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LONG DISTANCE PROGRAMMEI TllANSDlISSlON — PART 2

AUDIO FREQUENCY TRANSMISSION
EQUIPMENT

Programme transmission at audio frequencies
over physical circuits has formed the backbone of
the Australian programme network for many
yvears., Although programme circuits over broad
band carrier systems are now coming into promin-
ence, the physical programme circuit will still be
the major long distance programme link for many
years to come,

J. G. Bartlett

Transmission at audio frequencies has the
advantage that it is the cheapest method of pro-
viding programme channels, and, in addition, the
equipment used is of a very simple design. The
major disadvantage, which is very real as far as
music transmission is concerned, is that the high-
est frequency of transmission on open wire lines
is limited to 5.6 ke/s by the line filters used to
separate the carrier and audio frequency trans-
mission circuits.
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Fig. 24.—Intermedi

ate Station Equipment.

Note 1.—Branching amp. wired only, cquipped when wanted.

2.—For remote control of reversing, insert straps ’x' and cut straps

3.~—All jacks shown are to be mounted on ¢
4.—Either relay C or D normally operated.

13,1 1

v
entral jack field.
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Fig. 25.—Terminal Equipment.
Note 1.—When equipment is used in conjunction with automatic switching scheme insert strap “x'* and

cut strep “y*’.

2.—Monitoring facilities are similar to those shown on Fig. 24,

Standard Physical Programme Line Equipment

General: Recently a new specification was
issued to cover the Department’s requirements for
audio transmission equipment for use on physical
trunk circuits. Equipment designed in accordance
with this specification will be widely used for
many years. The main features of this equipment
are:—

(a) Separate installations have been designed for
terminal and intermediate offices.

(b) The equipment is reversible, the reversing

being controlled manually by keys at each

station, or remotely by D.C. signals sent over

a cailho.

(c) Monitoring and testing equipment is pro-
vided on each first-in rack.

(d) A flexible arrangement of branching ampli-

fiers is provided in place of the old type split-

ting amplifiers.

(e) The main items of equipment (amplifiers,
equalisers, gain controls) have unbalanced
inputs and outputs.

(f) The equipment is mounted on standard

10" 6” racks to conform to standard long line

equipment practices.

The equipment is designed for operation from

24 volt and 130 volt battery supplies.

The spacing of stations is the same as for

three channel carrier repeaters. -

Circuit Arrangement: The circuit of an inter-
mediate installation is shown in Fig. 24, and that

(g)
(h)

of a terminal installation in Fig. 25. Referring to
Fig. 24, it will be seen that each line is equipped
with one line amplifier and two equalisers and
two gain controls, in addition to the line trans-
formers and the relays controlling the reversing
of the circuit.

Considering a transmission in the A—B direc-
tion, the programme after passing through the
line transformer T1, is fed through the contacts
of relay D (normai) through the A—B equaliser
and gain control to the input of the line amplifier.
The output from the line amplifier is routed via
contacts of relay C (operated) through trans-
former T2 to line. The B—A equaliser and gain
control are switched out of the circuit by contacts
of relays C and D.

When transmitting in the B—A direction, relay
C is normal and relay D is operated, and the
appropriate equaliser and gain control is switched
into the circuit and the input and output connec-
tions to the line amplifier reversed. The terminal
station equipment is basically the same except
that no equaliser is provided in the drop circuit,
and a simpler reversing circuit is provided. This
is clear from an examination of Fig. 25.

Operation of the Reversing Circuits (26): At
terminal stations the operation of the reversing
circuit is very simple. Relay A (see Fig. 25) is
operated by earth fed over the cailho of the drop
circuit, or -from the reversing key (this will de-
pend upon whether manual or automatic revers-
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ing is being used). At a terminal station, key
reversing will always be used unless the equip-
ment is associated with an automatic programme
switching scheme. Relay A in operating reverses
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(B) LAMP PANEL
(B) FUSE PANEL
(B) [ALARM RELAY PANEL
TRANSFORMIR PANEL| (&)
() SPEAKER
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(Q) |LINE AMPLIFIER No® EQUALISER No 6] (c)
(C) |LINE AMPLIFIER No7 EQUALISER No7| (C)
(C) [LINE AMPLIFIER NoB EQUALISER NoB| (c)

FRONT REAR
Fig. 26.—Terminal Station Rack Layout.

Note.—(A), (B}, (C), (D), (E) = maximum sized panel to be used.

the connections to the line circuit, lights the
appropriate direction indicating lamp and (if
automatic reversing is used) feeds battery over
the cailho to the next station. It will be seen
that the normal condition of the circuit is for out-
going transmission.

A more complex reversing arrangement is em-
ployed at intermediate stations, this being done
so that reversing signals from either direction
may be accepted. For an A-—B transmission, relay
A is operated by battery from the cailho on the
B line, or the reversing key. Relay A prevents
relays B and D from operating and feeds battery
through the centre tap of transformer T1 to the
next station. As relays B and D are normal,
relay C will be operated, thus arranging the line
equipment in the A—B direction and lighting the
appropriate direction indicating lamp.

When transmission in the B—A direction is
required battery is removed from relay A which
releases, removes battery from the cailho on the
A line, and prepares a circuit for relay D. Relay
D cannot operate, however, until relay C releases.
Relay C is locked until relay B operates. When
battery is applied on the A line, relay B operates,
releasing relay C, operating relay D and feeding
battery to the cailho on B line. With the opera-
tion of relay D and the release of relay C, the
reversal is completed and the appropriate direc-
tion indicating lamp is lit.

It will be seen that when automatic reversing
is employed, reversal is effected only when a sig-
nal is received from the receiving terminal station
and none is received from the sending terminal
station, and that after reversal is effected the
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FRONT REAR
Fig. 27.—Intermediate Station Rack Loyout.
Note.—(A), (B), (C), (D), (E} = maximum sized panel to be used.

absence of a signal from the latter st_ation will
not cause the direction of transmission to be
altered.

Equipment Mounting: Double sided mounting
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on 10’ 6” racks is employed. The number of cir-
cuits per rack is shown in Table 1.
Typical rack layouts for terminal and inter-
mediate stations are shown in Figs. 26 and 27.
Amplifiers: The line and branching amplifiers
are identical in design and construction. The
amplifiers have a high impedance unbalanced in-

put and a 600 ohm output circuit. No gain control
is provided, the amplifiers having a fixed gain of
at least 35db and are capable of delivering a peak
power of +21 dbm.

Controls: The gain controls, which are the
only adjustable ecomponents used in the equip-
ment, are of the wire wound potentiometer type
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Fig. 28.—Line Equipment Jack and Key Layouf

Note.—(B), (C

) = Panel Sizes.
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having a resistance of 600 ohms. They are cen-
trally mounted in the positions shown in Fig. 28.
The shafts are slotted for screwdriver adjust-
ment.

Equalisers: No equalisers are supplied with the
equipment, the intention being that equalisers
will be designed and constructed to mateh the
particular lines associated with each circuit. It
has been found necessary to use a three section
equaliser to adequately compensate for line losses
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Fig. 29.—Line and Equaliser Characteristics.

and the characteristics of a typical equaliser and
line connection are shown in Fig. 29. A full de-
scription of this type of equaliser was given in
the previous issue of this journal.

TABLE I
Amplifiers
Type of Line |[Branch-| |Testing & Monitor-
Equipment cects ing | Spare | ing Equipment
Terminal | 8 | 6 | - |Provided
1st in * | ;
Terminal | 8 s 6 | 2 |Not provided
2nd in I |
Intermediate | 6 6 | - |Provided
1st in | | ] .
Intermediate | 6 6 | 2 Not provided
2nd in |

Testing and Monitoring Equipment: The test-
ing and monitoring equipment, which is fitted to
first-in racks only, comprises a monitoring ampli-
fler and loud-speaker, a v.u. meter (which is de-
scribed later), and meters for measuring plate
and filament currents, together with the asso-
ciated jacking and key circuits.

The monitoring amplifier has a high impedance
input circuit, a maximum gain of 35db, and de-
livers an output power of +36 dbm. A gain con-
trol is associated with the amplifier. Separate
keys are provided for monitoring with the loud-
speaker and the v.u. meter. The monitoring keys
are wired in a series circuit and it is possible to
monitor at the input and output of each circuit.

Jacking: All major components are jacked to
facilitate patching and testing. These jacks are
centrally mounted, as shown in Fig. 28.

Branching Arrangements: The branching
arrangements provided are particularly flexible.
This flexibility is achieved by means of a cross-

A TERMINAL B TERMINAL
STATION. NTERHEDIRTE STATION.
OFFICE.

LINE | 1 N LINE 1
LINE 2 = _ I~ LINE 2
LE T e |2

To
9 LOCAL STATION
LINE 3 A = LINE 3
< {E |
LINE 4 [ I LINE 4
1 E I —IL/
To
] IB: LOCAL STATION
B> UINE §
l/
J IB: LINE 6
£ EQUALISER .
L LINE AMP.
B BRANCHING AMP

Fig. 30.—Branching Set-up.

connection panel which provides facilities for con-
necting branching amplifiers to line circuits in
any combination, subject to the limits imposed by
the number of amplifiers provided. If need be,
all branching amplifiers can be connected to any
one line circuit. No bridging loss is introduced as
the amplifiers have high impedance inputs. A
typical connection of branching amplifiers to line
circuits is shown in Fig. 30.

Performance: The following details give an in-
dication of the performance of this type of equip-
ment. However, the overall performance of an
audio programme circuit will be inferior to that
shown because of the inherent limits imposed by
the line and because of the necessity to connect
large numbers of stations in tandem to derive the
overall link. The equipment is designed for a
transmitting level from each station of +8 v.u.
The frequency response is linear to within +0.5
db from 50 to 8000 c/s, although when used on
open wire lines an upper limit of 5.6 ke/s is im-
posed in most cases. In addition, the frequency
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response is finally dependent on the accuracy of
the equaliser design.

Noise on any circuit and crosstalk between cir-
cuits on the same rack is negligible. Again, the
line used will determine the values of noise and
crosstalk on the overall circuit. The level of
harmonic products, when a sinusoidal input of
1000 ¢/s is applied at a level which gives an out-
put of +12 dbm, is at least 50 db below that of
the fundamental frequency. This seemingly severe
- limit is necessary, as the distortion over a circuit
having many amplifiers in tandem is cumulative,
and the overall distortion figure will be much
worse than that for a single unit.

Delay distortion of this equipment when used

over open wire lines is negligible. Considering
CABLE CABLE
TERMINATION BAY ] | K LINE AMP. BAY. | | TERMINARON BAY

| | EQUAL. LINE AMP.

PAR | —% % | I ] % g"———" PAIR I
‘ EQUAL. LINE AMP.

PAIR 2 '—‘*'g g | D l g g-“— PAIR 2

i camary capacTy

tp BALANCING —_— e BALANCING

& EQUIPMENT EQUIPMENT

2

: EQuaL LINE AMP

l I PROG. BAY. l

Fig. 31.—Phantom Transmission Block Schematic-

the overall performance of audio transmission
circuits, it is impossible to achieve results which
compare favourably with circuits operated over
_ broad-band carrier systems and this will result in
the gradual displacement of major audio trans-
mission circuits, although it must be emphasised
that this displacement will not occur in the fore-
seeable future.

Audio Transmission over Cable Circuits.

In the past, audio transmission circuits have
not been operated over carrier type cables as
physical operation of these circuits would seri-
ously complicate the cable carrier equipment and
would prove economically unsound. However,
where local V.F. trunk cables have been laid with
the carrier cables, it has been possible to obtain
programme circuits by providing 10 ke/s loaded
pairs and using them in conjunction with normal
audio programme transmission equipment.

An arrangement (27) which uses the phantoms
of carrier cable for programme transmission pur-
poses has been tried in Great Britain and on the
Continent with satisfactory results, and it is
likely that this method will be used in Australia
in the future. With this arrangement frequen-
cies of up to 12 ke/s should be capable of effec-
tive transmission without being affected by cross-
talk from the K systems using the same pairs and

without crosstalking into the K systems. It is
doubtful if these programme circuits could be
used on cables carrying 17 channel systems be-
cause these carrier circuits transmit frequencies
as low as 4 ke/s and phantom to side crosstalk
would probably render the circuits unworkable.

The basic elements of the scheme are shown in
Fig. 31, and it will be seen that the circuit is
straightforward. The connections of the pro-
gramme equipment to the cable are made at the
cable termination bay. The transformers used to
derive the phantom circuit must meet two main
conditions :—

(a) They should be accurately balanced to reduce
crosstalk between the phantoms and side cir-
cuits.

The return loss at carrier frequencies be-
tween the transformers and the cable pairs
must be sufficiently high to prevent the per-
formance of the carrier system from being
degraded.

On long cables temperature changes will have
an adverse effect on the frequency response be-
cause of the large variation of the equivalent of
the cable with frequency and temperature. This
drawback may be overcome by providing equal-
isers which correct for different cable tempera-
tures and patching in the appropriate equaliser
to fully compensate for the temperature existing
at any time. As the temperature of an under-
ground cable changes very slowly, only an occa-
sional change of equalisers will be necessary.

ANCILLARY EQUIPMENT
Volume Indicators

It is necessary that some means be provided
for visually monitoring the programme level at
offices containing programmnie equipment. In the
past, many different types of meters have been
used for this purpose, and because of the differ-
ing dynamic characteristics of the various meters,
no correlation could be made between readings on
different meters. To overcome this difficulty, one
type of meter has been standardised for use with
programme equipment. The standard meter is
the volume indicator based on the volume unit
(vau.) (7, 8), and when used with programme
transmission equipment the meter is fitted with
the “A” scale (i.e., one in which the v.u. mark-
ings are prominent).

Volume Indicators with Extended Range: To in-
crease the usefulness of volume indicators, units
have been designed which can read lower volume
levels than the standard meter. This has been
done by associating the meter with a two-stage
negative feed-back amplifier. Volume levels as
low as —40 v.u. and up to -+33 v.u. can be read
with this instrument.

A schematic circuit of an extended range vol-
ume indicator is shown in Fig. 32. It will be seen
that the instrument consists of a simple two-stage
feedback amplifier with the v.u. meter in the feed-
back path, and having two variable attenuators

(b)
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Fig. 32.—Volume Indicator Schematic.

P1 and P2 in the input circuit which has a high
impedance so that bridging measurements may
be made, Attenuator P1 has three settings, with
losses of 0, +10 and +20 db respectively, while
PL2 covers a range of attenuation of 20 db in 2db
steps.

The circuit of the unit is so designed that the
feedback current is proportional to the input
volume. For accurate results it is essential that
the meter be terminated by an impedance equal
to its own input impedance, which is nominally

48

,
S 3

OUTPUT LEVEL dbm
@ :

~60 -50 -40 -30 -20 -10 0 +8

INPUT LEVEL dbm.

Fig. 33.—Compandor Characteristics.

3900 ohms, that is resistance Ra and Rb must
have a total resistance of 3900 ohms. In practice
Rb is variable to compensate for differences in
the impedance of individual meters. Volume indi-
cators of this type are fitted to all first in racks
of the physical programme line equipment de-
scribed previously.
Compandors

Compandor (28) is the name applied to a sys-
tem comprising two complementary pieces of
apparatus, the compressor and the expander. The
purpose of its use is to increase the signal to
noise ratio in the transmission medium, and thus
enable a greater volume range to be transmitted
on the programme circuit. This is achieved by
compressing the volume range to the transmit-
ting terminal and expanding it again at the re-
ceiving terminal.

The amount of compression is governed by a
compression law, which is generally of the form:

DIRECTION OF TRANSMISSION

PROGRAMME

PROCRAMME
REC. TERMINAL

SEND TERMINAL

EXPARDER

COMPRESSOR

*LNTROC RECT )
R
[ g

Fig. 34.—~Compandor Block Diagram.
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log V:/V: = k log v,/v,
where » and v are input voltages and V: and V:
corresponding output voltages. If k = 1 no com-
pression or expansion is obtained, that is, it indi-
cates a linear amplifier. When k {1 compression
is indicated while k > 1 indicates expansion. The
usual value of k for a compressor is 4, while that
for an expander, which must be complementary to
its associated compressor, is 2. This is indicated
in Fig. 383, which shows the output/input charac-

expander in the overall circuit are also shown in
Fig. 34. Compandors may be used with any type
of programme circuit, either carrier or physical.
Operation: The operation of the compressor
may be followed by referring to Fig. 85, which is
a simplified schematic of a typical compressor.
The programme material impressed upon the
compressor is fed through the variable loss net-
work and the linear amplifier to the input of the
programme circuit. A portion of the signal volt-

VARIABLE LOSS —0
NETWORK.
o "y COMPRESSOR
ouT
COMPRESSOR o
N, g 2 J )
(Th
o ~AAN AAro— LINE AMP.
3 R.
O FEEDBACK CIRCUIT,
e
(2
..._._4'-.___..“'
RECTIFIER,

CONTROL AMP.

Fig. 35.—Compressor Schematic.

teristics of a typical compandor. It will be seen
from the compressor characteristic that a volume
range of, say, 50 db is compressed to a volume
range of 25 db, while the expander characteristic
is inverse to this, an input volume range of 25 db
being expanded to 50 db at the output. Thus
when the compressor and expander are used to-
gether the output level from the expander is
equal to the input level to the compressor, which
is the desired condition for distortionless trans-
mission. As a result of the transmission of higher
levels from the compressor, an increase in signal
to noise ratio must be obtained. It should be
noted that no compression or expansion takes
place at the maximum transmitting level
(+8 dbm).

The essential elements of a compressor and an
expander are shown in Fig. 34. These are a vari-
able loss network, the loss of which is controlled
by the output level in the case of the compressor
and by the input level in the case of the expander,
a linear amplifier, and a control amplifier and
rectifier. The positions of the compressor and

age at the output of the linear amplifier is fed
through the control amplifier, rectified, and the
direct current so obtained is used to control the
loss of the variable loss network. The loss in the
variable loss network, which is a network having
varistors as the shunt arm, increases with an in-
crease in rectified current and, therefore, with an
increase in signal level. Consequently the loss in
this network will be high for high signal levels
and low for low signal levels. Low signal levels
will, therefore, be boosted much more than high
signal levels, and will be transmitted at a conse-
quent higher level.

In the expander, a simplified schematic of
which is shown in Fig. 36, the operation is much
the same. However, it will be seen that the con-
trol signal is obtained from the input of the ex-
pander, and that the varistors form the series
arms of the variable loss network. As a result the
loss of the variable loss network will be low for
high signal levels and high for low signals. The
characteristics of this variable loss network are
so chosen that the level at the output of the
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Fig. 36.—Expander Circuit.

expander will equal that at the input of the com-
pressor. In particular it should be noticed that
the loss in the expander is a maximum when no
signal is present, which means that the noise
level at the output will then be a minimum, It is
obvious that this is a desirable condition.

The various level variations which occur for
different input levels at different parts of the
system are shown in Fig. 37. The increase in
signal to noise ratio which is obtained, is clear
from this diagram. It is also obvious that no im-
provement in signal to noise ratio will be ob-
tained where the source of noise is before the
compressor, as the compressor cannot discrimi-
na’ce1 between signal and noise at comparable
levels.

Requirements and Limitations: There are sev-
eral important conditions which must be fulfilled
by various circuit elements if satisfactory opera-
tion is to be obtained, and various performance
limitations exist where these conditions cannot
be met. The requirements applying to the line
and control amplifiers are those applying to any
programme amplifier, but in particular it is
necessary that the amplifiers be linear over the
volume range which they are expected to handle.

This requirement is also applicable to the rectifier
in the control circuit.

The main requirement of the variable loss net-
works is that the varistor networks in the com-
pressor and expander have and maintain charac-
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Fig. 37.—Effect of Campandor Operation.
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Table 2.—I’robable future application of various types of programme equipment. -
Type of bearer cireuit
Class of
programme
equipment

Open-wire

Cable (carrier type) Cable (V.F. type)

This will be most generally used
type of equipment, although it
will be displaced by carrier equip-
ment on major circuits where im-
proved performance is necessary.

Audio frequency

Unlikely to be used on physical Will be uséd exten-
circuits. It will probably have sively on 10 ke/s
extensive use by transmitting loaded pairs.

over phantom cireuits. |

Will have extensive application
where performance of audio
transmission not satisfactory. It
will be used with compandors to
reduce crosstalk.

Carrier (for use
with broad-band
systems)

| Will be used extensively, !

Use of existing type of equipment
restricted to non-J routes. Gradu-
ally being replaced. Limited use
of new types of system for gpecial
applications.

Open-wire carrier

Use will be restricted to emerg-
ency circuits. Application is very
limited. ’

Split-band systems

l
|
|
l
1

t |

teristics which will ensure that the action of the
two networks is always complementary. To
achieve this in practice, the varistors are often
mounted in controlled temperature ovens to hold
the varistor characteristics constant. The vari-
stors also impose the principal limitation against
achieving the theoretical overall performance.
This is because the resistance of the varistors is
a linear function of the control voltage over only
a limited range, and, consequently, this imposes
a limit to the volume range over which compres-
sion and expansion are effective. The dotted
curve in Fig. 33 shows the variation from the
theoretical characteristic which occurs in prac-
tical compandors.

It is important that the programme line, on
which a compandor is used be equalised accu-
rately, as a 1db variation in frequency response
will appear as a 2db variation at the output of
the compandor. To allow for variations in the
compandor equipment, and to permit operation
over circuits having various input and output
level requirements, three controls, A, B and G,
in Figs. 356 and 36, are provided. These enable
the maximum transmitting level, the top of the
companding range, and the slope of the compres-
sor and expander characteristic to be fixed.

Timing Characteristics: One of the most im-
portant requirements of compandor design is the
choice of a suitable operating time. The operating

time is defined as the time taken for the loss or-

gain of the compressor or expander to reach 80%
of the final value when the input level is changed
suddenly.

The operating time of the compressor (which
should be that of the expander) may vary be-
tween two limits. The lower limit is fixed by the

period of the lowest frequency which has to be

transmitted. It is essential that the operating

time be long compared to the period of the lowest
frequency signal as otherwise the wave shape will
be altered during transmission. The ear fixes the
upper limit of the operating time.
sary to make the operating time less than about

It is neces-

70 milliseconds to prevent the ear from detecting

the changes. It is desirable that the operating

time be as short as possible to prevent transient
signals from momentarily overloading amplifiers.

The operating time of the compressor shown in

Fig. 35 is determined by resistance R and con-

denser C. Condenser C also integrates the recti-

fied signal currents, thus making the control cur-
rent proportional to the power of the programme
material.

Application: Through the use of compandors,

improvements in the signal to noise (including

crosstalk) ratio of up to 25db may be obtained.
This improvement allows compandors to be used

on programme circuits to obtain one of two re-

sults. Firstly, they may be used on circuits which
are otherwise unsatisfactory for programme
working because of high noise or crosstalk levels
existing. Secondly, they may be used on exist-
ing circuits to enable a greater volume range to

be transmitted, thus permitting the effective

transmission of higher class programme material.
It is likely that compandors will have extensive
application for both purposes in the future.

CONCLUSION

A Dbrief outline of transmission requirements
of programme circuits, and details of various
types of programme equipment, has been given.
To sum up, as far as performance of programme
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circuits is concerned, the trend is towards im-
proved performance, although there is no evi
dence of any move for near perfect transmission
the obstacles against achieving this being econo
mic rather than technical. The probable trend:
as far as equipment usage is concerned are se
out in Table 2, while, in addition, the use of com
pandors is likely to become widespread on a
classes of permanent programme channels.
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FLUORESCENT LIGHTING

Introduction

Artificial lighting is of vital importance in many
of the activities of mankind, and the correct appli-
cation of lighting has a direct influence on per-
sonal well-being.  Modern developments in the
lighting field, when properly employed, have pro-
vided the means for improving conditions in prac-
tically every branch of human endeavour. One of
the most outstanding contributions of science to
lighting has been the developmerit of the electric
lamp. The fluorescent lamp is the most modern
example of that development, and it is the pur-
pose of this article to describe briefly some of the
more interesting features associated with this
device, which has found such growing application
in lighting for communication activities as well as
in industrial and commercial lighting in this and
other countries.

General
Before considering the fluorescent lamp it is
well to introduce briefly the historical develop-
ment of light sources generally in order to appre-
ciate certain advantages which fluorescent light-
ing may have over commonly accepted standards.

Luminous Flame Sources. Since before the dawn

of recorded history man has made use of the lum--

inous flame to extend the period of his activities
beyond the hours of daylight. More than half of
the world’s inhabitants still rely on flame sources
for illumination although this method of lighting
reached its peak with the gas flame and the in-
candescent mantle, first introduced akout 1885.

Incandescent Electric Sources. The incandescent
electric lamp, comprising an evacuated or gas-
filled glass bulb enclosing a filament which is
raised to a high temperature, has had a relatively
short history, the first commercial lamp being
produced in 1881. Since that time many improve-
ments have been effected, and the gas-filled tung-

A. F. Hall

sten filament lamp in its many sizes and types is
in general use today. Limitations imposed by the
materials and principles of operation of these
lamps make it-extremely unlikely that any further
improvements of a major nature will be possible.

Luminous Discharge Sources. Illumination pro-
duced by electric discharge was first applied com-
mercially by means of carbon arcs in 1852, and,
although this system was doomed by the rise of
the incandescent light source, the application of
electric discharge followed further development
in the Cooper-Hewitt mercury vapour lamp, and
later in the modern mercury vapour and sodium
discharge lamps now applied increasingly to high-
way lighting. The neon sign lamp is also in com-
mon use, and much experimental work has been
devoted to other types of gaseous discharge
sources. The fluorescent lamp has developed
directly from the gaseous discharge lamp, but
employs the principle of luminescence to produce -
its luminous flux.

Luminescence is the term used for the pheno-
menon whereby visible radiation is generated
without the application of heat. There are several
types of luminescence. In the type known as
photo-luminescence, visible radiation is produced
by a body, not a light radiator under normal con-
ditions, when excited by certain stimulating
radiations not necessarily visible in themselves.
If the emission of light continues for some time
after the exciting agent is removed the pheno-
menon is called phosphorescence. Should the
emission of light cease immediately the stimulat-
ing radiation is withdrawn, the phenomenon 1s
termed fluorescence. It is an interesting natural
law, discovered by Sir Gabriel Stokes, and hence
known as Stokes’ Law, that the wavelengths of
the emitted fluorescent and phosphorescent radia-
tions are always greater than that of the exciting



Puage 332

THE TELECOMMUNICATION JOURNAL OF AUSTRALIA

February, 1952

radiation. The visible spectrum ranges from wave
lengths of approximately 2800 A (1) (violet) to
about 7600A (red) as indicated in Table No. 1.

Colour MO R R e
Violet .. .. .. .. . .. 3900-4300 770-700
Blue . . . ... . .| 4300-4700 700-640
Blue green .. .. .. .. 4700-5000 640-600
Green .. . 5000-5300 600-565
Yellow green .. .. .. 5300-5600 565-535
Yellow .. .. .. .. .. .. 5600-5900 535-510
Orange .. .. .. . 5900-6200 510-480
Red .. .. . .. . .. 6200-7600 480-390

Table No. 1

Infra-red radiation, therefore, cannot be usefully
employed in lighting applications as an exciting
agent for these phenomena, and hence ultra-violet,
violet, blue or green radiations are utilised.

Fluorescent Types. There are two general
classes of fluorescent lamps, termed respectively
“cold cathode” and “hot cathode.” The former
operate at high voltage, require no preheating and
therefore “strike” immediately the circuit switch
1s closed. The latter operate at mains voltage,
and hence require preheating, which may intro-
duce slight delay in “striking” after the circuit is
completed. Each type may be further subdivided
according to operating characteristics. The cold
cathode tube is employed to a very limited extent
in the Postal Department and consideration will
be restricted to the hot cathode type.

Excitation and Colours. In the modern fluores-
cent lamp, a low pressure mercury arc discharge
is used as the exciting medium. It produces a very
considerable radiation of one particular wave-

length, namely 2537 A and phosphors are selected
and blended to respond efficiently at that wave-
length. By proper selection a precise degree of
control may be exercised on the colour of the light
emitted by the fluorescent powders. This is im-
portant, because the direct production of coloured
light without the use of absorption filters gives
greater efficiency. The lamps are designated in
several ways. One method is hy specifying the
absolute temperature (in Kelvins) to which a
black body would need to be raised to produce a
similar appearance. Peach, white (8500°K), natu-
ral  (4200°K), daylight (4500°K), daylight
(6500°K), blue, green and red are readily avail-
able in this country, although several of these
may be obtained only in imported tubes. From the
foregoing it will be obvious that the fluorescent

(1)—1 Angstrom Unit (A) = 10-5 Cm.

powder behaves as a frequency changer, convert-
ing the energy of excitation from the almost in-

visible wavelength of 2537 A to the visible range

2800 A-7600 A according to the parﬁcular phos-
phors selected.

The 48 inch 40 watt tube.

The 40 watt hot cathode fluorescent lamp con-
sists of a glass tube having a 1} inch diameter,
with a nominal length of 48 inches. Into each end
of the tube is sealed a heavy filament, termed a
cathode, coated with active material of barium
and strontium oxides, the function of which is to
provide copious electrons when heated. Certain
additives, such as zirconium oxide, may be used
and these may have a pronounced effect on lamp
life by reducing end blackening and by conserv-
ing active material on the cathodes. The ends of
each filament are brought out to a pair of pins in
each cap. Sometimes antenna-like electrodes are
associated with the cathodes, their object being
to absorb part of the electron bombardment each

(LJREARN

](L STARTER
N

A.C.
Fig. 1.—Typical Single Fluorescent Lamp Circuit.

half cycle and so reduce the evaporation of active
material from the cathodes. Recent experiments
have indicated that the anodes may be omitted in
certain circumstances without affecting lamp life.
On the inner surface of the tube during manu-
facture, a thin layer of adhesive is deposited by
forcing a wet sponge through the tube under com-
pressed air. Fluorescent powder is poured in and
an evenly distributed coating of powder adheres
to the transparent adhesive. The total weight of
coating on a 40 watt tube is approximately one-
tenth of an ounce. The particle size is extremely
small (.0008 to .0002 inches in diameter). Until
recently the most commonly used powders were
zinc beryllium silicate and magnesium tungstate
in different proportions to give the types of tubes
6500°K daylight, 4500°K, 3500°K white and soft
white. The use of beryllium compounds, which are
toxic, introduced some slight hazard if the powder
should enter an open wound or be inhaled, and
special precautions are desirable in disposing of
used tubes. Latterly the use of halo-phosphors,
such as calcium halophosphate has removed this
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hazard and most tubes now available are non-
toxic. Mention should be made also of the fact
that ultra-violet radiations can produce very seri-
ous injuries to the eye, but in the case of the
fluorescent lamp these radiations are within the
glass tube. The glass acts as an effective filter of
injurious radiations so that no harm can be occa-
sioned to eyes from this cause.

The tubes must be subjected to very close con-
trol during each phase of manufacture. Within
the tube is a tiny drop of mercury and a small
amount of argon gas. Argon is used because of its
electrical conductivity at relative low voltage. A
fluorescent lamp operating normally has a mer-
cury vapour pressure of 10-° atmospheres. If the
gas pressure is slightly high the tube will be hard
to start; if too low the lamp depreciation is accel-
erated.

A typical standard circuit showing the connec-
tion of a fluorescent tube is indicated in Fig. 1,
and several items of equipment other than the
tube will be noted. A brief description of each
is given in the following.

Lamp Ballasts. In common with all gas dis-
charge lamps the fluorescent tube has a negative
resistance characteristic, that is, as the tube rises
in temperature the resistance of the discharge
path decreases. For this reason a current limiting
device must be included in the circuit. This device
is generally termed the ballast and limits the flow
of current in a 48 inch 40 watt tube to a value
between 370mA and 415mA. Occasionally a re-
sistance is employed to limit the current either as
a plain resistance or, more often, as an incandes-
cent lamp of suitable characteristics. Considerable
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Fig. 2.—Typical Vector Diagram 220/230 V. Circuit—Lagging Ballast.

additional losses are introduced when a resistance
is used and an iron-cored choke, wound with cop-
per wire, is the most common type of ballast. It
is generally referred to as a “lagging” ballast
since its introduction will reduce the power fac-
tor to approximately 0.6. When this ballast is

used a power factor correction capacitor is added

in parallel with the lamp and ballast to restore

the power factor to approximately 0.9. On a
50 ¢/s AC supply the discharge is actually extin-
guished and re-established at twice supply fre-
quency. Where two tubes are used in a fixture in
locations where the stroboscopic effect may be
undesirable, a “tulamp” ballast may be used. Such
a ballast consists of two choke sections—the nor-
mal “lagging” ballast and a second choke section
with which is associated a series capacitor to give
a leading angle to the current of the associated
tube. The respective resultant voltages are phase
displaced reducing the stroboscopic effect. The
“tulamp” ballast components are enclosed in one
can. The capacitor should be a high grade manu-
facture as a faulty capacitor may cause failure
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Fig. 3.—Typical Yector Diagram 220/230 V. Circuit—Leading Ballast.

of ballast and tubes. The consequent cost of re-
placement indicates that separate ballasts would
be a better solution, and that the use of leading
ballasts should be restricted to places where it is
essential to avoid stroboscopic effects as much as
possible. Vector diagrams are indicated diagram-
atically in Figs. 2 and 3.

The Glow Starting Switch. A starting switch is
shown in the circuit. Its function is momentarily
to close and then open the cathode circuit and
so provide suitable conditions of electron flow to
ionize the gas and “strike” the lamp. A common
type of starting switch is the two terminal glow
starter. The internal elements comprise a small
glass bulb containing neon and/or argon. En-
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closed in the bulb are a fixed contact and a U-
shaped bimetal strip with a movable contact. Ex-
ternal to the bulb is a small radio frequency sup-
pression capacitor connected across the contacts.
A variation of this starter, termed the “Watch-
dog” type, employs an additional bimetal strip
which will operate to open the circuit should ab-
normal conditions cause repeated unsuccessful
attempts by the starter to “strike” the lamp. An
external push button is provided for resetting
purposes. The sequence of events during starting
is—

1. When the control switch is operated a glow dis-
charge occurs in the starter switch bulb. Due
to the warmth generated, the contacts quickly
close and the glow discharge ceases.

2. Full starting current flows through the lamp
cathodes which are heated and emit electrons
freely.

3. A mercury discharge glow appears around each
cathode. The ultra-violet discharge from this
glow excites the fluorascent material producin
the end glow. .

4. The glow switch contacts now open owing to
the cooling of the bimetal strip. The capacitor
in the starter switch sets up oscillations which
increase the duration of the ballast choke surge
when the switch contacts open.

5. The collapse of the magnetic field in the choke
creates a voltage surge which ionizes the mer-
cury-argon gas between the electrodes within
‘the tube. The ionization initiates a glow dis-

charge principally at 2537 A, completing the
excitation of the phosphors and producing vis-
ible light. (Should the tube not ‘“strike” the

Luminous Tempera- Efficiency
Light source flux ture °C. Lumens/
(Lumens) watt
Candle .. .. . . o« . . 6-13 1450 0.1-0.2
Kerosene lamp .. .. .. 150-200 1600 0.3
Inverted gas burner
with mantle .. .. .| 200-1000 1750 1.4-1.7
Acetylene flame .. .. .. 70 2500 0.7
Carbon filament lamp 50-500 1850 2.5-3.5
Tungsten lamps 25w 255 2262 10.2 .
40w gas filled .. .. 140 2437 11.0
AR R R I
00w gas ed .. . 0 .
Carbon arc lights 3500-4000 31.5(D.C.)
(Blondels carbon)
Mercury vapour dis-
charge
250w 9000 36
100,07 ey o U 10,000 40
Sodium discharge
00wa -l = e 6100 58.1
150W o w0 oo e 600 58.2
Fluorescent
(hot cathode) i}
40w White (3500°K) 2320
Na(tbroaolo ) overall
TS S S ! 2100 42
(6500°K) .. .. .. . 1920 328.5
30w Blue .. .. .. ... 780 29.3
Green .. .. .. . .. 2250 64.4
Pinkdros T 750 21.4
CLOTGNMIEE  R 930 26.5
Red .. . . .. . . 120 3.4

Table No. 2

above sequence is repeated, giving the blinking
effect.)

6. The current rapidly reaches the final operating
value and the arc centres on the most active
spot on each electrode raising the temperature
of that spot to red heat, thus providing suffi-
cient thermionic emission for continued lamp
operation.

Owing to the voltage drop between the cath-
odes the voltage available at the glow starter
switech terminals is insufficient to produce the
glow discharge and the starter contacts remain
open while the tube is in operation.
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Fig. 4.—Relative Visibitity Curve.

Operating Features

Lamp Life. Since the cathodes are raised to a
high temperature during each attempt to start,
lamp life is, to some extent, adversely affected by
frequent starting. Some tubes appear to be
affected less in this regard than others of differ-
ent manufacture and lamp life up to 7000 hours
has been obtained on groups of lamps in local
tests with three switchings a day. Deterioration
in lumen output at the end of that period had not
exceeded 38 per cent. These tests are tests to
destruction, and it is not suggested that, in ser-
vice, a depreciation of 38 per cent. due to deter-
ioration in lamp output alone should be permitted.
Certain fluorescent lamp manufacturers give an
unconditional” guarantee of 3500 hours service,
and indications are that at least this period of
service may be satisfactorily attained. It is im-
portant to note that the crest factor of the bal-
last (the ratio of peak to R.M.S. current) has a
very considerable effect on lamp life. The crest
factor of either lagging or leading ballasts should
not exceed 1.58 if the lamp life is not to suffer.
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“Eye Response and Luminous Efficiency. The
visible portion of the frequency spectrum is tabu-
lated in Table No. 2. The human eye is not uni-
formly responsive to all colours, being less sensi-
tive to violet and red, but most sensitive in the
yellow-green band of the spectrum and to wave-

length of approximately 5560 A. The typical rela-
tive visibility curve is indicated in Fig. 4. The
visibility figures hold true for brightness usual
with artificial and daylight illumination. If all the
energy supplied to a light source could be con-

verted into light of wave length 5560 A the lumin-
ous efficiency of that imaginary light source would
be 670 lumens per watt, and this is the theoretical
maximum luminous efficiency. The maximum
attainable efficiency of any white light source with
its output distributed uniformly with respect to
wave lengths within the visible region is approxi-
mately 200 lumens per watt.

Relative Efficiency of Light Sources. In Table 2
the light output of a number of sources is listed
as well as the respective luminous efficiency. The

!
l VvV 200-215
ke 220 250

7-4 pF

A.C

N ACT.
Fig. 5.—Typical Instant-start Circuit.

40 watts of input energy supplied to a fluorescent
lamp is said to be dissipated in 24.9 watts of vis-
ible light directly from the discharge in ultra-
violet excitation, 60% of which is concentrated at

2537 A and 15.1 watts in heat. The 24.9 watts of

excitation produce from the fluorescent powders.
8.2 watts in light and 16.7 watts in additional
heat. Although the efficiency is low when com-
pared with the theoretical maximum, the lamp is
approximately four times as efficient as the in-
candescent lamp of similar wattage.

Disadvantages in Application. Notwithstanding
the advantages of the fluorescent tube in effi-
ciency, in decrease in heating effect, in lamp life
and in reduced surface brightness, some disad-
vantages also attend its application to lighting.
Colour rendition is somewhat different from that
produced by incandescent sources. This effect
applies particularly towards the red end of the
spectrum, the light output of fluorescent tubes
being somewhat deficient in red, and the effect
differs for tubes of different colour temperature
gradings. A second disadvantage is in initial cost.
The auxiliary equipment and also the physical
dimensions of the light source necessarily increase
cost of manufacture. The auxiliaries introduce
greater fault liability and the clearance of faults
requires a higher degree of skill and experience.
The delayed starting and flickering during the
starting period are also disconcerting and objec-
tionable. The ballast is designed on the assump-
tion that the increased current at starting will
flow for a short period only and if, for any reason,
the tube should fail to strike or should the starter
switeh contacts fail to open, the temperature of
the ballast may in time rise to the point of failure.
An attempt to meet these circumstances has been
made in the “watchdog” starter referred to pre-
viously, but these starters are not now available
on the Australian market. It is indeed remarkable
that the glow starter switch, so ingenious in oper-
ation yet so relatively cheap, should perform as
well as it does. It may be said, however, that most
failures of ballasts and a fair proportion of tube
failures may be traced to the defective operation
of the associated starter.

Quick Start Operation. In order to avoid the
use of the starter switch the so-called ‘“‘quick
start” or “instant start” circuit has been de-
veloped and is shown in Fig. 5. There are a num-
ber of variations of the circuit, but in general the
lamp cathodes are supplied with current from
special heater windings on a high reactance trans-
former, the -primary of which is connected in
series with the lamp control ballast. The lamp will
not strike until the cathodes reach a suitable tem-
perature, and when the strike occurs the cathode
current is reduced to about two-thirds of the pre-
heat value. This reduced current flows through
the cathodes during the entire time the lamp is In
operation, but is of sufficiently low value not to
affect the cathodes adversely. Tube life at least
equal to that when used in a stapdard circuit is
claimed. Since the tube is required to strike at
mains voltage, striking conditions are more criti-
cal and at present specially selected tubes, known
as quick-start graded tubes, are recommended for
reliable starting in these circuits. An important
point also is that an electrostatic field is necessary
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for reliable lamp operation, and this is provided
by an earthed strip from end to end of the tube
and within 4 inch of its surface. Under conditions
of extreme humidity a film of moisture may be
deposited on the surface of the tube and this may
prevent the striking of the lamp under quick-start
operation. An additional precaution may be taken
in the manufacture of the tubes to reduce this
effect by coating the surface of quick-start graded
tubes with an invisible water repellent which
causes the moisture film to form into droplets. It
is interesting to note, however, that one local
manufacturer is now producing quick start equip-
ment which gives reliable starting under adverse
conditions using standard tubes.

Conclusion

The introduction of fluorescent lighting into
this Department has brought about improved
working conditions without a correspondingly
great increase in power consumption. Although
many lighting problems, particularly in respect

of maintenance, have yet to be solved the wider
application of this method of lighting, particu-
larly where long burning hours are expected, will
be of undoubted advantage.
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MANUAL C.B. MULTIPLE EXCHANGES AND SLEEVE CONTROL
TRUNK SWITCHBOARDS. PPART 3: TRUNK LINE CIRCUITS

General

In the two articles which formed parts 1 and
2 of this series (see Vol. 8, Nos. 1 and 3) the
physical design, construction, certain operating
procedures and the circuit description were de-
tailed. This article describes the circuit opera-
tion of the trunk line circuits. Reference should
be made to the table of circuits and operating se-
quences involving the various classes of trunk
circuits, Fig. 8, on page 148 of Vol. 8, No. 3, when
reading the circuit functions described in the fol-
lowing.

Generator Signalling Trunk Line Circuit—2 wire.

Fig. 20 (C.E. 871, Sheet 1).

Incoming calls from these lines are answered
on the terminating positions. Calls for subscribers
within the unit fee area are completed on these
positions, but calls for other trunk lines are com-
pleted via the through trunk positions. Bothway
jacks with guard lamps are provided with mul-
tiple appearances on both terminating and
through positions. The call lamps appear on the
terminating positions while the transfer lamps
(call for through connection) appear on the
through positions.

Incoming Call. Relay L operates on the incom-
ing ringing current and operates relay LL. LL
locks under the control of CB or DR. LL also
connects the engaged test battery to the sleeves

J. S. Silvester, AM.LE. (Aust ), M.I.R.E. (Aust.)
and J. L. Harwood, M.LR.E. (Aust.)

of the through position jacks, lights the guard
lamps on all positions, the call lamps on the ter-
minating positions, closes the N.A. circuit, pre-
pares the flicker earth circuit and connects earth
to the P wire from the trunk selector multiple.

The telephonist on a terminating trunk position
answers by inserting the “trunk” plug in the B/W
line jack. Relay S operates, followed by SS. Re-
lay CB operates and takes over the busying func-
tions of the LL contacts. The calling lamps are
extinguished. Relay CB also disconnects the line
terrriination as a cord circuit is now connected to
the line.

The operation of relay SS connects DR to the
sleeve of the line jack. The windings of DR are
connected in opposition and, due to the telephon-
ist being connected to the line, the current in the
windings is unbalanced and DR operates. The
contacts of relay DR short circuit relay LL which
releases.

If a re-ring signal is received relays L and LL
re-operate. Relay LF is connected to flicker earth
and LF intermittently earths both sides of relay
DR. As a result the cord circuit supervisory
lamp flickers as an indication that the circuit re-
quires attention. When the telephonist answers
the windings of relay DR again become unbal-.
anced, and while LF is released, DR operates and
releases LL.
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To ring in the reverse direction (to recall the
distant operator) relay RR operates from posi-
tive battery connected from the telephonist’s posi-
tion circuit, and connects continuous ringing to
the trunk negative and positive lines. When the
position ring key is released relay RR is de-ener-
gised and the ringing current is disconnected.

If the call is for another trunk line, R.A.X., or
automatic exchange outside the unit fee area, the
call after being answered by the telephonist on a
terminating trunk position, is transferred to the
through trunk positions for further action. With
the speak key operated the transfer key is thrown
to connect positive battery to the ring side of
the trunk. Relay TR operates and provides an
alternative holding earth for CB, reconnects the
600 ohm termination, and provides an operating
circuit for relay M. The telephonist on the termi-
nating trunk position then removes the plug. Re-
lay S releases, followed by SS, and the transfer
lamps light on the through positions. Relay S
now reconnects the engaged test potential to the
sleeves of the terminating position jacks.

When the telephonist on a through position
answers, relay M operates and operates SS and
opens the circuit of relay TR. TR releases and ex-
tinguishes the calling lamps. The operation is
then as described previously for calls answered by
a telephonist on a terminating position.

Outgoing Call. The insertion of the calling plug
into the line jack operates relay M or S, accord-
ing to the type of position from which the call is
made. SS operates, followed by CB, which marks
the circuit busy. RR operates when the operator
rings and operates TS, if not already operated by
SS. TS locks and connects battery to the R con-
ductor of the cord as an answer supervisory sig-
nal to an incoming circuit on the other side of the
cord circuit. The cord circuit is divided at this
stage and the answer supervisory is therefore in-
operative until the cord circuit is coupled.

When L and LL operate on the ring off signal
from the distant end the answer supervisory bat-
tery is removed from the R side of the line and
the flicker earth is connected to LF. The cord cir-
cuit supervisory lamp now flashes. When the call-
ing plug is withdrawn relay M (or S) releases,
followed by SS. After a short lag CB releases and
the circuit is free. Should LL be operated when
the plug is withdrawn it will release when SS re-
leases (in the releasing time of relay CB).

Outgoing Call from Trunk Selector (when in-
stalled). The trunk selector tests in on the P wire
and operates relay GS, which operates relay CB
to mark the circuit busy to the manual board. FW
operates and extends the network pair to the
trunk selector in the case of a 4-wire trunk line
circuit.

The distant telephonist now rings and RR
operates on positive battery connected to the tip
side of the line. Ringing current is connected to
the trunk. TS operates and connects the answer-

ing supervisory battery to the ring side of the
line and RR releases when the calling telephonist
ceases ringing.

A ring back from the called end operates relay
L, followed by LL. LL signals to the distant call-
ing telephonist by disconnecting the answering
battery from the R side of the line. The calling
telephonist may either disconnect, terminate the
connection (if the ring was a “ring off” signal)
or re-ring. The operation of RR in the latter case
releases LL and restores the answering supervis-
ory battery to the R side of the line.

When releasing, the trunk selector removes
earth from the P wire and GS releases, followed
by LL (if operated) and TS. CB then releases
slowly and the circuit is free.

Generator Signalling Trunk Line Circuit—4 Wire.
Fig. 21. (CS.371, Sheet 2.).

These circuits are for use with amplified lines
or carrier channels on which generator signalling
to and from the switchboard is employed. These
lines may be switched on a 4-wire basis with aux-
iliary cord circuits on the through positions (net
cords). The method of operation 1s similar to that
described above for 2-wire generator signalling
trunk lines, except that for through calls to other
4-wire trunk lines, net cords must be used to re-
duce the overall transmission loss.

Circuit Operation. The circuit operation is simi-
lar to that described in the foregoing for 2-wire
generator signalling trunk line circuits, but with
the addition of the 4-wire switching and pad con-
trol circuit elements. Relay FW will operate in
both circuits when the net plugs are inserted.
Relay FW will release if the telephonist enters the
connection due to relay DR operating and the
connection then reverts to two-wire working.
When the telephonist leaves the connection DR
releases and 4-wire switching is restored by the
re-operation of FW.

If the line cord is taken down before the net
cord the release of relay SS will connect the low
resistance winding of relay FW to the sleeve of
the net jacks. The net cord pilot lamp will light
as an indication to the telephonist that the net
cord should be taken down. Relay CB holds under
this condition.

If the trunk is of low loss the PC relay will be
connected, with FW normal, to the negative line
only. PC will only operate if the trunk becomes
connected to a 2-wire high loss circuit (that is, in
excess of 3 db from switchboard to switchboard),
and will remove the 3 db pads but leave the 4-
wire circuit connected on a 2-wire basis, PC ope-
rates from negative battery supplied over the tip
side of the net cord (200 + 200 ohm feed coil).
PC releases whenever the telephonist enters the
connection, due to the operation of relay DR.

When in the idle condition both line and net
pairs are terminated in 600 ohms. The line ter-
mination is removed whenever the circuit is in
use and the net termination when relay FW is
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operated. In the case of connection between two
4-wire trunks either or both pad control relays
may be operated to effect an improvement in
transmission. This is determined by appropriate
shelf jack strappings.

Trunk Line Circuit to Automatic Exchange or
R.AX.—Fig. 22, (CE.371, Sheet 3.)

This circuit is for use for bothway working be-
tween the trunk switchboard and an automatic
exchange or R.A.X., outside the unit fee area. The
circuit can ke adapted for unidirectional working
if required. Incoming calls are handled by the ter-
minating trunk positions for connection to local
C.B. subscribers or other exchanges in the unit
fee area. Incoming calls for other trunk lines are
transferred to the through positions by the opera-
tion of the transfer key in the terminating trunk
telephonist’s position circuit.

Circuit Operation—Incoming Call. The incom-
ing ring operates relays L. and LA which lock via
contacts SR. LA operates relay SA, connects
3,000 ohm resistance (YE) to the jack sleeves of
the trunk line multiple appearances on the
through positions for the engaged test, lights the
busy lamps in multiple on all positions, lights the
call lamps on the terminating trunk positions, and
closes the N.A. circuit (if switched on). Relay
SA prepares the holding bridge circuit.

When the telephonist answers, negative battery
on the sleeve of the cord operates relay S. S1
closes relay SR and S2 switches relay S direct to
the sleeve circuit. Relay SR operates and provides
an alternate earth to light the busy lamps, con-
nects 3,000 ohm battery (YE) to the multiple
sleeves for the engaged test on the through posi-
tions (in lieu of LA contacts), breaks the circuit
of relay LA which releases, holds SA via its con-
tacts, connects the bridge loop, including relay D,
across incoming line, removes 600 ohm termina-
tion and disconnects relay L.

The incoming ring is tripped by the loop. Relay
LA releases and opens the circuits of the calling
lamps and the night alarm. Relay D operates and
connects the 2,000 ohm resistance (YC) and
negative battery to the ring side of the connection
for the supervisory signal circuit and operates
relay Z. Relay Z will remove the earth shunting
the 5,000 ohm resistance (YF) in the sleeve cir-
cuit to increase the sleeve resistance and dim the
supervisory lamp in the cord circuit. Z will also
lock itself and prepare an operating circuit for
relay LF.

If the call is to be connected to a local sub-
seriber or exchange in the unit fee area the tele-
phonist on the terminating trunk position
completes the call with the subscriber’s cord. If
the call is for another exchange outside the unit
fee area, the telephonist transfers the call to the
through positions by operating the transfer key
in her position circuit. This applies positive bat-
tery to the ring side of the cord and trunk line
circuits, operating relay TR which locks via TR1

to earth at M1. TR prepares a circuit for lighting
the call lamps on the through positions after the
plug is removed by the telephonist on the termin-
ating trunk position and removes the battery en-
gaged test from the sleeves of the through posi-
tion jacks. TR also reconnects the 600 ohm
terminatien across the line, holds relay SR when
the plug is removed, and short circuits 5,000 ohm
resistance (YF) increasing the current in the
sleeve circuit to light the supervisory lamp in the
cord circuit. The telephonist now removes the
plug and releases relay S, which lights the call
lamps on the through trunk positions and con-
nects the engaged test battery YE to the sleeves
of the terminating trunk position jacks.

When the telephonist on the through position
answers, relay M is operated to earth at TR6. M
opens the holding circuit of TR and provides a
holding circuit for relay SR.

If the call is released at the automatic exchange
battery is reversed in the line and relay D re-
leases. D will remove 2,000 ohm (YC) battery
from R side of other trunk circuit, connect relay
LF to the flicker earth and will close the flicker
start circuit. Relay LF impulses and intermit-
tently shunts the 5,000 ohm resistance YF in
the sleeve circuit, causing the supervisory lamp in
the cord circuit to flash until the telephonist takes
down the cords.

Circuit Operation—Outward Call to Automatic.
Calls can be made from the through or terminat-
ing trunk positions, the trunk cord (rear) being
used to make the call from the terminating posi-
tions. Either cord may be used on the through
positions. The telephonist plugs in, operating re--
lay M or S, according to the position from which
the call is being made. Relay SR operates and con-
nects the engaged test battery via YE to the other
position sleeve circuit. YE is disconnected from
the sleeve circuit of the corresponding positions.
SR also disconnects relay L from the line and con-
nects the line through, prepares the flicker start
circuit, prepares operating and locking circuit for
relay Z, lights the busy lamps, and removes the
600 ohm termination. The supervisory lamp on
the cord circuit glows via earth at Z2.

The telephonist now operates the dial key with
the speak key open and positive battery is fed
over the tip side of cord to operate relay DC.
Relay DC locks via DC3 to earth at SR5. DC also
connects the line through clear of the transformer
TRL, opens the locking circuit of TR to prevent
TR locking up if flicked up before DC2 opens, dis-
connects earth from the sleeve at Z2 and connects
the sleeve circuit through relay SA to earth at
SR5. The increased resistance (3,000 ohms) in the
sleeve of the position circuit whilst the dial key
is operated prevents relay SA from operating.

Dialling is thus carried out over a clear loop,
and when the dialling key is restored battery is
increased on the sleeve circuit and relay SA ope-
rates and locks with both windings in series via
SA4 to earth at SR5. SA also opens relay DC
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* which releases and reconnects the line to the
transformer TRL. SA contacts re-connect the
line side to the transformer. The 400 ohm resis-
tors YA and YB prevent the dial short circuiting
relay D, whilst DB and DK are releasing in the
position circuit.

The selector at the automatic exchange is held
by the rectifiers across relay D until the called
subscriber answers. Relay D then operates to re-
verse battery and operates relay Z. Z locks to
earth at SR5 and Z2 removes the shunt from the
5,000 ohm resistance YF in the sleeve circuit.
The supervisory lamp in the cord circuit is dim-
med, and Z1 prepares the circuit for the LF re-
lay to flicker earth.

When the called party clears, battery is reversed
again on the line causing the release of relay D.
D removes battery via YC (2,000 ohms) from the
R side of the line, closes the circuit of relay LF
to the flicker earth and closes the flicker start cir-
cuit. Relay LF pulses from the flicker earth and
intermittently earths the sleeve circuit causing
the supervisory lamp in the cord circuit to flash.
All relays release when the cords are taken down.

2 VF Trunk Line Circuit—Fig. 23 (CE.371, sheet
4.)

General. This circuit may be used for through
connections (routed automatically via selectors or
manually) as well as for terminating traffic. Both-
way working is catered for and this may be auto-
matic and/or-manual in either direction, but the
circuit may be used for unidirectional working if
required.

Manual working conforms to the standard
sleeve control trunk exchange procedure as pre-
viously described. Incoming calls are at present
routed to the local manual board but may be
routed, when the necessary equipment is provided,
as follows:— :

(a) To the local automatic area.

(b) To branch 2VF signalling trunks via trunk
selectors and without passing via the manual
board.

(¢) To branch generator signalling trunks via
trunk selectors without passing via the
manual board.

(d) To branch DC signalling trunks or junctions
via trunk selectors without passing via the
manual board (for example, R.A.X. junctions).

(e) Al of the foregoing also via the local manual
switchboard.

Outgoing calls are derived from:—

(a) The local manual board.

(b) 2VF signalling trunks via the trunk selectors
without passing through the manual board
(when the necessary equipment is provided).

When two 2VF signalling circuits are switched
together via the trunk selectors the tandem
switching circuits involved (one in the incoming
and one in the outgoing condition) are switched
into a condition whereby all VF signals pass right

through the switching centre without causing
any action other than, of course, the signal which
releases the connection. When such circuits are
connected via the manual board VF signals do
not pass right through but are relayed through
the cord circuit on a DC basis at the same time
giving the manual operator supervisory indication
of the condition of the call.

Four Wire Switching and Pad Control. If the
exchange has branch trunks capable of four-wire
switching, the circuit will cater for such condi-
tions. Network jacks will be required at the same
rate of provision as the line jacks on the
“through” positions. The circuit will be switched
to a four-wire condition when the network cord
has been put up between the two trunk circuits
concerned or when a similar connection has been
established via the trunk selectors. Reversion to
two-wire working occurs if the operator throws
the speak key associated with the line cord. Con-
nection must, of course, be established via the line
cord before putting up the net cord.

3 db pads are equipped on circuits of all types
and are switched as follows:—

Type of Circuit Switched to Trunk Pads
4-wire high loss 4-wire high loss Out
4-wire high loss 4-wire low loss Out
4-wire low loss 4-wire high loss In
4-wire low loss 4-wire low loss In
4-wire high loss 2-wire high loss .Out
4-wire high loss 2-wire low loss In
4-wire low loss 2-wire high loss Out
4-wire low loss 2-wire low loss In
2-wire high or low

loss Any class of circuit Out

V.F. Signalling. Each 2VF trunk line circuit has
associated with it a 2VF receiver. This receiver
incorporates two relays termed X and Y. The X
relay operates when 750 ¢/s tone is received (X
tone) and Y when 600 c/s tone is received (Y
tone). Oscillators provide 600 ¢/s and 750 ¢/s cur-
rent for signalling purposes. When these tones are
being sent the 2VF receiver associated with the
sending cireuit is disconnected as it is not re-
quired to function on any but received signals.
Certain signals sent by the circuit are repeated.
A relay interrupter provides the control for these
repeated pulses and also pulses for stepping a
signal sending uniselector.

V.F. Signalling Code. The following is a list of
the VF signals used, together with their function.
The order of their occurrence during calls is
described later under headings for particular
types of call.

1. Pick up Call: 750 ¢/s: 50 ms minimum, 100 ms
maximum, single pulse. Establishes a calling
condition on incoming calls by preparing the
circuit for impulsing. Prepares the distant end
for impulsing on outgoing calls.

2. Impulsing: 750 ¢/s: 67% of impulse length
(nominal). On incoming calls is used to position
local selectors. On outgoing calls selects the
wanted party at the distant end.
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3. Answer: 600 ¢/s: 350-400 ms on 350-400 ms off.
Repeated until acknowledged. Sent on incom-
ing calls when called subscriber answers or
when circuit without supervision is engaged.
Received -on outgoing calls when distant sub-

scriber answers. Extinguishes supervisory
lamp.
4. Answer acknowledge: 600 c¢/s: 250-350 ms

single pulse. Received on incoming calls when
answer signal has registered at the distant end
and causes the repetition of the answer signal
to cease. Sent on outgoing calls when answer
signal pulse has been received and caused repe-
tition of answer signal from distant end to
cease.

5. Clear back: 600 ¢/s: 350-400 ms on 350-400 ms
off repeated. Sent on incoming calls when sub-
scriber hangs up, rings off or operator with-
draws answer plug. Ceases if subscriber re-
moves receiver. On out-going calls is received
when called subscriber hangs up. Lights super-
visory lamp steadily for duration of signal re-
ception.

6. Ring forward: 750 c¢/s: length dependent on
operation of ring key. On incoming calls the
signal flashes the supervisory lamp on calls via
the manual board. On calls via the trunk selec-
tors the signal passes right through on VF-VF
connections but causes a generator ring to be
sent out on VF-magneto trunk connections. The
signal causes the circuits to revert to the pre-
answered state. On outgoing calls it is sent
when the attention of the distant operator is
required.

7. Clear forward: 600 c¢/s: 1400-2500 ms on 450-
550 ms off 6000-7000 ms on second pulse sent
only when release signal is not received during
pause. ; .

On incoming calls to manual board it lights
supervisory lamp indicating that call has fin-
ished. It initiates circuit release. On calls via
trunk selectors it prepares for release of con-
nection on its cessation. On outgoing calls the
signal is sent when the call is terminated.

8. Release: 600 ¢/s: 450 ms minimum single pulse:
Is an acknowledgment of the clear forward sig-
nal. On incoming calls is sent until the circuit
is completely released. On outgoing calls is re-
ceived until the distant end is normal.

9. Re-route: 750 ¢/s. 100-300 ms single pulse:
Is sent on an incoming call on main trunks used
as alternative routes when the selected branch
2VF signalling route is congested. It causes the
release of the connection to be initiated from
the distant end as alternative routing cannot be
effected.

Distant busy: 600 c¢/s: For period of condition.
A signal applied only to a free trunk for engag-
ing the distant end without calling. Used mainly
for maintenance work or routine testing.

Splitting. Received signals cause a line splitting
action to occur after the signal has been received

for between 160 and 210 ms. (Except on tandem
switched 2VFE  calls. where signals go vright
through without splitting.) This action prevents
more than the foregoing amount of tone from es-
caping past the 2VF circuit. In certain cases, as
when a signal is received as an acknowledgment
of one transmitted, the lines will be already split
by the prior action of transmitting.

Guard Pause. When a signal has to be sent its
transmission is prevented for a period between
100 and 150 ms after the cessation of any received
signal. This prevents the application of two sig-
nals to the line at a time from its two ends.

Incoming Call to Local Auto. The call signal
prepares the circuit and associated trunk selector
for impulsing. The engaged lamps on the manual
switchboard light to mark the circuit busy. The
first train of impulses steps the trunk selector
which then searches in the level for a free junc-
tion in the local area. Subsequent trains of im-
pulses select the required local subscriber.

When the called subsecriber answers a pulse of
Y tone is sent (the answer signal). If this is
accepted at the far end an answer acknowledg-
ment pulse of Y tone is received and stops fur-
ther transmission of answer signal pulses. If the
first answer signal pulse is not accepted, further
pulses are sent until an acknowledgment is forth-
coming. During the transmission of these pulses
the called subscriber is disconnected from the
trunk. When the acknowledgment pulse ceases the
called subscriber is re-connected to the trunk and
conversation can commence.

If the called subscriber replaces the receiver
the clear back signal is sent for as long as the
subscriber is off the line or until the call is broken
down. If the called subscriber comes on the line
again the clear back pulsing ceases and conversa-
tion conditions are re-established. When the
originating end breaks down the connection the
clear forward signal is received. This commences
the release of the local auto connection. When the
signal ceases the circuit transmits the release
signal, after the guard pause, until complete re-
lease of the circuit has occurred, which period is
made sufficiently long by means of slow releasing
relays to adequately guard the release of local
switches.

Incoming Call to Branch Magneto Trunk via
Selectors. The branch trunk is selected in the
same manner as a junction to the local area. IFol-
lowing selection of a trunk the back bridge condi-
tions of the 2VF circuit are changed from a loop
“auto” condition to one suitable for leg signalling.
No further impulsing will follow. To attract the
attention of the called exchange the originating
telephonist must ring. On receipt of the ring for-
ward signal the 2VF circuit converts this to a
positive battery leg signal and passes it forward
to the magneto trunk line circuit, where it is con-
verted into 17 ¢/s ringing. The ring continues for
as long as the calling telephonist sends the ring
forward signal. When the ring ceases the magneto
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trunk line circuit returns an answered condition
to the 2VF circuit. The answer signal sequence
follows as previously described.

If the called exchange (or magneto subscriber)
rings back, either to attract attention or as a
clear, the magneto trunk line circuit will remove
the answered condition and the 2VF circuit sends
out the clear back signal to light the originating
telephonist’s supervisory lamp. The calling tele-
phonist must ring forward if she wishes to speak
again to the called party. The ring forward signal
restores the entire connection to the pre-answered
condition. When the ring forward signal ceases
the answer signal sequence occurs again, follow-
ing which speech conditions are re-established.
When the originating telephonist breaks down the
connection the clear forward signal is received.
This starts to release the connection, and when
the signal ceases the circuit transmits the release
signal until complete release of the circuit has
taken place. : i

Tandem 2VF Connection via Trunk Selectors.
If the selected branch trunk is equipped with 2VF
signalling the following occurs: When the two
trunks have been joined together the two trunk
line circuits switch themselves into a condition in
which all signals are allowed to pass right through
the switching point without causing any action,
except the clear forward signal, which, by virtue
of its being longer than any other Y tone signal,
brings about the release of the connection.

The clear forward signal registers at the in-
coming 2VF circuit, but is allowed to pass right
through the tandem switching point. When the
signal ceases the connection to the outgoing 2VFE
circuit is dropped immediately. Following the
guard pause the incoming circuit sends the release
signal until released. The outgoing circuit when
dropped by the incoming circuit should receive a
release signal from the distant end and will re-
lease if this is received. If the release signal does
not arrive within about 50 ms a 6 second clear

forward pulse is sent, after which the circuit will

release whether or not a release signal has been
received.

Congestion on Trunk Selector. If the selected
route is congested the trunk selector will drive to
last contact and busy tone will be connected to the
line. The originating telephonist will break down
the connection in the usual way. In those cases
where the route is an alternative route, automati-
cally selected, congestion causes the trunk line
circuit to send the re-route signal. This signal
informs the pulse sending circuit at the originat-
ing exchange that connection cannot be made via
the alternative route due to congestion at the
switching point. The result is that the connection
is released in the usual way and the call re-routed.

Incoming Call to Manual Switchboard. When
the digit for selecting the manual board is re-
ceived the trunk selector is released and the call-
ing lamps light on the terminating trunk position
switchboard. The back bridge is changed from the

usual loop condition to one suitable for standard
sleeve control conditions. When the telephonist
inserts the answer plug the calling lamps are ex-
tinguished and the call is then extended as re-
quired. If the call is for another trunk line, the
call is transferred to the through position.

The called subscriber answering (or equivalent)
results in a battery being received via the cord
circuit and the answer signal sequence is started.
If the called subscriber hangs up the battery via
the cord circuit is removed and the clear back sig-
nal is sent out, but ceases if the telephonist comes
on the line. A ring forward signal changes the
circuit condition back to the pre-answered state
but may also occur before any answer signal has
been received. The signal is relayed through the
cord circuit as a positive battery pulse to call in
any other telephonists party to the call. The an-
swering supervisory lamp is flickered until ex-
tinguished by the telephonist entering the con-
nection by throwing the speak key. If the called
subsecriber is still on the line the answer signal
sequence will occur again when the ring forward
signal ceases. If the clear back signal was being
transmitted the ring forward signal causes this
to cease so that conversation between the tele-
phonists can follow.

When the connection is broken down the receipt
of the clear forward signal lights the answer
supervisory lamp, indicating to the telephonist
that the call has finished. The release signal is
sent when the clear forward signal finishes ana
continues for a minimum period if the answer
plug has been removed or else until it is removed.-

Incoming Call to Manual Board Only. If selec-
tors are not fitted all calls will terminate on the
manual board and the calling lamp will light with-
out impulsing being necessary. Strapping arrange-
ments on the relay set cover the provision of this
facility.

Outgoing Call via Trunk Selectors. When the
trunk selector tests in the circuit is marked busy
to the manual switchboard and the call signal-is
sent out. The circuit is then switched to the tan-
dem VF condition and functions as previously
deseribed in the appropriate section in the fore-
going. : '

Outgoing Call from Manual Board. The call sig-
nal is sent when the telephonist plugs in to the
outgoing jack. The signal engages the distant end
and prepares it for impulsing. The call supervi-
sory lamp in the cord circuit flickers, indicating to
the telephonist that the trunk is a dialling circuit.
When the dial call key is thrown the flicker ceases
and the circuit is prepared for translating loop
impulses from the position circuit to X tone im-
pulses on the trunk. The telephonist restores the
dial key when impulsing ceases and this changes
the circuit back from the impulsing to the usual
condition,

The answer signal is received when the called
subscriber answers and after the guard pause the
answer acknowledgment signal is sent. The call
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supervisory lamp in the cord circuit is extinguish-
ed and a battery answer signal is applied to the
line to signal back through the cord to a circuit
connected to the other side of the cord circuit. The
clear back signal will be received when the called
subscriber hangs up. This signal lights the cord
circuit call supervisory lamp and disconnects the
answer battery passed back through the cord cir-
cuit. The telephonist can attract the attention of
a distant telephonist (when the call has not been
dialled direct to the subscriber) by operation of
the ring key before or after the called subscriber
has answered. If the answer signal has been re-
ceived the action of sending the ring forward sig-
nal restores the circuits at both ends to the pre-
answered condition. If the clear back signal is be-
ing received this will, of course, cease.

The clear forward signal is sent when the tele-
phonist withdraws the call plug. The first (and
shorter) pulse of this signal will be effective in
most cases and the release signal will be received
during the pause. The second pulse will not be
sent and when the release signal ceases the cir-
cuit will be free. Should the first clear forward
signal pulse fail to register at the distant end, as
might occur if the call has been routed to N.U.
tone, the release signal will not appear during the
pause and the second and long pulse will be trans-
mitted. The release signal should be received fol-
lowing the long pulse, but if not forthcoming the
circuit will release itself after a short pause.

Distant Exchange Manual Only. In this case
impulsing will not be required and strapping ar-
rangements are provided so that the circuit can
be made to assume the condition usually obtained
after dialling, immediately the call plug is in-
serted.

Four-Wire Switching. If the trunk connected to
the circuit is capable of being switched 4-wire
such switching will take place when the circuit is
connected to another trunk also capable of 4-wire

switching. The switching of the net pair is auto-
matic on calls established via the trunk selectors.
On calls via the manual board the net pairs are
joined through when the telephonist puts up the
net cord. The circuit is held engaged until both
line and net cords are taken down. If the net cord
is left up alone a pilot lamp in the cord circuit
lights as an indication to the operator to with-
draw the plug.

Distant Busy. This signal (continuous Y tone)
is received when the circuit is idle and makes it
busy to outgoing calls. The signal may be sent by
inserting a U link in the test jack. The distant
end of the trunk will ke marked busy.

Unidirectional Working. Temporary unidirec-
tional working can be obtained by inserting a U
link in the test jack. The circuit is marked busy
to outgoing calls.

Test Jacks. Test jack points are provided at
various parts in the circuit for maintenance pur-
poses.

Measurement of Pulse Lengths. Measurement
of transmitted pulse length and response to pulses
of minimum and maximum length can usually be
made over the trunk line from the regional centre
trunk exchange which is equipped with a special
tester for this purpose.

Conclusion

The expense and complexity of the equipment
involved in providing comprehensive operating
aids are more than offset by the improvement in
the grade of local and trunk line service achieved.
The larger keyshelves provide greater space for
docket handling, ete., and the installation of cord
circuit call timing, key sending and efficient super-
vising facilities enable telephonists to assume
greater control of traffic than hitherto possible
under magneto working conditions. This results
in a much greater occupancy of expensive trunk
circuits and raises the effective load per operator.

: ERRATUM
Vol. 8, No. 5, Page 297. The last-line in column

line.

1 is misplaced, and should be read as the third last
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SOME TRANSMISSION

Introduction: This paper will deal with two
types of carrier telephone systems which have
been in use overseas for some years, and are now
to be introduced into this country, namely the
Two-Band and the Active-Inert single channel
systems. These systems have been designed
primarily to provide improved transmission on
certain classes of trunk cirecuit. _

In order to appreciate the application of these
systems to the Australian trunk network, it is
first necessary to consider the general transmis-
sion plan which has been designed to allow any
two subscribers in this country to converse satis-
factorily with one another.

Transmission Performance Standards: A mini-
mum standard grade of transmission performance
has been defined both for transmission between
the subscriber and the local exchange, and also
for the overall transmission between any two sub-
scribers. The overall transmission standard re-
quires that any exchange can be connected to any
other exchange with a maximum loss of 15 db.
Trunk exchanges have been divided into the fol-
lowing classifications:—

(a) Main Trunk Centre: In general corresponds
to the capital city of each State.

(b) Primary Trunk Centre: A centre of major
trunk switching importance within a large dis-
trict (e.g., Toowoomba, Rockhampton).

(c) Secondary Trunk Centre: Switches for ter-

minal exchanges and minor trunk centres (e.g.,-

Dalby, Kingaroy).
(d) Minor Trunk Centre: Switches only for ter-
minal exchanges (e.g., Nanango, Yarraman).

(¢) Terminal Exchange: Performs no
“through” switching (South Nanango, Black-
butt).

To achieve the 15 db limit between any two
trunk exchanges:—
(i) Trunks between Main Trunk Centres must
have zero loss.
(ii) The total loss between any trunk exchange
and its Main Trunk Centre shall not exceed
7.5 db (includes 1.5 db for switching losses).
The total line loss is therefore limited to 6 db.
The connection of any trunk exchange to its
Main Trunk Centre frequently consists of three
links (Terminal Exchange to Minor Trunk Centre,
Minor Trunk Centre to Secondary Trunk Centre,
Secondary Trunk Centre to Main Trunk Centre)
and sometimes four links (where Secondary
Trunk Centre switches via a Primary Trunk
Centre). In practice this necessitates zero loss
links :—
(1) Main Trunk Centre to Primary Trunk
Centre.

*Paper delivered on 27/8/51 to The Telecommunication

Society of Queensland,

*

DEVELOPMENTS =QUEENSLAND

P. M Hosken, B.Sc., AMILE. (Aust.)

(2) Main Trunk Centre to Secondary Trunk
Centre.

(3) Primary Trunk Centre to Secondary Trunk
Centre.

A typical arrangement is shown in Fig. 1. In
general, the 6 db loss will all be absorbed in the
final link to the Terminal Exchange but, where
possible, the 6 db applies from the Terminal Ex-
change through the Minor Trunk Centre to the
next Trunk Centre of higher switching order. It

TO O0THER

@) MINOR TRUNK CENTRE

@ MAIN TRUNK CENTRE

@ PRIMARY TRUNK CENTRE (T) TERMINAL EXCHANGE

@ SECONDARY TRUNK CENTRE

Fig. 1.—Basic Element and Trunk Network showing Switching Centres
and allocation of Transmission Loss.

will be seen that in many cases, in addition to the
zero loss links previously mentioned, a zero loss
link will be required from a Minor Trunk Centre
to its next higher switching centre.

Manner of Provision of Links: Standard trunk
lines consist of 100 and 200 1b. per mile copper
conductors having a 1000 ¢/s wet weather atten-
uation of 0.118 and 0.069 db/mile respectively. In
general, all trunk lines are equipped with a trans-
former at each end. The loss introduced by
each transformer is 1 db so that the allowable line
loss for a 6 db circuit is 4 db, which is the loss of
approximately 35 miles of 100 db. or 65 miles of
200 lb. copper circuit (see Fig. 2). Offices tapped
across a circuit introduce a further loss and re-
duce the allowable length of line accordingly.
Using V.F. amplifiers on a 2-wire basis, a trunk
line cannot be operated at an equivalent of less
than 6 db, the stable working equivalent being
more usually about & db. For all trunk links re-
quiring zero equivalents, 4-wire operation, either
V.F. or carrier, is therefore necessary.

Main to Main, Main to Primary and Primary to
Primary links are, with few exceptions, already
provided by standard carrier channels.

A fair proportion of Main to Secondary and
Primary to Secondary links still consist of 2-wire
physical circuits, although many will be replaced
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Fig. 2.—Circuit Loss v. Length of Aerial Trunk Line.

by standard carrier channels over the next few
years. It will be necessary, however, to retain a
number of physical pairs free of encumbrances
over carrier repeater sections for carrier bearers
and part-time programme channels. To use effec-
tively the V.F. band over these pairs to provide
links of zero loss, it is necessary either to use two
pairs to provide a 4-wire V.F. amplified circuit,
or split the V.F. band into two halves and use one
in each direction. This principle of splitting the
V.F. band is utilised in the two-band carrier sys-
tem.
Two-Band Carrier System

A block schematic is shown in Fig. 3. Terminals
are identical, a simple wiring alteration being ne-
cessary to convert an “A” to a “B” terminal.

“A” Terminal Operation: The “A” terminal
transmits the carrier band and receives the
speech band. Speech from the switchboard divides
at the hybrid, half being blocked at the output of
the receiving amplifier and the other half passing,
via an attenuator, to the modulator (modem).
Carrier current at a frequency of 5.4 ke/s is also
fed to the modulator, which is of the double bal-
anced metal rectifier type, in which both voice
and carrier components are suppressed. The two

predominant components of modulation are the
sum and difference of the voice and carrier fre-
quencies, that is, the upper and lower sidebands
respectively. The modulator is followed by a low
pass filter, which allows the lower side band to
pass with little or no attenuation to the input of
the transmitting amplifier. The upper side band
and other unwanted products of modulation are
severely - attenuated. The amplified lower side
band (3.05-5.1 ke/s) then passes, via the high
pass directional filter and the 5.6 ke L.P. line
filter to line.

On the receive side the speech frequency band
(300-2350 c¢/s) from the remote “B” terminal,
passes through the L.P. line filter to the direc-
tional filters. It is blocked at the T.D.F., but
passes with little loss through the receiving D.F.,
thence via the receiving attenuator to the receiv-
ing amplifier. The amplified speech divides at the
hybrid, half being absorbed in the balance net-
work and half passing to the switchboard.

“B” Terminal Operation. The “B” terminal
transmits speech and receives the carrier band.
Speech from switchboard passes via the hybrid,
attenuator, transmitting amplifier, L.P. direc-
tional filter, L.P. line filter to line.

In the receive direction the lower sideband fre-
quencies from the remote “A” terminal pass
through the L.P. line filter, the H.P. directional
filter and attenuator to the modem, which now
acts as a demodulator. The same carrier frequency
5.4 ke/s is fed to the modulator, and the speech
frequency components derived from the sideband
pass freely through the L.P. filter to the receiv-
ing amplifier, other products of demodulation be-
ing severely attenuated. The amplified speech
band then passes via the hybrid to the switch-
board.

Signalling: A ringer oscillator panel is included
in the system which converts 17 ¢/s ring from the
switchboard to 17/1000 ¢/s interrupted V.F. cur-

i L 3
ATTEN. | L Ler] o g freans] . [2F
0,5,0,15db [ 1 MOPEMI—T5 4k 1~ AMP RE] e
| | |
| 0scC. | ‘ |
| S-4KC | | |
| | } |
V.F. NE MON. L _|LPF
SWBD—. NCER HYBRID[—NET|  JoXNeL L | L—L o LINE
_____ B
| |
N I
e
ATTEN. F.
REC. AMP. *105,10,5d5 [~ sed
. 3 CH, TERMINAL. g
‘A’ TERMINAL Sk
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Fig. 3.—Two-Band Termina! Schematic.
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rent at the transmitting end, and reconverts this
to 17 ¢/s at the receiving end.

Testing and Monitoring: Test jacks are pro-
vided for monitoring and transmission test points.
A monitoring telephone is provided, and may be
connected to any part of the audio circuit. Ring-
ing and speaking facilities are also available.

Power Supplies: Standard 24 V. and 130 V.
supplies are used generally. Alternatively 154 V.
high tension may be used by suitable connection
of 24 V. and 180 V. supplies. This allows a higher
output level to be transmitted. Separate rectifier
units are keing provided in some cases.

Mechanical: Each terminal comprises four
standard 19” panels of the following widths:—

Ringer oscillator panel ... ... ... 1
Frequency changer panel .. ... . 78
Monitor and Amplifier panel ... . 104"
Directional filter panel .. ... ... 33"
Totaldrack spaceiisein oo o 261"

Electrical: The electrical characteristics are:—
Maximum gain of transmit and receive amplifiers
is 83 =1 db. Maximum output of transmit and
receive amplifiers is + 20 db.

The equipment will provide a zero loss channel
over a line having a maximum attenuation of 30
db at 5 ke/s (300 miles of 200 lb. copper). Pro-
vided the line is equalised, the channel quality
(effective speech band 300-2350 c¢/s) falls within
the C.C.IL.F. specification, but is, of course, much
inferior to the wide band channel provided by a
modern 12-channel carrier system.

Use in Queensland: A system has been in use
for over 12 months to provide a Cairns-Cooktown
channel using a repeater at Mt. Surprise. This
was described in a previous article in this Journal
(1). The repeater sections are 168 and 296 miles
of 200 1b. copper.

Other systems are coming forward in Queens-
land for:—

(P) Hughenden-Charters Towers (S).

(M) Brishane-Warwick (S).

(S) Gympie-Murgon (S).

(S) Gympie-Goomeri (MT).

Many more systems are planned to provide
similar low-loss links in the next few years.

Active-Inert Single Channel Carrier System

To assist in the provision of 6 db links to ter-
minal exchanges, and to make full use of avail-
able line plant in outlying areas, a simple type of
single channel carrier system, one terminal of
which does not require a power supply, is to be
brought into use. This is known as the Active-
Inert single channel carrier system, and a block
schematic is shown in Figs. 4 and 5.

Active Terminal Operation: Voice from switch-
board passes via the hybrid and 2.8 ke/s L.P.
filter to the metal rectifier bridge type modulator.
The L.P. filter prevents carrier leak and un-
wanted products of modulation from being fed
back to the switchboard. The voice frequencies
are modulated by a 6 kc/s carrier frequency
which is suppressed in the modulator, and the
two side bands pass via a 15 db pad to the appro-
priate band pass filter. Two such filters are pro-
vided, one passing the upper and one the lower
side band. The desired filter is selected by means
of a switch, and its output fed to the transmit-
ting amplifier. The same switch selects the appro-
priate directional filter through which the trans-
mitted side band passes to a transformer and
thence through the H.P. 3 ke¢/s line filter and
line transformer to line. Carrier frequency at the
appropriate level is applied across the switch-
board side of the transformer in the directional
filter unit and is continuously transmitted to line.

In the receive direction, both side bands are re-
ceived from line, pass through the high pass line
filter and the desired side band selected by the re-
ceiving directional filter. It is then fed, via an
attenuator, to the demodulator, which receives its
carrier supply from the same oscillator that sup-
plies the modulator. The output of the demodula-
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tor is passed through a low pass filter which sup-
presses carrier leak and unwanted demodulation
products, and thence via an attenuator, amplifier
and hybrid coil to the switchboard.

LINE LINE
FILTERS

TRANSF.

I

SWBD.
(CARR))

L.P.F.
0-28 ke

MODEM. LINE

SIG.
FILTER
i

Fig. 5.-—Active/Inert System—Inert Terminal Schematic,

Inert Terminal Operation: Voice from the
switchboard passes through a 2.8 ke/s low pass
filter to the “modem” where it is modulated with
the 6 kc/s carrier frequency continuously fed
over the line from the active terminal. Both side
bands are then fed via the high pass line filter
and line transformer to line.

In the receive direction, the carrier frequency
and the upper or lower sideband pass through the
line transformer and the high pass line filter to
the “modem,” where the sideband is demodulated
with the carrier. The voice frequencies are thus
recovered and separated from other products of
demodulation by the low pass filter through
which they pass to the switchboard. The “modem”
acts as both modulator and demodulator.

Signalling: 17 c¢/s ringing current from the
switchboard is tapped off the circuit by the sig-
nalling filter. The output transformer of this filter
has one end of the secondary winding connected
to earth and the other end is connected to the
centre tap of the line winding of the line trans-
former. It is thus transmitted over the cailho leg
of the bearer circuit to the receiving terminal,
where it passes through the signalling filter to
the switchboard. The necessity for the cailho leg
for signalling prevents the use of the system in
some cases, as quite often all cailho legs are in use
for telegraph purposes.

Levels: Active terminal transmits the carrier
frequency at a level of + 25 db (maximum) and
the sideband at a level of 4+ 15 db. The receive
gain at the active terminal is 27 db.

Quality: The quality is reasonably good, and is
approximately C.C.I.LF. standard. 38

Range: Line losses should not exceed 14 db at
9 ke/s (150 miles of 200 lb. copper, or 100 miles
of 100 lb. copper), and under this condition will
give a 5 db channel.

Power Supplies: Either A.C. mains or standard
24 V. and 130 V. batteries may be used.

Approximate Dimensions: The terminals are
mounted on standard 19 inch racks, the active
terminal occupying a space of 3 feet and the inert
‘terminal a space of 1 foot.

Application: Owing to crosstalk difficulties,
these systems will in general be used only on
minor routes where other carrier systems are not
employed. :

Typical locations for which Active-Inert car-
rier systems are coming forward in Queensland
are:—

(S) Cloncurry-McKinlay (T), 67 miles.

(P) Hughenden-Tangorin (T), 67 miles.

(P) Toowoomba-Crow’s Nest (T), 29 miles, .,
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Economics of Channel Provision

The approximate costs of provision of the vari-
ous types of channel under discussion are indi-
cated in Fig. 6. £30 per mile has been allowed on
the open wire costs for arming, which, of course,
may not be necessary.

The installed cost of a Two-Band system is
approximately £1400, and that of an Active-Inert
system is approximately £1300. Considering capi-
tal costs only, a 6 db channel could be provided
economically by means of an Inert system rather
than the erection of 100 H.D.C. wires over a dis-
tance of 15 miles if arming were necessary, or 20
miles if arming were not necessary.
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AN “IMMEDIATE APPRECIATION” TECHNIQUE FOR RATING
THE PERFORMANCE OF TELEPHONE TRANSMISSION SYSTEMS

Introduction

In the past, the effectiveness of telephone
transmission has, for practical engineering pur-
poses, been judged by the overall “volume effi-
ciency” of the circuit, that is, by the capability of
the system to produce a sufficiently intense signal
at the receiving end. On this basis, a Common-
wealth Transmission Plan was set up to ensure
that any two teleplione subscribers in the Com-
monwealth could be connected together via the
telephone network with an overall volume effici-
ency not less than a certain standard. This trans-
mission plan is described in reference (1). Be-
cause of the attenuation distortion and non-
linear distortion in existing types of telephone in-
struments, it is possible to obtain substantial im-
provements in the effective transmission of ideas
from speaker to listener, via the telephone cireuit,
without increase in the loudness of the received
signal. Similarly, improvements in the sidetone
performance of telephone instruments, by their
psychological effect on the masking of received
speech by room noise, can improve the effective-
ness of telephone transmission without any
change in the overall attenuation of the circuit
(2). For these and other reasons, “transmission
performance” ratings of telephone circuits have
replaced “volume efficiency” ratings in the British
Post Office (3), and a transmission performance
standard for the Australian Post Office has been
laid down. The circuit representing the Australian
standard is shown in Fig. 1. All telephone connec-
tions within the Commonwealth should have a
transmission performance equal to, or better than
the transmission performance of this circuit.

The terms “transmission performance” and
“transmission performance rating” have been de-
fined by the British Post Office as follows:—

The Transmission Performance of a telephone
circuit used for transmitting and reproducing

D. A. Gray, BEE.,, AMILE. (Aust.)

speech, is the effectiveness of the circuit for
transmitting and reproducing speech in the cir-
cumstances in which it is used. (Note: “effective-
ness” is the quality of being fit for service.)

The Transmission Performance Rating is a
transmission performance measure which is
obtained by any specified method, and is expressed
as an amount of equivalent loss or gain, in deci-
bels, equal at all audible frequencies.

It is the object of this paper to describe the
“immediate appreciation” technique of subjective
testing of telephone transmission systems, to dis-
cuss its application to the determination of trans-
mission performance ratings, and to give results
of such a test on the circuit representing the Aus-
tralian transmission performance standard. The
tests described in this paper were carried out in
the Research Laboratories of the Postmaster
General’s Department as part of a programme of
investigation and evaluation of various methods
of measuring transmission performance ratings
by means of subjective tests. No particular
method of subjective measurement of transmis-
sion performance has yet been standardised by
the Department.

The Need for Subjective Tests

In arriving at a transmission performance rat-
ing for a communication circuit, consideration
must be given to psychological factors as well as
purely physical factors. It is possible, however,
to calculate from the physical properties of a cir-
cuit the effect on the transmission performance
rating of that circuit of some small change in cer-
tain of its parameters; for example, the effect of
changes in line length and attenuation, and of
changes of a much lesser extent in frequency re-
sponse and sidetone characteristics (2). Trans-
mission performance calculations for a given tele-
phone circuit are related to a comparlson betweean
the circuit under consideration and a reference

: ! { | SUBSCRIBER'S
SUBSCRIBER'S | EXCHANGE EXCHANGE ¢
STATION !LOCAL LINE | APPARATUS :ATTENUATOR| APPARATUS :LOCAL LINE ! . STATION
] f I
: ] : 2 UF [ |
' E : ! | {TELEPHONE
I |
noise  [TELEMONEN ! : | Y R e e e
6OPONS| (NoTE 1) | : i [ | (NOTE 1) '
I I i
1 t t 1 * t
15002 1018 | | 2,F 15001018 :
cnu 2 em), | ICABLE (2-84M) |
IR= 176~/L00P MiLE I {R=176“/LO0P MILE
Ic<- 072 4F MILE : |c ‘072 uF MILE :
]

Fig. 1.—Circuit Representing the Overall Transmission Performance Standard.

Note 1.—Telephone 13. 1I.. 27 refers to handset type telephone having the following transmission components.
Transmitter Inset, No. 13. Receiver Type, 1L. Anti-Sidetone Induection Coil, No. 27.
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circuit.” The transmission performance rating of
the former circuit is given as the amount of non-
reactive attenuation it is necessary to add to or
remove from the reference circuit, in order that
both circuits shall give the same transmission
performance.

It does not appear to be possible, with present
techniques, to calculate precisely the effect of non-
linear (harmonic) distortion on the transmission
performance rating, and the effect of large
changes in frequency response or sidetone can
only be estimated. Therefore, subjective measure-
ments are necessary to obtain transmission per-
formance ratings in such cases. A change in the
design of the electro-acoustic transducers in the
telephone circuit, for instance, will usually require
subjective tests in order to determine the new
transmission performance rating. Various tech-
niques of subjective testing have been considered
for the evaluation of transmission performance.
The most important techniques are:

(a) Repetition Rate Tests. Ordinary telephone
conversations are monitored and the number
of requests for repetitions recorded. The
“repetition rate” is usually expressed as the
number of requests for repetitions per 100
seconds of actual conversation time.

Articulation Tests. Meaningless syllables
(called “logatoms”), usually of the form
consonant-vowel-consonant, are transmitted
over a circuit by a trained talker, and a lis-
tener (or listeners) at the far end records the
sounds heard. The “syllable articulation” is
the percentage of syllables correctly received;
the “sound articulation” is the percentage of
sounds correctly received.

Intelligibility Tests. This test is similar in
form to the articulation test, but short sen-
tences or commonly used words are trans-
mitted instead of logatoms. The listeners re-
cord the words or sentences heard. The num-
ber of words or sentences correctly received
is known as the “word intelligibility’’ or ‘“‘sen-
tence intelligibility.”

Judgment Tests. Judgment tests may take
many forms, but in general selected observers
are asked to converse over a test circuit and
then to express an opinion as to whether it is
better or worse than a standard reference cir-
cuit in some carefully defined performance
aspect. A suitably planned test is capable of
giving quantitative results (4), (5).

Immediate Appreciation Tests. The “imme-
diate appreciation’” test is'a laboratory test
in which a speaker reads out a series of short,
unrelated sentences. The listener or listeners
record, usually by a tick or a cross, whether
they have, or have not, understood the sen-
tence without the necessity to review its
meaning after reception. It is not necessary
that the listener receive the correct meaning
but that he should be immediately satisfied
with the impression he receives.

(b)

(c)

(d)

(e)

History of “Immediate Appreciation” Tests

The “immediate appreciation” test was first
described by W. H. Grinsted (6), of Siemens
Bros., Woolwich, England, in January, 1937. In
the tests described a number of short sentences
read from a newspaper were transmitted over the
test circuit, and listeners were asked to record
the number of sentences “immediately appre-
ciated.” The final result of the measurements was
not a transmission performance rating, but a
statistical table showing the percentage of tele-
phone connections in actual service which could be
expected to have an immediate appreciation score
better than a given value. Measurements were
made with various values of room noise at the
listening end and with varying values of attenua-
tion in the junction line. Using a volume meter,
speakers adjusted their speaking level to give, as
nearly as possible, “C.C.I. normal speech volume,”
and therefore sidetone effects at the speaking end
had no effect on the results of the test. A further
paper, by J. R. Hughes (7), in November, 1938,
described the testing technique in greater detail
and introduced an improved method of statistical
evaluation of the test results.

A further development of the technique was
described by J. R. Hughes (8) in December, 1942,
In the modified technique, the speaker’s talking
level was not controlled and room noise was intro-
duced at the speaking end. Measurements were
made systematically with a number of combina-
tions of values of speaking end and listening end
room noise. The ‘“natural speaking level” of each
speaker taking part in the test was measured
separately and allowed for. The result obtained
from the measurements, after allowing for the

- statistical distribution, in normal service, of room

noise levels and subscribers’ talking level, was a
graph of junction line attenuation versus the per-
centage of total calls made in normal service
which could be expected to enjoy an immediate
appreciation exceeding a given value.

Immediate Appreciation Test Procedure Used in
Research Laboratory Tests.

While the basic principles described above have
been adopted in tests in the Australian Post Office
Research Laboratories, the objective is normally
the measurement of transmission performance
rating of one communication circuit relative to a
reference circuit. Tests are, therefore, usually
carried out with a fixed room noise sound level
(60 db) at both ends of the circuit. The room
noise is of the uniform continuous spectrum type,
generated by amplifying the Johnson noise pre-
sent in a resistor at room temperature. The noise
level is measured by means of an American (Gen-
eral Radio) sound level meter, using the 70 db
weighting network.

Usually the speakers’ talking level is allowed to
find its normal level under the particular condi-
tions of the test, and sidetone effects are allowed
full play. As normal routine measurements are
comparison tests, involving similar systems, it is
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not necessary to know the absolute value of the
talking level. In tests of a more absolute nature, a
sufficiently large number of speakers is used to
ensure that the mean of all speakers’ levels
approximates to the mean value observed in the
service. Grinsted (6) deduces from published
data that the distribution of service speaking
levels is roughly that of the statistical “normal”
or gaussian distribution, and has a standard
deviation of 6 db. The standard deviation in the
mean of the talking levels of a group of N speak-
ers selected at random is therefore approximately
6/v/N db

In recent laboratories’ tests, a junction splitting
amplifier has been used at the receiving end of the
junction line, represented by the 15 db attenuator
in Fig. 1, so that up to four listeners may listen
simultaneously. The gain of this amplifier is
adjusted to be 0.0 decibel, and identical exchange
feeding bridges and local line circuits can be con-
nected to each output channel. Thus all listeners
recelive simultaneously the same speech volume
level, and are subject to the same sidetone condi-
tions as apply for one listener when the splitting
amplifier is not used.

The use of a multi-channel listening circuit re-
duces the time required to make a test and, as a
result, increases the reliability of comparison
tests. The reliability of comparison tests of the
receiving rating of two different local line circuits
or subscribers’ instruments may be improved by
connecting each instrument to a separate receiv-
ing channel and listening to a common speaker,
the listeners being interchanged systematically
from instrument to instrument.

Statistical Analysis of Test Results

“Pure Chance” Variations. With practical tele-
phone systems, one hundred per cent. immediate
appreciation of a group of sentences is recorded
only on infrequent occasions, and as the trans-
mission performance is degraded, for example by
increase of circuit loss, the average immediate
appreciation score decreases relatively slowly
from a high value to zero. For this reason it is
necessary to base the transmission performance
rating of a given system on observations taken
under conditions where the immediate apprecia-
tion is less than 100 per cent., for example, the 95
per cent. level is frequently chosen.

The factors which cause a failure of immediate
appreciation to be recorded are factors which
vary in an unpredictable manner, for example,
variations in speaking level, difficulty of sen-
tences, the random nature of continuous spectrum
noise and variability of sensitivity of carbon
granule telephone transmitters.  As a result of
this, the mean immediate appreciation scores ob-
tained from a number of replications (that is,
replicas of the first tests) will not be the same for
each replication.

The distribution of the various replications
means about the overall mean, due to purely ran-
dom factors, will be that of the binomial distri-

bution considered in elementary statistical theory.
(9). It is therefore possible, on the assumption
that the probability of failure to reccive a sent-
ence remains the same from sentence to sentence,
to predict the standard error, that is, the standard
deviation of replication means, resulting from
such factors. ‘This is given by the following ex-
pression ;—
, S = vp(100-p)/n

where S is the standard error (root mean square
deviation of replication mean from the overall
mean),

n is the number of sentences in each replica-

tion, and

p is percentage “immediate appreciation” ob-

tained over an extended period.

Under the usual test conditions, when n is
large, the distribution of group means is very
nearly gaussian, and this fact may be used to sim-
plify the estimation of the confidence limits to be
placed on the results of a test in which only ran-
dom factors influence the result.

For example, in the tests described by Grinsted
(6), 120 sentences were read for each set of test
conditions. In a typical case where the average
immediate appreciation score was 95%, the stand-
ard error of the 120 sentence mean estimated
from the above expression is 2.0% and the 95%
confidence limits based on gaussian distribution
are approximately 4% above and below the aver-
age, that is 91% and 99%. It is to be noted,
however, that the assumption of a gaussian dis-
tribution is not essential, and it merely simplifies
the calculation of approximate confidence limits.

Other Variations. In addition to variations due
to minor unassignable causes, there are factors
due to the speaking and hearing characteristics of
crew members which, on the average, tend to re-
main constant or change slowly from test to test.
For example, one crew member may naturally
speak at a level a few decibels higher than the
other crew members. Such factors do not neces-
sarily affect the accuracy with which two com-
munication systems may be compared, but they
do increase the variance of the immediate appre-
ciation scores obtained on a group of sentences.
If the overall mean square deviation of individual
observations from the general means is S, (see
reference (10)), we can write:—

S S S i bt e S et Ao

where S,, S,, etc. are the mean square deviations
contributed by certain assignable causes, and S,
is the residual mean square deviation contributed
from unknown sources, and which, in a well con-
ducted test, will be a simple function of the stand-
ard error due to pure change dealt with in the
previous section. The statistical technique of de-
terminating S,, S,, . . . S, from which the corre-
sponding variances Vi, V,, V. may be calculated,
is known as the analysis of variance and is
described in standard texts on statistical theory,
and in reference (11).

In a comparison test, the residual variance is
normally the only one which determines the in-
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accuracy of the comparison. Since this may be
estimated beforehand from the binomial distribu-
tion, it is possible to -calculate the minimum
amount of testing work necessary to carry out a
given test. For example, suppose that two com-
munication systems are to be compared under
conditions which cause the immediate apprecia-
tion to be 90% and that the uncertainty in the
overall means is not to exceed = 1%. If the 95%
confidence limits to the overall mean are taken as
83% and 91%, then the standard error of the
overall mean must not exceed 0.5%. Using the
relation S = /p (100-p) /n we put S — 0.5 and
p = 90 and calculate n, the total number of sen-
tences to be used in the test on each system. It
is found that n =— 3600 sentences, and this is the
minimum number of sentences to be spoken over
each system if the overall mean is to have the re-
quired degree of precision. The testing rate, in-
cluding rest periods, is about 300 to 400 sentences
per hour, and in this particular case, a total test-
ing time, assuming no multiple listening arrange-
ments, is 18 to 24 hours.

Application of Immediate Appreciation Test to
Check Subscribers’ Local Line Limits

As an example of the application of the imme-
diate appreciation test technique, a series of mea-
surements on the overall transmission perform-
ance standard circuit shown in Fig. 1 will be
described. This test was originally planned as an
absolute measurement, and not as a comparison
measurement, that is, the final objective was the
production of an immediate appreciation versus
junction attenuation graph, and for this reason a
large crew was used. The test also provided a
basis for the study of the immediate appreciation
technique as little previous experience of this
type of test had been gained.

Selection of Observers. As it was decided to use
untrained and untried observers in these tests,

preliminary checks were made to detect those

haéylng abnormal speaking or hearing character-

istics.

(a) Speaking Tests. A telephone circuit using 300
type C.B. telephones was set up between two
rooms, using continuous spectrum room noise
(60 db sound level) in both rooms. Provision
was made for simultaneous reception at the
listening end by four persons experienced in
subjective testing of telephone systems. Each
speaker read a list of 100 English words,
which were written down by the listeners.
The average word articulation score was
62.0% (mean of 277 observations) and those
speakers for whom the listeners obtained an
average score of less than 40% were rejected
as unsuitable. The 40% rejection level was
determined after a few tests had been made,
and was largely an arbitrary figure.

(b) Listening Tests, Two sets of listening tests
were carried out; the first set followed the
same procedure as for the speaking test,
except that the person being tested formed
one of the listening crew of four. At a later
date an audiometer was set up using labora-
tory components and a calibrated moving coil
receiver; with this apparatus the hearing
loss of crew members was measured. The re-
sults of these measurements are shown in
Table No. 1. Despite the fact that all crew
members gave satisfactory results in the
speech tests, it was found that high fre-
quency deafness was quite pronounced among
the older men. The figures given in the table
apply to a group of 29 persons, including
three women.

Organisation of Crews. When the studies re-
ported herein were undertaken, no satisfactory
apparatus was available for multiple listening,
and the observers available for the tests were

Hearing loss—decibels

S R rd Minimum Maximum

Pag gy gttes;]ilft?cl)n observed observed
200 + 1.6 /a1t — 10 + 20
300 — 4.7 6.5 — 17 I
400 — 5.8 557 — 14 + 10
500 — 6.4 6.2 — 19 k()
800 — 8.7 6% — 18 + 11
1000 —17.9 5.5 — 19 4+ 7
2000 — 7.1 7 ) — 20 + 25
3000 — 2.9 14.1 — 18 4 51
4000 + 2.9 16.6 — 20 + 60

Table No. 1.—Hearing Loss Measurements on Immediate Appreciation Crews used in Tests on the Overall
Transmission -Performance Standard.

1.—The datum for hearing loss is that of the Western Electric 2A audiometer (see Steinberg, Montgomery and
Gardner, “Results of the World’s Fair Hearing Tests’”’, Bell System Technical Journal, Vol. 19, October,

1940, page 533.)

2.—The subjects of the hearing tests numbered 29 persons, including three women. Both left and right ears

were measured.
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split up into crews of three. The test programme
provided for one crew member speaking, another
listening, and the third resting at any time.
Larger crews would have meant a larger number
of observers disengaged at any time and the cost
of the tests would have been increased accord-
ingly; such considerations outweighed the advant-
ages which would have been obtained as a result
of the larger number of crew combinations
(speaker-listener) which result from the use of
a larger crew.

The selection of crews was made so as to cause
the smallest amount of disorganisation to the
other sections of the Laboratories from which the
individual observers were drawn. In all, eleven
different crews of three participated in the tests.
Only six crews produced sufficient results to en-
able their use in this paper.

Attempts were made to organise equal numbers
of male and female crews, but these were not suc-
cessful due to the rapid replacement rate experi-
enced with female employees. Insufficient data
was obtained from any group of women to enable
satisfactory comparison of the results obtained
»y it with the results obtained by the men. No
‘emale crews produced sufficient results for con-
sideration in the test results given in this paper.
“he tests extended over a period of ten months,
rom September, 1948, to July, 1949. Because of
tifficulties of organisation, this period is much too
ong, and in subsequent tests of this kind, the
maximum possible use of multiple listening
arrangements has been made.

Test Procedure. The overall transmission per-
formance standard circuit shown in Fig. 1 was
set up in two rooms connected by a junction line
into which a 600 chm variable attenuator was
connected. Networks representing lengths of
20 1b., 10 1b. and 6% lb. subscribers’ cable were
made up and connected into the circuit as re-
quired. Details of these networks are given in
Fig. 2; the lengths of cable which they represent
were estimated, by means of a suitable calculation
method, to give an overall transmission perform-

R R

= R o} R =
IC :IC [ (3

R R

= R n R >

.Fig. 2.—Circuit diagram of network used to represent
Subscriber’s cable. The values of C and R are:—

Type of Cable 6% 1b © 10 1b. 20 1b.
Length (miles) 2.22 2.84 4.54
Loop Resistance,

ONIN S Ty 600 500 400
155) el s S 75 62.5 50
G I ) N0 31975 0.05325 0.08515
Insertion loss in db at

1000 c¢/s between

4.12 3.86 4.35

6008 impedance ..

ance equal to the Department’s standard. Each
speaker reads a group of 20 sentences, taken with
minor modification to suit Australian idiom, from
the sentence list published by.Fletcher and Stein-
berg (12). All of the six possible combinations of
speaker and listener were used and the tests were
repeated with a number of different values of
junction line attenuation, set up in random order.

Test Results. The average scores for the six
crews which completed the series of tests, ex-
pressed as percentages, are plotted as graphs of
immediate appreciation versus junction attenua-
tion in Fig. 3. The curve for 10 lb. cable crosses
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Fig. 3.—Compoarison of Subscribers’ Local Line Limits.

the 15 db junction attenuation line at 97%, and
this represents the immediate appreciation result
obtained with the circuit constants shown in Fig.
1. It is seen that the calculated lengths of 6% lb.
and 20 lb. subscribers’ cable give very similar
immediate appreciation scores to that obtained
with 10 lb. cable over a wide range of junction
attenuations. The deviations which do appear are
mostly at junction attenuations exceeding 25 db,
well in excess of the maximum of 15 db set down
in the overall transmission performance standard.

An analysis of variance has been made for the
test results obtained on the 6% and 10 lb. cables
ata jqnction attenuation of 32 db. The results are
given in Table No. 2, and they are calculated from
the scores obtained by each crew combination
from 20 sentence groups. The overall or grand
mean of the tests providing the data for Table No.
2 was 16.22 or 81.11 per cent.

The variance figures given have been obtained
from the mean square deviations (from the over-
all mean) due to the various sources listed, and
the number of degrees of freedom. In the case of
crew combinations, line conditions and replica-
tions, the number of degrees of freedom is one
less than the number of variables, for example,
there are 36 crew combinations of speaker and
listener and hence 35 degrees of freedom in cal-
culating the variance. The number of degrees of
freedom for the interaction terms are the pro-
ducts of those for the two principal sources of
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Source of variation Degrees of 1 Variance Degree of significance
freedom Variance ratio (See Note 1)

Crewicomibination St SsS2i iy S 35 94.7 5.25 Highly significant
Line condition (6% or 10 1b.) 1 o1k 2 1=NE7h Not significant
RIEPLiCaABIDNSEEE sl ted il 1, St 4 74.4 4.12 Highly significant
Interactions
Replications and crew com- !

D {D'AIB ONISE =t o < e o 140 10.14 0.562
Line conditions and crew

GOITIDIMATIQTTS SV YOS = 35 16.60 0.920 Not significant
Line conditions and replica-

LTI S PR gy el S Sl 4 14.58 0.808
R EST A Al T AN T e 140 18.04 — S5

Table No. 2.—Results of Analysis of Variance.—Comparison of local line limits for subscribers’ 63 1b. and 10 1b.

cable.

Junction attenuation, 32 db.

1.—Variance ratios greater than those lying on the 1% significance level are designated ‘‘highly significant’;
those lying between the 59% and 1% levels ‘‘significant”; and those less than the 5% level, ‘“not significant.”
The variance ratio corresponding to the different significance levels depend upon the number of degrees of free-
dom; the actual values may be found from tables given in standard tests on statistics.

variation concerned, and the number of degrees
of freedom for the residual term is the product of
those for all three principal sources of variation.

The “variance ratio” is the ratio of the variance
due to the source listed to the residual variance.
The residual variance is that due to all unassign-
able causes, as discussed under statistical analysis
of test results. If the variance ratio is high, then
it is fairly certain that the source of variation
concerned is a significant one; if the variance ratio
is low, then it is possible that the variance attri-
buted to a particular source is a result of random
sampling effects only. Statistical tables (for ex-
ample, those of reference (9) and the graphs in
reference (11)) show, for various degrees of free-
dom, the probability of a given variance ratio
being due to random sampling effects. The value
of variance ratio, which for a given number of
degrees of freedom can be expected to occur only
once in a hundred times as a result of “chance,”
or random sampling, is called the 1% significance
level. Variance ratios less than that on the 1%
significance level occur more frequently as the
result of random variations and are therefore less
significant; they will lie on a significance level
between 1% and 100%. Similarly, variance ratios
greater than that of the 1% significance level will
occur less frequently as a result of pure chance
and will be a more significant pointer to some
other source of variation. These variance ratios
will lie on a significance level between 0% and
1%. If the variance ratio calculated for a given
source of variation exceeds the 1% significance
level, that source of variation for the purposes of
this report, is arbitrarily designated “highly sig-
nificant.” Variance ratios lying between the 5%
and 1% levels are designated “significant,” and
variance ratios less than that corresponding to
the 5% probability are designated ‘“not signifi-
cant” and are assumed to arise from the same
source as the residual variance.

In Table No. 2 the residual variance is 18.04,
corresponding to a standard deviation of
1/ 18.04 =— 4.25 or 21.25 per cent., since the scores
refer to 20 sentence groups. The value of the
standard error estimated from binomial theory
(see the section dealing with Statistical Analysis
of Test Results) for a probability of success
16.222/20 =— 0.8111, is 8.75 per cent. Thus, in this
case, the variability of the test results, after
allowing for known sources of variation, is much
greater than would be obtained from a simple test
in which the probability of success remained con-
stant. It is quite possible in a well-designed test
to obtain residual variances close to the theoreti-
cal values and an example is given in a subse-
quent section of this paper.

The “analysis of variance” table shows that the
variance due to crew combinations is highly sig-
nificant and it is therefore concluded that the
absolute values of the results of immediate appre-
ciation test of the type described in this paper is
of little value unless a fairly large crew is used.
(The test results are nevertheless valuable as a
comparison ketween different local lines.) In the
present case, 36 crew combinations were used and
the variance due to crew combinations, from
Table No. 2, is 94.7, corresponding to a standard
deviation of \/94.7 — 9.74, or 48.7 per cent. The
standard error in the overall mean as a result of
crew combinations is 48.7/v/36, or 81%. To
achieve, in this test, a standard error of 1% in
the overall mean due to crew variations, the num-
ber of crew combinations would need to be in-
creased to about 2370. The number of individuals
required to provide this number of combinations
depends upon the multiple listening arrangements
made, but at least 50 would be necessary.

It is of interest to determine whether the ya.ri—
ance due to crew combinations arose from differ-
ences between speakers or from differences be-
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tween listeners, or from both. This could only be
determined accurately if each speaker spoke to
all listeners, which was not so in the present case.
However, by taking the mean score for each
observer as a speaker and as a listener, the
speaker means were found to have a standard de-
viation of 15.7 per cent. and listener means a
standard deviation of 13.8 per cent. Although this
indicates that slightly more variation arises from
speakers than from listeners, use of statistical
tests show that the difference between 13.8 and
15.7 per cent. is not significant, and such a differ-
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Fig. 4.—Total Immediate Appreciation Score Vs. Replication Number.

ence would occur due to chance variations six
times in every ten trials.

After crew combinations, the largest source of
variation is in replications, that is, in repetitions
of the same test. It is of value to determine

whether this arises from random variations or as
a result of some systematic variation, such as
might arise as a result of observers becoming
accustomed to a certain type of distortion and
obtaining higher scores at each trial. The crew
totals for the first ten tests at a junction attenua-
tion of 32 db were averaged, and the overall re-
plication means have been plotted in graphical
form in Fig. 4. It will be seen that a rise in
immediate appreciation was experienced after the
first test and there was also a gradual increase
during the last tests. It appears, therefore, that
there is some evidence of a ‘practice effect” but
of rather different nature to that observed in
syllable articulation tests (12).
Application of Immediate Appreciation Test to
Compare Two Telephone Instruments

Test Procedure. In Research Laboratory Report
No. 8333 (13) comparative tests on two different
telephonist’s telephones were described. Portion
of the results obtained in the speaking tests are
given here to show that a more satisfactory test
than that described previously for subscribers’
local line limits may be made when multiple listen-
ing arrangements. are provided. In these tests a
splitting amplifier at the receiving end allowed
four observers to listen simultaneously to each
speaker. A crew of five could then ke used effec-
tively and a large number of results obtained in

- a comparatively short time. The crew used con-

sisted of two men and three women.
Test Results. The test results obtained for a
junction attenuation of 15 db are given in Table

A.P.0. Telephone

Listener Speaker No.
No. - Totals
1 2 3 4 5
3): (i) 20 19 20 17 93.7
2 18 (20) 20 19 16 93
3 i8 20 (20) 20 157, 95
E 17 20 19 (19) a5 90
i 157 20 20 20 (16.3) 93.3
Totals, ... .. 87.7 100 98 98 81.3 465.0
Belgian Manufacture
lateher Speaker No.
No. Totals
il 2 3 4 5
1 (19.75) 20 20 20 20 99.75
2 17 (18.1) 20 19 16 90.1
3 19 20 (20) 19 19 97.0
4 18 18 19 (17.1) 14 86.1
5 K 16 20 16 (15.4) 84.4
Motalsie st 90.75 92.1 99.0 91.1 84 .4 457.35

Table No. 8.—Comparison of A.P.0. Telephonist’s Telephone and a New Telephonist’'s Tele

phone of Belgian

Manufacture—Number of sentences ‘‘immediately appreciated” in a total of twenty,
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¥ Tk Degrees of . Variance Tl o ovs s
Source of variation frgeedom Variance s Degree of Significance
LS EDINOTIE SEr M s el C - 1 29.27 1.697 Not significant
S CAE RS Rl wt- e st e A = r | 4 390.8 22.7 Highly significant
St e RSirs R L e e an N e g 4 159.3 9.25 Highly significant
Interactions TR,
Telephones and speakers .. _. 73.82 4.28 Significant
Telephones and listeners .. .. 4 82.44 4.78 Significant
Speakers and listeners .. .. .. 11 31.48 1.827 Not significant
IResi(ITATIETEN & o A e s DS i L3} 7422, = -—
RO MMy e 2 115, - Sttt | 39

Table No. 4.—Comparison of A.P.O. Telephonist's Telephone and a new Telephonist’s Telephone of Belgian

Manufacture:—Results -of Analysis of Variance.

1.—Variances given above were calculated from the immediate appreciation scores given in Table No. 3, ex-

pressed as percentages.

No. 3. There is inevitably a series of “missing
values” in a table of this kind, due to the fact that
no observer can speak and listen simultaneously.
The missing values in Table No. 3 have been esti-
“mated by means of the technique described in
reference (11) and are enclosed in brackets () to
distinguish them from the actual test results.
Calculations of the missing values is a necessary
preliminary to the analysis of variance, the re-
sults of which are shown in Table No. 4. The
most important result of the test is that there is
an insignificant difference between the sending
performances of the two telephones. It is of inter-
est to note that there is a significant interaction
between telephones and speakers, and between
telephones and listeners, but no significant inter-
action between speakers and listeners. The great-
est source of variation is the difference between
speakers, and it is considered that this is mainly
due to differences of speech volume. It is, of
course, advantageous to use controlled speaking
volumes in tests where this action would not
affect the final result, for example, in cases where
the effects of sidetone at the sending end are not
to be included in the test.

The residual variance of 17.42 (calculated on
percentage scores) gives a standard error of
4.15%, which compares favourably with the value
of 6.0% estimated from the overall mean by use
of known properties of the binomial distribution
theory. It is, therefore, concluded that the test
procedure is efficient, and more so than in the test
discussed previously, where the actual standard
error was approximately 24 times the estimated
value.

Calculation of Transmission Performance Rat-
ings from Immediate Appreciation Test Results.
The definition of transmission performance rating
adopted for this paper has been given in the intro-
duction.  Proceeding from this definition it is
obvious that the transmission performance rating
of a circuit relative to a reference circuit may be

obtained by measuring the length in decibels of
the intercept between the junction attenuation
versus immediate appreciation graphs for the two
circuits, such intercept being drawn along a line
of constant immediate appreciation.

Examination of the shape of typical graphs
indicate that the transmission performance rat-
ing obtained in any given case depends upon the
value of immediate appreciation chosen for the
intercept. Grinsted (6) used a value of 95% ; how-
evar, cases arise frequently in which an intercept
at this level is unsatisfactory. Such a case exists
when one or both curves do not reach a value of
95% at any value of junction attenuation. In
other cases, the 95% value may be reached, but
the slope of one or both graphs may be very small
at this level, and in such a case large errors in
transmission performance rating may result from
small errors in immediate appreciation scores.

On the other hand, the use of an intercept at a
low level cannot be justified because the standard
error of immediate appreciation scores increases
as the immediate appreciation average falls (see
the reference to “pure chance” variations under
Statistical Analysis of Test Results), and, further,
such a procedure may result in a rating being
obtained which was only applicable when the
transmission performance of the circuit was com-
mercially unsatisfactory. .

Due to the fact that the immediate appreciation
scores obtained by one crew are not necessarily
repeatable by any other crew, it is undesirable to
choose an invariable value of immediate apprecia-
tion for the evaluation of transmission perform-
ance rating. It may be suggested that the relative
level may be chosen at a level corresponding to,
say, 90% of the maximum average value of im-
mediate appreciation obtained during the test,
but this is still open to the objection that the in-
ferior system may not reach a sufficiently high
level of performance to make an evaluation pos-
sible at the value of immediate appreciation so
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calculated. To overcome these and other difficul-
ties, it is suggested that the transmission per-
formance rating might be calculated from the
area enclosed between the immediate appreciation
junction attenuation graphs of the test and ref-
erence systems, the rating so determined being
dependent upon circuit performance over a range
of junction attenuations.

Similar suggestions to this have been made by
Pocock (14) in relation to articulation tests, with
the object of obtaining better correlation between
ratings determined by such tests and those deter-
mined by repetition—rate tests. Although the
method of determining transmission performance
rating suggested above has the possible advan-
tage of resulting in better correlation with ratings
determined from repetition rate tests, it is sug-
gested here mainly for the purpose of ensuring
that ratings determined by subjective tests will
be satisfactorily repeatable. A definite recom-
mendation as to the method of calculating trans-
mission performance ratings for general use from
immediate appreciation scores cannot be made
until further experience has been gained in sub-
jective testing, particularly in repetition rate
tests. ;

Conclusion

The Immediate Appreciation Test. The imme-
diate appreciation test has the important advan-
tage over articulation tests, that crew members
require only a minimum of preliminary training.
The checking and calculation of immediate appre-
ciation scores is a relatively straightforward mat-
ter, as compared with the work involved in cal-
culating the results of syllable and sound articu-
lation scores.

To obtain results which have useful absolute
values, crews larger than can be assembled in the
Research Laboratories are required, and hence
normal laboratory tests are organised and carried
out on a comparative basis only. The use of
multiple listening arrangements such as have now
been installed, makes it possible to complete tests
of satisfactory precision in a much shorter time
than was possible previously.

Use of Immediate Appreciation Test Results for
Calculation of Transmission Performance Rat-
ings. Various methods of calculating transmis-
sion performance ratings from immediate appre-
ciation test results have been discussed in this
paper, but no satisfactory recommendations can
be made at this stage. The problem is very similar
to one which has been considered by the C.C.I.F.,
namely, the determination of A.E.N. (“Affai-
blissement Equivalent pour la Netteté” or Articu-
lation Reference Equivalent) ratings from articu-
lation tests.

Use of Statistical Techniques in Connection
with Immediate Appreciation Tests, It has been
shown that statistical techniques enable the mini-
mum amount of testing required to achieve a
given result to be estimated. The analysis of vari-
ance procedure is an invaluable tool in the evalu-
ation of the test results.

Transmission Performance of Standard Refer-
ence Circuit. Laboratory tests have indicated that
a satisfactory value of immediate appreciation is
obtained with the “overall transmission perform-
ance standard” circuit adopted by the Depart-
ment. Comparative tests on lines representing the
lengths of 64 and 20 lb. subscribers’ cable calcu-
lated to give equivalent performance to that of the
standard circuit, are shown to give the expected
performance.
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PLASTIC MOULDING IN THE

Introduction

Since early historical times man has cast his
requirements in metals, clays and resins. The
gradual introduction of artificial materials such
as phenol formaldehyde (Bakelite), polystyrene,
c_e11u10se acetate (Celluloid), and polyvinyl chlo-
ride (P.V.C.) are only the extension of the age-
old casting practice' by modern chemists to give
the better physical, chemical and electrical pro-
perties now required in matérials and products.
The first step in the introduction of the present
form of plastics was probably the treatment and
compounding of rubber. Ebonite was one of the
first plastics produced in this way which has
found common use in communication equipment.
Although still in use today ebonite is quickly be-
ing outmoded as it lacks the electrical properties
of the modern artificial materials and has:a ten-
dency to distort and crack with ageing. However,
it was useful in the development of much of the
present communication apparatus, and was a very
good material in its day. Glass can also be con-
sidered one of the most useful plastics, and
although not generally malleable, it has very good
electrical properties, and has yet to be super-
seded in its special uses. New compounds of its
main element, silicon, have been prepared recently
and are known as the “silicone” group. Thése pro-
ducts include artificial oils, greases, rubbers and
films. The latter form is most interesting as i
provides a plastic with very good electrical pro-
perties which is non-combustible and non-fusible
at temperatures up to 2000°C.

The first common plastic was phenol formalde-
hyde, prepared by Dr. Baekeland, of Holland,
about 1908. This material was most useful in the
development of the internal-combustion engine
during the First World War, and also proved to be
of great value in the Second World War in com-
munication equipment. It was introduced into the
Melbourne workshops during the latter period to
form the main insulant of the equipment then
being made for the armed forces, such as morse
keys, telegraph relays, terminal blocks, plugs and
strips. .Other plastics, such as polystyrene, poly-
vinyl chloride and cellulose acetate, although dis-
covered during the nineteenth century, did not
gain recognition as communication engineering
materials until recent years, although cellulose
acetate was used for toys from about 1911 on-
wards. These materials have been introducead into

the Melbourne workshops only in post-war years,

but have proved.to be very useful due to their
high production rates, very good'electrlcal pro-
perties, and stability during moulding.

+ Tipes of Moulding Process

The plastics used at present in the Melbourne
workshops may be subdivided into the following

MELBOURNE WORKSHOPS
{ H. ]. Lewis

two main groups insofar as the moulding pro-
cesses are concerned. ‘

Thermo-setting. These include phenol-formalde-
hyde, urea formaldehyde and melamine formalde-
hyde materials, the first two of which have been
the chief ones used to date. The term ‘“‘thermo-
setting” explains their character in that they are
moulded by the application of heat and pressure
to a set state. During the application of the heat
and pressure the powder undergoes a chemical
change called “curing,” and after this change they
cannot be retreated or reprocessed. The moulding
process for small parts takes from one to ten
minutes, depending on the thickness of the mould-
ing.

Thermo-plastic. The chief types of this material
used for communication equipment, so far, have
been polystryene and polyvinyl chloride. Polyester
(nylon) and methyl methacrylate (perspex) are
other important plastics of this type which have
miscellaneous uses, but these are not moulded.
This type of material is injected in a molten state
into the die and is characterised again by its
name, in that it becomes plastic on the application
of heat, and provided critical temperatures are

. not exceeded it can be reformed, as there is no

chemical change during its moulding cycle, which
is usually of a duration of up to one minute.

Early Moulding Methods and Present Equipment

About 1932, due to the persistance and enthus-
iasm of some technicians, a small thermo-setting
press was produced from scrap parts and set up
in the workshops, and for several years labor-
iously turned out some quite good  mouldings.
This eventually paved the way for the purchase
of two 60-ton hydraulically: operated vertical
presses, which provided for most of the require-
ments during the recent war. These presses were

rather slow due to their dependence on gravity

for their opening, and operation from manual
pumps was laborious. They have since been re-
placed and are at present used as glue presses in
the carpenters’ shop.

The first step towards installation of the mod-
ern type of power operated hydraulic press was
taken in 1948, when two Johns 40-ton automatic
vertical presses were installed. .These operate
from a common electric oil pump and are electric-
ally heated in both platens. Opening of the press
is provided by additional hydraulic rams and ejec-
tion of the moulding accomplished either by the
“up” stroke of the press or manually. These
presses are still in operation and have proved very
reliable, speedy and efficient. The moulding plant
was further supplemented with two 100-ton Johns
presses, shown in Fig. 1, of design similar to the
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40-ton type. The old hand-operated presses were
removed from service at this stage. These presses
are capable of exerting a pressure of 100 tons,
and cover the requirements of most plastic manu-

Fig. 1.—100 ton Thermosetting Machine.

facture for communication purposes. They have
several features not included in the smaller
machines, and although operating from a common
oil pump, have independent pressure adjustments
batween the proportions of 3 : 2. Individual elec-
tronic timing is provided on each press, and the

platens are fitted with ‘“chase plates” which per-
mit the forward withdrawal of the die during
loading, cleaning and moulding removal. These
100-ton presses are also giving good service. They
are very convenient to operate and occupy a mini-
mum of floor space, and although not fully auto-
matic, as are the more recent models installed in
the Sydney workshops, they are just as efficient.
Due to the diversity of work carried out in the
workshops, in most cases it is not possible to have
one operator -attending many presses, and the
additional virtues of the automatic presses can-
not be fully exploited.

The first injection moulding machine was in-
stalled in 1948 and this opened the field for ex-
perience in moulding polystyrene, for which many
new uses have been found in the last three years.
This machine is of the horizontal hydraulic type
of press, and is shown in Figs. 2 and 3. 1t is cap-
able of making mouldings from up to 500 pounds
of moulding powder in an eight-hour day and
occupies comparatively more floor space than the
thermo-setting presses, but its high production
rate removes the present need for more than one
press and offsets the space disadvantages. This
machine has two hydraulic rams, one to close the
dies by large locking toggle arms, and the other to
inject the molten plastic into the dies after
closure. The pump and die closing ram can be seen
in the illustration on the left hand end of the
press. The injection ram is at the other end of the
machine in a similar position.

The machine can be arranged for fully auto-
matic operation, but as there is a risk of costly
damage to the dies in the event of a moulding not
ejecting cleanly, an operator is usually in attend-
ance to work the press under semi-automatic con-
ditions. This has little effect on the cost of the
mouldings due to the high production rate of the
machine, and is a very cheap insurance. for con-
stant trouble-free manufacture.

A small half oz. capacity hand-operated injec-
tion moulding machine is now being installed to
cater for small quantity production and “jobbing”

Fig. 2.-—Injection Moulding Machine.

Fig. 3.—injection Moulding Machine. Alternate Yiew.
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work, as it has been found that even for quanti-
ties of 50,000 off, the die cost can be between 80
and 90 per cent. of the total cost, and it is thus
not an economic proposition to make a die to
mould up to 1,000 off a small article in the large
machine. The dies for the small machine will cost
approximately one-sixth of the four-oz. machine
dies and enable the small quantity and size mould-
ings to be economically and quickly produced.
Manufacture of Moulding Dies

This is probably the most important and cer-
tainly the most critical portion of the whole pro-
cess, and much credit is due to the tool designers
and tool makers for their perseverence, which has

The dies are designed by a skilled tool designer,
who follows their manufacture and assists the
toolmakers with any doubtful points that may
arise. Only one toolmaker is normally used to
make each die, and this individual arrangement of
designer and toolmaker encourages a personal
pride and interest in the work that pays dividends
in the finished tool. The toolmaker is responsible
for the initial set-up, trial and proving of the die
and to assist him in obtaining the best results, a
small sample stock of each type, brand and grade
of moulding powder is held in the toolroom. The
results with each powder are recorded after ex-
amination, and from a combination of data and

Fig. 4—1 L Receiver Bobbin Dies.

resulted in trouble-free manufacture of accurately
dimensioned and high quality mouldings. Much
progress has been made throughout the world
during recent years in the design of machines and
dies, and to take advantage of the improved
methods and materials it has been necessary to
carry out many experiments, some of which re-
quired weeks of concentrated trial, but which in
turn rewarded their triers with success and a sav-
ing many times the experimental cost. All mould-
ing dies are designed and manufactured in the
workshops, as past experience, when pressure of
other work forced the sub-letting of die manufac-
ture to commercial contractors, proved this com-
mercial manufacture unsuccessful. This was
mainly due to the inability of the contractor to
“yun-in”’ the die and correct any errors before
handing the die over for the production run.

sample, the most suitable powder is selected for
production. This information is recorded on the
“master production schedules” and ‘“die history
card,” and forms a permanent record to avoid
future troubles.

With the injection moulding machine, only one
grade of polystyrene is used, and it is therefore
necessary only to record the injection times, die
temperature and heating temperature. A standard
nickel chrome steel of high quality is used for all
dies. This standardisation simplifies die manufac-
ture in that the design, toolmaking and heat-
treatment became standard, and this limits the
variations which would otherwise occur if differ-
ent steels were used. It is quite possible to ruin
a die completely during heat-treatment due to
faulty steel or incorrect treatment, and the policy
of purchasing a very good quality, one brand,
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standard type of steel for these dies, has proved
well worth while. This will readily be appreciated
when -it is realised that the material cost of the
dies is usually only 10 per cent. of the total, and
even doubling the cost of the steel only adds 10
per cent. to the overall cost. ;

After initial machining, allowing for shrinkage

during heat treating and grinding to finished sizes,

the dies are sent to the heat treatment section
where one toolmaker, who has been specially
trained in the work, carries out the necessary
treatment. This is again a very skilled process,
and the resultant distortion and life of the die is
entirely in the hands of the artisan, and is the
reason for employment of one expert solely for
heat-treatment. After hardening the dies have
to be hand fitted and ground to a high finish, and
great care is necessary at this stage to ensure a
good. finish on the moulding and freedom from
“sticking” during the moulding process. Most
thermo-setting dies are then chrome-plated as
this finish provides a very fine surface on the
moulded articles and acts_as a lubricant to assist
in their release from the dies.

Two good examples of the die-makers’ art can
be seen in Figs. 4 and 5. The I.L. receiver bobbin
die (Fig. 4), is shown with the dies apart. On
closing, the two halves of the left hand die, A and
B come together and inserts C protrude through

Fig. 5.—Protector No. 1 Base Moulding Die.

the body of the bobbin into the slots in the right
hand die to form the cores of the bobbin. Channel
D in the right hand section of the die provides the
feed or runner for the injected molten polysty-
rene, from where it flows into the cavities via the
small channels in the left hand side of the die,
appearing as “spade handles” in the illustration.
When the die opens, the resulting moulding
“strips” on the hook in the centre of the left hand
die and this is clarified by examination of the pro-
duct in Fig. 6.

The protector No. 1 die in Fig. 5, is a four-
cavity thermo-setting die of conventional type.
Ejection of the part from the female die is made
by raising the insert pins and thus forcing the
moulding from the cavity. An assembled protec-

Fig. 6.—1 L Receiver Bobbin Spray and Polystyrene.

tor appears in the right hand lower corner of the
illustration. This die has been chrome plated, and
as the photograph was taken after the die had
produced many thousand mouldings, the exceilent
condition of the die faces is indicative of the bene-
fit to be gained from this form of finish.

Manufacturing Procedures

Figures 7, 8 and 9 give the schematic principles
of each type of moulding and will assist in the ex-
planation of the process.

The thermo-setting press, Fig. 7, is of conven-
tional design, and almost self-explanatory: The
main ram 1s above the platens and brings the top
force down into the loading well to compress the
powder and force it into the lower die cavities.
Both platens are electrically heated and thermo-
statically controlled, and, after closing, the dies
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Fig. 7.—Typical Thermo Setting Moulding Press.
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are held in this condition for a predetermined time
to allow the “curing” and solidifying process to
occur. It is sometimes found necessary to
“breathe” the dies by momentarily opening them
for a few seconds after full pressure has been
applied. This allows the initial gases to escape and
helps to overcome blistering of the mouldings. On
completion of the curing time, the main ram and
top force rise under pressure from the restoring
rams and bring the ejector pins up through the
bottom, section of the die to lift the mouldings
clear of the cavities.

Loading of the powder into the well is accom-
plished by a simple discharge fixture. During the
curing period the operator weighs out the correct
quantity of powder and loads it into the fixture.
On removal of the completed moulding, it is then
a quick process to reload the well by sliding out
a shutter in the bottom of the fixture to permit
the powder to fall into the well. Another simple
and clean method of loading is to preform the
the powder into pellets; the operator then places
the required number of pellets evenly in the well.
It is essential for small mouldings in multi-cavity
dies that the powder is evenly distributed in the
well as it has little opportunity to move from
cavity to cavity.

After each moulding cycle it is often necessary
to clean out the “flash” around the rim of the
loading well and top force, and this is readily ac-
complished with a jet of compressed air. Where
long “draws’”’ occur in deep articles, it is necessary
also to lubricate the die faces, and this is executed
quickly by using a small compressed-air spray gun
to apply a thin film of paraffin or olive oil. This has
to be applied sparingly to avoid “graining” the
face of the mouldings. A new silicone mould emul-
sion is now available in America which is sup-
posedly a superior die lubricant, and it is hoped
to use this fluid in the near future to further per-
fect the moulding production.

Fig. 8 shows a variation of a thermo-setting die
arrangement where the loading well is separate
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Fig. 8.—Typical Transfer Moulding Die Schematic.

from the lower die and the cavities of the die are
removable.  This type of die is essential where
small metal inserts are being included in the
moulding, and is the arrangement used in the
Melbourne workshops to mould the terminal
blocks for both drop and eyeball indicators. The
powder is loaded into the transfer well and the
top force enters this when the press closes to flux
the powder and force it in the molten state into
the cavities in the die blocks. On opening the
press after the curing period, the two die blocks
A are lifted out and another similar pair inserted,
the transfer well refilled and the moulding pro-
cess continued. The removed die blocks are then
cleared of their mouldings by driving the ejectors
out with a small mallet, and then these die blocks
are cleaned and prepared for replacement in the
base as soon as the current moulding cycle is com-
pleted. ¢

This type of die is very costly to make, but has
a high production rate to offset this, and ensures
consistently good mouldings without damage to
the fragile terminal pins moulded therein. It is
necessary to remove the waste moulding from the
transfer well gates, and this is achieved by hooks
in the top force which pull the residue out on
opening the press. One precaution that must be
taken during manufacture is to keep the powder
dry and clean. This is accomplished by storing it
in sealed containers prior to loading into the dies.

Fig. 9 shows the arrangement of the horizontal
injection moulding press and again is fairly self-
explanatory. On closing the safety gate on the
front of the press the moulding cycle automatic-
ally completes its course. The die-closing ram re-
ceives pressure and locks the two dies together at
a high pressure. The powder from the hopper is
metered automatically into the injection chamber.
There it is heated, melted and forced by the rams
into the cavities of the die, where it solidifies to
form the required mouldings. The press then
opens and the moulding is forced out of the cavi-
ties by ejector pins and falls into a container be-
neath the press.

Although the dies are stated to be “cold,” it
has been found that much better mouldings and
faster moulding cycles are obtained by having
them at a temperature of approximately 150°F.,
which is about 50° below the softening point of
polystyrene. This heating of the dies is achieved
by hot water circulation through the main plates
on which they are mounted. The temperature of
water is thermostatically controlled at the dies,
and high pressure circulation ensured by a rotary
water pump. This additional equipment has also
permitted a change in die design, and where for-
merly it was necessary to provide a substantial
section in the runners as shown in Fig. 6, it is
now possible to restrict the opening into the cav-
ity to a “pin point” and the practice is known at
“pin-point gating.” This has several advantages,
the chief of which is the inflation method by
which the cavity fills, which tends to limit the
stresses that otherwise appear with dies at am-
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bient temperatures using large runners. The re-
quired moulding is also more readily detached
from the waste runner, and a further plate can
be introduced between the main die blocks to
automatically “degate” the moulding as the press
opens.

Moulding in this machine is very fast and thus
requires constant attention from a competent
operator to ensure that there are no blockages
that would damage the valuable dies if the press
was allowed to close in that condition. The I.L.
receiver bobbin die has a moulding cycle of 7 sec-
onds, which gives a production rate of over 6000
an hour. It is interesting to compare this figure
with the production rate of the old fabricated
bobbins which took about 4 minutes each to
manufacture.

HOPPER & GRANULES

CHARGE REGULATOR

=N, e L
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ANY RESIDUE 15 OELIVERED
DURING NEXT CYCLE.

Fig. 9.—Typical Injection Moulding Press Schematic.

Plastics as a Substitute for Other Materials

From this title it might appear that plastics
were being used as a makeshift for other unob-
tainable materials. However, although shortages
of other materials often lead to the substitution
by plastics, usually it is found that an improve-
ment in cost, manufacture, and performance is
obtained, provided the correct design and type of
material is chosen. Plastics lend themselves very
well to the development of odd-shapped articles
which are difficult to fabricate, and many im-
provements in Departmental equipment have
originated in the workshops as it is at the point
of manufacture that the possibility of these
changes is most apparent. The transmitter No. 13
base shown in Fig. 10 is a good example of this.
Previously of pressed brass, it was very difficult
to develop and suffered from insulation break-
downs on the internal surfaces as these were only
sealed with enamel coating. Moulding this case in
polystyrene has reduced the manufacturing costs
and removed the pressing difficulty as well as
banishing the insulation problem.

The eyeball indicator coil was originally wound

on a bobbin assembled from sheet materials, the
end cheeks being fibre with rivetted terminals
and the core cover varnished cotton cloth. This
was a clumsy and unreliable assembly which was
expensive to make, and did not provide high in-
sulation to the frame of the indicator. The bobbin
is now made from two mouldings, one cheek and
the core cover being moulded directly on to the
core in polystyrene, and the other cheek of phenol

ST
weih

Fig. 10.—Transmitter No. 13 Base. Plastic Type on the Left, Brass on
the right,

formaldehyde carrying the moulded-in terminat-
ing tags is locked into position with mating
splines by a tight fibre washer. The complete bob-
bin is cheaper, easier to manufacture, and pro-
vides a high insulation surface for the winding
which is free from corrosive chemicals likely to
attach to fine copper winding wire.

Use has also been found in the workshops for
the plastic adhesives for both repair and produc-
tion purposes, but as this item is large enough for
a separate article it will be sufficient to say that
they are supplanting all other forms of adhesive,
as they are both faster-setting and stronger, and
provide better electrical properties than animal
derivative glues. Experiments have been made
with electronic heating as a curing medium, and
it is hoped to introduce this method of glueing
into the woodworking section of the workshops
at an early date.

Conclusion

It has been impossible to cover all of the inter-
esting points and experiences encountered in the
plastic moulding section of the workshops as the
subject is a vast and varying one, which 1s becom-
ing one of the major industries and manufactur-
ing methods of the world and for which the future
is still very rosy. With the constant interest and
enthusiasm shown by those concerned with its
progress in the Department, it is certain that
many years of achievement and success are yet to
come. :
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A CABLE MEASURING

Wherever cable is manufactured, or in stores
where large quantities of cable are handled and
issued, the need exists for some simple means of
measuring the cable. In the Department, various
methods have been adopted, such as using a tape,

CABLE GUIDES

MACHINE

ADJUSTABLE BALANCE WEIGHY

J. Mead, Dip.E.E., AM.LE. (Aust.)

following a general description of the machine is
given, and also some details of its use. A view of
the general set-up is shown in Fig. 1, and two
views of the actual measuring machine are shown
in Figs. 2 and 3. The larger wheel, which has a

IDLER WHEEL

CABLE GUIDES

CASE ROLLER TABLE

\ | LECS OF TABLE BOLTED TO FLOOR
UNWINDING CABLE DRUM

RECOMMENDED DISTANCE,

MEASURING WHEEL

-0

REWINDING CABLE DRUM l

RECOMMENDED DISTANCE

REVOLUTION COUNTER ON
FAR SIDE OF THIS SPINDLE

APPROX 8'-0°

APPROX 180"

Fig. 1.——General View of Cable Measuring Machine.

or pulling the cable off the drum and measuring
between markers set out along the ground.

In locations where space is restricted, or where
cable is being measured continuously, a simple
method is necessary. A machine for measuring
cloth has been developed, and consists essentially
of a pair of rollers between which the cloth
passes. By counting the number of revolutions of
the rollers and using a suitable set of gears, the
actual length of cloth passed through the rollers
can be measured. This principle has been applied
to measuring cables and wires, and many types
of commercial machines have been manufactured
for this purpose.

One of these machines has been in use in the
Stores Branch, Perth, for some time, and in the

Measuring Unit, showing Counter.

Fig. 2.—Front Yiew of

Fig. 3.—Side Yiew of Measuring Unit, showing Measuring and ldler
“Nheels.
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lip around each edge, is exactly one yard in cir-
cumference, measured in the section between the
lips, and is geared directly to a revolution counter.
The cable is passed over this wheel and kept
pressed against it by a small idler wheel, the pres-
sure being applied by an adjustable balance
weight.

A roller table three feet high was constructed
by using approximately ten feet of a commercial
case roller mounted on angle iron legs. Three rol-
lers are removed at one end to allow the measur-
ing machine to be placed in position. The machine
is mounted on an angle iron tripod at such a
height that the top of the measuring wheel is in
line with the rollers of the table. Shorter tables
could be used where the machine is used in con-
fined areas.

When the machine was first received it was
fitted with a circular guide through which only
small cables could be fed. The guide was re-
moved and two ferrules fitted on the table to
keep the cable on the measuring wheel. The
ferrules consist of pieces of piping placed over
two bolts, and will turn freely if touched by the
cable when passing. The revolution counter
spindle was also extended so that the number of
yards rolled off, and indicated on the revolution

counter, could be easily seen by the officer turn-
ing the receiving drum.

Two other ferrules are fitted at the other end
of the roller table to prevent the cable rolling off
the table. These are set at the sides of the table,
so that the cable can be easily taken off the drum
without excessive bending.

As indicated in Fig. 1, the drum containing the
cable is mounted on jacks approximately 8 feet
from one end of the table, and the receiving drum
approximately 18 feet from the other end. The
cable passes from the drum along the rollers of
the table, over the measuring wheel, between the
two ferrules set close together, and is finally
wound on to the receiving drum. To prevent the
larger cables from slipping out from between the
wheels, a spiral spring, as shown in Fig. 2, is
fitted to increase the tension applied by the bal-
ance weight.

The machine readily accommodates cables up
to approximately 1} inches in diameter, which
corresponds to a 54 pair 10 lb. tape armoured
cable, or a 200 pair 10 lb. unarmoured cable. It
has been used extensively in the Stores Branch,
and in the near future additional machines will
be installed in main line depots where large quan-
tities of cable also are handled.

USE OF DDT FOR THE PROTECTION OF LEAD CABLE

SHEATHS AGAINST TERMITES

Many faults in underground cables in the past
have been caused by termites (white ants) gnaw-
ing through the lead sheathing and allowing
moisture to enter the cakle. These faults have
been experienced mainly in districts where ter-
mites are more than usually prevalent and vora-
cious, such as in the Northern Territory and
parts of Queensland and South Australia. During
1945, in Adelaide, approximately 20% of over 400
cable faults which occurred were found to be due
to the attacks of termites.

Prior to 1947 few effective means for combating
the depradations of termites in the Department’s
underground cable installations had been avail-
able, but the advent of DDT solutions and their
efficacy, even in weak concentrations, appeared
to offer some positive solution to the difficulties
formerly experienced in the eradication or pre-
vention of the termite nuisance.

DDT is the common name for the organic com-
pound Dichlorodiphenyl trichloroethane. It is a
white crystalline powder with a slight smell, hav-
ing a specific gravity of 1.6 and melting point of
107°-108° C. It is insoluble in water, but dissolves
readily in the aromatic solvents benzol and toluol
and also in kerosene and such liquids. It is gener-
ally used in a diluted form, a few per cent. of the
finely powdered material being added to many
commercial insect powders.

F. R McNicoll, B.Se,

DDT solutions have been largely used for such
purposes as insect sprays, in which a liquid sol-
vent, such as deodorised kerosene is mostly em-
ployed. In addition to such methods of dilution
the preparation of such emulsions in water has
been found to be a much more economical method
of using the material, as only a concentrated base,
in a form suitable for preparing an emulsion, is
required for purposes of transportation.

Of preparations containing a DDT emulsion
base manufactured in Australia, that which pro-
mised to offer the most effective and practicable
deterrent to termite attacks on the Department’s
cabkle plant was a water soluble DDT base known
as Rucide, a product of Taubman’s Ltd. This is a
buttery looking material which contains 50%
DDT. To prepare an emulsion it is slowly heated
until melted, and then poured into a suitable
quantity of water with constant stirring. This
produces a milky-coloured watery liquid which
may be readily sprayed.

A 1% solution of DDT is obtained by mixing
1 1b. of “Rucide” in 5 gallons of water, but even
weaker solutions would probably be equally effec-
tive in some instances for the particular applica-
tions referred to. A minimum toxic concentration
in the soil has not been determined, but it is pos-
sibly quite low, and field tests to date have not
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vet been sufficiently extensive to enable definite
conclusions in this regard to be reached.

Extensive trials of Rucide emulsion have been
made in Queensland and South Australia, with
such favourable results that extension of the
treatment to other States, in districts where ter-
mite activity might be expected, was arranged.
The results of these trials have been most encour-
aging, and reports indicate that the Rucide emul-
sion is not only reasonably effective in combating
termites where attacks are being made on cable
sheathing, or where termite activity is to be ex-
pected, but is probably the best repellent that has
so far been used.

Fig. 1.—Typical Termite Attacks on Lead Coble Sheathing.

The DDT emulsion has the effect of causing
the termites to transfer their activities elsewhere.
There is some possibility of the insects resuming
their activities at a later stage, and repetition
treatment may, in some cases, be necessary,

although éxperience has shown that the effects of
the DDT treatment are longstanding, and only in
isolated cases where DDT has been used to date
has any re-appearance of termites been experi-
enced. '

~On one or two instances where the DDT emul-
sion has been used during the installation of cable,
termites have subsequently made their appear-
ance, but this has occurred, as far as is known,
only in the Northern Territory, where the termite
species, Mastotermes Darwiniencis, a particularly
large and voracious type, is prevalent. In each of
these cases, however, the DDT concentration used
was only a little over 0.5%, whereas it now
appears probable that a 1% concentration may be
considered the desirable minimum strength. Fig.
1 illustrates typical termite damage to cable
sheathing and conductor insulation.

The extent of the application of DDT emulsion
and the methods used are largely dependent upon
the nature of the cable installation and the cir-
cumstances of the particular case. Where treat-
ment with Rucide is considered to be practicable,
the adoption of suitable practices presents little

‘difficulty. For the treatment of soil in the vicin-

ity of buried cable, a watering can with a flat
spout or spray of limited angle may be used dur-
ing the laying process. The liquid may be applied
after a layer of soil has been put over the cable,
or, if considered desirable, a preliminary spray
can also be applied before laying the cable in the
bottom of the trench. Impregnation of the soil
for only a couple of inches around the cable is all
that should be necessary.

Where a cable-laying plough is used, a suitable
means of applying Rucide through the tube into
which the cable is fed, in sufficient quantity to
saturate the earth in the vicinity of the cable,
can be adopted.

ANSWERS TO EXAMINATION PAPERS

Ghe following answers Benerally Bive more detail than would be expected in the time

available under examination conditions.

The additional information should be

helpful to students.

EXAMINATION No. 2906—ENGINEER TRANSMISSION
SECTTION 2—RADIO AND BROADCASTING

Q.6 (i)—Develop an expression for the anode circuit
efficiency of a linear radio-frequency amplifier in terms
of the D.C. anode supply voltage and the minimum anode
voltage at peaks of anode current. The tube is assumed
to be biassed to cut-off, and anode voltage/anode current
curves are assumed to be linear.

(ii) A tube operates at a D.C. supply voltage of 10,000
and the anode voltage falls to a minimum of 5,500 volts.
An output of 5 kilowatts is required.

(a) What is the anode circuit load impedance?

(b) What is the anode circuit efficiency?

(¢) What is the minimum anode voltage at peaks of

100 per cent. modulation?

A (i)—The anode circuit waveforms for a linear
radio-frequency amplifier are shown in Q.6, Fig. 1.

With the conditions of grid bias and input voltage
which exist under Class B operation, the plate current
waveform is in the form of half sinusoid and zero cur-
rent half cycles, as shown.

The average value of such a waveform represents the

steady D.C. plate current and is—
IB =i max/qr
Also, the fundamental frequency component of such a
plate current waveform may be shown to have a maxi-
mum value—
lfm o=l nf\ax/2 .
The R.F. power output is the product of the effective

voltage and effective current at fundamental frequency—
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= EB'l mix o
The plate circuit efficiency is thus
=Y /P x 100%
= [(E —E i) 1ha/4] [7/E, i max) 100%
== (sl Emm/D‘) (10071'/4)%
(ii) (a)
PO - (01111\/\/2) /P
— [(LZ nnu) / \’I2] /R
R, = [(E, )/ V2iz/P,

== [(100(’0 5500)"/2] /50()()

(i1) (b)
7 = (1-5500/10000) (2200/28) %
= 354%
€ o - —— e e e e R s e = S
(NI [Si=—= = e — e e i
T OMAR \’\/
E o —.—*—J(——-——-—-———-——#—\-/\-—— "
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\J"-/.., |
o° 180° 270° 360° 450
Q.6, Fig. 1
(it) (¢) at 1009% modulation the value of e is
doubled and
el ne=ih=r2lel s
" 10000 -8 x 4500
—= 1000 volts
Q. 7(i)—A medium-frequency vertical aerial is ve-

quired for use with a broadcast transmitier and is
located some hundreds of feet from the transmitter
building. Describe a system of feeding the aerial from
the transmitter—

(a) When the transmitter is designed to operate into
a balanced load impedance of 600 ohms;

(b) When the transmitter is designed to operate into
an unbalanced load impedance of 200 ohwms, one
side of which is earthed.

(ii) Explain the criteria for correct line-up of each
system, enumerate the testing equipment necessary and
briefly outline any measurements which must be made
io ensure that the line-up is correct.

A.(i) (a).—The transmitter output may be connected
directly to a balanced two-wire line, which has a char-
acteristic impedance of about 600 ohms, the correct
value for matching to the transmitter. A suitable line for

-

>

K

g

TRANSMITTER

Q.7, Fig. 1

powers up to 10kw would consist of two 300 1b. H.D.
copper wires spaced 10” horizontally, mounted on insu-
Jators carried on poles. The line must be terminated in a
coupling circuit which matches the unbalanced aerial
impedance to the balanced line. One suitable circuit is
shown in Fig. 1.

The aerial reactance (assumed to be capacitive) is
balanced by the inductance L1 in series with the aerial.
The condenser C1l is usually made adjustable by using
a number of mica condensers of different capacitances
in parallel. The inductances are air-cored helices of sil-
ver plated copper tube, with tappings for inductance
variation. A rotating short-circuited furn inside each
coil is used for fine adjustment. Thermocouple type
ammeters A, are inserted in the circuit where shown,
with knife switches by which they may be shorted out.

(b) An unbalanced six-wire line may be fed directly
from the transmitter output. This is an open-wire line
of the form shown in IMig. 2, having a characteristic im-
pedance of approximately ZUO ohms.

L i 2"
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Using 7/,, stranded wire, and dimensions as shown,
the line will handle up to 50 kw. The four outer wires
are earthed at both ends and the two inner wires in
parallel form the live conductor. The connections of the
line and coupling unit are shown in Fig. 3.

T Ropo!

Q.7, Fig. 3

Q.7, Fig. 2.

TRANSMITTER

The coupling circuit may be of the T or L type. The
L network shown in Fig. 3 is suitable for most cases,
but could not be used with an aerial of resistance greater
than the line characterictic impedance, such as a verti-
cal aerial very near a half wavelength in height. The
inductor I, may be thought of as two inductances in
series, one tuning out the aerial reactance (which is
here assumed capacitive) and one forming part of a
matching network. The circuit components are as de-
seribed in (a).

(ii) TFFor correct line-up in both cases the correct load
impedance must be presented to the line at the coup-
ling unit and to the transmitter output. In this case the
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ratio of the aerial and line currents, fixed by their im-
pedances, will be correct, and there will be no standing
waves on the line. If an artificial aerial of impedance
equal to the characteristic impedance of the line is con-
nected to the transmitter, then it should be possible to
change over to the line without disturbing the trans-
mitter final stage currents.

The testing equipment required includes:—

(a) R.F. bridge, or resistance box and thermal millia-
meter.
(b) R.F. oscillator.

(c) Wire loop and thermal ammeter loosely coupled to
line for standing wave measurements.

(d) Artifieial aerial if available.

For both types of coupling unif, the aerial resistance
at the operating frequency is measured either with an
R.F. bridge or by the added resistance method. Irom
this the desired aerial current at normal power input is
obtained. The desired line current is obtained similarly
from the line characteristic impedance.

In the mutual inductance type of circuit, the second-
ary circuit must then be tuned to resonance. The cir-
cuits are then tuned to give the correct values of line
and aerial current when normal power is applied. This
may be checked by using the three ammeter method at
the coupling unit input, which should show that line
current and condenser current differ 90 degrees in
phase. The input current to the line should be measured
and readings taken along the line with the sliding loop.
The absence of standing waves is shown by the eqguality
of the currents at the ends of the line and constancy of
the loop readings. Finally, a check should be made with
an artificial aerial, if one is available, as indicated above.
References:—

Telecom Journal—

Vol. 3, No. 1, June, 1940, p. 12. Transmission Line to
Aerial Coupling Circuits for Broadcasting Stations. A. J.
McKenzie.

Vol. 7, No. 4, June, 1949, p. 247. Answer to Examina-
tion Question (Senior Technician—Broadcasting). N. S.
Smith.

Vol. 7, No. 5, October, 1949, p. 318. Answer to Exam-
ination Question (Engineer—Transmigsion, Section 2).
E. J. Wilkinson.

Q. 8.—Write brief specifications for any two of the
following units:—

(a) A line amplifier for use on an open wire programme
transmission circuit.

(b) A microphone pre-amplifier for studio use.

(¢) A filament transformer for a high-tension ther-
mionic rectifier.

(d) An anode supply transformer for a three-phase, full-
wave, high-tension thermionic rectifier.

A. 8 (a) Brief specifications of a line amplifier for use
on an open-wire programme transmission circuit.

1. The gain shall be 30 db = 1 db.

2. Provision shall be made for an attenuator to vary
the gain in 2 db steps from + 30 db to — 10 db.

3. The power capability shall be 240 milliwatts.

4. The ratio of the output to harmonic distortion shall
be not less than 34 db, for all values of power less than
509% of the power capability of the amplifier, in the fre-
quency range 60 to 5000 cycles per second.

5. The frequency response shall be = 0.5 db from 35
to 10,000 cycles per second.

7. The input impedances shall be 600 ohms + 209%,.

8. The load impedance shall be 600 ohms =+ 209%.

9. The output impedance shall be 600 ohms *= 209.

10. The unweighted signal to noise ratio shall be not
less than 75 db when measured with an output of 120
milliwatts and a gain of 30 db.

11. The amplifier shall be required to operate from
a direct supply voltage of 130 volts and 24 volts.

(b) Brief specification of a microphone pre-amplifier
for studio use.

1. The amplifier shall be suitable for amplifying the
output of high quality microphones.

2. The gain shall be 30 = 1 db.

3. The power capability shall be 100 m. watts.

4. The ratio of output to harmonic distortion shall
not be less than 34 db for all values of power less than
509% of the power capability of the amplifier, in the fre-
quency range 60 to 7,500 cycles per second.

5. The frequency response shall be within = 1 db
from 30 to 15,000 cycles per second at 10 db below the
full power capability, and = 2 db at 40 db below.

6. The input impedance shall be suitable for match-
ing to microphones having an impedance of 50 ohms.

7. The input transformer shall be multi-shielded to
minimise the effects of external electro-magnetic fields.

8. The input tube shall be of the low noise non-
microphonic type.

9. The load impedance will be 600 chms.

10. The output impedance shall be 600 ohms = 20%.

11. The unweighted signal-noise ratio shall be not less
than 95 db when measured with an output of 100 m.
watts and a gain of 30 db.

12. The amplifier shall be required to operate from a
power converter providing a D.C. supply voltage of 300
volts 20 m.amps. and an A.C. supply of 6.3 volts 1.0
amps.

(¢) Brief specifications of a filament transformer for
use with a high-tension thermionic rectifier.

1. The transformer shall be suitable for operation at
230 primary volts, 50 cycles per second.

2. Voltage taps shall be provided in 10 volt steps
from 210 volts to 250 volts.

3. The secondary voltage shall be 30 volts for an in-
put of 230 volts and load current drain of 100 amps.

4. The temperature rise under the above conditions
shall not exceed 55°C.

5. The insulation between the secondary to primary
windings and to the transformer case shall withstand
10,000 volts.

(d) Anode Supply transformer for a 3-phase full-
wave high tension thermionic rectifier.

1. The transformer is intended for service as the
supply transformer in a 3-phase full-wave rectifying
system using thermioniec valves, the rectifying system
being capable of supplying continuously a D.C. power
of 15 Kilowatts at a D.C. voltage of 10,000 volts.

2. The primary winding shall be suitable for operation
from 3-phase, A.C. supply mains of 415 volts 50 cycles
per second, and shall be provided with voltage taps at
10 volt intervals from 400 volts to 450 volts.

3. Under the continuous load given in paragraph 1 the
temperature rise of the windings shall not be greater
than 55°C. when operating in an ambient room tempera-
ture of 25°C. for a continuous operating period of 24
hours.

4. The efficiency of the transformer shall not be less
than 989% at full rated load.

5. The insulation between windings and between wind-
ings to frame shall be capable of withstanding a peak
voltage of 12,000 volts.

Q. 9 (i)—Discuss the relative merits of the under-
mentioned bands of radio-frequencies for use in the es-
tablishment of a radio-telephone service between a cen-
tral station and cars operating throughout a city and its
environs:—

Medium frequencies (300 to 3,000 kilocycles/sec.).
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High frequencies (3 to 30 megacycles/sec.).
Very high frequencies
(a) (30 to 60 megacycles/sec.).
(b) (60 to 300 megacycles/sec.).
(ii) State the approximate band of frequencies you
consider most suitable for this class of service, giving
your reasons.

A. 9 (i).—The main faclors effecting the choice of a
frequency for an urban mobile radio-telephone system
are set out below:—

(a) Radio noise level.

(b) Aerial efficiency.

(¢) Number of channels available.

(d) Propagation characteristics.

(e) Efficient usage of frequeneies.

() Other factors.

These will be discussed separately in relation to the
various frequency bands.

(a) Radio noise level. In urban areas man-made noise
is predominant over other sources, including first
circuit receiver noise, over all bands from 300 ke/s
to 300Me/s. Its level is greatest at the lower fre-
quencies and decreases as Lhe frequency increases.
From the point of view of noise then the medium
frequencies are the least attractive and the V.H.F's
from 60 Mc/s to 300 Mc/s the most.

(b) Aerial efficiency. As the radialing and receiving effi-
ciency of aerials of fived dimensions varies directly
with frequency, it follows that for a car installation
where the aerial size is limited, the greatest aerial
cfficieney is possible with the highest [requency.
This condition indicates the use of the V.H.I*, hand
60 Mc/s to 300 Mc/s.

{c) Number of channels available, As it is certain that
a service such as this would have to share a band
with other mobile and fixed services working in the
same area, it is important to have a large number
of separate frequency channels available. The num-
ber available is directly proportional to the totatl
frequency space available. Thus medium frequencies
would yield a very limited number, high frequen-
cies considerably more and V.H.I's the greatest
number. Alternatively or concurrently the wide
spectrum available at V.H.I''s allows greater band-
width pe:r channel to be employed. This makes pos-
sible the use of I""M. with deviation ratios greater
than unity and an increase in received S/N ratio
results for the same radiated power. F.M. also dis-
criminates against noise to a greater degree than
does A.M.

(d) Propagation characteristics. Both medium and high
frequencies give good coverage of the required ser-
vice area, but they also propagate over very great
distances outside this area, thus precluding the use
of the same frequency within hundreds of miles or
even anywhere in the world in (he case of H.F's.
The V.H.I”s do not give as good coverage in the
service area because of shadow effects, which be-
come more marked as the frequency rises, bui this
can be olfset by the use of more fixed stations.
V.H.Is do not normally propagate much beyond
line-of-sight but intermittent long distance iono-
spheric propagation occurs above 30 Mec/s and per-
sists up to 70 Mc/s on rare occasions, due to spor-
adic E layer reflection. The band 60-300 Me/s is,
therefore, most suitable from this point of view.

(e) Efficient usage of frequencies. Medium and high
frequencies, because of their long distance propa-
gation characteristics, are far too valuable for
broadecasting, international radio-telephone, ete.,

to be used for mobile radio-telephone services. This
factor alone would completely preclude their use.
Likewise the 30 Mec/s-60 Mc/s band is suited for
point-to-point services operating near or slightly
beyond line-of-sight and for rural mobile services
which require greater range than city services.

(f) Other factors. R.T". circuit components are smallest
at the highest V.H.F. frequencies which allows
more compact and lighter units. Countering this is
the fact that more tubes are necessary in V.H.F.
transmitters because the frequency has fo be multi-
plied more times from the original crystal con-
trolled generatoi to the output. R.I". power genera-
tion is less efficient at higher frequencies and this
combined with the greater number of tubes, re-
quires more battery drain for the same power out-
put as the frequency increases.

(ii) The band of frequencies most suitable is prob-
ably 150 Me¢/s-200 Mc/s for the following-reasons—

(a) Low mnoise level.

(b) High aerial efliciency.

(¢) Sufficient frequency spectrum to give a large

number of channels and also allow use of I".M.
(d) Practically no long distance propagation.
(e) Small R.I". ¢ircuit components.

I'requencies above 200 Mc/s have all the above advan-
tages but special tubes and circuit technigques are neces-
sary and at the present state of the art their use is not
economical.

Q. 10.—With the aid of a block schematic diagram
describe the main items of cquipment in the transmis-
sion channel, plus monitoring and supervisory equip-
ment, between the termination ol the programme trans-
mission line (assumed to be cable) and the radio-fre-
quency transmission line, of a typical standard medimm
frequency broadcasting station. The functions of each
unit of equipment should be stated.

A.—Fig. 1 illustrales in block schematic form the
general arrangements for the transmission channel plus
monitoring and supervisory egquipment of a standard
M.T. broadcasting station.

A Radio Frequency filter is connected to the incom-
ing line as it enters the speech equipment racks, the
filter being used to remove R.F. currents induced in the
line by the high power transmitter circuits. The pres-
ence of R.F. currents in the low-level speech equipment
can result in severe distortion and possible oscillations.

The R.T", filter is followed by a 1:1 ratio line trans-
former in order to break the line to D.C. and longitud-
inal currents and to enable the use of the line for “ON
AIR"” or over-modulation indication back to the studio
in a cailho circuit using the transformer centre-tap.

The transformer is followed by an individually de-
signed equaliser having a frequency response curve the
converse of that of the line, which, together with the
line, will give a uniform attenualion over the transmis-
sion band.

The Master Gain Control is of the balanced H type,
and is used to adjust the input level to the following
line amplifier and the {ransmitter. The I.ine Amplifier is
a push-pull amplifier with a gain of 60 db, and its out-
put adjusted to +8V.U. Its function is to overcome the
attenuation of the line and equaliser and supply the cor-
rect level to the transmitter speech amplifiers. The
amplifier is of the peak limiting type and as such pre-
vents peaks of programme from overmodulating the
transmitter.

A Broadcast On key in the transmitter control desk
serves to connect the programme line to the transmitter,
the line being terminated in 600 ohms when the trans-
mitter is not connected. It should be mentioned that atl
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the programme equipment has input and output im-
pedances of 600 ohms. A Volume Indicator across the
transmitter input indicates the programme level being
supplied to the transmitter.

The transmitter is of the high level plate modulated
type using several speech amplifiers; a cathode coupled
stage driving the Class B modulator. The single-sided
R.F. channel employs a crystal controlled oscillator,
buffer or isolator stages, R.F. class C amplifiers and a
plate modulated Class C output stage feeding the radia-
tor by an unbalanced line such as an 80 ohm co-axial
cable or 200 ohm 6-wire line.

Monitoring and Supervisory equipment consists of a
Modulation Monitor, Programme Failure Alarm, audio
monitoring from the programme input or diode, as well
as the supervisory system for the transmitter control
circuits.

A pick-up coil, coupled to the output of the trans-
mitter feeds R.F. current to the Modulation Monitor,
where it is rectified and the carrier level is indicated on
a meter and adjusted to a reference level.

The adjusted level of rectified carrier, that is, the
audio output is applied to another diode V.T.V.M. cir-
cuit to indicate modulation depth on either positive or
negative peaks, and gives a flashing lamp indication of
over modulation peaks in excess of any predetermined
modulation level, Both the meter and lamp may be ex-
tended to a remote point., In some cases the flashing
lamp indication is extended by the programme line
caihlo to the studios. The carrier level meter indicates
the "stability of the carrvier during modulation. The
Modulation Monitor also provides a high quality audio
output for Noise and Distortion tests.

A Cathode Ray Oscilloscope is shown connected to the
pick-up coil and this provides for visual inspection of
the modulation envelope. At the present stage the C.R.O.
is not always provided.

A pick-up coil and diode rectifier are provided to ope-
rate the Programme Failure Alarm, Diode Monitoring,
and “On Air” Relay. The P.F.A. is arranged to give a
visual and key-controlled audible alarm when the pro-
gramme level drops 15-20 db below 1009% modulation
and remains below that level for a predetermined time,
usually one minute.

The “On Air‘ relay is operated by rectified carrier
and the “on air’” signal is transmitted to the studio by
the programme line caihlo and controlled by the
‘““Broadcast On’ key.

Audio Monitoring is provided by a diode unit feeding
a monitoring amplifier and speaker or by switching the
amplifier to the input programme.

EXAMINATIONS Nos. 2854 and 2855—TECHNICIAN
TELEPHONE INSTALLATION AND MAINTENANCE

Q. 1.—A relay having a resistance of 50 ohms and an
inductance of 12 millihenries is connected across a 10
volt 800 cycle supply. Calculate the value of the current
in the relay coil, given » — 2wf = 5000 radians per
second (approximately).

A.—

Relay current I — E/Z where E is applied Voltage and
Z is the circuit impedance. E = 10 volts.

Z—= VR*+ (27fL)® ohms
= v507 F (5000 XI2/1000)%0hms
Z= V50 4+ 60° ohms = V6100 ohms
Z=— 78 ohms approx.
I—=10/78 x 1000 milliamps — 128 milliamps approx.
Answer—128 milliamps approx.

Q. 2.—In what way do the characteristics of a voltage
amplifying valve differ from those of a power output
valve?

A.—Typical characteristics—

Voltage Power

Amplifier Amplifier
Amplification factor .. .. .. .. 30 3.5
Anode resistance .. .. .. .. .. 150,000 1500 ohms
Anode current .. .. .. .. .. .. L 0.2 36 m.f.
Transconductance .. .. .. .. .. 200 2000 micromhos
Load resistance .. .. .. .. .. .. 20,000 2000 ohms
Power output .. .. .. . 0.02 2 watts

Voltage amplifying valve: Large finely meshed grid
close to cathode, anode well separated from and smaller
than grid. Grid voltage variations produce relatively
large voltage variations across anode load.

Power amplifying valve: Wide mesh grid smaller than
anode. Small separation of cathode, grid and anode for
Jow impedance. Grid voltage variations produce rela-
tively large variations of anode current.
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Q.8.—~Draw a block schematic diagram of one channel
of any multi-channel carrier telephone terminal with
which you are familiar. Briefly explain the function of

each filter in the circuit.

A.—The block schematic is one channel of a type

SOS 3 channel system.

The Mod. Band filter suppresses all frequencies pre-
sent in the modulator output except those of the side-

band desired.

The transmitting and receiving directional filters se-
parate the send frequency group from the receive fre-

quency group.

The Demod. Band filter selects the band of frequen-
cies appropriate to the particular channel demodulator
and suppresses all other frequencies.

Q. 4.—A physical trunk line terminating on a toll test
board is reported faulty. Briefly detail the preliminary
“ tests you would make to determine the nature of the

fault.

A.—Assume a physical trunk circuit as shown

sketch,
Preliminary tests:

in

Listen at listening jacks for noise, permanent ring, in-

duction, etc.

If noisy, prove trouble on drop or drop equipment side
by plugging into appropriate test jacks. If lests indicate

that the fault is on the drop equipment side, listen on
other circuits that are derived from the physical con-
cerned and compare results. If line appears to be normal,
make signalling and speaking tests in each direction
from drop and drop equipment jacks. If successful, an
operator to operator check is made with the testing
officer observing at the listening jacks.

‘v (v, ’ ’_§ VE E g = »—u—o———
LINE > T Sw8
2 i~ 1 { AMP s o> RS

PHANTOM (Ve

Q.4, Fig. 1.

In many cases, other circuits appearing on the test
panel may be derived over different sections of the faulty
line, and failure of these circuits will give an indication
of the faulty section. A further check helpful for later
fault location is to listen on other physicals on the same
pole route for contact faults, etec.

Where no derived circuit trouble is in evidence and
the fault is out from drop equipment jacks, the terminal
amplifying and signalling equipment should be tested
in both directions before ‘‘calling in’’ intermediate or
distant terminal stations for further test.
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Q.3, Fig. 1.
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Q. 5.—(a) Draw the circuit of a 300 type automatic
or magneto telephone and briefly explain its operation.

(b) List two major improvements which have been in-
corporated in the 300 type telephone as against earlier
types of handset telephones used by the Department.

A.—See article Vol. 5, No. 5, page 298, for both auto-
matic and magneto telephone type 300.

Q. 6 (a)—Draw the elements of the positive battery
metering circuit employed in 2,000 type final selector
switches, and briefly describe its operation.

(b) Indicate one advantage which the positive battery
metering system has over the booster battery metering
system.

SUBS LINE CIRCUIT| STSELECTOR |2"° SELTR.[FINAL SELECTOR
* la_ 5
P B
6\ 500 HA500] (1560 ] Z
J
METER < + b
MRA-r [
[l . - E
:
250
$
- ‘_'_'. el - b +
sov L SOV_
= + b -
-
Q.6, Fig. 1.

A.(a)—Prior to the called subscriber answering, the B .

and J relays in the final selector are operated.

The hold windings of relays H.A. etc., have circuit
via B contact to the E and MRA earths. The meter is
earthed on both sides.

When the called party answers, relay X operates and
opens the slow releasing J relay. During the slow re-
lease of J (300 milliseconds) the 50 volt positive meter-
ing battery is applied to operate the calling subscriber’s
meter via the metal rectifier in the M wire. During the
metering pulse HAs, etc., are held via the MRA earth.

‘When J releases, it cuts the metering pulse and the
meter restores to normal. With J normal, earth is re-
applied to replace that formerly provided by E.

As a precaution against re-operation of the meter, the
J relay in the final selector is locked out of circuit until
the call is finished.

(b) Compared with booster type metering, the advan-
tages of positive battery metering are:—

(1) Critical marginal adjustments and operation is
eliminated. Normally there is no potential difference
across the meter, current flows only for the dura-
tion of the metering pulse.

(2) Use of change-over, instead of make before break
contacts to apply the metering battery to the cir-
cuit, eliminates the momentary short circuiting of
the battery and consequently, contact wear.

(3) The operation and release characteristic of the
metering arrangement makes the circuit readily
adaptable to multiple or repeat metering if such
arrangements are required in the future.

Q. 7.—In the ‘“floating’” method of supplying power to
Departmental equipment a rectifier equipped with a
means of automatic voltage control is sometimes used.
Describe with the aid of a sketch the operation of such
a rectifier.

A.—The transrector is an A/C mains operated battery
charger which automatically varies its charge rate in
accordance with the condition of the battery. This re-
gulation is accomplished by means of a special choke,
the primary winding P of which is connected in the

"and the choke impedance will rise,

S

SWITCHES

CHOKE A/ o Ly
™ ]

1

- I..-.‘,_‘.

LOAD

Q.7, Fig. 1.

AC input circuit, and the secondary winding S in the
rectified DC output circuit. The impedance offered by the
primary winding depends on the degree of magnetic
saturation of the core, which depends in turn on the
current value of the rectified output flowing in the sec-
ondary. If the output current is high, the choke imped-
ance is low, and vice versa. Assuming a charged battery
and negligible load, the transrector would supply a
trickle charge, as a result of the high choke impedance
under this condition. If the load is increased, the bat-
tery voltage falls and causes an increase in rectified
output. This causes a decreased choke impedance and,
therefore, an increased A/C input to the transformer,
sufficient to balance the increased output. Further load
increases will decrease the choke impedancée up to the
saturation point for maximum transrector output. As
the load decreases the output current will fall in value
reducing the AC
input. This will continue with decreasing load until the
charge is once more reduced to a trickle.

The YB resistance is to regulate the choke saturation
corresponding to any particular DC output. That is the
value of battery voltage at which trickle charge begins
to rise.

The YA resistance regulates the proportion of AC cur- .
rent which can be controlled by the choke. Reducing YA
raises the trickle charge.

To eliminate AC ripple in the output, the choke sec-
ondaries are connected in opposition.

Q. 8.— (a) List the tacilities provided by C or CA unit
type PABX's.

(b) State two differences between C and CA unit Lype
PABX’'s and other types used by the department.

A.—(a)

1. Extension to extension calls dialled direct.

2. Direct dialling to public exchanges after call prefix Y.

3. Barred direct exchange access. Exchange calls can
be routed via manual switchboard.

4. Incoming calls received on manual switchboard and
routed to extensions by telephonist.

5. Extensions can gain access to manual board by dial-
ling 9.

6. Outgoing exchange calls can be set up by telephonist
and routed to extension.

7. A busy extension may be offered an exchange call, a
warning tone being provided to advise the extension
that the telephonist is across the circuit.

8. Where special press button equipment is fitted to the
telephione, an extension may hold an exchange call
and dial another extension. If necessary the exchange
call may be transferred to the extension without
calling the manual board.
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9. Exchange calls are night switched to predetermined -

extensions.

10. Camp on busy extension facility with cut through
when the extension clears.

11. Through clear and automatic release on extension to
exchange calls routed via the manual switchboard.
12. On exchange to extension calls routed via the manual
switchboard, the telephonist may speak to either

party without the other hearing.

(b) 1. The C unit PABX (4 Exchange lines, 25 Ex-
tensions) can be extended by the addition of a similar
unit to 8 Exehange, 40 Extensions. The unit is known
as a CA and is not capable of further extension.

Other departmental PABX’s, such as the line finder
and uniselector types can be extended to three figure
working. The uniselector type, in particular, can be ex-
tended indefinitely.

2. The C, CA types have a small table mounted cord-
less type manual switchboard, with key setup of exten-
sion cables and standard dialling on Xxchange lines.
ZTach exchange line is used for incoming or outgoing
alls.

All other types of PABX'’s (except Siemens Halske

pe) require a floor pattern cord-type board with jack-
nded Exchange and extension lines. Separate incoming
and outgoing exchange lines are generally used.

The Call Back and transfer facility is not provided on
JAher than C, CA and Siemens Halske PABX's.

EXAMINATION No. 8101—SENIOR TECHNICIAN
TELEPHONY II. SECTION I

Q. 1—(a) Define the ‘‘decibel.”

(b) A current of 2 milliamps is sent into a 600 ohm
line. What is the power sent to line? If the attenuation
of the line is 6 db and it is terminated in a 600 ohm
load at the distant end what is the value of received
power in db relative to 1 milliwatt? (log,, 2.4 — 0.4).

A.—(a) The decibel notation is used to specify the
relative magnitude of powers at two different points in
a network of lines or apparatus. When the common log-
arithm of the ratio of any two quantities of power is
unity the difference in level between them is defined as
one bel. The practical unit, the decibel, is one tenth of
this unit. The difference in level in decibel between two
powers, P1 and P2, is given by:—

decibel (db)== 10 log,, P1/P2.

If the impedance at both power levels is the same then

the difference in level can be obtained indirectly,
=10 logy (E*/R) /(ES/R)
= 10 logy, (E,/E;)*
—= 20 log,, E,/E, db
where 1 and E2 are the respective voltages.

A similar relationship holds when the respective cur-
rents are used.

(b) Power — I*R watts

= (.002)* X 600
— 2.4 milliwatts
g where P, —=2.4 mW
db = 10 log,, P1/P2 BRI D, =8 T
=10 logy, 2.4/1
— 10 x 0.4
— 4 db
.. Power sent to line — 2.4 milliwatts = +4 db on one
milliwatt,

Since attenuation of line is 6 db and the transmitted
power is +4 db on 1 milliwatt, the received power =
~+4—6 = -2 db below 1 milliwatt.

Q. 2—(a) What do you understand of the terms ‘‘near
end” and ‘far end” crosstalk?

(b) Two Carrier Systems operate over the same pole
route between adjacent repeater stations. What etfect
will be noticed it the systems are lined up to different
transmitting levels?

A.—(a) All electrical circuits set up fields which ex-
tend into space, and these fields can cause interference
in the form of noise or crosstalk in neighbouring cir-
cuits. The fields set up by an electrical circuit are elec-
tromagnetic and electrostatic in nature, and unless cir-
cuits (particularly those near one another) are properly
co-ordinated these fields cause interference by induction.

A DISTURBING CIRcUIT. €
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Fig. 1.

Cases arise where one end of a circuit is noisy, or
where the crosstalk level is high, whilst the other end
of the circuit is relatively silent. Under such conditions,
it is necessary to specify the end of a circuit to which a
crosstalk level refers.

“Near end” crosstalk is the crosstalk heard at the end
of the disturbed circuit adjacent to the input end of
the disturbing circuit.

“Far end’’ crosstalk is the crosstalk heard at the end
of the disturbed circuit furthest from the input end of
the disturbing circuit.

In Fig. 1 the crosstalk at B is referred to as near end
crosstalk, and that at D at the far end of the circuit
as far end crosstalk.

(b) If two carrier systems are lined up to different
transmitting levels, the effects of crosstalk from the
system at the higher level into the second system will
be increased by the difference in transmitting levels.
The effects of far end crosstalk are reduced by arrang-
ing that the transmitted currents from parallel systems
pass a given point on the pole route at the same level.

Q. 3.—What is a voluine limiter? Where is it used
and why?

A.—A volume limiter is a device which is included in
a speech transmission ecircuit to limit the peak voltage
passed through the circuit. Two types of volume limiter

-

TRANS SCEyrs

-

Fig. 2—Neon Tube Limiter
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are in general use; they are of the neon tube and dry
plate rectifier types, and are illustrated in Figs. 2 and 3.

The general principle of volume limiters is that at
voltages lower than the pre-determined level the limiter
appears as a high impedance across the transmission cir-
cuit, but to voltages in excess of that level its impedance
is very low thereby introducing a loss which tends to
limit the voltage.

o 4
—
By

— g~

TRANS LCCT.

Fig. 3—Metal Rectifier Limiter.

Volume limiters are connected at the input of the
metal rectifier modulator circuit in each channel of a
carrier telephone system. The characteristics of metal
rectifiers used as modulators require that the voice input
voltage shall be low in comparison with the applied car-
rier voltage. Thus the volume limiter keeps the audio
voltage input to the modulators from exceeding a pre-
determined value, regardless of the level delivered by
the subscriber.

Volume limiters can also be usefully employed in pre-
venting overloading of amplifiers and oscillators.

SECTION 1II

Q. 1.—You are required to install a single-channel
terminal in an office equipped with 130V and 24V bat-
teries. What wiring would be necessary and what type
would be used for each connection?

A.—=Since the office in which the single channel ter-
minal is to be installed is equipped with 130 volt and
24 volt batteries, it is assumed that the office is a main
carrier terminal and/or repeater station. In this case the
miscellaneous apparatus racks to accommodate 3 or
5 Ke/s line filter groups, line transformers, voice fre-
quency ringers, etc., together with the trunk test boards
will be in situ and cabled to a common I.D.F. All cabling
between these racks and the I.D.F. is in braided guad
20 1b. cable., The wiring of the filter racks is in screened
wire.

Power distribution to the apparatus rack bays
made via a copper bus-bar network.

When installing a single channel system in this office
wiring would be required as follows:—

(a) from carrier line of system to H.P. drop of line
filters.

from V.F. line of system to switchboard. (It is
assumed that the signalling equipment ig included
as part of system—this is usual practice with single
channel systems.)

for alarm lead and patch trunk or speaking circuit
to T.T.B. as required.

from 17 cycle input on system to station ringing
distribution. This wiring should be in a separate
cable to prevent interference to speaking circuit.
(e) power cabling for 24V and 130V battery supplies.

A braided gquad 20 1b. cable is provided between the
I.D.F. and the system tag block to provide for a, b and ¢
connections. Interconnection between the appropriate
equipment is made at the I.LD.F, The connection between
the bus-bar sub-distribution panel and the system power
input terminal is made with V.I.R. cable of size suit-
able for current to be carried and allowable voltage
drop. Three leads are required, one each for 24 volt
negative, 130 volt positive and earth. A diagram illus-
trating how various items of equipment should be wired
together is shown in Fig. 4.

Q. 2.—A physical trunk line terminates in an office
and the following facilities must be provided:—

(a) A Cailho telegraph circuit;

is

(b)

(e)
(d)

(b) A physical telephone circuit;
(c) A voice frequency telephone repeater
physical telephone circuit;
(d) mecessary trunk signalling equipment.
Draw a schematic circuit showing how all the office
equipment is connected and indicate what points would
be jacked on the trunk test board.
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A,—The various items of equipment in the office to
provide the required facilities on the physical trunk line
and the method in which they should be wired together
are shown in Fig. 5.

It will be seen that each piece of apparatus is wired
to the I.D.F. to provide a fully flexible arrangement.
Alterations to the circuit at a later date would be car-
ried out at only one point, namely, the I.D.F.

Q. 3.—(a) What is carrier leak?

(b) How would you adjust a 3-channel carrier system

to correct excessive values of carrier leak and what value
would you regard as satisfactory?

A.—(a) In carrier telephone systems the modulators
employed are designed as a balanced circuit to suppress
the carrier frequency. When any unbalance exists be-
tween the two halves of the modulator circuit some of
the carrier frequency current appears at the modulator
output jacks. This unsuppressed value of carrier fre-

quency current from each channel modulator is termed

“carrier leak’” and is most conveniently measured at the
transmitting amplifier output jacks.

(b) The method of adjusting a 3-channel carrier sys-
tem to correct excessive values of carrier-leak is as fol-
lows:— (Refer to Figs. 6 and 7.)

Remove pilot frequeney current from input to the

\i‘<
}4
— Q00 95—
—STTTEY >—g

CARRIER
INPUT. L

AUDIO ol
INPUT

SIDE BAND

CARRIER LEAK
ADJUSTMENT
POTENTIOMETER .

Fig. 6—Balanced Copper-Oxide Rectifier Modulator

outPuT |

amplifier during tests if system is equipped with A.G.C.
equipment.

Insert 600 ohm plugs in the ‘“Mod. In” jacks of all
three channels of system under test.

Pateh from ‘““Trans. Amp. Out’ jacks to the Rec. Jacks
of a T.M.S. set at Loss with range switch at +20 db.

Insert 600 ohm plugs in “M.B.F. In” and ‘“Mod. Out”
jacks of the two channels not under test.

Set the transmitting amplifier potentiometer to maxi-
mum gain with all input pads out of circuit.

Adjust the balancing potentiometer P1 in the modu-
lator circuit so that minimum carrier leak is measured
on the T.M.S,

The carrier leak should not be less than 38 db. below
the relative test level. If the transmitting level of the
3-channel carrier system is 4+18dbm for a correct input
test level at the hybrid line jacks with the transmitting
amplifier gain set as above, then the carrier leak mea-
surement should not exceed —20 dbm for each channel.

Note: The three channels of the system must be out
of service to permit making these tests.

MOD.IN MO0 OUT MBF IN
CHI f ! ! f [<*H] ’ec TS
MOD uBf R
v ‘ [V_ﬂ P
n %
N e PAIGK C0RD
L S %
CH.2 cH 2 ey
MOD MBf C
TRANS SuP QUT, K
¥~ ’
- #
- +—4
\'2 CH 3 A W3
voD MBF
0SC OUT  AMP IN
PILOT
osc
vV \4 ¥

Fig. 7—Carrier Link Adjustment.
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