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INTRODUCTION TO JUNCTION TRANSISTORS 
Reprinted from BROADCAST NEWS, Volume No. 102, October, 1958; Volume No. 103, March, 1959; Volume No. 104, 
June, 1959. Published by Radio Corporation of America, Camden, N.J., U.S.A. (Permission to reprint granted by Holder of 
Copyright: Radio Corporation of America). 

PART I-BASIC TRANSISTOR ACTION AND THE COMMON-BASE AMPLIFIER 
R. N. HURST* 

INTRODUCTION 
As transistorized equipment comes 

into use, the broadcast engineer will find 
that a new dimension must be added to 
his field of knowledge. Transistors-re­ 
sembling tubes in some ways, differing 
from them in others-will put new de­ 
mands on the skill and ability of the 
men who install, maintain, and repair 
broadcast equipment. To help broadcast 
engineers acquire this new skill, we pre­ 
sent here the first of a series of articles 
to explain the fundamental behaviour of 
junction transistors in familiar terms. In 
these articles, the physicists' point of 
view of a transistor is intentionally 
avoided in order to permit the reader to 
approach this new subject through the 
concepts of well-known electronic cir­ 
cuits. 
This year marks the tenth anniversary 

of the invention of the transistor, which 
during this time has developed from an 
unpredictable device with sharply lim­ 
ited applications to a stable and repro­ 
ducible element, which can be employed 
in a wide variety of circuits. During 
these years of development, RCA broad­ 
cast engineers have kept a watchful eye 
on this promising device. Circuits using 
transistors were regularly evaluated, and 
those meeting broadcast standards of 
quality were incorporated into products. 
Until recently, however, these products 
were limited to audio devices because no 
commercially available transistors were 
capable of acceptable high-frequency 
operation. Recently, there has been an 
accelerated development of new devices 
and techniques which promise to put the 
transistor into all types of broadcast 
equipment. Even as this is written, the 
forerunners of many kinds of broadcast 
equipment using transistors are taking 
shape. 
Hence it is important for the broad­ 

cast engineer to know something of the 
characteristics of transistors: how they 
operate; what their limitations are; what 
their advantages are; and, ultimately, to 
become as familiar with transistor cir­ 
cuitry as he is with vacuum tube cir­ 
cuitry. 

BASIC TRANSISTOR ACTION 
A transistor may be considered as an 

extension of an ordinary junction diode, 

=Editoriat Note: This is the first of a series 
of three articles which appeared in "Broadcast 
News" published by the Radio Corporation of 
America. It is reprinted by the kind permis­ 
sion of the author and the Editor of "Broad­ 
cast News". Many readers of the Telecom­ 
munication Journal of Australia have requested 
that a simple introduction to transistors should 
be published and this series is the most suit­ 
able we have seen. The series is abstracted 
from a group of transistor lectures given jointly 
by the author and Mr. A. C. Luther. The 
author wishes to acknowledge the fact that 
many of Mr. Luther's valuable contributions 
to the lectures have been retained in these 
articles. 

which consists of two pieces of semi­ 
conductor material of slightly. different 
composition, joined together with wire 
leads provided for connection to each 
piece. Although the difference in the 
chemical compositions of the two pieces 
is slight, the difference in their electrical 
characteristics is very great. To identify 
these different materials, one is called 
P-type material, and the other, N-type 
material. The physics of these differences 
is not discussed here, it is sufficient to 
say that a junction diode will conduct 
heavily if a voltage is placed across it 
with the P-type material positive and the 

Fig, 1. 

N-type negative, but will conduct only 
slightly if the polarity is reversed: 

Fig. 2 

When the diode is conducting heavily, 
it is said to be forward biased; when it 
is conducting slightly, it is reversed 
biased. 
If this diode structure is extended to in­ 

clude another junction, leaving the orig­ 
inal junction reverse-biased as above, and 
providing a forward bias for the new 
junction diode which was formed by 
adding the left-most P-region, the cir­ 
cuit will appear as follows: 

+ 

Fig. 3 

One might expect (wrongly) that a 
heavy current would flow in the forward­ 
biased diode, a small current would flow. 
in the reverse-biased diode, and there 
would be no interaction between the two 
diodes: 

l + 

+ 

Fig. 4 

This is not the case, however, For the 
circuit shown, the forward-bias current 
of the left-hand diode would flow com­ 
pletely through both junctions, except 
for a small current which would flow as 
shown in this sketch: 

+ 

J .....____ 
Fig. 5 

This unexpected behaviour, which is 
observed only if the centre region is thin, 
is the basis for transistor action. 

Since the left-hand P-region emits 
current into the transistor, it is called 
the emitter. The middle region (the N­ 
region here) through which the emitter 
current passes is called the base. The 
right-hand P-region, which collects the 
current emitted by the emitter, is called 
the collector. 

BASE 
Fig. 6 

A transistor constructed in this man­ 
ner (as a "sandwich" of N-type "meat" 
and P-type bread) is called a PNP Tran­ 
sistor. By reversing the "meat" and the 
"bread" another arrangement is possible: 

EMITTER 

BASE 

Fig. 7 
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This arrangement is called an N.PN 
Transistor. The major difference be­ 
tween the two is that the various volt­ 
ages applied to a PNP transistor must 
be reversed for an NPN transistor. 
In schematic diagrams, a PNP tran­ 

sistor is symbolised in this way: 

BASE 
Fig. 8. 

and an NPN transistor this way: 
EMITTER COLLECTOR 

BASE 
Fig. 9. 

You will notice that both NPN and 
PNP transistors exhibit left-to-right sym­ 
metry; that is, the emitter and collector 
of a given transistor are both made of 
the same material, and apparently con­ 
nected to the base in the same way. It 
is reasonable to ask whether it makes 
any difference which of the outer regions 
is the emitter and which the collector. 
In some transistors, called symmetrical 
transistors, it makes no difference. In 
most transistors, however, the emitter 
and collector regions are manufactured 
differently. It is this difference which 
determines the proper naming of these 
regions. Regardless of this difference, a 
typical small transistor may usually be 
made to operate in a very limited man­ 
ner with emitter and collector leads 
interchanged. 
TRANSISTOR VERSUS VACUUM 

TUBE 
The transistor, being an amplifying 

device, bears a resemblance to a vacuum 
tube in that the three "elements" of a 
transistor correspond (approximately) to 
the three elements of a triode tube: 
Transistor Vacuum Tube 
Emitter Cathode 
Base Grid < I O) 
Collector Plate 

This correspondence between transis­ 
tor and vacuum tube can be used to pro­ 
duce the following equivalent symbols: 

"CATHODE" 
•• II 
PLATE 

BASE 
Fig. 11 

One should not infer, however, that 
these equivalences are anything but 
approximate. For example, consider the 
difference between a grid and a base. A 
grid, in normal negative-biased opera­ 
tion, draws no current. The total cathode 
current flows in the plate circuit: 

(ELECTRON FLOW) 

IK Ip 

Fig. 12 

It was stated above, however, that the 
emitter current in a transistor divide be­ 
tween the collector and the base, so that 
the base has an appreciable current flow­ 
ing in it: 

Fig. 13. 

Since the current that flows (for a 
given voltage) is an indication of the 
impedance of a circuit, the fact that the 
base draws current while a grid does not 
leads to the conclusion that the imped­ 
ance seen looking into a base would be 
very much smaller than the impedance 
seen looking into a grid. The conclusion 
is correct; a typical vacuum tube, it is 
well known, has a grid impedance of 
several megohms, while a typical tran- 

SEVERAL 
MEG OHMS 

Fig. 14. 

sistor may have a base impedance less 
than 2000 ohms: 

LESS THAN 
2,000 OHMS 

Fig. 15. 

-- -- 

DEFINITION OF ALPHA AND BETA 
Although sufficient current flows in 

the base circuit to make the base appear 
as a low impedance, this base current 
represents only a small portion of the 
emitter current-approximately two per 
cent in a typical transistor. Remaining 
98 per cent appears in the collector cir­ 
cuit. This current division is used to 
define an important transistor parameter 
called alpha. If 98 per cent of the emitter 
current of a certain transistor flows in 
its collector, the transistor has an alpha 
of 0.98. Mathematically, it is stated: 

IC 
( Hi) 

Since Ic ( de collector current) and I. 
( de emitter current) are bias currents, 
their ratio is called de alpha, hence the 
de subscript. The more frequent use of 
the word alpha refers to a ratio of sig­ 
nal currents (where ic and i. are signal 
currents in the collector and emitter, re­ 
spectively.: 

(17) 

The word alpha as used herein always 
refers to the ratio of signal current, un­ 
less there is a statement to the contrary. 
It is interesting to note, in passing, that 
both definitions give almost the same 
value for alpha. 

Since the collector current is always a 
little less than the emitter current, alpha 
will always be a little less than one. 
Therefore, a transistor will offer loss in­ 
stead of gain for a current signal im­ 
pressed on the emitter and observed at 
the collector: 

o--1 

+ 

mlli~] ·98MA 

Fig. 18. 

Nonetheless, useful arrangements can 
be made using this circuit, even though 
it does not give us a current gain. Some 
of the ways of using this configuration, 
which is called the grounded-base con­ 
figuration, are discussed later in this 
article. 
How, then, is current gain obtained? 

It is obtained by controlling the base 
current (two per cent in the foregoing 
example) by applying a signal to the 
base. The base current, when controlled 

----- ----------- 



Page 308 THE TELECOMMUNICATION JOURNAL OF AUSTRALIA 

TAPPED 
BATTERY 
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by a small fluctuating (signal) current, 
causes a corresponding fluctuation in the 
much larger emitter current, thereby 
causing the same fluctuation in the col­ 
lector current: 

I I 
lb" 2).J-A 

,o I 
SIGNAL • \ 1 \ + 

I I 
lb• 15= 3,,u A 

-l 
ls~lll1+ 

Fig. 19. 

1------a I e • 150/' A 

Since the small signal-current intro­ 
duced in the base circuit causes a larger 
signal-current to appear in the collector 
circuit, we say that a current gain has 
taken place. 
The current gain obtained here is 

clearly the ratio between the collector 
current and the base current. This cur­ 
rent ratio is another important transistor 
parameter, and is called beta. Mathe­ 
matically, it is stated: 

le 
/3nc = - 

11.! 

This ratio is called de beta, for reasons 
similar to those given for de alpha. More 
frequently, the word beta refers to a 
ratio of signal currents: 

This definition of beta is the one 
which is used in this article unless there 
is a statement to the contrary. 

In sketch 19, a signal current of I uA 
in the base caused a change of 49 uA 
(147 uA -98uA) in the collector current. 
The beta of this transistor would be: 

49 
f3 = - = 49 

I 

This is a fairly typical value. 
Note that in the configuration em­ 

ployed to give current gain, the ground 

:! In these articles, the prefix "cornmon-" will 
be used in preference to "grounded-," since it 
is more general. For example, it is not unusual 
to have a common-emitter amplifier in which 
the emitter is not connected to ground. 
3 Conventional network theory states, arbitrar­ 
ily, that current flowing into a network is posi­ 
tive; current flowing out, negative. This con­ 
vention is followed in these articles. It is also 
used in transistor data sheets. 

(201 

(211 

(221 

point was moved from the base to the 
emitter. This circuit is therefore called 
the grounded-emitter configuration, or 
common-emitter' configuration. It is 
roughly equivalent to the grounded­ 
cathode configuration of a vacuum tube, 
but the analogy should be employed with 
caution. For example, it has already been 
pointed out that the impedance, looking 
into the base, is typically 2000 ohms, 
instead of the high impedance usual for 
a vacuum-tube grid. 

Note also that signals and biases in 
transistors are described as currents, not 
as voltages, as is common in vacuum 
tubes. The gain (beta) which roughly 
corresponds to mu in a vacuum tube, 
is a current ratio, whereas mu is a volt­ 
age ratio. It is usually much more con­ 
venient, for transistor work, to describe 
the circuits in terms of currents, rather 
than in terms of voltages. 

CHARACTERISTIC CURVES OF 
TRANSISTORS 

In the introduction to this subject, the 
transistor was presented as an extension 
of an ordinary junction diode. This same 
approach can be used to derive the 
characteristic curves of a typical tran­ 
sistor, which show very clearly the be­ 
haviour that can be expected. 
If we set up a laboratory experiment 

in which we apply several different re­ 
verse-biasing voltages to a junction 
diode, and measure the resulting cur­ 
rents, 

TAPPED 
BATTERY 

,'(SLIGHT O [}------ 
CONDUCTION) 

Fig. 23. 

we can plot from the resulting data a 
curve showing the reverse-bias character­ 
istic of a junction diode: 

i(MA) 

-·06 
-·04 

-·02 

AROUND- ·02MA 
AT - 30 VOLTS 

-10 -20 -30 -40 
E ( VOLTS) 

Fig. 24. 

Simply extending this reverse-biased 
diode (to make it into a transistor) will 
not change the curve, 

8 / -·02MA 
(NEGATIVE 

BECAUSE IT FLOWS 
OUT OF THE 
TRANSISTOR SEE 
FOOTNOTE 3) 

Ee 

(COLLECTOR 
VOLTAGE) 

Fig. 25. 

but forward-biasing the new junction 
(which is the way we establish transistor 
action) will cause a definite change in 
the curve, since the forward-bias current 
will flow through both junctions and 
appear in the circuit containing the milli­ 
ammeter: 

CURRENT 
LIMITING 
RESISTOR 
TO ESTABLISH 
2MA CURRENT 

~ 
6V - 

0000 

Fig. 26. 

This additional current will displace 
the entire curve upward: 

1, CURVE FORAN EMITTERCURRENT 
OF 2 MA 

-2 

<( 
:::;- I 

-·02l::.:_--------­ 
(NOT TO 
SCALE.) 

___________ : _~-) 
Ee /l 

CURVE FOR AN 
EMITTER CURRENT 

OF ZERO MA 

Fig. 27. 

-1·98 MA 
(COLLECTO~ 
CURRENT} 

If we choose a different value of 
emitter current-say 3.0 ma instead of 
2.0 ma-the curve will be displaced up­ 
ward even farther: 



le =3MA 
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-- - - - - - ----- ----~~ • 2 MA ----------- 

--- --- - - --- ----- --~!_"_~~-A----- - 

Ee 
Fig. 28. 

By selecting several different values of 
emitter current and showing a curve for 
each one, we can generate an entire 
family of curves: 

le• 5 MA 

le= 3MA 

le= 2MA 

le= IMA 

le= OMA 

Fig. 29. 

This family is typical of the curves 
found in data sheets. 
You will note that these curves are 

drawn for a transistor operating with its 
base grounded: 

E C 

-OR-Y 
Fig. 30. 

Therefore, these curves are called 
common-base curves, and an amplifier 
built using a transistor connected in this 
manner is called a common-base ampli­ 
fier. These curves can be used to show 
the behaviour of a common-base am­ 
plifier. 

TRANSISTOR AMPLIFIER 

Let us suppose that a piece of broad­ 
cast equipment contains this common­ 
base transistor amplifier (using a PNP 
transistor): 

-20 

3K 

INPUT. OUTPUT. 

Fig. 31. 

We wish to know how this amplifier 
is operating-what the bias is, how much 
collector current flows, how much power 
is dissipated in the collector, and how 
much gain it will offer. All these facts 
may be ascertained by a simple con­ 
struction on the common-base charac­ 
teristics. 

Start by drawing a load line on the 
characteristics. This construction is ex­ 
actly the same as the corresponding con­ 
struction on vacuum-tube characteristics. 
You will remember that a typical pent­ 
ode in this circuit: 

+ 200 

I 

Fig. 32. 

will have a load line connecting the 200- 
volt point and the 40-ma point. (the 
40-ma point is obtained by dividing 200 
volts by 5,000 ohms): 

200V. 
(POWER· SUPPLY VOLTAGE) 

Fig. 33. 

In an exactly similar manner, the load 
line for the common-base amplifier will 
be a straight line connecting the-20- 
volt point and the -4-ma point: 

le 

-c 

" '<t 
I 

>II 

01"' N,n 

Ee 

(POWER SUPPLY VOL TAGE)20 VOLTS 

Fig. 34. 

Just as for vacuum tubes, the operating 
point of the transistor amplifier must lie 
somewhere on its load line. For the 
pentode, the operating point lies at the 
intersection of the load line and the 
curve representing the particular bias 
chosen by the design engineer: 

I 

Ip 
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The bias for this transistor amplifier, 
however, is a current, not a voltage. 
The bias current is that current which 
the 6-volt supply can cause to flow in 
the series combination of the 3K resistor 
and the forward biased emitter' junction: 

+6 +6 

BIAS l CURRENT 
3K 

BIAS j CURRENT 
31( 

EMMITER 
RESISTANCE 

0

LESS THAN 
so.n.J 

Fig. 36. 

Since the emitter resistance is usually 
very small (less than 50 ohms), its re­ 
sistance may be neglected in computing 
the bias current. The current is there­ 
fore: 

6 volts 
1. =------ = 2 ma 137) 

3,000 ohms 

which will put the operating point at the 
intersection of the load line and the 
2-ma curve: 

le 

-c 
~ I ~. ~--~ 
0, / 

7 
II 
_u 

Ee = - 9,8 VOLTS Ee 

Fig. 38. 

This transistor amplifier therefore 
operates with a bias current of 2 ma, a 
collector current of -1.96 ma, and a 
voltage at the collector of -9.8 volts: 

' The comparison of grid bias and emitter bias 
could confuse the reader into thinking the grid 
and emitter are equivalent. They are not; the 
comparison is used merely because the graphi­ 
cat constructions are similar. The grid corre­ 
sponds to the base. 

• This expression is derived from basic semi­ 
conductor physics. It can be shown that Re = 
(kT/e)/le, where k is Boltzman's constant. T is 
the absolute temperature, and e is the charge 
on an electron. Inserting proper values gives a 
value of 25.6 for kT/e, at 24 degrees C. This 
is a theoretical value subject to appreciable 
variation in practical transistors. 

+6 -20 

(NEGATIVE 
BECAUSE IT 
FLOWS OUT OF 
THE TRANSISTOR) 

I 
-1-96 
Mj 
~-8 VOLTS 

Fig. 39. 

The power dissipated at the collector 
is given by the formula: 

P = IE = (-1.96 ma) (-9.8 volts) = 19.2 milliwatts 
The gain of this amplifier depends 

upon whether it is being used to obtain 
voltage gain or current gain. Its voltage 
gain can be large; its current gain is 
always less than unity, that is, this am­ 
plifier produces current loss instead of 
gain. Its actual current gain is equal to 
alpha, about 0.98 for a typical transistor: 

!MA 
t 

~

I 
I 

I 

i I 
~ ALPHA "0·9B 

-20 

II 
I 
I 
I 
I 
I 

I 11 ----' 0-98MA 

Fig. 40. 

The voltage gain (the ratio of output 
to input voltages) can be calculated from 
the output and input impedances.· The 
output impedance, in this case, is known 
to be a 5000-ohm resistor, but the input 
impedance was stated vaguely to be "less 
than 50 ohms". Fortunately, there is a 
simple way to calculate the input imped­ 
ance (emitter resistance). It is given by 
the formula": 

25.6 
R.=­ 

I. 
(41) 

in this formula R. is the emitter re­ 
sistance in ohms, and I. is the emitter 
current in milliamperes. For the transis­ 
tor amplifier in this example, the emitter 
is biased with 2 ma, so the emitter re­ 
sistance is: 

25.6 
Re = --- = 12.8 ohms <42) 

2ma 

Now, knowing both input and output 
impedances, we can calculate the volt­ 
age gains. If a l-ma signal flows into this 
amplifier, it will produce a 12.8 millivolt 
swing across the 12.8-ohm emitter re­ 
sistance: 

Fig. 43. 

Almost all of the 1-ma signal current 
(98 per cent of it) flows in the 5,000 ohm 
load resistor, producing a 5-volt drop 
across it: 

5 VOLTS (IGNOP.ING 
SIGNAL LOST IN 
BASE) 

12,8MV~ 

Fig. 44. 

The voltage gain in this case is: 
5 V 5 

Gv= =--= 391 
0.0128 

(45) 

12.8 mv 

The same answer can be obtained by 
taking the ratio of the output and input 
resistance: · 

5,000 ohms 
G, =------- 391 (46) 

12.8 ohms 

The same common-base amplifier, 
then, can provide a voltage gain of 391, 
but can give a current gain of less than 
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1. It is clearly to our advantage to use 
this type of amplifier as a voltage-gain 
device. But what makes the difference 
between a voltage amplifier and a cur­ 
rent amplifier? 

VOLTAGE VERSUS CURRENT 
Al'\1PLIF1ER 

The distinction between a voltage 
amplifier and a current amplifier is 
mainly one of convenience. A voltage 
amplifier is one whose input signal 
comes from a constant-voltage source 
(note, this term is defined below). When 
an amplifier is driven from a constant­ 
voltage source, its input voltage is 
known or easily determined. If the out­ 
put voltage is also known or easily de­ 
termined (as it usually is) it is easy to 
take the output-to-input ratio, which 
gives the voltage gain. Under these cir­ 
cumstances, it is convenient to consider 
the amplifier as a voltage amplifier. 

Similarly, if an amplifier's signal 
source is a constant-current source it is 
convenient to consider it as a current 
amplifier for the ratio of input-to-output 
currents may be easily determined. This 
ratio gives its current gain. 

CONSTANT-VOLTAGE VERSUS 
CONSTANT-CURRENT SOURCES 
Practical approximations to constant 

voltage sources are familiar to almost 
everyone. A battery is a good example 
of a de constant-voltage source. Con­ 
sider this circuit: 

INTERNAL RESISTANCE ,---1-----, 
I r\J'V\~ 
I I ·OJA 
I 
I 
I 
I 
: _ 12V. 

I 
I 
I 
I 
I 
I I 
L- - --- __ ...J 

Fig. 47. 

Note that a 12-volt storage battery 
lights a lamp when the switch is thrown. 
When the switch is open, the voltmeter 
reads 12 volts. When switch is closed 
and the lamp is connected, the voltmeter 
shows no perceptible change in voltage. 
Therefore, the storage battery is a con­ 
stant-voltage source, for its output volt­ 
age does not change when the load is 
connected. 

Constant-current sources are less com­ 
mon, but one can be synthesised for the 
purpose of explanation. Consider the 
following circuit: 

10,000.n. 

r.ooo v 
(SHORT 
CIRCUIT) 

12 V 
IOOMA 
LAMP 

Fig. 48. 

Note that a 1000-volt battery sup­ 
plies current to a lamp when the switch 
is thrown. 

When the switch is in the short-circuit 
position, the milliammeter indicates that 
100 ma flows in the circuit. When the 
lamp is lit, the milliammeter shows no 
perceptible change in the l 00-ma cur­ 
rent. We therefore say that the battery­ 
plus-resistor combination is a constant­ 
current source, for its output current 
does not change when the short circuit 
is replaced by the load. 

One can easily see that these "con­ 
stant" sources are only approximately 
constant. How nearly constant they re­ 
main depends upon the relationship be­ 
tween their internal impedances and 
their respective load impedances. Jn 
practical cases, a source is called a 
constant-voltage source when its internal 
impedance is much less than the imped­ 
ance of the load it feeds. Likewise a 
constant-current source is a source whose 
internal impedance is much greater than 
the impedance of the load it feeds. In­ 
spect the two de examples above, to 
verify these statements. (The 12-volt 
lamp has an impedance of 120 ohms.) 

VOLTAGE VERSUS CURRENT 
AMPLIFIERS 

Through vacuum-tube experience, it 
has become the custom to think of all 
amplifiers as voltage amplifiers, since the 
grid of a vacuum tube makes almost 
any source look like a low-impedance 
(constant-voltage) source, by compari­ 
son: 

B+ 

IK 

IM 

Fig. 49. 

With transistors it is not always thus. 
If a common base (CB) amplifier has an 
input impedance of 12.8 ohms: 

Fig. 50. 

it must be fed from a source of even 
lower impedance in order to be conveni­ 
ently classed as a voltage amplifier: 

B+ 

LOAD~ 12·8:l 
Fig. 51. 

This is not always practical. Trans­ 
formers may be used to obtain such low 
impedances in narrow-band or tuned 
amplifiers, but wide-band amplifiers 
usually cannot make practical use of 
such an arrangement. 

On the other hand, transistors are 
particularly well-suited for operation as 
current amplifiers. A transistor-especi­ 
ally in the common-base configuration 
-has such a low-impedance input that 
many sources are higher-impedance in 
comparison, and therefore are treated 
as current sources. Consider, as an ex­ 
ample, the de current source used as an 
example above, but with an ac signal 
in place of the battery: 

10,000..n ~ IOOMA l<EAK­ 
TO-PEAK S re 

~ooov 
PEAK-TO- 

'\._;(EAK SIG(. _ Re• IZ·B-"- 

_lY 
Fig. 52. 

The impedance of the source-10,000 
ohms-is certainly much greater than 
the impedance of the emitter." A con­ 
stant signal-current of I 00 ma, peak-to­ 
peak, will llow, without regard for the 
position of the switch. Driven thus from 
a constant-current source, the transistor 
may most easily be regarded as a cur­ 
rent amplifier. 

Unfortunately, this particular configu­ 
ration does not give a useful current 
gain. With a 100-ma signal flowing into 
the emitter, only a 98-ma signal will 
flow from the collector (if alpha= 0.98). 
The common-base amplifier actually 
gives a current loss instead of a current 
gain. 

We may summarise the behaviour of 
a common-base amplifier thus: lf a very 
low-impedance source is available, it 
will operate as a voltage amplifier, giv- 

0 The emitter resistance of 12.8 ohms was cal­ 
culated for a bias current of 2 ma. To operate 
linearly with a signal swing of 100 ma, bias 
current would have to be at least 50 ma, which 
would give, by (40), Re = 0.51 ohms. 
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ing large voltage gains. Such sources are 
rather uncommon, however, particularly 
for wide-band amplifiers. If a moder­ 
ately-high-impedance source is available, 
it will operate as a current amplifier, but 
will give a current gain of less than one, 
and hence is not useful. 

In spite of such stringent restrictions, 
the common-base configuration is fre­ 
quently used in a large variety of cir­ 
cuits. It will be seen acting as an im­ 
pedance transformer, as a capacity isol­ 
ator, or as a means of obtaining non­ 
inverted gain from a tube. Examples of 
these three applications are given below. 

TRANSISTOR APPLICATION AS 
IMPEDANCE TRANSFORMER 

The CB configuration can be put to 
practical use in improving the gain ob­ 
tainable from a delay-line driver. This 
application is an example of its use as 
an impedance transforming device. Con­ 
sider the following circuit: 

DELAY LI NE 

200A 

Fig. 53. 

Jn this circuit a pentode drives an 
8-ma peak-to-peak signal into a delay 
line which must be terminated in its 
chacacteristic impedance of 200 ohms. 
The 8 ma will divide equally between 
the input termination and the output 
termination: 

8 MA - 

Fig. 54. 

The 4 ma that flows at the output will 
result in an output signal of: 

e0 = iR = (4 ma) (200 ohms) 
= 0.8 volts (55) 

A considerable improvement in the 
output level can be made by inserting a 
transistor in this manner: 

h:® I I 

- 

I I _ _I __ I I 
--·-- <.) 

' > --i-r 1-:-- ·< 
' 
> 

1 JUl < 
' , , 

l_L\ I ; <; 
~ 

I I 
_ _L __ _l_ 

INPUT 

4 MA 

=i'\ 
187·2-"- 

T 
OUTPUT 

Fig. 56. 

(Means of biasing are ignored to keep 
the picture uncluttered). In this case, the 
4-ma signal flows through the transistor 
and appears (except for the two per cent 
lost in the base, which we ignore here) 
in the collector circuit. The voltage out­ 
put from this circuit is: 

e0 = iR = (4 ma)= (3,000 ohms) = 12 volts (57) 

This is an effective gain of 15 over 
the first circuit. 

TRANSISTOR APPLICATION AS 
CAPACITY ISOLATOR 

A common-base amplifier as a capa­ 
city isolator, can also give an effective 
gain. Consider the following circuit: 

CABLE SOCKET 
ETC =45,,,_.,,_.F 

Fig. 58. 

TU BE INPUT 
CAPACITY 
= 1~_.µF 

In this circuit a total of 60 u.u.f of 
stray capacity shunts Ru the 20K load 
resistor. If the stray capacitance were 
less, a larger load resistor could be used. 
The signal voltage available at the grid 
of the tube would then be greater, in 
direct proportion to the size of the load 
resistor. As the circuit now stands, how­ 
ever, 20K is about the largest practical 
value of load resistor. 
Now, modify the circuit in this 

manner: 

IMAGE 

~ __ I __ 

- ·1- _ 45?',µ F 
I 

' I 
TRANSISTOR ': i- -: 
AND SOCKET ~-1 

= s_...,..F 'I 

I 
I r­ 
t 

Fig. 59. 

Note that only 15 + 5 = 20 u.u.f 
appears across the load resistor. Since 
this is only t of the 60 u.u.f of the first 
circuit, RL can be 3 times as big, or 
60K. The result is an effective ·gain of 
three. 

TRANSISTOR APPLICATION FOR 
PRESERVING SIGNAL POLARITY 

A common-base amplifier can also be 
used to preserve the polarity of a signal, 
whenever necessary. If a tube giving a 
gain of ten is required to amplify a 
pulse, the following circuit might be em­ 
poycd if an output signal of inverted 
polarity could be used: 

B+ 

Fig. 60. 

However, if a noninverted pulse is re­ 
quired, the above circuit cannot be used. 
(A noninverted pulse can be obtained at 
the cathode, but not at the required 
level.) To obtain a non-inverted pulse of 
the required amplitude, a common-base 
transistor amplifier could be added in 
this manner: 
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Fig. 61. 

This circuit gives almost the same 
gain as the first circuit, and does not 
invert the signal. 

POWER GAIN 
A common-base transistor resembles 

a transformer in its ability to give volt­ 
age gain, but with an important differ­ 
ence. The difference lies in the transis­ 
tor's ability to give a power gain as 
well. For example, consider a 10-to-1 
step-up transformer in which the prim­ 
ary signal voltage and signal current 
are 0.2 volt and 10 ma, respectively: 

f'.IO 

IOMA - 
Fig. 62. 

Then, the secondary voltage will be 
10 times as great (2 volts) and the sec­ 
ondary current 1/-0th as great (Ima): 

I MA - 
10 MA - 

[:] 
21V 

Fig. 63. 

The power at the output, (neglecting 
losses) is the same as the power at the 
input: 

P = E I = (0.2 volts) (lOma) 
in in in = 2 milliwatts 

= E I = 2 volts) (1 ma) p 
out out out = 2 milliwatts (64) 

Now, compare a transistor with sirm­ 
lar input conditions as the 10-to-l step­ 
up transformer: 

IO·MA -.o . 
·21V 

Fig. 65. 

The transistor can be given a collec­ 
tor load which will give the same signal 
voltage gain as the 10-to-1 step-up trans­ 
former: 

+E 

·2 V 

! 

Fig. 66. 

The signal current, however, at the 
output is not reduced proportionately, 
but instead is virtually the same as the 
input current. 

IOMA 
ALMOST 

10 MA 

·21V 
(IGNORE 
BASE 
CURRENT) 

Fig. 67. 

Therefore, the signal power at the out­ 
put is ten times greater than at the 
input: 

P = e i = (0.2 volts) (10 ma) 
in in in = 2 milliwatts 
P - e i = (2 volts) (10 ma) 
out out out = 20 milliwatts (681 

This power gain is a better indication 
of a transistor's gain capabilities than is 
voltage gain or current gain. Voltage or 
currant gain can be obtained from an 
ordinary transformer; power gain can­ 
not. 

MAXIMUM VOLTAGES AND 
CURRENTS 

The maximum collector voltage that 
can be applied to a transistor is limited 
by a phenomenon called breakdown. 
Consider this example in which the col­ 
lector voltage is increased beyond a cer­ 
tain limit: 
NO 
CONN. 

TAPPED 
BATTERY 

Fig. 69. 

Then the collector junction will begin 
to pass abnormally large current: 

le 

-25 -so 
Ee 

Fig. 70. 

-75 -100 

The voltage at which the curve breaks 
sharply upward is called the breakdown 
voltage. In this region, a transistor does 
not behave normally. To insure proper 
transistor action, the operating point 
must be well removed from the break­ 
down region. 

A transistor will not necessarily be de­ 
stroyed by breakdown. If a transistor 
rated at 200 milliwatts breaks down 
from over voltage and, while in the 
breakdown region, dissipates 500 milli­ 
watts, it will very likely be destroyed or 
at least damaged. On the other hand, a 
transistor may go into breakdown with­ 
out being damaged at all if the circuit 
includes a series resistance to limit the 
maximum power to a safe value. 

Breakdown defines the maximum 
allowable voltage. However, !he maxi­ 
mum current, which bears no relation to 
the breakdown voltage, is not so well 
defined. At higher and higher currents, 
progressively smaller portions of the 
emitter current appear in the collector, 
with the result that alpha, which is 
around 0.98 at small currents, may be­ 
come 0.6 or 0.5 or even less. The prac­ 
tical limit on high currents is reached 
when alpha falls below some arbitrary 
limit, set by the designer to fit the par­ 
ticular requirements of the circuit at 
hand. 
Thus far the transistor has been intro­ 

duced and its characteristics and uses as 
a common-base amplifier have been de­ 
scribed. It has been pointed out that 
there are many restrictions on the com­ 
mon-base configuration which limit its 
usefulness. The next part in this series 
will describe a configuration which is 
not so limited-the common-emitter con­ 
figuration. It will be shown how a com­ 
mon-emitter amplifier can provide both 
voltage gain and current gain, simul­ 
taneously, but at the expense of an in­ 
herently narrower bandwidth, 

-- --- ----- -- 
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POLE-MOUNTED REPEATERS J?OR CARRIER SYSTE~·IS 

INTRODUCTION 
The spacing of carrier system repeaters 

depends on many factors, e.g., signal to 
line noise ratio, signal to repeater noise 
ratio, power handling capability of am­ 
plifiers, filter discrimination, intermodu­ 
lation (particularly in filters and ampli­ 
fiers), and economics. In some cases 
these factors interact. Sometimes one or 
more becomes insignificant. Throughout 
the history of carrier systems different 
factors have predominated at different 
times mainly because of the state of 
component development at any time. 

SIGNIFICANCE OF NOISE 
The one thing that always remains 

important is the overall channel signal 
to noise ratio. This, more than anything 
else, determines the usefulness of the 
channel. In practical cases the effect of 
varying the signal to noise ratio by a few 
db's does not have a marked effect on 
intelligibility of a conversation but it will 
be obvious that some reasonable criteria 
must be chosen so that several systems 
can be linked together with a predictably 
good result. This is very important for 
subscriber trunk dialling in a big country 
like Australia or in international work­ 
ing and for this reason the subject has 
been studied intensively in the C.C.I.T.T. 
whose recommendations are followed by 
most administrations including the Aus­ 
tralian Post Office. (1) 

POWER REQUIREMENTS AND 
REPEATER SPACING 

An interesting feature is the large 
reduction in power handled as the 
number of repeaters is increased on a 
given length of line. Table 1 is a strik­ 
ing illustration for an assumed line sec­ 
tion with a loss of JOO db. For purposes 
of illustration line noise level at -70 
dbm will be assumed on any practical 
segment of the line and the required re­ 
ceived signal to noise ratio is taken as 
50 db. It is also assumed that the signal 
to noise ratio of the input signal is 
better than 50 db and the noise figure 
and intermodulation noise of all re­ 
peaters is insignificant. 
Table 1 shows:- 

(a) That it is impossible lo cope with 
very high attenuations by increas­ 
ing the gain at the sending end. 
Apart from the amplifier problems 

Table 1 

No. Accurnu- 
of lated Required 1 Repeater 

Repeat- Noise at Ree. I Gain Receiving Signal ers Term -~~--· - 
1 -70 dbm -20 dbm 100 db 
2 -67 -17 ,, 50 
4 -64 I -14 25 
8 I -61 I -11 12.5 

16 I -58 ,, . - 8 6.25 
··· Sec page 3 77 

EQUALIZER 

LINE 1--_.._---------iB~s I LINE ~ i TO B FROM A 

J.C. WILSON'' 

"'-.., 
92 Kc/s 
"'"X..., 

BY - PASS 

Fi3. 1.-Schematic Diagram of Minor Repeater. 

and the fact that our lines are not 
designed to handle these powers it 
would be extremely difficult to de­ 
sign filters with sufficient discrim­ 
ination and freedom from inter­ 
modulation distortion. 

(b) If amplifying devices have equal 
efficiency and cost, proportional to 
power handled, it would be best to 
use as many repeaters as possible 
(up to the stage where accumu­ 
lated noise caused the power hand­ 
ling capacity lo increase). Jn prac­ 
tice this would lead to efforts to 
find much cheaper line construe- 
tion. 

(c) If the cost of an installation does 
not decrease beyond a certain sig­ 
nal power handling capacity then, 
other factors permitting, it is best 
to use repeaters for that amount 
of power. 

Output 
Milliwatts 
-JO~ 

10 
0.1 
0.001 

Power 
Rei Level 
+30 dbm + 10 dbm 
-IOdbm 
-30 dbm 

The last point has most practical signi­ 
ficance and it so happens that valves with 
output power in the range of milliwatts to 
a few watts and the feasibility of power 
supplies, filters, buildings, etc., for this 
power range make an agreeable combi­ 
nation. It is this stage that we have 
reached with valve-type carrier systems. 
As a point of interest the upper limit in 
practice is in submarine cable working 
where output, powers of 100 watts or so 
are used at land-based repeaters (2). 

THE IMPACT OF TRANSISTORS 

The advent of transistors threatens to 
alter the present picture. Their power 
efficiency is much better than valves and 
tends to remain good as they are used 
below their maximum rated capacity. 
Table 2 gives a comparison of power 
consumptions for multistage valve and 

Table 2 

Transistor 
Ampl_ifi_e_r __ 
-2.0W 

0.025 W 
0.0015 W 
0.0015 W 

Valve Amplifier 
----12.5_W __ 

6.5 W 
4.1 W 
4.1 W 

Repeater Output I 
Power Total 

Power 
Trans. to Db Rei 

1 lVIw Watts Line 

+so 100,000 lOOKw 
+33 2 4W 
+11 0.0126 50 Mw 
+1.5 0.0014 11.2Mw 
-1.75 i 0.0007 10.7 Mw 

transistor amplifiers capable of deliver­ 
ing prescribed output powers. 

Transistors, therefore, urge a more 
critical examination of some of the other 
factors. A typical one is filter require­ 
ments. Roughly speaking, as less power 
is handled construction of filters is easier 
and as the required discrimination is re­ 
duced so will other requirements be 
easier to meet. Table 3 shows the filter 
discriminations required for an assumed 
system stability margin of 40 db for the 
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case illustrated in Table 1. Herein the 
filter discrimination (or stop-band loss) is 
numerically equal to half the sum of the 
repeater loop gain and the stability mar­ 
gin. (There are two filter sets in the loop.) 
The repeater stability margin must exceed 
the system stability margin by 20log10N 
(N is number of repeaters) except in some 
cases where advantage can be taken of 
certain statistical conditions. 

Table 3 

No. of Repeaters 

1 
2 
4 
8 

16 

Discrimination in 
each Directional 

Filter Set 
120 db 
73 db 
51 db 
41.5 db 
38.25 db 

Considering that at least basic; termin­ 
ating, and high transition loss sections or 
their equivalent are needed in all cases 
this shows that there is no great direct 
advantage to be gained in the construc­ 
tion of filters for much shorter repeater 
sections than valve amplifiers permit. The 
same applies to other networks such as 
equalisers, transformers and inter-stage 
coupling networks. In order to reduce 
the proportions and cost of repeaters for 
very short sections, therefore, advantage 
must be taken of component design. 
Table 2 shows that the problem of pro­ 

viding power for repeaters is considerably 
eased by using transistors. For instance, 
power can be fed over a line for a tran­ 
sistor repeater operating in the power out­ 
put range of a valve repeater, but more 
important, a transistor repeater operating 
at low levels, e.g., -40 db on 1 watt 
could quite well be powered by 3 or 4 
solar cells. 
It is worth mentioning here that system 

design using methods other than the con­ 
ventional carrier suppressed single side­ 
band frequency division with amplitude 
modulation are being given serious con­ 
sideration to take advantage of the pros­ 
pect of closer-spaced repeaters offered by 
transistors but denied by the cost of con­ 
ventional filters and networks. 

PRESENT POSSIBil,ITIES 
The stage has now been reached where 

it is possible to reduce power require­ 
ments of repeaters enormously by using 
transistors; also by skilful employment of 
the most suitable network components it 
is possible to construct a carrier-system 
repeater small enough to mount on a 
pole or in a manhole (3). This is a 
particularly attractive prospect for remote 
locations where the cost of power sup­ 
plies, lead-ins, buildings and associated 
amenities can be saved. Of course, the 
repeater would be no less complicated 
than a conventional repeater, so to avoid 
maintenance work outdoors, it must in­ 
corporate facilities for quick identification 
and convenient replacement of a faulty 
sub-assembly to the extent that inbuilt 
reliability cannot be guaranteed. 
Designs for short-distance repeaters for 

several purposes have been considered in 
the Research Laboratories at Headquar- 

ters. Because of actual plant needs the 
design of a specialised 12-channel open­ 
wire system repeater has been carried 
forward first. The aim is to avoid the 
necessity of building extra. repeater sta­ 
tions and installation of power supplies 
on 3-channel routes in outback areas 
where it is desired now to install 12-chan­ 
nel systems. Other applications which 
appear interesting are to make up for 
extra loss in repeater sections where line 
diversion has been carried out, or to com­ 
pensate for losses in excessively long 
cable entrances. 

loss is about 0.1 db per mile greater than 
in the low-frequency direction on the 
normal bearer, namely, 200 lb. H.D.C. 
On outback routes with few pairs and no 
entrance cables it would be feasible to 
extend the low-frequency direction of our 
12-channel systems to about 130 miles. 
In order to achieve similar performance 
in the high-frequency direction it is neces­ 
sary to add about 14 db net gain. In 
practice many 3-channel repeater sections 
exceed 130 miles and there is some doubt 
about atmospheric noise levels in inland 
and tropical areas, so it was decided to 
build a repeater with 23 db net gain 
which could be reduced as required or 
which will allow the insertion of a similar 
repeater with less gain in the low-fre­ 
quency direction. (Use of more than one 
minor repeater in either direction would 
be feasible.) 

A 12-CHANNEL OPEN-WIRE MINOR 
REPEATER 

The first attempt is a repeater for use 
only in the high-frequency direction of a 
12-channel open-wire system where the 

Fig. 2.-Minor Repeater mounted on Pole. 
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The repeater was wholly designed in 
the Research Laboratories and is intended 
to be installed at a point in a repeater 
section where the high-frequency 12- 
channel signal falls to the permissible 
level in relation to noise. A schematic 
circuit is shown in Fig. 1. The repeater 
housing contains all equipment except 
protection which is provided in standard 
pole-mounted housings. Power is fed on 
a cailho to the 12-channel bearer from 
the 130-volt supply at the nearest 
attended station but a local D.C. supply 
can be used if desired. In the event of 
power supply failure the repeater is auto­ 
matically switched out of circuit and the 
system will still operate with reduced 
transmission quality. Regulation is not 
provided in the minor repeater because 
there is sufficient range in the normal re­ 
peaters of the system. The transmission 
band attenuations have been designed 
with extreme care so that insertion of a 
minor repeater does not affect any sys­ 
tem characteristics except gain. For in­ 
stance, this permits mop-up equalization 
to be carried out in the normal way 
whether or not minor repeaters are in 
circuit. Photographs of this repeater and 
its power supply unit are shown in Figs. 
2, 3 and 4. The amplifier and control 
relay are plug-in units because it is con­ 
sidered they are more susceptible to 
trouble than the other assemblies. Jf these 
other assemblies are as reliable as expec­ 
ted it is considered that it will be suffi­ 
cient only to provide for change of the 
complete repeater if a fault does develop. 
Two minor repeaters were installed for 

trial in January, 1960, one at Bacchus 
Marsh on a Melbourne-Adelaide section 
patch circuit, and one at Adelaide River, 
Northern Territory, in the Darwin-Pine 
Creek section of the bearer pair proposed 
for the Darwin-Alice Springs system. 
Table 4 shows the power consumption of 
the minor repeater compared with that 
for a conventional repeater and with that 
which would be required at one of the 
existing repeater stations to increase the 
signal level by the required amount, i.e., 
23 db (200 watts). 
Two design problems which received 

very careful consideration related to the 
extremes of temperature to which pole­ 
mounted equipment is exposed and the 
possible effects of lightning storms in 
tropical areas. Laboratory tests indicated 
that the repeaters should be quite satis­ 
factory in the temperature range from 
14°F to 176°F, and so far there has been 
no sign of trouble from this cause. The 
repeater itself has also proved to be free 
from lightning storm troubles, but it was 
found that the protection fuse in the 
power supply unit would operate fre­ 
quently during a lightning storm unless 
additional surge filtering and fast-acting 
gas arrestors are used at the office con­ 
cerned. 

Since the design of this repeater was 
started, more useful transistor types have 
become available and it would be possible 
now to build a standard 12-channel re­ 
peater for pole mounting. Jn order to do 
this, however, a modified form of level 
regulation using electronic components 
only should be used and the power 
needed to operate the repeater from a 
remote station in all weather conditions 

Minor (Pole Mounted) 
Repeater 

Table 4 
Power Consumed Remarks 

The amplifier consumes 0.8 watts and 
1.6 Watts control relay 0.8 W. In addition up to 1 

watt may be consumed in the line if 
power is fed from nearest station. 

Conventional Repeater Approx. amount for one amplifier 
alone. Apart from regulation, if used, 
much more power would be used in 
facilities in a building. 

Estimate based on submarine cable 
techniques. 

65 Watts 

200-Watt Repeater 650 Watts 

Fig. 3.-lnternal View of Minor Repeater. 



October, 1960 THE TELECOMMUNICATION JOURNAL OF AUSTRALIA Page 317 

would require line voltages which ap- i: 
preach the allowable limit for safety of r· 
linemen. · 

CONCLUSION 

Efficient communications on lightly­ 
loaded outback routes in Australia may 
depend largely on development of cheap 
and reliable sources of small amounts of 
power (milliwatts) and highly accurate, 
small and cheap components for filters 
and networks. 
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ACTIVITIES OF THE SOCIETY IN N.S.\V. 
Formation of Committee: A committee 

of ten members has been established, the 
chairman being appointed by the 
Director. 

Composition of the committee is as 
follows: 

Chairman: M. J. Power, Supervising 
Engineer. 

Secretary: W. A. Brooker, Divisional 
Engineer. 
Treasurer: 0. Polmear, Clerical, Third 

Division. 
Committee: G. Lewis, Deputy Super­ 

intending Engineer. 
Members: S. Bundle, Supervising En­ 

gineer; G. Black, Telecommunications 
Division; J. Whybourne, Divisional En­ 
gineer; A. Trevor, Fourth Division, In­ 
ternal Plant; R. Ferris, Fourth Division, 
Internal Plant; D. Raines, Fourth Divi­ 
sion, External Plant. 

Six committee meetings have taken 
place at monthly intervals. Action is in 
hand to arrange an annual general meet­ 
ing to receive the committee's report and 
financial statement and to deal with elec­ 
tion of office-bearers, committee and 
auditor, installation of chairman and 
transaction of any general business. 

Progress: Since formation of the com­ 
mittee the business aspects of the Tele­ 
communication Journal have been given 
vigorous attention and an increase in 

circulation from 750 to 1,800 copies has 
resulted. This activity has stimulated 
interest in the Journal resulting in an in­ 
creasing flow of suitable material for in­ 
clusion in future issues and in the 
number of new members. 
To facilitate distribution of journals 

and collection of fees and articles for in­ 
clusion in forward issues, Field Repre­ 
sentatives have been appointed in the 
following Sections - 

Long Line and Country Installation, 
Trunk Service and Telegraphs, 
Equipment Installation, Metropolitan, 
Equipment Service, Metropolitan, 
Radio. 

Representatives have also been appointed 
in the Newcastle area and in several 
major supply companies, including Stan­ 
dard Telephones and Cables Pty. Ltd., 
and Telephone and Electrical Industries 
Pty. Ltd. 

Continuing action is in hand to estab­ 
lish representatives in the remaining 
engineering and non-engineering sections 
in this State. 
The officers selected as representatives, 

interested Supervising Technicians and 
Line Foremen generally, have been 
selected for their ability to move among 
the members and to deal with any prob­ 
lems which may arise. 
Lectures: A successful lecture series, 

consisting of five lectures, on the "In­ 
troduction of Crossbar Switching Equip­ 
ment" has already been presented in the 
Sydney and Newcastle areas by members 
of this Branch. Printed notes prepared 
for these lectures have been distributed 
to these areas and to other areas 
throughout the State. 
The average attendance at lectures at 

each centre was as follows: Sydney - 
500; Newcastle - 100. 

A further series of five lectures deal­ 
ing with the introduction of Coaxial 
Cable is scheduled to commence during 
October, 1960. It is hoped to stimulate 
interest among External Plant staff with 
these lectures. 
The present increased activity with the 

subsequent increase in members has en­ 
abled this Branch to considerably 
strengthen its financial position. The 
financial position as at 27th July, 1960, 
was as follows: 

Bank Credit £327 /12/6 
Outstanding Fees to 

Central Body £267/19/6 
Balance in Hand £ 59/13/0 
Summarising, the development of the 

new body and the outstanding work that 
it is carrying out is stimulating the ex­ 
pansion of, and the vigorous interest now 
being taken in, the Telecommunication 
Journal. 
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R. E. BOGNER, M.E. * TELEPHONE NUMBERS AND THE USER 
INTRODUCTION 

The Australian Post Office is intro­ 
ducing an all-numerical presentation of 
telephone numbers (All-Numeral Dial­ 
ling-A.N.D. for short). Several advan­ 
tages over Letter-Numeral Dialling 
(L.N.D.) have been attributed to A.N.D. 
These, which have been described fully 
elsewhere (1, 2) are:- 

(1) Improved accuracy. 
(2) Faster dialling. 
( 3) Less chance of phonetic or visual 

confusion. 
( 4) All combinations are usable. 
(5) Compatibility with other tele­ 

phone systems for international 
dialling. 

It is the purpose of this article to describe 
the types of experiments which have been 
made to examine the user factors in tele­ 
phone dialling, with special attention 
being paid to tests done in the A.P.O. 
Research Laboratories. 

BRITISH TESTS 
It is believed that the B.P.O. is not 

seriously considering a change to A.N.D. 
Many of the larger British centres have 
director systems which permit the use 
of the geographically meaningful first 
three letters of the exchange name in the 
L.N.D. code used with a 24 letter dial 
(Fig. 1). It is fairly evident that such 
a system is a definite aid to memory and 
its abandonment may meet with very 
strong public disapproval. 
However, the current introduction of 
subscriber trunk dialling in Britain, with 
the public dialling long codes (to a total 
of 13 digits) suggested a need for 
optimising the codes used and their 
presentation. 

Conrad and Hille (2) of the British 
Medical Research Council's Applied 
Psychology Research Unit have con­ 
ducted some experiments on the 
memorability of telephone numbers. In 
their experiments, telephonists were re­ 
quired to write down a number of 8, 9 
or 10 digits after they had read it from 
a card or heard it from a record. 
Numerals versus Letters: Because the 

use of only meaningful letter combina- 

Fig. I .-London Dial. 

''' See page 377. 

tions would seriously restrict the number 
of combinations available, random 
arrangements were tested, using 10 
letters chosen to minimise sound con­ 
fusions. Four types of "numbers" were 

. tested: 
All letters e.g, GALI UOZT 
Letters - Numerals e.g. RTIA 6835 
Numerals - letters e.g. 4295 RAGT 
All numerals e.g. 9014 6208 

When heard, the all-numeral form was 
clearly the best, followed by the two 
composite forms almost equal, with all­ 
letters worst. The eight digit numbers 
correctly remembered ranged from 77 
per cent. for all numerals to 30 per 
cent. for all letters. An increase to nine 
digits caused the score for all letters to 
fall to 11 per cent. 

When the numbers were read, the com­ 
posite forms were slightly better than 
all numerals with all letters again worst. 
All were remembered better than when 
heard. 
The difference between the memora­ 

bilities of the two presentations was 
attributed to the extra time available 
when reading enabling the subjects to 
invent "words" out of the letter com­ 
binations, 

Size of Numeral Vocabulary: It was 
thought that because simple-looking 
numbers like 999 are easier to remember 
than less systematic ones, numbers 
drawn from a restricted vocabulary may 
have some advantage. Numbers drawn 
from 2, 4 and 8 numeral vocabularies 
were examined. 

When the numbers were heard, there 
was a decrease of correct scores from 
the 8 digit (32 per cent. correct) to the 
2 digit (14 per cent. correct) vocabularies 
for 9 digit numbers. 

Similar numbers when read gave 
scores of 40 per cent. for the 8 digit, 
and 70 per cent. for the 2 digit vocabu­ 
laries. 
The change in performance pattern 

was attributed to the extra time available 
when reading, allowing a coding into 
helpful groups. 

Grouping: The above experiments 
suggested that if time was available, and 
the numbers were suitable, a memory 
aiding grouping occurred. To see if 
synthetic grouping could be an advan­ 
tage, nine-numeral numbers were pre­ 
sented on cards thus: 

(a) 123456789 } 
(b) 1234 56789 Heard and 
(c) 123 456 789 read 
(d) 12 34 56 78 9 
They were also heard with the same 

groupings, and also the last two group­ 
ings were heard pronounced: 

"One twenty-three, four fifty-six, 
seven eighty-nine." 

"Twelve, thirty-four, fifty-six, seventy­ 
eight, nine." 

For both methods of presentation, 
(b) was the best. This suggested "that al­ 
though a long string of digits is difficult 
to memorise. if the string is broken up 
too much the task can become even 
more difficult." 

Conclusions: Conrad and Hille con­ 
cluded from their experiments that: 

" . . . there is no real advantage in 
using relatively non-meaningful letter 
arrangements." 
The probability of making an error 

increases very rapidly as the number of 
digits changes from 8 to 10. However, 
the difficulty depends very much on the 
way numbers are presented. 

AMERICAN TESTS 
Investigations at the Bell Telephone 

Laboratories (3) set out to determine: 
"With A.N.D., would telephone users 
dial numbers faster, slower, or at the 
same speed? Are A.N.D. numbers 
actually harder to remember? And, be­ 
yond other considerations, would cus­ 
tomers like the A.N.D. system?" 

The Bell System uses a 25 letter dial, 
(Fig. 2) and there is some mnemonic 
significance in the telephone numbers, as 
the first 2 digits are the first 2 letters of 
the exchange name. However, to obtain 
a reasonable number of suitable ex­ 
change names, these bear little relation to 
geography. The Bell L.N.D. codes are 
thus qualitatively between the B.P.O. and 
A.P.O. codes in a scale of meangfulness. 

Dialling using Directory: To simulate 
the dialling aspects of a cutover from 
L.N.D. to A.N.D. some entries in a 
Manhattan telephone directory were 
modified to appear in A.N.D. form. 
Nine subjects were selected as being re­ 
presentative of telephone users. Each, 
with a list of names, dialled the corres­ 
ponding numbers in a special test room. 
On different days, the normal L.N.D. 
and the modified A.N.D. directories were 
used. The calls were observed electric­ 
ally and answered in a nearby room. 
"Busies" and "Don't Answers" were in­ 
troduced at appropriate frequencies. 

Special A.N.D. dials (similar to the 
A.P.O. dial, without the letter card) 
were used on the A.N.D. days. 
lt was found that A.N.D. was about 

10 per cent. faster (the mean time to dial 
being about 12 seconds) and slightly 
more accurate than L.N.D. All subjects 
preferred the simpler A.N.D. dial, and 
thought the A.N.D. numbers as easy to 
memorise. 

Fig. 2.-New York Dial. 
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Allan J 9GrosvenorPdeBalw . • , • • • BWF 7562 
Allan J A 17 AlexandraAvCntrbry • • , , WWF 4175 
Allan JA 34AdamsSY . . . . • ••••• MBM 2092 
Allan J D 20WardGrPasVaS • • • • •• .Y FM 3382 
Allan J E 20BloomfieldAvMrbng • , • • ..X FU 1446 
Allan J E 9BruceBoxH • . .• •••••• UWX 7961 
Allan J E 9RiddleBntlgh •..•.•••••• FXU 5996 
Allen J H 140ouglasAshwd . . • • • , • W SL 4723 
Allan J H 34ChrystobelCrHwthn ••••• LWA 2022 
Allan J J BurwoodRdEBurw •••••••• JBF 8120 
Allan J J 39PrimroseMPds .•••••.. BFU 5608 
Allan J L 7ArmsteadAvCobg .••... MFL 1030 
AllaR f ls Qa') PF1Swu l1?B~il1eRd6lenP.'BL 4653 
Allan JM MelissaStNEss . • . • • , , , XFX 1454 
Allan J M laReserveAvCarn • • • • • • • UUL 6573 
Allan Joyce 29AlbertEMelb . , •••••• f JA 4966 
Allan J P l3FellowsMtchm . • • , • , JNWU 1041 
Allan J P 15WarrigalRdMent , , •••• LXV 1712 
ALLAN J R Woolbyr 19King •••••• JMB 3664 
Allan J R ShanfordAvBtn . . . . . • • . • BXM 3765 
AllaQ J R 207MurrumbeenaRdMrmbna .. MUM 2858 
AllanJ R 476CO'llins .....•.•.• YMB 1046 
Allan J W Muscn lWallaceEOak .. , • ..XUJ 2000 
Allan J Warren 61SutherlandRdArm ••• UUY 3569 
Allan J Y Chmst l 78SydneyRdBwick , • FFW 1223 
Allan J Y Chmst 3AxeltonChelt . . • • . .WXF 2626 
Allan K D R 8 OakPasVa . . . . • • • •• LFY 9849 
Allan Keith 12CoonansRdPasVaS . . • • MFM 3965 
Allan K H Commrcl Artist l3Hardware XMU 3900 
Allan K H 3BarkerChelt • • • •.. Y XF 3907 

Res 321BeacdesertRdMoorka ... , .. 0413 2287 
Barnett W F 219DewarTerCrnda •••• , .879 1306 
Barnell W P 56ArmadaleS1LIJC .•. , .. 9h7 2500 
Barnett WV S WynnumRdTnglpa .• , , , 090 4364 
Barney N 355CoronationDvcTwong , • , S37 6042 
Barney WA 4MillwoodRainwth ....•. 036 4970 
Barnfield E M BryantStA1hg . . . . . . . -438 2901 
Bamfield F J Plmbr 305lylt1lnRdHmanl .. 190 4683 
Barnfield G W 48SeaviewBtn . . . , . . . 8 69 2718 
Barns E V Creswick St Cfay . . . • • , ·• , 9.26 5603 
Barns L W 257JunctionRdEagJn , , ••• J,57 3317 
Barns N 65WithingtonEB ..•• · ... ,3911008 
BARNS RAY BREA& MFR 

~6;.t,.,c ,,.,.,., u,eu.,. •. S~t,!iRieo'!ls l+.ic •.• ~"!36&..,.4M4,88.:;,s 
Res 117FcrnbergRdRoslie 36 4405 
Prodcln Mngr (T Kruger Res 36 4093) 
Sales Mngr (V Harvey Res 36 4406) 

Barnsley EL 36LangleyAvWilstn ... , , ,056 5891 
BarAsley NO Electrn BrightonStSgate .. 869 2336 
Barnsley TM Mrs lBBallyKclGr • , ••. ,656 1648 
Baronoff P 33BrisbaneAnnJy . , . . • . , .9911809 
BAROSSA CANNERIES 2B9Qu.een .362 9015 
Barr AS Fruit Mercht TurbclSt , • • • .Q52 5833 
Barr E J McCurleyStWyn ....• , .••. 496 2628 
Barr E P BBMcConnellBlmba . . • • • , •. 195 1117 
Barr ES llMcGregorAvWindsr .•• , •• 857 4071 
Bar: F Nrsg Sisler OgdenStStffd • • • 256 2013 
Barr F L 34HowsRdTombl •. 967 1443 
Barr G 7 DaphneGrnge . /, 56 4742 

Fig. 3.-7-Digit Directory Presentation. 

Dialling with Memory Incentive: The 
second experiment was aimed at investi­ 
gating the rememorising aspects of a 
changeover from L.N.D. to A.N.D. 
Nine new subjects were selected, each of 
whom had already memorised several 
frequently used numbers. Each day, 
the subject was asked to place a "certain 
series" of calls (i.e., apparently the same 
calls each day, although this is not 
stated clearly in the original reference), 
so that there was an approximation to 
the normal incentive for memorising. 
Typed "Directory" pages were provided, 
L.N.D. for three days and then A.N.D. 
for 16 days. The performances were 
measured as before, but in addition, 
whether and how well the numbers were 
memorised were observed. 

A.N.D. was again superior for speed 
and accuracy. Six of the nine· subjects 
had rememorised in A.N.D. all the 
numbers they had previously dialled 
from memory, and two felt that they 
could do so given more time. One 
subject expressed a strong dislike of 
A.N.D. 

Memorising: In the first two experi­ 
ments, it was not possible to isolate mem­ 
ory effects from other difficulties. 
To obtain some direct information 

about ease of memorising, 100 subjects 
were used, fifty for A.N.D., fifty for 
L.N.D. Each subject was told a name 
and a corresponding number (specially 
made up to avoid familiarity) on suc­ 
cessive days, the subject was asked what 
the number was, and given it again if 
he had forgotten it. When the first 
number was memorised, a second pair 
was given, and when both were 
memorised, a third was given. Occa­ 
sionally the subject would be called back 
without warning up to 15 minutes after 
a number was given. This procedure 
was aimed at testing short-term memory 
as is used in going from a directory to 
a dial. 

The experiment showed that it is just 
as easy to remember A.N.D. numbers 
for short periods as it is for L.N.D. 
numbers. However, it took little longer 
to memorise A.N.D. numbers for longer 

periods, e.g., if an L.N.D. number took 
three days to memorise, an A.N.D. one 
would take about four days under the 
above conditions. 

Home Test: Seventy-three people used 
A.N.D. in their homes for 10 weeks. In 
each home telephone numbers in the 
ready-reference directory were changed 
to A.N.D. form and a "card translator" 
was provided so that other numbers 
could be dialled using the A.N.D. dial. 
The results were assessed in terms of 

the 73 users' opinions: 
Thirty-one preferred A.N.D. 
Seventeen found the two systems 

equally acceptable. 
Twenty-four preferred L.N.D., of 

whom eight felt strongly about retaining 
it. No one felt that remembering 
A.N.D. numbers would be a serious 
handicap. 

Field Trial: Following the above ex­ 
periments, a field trial was conducted in 
Wichita Falls, Texas. The main con­ 
clusions of the laboratory experiments 
were confirmed. 

Conclusions: Based on the results of 
the experiments and field trial, all­ 
numeral dialling is now being introduced 
(5). 

A.P.O. TESTS 
In connection with the National 

Numbering Plan and the imminent in­ 
troduction of subscriber trunk dialling, 
it was appropriate for the A.P.O. to 
consider the design of its telephone 
numbers from the user's aspect. The 
possible advantages of A.N.D. suggested 
an investigation of this for local con- · 
ditions which differed from those over­ 
seas in that the letters used here were 
meaningless, and differed in their pre­ 
sentation on the dials. 

When the investigation (4) was started, 
the Bell results were not known, but 
Conrad and Hille's work gave a good 
lead on what to expect from the memory 
aspect. It was decided to proceed with 
speed and accuracy testing, with other 
points receiving attention as the need 
appeared. As things turned out, when 
the Bell information became available, 
the Australian results fitted in well to 
make a fairly clear picture of the ex­ 
pectations of A.N.D. 

EXPERIMENTAL PROCEDURES 
The testing conditions differed in 

various ways from the situation ex­ 
perienced by a real subscriber. How­ 
ever, as the main purpose of the in­ 
vestigation was a comparison rather 
than an absolute evaluation, errors 
would not be introduced unless serious 
"interactions" were present. Such an 
interaction could be caused, for example, 
by the subjects having had unusual pre­ 
vious experience with one system - 
i.e., it is equivalent to a bias dependent 
on the population sample used as sub­ 
jects. That this was not serious was 
suggested by agreement between results 
obtained by experienced and inexperi­ 
enced operators. 

Presentation of Numbers: The im­ 
mediate problem appeared to be com­ 
parison of numbering schemes using 
seven digits, as these are being intro- 

Fig, 4.-A.P.O. Dials. 
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duced in the larger capital cities. Fur­ 
ther, an arrangement of the digits in 
one group of three followed by 'one of 
four seemed reasonable - it was similar 
to that shown by Conrad and Hille (2) 
to be optimum, did not conflict with 
common practice or intuition. and could 
be tested using existing directories, 
slightly modified. Accordingly, six 
pages of each of three copies of the 
existing directories were modified by the 
addition of digits to each number using 
the standard type (Fig. 3). 

Operating Conditions: The subject was 
seated alone with a 300 type telephone 
(Fig. 4) . with the modified directory 
alongside it. He was asked by the test 
controller via an inter-communication 
system to telephone a certain subscriber 
(selected at random by the controller). 
He then found the required number in 
his directory and dialled it. 

Observations: A group of seven bimo­ 
tional switches was used to sort the dial­ 
ling impulses which were then displayed 
on a lamp field for checking accuracy. 
The number which should have been 
dialled and any errors were recorded. A 
small difference between the total im­ 
pulsing times of 0.07 seconds mean in 
favour of the A.N.D. numbers used was 
detected (Appendix III) and was allowed 
for in the final comparisons. 

Experimental Results 
Only those results which were of 

particular interest in the development of 
the investigation or in the drawing of 
conclusions are described here. A 
more complete presentation of the data, 
and explanations of their analysis, may 
be found in Appendix I. 
Three experiments were conducted: 
(a) Using four subjects (three men, one 

woman), a preliminary test was run to 
examine the orders of magnitude of the 
effects, and provide data for the design 
of an experiment using a large popula­ 
tion sample. In this test, no dial or 
ring-tone were provided, and subjects 
were permitted to leave the handset off 
the hook. Thirty-three numbers were 
dialled at a sitting, with 15 minutes' rest 
between sittings. 
An average of about 10 seconds was 

taken for a 7 digit number, from the 
first to the last impulse sent to "line". 
The L.N.D. numbers took 0.57 seconds 
longer to dial than the A.N.D. numbers. 
Wrong numbers occurred only half as 

often with A.N.D. as with L.N.D. 
(b) · With three operators (all men) 

under the same conditions as before, the 
disadvantage caused by rotation of 
symbols with the finger plate was ex­ 
amined. For this, dials were modified 
so that the number plates rotated with 
the finger plates although the appearance 
of the dial in its normal condition was 
unaltered (Fig. 4). It was thought that 
the small change in the moment of inertia 
was insignificant. The comparison was 
made using A.N.D. 
It took 0.66 seconds longer to dial 

with the rotating number dial. 
There was no statistical "significance" 

in the small difference observed in 
accuracy. 

(c) An experiment based on the first, 
and using 30 inexperienced operators 
(14 women and 16 men of age 15 to 62 
years) was then conducted to compare 
the numbering schemes. The subiects 
were non-professional Research Labora­ 
tories staff of various occupations. Dial 
and ring tones were provided in this ex­ 
periment and subjects were requested to 
use their telephones as they would nor­ 
mally. 

Each subject was used once. for 40 
diallings at one sitting. These 40 
numbers comprised five groups of four 
from each system, A.N.D. and L.N.D., 
alternated. Subjects were started on 
A.N.D. and L.N.D. alternately to avoid 
bias due to the effect of learning. 
The time from lifting the handset 

until the first impulse - the "predialling 
pause" - was measured in this experi­ 
ment, as well as the interdigital time. 
These times were about 13 seconds and 
three seconds respectively. 
A.N.D. scored better than L.N.D. for 

both predialling pause (by 0.29 seconds) 
and interdigital time (by 0.74 seconds). 
However, there was negligible difference 

in accuracy, A.N.D. giving slightly 
greater accuracy in this experiment. 
Appendix I shows how the results of 

these experiments were analysed to 
show that A.N.D. codes are probably 
easier to memorise for the short period 
of dialling. 

Effects of Changes in Dialling Per­ 
formance: In the design of such experi­ 
ments, it is necessary to know just how 
accurate the answer should be, as other­ 
wise the experiment may well cost more 
than the saving. 
An attempt was made to estimate sav­ 

ings due to changes in the accuracy and 
time of dialling of telephone numbers 
based on the cost of the equipment re­ 
quired for the change in traffic. It is 
apparent that these savings would not 
be realised in every case, but sometimes 
would aid other factors to permit larger 
economies (e.g., by causing a critical 
difference in traffic carried by a group 

of switches permitting one less switch to 
be used). 
The calculations showed that a saving 

of £10,000 p.a. could be expected in 
the A.P.O.'s telephone network by a 
reduction in: 

(1) the proportion of the wrongly 
dialled numbers of 0.01, 

(2) The predialling pause of 0.7 sec., 
(3) The total interdigital time of 0.23 

seconds 
(in a step-by-step system). 

or (4) The total time to dial of 0.6 sec. 
(in an equivalent crossbar system). 

Appendix IT shows how these figures 
were obtained. 
The rather intangible question of the 

value of customer goodwill should also 
be kept in mind, but it is difficult to 
evaluate numerically and this was not 
attempted. 

CONCLUSIONS 
L.N.D. numbers have no definite ad­ 

vantage as regards memorability or 
user preference, even if the letters are 
incorporated in words. There appears 
to be a small advantage for A.N.D. 
numbers for very short-term memory. 

A.N.D. is faster by about ten per 
cent. than L.N.D. us used in Australia, 
and is at least as accurate. 
The change to A.N.D. should save the 

A.P.O. about £40,000 per year in the 
present telephone system. 

"You have only to take in what you 
please and leave out what you please; 
to select your own conditions of time 
and place; to multiply and divide at dis­ 
cretion; and you can pay the National 
Dept. in half an hour. Calculation is 
nothing but cookery." Lord Brougham, 
1849. 
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APPENDIX I 
Experimental Results 

Speed Comparisons: Tests on the 
original data for interdigital times 
showed that it was reasonable to treat 
the values as normal variates. Experi­ 
ments with four experienced operators 
showed that A.N.D. was significantly 
faster, with overall means of 9.35 sec. 
and 9.92 sec. for A.N.D. and L.N.D. 
respectively. The difference, 0.57, is 
highly significant, being about 10 stan­ 
dard deviations of the mean. 

When the rotating number dial was 
compared with the standard dial using 
A.N.D., the following means were ob­ 
served: 

Rotating number dial 10.15 sec. 
Standard dial 9.49 sec. 
This difference of 0.66 seconds is also 

highly significant. 
The results of the test using inex­ 

perienced operators are summarised in 
Table I. The significance of all the 
differences shown here is greater than 
99%. 
Table 1 suggests that A.N.D. permits 

significantly improved performances of 
both men and women diallers, the main 
factor being a reduction of 1.03 seconds 
in the time to dial a number. 

This time is composed of: 
Interdigital Improvement +0.81 sec. 
Predialling Improvement +0.29 sec. 
Bias in mean impulsing 

time (Appendix III) -0.07 sec. 

1.03 sec. 

Interdigital Times Predialling pause 

I 
I Resid. 

L.N.D. , A.N.D. 
Resid. 

L.N.D. A.N.D. Diff. Vari- Diff -. Vari- 
ance ance 

---- 1Ll6 -- ~"' Men 13.42 12.79 0.63 3-.50 0.24 
E-o 
·- c:: Women 13.25 12.25 1.00 111 I 3 .43 3.11 0.32 }2 rs -o 
c:: u sec2 sec2 ro & 
fs Men & 13.34 12.53 0.81 J 3.47 3 .18 0.29 

Women 
--- 

r25 Men 4 12 3 13 
-E- e~~ Women 4 10 4 10 vt.8 oo 
0. •.• c:: 

! 16 ~ 8:: Men & 8 22 14 

I 
7 23 

~oE Women I I ~1] I 

Men showed somewhat less improve­ 
ment than women, the interaction being 
marked in the case of the predialling 
pause. 

Analysis of Speed Results: From the 
above experiments, a rough analysis 
may be made of some of the factors in­ 
fluencing dialling speed. 

Only male subjects results were avail­ 
able for this, as only males were used 
to examine the effect of the moving 
symbols. As it was desirable to use ex­ 
perienced as well as inexperienced sub­ 
jects results in the same calculation, the 
experienced subjects' times were weighed 

0.63 
by a factor, --, which equalizes the 

0.54 
L.N.D. v. A.N.D. differences. It is be­ 
lieved that this adjustment is reasonable 
as it was applied to the same process (i.e .. 
visual searching) in each case, and is 
only a second order correction. 
Table 2 gives the required adjusted 

values (mean times in seconds, variances 
of means in seconds"). 

symbol on his dial. Any differ­ 
ences between systems in this time 
would be attributable to differences 
in the time required to read and 
memorise the number from the 
directory. 

(b) The time to search for a symbol 
on the dial and position the finger. 
This time is assumed to be the 
same for all symbols of the same 
type (e.g., letters, stationary 
numerals and rotating numerals) 
in the different systems. In the 
case of rotating symbols, the 
search would not normally start 
until the dial is stationary, al­ 
though some prepositioning may 
be possible, especially with num­ 
bers because of the simple order. 
It seems reasonable that the search 
time for numbers with· the stan­ 
dard dial should not be very 
different whether the finger plate JS 
stationary or not as the numerals 
are exposed for about 2h of the 
time anyway (Appendix IV), i.e., 

Table 2 

I L.N.D. A.N.D. Rotating Difference- 
Time Tested Subjects I Numbers I Mean Var. Mean Var. Mean Var. Mean Var. 

---- ---- 

Interdig. Inexperienced 13 .42 0. 035 12.29 0.035 0.63 0.07 

Experienced 11.70 0.0037 11.07 0.0030 0.63 0.0067 

Experienced 11.07 0.0041 11.84 0.0071 0.77 0.0112 
-- -- -- -- -- -- -- 

Predial Inexperienced 3.502 0.0067 3.255 0.0067 0.25 0.0134 

I I 

We may consider the period from the 
lifting of the handset until the last im­ 
pulse is sent as being composed of 
several components, some of which are 
determined by the subject. These times, 
which are displayed graphically in Figure 
3, are: 

(a) The elapsed time between the lift­ 
ing of the handset and the sub­ 
ject's searching for the first 

aboout 0.57 sec. for the average 
digit dialled. 

(c) The "pull around" time to rotate 
the finger plate until the finger is 
stopped. It is assumed that this time 
is independent of the type of sym­ 
bol used, but it will depend, of 
course, on the digit dialled. Thus, 
the mean pull-around time would 
depend on the digit-sums of num- 

-- --- 
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bers dialled. However, as the pull­ 
around time is much less than the 
impulsing time, the small bias in­ 
troduced in this way was neglected. 

(d) There may be a pause between the 
two groups of digits while the 
subject refers to his directory for 
the second group. It is assumed 
here that the same behaviour is 
used when dialling in either sys­ 
tem, i.e., that if the subject refers 
back to the directory in one system 
he will do it in both. This should 
be so here as the second group of 
digits is all numerals in both 
systems. 

Using values from Table 2, we may 
now calculate certain important differ­ 
ences: 

Let Tm! be the memorising time for 
L.N.D. groups. 
Let Tmn be the memorising time for 
A.N.D. groups. 
Let Tslr be the search time for rotat­ 
ing letters. 
Let Tsls be the search time for station­ 
ary letters. 
Let Tsnr be the search time for rotat­ 
ing numerals. 
Let Tsns be the search time for sta­ 
tionary numerals. 
Figure 3 shows the relation of these 

times to the dialling process. Then: 
(a) The difference in prcdialling times 

between A.N.D. and L.N.D. can 
be attributed to a difference in the 
times taken for memorising plus a 
difference in the search times for 
a stationary symbol, i.e., 
Tm! - Tmn + (Tsls - Tsns) = 
0.25 sec., with variance 0.0191 
sec'. .. .. .. .. (A) 

(b) The difference between the inter­ 
digital times for A.N.D. and 
L.N.D. would be due to different 
search times for the second 2 
digits. The first digit performance 
contributes to (a) above while the 
last 4 digits are all numerals and 
so should not exhibit any differ­ 
ence. 
This relation is expressed by: 
2 Tslr - 2 Tsns = 0.63 - 0.07 = 
0.56 sec., with variance .0067 sec2• 
(the 0.07 is a correction for the be­ 
tween directory digit sum differ­ 
ence. with negligible variance - 
see Appendix Ill). 
i.e., Tslr - Tsns = 0.28 sec., with 
variance 0.0017 sec2 ••• (B). 

(c) The difference between interdigital 
times for stationary and rotating 
numeral dials is attributable to the 
different search times for the 6 
digits affected, the search time for 
the first digit occurring during the 
predialling pause. 
Thus 6 Tsnr - 6 Tsns = 0.77 
sec., with variance 0.112 sec". 
.".Tsnr - Tsns = .13 sec., with 
variance 0.003 sec' ... (C). 
From (B) and (C) Tslr - Tsnr = 
0.15 sec. with variance 0.002 sec', 
i.e., the search time for letters is 
0.15 sec. per letter longer than 
that for numbers. 

This may be due to - 
(a) The smaller type of the letters and 

their different form. 

(b) The separation between the letter 
symbols and the associated finger 
holes. 

(c) the more obvious order of the 
numbers. 

If we assume that the extra search 
time required is the same whether the 
symbols rotate or not, i.e. 

Tslr -Tsnr = Tsls -Tsns, 
from (A) we find 
Tm! - Tmn = 0.25 - 0.15 = 0.10 

with variance 0.021 sec". Thus there is 
some evidence that it takes longer to 
memorise the L.N.D. codes, the confi­ 
dence level in this statement being 
greater than 7 5%. 
Accuracy Comparison: x' tests of 

fitted Poisson distributions showed that, 
under a given set of conditions, it was 
safe to assume a constant probability of 
error for all operators. Table 3 sum­ 
marises the observations. The composi­ 
tion of the crews used for tests (a), (b) 
and (c) was as given previously. 

Total 

There was no significant difference be­ 
tween operators or systems with regard 
to the types of errors which occurred. 
For interest, the analysis of the observed 
errors into various types was: 

Any digit quite wrong 46% 
One group of digits quite 

wrong .... 24% 
(as by dialling 1/2 of the next 
higher or lower directory 
entry) 

Any digit too high or too low 
by one unit . 15% 

A pair of digits reversed, e.g., 
3 4 7 2 7 4 1 instead of 
3 7 4 2 7 4 1 15% 

APPENDIX II 
Savings due to Dialling Performance 

Changes 
Wrong Numbers: The "wrong num­ 

bers" which can be influenced by a 
choice of dialling system are those due 
to subscribers dialling incorrectly. Some 

Table 3 

Digit I Number of digits masked during each impulse I Total time dial 
is off normal, _I s __ ec_. __ 

10 0.4 
14 0.5 
18 0.6 
22 0.7 
26 0.8 
30 0.9 
34 1.0 
37 1 .1 
39 1.2 
40 1.3 

·-------------·-----'----27_0 = (A) 8.5 = (B) 

l 
2 
3 
4 
5 
6 
7 
8 
9 

10 

1+2+3+4 
1+2+3+4+4 
1+2+3+4+4+4 
!+2+3+4+4+4+ 

........ +4 

........ +4 

........ +4+3 

........ +4+3+2 

........ +4+3+2+1 

The result for experienced operators 
(a) is the only one that shows a signifi­ 
cant difference between systems. The 
size of the experiment with inexperienced 
operators was designed to provide a 
99 % confidence level if this difference 
were real. However, the results of this 
experiment did not show that same 
difference and to test the new difference 
would have required an experiment with 
about five times as many observations. 
This was not thought justifiable as the 
expected saving even if the difference 
were real would be small and sufficient 
subjects were not readily available. 

The definite accuracy advantage of 
A.N.D. observed by the Bell Labs. may 
be attributable to the visual confusion 
caused by the appearance of the Ameri­ 
can dial (Fig. 2). 

The disagreement between the differ­ 
ence for experienced and inexperienced 
subjects may be valid, indicating that 
A.N.D. is definitely superior when 
people are used to it. On the other 
hand, the withdrawal of one of the sub­ 
jects caused some disturbance of the 
experienced subject experiment, although 
no effect of this was apparent in the re­ 
sults fer speed, 
No significant correlation was ob­ 

served between accuracy and speed of 
operators, nor between the accuracies of 
operators in the two different systems. 

of these calls will earn revenue slightly 
faster than successful calls due to the 
short holding time if the calling sub­ 
scriber does not claim a refund. How­ 
ever, a sample comparison of subscribers 
accounts with exchange observations 
(6) suggested that rather more "wrong 
numbers" are claimed for than really 
occur, although this was not investigated 
fully. Further, the wrong numbers for 
which refund is made cost rather more 
for administration. It seems reasonable 
to ignore any possible profit as a result 
of wrong number traffic. 

Other calls dialled wrongly meet "no 
progress" conditions if the called number 
is not allotted. The relative frequency 
of such calls would depend on the 
occupancy of the numbering scheme 
(about 30% in a step-by-step system, 
60% in crossbar (7), and their average 
holding time would be shorter than for 
those which are answered. A calling 
subscriber would take, say, two seconds 
to hang up on encountering a no­ 
progress tone. 

Observations of the mean time to 
answer gave a value of about 11 sec. 
(6), and it seems reasonable that it would 
take, say, 10 sec. more to terminate an 
answered wrong number call. The 
average 7 digit number takes about 15 
sec. to dial and the mean holding time 
is about 180 sec. (7) so that it is possible 
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to calculate the contribution of wrong 
numbers to the total traffic. 

In a step-by-step system, considering 
the dialling time as distributed uniformly 
over the switching stages, the total 
equivalent holding time may be cal­ 
culated thus: 
Dialling time (ave. 
for each switch in 
train .... 

15 
-seconds 
2 

Answering time 
For the 30% of 
numbers that are 
allotted . . . . . . .. ... . . . . . 0.3 x 11 seconds 

Speaking time - For 
the 30% of numbers 
that are allotted .... 0.3 x 10 seconds 
Teminating time for 
the 70% of numbers 
not allotted .... 0.7 x 2 seconds 

Total 15 seconds 

That is, the equivalent holding time 
is about 0.08 of the 180 seconds mean 
for successful calls. Thus, if wrong 
numbers occur as a small fraction, a, of 
all calls, they contribute 0.08a of the 
total traffic. 

In the case of a crossbar system, 
the contribution to the overall cost may 
be somewhat higher as the expensive 
common control equipment is involved 
just as much on wrong number calls as 
on successful ones. The contribution of 
wrong numbers to the cost of the re­ 
mainder of the plant should not be very 
different from that in the step-by-step 
system as a large fraction of this would 
be in the junction system. In the ab­ 
sence of detailed cost information on 
other systems, the previous value of 
0.08a should be a reasonable working 
figure. 
From Ref. 7, the annual cost of pro­ 

viding and maintaining exchange plant 
and equipment in the A.P.O. network is 
about £ 1.6x107, including depreciation, 
and the cost of the wrong numbers 
would thus be £ l.6x107x0.08a = 
£ 1.3x106xa per year. In the case of 
the observed frequency, a, of about 0.04 
this is equivalent to about £50,000 per 
year. When subscriber trunk dialling is 
widely used, this figure could be doubled 
roughly (from the approximate equality 
of the present trunk and local call 
revenues). It is to be expected that the 
proportion of trunk calls will increase 
with the possibility of cheaper, easier 
calls, but the effect of this on the wrong­ 
number cost would be counteracted by 
subscribers taking more care on rela­ 
tively expensive calls. 
Speed of Dialling: Eventually, we may 

be using press-button or other dials in 
which the signalling rate is much less 
dependent on subscriber performance 
than at present. Many particular 
systems could be considered in detail, 
but the present one is the most realistic 
on which to base cost estimates. 

The two main subscriber-dependent 
components of the time taken to dial a 
number must be considered separately 
in the step-by-step system. 
---- 
• Actually provisions of registers will be on a 
somewhat different basis from that assumed 
here. 

The predialling pause wilJ only affect 
the provision of first selectors, line­ 
finders and sometimes junctions. Assum­ 
ing that one-sixth of the total exchange 
expenditure is on these we find the cost 
of the predialling pause as 

IA, x %so x £ 1.6xl07, or about 
£15,000 per year for each second saved 
per call. The interdigital pause time may 
be roughly considered as being uniformly 
spread over the switching stages - i.e., 
half of it is effective for the whole call. 
On this basis, it can be treated as an 
increase in total traffic and would cost 

\12 x 1hso x £ 1.6xl07, or about 
£44,000 per year for each second. 
In a crossbar system, the same initial 

control equipment would be held 
throughout dialling. Later stages would 
nor normally be affected by the sub­ 
scriber's sending rate as the "register" 
provides some buffering. The relevant 
equipment would have a capital cost of 
about £3xl06, equivalent to about 
£300,000 p.a. (This capital cost is 
derived by assuming a traffic of .05E for 
each of 1.8 x 106 subscribers, each tak­ 
ing 15 sec. to dial, and provided with 
service giving a .01 probability of delay 
exceeding one sec. from registers each 
costing £250 in groups of 20 (9,10)* 
The ratio of capital to annual cost 
corresponds to the ratio of present plant 
capital to annual cost (B). Thus, the 
cost per second of total dialling time is 

300,000 
about --- = £20,000 p.a. for each 

15 
second. 

APPENDIX m 
Digit Sum Distribution in Dial Codes: 

It was desired to determine the distribu­ 
tion of the sum of the number of digits 
in the telephone numbers dialled to see 
how this would affect the size of experi­ 
ment required. This was done in two 
ways: 
Using Random Numbers: Assuming 

that every 7 digit number has an equal 
probability of occurrence, we can find 
the frequency of occurrence of any par­ 
ticular digit sum as follows: 

n 
where ( ) is the binominal coefficient = 

k 
n! 

k! (n - k) ! 
Using this method, frequencies of 

occurrence were calculated for sums 
from O to 70 and the mean (38.5) and 
standard deviation (7.9) estimated. A 
plot of the distribution suggested that it 
was normal, as is reasonable, considering 
how the values of the sum are com­ 
posed. 
Using Telephone Numbers: Using the 

modified telephone directories, 600 num­ 
bers dialled from each were tested, giv­ 
ing means and variances as shown: 

Mean Digit Variance 
Sum 
37.26 
36.58 

L.N.D . 
A.N.D . 
Difference 

45.58 
52.55 

Consider the expansion of the ex­ 
pression: 
F(x) = (x + x2 + x3 + . . . xr)n 

The coefficient of xr in this is the num­ 
ber of ways of making up p from the 
numbers l, 2 . r, taken n at a time. 

[ 
x(l - xr) ] n 

Now F(x) = 
1 -x 

0.68 
The difference between the variances 

is not significant but the difference be­ 
tween the means is, being greater than 
three standard deviations of the mean. 
Both means are also significantly differ­ 
ent from the random number mean. 

The 0.68 impulses correspond to 
approximately 0.07 seconds' impulsing 
time. 

APPENDIX IV 
Time Lost Due to Masking by Finger 

Plate: When the finger plate is off nor­ 
mal, some of the numbers behind it are 
covered by the part without holes. The 
effective time not available for searching 
may be estimated for any number 
dialled. 

The process is best analysed by con­ 
sidering time intervals equal to that for 
a hole in the finger plate to pass one 
symbol, i.e., the time for one impulse 
If one symbol is hidden for one impulse, 
the effective loss will be called one 
"symbol-impulse". 
In this manner the symbol-impulses 

lost for each digit dialled were found 
by tabulating thus: 

Table 4 
Error Frequency 

Operators A.N.D. L.N.D. Rotating Nos. Significance 

Experienced (a) 0.020 0.039 Very high 
Experienced (b) 0.018 0.0135 Nil 
Inexperienced (c) 

I 
Men 0.028 0.034 Nil 

Women 0.036 0.039 Nil 
All 0.032 0.037 Nil 

Since (A) is the sum of 10 entries, the 
time for 1 impulse is 0.1 sec; and there 
are 10 symbols on the dial 
(A) ~ 1,000 = 0.27, is the average time 
in seconds that all numerals are obscured 
during one return of the finger plate. 
The expected time for return of the 
finger plate is found from (B) · to be 0.85 
sec. 
Thus the stationary numerals are ob- 

0.27 
scured for -- = 0.32, or roughly V3 

0.85 
of the time the dial takes to return to 
normal. 

-- -- --- -- -- -- -- -- 
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PROTECTION AND DUST PllOOFING OF 
AUT01'1ATIC EQUIPMENT 

Fig. 1.-Basic Construction of Metal Panels for Enclosed Switch Rock. 

INTRODUCTION 
The problem of dust deposition on 

Telephone Switching Equipment is widely 
recognised. It has been the subject of 
comprehensive studies by telephone auth­ 
orities the world over. The practice of 
providing individual covers for relays, 
groups of relays, mechanisms and other 
apparatus is standard, but this method 
leaves the banks and wipers unprotected. 
This applies also to cable forms, connec­ 
tion blocks and other miscellaneous 
equipment, which are exposed to the 
atmosphere and, therefore, vulnerable to 
the effects of dust and dirt. It is not 
within the scope of this article to discuss 
ways and means of preventing the entry 
of dust into Telephone Exchanges, as 
these have already been dealt with by 
other writers in this Journal. 
Ericsson Telephones Ltd., London, re­ 

cently developed a design for covers to 
completely enclose 2,000 type equipment. 
The Telephone Equipment Section at 
Headquarters became aware of this de­ 
velopmental work and obtained sample 
covers. A field trial was designed to test 
the effectiveness of the covers and Civic 
Exchange, Melbourne, was selected as 
the most suitable location. This article 
describes the covers, their installation, 
and the tests carried out on the com­ 
pleted installation. 

DESIGN OBJECTIVES 
After careful consideration, the design 

objectives for the covers were set out 
as follows: 
(1) The enclosure should be capable of 

being fitted to existing equipment 

* Sec page 377. 

and to apply to all types of racks, 
also, it must be suitable for new 
equipment, either at manufacture or 
installation. 

(2) The design to be simple, with 
smooth external contours, and of 
sufficient thickness and rigidity to 
give ease of cleaning. All compli­ 
cated fixing devices to be avoided so 
that fitting or removal is easy and 
fast. 

(3) Low Capital Cost. Vacuum forming 
of plastic panels is ideal as the 
shapes are produced on wooden 
moulds. 

(4) Panels to be non-inflammable, light 
to handle, and not subject to corro­ 
sion, to be shock resisting - within 

Fig. 2.-Alternative end panels for installa­ 
tion where movement of rocks is not con­ 

venient, such as in existing suites. 

G. P. JOLLEY.* 

reason - so that no special care is 
needed in handling. 

(5) Panels to be transparent on the side 
which mounts the relay sets and 
mechanisms. 

(6) Rear panels to be white to give good 
light diffusion in the wiring aisles. 

(7) Panels to be small for ease of hand­ 
ling. When removed for maintenance 
there is less possibility of dust entry 
when a small area of equipment is 
exposed. 

(8) Eliminate the need for separate 
covers on relay sets, etc. 

(9) Thickness of the panels to be such 
that noise level from switch opera­ 
tion would be low. P.V.C. is superior 
to metal in this respect. 

(10) Surface of panels to be feebly elec­ 
trostatic, so that dust particles will 
adhere to external faces for removal 
by cleaning. 

(11) Panels to withstand rises in tempera­ 
ture caused by switch operation. 

TYPICAL 
COVEP. PLATE 

Fig. 3.-Cable entry to covered rack. 
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POLYURETHANE 

-~- 

Fig. 4.-Jacked-in centre support for making 
dust seal with inner edges of removable 

P.V.C. panels. 

DETAILS OF CONSTRUCTION 
AND FITTING 

Figure I shows an exploded view of 
the top, bottom and side panels of an 
8' 6" rack. The construction is similar to 
that of a 10' 6'12" rack except that those 
described later as delivered to Civic 
Exchange, Melbourne, had no cutouts in 
the top panels. The panels are con­ 
structed of 0.048" M.S. stove enamelled 
white inside and grey outside. The top 
panels are split longitudinally, which 
allows ease of fitting and making clear­ 
ance cutouts for cables, etc. The bottom 
is made of two flanged panels, with cut­ 
outs to clear the rack frame at both 
ends. The end panels are of identical 
shape where an isolated rack is to be 
covered. Cutouts are made at the bottom 
to clear the frame. 

. Figure 2 shows alternative end panels 
for installation where the racks cannot 
be moved, such as in an existing suite. 
In the case of intermediate racks the 
flange is double sided. Existing holes in 
the rack frame are used to secure the 
panels. 
Clearance cutouts are made for cable 

entries and bus bars and after assembly 
any gaps remaining are covered by vul­ 
canized fibre sheet, secured to the panel 
with self-tapping screws as shown in 
Figure 3. The final dust seal is made 
around the cables with caulking com­ 
pound. This is pressed into any gaps be­ 
tween the cables and covers. Caulking 
compound always remains soft, which is 
an advantage if additional cables are to 
be installed. 
The front and rear of the rack are 

enclosed with removable panels, vacuum 
formed from 0.040" rigid P.V.C. sheets. 
Removal of a panel gives access to five 
switches, and removal of two panels, and 
the jacked-in support, which is shown in 
Figure 4, gives access to a full .shelf of 
switches. Figure 5 shows how the panels 
are fitted to the enclosure. 
The channels for holding the panels 

are mounted on l" T section steel, which 
is spanned across the enclosure at such 
vertical measurements as are necessary 
to suit the equipment. These bars are 
screwed to the end panels with 4BA nuts 
and bolts. 
Strips of high-density polyurethane 

(plastic foam) are cemented to the flanges 
of the end panels, between each pair of 
T bars. Dust entry is prevented by the fit 
of the long edges in the channels, and by 
pressure between the short edges and the 
foamed strip. 
Removal of the P.V.C. panels is very 

simple, see Figure 8. Both handles are 
pushed upwards, the panel is then 
lowered, keeping it fairly flat against the 
rack just clear of the lower channel. .~ .,, 

Replacement of the panels is carried 
out by using the hand grips and pushing 
the outer top corner only, fully into the 
upper channel, flush with the outer edge. 
Then the panel is pivoted about this 
corner until the remainder of the edge 
is engaged in the channel. The outer 
bottom edge is now guided into the 
bottom channel, and pressure is placed 
on the raised portion at the top of the 
panel to enter the bottom corner into 
the lower channel. The hands are now 
moved along the bottom of the panel to 
engage it fully in the lower channel. 
Downward pressure is now applied with 
both hands on the upper raised portion 
to push the panel fully home. 
In August, 1959, material designed to 

enclose two adjacent group selector racks 
was delivered to Civic Exchange, Mel­ 
bourne. 
To facilitate evaluation of the perform­ 

ance of the covered racks, it was decided 
to fit the covers to adjacent racks lsts A 
and lsts B, and to compare these racks 
with uncovered racks lsts C and lsts D, 
all four racks being adjacent to one an­ 
other in the same suite. 
In this instance the rack covers were 

fitted by the regular maintenance staff 
and no great difficulties were encoun­ 
tered. However, large-scale fitting of 
covers would be best done by a special­ 
ised staff using specialised tools. 
Labels were fixed on the frames of the 

switches in lsts A and B and the switch 
covers were removed. The last step was 
fitting the plastic panels and the equip­ 
ment was ready for test. 

Our experience indicates that two men 
would be able to cover a working rack 
in a day. New installations would take 
less time, but working racks have their 
individual problems. 
When the installation was completed 

it was soon seen that changing fuses was 
a hazard, as it would be easy to contact 

r 
·-----·······-·-····--- .... -- ... _:a-·-· ···1---····-----·---··.····-·--·---- 

\.---~~' 

~-Elt111BB 
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~ - ~ 
Fig. 5.-Method of fixing panels for dust exclusion on selector rack equipment. 
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earth when loosening or tightening the 
screw on the bus bar end. This was 
overcome by placing "Lassovic" on the 
web of the flange near the fuse panel. 
A far better arrangement would be a 
formed insulating piece to slide beside 
the fuse panel and returned around the 
web to prevent contact with the screw­ 
driver blade. 
To avoid unnecessary opening of the 

enclosure the battery jacks were brought 
out to the bottom of the rack. Release 
and fuse alarms were also brought out 
on to keys. These can be seen below the 
bottom panel in Figure 6. Checking of 
permanents is done visually and call 
tracing is no trouble, as the operated 
relays and wiper position can be seen 
through the panels. The switches are 
subjected to functional testing once a 
week. 

Apr. 
1959 

20 
22 

May 
1959 
15 
8 

lA and 1B .. 
lC and lD .. 

SERVICE EFFECTS OF COVERS 
The obvious method of establishing 

the effectiveness of the covers was a study 
of fault incidence. A table of faults for 
the six months prior to installation is 
shown above. 

Oct. 
1959 
15 
19 

Rack Nov. 
1959 

7 
14 

IA and 1B .. 
lC and ID .. 

Fig. 6.-Equlpment side of rack. Note individual switch covers not necessary and switches 
visible through clear plastic panels. 

June 
1959 
13 
17 

July 
1959 
17 
14 

Sept. 6 mths. 
1959 Total 
15 94 
10 86 

Aug. 
1959 
14 
15 

Immediately the racks were covered, 
racks lsts A, B, C, D were "blown out" 
with compressed air and thoroughly 
cleaned. Also, all wipers were changed 
on the A shelf of the four racks. 
A table of faults since installation of 

covers on IA and IB follows: 

Dec. 
1959 

7 
15 

Jan. 
1960 

3 
11 

Feb. 
1960 
2 
9 

Mar. 6 mths. 
1960 Total 
3 37 
8 76 

The fault incidence for the period 
April to June, 1960, is similar to that of 
January to March, 1960. In passing, it 
will be noticed that the total faults in 
IC and lD have dropped; this is pos­ 
sibly due to the clean down they received. 
The banks on IA and 1B are still 

clean, whilst those on lC and lD are 
building up dust deposits. The wipers on 
the A shelves and all racks have been 
checked. The difference in wear between 
the racks is scarcely noticeable. A check 
over a longer period is necessary for 
these items, but experience in the past 
has shown that more wear will be ex­ 
perienced on the top wipers as the dust 
deposits grow. 
It was feared that the oil on the 

switches in the covered racks would dry 
out due to increased temperature. These 
fears are unfounded as checks have 
shown no deterioration of the oil film. 
The Research Laboratories were re­ 

quested to carry out tests on the enclos­ 
ure along the following Jines: 

Fig. 7.-Wiring side of rack. Panels are re­ 
movable as for equipment side and are cream 
opaque for improvement in aisle lighting 

conditions. 
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(1) Dust deposition comparisons between 
the covered and uncovered racks. 

(2) Temperature comparisons between 
that in the exchange and the covered 
racks. 

(3) Tarnishing. 
The rate of dust deposition was deter­ 

mined by greased glass plates, distributed 
at various heights throughout the covered 
and uncovered racks. Tests were made 
over a period of three months. For the 
first two months the dust concentration 
was determined by counting the particles 
under a microscope. Further plates were 
exposed on the third month and were 
photographed on removal, the magnifica­ 
tion in each case being twenty. Figures 9 
and 10 show the deposition on the open 
racks whilst Figures 11 and 12 show that 
on slides, in similar positions, inside the 
covered racks. The striations on the 

edges of the pictures are due to marks 
on the grease film caused during appli­ 
cation. 
These photographs prove conclusively 

that dust is greatly reduced in the 
covered racks. Moreover, this difference 
should become more marked as time goes 
on, as most of the dust under the covers 
had settled after a few days, and, if the 
covers were undisturbed, no further de­ 
position should take place. The deposi­ 
tion on the uncovered racks would be 
directly proportional to the time of ex­ 
posure. 

Temperature recordings were taken by 
means of thermistors on hot and mild 
days and during a holiday period. The 
readings during the holiday period were 
taken to ascertain the effect of the 
switches in the covered rack being idle 
for lengthy periods. 

Fig. 8.-The author removes a panel. Vertical bars are also removable. 

Fig. 9.-Sample of dust deposition on un­ 
covered racks. 

Fig. 1 0.-Sample of dust deposition on un­ 
covered racks. 

The results showed that the tempera­ 
ture, inside the covered racks, rose no 
more than five degrees fahrenheit above 
exchange ambient temperature. The 
amount of variation was influenced by 
the amount of traffic, being very small 
during the night hours, weekends and 
holiday period. This slight excess over 
ambient temperature ensures that little 
danger of moisture condensation exists 
and if it did take place it would be on 
the outside of the covers. 

As there is no free circulation of air 
under the covers, it was thought that a 
concentration of vapours could build up. 
If this included free sulphur from the 
switch cradle rubbers, etc., it could attack 
the silver relay contacts and cause them 
to tarnish. To check for this eventuality, 
pure silver foil was placed in _ various 
positions in the covered and uncovered 
racks. A tarnish test was also made on 
the panel P.V.C., the foamed plastic, and 
the caulking compound. 
The tarnish test on these materials 

proved them innocuous, _and the silver - 
foil showed tarnish only in the uncovered 
racks. The _ absence of _tarnish in the 
enclosed racks, where there is no air 
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circulation, was considered most satis­ 
factorv. 
Inspections have shown that the banks 

stay clean and as long as opening of the 
enclosure is kept to a minimum, should 
remain clean for a long period. This, in 
turn, means that wiper wear is retarded. 
Considering these facts, it should be pos­ 
sible to experiment with bank lubrication 
without the fear of creating a cutting 
compound of dust and oil, as was the ten­ 
dency in previous attempts to bank lub­ 
rication using paraffin oil. Research Sec­ 
tion is investigating this aspect. 
In covered racks switch lubrication 

will be less of a problem and should last 
longer, and the oil film will be freed 
from contamination by dust and dirt. 
This should mean longer life for the 
mechanisms. 

Most of the noise of switch operation 
is eliminated. It is uncanny to stand in 
front of the covered racks and watch the 
switches operating almost without a 
sound. This should have a distinct bear­ 
ing on staff fatigue and is a decided 
advantage in exchanges where the Test 
Desk is in the switch room. 
As the covers are electrostatic, dust has 

a tendency to cling to the outside surface. 
This, combined with the flat surface of 
the metal work, makes cleaning the racks 
very easy indeed. The Company supplied 
a commercial-type anti-static cloth for 
wiping down the plastic panels, and a 
rack can be cleaned down in a matter 
of minutes. 

Most human beings are confirmed 
"fiddlers", and it has been found neces­ 
sary to discourage the tendency to re­ 
move switches from the racks to per­ 
form work that could be done equally 
as well with the switch in situ. There is 

much less interference with switches on 
covered racks. 
Added to all these factors is the lower 

fault incidence. It can readily be seen 
that if an exchange was fully equipped 
with these covers, less staff effort would 
be needed to give a comparable or better 
grade of service. The capital cost of in­ 
stallation could soon be recouped. 
The whole concept of covering is lost 

unless opening of the rack covers is 
rigidly defined and controlled. Toward 
this end, the alarms were arranged so 
that testing could be done without re­ 
moving the covers. Could we now imag­ 
ine a system with which all alarms could 
be tested - perhaps automatically - 
from a central point in the exchange? 

From a Qualitative Maintenance view­ 
point, the covers should benefit the Sup­ 
ervisory staff. They could expect that 
cleaning, oiling, wiper and bank main­ 
tenance, at least, would be largely di­ 
vorced from disturbances partly beyond 
their control, e.g., inefficient air filtering, 
cleaning operations generally, doors open­ 
ing and from staff movements. They 
would be getting in a very easy fashion 
the ideal that modern exchange planners 
are striving for - the equipment isolated. 

REFERENCE 
Ericsson Publication, "Dustproof En­ 

closure for A.P.O. Switch Racks-In­ 
formation for Installing Engineer. 

Fig. 11.-Sample of dust deposition on 
covered racks. 

Fig. 12.-Sample of dust deposition on 
covered racks. 

ACTIVITIES OF TIIE SOCIETY IN VICTORIA 
Progress: The Victorian Division of the 

Society has grown rapidly in recent 
months with the adoption of the new 
constitution. The new committee in Vic­ 
toria, building upon good foundations 
laid by the earlier Postal Electrical 
Society, has been able to expand its 
membership rapidly from about one 
thousand to approximately two thousand 
members. 
The present committee consists of: 
E. D. Curtis, Chairman; 
J. S. MacGregor, Secretary; 
A. M. Smith, Treasurer; 
C. Duncan, Auditor; 
E. J. Bulte, Immediate Past President, 

Postal Electrical Society of Victoria. 
A. McPherson, P. A. Warr, A. Wright, 

W. Kemp, 3rd Divisional Representatives. 
C. H. Brown, W. H. Chapman, J. A. 

Vickers, 4th Divisional Representatives. 

To reduce the clerical work associated 
with this rapid growth of membership 
and to improve communications gener­ 
ally, members are dealt with almost ex­ 
clusively in Victoria via Agents, and the 
number of Agents have been increased 

from twenty to about one hundred. The 
pin punch card membership system has 
also been installed. In addition to many 
new members within the Department, 
great interest has been shown in the work 
of the Society by commercial firms with 
widely-differing interests and Educational 
Organisations. 
Lectures: The first full-scale venture by 

the Victorian Division was the series of 
six lectures on Cross-Bar Telephone 
Switching Principles held at the City of 
Kew Town Hall. These lectures, organ­ 
ised by Mr. C. M. Lindsay, were attended 
by twelve hundred people on the opening 
night. The series was opened on Thurs­ 
day, 1st September, by the Victorian 
Chairman, Mr. E. D. Curtis, Assistant 
Director, Engineering, Victoria, and the 
series was introduced by Mr. F. P. 
O'Grady, Deputy Director-General, Posts 
and Telegraphs, the Chairman of the 
Commonwealth Council of Control of the 
Society. The Lecturers in the series were 
as follows: 
E. Banks, B. Bence, F. Campbell, F. 

Channon, D. Frame, N. Holah, L. Haig, 
D. lbbot, B. Marrows, G. Reed, K. West. 

The lectures were held, commencing at 
8 p.m., at fortnightly intervals, and lec­ 
ture notes were distributed. Considerable 
difficulties were experienced in arranging 
the lectures on such a new subject for 
such a large audience. Special sound ar­ 
rangements, projection arrangements, etc., 
including special preparation of slides 
had to be made so that all could see 
and hear, and the fact that these prob­ 
lems were overcome so satisfactorily re­ 
flects great credit on Mr. Lindsay and 
those many other people who assisted 
behind the scenes. 
Apart from these special lectures the 

normal bi-monthly lectures of the Society 
are held in the Radio Theatre of the 
Melbourne Technical College. 

Future: A survey of the penetration 
of the Society in the State of Victoria 
indicates that penetration varies between 
thirty and ninety per cent at different 
centres, and it is confidently expected 
that within the next few months as more 
Agents are established, and as the Society 
becomes better known, a substantial fur­ 
ther increase of membership can confi­ 
dently be expected. 
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PULSE ECHO TESTER FOR OPEN-\VIRE, CADLE AND 
CO.\IPOSJTE LJNES S. DOSSING, M.Sc.E.E., M.E.E., M.l.F.* 

INTRODUCTION 
The techniques of pulse-type radar 

became known to a considerable number 
of engineers and technicians during the 
latter part of the Second World War. 
Very soon after the war attempts were 
made to apply the same techniques to 
the problem of locating faults on power 
and telecommunication lines. The scope 
of this paper does not extend to wide­ 
band lines such as wide-band coaxial 
cables, where the bandwidth is so 
large that the application of pulse echo 
testing techniques is reasonably simple. 
In most cases, other than the wide-band 
coaxial cables, the limited bandwidths 
of the lines present difficulties, and the 
advance of the pulse echo testing tech­ 
niques has been slowed down for that 
reason. 
The first account known to the author 

of pulse echo testing techniques being 
applied to lines of small bandwidth was 
published in 1945 (Ref. 1. This refer­ 
ence gives a very useful general intro­ 
duction to pulse echo testing on lines 
of restricted bandwidth). The pulse 
echo testing principle was explored early 
also in Australia, and a significant 
amount of effort has been put into the 
development of suitable instruments for 
this type of fault location. The earliest 
efforts led to the stage that a suitable in­ 
strument for use on pure open-wire lines 
became commercially available in 1947 
(the F.L.O.S. Locator made by A. H. 
Reid, Melbourne, see Ref. 2). In the 
P.M.G.'s Department, two instruments 
were constructed by the State Engineer­ 
ing Divisions, one in Adelaide attributed 
to the efforts of W. 0. Gibberd and 
one in Melbourne attributed to B. 
Miller. A prototype instrument de­ 
signed by the P.M.G. Research Labora­ 
tories was subjected to Field trials in 
Queensland (Ref. 3) in 1949. 
The F.L.0.S. Locator being almost 

the only commercially available instru­ 
ment, came into quite extensive use in 
Australia, but as its name implies 
(F.L.O.S. = Fault Locator Open-Wire 
Systems) its use is in the main limited to 
the location of faults on pure open-wire 
lines. Improvements aimed at making 
it more universally applicable have been 
devised by K. J. Boyle of the N.S.W. 
Engineering Division. 

The experience gained from the prac­ 
tical use of the above instruments led 
to the formulation of a design specifica­ 
tion for a universal type of pulse echo 
tester and tenders were called for designs 
to meet this specification. A prototype 
instrument submitted by Telephone 
Manufacturing Company (Australia) was 
subjected to extensive laboratory and 
field tests. Minor modifications to the 
specification and to the instrument were 
suggested by the tests and contracts were 
consequently placed for nearly 150 of 
these instruments to the revised specifi­ 
cation. This new instrument, known as 

* See page 377. 

Pulse Echo Tester, Type PET IOOA/B, 
Photo in Fig. 1, has a much wider range 
of application than any other instrument 
known to the Department, and this 
article is intended to outline the operat­ 
ing principles, the principal improve­ 
ments over the types hitherto used and 
to illustrate its use by the presentation 
of some camera-recorded line echo 
traces. For comprehensive information 
regarding the instrument and its use 
reference should be made to the hand­ 
books (Refs. 4 and 5). 

OPERATING PRINCIPLES 
The operating principles may be ex­ 

plained by reference to the simplified 
block schematic, Fig. 2. The instrument 

is operated from the A.C. mains 
(50 or 60c/s). The (pulsed) operations 
of the instrument are synchronised to 
the frequency of the A.C. mains by 
means of various voltages derived from 
the A.C. mains as indicated on Fig. 2. 
A square-wave "master control" signal, 
synchronised with the A.C. mains, is 
used to control all the functions which 
require rigid timing control, that is: 
(a) the Pulse Generator, which generates 

the pulse transmitted to line, 
(b) the Time Base for the Cathode Ray 

Tube. 
(c) the Brightening Pulse, which ensures 

that the Cathode Ray tube is blanked 
out during the fly-back of the elec­ 
tron beam. (Not shown in Fig. 2.) 

Fig. 1.-Photo showing PET 100 A/B 
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PULSE GENERATOR 

=LINE 

Y-SHIFT, TRACE.I. 
ALT. 

AC-I TRACE 
Y-SHIFT, TRACE.2. 

REC 
GAIN 

EXT. 
NET 

MARKER GENER. 

AC-l~~~~~~LI ~ I u y> ~-----___J 

MARKER 
AMPLITUDE 

TIME BASE 
& 

X-SHIFT 

(d) the Marker Generator, which gener­ 
ates "marker. pips" (timing marks at 
intervals of 20 and I 00 micro­ 
seconds) on· a second trace of the 
C.R.T. and enabling echo-times to 
be determined with a high degree of 
accuracy. · 
The trace · on which the marker pips 

are displayed is separate from· that oh 
which the received echoes are displayed. 
The 'two : traces · are obtained· by the 
"alternate trace" method, the necessary 
switching functions being carried out 
by transistors and controlled by voltages 
derived, from the A.C. mains. The gain 
of the receiving amplifier is suppressed 
during the time the marker trace is be­ 
ing drawn; the suppression is carried out 
by a transistor under the control of the 
A.C. mains. 

PRINCIPAL IMPROVEMENTS 
The principal improvements and fea­ 

tures of the instrument are: 
Streamline Pulse of, Variable Band­ 

width. If a pulse is: to be transmitted 
over a line without suffering serious dis­ 
tortion of its shape, ·it is. necessary that 
the line transmits all· the components of 
the frequency spectrum ofthe pulse with 
a uniform (flat) attenuation and that. the 
propagation time is the same· for all the 
frequencies concerned. Pulses of square 
shape, triangular shape and pulses ob- 

RCVR. 
AC-lsuPPR, 

Fig. 2.-Simplified Block Schematic, PET 1 00 A/B. 

tained, for instance, by discharging a 
capacitor, exhibit "sharp corners" and 
the frequency spectra associated with 
such pulses cover a very wide frequency 
band. The pulse used in the 
PET 100 A/B is streamlined (raised 
cosine or sine-squared shape) and the 
associated frequency spectrum is very 
much smaller than that of the sharp­ 
cornered type of pulse. As a result the 
streamline pulse may be faithfully re­ 
produced after transmission over a line 
having an effective bandwidth very much 
smaller than that required for the faith­ 
ful reproduction of a sharp-cornered 
puls-. Any of nine different pulse­ 
lengths, that is, nine different bandwidths 
of the associated frequency spectra, may 
be selected by operation of a switch. The 
bandwidths of the frequency spectra 
range from 4 Kc/s to 1 Mc/s, and it is 
thus possible to select a bandwidth suit­ 
able for the line under test, whether it 
be a voice-frequency loaded line or a 
pure open-wire line. The selection of the 
proper bandwidth is extremely important, 
to avoid ringing, which would otherwise 
obscure the trace, particularly in case of 
loaded lines and lines equipped with low­ 
pass filters. 

Transmit/Receive Hybrid. The trans­ 
mitted pulse is applied to the line under 
test via a hybrid, see Fig 2. Thus, if a 

suitable balancing net is used, the trans­ 
mitted pulse will be "balanced-out" in the 
hybrid and a small residual pulse only 
will enter the receiver. This arrangement 
has a number of advantages over instru­ 
ments where the transmitter, the receiver 
and the line are in simple parallel-con­ 
nection. The hybrid arrangement permits 
the receive gain to be made very large 
without the transmitted pulse entering the 
receiver at such a high level that the 
trace on the Cathode Ray Tube is "bent" 
away from the centre for a significant 
period of time. In more serious cases 
the receiver could be paralysed (or satu­ 
rated) for a sufficient period of time to 
prevent the reception of echoes returning 
from the line under test. 
The large receive gain possible permits: 

(a) the detection of weak echoes received 
from small irregularities on the line or 
from faults at extreme long distances. 

(b) fault detection to be carried out effic­ 
ciently with a transmitted pulse of low 
voltage so that the risk of excess inter­ 
ference (crosstalk) into radio and wire 
communication systems is much re­ 
duced. Under normal conditions the 
amplitude of the transmitted pulse is 
3 Volts, but amplitudes of up to 100 V 
may be used where the risk of inter­ 
ference is small (for instance, on single 
submarine cables). 
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A further. advantage of the hybrid ar­ 
rangement is that a faulty line may be 
balanced with an identical fault-free line. 
The echoes reflected from identical irre­ 
gularities in the two lines will cancel in 
the hybrid, and the trace on the Cathode 
Ray Tube will, therefore, show the points 
of differences only between the two lines. 
This is a very powerful approach to the 
location of faults on lines of very com­ 
plex and irregular composition. The 
method may also be used for such prob­ 
lems as the location of splits in cable 
pairs (see Ref. 5). 
Variable Line Impedance: Three differ­ 

ent line impedances, namely, 600, 150 
and 70 ohms, are obtainable by means of 
a switch. This enables the appropriate 
matching of the instrument to a large . 
variety of lines, so that misleading effects 
caused by "ghosts" or "re-echoing" are 
minimised (see Figs. 5 and 6). A variable 
compromise network covering the range 
from a few ohms to about 1,500 ohms 
is provided. , 
Separate Echo Trace and Marker Trace: 

The display of the echoes and the 
markers on separate traces ensures that 
echoes are not obscured by coincident 
or near-coincident markers. Of even 
greater significance is the fact that the 
markers are displayed on a straight trace, 
enabling them to be readily seen and 
counted. In instruments having the 
markers superimposed on the received 
echoes, it is often necessary to reduce. 
the amplitude of the echoes in order to 
be able to recognise and count the 
markers. 
20/100 Microseconds Marker Pips: 

The markers are displayed in such a 

manner that a short "spike" appears on 
the marker trace every 20 microseconds 
and a longer "spike" every 100 micro­ 
seconds. The markers thus appear in 
the form of a rule, the "small" divisions 
being 20 microseconds. and the "large" 
divisions 100 microseconds apart. The 
20 microsecond markers enable accurate 
close-range locations to be made. In case 
of locations at long range the 20 micro­ 
second markers are too close together to 
be conveniently and accurately counted 
without the assistance given by the em­ 
phasis on every fifth marker. The camera­ 
recorded Line Echo Traces shown in 
Figs. 3-18 illustrate these points. 
CAMERA-RECORDED LINE ECHO 

TRACES . 
The following series of camera­ 

recorded Line Echo Traces and explana­ 
tory notes illustrate the application of 

. the instrument to some typical and some 
extreme cases. In order to minimise the 
possibility of a poor photographic quality 
due to "noisy" traces, the pulse voltages 
used throughout were higher than norm­ 
ally used for visual location, and, as a 
consequence, the "Receive Gain" settings 
are correspondingly lower. 
The line details quoted in the follow­ 

ing have been taken from trunk line 
maps. Echo times have been calculated 
from these details using the "typical" 
echo times listed in the handbook (Ref. 
No. 4, p.8). The trunk line maps used 
do not give details of the extent to which 
loaded cables have been built-out, and an 
allowance of 5 microseconds has, there­ 
fore, been made to cover the "average" 
building-out of each 3-channel loaded 

Fig. 3.-Dandenong-Warragul, Composite Cable and Open-Wire. 
This line is used as bearer-circuit for a 3-ch. Open-Wire 

Carrier Telephone System operating on the 32 kc/s low-pass 
circuit whilst a 12-ch. Open-wire system operates on the 32 kc/s 
high-pass circuit. The tests were made on the 32 kc/s low-pass 
circuit (line No. 1375). 
The receive gain was set at a value ("l") suitable for the 

location of the open-circuit at Warragul. A number of "nor­ 
mal" impedance irregularities are discernible along the line 
and may be correlated with the details of the line as given in 
Table 1. A higher setting of the receive gain would have 
caused more irregularities ·to be discernible. 

cable section. No allowances have been 
made for the echo time of crosstalk sup­ 
pression filters, since the lines tested were 
not equipped with such filters at the time 
of testing. 
(a) Composite Cable and Open-Wire 

Lines Incorporating Filters, Loaded 
Cable, Unloaded Cable, Matching 
Transformers, etc. (Line Echo Traces, 
Figs. 3-8.) 
The traces shown result from tests on 

the Gippsland route radiating from Dan­ 
denong. The lines under test were made 
up by patching individual lines together 
as required. 
The lines are of varied nature and 

include such items as: · 
Balanced Cable Pairs, unloaded; 
Balanced Cable Pairs, carrier loaded; 
Open-Wire; 
Auto and matching transformers; 
33 Kc/s HP and LP Carrier Filters. 
The settings on the instrument were, 

except where otherwise stated: 
Pulse Voltage: Strapping: High· 

Switch: X 10 
Pulse Width: 31 Kc/s 
Line Imp.: 600 ohms 
Int./Ext. Net: Internal 
Net: 600 ohms (+2 µF) 
All tests were carried out from Dande­ 

nong, 
The details of the lines and calculated 

echo times are given in Tables I and II. 
(b) Long VF-Loaded Lines (Line Echo 

Traces. Figs. 9-12). 
The results of tests on loaded cable 

are best interpreted if the cable with its 
loading coils is considered as a low-pass 
filter, the loading coils being the series 
inductors, and the capacitances of the 

(Continued on page 335) 

Fig. 4.-Dandenong-Warragul, Composite Cable and Open-Wire. 
As for Fig. 3, except that the pulse bandwidth has been 

(incorrectly) increased from 31 to 62 kc/s. This has resulted 
in ringing in the 32 kc/s low-pass filters, making it difficult or 
impossible to detect echoes from the following section of the 
line. The ringing is similar to that which would have resulted 
from the use of a sharp-cornered pulse. The ringing com­ 
mences at the far-end of the 32 kc/s low-pass filter that is at 
167 µS. Note that one complete cycle of the ring occupies 33 
µS, corresponding to a ringing frequency of about 30 kc/s, 
thus confirming the presence of a LP-filter with a cut-off near 
30 kc/s. 



Page 332 THE TELECOMMUNICATION JOURNAL OF AUSTRALIA October, 1960 

Fig. 5.-Dandenong-Warragul, Composite Cable and Open Wire. 
As for Fig. 3, except that the Time Base has been altered 

from 1 OOO µS to 2000 µS, and the Receive Gain has been_ 
altered from a setting of "1" to a setting of "2". 
The trace may, perhaps, with the exception of the long time 

base used, be described as quite normal. It has been included 
only to enable a cornpariscn to be made with Fig. 6, which 
illustrates the effects of an inappropriate setting of the "Line 
fmpedance" switch. 

Fig. 7 .-Dandenong-Warragul-Morwell-Sale, Composite Cable and 
Open Wire 

The Dandenong-Warragul Section of the line is the same 
as in Figs. 3-6. The Warragul-Morwell-Sale line is of similar 
composition. The line details appear in summarised form in 
Table II. A short circuit is applied to the line at Sale. 

Receive Gain: "1". 
The major irregularity just past Morwell correlates with the 

distance calculated to a point where a fairly severe impedance 
irregularity may be expected from matching an unloaded cable 
pair to an Open-Wire Line by means of auto-transformers. 

Fig. 6.-Dandenang-Warragul, Composite Cable and Open Wire. 
As for Fig. 5, except that the setting of the "Line Imped­ 

ance" switch has been changed from 600 to 70 ohms. The 
impedance of the line under test is 6100 ohms. There is thus a 
large mismatch (resulting in large reflections) at both ends of 
the line (70 ohms versus 600 ohms at Dandenong and 600 
ohms versus an open-circuit at Warragul), resulting in the test 
pulse being reverberated between the two ends of the line. 
This reverberation or re-echo effect results in ghosts being 
displayed at 2, 3, 4 ... times the distance to Warragul. 

The first and second ghosts are clearly visible in Fig. 6, 
whilst the first ghost only is just discernible in Fig. 5. 

Fig. 8 .-Dandenong-Warragul-Morwell-Sa le-Stratford- Bairnsda!e-Orbost, 
Composite Cable and Open-Wire. 

The particulars of the line are given in Table II. The line is 
short-circuited at Orbost. 

Receive Gain: "3". 
The echo times calculated in Table II agree well with the 

echo times displayed. It will be noted that, although the route 
distance Dandenong-Orbost is 215 miles, the total echo-time 
is 3239 µS corresponding to almost 300 miles of pure open­ 
wire line. 
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Fig. 9.-VF-Loaded Cable, l st Coil Absent. 
Note that the leading edge of the downward echo com­ 

mences virtually right at the beginning of the trace. It is fol­ 
lowed by an upward swing and a heavily damped oscillation. 
This upward swing and the damped oscillation is encoun­ 

tered whatever coil is absent, but the damping is decreased 
the further the coil is removed from the testing end, see also 
Figs. 10-12. 

Fig. 11.-VF-Locded Cable, 12th Coil Absent.,:, 
The excursion of the traces at the point marked with an 

asterisk on Figs. 11 and 12 is not due to echoes from the 
line, but due to a resonance effect at the trailing edge of tht 
transmitted pulse. (The pulse bandwidth of the pulse used is 
4 Keis, corresponding to a pulse length at the half amplitude 
points of 250 µS. The length measured at the base of the pulse 
is consequently 500 µS in agreement with the fact that the 
excursion commences at the 500 µS point on the trace.) 

Fig. 10.-VF-Loaded Cable, 3rd Coil Absent. 
It is not possible to determine exactly at which point the 

downward echo commences, but of the three possible choices 
(see Table III) of 165, 330 and 495 µS, there is little doubt 
that the 330 µS point is the best choice. This confirms the 
absence of the 3rd coil. 

Fig. 12.-VF-Loaded Cable, Far-end Short Circuited.,:, 
Illustrates that the downward echo caused by a short cir­ 

cuit at the far-end of the line is situated at the same point 
(1815 µS) as the downward echo due to the absence of the 
last coil (No. 12 coil). The echo due to the short circuit is, 
however, of much greater amplitude than that due to the 
absence of the last coil. 

*Marker pips were lost in the reproduction of both Figs. 11 and 12. 
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Fig. 13.-Dandenong-Ookleigh, 10.15 mile Unlooded Coble-pair. 
The cable is a 20lb/mile, Multiple-Twin type cable. The 

"Line" terminals of the instrument were connected to one 
pair (Pr. 34). and the "Net" terminals to another pair (Pr. 31). 
When connected in this manner, the echoes from identical 
impedance irregularities in the two pairs cancel cut and echoes 
are displayed only if the impedance irregularity at the point 
considered is not the same in both lines. 
The trace illustrates typical differences between the imped­ 

ance irregularities in two cable pairs (Receive Gain Setting 
"2"). At Oakleigh the "Net" pair is terminated in its normal 
repeating amplifier and the "Line" pair is short-circuited, 
hence Oakleigh is clearly discernible. 

Fig .. 15.-Split Pair in Short Non-loaded Cable_ 
Test object: 1.135 miles, PIQL Cable (Split from t x 1.135 

mile to far-end). The excursion at the start of the trace is 
due to the unbalanced manner in which the instrument is 
connected to the two pairs. The magnitude and shape of this 
excursion varies with the type of connection made to the pairs. 
The far-end of the quad is evident from the bend on the 

trace commencing at the 17 .7 µS point. The split is evident 
from the bend on the trace commencing at t x 17 .7 = 13.3 
µS. The Receive Gain was set at "6" and the Time Base: 20 
µS. 
All wires of the two pairs were left open-circuited at the 

far end. By connecting two or more wires together at the far­ 
end a clearer echo may often be obtained. 

Fig, 14.-Dandenong-Oakleigh-Melbourne, 20.52 Miles Unloaded 
Cable Pairs. 

The Dandenong-Oakleigh Sections (as in Fig. 13) were 
patched (clear of the amplifiers) to Melbourne; the Oakleigh­ 
Melbourne sections consisting of 10.37 miles of 40 lb/mile, 
Multiple-Twin type cable. 
Connections to the instruments are as in Fig. 13. The Re­ 

ceive Gain Setting has been increased from "2" to "6". The 
"Line" pair is short-circuited at Melbourne, whilst the "Net" 
pair is open-circuited. 
Note that the higher receive gain used has increased the 

amplitude of the close-in echoes by comparison with Fig. 13. 
A substantial echo from Oakleigh is probably caused by dif­ 
ferences in the wiring of the two pairs in that office. 

Fig. 16.-Split Pafr in Short Non-loaded Cable. 
Test object: 4 x 1.135 mile PIQL Cable. (Split from :it x 1.135 

to 3 x 1.135 miles). 
The echo-time to the far-end, as determined by a separate 

test is: 76 µS. The splits are evident from the bends on the 
traces commencing at: { x 76 = 57 µSand U/4 x 76-= 52 
µS. 
Due to the slowing-down effects the echo time of 76 µS is 

slightly larger than would be expected from the measure­ 
ment on the 2 x 1.135 mile length (36.4 µS). 



Fig. 17 .-Near-end Crosstalk Location in Short Non-loaded Cables. 

Crosstalk from Phantom 43/44 into Phantom 49/50. 
Crosstalk at the B-end joint is clearly displayed. Opening 

the joint it was found that the two quads concerned had been 
joined with some slack, and instead of lying neatly in their 
appropriate positions, they crossed at two points inside the 
joint. Before closing the joint, each of the quads concerned 
was wrapped individually over the length of the joint with 
metallised paper recovered from old capacitors, and care 
was taken to ensure that the quads were put back into their 
"incorrect" position. (See Fig. 18). 

(Continued from page 331) 
sections of cable between the coils being 
the shunt capacitances of the filter. This 
means that in most cases it is possible 
only to pin-point a fault to a particular 
loading coil or capacitance (the capacit- 

Table I. Line Details, Dandenong-Warra- 
gul, and Calculated Echo Times. 

Cumulative 
Echo-times 

1.52 miles 3-Ch. loaded en- µS 
trance cable from Dande- 
nong Office, echo-time 
1.52 X 80 = 122 µS 122 
Allowance for Building- 

ou~ 5 µS 127 
33 Kc/s Line Filter (LP- 

Sect.), 40 µS 167 
4.55 miles Open Wire Line 

to Pole L J 17, 4.55 X 1 l.2 
= 51 µS 218 

3.98_miles Open Wire Line 
to Beaconsfield, 3.98 X 
11.2 = 46 µS . 264 

6.96 miles Open Wire Line 
to DISQ-cable section, 
6.96 X 11.2 = 78 µS 342 

119 yards (0.07 miles) DTSQ- 
cable 343 

25.21 miles Open Wire Line 
to Cable Pole at Warragul, 
25.21 X 11.2 = 282 µS 625 

33 Kc/s Line Filter (LP- 
Sect.) at Filter-hut, 40 µS 665 

0.91 miles 3-Ch. loaded en­ 
trance-cable into Warra- 
gul, 0.91 X 80 = 73µS 738 
Allowance for Building- 

out, 5 µS 743 
Total Route mileage: approximately 43 

miles. 
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Fi3. 18.-Near-end Crosstalk Location in Shore Non-loaded Cables. 

As Fig. 17, but after screening the quads in the B-end joint. 
The large reducticn of crosstalk at this point is apparent. For 
comparison the following near-end crosstalk attenuations (ratio 
111 db between transmitted and received powers) were measured 
at 550 kc/s. 

Before I After 
Screening Screening 

---·- -- 
i- I Near-end Crosstalk, A-end 97 db 95 db 

B-end 86 db 105 db 

ance representing about 2,000 yards of 
cable in the case of VF-loading). 
Faulty loading coils or a point where 

a loading coil is missing can thus be pin­ 
pointed directly. Similarly, faulty cable­ 
sections (the length of cable between two 
loading coils is here referred to as a 
cable-section) may be pin-pointed 
directly, but if it is desired to locate a 
fault on a particular section, it is neces­ 
sary to get direct access to that section 
of the cable, and locate the fault in the 
same manner as for unloaded cables. 
In order to obtain a reliable location 

it is imperative that the operator knows 
from experience or from a study of re­ 
corded traces and the circumstances under 
which they were recorded, the approp­ 
riate setting of the "Receive Gain" con­ 
trol. The following series of traces pro­ 
vides this information for the location of 
a point where a loading coil is missing 
on VF-loaded cable. For the location of 
faults on other types of cable, the neces­ 
sary operating experiences may be ac­ 
quired on a model of the loaded cable, 
the model being a low-pass filter, in 
which loading coils of the appropriate 
type are used as series-inductors, and the 
shunt-capacitances being fixed 'capacitors 
of the appropriate value (associated with 
resistors to account for the resistance of 
the cable-pair). 
The traces presented in the following 

are from tests on a 10 lb./mile P.T.Q.L. 
cable, mid-section loaded by 88mH coils 
spaced 6,000 feet (corresponding to 
0.087 µF and a loop resistance of 200 
ohms). The following instrument settings 
were used: 
Pulse Voltage: Strapping: High 

Switch: Normal 

Pulse Width: 4 Kc/s 
Line Irnped.: 600 ohms 
Receive Gain: Settings given in Table 

]Il 
Time Base: Settings given in Table Ill 
Ext./Int. Net: Ext. 
Net: The network given in Fig. 2, page 

6, of the Instruction Book (Ref. No. 
4) was used 

Test Object: Cable-pair as detailed 
above, having a total of 12 loading 
coils, that is, a length of 12 X 6,000 
ft. = 24,000 yds. = 13.65 miles. 
The far end is terminated in a 
second network to Fig. 2, page 6, of 
the Instruction Book 

The line echo traces shown illustrate 
the echoes caused by the absence of load­ 
ing coils at various distances from the 
testing end of the cable. It should be 
noted that short-circuited turns or incor­ 
rect paling of the two halves of the load­ 
ing coil cause an echo virtually identical 
to that caused by the coil being absent. 
This is due to the fact that short-circuited 
turns and incorrect paling render the coil 
virtually ineffective, that is, equivalent to 
the absence of a coil. 

When a coil is ineffective (or absent) 
two cable-sections are joined together, 
and the resultant capacitance in the low­ 
pass filter is twice that of the normal 
capacitance. This results in an apparent 
lowering of the impedance at that point 
in the filter. A low impedance causes a 
downward echo (this compares with the 
fact that a short-circuit causes a down­ 
ward echo). The downward echo is fol­ 
lowed by a damped oscillation caused by 
resonances in the filter. 
The leading edge of the downward 
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Table II. Line Details, Dandenong Orbost, and Calculated Echo Times. 

October, 1960 

Dandenong- , Warragul- Morwell- Sale- I Stratford- Bairnsdale- Dandenong- 
Warragul, Morwell, Sale, Stratford, Bairnsdale, Orbost, Orbost, 
Line I 375 Line 1375 Line 1377 Line 6350 Line 6350 Line 6350 Totals. 

• ILengthl Echo- Length Echo- Lengthl Echo- Lengthl Echo- Lengthl Echo- Lengthl Echo- Lengthl Echo­ 
Miles time Miles time Miles time Miles I time Miles time Miles time Miles time 

µS µS µS µS µS µS µS 

3-Ch. loaded entrance cable, 
80 µS/mile 

I 1---1---1---1---•---•---,---,---1---,---,---,---,---,--- 

5.51 I 441 2.43 I 195 I t .73 I 138 I o.75 

Average allowance for I I I 
1 

building-out: 5 µS 2 off 10 2 off 10 I off 5 1 off I 5 - - -:- - I 6 off I 30 

32 Kc/s Line filters, 
I each 40 µS 12 off 80 2 off 80 2 off 80 2 off 80 2 off 80 - I - / 10 off/ 400 

D.I.S.Q. cable, 
15 µS/mile 0.09 

60 I0.601 48 

0.01 0.01 0.01 0.01 o. 13 
1 1 ,---,---,---,---,---,---,---,---,---,---,---,---,--- 

4 
Transformers, 

each I µS 
I II ,--,--,--,--,--,--,--,--,--,--,--,-- 
Unloaded Cable, 

1 
18 µS/mile - - / - / - / 1.62 / 29 / - / - I - / - 11.461 26 13.08 I 55 

Open-Wire Line, I 
!l.2µS/mile 40.70 456127.041303137.951 425 / 10.351116 133.741378156.25/ 630 /206.03/ 2308 

Route Distance (Miles) I I 
and Echo Tirne Io.S) 43.22 742 28.78 531 40.33 601 10.961 249 /33.75/ 458 /57.71/ 658 ,--,-- 

\ I 
I 
n.00 1273 112.33 1874 123.2912123 1157.041 2581 1214.751 3239 

Cumulative Route Distances 
and Echo Times 

2 off 2 off 4 off 2 2 

echo is used to identify the point where 
the coil is missing. If the first coil is miss­ 
ing, Fig. 9, the leading edge of the result­ 
ing downward echo is situated right at 
the beginning of the trace. If the 12th coil 
is missing, Fig. 11, the leading edge of 
the downward echo is situated at approx­ 
imately 1815 µS. Thus the leading edges 
due to the absence of any of the 12 load­ 
ing coils may be expected to be situated 

1815 
at intervals of --- =165 µS. 

12-1 
The distances thus calculated to the 

leading edge of fault-echoes caused by 
the absence of loading coils are quoted 
in Table III, together with a reference to 
the appropriate Figure, Time Base speed 
and setting of the Receive Gain control. 

Consequently, when looking for the 
point where a coil is missing it is only 
necessary to determine at which multiple 
of 165 µS the leading edge of the down­ 
ward echo is situated. (Note: A somewhat 
different figure may apply to other types 
of VF-loading.) 
(c) Long Unloaded Cable Lines. (Line 

Echo Traces, Fig. 13 and 14.) 
The traces shown result from tests on 

unloaded pairs (used for programme 
transmission) in the Dandenong-Mel­ 
bourne trunk line cable. 
The settings on the instrument were: 
Pulse Voltage: Strapping: High 

Switch: X 10 
Pulse Width: 250 Kc/s 
Line Imped.: 140 ohms 
lnt./Ext. Net: External 
All tests were carried out from Dande­ 

nong Trunk Test Board. 
(d) Split Pairs in Cable Lines. (Line Echo 
Traces, Figs. 15-16). 

For the location of the point(s) where 
a split occurs in a cable pair, special use 
is made of the inbuilt hybrid in the 
locator. 
For the purposes of explanation, the 

four wires of the quad suspected for 

split pairs are referred to as WI, W2, 
W3 and W4. This numbering does not 
necessarily agree with the usual number­ 
ing: 1, 2, 3 and 4 of the wires in a 
quad. 
The "Line" terminals of the PET 100 

Table HI. Location of Absence of Loading Coils in VF Loaded Cable. 

Absent Distancei n µS I Time 
Coil to leading edge Fig. No. I Base Receive Gain 

Number of echo 
I in µS 

I 0 9 2000 3 

2 165 ,, ,, 

3 330 10 ,, ,. 
4 495 ,. ,, 

5 660 ,, " 
6 825 ,, ,, 
7 990 ,, ,, 

8 1155 ,, ,, 

9 1320 ,, ,, 
10 1485 4000 6.5 

11 1650 ,, ,, 

12 1815 11 ,, " Far end short- 
circuited 1815 · 12 ,, ,, 
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will be referred to as L 1 and L2, the 
"Net" terminals as Nl and N2 (it is 
immaterial which terminal is designated 
"l" and "2"). The "lnt./Ext. Net" switch 
is thrown to "Ext." 
To carry out tests the following con­ 

nections are made: 
Connect Terminal Ll to Wl 

Nl to Wl 
L2 to W2 

,, ,, N2 to W3 
No connection is made to W4. 
This scheme of connection is in the 

following indicated by: "Wl-2 versus 
Wl-3". When connected in the above 
fashion the echoes returned from the im­ 
pedance irregularities at the point(s) of 
the "split" will add in the instrument to 
produce a well-defined echo. (Note: The 
magnitude of the echo from the split 
varies somewhat with the choice of Wl, 
W2, W3 and W4, and it may therefore 
be opportune to try various combinations 
of connections.) 

The settings of the instrument were: 
Pulse Voltage: Strapping: High 

Switch: Normal 
Pulse Width: 1000 Kc/ s 
Line Imped.: 140 ohms 
Int./Ext. Net.: Ext. 
The line echo traces shown were ob­ 

tained from tests on a· 10 lb./mile 
P.1.Q.L. cable of length 2,000 yards 
(1.135 miles). Where greater lengths were 
desired, such 2,000-yard pairs were con­ 
nected in tandem as required. The cable 
consisted of a 500-yard length joined to 
a 1,000-yard length which, in turn, was 
joined to another 500-yard length. 

A normal echo test (trace not shown) 
gave the following results: 

2,000 yards (1.135 miles) 
Wires 1 and 2 (that is, a pair): 18.2 µS. 

_ Wires 1 and 3 (that is, a wire 
from each of the two pairs): 17.7 µS. 

4,000 yards (2.27 miles) 
Wires 1 and 2 (that is, a pair): 37.3 µS. 
Wires 1 and 3 (that is, a wire 

from each of the two pairs): 36.4 µS. 
These results are illustrative of the 

slowing down of the pulse the further it 
travels. They further illustrate that the 
speed of propagation is not very depen­ 
dent on which two wires of the quad 
the instrument is connected to. 
(e) Crosstalk Location. (Line Echo 
Traces, Figs. 17 and 18.) 
The Pulse Echo Tester may be used 

for location of near-end crosstalk on 
cable and open-wire routes. In general, 
the best results are obtained if the cross" 
talk considered is at a high carrier fre­ 
quency, but useful results may also be 

obtained in some cases if voice-frequency 
crosstalk is considered. Thus, for in­ 
stance, if a 1-mile length of cable is 
considered, the propagation over this 
cable is such that the wavelength of a 
120 Kc/s signal is equal to the length 
of the cable. If now crosstalk is measured 
in the ordinary fashion using, for in­ 
stance, a 40 Kc/s test tone, the cable 
length is about one-third only of the 
wave-length. As a consequence it is read­ 
ily possible that two serious sources of 
crosstalk may exist at different points, 
but the two crosstalk paths could be of 
opposite phase resulting in negligible 
overall crosstalk. In order to obtain suf­ 
ficient resolution using a Pulse Echo 
Tester for the location of the points of 
crosstalk it is necessary to use a pulse 
of wide bandwidth, say, 1,000 Kc/s (that 
is, 1 µS duration), and points of serious 
crosstalk would be displayed. However, 
due to the possibility of cancellation, the 
overall crosstalk at low frequencies might 
still be reasonably good. The same possi­ 
bility exists, of course, if crosstalk at 
higher frequencies is considered. How­ 
ever, due to the substantially higher at­ 
tenuation per mile and the shorter wave­ 
length associated with the higher frequen­ 
cies, cancellation is less likely to occur. 

It will thus be understood that the 
Pulse Echo Tester is, in the main, more 
suitable for crosstalk location at higher 
frequencies than at lower, but useful re­ 
sults may still be obtained at the lower 
frequencies provided the display is care­ 
fully studied and interpreted. Indirectly 
the instrument may be used to locate far­ 
end crosstalk by virtue of the fact that, 
particularly at higher frequencies, excess 
far-end crosstalk is often accompanied 
by excess near-end crosstalk, and detec­ 
tion of the latter may reveal the location 
of the point at which the far-end cross­ 
talk occurs. 

When used for crosstalk location, the 
instrument is connected on a 4-wire basis, 
that is, the transmitting portion of the 
instrument is connected to the disturbing 
pair, whilst the receiving portion is con­ 
nected to the disturbed pair. 
The following example illustrates one 

use made of the instrument for crosstalk 
location. To ascertain the practicability 
of a proposed new type of short-haul car­ 
rier telephone system employing line fre­ 
quencies up to 550 Keis on junction 
cables (Ref. 6), crosstalk measurements 
were carried out at this frequency (using 
ordinary sine-wave methods) on selected 
phantoms of a 2,000-yard length of a 
54 pair, 10 lb./mile P.I.Q.L. cable. The 

2,000-yard length was made up by 
straight jointing of three lengths of 500 
+ 1000 + 500 yards. 
Initial measurements indicated exces­ 

sive crosstalk in the cableheads and asso­ 
ciated silk/ cotton tails. These were there­ 
fore removed and direct access to the 
cable pairs and phantoms was arranged. 

A study of the sine-wave crosstalk 
results and of the corresponding cross­ 
talk traces on the pulse echo tester indi­ 
cated that the combinations of phantoms 
possessing the worst crosstalk at 550 Kc/s 
exhibited traces indicating the worst 
crosstalk couplings. The traces indicated, 
furthermore, that the locations of the 
crosstalk couplings were at the joints. 
Figs. 17 and 18 give examples of - re­ 

sults obtained. 

CONCLUSION 
The history of fault location employ­ 

ing the pulse echo principle for the loca­ 
tion of faults on lines of relatively small 
bandwidths has been briefly recapitulated 
with special emphasis on the efforts made 
in Australia. This is followed by a brief 
description of the new versatile pulse 
echo tester designed to meet the specific­ 
ations of the P.M.G.'s Dept. Special men­ 
tion is made of the principal improve­ 
ments relative to other instruments hith­ 
erto used. As a guide to some of the 
potential applications of the instrument, 
a series of camera-recorded line echo 
traces illustrating widely-differing applica­ 
tions is shown. 
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THE AUSTRALIAN ALUMINIUM PUBLIC TELEPHONE 
CABINET 

INTRODUCTION 
Public Telephone Cabinets are one of 

the three prominent structural facilities 
which the Postmaster-General's Depart­ 
ment provides for public use. The other 
two are Post Offices and street Letter 
Receivers. 
Not only is it essential that these facil­ 

ities are efficient in their use and aesthetic 
in their appearance, but they must be 
durable and economical to provide and 
maintain. 
This latter aspect has always presented 

a difficult engineering problem in regard 
to telephone cabinets, due to the number 
of variable influences such as climate, 
location, vandalism, and durability of 
materials. 
In 1957, a committee was established 

to examine this problem and provide a 
cabinet suited to the Australian condi­ 
tions. The original committee consisted 
of:- 

Chairman: Mr. B. Edwards, Supervis­ 
ing Engineer, Telegraphs and Workshops. 
Members: Mr. R. Lamb, Supervising 

Engineer, Melbourne Workshops; Mr. W. 
Murrell, Assistant Controller, Telecom­ 
munications Division; Mr. W. Water­ 
worth, Senior Buildings Officer; Mr. A. 
McPherson, formerly Sectional Engineer, 
Telephone Equipment, now Superintend­ 
ing Engineer, Services, Victoria. 

Mr. Edwards and Mr. Murrell have 
retired recently and Mr. McPherson 

Fig. 1.-The Australian Aluminium P.T. Cab­ 
inet. This cabinet is at present installed at 
the corner of Spring and Collins Streets, 
Melbourne. 

* See page 379. 

transferred to other duties. These mem­ 
bers have been replaced by:- 

Mr. K. Smith, Sectional Engineer, 
Telephone Equipment. 

Mr. L. Garrioch, Sectional Engineer, 
Workshops. 

Mr. K. Richardson, Assistant Control­ 
ler, Telecommunications Division. 

PREVIOUS TYPES OF AUSTRALIAN 
CABINETS 

Before describing the aluminium cabi­ 
net, a brief look at some of the previous 
designs and their weaknesses is of in­ 
terest. 
Early cabinets were usually built as 

attachments to post offices. They were 
made solidly: with a small amount of 
glazing, poor lighting and ventilation, 
and, because of their bulk, were unsuit­ 
able for installation in residential streets. 
Fig. 2 shows a typical cabinet of this 
era. 

F:g. 2.-Early Wooden Half-Glazed Cabinet. 

Subsequently, several designs of rein­ 
forced concrete were tried, some of 
which are still in existence (see Fig. 3). 
However, this material failed either due 
to corrosion of the reinforcing material, 
the weight of the cabinet causing subsi­ 
dence of the footpath, the difficulty in 
repairing the concrete if damaged by a 
vehicle, or impossibility of moving it to 
a new site. 
Pressed steel cabinets were also tried, 

but they cannot be considered success­ 
ful due to the high cost of combating 
corrosion. lo 1935, a wooden cabinet 

H.J. LEWIS* 

with fixed glazing in four styles was 
produced. 

Style (a) Glazed all sides full length. 
Style (b) Glazed three sides full length. 
Style (c) Half-glazed all sides. 
Style (d) Half-glazed three sides. 

Fig. 3.-Reinforced Concrete Cabinet. 

This type of cabinet originally had a 
hip-type roof with a lofted ventilator 
and wide eaves. Later models had a 
domed roof of either lead-covered tim­ 
ber, aluminium or asbestos-cement. 
The cabinet was poorly ventilated, had 

a wooden floor which was subject to 
rot, particularly if the cabinet was 
mounted on wooden plinths and required 
frequent repainting to preserve it. Even 
so, the joinery in the lower portion of 
the sides and back failed due to capil­ 
lary entry of ground moisture. 
Many of the faults of the early 

wooden cabinets were reduced or elimi­ 
nated in 1956, in the present wooden 
louvre-glazed cabinet. The wooden floor 
was omitted and the cabinet mounted 
on four metal angle brackets Hi" above 
the concrete floor-base. Durable timber 
was specified, iron-work protected, and 
the lighting and acoustics improved with 
a flush-fitting and acoustic lining in the 
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ceiling. The louvre glazing provided 
most of the ventilation, and was assisted 
by ventilation through the ceiling and 
under the 1 Y2" gap between sides and 
floor. 
However, it is still necessary to re­ 

paint these cabinets at regular intervals 
to preserve their appearance and ensure 
long life for the joinery. 

Fig. 4.-Wooden Cabinet with Fixed Gla:<ing, 
Style (al. 

DEVELOPMENT OF THE 
ALUMINIUM CABINET 

In the light of this experience, the 
committee examined many overseas de­ 
signs of cabinets, new materials (includ­ 
ing plastics), and methods of manufac­ 
ture which would allow "packaging" of 
a cabinet for long-distance transport. 
At the outset, the requirements of a 

cabinet were determined by the commit­ 
tee, and are listed hereunder:- 
Economics. 

(i) Low maintenance costs. 
(ii) Long site life. 
(iii) Low installation, transport and 

storage costs. 
(iv) Minimised first cost. 
(v) Restriction of types, preferably 

to one. 
Design. 

(i) Easy to use. 
(ii) Good ventilation. 
(iii) Effective lighting, natural and 

artificial. 
(iv) Readily discernible to the public. 
(v) As good acoustic properties as 

possible. 
(vi) Door to provide protection and 

privacy. 
Technical. 

(i) View into cabinet from at least 
three directions. 

(ii) Design to suit shaded locations. 
(iii) Provision for tidy and easy cable 

entries. 
(iv) Protection of equipment. 

(v) Easy access for coin clearance. 
(vi) Built-in notice and directory shelf. 
(vii) Cabinet to be easily cleaned. 
A range of designs was prepared to 

enable the committee to consider this 
technical information in relation to both 
the desirable features, previously listed, 
and aesthetic, manufacturing, installa­ 
tion and usage viewpoints. 
The previous practice of colouring de­ 

partmental cabinets red was, by permis­ 
sion, departed from in the design of 
the new cabinet. This removed one of the 
main restrictions which had previously 
limited the improvement of cabinets. 
After survey of available materials 
aluminium was chosen as the material 
which fulfilled most of the requirements. 
This material blends well with present­ 
day architecture, is readily procurable 
and workable, and offered a durable 
finish at reasonable cost. 

Fig. 5.-Louvre-Gla:<ed Wooden Cabinet. 

The committee's first design of cabinet 
had a · curved roof, solid back, fixed 
glass panelled sides and door, the latter 
folding into the cabinet, and a concrete 
base forming the floor. 
Fig. 6 is an architectural sketch first 

depicting the new design. 
Trial folding doors were fitted to 

wooden cabinets in service and their ope­ 
ration studied. Due to the strains that are 
placed on this type of door, the fault 
incidence was high and the welded joints 
tended to fail. It was observed that if 
a user had collapsed in the cabinet it 
was a near impossibility to gain access 

without dismantling or damaging the 
cabinet. Also, extra floor space is re­ 
quired for this type of door. 
However, one feature which proved 

its worth was the partial opening of the 
door in its normal position. This feature 
has been retained on the present door 
but folding action has been abandoned. 
A major contribution was made to 

the design of new cabinet by the devel­ 
opment of a special door by Mr. L. C. 
Gemmell, then Sectional Draftsman of 
the Melbourne Workshops, The body of 
the door is a single panel which is 
pivoted on cantilever arms in such a 
way as to allow the door to swing inside 
and along the right hand wall of the 
cabinet. The door is stabilised and its 
movement controlled by an arm fixed 
to it and sliding in a track above the 
door frame. Fig. 7 shows the various 
positions of the door. A spring in the 
upper door pivot returns the door to· its 
normal position. The door may be closed 
completely by a gentle push from the 
inside. No lubrication is required for the 
mechanism as Nylon is used for the 
bearings and slipper. 
A spring at the hinge end of the guide 

track absorbs the opening jar of the 
door. The spring at the other end of the 
guide track normally holds the door 
partly open, but when the door is fully 
closed it acts to locate it in that position. 
The aluminium-sheathed plywood used 

on the back and roof consists of water­ 
proof plywood with a heat-bonded alu­ 
minium sheath. An aluminium capping, 
applied with aluminium screws and epoxy 
resin, seals the edge of the plywood. 
The surface of the aluminium on the 
inside of the cabinet is embossed with 

Fig. 6.-Sketch of the First Design of Aus­ 
tralian Aluminium P.T. Cabinet. 
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!A)-Normal Position. 

a mesh pattern to restrict writing thereon, 
and the exterior is wire-brushed to give 
a satin finish. 
The sides, floor, and door frame are 

constructed of special aluminium sections 
made of alloy AA 50S-T5, and 1/s" sheet 
aluminium alloy AA 65S-T6. The first 
cabinet was made by welding these sec­ 
tions to form the desired framework. 
However, distortion was difficult to 
avoid and a fabricated assembly was 
designed, using the shapes of the sections 
to lock them together. The top and 
lower 1/s" panels of the sides are respec­ 
tively screwed and rivetted in position 
after the horizontal members have been 
fitted using self-tapping screws. 
Glass in the sides and door is mounted 

and held in position by a "Neoprene" 
Strip designed for the purpose. This strip 
holds the ~" plate glass firmly but with­ 
out pressure. The Neoprene strips and 
glass panels are held in position by alu­ 
minium strips which lock each other in 
turn, the final one being secured by one 
screw in the top strip, of each panel. 
The edges of the door are fitted with 

a rubber buffer strip. This eliminates 
any possibility of injury to fingers 
caught in between the door and the door 

fig. 7.-Yarious positions of the Gemmell Door. 

I B)-fully Closed Position. 

frame. Also, it provides a weather seal 
when the door is closed. 
The directory shelf is made of ply­ 

wood with a mottled grey synthetic 
veneer covering on the face and edges. 
The shelf is mounted on right-angle 
brackets fixed to the back of the cabinet. 
The coin attachment is mounted on a 

metal backplate previously screwed to 
the aluminium-sheathed plywood. One of 
the advantages of the latter material is 
that its wooden core provides a good 
medium for mounting the instrument, 
notice frame, ducting, etc. 
Communication wiring is brought into 

the cabinet at ground level and runs in 
an aluminium duct up the right-hand 
back corner of the cabinet and across 
the back face to the wall-mounted tele­ 
phone instrument and coin-attachment. 
Lighting is provided, at present, by an 

incandescent lamp fitting centrally 
mounted on the ceiling. Supply wiring 
enters the cabinet at ground level pass­ 
ing up ducts in the left-hand corner of 
the cabinet, then across the back of the 
cabinet to a small switchboard, and then 
across to the light fitting. It is hoped 
to use fluorescent lighting when arrange- 

,, .. / 

IC) -Fully Open Position. 

ments have been made regarding lamp 
replacement. 

Ventilation is obtained in two ways. 
The door remains partly open when the 
cabinet is not in use and allows fresh 
air to continually enter the cabinet. When 
the door is closed, the 4" gap between 
the sides and floor, and the louvre ven­ 
tilator over the door, continue to provide 
ventilation to the user. 

A fused ceramic symbol on the upper 
glass pane of each side provides an 
international notice for the public of the 
purpose of the structure. 
Twelve of these cabinets have been 

made and are being field-tested through­ 
out the Commonwealth. Six of the 

Fig. 8.-Section Through Door style showing 
"Neoprene" Glazing Ship Rubber and Buffer 
Strip. 
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twelve are finished with an anodised sur­ 
face and the other six have a coating 
of Butyrate lacquer. Whilst the anodising 
process provides a very hard and durable 
surface, it is expensive and may not be 
justified, but the field tests will decide 
this matter. 

PROPOSED MODIFIED DESIGN 
WITH FLAT ROOF 

Examination of the costs of the 
present design of cabinet has led the 
committee to the development of a modi­ 
fied version with a flat roof without tbe 
overhanging back and roof. The louvre 
ventilator above the door has been omit­ 
ted, and ventilation is provided by sus­ 
pending the roof on angle brackets I1h" 
above the sides of the cabinet. Storm 
water is shed at the back of the cabinet. 
Fig. 9 is a sketch of the proposed 

new model. The committee is continuing 

P.O.A. AWARD OF MERIT 
the way in which some of the conclu­ 
sions have been reached." 
Mr. Turnbull has taken an active in­ 

terest in the Journal both as an author 
and as a member of the Board of Edi­ 
tors. It is with very great pleasure, 
therefore, that we now offer him our 
congratulations on winning this Award. 

/ 
/ The Professional Officers' Association 

have announced that their 1960 A ward 
of Merit has been shared by Mr. R. T. 
Simmons, Consultant, Commonwealth 
Serum Laboratories and Mr. R. W. 
Turnbull, Superintending Engineer, 
P.M.G.'s Department. The award to Mr. 
Turnbull is of particular interest to 
members of the Telecommunication 
Society, especially those who have fol­ 
lowed the series of articles on the 
National Telephone Plan which he and 
his colleagues in the A.N.S.O. Com­ 
mittee have written in recent issues of 
the Journal. (Details of his departmental 
career appeared in Vol. 12, No_ 4.) 
The award to Mr. Turnbull is in re­ 

cognition of the part he has played in 
the development of the new National 
Telephone Plan. The citation of Sir 
Mark Oliphant, adjudicator for the 
Award, runs as follows:- 

"The sheer complexity of the work 
for which Mr. Turnbull has been re­ 
sponsible demands a degree of tech­ 
nical knowledge, judgment and skill 
which is very impressive. The thor­ 
oughness with which the task has been 
done and the lucidity of its exposi­ 
tion deserve the highest praise. 

Mr. Turnbull's work is in the field 
of critical assessment of equipment 
and systems in which it is incorpor­ 
ated rather than in the creation of 
new knowledge. Nevertheless, the 
magnitude of the problems tackled in 
the Australian environment, which dif­ 
fers greatly from that under which the 
major overseas systems have been de­ 
veloped, and the positive success 
achieved, make Mr. Turnbull's work 
quite outstanding. 
It will be seen that in my view Mr. 

Turnbull scores heavily under .the 
criteria which govern the Award and 
there is evidence of real originality in 

/ 

The obverse and reverse sides of the 
Award of Merit medallion designed by 
Andor Meszaros. 
The obverse of the medal pictures the 

thinker pondering over the natural world 
of river, mountains and sky. Within 
them he perceives possibilities, and he 
sees visions. On the reverse stands the 
man of action, in full vigor of man­ 
hood, with his working drawings in his 
hands. The same river winds across the 
landscape, with a background of the 
structures he has brought into being. 
The caption, "Vesiga et confice", has a 
meaning in accord with the scenes it 
accompanies; "Search into and then 
bring to fruition". This illustrates the 
dual nature of the professional man, 
who studies the possibilities of his raw 
material, and then carries his operation 
to completion. 

Fig. 9.-Proposed Flat-roofed Aluminium 
Cabinet. 

development of this cabinet during the 
field trials of the other twelve. Reports 
and observations on the first cabinet have 
indicated that a big step has been taken 
towards the design of a cabinet which 
will meet the requirements of Australian 
conditions, be a serviceable cabinet, and 
have minimum maintenance require­ 
ments. No doubt further improvements 
will be made after the field trials, and 
another article will be published when 
design is finalised. 
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\\lOilK STUDY 
INTRODUCTION 

The maintenance of a high rate of 
productivity and the continued improve­ 
ment of that rate to increase our standard 
of living is the aim of both private in­ 
dustry and public utilities. Business 
managers strive to increase productivity 
in order to compete successfully on local 
and overseas markets, whilst public util­ 
ities, such as the P.M.G.'s Department, 
strive to give maximum service with their 
available funds. 

A high rate of productivity has long 
been the concern of both industry and 
government in countries such as U.S.A. 
and, more recently, European countries 
such as Germany have greatly increased 
their productivity and, as a result, their 
standard of living has improved mar­ 
kedly. Australia's continued economic 
well-being and prosperity depend also on 
her level of industrial productivity. This 
high productivity is frequently considered 
as attainable largely through increased 
effort by workers, but it is management's 
obligation to create conditions in an or­ 
ganisation under which production can be 
increased. It is also management's obli­ 
gation to protect the interests of their 
employees by reducing fatigue and ensur­ 
ing fairness in the establishment of per­ 
formance standards for workers. 
Towards these ends, most of the indus­ 

trial activities of man have been closely 
examined to produce simpler and less 
arduous ways of performing their work. 
In recent years organised studies of this 
kind, using specially-developed tech­ 
niques, have been given a variety of 
names such as Work Study, Motion 
Study, Methods Engineering, Time and 
Motion Study, Methods Time Measure­ 
ment, Work Simplification, Work Im­ 
provement, Organisation and Methods In­ 
vestigation, Systems Study, etc. In the 
Commonwealth Public Service the study 
of office and clerical procedures and staff 
organisation is generally known as Organ­ 
isation and Methods Investigation; the 
study of manipulative methods and asso­ 
ciated procedures is known as Work 
Study, whereas in industry in Australia 
and the United Kingdom the study of 
all types of work, both clerical and mani­ 
pulative, is generally called Work Study. 
This paper attempts to explain some 

of the techniques used in Work Study. 
For this purpose the term is used to refer 
to the combined use of: 

(a) method study to improve methods 
of production; 

(b) work measurement to assess human 
effectiveness. 

In this sense, Work Study is the study 
of work in its broad industrial setting 
and is primarily concerned with human 
work in the actual situation where it is 
performed, together with the associated 
procedures which affect such work 
directly. 

By criticaJly examining the present 
methods and organisation, Work Study 
ensures the best possible use of human 
and material resources. Whilst this tech­ 
nique is not the only management tool 
which can be used as a means of reduc- 
*See page 378 

ing costs, it is an important one because 
it can achieve a rapid increase in produc­ 
tivity without large capital investment. 
It is a systematic, accurate and penetrat­ 
ing tool of investigation. 
This paper consists of an elementary 

description of Work Study designed to 
introduce the subject to persons who have 
had little contact with it, but who wish 
to gain some understanding of its ramifi­ 
cations. Not all of the techniques discus­ 
sed in the section on Work Measurement 
are used by the P.M.G.'s Department nor 
are they· all likely to be used in the near 
future, but they have been included to 
help present the subject in its true per­ 
spective. 

HISTORY 
We are in a period of intense interest 

in the problems of Management - a 
great deal of effort is being devoted both 
here and abroad to its development as a 
science. Much has been written about 
"scientific management" over recent years 
and Work Study has been classed as one 
of its tools. Two of the early pioneers of 
Work Study, Taylor and Gilbreth, of 
U.S.A., are referred to as amongst the 
fathers of scientific management. ln fact 
Work Study is one of the more effective 
tools of this scientific approach to man­ 
agement in which executive action is 
based on quantitative analysis. 
Frederick W. Taylor (1856-19 I 5), who 

held a variety of positions in the steel 
industry in the U.S.A. before qualifying 
as an Engineer (M.E.), added the study 
of management to his other pursuits and 
wrote books on a variety of subjects 
from "the art of cutting metals" to "pro­ 
duction control". An analytical approach 
to operators' methods of work was deve­ 
loped by him and he did considerable 
research in the shovelling of coal and 
handling of pig iron at the Bethlehem 
Steel Company in U.S.A. Taylor's idea of 
forced rest periods at precise intervals 
between the handling of quantities of pig 
iron raised the daily rate by 300%. 
Although Taylor realised the importance 
of the method of performing work, his 
development of time study using a stop 
watch was misapplied by managers who 
used it solely to raise and set very high 
standards of performance, ignoring the 
inefficient methods and ineffective time 
outside the workers' control. As a result 
of this abuse of time study there was a 
rider in U.S. Federal Budgets from 1913 
to 1949 preventing the use of stop 
watches in Government employment or 
in factories supplying goods on Govern­ 
ment contracts. 
Frank B. Gilbreth (1868-1924), who 

was originally a builder and later became 
an engineer, and his wife, Dr. Lillian 
Gilbreth, an educationalist, began investi­ 
gating the performance of work at the 
turn of the century. Their work resulted 
in the development of motion study, al­ 
though in the early stage it was primarily 
a laboratory technique. Dr. Lillian Gil­ 
breth commenced training courses in 
Method Study in 1924, carrying on until 
this day; from the early work of Frank 
and herself much of Work Study has 

K. A. McDONALD, A.M.I.E.Aust.':' 

developed today. The reader may recall 
that these two pioneers, Frank and Lillian 
Gilbreth, were the subjects of the book 
and film "Cheaper by the Dozen". The 
use of Work Study has expanded im­ 
mensely since then, and other techniques 
have also been developed. 

Tn the twenties and thirties the em­ 
phasis was on Time Study of a sort. 
Management employed rate fixers to es­ 
tablish times, mostly incorrectly and un­ 
fairly, and these were progressively cut 
down. Jn depression years basic prin­ 
ciples of Work Study appear to have been 
forgotten and it fell into disrepute. Mr. 
R. M. Currie, C.B.E., the leading British 
authority on Work Study had this to 
say on that period:- 

' "Looking back over those days we can 
see clearly now how little both manage­ 
ment and men understood the importance 
of the attitude of mind which we nowa­ 
days call Work Study. There was a poor 
conception of the dignity of work; there 
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were but few reaching for 'justice in in­ 
dustry and no real attempt to extend to 
the widest possible horizons what has 
since proved to be the fastest and most 
economical means of increasing produc­ 
tivity." 
After a rough start in the interval 

between the two world wars, the last 10 
years have seen progressive managements 
and unions overseas actively applying 
Work Study as part of a plan for pro­ 
duction improvement through new and 
better methods and incentive schemes. 
Today, in an endeavour to control costs, 
more Australian firms are turning to 
Work Study. In the U.S.A. many Uni­ 
versities conduct courses in Work Study, 
whilst in the United Kingdom the field 
is covered by Technical Schools, Insti­ 
tutes sponsored by Government and In­ 
dustry, and a few Universities. There is a 
steady demand for training in this field 
in the U.K. where there are many 
Management Consultants applying Work 
Study and most larger firms are now 
using it. In the thirties Predetermined 
Motion Time Standards were developed; 
the most universal of these, Methods 
Time Measurement, originated in U.S.A. 
during World War II under the sponsor­ 
ship of the Westinghouse organisation. 

Perhaps the organisation which has 
done the most in this field in the U.K. 
is the Imperial Chemical Industries Ltd. 
with whom Mr. R. M. Currie, C.B.E., 
M.I.C.E., is the head of the Central 
Work Study Department. Much of Mr. 
Currie's work has greatly influenced the 
thinking in this field in Europe, England 
and Australia. Over recent years in Aus­ 
tralia, the application of Work Study in 
industry has developed considerably, par­ 
ticularly since a number of unions and 
many people have come to understand it 
and, perhaps, even to trust Work Study 
Analysts. In the Commonwealth Public 
Service, "Organisation and Methods In­ 
vestigation", a modification of Work 
Study, consisting of the use of some of 
the tools of Methods Study in the study 
of clerical and administrative procedures 
and organisation, has grown since 1948, 
when the Commonwealth Public Service 
Board and the Postmaster-General's De­ 
partment commenced in this field. At 
present there are some 25 officers engaged 
on this work in the office of the Public 
Service Board and a further 100 in the 
Commonwealth Departments, contribut­ 
ing to a substantial annual improvement 
in efficiency and effectiveness of the Ser- 
vice. · 

INCREASING PRODUCTIVITY 
Five of the usual lines of attack to 

improve productive efficiency are:- 
(i) Improve plant and equipment by 

research and development; 
(ii) Simplify and improve the product 

or service and reduce the variety; 
(iii) Improve the methods of operation 

and degree of utilisation of exist­ 
ing plant, tools or mechanical 
aids; 

(iv) Improve the planning of work 
and the utilisation of manpower; 
and 

(v) Increase effectiveness of em­ 
ployees. 

The first is a long-term policy requirmg 
considerable capital, the second is an 

intermediate-term policy which may re­ 
quire capital, but numbers three, four and 
five are improvements which can require 
little or no capital and which can often 
be introduced quickly. It is in these three 
approaches that Work Study can play a 
major role. 

In this paper emphasis is being laid on 
the techniques currently in use in Aus­ 
tralia and England. To a large degree, 
as discussed above, a great deal of credit 
is due to Imperial Chemical Industries 
Ltd. (U.K.) for the development of Work 
Study in U.K. and similar leadership has 
been shown by I.C.I.A.N.Z. in Australia. 
The major difficulties encountered in 

applying Work Study are human rather 
than technical. As discussed earlier in 
this article, the tendency to associate 
Work Study solely with time study or 
incentives has reacted against its ready 
acceptance by both management and 
workers in industry, yet time study and 
incentive planning are only two of the 
aspects of Work Study. Frequently, 
workers are apprehensive of and resist 
Work Study because of dislike of change, 
opposition to being timed, dislike of being 
watched at their work and fear of be­ 
coming redundant. Resistance to Work 
Study is also found at management levels. 
Extreme care in the establishment of 
Work Study in an organisation is there­ 
fore necessary to dispel this fear and a 
number of approaches have been deve­ 
loped. In England it is the practice to 
consult workers over such things as Work 
Study and to develop in them an under­ 
standing of the techniques and objectives 
of the subject. In fact. several Unions 
in the U.K. conduct their own Work 
Study courses. In U.S.A., Work Simplifi­ 
cation, whereby staff participate in the 
development of new methods after some 
basic training in the elements of Method 

Study, is employed to gain management/ 
worker enthusiasm for, and participation 
in, Work Study. Without the interest of 
line management and the co-operation of 
field staff, Work Study cannot succeed. 
The two techniques embraced by Work 

Study are Method Study and Work Mea­ 
surement. Usually, Method Study comes 
first and Work Measurement follows. 
The co-ordinated procedure is shown in 
chart form in Diagram A. 

METHOD STUDY 
Method Study, which should be the 

first task in Work Study, is the systematic 
recording, analysis and critical examina­ 
tion of existing and proposed ways of 
doing work and the development and 
application of easier and more effective 
methods. A simple systematic approach 
called the six-step plan has been evolved 
and, even in the more sophisticated Work 
Study techniques, it is essential that these 
six steps be followed with none being 
excluded:- 

SELECT the work to be studied. 
RECORD all of the relevant facts of 
the present method by direct obser­ 
vations. 

EXAMINE critically those facts in cor­ 
rect sequence. 

DEVELOP the most practical, econo­ 
mic and effective method. 

INST ALL the new method as the stan­ 
dard practice. 

MAINTAIN the standard practice by 
regular routine checks. 

This is a simple statement of Work 
Study but it is also a statement of the 
steps followed by anyone who is critic­ 
ally examining any process by any means 
other than Work Study. The reader 
should not be deluded, however, into be­ 
lieving that Work Study is, therefore, a 
rather elementary technique already fol- 

Diagram A 

Work Study 

I 

Method Study 

To improve ways of doing 
work 

Work Measurement 

To establish performance time 
for a task 

Resulting in more effective use of: For improved: 

1. material; 1. staffing; 
2. plant, tools and equipment; 2. planning and control; 

3. manpower. 3. incentive schemes. 

I I 

Higher Productivity 
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lowed by all technical people. This sim­ 
plicity serves to highlight the essentially 
practical and thorough approach of Work 
Study but should not be allowed to hide 
the need for special training and . experi­ 
ence for carefully selected personnel to 
ensure good results from its full-time 
application. 

Selection of a process for Method 
Study, the first stage of the six-step 'plan, 
will be guided by technical and human 
considerations and economic factors, pro­ 
bably the most important of which is to 
reduce overall production costs. Factors 
through which overall production costs 
may be attacked include excessive hand­ 
ling and movement, improvement in 
safety and reduction in fatigue, poor use 
of labour, material and equipment, 
bottlenecks in production, large amounts 
of repetitive work, and the need to pro­ 
vide a better service. 

Recording in Method Study is done in 
various forms of "shorthand" which in 
some cases are pictorial. The simplest 
charts in use employ five symbols for 
basic types of events into which all work 
can be broken down. These symbols and 
the various charts are amongst the basic 

SUMMARY 

.. 

tools of method study, but more recent 
developments in the field, and the 
early work of Gilbreth, established 
other symbols which have their uses in 
situations to be discussed later. At this 
stage we will confine ourselves to a dis­ 
cussion of the five basic symbols which, 
with appropriate charts, are adequate 
tools for extensive Method Study. These 
symbols are:- 

0 - OPERATION - Produces 
or accomplishes 

D 
C) 
D 
V 

- INSPECTION - Verifies 

- TRANSPORT - Moves 
- DELAY - Delays or inter­ 

feres (temporary storage) 
- STORAGE - Holds or 

keeps (against unauthor­ 
ised removal) 

In the recording process these symbols 
are used on a variety of charts designed 
for various situations. There are different 
charts for recording the work done by 
or, if desired, done to - 

1. A man 
2. A piece of material 

NO._/_ 

FLOW PROCESS CHART -.Lo,.L 

Fig. 2.-Ffow Process Chart ( Actual si:i:e 8" x 11 "l 

3. Gangs of men 
4. Several pieces of material, showing 

their relative position at various 
stages 

5. Man or material related to stations 
6. Man or material movement on a 

plan 
7. Each hand of a man 
8. Interrelation of a number of men 
9. Interrelation of a man and a 

machine. 
Charts 1 and 2 are called "flow pro­ 

cess" · charts, Charts 3, 4 and 5 "multi­ 
column or gang charts", Chart 6 "flow 
diagrams", Chart 7 "right and left hand 
charts" and Charts 8 and 9, "multiple 
activity" charts. These charts are usually 
printed and headed for easy and quick 
preparation. 

Generally, before a specific chart on 
which to study the process is chosen, the 
process is set out in a simple form using 
the two symbols for operation and in­ 
spection only. This chart, called an 
"operation process" chart, is a graphic 
representation of the sequence of all 
operations, inspections and entry points 
of materials involved in a process or pro­ 
cedure. Such a chart, shown in Fig. 1, 
presents a "bird's eye view" of the whole 
process, highlighting the important fea­ 
tures. It will usually indicate to the 
person experienced in the use of the 
charts the part of the process needing 
detailed examination and the type of 
chart necessary for the examination, but 
it is not sufficiently comprehensive for 
detailed analysis. 
The Flow Process Chart is a graphic 

representation of the sequence of all 
operations, transportations, inspections, 
delays and storages occurring during a 
process or procedure and includes infor­ 
mation desirable for analysis, such as 
time taken and distance moved. The 
"material type" flow process chart, 
shown in Fig. 2, presents the process in 
terms of events which occur to the ma­ 
terial, whilst a "man type" chart presents 
the process in terms of the activities of 
the man. 
The Multicolumn Chart, shown in 

Fiz. 3, is designed to show a number of 
individual flows related to one another. 
They have their greatest application in 
the office where there is usually more 
than one copy of a document in flow 
at once. The several uses of this chart 
are:- 

Multicopy - to record the flow of 
several copies of a document, show­ 
ing their simultaneous locations 

Station to Station - to record the 
flow of a piece of paper or a person 
in progress through various work 
stages. ' 

Gang - to record the activities of 
a team of people and their relation 
to one another whilst engaged on a 
common activity 

A Flow Diagram is a scale plan of 
the work area on which is recorded the 
route of a man or material between 
work places. This diagram is usually used 
to supplement another chart, such as a 
Flow Process Chart showing activities in 
detail. The symbols for the type of acti­ 
vity at each work place may be shown 
on the flow diagram. 

A Right and Left Hand Chart, also 
called a Work Place Chart, a Two- 
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Fig. 3.-Multi-column Chart (used as Multi-copy Record), (Actual size 11" x 21"). 

Handed Process Chart or an Operator 
Chart, is shown in Fig. 4. This chart, 
which is used in studies of the work of 
a person at his work place, shows the 
corresponding activities of two hands and 
in some cases the feet. The chart uses 
only four symbols - Q operation, 

Q transport, \J hold (storage symbol), 
and Qdelay. 

A Multiple Activity Chart, shown in 
Fig. 5, facilitates consideration of several 
simultaneous activities performed by 
different persons or machines. A typical 
operation charted in this way would be 
the excavation of a trench involving the 
activities of an operator of a compressor, 
a man shovelling and a truck driver, all 
engaged together. Similarly, it helps to 
distinguish between operating time of a 
machine when operating independently of 
an operator or when being operated or 
serviced by the operator. It is also useful 
to distinguish between the time when a 
machine is waiting to be serviced and 
when it is being set up, loaded or un­ 
loaded. This type of chart does not use 
the symbols described above but uses 
colours or hatching to indicate periods 
spent on independent work, combined 
work and waiting. 
It will be seen from a study of com­ 

pleted charts that processes or procedures 
consist of three stages - 
"Make Ready", which is the prepara­ 

tion of material or the work place for 
the work. The contribution of this stage 
is indirect and is considered as unpro­ 
ductive. 

"Do" operation, which is the perform­ 
ance of work on the material resulting 
in a change in its properties or charac­ 
teristics. This is a productive stage in the 
process. 

"Put Away" operation, in which the 
work is moved aside, transported to the 
next stage, etc., after a "do" operation. 
Like the "make ready" operation, it is 
an unproductive stage. 
Examination (or critical analysis), the 

third step of the six-step plan, will be 
directed firstly towards establishing the 
need for the "do" operations at all or 
in their present form and then towards 
similarly simplifying the unproductive 
"make ready" and "put away" operations, 
so reducing their proportion of the whole 
process and increasing the effective "do" 
content of the worker's time. This exam­ 
ination of the "operations" in a proce­ 
dure should be made in order of their 

importance to the procedure. Critical 
examination is a careful and systematic 
stage in which every step is thoroughly 
questioned in a standard pattern. The 
following sequence is adhered to for each 
step (see Diagram B). 
Primary questions indicate the facts 

and ensure that every facet of an existing 
method and the reasons underlying them 
are clearly understood; secondary ques­ 
tions indicate the alternatives from which 
the means of improvements are selected. 
This is an organised approach leaving 
nothing to chance, concentrating atten­ 
tion on particular aspects to bring up 
ideas and alternatives. The questions 
which are designed to focus attention on 

Diagram B 

What is the purpose? 
Why is it necessary? 
What else could be done? 
What should be done? 
Where is the step performed? 
Why is it performed there? 
Where else could it be performed? 
Where is the best place to perform 
When is it done? 
Why is it done then? 
When should it be done? 
When else could it be done? 
Who performs this step? 
Why does that person perform it? 
Who else could perform it? 
Who should perform the step? 
How is the step performed? 
Why is it performed this way? 
How else could it be done? 
How should it be done? 

This examination consists of primary and secondary questions- 
e.g., Purpose - What is the purpose? }Primary questions 

Why is it necessary? 
What else could be done? }secondary questions 
What should be done? 

(1) Purpose 

(2) Place 

(3) Sequence - 

(4) Person 

(5) Means 

, To eliminate any step 
· ~ that is not essential in J the process or proce- 
dure. 

it? l 
f 

Re-arrange or com­ 
bine to improve se­ 
quence, utilisation of 
skills, location of 

J work place. 

}
Simpli~y the 
operation. 
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the various aspects of each and every 
step may appear to the person inexperi­ 
enced in Work Study to be absurdly 
interests of thoroughness of the examin­ 
ation and effectiveness of the end result 
each is extremely important. In hand­ 
ling the "examination stage" the analyst 
looks for reasons not excuses and he 
must distinguish between fact and 
opinion. Of course, at this stage the Work 
Study Officer must enlist the aid of every­ 
one who may be able to help, particularly 
the person doing the job. 
Develop New Method. - Once the 

questions below have been answered the 
Work Study Officer is able to begin de­ 
veloping the new method from all of the 
ideas which will have been listed in re­ 
sponse to the questions - 
What should be done? 
Where should it be done? 
When should it be done? 
Who should do it? 
How should it be done? 
The examination stage will have indi­ 

cated the need to eliminate, combine, re­ 
arrange or simplify "make ready", "do" 
or "put away" operations and a new 
process can be developed with the parti- 

cipation of those concerned in the work. 
The first step is to arrange in their cor­ 
rect sequence the essential "do" opera­ 
tions which are to remain. At this stage 
a knowledge of the job can greatly aid 
the development of a method in which 
the work is done by the most appropriate 

· people, in the most convenient place and 
by the simplest means. During the ques­ 
tioning and recording stage many bright 
ideas will, no doubt, have been presented 
to the Work Study Officer and, wisely, 
he would have recorded them but de­ 
ferred consideration until this stage, when 
ideas can be examined in truer perspec­ 
tive. By doing this the objective "critical 
examination" discussed above would have 
proceeded unhindered. 

Install - Participation in development 
of the method by persons affected by 
it will bear fruits in more rapid intro­ 
duction of a new process or procedure. 
This participation enables the Work 
Study Officer to incorporate in his deve­ 
loped method some of the ideas of the 
people doing the work and, through dis­ 
cussion, to avoid proposing changes 
which conflict with satisfactory existing 
arrangements. 
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Fig. 4.-Right and Left Hand Chart ( Actual size 8}" x 11 "). 

MICROMOTION STUDY 
The symbols used in Right- and Left­ 

Hand Charts described above permit only 
a rather crude analysis of the motions 
of an operator at a work station but they 
simple, tedious and tiresome, but in the 
are quite suitable for achieving very good 
results where a motion pattern is not 
very involved. However, to study a com­ 
plex motion pattern such as that found 
in cable jointing, automatic equipment 
installation and maintenance, etc., there 
are other more suitable techniques such 
as Micromotion Analysis. 

Back in the early days of Work Study, 
Gilbreth, the founder of motion study, 
developed a very comprehensive list of 
elements of physical movements to which 
he assigned symbols and abbreviations 
and to which specific pencil colours have 
subsequently been allocated. These ele­ 
ments, called therbligs (Gilbreth spelt 
backwards), are shown in Fig. 6; in spite 
of the expansion of Work Study since 
Gilbreth's early pioneering work, only 
one change has been made to his original 
list. The technique using therbligs as a 
basis for analysis is called Micromotion 
Study. It uses charts, called Simo Charts, 
on which therbligs for each element are 
recorded against a time scale, the unit 
of which is 1 wink (1/2000 minute). 
Much of Gilbreth's early detailed analysis 
of motions in repetitive work of short­ 
cycle duration was done by studying films 
of the work in progress. The examination 
step in motion studies using Right and 
Left Hand Charts, described earlier in 
this article, has the same aim as Micro­ 
motion Analysis using a Simo Chart and 
therbligs; this aim is to ensure econo­ 
mical use of the human body, sound 
arrangement of the work place and design 
of suitable tools and equipment. A 
number of principles concerning economy 
of movements were developed by Gil­ 
breth and a few of the most important 
are as follow: 
A. Start and stop hands simultane­ 

ously using symmetrical motions in 
opposite directions - this balance be­ 
tween the hands, where both are kept 
active. induces the least fatigue. 
B. Use lowest class motions - the 

choice of movements involving the least 
possible number of body members en­ 
sures that the minimum effort is used 
in a job. Body movements are classified 
one to five as follow: 
Class Pivot 
1 Knuckle 
2 Wrist 
3 Elbow 

Body members move 
Finger 
Hand and Fingers 
Forearm, hand and fin- 

gers 
Upper arm, forearm, 
hand and fingers 

Torso, upper arm, fore­ 
arm, hand and fingers. 

C. Use smooth, curved motions-this 
type of continuous motion, preferably 
with a rhythmic pattern, involves mini­ 
mum muscle tension and loss of time. 
D. Employ natural movements - by 

spreading motions amongst the limbs to 
those best fitted to do the work, strain 
and fatigue is reduced. 
E. Work in the Normal area (see Fig. 

7) - this involves movements of No. 3 
classification or lower, whilst the maxi­ 
mum work area is determined by move- 

4 Shoulder 

5 Trunk 
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ments of No. 4 classification. The area 
immediately in front of the operator, 
where the normal work area arcs over­ 
lap, is the most suitable place for opera­ 
tions involving both hands. Principles 
applied to the study of the working area 
include - 

(1) fixed work and tool locations; 
(2) prepositioned tools; 
(3) prepositioned article; 
(4) drop delivery; 
(5) attention to seating, illumination, 

noise, dust, etc. 

WORK MEASUREMENT 
As discussed earlier in this paper, Work 

Study involves the co-ordinated use of 
Method Study .to irnnrovc methods of 
doing work and Work Measurement to 
assess human and operational effective­ 
ness; the diagram in Fig. 8 shows the 
relationship between the two. Work Mea­ 
surement is the application of techniques 
designed to establish the time for a quali­ 
fied operator to carry out a specified task 
and, by relating this to a definite standard 
of performance, to translate it into the 
work content of that task. 

In the past a great deal of emphasis 
has been laid on the use of Work Mea­ 
snrement to establish time standards (per­ 
formance standards) to enable manage­ 
'ment to fix incentives, but over recent 
years Work Measurement has been used 
increasingly to provide more reliable data 
for estimating, planning and staffing and 
for comparing two or more methods. 
Apart from these and other uses for time 

standards, the analysis of an operator's 
time spent on work serves to highlight 
ineffective time due to the various causes, 
enabling the study to be directed towards 
reducing these at the critical examination 
stage. Work measurement can, therefore, 
be a most useful tool in studying work 
of the type undertaken in the telephone 
engineering field. A variety of Work 
Measurement techniques in use include 
Time Study, Random Observations, Ana­ 
lytical Estimating, Synthesis from Stan­ 
dard Data, Predetermined Motion Time 
Standards, etc., each of which has its 
specific field of use and advantage. 

Briefly, the approach to Work Mea­ 
surement is shown in Diagram C. 
Fields of application of Work Mea- 

surement include:- 
Provision of a basis of comparison for 
determining operating effectiveness; 
Comparison of alternative methods 
developed during a Work Study. 
Establishment of performance stan­ 
dards which can be used for:- 
Determination of equipment and 
labour requirements; 
Balancing of work of parties; 
Measurement of actual output 

against possible output of staff; 
More accurate estimating; 
J mproved scheduling; 
Balancing of manpower and work­ 

load through effective staffing. 
Before the work is measured to estab­ 

lish time standards for these purposes, 
it is important to study the work methods 
using the method study techniques 

Diagram C 
DEFINE 

I 
the best method for the task 

DECIDE 

the most appropriate means of 
measurement from 

Direct observations using 
I 

Predetermination using 

Random Observations I I Time Study I 
l 

Synthesis Analytical Estimating 

I 
To establish the 

I 
PERFORMANCE TIME 

already described, to ensure that the job 
is performed by the best possible method 
and by personnel suitably trained in the 
method. 

Time Study, the first of the measuring 
techniques mentioned above, consists of 
measurement by direct observation using 
a stop watch. The much-dreaded stop 
watch of the past has a rather unpleasant 
history and it is little wonder that the 
stop watch user is still regarded with 
some fear in sections of industry today, 
even though most skilled Work Study 
Engineers use stop watches with scrupu­ 
lous fairness. As far back as the nine­ 
teenth century, .. rate/hers", often sworn 
to secrecy by the management, were 
using stop watches to establish, some sort 
of performance standard for operators. 
About fifty or more years went by before 
an allowance for fatigue was added to 
the measured performance time to make 
the performance standard for the job. 
Very much later, around 1920, Bedaux 
developed a system which facilitated the 
estimation of a "normal" performance 
standard from the measurement of any 
operator at work; this system was based 
o, assessment of the operator's skill and 
effort as the work is measured. The Time 
Study Officer makes a rating of the 
operator's speed and effort against a 
"normal" speed and effort and records 
this against the time measured for the 
element of work. This is called rating. 
The "rating" is the comparison of the 

performance of an operator under obser­ 
vation with normal performance for a 
given method. Normal performance is the 
working rate of the average worker work­ 
ing under capable supervision but without 
stimulus of an incentive wage payment 
plan; it is the equivalent to a person 
walking at 3 m.p.h. This working pace 
can be easily maintained day after day 
without undue physical or mental fatigue 
and "is characterised by the fairly steady 
exertion of reasonable effort. 

The observed time for a particular 
operation multiplied by the rating of the 
operator equals a constant for all 
operators. The adjusted time for a 
normal performance, referred to as "nor­ 
malised time", is, therefore, calculated 
by the following method:- 

Rating 
Observed time X 

Normal Rating 

= Normalised time 

The Time Study is made by breaking 
down the work into elements which are 
convenient for being individually mea­ 
sured over a complete work cycle or 
number of cycles; each element is com­ 
posed of one or two fundamental opera­ 
tions. The criterion -is that the element 
time is convenient for being individually 
measured and that the group of motions 
form a true element of work in which 
the operator's skill and effort are not 
likely to vary within the element. 
Various scales of rating have been de­ 

veloped and these include the 60/80, 75/ 
100 or 100/133 scales, also called the 60, 
75 and 100 normal scales, respectively. 
An average trained worker on piece 
work, with the stimulus of incentives, 
operating continuously in a brisk busi­ 
ness-like manner, producing articles of 
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the necessary quality and accuracy, 
would be rated as about 80 on the 60/ 
80 scale. Relating this to the rate of 
walking, for example, for which the 
normal or 60 level corresponds to walk­ 
ing at 3 m.p.h., the 80 rating is compar­ 
able to the effort expended by a person 
walking unloaded on level ground at 4 
m.p.h. 

When the elements of a job have been 
measured and checked over a number of 
work cycles, the recorded time will be 
adjusted or normalised by factors which 
depend on the rating of the operator 
during the study, as in the example 
below:- 

A B 
Ele- Rating 
ment 60/80 
No. (Scale) 
1 70 22 sees. 25.7 sees. 
2 70 15 sees. 17.5 sees. 
3 65 18 sees. 19.5 sees. 
4 70 21 sees. 24.5 sees. 
5 65 6 sees. 6.5 sees. 
The measured time for the work in a 

cycle (Elements 1 to 5 - Column A), 

consisting of the sum of the observed 
element times for the individual elements 
of work (Column C above), bas no direct _ 
bearing on the expected output of an 
operator. Two factors are involved in the 
development of a performance time; the 
first, the adjustment of the observed time 
to a normalised time by the element 

place conditions, temperature, type of 
work, sex of operator, companionship, 
etc. Such allowances vary from 2\/2 % 
lo 20% for particular conditions in ex­ 
treme cases; total figures of above 20% 
suggest difficult working conditions. We 
now have a performance time for a 
task built up in the following manner:- 

Rating 
(1 + Rest allowance %) X (Observed time X ) 

ormal Rating 

C 
Observed 
Time 

rating, as discussed above, and the 
second, an adjustment of performance 
time to a degree which is dependent on 
working conditions. 
An additional percentage of time is 

added to the normalised time in the form 
of an allowance for recovery from the 
psychological effects of expending 
energy and for attendance to personal 
needs. This variable allowance, based on 
an established scale, is called a Rest 
Allowance, and is made up of a number 
of separate quantities which are depen­ 
dent on a variety of things such as work 
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It will probably be necessary to add to 
this adjusted time a further allowance to 
compensate for enforced idleness through 
inspection, work place cleaning, tool 
maintenance, etc. The extent of this al­ 
lowance will be determined by observa­ 
tions of the process on the job. 

As mentioned earlier in this article, 
there is a variety of techniques in use for 
measuring work, in addition to Time 
Study using stop watches, each of which 
is applicable lo particular types of work 
or work situations. These are discussed 
in the following paragraphs. 

Work Sampling, sometimes called ran­ 
dom observation sampling, activity samp­ 
ling or delay ratio, involves observations 
of the process or operator to determine 
the percentage of time which is spent on 
any portion of the operation or the time 
which is spent on rest or which is ineffec­ 
tive, etc. Whilst work sampling is not 
used for setting standards, it is a useful 
weapon with which to probe suspected 
sources of inefficiency, such as ineffective 
time due to various causes. 

Synthesis of Times is possible when a 
great deal of standard time data for the 
most common elements of work has al­ 
ready been built up from previous time 
studies. Such data would normally be 
available in a work study department of 
some long standing, and would include 
standards for operations which occur in 
a variety of work in the organisation. 
This saves a great deal of the Work 
Study Officer's time in studying a com­ 
plete operation and developing a time 
standard to cover the whole operation. 
Predetermined Motion Time Standard 

Systems, involve the consideration of 
manual work as a series of basic elc­ 
mentary motions, the times for which 
have been accurately measured at nor­ 
mal rating. These systems have the ad­ 
vantages of the synthesised time system 
with the benefit of an established set of 
predetermined limes which arc applic­ 
able wherever a motion occurs, irrespec­ 
tive of the organisation or the work 
place location. The technique does not 
involve the use of stop watches 
to assess performance times and 
removes from the Methods Engineer the 
need for rating the operator. 
The desire to have a reliable method 

of establishing performance times without 
the use of stop watches for work involv­ 
ing short cycle operations led to the 
development of predetermined motion 
time standard systems involving standard 
data and time formulae. One such system, 
now widely used in Australia and at 
present being applied in the P.M.G.'s 
Department, Engineering Division, is 
Methods Time Measurement. 
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Fig. 6.-List of Symbols ( Therbligs) for 
Gilbreth Basic Elements. 

METHODS TIME MEASUREMENT 
This technique involves the synthesis­ 

ing of operation times from times already 
built up for elementary basic movements 
which are universally applicable to work 
patterns. These predetermined motion 
time standards have been developed from 
a large number of studies of each move­ 
ment, generally by a frame by frame 
analysis of films of a wide range of sub­ 
jects, and both men and women perform­ 
ing a wide variety of tasks. The basic 
movements are reduced to several groups 
such as reach (R), move (M), turn (T), 
apply pressure (AP), grasp (G), position 
(P), etc., and within these groups there 
are other classfications. For each basic 
movement and classification, times have 
been established in Time Measurement 
Units (T.M.U.); a T.M.U. is .00001 hour 
(.036 second). As an example of a move­ 
ment classified in this notation, reaching 
a distance of ten inches to a very small 
object" where accurate grasp is required 
is· called an RlOC movement and a time 
of 12.9 T.M.U.'s is allotted. 
The M.T.M. officer observes a worker's 

actions, classifies the motions according 

to their type and records the analysis on 
a chart. He applies the critical analysis, 
previously described under Method Study, 
to the overall motion pattern but he is 
also able to examine the nature of each 
movement and, where possible, to substi­ 
tute a motion of the same type but of a 
simpler nature. This is a finer breakdown 
of an activity than is possible with other 
forms of Motion Study, such as that using 
therbligs; Methods Time Measurement is 
more effective therefore than the other 
systems for analvsing the more complex 
motion patterns. When a new method has 
been developed it is possible to establish 
a performance time for the old and new 
operation using the M.T.M. predeter­ 
mined motion times, without putting the 
new method into practice. This facility 
of M.T.M. is valuable in design where 
performance times for estimation in con­ 
nection with staffing, planning, etc., are 
desirable for a new process without field 
trials. 
As well as having the advantages dis­ 

cussed above and that of greater accur­ 
acy than is possible by direct time study 
measurement, perhaps one of the greatest 
advantages of the system it that the 
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Methods Engineer is forced to consider 
methods before setting time standards. 
Too often today the Methods Engineer 
in a factory establishes time standards, 
even for incentive payments, without 
studying methods; this either perpetuates 
existing inefficient methods with conse­ 
quent low production or enables the 
operator on incentives to be paid at un­ 
warrantably high rates. It is a fallacy 
to say that M.T.M. is only applicable to 
production lines of high output and low 
work cycle duration as many organisa­ 
tions here and abroad are successfully 
applying it to such work as typing, 
plant maintenance, etc. 
It is essential that a Methods Engineer 

who is applying Methods Time Measure­ 
ment should be trained and experienced 
in the technique to a greater degree than 
is necessary with other techniques. This 
generally calls for approximately 200 
hours of initial training, up to 50 hours 
of part-time supervision on the job by 
a trained analyst and about 1-2 years' 
continuous experience. Nevertheless, once 
the analyst is trained, an effective, reli­ 
able and efficient system of Work Study 
is available to the organisation. 
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Method Study Chart 
or Technique 

Flow process chart (Man) 
or 

Right and left hand chart 
Gang (or multi-column) 

chart 
or 

*Multi-activity chart 
Right and left hand chart 

WORK STUDY JN PUBLIC 
UTILITIES 

Nearly every type of work undertaken 
in the field could be profitably studied 
using one or more of the techniques 
described above. Improvement in effici­ 
ency would come from improved 
methods, the elimination of ineffective 
time and the use of accurate and fair time 
standards as a basis for programming 
staffing, estimating, etc. Methods Time 
Measurement, currently being used in the 
P.M.G. Engineering Division, is proving 
suitable for the study of cable jointing 
methods and it is evident that a good 
many other operations could be benefici­ 
ally studied. 
The simpler Work Study techniques 

would have their uses in the P.M.G. 
Engineering Division for such purposes 
as:- 

Operation 

Running MDF Jumpers 

Laying Cable 

Terminating Wires 

fields; some interesting figures shown 
below lend weight to this point. Over 
the one period in the U.S.A. the follow­ 
ing changes took place:- 

Population increased 73 % 
Industrial employment increased 75% 
Administrative and 

clerical staff increased 350% 
Of course there are a number of very 
obvious reasons for this trend in admini­ 
strative staff employment. Not the least 
of these is the development of improved 
management techniques and increased 
mechanisation, with the consequent need 
for greater administrative staffs. Never­ 
theless, it does indicate the benefits which 
could be derived from the application of 
Work Study to clerical and administrative 
work. 

In 1948, the Commonwealth Public 
Service: Board and Commonwealth De- 

Work Measurement 

Stop Watch 

Stop Watch 
Random observations 

or 
Watch 
Stop Watch 

or or 
Simo chart (micromotion) Film and wink counter 

or or 
'''Methods Time Measure- Predetermined times 

mcnt 
Multi-column chart Random observations 

(material) or 
Watch 

Flow process chart (Man) Watch 

Stores Requisitioning 

Installing Telephones 

*Preferred system, where one exists. 

Jn the United Kingdom, public utilities 
involving such activities as transport fleet 
operation, coal mining, gas production, 
road making, etc., are achieving consider­ 
able success in the application of Work 
Study to their work and, elsewhere 
throughout the world, large progressive 
private organisations are applying Work 
Study with conspicuous success to such 
activities as sales, office cleaning, ware­ 
housing, farming, etc. Whilst sales organ­ 
isations may not, at first glance, appear 
to be suited to Work Study, recently, one 
large wholesale organisation in Australia 
has applied Work Study with success to 
travelling and van salesmen. Tn the 
United Kingdom one of the world's most 
successful low-price chain clothing stores 
uses Work Study. 
Public utilities in Australia which have 

recently introduced Work Study include 
Electric Authorities, Hospitals, Municipal 
Councils, Main Road Authorities and 
Commonwealth Departments. 

WORK STUDY IN THE OFFICE 
Whilst, as discussed elsewhere in this 

paper, a great deal of work has been 
directed to the use of Work Study to 
study manipulative work in industry 
throughout the world, with resultant 
rapid improvement in productivity, it 
cannot be said that a similar level of 
effort and success is evident in clerical 

partments in Australia, well aware of this 
situation, adopted the British Treasury 
system of Organisation and Methods and, 
since then, they have achieved a good 
deal of success in its application and 
development. The term "Organisation and 
Methods", whilst used in U.K. to refer 
generally to Work Study in the office, 
is not used to the same extent in Aus­ 
tralia except in the Commonwealth and 
State Government Service; in private in­ 
dustry here it is usually referred to as 
Work Simplification or Method Study. 
ln the U.S.A., where the term "O. and 
M." is rarely used, the study of clerical 
work is referred to as Systems and Pro­ 
cedure Analysis. 
The field of work covered by clerical 

Work Study staff consists of:­ 
Office procedures or methods; 
Business form design; · 
Records study; 
Work distribution, staff organisation, 

etc.; 
Work measurement; 
Office machine selection; 
Electronic data processing (E.D.P.). 

The last activity, in particular, is causing 
a great deal of attention to be paid to 
office systems in Australia and elsewhere 
at present. This arises from the interest 
in electronic computers, the speed in pro­ 
cessing possible through their use, and 
the need to review clerical methods prior 

to the introduction of an E.D.P. system. 
Unfortunately, Clerical Work Study 

Analysts have been slow to adopt many 
of the techniques of manipulative Work 
Study, particularly in Work Measure­ 
ment, with the result that it is often 
claimed that their work Jacks much of 
the quantitative approach of their col­ 
leagues in manipulative fields. Also, Or­ 
ganisation and Methods Analysts fre­ 
quently have to operate as experts who 
come in from outside and submit an 
extensive report to the Chief Officer, with 
resultant difficulties in implementation. 
This is not always done today as it is 
being found that the Organisation and 
Methods Analysts' participation in imple­ 
mentation with the management of the 
unit being studied greatly helps to achieve 
benefits from the study, 

Recently, a firm of management con­ 
sultants in Australia introduced a pre­ 
determined time standard system of work 
measurement suitable for office work in 
virtually any field. This technique, devel­ 
oped by Paul Mulligan, U.S.A., uses pre­ 
determined time standards as in Methods 
Time Measurement, but the times cover 
fairly Jong elements which are related 
more to a particular activity. This means 
that a much larger number of standard 
times must be maintained, but this in 
turn facilitates quicker development of a 
standard for performance. 

Like most other Work Measurement 
techniques this predetermined time system 
may not be accepted readily, on the 
basis that a clerk's thinking time greatly 
exceeds that of a manipulative worker. 
This arises, possibly, because of an un­ 
derestimation of the amount of thinking 
time of a skilled technician by com­ 
parison with that of a clerk. Some of the 
opposition to Work Measurement may 
result from the fact that those techniques 
which involve rating are not very reliable 
for clerical work. Nevertheless, Random 
Observations, Work Count, etc., and the 
more recently developed Predetermined 
Time Standard systems are quite suitable 
and useful techniques for studying 
clerical work. 

HUMAN PROBLEMS JN WORK 
STUDY 

It is not generally realised that one of 
the most important functions of the 
Work Study Officer is to reduce human 
effort involved in work as well as to 
achieve economy in operations. A Work 
Study Officer properly trained in the 
techniques of Work Measurement will 
give to Management time standards for 
the performance of work which are fair 
and which can easily be achieved by 
workers. In these, as discussed earlier in 
this paper, adequate rest allowance will 
have been made for difficult working 
conditions, etc. 
The job of Work Study does not stop 

at developing and reporting on a new 
method, as success will not have been 
achieved until the new method has been 
introduced, which provides, perhaps, the 
greatest problem in improving work. 
Most people resist change and the in­ 
trusion of outsiders is often resented, 
consequently the Work Study Officer re­ 
quires to have a sound practical know- 
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ledge of human nature. Recent develop­ 
ments in the field have been towards 
active participation in studies by the 
people doing the work, who can be of 
great assistance in the study of the exist­ 
ing method or development of a new one 
by bringing to the study their practical 
experience and developing an attitude 
which makes introduction of the new 
method easier. This participation, fre­ 
quently called Work Simplification when 
on an organised basis, is used extensively 
in U.S.A. As well as developing new and 
improved methods, Work Simplification 
leads to a better team spirit, greater co­ 
operation and higher morale in the or­ 
ganisation, as the staff are made to feel 
that they are part of the management 
team. In fact, such participation by the 
normal staff in the study of work 
methods is necessary in view of the 
modern tendency towards people manag­ 
ing their own sphere of activities. 
New and more efficient methods may 

appear to mean that the output require­ 
ment will be produced with fewer work­ 
men, but this is not necessarily so. The 
new method may enable the output or 
achievement to meet demand or the 
quality of the service to be improved. 
Also, a greater demand for the product 
or service could result from reduced costs 
and better service through Work Study; 
savings in costs could be directed to 
improved marketing or the development 
of other lines. 

If a reduction in labour results from 
a Work Study, it is general practice to 
divert this labour to other work in the 
organisation or to gradually implement 
the change so that the freed labour is 
covered by wastage over the period. As 
a result of the adoption of this policy in 
Work Study Programmes, a great deal 
of co-operation between Labour and 
Management in the application of Work 
Study is now common here and overseas. 
The International Labour Office is train­ 
ing people in Work Study throughout 
the world and bas stated its policy on 
the subject in their book, "Introduction 
to Work Study". This book is often used 
as a basic code in discussions and agree­ 
ments between Labour and Management 
on matters related to Work Study. 
Amongst other things, this I.L.O. book 
states that Work Study is "the most pene­ 
trating tool of investigation available to 
management". It also states the other ad­ 
vantages of Work Study as below:- 

(1) it is a means of raising produc­ 
tivity with little capital expenditure; 
(2) it is systematic; 
(3) it is the most accurate means of 
setting performance standards for effec­ 
tive planning and control yet evolved; 
(4) the resultant savings start at once; 

and 
(5) it is a tool which can be applied 
everywhere. 

APPLICATION 
Much of the development of Work 

Study techniques has been directed to 
their application to factory situations and, 
as a consequence, the techniques cannot 
always be applied directly to the field 
work of an organisation such as the 
P.M.G. Engineering Division. Neverthe­ 
less, the recent experiences of many or- 

ganisations have shown conclusively that 
Work Study can be used to similar ad­ 
vantage in field work provided it is 
introduced more gradually and with due 
regard to the differences between field 
and factory work; during the introduc­ 
tory period a body of experience in the 
application of the techniques to the parti­ 
cular type of work can be built up. 

As mentioned earlier in this paper, 
Work Study has been applied with suc­ 
cess to such fields as outside sales, retail 

I WORK~ 

METHOD 
STUDY 

WORK 
MEASUREMENT 

TO FIND THE BEST METHODS 
.JN{) OETERMINE 

PENFO,('MAN('.[ jT..JNOAROS 

I TO IMPROV! WOJlK METHODS 

SELECT ~ 
WORK TO 8[ STUDIED I - tXAMIM - - l 

r- - - + - - - - l I ro DETERMINE EFFECTIVE TI.YI! J 
LOCATE I I 

I TI-IIS WOl!J< IN OYER.ALL PATTEIIN ' I ME A SURE 
I I~ VSIN6 I 
' I ~ i--, 
. RECORD M£1HVPJ TIME OTJ,tll I 
:?~!)VCE {C) EUMENTS IN ocnu: I TINU snor TE(NNIQVEJI 

NECEJSARY IJY OM.'£~ FOU.ONIM'i I tMEA~ I __J _J ~ L -rT _ 
1 l)PER~:'ION 

1;::~:ss ~ I l r-, 
f t ri..JIV ! " 

P<iOCEIS , ') 

""{',,,JON' I I 
. ~;;;:v,n,u /l I ACTl'VITY I 

I I 
CHART OTHER 

I ':::;:;vES I 
! V ,;::,r;oos 1 

~~-~I-,-, _l~---,~-::~~{~M&T \ 
CRITICALLY ANALYSE 

c_ - - ~;;,}L-;Pt - - - ~ 

TH£ BEST METHOD rNDrl EXISTING Ct)Nf)IT/0//S I 
DEFINE ADO ALLOWANCES 

" ' 

,WOST SV!T.48t.E METHOD oswa 
.vORX MEASVR£A,'.£NT TO co.~ •P,J/?£ 

TO GIVL 
I 

PERFORMANCE TIMES A!TEJ?NATWES 
'-----i 
INSTALL ANO MAINTAIN 

THE NEW METHOD 
LI I HIGHER EFFICIENCY AND PRODUCTIVITY I 

F:g. 8.-Work Study-Relationship between 
Method Study and Work Measurement. 

store operation, materials handling, elec­ 
tric pole route construction, factory main­ 
tenance, office work, hospital nursing and 
maintenance, hotel cleaning, underground 
cable laying, exchange maintenance and, 
more recently in this Department, paper­ 
insulated cable jointing. This experience 
suggests that in an organisation such as 
the P.M.G. Engineering Division full-time· 
Work Study Officers can be used exten­ 
sively to examine the wide variety of 
work. The employment of such officers 
in the proportion of one per 100 staff 
can be found in several large firms in 
Australia and England; the proportion 
could be expected to be considerably 
lower in the Engineering Division, the 
total staff of which is over 40,000. The 
lower figure would be due to the stan­ 
dardisation of practices throughout the 
Commonwealth and the greater size of 
staff. 

Management Consultants engaged in 
the conduct of Work Study programmes 
here and abroad claim that savings of at 

least 20% are possible through the appli­ 
cation of Work Study to operations 
which have not been examined already 
using these techniques. Of course, these 
savings would arise not only from new 
methods, but also from control systems, 
scheduling, programming, etc., based on 
the time standards developed through the 
use of Work Study. Furthermore, the pre­ 
cise statement of the operations involved 
in the study of a method, old or new, 
benefits the organisation in the training 
of operators. 
It is not uncommon to find adminis­ 

trative, professional, manipulative and 
clerical staff, working in small or decen­ 
tralised groups, operating at as low as 
60% effectiveness, the remaining 40% 
being lost due to delays, excessive rest, 
etc. A reduction of up to 50% in these 
ineffective times, raising the effectiveness 
to 80%, can generally be brought about 
by improved management fotJowing the 
development of time standards and iden­ 
tification of the ineffective times and 
their causes. A properly designed incen­ 
tive scheme will generally go much fur­ 
ther and eliminate all of this ineffective 
time whether it is of worker or manage­ 
ment origin; the effectiveness of workers 
on incentives will generally be raised to 
125%. These figures are as follow:- 

Effectiveness of staff before study, 
60-70% of normal performance. 

Effectiveness of staff with a control 
system and time standards, 80-90% 
of normal performance. 

Effectiveness of staff on incentives, 
125% of normal performance. 

Work Study is best applied by analysts 
with sound basic technical and Work 
Study training followed by about a year's 
experience in a Work Study Team. How­ 
ever, the Work Study Analyst's greatest 
single advantage over the man who 
is managing or performing the work, 
in improving efficiency, is in the time 
at his disposal and the continuity 
of attention which he can give to 
the study. The manager or worker on. 
the job generally has to apply himself to 
getting on with the job as at present 
organised and, in consequence, his efforts 
at improvement cannot be other than 
limited or sporadic. 

CONCLUSION 
Work Study is a tool of management 

which will improve productive efficiency 
with little capital expenditure. Used 
wisely, it can help make more effective 
use of existing resources such as plant, 
tools, building space, materials and 
labour. In this sense it will be very 
valuable to Government Departments, 
particularly the Postmaster-General's De­ 
partment, in achieving higher produc­ 
tivity with their limited financial allo­ 
cations. 

It is clear that the development of 
Work Study has gone well beyond its 
application to work in factories, which 
is of a more continuous nature, more 
repetitive and performed generally in a 
fixed work place. It is probable that in 
Australia great development in the use 
of Work Study on low volume field work 
can be expected over the next few years. 
Also, considerable developments in the 
study of clerical. work are highly prob- 
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able, particularly in the use of techniques 
now used largely on manipulative work, 
such as predetermined motion time stand­ 
ard systems, etc. 

Obviously, to obtain the full benefit of 
Work Study other aspects of manage­ 
ment should be attended to at the same 
time otherwise the potential benefits 
may be dampened by these factors. Work 
Study on its own can be of considerable 
benefit to management but, for best re­ 
sults, it should be part of an integrated 
management improvement plan. In most 
organisations there is a great potential for 
improvement of efficiency and this can 
be readilv tapped by an active and well­ 
planned Work Study Programme. 
In the Public Service, Work Study is 

an excellent tool with which management 
and staff can apply their efforts jointly 
towards their common objective - the 
provision of the highest standard of ser­ 
vice to the public which is economically 
feasible. It is a systematic and rapid 

means of improving efficiency and can 
be beneficial to both the Department 
and its officers. 
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ACTIVITIES OF THE SOCIETY IN. 4}UEENSLAND 
Formation of State Group: At a meet­ 

ing held on 27 /4/60, the Telecommuni­ 
cation Society of Queensland was form­ 
ally terminated and the group re-formed 
as the Queensland Branch of the Tele­ 
communications Society of Australia. 
The annual general meeting was held on 
25/7 /60 at which the new committee 
was installed. The members of the com­ 
mittee are: Messrs. H. W. A. Nicholls 
(Chairman), G. E. K. Dixon (Im­ 
mediate Past Chairman), J. K. Petrie 
(Treasurer), B. F. Crutcher, E. C. 
Doherty, A. J. Farrar, J. H. D. Gill. 
W. C. Harris, R. D. Johnson, W. J. 
Powell, F. M. Scott (Secretary). 
Membership: The committee has un­ 

dertaken a vigorous promotion pro­ 
gramme, the results of which are already 
evident in the rapid growth in the 

number of members and subscribers as 
indicated by the following figures: 

July August September 
1960 1960 1960 

Members 118 214 293 
Subscribers 193 344 462 

Lectures: An interesting lecture and 
outing programme is planned for the 
current year ( 1960/61) which will cover 
many of the recent developments in the 
telecommunications field: 

September, 1960: The Townsville­ 
Magnetic Island Submarine Cable. by 
D. C. Craig. 
November, 1960: (a) Modern Power 

Rectifier Design. W. S. Trudgian. (b) 
The Brisbane Speaking Clock. R. W. 
McLennan. 
December, 1960: Activities of the 

P.M.G. Research Laboratories. N. J. 
McCay. 

January, 1961: Crossbar Engineering 
Aspects. N. D. Strachan. 
February, 196 l: A visit to the A.B.C. 

TV Studio ABQ2 and the P.M.G. Trans­ 
mitter Channel 2. 

March, 1961: (a) Crossbar - In­ 
stallation Aspects. G. D. Cretier, (b) 
Crossbar - Demonstration of Equip­ 
ment. G. A. Fooks. 

May, J 961: Telecommunication Divi­ 
sion Practices. W. J. Powell. 

June, 1961: Wide Band Carrier Equip­ 
ment. W. D. McKenzie. 
Full details of the meetings will be ad­ 

vised by circular 14 days in advance; but 
as far as practicable meetings will be 
held at 7.45 p.m. on the 4th Tuesday in 
the months listed. 

A.CTIVITIE~ OF THE SOCIETY IN SOUTII AUSTRALIA 
General: Membership of the South 

Australian Branch of the Society has 
at 3/10/60 just reached the 500 mark 
and there are now 340 contributors to 
the Journal in this State (including the 
Northern Territory). 

At a recent Branch Committee Meet­ 
ing it was agreed that a presentation of· 
one year's subscription to the Telecom­ 
munication Journal be made to the 
Trainee Technicians gaining the highest 
marks in the final examination of the 
2nd, 3rd and 4th year of training. 
Branch notes published in the next issue 
of the Journal will include the names of 
the recipients. 

Keen interest in the activities of the 
Society has been shown by groups other 
than the P.M.G.'s Department and the 

most prominent of these have been the 
Weapons Research Establishment at 
Salisbury where Mr. H. W. Foster is the 
Journal agent and the South Australian 
Railways (agent Mr. D. E. Both, B.E., 
A.M.1.E.Aust.). 

Lectures: The monthly lecture meetings 
held during 1960 have been well 
attended, average attendance being 
approximately 200 and the Branch is 
indebted to the lecturers on Crossbar 
Techniques, Messrs. L. M. Wright, L. A. 
Wilksch, A. R. Pennifold, K. D. Vawser 
and A. N. Gooley of the P.M.G. Depart­ 
ment, and to Mr. G. Taylor of the 
Weapons Research Establishment for 
his lecture on "The Radio Control 
System of Australian-Based Target Air­ 
craft." 

The rema111111g lectures to be held in 
the current series are as follows: 

Monday, 5th December, 1960: Cross­ 
bar Circuit Elements ,- Mr. L. M. 
Wright, B.Sc., A.M.I.E.Aust. 

Monday, 6th February, 1961: Elec­ 
tronic Computors - Mr. K. D. Yawser. 
B.E. 
Monday, 6th March, 1961: Recent De­ 

velopments on the North-South Line - 
Mr. M. W. Higgins, A.M.I.E.E.; Mr. 
F. J. W. Gubbins, A.M.T.E.Aust. 

Monday, 3rd April, 1961: Adelaide - 
McLaren Vale Coaxial Cable Project - 
Mr. J. E. Freeman, B.Sc.; Mr. L. R. 
Waller, B.E., A.M.T.E.Aust. 

Meetings are held at the G.P.O. Cafe­ 
teria (4th Floor), and commence at 
7.45 p.m. 
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ACOUSTIC SIIOCK ABSORBERS 
INTRODUCTION 

Complaints of excessively loud clicks 
from the Handset No. 3 (Buttinski) have 
been received from the field and there 
has been a case of an officer suffering 
vestibular concussion. Test desk re­ 
ceiver circuits are fitted with 2/2A metal 
rectifiers as acoustic ·shock absorbers or 
click suppressors and it has been sug­ 
gested that they should also be fitted to 
the Handset No. 3. A new design of 
Buttinski submitted by the British Auto­ 
matic Telephone and Electric Co. de­ 
signated Type 280 uses a rocking arma­ 
ture receiver and it was feared that this 
instrument might be more objectionable 
than the Type 3. 

Various methods of suppressing click 
voltages have been suggested including 
neon discharge tubes, non-linear resist­ 
ances, for example, silicon carbide and 
pairs of metal rectifiers. A Type NE51 
neon lamp has some effectiveness when 
connected across the line terminals of 
the Handset No. 3 but superior results 
were obtained by using rectifiers. Sili­ 
con carbide resistors have less suitable 
resistance-voltage characteristics and 
were therefore not tested (see Fig. 1). 
The most promising method was the use 
of semiconductor rectifiers, which have 
much more suitable characteristics (see 
Figs. 1 and 6). 
Four commercial types of click sup­ 

pressor were available and two or more 
samples of each type were measured 
(Fig. 1). These were the Siemens and 
Halske type Gg2 for mounting in a 
handset and type Talc21/1, with similar 
characteristics but designed for mount­ 
ing on a telephone baseplate (Ref. 1). 
The A.P.O. 2/2A rectifier and the 
Western Electric type 44A, a handset 
mounting type, were also measured in 
laboratory tests. 

SUBJECTIVE TEST 
As it was desired not only to evaluate 

the effectiveness of these units, but also 
to derive suitable design parameters, a 
subjective test was devised in which com­ 
binations of these units were used to 
obtain different resistance-voltage 
characteristics. As may be seen from 
Fig. 1, the 2/2A and Gg2 units are al­ 
most identical; the Gg2 was used in the 
tests. 

A test circuit was devised in which 
clicks of variable magnitude could be 
delivered to the line terminals of the 
instrument. The line and transmitter 
circuits could also be made and broken 
with D.C. flowing. Four conditions of 
suppression were possible ( see Fig. 2), 
two 44A units being connected in paral­ 
lel for position C. Since very little was 
known about the nature of the subjective 
response, a· variety of impedance and 
voltage relationships was desirable. The 
Buttinski transmitter switch was nor­ 
mally open, but was closed when the 
line circuit was to be interrupted. A 
zero line was used as this is the worst 
condition, the line current being at a 

* See page 378. 

maximum. The Handsets No. 3 and 
No. 280 .and a 13-4T-30 telephone 
( 400 AT) were tested. 

Clicks were generated at peak voltages 
of from 8 to 130V in 2 db steps and 
also by the line and transmitter circuits 
being made and broken. Thirteen 
listeners made three judgments of each 
condition selected in random order. The 
listeners indicated by means of lamp 
signals whether they considered the 
loudness of the click "Objectionable" 
(Red), "Tolerable" (Green), "Not cer­ 
tain" (Yellow). Two yellow indications 
at the same level were considered equal 
to one red. .It was found that very loud 
clicks produced a certain amount of 
short-term deafening. After a red in­ 
dication the operator always returned 
to very low voltages for which green in­ 
dications had been given by the subject. 

Rest periods were allowed when a sub­ 
ject became fatigued or lost confidence 
in his judgment. The subjects were 
males aged from about 20 to 60 years 
and all had normal hearing for their 
age. It was particularly noticeable that 
the temperament of the subject played 
a part in his choosing the level of toler­ 
ability. Two subjects were found who 
considered all but the very loudest clicks 
tolerable, whereas one or two others 

R. W. KETT, A.M.l.R.E.Aust., Fell. R.M.T.C. * 

objected to the very lowest clicks when 
no suppressor was used. Fortunately, 
it was possible to use the same team to 
test each of the three instruments. 

The results are shown graphically in 
Figs. 3, 4 and 5. In order to relate the 
line and transmitter circuit values these 
have been shown at their tolerance 
levels. It will be seen that in each circuit 
they approximately correspond with cer­ 
tain voltage levels and have been reduced 
in about the same ratio. 

The effectiveness of any particular 
suppressor is a function of three para­ 
meters, its intrinsic resistance, the circuit 
impedance across which it is connected 
and the sensitivity of the receiver. The 
related circuit impedance at 1 kc/s is 
shown on each of Figs. 3 to 5, being 
the impedance of the receiver in parallel 
with its telephone circuit in the test con­ 
ditions of Fig. 2. From the unsup­ 
pressed curve it is possible to read a 
peak click voltage which is tolerated by 
90% of the team. In the absence of 
other data this was taken as a reasonable 
value of suppression for which to design 
and should give adequate protection 
against hearing damage. By measuring 
the ratios of the voltage at 1 kc/s, 
applied in place of the 10 µfd condenser 
(Fig. 2), and the receiver p.d., it was 
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Fig. I .-Resistance/Voltage Characteristics of Typical Non-linear Devices. 
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Table 2 

October, 1960 

possible to calculate an approximate 
equivalent peak click voltage at each re­ 
ceiver corresponding to 90% tolerability. 
These values are shown in Table 1 :- 

Table 1 

Peak receiver p.d. 
---- ---- ---- 

14V x 0.17 = 2.4V Peak 
10.5V x .095 = 1.0V Peak 
20.5V x .035 = 0.7V Peak 

Receiver 

lL 
4S 
4T 

DESIGN CONSIDERATIONS 
Maximum Shunt Resistance: Equiva­ 

lent unsuppressed receiver voltages 
were obtained for the tolerability 
levels. at which the curves for each of 
the three types of suppressors cut the 
IOOV value, this roughly corresponding 
to the loudest clicks in practice. The 
resistances of the appropriate suppressors 
at these voltages divided by the receiver 
circuit impedance were plotted against 
the percentage tolerability. Although 
the experimental error is large, it was 
possible to determine that 90% or better 
tolerability can be achieved if the resist­ 
ance of the suppressor at the voltage of 
Table 1 is not greater than approximately 
4% of the impedance across which it is 
connected (Table 2). 

Recr. eel. Required I Nearest suitable 
Tel. Recr. Impedance Shunt Recr. peak volts suppressor tested. 
---- 

No. 280 4S 50 ohm 2 ohm 1.0V Lower than 2x44A 
No. 3 lL 300 ohm 12 ohm 2.4V Gg2 adequate 
13-4T-30 4T 100 ohm 4 ohm 0.7V 2x44A adequate 

Using these criteria, the choice of 
suppressor is confirmed by the test re­ 
sults within the experimental limits. 
Minimum Permissible Shunt Resis­ 

tance: It is also necessary to determine 
whether the suppressor introduces any 
loss or distortion at maximum speech 
levels. Speech clipping may occur if at 
the maximum tolerable speech level for 
a given receiver, the suppressor resist­ 
ance is comparable with the receiver 
circuit impedance. The 1 kc/s value may 
be used as an approximation. Maximum 
speech levels have been determined for 
the receivers in use at present (Ref. 2) 
and are as shown in Table 3:- 
The 5 % levels shown above for the 

lL, 2P and 4041A receivers have been 
computed to be equivalent to 125 to 127 
phones. This is close to the threshold of 
audi.ory overload. Any clipping which 
takes place at these levels will not be 
harmful and may even be desirable. 
Table 3 may therefore be taken as a 

I• 
200n 

,----, 
~n ®--,--<: LISTENING 
® I ROOt.-1 

R @~__.·--<O L _J 

A SIEMENS HALSKE TYPE Gcp 
El WESTERN ELECTRIC TYPE ,UA. 
C 2" 44 A. IN PARALLEL 
0 OPEN CIRCUIT 

- 

70Cl 

0 

Fig -. 2.-Subjective Testing Circuit. 

Tabie 3 

Max. speech Max. click 
Receiver I p.d. at recr.: p.d. at recr. 

5% level* (Table 2) 
m Volts Volts 

--- 
lL 210 2.4 
2P 180 4.0t 
4T 30t 0.7 
4S 42t 1.0 

4041A 48 1.1 t 
(light wt. 
Op's set) 

• Level at which only 5% of subjects considered 
level "tolerable". 

t Calculated. 

criterion for the maximum shunting per­ 
mitted. Reference to Fig. 1 shows that 
even for the No. 3 Handset four 44A 
suppressors in parallel would be per­ 
missible on such a basis. 

Suppressor Capacitance: Although the 
best possible suppression is desirable, 
selenium and copper oxide rectifiers have 
the disadvantage of high shunt capacit­ 
ance. The following values were 
measured: 

Siemens Halske Gg2 
W.E.44A 
2/2A . 

0.05 µfd 
0.03 µfd 
0.12 µfd 

This order of capacitance is sufficient to 
resonate with the receiver inductance at 
audio frequencies. Provided the reson­ 
ance occurs at a frequency not lower 
than 3 kc/s no serious impairment of 
transmission performance will result. 
Telephone Efficiency Tester receiving 
readings may even increase slightly when 
the suppressors are connected. The 
limiting values shown in Table 4 are 
recommended: 

Table 4 

Receiver I Max. shunt 
capacitance 

IL 0.05 µfd 
2P 0.05 ufd 
4T 0.2 µfd 
4S 0.2 µfd 

4041A 0.2 µfd 

Final design: Referring to Table 3 and 
allowing for a capacitance equivalent to 
the 44A suppressor, it appears that a 
unit equivalent to three 44A's in parallel 
would be required to deal adequately 
with each of the three telephones under 
consideration. The capacity (.09 µfd) 
would be rather high for the lL receiver 
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but higher values are in use at present 
(Para. I). The design parameters have 
been summarised in Appendix I. 

SILICON AND GERMANIUM 
DIODES 

The defects of selenium and copper 
oxide rectifiers having been discovered, 
consideration is now being given to the 
use of silicon and germanium junction 
devices. At present 3.3 volts is the lowest 
operating voltage for which zener diodes 
can be obtained and this is too high for 
click suppression. The silicon forward 
characteristic however is more suitable 
than that of copper oxide (see Fig. 6). •:• 
Suitable silicon diode pairs could be 
made to give superior results to the 
present types of rectifier units at a 
comparable price and the silicon diode 
shunt capacitance is too low to resonate 
with telephone receivers in the voice 
frequency range. 

Consideration is also being given to 
the possibility of constructing a zener 
diode with suitable forward charac­ 
teristics and with a negative charac­ 
teristic giving a breakdown at about 
500 mV. Such a unit would give sup­ 
pression of both positive and negative 
clicks without the necessity for connect­ 
ing two units in parallel. 
Fig. 6 shows that a silicon diode hav­ 

ing one half to one twentieth of the re­ 
sistance of the Z.2A.33F zener diode 
would be adequate for both the No. 
280 and No. 3 handsets with regard to 
both shunt resistance and operating 
voltage. Fig. 7* has been drawn to show 
these limits as the basis for a specifica­ 
tion for a universal suppressor. Such a 
specification should require that the 
limits be met when the unit is tested 
with D.C. in both directions, at tempera­ 
tures up to 11 O'F, and that they not be 
damaged by a continuous application of 
2 volts D.C. Hermetic sealing in a 
capsule capable of being mounted either 
in a handset or telephone would be de­ 
sirable. A limiting value of 0.05 ufd 
shunt capacitance should also be speci­ 
fied. 

CONCLUSION 
The present commercially available 

suppressors are not suitable for low im­ 
pedance receiver circuits as in the Hand­ 
set No. 280 and a special unit would 
have to be constructed. Jt is desirable 
that only one unit should be stocked 
and if selenium or copper oxide is used 
there is a problem with the high capacity 
involved. 

More suitable results could be ob­ 
tained using pairs of silicon or ger­ 
manium diodes and enquiries are being 
made as to whether a zener diode could 

. be constructed to give suitable positive 
and negative characteristics in one unit. 
Limits have been given as the basis of 
a general purpose suppressor which 
could be met by suitable silicon or ger­ 
manium diodes. 

REFERENCES 
1. Acoustic Shock Absorbers for Tele­ 

phone Receivers. Siemens-Zeitschrift 
8, pp. 359-363, Sept., 1954. 

•:• See page 357 for Figs. 6 and 7. 

2. A.P.O. Research Laboratory Report 
No. 4583. The Maximum Tolerable 
Listening Level for Telephonic 
Speech. 

2. To avoid resonance below 3 kc/s, 
capacity of suppressor should not 
exceed value in Col. II. 

3. To avoid speech clipping the resist­ 
ance of the suppressor should be 
greater than four times the receiver 
circuit impedance at the voltage of 
Col. IIL 

I 
l -- II I m 

_R::_eiv~ Val's µfd_ I-:'~)~ 
II. i 2.4 0.0) 1 0.2 I 
2P , 4.0 0.05 0.18 
4T I 0.7 0.2 0.03 
4S 1.0 0.2 0.04 

4041A I.I I 0.2 0.05 

APPENDIX I 

Summary of Design Data 

I. 90% tolerance of loudest clicks in 
practice is ensured by designing sup­ 
pressor resistance to be 4% of re­ 
ceiver circuit impedance at I kc/s 
(receiver and circuit in parallel) at 
critical voltage in. Col. I. The 
circuit impedance should be 
measured with the line terminals of 
the circuit bridged with 1200 ohms 
N.R. 
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UNBALANCE FAULT TEST SET FOR OPEN \\'IRE LINES 
A. K. PIPER* 

INTRODUCTION 
The location of unbalance faults on 

open wire trunk and subscriber's tele­ 
phone lines has always presented certain 
difficulties in the past and in more recent 
years the problem in respect to trunk 
lines has become more acute with the 
rapid expansion of multi-channel carrier 
telephone systems. In some cases owing 
to the shortage of suitable bearer cir­ 
cuits it had become necessary to restrict 
testing for unbalance faults to periods of 
light traffic to avoid expensive interrup­ 
tions to carrier circuits. This procedure 
was costly and troublesome and delayed 
clearance of faults. 
High resistance faults on country sub­ 

scribers' lines had presented a special 
problem, especially in magneto areas 
where faults of this type may persist for 
long periods before being located. This 
was due to the absence of convenient 
means of testing and also to the length 
of time required to carry out tests using 
old methods. In some cases the location 
of high resistance faults would take sev­ 
eral days. 
It was with these problems in mind 

that the Test set described was evolved 
The Unbalance tester overcomes most 
of the problems associated with former 
methods of testing. The set is light, 
robust and simple and is carried by the 
Lineman engaged on the location of the 
fault. Working carrier and voice fre­ 
quency circuits are not disturbed by the 
tests and the Faultman may carry out 
all tests to locate and clear faults with­ 
out contacting the Technician at the 
testing station. This last mentioned fea­ 
ture results in great savings in time as 
each test may be completed in a few 
minutes. 

GENERAL DESCRIPTION 
The original instrument constructed 

by the writer was housed in a strong 
cast metal case about seven and a half 
inches square and five inches in depth, 
fitted with a leather shoulder carrying 
strap and a small canvas pouch to house 
the test clips and leads. Instructions for 
operating the Tester are typed on a card 
attached to the inside of the lid. 

Set out on the face panel (see Fig. I) 
are five lever keys, a centre zero milliam­ 
meter and three terminals. The key on 
the left is fitted with a white key top 
and the panel is marked A and B in the 
directions of operation. This key is the 
Test and Test Reverse key and in use 
connects the test circuit to the line and 
will indicate which lead of the Tester 
is connected to the line wire which has 
the highest resistance. This feature is 
useful when the fault has been nar­ 
rowed down to a small section and in 
this faulty section there may be joints in 
each leg of the line. 
The three centre keys fitted with black 

tops are the fault balancing keys. These 
keys are set out in the manner shown in 
Fig. 1, and allow resistance from one to 
twenty ohms to be inserted to balance 
the fault on the line. The keys are 
"See page 378. 

Fig. 1.-The Unbalance Line Test Set. 

operated either singly or in combination 
to obtain the desired value of resistance. 
The key on the right fitted with a red 

top is the meter sensitivity key and is 
used to increase the degree of sensitivity 
of the meter when testing faults of slight 
unbalance. Half the key plate in the 
direction of operation for maximum sen­ 
sitivity, is painted red to indicate that 
caution must be used when operating the 
key to this position. This key is non­ 
locking as a further safeguard. 

When all keys are normal the Tester 
functions as a voltmeter with an approxi- 

EXCHANGE 
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I 
I 

I I 
I 
I 
I 

0.0.B. 
TEST 

Ls~- 

mate. range of 50 volts, the purpose of 
this being to give an indication if con­ 
nected to a working Automatic or C.B. 
exchange, junction or Subscriber's line 
so that the user will not operate the 
Tets key and cause damage to the meter. 

The contacts of the balance resistance 
keys are connected in parallel to ensure 
positive contact when closed. The spring­ 
sets of the Test and Reverse key are so 
adjusted that the contacts in the line cir­ 
cuit close fully before those in the earth 
circuit. This is necessary to prevent inter­ 
fering clicks on the circuit being tested 
and violent deflection of the meter with 
consequent risk of damage. 
Perhaps the most important feature of 

the Tester is that it may be used to test 
working circuits, this is accomplished by 
the incorporation in the circuit of a 
3148A transformer with windings ar­ 
ranged as a choke connection in each 
leg of the test circuit. In practice it has 
been found that when connected across 
the circuit with test keys normal the 
bridging loss is less than 1 db. to signals 
from 200 cls up to 150 Keis and with 
the Test key operated the loss is less 
than 2.5 db at 150 Keis. It was found 
that the inclusion of RF chokes in the 
circuit did· not result in any improve­ 
ment in this regard. 

CIRCUIT DESCRIPTION 
The instrument employs the Wheat­ 

stone bridge principle in its operation 
and this is illustrated in Fig. 2. 

Resistors Rl and R2 of 200 ohms each 
constitute the two fixed arms of the 
bridge across which is connected the 
milliammeter in series with multipliers 
R5 and R6 of 900 and 9000 ohms re­ 
spectively. 

LI NE EXCHANGE 

T.G,, LINE JACK 

TE.STING 
S.4.TTERV * 

I 

I' I 
I I 

E __ _J I 
Fig. 2.-Schematic Diagram showing principle of operation. 
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BALANCE RESISTANCE KEYS 
KTB METER RANGE 

KEY 18.n. l.n. 2 .n. 3 .n. 6.n. 12.n. 

8 l 800) I 2 18 3 6 12 ~200 9000 900 
\._l{\,l}LJ \..ll~J 

TRI 
3/4-8 A 

.~ ri lrl I t'' ('.,A)O-lmA 100.n. 

TEST BALANCE RESISTANCE METER 
RANGE 

KTA C r • KTB A t n 3 .n. 6.n. O·I 
KTA KTB 

+ + + + + 10 

EO B a n 18 .n. 12 .n. 1•0 

KEY PLATE LAYOUT 

Fig. 3.-The Test Set Circuit. 

cord or transmitter but which will be 
easily proved by a Technician to exist 
on the line when cords and transmitter 
are shaken. 
Testing C.B. or Automatic lines will 

necessitate the interruption of the ser­ 
vice and although magneto services may 
be tested without interruption it is gen­ 
erally more expedient to interrupt the 
service. 

If the faulty subscriber's service is 
connected to an exchange at which 
there is no Technician in attendance, the 
Line Faultman can easily arrange for 
the connection of the test battery by re­ 
moving fuses from the M.D.F., short 
circuiting the line and connecting to the 
negative battery terminal, the positive 
terminal being connected to the M.D.F. 
earth. A 4! volt dry battery is usually 
quite suitable for this purpose. 
The faultman may now proceed to 

the centre of the faulty section and after 
arranging an earth connection which 
may be a stay wire, steel pole or an 
earth stake driven for the purpose, will 
clean the line wires thoroughly. The test 
clips A and B are connected to the line 
wires and the clip E to earth. The meter 
is now observed and if any deflection is 
evident the test may not be proceeded 
with as some error in connection is indi­ 
cated, if however there is no deflection 
the Test key is operated in each direc­ 
tion and the meter observed. If no de­ 
flection is evident the meter sensitivity 
key may be operated and the operation 
of the Test key repeated. When a de­ 
flection of the meter is seen, the Test 
key is to be operated in such a direction 
as to cause the meter to deflect to the 
right. However, if there is no meter de­ 
flection with the meter sensitivity key in 
the high sensitivity position, the line 
under test is balanced between the tester 
and the point where the test battery is 
connected. 
Assuming that a fault exists, the Test 

key is operated to cause a deflection of 
the meter to the right, Balance keys are 
now operated commencing from the low- 

Resistors R3 and R4 of 800 ohms 
each are normally in circuit and extend 
the meter range to 50 volts approxi­ 
mately. These resistors are out of circuit 
when the Test key is operated in either 
direction and therefore their accuracy is 
not critical. 

Balance resistances of values 1, 2, 3, 
6, 12 and 18 ohms were wound on to 
ceramic formers and are located be­ 
tween the Balance keys as shown in Fig. 
3. Operation of the Balance keys in­ 
serts these resistances into the bridge 
circuit in such a way as to balance the 
fault on the line under test. 

est value and increasing until the meter 
returns to the centre zero position. In a 
few cases where the unbalance exceeds 
32 ohms a balance cannot be obtained 
but this is of small importance. The 
numerical sum of the Balance keys 
operated will equal the resistance un­ 
balance of the line to the Tester and the 
direction of operation of the Test key 
will indicate to the user which of the 
Test leads is connected to the line wire 
of highest resistance. 

Similar tests are carried out by the 
line Faultman, each test halving the 
faulty line section until the fault is 
located. It is most important that all 
keys are normal before connecting the 
Tester to, or disconnecting from the line 
to avoid disturbance to circuits and to 
prevent damage to the. instrument. 

OPERATION 

Generally tests are carried out by 
Technicians to prove the existence of 
unbalance faults and to localise such 
faults to a particular section of trunk 
line or to a particular Lineman's dis­ 
trict. Having done this the Line Fault­ 
man will proceed on the fault. The 
Testing Technician will first ensure that 
the line is free of any earth fault or 
Telegraph circuit connection and arrange 
for negative battery of from 4.5 to 12 
volts to be connected to the line via the 
centre tap of a balanced 4012A trans­ 
former. In many cases the Telegraph 
Line jacks on patchboards is a suitable 
point for the connection of this battery 
and if not a suitable spare transformer 
may be provided to be patched into cir­ 
cuit as required. It is desirable that the 
test battery voltage be kept at a mini­ 
mum in order that the high resistance 
fault will not be temporarily righted by 
a heavy current flow. 
Faults on subscriber's services are 

treated a little differently. Generally the 
nature of the subscriber's complaint will 
indicate the presence of a high resist­ 
ance fault. These symptoms are, in a 
magneto service, fading which may be 
temporarily corrected by a brief ring on 
the circuit or in a C.B. or Automatic 
area, intermittent crackling and frying 
similar to that caused by a defective 

CONCLUSION 

The use of this Test set will greatly 
simplify the location of Unbalance 
faults and considerable savings in man­ 
hours and trunk line time will result 
from its use for reasons set out below: 
(a) Each test requires less than half the 

time formerly required. 
(b) The Exchange Testing Officer's time 

is not required for each test. 
(c) Carrier systems need not be patched 

to alternative bearer circuits. 
(d) All testing operations may be car­ 

ried out during normal working 
hours, thus avoiding overtime. 

(e) Faultman does not require the use of 
a Trunk circuit for communicating 
with exchange when testing. 

(f) No loss of Trunk line time due to 
interruptions caused by testing opera­ 
tions. 

(g) The testing of trunk and subscriber's 
lines which do not terminate at a 
Technicians' station is greatly simpli­ 
fied and does not require the use of 
a trunk circuit between the minor 
centre and the Technician's station. 

(h) The line faultman may easily identify 
the faulty line leg. 
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:METHODS OF NUMERICAL J?ILTER DESIGN - PART V 

10. DESIGN OF LATTICE FILTERS 
Lattice filters are filters with the 

structure of a bridge network in which 
each pair of opposite branches has 
equal impedances. This bridge network 
is usually drawn in a folded form which 
gives it a lattice structure (see Fig. 4). 

Zs 

Fig. 4.-Gencral circuit of a symmetrical 
lattice network. 

The branches marked with the symbol 
Z

5 
are called the series arms, and the 

branches marked with the symbol Z1 are 
called the lattice arms. 
It can be seen by inspection that this 

network must be symmetrical. It can 
also be seen that interchanging of the 
series and lattice arms has the only effect 
that an additional phase-shift of ± 180° 
is introduced in a signal passing through 
the network. 

A symmetrical lattice network is the 
most general form of a symmetrical 
four-pole network and for any such four­ 
pole network exists an equivalent lattice 
network. 
10.1. SOME GENERAL RULES FOR 

SYMMETRICAL LATTICE l\'ET­ 
WORKS 

10.1.1. Bartlett's Bisection Theorem. If 
a four-pole network is symmetrical and 
in addition to that has a symmetrical 
structure in such a sense that it can be 
bisected (by a vertical cut) in two halves, 
one being the mirror image of the other, 
then the series and lattice arm imped­ 
ances of the equivalent symmetrical 
lattice network can be obtained in a 
simple way from impedances of any one 
of these halves as seen from its terminal 
pair. The series arm impedance is ob­ 
tained when all cut straight-through 
connections are connected together by a 
short-circuit and all cut cross connec­ 
tions are left open. The lattice arm im­ 
pedance is obtained when all cut 

I 

fig. 5.-B!section of a symmetrical network 
with symmetrical structure. 

''' See Page 298, Vol. 12, No. 4. 

straight-through connections are left 
open and all cut cross connections are 
connected together by a short-circuit. 
lt can be seen by inspection that the 
symmetrical lattice network itself com­ 
plies with this theorem (see Fig. 5). 

10.1.2. Extracting Equal Impedances 
from Series and Lattice Arms. If the 
series and lattice arms of a symmetrical 
lattice network have impedances which 
are partly equal, then these equal im­ 
pedance parts may be extracted from 
the lattice network and connected out­ 
side to it in series, as shown in Fig. 6. 

Similarly, if the series and lattice 
arms have admittances which are partly 
equal, then these equal admittance parts 
may be extracted from the lattice net­ 
work and connected outside to it in 
shunt, as shown in Fig. 7. 

The correctness of these equivalences 
may be verified by applying Bartlett's 
bisection theorem. 

Sometimes it is possible to perform 
both extraction methods successively 
and thus simplify step by step the re­ 
maining lattice network. 

10.1.3. Networks Equivalent to a 
Symmetrical Lattice Network. With the 
help of an ideal transformer with a 
centre-tap at one winding, equivalent 
networks to a symmetrical lattice net­ 
work can be obtained whereby one 
series arm impedance and one lattice 
arm impedance can be spared. Not 
counting the transformer, these equiva­ 
lent networks can be built with the 
minimum number of circuit elements 
which is required for any symmetrical 
network. 

Whereas a symmetrical lattice net­ 
work is always balanced to ground, the 
equivalent network (Fig. SA) may be 
operated balanced or unbalanced to 

Za. 

/ 
~ --- - - 

E. RUMPELT, Dr.lng." 

ground, and the network (Fig. SB) only 
unbalanced to ground. (It may be modi­ 
tied for balanced operation.) 

Network (B) in Fig. 8 is of special 
practical interest. It is essentially a 
bridgcd-T network and under certain 
conditions the ideal transformer (hav­ 
ing infinite inductance and zero leakage 
inductance) can be replaced by a more 
practical transformer with a finite in­ 
ductance and some leakage inductance. 
A finite inductance is possible if from 
the bridging impedance, 2Z5, a shunt 
inductance can be extracted and com­ 
bined with the transformer. In addition, 
a leakage inductance can be tolerated 
if from the shunt impedance, -!Z1, a 
series inductance can be extracted and 
combined with the transformer. The 
equivalent circuit of such a transformer 
is shown in Fig 9. 

L is the inductance of each half of 
the transformer. M is the mutual induc­ 
tance between the two halves. Depend­ 
ing on the sense in which the two halves 
are connected together (series aiding or 
series opposing) the mutual inductance 
is positive or negative. 

According to Bartlett's bisection 
theorem the network (B) in Fig. 8, with 
such a transformer gives the series and 
lattice arms of the equivalent lattice 
network, shown on Fig. 10. 

2Z' and -!Z' are the actual bridging 
s I 

impedance and shunt impedance, respec­ 
tively, of the network (B) in Fig. 8. 

10.2. THE IMAGE PARAMETERS OF 
A SYMMETRICAL LATTICE 

NETWORK. 
The image impedances, which are 

equal at both network terminals, and 

.1 Za. 2_~ 

I I 

~-- 
Fig. 6.-Extraction of a common series impedance from a symmetrical lattice network. 

Za. Za. 

Fig. 7 .-Extraction of o common shunt impedance from a symmetrical lattice network. 
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NETWORK . A. 

Fig. 8.-Equivalent circuits of a symmetrical lattice network. 

NETWORK. B. 

the image transfer constant can be cal­ 
culated with Eqs. (2.1) and (2.2) from 
the open-circuit and short-circuit im­ 
pedances of a symmetrical lattice net­ 
work: 

Z00 = t (Z5 + Z1) 

2z.z1 z.c = (10.1) 
Z8 + 21 

z, = vz00z.0 = v z.z1. 00.2) 

/Loe z, + z, 
coth e = /-- = __ (10.3) 

v z., 2vz.z1 
The relation between the image trans­ 

fer constant and the series and lattice 
arm impedances can be simplified by 
making use of the following mathemati­ 
cal relationship: 

1 + coth- te 
coth e - ----- .... (10.4) 

2 coth te 
A comparison of Eqs. (10.3) and 

(10 .4) yields: 

rz: 
coth te = / -- 

V Z; 

;T 
2 coth-1 / - 

v z. 
(10.5) e 

10.3 QUALITATIVE ANALYSIS OF 
LATTICE FILTERS 

For the purpose of the design lattice 
filters are assumed to be pure reactance 
networks and the series arms and lattice 
arms are therefore considered as pure 
reactances having positive or negative 
imaginary impedance values at all real 
frequencies. According to the image 
parameter theory a pass-band is where 
coth e is imaginary, and a stop-band 

L L 

where coth e is real. Consequently, a 
lattice filter has a pass-band in any fre­ 
quency band where the series arm re­ 
actance, Z5, and the lattice arm react­ 
ance, Zi, have opposite signs, in other 
words, where one of them is inductive 
and the other one capacitive. A stop­ 
band is where Z5 and Z1 have equal 
signs, i.e., where both series and lattice 
arms are either inductive or capacitive. 
Attenuation peaks are situated in a stop­ 
band at those frequencies (if any) where 
Z; = Zi, i.e., where the lattice filter is 
equivalent to a balanced bridge. A fre­ 
quency where orie of the reactances, Z8 
or Zi, changes its sign, but not the other 
one, is a cut-off frequency. 

10.3.1. Foster's Reactance Theorem. 
According to Foster's reactance theorem 
the function of a reactance can be ex - 
pressed in the following way: 

zeros (i.e. values of zero), and wv w4, ••. 
w2n are the angular velocities where Z 
has poles (i.e. values of infinity), Fos­ 
ter's theorem says that zeros and poles 
of a reactance alternate along the fre­ 
quency axis. At zero frequency and 
at infinite frequency a reactance must 
either have a zero or a pole. With 
rising frequency the value of a react­ 
ance always increases in a positive imag­ 
inary sense up to +i oo at a pole fre­ 
quency. There it jumps to -joo and in- 

L+M 

Zs =o---t z~ 

I 
L-M z1 

Fig. 10.-Series and lattice arms of a lattice 
network equivalent to network B in Fig. 8 

with a non-ideal transformer. 

creases again over zero to +i oo, and 
so on. 
The qualitative character of a react­ 

ance is therefore fully described by 
marking its zeros and poles on the fre­ 
quency axis (see Fig. 11). Above a zero 
up to the following pole a reactance is 
always positive imaginary. Above a pole 

(10.6) Z=------------------------ 
jw (w2 

- w') (w' - w2) • • • • (w' - w') 
4 an 

In this expression H is a positive con­ 
stant, n is a positive integer, and be­ 
tween the various parameters of angular 
velocity the following relation must 
hold: 

up to the following zero it is always 
negative imaginary. 

10.3.2. Determination of Pass-Bands 
and Stop-Bands from a Schematic Re­ 
presentation of the Series and Lattice 

- w2), in the 

Q !: W1 < W2 < W3 < W4 < ' ' ' < W2n-l < W2n < 
The last factor, (w2 

2n+l 
numerator of Eq, (10.6) may or may not 
be included in this expression. In the 
first case Z is infinite at infinite fre­ 
quency, in the second case Z is zero 
there. 

As w,. w3, ••• w2n+l are the angular 

velocities where the reactance Z has 

L+M L+M 

Fig. 9.-Equivalent circuits of a symmetrical transformer. 

Arm Reactances. A representation of 
the series and lattice arm reactances in 
the schematic form of Fig. 11 gives 
sufficient information to determine the 
general character of a lattice filter, i.e., 
its pass-bands and its stop-bands. As in 
a pass-band the series arm reactance, Z5, 

and the lattice arm reactance, Z1, must 
have opposite signs, zeros of Z5 must 
coincide with poles of Z1, and poles of 
Z

8 
must coincide with zeros of 21• In a 

stop-band z. and Z1 must have equal 
signs and therefore poles of Z8 and Z1 
must coincide and so must their zeros. 
Any frequency where only Z, or only 
Z1 has a pole or a zero is a cut-off fre­ 
quency because there one of the react­ 
ances changes its sign, but not the other 
one. 
As an example a band-pass filter is 

shown in Fig. 12. The imaginary regions 
of Z1 and coth t (} are marked by thick 
lines. 
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+ - + - + ----0 )( 0 )( 0 )( 

fig. 11.-Distribution of poles and series of a reoctance along the frequency scale. 

10.4. SYNTHESIS OF LATTICE 
FILTERS. 

The synthesis of a lattice filter pro­ 
ceeds in the opposite direction of the 
above qualitative analysis, i.e., the func­ 
tions of the image impedance and of the 
image transfer constant are known from 
the previous design process and the series 
and lattice arm reactances of the filter 
have to be determined. This can be done 
by means of Eqs. (10.2) and (10.5) 
which yield: 
Z8 = Z1 tanh te 
Z1 = Z1 coth te (10.7) 
The function of the image impedance 
has been determined during the pass­ 
band design and the function of the 
image transfer constant during the stop­ 
band design. The latter is not directly 
known, but only indirectly through the 
cut-off and attenuation peak frequencies. 
This is, however, sufficient information 
for synthesising the function of coth t8 
of the composite filter. 

10.4.1. Synthesis of the Function of 
coth te. The process of synthesis of 
coth tB will be studied on the example 
of a normalised low-pass filter with two 
attenuation peaks, n001 and n00,. The 
rn-values of the corresponding rn-derivcd 
ladder filter sections are (see Eq. (5.24)): 

m = \ll-l/U2 
l 001 

rn = \I 1-l/U2 
2 - 002 

The image transfer constants of these 
sections are given by the expressions 
(see Eq. (5.23)): 

1 
coth tB1 = - V 1- l/!'22 

m1 
1 

coth 1·B2 = - \I 1 - 1/Q2 
m2 

The image transfer constant of the 
composite filter is: 

e = e1 + e2 
and coth tB can be calculated with the 
help of the mathematical relationship: 

1 + coth te1 coth te2 
coth t(e, + e2) = -------- 

coth te1 + coth te2 

Introducing the above expressions 
of cothto1 and coth te2 gives after a 
slight algebraic conversion: 

(1 + mlm2) n2 - 1 
coth te = ---------­ 

(ml + mi) n V n2 - 1 
Continuing in this way the function 

of coth tB of a low-pass filter (and of 
any other filter) with an arbitrary num­ 
ber of attenuation peaks can be synthe­ 
sised. 

10.4.2. The Reactance Functions of 
Series and Lattice Arms. In continuing 
the above example it will be assumed 
that the pass-band design of the low­ 
pass filter yielded an rn-derived mid­ 
series image impedance (see Eq. (5 .4)): 

Zx=Ro---- 
I - (I- m-) fF 

The factor m, need have no relation­ 
ship with the factors m, and rn, in the 
function of the image transfer constant, 
which are determined by the attenuation 
peaks. In other words, in a lattice filter 
it is not necessary to have an image 
attenuation peak at a frequency where 
the image impedance has a pole or a 
zero inside a stop-band. 
The reactance functions of the series 

and lattice arms can now be calculated 
with Eqs. (10.7): 

Ro j(m1 + m2) U (1 - n2) 
z. = -------- 

[ 1 - (1-m2) U2] [1 - (1 +m1m2)ff] 
3 

1 - (1 + mlm2) n" 
Z1 = Ro ------------­ 

j(m1 + m2) n (1- (1-m2) ff] 
3 

The sign of each reactance function 
follows from Foster's theorem. 

10.4.3. Realisation of a Reactauce 
Function. The realisation of a reactance 
function may be carried out in various 
structures and the possible variations 
increase with the degree of the function. 
For lattice filters the so-called partial 
fraction circuits arc favoured. They can 
be realised with a minimum number of 
components and either their reactance 
zeros or their poles can be independently 
adjusted to the required frequencies. In 

Zs ~ X 9 )( 0 1 l( 9 
I 

z1 ? X : 0 X 9 )( 9 
Z1 t K 9 4 )( 9 

COTH~9J t--o K ? l 
!---STOP- BAND--4---PASS-BANo---+---sTOP-BAND--l 

Fig. 12.-A possible distribution of poles and zeros of the series and lattice arm impedances 
and of the image parameters of a band pass filter. 

the process of realisation either the re­ 
actance function ( impedance) or the 
reciprocal function (- admittance) is 
split up into a sum of simple partial 
fractions. These can be realised by in­ 
ductances, capacities, and parallel reson­ 
ant circuits or series resonant circuits, 
which are circuited in series or in par­ 
allel. 
The general expression of a reactance 

function in partial fraction expansion is: 
1 n iw/Cr 

Z=-+I--- 
jwCO r=l w2 - w2 

+ jwLoo (10.8) 
This function represents the series 

connection of a capacity C0, an induct­ 
ance Loo, and a number of parallel re­ 
sonant circuits with the capacities C, 
and the inductances L, resonating at the 
angular velocities wr: 

LrC,. = l/w~ 

Not all of the terms in Eq, (10.8) 
need be contained in a particular react­ 
ance function. 

The general expression of a reciprocal 
reactance function in partial fraction 
expansion is: 

n iw/Lr 
+ jwCoo 

1 
Y=-+ ~ 

jwL L w2 - w2 
0 r=l 

(I 0.9) 

This function represents the parallel 
connection of an inductance L0, a cap­ 
acitance C 00, and a number of series 
resonant circuits with the inductances 
L.. and the capacities C,. resonating at 
the angular velocities w,.. Here again 
some of the terms in Eq, (10.9) may be 
missing in a particular function. 

The realisation of a reactance function 
in the form or Eq. (10.8) will be dis­ 
cussed in some detail. The realisation 
in the form of Eq. 10.9) can be carried 
out in an analogous way. 
A reactance function is the quotient 

of two polynomials S (w) and T (w): 
S(w) 

Z(w) =-­ 
T(w) 

These polynomials may be given in 
ordinary polynomial form or in factor­ 
ised form, as in Eq. (10.6). The zeros of 
the polynomial T(w) are the angular 
velocities ± w,. in Eq. (10.8) and a pos­ 
sible zero at w = 0, and unless T(w) is 
already given in factorised form its 
zeros have first to be calculated by solv­ 
ing the equation: 

T(w) = 0 
The calculation of the component 

values of the partial fraction circuit 
from the given reactance function, Z(w), 
may be carried out with the help of 
formulae whose derivation is very 
straight forward if Z is considered in its 
partial fraction expansion. 
The value of C0 is obtained through 

multiplying Z by jw and evaluating for 
w = 0. All terms of Z in Eq. (10.8) be- 
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come zero, barring the first term which 
becomes 1/C0; in other words, C0 is 
given by the relation: 

1 
co= ( -. - ) (10.10) 

JwZ w = 0 
The value of Loo is obtained in a 

similar way through dividing Z by jw 
and evaluating for w -> oo, All terms 
of Z disappear with the exception of the 
last term which becomes Loo, i.e.: 

z 
L Jim .. (10.11) 
00 w->OO jw 

The value of C, in any one of the 
terms comprised by the summation sign 
is obtained through multiplying Z by 
the factor: 

w2 - w2 

jw 
and evaluating for w = wr. All terms of 
Z become zero with the exception of the 
relevant term 

jw/Cr 

which becomes 1/Cr, i.e.: 

jw ) 
Z (w2 - w2) 

w ==wr 
L,.=--­ 

w2C 
r r 

.... (10.12) 

2 2 
In this formula the factor (wr - w ) 

cancels against a similar factor in the 
denominator of Z. 

10.5. DESIGN OF OTHER FILTER 
TYPES IN LATTICE STRUCTURE. 

High-pass filters and frequency-sym­ 
metrical band-pass and band-stop filters 
in lattice structure may be derived from 
normalised low-pass lattice filters in the 
same way as previously shown for lad­ 
der filters, i.e., by applying the proper 
reactance transformation to the indi­ 
vidual elements of the low-pass filter. 

If a frequency-unsymmetrical band­ 
pass filter is required in lattice form 
the design procedure is analogous to the 
design of low-pass filters. The function 
of the image impedance will normally 
be frequency-symmetrical and can then 
be obtained by transforming the image 
impedance of a suitable type of a nor­ 
malised low-pass filter with the reactance 
transformation of Eq. (8.2). The func­ 
tion of coth tB must be built up from 
functions like Eq. (9.1) in the same prin­ 
cipal way as it has been shown for low­ 
pass filters. The rest of the design pro­ 
cess also remains the same. 
10.6. INSERTION PARAMETERS OF 

LATTICE FILTERS. 
The insertion transfer constant of a 

symmetrical lattice network is given by 

the relation (derived e.g. in the book by 
F. Scowen): 

(R + Z5) (R + Z1) 
PL = AL+ jBL = ln ------ 

R(Z1 -Z8) 

(10.13) 
AL = insertion loss in nepers, 
BL = insertion phase-shift in radians, 
R = terminating resistance (the same 

at both network ends). 
In the case of a lattice filter the series 

and lattice arm impedances Z8 and ZI' 
are pure reactances and may therefore 
be written in the following way: 

z, = j Xs Z1 = j X1 
where the values of X5 and X1 are real 
and positive or negative. 

Referring these reactances to the ter­ 
minating resistance gives: 

x. 
xs=- 

R 

X1 
X1=R 

and the insertion loss and insertion 
phase-shift can be expressed as follows: 

/ 2 2 

V (1 + X5)(1 + x.) 
AL = 20 log in db 

I xs - X1 I 
.. (10.14) 

x5x1 - 1 
BL = ar tan .... (10.15) 

x.+x1 
By introducing the angular parameters 

,p and ,/J defined by 
tan <p = X8 and tan ,fi = x1 .... (10.16) 
Eqs. (10.14) and (10.15) can be trans­ 
formed into the following simple formu­ 
lae which are very easy to evaluate: 
AL = 20 log cosec !'I' - fl (10.17) 

'TI' 

BL = 'I' + ,fi + (2n-l) - 
2 

.. (10.18) 

resonant or anti-resonant frequencies of 
shunt or series branches, respectively, 
which can be independently adjusted 
and, if required, made fairly insensitive 
of temperature changes by combining 
capacitors and inductors with approxi­ 
mately opposite equal temperature co­ 
efficients. 

In lattice filters the attenuation peaks 
are situated at those frequencies where 
the reactances of the series and lattice 
arms have identical values. The more 
attenuation peaks are produced in a 
single lattice the more difficult is their 
adjustment (because they cannot be 
adjusted independently) and the more 
sensitive is the adjustment to variations 
of the component values with time and 
temperature. For the latter reason alone 
it is impracticable to build lattice filters 
in one section with a large stop-band 
attenuation unless very stable compon­ 
ents are used, such as quartz crystal 
resonators. Lattice filters seen in prac­ 
tice are therefore frequently filters whose 
main components are very stable electro­ 
mechanical devices. 
The requirement of high component 

stability in lattice filters may be some­ 
what relaxed if the filter is split up in 
two or more sections which are in 
themselves symmetrical and can indi­ 
vidually be realised in lattice structure . 
This, however, is done at the cost of an 
increased number of circuit elements, 
especially when m-derived image im­ 
pedances are required. 

10.8. PRACTICAL ADVANTAGE OF 
LATTICE FILTERS 

The main advantage of lattice filters 
as compared with ladder filters is that 
they give a somewhat wider range in 
the choice of the design parameters. For 
example, the equivalent of an m-derived 
low-pass filter 71'-section is a lattice filter 
with series arms consisting of a parallel 
resonant circuit each with the induct­ 
ance mL

0 
and the capacity C0/m, and 

with lattice arms each consisting of the 
capacity mC

0
• (L

0 
and C

0 
are the ele­ 

ments of a constant-k half section.) 
The ladder section cannot be realised 

for m > 1 because the capacity of the 
parallel resonant circuit in its series 
branch would become negative. No such 
restriction exists for the equivalent lat­ 
tice filter. Any real, positive number 
may be chosen for m. Eq. (5.5) shows 
that for m > 1 the attenuation peak 
frequency becomes imaginary. With lat­ 
tice filters of higher order conjugate 
complex image attenuation peaks may be 
produced. 
The practical importance of this in­ 

creased freedom in the choice of the 
attenuation peaks lies in the possibility 
of designing filters with approximately 
linear insertion phase-shift characteris­ 
tics in pass-band and transition band. 
If such a characteristic is required for a 
ladder filter an additional all-pass net 
work must be provided to equalise the 
phase-shift, and even this is difficult if 
the linear phase characteristic must ex­ 
tend beyond the practical pass-band well 
into the transition band. A case like this 
may arise when minimum distortion of 

where n is an integer. 
Eq. (10.17) is particularly suited for 

calculating the insertion loss in the pass­ 
bands and in the transition bands of 
lattice filters where the values are com­ 
paratively small. For losses exceeding 
20 db it is preferable to use the approxi­ 
mate formula 

1

1 +x.x1 I AL ~ 20 log .... (10.19) 
X8 - X1 

because for large loss values Eq. (10.17) 
needs a very accurate determination of 
the angles 'I' and f · 

10.7 PRACTICAL SHORTCOMINGS 
OF LATTICE FILTERS 

The image attenuation of a filter is 
determined by the positions of the 
attenuation peaks and it is therefore 
necessary to adjust the peak frequencies 
with adequate accuracy (increasing with 
the required attenuation) and to main­ 
tain them within correspondingly small 
tolerances. This constitutes no serious 
problem in ladder filters because here 
the attenuation peak frequencies are the 
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the amplitude versus time characteristic 
of a transmitted signal is essential. 
In the design process of a lattice filter 

for such a purpose the specified inser­ 
tion phase-shift is the predominant filter 
characteristic and the stop-band inser­ 
tion loss near the transition band has to 
be accepted as it will turn out. The de­ 
sign is based on Eq, (10.18) which shows 
that for every series arm or lattice arm 
reactance change from a zero to a pole, 
and from a pole to a zero, a phase 
change of 'IT 12 is produced. In the pass­ 
band, where poles and zeros of the 
series arm reactance must coincide with 
zeros and poles of the· lattice arm react- 

ance, every section on the frequency 
axis between a pole and a zero, and vice 
versa, produces a change in phase shift 
of 'IT and these sections must therefore 
have equal lengths on a linear frequency 
scale. 

At the cut-off frequency only one 
pair of the reactances has a pole or a 
zero. Hence, in the section from the pre­ 
ceding zero or pole to the following zero 
or pole the total phase change is 3'1T /2 
and the length of this section on the fre­ 
quency scale must be 1.5 times the 
length of a pole-zero section within the 
pass-band. The pole or zero following 
the cut-off frequency, which is in both 

series arm and lattice arm reactances, 
produces an insertion loss peak due to 
reflection loss and beyond this peak one 
or two further reactance zeros or poles 
are required in the stop-band which also 
produce reflection loss peaks. Their 
spacing along the frequency axis is de­ 
termined by its influence on the phase­ 
shift between reactance poles and zeros 
near the end of the pass-band and in the 
transition band. 
In a design of this sort no image 

attenuation peaks may occur at real 
frequencies. Most of them or all of 
them will be situated at imaginary or 
conjugate complex frequencies. 

ACTIVITI~ OF THE SOCIETY IN \V~TERN AUSTRALIA 
Formation: The inaugural meeting of 

the Western Australian Branch of the 
Society was held last March, at which 
the State Committee was elected. This 
State Committee consists of the following 
officers: 
Chairman: Mr. J. H. White; 
Secretary: Mr. J. Mead; 
Treasurer: Mr. J. A. Farrell. 
Third Division Representatives: Messrs. 

L. A. Jones, J. Smith, W. L. Caudle and 
J. B. Minchin. 
Fourth Division Representatives: 

Messrs. R. Wearmouth, T. Neville and 
L. D. Wilkinson. 

At this meeting the Constitution and 
aims and objects of the Society were dis­ 
cussed. At subsequent committee meet­ 
ings, a programme covering the general 
meetings for the Branch for the first 
financial year was tabled and tentatively 
adopted. 

General: The first general meeting of 
the Society was held in August. This was 
attended by quite a good gathering of 
both members and visitors and it was 
pleasing to see representatives from many 
telecommunication firms. The subject for 
the meeting consisted of a talk on Tele­ 
vision by Mr. G. H. Hatton, of the Perth 
Technical College. Mr. Hatton's lecture 
was well received, as was indicated in 
the barrage of questions directed to him 
at the conclusion of the paper. A tape 
recording was also made of the complete 
lecture and it is anticipated that from 
this recording a precis will be roneod and 
distributed to country members. This has 
to be further investigated and it is hoped 
that such action will be possible at all 
general meetings. 
The second general meeting will be 

held on the 27th October, and will con­ 
sist of a talk on "Communications in the 
Department of Civil Aviation," by offi- 

cers of that administration. It is proposed 
that this paper be presented, firstly, by 
an Engineering officer, who will describe 
the technical facilities provided, and, 
secondly, by an Operations Superinten­ 
dent, who will discuss the operational 
side of the network. 

The general interest shown in the 
Society has been quite pleasing to the 
State Committee and further efforts are 
being made to expand the membership 
and Journal subscription over a larger 
area. Representations have also been 
made to various institutions, technical 
bodies and companies interested in the 
telecommunication field to obtain both 
members and guests at our meetings. The 
reaction so far has been one of gratitude 
and it is anticipated that personnel not 
connected with departmental activities 
will become more interested as the So­ 
ciety becomes wider known. 

BACI( COPIES 

The Society has available in quantity, back copies of most issues of the Journal from Volume 5 onwards. Volume 12, Num­ 
ber 1 is out of print, but reprints of the two articles on co-axial ea bles may be obtained for a total cost of 3/-. 
These Journals may now be supplied, on demand from State Secretaries* at 10/- per set of three or at 4/- per single copy. 
Back copies of some earlier numbers are available, but it is recommended that inquiry first be made to the State Secretary," 
as to the availability of any particular number. In the event of the Society being unable to supply any number, it will act as 
an agent to assist subscribers in obtaining a copy. The Society does not repurchase Journals, but readers having copies which 
are no longer required should give details to the State Secretary':', who may thus be able to advise other readers where the 
back copies may be obtained. 

* For addresses see page 379. 
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QUALITATIVE MAINTENANCE IN MANU.AL EXCHANGES 
W. A. STIRLING.* 

INTRODUCTION 
For the past two years qualitative 

maintenance has proved to be successful 
in automatic exchanges. These exchanges, 
particularly when random choice trunk­ 
ing is used, lend themselves well to the 
practice of qualitative maintenance, and 
as a result, figures are now available 
which show a considerable reduction in 
fault incidence on electro-mechanical 
equipment. As there is still a consider­ 
able number of manual exchanges 
throughout the Commonwealth, serious 
consideration should be given to the im­ 
provement of the grade of service by the 
adoption of some, if not all, of the prin­ 
ciples embodied in qualitative mainten­ 
ance. 
Principles of Qualitative Maintenance: 

Briefly, the aim of qualitative mainten­ 
ance is to measure the overall grade of 
service and direct attention to individual 
components which appear to be causing 
serious deterioration of this service. Indi­ 
cators are used to determine the overall 
grade of service given by a telephone 
exchange, and the condition of the indi­ 
vidual switching circuits in the exchange. 
The object is to perform maintenance 
projects according to the actual service 
needs of the equipment as revealed by 
the indicators used. 

PROVIDING SERVICE IN MANUAL 
EXCHANGES 

The method and equipment used in the 
larger manual exchanges to provide ser­ 
vice to the telephone subscriber can be 
divided into a number of categories: 
Local Calls - The method of connec­ 

tion is via the local "A" position and the 
items of equipment utilised are cords, 
keys, lamps, jacks, relays and· dials. 

Trunk Calls - Provided via "A" posi­ 
tion and trunk position or trunk position 
only, the equipment consisting of cords, 
keys, lamps, jacks, timing devices, dials 
and relays. 

Junction Calls - Provided by means 
of B positions utilising cords, keys, jacks, 
lamps and relay sets. 
Semi-Automatic Trunk Calls - Pro­ 

vided by means of relay sets and electro­ 
mechanical switches. 
It can be seen that the type of equip­ 

ment which is used to provide service 
consists mainly of cords, keys, relays and 
lamps. 

INTRODUCING QUALITATIVE 
MAINTENANCE INTO A LARGE 

MANUAL EXCHANGE 
The particular exchange where the 

principles of qualitative maintenance 
were introduced was a common battery 
multiple type having 2,700 subscribers 
connected, 110 Trunk lines and 85 · junc­ 
tion lines. The equipment consisted of 8 
C.B. multiple "A" positions, 2 C.B. non­ 
multiple positions, 3 "B" positions and 17 
trunk positions. 

* See page 378. 

The first consideration, even before use 
was made of any indicator, was cleanli­ 
ness. Floors were treated in such a man­ 
ner as to prevent the accumulation of 
dirt and dust, and when this was done 
the cleaning in the equipment room was 
carried out by means of a vacuum 
cleaner to reduce the possibility of dust 
movement. Mats were provided at room 
entrances and these were cleaned daily. 
Staff movement in equipment aisles was 
reduced to a minimum and lockers and 
circuit cabinets, etc., were repositioned to 
a location remote from any switching 
equipment. Elimination of dust by regu­ 
lar dusting of the equipment was consi­ 
dered on its merits, and was introduced 
where necessary as a result of detailed 
fault analysis. When a state of cleanliness 
in the exchange had been achieved, then 
particular attention was given to analys­ 
ing the plant performance by means of 
the indicators used. 
The standard fault recording system for 

large manual exchanges was used but the 
information it gave in itself was found 
to be lacking in essential details. To ob­ 
tain sufficient information to determine 
where maintenance activities were most 
essential it was necessary to make a de­ 
tailed analysis of fault dockets on a peri­ 
odic basis. As a result a supplementary 
recording system was introduced, and 
fault dockets were classified and sorted 
into groups at the end of each month 
as indicated in Fig. 1. 

TRIAL RESULTS 
After this system had been operating 

for a period of three months certain 
conditions became evident, the first being 
that relay faults in the later-type switch­ 
boards where relay sets and covers were 
provided were practically non-existent. 
In the boards where the relays were strip 
mounted and no covers provided, the 
fault incidence was high, and further 
analysis showed a predominance of dust 
faults. 

Secondly, the number of faults on 
switching cords was investigated and it 
was found that cords were being replaced 
due to noise being detected when tested 
in the standard test circuit. A large per­ 
centage of these cords were noisy due 
to slight movement of the sleeve connec­ 
tion which was not sufficient to cause an 
open circuit. From this it was concluded 
that the cord would have given further 
service without any adverse effect for 
some considerable time. 
Thirdly, the number of key faults were 

not excessive but in the main were caused 
by some dry joints and mostly by wires 
being broken off due to handling, instal­ 
lation activities, and replacement of worn 
keys, etc. 
Fourthly, unstandard conditions were 

listed under cords, keys and plug shields. 
This analysis showed that cracked and 
broken shields accounted for a big per­ 
centage of unstandard conditions. Also, 
the incidence of frayed cords and sticking 
keys was high. 

SWITCH ROOM 

··e; POSITIONS _J 
t 
91 

CORRELATED TO 
FAULT AND UNSTANDARD 
CONDITIONS 

A POS~IONS TRUNK PtSITIONS 

UNSTANDARD FAULT 
.1 

I I Tl 
CORD KEY LAMP MISC. CORD KEY I LAMP MISC. 

RELAY 

l I p;r; 
DUST OTHERS 

I ;:r; 
DUST OTHERS 

EQUIPMENT ROOM 

R/S 2VF EQUIPMENT TRUNK ~CTION 

DUST OTHERS DUST OTHERS WIRING RECEIVERS 
DUST MECHANICAL 

Fig. I .-Analysis of Faults. 
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INITIAL CORRECTIVE A(;TION 
Relay Faults: Where relays were 

mounted in strips without covers the 
switchboard was completely cleaned by 
means of a vacuum cleaner. All relays 
were inspected, armatures and knife edges 
cleaned, and contacts burnished. Follow­ 
ing this, plastic sheets were placed over 
the complete relay bank, care being taken 
to ensure that the plastic was kept clear 
of equipment such as resistors, etc., which 
generated heat. Emphasis was placed on 
keeping the backs of the switchboard on, 
except when necessary to carry out main­ 
tenance. The area at the rear of the 
switchboards was kept free of equipment, 
etc., and the floor vacuumed regularly. 

Switching Cords: The cord test circuit 
as shown provides for testing of all three 
conductors, i.e., tip, ring and sleeve, for 
noise. As the sleeve circuit will perform 
its proper function even though the 
sleeve connection may be noisy, a second 
cord test circuit was provided for use by 
the telephonists, this circuit providing 
tests for noise on the tip and ring con­ 
ductors only, and sleeve continuity. Each 
cord was then routine tested weekly by 
a technician using both test jacks, and if 
anv doubt existed after testing as to 
whether the cord would perform its 
proper function, it was replaced. (See 
Fig. 2.) 

even though codes indicated pitted con­ 
tacts, relay adjustment incorrect, etc., 
and faults due to dust, it was assumed 
that nearly all faults were due to dust, 
and a small percentage only due to rou­ 
tine maintenance and handling of the 
equipment. As a result all routine in­ 
spections of relays and relay sets were 
stopped and this was substituted by regu­ 
lar dusting using a cloth very slightly 
moistened with fine oil, which would 
leave an invisible film on the covers and 
thus trap dust particles. 
The faults on 2VF equipment, when 

analysed, fell into two main categories, 
mechanical on motor uniselectors and 
dust in the relay sets. The relay sets 
were then treated in a similar manner 
as for the L. & K. and Trunk and Misc. 
relay sets, that is, regular dusting but on 
a daily basis. 
Further analysis of the mechanical 

faults revealed, also, that these were due 
mainly to dust becoming impregnated 
with the lubricants and this resulted in 
the parts being washed in industrial sol­ 
vent without completely dismantling and 
disturbing the initial adjustments. In the 
particular exchange concerned the period­ 
icity of lubrication was laid down as 
three-monthly, this being determined by 
the number of release alarm faults which 
occurred when the motor uniselectors 

NORMAL CT 
0 

Fig. 2.-" A" Position Cord Test Circuit. 

MODIFIED 

Key Faults and Unstandard Conditions: 
Prior to the decision to introduce a form 
of qualitative maintenance regular routine 
maintenance was carried out only spora­ 
dically due to staff shortages. As a result, 
the incidence of unstandard conditions 
on keys, cords, plugs, lamps, etc., was 
high. Action was taken to have all 
switchboard key shelves, etc., completely 
checked and all broken and worn parts, 
particularly key yokes and shields, re­ 
placed. Nearly all the shields which were 
cracked were of a type made from 
brittle plastic and these were found to 
be easily broken, particularly in cold 
weather. All of these types of shields 
were replaced by an improved type which 
was available at that time. 

Routine inspections of key shelves, etc., 
was introduced and each board was 
checked on a weekly basis. Also, routine 
testing of all cords on "B" positions was 
carried out on a monthly basis, and a 
special cord-test circuit was installed for 
this purpose. 

Equipment Room: Dockets relating to 
faults in the equipment room were 
grouped under three main headings:- 
2VF, L. & K. relays, and Trunk and 
Misc. Relay sets. In considering faults on 
L. & K. and Trunk and Misc. relay sets, 

were not lubricated for a period of four 
months. When these were investigated it 
was found that the speed of rotation of 
the wipers was below normal due to 
thickening of the lubricant and to a lesser 
degree, dust accumulation on the banks. 
Yet another condition revealed by the 

analysis was the greater number of re­ 
lease alarms in the summer compared 
to the winter months. The adjustment 
tolerance was such that with the expan­ 
sion of the metal parts at high room 
temperatures the clearance between the 
latch arm and the wiper gear was re­ 
duced, in some cases binding occurred. 
To obviate the necessity of altering the 
standard adjustments, an exhaust fan was 
provided at the end of the equipment 
room and two large floor-type fans were 
placed in such a position to assist airflow 
through the equipment room without 
blowing directly on any relay sets, etc. 
Air intake was via the doors of the 
equipment room which opened out into a 
corridor on the first floor of the building. 
To further assist in determining the 

cause of faults in the 2VF equipment 
and if possible, to establish a pattern, 
sheets were provided for entering full 
details of the fault condition as shown. 
This analysis showed that the faults fell 
into four main categories. 

I. Pitted contacts on BA and Z relays 
causing the contacts to permanently 
make. 

2. Relay timing (B relay). 
3. Receivers (Valve failure). 
4. Mechanical (Incorrect positioning of 

motor uniselector wipers in the banks). 
The action instituted to correct these 

fault conditions was, firstly, a thorough 
inspection of all BA and Z relays for ex­ 
cessive contact pitting, aud in nearly all 
cases it was possible to correct this con­ 
dition by removal of the tip formed and 
burnishing, without removing the relay 
set from the rack. 

The number of faults due to incorrect 
B relay timing did not warrant any 
special investigation as an examination of 
the armatures, knife edges and pole 
pieces did not reveal an excess of dirt 
which would affect the timing. 

A receiver tester was provided at the 
time these findings were made, and since 
regular routine testing of the receivers 
has been carried out, receiver faults have 
been almost entirely eliminated. Even 
though the value of routine testing of 
2YF receivers was apparently proven, 
still further investigations were carried 
out, details of which will not be discussed 
here, but sufficient to say that the toler­ 
ances laid down were proved to be too 
stringent. 
In regard to mechanical faults, these 

were overcome by re-adjustment of the 
wipers, the positioning of which was 
found to be quite critical. 

MAINTENANCE PROGRAMME 
ADOPTED 

From the result of these findings, 
which were established after 12 months 
of investigation, a definite maintenance 
programme was instituted as follows - 

Manual Equipment Room 
Local A Positions - Routine inspec­ 

tion of keys, cords, supervisory lamp 
caps, on a weekly basis, that is, one 
position per week to reduce the incidence 
of unstandard conditions: Routine testing 
of cords in both test jacks, all cords on 
the suite being tested weekly. 

B Positions - Routine inspection of 
keys, cords, lamp caps, all to be com­ 
pleted weekly. Routine testing of all 
cords by means of special test circuit 
on a monthly basis. 

Trunk Positions - No definite pro­ 
gramme was laid down for maintenance 
of these positions as the fault analysis 
showed a predominance of lamp faults 
which, when investigated, was not consi­ 
dered high for the number installed. 

Equipment Room 
Relay and Relay Sets.-Examinations 

were completely eliminated and replaced 
by regular dusting on a weekly basis. 
2VF Receivers were tested at 3-monthly 
intervals, using a rapid method of testing 
which had previously been established as 
satisfactory after thorough investigation. 

Trunk Selectors (Seimens motor uni­ 
selectors). - These switches were cleaned 
and lubricated three monthly and the 
mechanical adjustment checked at the 
same time. No attempt was made to alter 
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the adjustment if the rotary was satisfac­ 
tory. 

Bimotional Trunk Selectors. - Bimo­ 
tionals were cleaned and lubricated 
yearly and banks and wipers were 
cleaned and inspected at the same time. 

Signalling Equipment. - 2VF outlet 
and paling tests were carried out each 
quarter. The value of these tests, where 
installation work is being carried out, 
cannot be sufficiently recommended. 
Their value at times other than when 
installation is in progress would have to 
be assessed according to the type and size 
of the transit centre. 
All 2VF relay sets and associated 

equipment were dusted daily. 

RESULTS ACHIEVED BY 
QUALITATIVE MAINTENANCE 
To assess the results achieved it is 

necessary to, once again, divide the 
equipment into two sections, that is, 
firstly, manual positions, and secondly, 
relay set and mechanical equipment. 

In regard to tne manual .. A" positions 
and trunk positions no appreciable im­ 
provement has been achieved with fault 
conditions under the category of Key­ 
board and Switchboard classification, but 
it has been established that at least 50% 
of the faults are due to cord failure. The 
cord life has been determined as being 
three montns on "A" positions and it is 
intended to arrange to have the cords 

changed at approximately 3-monthly in­ 
tervals on a trial basis. It is not consi­ 
dered that the incidence of faults on these 
positions is of such a nature to cause 
serious degrading of the service, as the 
cords are not used when a fault condi­ 
tion has been detected. 
To further assist in the reduction of 

faults on manual "A" and trunk posi­ 
tions, sheets were drawn up showing the 
individual items of equipment on each 
board, and the faults code associated 
with the particular circuit was entered 
on the sheets. This enabled the recur­ 
rence of faults to be investigated, and 
intermittent faults to be detected and 
rectified (see Fig. 3). 

1960 I POSITION No .....•... 

Answer Calling ' CORD I I A2 C2 A3 C3 A4 C4 AS CS A6 C6 A7 C7 A8 CB MISC. --- --- -- -- --- --- --- --- -- --- -- --- 
90A UIFD 90A UIRP UIFD UIFD IRP 90A 90A Ul9SR 90A IRP 90A 

JAN 90A IRP U19SR !RP 90A IRP IRP UIZ Cutting 
IRP IRP IRP Out 

IRP Ul9SR I IRP 
' FEB UIWT I 

IRP UI9SR UI9SR UIFD UI9SR 
UJ9SR 

MARCH UI9SR UI9SR 

90A !RP IRP UIFD UI9SR IRP IRP 
APRIL 90A 90A UIWT U2DM 

IW 

MAY 

I JUNE i 
I I 

Ring l.z. SP I KEYS Speak Monitor SP RM RM SP RM SP RM SP RM SP RM RM MISC. 
------ 

I 2DM 
JAN i UI4SA 2W 

FEB UIIOP 
UI4SA 

UI4SA I4RT 90A(Dial) 
MARCH I4KR 

UI4SA 

I APRIL JOO Shocks 
I4RR 

I 

I 
MAY 

I I 
I 

JUNE I 
Fig. 3.-Present Recording System. Similar sheets are used for recording faults on timing devices, meter keys, etc. 

YEAR POSITION Al REMARKS 

- 1959 UNSTANDARD CONDITION ! FAULT CONDITION I F.O.K. 

MONTH Key Cord Shield Misc. J Key Cord Relay Misc. I 100 

JULY 2 3 8 ! 1 7 5 4 NIL 

AUGUST 2 4 11 2 
I 

12 2 NIL 

SEPTEMBER 3 3 2 4 1 1 3 A2 CLEANED AND 
RELAYS COVERED 

OCTOBER I 4 4 6 I PLUG SHIELDS 
REPLACED 

NOVEMBER 3 2 3 4 NIL 

DECEMBER I I 4 I I ROUTINE INSPEC- 
I TIONS OF BOARD 

Fig. 4.-Detailed Analysis of Faults on Switchboard. Relays covered on position A 1 and uncovered on position A2. Similar sheets used for all 
switchboard positions. 
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YEAR REMARKS POSITION A2 

I 
1959 I UNSTANDARD CONDITION FAULT CONDITION F.O.K. 

MONTH Key Cord Shield I Misc. Key Cord Relay J Misc. 100 

JULY 6 4 8 

I 
5 9 2 3 NIL 

AUGUST 3 8 2 3 3 13 1 3 NIL 

SEPTEMBER 10 1 8 6 12 4 A2 CLEANED AND 
RELAYS COVERED 

OCTOBER 4 2 1 1 6 1 4 PLUG SHIELDS 
REPLACED 

NOVEMBER 1 4 2 

I 
1 8 4 NIL 

DECEMBER 3 5 2 5 1 3 1 ROUTINE INSPEC- 
TIONS OF BOARD 

Detailed analysis of faults on switchboards position Al, relays covered. Al relays uncovered. Similar sheets used for all switchboard positions 

With regard to unstandard conditions, 
which impair the efficient operation of 
the board and cause inconvenience to 
the operator resulting in loss of operating 
time, there was a reauction from 1,777 in 
1957-1958 to 1,246 in 1958-1959 and 989 
in 1959-1960, an overall improvement 
which has cut the number of faults in 
half. The trial commenced in July, 1958. 
In the classification of relay faults no 

discrimination is made here between re­ 
lays mounted in the switchboards and 
those in relay sets in the equipment room. 
The total figures for 1957-1958 were 409, 

1958-1959, 206, and 1959-1960, 103, 
which represents a reduction of faults to 
only a quarter of the number experienced 
previously. 
The fault incidence on 2VF equipment 

has been reduced from 194 faults in 
1957-1958 to 108 in 1958-1959, and to 
52 in 1959-1960. It is of interest to note 
that this represents a plant performance 
figure of less than one fault per 2VF 
trunk line per annum. 

CONCLUSION 
The results achieved have been due 

to careful analysis of the faults and from 

the indicators used, the establishment of 
certain patterns, enabling maintenance 
activities to be concentrated where most 
required. As corrective action has now 
been taken the type of fault most occur­ 
ring will, to some extent, change, and 
those fault patterns which were not ob­ 
vious at the time, due to the predomin­ 
ance of high fault incidence in known 
categories which has now been reduced, 
will become evident. Therefore, it will 
be necessary to continue investigations 
still further to achieve the ultimate aim 
of fault-free service. 

ACTIVITIES OF THE SOCIETY IN TASMANIA 
Formation: The inaugural General 

Meeting of the Tasmanian Division of 
the Telecommunications Society was held 
in Hobart on Wednesday, 8th June. The 
Chairman (Mr. G. W. Larsson) outlined 
the history, aims and proposed activities 
of the Society, and then invited nomina­ 
tions for office-bearers for the ensuing 
year. A ballot resulted in the following 
being elected:- 

Secretary: Mr. A. Traill; 
Treasurer: Mr. L. S. Abbott; 
Committee, 3rd Division Representa- 

tives: Messrs. I. J. LeFevre, C. W. 
Millar, L. R. Jensen, K. C. Newham. 
4th Division Representatives: Messrs. 

M. W. Verrier, W. E. Grubb, J. P. Ste­ 
vens. 
Proxy Representative to the Council of 

Control: Mr. A. N. Birrell. 
Lectures: At the suggestion of this 

Meeting it was agreed that lectures would 
be arranged at bi-monthly intervals, al­ 
though the Committee would have the 
power to arrange additional lectures as 
necessary. The first such lecture meeting 
was held on 2nd August, when Mr. 
Bryan Madeley, of Central Office, who 

had been in charge of acceptance testing 
for the National TV transmitter on Mt. 
Wellington (ABT2) addressed an audience 
of approximately 130 members on the 
principles of TV, TV transmitters, aerials 
and TV receivers. 
This gratifying interest in the Society's 

activities was maintained on Thursday, 
15th September, when, once again, an 
audience of some 130 members gathered 
to hear a lecture entitled "Introducing 
Crossbar," given by Messrs. L. F. Smith 
and J. E. A. Cross (Engineering Division, 
P.M.G.'s Department, Hobart). Both lec­ 
turers had attended a course on Crossbar 
switching equipment at Toowoomba, in 
Queensland, and were able to give the 
meeting an outline of the merits and 
mechanics of the new switching system. 
A further series of more specialised 

lectures on Crossbar equipment has now 
been arranged and the first of these lec­ 
tures is to be given by Mr. Smith and 
Mr. Cross on Thursday, 29th September. 
It is expected that these lectures will be 
held at fortnightly intervals over a period 
of approximately. three months. 

Lectures to be given at the next two 

normal bi-monthly meetings are as fol­ 
lows: 

11th October: "The Employment of 
Research in the P.M.G.'s Department," 
to be given by Mr. N. McCay, Supervis­ 
ing Engineer, Research, P.M.G.'s De­ 
partment. 
December: "Missiles and Satellites" 

(Speakers yet to be arranged). 
Membership: The membership of the 

Society has now risen to 261 members 
and 200 subscribers to the J oumal. The 
increase in activity, since the formation 
of the Division in this State, may be 
gauged by comparing the increase in sub­ 
scriptions to the Journal which last year 
stood at 71. 
Although the proportion of members 

in Country areas is relatively low in this 
State, it has been possible to maintain 
the interest of these members in the 
activities of the Society, firstly, by distri­ 
buting a tape recording of the lecture on 
TV to the Launceston and Burnie Areas, 
and secondly, by arranging for the Cros_s­ 
bar lecture to be repeated at these 
centres. A series of papers on Crossbar 
will also be distributed to all members. 
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COAXIAL CABLE AMPLIFIERS 
INTRODUCTION 

Carrier telephone systems making use 
of a wide bandwidth signal transmitted 
along coaxial transmission Jines are be­ 
ginning to make their appearance in Aus­ 
tralia. Since performance, to a large ex­ 
tent, depends on the repeater amplifiers, 
an outline of the problems involved and 
the conditions to be met will probably 
be of interest to technical staff, especially 
those stationed along the future routes of 
such cables. 
AMPLIFIER BANDWIDTH AND 

GAIN 
The first requirement of a repeater is 

that it should compensate for the attenu­ 
ation of signal due to cable Joss. The 
wideband signal to be transmitted on the 
coaxial line is formed by frequency 
changing and arranging processes so that 
each telephone channel is, in effect, oc­ 
cupying an allotted 4 Keis portion of the 
final signal spectrum, the extent of which 
depends on the number of channels 
assigned to the system design, for ex­ 
ample, something close to 6.2 Mc/ s for 
a 1,2UO-channel system or 8.4 Mc/s fo­ 
an 1,800-channel system. Alternatively, a 
television source may produce the signal 
in accordance with laid down standards 
where bandwidths of the order of 6 Mc/s 
are required for the Australian Stan­ 
dards, the bandwidth depending, to a cer­ 
tain extent, on the communication system 
modulating processes. We will not men­ 
tion systems of bandwidth reduction on 
which much work has been done. The 
cable attenuation is dependent upon fre­ 
quency, increasing proportionally with its 
square root. The question of variations 
of attenuation with temperature will be 
mentioned later. 

We can see that before further pro­ 
gress is possible we must have an ampli­ 
fier with quite large bandwidth, and with 
gain dependent on the cable loss between 
successive amplifiers, since the general 
design philosophy is that each repeater 
amplifier should compensate for its own 
section of cable loss as closely as pos­ 
sible. This process has limits which are 
inherent in amplifier and system design 
and in manufacturing processes. 

A few words regarding the design limit­ 
ations in wideband amplifiers will now 
be in order. As an introduction to the 
fundamental difficulties · we consider the 
simple pentocle amplifier (Fig. I) in which 

o----oEo 
Ei. o ., (' 

":' 
Fig. 1.-Pentode Amplifier. 
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stage gain is approximately given by 
gmx, where R is the anode load resis­ 
tance and gm the tube transconductance. 
If there were no stray capacitance be­ 
tween anode and ground, that is, across 
the output circuit, we could make R as 
large as we pleased (provided we had a 
suitable HT supply) and so increase the 
stage gain to any desirable figure. How­ 
ever, it is clear that as the frequency in­ 
creases the stray capacitance will short 
circuit the load R more and more, for 
example, let gm be 10 mA/V and Cs be 
33 pf. With R = 100,000 ohms at fre­ 
quency 10 Kc/s, the stage gain will be 
1,000. The effect of Cs will be small. At 
100 Kc/s the reactance of Cs will be 
lower and the stage gain will be reduced 
to about 300 times, and at I Mc/s to 30 
times. This demonstrates, in a crude way, 
that the stray capacitance lowers the 
available stage gain as frequency in­ 
creases. 

It also demonstrates less clearly a rela­ 
tionship between stage gain and band­ 
width, which is definea in a low pass am­ 
plifier by the frequency at which the gain 
drops below the mid-band value by a 
defined amount, usually 3 db. In the case 
of the example above, the 3 db voltage 
gain point is at about 20 Kc/s, so, in 
general terms, it would be described as 
having a gain of 1,000 and a bandwidth 
of 20 Kc/s. However, we can show that 
the vacuum tube chosen is capable of 
amplifying over a greater bandwidth but 
with less gain. If the anode load is now 
reduced to 10,000 ohms the correspond­ 
ing gain and band width will be respec­ 
tively, 100 times and 200 Keis, and for 
a load of 1,000 ohms, ten times and 2 
Mc/s. This point may have been 
laboured, but it will allow those not 
trained in electronics to appreciate that 
the fundamental limitation to conven­ 
tional-type wideband amplification is the 
unavoidable circuit capacity, and that 
gain may be exchanged for bandwidth. This 
relationship is normally written as the 
gain-bandwidth product GB = gm/C 
radians/sec. In the simplified amplifier 
discussed there are two other quantities 
which may be varied, that is, the tube 
transconductance gm and the circuit cap­ 
acitance Cs. Clearly, if the transconduc­ 
tance alone is increased, gain or band­ 
width can be increased; alternatively, re­ 
duction of capacitance will result in 
greater bandwidth. Hence, improvement 
in gain and bandwidth of amplifiers has 
depended upon improvements in vacuum 
tube design to a large extent, even though 
these design factors conflict. In a wide­ 
band repeater amplifier the bandwidth 
required is given by the number of chan­ 
nels to be accommodated and hence, the 
maximum possible gain is fixed by the 
tube design. If, for example, we assume 
a 6 Mc/s bandwidth and have a tube 
with a figure of merit or gain bandwidth 
product of 66 Mc/s, then the gain of 
a one-stage RC amplifier could not ex­ 
ceed 66/6 or 11 times. The cable loss 
at 6 Mc/ s is such that repeaters of this 
simple type, considered only on gain­ 
bandwidth, would be required at about 
2-mile intervals. Consideration of gain 

stability, regulation, tube aging, and 
other design margins would, of course, 
reduce this, while consideration of modu­ 
lation products due to non-linearity may 
make it impossible. To increase the gain 
we could connect several identical stages 
in tandem, in which case we would find 
the overall bandwidth to be narrowed 
below that of one stage. We can see 
roughly that if the gain of one stage is 
3 clb clown at a particular frequency 
then two stages will be 6 clb clown at 
that frequency, the 3 clb point moves 
down in frequency for the pair. The 
gain-bandwidth product of such a resis­ 
tance-coupled system is given by GB = 
gm 1 1 
- (2n - 1)2, where n is the number 
C 
of stages. If two stages are used the 
narrowing factor is 0.64 and for 4 stages 
it is 0.436. This narrowing further limits 
design freedom as can be seen in the 
following example. Assume an amplifier 
is required with a gain of 1,000 and a 
bandwidth of 6 Mc/s and tubes having 
gm 
- of 200 X 106 racl./sec. are avail­ 
C 
able. If 4 stages are used the narrowing 
factor is 0.43 and hence the bandwidth of 
each stage must be 6/0.43 = 14 Mc/s 
to obtain the required overall bandwidth. 
With a bandwidth of 14 Meis each stage 
will have a gain of 200/27rl 4 = 2.27 
times and hence the amplifier will have 
an overall gain of 2.274 or 26 times, 
which is not enough. If we try 8 stages 
some improvement is obtained with a 
stage bandwidth of 20 Mc/s and an over­ 
all gain of 40 times. Increasing the 
number of stages to ten involves a nar­ 
rowing factor of 0.268, a stage bandwidth 
of 22.4 Mc/s and an overall gain of 33 
for a bandwidth overall of 6 Mc/s. 
Thus increasing the number of stages 
from 8 to I O has decreased the overall 
gain. Clearly such a requirement as a 
gain of 1,000 overall and a 6 Mc/s 
bandwidth, using cascaded RC stages and 
tubes of gain-bandwidth product 200 X 
10" rad./sec. cannot be met. 

So far we have considered what might 
be called flat amplifiers of constant gain 
over the useful band, the upper edge of 
which is considered reached when the 
gain is 3 clb below that at mid-frequen­ 
cies. The usefulness of the gain-band­ 
width product and its dependence on the 
tube design has been outlined. The effect 
of cascading identical RC stages has 
also been shown. By using successively 
more complicated interstage networks, 
successively larger gain-bandwidth pro­ 
ducts can be obtained up to 4 or 5 times 
that of the simple RC stage. Each type 
has certain limitations, the ones giving 
greatest GB products being more sensi­ 
tive to variations in component values. 
The shunt peaked circuit is, however, 
commonly used. 

AMPLIFIER GAIN RESPONSE 
We will now turn to the properties re­ 

quired of a repeater amplifier's gain re­ 
sponse. As noted previously the cable 
Joss is a square root of frequency shape 
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and is closely approximated by 3.75 (f)t 
db/mile for the :Ys inch diameter coaxial 
cable being used. The low frequencies 
suffer little attenuation, approximately 
1.2 db/mile at 100 Kc/s, but attenuation 
is much greater at high frequency (9.2 
db/mile at 6 Mc/s). It can be taken that 
each repeater equipment should compen­ 
sate for this loss due to system consider­ 
ations. The insertion gain of the equip­ 
ment must clearly be greater at the 
higher frequencies where it is most diffi­ 
curt to obtain. (An example of the Law 
of Universal Oussedness.) Networks of 
lumped circuit elements can be realised 
which closely approximate the shape re­ 
quired to level or equalise the cable 
loss, so that signals of any frequency 
within the pass band originally of equal 
amplitude, when applied to the cable sec­ 
tion input, will again have equal ampli­ 
tude after traversing the cable and equal­ 
ising network. The design choices avail­ 
able for positioning this network are be­ 
fore the amplifier, after it, in it, or some 
distribution between input, output and 
internally. It is also possible to transmit 
a signal into the cable section which has 
had its higher frequency components 
made larger so that by the time it arrives 
at the end of the section the range of 
amplitudes between high and low fre­ 
quency components is reduced or even 
equalised. Having outlined the simpler 
aspects of the equalisation problem we 
turn now to a consideration of unwanted 
signal or noise. 

NOISE 
Generally, three kinds of noise are 

classified; thermal and valve noise, inter­ 
modulation noise, and noise induced into 
the system from external sources. The 
third type is not of importance in coaxial 
cable generally, since the coaxial pair is 
self-shielding. 

Thermal or Johnson noise is produced 
in any resistance due to the fact that 
there is a continuous random motion of 
electrons or ions in resistive materials, 
and current flow is the sum of a very 
large number of these small random 
individual pulses. The noise power in a 
given bandwidth is independent of the 
resistance, being given by W = 4 KTB 
watts where K is Boltzmann's constant, 
T the absolute temperature, and B the 
bandwidth. In a 6 Mc/s band and at 
290°K this amounts to 9.6 X 10-14 watt, 
or alternatively 2.63 X 10-6 volts across 
75 ohms. Noise produced by the effects 
of the electron flow in the valve is usually 
given as the equivalent resistance which 
would produce that noise, and it is de­ 
pendent on valve design, being smaller, 
for example, in triodes than in pentodes. 
To find total noise power due to this 
type of noise the individual noise powers 
are added. 

Intermodulation noise is produced by 
the non-linearity of the amplifier, mostly 
by the large signal output stage since the 
small signals in the input stages are am­ 
plified much more linearly. The ampli­ 
fier generates harmonics of the com­ 
ponent frequencies composing the input 
signal, and these again intermodulate to 
produce a very large number of products, 
for example, for 100 input components, 
the number of third order products is of 
the order of 106, and a wideband tele- 

phone system will have many more input 
components than this. Noise of this type 
tends to accumulate more rapidly than 
in proportion to the number of ampli­ 
fiers in a system. This noise will vary 
with system loading, and the British Post 
Office design, for example, arranges by 
the use of certain transmitting levels and 
negative feedback applied to the ampli­ 
fiers that in a busy hour the intermodu­ 
lation noise power is approximately equal 
to the thermal plus valve noise power. 
In lightly-loaded periods a slight im­ 
provement will show, since fewer inter­ 
modulation products will be generated. 

The transmitting level of the system 
is an important consideration in obtain­ 
ing the signal-to-noise ratio required of 
a coaxial cable system. The signal be­ 
comes attenuated as it passes along a 
cable section. If, for example, a 60 db 
signal-to-noise ratio is the objective for 
one repeater section, the signal should 
be 60 db above the noise at the input 
terminals of the repeater, assuming for 
the moment no tube noise. Considering 
the source for the repeater as a 7 5 ohm 
generator of combined signal and noise, 
the noise component will produce an 
e.m.f. of about 3 microvolts at the input 
terminals and this is inextricably mixed 
with the signal. For 60 db signal-to-noise 
ratio, the signal cannot be less than 3 
millivolts, hence the transmitting level 
must be adjusted so that despite the cable 
loss (and its frequency dependence) such 
a voltage is produced at the input termi­ 
nals. If the transmitting level is too low 
the signal will arrive at the repeater input 
clown in the noise, and there it will re­ 
main, as succeeding repeaters will equally 
amplify the mixed signal and noise. The 
upper limit to transmitting level is fixed 
by tube design, and present output tubes 
are in the watt power class. If it were 
desired to increase transmitting power 
levels by 20 db then the tubes would 
need to be in class capable of hundreds 
of watts output. We have outlined the 
arguments which show that the attain­ 
ment of satisfactory signal to thermal 
noise ratio is to suitably choose trans­ 
mitting level and cable section loss. 

We now consider what was previously 
assumed absent, that is, tube noise repre­ 
sented as an equivalent resistance in the 
grid circuit of the first tube. For triodes 
it may be several hundred ohms and for 
pentodes three to five times this. For 
purposes of illustration we assume a pen­ 
tode with an equivalent noise resistance 
of 900 ohms which would produce a 
noise e.m.f. across its terminals of:- 
E = (4KTRB)} = (4 x 1.38 x 10-23 x 
290 X 900 X 6 X 1Q6)} 
= 2 X 3 X J0-7 (1.38 X 29 X 6)-!­ 
= 9.3 x 10-6 volts. 

This is approximately three times the 
thermal e.m.f. previously considered. The 
situation is that at the inout terminals we 
have a signal to be amplified (consisting 
of signal and thermal noise) and this is 
to be applied to the first stage amplifier 
grid which contains its own noise source. 
In order to obtain the best signal-to-noise 
ratio at the amplifier grid we need to 
make the signal voltage as large as pos­ 
sible, since the tube is a voltage-operated 
device. If a transformer is used between 
input terminals and grid then we can step 
up the signal voltage with respect to the 

tube noise voltage by a factor dependent 
on the turns ratio. If, for example, the 
signal-to-noise ratio of the signal at the 
input terminals is 60 db and the signal 
is 3 millivolts, and the tube noise is 9 
microvolts, a one to one ratio would 
worsen the signal-to-noise ratio to 50 
db, a three to one step up would make it 
56 db and a one hunderd to one will 
give only slight deterioration. We can 
show that if small ratios are used then 
the signal-to-noise ratio deteriorates quite 
rapidly. It is clear that system signal-to­ 
noise ratio will be difficult to maintain 
over a hundred or more repeater sec­ 
tions, unless a reasonably high trans­ 
former ratio is used. At usual coaxial 
cable frequencies the input impedance of 
the tubes used can be considered to be 
capacitive and fixed by the particular 
design. At a reference frequency, there­ 
fore, as the transformer turns ratio is 
increased this capacitance and stray cir­ 
cuit capacitances will short circuit the 
transformer secondary more and more, so 
that there is possibly some optimum 
ratio. A theorem of Bode's, proved with 
the help of his resistance integral condi­ 
tion, gives the answer and states that the 
effective ratio cannot exceed that of an 
ideal transformer whose high side impe­ 
dance, when terminated in the line, is 
'Ti /2 times the absolute value of the im­ 
pedance of the circuit capacity over the 
band considered. It can be seen that the 
danger points for system signal-to-noise 
ratio are those at which noise sources 
are present and the signal itself is at a 
low level. Standards require that each 
channel should meet a specified noise 
level, so that despite the cable loss shape 
and limitations to amplification at the 
higher frequencies the signal-to-noise 
ratio should not be allowed to deteriorate. 
Consider a signal sent over a cable sec­ 
tion which will arrive at the receiving 
end with the high frequency components 
much more attenuated than those at low 
frequency. Assume, for a moment, that 
the signal sent was noiseless, and that it 
arrived over a noiseless cable. This is 
not a necessary assumption but it makes 
the argument a little clearer. There is a 
noise source at the grid of the first am­ 
plifying valve of the repeater. If we con­ 
sider this noise in, say, 3 Kc/s bands, 
the signal-to-noise ratio at the grid will 
be worse at the high frequency end of 
the spectrum due to the signal being 
smaller there, but being mixed with noise 
which has equal power over the spectrum. 
If a noiseless equaliser were connected 
between the cable and the first grid, the 
signal (under these conditions) would be 
applied to the grid with equal compon­ 
ents at all frequencies, there to be mixed 
with the noise source, and the signal-to­ 
noise ratio would be the same over the 
spectrum. It would not be better than 
the equalised high frequency signal-to­ 
noise ratio, however, but is the best that 
can be done. This points out what might 
be called a principle, that at points where 
significant noise sources are present, the 
signal applied there should be flat to ob­ 
tain an even signal-to-noise ratio over the 
band. There will, however, be competing 
forms of noise, e.g., thermal noise at 
the input terminals, and valve noise at 
the first grid, to be considered in the 
design. It is usual to design the input 
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transformer as. an equaliser to obtain at 
least a part. of the shaping required. 
Choice of a suitable turns ratio will ob­ 
tain a satisfactory signal to valve noise 
ratio. · The design for this combined 
input circuit equaliser could either be the 
reactive or constant resistance type. The 
latter type of design allows the trans­ 
mission to be varied while circuit imped­ 
ance is kept constant, the penalty being 
increased noise due to resistive ele­ 
ments. On the other hand the reactive 
equaliser assumed lossless will not pre­ 
sent a constant impedance over the spec­ 
trum, but this may be overcome at a loss 
of 3 db in signal by using a type of 
hybrid transformer design which allows 
the correct termination to be made even 
though the grid circuit winding is sub­ 
stantially an open circuit termination. 

GAIN STABILITY 
The system requires of the repeater 

that it should reproduce the transmitted 
signal as faithfully as possible after 
transmission· through a standard section 
of line. Consider a system of 120 sec­ 
tions of line where the requirement is 
that the overall gain should not vary, say, 
more than 0.25 db. Then each amplifier 
cannot vary by more than a few thous­ 
andths of a db in gain. However, other 
items in the system will vary, the main 
ones being cable attenuation and repeater 
gain, due to temperature change, and 
reduction of amplifier gain due to tube 
ageing; hence amplifiers of perfect gain 
stability would be useless in maintaining 
system gain. In general, therefore, coaxial 
cable systems with many repeaters in 
tandem require automatic regulation of 
gain to compensate for the above factors 
as well as amplifiers which are very 
stable and of high gain accuracy. These 
considerations rightly belong to system 
design as does the matter of equalisation. 
Briefly, each amplifier, generally designed 
to have an equalising characteristic, com­ 
pensates as closely as possible for a stan­ 
dard length section, the repeater having 
a range of adjustment to artificially make 
the actual section length equal to the 
standard length, at some standard tem­ 
perature. System regulation must be de­ 
signed to take care of variation of atten­ 
uation due to temperature, which is com­ 
plicated by differing changes with fre­ 
quency. Often a pilot signal is used for 
regulator control and in the wider band 
systems several pilots may be necessary 
to measure the variation of attenuation 
at various frequencies across the band. 
Elementary computers are used in some 
cases to receive the information from 
these pilots and to suitably control the 
regulation circuits. 

FEEDBACK AMPLIFIERS 
The attainment of stable gain and 

small modulation products requires the 
use of feedback amplifiers, which mav 
be regarded as an ordinary amplifier or 
"MU" circuit together with a passive or 
"beta" circuit which returns some of the 
output of the "MU" circuit to its input. 

If Bo is the output voltage of the 
feedback amplifier and Bi the input 
voltage, these are related by Bo = 

mu 
------ Bi. It can be seen that 

1 - (mu X beta) 

if beta is zero the gain is that of the 
ordinary amplifier, so that feedback re­ 
duces the gain of the amplifier. This 
equation can be put in the form Bo = 

mu X beta 1 
X -- Bi. Usually 

1 - mu X beta beta 
the product mu X beta (called the feed­ 
back factor) is large, hence Bo is approxi- 

1 
mately -- X Bi. This means that the 

beta 
gain of the amplifier is almost solely de­ 
termined by the beta circuit, which, being 
constructed of passive elements, can be 
made very stable in its characteristics. 
The name "feedback" is generally applied 
to the term (1 - mu X beta) and this 
is often quoted as so many decibels, being· 
the number of decibels by which the 
amplifier gain is reduced by the use of 
feedback. It can be shown that both the 
db variation in gain of the amplifier per 
db variation in gain of the mu circuit, 
and also the noise and modulation pro­ 
ducts are reduced in the ratio (1 - mu 
X beta) to 1. For example, let 50 db of 
gain be required, which will require a 
certain circuit complexity. Then, if a 
feedback amplifier using 50 db of feed­ 
back is used, the amplifier will be some­ 
what more than twice as complex (need­ 
ing 100 db of mu circuit gain) but the 
gain stability and modulation products 
will be improved by nearly 400 times. 
This simplified argument outlines what 
general improvements can be obtained 
by the use of feedback: it will also be 
appropriate to outline the difficulties in 
obtaining improvement. Firstly, the "mu" 
or main amplifying circuit will have a 
gain and phase response varying with 
frequency, that is, the "mu" in the equa­ 
tions is a complex gain function, and the 
reduction of gain at high frequencies 
mentioned in an earlier section will be 
operative. The method of obtaining the 
necessary "mu" circuit gain is compli­ 
cated by phase shift due to the coupling 
networks, and this produces a stability 
problem. The sign of the signal fed back 
to the input of the amplifier must be 
such that oscillation does not occur due 
to the feedback and input signal being 
in phase. The problem is easily solved 
in the simple cases of small gain-band­ 
width and non-frequency conscious beta 
circuits, but where large gain-bandwidth 
is required together with equalisation, as 
is usually the case in coaxial cable re­ 
peaters, difficulty is encountered. With 
several stages in the amplifier a relatively 
small phase shift per stage will add up 
to a total sufficient to produce instability 
unless the gain is reduced to zero at the 
particular frequency. In the amplifier 
networks with which we are concerned, 
the phase characteristic is proportional 
to a weighted rate of change of attenu­ 
ation (amplitude characteristic) with (log) 
frequency, and, importantly, depends on 
the slope in all parts of the spectrum, 
that is, not only in the pass band spec­ 
trum. When the cut-off is sharp this im­ 
plies a fast rate of change of phase shift. 
Hence, it is the case that the out-of-band 
characteristic of the amplifier is a very 
important one from the stability point of 
view, since it is here that attenuation is 
changing with frequency, and so affecting 
the phase shift at all frequencies, includ- 

ing those in the band. As the above 
hints, the problem can be very complex, 
since the out-of-band characteristics of 
the amplifier must be tailored, often to 
special shapes, and to high frequencies, 
for example, in the case of the L3 sys­ 
tem repeater which has an upper limit 
of about 8 Meis, the out-of-band char­ 
acteristics as far as 200 Meis are im­ 
portant. 

REPEATERS FOR TELEVISION 
SIGNALS 

Much has been written on this subject 
but here it is only desired to point out 
the properties, peculiar to television, 
which are required of a repeater. 

We will mention delay response first. 
The present philosophy of electrical re­ 
presentation of pictures results in a sig­ 
nal which is a time sequence of two 
types of information; one a varying volt­ 
age which sets the brightness of the par­ 
ticular picture element, and the other, 
which sets the position of the element 
in the picture. As is well known, the 
timing or synchronising signal pulses 
allow timing circuits in receivers to be 
kept in step with the picture-generating 
apparatus, these pulses being of specified 
shape, amplitude and repetition rate 
within certain tolerances. The brightness 
signals represent the average brightness of 
the picture element. At vertical edges in 
the picture there are often rapid changes 
in brightness from black to white or light 
grey to dark grey, etc., and there are 
also general slow changes in brightness 
such as may occur if a cloud slowly ob­ 
scures the sunlight falling on a scene, as 
it passes overhead. When the voltages 
representing brightness of the individual 
element are plotted against time we get 
a waveshape which is characterised by 
various rates of change, some fast as at 
edges, and some very slow as the general 
background of illumination. 

DELAY DISTORTION 
The Fourier Analysis has introduced 

the idea, which is now thoroughly in­ 
grained in technical thinking, of consider­ 
ing any particular waveform as being 
made up of pure sinewave components of 
calculable frequency and with calculable 
phase relations between them. The effect 
of not maintaining the correct relation­ 
ships between the phases of the com­ 
ponents can be seen by considering trans­ 
mission of a simple picture. Imagine a 
sheet of corrugated iron standing verti­ 
cally. The top of the first corrugation is 
painted black, the first trough medium 
grey, the next top black, the next trough 
white, ·the next top medium grey and 
the next trough white, the pattern then 
repeating. The waveform of a voltage 
representing the brightness of a line 
scanned across this sheet can be repre­ 
sented fairly closely by a sinewave and 
its third harmonic of equal amplitude 
and in phase, provided we assume the 
black to grey to white transitions are 
gradual, going through all intermediate 
shades. If this signal is applied to a 
transmission system which has a time 
delay, say, greater at the third harmonic, 
such that the third harmonic is delayed 
by half a cycle at the receiving end, then 
the output waveshape has the same com­ 
ponents of the same relative amplitude 
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but with delay distortion. The picture 
coming out would be as follows: first top 
lighter than medium grey, first trough 
black, next top lighter than medium grey, 
next trough darker than medium grey, 
next top white, and last trough of the 
pattern darker than medium grey. Fig. 2 
illustrates these processes. 
It is clear that the output is no longer 

identical with the input and the above 
section has merely tried to show qualita­ 
tively that a differential time delay (i.e., 
different for different frequency com­ 
ponents) will result in a waveshape at 
the output which is different from the 
input waveshape. Since the reconstructed 
picture depends on the output waveshape, 
the allowable distortion will set a differ­ 
ential delay tolerance for each amplifier. 
It should be added that the signal, as 
a whole, will suffer an average time delay 
in passing through the system due to 
finite velocity of travel. 

DIFFERENTIAL GAIN 
A property of amplifiers known as dif­ 

ferential gain is of importance and the 
distortion resulting is known as non­ 
linear distortion. The effect is that the 
amplification will vary depending on the 
amplitude of the input signal. Several 
factors can cause non-linearity distortion, 
including valve curvature, power supply 
impedance, and variation of load imped­ 
ance with output. To illustrate this, as­ 
sume an amplifier has 0.5 db more gain 
for a large signal than for a small one, 
which is apparently not a large error in, 
say, 60 db. A television signal consists 
of synchronising pulses which are usually 
arranged to be fuJI amplitude signal, and 
a brightness signal which may be small. 
Hence, synchronising pulses in this case 
may be amplified up to 0.5 db more than 
brightness signals. In a chain of, say, 
100 repeaters it is clear that system 
breakdown will occur as the synchronis­ 
ing pulses will, in theory, be amplified 
50 db more than the brightness signal. 
Only quite small errors in differential 
gain will be aJiowable. 

RETURN LOSS 
Unwanted signals mixed with television 

signals have varying degrees of nuisance 
value. Random noise only 20 db below 
picture signal is generally tolerable, but 
patterned noise is quite discernible at 40 
db below picture. One particularly objec­ 
tionable noise is that due to echo, where 
the "noise" signal is the picture signal 
delayed in time and (generaJly) attenu­ 
ated. This could be due to the amplifier 
not terminating the line properly over the 
band required, when some energy is re­ 
flected back, and is re-reflected at some 

other point to return to the amplifier 
slightly later in time. Such reflection can 
also occur at the cable joints, as it did 
in some early post-war systems: the diffi­ 
culty is now largely overcome by careful 
jointing and measuring techniques. It was 
found that a return loss better than 60 db 
was obtainable from joints in standard 
¥s inch coaxial cable laid at the National 
Television Centre at Gore Hill in 1957, 
which is quite satisfactory. 

CONCLUSION 
Some outline of the problems associ­ 

ated with repeater design for coaxial 
cables has been given with an attempt 
at considering repeaters in isolation. 
Nothing has been said of the very large 
problems of system equalisation and re­ 
lated subjects, but it is hoped that some 
insight has been given into the complex­ 
ities of wideband amplifier design re­ 
quirements. 
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RECORDED VOICE ANNOUNCEMENTS 
TELEPHONE PRACTICE 

INTRODUCTION 
Automatic telephone systems have been 

built up on the concept of replacing 
the human element in the switching of 
telephone calls and considerable ingenuity 
has been used in devising automatic 
switching equipment to achieve that end. 
It is natural, therefore, that telephone 
Engineers should seek some means 
whereby the human voice also could be 
replaced by automatic means. 
Recorder-voice devices have been 

known for very many years - in fact 
such things are almost as old as the tele­ 
phone art itself. Various means have been 
used from the early wax cylinder with 
its acoustic horn to the modern tape 
recorder, and high-quality amplifiers, to 
record and reproduce the human voice. 

At the present time there are three 
basic recording media which can be 
used:- 

(a) Optical. 
(b) Mechanical. 
(c) Magnetic. 
The optical system makes use of a 

beam of light modulated by a speech 
pattern recorded photographically on a 
revolving glass disc or film and detected 
by a photo-electric cell. This method is 
used in the B.P.0.-type speaking clocks 
installed in Melbourne and Sydney. While 
good-quality recordings can be made with 
this method a high degree of precision 
engineering is involved in the construc­ 
tion of the machines to ensure accurate 
registration of the recordings. Such 
machines lack flexibility and, moreover, 
are very expensive and would only be 
justified for important services with high 
revenue-earning capacity. A serious dis­ 
advantage of this type of recording 
medium is that the recording cannot 
readily be changed. Easy duplication of 
the recording is, however, possible and 
the recordings have definite life. 
The mechanical method includes the 

well-known gramophone record and 
other methods of embossing or indenting 
the base material. Fairly rapid track and 
stylus wear leading to increased noise 
and falling off in frequency response are 
the chief disadvantages of this medium. 
The magnetic systems employ ferro­ 

magnetic oxide powder mixed with some 
binding substance as a coating for a suit­ 
able base material. Paper or plastic 
tapes and discs are coated with a thin 
layer of this material. The magnetic 
oxide coating is, however, somewhat 
abrasive and causes wear of the repro­ 
ducing devices requiring their replace­ 
ment from time to time. The paper or 
plastic backing materials are also subject 
to damage or distortion. Modern mag­ 
netic tapes have, however, good record­ 
ing properties and can cover a very 
wide frequency range with a low noise 
value, at suitable speeds. 
In contrast with the optical and mech­ 

anical methods, the recordings can be 
readily erased and recorded again. 

A later version of this principle which 
* See page 379. 

- MODERN 
T. F. REED, A.M.I.E.E. '-' 

is finding increasing application where a 
wide range of recorded frequencies is 
not required, and where a very large 
number of repetitions is required, uses a 
relatively thick (about Ys ") base of rub­ 
ber, neoprene or chlorosulphonated poly­ 
ethylene impregnated during manufacture 
with magnetic oxide in a finely-divided 
form. This material is eminently suitable 
for telephone purposes since it has ade­ 
quate frequency response at relatively 
low speeds, has long life, and creates ex­ 
tremely small wear on the recording and 
reproducing devices, even after very 
many months of continuous operation. 

Manufacturing limitations on the degree 
of impregnation that can be _ achieved 
with this material place some restriction 
on the frequency range and output level 
as compared with good recording tape, 
but both are well within the requirements 
of the telephone system. 

APPLICATION 
The application of recorded announce­ 

ment devices to automatic telephony can 
do much to give subscribers an improved 
service while relieving telephonists of 
much routine and ofttimes tedious duty in 

Fig. 1. 
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repeating information to subscribers. 
Some of these applications, such as Time 
of Day, Weather Information and the 
like, can be useful revenue earners apart 
from the excellent service they give. 
Others, while not directly revenue earn­ 
ing, can be easily justified by the savings 
in telephonist's or other staff time and, 
in many cases, by giving subscribers an 
improved service on a 24-hour basis. 

There are, of course, a number of 
instances where, as yet, there is no alter­ 
native to the human element but it is not 
unlikely that as time goes· on the re­ 
corded voice will encroach further into 
this field. 

Many overseas telephone administra­ 
tions provide a variety of information 
services by this means, including such 
information as news bulletins, sports 
fixtures, racing results, cinema and 

theatre programmes, train services, and 
even cooking recipes and biblical texts 
for the day. So far as this country is 
concerned the automatic information 
services are at present restricted to Time 
of Day, Weather Forecast and occasional 
Topical Events such as Test Match 
Cricket Scores. These latter services have 
been catered for in all capital cities in 
Australia and are also in use in many 
of the large telephone centres in the 
World. 
For Australian conditions equipment 

using the magnetic type of recording 
medium with impregnated neoprene 
bands has been chosen mainly by reason 
of its long life and low maintenance 
costs. Fig. 1 shows six machines of this 
type working in pairs (one working and 
one standby) to cater for the general 
information services mentioned and in- 

Fig. 2. 

stalled in a large centre in Melbourne. 
The recording is carried out by selected 
telephonists elsewhere in the building 
and the machines are remotely controlled 
from the recording booth by the tele­ 
phonist making the recording. 

There are, of course, many other 
directions in which the recorded voice 
can play a useful part in telephony in 
providing improved service and often 
serving to reduce traffic congestion on 
equipment and on important routes. 
These uses include such services as:- 

(a) Trunk congestion and delay period 
announcements. 

(b) Subscribers' interception service for 
number changes, call diversions, 
etc. 

(c) Temporary withdrawals of service. 
(d) Spare lines, spare levels and faulty 

service announcements (replacing 
the present N.U. Tone). 

(e) Trunk call progress advices. 
(f) Emergency announcements, etc. 
Special applications include announce- 

ments for automatic testing devices, auto­ 
matic alarm systems at remote exchanges 
and similar telemetering requirements. 
Indeed, any service that requires a 

repetitive verbal advice of a more or 
less routine character or one that re­ 
quires to be changed from time to time 
or provided at short notice can be 
handJed by this means with much advan­ 
tage. 

E.L.S.A. INTERCEPTION IN 
MELBOURNE 

As an instance of the application of 
such means, for subscribers' interception 
purposes, the recent introduction in Aus­ 
tralia of extended local service areas 
(E.L.S.A.) required the allotment of a 
number of telephonists and the routing 
of circuits to a suitable manual informa­ 
tion centre in Melbourne to handle the 
necessary interception enquiries. The 
need was, however, met by the installa­ 
tion of multi-track automatic verbal an­ 
nouncement equipment providing up to 
24 separate announcements of about 15 
seconds' duration each. These were con­ 
nected where required to points in the 
network to intercept calls to the original 
routes and to direct subscribers to the 
new routes. The success of this arrange­ 
ment can be judged from the fact that 
the team of telephonists required was 
reduced to a few and even they did not 
find their duties too onerous. It is esti­ 
mated that this equipment saved on the 
average about five telephonists over a 
period of some months on this service 
alone. 
Fig. 2 shows this equipment installed 

in Melbourne. The installation was made 
largely to provide for interception on a 
major work and to demonstrate the ef­ 
fectiveness of this type of equipment in 
saving telephonists time and to obtain 
design data for machines of this type 
for exchange interception service gener­ 
ally. 
Fig. 3 shows a close-up view of one 

of the machines. The magnetic drum 
together with the multiple erase and 
record'reproducing heads can be seen on 
the left, with the track amplifiers ar­ 
ranged in two banks of twelve on the 
right. The drum is fitted with a wide 
impregnated neoprene band and each 
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head assembly traces out a complete 
and separate track on each revolution. 
Cam-operated switches at the side of 
the drum mark the start and finish of 
the track. 

A three-stage transistor amplifier is 
associated with each track for reproduc­ 
ing. The power output is adjustable up 
to 30 milliwatts with not more than 3% 
TH distortion over a frequency range 
from 200 c/s to 4 kc/s. About 7 db of 
negative feedback is provided in the am­ 
plifier to improve response at the upper 
frequencies. 

The full output of these amplifiers is, 
of course, more than is necessary for one 
subscriber and would suffice for some 
20 simultaneous connections if required. 
In such cases a transformer with a 600 
ohms primary and a very low impedance 
secondary (not exceeding 6 ohms) is re­ 
quired at the distribution point to re­ 
duce crosstalk between subscribers con­ 
nected to the same service, and also to 
improve voltage regulation with varying 
load. This transformer is not, of course, 
required where only one subscriber can 
reach the announcement at any one time. 
The amplifiers are card mounted and 
slide into shelves on the unit and are 
connected by jacks and plugs. This type 
of construction is in line with modern 
practice and represents a considerable 
saving in space as well as contributing 
to ease of maintenance. 

Each machine includes a control panel 
which provides facilities for recording 
and monitoring on each track by means 
of keys and jacks. A level meter and 
small loudspeaker are provided for 
checking. This panel can be seen at the 
bottom of Fig. 3. A recording unit is 
also provided and can be seen immedi­ 
ately below the control panel of machine 
No. 1 in Fig. 2. This unit generates 
erase and bias frequencies and includes 
a level meter for monitoring the record­ 
ing. It has an interlock circuit which 
prevents its use without the special hand­ 
set microphone provided. Thus record­ 
ings cannot be made nor existing re­ 
corded tracks erased or interfered with 
by unauthorised persons either deliber­ 
ately or inadvertently, It is mounted 
separately from the machine . 

• Where an announcement is required 
to serve a large number of subscribers 
simultaneously and where the import­ 
ance of the service warrants it, a "mes­ 
sage fail" detector circuit can be pro­ 
vided. The majority of the E.L.S.A. 
announcements were considered suffici­ 
ently important for this facility to be 
provided and, also, to justify the pro­ 
vision of duplicate machines with auto­ 
matic changeover on the failure of any 
message. On this equipment the message 
fail detectors are transistor units and in 
this case were mounted on the machine 
rack together with the changeover relays 
and can be seen above the machines in 
Fig. 2. 
These machines (as well as those for 

the Information Services (Fig. 1) in­ 
stalled in all capital cities) were manu­ 
factured in this country to the Depart­ 
ment's requirements by the Rola Com­ 
pany (Australia) Pty. Ltd., Magnetic Re­ 
cording Division, Melbourne. 

EXCHANGE INTERCEPTION 
MACHINES 

The design of machines based on those 
supplied for the E.L.S.A. interception 
but having a maximum of 12 tracks 
only, to provide facilities for exchange 
interception purposes, has been under­ 
taken. These machines are intended to 
cater generally for day to day number 
changes, cancellations, call diversions. 
directory errors and such similar short­ 
term requirements affecting individual 
subscribers' services. They may also 
carry more permanent recordings of such 
facilities as unallotted lines, spare levels, 
temporarily disconnected services, etc., 
where these may be required. These 
announcements would in some cases re­ 
place the present N.U. Tone now used 
on these services. 

There could be some benefit to the 
subscriber in this arrangement as, of the 
service tones now provided in automatic 
exchanges, the N.U. Tone is, perhaps, 
the one that subscribers find most diffi­ 
culty in recognising and interpreting. 
Even when recognised it does not give 
the subscriber any indication of the cause 
of the failure of his call. The standard 
N.U. Tone circuits (CE.406 or similar) 
could be used directly for verbal an­ 
nouncement distribution but would re­ 
quire increased power from the amplifiers 
to offset the loss in the 3 coil-relay-type 
feeding circuits. Also a somewhat higher 
level is desirable for speech recognition 
as compared with a simple tone. Fur­ 
ther, some of the N.U. Tone circuits are 
unbalanced and some modification of the 
present circuits to make them more suit­ 
able for use with verbal announcements 
would be desirable. Apart from the tech­ 
nical considerations, the substitution of a 
single verbal announcement for N.U. 
Tone could lead to confusion by being 
inappropriate in some instances. Sepa­ 
rate announcements appropriate to each 
service are therefore to be preferred and 

would be of greater assistance to the 
subscriber. 

The flexibility in the use of these 
machines for many purposes will depend 
to a large extent on the design of suit­ 
able relay sets for use on the particular 
application. For instance, where a mes­ 
sage length greater than 15 seconds is 
required it could be accommodated on 
several tracks by arranging sequential 
switching in the relay set using pulses 
from the drum springs. Again, the an­ 
nouncement could request the subscriber 
to take some action such as dialling 
additional digits, to complete the con­ 
nection via the appropriate relay set. 

As normally the machines will only 
be carrying individual subscriber inter­ 
ception announcements it is not usually 
necessary to make duplicate provision 
of machines for standby purposes. In 
any event, a "machine fail" alarm is 
incorporated in each machine and can 
be connected to the station alarm sys­ 
tem. Also, when used as a replacement 
for a service tone, the circuits can usually 
be arranged to revert to the original 
tone. 

Where a track is used for a common 
announcement to a large number of sub­ 
scribers, a "message fail" alarm should 
be provided in the amplifier at the dis­ 
tribution point to cover as much as pos­ 
sible of the common circuit. While a 
track on these machines could be used 
for such announcements, separate single 
track units provided in duplicate with an 
automatic changeover circuit are often 
to be preferred. 
These latest multi-track machines have 

shown themselves to be very reliable in 
service and to require little maintenance 
since the number of mechanical parts 
has been reduced to a minimum. Clean­ 
ing and lubricating, very occasionally, are 
all that is normally required. The use 
of transistors in place of valves further 
reduces maintenance and permits of al- 

Fig. 3. 



Page 376 THE TELECOMMUNICATION JOURNAL OF AUSTRALIA October, 1960 

most complete operation from the ex­ 
change 50 volt D.C. supply. Later 
machines will probably be arranged for 
full D.C. operation thus making the 
machines completely independent of 
commercial mains supply. 
It is hoped to be able to give a full 

technical description of these new ex­ 
change interception machines and to in­ 
clude references to new and interesting 

applications for devices of this type in 
later issues of this Journal. 

CONCLUSION 
It will be apparent from the foregoing 

survey of the position that electro-mag­ 
netic recording and announcing devices 
can provide the telephone design engi­ 
neer with a useful tool in circuit design 
and the telephone administration with 

the means to improve service to the sub­ 
scribers and, at the same time, effect 
savings in operating costs. 

The author wishes to acknowledge the 
assistance given by the Rola Company, 
Melbourne, in the design, and also the 
Service Section of the Victorian Admin­ 
istration in setting up and testing the 
equipment used for the E.L.S.A. inter­ 
ception in Melbourne. 

P.V.C. CABLE 
NOTES ON A NEW CABLING PRACTICE FOR USE WITH 

The standard slatted type runway has 
been used for many years on exchange 
installation and was quite satisfactory 
for use with textile braided switchboard 
cable, but with the general introduction 
of P.V.C. sheathed cable, which is nor­ 
mally much softer and more flexible 
than the braided type, a runway giving 
more continuous support to avoid sag­ 
ging was needed. 

Shallow troughing can be used and 
while it does of course afford the con­ 
tinuous support required for P.V.C. 
cable, it is difficult to keep free of dust 
unless provided with a cover, when it 
can. become a home for rodents. Above 
all it can be expensive both in initial 
cost and erection. 
Perforated steel runway, while not 

new to the electrical trade, having been 
used for power cable fixing in large 
buildings and for large ship's installa­ 
tions, appeared to offer advantages with 
P.V.C. cable. Enquiry of the trade 
showed that this material could be sup­ 
plied in standard 8 foot lengths in 
widths from 6 inches to 36 inches. The 
runway consists of 16 S.W.G. sheet 
metal with holes of .8 x .312 inches 
punched in rows .6 inches apart. The 
edges of the sheet are turned at right 
angles providing a side member of 
approximately t inch. 
To test the suitability of this material 

and to gain some experience with it, the 

Fig. I .-Metal Cable Stirrup being placed in 
position. 

Victorian administration was asked to 
undertake an exchange installation using 
it in suitable widths and preferably with 
all P.V.C. cable. As the standard twine 
lacing was obviously unsuitable with this 
type of runway, plastic or metal straps 
and cable guide pins were suggested. 
This not only proved to be quite prac­ 
ticable, but resulted in an immediate 
saving in manhours and moreover re­ 
lieved the installation staff of cable 
stitching which has always been con­ 
sidered an onerous task. 
For this purpose soft aluminium rod 

of 3/16" diameter, which is easily cut 
and bent, was purchased to form cable 
stirrups. The stirrups are held in place 
with a "Quicknut" which can be pressed 
on to the rod with the fingers and re­ 
mains firmly in position against the 
underside of the runway. These fasten­ 
ings are extensively used in the trimming 
of motor vehicle bodies, and the one 
used is only one of a number of such 
fasteners available. Figure 1 shows a 
stirrup being placed in position over a 
cable pack and figure 2 shows the com­ 
pleted cable run to the M.D.F. 

T. F. REED, A.M.I.E.E. 
L. C. HAIG 

The trial installation with this type 
of runway is being conducted at Glen­ 
roy Exchange, Victoria, which will be 
a 4,000 line branch exchange with 
SE.50 equipment on 2,000 type racks. 
Cabling is now 90% completed, and 
although final cost figures are not yet 
available, present indications are that 
this method of cable fixing will result 
in considerable savings in both material 
(the perforated type being approxi­ 
mately half the cost of the equivalent 
present standard runway) and labour 
of perhaps 50% to 60% as compared 
with standard lacing techniques. 
This new practice appears to have 

considerable application for Departmen­ 
tal use both in the cabling of exchanges 
and subscribers premises (particularly 
large city buildings), although slight 
modifications to the runway as supplied 
would be desirable for future exchange 
use. It is hoped to give more details in 
a later issue of this Journal when final 
figures of costs are available, and de­ 
tails of suggested improvements will 
also be given. 

Fig. 2.-Completed cable run to M.D.F. 
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OUR CONTRfflUTORS 
The Board of Editors has decided to adopt a reader's suggestion that in future we 
publish a photograph and short biographical note on each of our contributors. 
This follows the practice used in many other Journals and we expect that it will 
help to add interest to our own Journal. 

J.C. WILSON 

J. C. WILSON, author of the article 
"Pole Mounted Repeaters for Carrier 
Systems", joined the Department in 
Melbourne in 1937, as a Junior Mech­ 
anic. He transferred to Research Sec­ 
tion in January, 1943 as Engineer, work­ 
ing mainly on Military Telephone Equip­ 
ment and problems associated with local 
productions of telephone equipment in 
the early post-war years. From late 
1947 he carried out special planning in­ 
vestigations for the Chief Engineer and 
later joined the newly-formed Technical 
Planning Section which was the first 
planning group in Central Office. After 
12 months at Headquarters in the Tele­ 
phone Equipment Section, Mr. Wilson 
joined the Research Section in 1955 
where he has been Sectional Engineer in 
charge of the Line Communication Sub­ 
section. 

S. DOSSING, author of the article 
"Pulse Echo Tester for Open Wire 
Cable, and Composite Lines", received 
his M.Sc.E.E. Degree with Honours from 
the Technical University of Denmark in 
1945. After a period as assistant to the 
Professor of Telecommunications, he 
joined the Engineering Sales Division of 
Philips, in Copenhagen, transferring 

later to Messrs. H. Buch and Co., Cop­ 
enhagen, where he was responsible for 
Sales, Installation and Service of a wide 
range of Telecommunication Equipment, 
Radar Equipment and Scientific Instru­ 
ments. 

He joined the Australian Post Office 
in 1949, and is at present Divisional 
Engineer, Methods and Practices in the 
Long Line Equipment Section, Central 
Office. His duties include the inspec­ 
tion and evaluation of new Line Trans­ 
mission Equipment and associated Test­ 
ing Instruments and also cover special 
investigations in the field. He received 
an M.E.E. degree from the University 
of Melbourne in 1959. 

Mr. Dossing has contributed a num­ 
ber of articles to Danish, English and 
Australian Journals, the present article 
being his sixth published in this Journal. 
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S. DOSSING 

R. E. BOGNER, author of the article 
"Telephone Numbers and the User", 
joined the Department as a Cadet En­ 
gineer in 1953, subsequently gaining the 
degrees of B.E. and M.E. at the Univer­ 
sity of Adelaide. During his post-gradu­ 
ate work on speech bandwidth reduction, 
he transferred to the Research Labora­ 
tories where he now works as a Group 
Engineer in the Telephonometry and 
Acoustics Division. In his two years in 
this Division, his work has mainly been 
in the fields of electro-acoustic measure­ 
ments and design, and speech studies. 

G. P. JOLLEY 

G. P. JOLLEY, author of the article 
"Protection and Dust Proofing of Auto­ 
matic Equipment", joined the Depart­ 
ment in 1921. 

His experience covers most phases of 
the activities of the Engineering Branch 
-both Maintenance and Installation. 
He spent several years on maintenance 
at Carlton Exchange, an exchange which 
was fitted with the early Strowger ver­ 
sion of dustproofing. As he remembers, 
the handles of the doors were very 
efficient coat tearers. 

He is now Supervising Technician at 
the Civic Exchange in Melbourne. 

R. E. BOGNER 



378 THE TELECOMMUNICATION JOURNAL OF AUSTRALIA 

K. A. McDONALD, author of the 
article "Work Study", joined the Depart­ 
ment in 1940 as a Junior Mechanic. In 
194,8 he qualified as an Engineer and 
subsequently was employed as a Group 
Engineer in Long Line Equipment Instal­ 
ation, Country District Works and 
Metropolitan District Works Divisions 
in Victoria. He visited Europe in 1954 
and spent a short time with the British 
Post Office studying divisional manage­ 
ment in a Lines Division. 
After one year as Divisional Engineer, 

Engineering Studies, Victoria, he trans­ 
ferred, in 1957, to the position of Divi­ 
sional Engineer (Methods), Engineering 
Methods and Training Section, at Cen­ 
tral Office. During that time he has led 
a team engaged on the conduct of Work 
and Method Studies in the Engineering 
Division. 

· Mr. McDonald is an Associate Mem- 
R. W. KETT ber of the Institution of Engineers, 

Australia. 
R. W. KETT, author of the article 

"Acoustic Shock Absorbers", was edu­ 
cated at Caulfield Grammar School and 
obtained the Diploma of Communica­ 
tion Engineering from the Royal Mel­ 
bourne Technical College in 1945, at 
which time he joined the Research Lab­ 
oratories. He has since been chiefly 
concerned with Telephone Instrument 
Measurement Techniques and was 'also 
associated with the Bass Strait Cable 
Extension Project. His present position 
is that of Group Engineer in the Tele­ 
phonometry Division of the Research 
Laboratories. 

A. K. PIPER 

A. K. PIPER, author of the article 
"Unbalance Fault Test Set for Open 
Wire Lines", was educated at Westmead 
and Ultimo Technical Schools and 
entered the Department as Telegraph 
Messenger at Botany in 1939. He 
became a Junior Mechanic-in-training 
in 1941, qualified as Technician in 1945 
and passed the Senior Technician's 
examination in the same year. 

Between 1946 and 1949 he was sta­ 
tioned at Nyngan as Senior Technician 
and in late 1949 was transferred to 
Coffs Harbour. In August 1960 he took 
up duty as Supervising Technician 2, at 
Newcastle Trunk Exchange. 

, W. A. STIRLING 

W. A. STIRLING, author of the 
article "Qualitative Maintenance in 
Manual Exchanges", commenced as 
Junior Mechanic in 1941 and was 
advanced as Technician in 1946. He was 
promoted Senior Technician in 19449, 
Supervising Technician Grade I, Corowa 
in 1952 and Supervising Technician 
Grade 2, Albury Repeater Station in 
1959. He has acted as Supervising 
Techician . Grade 3, Albury Exchange 
since August, 1956. 
Mr. Stirling has had considerable ex­ 

perience in the maintenance of magneto, 
C.B. R.A.X. and Automatic exchanges 
and associated subscribers services, and 
is familiar with most types of Long Line 
and Carrier Equipment. 

Since taking charge of the Albury 
Exchange, Mr. Stirling has introduced 
qualitative maintenance and endeav­ 
oured to ascertain fault trends and de­ 
termine preventative measures. 

October, 1960 

K. A. McDONALD 

F. M. SHEPHERD, author of . the 
article "Coaxial Cable Amplifiers", was 
born in Melbourne in 1922 and was 
educated at State Schools and Trinity 
Grammar School. During World War II 
he served with the A.I.F. in the Wireless 
Workshops of the Corps of Australian 
Electrical and Mechanical Engineers. 

Mr. Shepherd then continued his 
studies in Engineering at Sydney Uni­ 
versity and graduated Bachelor of En­ 
gineering with honours in 1951. During 
this period he became a Cadet Engineer 
with the Department and on graduation 
began in the District Works Section in 
Sydney. He later was transferred to the 
Studios Division and took charge of 
Departmental responsibilities in the 
National Television Transmitting Sta­ 
tion project at Gore Hill in 1956. He is 
now a Divisional Engineer in Transmis­ 
sion Planning, Sydney. 
He is an Associate Member of the 

Institution of Engineers, Australia and a 
member of the Institution of Radio En­ 
gineers, Australia. 

F. M. SHEPHERD 
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T. F.REED 

T. F. REED, author of the article on 
"Recorded Voice Announcements in 
Modern Telephone Practice" has written 
previous articles in the Journal on allied 
subjects. Mr. Reed was educated in 
England and received his training in 
telecommunications in the Engineering 
Department of the British Post Office. 
He transferred to the Australian Post 
Office under a recruitment scheme for 

qualified engineers in 1949. He served 
as a Group Engineer in the Victorian 
Administration and was appointed to 
Divisional Engineer in the Telephone 
Equipment Section, Central Office in 
1955. In this capacity he has been con­ 
cerned with Exchange Installation 
methods and has been responsible for 
the development of new types of ring­ 
ing equipment, batteries and recorded 
voice devices. He was concerned with 
the design and installation of the equip­ 
ment for the A.P.O. Weather Informa­ 
tion Service in 1957 /58. He is an Asso­ 
ciate Member of the Institution of Elec­ 
trical Engineers, London. 

H. J. LEWIS, author of the article 
"The Australian Aluminium Public 
Telephone Cabinet" is a Divisional En­ 
gineer in the Workshops Section at 
Headquarters. He joined the Department 
as Radio Technician in 1939 and worked 
at the Melbourne Broadcast Studios and 
Lyndhurst Radio until qualifying as En­ 
gineer. Mr. Lewis then served in the 
Outer Metropolitan Lines Division dur­ 
ing 1946-47, and in the Melbourne 
Workshops as Engineer and Divisional 
Engineer, Design and Plant, for the fol­ 
lowing four years. Subsequently he has 
been in the Workshops Section at Head­ 
quarters in various duties of Planning 
and Production work, and recently on 
Plant and Workshops Practices. Mr. 

ADVERTISING 

H.J. LEWIS 

Lewis had practical experience in the 
manufacture, installation, and mainten­ 
ance of Telephone Cabinets, whilst at 
the Workshops and has since served on 
the Committee which designed the pre­ 
sent louvre-glazed wooden cabinet. Dur­ 
ing the recent illness of Mr. Edwards he 
acted as Chairman of the Committee 
which designed the new aluminium 
cabinet. 
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~~ANS\VERS TO EXA~IINATION t}UESTIONS" 
Examinations Nos. 4736, 4737, 4738 and 
4739-4th July, 1959, and subsequent 

dates. 
TO GAIN PART OF THE QUALIFJ. 
CATIONS FOR PROMOTION OR 
TRANSFER AS SENIOR TECHNI­ 
CIAN, TELEPHONE, RESEARCH, 
RADIO AND TELEGRAPHS, POST· 
MASTER - GENERAL'S DEPART- 

MENT. 
TELECOMMUNICATION 

PRINCIPLES 
Q.3.-An inductor and resistor, when 

connected in series across a 200 volt 50 
c/s supply, draw a current of 4 amperes. 
With the inductor short-circuited the 
current drawn from the supply is 6 213 
amperes. 

With the inductor and resistor in series 
across the 200 volt 50 c!s supply, cal­ 
culate- 
(i) the impedance of the circuit, 
(ii) the power factor of the circuit, 
(iii) the voltage drop across the resistor, 
(iv) the voltage drop across the inductor, 
(v) the power absorbed by the circuit 
Illustrate your answer with vector 

diagrams. 

ANSWER (R. C. COCKBURN) 
Circuit condition with inductor short 

circuit 

,,,J,rn~ 
E=200V 

50 c/ s 

The vector diagram for this condition 
is as follows:- 

ER = E = 2 0 0 V 

E 
Resistance = - 

I 
200 = -- = 30 ohms. 
6t 

Normal circuit condition. 

1=4AMPS~ 

E = 200 V 
50 C /s 

(i) 

Impedance 
E 

200 
=-=50ohms 

4 
(ii) 

R 
Power Factor = Cos rt, = - 

z 
30 

50 
= 0.6 lagging 

(iii) 
P.D. across 

resistor = l x R 
= 4 x 30= 120 volts 

( iv) The voltage distribution in the cir­ 
cuit is as follows:- 
P.D. across 

Inductor = V E2 - E2 
R 

= \/2002 - 1202 = 160 volts 

EL= 160V 

E = I Z. 
= 200 V 

ER= 1 R 
= 120 V 

(v) 
Power = Ex l x Power Factor 

= 2000 x 4 x 0.6 = 480 watts 
Answers: (i) 50 ohms; (ii) 0.6 lagging; 

(iii) 120 volts; (iv) 160 volts; (v) 480 
watts. 

Q.5.-The diagram shows the ele­ 
mentary circuit of a Rectifier, 

""~' I PHASE 
SUPl'LY 

I 
I~-~ 

AIR \;A/' 

Explain briefly the operation of the 
circuit and how it sajeguards against 
accidental overload. 

ANSWER: (D. KENNER). 
This rectifier, a "Westat" constant 

potential rectifier, provides a means of 
converting single phase A.C. to 3 phase, 
which is then passed through a 3 phase 
full wave rectifier bridge to give a D.C. 
output. 
The "Westat" makes use of a reversed 

application of the "Scott connection" 
principle. The original Scott connection 
was used to derive two single phase out­ 
puts from a 3 phase supply, the output 
voltages being displaced by 90°. 

1~3PHASE 

SIHCLE I INPUT 

PHASE -- ,I 

SIHCLE 
PHASE 

D.t. 
OUTPUT 

Reversed Scott Principle 
In the Westat, as only a single phase 

is available, a phase splitting scheme is 
used to obtain the equivalent of two 
single phase inputs displaced by 90°. 

TZ 

------1~3 PHASE 

SINGLE ~ OUTPUT 
PHASE ~ 
SUPPLY j O 

----~' TI 
The values of capacity, inductance 

and resistance are arranged so that at 
the full rated load the voltage across 
"A" lags the supply current by 45°, 
while the voltage across "B" leads" the 
same supply current by 45°. 
This causes a voltage displacement of 

90° between coils A and B. On the 
secondary side of the transformer there 
is also a 90° voltage displacement be­ 
tween C and D. 
The transformer T1 is provided with 

an air gap in the core so that its in­ 
ductance will remain constant. 
The inductance of T2 will vary with 

variations in load current. 
On no load the secondary output is 

single phase. 
As the load is increased, the output 

tends towards 3 phase until at the full 
rated load the maximum 90° displace­ 
ment is obtained and the output be­ 
comes 3 phase, providing compensation 
for voltage drops across transformers, 
rectifiers, etc. 
If the rated maximum is exceeded, 

the 90° displacement no longer exists 
and the output tends towards single 
phase, resulting in a decreased output 
from the rectifier. This effect provides 
an automatic safeguard against over­ 
load so that protective circuit breakers 
or overload coils are not necessary. 

Q.6.-(a) State the equivalent of Ohms 
Law for a magnetic circuit. 

(b) Define the term reluctance as 
applied to a magnetic circuit and state 
the formula. 

( c) A telephone relay has a magnetic 
circuit consisting of soft iron of mean 
length 16 cm. and cross sectional area 
4 sq. cm. When released the air gap 
between the pole face and armature is 
2.5 111111. The effective area of the pole 
face is 5 sq. cm. Find the ampere turns 
required to produce a flux of 30,000 
maxwells in. the gap. (The permeability 
of soft iron is 800.) 
ANSWER: (E. CULPH). 

(a) The total flux in a magnetic Cir­ 
cuit rt, is directly proportional to the 
magneto-motive force (F) and inversely 
proportional to the reluctance (S). 
Therefore- 

et, = Magnetic flux in 
F Maxwells 

<b = - where F = Magneto-motive 
S force in Gilberts 

S = Reluctance (no 
units)) 
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s = Reluctance 
1 = length of magnetic 

where circuit 
u. = permeability 
a = cross-sectional area 

of magnetic circuit 
F 41rNI 1 

(c) <b = - F = - S = - 
S 10 u: a 

The reluctance of this circuit consists 
of:- 

(i) The reluctance or opposition of 
the iron (permeability of 800). 

(ii) The reluctance or opposition of f\TE 9 
the air gap (permeability of air unity), - 5 v 
Therefore, the total reluctance of the -1ov 

circuit (S) is reluctance of iron (S1) plus -15 v - 
reluctance of air gap S2), thus- 

S = S1 + S2 
11 16 1 

sl = -- = --- = - or .005 
µ1 a1 800 X 4 200 

12 .25 1 
S2 =--=---=-or .05 

µ2 a2 1 X 5 20 
S = .005 + .05 = .055 

F 
f=-.'.F=,t,XS 

s 

(b) Reluctance is the opposition 
offered by a magnetic circuit to the es­ 
tablishment of lines of force. 

s 
µ a 

41r IN 
or--=<f>XS 

10 
. ·. Ampere turns (IN) = 

ef> X S X 10 

4 
30,000 
--x 

1 

55 

1000 

10 
x-x-x- 

4 
= 1312 Ampere turns. 

Q.7.-(a) State three forms of electron 
emission which can occur in an electron 
tube. 

(b) Explain how amplification of an 
a.c. signal can be achieved by using a 
triode valve. Illustrate your answer with 
sketches. 
ANSWER: (K. NEILSON) 

(a) Forms of electron emission which 
occur in electron tubes are­ 

(1) Thermionic 
(2) Secondary 
(3) Cold Cathode 
( 4) Photo Electric 

(b) The triode valve amplifies an A.C. 
signal by converting small changes in 
input voltage to large voltage changes 
in the output circuit. 
This can be seen by considering the 

simple circuit of a triode as an ampli­ 
fier (Fig. 1) and the triode's character­ 
istic curve (Fig. 2). 

C 

----,~--,I~ 

nals are "transferred" into a higher fre­ 
quency range for transmission over the 
bearer circuit. For example, when audio 
frequencies in the range 0.3-2.6 kc/s are 
applied to a non-linear device (modu­ 
lator) together with a carrier, frequency 
of say, 10 kc/s, the process of ampli­ 
tude modulation produces sum and dif­ 
ference products-the upper sideband 

0 

Fig. 2. 

10.3 - 12.6 kc/s, and the lower sideband 
7.4 - 9.7 kc/s. One of these sidebands 
is selected by a band-pass filter for 
transmission to the distant terminal. 

(b) Suppression of the carrier fre­ 
quency in the modulator permits a sim­ 
pler and cheaper design of modulator 
band-pass filter. This filter passes the 
required sideband and attenuates the 
other-the sidebands are separated by 
about 600 c/s. If the band-pass filter 
were required to suppress the carrier 
also, it would need a much sharper cut­ 
off to attenuate sufficiently the carrier 
frequency which is only about 300 c/s 
from, and at a higher power level than 
the required sideband. 

(c) The characteristics of metal recti­ 
fiers used as modulators require that the 
voice input voltage is low compared with 
the applied carrier voltage. When the 
voice input voltage is too high, the mod­ 
ulator is unbalanced and carrier voltage 
appears in the output. Also, the modu­ 
lator produces unwanted intermodula­ 
tion products which distort the modula­ 
tion envelope and impair intelligibility. 

A special neon lamp may be con­ 
nected across the input to the modula­ 
tor to keep the voice input voltage from 
exceeding a pre-determined value. The 
neon lamp normally produces negligible 
loss in the speech circuit. When the 
speech voltage exceeds the permissible 
limit, the lamp "strikes" and produces a 
shunting effect across the modulator 
input, thus preventing overloading. 

zoov~ 

I OV---=- I -C 
Fig. 1. 

7 

With the fixed bias at -lOV, the nor­ 
mal anode current is 8 mA, and the 
voltage drop across the load resistor RL 
is 80V. Point A is therefore at + 120V 
with respect to point B. 

Assuming that a sinusoidal alternat­ 
ing voltage of 5 volts is applied by the 
generator to the grid, the grid voltage 
varies between -5 and -15V, the plate 
current varies between 13mA and 3mA 
(Fig. 2), and the potential differences 
across the load resistor varies between 
130V and 30V. The potential difference 
between points A and B therefore varies 
between 70 and 170 volts. The capacitor 
C in the output circuit separates the 
A.C. component from the D.C. compon­ 
ent and an A.C. sinusoidal peak voltage 
of 50 volts appears across the output 
terminals. 
Thus the input alternating voltage of 

5 volts peak has been amplified to an 
A.C. voltage of 50 volts peak. 

22 

Q.10.-(a) Briefly explain what is 
meant by the term "modulation" as 
applied to a carrier telephone system. 

(b) What is the main reason for sup­ 
pressing the carrier frequency in a car­ 
rier telephone system modulator? 
(c) Why is it necessary to limit the sig­ 
nal level applied to a metal rectifier type 
modulator? Explain briefly one way this 
can be done. 
ANSWER: (S. GALE). 

(a) Modulation is the process where­ 
by the voice frequency input sig- 
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THIS 
COMPACT 
UNIT 

supersedes 
this repeater 
building and 
its contents 

• Fully transistorised 

• Suitable for national or international networks 

• Designed for routes of medium circuit capacity 

• Compact-Power fed-repeaters 

• Easy Maintenance 
For further details write for bulletin TEB 3202 

BRITISH AUTOMATIC TELEPHONE I ELECTRIC PTY. LTD. 
117-121 BOUVERIE STREET, CARLTON, N.3, VICTORIA 
Box 1224 K, G.P.O. MELBOURNE. TELEPHONE: FJ 9104 
ASSOCIATED WITH AUTOMATIC TELEPHONE & ELECTRIC CO. LTD., LONDON & LIVERPOOL, ENGLAND 

AT/8871 
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Behind THIS SYMBOL • • • 
LIES A WEALTH OF EXPERIENCE 
IN THE MANUFACTURE OF 
UNIFORMLY RELIABLE TRANSFORMERS & 
ALLIED TECHNICAL COMPONENTS, ETC. 

Whatever you build you need a foundation. The basic designs and necessary research 
for TRIMAX Quality Products come from our fully equipped Laboratory with its 
complete technical library. Our products include POWER TRANSFORMERS air­ 
cooled to 10 KVA., POWER and AUDIO CHOKES, AUDIO TRANSFORMERS 
of all types, CURRENT TRANSFORMERS, AUDIO AND POWER AMPLIFIERS, 
special high-quality TEST EQUIPMENT, SOLENOIDS, IGNITION TRANSFORMERS, 
IGNITION COILS, FADERS, GAIN CONTROLS, custom-built SHEET METAL and 
many other products in these and allied fields. 

OUR RANGE COVERS ALL TYPES AND ENSURES THAT THE 
RIGHT TRANSFORMER IS AVAILABLE FOR THE RIGHT JOB ! 

TRI MAX TRANSFORMERS LTD. 
FL 1203 

PTY. 
CORNER WILLIAMS ROAD & CHARLES STREET, NORTH COBURG. 

TYPE MX-14 

Interstate Agents: 

MELBOURNE: J. J. Masur & Co. Pty. Ltd. Phone MX1662 

BRISBANE: Lawrence & Hanson Elec. Co. (Q) Ltd. 2 1151 

ADELAIDE: Mining Supplies (S.A.) Ltd. LF 6011 

PERTH: C. L. Sedunary & Co. 67 3836 

RUBIN TYPE 
NON -SWITCHING UNITS 
Intercommunication Console type MX 14 as supplied 
to the Department of Civil Aviation is equipped with 
two complete auto circuits with hold facilities, eight 
general purpose circuits and provision for up to 16 
intercom. circuits. With slight modifications it may 
be equipped with a 3" speaker and/or limited num­ 
ber of special switching facilities. 
"HW" Indicating Pushbuttons are of the mechanical 
variety (push-on push-off). All components are easily 
accessible for maintenance purposes. 
Similar equipment may be provided for answering 
purposes equipped with magnetically latching and 
interlocked keys for up to 20 lines. 

Full details on request from manufacturers 

E. S. RUBIN & CO. 
PTY. LTD. 

BOX 143, P.O. CROWS NEST, N.S.W. 
'Phone 43 4141 Telegrams: ESRUB SYDNEY 
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Economy and Reliability 
combined with perfect service-increasing numbers 
of progressive telephone administrations are adopt­ 
ing the L M Ericsson Crossbar System. As well as 
improving the service offered to subscribers, L M 
Ericsson Crossbar has everywhere brought a sub­ 
stantial reduction in operating costs. 

Symbol of superior engineering 
and imposing economy in modern 
telephony 

,
011111111• 

\\\\ .,4,r.' ,,,,,, ... ,,-·= ~,,,,,,,,,,,,,,,, 
~'" #" .;A 

~ .. ·· ~' ~ 41" 
~ Ak' ~ ~ @ ~ ~ ~ ~ ~ ~ ~ ~ ======== == 
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~ 
~ ~ 
~ II 

' ~ --\"""" ~ ~,.,.,,_'"" """'"" "" 
~/////////l///////lllll/11/IIIIIIIIIIII 

Relay type RAF ... a component of 
L M Ericsson Crossbar System 

L M Ericsson manufactures high-class telephone equipment, auto­ 
matic and manual, of all kinds and all the associated material to 
provide complete telephone systems in all parts of the world. 
L M Ericsson is originator of the Ericofon. 
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... and 
smartly 
back 
again! 

Bly's new up-to-the-minute retractile cords remain neatly 
coiled beside the telephone, occupying a minimum of desk 
space, but immediately ready to extend to a comfortable 
operating length. 
Plastic or fabric covered, Bly's retractile cords are avail­ 
able through leading telecommunication equipment suppliers 
in a wide range of attractive colours and lengths to suit all 
types of intercommunication telephone and radio trans­ 
mitting and receiving instruments. 

Trade Enquiries ta BLY'S INDUSTRIES PTY. LTD. 
Harcourt Parade, Rosebery. Phone: MU 2528 • 317 Flinders Lane, Melbourne. Phone: M 8 42? I 
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Pot 
Core 
Assemblies 
offer ... 

with an accuracy of better than ± 0 · 02° / o 
Any assembly in the Mullard Vinkor range can be easily 
adjusted to an accuracy of better than ±0.02% by using 
a trimming screwdriver, whilst stability is ensured by 
the self-locking action of the adjustment core. The range of 
adjustment is approximately ± 7% about the nominal mid­ 
position of the adjuster core. Over and above these advantages, 
for each size of core there is a choice of three permeabilities 
which are controlled to close limits so that it is possible to 
calculate and wind an inductance to ±3% of the value 
required before adjustment. 
These are just some of the reasons why leading equipment 
designers acclaim Vinkor as the world's most efficient pot core. 

MULLARD-AUSTRALIA PTY. LTD., 35-43 CLARENCE ST., SYDNEY, BX2006, & 123-129 VICTORIA PDE., COLLINGWOOD, N.5, VIC., 41-6644 
ASSOCIATED WITH MULLARD LIMITED, LONDON, MULLARD EQUIPMENT LIMITED AND MULLARD OVERSEAS LIMITED 
7361 MT10> 
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P.M.G.'s Exchange A-utomation Programme 
is fundamental to E.L.S.A. 

With the advent of Extended Local Service Area Operations, the Australian Post 
Office has presented interesting statistics to the telephone subscribers of the 
Commonwealth. 

• The number of telephones in service has increased during the last ten years from 
one million to over two million. 

• It has been predicted that this number will be doubled again in the next ten years. 
• 75 % of the telephones are connected to automatic exchanges and the objective 

is for a completely automatic network throughout Australia. 

T.E.I. is proud to have designed and supplied telecommunication switching and allied equipment 
to the P.M.G. 's Department throughout the whole of the post-war period. 
T.E.I. will have a vital contribution to make in the years of intensive development which lie ahead. 

Regd. Trade Mark TELEPHONE & ELECTRICAL INDUSTRIES PTY. LTD. 
FARADAY PARK, MEADOWBANK, N.S.W. TELEPHONE-WY 0111 
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We're taking a 'down-to-earth' 

of Australia's future at 

• view 

OLYMPIC CABLES 
Olympic Cables built this modern factory on its 26-acre site 
at Tottenham, Victoria, to meet Australia's rapidly growing 
demands for wires, cables and flexibles •.• 
Here, Olympic are producing an extensive range of cables, 
meeting every imaginable need for the application of 
electric power. 
Olympic will produce the six-tube coaxial cable for the 

Melbourne-Canberra link of the national telecommunications 
network planned by the Postmaster-General's Department. 
With the opening of this factory, and its recent expansion 
in Queensland, Olympic Cables has established an industry 
which is truly a national asset, backed by all-Australian 
capital and management. 

ALL-AUSTRALIAN QUALITY PRODUCTS 

WIRES · CABLES · FLEXIBLES 
Factories at Tottenham, Victoria; Geebung, Queensland. 



PAPER INSULATED 
Local and Trunk Cables 
Multi Channel Carrier Cables 
Control and Special Cables 
Coaxial Cables 

LEAD PRODUCTS 
Resin Cored and Solir' Solder Wires 
Solder Sticks 
Lead Tube 

PLASTIC INSULATED 
Equipment Wires 
Telephone Cables 
lnterphone Cables 
High Frequency Cables 
TV Lead-In Cables 
Video Cables 
Rural Distribution Cables 
Coaxial Cables 

AUSTRAL STANDARD CABLES PTY. 
MAKERS OF AUSTRALIA'S 

WORKS AT: 

MAIDSTONE, 

VICTORIA and 

LIVERPOOL. 

N.S.W 

AS7 
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