84 2.27 

27 1 30 5.0 2.0 0.2 0.2 2.02 5.5 

28 1 25 10.0 0.3 0.3 0.3 0.52 1.4 

29 1 21 5.0 0.4 0.4 0.1 0.58 1.57 

30 2 50 1.0 0.2 0.35 0.69 0.86 2.32 

31 2 40 1.0 1.55 0.47 0.36 1.66 4.5 

32 2 31 10.0 0.6 2.0 0.4 2.12 5.72 

8A 113 23 2.0 0.22 0.8 0.2 0.85 2.29 

12A 112 30 2.0 0.16 0.16 0.32 0.39 1.05 

19A 213 50 1.0 0.08 0.12 0.28 0.31 0.84 

12B 112 21 5.0 0.15 0.5 0.25 0.58 1.56 

18A 1/6 15 2.0 0.1 0.4 0.06 0.41 1.11 

21A 213 25 2.0 0.2 0.2 0.4 0.41 1.11 

* Geophones bounced 
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TEST SITE 

The requirements for a site were: 
(i) That it be isolated because of 

the noise problem. 
(ii) That it be accessible. 
(iii) That the rock be a continuous 

sheet for at least 60 feet on 
each side of the cable trench. 

The site at Bargo fulfilled all these 
requirements as well as being within 
a few hundred feet of a manhole on 
the Sydney-Melbourne coaxial cable. 
By utilizing the local order wire in 
the manhole, a communications set-up 
was established which simplified logis 
tic support. 

Rock Analysis 
A sample of the rock was forwarded 

to the N.S.W. Department of Mines 
who reported as follows: 
"The sample of rock from Bargo 
submitted for examination has the 
following composition. Quartz aren 
ite (sandstone) consisting essential 
ly of rounded to sub-rounded grains 
of quartz in a matrix of clay and 
iron oxide. Secondary overgrowth of 
quartz grains is common, in some 
cases resulting in the fusing of ad 
jacent grains. Average grainsize is 
approximately 0.3 m.m. The speci 
men examined indicates that the 
rock is fairly friable." 
The rock from the above analysis is 

a soft type. Soft rock will transmit 
shock waves much further than does 
hard rock, consequently any recom 
mendations based on this rock may be 
used safely for harder types of rock. 

TEST RESULTS 

The first important result was that 
a charge of ½ lb at 5 feet from the 
cable created a split in the rock with a 
permanent displacement of ground 
into the cable trench. No damage re 
sulted to the cable but obviously ½ lb 
at 5 feet is dangerous, not from ground 
velocity but from physical displace 
ment. As no displacement occurred 
when 1/3 lb. was fired 5 feet from the 
cable the critical charge is somewhere 
between 1/3 lb and ½ lb. Taking the 
lower limit of 1/3 lb and using a safety 
factor of 3 a safe charge of 1/9 lb 5 
feet from the cable can be deduced. 
The balance of the testing continued 
without incident and Table 1 shows 
the test results. 
After the programme was completed 

the cable still had not recorded any 
damage. It was intended to test the 
cable to destruction but as the large 
charges were exceeding the limits of 
the testing instruments at close range, 
there was no point in increasing the 
charges further until the cable failed, 
for it would be impossible to know at 
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Fig. 5 - Graph Showing Particle Velocity-Distance Curves for Various Sized 
Explosive Charges. 

what particular velocity failure 
occurred. 
The cable was subsequently with 

drawn and examined. It was sound 
with no visible marks or indentations. 
After final electrical tests on the tubes 
it was resealed and transported back 
to the store. 
The graph in Fig. 5 was produced in 

conjunction with the Mines Depart 
ment of N.S.W. and represents Particle 
Velocity-distance curves for various 
size charges, based on the results from 
the oscilloscope readings. 
The highest particle velocity record 

ed at the cable was 8.21 inches/second 
which not only did not effect the 
tubes but left the cable sheath un 
marked. Obviously the threshold for 
a damaging ground velocity would be 
higher tnan o.21 ins./sec. However in 
the interests of safety to the cable a 
lower limit should be adopted and in 
accordance with this reasoning a 
limit of 5.0 ins.Zsec has been selected. 
It is freely admitted that there is not 
sufficient evidence to arrive at a 
soundly based statistical figure. This 
would require many weeks of testing 
in a variety of locations, and was be 
yond the scope of this initial investi 
gation. However until further work is 
done a particle velocity limit of 5.0 
ins.Zsec. is regarded as reasonable. 
This limit is undoubtedly conservative 
but should be a safe one and also a 
practical one in that the size of charge 
permitted is of sufficient weight for 
it to be effective. 

S.A.A. Recommendations 
If blasting operations are to be 

carried out near both coaxial cables 
and structures, care will need to be 
exercised in adopting the correct upper 
limit. The Standards Association of 
Australia (CA 23, 1967), have recom 
mended that structures be subjected 
to particle velocity values not greater 
than 0.75 ins.Zsec. Consequently when 
blasting under these conditions the 
size of the charge should be such that 
any building or structure will not be 
subjected to particle velocities in ex 
cess of 0.75 ins.Zsec., which is, and 
this must be emphasised, a comfort 
level and not a damage threshold. 

Subsequent Tests 
Further tests were carried out at 

Balmain in November, 1967, and at 
Mona Vale in March, 1968. These re 
sults verify the figures obtained at 
Bargo. 

RESULTS USING VIBROGRAPH 

Comparison checks were made with 
the Cambridge Vibrograph and its re 
sults were checked against the oscillo 
scope geophone combination. Within 
20 feet of a one pound charge the 
vibrograph results did not correspond 
with the oscilloscope readings, also 
the stylus on film recordings produced 
by the vibrograph were nearly impos 
sible to read due to the high frequen 
cies present. However, beyond 20 feet 
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the recordings were decipherable and 
there is no doubt that this instrument 
would be satisfactory under certain 
conditions, as illustrated by the follow 
ing example. 

At Goulburn N.S.W., in June 1969 
a series of vibration readings were 
taken with the vibrograph, for charges 
ranging up to 60 pounds of explosives. 
At 150 feet from the 60 lb charge the 
recordings were easily read, typical 
results being vertical vibration 0.002 
inches at 50 c.p.s., horizontal longitud 
inal vibration 0.002 inches at 50 c.p.s. 
and horizontal transverse vibration 
0.004 inches at 50 c.p.s. The resultant 
vibration was calculated to be 0.005 
inches at 50 c.p.s. By reference to the 
nomogram shown as Fig. 6 this vibra- 

tion is shown to be equivalent to a 
particle velocity of 1.5 inches/second. 

A description of the Cambridge Uni 
versal Vibrograph and a typical ex 
ample of a recording has already been 
given in the Telecommunication 
Journal of Australia, Vol. 19, No. 2, 
June 1969 (Ref.I). 

CONCLUSION 

The tests proved that reasonably 
sized explosive charges may be deton 
ated, with safety, near coaxial cables, 
subject to the following safeguards: 

(i) No explosive should be deton 
ated within 5 feet of the near 
est edge of the cable trench. Be 
tween 5 feet to 10 feet the 
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charge should not exceed 1/9 lb 
of AN"60". At 10 feet from the 
edge of the cable trench the 
charge size should not exceed 
116 lb. of AN"60" or its equiva 
lent. 

(ii) The particle velocity curves 
shown as Fig. 5 should be used 
to determine a safe explosive 
weight. (This weight only re 
fers to the instantaneous charge, 
and if millisecond delay deton 
ators are used a number of 
charges each 213 the weight of 
the instantaneous charge may 
be detonated at the same time. 
The number · of charges is 
limited only by the number of 
detonators in the range). 

(iii) Notwithstanding (i) and (ii) the 
cable is in hazard if any rock, 
part rock or soil is permanently 
displaced into the cable trench 
(termed "cratering"), the charge 
size must then be reduced. 
("Cratering" is also a possibility 
on the bottom of the cable 
trench if the charge is within 
10 feet of the cable trench and 
is deeper than the cable trench. 
The top surface of the cable 
trench should be carefully ob 
served for indications that 
"cratering" may be occurring.) 

(iv) In other than built up areas the 
upper limit for particle velocity, 
at the cable, of 5.0 ins.Zsec. is 
not to be exceeded. 

(v) In built up areas no structures 
or buildings to be subjected to 
particle velocities in excess of 
0.75 ins.Zsec, (As laid down in 
the S.A.A. Explosives Code, 
Australian Standard CA23-1967 
Section 10.) 

(vi) The rock at the test site was a 
continuous sheet without faults. 
If faults exist and run between 
the cable trench and the ex 
plosive location, care will need 
to be exercised and the weight 
of charge may need to be re 
duced. 
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Fig. 6. - Nomogram Showing the Relationship Between Frequency (f), Accelera 
tion (a), Ground Velocity (v), and Ampitude of Vibration (A). The example in 
dicates that a vibration of A = 0.005 inches at a frequency of f = 50 c.p.s. is 

equivalent to a particle velocity of v = 1.5 inches/second. 
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SYSTEM AFM402 - SERVICE ASSESSMENT EQUIPMENT 
F. M. SCOTT, A.M.l.R.E.E. (Aust.)* 

INTRODUCTION 
An adjunct to every telephone 

switching system is the means of 
evaluating its performance in service. 
Previous articles on System AFM402 
in Vol. 19 No. 1 and No. 2 of this 
Journal explained the facilities of the 
system .and outlined the functions of 
the various operating positions, relay 

• Mr. Scott is Engineer Class 3, Internal 
Equipment, Queensland. See Vol. 19 No.I, 
P. 77. 

sets, and racks. This article describes 
the service assessment facilities and 
equipment. To fully appreciate the 
scope of the facilities provided it is 
desirable that the reader be familiar 
with the contents of the previous 
articles on System AFM402. 

BLOCK DIAGRAM 
Fig. 1 shows a block diagram of the 

service assessment equipment and its 
relationship with the manual assist- 

ance positions. The connection of the 
equipment is flexible as all tappings 
are arranged via I.D.F. jumpers. Much 
of the data required is recorded on 
statistical meters some of which can 
be reset to zero after the reading is 
noted. The Service Assessment Posi 
tion is staffed by experienced traffic 
personnel and through lamp indi 
cations provides a direct means of 
assessing traffic handled by trunk 
assistance and special service position 
operators. 

TRUNK A5SISTANCe: 
POSITIONS. 

1.0.F. 

1.INE 

5PIWAL SERI/ICe:5 
POSITIONS. 

o/G 

1/c 

1.INE 

LINE 

OUTGOING 
LR.S "'-I - ....• r------ ---------- 

---1 
I 

I 
INCOMING 

1 
·r I ~ CORO CCT. 

LR.S~--==--i------- POSN. CCT. 
· · "--1 7 1 KEY I.OGIC CCT. 

I I I I r:-----=-=--=- TEI.EPHONE CCT. I I I I I r- r-- ( ll/SETS. 

I I I I I I I I 
I I I I I I ..--1--- l 1 11 _,_ I I I I I I I I I I 

INCOMl1'lG I L~1::-l-~1--1_,_1__1--'--1--------.l--l 
LR.s r~'--, i-, -17 i i i i I ' i 

11111111111 lj I LINE I ~ , , , 1 1 1 1 : 1 1 1 1,- FINDER. 
I I I 111 I I I I 1 , , 1111 11 rr-c':1::::-,;,t-------------------' 
1111111 1111 r1 I l( 
I :! l 11 ! I I I 'I I I l 
I l~I I I I I 11 111 I 
I Ll-i-l-1-- -I-H-1-1-1.1_ 
L_ l-H+-Ll-1-1-1- _1_1-= 

I: I I I I I I I I 11 I 
I I I I I I I I I I I I I 
I LII I I U1 II I I 
I 1-H--1--D- - -1-1 m,FF1c 
L-1-LL-,--ri-rh·r-- CAI.LS HANOI.ED (TKM 11 I I I I I I I 

I I I I I I I I l i iQIJJPMENT 
11 I 'I '1 L_ - ...• SlilZUll!ES & FAUI.TS. I I I I I I I 
I I I I I l I 
I I I I I I I 
II I 1' ll 
11 I I : L_ ------rRAFFIC PEI< POSrTIOM, I I I I I I I 
I I I ll.. 
11 l ,, L - . 
L -- ------~~ L..:_-=.-=.-==---=n..~rRAr:FJC occu1>ANCY. I 

H F'OSN. CBS. 

S.S POSN. OBS. 

1/C I..R.S Q.8S. 

llS 

REG-OC2 

CONI-ECT ccrs. 
POSN.CCT. 

-------t------------,KEY LOGICCCT. 
TELEF'HON;. CCT. 

!<:/SETS. 

CONNECT CCT 
F'OSN.CCT. 

KEY LOGIC CCT.t------------1 
TEI.EPHONE CCT. 

R/SETS. 

SERVICE ASSESSMENT 
POSl"TION. 

METERS ON 
SUF'Ei:!VISOR'S TURRET. 

l.1e:TE"RS ON 
SERVICE CONTROi. RA.CK. 

METE"5 IN 
Mi\NUA\.. A&SISTA.NCE 
OPER.t.TING ROOM . 

T1'AFFIC REC~OING E(ilUIP. 
eg. Elt\..ANG METER. 

Fig. 1. - System AFM 402 Service Assessment Block Diagram. 
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CALL COUNT METERS 
Cyclometer type meters are pro 

vided on the Supervisor's turret and 
also in the service control room or 
service assessment rack (RACK-XOC) 
to record call count registrations. 
Some of these provide continuing read 
ings while others are mechanically re 
settable and may be restored to zero 
on a daily, weekly or monthly basis 
following the recording of the read 
ings in a journal. Meters on the super 
visor's turret are as follows: 
* Trunk Assistance Total Calls 

Answered 
* Trunk Assistance Long Wait Calls 
Trunk Assistance Calls Offered 
Trunk Assistance Effective Demand 

Calls 
Trunk Assistance Effective Revertive 

Calls 
* Special Services Total Calls 

Answered 
* Special Services Long Wait Calls 
On each of the indications marked 

* above, two meters are provided 
one continuous and the other resett 
able. 
The reading provided by the Total 

Calls Answered meters is a summation 
of all calls answered by the manual 
assistance operators. The supervisor 
pre-determines a time commitment 
for answering trunk assistance and 
service assistance traffic and sets keys 
on the supervisor's turret to signal 
these requirements to the Gating Con 
trol relay sets. Durations of 10, 20 and 
30 seconds may be set. The Long Wait 
Calls meters record the number of calls 
which waited in· excess of the pre 
determined speed of answer time. The 
Calls Offered meters would normally 
indicate a higher reading than the 
Total Calls Answered meters and the 
difference between the two registra 
tions indicates the number of calls 
abandoned before being answered by 
an operator. The Effective Demand and 
Effective Revertive Calls meters pro 
vide a means of determining the ratio 
of demand revertive traffic handled. 
In the Service Control equipment, 

provision is made for 80 meters. Some 
are permanently wired to record par 
ticular data, while others are extended 
to the I.D.F. where they may be 
jumpered to various TKM leads as 
required. Permanent meters are pro 
vided for the following counts: 
REG-OC2 seizures (one per REG) 
REG-OC2 time-outs after finish key 

(one per REG) 
RSM time-outs after identification (one 

per RSM) 
RSM time-outs after register selection 

(one per RSM) 
CSM total time-out (one per CSM) 

The permanently connected meters 
on the supervisor's turret and in the 
service control equipment provide 
indications of the more important 

TKM, RSM and CSM readings. Many 
other leads originate in line relay sets, 
cord circuit relay sets, registers and 
markers and these are wired to · the 
I.D.F. for jumpering to the spare 
meters provided in the service control 
equipment as required. 

Line relay sets are provided with all 
or some of the following TKM leads 
depending on whether they are in 
coming, outgoing or bothway in opera 
tion: 
Incoming Calls Offered. 
Incoming Calls Answered 
Outgoing Calls Attempted 
Outgoing Calls Effective 

Cord circuits on Trunk Assistance 
Positions indicate the following: 
Effective Demand Calls 
Effective Revertive Calls 
Demand Calls Answered 
Outgoing Calls Attempted-Ans. side 
Outgoing Calls Attempted-Call side 
The operator's registers (REG-OC2) 

provide the following data: 
Total Register Seizures 
Total O/G L.R.S. Seizures for 20 ips 

sending 
Total O/G L.R.S. Seizures for 10 ips 

sending 
Time-outs after finish key pressed 
Time-outs before finish key pressed 
OPR settings for disconnect idle 
OPR settings for disconnect busy or 

congestion 
Special service position connect cir 

cuits provide the following indications: 
Enquiry Connect Circuit- 
(i) Total Calls Answered 
Complaints Connect Circuit 
(i) Total Calls Answered 
(ii) Total Calls Extended 
The line finder markers (CSM) pro 

vide indications of time-outs individu 
ally and also as a group. 
The TKM indication is an earth 

pulse of 80 to 100 mS duration. 

CIRCUIT OCCUPANCY LEADS 
Each traffic carrying relay set has 

one or two leads used to indicate 
circuit occupancy. These TKT leads 
are brought out to the I.D.F. where 
they are commoned in groups and 
jumpered to equipment designed to 
read traffic occupancy. When each 
device is engaged on a call, a 100,000 
ohm earth is connected to its TKT 
lead. On a 50 volts d.c. supply this 
will cause half a milli-ampere to flow 
in the 100 K ohm resistor. By combin 
ing a number of TKT leads and read 
ing the number of half milli-amperes 
of current flowing in the common 
wiring by using a suitably calibrated 
meter, a direct reading of circuits 
occupied is obtained. Alternatively, 
the current flow may be recorded on a 
moving tape to provide a permanent 
record of the traffic density over a 
period of 24 hours, or longer if neces 
sary. 

The following TKT leads are ex- 
tended to the I.D.F.: 
Two per T.A. position Cord circuit 

(i) Effective (revenue earning) time 
(ii) Total Occupation time 

One per Register OC2 
One per S.S. position enquiry connect 

circuit 
One per S.S. position complaints con- 

nect circuit 
One per line relay set 
One per service line relay set 
One per test tone relay set 
One per conference relay set 

SERVICE ASSESSMENT POSITION 
The Position Observation Turret pro 

vides facilities for three types of 
service assessment: 

(i) Trunk Assistance and Special 
Services position observations 

(ii) Cord and Connect circuit ob 
servations on the T.A. and S.S. 
positions 

(iii) Incoming line relay set obser 
vations on routes terminating 
on the T.A. or S.S. positions. 

The capacity of the equipment is 20 
T.A. positions, 20 S.S. positions and 
five incoming line relay sets. All con 
nections are jumpered via the I.D.F. 
Jumpering to the position circuits is 
done as part of the initial installation 
and would remain virtually undisturb 
ed during the life of the exchange, but 
the jumpering of the five line relay 
sets is intended to be temporary so 
that different groups of five may be 
allocated from time to time to increase 
the range of the sample. 

TURRET 
The face layout of the key panel 

on the Position Observation Turret is 
shown in Fig. 2. All keys are of the 
ERGA type. Some have combined key 
and lamp functions while others pro 
vide a lamp display only. Five cate 
gories of keys are provided: 
Primary Access Keys: These are the 
first five keys in the bottom right 
hand row. The first two of these en 
able a lamp display of Positions 
Staffed-either for T.A. positions or 
S.S. positions-to be given on the 20 
amber lamps in the two key strips 
immediately above. The next three 
keys give access to the T.A. posi 
tions, the S.S. positions, or the five 
line relay sets respectively. 
Secondary Access Keys: Having de 
termined that T.A. positions or S.S. 
positions are to be observed, the 
particular position must be selected. 
The 20 keys designated Positions 1 
to 20 provide connection to the in 
dividual positions. If, however, line 
relay sets are under observation, 
one of the five L.R.S. 1-5 keys is 
used to connect to the desired line. 
Tertiary Access Keys: When a posi 
tion observation is in progress, on 
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either a T.A. or S.S. position, a 
particular cord or connect circuit 
may be selected for detailed assess 
ment. This switching is performed 
by the T.A. position 1-6 keys in the 
bottom row on the lower left hand 
side, or the S.S. Enquiry 1-2 or S.S. 
Complaints 1-3 keys in the row 
above. 
Indicating lamps: A lamp indication 
is provided for each speaking point 
on an operating position so that the 
observer may associate a conversa 
tion with a particular connect cir 
cuit, order wire, exchange line etc. 
An indication is also given of each 
major key operation on the position 
under observation and also an 
appearance of the supervisory lamps. 
The speaking points are indicated 
by the amber lamps in the lower 
left hand group and key and super 
visory lamp indications appear in 
the lower centre group. 
Miscellaneous: These are the keys 
in the upper turret panel. They com 
prise some control keys immediately 
below the dial and a group of six 
lamp indications on the left of the 
panel. 
In addition to the keys, the follow 

ing apparatus is provided: 
(i) A call pilot lamp on the top of 

the turret to indicate calls a 
waiting answer. 

(ii) A 10 ips dial for originating 
calls on the exchange line. 

(iii) A 24 hour digital clock indicat 
ing the time of day. 

(iv) Two telephone jacks for the 
operator's headset or handset 
(mounted on front edge of 
table). 

(v) A buzzer to give an audible in 
dication of waiting calls (mount 
ed inside the turret). 

OPERATION OF TURRET 

Before the connect keys on the 
turret will function, a headset or hand 
set must first be plugged into one of 
the dual telephone jacks to operate 
the position staffed relay in the posi 
tion relay set. Three colours of lamp 
plates are employed each with a dis 
tinctive meaning: 
Green-indicates an operated access 
key function. 

Amber-indicates a call or supervisory 
lamp. 

Red-indicates an operated control 
key function. 
Keys which ·have no green or red 

colour plates have no key switching 
functions. These are fitted with amber 
plates and are used for lamp displays 
only. The three Set Observation keys 
in the primary access group, i.e. 
Observe T.A. Positions, Observe S.S. 
Positions and Observe Incoming L.R.S. 
function in a mutual release chain and 
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only one of the three can be operative 
at a time. 
The Position 1-20 keys are common 

to both T.A. and S.S. positions. Their 
association with either type of operat 
ing position is determined by the 
operation of the Observe T.A. Posi 
tions and Observe S.S. Positions keys. 
The turret is designed for single 

finger operation; i.e. it is not necessary 
to simultaneously press two or more 
keys to set a particular function. The 
layout provides the most efficient 
arrangement for operating and view 
ing. The keys in the lower right hand 
sector are those most frequently used. 
They all have switching functions and 
are placed in a favourable location for 
manipulation by the operator's right 
hand. A smaller number of keys which 
require less frequent operation is in 
cluded in the group on the lower left 
hand sector. These are in the most 
convenient position for the operator's 
left hand. The keys in the lower centre 
group provide lamp indications with 
out any switching functions and are 
thus not obstructed by hand move 
ments over the left and right hand 
groups. The exchange line keys and 
the associated dial are placed in the 
upper right hand panel. 

POSITION OBSERVATIONS 
Suppose T.A. position number 1 is 

to be observed. The operator would 
first press the Read T.A. Positions 
Staffed key to determine whether the 
position is currently staffed. If it is 
not staffed, the lamp in the Position 1 
key will not light. In these circum 
stances the observer may select an 
other position. The amber lamps of the 
staffed T.A. positions in the 1-20 group 
will light corresponding to the staffing 
pattern. Both Read keys have non 
locking functions and therefore all pos 
itions Staffed lamps will extinguish 
when the key is released. Assuming 
that Position 1 is staffed, the Observe 
T.A. Positions key is now pressed fol 
lowed by the Position No. 1 key. Both 
of these keys have locking functions, 
and although the keys themselves re 
store under spring tension, the func 
tions remain operated as indicated by 
the glowing of the green lamps. T.A. 
position No. 1 is now connected. The 
amber lamps in the bottom left hand 
strip and the three centre strips now 
give a visual indication of the progress 
of operating on the position nominated. 
On a T.A. position nine speaking points 
are provided as follows: 
Cord circuits 1-6 
Call Monitor circuit 
Outgoing order wire to Routing Infor 

mation 
Public Address System 
As a T.A. operator can speak to only 

one point at a time, no more than one 
of the nine amber lamps can be glow- 

ing. The three rows of lamps in the 
lower centre group indicate key opera 
tions and supervisory signals in the 
position and cord circuits. The lower 
row is associated with the position 
circuit and provides indications as 
follows: 
A speak key operated 
A monitor key operated 
Speak on Monitor key operated 
T.C.O. Key operated 
M.C. Key operated 
Interception 1 through key operated 
Interception 2 through key operated 
Indication of position staffed 
Register coupled to answer side 
Register coupled to call side 
Test Access Sub. Busy Lamp 
Test Access Equipment Congestion 

Lamp 
Night Alarm from cord circuit 
Call timer connected for subscriber 
Call timer connected for coin tele- 

phone 
Call timer supervisory lamp 
The top row is associated with the 

answer side of the cord and connect 
circuits and the following lamp indi 
cations are provided: 
Speak answer key operated 
Ring answer key operated 
Register connected on answer side 
Release answer side key operated 
Answer side used for incoming call 
Answer side used for outgoing call 
Automatic type call discrimination 
Manual type call discrimination 
Call category enquiry 1-4 
Call category complaints 1-4 
Answer supervisory lamp 
The middle row signals call side 

indications as follows: 
Speak call key operated 
Ring call key operated 
Register connected on call side 
Release call side key operated 
Call side in use for outgoing call 
Automatic type call discrimination 
Manual type call discrimination 
Call supervisory lamp 
When a cord or connect circuit 

speak key is operated on the position 
under observation the lamp indications 
for that particular cord circuit are 
signalled to the observation turret. 
These of course will change as the 
telephonist switches from one cord or 
connect circuit to another. The amber 
lamps in the left of the middle and 
lower rows on the left hand side indi 
cate which cord or connect circuit is 
supplying the lamp display. 
If the observer decides to stay 

across one particular cord or connect 
circuit, the appropriate tertiary access 
key is operated. The speech leads are 
switched to the nominated cord or 
connect circuit and lamp indications 
relevant to that particular circuit will 
appear on the observation turret. The 
telephonist's voice will be heard only 
if the cord or connect circuit speak key 

is operated by the telephonist. At this 
stage three green lamps will be glow 
ing as follows, assuming that cord 
circuit 3 is being observed: 
Observe T.A. Positions 
Observe Position No. 1 
Observe cord circuit No. 3 
The cord and connect circuit keys 

are arranged in a mutual release chain 
to enable the observer to switch from 
one to another by a single key opera 
tion. If another position key say Posi 
tion 2 is operated while cord circuit 
3 on Position 1 is connected, the con 
trol circuit will release the observe 
cord circuit function before allowing 
the change from Position 1 to Position 
2. Similarly, if the Observe S.S. Posi 
tions key is operated when cord circuit 
3 on T.A. position No. 1 is under ob 
servation, the observe cord circuit, the 
Connect Position 1 and the Observe 
T.A. positions functions must all re 
store to normal before the logic con 
trol circuit will permit switching to 
Observe S.S. positions. 

A telephonist on a fully equipped 
Special Services position may speak 
to 15 points as follows: 
Enquiry connect circuits 1-2 
Complaints connect circuits 1-3 
Interception Circuits 1-2 
Bothway order wires 1-4 
Test Access circuit 
Incoming O.W from T.A. positions 
Bothway exchange line 
Call monitor circuit 
When an S.S. position is under ob 

servation the operation of any of the 
speak keys will light one of the 15 
amber lamps in the S.S. group on the 
lower left hand sector. The observer 
may thus associate a conversation with 
a particular source. Calls coming to 
the S.S. position via the line finder 
stage are classified as either enquiry 
or complaints and each group is 
further subdivided into four classifica 
tions to indicate the service level or 
zone of origin. These call classifica 
tions are indicated on eight lamps in 
the answer side group. 

The first three lamps on the top 
panel are appearances of the exchange 
call waiting pilot lamps covering the 
T.A. positions (Levels 011, 010 etc. and 
direct trunks) and the four main inlets 
to the S.S. position for trunk enquiry, 
directory information, time and com 
plaints. The sixth lamp lights when an 
S.S. position is being observed and one 
or more of the calls waiting in the 
S.S. group can be answered on that 
particular position. Thus if an S.S. 
position has enquiry type connect cir 
cuits only, the sixth lamp will light 
when enquiry calls are waiting but 
not if the only calls waiting are in the 
complaints group. At large exchanges, 
each S.S. position may not have access 
to all the incoming lines in a group. A 
typical case would be where local 
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complaint calls terminate on one suite 
of positions, while complaints traffic 
from other zones is handled by a 
separate suite. In this condition, the 
sixth lamp would light when a call 
arrives from the particular sub-group 
to which the position is connected. 

LINE RELAY SET OBSERVATION 
The operation of the Observe In 

comirig L.R.S. key releases any other 
observe key functions already operated 
(through the mutual release chain) and 
switches the five selected line relay 
sets to the observation equipment. If 
any of these relay sets are already en 
gaged on a call the associated amber 
lamp in the Observe L.R.S. 1-5 keys 
will light with a steady glow. When 
a new incoming calJ arrives, the amber 
lamp will glow when the relay set is 
seized and remain as a steady indi 
cation until the call is in the final 
gating stage. The amber lamp will then 
flash at the FL.l periodicity (0.2 sees. 
on, 0.2 sees. off). When the calJ is 
answered by the telephonist the lamp 
will revert to a steady 'glow for the 
duration of the call. 
The observer may connect the listen 

ing circuit to any one of the five in 
coming Jines. Ringing tone will be 
heard when the relay set is seized 
followed by the telephonist's voice 
when· the call is answered. The speed 
of answer on individual calls on vari 
ous incoming routes may thus be de 
termined. As each incoming line is 
connected to the observer, the green 
lamp in the operated key will light 
indicating that the key connect func 
tion is operative. 

MISCELLANEOUS FUNCTIONS 
Provision is made for the termina 

tion of a bothway automatic exchange 
line on keys adjacent to the dial. An 
incoming call will flash the amber 
lamp in the Exchange Line key, light 
the calJ pilot lamp and sound the 
turret buzzer. The call is answered 
by pressing the Exchange Line key. 
This will cause the green lamp to 
light and the amber lamp to extin 
guish. The Hold key places a holding 
loop and V.F. termination across the 
line and for ease of operation a mutual 
release chain is included between the 
Exchange Line and Hold keys. The red 
lamp in the Hold key lights when its 
function is operative. On an outgoing 
call, the dial is used to establish the 
connection to the wanted number. 
The operation of any Observation 

Connect key extends the observers 
listening circuit to the device selected. 
If listening is not required, the circuit 
may be disconnected by pressing the 
Listen Cut Off key. The red lamp in 
this key will light when the function is 
operative. 

Each incoming exchange line call 
will cause the buzzer to operate. The 
observer may disconnect it tempor 
arily by pressing the Buzzer Cut Off 
key. The red lamp in the key will light 
as a reminder that the function is 
operative but will extinguish when 
the Exchange Line key is pressed to 
answer the call. This also restores the 
buzzer circuit so that the buzzer will 
sound on the next incoming call. 

EQUIPMENT 

The relays associated with the Ob 
servation Turret are distributed over 
four relay sets, as follows: 
Key logic relay set OKR-XOC-KO 
Miscellaneous Connect Circuit R/S 

SNOR-XOC-G 
Position circuit R/S OPR-XOC-S 
Telephone circuit R/S OTR-XOC-V 

These four relay sets together with 
other service control relay sets and 
meters are mounted on Rack XOC. 
Fig. 3 shows a block diagram of the 
observation equipment. 
The key logic relay set contains 69 

relays which perform alJ the control, 
memory and logic functions associated 
with the keys. This relay set is an 
intermediate stage between the turret 
keys and the other observation relay 
sets and operating positions. 
The Miscellaneous Connect Circuit 

relay set includes the relays for the 

bothway exchange line and those re 
quired for the observation of the five 
incoming line relay sets. 
The Position Circuit relay set con 

trols the switching of the speaking 
and listening wires, the position 
staffed functions lighting of the pilot 
lamp, the buzzer cut off function and 
the supervision of battery supply to 
the turret and other relay sets. 

The Telephone Circuit relay set pro 
vides a two wire speech circuit and 
a four wire listening circuit. Voices 
from these sources may be heard 
simultaneously without any cross in 
terference. A resistor type combining 
network blends the speech and listen 
ing circuits with side tone from the 
Observers telephone transmitter. The 
combined received speech signals are 
amplified in an Amplifier Type 2 then 
applied to the observers telephone re 
ceiver. In a manual assistance position, 
there is a transmission level difference 
of 9 dB between the observation 
tapping points in the SNOR and OTR 
relay sets. On the Observation Position 
this would result in a 9 dB difference 
in level on observations made on 
position circuits and on cord or con 
nect circuits. To compensate for this 
the OTR-XOC-V relay set includes a 
9 dB switchable pad which is in circuit 
for cord and connect circuit observa 
tions but removed for position obser 
vations. 
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Fig. 3 - Position and Incoming Line Observation Block Diagram. 

SCOTT - System AFM 402 Service Assessment 



THE TELECOMMUNICATION JOURNAL OF AUSTRALIA 241 

CONCLUSION 
The service assessment equipment 

designed for System AFM402 provides 
a comprehensive coverage of all as 
pects of manual assistance working. 
Measurement of traffic flow can be 
obtained as an instantaneous indica 
tion on the TKT leads while statistics 
on calls handled, type of traffic, time 
outs etc. are available from the TKM 
meters. Calls may be observed on a 
random basis using the line tapping 
circuits which enable the observation 
to commence at the moment ringing 
tone is connected. Particular positions, 

or telephonists stationed at particular 
positions, may be observed via the 
position observation access circuit. 
Cord or connect circuits on any T.A. 
or S.S. position may be nominated for 
observation of random subscribers 
traffic. 
An abridged version of the Observa 

tion Turret has also been developed 
for use where the full facilities are 
not required. The missing facilities 
include the incoming line relay set 
observations, the connect circuit ob 
servations on S.S. positions and many 
of the lamps indicating key operations 

and call categories on the positions 
under observation. The same relay 
set equipment is associated with both 
turrets. 
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TECHNICAL NEWS ITEM 
MICROWAVE RADIO LINK TO 

DARWIN 
The Postmaster-General, Mr Alan S. 

Hulme, has announced that a micro 
wave radio system is to be installed 
which will link Darwin (population 
25,000) in the Northern Territory with 
the broadband network already pro 
viding the trunk telephony and tele 
vision needs of the major cities of 
the Commonwealth. The new micro 
wave system will be routed via Kath 
erine and Tennant Creek and link at 
Mt. Isa, Queensland, with the Towns 
ville-Mt. Isa microwave system which 
is 'Currently under construction. The 
Mt. Isa-Darwin microwave system will 
traverse a distance of about 1,000 
miles and include almost 50 repeater 
stations. The project is estimated to 
cost about $8 million and completion 
is scheduled during 1972. 
If the project can be completed on 

schedule the new broadband system 
will reach Darwin 100 years after the 
establishment of the first telegraph 
line to Darwin (from Adelaide) by Sir 
Charles Todd in 1872-the famed 
overland telegraph line. 

Like the Townsville-Mt. Isa micro 
wave system, the Darwin extension 
would be capable of providing 960/ 
1200 telephone circuits and could be 
expanded to provide television relay 
facilities, if necessary. 

The Australian Post Office will be 
responsible for the overall co-ordina 
tion of the efforts of the many differ 
ent contractors as well as the several 
Commonwealth, State and Northern 
Territory authorities who will take 
part in the construction of this project. 

Survey work is already proceeding 
and contracts for the construction of 
roads, buildings and the supply and 
installation of shelters, towers, power 

plant, radio and test equipment will 
be let progressively over the next 
year. 
With the completion of the micro 

wave system to Darwin the Australian 
Post Office broadband network of 
microwave radio systems and coaxial 
cables will extend in an unbroken 
chain from Darwin to Port Hedland in 
Western Australia over a distance of 
6,700 miles. 

Since the completion of the first 
broadband system in Australia in 1959, 
rapid expansion has occurred and at 
June 1969 the route distance of micro 
wave systems capable of carrying at 
least 300 telephone circuits or a tele 
vision relay will amount to almost 
6,000 miles while a further 2,000 
sheath miles of coaxial cable has also 
been installed. The investment in the 
broadband network will have reached 
$200 million when the microwave 
system to Darwin is completed. 
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SYSTEM AFM402 - SOME INTERESTING· CIRCUIT ELEMENTS 
F. M. SCOTT, A.M.I.R.E.E. ( Aust.)* 

IN11RODUCTION. 

"I'here's nothing new under the sun' 
is a saying often heard these days. 
Designers in many fields are ex 
periencing increasing difficulty in 
coming up with new ideas and novel 
presentation. Architecture, fashion 
and salesmanship are activities par 
ticularly pressed for new approaches. 
The same comments . may be applied 
to the design of electromechanical cir 
cuits. Very little that is entirely new 
is being added to the technology, but 
there is ample scope for adaptive de 
sign. This involves selecting the best 
elements available, adapting previous 
circuit techniques that have been ex 
tensively tested and proved, Introduc 
ing new components, and adjusting 
circuit design to new facility 
schedules. The result is a new circuit 
containing many familiar circuit ele 
ments arranged in a different pattern. 

The trend in circuit design is to 
wards reliability and more compre 
hensive facilities and away from limit 
ing conditions such as marginal cur 
rent, specal adjustment, and relay 
operation that is not fully sequenced. 
The circuit element is the building 
block of circuit synthesis. An under 
standing of the various circuit elements 
quickly leads to an overall apprecia 
tion of the full circuit. This article 
explains some of the basic circuit 
elements used in the design of System 
AFM402. (Ref. 1.) 

SWITCHBOARD CONTROL WIRE. 

Two wire switchboards using three 
pole plugs and jacks usually employ 
the sleeve wire for testing, seizing and 
holding of line relay sets. On the 
Trunk Assistance Position of the Four 
Wire Cord Type Switchboard this 
function is performed by conductor 5, 
which on a 6-pole plug is the fourth 
ring (the conductors on a 6-pole plug 
number from one at the tip through to 
6 at the sleeve). Essentially the fol 
lowing conditions must be met:- 

(i) When idle, no potential should 
be present on any of the plug 
conductors except the one used 
for initial pick-up. 

(ii) It should not be possible to 
over-plug and connect to a 
working line. 

(iii) The potentials used to mark 
the idle and engaged conditions 
should be quite distinctive. 

(iv) When a cord circuit plug is 
inserted in a free line jack, 

* Mr. Scott is Engineer Class 3, Internal 
Equipment, Queensland. See Vol. 19. No. 1. 
P. 77. 

both the cord circuit and line 
relay sets should be seized 
and the test potential replaced 
by the busy condition. 

(v) Both circuits should restore to 
normal when the plug is with 
drawn from the jack. 

The circuit elements used for the 
c wire between the cord circuit and 
outgoing line relay set circuits are 
shown in Fig. l. An idle L.R.S. is 
marked with negative battery through 
the 400-ohm winding of F51. When 
engaged, earth via 200 ohms of SCl 
holds F51 operated over its two wind 
ings in series. The potential on the 
plug and jack c wires is then approxi 
mately 7 volts. Blocking of the relay 
set causes FlO to operate, which open 
circuits the c wire. Thus the c wire 
potentials are as follows:- 

idle-48 volts negative. 
engaged-7 volts negative. 
blocked-open circuit. 

The cord circuit relay set is marked 
idle by the operation of S11 when the 
following conditions exist:- 

(i) The OPR fuse is intact. 
(ii) The OPR is not blocked. 
(iii) The telephonist's headset is 

plugged into the T.A. position 
keyshelf', or the position is 
coupled to the previous adja 
cent position which is staffed. 

(iv) The SNOR is not in use, and 
all relays with contacts in the 
operate path of S11 are un 
operated, 

(v) The call timer is not off nor 
mal (i.e., 9.9). 

Relay S11 operated connects earth 
potential via a diode and a 24 volt 
zener diode to the SCl relay. The 
ordinary diode prevents SCl operat 
ing to positive battery pulses, which 
may be present on the sleeve wire of 
a working line jack. The zener diode 
provddes a reference point to discrimi 
nate between the 7V. and 48V. nega 
tive potentials encountered on the c 
wire. With 7 volts applied to SCl 
the zener diode is non-conducting and 
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therefore SCl remains unoperated. 
When the c wire potential exceeds 24 
volts the diode conducts and current 
flows in SCI. On a nominal 48 volt 
supply approximately 24 volts is avail 
able to operate SCl through a circuit 
resistance of 600 ohms. 
The connect relay 1SC2 operates 

shortly after, and connects a full earth 
to SCl shunting the diodes. With 48 
volts available on the c wire F51 ope 
rates. The resistance of F51 ,is in 
creased when the 800 ohm winding is 
included in the circuit. The circuit 
resistance is now 1400 ohms (plus any 
resistance present in the exchange 
cabling), giving a nominal c wire po 
tential of 7 volts. The design allows 
for up to 50 ohms in the wiring be 
tween the SNOR and the plug, and a 

· further 50 ohms from the jack to the 
line relay set. With the wiring re 
sistance at the maximum limit the c 
wire voltage is raised to approximately 
10 volts, which .is still well below the 
24 volt point. Even with the exchange 
voltage at 56 volts the highest c wire 
potential under adverse conditions 
does not exceed 12 volts. F51 is 
made slow to operate to minimise 
flutter should the plug be inserted into 
the jack slowly and erratically. 

Once the line relay set is seized, F51 
operates FlO, but the circuit to F51 is 
last to restore and the F51 relay is 
isolated from the c wire until the relay 
set is free for the next call. 
lf the cord circuit answer plug is 

used to answer an incoming call before 
the call plug is required to extend the 
call to an outgoing line then S11 will 
be released. Its function is then dup 
licated by the 2SA2 contacts which 
operate when the answer plug is 
inserted into the incoming line jack. 
Operation of the c wire circuit from 
then on is as previously described. 

, The SC13 contact unit is included in 
the circuit to ensure that c wire pick 
up cannot occur with SC13 remaining 
operated from a previous call attempt. 

o/G LINE RELA'< SEi 

1 C 

I SWITCI-IBOARDI 
PLUG &JACK . . 

5 5 

BLOCKING SEIZE 

FIO FSI 

C 

800s. 

AOO.n. 

Fig. 1. - Switchboard Control Wire. 
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PICK-UP TIMING. 

During the c wire pick-up sequence 
the following data on line relay set 
type and signaUing requ'rements must 
be available in the cord circuit:- 

(!) Incoming call or outgoing call. 
(2) Register required or not required 
(3) Through signalling possible or 

not possible. 
(4) Single pulse ringing or manually 

controlled ringing. 

These conditions are signalled over 
the speech pair cai1hos and d wire 
during a 175 ms interval between the 
initial test and the final through con 
nection of the . remaining five con 
ductors. Fig. 2 shows the circuit 
elements used to control the timing. 

·c' 
Wl~E 
SAi 

I . +----- T ~ 

I 

CONNECT. 

ISAZ 

I 

(115 ms) 
'TIMING 

SAIZ 

CO!tO CIRCUIT RELAY SET. 

Fig. 2. - Pick-up Timing. 

SAl is the answer side equivalent 
of SCI described in Fig. 1 and operates 
when the answer plug is inserted into 
the line jack of an incoming L.R.S. 
SAl operates SA12, which switches 
the charged capacitor across its wind 
ing and operates 1SA2. 1SA2 opens 
the operate path of SA12 and holds 
to SAL SA12 releases after 175 
milliseconds. 

In this circuit element the relays 
are fully sequenced and timing can be 
maintained within close tolerances 
using normal adjustment procedures. 

LINE RELAY SET CATEGORIES. 

The d wire circuit of the answer side 
of the cord circuit is shown in Fig. 3. 
When the circuit is idle and before 
1SA2 operates, the d wire is open 
circuit. During pick-up, 1SA2 and 
SA12 are operated simultaneously for 
about 175 mS as described above. The 
d wire is extended to the 300 ohm 
winding of lSAll during this period. 
1 SAl 1 will operate to negative battery 

REG. 

CONNECT 

+ 

I 
SM! 

2 
SAZ 

REG. REG CAIL HO 1/C 
COUP~E DISC. 51G. CALL TIMING 

2 
5A3 SA4 

in the line relay set if the incoming 
call category is signalled. An out 
going relay set will not apply this 
signal and absence of the pulse is 
taken as an indication of an outgoing 
L.R.S. lSAll prepares the cord circuit 
for a demand type call. 

A line relay set connected to a line 
using manually controlled signalling 
or code ringing applies an earth to 
the forward signalling cailho during 
pick-up. This operates SA5, which 
operates SA4; and because SA12 is 
operated, SA13 also operates. SA4 
determines that a register is not 
required and prevents subsequent 
coupling of a register to the answer 
side of the cord circuit. SA13 blocks 
through signalling and prepares a 
marking condition which is applied to 
the position circuit relay set when the 
Speak key is operated. The ringing 
circuit in the position circuit relay set 
is modified by this marking signal to 
provide manually controlled ringing] 

When SA12 releases, the operate 
paths of lSAll and SA13 are broken. 
If normal through signalling is accept 
able to the incoming line relay set, it 
will delay the application of the earth 
to the forward signalling cailho until 
SA12 has released. SA12 signals its 
release to the incoming L.R.S. by 
applying an earth to the backward 
signalling cailho. This is acknow 
ledged in the L.R.S. by the connection 
of earth on the forward signalling 
cailho which operates SA5. SA5 
operates SA4 to prevent register 
coupling, but because SA12 is un 
operated SA13 is not affected. 
SA4 operates 2SA2, contacts of 

which prepare the d w.re for switch 
ing to the position circuit under the 

5A5 
I 

SAIi SAIZ 

CORD CIRCUIT RELAY SET. 

Fig. 3. - Line Relay Set Category Signalling. 

f</D 
LINE 

SPK 
KEl 

5A13 51 

control of Sl, and to the register under 
the control of 2SA3. 

SPEECH PATH SWITCHING. 

The four wire speech paths are nor 
mally through connected from the 
answer plug to the call plug. No 
amolifiers or attenuators are included 
in ·the cord circuit, but retards and 
transformers are employed to derive 
the cailho points for supervision sig 
nall.ng. A speech path crossover 
occurs to preserve continuity of the 
d.rectional paths between incoming 
and outgoing relay sets (or the two 
outgoing line relay sets on a revertive 
call). The answer side al, bl wires 
are cross-connected to the call side 
a2, b2 wires; and the answer side a2, 
b2 wires connected to the call side al, 
bl wires. A 600-ohm V.F. termination 
is provided across each speech pair 
until the answer and call plugs are 
inserted in line jacks and satisfactory 
terminations are provided by the line 
relay sets, or connected lines or chan 
nels. S4 operates to disconnect the 
V.F. terminations usually when the A 
and B parties commence conversation. 

When a cord circuit speak key is 
pressed, Relays Sl-3 switch the four 
speech wires to the Position Circuit 
relay set. The through connection in 
the cord circuit is broken and the 
answer and call sides are diverted in 
dependently to the Position Circuit, 
where the through condition is pre 
served via the P4 and P5 relay con 
tacts. The switching by Sl-3 must be 
performed without interrupting the 
through condition on either speech 
pair. These relays are sequenced so 
that the operating order is Sl, S2, S3 

SCOTT- System AFM 402 Circuit Elements 



244 THE TELECOMMUNICATION JOURNAL OF AUSTRALIA 

and the release order Sl, S3, S2. Fig. 
4 shows the effect. 

Only one of the speech wires is 
drawn here for simplicity, but the 
same conditions apply to all four 
wires. S2 in operating taps across 
the four speech wires on the call side 
and extends these through the position 
circuit and back to the cord circuit S3 
relay contacts. The S3 contact units 
have a make-before-break action so 
that continuity of each wire is pre 
served during changeover. The P4 
and P5 contact units divide the speech 
circuit, allowing the telephonist to 
speak to either the answer or call 
sides. The answer side is terminated 
in 600 ohms by the position circuit, 
which also releases S4 in the Cord 
Circuit to provide a V.F. termination 
on the call side. 

Speak key release causes S3 to 
restore before S2, thus ensuring that a 
speech path is established via the cord 
circuit before the position circuit 
diversion is fully disconnected at S2. 

SPEECH PATH CONTACT WETTING 

Each of the two directional speech 
pair's carries a cailho signalling path. 
Fig. ·5 shows the circuit elements used 
to derive a d.c. signalling cailho on 
the forward speech pair between an 
incoming line relay set and a cord 
circuit. The direction of signalling 
over the cailho is opposite to the 
speech direction. The arrows in the 
circuit indicate the direction of 
speech not signalling, Closed circuit 
d.c. operation is employed on the 
cailho. Signals consist of 159 mS or 
600 mS open circuits. The choice of 

ANS 
Pl.UG 

SP KEY 
AUX. VF 'TERM. 

S,3 S4 

k j 
I ~00.n. 

2000A 

+ 

1/C LINE i.!ELAY SET. 

closed circuit working assists in pro 
viding a form of contact wetting. 

The design of the speech path cir 
cuits is such that series contacts are 
kept to a minimum. Relay contacts 
in the series path are shunned, but 
some contacts such as plug-to-jack 
are unavoidable. Wetting ensures 
that these contacts present a low im 
pedance to speech currents. In Fig. 
5 approximately 17 mA flow in each 
speech wire. 
To illustrate the application of con 

tact wetting, suppose a high resistance 
electrical contact is encountered be 
tween the plug and jack on wire 3. 
Now with no current flowing in wire 
3, the plug conductor will be at earth 
potential. The jack conductor will 
be at the same potential as that pre 
sent on the No. 1 tag of the F50 relay, 
i.e., approximately 37 volts. Thus a 
potential of 37 volts is applied to the 
fault, which if due to a film of oxidised 
material, will break down and allow 
conduction. The normal 17 mA 

SP kE'I, 

SI TALL 
-~-- PLUG tL...::.o.= ·I. 

SP ~EY 
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I ! 'TO 'TELEPHONE I I '---9cc, R/s I 
I POSITION CCT. llELAY SET. I 
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COl2D CCT. RELA'V SET. 

SIG 
GENC2 

SB 
l<E.TAQ.D 

Or 

CORD CIRCUIT rlELA'I' SET. 
Fig. 4. - Speech Path Switching. 

current will ensure that conductivity 
is maintained. 
The ohmic resistance values of the 

components are selected for optimum 
voltage distribution. The ll0-ohm 
retard windings offer a low resistance 
path for cailho d.c. signals, but present 
a high impedance bridge across the 
speech pairs. The 1500-ohm resistors 
and the 600-ohm F50 relay coil limit 
the total circuit current and provide 
the highest possible wetting voltage to 
a defective connection. 

BACKWARD SIGNAL RECEPTION 
AND REPETITION. 

On a demand call from one C.B. or 
automatic telephone to another, back 
ward supervisory signals from the B 
party are repeated by the cord circuit 
to the A party. The signals are re 
ceived on the call side, timed and 
stored, then regenerated on the an 
swer side. SC5 is the cailho relay on 
the call side and is normally operated 
during a call as explained above, An- 
swer signal from the B party consists 
of a 150 mS open circuit in the back 
ward cailho. Fig. 6 shows the circuit 
elements involved for backward sig 
nals. 
When the call side of the cord circuit 

is connected, SC5 operates and charges 
the capacitor associated with the SC7 
relay. SC5 releases at the commence 
ment of a backward supervisory signal 
causing SC7 to operate from the dis 
charge current provided by the capaci 
tor. If SC5 re-operates within 300 
mS, SC7 will still be held to the 
capacitor discharge and becomes 
locked to the earth at SC5 via its own 
contact unit. If the signal lasts for 
600 mS, the capacitor dissipates its 
charge and SC7 restores. Thus SC7 
discriminates between short and long 
signals. 
At the re-operation of SC5 following 

receipt of an answer signal, SC7 will 
be held and a path is provided to 
operate S7. S7 pulse operates S8 
for 150 mS on its 300-ohm winding 
and contacts of SS interrupt the an- 
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Fig. 6. - Backward Signal Reception and Repetition. 

swer side backward cailho signalling 
path for this duration. SS also locks 
S7 to prevent its release until the 
full answer signal pulse has been sent, 
and operates S9, which provides a 
further hold on S7 to ensure that a 
follow-on backward signal cannot be 
transmitted until 300 mS has elapsed 

after the previous signal. When S8 
and S9 release, S7 is again under the 
control of SC5 and SC7. 

A clear back signal from the B 
party will release SC5 for this period. 
SC7 will release after 300 mS causing 
S7 to release. S7 pulse operates S8 
for 600 mS on its 2000 ohm winding 

TIME~ l<TNE TEST 

•. _f1 I «t'. :i. 

and contacts of S8 repeat the signal 
on the answer side cailho. Contact 
units of S8 and S9 prevent the re 
operation of S7 until the clear back 
signal is sent and a pause of 300 mS 
is timed. 
The lock-on and lock-off circuits 

provided by SS and S9 ensure that 
backward signals are transmitted for 
their full duration and that adequate 
separation between follow-on signals 
exists to keep supervisory signals at 
the A and B subscribers' exchanges 
synchronised. 

TIMER CONTROL CIRCUIT. 

The connection of the call timer is 
under the control of the Timer Start 
key and the relay logic of the cord 
circuit relay set. It will function 
under three separate conditions:- 

(i) On a normal demand or rever 
tive call when both A and B 
parties are present; 

(b) When the cord circuit is idle, 
and the timer is used to time a 
call on another cord circuit 
giving inadequate supervision; 

(iii) When the cord circuit is idle, 
and the Timer Routine Test 
key is operated. 

Fig. 7 shows the circuit elements in 
volved. 
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Fig. 7. -- Timer Control Circuit. 
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in the normal case, the Timer Start 
key prepares the magnet circuit, de 
pending upon the operation of SAS 
and SC8, and the non-operation of 
SA9, SAl0 and SC9. SAS and SC8 
correspond to receipt of initial answer 
signal on the answer and call sides 
respectively. The Timer Start key 
may be operated in advance of answer 
supervision, but the timer will not 
step until SAS and SC8 have operated. 
Clearing of either party will stop the 
timer. SA9 responds to clear for 
ward or clear back signals on the 
answer side, and SC9 to clear back on 
the call side. SAl0 operates on re 
ceipt of a recall signal and remains 
held until the Speak key is operated 
and released. 

An alternative operating path for the 
timer is available when the cord circuit 
is not in use, i.e., when relays 2SA2 
and 2SC2 are unoperated. Operation 
of the Start key will cause the timer 
to step immediately. Sl3 operates in 
the usual way, followed by Sl0. Sl0 
releases the idle mark relay Sll, which 
prevents the cord circuit being used 
for traffic. 

An inbuilt routine test circuit is 
provided. Operation of the Timer 
Routine Test key operates relay S18 
if the cord circuit is idle marked by 
Sll. Sl8 operates S5 and S5 re 
leases Sll to prevent the cord circuit 
being used for traffic. Sl8 connects 
i•L.l battery (0.2 sees. ON, 0.2 sees. 
OFF) in place of the normal 6 seconds 
supply, causing the timer to 
step rapidly to the 2.8 minute setting 
when Sl5 operates. The telephonist 
may now listen to continuous 3-pip 
tone signals by pressing either the 
Speak or Monitor keys. If the timer 
start key is operated in the Coin Tele 
phone position, the timer supervisory 
lamp will flash. After checking that 
all timer functions are satisfactory at 
the 2.8 setting, the telephonist may 
press the Timer Step On key, which 
operates Pl9 and provides an alterna 
tive operating path for the timer 
magnet. As the timer steps, Sl5 will 
restore, returning the magnet to the 
initial operating path for stepping to 
continue to the 5.8 minute setting 
where the previous tests and indica 
t' ons are repeated. Further pressing 
of the Timer Step On key will advance 
the timer to the 8.8 minute setting. 
If pressed again, the timer will step to 
the 9.0 minute setting, which is the 
limit of its reading. S14 will operate 
and disconnect the magnet. The 
Timer Supervisory lamp will flash. 

A circuit safeguard prevents the 
timer being inadvertently or delibe 
rately switched to the rapid stepping 
pulse lead when the cord circuit is en- 
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Fig. B. - Ring Control Circuit. 

gaged on a legitimate call. As soon as 
either plug is taken into use to handle 
a call, the connect relays 2SA2 or 
2SC2 break the circuit of S11 causing 
it to release. Sll prevents the oper 
ation of S18, which controls the fast 
stepping pulse. Sll will not re-oper 
ate until the cord circuit is restored to 
normal and the timer is reset to the 
9.9 minute position. 

RING CONTROL (IRCUIT. 
A ring from the switchboard to a 

line relay set consists of an interrup 
tion to the forward cailho signalling 
path. The ringing signals originate 
from the position circuit relay set 
under the control of the keyshelf ring 
call and ring answer keys. When the 
telephonist presses a Speak key, the 
two cailho paths are diverted to the 
position circuit relay set. Fig. 8 
snows the circuit elements involved 
on the call side of the position circuit. 

The Ring Call key operates Pl2, and 
providing that a ring down line mark 
is not current to operate Pl6, Pl2 ope 
rates Pl3; Pl3 operates Pl4; Pl4 dis 
connects Pl3 but leaves it with a 
charged capacitor connected across its 
winding. The open circuit on the 
signalling cailho commences when Pl4 
operates and extends for the release 
time of Pl3 which is 150 mS. Pl2 
is locked by Pl3 for this period to 
ensure that a short signal will not 
result due to the Ring Call key being 
operated for less than 150 mS. When 
the Ring Call key is released, Pl2 will 
restore and Pl4 is disconnected, but 
will remain held for a further 300 mS 
due to the parallel charged capacitor. 
Pl4 times a pause to ensure that a 

CORO CCT R/SET. 

follow-on ring signal cannot occur 
within 300 mS of the previous one. 
Should the Ring Call key be repressed 
during this period, earth from the Pl6 
contact unit will hold Pl4 rather than 
operate Pl3. On the release of Pl4 
the circuit is restored to normal. 

If the call side of the cord circuit 
is connected to a line relay set requir 
mg manual controlled ring signals, a 
ring down mark will be stored on 
relay SC13. When the Speak Key is 
operated, this mark is transferred to 
the position circuit where Pl6 ope 
rates. Pl6 prevents Pl3 and Pl4 
operating. Pressing of the Ring Call 
key operates Pl2, which opens the 
cailho signalling lead. The length of 
signal transmitted depends entirely on 
the time that the Ring Call key is 
pressed. This. permits sending ring 
signals of long duration and code ring 
ing. 

CALL MONITOR REMINDER GONG. 
Each Trunk Assistance and Special 

Services position is equipped with a 
Call Monitor key, which is used by 
the telephonist to call for the moni 
tor's attention. A Call Monitor lamp 
lights on the calling position. A pilot 
lamp and an individual position lamp 
light on the Monitor's turret. 
Fig. 9 shows the circuit elements 

involved in the Monitor's position cir 
cuit for the connection of an audible 
gong. When the Call Monitor key on 
a T.A. position is pressed P21 in the 
position circuit operates, which sub 
sequently operates P8 in the Monitor's 
position circuit. P8 switches a charged 
capacitor to the monitor's gong, which 
operates during the discharge of the 
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capacitor. P8 also connects a 6 
second pulse lead to the gong so that 
a reminder is given every 6 seconds 
until the call is acknowledged. 

CONCLUSION 
The circuit elements described in 

this article form the basis of the 
Trunk Assistance position circuit de 
sign. Some of the elements occur in 
many of the line relay sets while 
others find application in the Special 
Services Position circuits. These 
are the building blocks of System 
AFM402. 
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1EjCHNICAL NEWS ITEM 
JOINT CONFERENCE OF THE 

AUSTRALIAN POST OFFICE AND 
THE ELECTRICITY SUPPLY 

ASSOCIATION OF AUSTJALIA 
A joint conference between t' ,, t,·_,:, 

.tralian-Post Office and· the :Electricity 
-Supply Association of .Australia was 
held in Melbourne in .Apnil of, this 
year, -to discuss the co-ordination of 

. power and telecommun ication systems. 
Since 1953/ regular donf'erences on 

current problems have been. heldi and 
Joint Committees for the Oo-ordination 
of Power and Telecommunication Sys 
tems operate in each State. A Central 
Joint Committee· with· headquarters in 

Melbourne, advises and co-ordinates 
the work of the State Joint Commit 
tees. 
The 1969 conference reviewed the 

r:·ogress made since 1965 in the prep 
aration and/or revision of the jointly 
agreed Codes of Practice on which 
co-ordination practices are based, and 
set further targets for the Central 
Joint Committee. · 

Current projects include long-term 
investigations into the severity and 
the frequency of occurrence of power 
line earth faults to provide factual 
background material for Codes of 
Practice on 50 Hz voltages induced 

into telecommunication lines during 
power line earth faults, and potential 
rise of power earth mats during power 
earth faults. The revision of the pres 
ent Conditions for Single Wire Earth 
Return H.V. Power Lines is proceed 
ing, and the need for an investigation 
into a Code of Practice on the use of 
Tone Injection Control Systems on 
power lines is being evaluated. The 
feasibility of joint-use underground 
construction between power and tele 
communications plant has been assess 
ed and further investigatory work is 
proceeding towards the preparation 
of an arrangement of installation and 
maintenance practices. 
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A SPECIAL CONFERENCE CIRCUIT A. B. WILSON* 

INTRODUCTION. 

It'; in the conduct of International Air 
craft Operations, it became necessary 
to delay the departure of an aircraft 
for a period in excess of its normal 
transit time, then management is 
faced with extra tasks such as rear 
ranging flight schedules, bookings and 
procuring aircraft spare parts, etc., 
this work is further complicated if 
the aircraft happens to be grounded 
at an overseas airport, when the dis 
cussions have to be conducted over 
the International Communications 
System. 
To facilitate these operations, Qantas 

established .a Flight Control Centre at 
Mascot Airport, Sydney, and applied 
for two press-button operated consoles 
with the following facilities:- 

(a) one exchange line with STD 
access; 

(b) four P.A.B.X. extension lines; 

(c) sixteen C.B. extehsion lines; 

(d) the ability to establish a con- 
ference between an overseas 
line and a selected combination 
of exchange lines, P.A.B.X. and 
and C.B. extension lines. 

The switching together of exchange 
lines is not usually permitted in the 
Australian Post Office, but because of 
the importance of the facility in the 
conduct of international flying opera 
tions, the arrangement was given 
special approval by the Director 
General subject to the following con 
ditions:- 

(i) the design of all units had to be 
approved by the P.M.G. De 
partment. 

(ii) Conference facilities had to be 
restricted to six parties at any 
one time. 

(iii) Transmission had to be held 
within the limits imposed by 
the Metropolitan Transmission 
Plan. 

TRANSMISSION LIMITS 

The maximum permissible loss sub 
scriber to subscriber is approximately 
33dB at l .6kHz and consideration had 
to be given to the overall loss that 
would be encountered over all the 
possible switching patterns. Con 
ferences could be required between: 

* Mr. Wilson is Engineer Class 2, PABX 
Installation, N.S.W. 

TABLE 1: RESULTS OF A TRANSMISSION TEST ON A CONFERENCE 
BETWEEN AN OVERSEAS CALL AND TWO SYDNEY SUBSCRIBERS OVER 

THE PROTOTYPE SYSTEM. 

Overseas Call to Mascot Console 
Mascot Console to Pymble Subscriber 
Mascot Console to Engadine Subscriber 
Overseas Call to Pymble via Console 
Pymble Subscriber to Engadine Subscriber via 

Console 

Loss at l .6kHz (dB) 

23 

26 
26 
57 

60 

(i) an overseas caller and a com 
bination of P.A.B.X. and C.B. 
extensions at Mascot; 

(ii) an overseas caller and a com 
bination of P.A.B.X. and C.B. 
extensions and a number of 
exchange lines to home ad 
dresses. 

(iii) an overseas caller and up to 
four exchange lines to home 
addresses. To aid in these 
investigations, Qantas sub 
mitted the names of fifteen 
officials who could be called 
into a conference, the home 
addresses of these people being 
as far apart as Pymble (a nor 
thern suburb), Blakehurst and 
Engadine (both southern 
suburbs). 

It was considered that no problems 
would be encountered with the type 
(i) conference and subsequent trans 
mission tests confirmed this opinion. 

As the type (ii) and (iii) conferences 
involved more than one exchange line, 
transmission difficulties were antici 
pated. 

Table 1 shows the results of a 
hypothetical conference established 
between an overseas caller and two 
Sydney subscribers, one at Pymble, 
the other at Engadine; it was assumed 
that an 8dB loss would be introduced 
at the control console. 
From these results, it was obvious 

that an effective conference could not 
be established through the Console. 

The possibility of the Overseas Ex 
change Operator controlling the 
conference was then considered, the 
home telephones being called in and 
cross-switched at that point. This 
suggestion was not practicable be 
cause the Qantas Flight Controller had 
the responsibility of deciding who 
would be the parties to a particular 
conference. After further considera 
tion of the operational problems and 
further field investigations, it was 
finally decided that a Remote Control 
System aided by four-wire amplifica 
tion would be adopted. 

Table 2 shows the results of an 
overall transmission test on the final 
system and a useful comparison can 
here be made with Table 1. 

TABLE 2: RESULTS OF A TRANSMISSION TEST ON A CONFERENCE 
BETWEEN AN OVERSEAS CALL AND TWO SYDNEY SUBSCRIBERS OVER 

THE FINAL SYSTEM. 

Overseas Call to Mascot Console 
Mascot Console to Pyrnble Subscriber 
Mascot Console to Engadine Subscriber 
Overseas Call to Pymble Subscriber via City South 
Pymble Subscriber to Engadine Subscriber via 

City South 

Loss at 1.6kHz (dB) 

17 
26 
26 
28 
29 

WILSON - Conference Circuit 



THE TELECOMMUNICATION JOURNAL OF AUSTRALIA 249 

Fig. 1. - Conference Console. 

Details of the Remote Control Circuit 
appear later in this article. 

RESTRICTION OF CONFERENCE 
PARTfC[PANTS TO S.IX. 

A magnetic locking press button key 
was used to restrict conference parties 

to six. Referring to Fig. 1 and Fig. 
2, it can be seen that the operation of 
any Conference or C.B. extension key 
places a 10,000 ohm resistor Rl in 
parallel with a 15,000 ohm resistor R2, 
the resistor R2 forms part of a tran 
sistor switching circuit. 

Earth is provided to the key mag 
netic circuits via the operated springs 
of HV relay (normally held operated). 

If it is attempted to set up a con 
ference of seven parties, then the 
joint resistance of R2 and the seven 
Rl resistors is reduced to 1304 ohms, 
causing equal and opposing currents 
to flow in the windings of HV relay, 
which now releases and in turn causes 
the release of the seven conference 
keys; up to six keys will remain 
operated in conference. 

CONFERENCE REMOTE CONTROL 
CIRCUIT 

A City South bothway exchange 
line fitted with four-wire amplification 
and a special final selector relay set 
was listed for overseas calls. 

Four OUT lines from the Mascot 
Console consisting of two cable pairs 
per circuit were terminated in group 
selectors at City South with a special 

AMPLIFIER ON ~ "' ! .. ·+-~:.--;;, '---!iP+ + , 
C.B. LINE BUZZER CIRCUIT • 

HOLD OPERATE HOLD OPERATE RING OPERATE RING N.A'. 

AUTO 
LINE 
BUZZER 

91 CIRCUIT 

BATTERY 
CUT-OFF 

RPT2J 

Notet On outgoing City Lines N\3 to 6 only. 

Fig. 2. - Conference Console Circuit. 

WILSON - Conference Circuit 
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group selector relay set (Fig. 3) in 
serted between each group selector 
and the Mascot Console. Four aux 
iliary keys were fitted to the Console 
so that the operator could call public 
exchange numbers over these group 
selectors for conference purposes. 

GROUP, SELECTOR AND FINAL 
SELECTOR RELAY SETS 

An overseas call is extended to the 
Console via the Final Selector Relay 
Set (Fig. 4), a.c. ring from the Final 
Selector operates Relay L, contacts 
Ll-2 operate Relay LB and a.c. ring 
is repeated out to the Console. When 
the Operator answers, relay A operates 
and operates relay B via Al-2. B23-24 
in conjunction with retard RO trips 
the ring and the overseas call is con 
nected through to the Mascot operator. 

Fig. 3. - Group Selector Relay Se·t. 

Should a Qantas official be required 
in conference from his home address, 
the operator holds the overseas call 
via the hold key, then depresses a 
P.A.B.X. line key and the associated 
auxiliary key and so loops the Group 
Selector at City South via the operated 
contacts of relay A in the Group 
Selector relay set (Fig. 3). A22-23 
intiates the operation of relays B and 
CD. 

Standard short circuit dialling con 
ditions are provided via CD relay 
contacts and the 600 ohm resistor Rl. 
The operator can call any combina 

tion of C.B., P.A.B.X. or exchange 
lines up to a maximum of six--the 
individual hold keys being operated in 
each instance. C.B. lines being fitted 
with a single call and answer key, are 
automatically in conference when this 
key is operated. When all required 
connections have been established, the 

individual Conference Keys are now 
operated and momentarily a short 
earth pulse is applied to:- 

(a) the overseas call, which ope 
rates CA relay in the .Final 
Selector Relay Set. CA 1-2 
contacts operate relay CAA 
and the contacts of CAA 
switch the overseas line to a 
common connection at City 
South and also directly through 
to the Mascot Console. 

(b) the home address exchange line 
which operates relay CA in the 
Group Selector relay set. CAl- 
2 contacts operate CAA relay 
and CAA contacts switch the 
line to the common connection 
and also release the City South 
to Mascot portion of the line, 
the connection being held at 
City South by RV retard and 
rectifier MRI, the circuit now 

$ NtT£ l, 

BI 

1.INE 'l'OCOMF,11.ENCE 
CO>ITIIOL UIUt 

Cl . 
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being under the control of the 
called official at his home ad 
dress (Reversal Hold Condi 
tions). 

Local P.A.B.X. or C.B. extensions 
at Mascot are brought into this type 
of conference via the City South 
Mascot portion of the overseas line. 

THE SWITCHING CONSOLES. 

Qantas specified a plastic top of 
table console of the type made by E. S. 
Rubin and Co. Pty, Ltd., with rack 
mounted relay equipment and plug and 
socket terminated consoles. 
From Fig. 1 and Fig 2 it can be seen 

that N.S.W. standard non-switching 

unit circuitry has been utilised and 
differs only in the provision of: 

(a) A conference key per circuit 
(6 off). 

(b) Auxiliary keys that enable the 
operator to select either 
P.A.B.X. lines or exchange lines 
(this procedure is adopted when 
exchange lines are included in 
the conference). 

(c) A transistor circuit to ensure 
that conference parties are re 
stricted to six. 

(d) A receive amplifier associated 
with the operator's circuit. 

(e) An earth pulse circuit (utilised 
in setting up a conference in 
volving exchange lines). 

Fig. 5 shows the 'Mascot Flight Con 
trol Centre, the relay sets for the-Con 
soles being installed in the cabinet 
in the centre front of the figure. 

CONCLUSION 
The Qantas Conference Circuit has 

now been in service for 12 months 
is being used frequently, and is prov 
ing to be of estimable value in main 
taining flght schedules. 
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TECHNICAL NEWS ITEM 
INTRODUCTION OF MOISTURE 
BARRIER CABLE SHEATHS 

Since the first general introduction 
of telecommunication cables, lead has 
been the traditional sheathing material 
for paper insulated cables. While it 
has given satisfactory service, its cost, 
weight and susceptibility to fatigue 
when transported, have directed atten 
tion to alternative materials. 

During the last World War a light 
weight steel sheath with an outer poly 
thene jacket was developed in the 
U.S.A. and also in Europe. 

In recent years the British Post 
Office has introduced a light-weight 
moisture-proof sheath consisting of an 
aluminium foil bonded to the underside 
of a polythene sheath for use with 
paper insulated cables. 
The aluminium foil effectively pre 

vents the permeation of water vapour 
through the polythene while the 
characteristics of the polythene make 
it a suitable sheathing material. 
This cable sheath is now being 

generally introduced into the Aus 
tralian Post Office as a substitute for 
lead on large cables installed in con 
duits after extended trials of both 
imported and locally manufactured 
cable. 

It will reduce cable costs and simpli 
fy transportation and installation be 
cause of its light weight. Its excellent 
corrosion resistant properties will re 
move the hazards of corrosion particu 
larly in the presence of stray electro 
lytic currents in city areas. 

The Choice of 
Transmission Engineers 

Measurement Equipment 
Supplied under Contract to the A.P.O. 

Engineering Products Division 
AMALGAMATED WIRELESS (AUSTRALASIA) LIMITED 

SYDNEY MELBOURNE BRISBANE ADELAIDE PERTH LAUNCESTON 
88 6666 67 9161 4 1631 72 2366 28 6400 2 1 804 
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ANSWERS TO EXAMINATION QUESTIONS 
Examinations Nos. 5931 to 5940, 5 July 1969 and subsequent 
dates; to gain part of the qualification for promotion or 
transfer as Senior Technician (Telecommunications), Post 
master-General's Department. 

TELECOMMUNICATION PRINCIPLES 

QUESTION 1 (a): 
Four resistors are designated RI, R2, R3 and R4. The resistance of 
R2 is one-fifth of Rl, R3 is x times R2, and R4 is IOy times R3. If 
Z ohms represents resistor RI, what will represent the other three? 

ANSWER 1 (a): 
z R2 = 
5 
ohms 

R3 =xz ohms 
5 

R4 = 2xyZ ohms. 

QUESTION 1 (b): 
A battery of E volts is connected across a resistor of R ohms 
and a power P1 is dissipated in the resistor. When the voltage 
is reduced to x% and the resistor is increased to y times its 
original value, P2 watts are dissipated. 
(i) State the new values of E and R when P2 watts are dis 

sipated. 
(ii) State the formulae for P1 and P2 in terms of the values 

of E and R. 
(iii) Write an expression for the PERCENTAGE CHANGE 

in the dissipated power in terms of P1 and P2; and then 
substitute the values for P1 and P2 from (ii) above and 
express the result in the simplest form. 

ANSWER 1 (b): 

(.) E b .. xE 1 ecornes 
100 

R becomesyR 
.. E2 x2E2 
(11) P1 =-· P2 =-- X 

R' (100)2 yR 

(iii) Percentage change= (1 
;

1 
p2) x 100 = ( 1 -{~) x 100 

( 
· x2E2 R) = 1----X-- xlO0 
(1002)yR E2 

( x
2 

) =1001--- 
(100)2y 

x2 
=100-~. 

lO0y 

ANSWER 2 (a): 
Immediately contacts AA are closed, current flows in both coils of 
K. The flux ( r/,1) developed in the upper winding is opposed by the 
flux ( rf,2) developed by the capacitor charging current in the lower 
winding (the relay being differentially wound). As the capacitor 
charges, the potential across the plates builds up and opposes the 
applied potential, so reducing the current and flux ( r/,2) in the lower 
winding. After a time delay, the difference between the values of 
flux in each winding ( rf,1 - r/,2) is such that the resultant flux 
operates the relay. The relay therefore has a timed operation lag. 

QUESTION 2 (b): 
In the circuit (Fig. 2) a time delay is introduced in the opera 
tion of the relay. The switch rests in position 1 and timing 
starts when the switch is operated to position 2. The relay 
operates when the grid potential is -JO volts anI releases 
when the grid potential is -I 5 volts, with respect to the 
cathode in each case. Calculate the value of the capacitor to 
give a 4.6 minute delay. 

Fig. 2 (a) 

10 

05 2 J 
TIME (TIME CONSlANTS = CP. OP. k} 

UNIVERSAL TIME CONSTANT CHAR'.f 

Fig .. 2 (b) 

QUESTION 2 (a): 
Jn the circuit drawing ( Fig. I), the capacitor is fully discharged when 
contacts AA are closed. The magnetic flux densities produced by the 
coils of the differentially wound relay K are indicated as cpl and rf,2. 
Describe the basic principles of the operation of relay K. 

K 
I -sov 

(/J1 ! ~ 1000n 
AA 

I 

ANSWER 2 (b): 
Initially C is charged to -55 volts. The relay operates when 
the grid is at -10 volts, that is, when the capacitor has 
discharged from -55 to -10 volts. In the circuit (Fig. 2a), 
however, when the switch is moved to position 2 it connects 
the capacitor and the grid to a potential of -5 volts. As 
shown in Fig. 3 this has two effects on the grid in relation 
lo the operation of the relay:- 
(i) The total voltage charge of the capacitor is 50 volts. 
(ii) The relay operates when the capacitor has discharged 

to -10 volts and capacitor voltage is reduced by 45 volts 
i.e. the valve conducts and operates the relay when the 
capacitor has discharged to 10% of its relative initial 
voltage. 

-55 

+ 

_ c··~CITOR INITIAL C>Cr GE _ RELAY_ RELEASED.

1
_ 

RANGE OF FULL RANGE 
VOLTAGE DISCHARGE OF VOLTAGE 
FOR OPERATION OF DISCHARGE Of 
RELAY. ( ) CAPACITOFt 

V I \. j 55-10 (5s-s\. = 4sv \ = so-V 
RELAY . 

~': 1- - - ---- - --- -,-- -::s- - - - 
0

~:~:'_ - __ l 
0 

+ 
RELAY OPERATE POINT 
IS 101, OF EFFECTIVE 
VOLTAGE CHANGE. 

Fig. 1 Fig. 3 
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From the time constant chart (Fig. 2b), curve A, 10% 
corresponds to 2.3 circuit time constants. Therefore 2.3 time 
constants == 4.6 minutes. 

TC = 4·6 = 2 minutes = 120 seconds 
2.3 

C =TC= 120 x 106 = 300 F R 4 x 105 µ 
Examiner's Note:- 
Some candidates used the charge curve (curve B) of the 
Universal Time Constant Chart. As the question was dealing 
with the discharge curve (curve A) no marks were awarded 
to these candidates although in a few cases an apparently 
correct answer was obtained. 

QUESTION 3 (a): 

Solve the equations for x:- 
(i) 5 (x - a) - 3 (x + a) = 2. 
(ii) log (10 + Bx) = I + log 5. 
(iii) (9x - 16a) 2 = 4a2. 

ANSWER 3 (a): 

(i) Removing brackets:- 
5x - 5a - 3x - 3a = 2 

2x - Sa= 2 
2x =Sa+ 2 
x=4a+l 

(ii) log (10 + 8x) = log 10 + log 5 
log (10 X 5) 
log 50 

10 + 8x = 50 
8x = 40 
X = 5 

(iii) Taking the square root of both sides of the equation: 
9x - 16a = ±2a 

9x = 18a 
X = 2a 

(The answer for -2a was not required, but gives X=l % a) 

QUESTION 3 (b): 

Express: 
( i) In polar form, the impedance Z of a circuit which is purely in 

ductive and XL = 7Q. 
B 

(ii) log JOA in terms of log A and log B. 

( iii) 77° in radians ( use n = 22/7). 
(iv) the decimal number 147 as a binary number. 

(v) yin terms of x and z when given that antilog (:) = JOO. 

ANSWER 3 (b): 

(i) z = 7 L90°n. 
(ii) log B - log lOA = log B - (log A + log 10). 

= log B - log A - 1 
(iii) n radians = 180°. 

77° = 22 x _l_2 = 121 = 1.34 radians 
7 180 90 

(iv) 147 = 128 + 16 + 2 + 1 
= 27 X 1 + 26 X O + 25 X O + 24 X 1 + 23 X 0 

+ 22 XO+ 21 X 1 + 2° X 1 
= 10010011 

(v) xy_ = log 100 = 2 
z 

2z y = - 
x 

QUESTION 4: 

The diagram (Fig. 4) shows the collector characteristics for a 
transistor in the common emitter mode. The transistor is 
normally biased with a 60µA base current. The supply is 
9 volts and the load resistor is I KU. 

QUESTION 4 (a): 

Draw the loadline and indicate the quiescent point Q. Show 
calculations. 

ANSWER 4 (a): 

-11 

(B)-9 

-• 
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Fig. 4 

First point (A), le = 0 and Ee = -9V 
Second point (B), Ee = 0 

le= Eb = ~. X 103 

RL 103 

= -9mA. 
Loadline drawn on Fig. 4. 

QUESTION 4 (b): 

State the values of le and Ee when no signal is applied. 

ANSWER 4 (b): 

Reading off Fig. 4 corresponding to quiescent point Q; 
le= -3.SmA 
Ee = -5.SV 

QUESTION 4 (c): 

Calculate the power gain when a 30mV sine wave input signal 
of 30µA peak current is applied in series with the bias. Show 
all working. 
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ANSWER 4 (c): 

Input signal = 30µA peak. 
From Fig. 4. 

Current gain ( - 5mA to - 3.5mA) 
_Mc_ 1500µA 
- Mb - 30µA 

= 50. 
Voltage gain ( - 5.5V to - 4.0V) 

AV out 1500mV 
AVin 

= 50. 
Power gain = current gain x voltage gain 

~ 50 X 50 
= 2500 

30mV 

(ii) Positive feedback is used in oscillators to feed a portion 
of the output voltage back to the input to sustain· oscilla 
tion. Positive means that the signal feedback is in 
phase with the input. A phase change of 180° takes place 
in the common emitter transistor amplifier and the feed 
back network used must introduce a further shift of 180° 
so that the complete loop is 360° or in phase. Variable 
resistors are sometimes used to control the amount of 
feedback. 

QUESTION 5 (b): 

(i) Draw and label a block diagram which illustrates the 
basic principles of a Beat-Frequency Oscillator (B.F.O.). 

(ii) State the main advantage of the use of a B.F.O. as a 
test oscillator over a variable frequency L/C oscillator. 

QUESTION 4 (d): 

In the space provided, plot the dynamic lb/le characteristic curve 
which corresponds to the lkQ. loadline. 

ANSWER 4 (d): 

See Fig. 5. 
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Fig. 5 

QUESTION 5 (a): 

(i) State the basic requirements of an oscillator and illustrate 
with a labelled block diagram. 

(ii) Briefiy explain the use and meaning of positive feedback 
in oscillators. 

ANSWER 5 (b): 

(i) See Fig. 7. 

VARIABLE 
FREQUENCY 
OSCILLATOR MOOULATOR FILTER AMPLIFIER 

FIXED 
FREQUENCY 
OSCILLATOR 

Fig. 7 

(ii) A single oscillator using variable capacitors or inductors 
cannot be tuned over a wide band without switching in 
different components to give several consecutive ranges. 
This can be inconvenient in test oscillators. The B.F.O. 
overcomes this disadvantage. 

QUESTION 6 (a): 

Complete the diagram (Fig. 8) to show the differences between 
amplitude, frequency and phase modulated waves produced 
by the rectangular wave modulating signal. 

ANSWER 5 (a): 

(i) See Fig. 6. 
A network or tuned circuit to confine the oscillations to 
the required frequency. 
An amplifier with sufficient power output to meet the 
load requirements and replace the energy lost in the circuit. 
Positive feedback or regeneration to sustain the oscillations. 

F.REQUENCY 
DETERMINING 

NETWORK AMPLIFIER 
. OUTPUT 

POSITIVE 
FEEOBACK 
NETWORK 

Fig. 6 

ANSWER 6 (a): 

See Fig. 8. 
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-oD-rifiirfjfj1~fr~-n:rcg-ffA- -h- - =tl~ txrsr: .v=:IJT V ~; _Q ~- -- __ r/! I I 

I AMPL!TUdE MODULATION-- -- -- 

~s71t\J11fJIBJI[[ti'~ 
I I I I 
/ FREQUENCY MODULATION I 

~7"\-CTJLCT\ -/\-~-o-=a::tn TI-cb - _ S1 _ v_ 1J D _v_ ir,SJ _ v. JJlJ _ UVT 'iJ_ 
I I I I 
I PHASE MODULATION I I 

Fig. 8 
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QUESTION 6 (b): 

Define phase modulation and briefly explain the similarities 
and differences between a frequency modulated and a phase 
modulated system. 

ANSWER 6 (b): 

Phase modulation is the process of combining the signal and 
the carrier frequency to produce a modulated wave which 
is shifting in phase in accordance with the signal amplitude 
and frequency. The number of degrees of phase shift is 
dependent upon the signal amplitude. The rate of phase shift 
from one value to another is dependent upon the signal 
frequency. 

As phase modulation causes the frequency to be affected, a 
form of frequency modulation takes place. The waveshape 
produced is similar to the frequency modulated waveshape 
and can be detected and received by the same receiver as for 
the FM wave. 

The only difference in the two systems is the, manneT in which 
the modulation is accomplished. Maximum and minimum 
frequency points with FM occur when the amplitude of the 
modulating signal is maximum in either direction. In PhM 
the frequency of the modulated wave is maximum when the 
rate of change of the modulating signal is greatest in one 
direction and minimum when in the opposite direction. 

QUESTION 7 (a): 

With the aid of sketches, describe the delta and star methods ,f 
connecting the windings of a three phase A.C. generator. In your 
answer give particular reference to phase voltages ( EP), line voltages 
(EL), the neutral point, and the start ( S) and finish ( F) ends of the 
windings. 

ANSWER 7 (a): 

See Fig. 9. 

Delta Connection. The windings are connected in series to form a 
closed circuit and the line wires Ll, L2 and L3 are connected at the 
junction points. A neutral wire is not available in this connection. 

L1 0---.--------...,,,. 
s 

DELTA 

L10----.---T~ l 

L2 0 I r' 

L3 0-------------__J 
STAR 

Fig. 9 

As shown, the phase voltage EP is equal to the line voltage EL. 
Star Connection. Correspunding ends (i.e. start (S) and finish (F)) 
of the three windings are connected together to form a neutral 
point. The line wires are connected to the other ends of the wind 
ings. The line voltage EL is 1.732 times greater than the phase 
voltage E". 

QUESTION 7 (b): 

Complete the basic circuit of the three phase bridge rectifier, 
marking the polarity across the load. In the graph section 
provided clearly illustrate the waveform of the output current 
over one complete cycle. 

ANSWER 7 (b): 

See Fig. io. 

L30-----------' 

4-----1 PERIOD 

QUESTION 8 (a): 

Fig. 10 

+ 
LOAD 

Briefly describe the fundamental circuit features required of 
wideband or video transistor amplifiers. 

ANSWER 8 (a): 

Amplifiers with special compensating networks to increase the 
frequency response are referred to as wideband or video 
transistor amplifiers. The bandwidth of transistor amplifiers 
varies according to the type of transistor and the coupling 
arrangements used. 

Transformer coupling is not suitable because of its many 
reactive elements and usually direct or R/C coupling is used. 
In each case the bandwidth can be extended by the use of 
negative feedback. Video signals and non-sinusoidal signals, 
such as used in oscilloscope sawtooth sweep circuits, have 
such a very wide range of frequencies which require the use 
of wideband amplifiers. 

Compensating networks are used to increase the impedance 
in the collector circuit so that higher voltage and power gains 
will be obtained in the amplifiers. 
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QUESTION 8 (b): 

With the aid of circuit drawings, describe the purpose and 
the operation of the following wideband transistor amplifier 
networks: 
(i) High Frequency Compensation. 
(ii) Low Frequency Compensation. 

ANSWER 8 (b): 

See Fig. 11. 

(i) High Frequency Compensation (shunt peaking). The gain 
of an amplifier falls off at high frequencies due to shunt 
capacitance. To compensate, the collector impedance is 
increased by including an inductance L1 in the collector 
circuit. At high frequencies L1 has a high reactance and 
in conjunction with the shunt capacitances Co and Ci, 
forms a resonant circuit and increases the impedance of 
the collector circuit. 
In series peaking, the inductance is added in series with 
Cc. Often both shunt and series peaking coils are included 
to obtain best results. 

(ii) Low Frequency Compensation. The interstage coupling 
capacitor Cc has a high reactance at low frequencies, and 
most of the signal voltage is wasted across the capacitor 
instead of being applied to the next stage. To compensate 
for this loss, a network containing Cf and Rf is included 
as shown in Fig. 11. At high frequencies Cf has a low 
reactance and shunts Rf. At low frequencies the reactance 
of Cf is large; Rf is not shunted and this has the effect 
of increasing the impedance in the collector circuit and 
compensates for any loss across Cc. 

SCI 

~---------+----<'----',__-<> + 
HIGH FREQUENCY COMPENSATION 

SC2 

SCI 

~-------------<>+ 
(ii) LOW FREQUENCY COMPENSATION 

Fig. 11 

QUESTION 9 (a): 

An inductor has an impedance of 400 ohms with an angle 
of lag of 60° when an alternating current (w = 1732 radians 

per second) is passing through it. Calculate its effective 
resistance and inductance at this frequency. 

( vs .r ) Given Cos 60° = ½; Sin 60° = 2 ; v 3 = 1.732 . 

ANSWER 9 (a): 

See Fig. 12. 
Effective Resistance. 

Z = 400Q cos 60° = R 1 z =2· 
R = Z cos 60° 
=400 X ½=200Q 

Inductance. 

S. 600 - XL - V3 m ---- 
Z 2 

XL= Z sin 60° 

L=~~ 
w 
Z sin 60° 

w 

400V3. 3 = X - X - X 10 
2 1732 

= 200mH. 

I 

~= I.R 

Fig. 12 

W:1732 

QUESTION 9(b): 

The diagram Fig. 13 shows the effect of frequency on the reactance o 
a series A.C. circuit, containing resistance ( R), around its resonant 
frequency (fr). 
( i) Draw three Vector diagrams to illustrate the circuit conditions 

(]) below, {2} at, and ( 3) above, resonant frequency. 
( ii} Using operator j, state the circuit impedance of each of the three 

circuit conditions shown vectorially in (i). 

t 
INDUCTIVE 

REACTAHCE O 

CAPA~ITIVE 

t 

Fig. 13 

---- 
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ANSWER 9 (b): 

(i) See Fig. 14. 

Ee 
(1) BELOW (2) AT (3) ABOVE 

Fig. 14 

(ii) below Z = R - j(Xc - XL) 
at Z = R + jO 

above Z = R + j(XL - Xc) 

QUESTION 10 (a): 

I E, 
I 
I 

'. I 

Define the following terms as applied to a waveform: 

(i) Pulse. 

(ii) Pulse Spacing. 

(iii) Pulse Duty Factor. 

(iv) Mark-to-Space Ratio. 

ANSWER 10 (b): 

Black Signal 

D.C. Component= 196 volts + Average above 196 volts. 
Positive area above 196V. = {(12 - 5) x (200 - 196)} 

+ {5 X (220 - 196)} 
= (7 X 4) + (5 X 24) 
= 148 units 

Negative area = 0 units 
Positive Area - Negative Area 

Average voltage above 196= Total time 

148 - 0 
= ~ 
= 2.3 volts 

Therefore black signal D.C. component= 196 + 2.3 
= + 198.3 volts 

White Signal 

D.C. Component = 150 volts + Average above 150 volts 

1 
{(12 - 5) X (200 - 150_ )}+{5 X (220 - 150)} 

= 50 + . 
700 

= 150 + 64 
= 150 + 10.9 
= + 160.9 volts. 

ANSWER 10 (a): 

(i) A Pulse is a sudden change of voltage or current of short 
duration, with the voltage or current having the same 
value both before and after the pulse. 

(ii) Pulse Spacing is the time between corresponding points 
on two consecutive pulses. 

(iii) The Pulse Duty Factor is the ratio of the pulse duration 
to the pulse spacing. It is also equal to the pulse duration 
times the pulse repetition frequency. 

(iv) Mark-to-Space Ratio defines the ratio of pulse duration 
to the time from the conclusion of one pulse to the start 
of the next pulse. 

QUESTION 10 (b): 

The video waveforms on the anode of a video amplifier are 
shown in the diagram (Fig. 15} for a black picture signal 
and for a white picture signal. What D.C. anode voltage 
would be indicated by a moving coil meter for each signal 
condition? 

QUESTION 11 (a): 

Draw the basic circuits which illustrate the principles of the 
following: 

(i) Three diodes used as an AND gate. 

(ii) Two transistors used as a NOR (OR inverted) gate. 

ANSWER 11 (a): 

(i) See Fig. 16 (i). Each input must be at +9V before the 
output can be positive. 

(ii) See Fig. 16 (ii). With either transistor 'on' a positive 
potential is obtained at the output. 

B I'll • 
.----OUT 

c------,------' 
(i) AND GATE 

v',+220 
1- 
...J 
0+200 
~+196 
u.J 

"' .. 
1- 
...J 
0 
> 
u.J 
g+1so 
;z 
< 

5,u.S 
BLACK 
SIGNAL 

I 
5,u.S 

I 2 ,.u.S 

64,JJ.S 

OUTPUT 

INPUT 

B 

WHITE 
SIGNAL 

Fig. 15 

NOR (OR INVERTED) GATE 

Fig. 16 
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QUESTION 11 (b): 

In the circuit (Fig. 17) transistors are used to convert D.C. 
power to a different voltage. Briefly describe the operation of 
this circuit, indicating what additional equipment would be 
required to obtain a D.C. output voltage. 

+ 

SCl 

SC2 r: L" 
Fig. 17 

ANSWER 11 (b): 

The two transistors are used to switch on and off alternatively, 
inducing an alternating voltage into the secondary winding 
of the transformer in the following manner: When SCI is 
building up to saturation, the e.m.f. induced in the feedback 
winding keeps SC2 at cut-off. At saturation of SCI, the 
induced e.m.f. ceases and SC2 begins to conduct. With current 
in SC2 increasing, an e.m.f. is induced into the feedback 
winding of opposite polarity and causes SCI to be cut-off. 
This alternating action continues automatically. To obtain 
D.C. at the output a rectifier is used. 

QUESTION 12 (a): 

Briefiy state the three main disadvantages of 'reflection', on a 
transmission line. 

ANSWER 12 (a): 

1. The power delivered to the terminal equipment is reduced. 

2. The reflected waves distort the waveshape of the transmitted 
signal, thereby degrading the quality of the signal. 

3. In some circumstances, the reflected wave may be heard 
as an echo in the transmitting equipment. 

QUESTION 12 (b): 

With the aid of graphical sketches, briefiy explain how correct 
loading of cables controls the following features of cable 
transmission line signals: 
(i) loss of signal level. 
(ii) frequency distortion. 
(iii) delay distortion. 
(iv) 'reflection' of signals. 

ANSWER 12 (b): 

(i) See Fig. 18. The attenuation of the signal is reduced 
considerably over the frequency range for which the cable 

pair is loaded. Therefore overall signal level loss is 
reduced. 

(ii) The attenuation constant becomes fairly constant over 
the frequency range for which the cable is loaded. Thus 
all frequencies are attenuated at nearly the same amount 
and therefore frequency distortion is reduced. 

(iii) See Fig. 18. The velocity of propagation is reduced but 
becomes more constant for all frequencies in the range 
of the signal, therefore reducing delay distortion. 

(iv) See Fig. 18. The characteristic impedance is increased 
but becomes more constant over the lower frequency 
range of the band being transmitted. This results in more 
accurate matching at take off points thus reducing 'reflec 
tion' of signals at the take off points. 

ATTENUATION 

(dB/MILE) 

VELOCITY OF 
PROPAGATION 
(MILES/SEC) 

IMPEDANCE 
(OHMS) 

I 
I 
I 
I 
(CUT-OFF 
I 
I 
I 
I 

FREQUENCY 

FREQUENCY 

~-- BAND ---+t 

FREQUENCY 

Fig. 18 

QUESTION 13 (a): 

Dram a,nd label the circuit diagrams and vector diagrams of 
a 'perfect' transjormer, which has a turns ratio of o,ne, with 
each of the following load conditions: 

( i) secondary winding open circuit. 

(ii) Inductive Secondary Load. 

(iii) Captive Secondary Load. 
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ANSWER 13 (a): 

See Fig. 19. ~,c Ep ~ 

r----'-=- - ; 
Es 

Is 

QUESTION 13 (b): 

Fig. 19 

QUESTION 14 (b): 

State and briefly explain the three main losses which exist in 
practical transformers in addition to the 'Winding Loss'. 

ANSWER 13 (b): 
1. Eddy Current Loss. This is a power loss caused by the 

production of eddy currents in the core. 
2. Hysteresis Loss. This refers to the energy spent in reversing 

the magnetisation of the core material. 
3. Magnetic Leakage. This occurs when part of the flux from 

one winding does not link with the turns of the other 
winding. Its effect is to add to the inductive reactance of 
the windings and so reduce the secondary terminal voltage. 

QUESTION 14 (a): 
State the fundamental requirements, and illustrate with circuit 
diagrams, the two basic types of;- 
(i) differentiating circuits, and 
(ii) integrating circuits. 

ANSWER 14 (a): 

See Fig. 20. 

DIFFERENTIATING CIRCUITS 

{riJ~ 

a I o =r 

.A SERIES CAPACITOR, SHUNT RESISTOR 
WITH A SHORT TIME CONS.TANT. 

A SERIES RESISTOR, SHUNT INDUCTOR 
WITH A SHORT TIME CONSTANT. 

CIRCUIT 

CiRCUIT 

A SERIES RESISTOR, SHUNT CAPACITOR CIRCUIT 

WITH A LONG TIME CONSTANT. 

A SERIES INDUCTOR, SHUNT RESISTOR CIRCUIT 

WITH A LONG TIME CONSTANT. 

Explain why a phase shift of approximately 90° is produced 
in a sine wave by a differentiating circuit. State what additional 
effect is produced when a sine wave of half the frequency of 
the original wave is differentiated with respect to the original 
unit of time and explain why this occurs. 

ANSWER 14 (b): 

Referring to Fig. 21, the maximum rate of change occurs at 
points A, C and E. The amplitude of the differentiated wave 
is therefore the maximum at these points as indicated by 
points Al, Cl and El. At points B and D the rate of change 
is zero and therefore the amplitude at points B1 and D1 is 
zero. The net effect is to produce a wave 90° out of phase 
and leading the original wave. 

When the frequency is halved, the rate of change is halved 
at the maximum points. The differentiated wave therefore 
reaches its maximum amplitude in twice the time of the 
original wave. But as the time is actually the same, the wave 
reaches only half maximum amplitude. The effect is therefore 
to produce a wave of the same frequency, half the amplitude 
and 90° leading. 

I 
I 
I 
1E 

INTEGRA"'flNG CIRCUITS 

Fig. 20 Fig. 21 
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Examination No. 5941-5945, 19th July, 1969, and subsequent 
dates to gain part of the qualifications for promotion or 
transfer as Technician (Telecommunications), Postmaster 
General's Department. 

TELECOMMUNICATION PRINCIPLES 

SECTION I 
ANSWER ALL QUESTIONS IN THIS SECTION 

QUESTION I: 
Two parallel resistors of 240 and 480 ohms are connected in 
series with an unknown resistor to a 51 volt battery. A switch 
is wired in parallel with the unknown resistor. When the 
switch is closed, the current in the 240 ohm resistor is 200mA. 
When the switch is opened, the power used by the 480 ohm 
resistor is 192mW. 

QUESTION I (a): 
Calculate the internal resistance of the battery. 

ANSWER I (a): 
With the switch closed, the circuit is as in Fig. 1. 

200 
2 240.n. 1(480) 

480n. 

ANSWER I (c): 

The switch is a short circuit when closed, therefore p.d. is 
zero. 

QUESTION 2 (a): 

A moving coil meter can be adapted to indicate alternating 
voltage by means of a full wave or a half wave circuit. Draw 
a typical circuit for each arrangement, and briefiy explain the 
operation of one of the circuits. 

ANSWER 2 (a): 

A typical full-wave circuit is shown in Fig. 3 and a half-wave 
circuit in Fig. 4. The diode D2 in Fig. 4 may be omitted in 
some circumstances. 

MULTIPLIER 

ALTERNATING 
VOLTAGE 

MULTIPLIER 

ALTERNATING 
VOLTAGE 

= 51 - 48 

= E/I 

= lO0mA. 

l total = 200 + 100 = 300mA. 
E(240) = I x R = 240 x 200 x 10-3 

= 48V. 
= 3V. 

= _3_ X 103 

300 
= 10 ohms. 

QUESTION I (b): 
Calculate the value of the unknown resistance. 

ANSWER I (b): 
With the switch open, the circuit is as in Fig. 2. 

1(480) = VP/R 
240Jl. 

460.n. 

51V 

Fig. 2 

= )192 X 10-3 

480 

= V4 X 10-4 

= 20mA. 
1(240) = 2 X 20 

= 40mA. 
l total = 40 + 20 

= 60mA. 
E(joint) = 40 x 240 x 10-3 

= 9.6V. 
E(int) = 60 x 10-3 x 10 

= 0.6V. 
E(Rx) = 51 - (9.6 + 0.6) 

= 40.8V. 

Rx=~ 
60 X 10-3 

= 680ohms. 

Fig. 3 Fig. 4 

When an alternating voltage is applied to Fig. 4, and the top 
terminal is negative, Dl conducts and D2 blocks. Current 
passes through the multiplier which drops the excess voltage, 
through DI and the meter and back to supply. The next half 
cycle passes through D2 and the multiplier. The current 
through the meter is a series of d.c. pulses and it responds 
to the average value of these. Operation of Fig. 3 is similar, 
except that meter receives pulses for each half cycle, and 
responds to the average value of the two half cycles. 

QUESTION 2 (b): 

When an A.P.O. multimeter on the 30 volt D.C. range is 
connected to a constant voltage D.C. supply it indicates JO 
volts. When switched to the 30 volt A.C. range it indicates 
22.2 volts across the same supply. Explain why this reading 
is obtained, assuming that the meter and D.C. supply are 
operating correctly. 

ANSWER 2 (b): 

The A.P.O. multimeter is a half-wave meter and so responds 
to the average value of the half-wave pulses. However, the 
scale is calibrated in r.m.s. values and so, on alternating ranges, 
the pointer indicates a value which is 2.22 times the average 
value of current through the movement. This indication is 
correct for sine wave signals, where the ratio of r.m.s. to half 
average is 0.707 to 0.318 or about 2.22 to 1. When d.c. is 
connected to a half wave rectifier meter, the movement 
responds to the average value (which in d.c. is the same as 
the r.m.s. value) and the meter indicates 2.22 times the 
correct value, or 22.2 volts instead of 10 volts. 

QUESTION 3: 

QUESTION I (c): 
Determine the p.d. across the unknown resistor when the 
switch is closed. 

A circuit containing an inductance L, a resistance R and a 
capacitance C, all in series, is at resonance. Complete the table 
below to show the effects on the circuit conditions when the 
changes listed in the first column are made. Assume the supply 
has negligible internal impedance and use one of the following 
terms for each of your answers: 

Increase Increase to Infinity 
Remain the Same 

Decrease Decrease to Zero 
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ANSWER 3: 

EFFECT ON 
CIRCUIT CHANGE CURRENT VOLTAGE VOLTAGE 

INR ACROSS R ACROSS L 

Capacitance C Decrease Decrease Decrease 
Increased 

Frequency I Decrease I Decrease I necrease 
Decreased 

Supply Voltage I Increase I Increase 1--Increase 
Increased 

Resistance R 
I 

Decrease Remain Decrease 
Open Circuited to the to 

Zero Same Zero 

VOLTAGE 
ACROSS C 
Decrease 

Increase 

Decrease 
to 

Zero 

CIRCUIT 
IMPEDANCE 
Increase 

Increase 

Remain 
the Same 

Increase 
to 

Infinity 

QUESTION 4 (a): 
With the aid of a circuit, explain the effect on the operate 
and release times of a standard single coil relay when a 
rectifier ( or diode) is connected across its coil. 

ANSWER 4 (a): 
When the circuit is completed, the rectifier is non-conducting, 
the current through the coil is not affected and the operate 
lag is normal. 

OPERATE 
CURRENT 

•I~~ 

Fig. 5 

When the circuit is opened, an induced e.m.f. is produced 
which is in such a direction to cause the rectifier to be con 
ducting. Current passes through the coil and rectifier as shown. 
As the current through the coil is in the same direction as the 
normal current, the relay flux is maintained and the relay 
takes longer to release. As the flux decays gradually, the 
induced e.m.L reduces and the current falls to the release 
value and the relay then releases. 

QUESTION 4 (b): 
The second winding of a double coil relay is wired to its own ANSWER 5 (a): 
break contact as shown in Fig. 6. Briefly explain the effects +E 
of the contact and second winding on the operate and release 
times of the relay. 

Fig. 6 

ANSWER 4 (b): 
The second winding is short circuited when the relay is not 
operated. When the operate path is completed, induced 

currents in the second winding produce a flux which opposes 
the flux in the operate winding (Lenz's Law). The resultant 
flux is less than the normal value and so the time for the 
relay to reach its operate value of flux is increased. When 
the relay operates, B3 opens the circuit of the second winding 
and it has no further effect. 
The winding has no effect on the release time as the circuit 
of the second winding is not completed via B3 until the relay 
has released. 

SECTION B 
ANSWER THREE QUESTIONS ONLY FROM THIS 

GROUP 

QUESTION 5 (a): 
The capacitor in Fig. 7 is completely discharged. The switch is now 
moved from position 1 to position 2 for 5 time constants and then 
returned to position 1 for the same time. Draw labelled graphs of the 
approximate variation of ER, and Ee, for these periods. 

-E 

2 r 1 E VO \Tl-s _ 

Fig. 7 

I 2 l 4• 
TIME (TIME CONSTANTS) 

10 

Fig. 8 
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QUESTION 5 (b): 

The contact in Fig. 9 is moved from posiuon 1 to position 
2 for 50 milliseconds and then back to position 1. Assuming 
that the capacitor was fully discharged when the sequence 
commenced, calculate the p.d. across the capacitor 75 mil 
liseconds after it returns to position 1. 

IOpF s s n 

SO VOLTS 

Fig. 9 

0} 

0 

I:); 

Ob 
I-·-~ 

+ 
o-5c, 

041:±8. 
O·J 

0·2 

01 

0 
0 05 2 J 

TIME (TIME CONSTANTS= CR OR½) 

Fig. 10 

ANSWER 5 (b): 

Time Constant (mS) = C.R. = I O x 10- 6 x 5 x 103 x 103 
= 50mS 

Charge time is therefore I Time Constant. 
Ee at end of I T.C. is 63 % of max. (from Fig. 10). 

63 
Ee = 100 x 50 = 31.5V. 

Discharge time is ~~ = 1.5 Time Constants. 

Ee at end of 1.5 T.C. discharge is 22 % of max value (From Fig. 10) 
22 

Ee = lOO X 31.5 

= 6.93 Volts. 

QUESTION 6: 

When a 600 ohm resistor, a 169mH inductor and a capacitor 
are connected in series to a 15 volt J600Hz supply, the voltage 
across the resistor is 9 volts. Calculate the value of the 
capacitor and the phase angle, given that the circuit is 
capacitive (Use 21t = 6.25). 

ANSWER 6: 

As the circuit (Fig. 11) is capacative, Ee must be greater than EL 
(Fig. 12). 

J60mH 60011. C 

~~ 

~VJ600HZ ~ 

Ee 

Fig. 11 Fig. 12 

XL= 2nfL 
= 6.25 X }600 X 160 X 10-3 
= 1600 ohms. 

I=E=~x103 
R 600 
= 15mA 

EL= I.XL= 15 X 10-3 X 1600 
= 24V 

E2 = ER2 + (Ee - EL)2 
(Ee - EL)2 = E2 - ER2 

= 152 - 92 

(Ee - EL)= 12V 
Ee = EL + (Ee - Ed 

= 24 + 12 
= 36V 

Xc = Ee = :3_(i x 103 
I 15 

= 2400ohms 
1 Xc=-- 2nfC 

C(µF) =~ z-rx, 
106 

6.25 X 1600 X 2400 
1 =~µF 
24 

Tan 0 = (EL - Ee) = 12 = 1.33 
ER 9 

0 = 53° leading 

QUESTION 7 (a): 

An oscillator with an output impedance of 150 ohms is to be 
connected to a correctly terminated 600 ohm line via an auto 
transformer which has a total of 1,600 turns, tapped every 
JOO turns. Show the connections required so that the oscillator 
and line are correctly matched (include working). 
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ANSWER 7 (a): 
See Fig. 13. 

800 
TURNS 

1600 TURNS LINE 

Zs = (Ts)2 
Z0 r, 
600 = (T,)2 
150 'r, 

4=GJ 

Fig. 13 
Secondary is 1600 turns 
therefore primary is 800 turns. 

QUESTION 7 (b): 
What would be the effect on the power delivered to the line 
if any other connection was used? 

ANSWER 7 (b): 
It would be reduced, as the oscillator would not be matched 
to the load. 

QUESTION 7 (c): 
A 600 ohm calibrated attenuator is connected between the 
transformer and line. If the oscillator output is 3 volts, 
calculate to the nearest dB the value to which the attenuator 
must be adjusted so that the power to the line is - 6dBm. (The 
transformer has no power loss.) 

ANSWER 7 (c): 
Fig. 14 shows the circuit. 

Fig. 14 

E2 3 X 3 3 Osc. Power = - = ~~ x 10 
R 150 

= 
900 mW = 60mW 
15 

P1 dBm= 10 log- 
1 

= lO!og 60 
= 10 X 1.78 
= + 17.SdBm. 

Overa11 loss= 17.8 - (-6) 
= 24dB 

LINE. 
(- ,aBni) 

QUESTION 8 (a): 
The circuit current, in a parallel R, L and C 
nected to a 16V supply, is 50mA. Given the 
phase angle of 50° leading, calculate: 
(i) the power factor; 
(ii) the power dissipated; 
(iii) the value of R. 

network con 
circuit has a 

ANSWER 8 (a): 
The vector diagram is shown in Fig. 15. 

le 

Ic-IL 

Fig. 15 

P.F. =Cos</,= Cos 50° 
= 0.64 

Power = E x I x Cos </, 
= 16 X 50 X J0-3 X 0.64 X 103 

= 512mW 

,/_ IR Cos 'I'= - 
I 

h =Cos</, x l 

= 0.64 X 50 
= 32mA 

R=~ 
h 
16 X 103 
-~12-- 

= 500 ohms. 

QUESTION 8 (b): 
State three ways by which the circuit above can be made to 
be resonant. 

ANSWER 8 (b): 
Decrease C 
Decrease L 
Decrease frequency 
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Is sorting your problem? 

Plessey has the answer. 
One of the simplest and most ingenious 

machines for sorting a wide variety of items of 
mixed shape and size is the Plessey Sorting 
Conveyor. 
Parcels, packages or other articles are conveyed 

by the machine's tilted belt and distributed to 
their correct destinations under the control of 
an inbuilt magnetic memory. 

Sorting rates of up to 60 items per minute 
can be achieved reliably and efficiently with a 
minimum of noise and maintenance. 
There are applications for the Plessey Sorting 

Conveyor in modern package and materials 

handling systems ... in stores, warehouses, 
transport depots, air terminals-wherever many 
units of various size are to be sorted. 
The Plessey Sorting Conveyor was developed 

for Post Office applications and has been 
adapted for use in the United States, Canada, 
Britain and New Zealand, as well as Australia 
where it has been proved in service handling 
parcels and packages. 
The Plessey Conveyor can be arranged to suit 

any scale of materials handling operation. 
Let Plessey reduce your conveying and 

distributing problems to the simple sort! 

PLESSEY 
Telecommunications 
Railway Road, Meadowbank 2114. Telephone 80-0111. • ATZ 
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IN MICROCIRCUITRY 
how close can you 
photograph 2 objects and 
still 
have 
clear 
separation between their images? 

I I I 

•• •• I a •• 
I I I 

- 

WRAY GIVES YOU THE ANSWER: 
This table shows the extremely high resolution of the Wray range of copying lenses. 
It assumes monochromatic light of0.5461 1.1, and that the lenses are used at the 
conjugates for which they are designed. These resolution figures represent line pairs 
and do not count a black line and a white ~pace as two. 

* Also available is a 45mm. f/4 tens covering ½" square at 
a reduction ratio of 50:1 with a resolution of 280 lines/mm. 

Wray 
Precision 
Lens" 
3"f/4 

5"f/4 

10"f/4 

Reduction 9.5° 12° 14.5° 
ratios semi-field semi-field semi-field 

available (under-covering) (normal) (stretched) 
25: 1 ¾" square 1 "square 1 ¼" square 
10: 1 280 lines/mm. 240 lines/mm. 200 lines/mm. 
5: 1 
2: 1 

40: 1 1 ¼" square 1 ½" square 2" square 
20: 1 240 lines/mm. 200 lines/mm. 160 lines/mm. 
10: 1 
5: 1 

20: 1 2½" square 3¼" square 4" square 
5: 1 200 lines/mm. 150 lines/mm. 100 lines/mm. 

Wray Microcircuit lenses are specially designed for a maximum area of coverage 
with the highest possible resolution. A wide range of\XTray copying lenses is 
available through the Australian Distributors. 

m SELIGSON & CLARE 
(A DIVISION OF ALDUS LIMITED) 
MELBOURNE • SYDNEY • BRISBANE • ADELAIDE • PERTH 

SC126 

E G HOLT ._\: A~SOCIATES PT\. LTD 
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Remember when an 
interstate phone call 
was a big deal? 

You don't have to go back too many years to the days 
when it was a big decision to call somebody interstate. 
Today it's a vastly different story. You can simply 

pick up your telephone, and with the help of S.T.D., dial 
an interstate call- direct. 

Distances are shrinking rapidly. At the moment, 
there are 20 million miles of wire cable laid in Australia, 
over which 8,000 voices are travelling every minute, 
at a speed of 186,000 miles a second. The suppliers of 
much of this cable? Austral Standard Cables. 

Soon you will be even able to call an overseas number 
direct. When the day comes, you can be sure that 
somewhere along the line, an A.S.C. cable will be 
making it possible. 

Austral Standard Cables Pty. Limited 
Head Office: 325 Collins Street, Melbourne, 3000, Vic. 
Works at: Maidstone and Clayton, Victoria; 
Liverpool, N.S.W., Australia; and Hornby, 
Christchurch, New Zealand; 
Laboratories at Maidstone, Vic. As.2000 . .-. 
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the KEY to better switching 

Fifty years of specialist experience is the 
reason why switches designed and manufac 
tured by TMC Australia are specified by lead 
ing electrical and electronics manufacturers. 
Other manufactures of TMC Australia are: 
24-channel High-speed FM-VF Telegraph 
Equipment, Open-wire Telephone Carrier 
Systems, Transistorized Test Instruments. 
TMC Australia specialises in the design and 
manufacture of Filters used with Long Line 
Telecommunications. 

TMC 
AUSTRALIA 

Actual size of a 
TMC Illuminated 
Push-Button Key 
Switch. Available 
with magnetic hold 
or standard. 

Key Switches by the Key Switch Specialists 

TELEPHONE MANUFACTURING CO. [A'ASIA] PTY. LTD. 
21 Coulson St., Erskine,ville, N.S.W., 2043. Phone 519-2555. P.O. Box 14, Erskineville, N.S.W. 2043. Telegrams and Cables: 

TEEMSEA, Sydney TMC-8 
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Sony replaced IFT in this 
4·band transistor radio 

with the new Murata 
ceramic filter SFD-455B~ 

SFD-455B 

Throughout the world electronic design engineers have 
begun to realise the many benefits offered by Murata 
Ceramic Filters. These include high gain, low spurious 
response, negligible ageing characteristics (0.4% over 
10 years) and, since no alignment is necessary, consider 
able cost saving in production. 
Sony engineers have taken advantage of these benefits 
and have incorporated two Murata Ceramic Filters 

SFD-455B and BFB-455A in the quality model TR-1000 
4-band transistor radio. 
Combining excellent overall response and selectivity 
characteristics with space saving and production 
economy, the Murata Ceramic Filters are proving 
superior to conventional IF transformers. 

Include Murata Ceramic Filters in your next design. 

MODEL BFB-455A improves the selectivity 
of transistor radios when used as an 
emitter by-pass in transistor IF Stages. 

MODEL SFD-455B is a resonance 
type filter of 455 Khz. It replaces 
the transistor radio's /FT or can be 
used in combination with IFT's. 

LADDER TYPE Ceramic Filters CFS-455 
and CFP-455 (Popular Type) are ideal for 
IF stages of high quality communication 
receivers. 

IRH COMPONENTS PTY. LIMITED 
A Sudsidiary of /RH Industries Limited 

THE CRESCENT, KINGSGROVE, N.S.W. 2208. TEL. 50 0111 

IRHM2 



vi THE TELECOMMUNICATION JOURNAL OF AUSTRALIA 

Radiography certifies 
tiny electronic parts 
onTelstar 

The thousands of parts in Telstar must perform perfectly, 
including solid tantalum capacitors shown in the 
radiograph reproduced here. These capacitors were 
radiographed on Kodak film to show whether their 
anodes were positioned and plotted properly, and to 
search for stray solder globules. 
The uses of radiography in industry are practically 
endless. Castings and welds can be inspected for 
soundness. Even sealed internal assemblies can be 
inspected. For quality control of the smallest capacitor or 
largest transformer radiography can save you time and 
money and help you build a reputation for quality. 
Kodak's outstanding range of industrial x-ray films 
includes general-purpose films; fine-grain films for 
highes.t quality production radiography, as well as for 
extra critical radiography; also single-coated films for 
maximum detail under high magnification. 
Ask your Kodak technical sales representative for 
further information or write to: 

Radiography Markets Division, 
KODAK (Australasia) PTY. LTD. 
Branches in all States. 

K.t986 
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Hygienic clothing and pressurised 
access hatch from clean room, help 
maintain sterile conditions at all 
times. 

MAINTAIN TOTAL FREQUENCY 
STABILITY 
and CONTROLLED 

SELECTIVITY. 

Quartz blanks are cut by 
a diamond dust impreg 
nated cutting wheel, re 
volving at 5,000 r.p.m. 

CRYSTAL 
PRODUCTS 

The Pye Crystal division operates as an 
integral part within the Pye group of 
companies. Consequently the experience 
and scope of the division is enhanced, 
allowing Pye technical consultants to 
offer a complete advisory service on the 
best application of all Crystal productsr-« 

* High stability crystals and packaged 
oscillators from 1.5 KHz to 100 MHz. 

* Crystal filter units applicable to all 
communication industry requirements. 

* Temperature compensated oscillators 
to meet the growing demand for 
suitable frequency control. 

~ 

Vic. 2-18 Normanby Rd., Sth. Melbourne, 3205. Tel. 69 6961 
Qld. 274 Montague Rd., Westend, 4101. Tel. 4 4141 .., ~ CRYSTALS N.S.W. 105-107 Reserve Rd., Artarmon, 2054. Tel.4392733 A.C.T. Collie Street, Fyshwick, 2600. Tel. 9 3010 
Geelong 38 Little Ryrie Street, Geelong, 3220. Tel. 21 5844 
Sth. Aust. 1 lfould street, Adelaide, 5000. Tel. 23 3979 

PYE PTY LTD W. Aust. 63-65 Robert St., Osborne Park, Perth, 6017. Tel. 24 6422 
• • Tasmania 141 Murray Street, Hobart, 7000. Tel. 34 3707 

2,4za 
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think of GEC·AEI and YOL 

Research 
Development 
Design 

Surveying, 
Planning, 
Systems Design, 
Installation 
Commissioning 

Transmission by 
Radio Cable and 
Open-Wire Line 

Frequency Division 
and Digital 
Multiplex 

Audio, Programme, 
Signalling 
Telegraph and Data 
Equipment 

...... a complete 
GEC-AEI Telecommunications Limited is a management company responsible for the 
telecommunications interests of The General Electric Co. Ltd. of England and 
Associated Electrical Industries Ltd. 
The largest company in this field in England, and one of the largest in the world, 
GEC-AEI combines a vast research, development and manufacturing capability to 
provide a complete telecommunications service. 

s ac. 
----------~------------ 
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think of .... 

iblic Exchanges 
unk Switching 
!I.X-UAX 
obile Exchanges 

PABX-PAX 
Private Telephone 
Systems 

Telephones 
Table, Wall, 
Secretarial, 
Loudspeaking 

Maintenance 
Training 

International 
Representation 

telecommunications service 

Takes telecommunications 
into tomorrow 
GEC-AEI TELECOMMUNICATIONS LIMITED, OF COVENTRY, ENGLAND. 
A Management Company of The General Electric. Co. Ltd. of England. 

IB/35 
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GJtS a 
Remember when you could only 
have one type of wire wound resistor? 

GNoW. you have the choice of FIVE styles 

1. Vitreous coated Wire wound 
1.5 to 14 watts. 

2. Tubular, fixed and adjust 
able Wire wound 3 to 200 
watts with "Pvrosil" coating. 

world! • 

3. Flat Wire wound with "Py· 
rosil" coating 20 to 75 watts. 

4. Ceramic case Wire wound 
Fireproof inorganic construe· 
tion 5 to 15 watts. 

GNoW-another IRC fj_rst, NEWASWSERIES 
Axial weldable leads 

Low T.C. close tolerance winding 

Pyrosil coating 

Welded Termination 

ASW Series 
2w - 5w - 7w and 1 Ow 

Supersedes the old fashioned AA/AB 
"Radio" type wire wound resistors. 

INTERSTATE TELEPHONES 

MELB. VIC. 489.1088 BRIS. OLD. 70.2141 

HOB. TAS. 34.2811 PERTH W.A. 8.2271 

LAUN. TAS. 22.844 ADEL. S.A. 23.1971 

Check your literature file is up to date on the complete JRC Resistors range. 
2227 
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Plessey 
SAFT; 

'Voltabloc' Nickel 
Cadmium Batteries 

A New Power Dimension in Aviation and 
Industrial Technology 
"Voltabloc" nickel cadmium cells add a new power 
dimension to aviation and industrial technology. Their 
range is limitless, from complete emergency power plants 
to simple photographic flash guns. 
Illustrated above are just six further applications - The 
French communications satellite D1 (Diapason); 
the magnificent Concorde supersonic airliner; 
the famed Mirage fighter jet; automatic, self-contained 
emergency lighting; the fully transistorised portable 
Kelvin Mk VIII ultrasonic flaw detector and the Plessey 
XL9 computer as used in the West London TrafficExperiment. 
Designed and developed by S.A.FT (Societe des 
Accumulateurs Fixes et de Traction), the world's leading 
manufacturer of rechargeable alkaline batteries, these 
cells, batteries arid charging devices are now available 
from Ducon. 

PLESSEY A 
Conaponents • 

Applications 
Aircraft; lnstrurnentatlon.Telecontrol 
Equipment; Laboratory & Scientific 
Equipment; Aerospace Control & 
Recorder Equipment; Transmitter/ 
Receivers; Domestic Cordless 
Appliances; Photo Flash & Photo 
Flood Equipment; Emergency 
Standby Lighting; Paging & Alarm 
Systems: Heavy Diesel Starting & 
Traction Equipment; Miners' Lamps; 
Train Lighting; Signalling; Remote 
Control. 

Plessey Ducon Pty Limited 
Box 2 PO Villawood NSW 2163 
Telephone 72 0133 

Melbourne 42 3921 
Brisbane 2 3287 
Adelaide 76 3434 
Perth 21 4821/21 7867 

AC79 
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Mullard 
SMALL SIGNAL & SWITCHING DIODES 

wide range ·fast delivery· low cost 
Millions of Mullard small signal and switching 
diodes have been supplied - and are still being 
specified-for an increasing number of industrial 

Germanium Gold-Bonded Diodes 
Type No. Max. P.I.V. IFM Max. Recovered 

(V) (mA) Charge (pC) 

AAZ13 8 100 30 
AAY33 15 240 80 
AAY32 30 150 150 
AAY30 50 400 500 
AAY42 70 400 400 
AAZ17 75 150 900 

(Surge) 
AAZ15 115 250 1800 

Germanium Point Contact Diodes 
Max. P.I.V. IFM Max. Operating 

Type No. (V) (mA) Frequency 
(MHz) 

AAY11 90 150 - 
AA119• 45 100 60 
OA90 30 45 100 
OA91 115 150 100 
OA95 115 150 100 

applications. Many of the types listed below are 
also produced to CV specifications, for use in mili 
tary and other Government equipments. 

Silicon Junction Diodes 
Type No. Max. P.I.V. IFM Typical IR 

(V) (mA) Max. P.I.V. 
(MA) 

OA200 50 250 0.02 
OA202 150 250 0.01 

Silicon Whiskerless Diodes 
Type No. Max. P.I.V. IFM Max. Reverse 

(V) (mA) Recovery Time 
(nS) + 

BAX13 50 150 4 
IN4148 75 - 4 
BAX12 90 800 60 
BAX16 150 300 120 
BAX17 200 300 120 

Silicon Epitaxial Planar Diodes 
Max. P.I.V. IFM Max. Reverse 

Type No. (V) (mA) Recovery Time 
(nS) + 

IN4009 25 75 2 
IN3604 75 150 2 
BAY38 50 225 4 
IN914 75 75 4 
IN3064 75 225 4 

• Available in matched pairs + Under specified conditions 
Most of these low cost diodes are available for rapid delivery. For full technical data, price and delivery information, let us 
have details of the types you require. 

Mullard Mullard-Australia Pty. Ltd. 
35-43 Clarence Street, Sydney, N.S.W. 2000. Phone: 29 2006 
123 Victoria Parade, Collingwood, Vic. 3066. Phone: 41 6644 
St. Paul's Tee. and Light St., Bowen Hills, Qld. 4066. Phone: 51 5151 

Associated with MULLARD LIMITED, LONDON 
M223 
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EVERY BLACK BOX 
SHOULD HAVE A DJINNI. 

The reed switch is the greatest 
thing that's happened to 
electronic control devices since 
the Arabian Nights. It's encased 
in a little glass bottle you don't 
even have to rub. A coil turns it 
into a relay. A bar magnet makes 
it the most versatile electro 
mechanical switch yet invented. 
The reed switch is isolated in its 
glass container with a controlled 
atmosphere. It stays free of dust, 
damp and corrosion. There are no 
armatures, springs or pivots to 
wear. Life can easily exceed 100 

million operations. Sensitivity is 
readily controlled. Speed is the 
next best thing to transistorized 
logic at a mere wisp of the 
circuit cost. Even RF switching 
is practical. 

If this isn't magic, what is? 

If you are not as fa mi liar with 
magnetic reed switches as you should 
be, ask for technical literature. 
With this information at your finger 
tips you may devise machine, flow or 
control uses no other engineer has 
conjured up yet. 

IRH 
COMPONENTS 
PTY. LIMITED 
A Subsidiary of International Resistance Holdings Limited 

THE CRESCENT, KlNGSGROVE, N.5-W. 2208. PHONE 500111 

INTERSTATE TELEPHONES 
MELB. VIC. 489.1088 BRIS. OLO. 70.2141 
HOB. TAS. 34.2811 PERTH W.A. 8.2271 
LAUN. T AS. 22.844 , ADEL S.A. 23.1971 

NA. ••• IN~ 
MAGNETIC REED SWITCHES. 
THE FIRST,,AND FINEST IN THE FIELD. 

2119 
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For price and size, 
Fl-2 is the 'paperback' 
among memory systems 

(in performance it is priceless) 

ASSESS THESE FACTS 
The Fl-2 is the first practically-priced 
memory system due to its simple, cost 
saving construction. For well below 
$1000.-you get 1024 words of 8 bits with 
a speed of 4 .usec , an access time of 
600 nsec , and read/write in splitcycle. 
Where larger capacities are required, 
additional Fl-2 units can be used without 
increasing the cost per bit.' 
The Fl-2 is no bigger than a medium 
sized book. Core matrix, decoding and 
selection circuits, current drivers, sense 
amplifiers, inhibit drivers and timing cir 
cuits are included on five printed wiring 
boards.Arranged side by side and hinged 
by flexible interconnecting strips, the 
boards form a convenient unit of only 
120x180x75 mm. 
The Fl-2 has many applications, the most 
obvious being equipment for automation, 
instrumentation and process control, 
and small office machines. 
The Fl-2 features the latest techniques. 
L TC cores, I.C.'s and Silicon Planar Se 
miconductors are used throughout. 
The Fl-2 is backed by Philips outstanding 
technical information service including 
product data, application bulletins and 
instruction manual. 

If these facts still don't convince you, 
we'll tell you more. 

~ ELECTRONICS DIVISION OF PHILIPS 
~ ELECTRICAL PTY. LIMITED. 

Sydney, Melbourne, Brisbane, 
Adelaide, Perth, Hobart, 
Newcastle, Canberra. 

38.2449' 
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i 
SIEMENS 

~d your Data 
by Telephone 
A modem is required at the beginning and end of each telephone 
circuit established for data transmission. Siemens modems cover 
the entire range of data transmission by telephone for any speed, 
tailored to your requirements. They are of advanced design and 
conform to all relevant CCITT recommendations. 
These are the advantaqes you gain: You pay only for the 
electronics required for the application in question. Whatever your 
choice-a modern desk model or a rack mounting model - 
whenever you choose a Siemens modem you choose the latest 
technology and highest reliability. 
Modem 8332 2400/1800/1200/600 bits/s (selectable). 
Synchronous operation. Suitable for operation over switched lines 
as well as 2-wire or 4-wire point-to-point circuits. Adjustable line 
equalizer. Also available in special housing for mobile service. 
Modem 8331 600/1200 bits/s (selectable). Synchronous or 
start-stop operation. Clock and synchronous receiver incorporated 

for synchronous operation. Adaptable to operation over switched 
lines as well as 2-wire or 4-wire point-to-point circuits. 
Modem 8335 2 x 200 bits/s. Synchronous and start-stop 
operation. Adaptable to operation over switched lines as well as 
2-wire or 4-wire point-to-point circuits. 
Modem 8340 (outstation). 
Modem 8342 (central station). 
Parallel modem, 20 or 40 characters/s for data acquisition or 
information systems. Operation over switched lines, digital 
or speech return signal. 

Siemens Industries Limited 
544 Church Street. Richmond, Victoria. 42 0291 
Also at: 
Sydney, Brisbane and Newcastle. 

Modem 8335 

Siemens Data Systems 
SH:353 
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Facts 
ON COAXIAL LINE 
EQUIPMENT 

Facts and only facts count for Philips' family of 
coaxial line equipment. There are many striking 
facts worth mentioning. 

Fact No. 1: Sound Design 
Firstly, for the automatic compensation of the cable attenua 
tion changes, the principle of pre/post-regulation is used. 
Half of the compensation is effected at the transmitting side 
(pre-regulation), the other half at the receiving side (post 
regulation). 
Secondly, only one of 36 repeaters is a surface station with 
one master regulator per direction. The remaining 35 are 
buried, three of them being remotely regulated and the re 
maining 32 non-regulated. 
All level regulation is by remote control from surface stations 
thus simplifying the underground repeaters. 

Fact No. 2: Proven Reliability - Experience. 
The fact that many of these repeaters are submerged under 
the sea in Denmark and are used in Belgium, Sweden, Switzer 
land and the Netherlands indicates the confidence these ad 
ministrations have in this series of equipments. Remember too 
that Philips was one of the first companies in the world to 
introduce underground repeaters. 

Fact No. 3: Quality. 
Quality is expressed in figures. Here are some for the 12 
MHz system on normal coaxial cable (which is only one of 
the family). 
Noise figure of the non-regulated dependent repeater: 3dB 
at 12 MHz. 
Intermodulation noise: negligible (less than 10% contribution 
of total noise). 
Total noise: 1 pW/km, under all operational conditions and 
for all channels. Accuracy of automatic compensation of 
seasonal cable-loss variations: within 1 %. 
Distance between power feeding points: 166km, all stations 
in between being underground. Line current: 50 mA DC. 
Maximum feeding voltage: 500 V between two inner conduc 
tors, with possibility of making a section voltage-free. Nom 
inal repeater spacing: 4.7 km (max. acceptable repeater spac 
ing: 5.2 km). 

Fact No. 4: lnstallatlon. 
All dependent repeaters (regulated and non-regulated) are 
suitable for direct burial. The installation of these repeaters 
is not critical because they are highly insensitive to ambient 
temperature. 
Special sea-cable cases are available. 

Fact No. 5: Maintenance. 
Maintenance is very simple and does not require any special 
skills. Philips actually taught a tea lady to operate the main 
line-up equaliser in a few minutes. This is possible because 
semi-automatic devices are employed to aid alignment and 
fault finding and such operations can be carried out during 
normal traffic. 

Fact No. 6: Flexibility in Application. 
Philips' coaxial line equipment is a family consisting of 
4, 6 and 12 MHz versions for small-diameter (1.2/4.4 mm) 
and normal diameter (2.6'/9.5 mm) cable. Bays, repeater 
cases, etc. are identical. Replacing a 4 MHz system by a 
12 MHz system, for instance, merely means interposing new 
repeaters, while in the existing repeaters only plug-in "con 
clave units need be replaced. All have the same safe line 
current of 50 mA. The repeater is so small that it can be 
mounted in a variety of underground housings including that 
designed by the Australian Post Office. 

/ 
/· 

e 
Philips Telecommunications 

of Australia 
Limited 
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IRH Components Pty. Limited 
introduce Sealectro products 
for modern electronics. ---------- 

- C°""J ~ card stub or badge c_::::, e readers 
The Sealectro Static Punched Card or Stub 
Readers (80 x 12 or 51 x 12 cards) are 
suited to a wide and growing range of pro 
gramming and matrix switching applications 
wherein immediate programme change and 
low volume programme store are requisite. 
Some samples are: Low-cost automation, 
machine tool control, automated testing, 
process control, function simulation. The 
Badge Reader (10 x 10 card) is designed 
for Personnel identification, Credit status, 
Data collection and transmission. 

teflon terminals 
The PRESS-FIT terminal range includes 

a broad line of types and sizes of Stand-offs, 
Feed-throughs, Receptacles, Test Point Jacks, 
Probes and Plugs, Transistor Sockets, Tran 
sistor Holders, Bushings, Taper-pin Receptacles 
and special types for welded or wire-wrap 
connections. PRESS-FIT terminals are avail· 
able in the ten E.1.A. colours - white, 
black, brown, grey, blue, violet, green, yellow, 
red and orange. 

sub-miniature 
RF.connectors 

The widest range of Sub-miniature Co 
axial Connectors, in screw-on, snap-on and 
slide-on styles. Conform to MIL-C-22557/A 
50 ohm patterns available for RG-196/U or 
RG-188/U cables, and also for the equivalent 
semi-rigid cables. Hermetically sealed bulk 
head mounting connectors suitable for pres 
surised equipment. A full range of BNC, 
TNC and C type adapters is also included in 
the ConheX range. 

1111 
t ' tf t t 
t~-~~ECTOBOARD 

programme boards 
The most flexible and reliable pro 
gramming system, cord or cordless 
styles, single or multi-pole switch 
ing, programming by shorting pins 
or component interposition e.g. 
Diodes for back-feed elimination. 
Applications include: Analogue 
Computers, Naval Communications 
Channelling, Data Logging, Func 
tion Simulation, Pattern Genera 
tion, Factory Automation, Nuclear 
Power Control. 

ACTAN 
programming switches 

Drum type programming switches per 
manent or field adjustable. Manual or tim 
ing motor or stepping solenoid actuated. 
Extreme versatility of contact arrangements 
enable up to 60 discrete programmes. per 
switch. · 

IRH 
COMPONENTS 
PTY. LIMITED 
A Subsidiary of !RH Industries limited - 

THE CRESCENT,-K!NGSGROVE, N.S.W. 2208. PHONE 500111 

I NT ERST ATE TELEPHONES 
MELB. VIC 489.1088 BRIS.·OLD. 70.2141 
HOB. TAS 34.2811 PERTH VV A 8.2271 
LAUN. TAS. 22.844 t\OEL SJ,, 23.1971 

2247 
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NOW 
SWITCHES 
GO SOLID 
STATE! 
i--- - -·----,----------, 
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RAFI ELECTRONIC 
·CONTACTLESS SWITCHES 
Solid State means: Elimination of contact bounce 
and corrosion; greater reliability in conditions of Q 
dust., humidity, vibration and corrosive atmos- • 
pheres: compatability with integrated circuits; 
directly applicable to intrinsically safe devices. 

Further information on world-wide Rafi Switches from: 

~; lit,,,~~,!~ A!m~~~!P,;.,l~~;~ 
phone: 439-2333. Telex: 21175 • 6 Kemp Street. ~, 
Woodville, South Australia 5011. Telephone: . 
45-3579. Telex 82529 • 138 Berkeley Street, Carlton, 
Vic., 3053 • Telephone: 34-6469. Telex: 30948 • 
Queensland - Telephone: 79-2207 • Western 
Australia - Telephone: 21-7861. 

REGULATED 
POWER SU PPL V 
HEAVY DUTY - MAINS OPERATED 

A Regulated Power Supply designed basically for the 
replacement of storage batteries used in the design 
and testing of mobile radio equipment, and other 
laboratory, production testing, manufacturing and ser 
vice installations. 

TYPE PS 90 
The regulator is of conventional design using a differential com 
parator to provide an error signal to control the operation of the 
four parallel connected power transistors via a voltage· amplifier 
and two Darlington connected low-power transistors. Base current 
for the Darlington connection is supplied from a constant current 
source which may be adjusted to minimize the output impedance. 
The output voltage may be adjusted by a front panel control with 
in the limits stated for each range. 
An overload circuit, which operates if the output current exceeds 
120% of full load current, is provided to turn off the regulator 
thereby protecting both the regulator and the external circuit. A 
current sensing circuit is used to fire an SCR which completely 
removes base drive from the series transistors. Normal operation 
is restored by removing the overload and pressing the reset button 
on the front panel. Thermal cutouts are used on each power heat 
sink for overload protection under excessive ambient temperature 
conditions. 

Input: 
Output: 

Regulation: 

Ripple and Noise: 

Output Impedance: 
Overload Protection: 

Circuitry: 
Metering: 

Size and Weight: 

SPECIFICATIONS 
240V ± 10% 50 Hz. 
Range 1, 5-8V DC 20A max. 
Range 2, 10-16V DC 17A max. 
Range 3, 22-32V DC 1 OA max. 
Load and Line 0.2% on all 
ranges. 
Less than 20 mV p-to-p on all 
ranges. 
Less than 5 milllohms. 
Fixed electronic irlpout at 20% 
overcurrent on all ranges. 
Push button reset on front panel. 
All silicon solid state. 
Separate 4" voltmeter and 
ammeter. 
18¼" wide, 14" deep, 12" high. 
Approx. 58 lb. 

Made in Australia by: 
A & R Electronic Equipment Co. 

Pty. Limited 
44-46 Lexton Road, Box Hill, Vic., 3128 

Telephones: 89 0238, 89 0239 
REPRESENTATIVES IN ALL STATES 

N.S.W. SOANAR ELECTRONICS P/L., 82 Carlton Cres., Summer 
Hill. Phone 798 6999 

Q'LAND. R. A. Venn P/L., 71.73 Doggett St., Valley, Brisbane. 
Phone 51 5421 

S.A. SCOTT THOMPSON P/L., 93 Gilles St., Adelaide. Phone 
23 2261 

W.A. EVERETT AGENCY P/L., 17 Northwood St., West Leedervllle. 
Phone 8 4137 
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L M ERICSSON 
INTRODUCE ITS 

ALL SOLID STATE 
RADIO LINK EQUIPMENT 
ZRL 400-4 

D Frequency range 225 MHz 
to 470 MHz 

D Baseband 6-108 kHz plus 
service channel and fault 
alarm frequencies 

D Capacity 24 CCITT tele 
phone channels 

D Power output 2:: SW at 
highest frequency 

0 Temperature range -20°c 
to 50°C 

D Designed according to CCIR 
recommendations 

D Stand-by facilities with fast 
solid state switching 

D Plug in unit construction 

D All solid state design which 
means High reliability 

Lower power consumption 
Compact assembly 
Simple maintenance 

Complete terminal containing two separate radio 
channels, automatic switching equipment, remote 
alarm facilities, and service channel {shown without 
door). 
Dimensions: 
Height 606 mm, width 600 mm, Depth 250 mm. 
Weight: 75 kg. 

-L M ERICSSON PTY. LTD. 
Head Offioe & Factory: Riggall Street, Broadmeadows, Vic. 3047. Tel. 309 2244 
N.S.W. Office: 134 Barcom Avenue, Rushcutters Bay, 2011. Tel. 31 0941 200s 
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The TELECOMMUNICATION JOURNAL of Australia 

ABSTRACTS: Vol. 19, No. 3 

KIDD, G.P.: 'Mathematics of Reliability'; Telecom. Journal 
of Aust., Oct. 1969, page 223. 
Definitions of the basic concepts (viz., the failure density 

failure rate and reliability functions, and mean life) neces 
sary for the development of the theory are given in this 
paper. The properties of the Exponential, Weibull, 
Normal and Poisson distributions are summarised. 
Methods of calculating the reliability of series and parallel 
dependent systems and their variations are given, followed 
by a discussion on redundancy with and without repair of 
failed units. 

LETTE, M. F.: 'Use of Explosives near Coaxial Cables'; 
Telecom. Journal of Aust., Oct. 1969, page 231. 
This paper describes a field investigation on the use of 

explosives near a coaxial cable. Subject to stated safe 
guards the tests indicated that reasonably large-sized 
explosive charges may be detonated with safety near 
coaxial cables. 

PARAPAK, J. L.: 'The Introduction of Electronic Devices 
into Electromechanical Telephone Equipment'; Telecom. 
Journal of Aust., Oct. 1969, page 215. 
This paper discusses the problems which arise with the 

introduction of electronic devices into electromechanical 
telephone equipment. A general approach is presented 
which may be useful as a guide if such installations are 
considered. As an illustrative model, an electronic version 
of an outgoing relay set (FUR-T5F-H) developed by the 
author is described. 

SANDER, J. E.; 'Numerical Design of Relay Circuits'; Tele 
com. Journal of Aust., Oct. 1969, page 197. 
The use of a numerical method to design relay circuits 

can be advantageous whenever moderately complex, or 
very complex circuits are needed. The particular numeri 
cal method described in this paper is simple to apply with 
pencil and paper. It can also be programmed on a digital 
computer, and this makes it very easy to test a very large 
number of solutions to find the most economical circuit. 
An example of a computer designed circuit is discussed at 
the end of the paper. 

SCOTT, F. M .. 'Key Logic Relay Circuit'; Telecom. Journal 
of Aust., Oct. 1969, page 203. 
Non-locking push-button keys can be used to provide 

locking circuit functions by using relay sets to convert the 
non-locking action of the key. This article describes the 
functions provided by such relay sets. 

SCOTT, F. M.: 'Some Interesting Circuit Elements'; Tele 
com. Journal of Aust., Oct. 1969, page 242. 
This article describes some basic circuit elements used 

in the design of A.P.O. System AFM402. The elements 
include Switchboard Control Wire, Pick-up Timing, Line 
Relay Set Categories, Speech Path Switching, Backward 
Signal Reception and Repetition, Timer and Ring Control. 

SCOTT, F. M.. 'System AFM402: Service Assessment 
Equipment'; Telecom.Journal of Aust., Oct. 1969, page 
236. 
This article describes the facilities provided on the A.P.O. 

System AFM 402 Manual Assistance Centres for assess 
ment of grade of service provided by the centre. 

TONG, Y. F.: 'Optimum Design of Tapered Busbar 
Systems"; Telecom. Journal of Aust., Oct. 1969, page 206. 
This article presents an analytical method for the opti 

mum design of tapered Busbar distribution systems. It 
develops a general theory from a basic model and gives an 
example of the application of the design procedure to an 
actual exchange Busbar System. 

WARTH, J. W.: 'Transistorised Powerline Carrier Equip 
ment'; Telecom. Journal of Aust., Oct. 1969, page 218. 
This article describes single channel carrier equipment 

installed on N.S.W. Electricity Commission power lines. 

WIELEBINSKI, R.: 'Antenna Measurements Using Natural 
Radio Sources'; Telecom. Journal of Aust., Oct. 1969, 
page 212. 
High gain antennas of large aperture are needed for 

satellite communication systems and other space commu 
nication projects. This paper describes the use of radio 
stars for precise measurements of such antennae and an 
up-to-date catalogue of sources suitable for such work in 
the southern hemisphere is presented. 

WILSON, A. B.: 'A Special Conference Circuit'; Telecom. 
Journal of Aust., Oct. 1969, page 248. 
This article describes a special conference facility pro 

vided for Qantas to allow a conference call to be set up 
between an overseas line and a combination of exchange, 
P.A.B.X., and C.B. extension lines. 
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Electrically Speaking ... 
. . . we live in an Electronic-Age. 
Which involves Telecommunications . 
Both of which involve NEC. 
From telephones to satellite earth stations. 
Over 5000 integrated items. 
For government. 
For private industry. 
For you . 
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Telephone Equipment 
Telephone Sets, Step-by-step Auto 
matic Switching Equipment, Cross 
bar Switching Equip., Electronic 
Switching Equip., Videophones (TV 
telephone system with exchange 
equip.). 

Carrier Transmission Equipment 
Carrier Communication Equipment, 
PCM Transmission Equip., Measur 
ing and Testing Equip., Loading 
Coils. 

Radio Equipment 
HF, VHF, UHF and SHF Radio Com 
munication Equipment, Portable 
and Mobile Radio Equip., Over-the 
Horizon Communication Equip., 
Earth Station Equipment for Satellite 
Communications, Radio and TV 
Broadcasting Systems, Navigation 
Equipment. 

Electronic Data Processing 
Equipment 
Electronic Computers, Data Com 
munication Equipment. 

Other Electronic Equipment 
Automation Equipment, Defense 
Electronic Equip., Educational Elec 
tronic Equip., Closed Circuit TV 
Equip., Picture Transmission and 
Facsimile Equip., Remote Super 
visory and Control Equip., Medical 
Electronic Equip., Laser and Infra 
red Ray Application Equip., Ultra 
sonic Application Equip., Electrical 
Home Appliances. 

Electronic Components 
Electron Tubes, Semiconductor De 
vices, Integrated Circuits, Circuit 
Components, Printed Circuit Boards. 

Products for today - 
Innovations for tomorrow 

P.O.Bo,l.Takaoawa,Tokyo,Japan Nippon Electric Company.limited NEC 
Melbourne Office: P.O. Box No. 895G, G.P.O., Melbourne Tel.: 67-5321, 5322 



What's • new 1n • epoxies 
starts 
with 
CIBA 

Since the discovery and 
development of epoxies, a 
whole new world of pro 
ducts and manufacturing 
techniques have been intro 
duced that would never have 
existed otherwise and right 
from the beginning CIBA 
have been in the forefront 
of their development. - - r, 

Superior strength, out 
standing adhesion, high 
electrical insulation and ex 
cellent chemical resistance 

of CIBA's ARALDITE 
Epoxies have led to count 
less improvements in old 
established products and 
helped to develop numerous 
new ones. 

CIBA-first in epoxies, 
still leads the way with new 
developments and formula 
tions which will help the 
end user to improve his 
products and increase his 

High-voltage rating transformer 
(]00KY), cast in Araldite, for U.K. 
Atomic Energy Authority. 

i~-~~1,$\i.11- 
Araldite adhesive applied to steel girder, during construction of section of 
motorway. Pre-stressed tom r etc planks are lowered on to the girders and 
bonded into position bv the Araldite, forming a permanent weather aroot 
ioint. 

profitability. ARALDITE 
Epoxy Resin Adhesive is 
probably the best known 
epoxy in Australia. Not so 
well known, however, is the 
fact that ARALDITE is 
CIBA's trade mark for all 
their epoxy resin formula 
tions covering such fields as 
electrical, tooling, building, 
flooring, adhesive, reinforced 
plastics, etc. 
The availability of all the 

technical information from 
any CIBA Organisation 
around the world makes the 

CIBA Technical Service 
unique and as up-to-date as 
tomorrow. !For technical 
service, technical literature 
and any help you may need 
please contact CIBA. 

CIBA Company Pty. Ltd. 
SYDNEY: Orion Rd., Lane Cove 
-2066-428 1966. 
MELBOURNE: 22-24 Ryan sc. 
Easr Brunswick-3057-38 4121. 
BRISBANE: 21 Cribb Street, 
Mi/Jon-4064-36 0011. 
ADELAIDE: 222-230 Torrens s«. 
Renown Park-5008-46 I 296. 
PERTH: Cruickshank Bros., 57/j 
Murray S1., Perrh---6001-21 9261. 

CA.47 

NON-DESTRUCTIVE INSULATION TESTING 
WITH THE 
TRIMAX 

IONISATION TESTER 
The T R I M A X Ionisation Tester was 
developed as a means of testing insulation 
resistance and the onset of Ionisation at 
any voltage from 50-1 0,000 V.D.C. The 
testing is non-destructive and the instru 
ment itself is completely safe to the 
operator. Call our Sales Department for 
details on the TRIMAX Ionisation Tester. 

METER RANGES 
0-1000/ 10000 Volts 

0-2/20/200Microamps 

ffl'1L M ERICSSON r:~: 
I j FACTORY °'"· w1u1AMS RD. & CHARLES sr; NORTH coau1G, VICTORIA. 'PHONE, 35.1203 •.• TELEGRAPHIC ADDRtSS, "TRIMAX" Mn•. 

"TRIMAX" DIVISION ~ 


