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THE NATIONAL TELEPHONE PLAN=-SWITCHING

R.W. TURNBULL, A.S.T.C. (Elec. Eng.), G. E. HAMS, B.Sc. and W.J. B. POLLOCK, B.Comm.*

INTRODUCTION

Articles in Volume 12, Nos. 1 and 3,
of this journal have described two of the
three basic elements in the design of
the future telephone system, the number-
ing plan and the call charging system.
On Ist May, 1960, the group charging
plan described in the latter article, was
introduced throughout Australia. Ex-
tended local service areas, zones and
districts for trunk call charging and an
8-rate trunk tariff scale became opera-
tive. This was a major step in the imple-
mentation of the new telephone policy
recently endorsed by the Government.
The way has now been prepared for
mechanisation of the telephone system
to achieve the long term objectives.

This article describes the switching
plan which establishes the basic layout
and functional design of the national
telephone service for its economic de-
velopment with progressive mechanisa-
tion. Upon the fundamental switching
plan the numbering and group charging
plans were developed. These three ele-
ments, suitably co-ordinated, comprise
the master plan for community tele-
phone service on a national scale,

The switching plan sets cut the frame-
work for the economic disposal of traf-
fic within the system in terms of equip-
ment and plant and also defines the
essential technical characteristics which
will ensure ultimately, the linking of
regional automatic networks into one
national network for use by subscribers
and operators.

An automatic telephone system re-
quires an adequate number of speech
channels within and between exchanges
and for use by all subscribers for calls
to be made with a reasonable probabil-
ity of success at first attempt. The
basic layout must cater for the auto-
matic routing and switching of a con-
stantly varying and growing telephone
traffic load, in a systematic manner,
over a transmission and line network
having adequate standards of intellig-
ibility, attenuation and stability for sat-
isfactory operation. The rapid establish-
ment and disconnection of calls with
supervision of established connections
and automatic metering require the use
of a comprehensive signalling system to
control the system operation reliably
and at high speed.

Nation-wide automatic telephone ser-
vice has become practicable as well as
financially attractive through tremendous
developments in telecommunications.
High efficiency in speech channel usage
and improved numbering flexibility will
be obtained from the application of the
common control crossbar system of
automatic switching adopted by the Post
Office. The installation of modern high
capacity transmission systems using co-
axial cables and microwave radio systems
will ensure economic channel provision
on main routes.

The basic technical characteristics of

* See page 297.

the Australian plan provide maximum
flexibility for the adoption of new and
improved equipment and systems as the
art advances. In the future national tele-
phone system, the trunk and local net-
works will lose much of their separate
identity. Factors which will bring this
about are the extension of subscriber
dialling throughout the new local service
areas and to the trunk system and in-
creasing application of electronic chan-
nel deriving equipment in local net-
works. Integration of local and trunk
networks will be further advanced by
the use of similar switching and signal-
ling techniques in the equipment em-
ployed. Design specifications incorpor-
ating the basic technical requirements,
will include adequate definition of the
essential conditions to be met by the
various classes of equipment for effec-
tive inter-working between existing and
new plant.

The operator-controlled trunk service
has already been mechanised to a con-

siderable extent. Operators can now dial
directly to subscribers connected to most
of the automatic exchanges throughout
Australia. The basic traffic routing
arrangements which have already been
developed in the network will be suit-
able, with some modification, for sub-
scriber trunk dialling.

TRAFFIC ROUTING

Two fundamental characteristics of
telephone traffic must be taken into
account in the design of an automatic
switching system to carry the traffic
load in the most economical manner.
These are:—

(i) The Higher Efficiency of Large

Groups of Circuits.

For groups of circuits providing the

same grade of service, the average

traffic carried by each circuit increases
with the size of the group. As an ex-
ample, Fig. 1 shows this increase in
efficiency for groups providing a grade
of service of 1 in 50

TELEPHONE TRAFFIC

AVERAGE TRAFFIC 41—

CARRIED PER CIRCUIT
(ERLANG) 3

2 3 4 5 6

7 8 9 10 Il 12

I3 14 15 16 17 18 19 20

SIZE OF GROUP
(NUMBER OF CIRCUITS)

AVERAGE TRAFFIC CARRIED PER CIRCUIT IN DIFFERENT SIZED GROUPS
WITH FULL AVAILABILITY AND A CONSTANT GRADE OF SERVICE

(IN THIS CASE | IN 50)

Fig. 1
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TRAFFIC, WITH THE ADDITION OF EACH CIRCUIT.

Fig. 2
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(ii) The Diminishing Returns from the

Provision of Extra Circuits.

In the case of a route offered a fixed

amount of traffic, if circuits are added

one by one, each circuit will contri-
bute a diminishing amount to the traf-
fic carrying capacity of the group.

This characteristic is illustrated in Fig.

2 which shows the incremental traffic

carried by a group of circuits, offered

10 Erlang of traffic, with the addi-

tion of each circuit. It will be seen

that the later circuits which must be
provided, if the grade of service on
this group is to be good, are very in-

efficient. In the example shown, 17

circuits would be required to give a

grade of service of approximately 1

lost call in 100 and the 17th circuit

provided would only give an incre-
ment of .09 Erlang in the total traffic
carried by the group.

Considering characteristic (1), the
application of automatic switching
equipment at intermediate points in a
multi-link connection, in place of man-
ual operators, has made it practicable
to reduce the setting up time of connec-
tions and improve circuit occupancy. It
has also resulted in the building up of
larger groups of trunks between these
points, by combining traffic for various
destinations, thereby further increasing
average circuit efficiency.

As a development in the application
of automatic techniques, modern switch-
ing equipment with its greater flexibility
and speed allows the principle of auto-
matic alternative routing to be employed
with advantage. This gives the oppor-
tunity for alternative choices to be made
in the routing of calls, not only at the
originating exchange, but at all the in-
termediate points on multi-link connec-
tions. Traffic is first offered to the most
direct circuit to the destination exchange
but, if an “all circuit busy” condition is
met the call is routed by alternate paths.
By this means, the number of routes
which must be provided with inefficient
“last choice” trunks is greatly reduced.
On many routes, circuits are provided
for traffic loading only to the point
where the remaining traffic is carried
more economically over the available
alternate routes.

Automatic alternative routing thereby
provides a means of securing the most
economical handling of traffic by count-
eracting the condition of the diminishing
return described in (ii) above, and by
combining residual traffic into larger
and more efficient groups.

Alternate routing improves the per-
formance of the switching system in
other ways. It takes advantage of the
fact that peaks of traffic within the busy
hour or even complete busy hours may
not coincide for different routes. Peak
traffic overflow from different groups to
the same alternate route may not there-
fore occur sumultaneously. Also, if
there is a breakdown on a route, alter-
native routing gives some protection to
the service.

THE SWITCHING NETWORK
The bulk of Australia’s population is
concentrated in the cities and regions
located on or close to the eastern and
southern coastline. The telephone traffic
is similarly concentrated in these areas.

However, the remainder of the popula-
tion is widely dispersed and it is neces-
sary to provide service to all parts of
the continent. The national switching
plan, therefore, establishes an optimum
traffic routing pattern for inter-exchange
connections.

Important questions of the size and
location of subscribers’ local exchanges,
line reticulation and telephone facilities,
are related but separate considerations.
The local line standards established
however, influence the transmission de-
sign objective specified for the inter-
exchange network. The range of tele-
phone facilities and services provided for
the public affect the detailed design of
the switching system equipment. In the
switching plan described in this article,
the factors relating solely to the econ-
omic provision of local exchange ser-
vices are not discussed.

The Basic Network of Final Routes.
The foundation of the switching plan is
the network of final routes. This net-
work inter-connects all exchanges. The
final routes are shown by full lines in
Fig. 3, and are defined as routes for
which no later choice alternate routes
are provided. They are equipped with
sufficient circuits to ensure that there is
only a small probability of lost calls for
the traffic offered in the busy hours, thus
controlling the overall system grade of
service. Because they are generally
large groups, the average efficiency of
their circuits is high.

LEGEND

@ MAIN CENTRE

PRIMARY CENTRE

TRUNK
SWITCHING
CENTRES A

@ MINOR CENTRE

SECONDARY CENTRE

o TERMINAL
FINAL TRUNK GROUP

Fig. 3

The Classification of  Switching
Centres. The switching centres must be
classified so that tandem connections are
made in a systematic manner. This en-
sures that the design maximum for the
number of links which may be con-
nected in tandem, imposed by switching
and transmission considerations, will
never be exceeded. It also enables the
permissible transmission losses to be
assigned to individual routes so that

TYPICAL HIGH USAGE TRUNK GROUP.

satisfactory performance can be given
on multi-link connections.

In Australia, with its great distances
and particular distribution of population,
five classes of switching centre are used
in order to take the fullest advantage of
the automatic switching system using
alternate routing. The centres are classi-
fied according to their position in the
final route pattern with respect to centres
of lesser order. The classification applies
to all exchanges, whether located in
metropolitan or country networks, and
has no relationship to the number of
subscribers’ lines connected.

The classification of switching centres
with the standard symbols employed, are
shown in Fig. 3 and are defined thus:

A Terminal Exchange is an exchange
which performs no through-switch-
ing of inter-exchange circuits.

A Minor Switching Centre switches
the final routes for Terminal ex-
changes only.

A Secondary Switching Centre switches
the final routes for Minor switching
centres and also, if required, Ter-
minal exchanges.

A Primary Switching Centre switches
the final routes for Secondary
switching centres and also, if re-
quired, Minor switching centres and
Terminal exchanges.

A Main Switching Cenfre switches
the final routes for Primary switch-
ing centres and also, if required,
Secondary switching centres, Minor
switching centres and Terminal ex-
changes.

In referring to the final route connec-
tion of an exchange, through its parent
switching centre, to the Main switching
centre, the term “Final Rout Chain” or
“Final Chain” is used.

The basic switching plan for the Com-
monwealth as defined by the network of
final routes and the classification of
switching centres has been prepared.

In each State, one city is designated
as the main trunk centre. The areas
served by the main centres, as deter-
mined after investigation, are shown in
Fig. 4. The areas do not coincide with
State boundaries in all cases. Neither
do they coincide completely with the A
digit allocations (Vol. 12, No. 1, P.4,
Fig. 1). This result arises from the dif-
ferent basic objectives governing the de-
sign of the numbering and switching sec-
tions of the plan. Exact correlation is
not necessary, since the plan specifies a
register-controlled switching system, in
which numbering and routing functions
may be separated when required. Within
the main switching areas shown in Fig.
4 there are 37 primary and 150 second-
ary switching centres, each serving a
region having a well-defined community
of interest.

As with the allocation of the A, B and
C digits in the numbering plan, the
upper level classifications in the switch-
ing plan are expected to be relatively
stable for a long period. The major
trunk routes are provided between these
centres which are located in the prin-
cipal cities.

The relationship between the switch-
ing plan, the numbering plan and the
call charging system were mentioned in
the previous articles. Numbering Plan
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Areas for rural communities will gen-
erally be developed to cater for Sec-
ondary switching networks. The group-
ing of exchanges into Zones and Dis-
tricts for call charging is based on the
planned switching networks.

The maximum number of links which
may be connected together ultimately
will be 9. This will occur on terminal
to terminal calls using the final routing
shown by the full lines in Fig. 3. In the
early stage of implementation, the
maximum number of links may exceed
the planned limit. Tandem connection
of two Main to Main links will be used
in some cases until channel provision is
adequate for a mesh of final routes to
be established interconnecting all Main
switching centres. In practice, connec-
tions involving the maximum number of
links will be extremely rare since most
of the trunk traffic terminates within
100 miles and because direct routes will
be tried at many switching centres in-
volved in such a connection before the
call is connected over the final chain.

Early-choice Routes Superimposed on
the system of final routes is a network
of early-choice routes. An early-choice
route is one for which one or more alter-
nate routes are provided. It provides a
preferred direct link between any two
centres, which can carry a portion of
the traffxc offered more economically
than the alternate routes. The number
of channels provided on such routes is
determined by economic considerations.
The optimum division of the offered

traffic between a direct and alternate
route occurs where the cost of handling
marginal amounts of the offered traffic
on either direct or alternate routes is
equal.

Examples of early-choice routes are
shown by dotted lines in Fig. 3.

Control of Alternate Routing, The
routing of traffic throughout the net-
work of early-choice and final routes
will be automatically controlled by the
switching equipment so that:—

(i) Calls cannot be routed over one
link more than once during the
establishment of a connection.

(ii) The design maximum of 9 links is
not exceeded.

(iii) The transmission loss assigned to
early-choice circuits may be as high
as possible, within the limits set
by the transmission plan.

To achieve this  control, the following

conditions will be applied.

(a) At each switching centre, en-
countered in setting up a call, early-
choice routes will be tested in
order for a free outlet commenc-
ing with the most direct route, be-
fore a call is offered to the final
route.

(b) Calls originating in one final route
chain and switched to another will
then only be switched to exchanges
of Jower classification in that chain
—they will not be switched to
centres of higher classification, or
to a third chain.

An example of the possible alternate
routes for a call between Albury and
Wagga, two large centres in New South
Wales, is shown in Fig. 5. The diagram
shows their relative geographical position
and the order in which the outgoing
routes are tested at each switching
centre.

ESTABLISHMENT OF MULTI-LINK
CONNECTIONS

The development of the national auto-
matic telephone system with closed num-
bering and a multi-link interconnecting
system employing alternate routing can
only be accomplished efficiently by the
application of “register-controlled”
switching equipment.

Switching systems may be considered
in two broad categories:—

(a) direct-pulsing systems

(b) register-controlled systems.

Direct-pulsing systems are based on
the principle that selection of an outlet
at each stage of switching is made as
each digit is dialled by a subscriber.
Numbering and routing are, therefore,
mutually dependent. The greater the
number of switching points encountered
in the routing of a call the greater the
number of digits which would need to
be dialled by a subscriber. The national
plan could not be implemented using
the direct pulsing switching principle
exclusively.

Register-controlled systems allow the
routing and numbering to be substan-
tially independent. However, even with
such systems there are advantages to be
gained by a systematic allocation of
numbers. The register is a control device
which is associated with the connection
only during the setting up of a call. It is
interposed between the subscriber’s dial
and the routing selectors. It stores the
digits dialled and translates the dialled
information into the form required for
the connection to be established. The
number dialled need only define the
destination, the register-translator sup-
plies the information on how best to
reach that destination from its own par-
ticular location. By using this switching
principle simple closed numbering can
therefore be used with the type of
switching plan described.

Register-controlled switching equip-
ment will be used for the development
of the future telephone system. There
are many methods of register control,
however, and the general specification
of the preferred method and of the asso-
ciated signalling system is as follows:

Method of Register Control. More
than one register will be used in the
setting up of a typlcal connection. A
register at the originating exchange, or
its parent switching centre, will control
the setting up of the connection. It will
store the number dialled and will trans-
mit digits on demand from registers at
other switching centres involved in the
connection. Registers at these centres
will call, by special signals, for sufficient
dlgxts to allow only their centre’s part,
in the setting up of the connection, to
be performed. At intermediate sw1tch1ng
centres on long distance calls these digits
will usually be the ABC digits of the
national number. Finally, a centre will
be reached from which the switching of
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EXAMPLE OF ALTERNATE ROUTING

CALL FROM ALBURY (N S.W.) TO WAGGA (N.S.W.)

NOTE :

FIGURES SHOWN THUS D+ INDICATE THE

ORDER IN WHICH THE ROUTES ARE TESTED

MELBOURNE

AT EACH SWITCHING CENTRE ON THIS CALL.

the call can be completed. A register at
this centre may signal for the called
subscriber’s number or the code re-
ceivers in the terminal exchange switch-
ing stages may call for digits from the
originating register.

Signalling. With the type of register
control described above some post-
dialling delay may be experienced on
calls which traverse a number of links.
However, in the past, subscriber-control-
led automatic service in Australia has
been provided by direct operating switch-
ing equipment. Consequently the public
is unaccustomed to post-dialling delay.
High speed signalling and switching will
be employed with the register-controlled
system in both the junction and trunk
network to reduce the post-dialling de-
lay to a minimum and so avoid unfav-
ourable comparison between existing
and new equipment.

Reduction in the setting up time also
means less time during which expensive
plant is held unprofitably and, in some
cases, a reduction in the amount of com-
mon equipment which must be provided.

In the future register-controlled
switching system, the inter-exchange sig-
nalling functions will be performed by
two separate but complementary signal-
ling systems.

Line Signalling. Certain signals are
transmitted and received by the indi-
vidual line relay sets and are not con-
trolled by the common equipment which
is temporarily engaged during the set-

|STEPTBYSTEP 1 NEW EXCHANGE

Fig. 5 ting up of a connection.
A i — v | N = EQUIVALENT
(=) N RUN
TRUNK 755 il \,i/ I \L‘/ CLASSIFICATIONS
CLASSIFICATIONS
I MF Lu—, | MF
i | 7 e R R R N A e e = 4
; L O IO ¢ el e
I i A i ,1‘-_—-"‘5—__|- ______ e R = a
\snnsncwnv \: MF ' “ﬂ: me ! ‘ﬂ h MF N MF 11 ! MF 0 &
SUBS; T T T 7 1
i A h /1 i P g I . 1 )
' ' i ! \
) i ' ' : ! ! | ' |
| [ LY o [R] O | i ("] ¥ [r] . | REGISTER |
| | 1 CONTROLLED |
1
= | i |
e @ i) ¥ = | ! ,
I | TRUNK zxcmmcsl & ioP ::;z::::z’::m | : NEW EXCHANGE :
(I DRIy LNEW _U/C STAGE_ (IR Sy i
| [ S
COUNTRY LOCAL INTERMEDIATE [METROPOLlTAN LOCAL
NUMBERING NETWORK SWITCHING CENTRES INUMBERING NETWORK
i I e ey ™ Y ST EP
M
. e e — e -~ F ; N EXCHANGE |
' I | 1 1 ' t St H N| | e e mm o m mm m— e m m
! : ' ' ! 1 : Ny 1 v .1[
| ' | D \
Arlmcrokvif“ MF 11 MF e | MF 1 ME | | MF
LOCAL + + +
(O e G e C g Wy .
1 1 1 I | i ; I | ) DECERTRACISED | DECENTRALISED !
SERVICES SERVICES
I R LE I I R | .
! t i 1
: t ! ' 1
7] [TR] [ 1 ! re] ! !
[rR] i [r"] i Lo | i | .
' t |
' t
1

~— METER PULSES
OR CHARGE RATE INFORMATION

Fig. 6

1
1
i
!
| EXCHANGE WiTH | '
NEW FIRST STAGE |

I svep By sTep
1 MAIN EXCHANGE



Page 230

THE TELECOMMUNICATION JOURNAL OF AUSTRALIA

June, 1960

Signals of this type will include:—
seizure
answer
clear forward
clear back
release guard
blocking
It will be possible to use many exist-
ing types of line signalling systems to
provide these signals. Direct current, 50
c/s, in-band voice frequency signalling
using suitable frequencies, and out-of-
band signalling systems, may all find
application in the future network.
Information Signalling, These are the
signals exchanged between the common
equipments which are temporarily en-
gaged during setting up of a connection.
Multi-frequency code signalling has
been selected as the most suitable
method for high speed transfer of the
information signals in the forward di-
rection. With this signalling method
transfer of information at a speed of
approximately 10 digits per second can
be achieved. Each multi-frequency code
will consist of two frequencies enabling
the signalling to be self-checking and
very reliable. Six frequencies in com-
bination are used for forward signals,
giving 10 codes to represent the decimal
digits and 5 auxiliary codes.
Multi-frequency codes are required
also for backward signals to control the
forward transmission of information and
to provide an indication of terminal
conditions.
Different frequencies will be used for
forward and backward signals so that
simultaneous transmission may occur.

Dial Pulsing. Although press button
sending devices may ultimately be pro-
vided generally with the subscriber’s
instrument, enabling high speed code
signalling to be used, for many years
the dial will be the standard signalling
device. Dial pulses will therefore be re-
ceived by the exchange equipment from
subscribers’ telephones. The existing ex-
changes which have been developed
with direct operating equipment will
continue to use dial pulse inter-exchange
signalling until economies in plant pro-
vision or restrictions in numbering flexi-

bility make desirable the provision of a
more flexible first stage switch. The ex-
change concerned will then participate
directly in the high speed network.

New Terminal exchanges in the
country may also transfer dialled infor-
mation to their parent centres by means
of dial pulsing for simplicity in the de-
sign of these normally unattended ex-
changes.

A considerable amount of trunk sig-
nalling equipment designed for dial puls-
ing is already available. Some of this
equipment may find application in pro-
viding the “line signalling” function or
for the dial pulsing requirement be-
tween Terminals and their parents. It is
possible also that whilst the major net-
works are predominantly using dial
pulse signalling, early choice routes to
them may be satisfactorily equipped
with the existing dial pulse signalling
equipment,

Fig. 6 shows typical connections be-
tween country and metropolitan Num-
bering Plan Areas. The signalling on
each link, the metering pulse trans-
mission and the incorporation of new,
modified and existing exchanges in the
metropolitan networks are indicated.

TRANSMISSION

The introduction of automatic switch-
ing makes possible the development of
the efficient and economic national in-
terconnecting network described above.
The use of alternate routing and the
possibility of as many as 9 links in
tandem on calls, however, give rise to
transmission problems. Subscribers may
obtain successive calls, even to the same
destination, over varying numbers and
types of channels. The transmission plan
must be designed to ensure satisfactory
and reasonably comparable transmission
on all calls.

The ideal would be to operate all
channels at zero loss since this would
make the transmission level independent
of the number of channels in the built
up connection. However, to ensure sta-
bility of connections and to prevent the
unacceptable echo conditions that would
arise due to the long distances involved
in Australia, present transmission facili-

ties must be operated at some loss.

A new transmission plan is being de-
veloped, specifying the losses on indi-
vidual links in such a way that the over-
all attenuation on any built-up connec-
tion should be satisfactory. Provision of
satisfactory transmission, however, is not
fully in the hands of the system design-
ers. Speech level and hearing sensitivity
of the subscribers conducting a tele-
phone conversation and room noise level
surrounding them are factors affecting
the connection, which are beyond the
control of the transmission engineer. The
standards laid down for the inter-con-
necting network will provide a margin
for variations in these end conditions.

To ensure satisfactory transmission
the plan will specify certain objectives
to control:—

(a) Overall attenuation of the connection.

(b) Stability of the connection.

(c) The amount of objectionable echo
present.

(d) The noise present on the circuit.

(e) The cross-talk conditions.

(f) Distortion limits.

CONCLUSION

Summarised, the Australian switching
plan provides for:—

Extensive use of the principle of alter-
nate routing.

Early choice routes, on which the
number of circuits provided is deter-
mined by economics.

A back-bone system of final routes en-
gineered to achieve a good overall grade
of service.

Switching centres classified as Main,
_Priinary, Secondary, Minor and Term-
inal.

Maximum multi-link connection of 9
links ultimately.

Register-control of switching, with
high-speed multi-frequency codes used
for transfer of information.

It has the following features:—

Achieves the most economical use of
plant.

Ensures a satisfactory standard of
transmission on all calls.

Avoids excessive post-dialling delay
on calls routed over mult:-link connec-
tions.
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TOOWOOMBA CROSSBAR EXCHANGE

INTRODUCTION

World-wide interest has been aroused
by the decision of the Australian Post
Office to adopt L. M. Ericsson’s Cross-
bar switching system (References 1, 2
and 3) and the Toowoomba project is
particularly significant as it is the first
Australian installation of crossbar equip-
ment employing the full register system
and many other interesting features. The
type of crossbar exchange installed at
Templestowe, Victoria, which is similar
to that installed at Sefton, New South
Wales, is described in an earlier article
(Reference 4) and some of the reasons
why a crossbar system has been selected
are set out in Reference 1. An intro-
ductory article on the Toowoomba pro-
ject was published last year (reference

S0k

The purpose of the article which fol-
Iows is to describe the installation by
the A.P.O. of a crossbar exchange at
Toowoomba, Queensland.* In addition it
will also describe briefly the operation
of the equipment, detail some of the
features peculiar to crossbar and com-
pare this case with 2000 type equipment.

The Task. At the time of cutover the
city of Toowoomba was served by:—

(a) A magneto lamp signalling ex-
change (C.B. No. 1) consisting of 14A
and 2B positions with a capacity of 3,000
lines, situated on the first floor of the
Post Office. The original positions were
installed in the year 1911.

(b) A C.B. exchange, consisting of
1CA and 2B positions (C.B. Minor No.
10) with a capacity of 2,800 lines,
located in a prefabricated hut at the
rear of the Post Office. The first posi-
tions of this exchange were installed in
1951.

(c) A trunk exchange consisting of:—

(i) 15 magneto lamp-signalling trunk

1. The equipment being purchased for wide
scale use in Australia differs in two significant
respects from this installation. The method of
signalling within and between exchanges will
use multifrequency V.F. rather than d.c. code
and the normal register stores for the A.R.F.
system will accept 10 digits and be cyclic in
operation beyond this number.
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positions, the original positions be-
ing installed in 1920.

(ii) 12 positions using C.B. switchboard
carcases. These were installed in
1952.

(iii) One trunk B, one auto-A, and two
information positions.

(iv) A 1200 line 2000-type exchange at
Middle Ridge, a suburb of Too-
woomba.

It is interesting to note the growth of
the city., In 1924 there were 1,340 sub-
scribers connected, and growth was an
average of 42 p.a. until 1944, In 1944
there were 2,196 subscribers. In 1960
there are 5,241 subscribers connected to

Fig. 1.—~Crossbor Selectors.

Toowoomba, and 1,019 to Middle Ridge,
a total of 6,260.

The task was to convert the remain-
der of the subscribers in Toowoomba to
automatic working by the installation

|

of two exchanges. One is at Newtown,
a suburb, where a 2,000-type exchange
of 1,000 lines capacity was installed.,
and the other is Toowoomba situated in
the centre of the city, and is the crossbar
exchange of 6,300 lines capacity. The
existing trunk exchange is to remain un-
til the purchase of an automatic trunk
exchange some time in the future.

The original plan was to install the
three exchanges as step-by-step main
exchanges with five digit numbering as
follows:—

Toowoomba .. ... ... ... ... 2XXXX
Newtown ... ... ... ... ... 4xxXxX
Middle Ridge ... ... ... ... 5xXxX

With the introduction of the crossbar
exchange the plan was altered to make
the smaller exchanges, Newtown and
Middle Ridge, work as full satellites
with “trombone” trunking. The registers
at Toowoomba handle all calls in the
net work, and thus all subscribers on
the three exchanges receive dial tone
from Toowoomba. The first selectors
at Middle Ridge were removed and the
five digit numbering retained.

Conventions. The following conven-
tions are followed in this paper:—
Firstly, traffic is referred to the sub-
scriber. If a subscriber makes a call,
such traffic is originating or outgoing,
and the calls to a subscriber are termin-
ating or incoming traffic. Secondly, the
uniselector symbols in the crossbar
trunking diagram represent crossbar
selectors.

MECHANICAL COMPONENTS

The crossbar system uses no other
components than relays of various types
and crossbar selectors. No rotary select-
ing switches of any kind are used.

Relays. The general purpose relays
contain three spring piles with a maxi-
mum of eight springs per pile. The
armature residual of this relay is a nylon
plate fixed only at one end to the arma-
ture, and the thickness of the plates
used ranges from 0.05 m.m. (1.96 mil)
to 0.25 m.m. (9.85 mil.), the standard
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PROGRESS OF CALL FROM ONE 1000 LINE GROUP TO ANOTHER
Fig. 2.—Crossbar Trunking Diagram, Simplified.
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being 0.15 m.m. (5.9 mil.). The springs
are lifted by bakelite combs instead of
lifting pins. The armature is pivoted on a
knife edge, and its stroke and pressure
are adjusted by means of a lip and
curved spring support respectively. Ad-
justment can be carried out without re-
moving the armature. The spring sets
are adjusted for lift by means of screws
in the armature. Fach relay can have a
maximum of six coil tags of which the
inner two connect to the first or inner
winding and the outer two to the third
winding. The contact pressure is nor-
mally of 25 grams with a tolerance of
“plus 8 minus 27, and the relay travel
varies from 0.8 m.m. (31 mil) to 1.3
m.m. (51 mil). The usual travel is 1.0
m.m. (39 mil.) or 1.1 m.m. (43 mil.).

The line and cut-off relays are in
effect an integral unit consisting of two
coils fixed to the same yoke and operat-
ing a common springset by the use of
lifting combs. This combination saves
using two separate relays and additional
wiring. Twenty line relays form one
relay set.

There is a miniature relay which
occupies the same volume as a spring
pile on the general purpose relays. It
contains a maximum of four contact
springs and is small, cheap and used
where the technical poss1b111tles of the
other relays are not required. It can be
mounted on a relay yoke in place of a
spring pile or it can be mounted sepa-
rately, in which case six of these units
can be mounted in the space required
for a single relay.

The by-path system has accentuated
the need for a single switching device,
the multi-coil relay, to replace a num-
ber of simple relays. It is used to con-
nect, for example, a device A to any
other of a group of devices B, to B, or
any one of devices A, to A to another
group B, to B,. It consists of a bank of
ten operating coils and armatures oper-
ating a maximum of twelve springs. The
ten armatures can be operated independ-
ently of one another. The relay has con-
tact strips common to all armatures, simi-
lar to those on the crossbar selector.
Only twin contact make springs are used,
and the relay itself simplifies the equip-
ment by obviating the necessity of multi-
pling over many relay springset termi-
nals. If necessary the contact bars can
be split into two units each having five
springsets as the contact strips are made
with wiring tags at each end.

Thermal relays are used where a sub-
stantial time delay is required, e.g.,
alarm circuits, and can be mounted in
the space usually occupied by the right-
hand springset (front view) of a general
purpose relay. It has four contact
springs.

For certain functions, e.g., in signal
circuits, polarized relays are used. They
may be adjusted as centre stable or side
stable as circuit conditions require.

Crossbar Switch., The crossbar switch
is not a new invention, for the first prac-
tical switch was developed in Sweden in
the year 1900. It consists of ten vertical
armatures, and five or six horizontal
selecting bars. Selectors with five hori-
zontal bars are used in the registers to
store the dialled digits. The selectors

with six horizontal bars are used in the
speech paths and in the register finder.
Each vertical works as a separate selec-
tor with twenty outlets and a switch can
thus have ten calls in progress simul-
taneously.

The horizontals are provided with two
coils each, which will energise the hori-
zcntal in one direction or the other.
These horizontals are used for a very
short moment when a vertical is set to a
particular outlet. When a vertical is set
two horizontals are first operated, and
they indicate which outlet is to be used
in the vertical. After that the vertical is
operated, and the inlet of the vertical
will then be connected to the outlet in-
dicated by the horizontals. Once the ver-
tical is operated the horizontals can
release, and the vertical will still be set
to the selected outlet. The same hori-
zontals can be used again for setting
other verticals within the switch.

With six horizontals the verticals have
20 outlets with a maximum of five wires
through connection. All contacts in the
crossbar switch are twin confacts of
piessure type, made of a silver-copper

alloy, and thus they should be less noisy
than the contacts in the step-by-step
system, which are sliding base metal
contacts.

The movements in the selector are
confined to short armature strokes and
spring travel, and the switch should re-
quire little maintenance from the wear
viewpoint. Fig. 1 shows several cross-
bar switches.

CROSSBAR PRINCIPLES

The exchange is of L. M. Ericsson
manufacture, System ARF10, Type
ARF101. It embodies the following prin-
ciples:—

Firstly,
system.

Secondly, it is a link system operating
on the common control by-path prin-
ciple with conditional selection.

Considering the first feature, the re-
gisters receive all the dialled digits, store
them and then send the information to
the following selector stages to set up
the call. The register is capable of trans-
lating the received information into some
other information; it is capable of re-
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peating information as required in the
completion of a connection through a
number of selector stages; it does not
send information until the markers are
connected. The registers are only held
for the dialling and setting up time.

Consider the second feature. For the
reason that the time of setting the selec-
tor is short compared with the time it is
occupied by calls, the control of the
selectors is concentrated in a small num-
ber of control devices. Such a common
control device is called a marker, and
it selects a free path through the selector
stage, after which it sets the crossbar
selectors accordingly. For the selection
the marker uses the by-path principle
which means that the controlling and
directing functions of the switching
units are fed over a by-path separate
from the speaking path. The by-path
principle is usually applied when the
common device controls the setting of
several selectors simultaneously.

The holding time of the common
equipment is very short so only a small
number of control devices is needed. In
the subscriber stage at Toowoomba there
are two markers in each group of 1,000
subscribers. Because of the small num-
ber the cost of such common control
cquipment does not affect greatly the
cost of the system, and it can therefore
be designed to incorporate very reliable
elements. Also since the selectors in the
speech circuits are freed from all com-
plicated equipment that would be liable
to wear, they are very dependable in
operation.

There are two stages in the crossbar
cxchange. They are called the “sub-

scribers’ stage” and the “group selector
stage”. (Under certain conditions there
may be more than one group selector
stage). Each stage is divided into partial
stages, the subscribers into four, and the
group selector into two. The stages are
in tandem, and the connections between

them are called “links”. The links be-
tween the different partial stages are
arranged so that a particular vertical in
one partial stage may reach all or the
majority of the verticals in the asso-
ciated partial stages. In this way the
capacity of the selector stage is in-
creased far beyond the capacity of the
basic unit, which is the vertical of the
crossbar switch.

When a marker selects a path through
a seleclor stage, it sclects a free outlet
only on condition that it can be reached
via a free link. This is referred to as
“conditional selection”.

CROSSBAR TRUNKING

Fig. 2 shows in simplified form the
trunking of the crossbar exchange, the
abbreviations used in the figures being
explained in the Appendix. This figure
shows the path taken by a call from a
subscriber in one 1000-line group to a
subscriber in the same 1000-line group,
and also a call to a subscriber in another
1000-line group.

In the first case the call begins at
the originating telephone, progresses
through A and B partial stages of the
subscribers’ stage within which he is
located; through the group selector stage
which connects the call to the same
1000-line group and through the four
partial stages of the subscribers’ stage to
the called subscriber. In the second case
the group selector stage directs the call
to the other 1000-line group; and then
through the four partial stages of the
subscribers’ stage to the called subscriber.

Making a Call. When a subscriber
lifts his telephone handset, his line is
lcoped in the usual manner, and his line
relay (LR) is operated. This relay calls
one of the markers operating in the
1,000-line group to which the subscriber
belongs. Sclection of a marker is ran-

Fig. §.—Commoning of Group Selector Routes on I.D.F.
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dom, and provided no marker is busy
the subscriber has an equal chance of
being connected to either marker.

The marker identifies the calling sub-
scriber and registers the hundreds, tens
and units digit of his number. After
that the marker knows which outlet in
the multiple should be used, and by
conditional selection the marker then
selects a suitable SLA-SLB link for con-
nection to a free SR with access to a
free register. The marker then sets the
SLA and SLB selectors according to the
selected path. (The SR circuit contains
the feeding bridge for the calling sub-
scriber and effects the metering of the
call.) Upon connection to the SR circuit,
the marker of the register-finder is
called. The calling SR is identified, a
free register, REG-L is selected which
is then connected to the SR circuit
through the register-finder.

After the free register has been con-
nected the SL and RS markers are re-
leased and are then available to handle
further calls. At this stage the sub-
scriber receives dial tone and can pro-
ceed to dial.

Consider first of all a call within the
crossbar exchange. As the subscriber
dials, the impulses are received by the
register, which counts and stores them.
The storage unit is a small crossbar
selector with five horizontals and five
verticals. The digits are stored by oper-
ating the horizontal selecting bar corre-
sponding to the digit dialled, and the first

vertical for the first digit, the second
vertical for the second digit, etc., and
thus five digits can be stored.

After storing all the digits the register
calls the group selector marker, GVM.
This marker identifies the calling inlet,
which in this case is the SR circuit. The
marker connects a code receiver to the
irilet and the register sends the requisite
number of digits to determine the route
out from the group selector, which in
this case will be a route to a particular
1000-line group in the crossbar ex-
ckange. In Toowoomba, the first two
digits are necessary to determine this
route, and they are sent from the regis-
ter by a d.c. code, in the form of polar-
ity reversals of 10-15 m.s. duration.
These determine the route from the
group selector, and the lines in this
rcute are then tested. In this case a free
LKR in the particular 1,000-line group
is required. A free LKR is selected by
the marker through a by-path and the
selectors in the GVA and GVB stages
are set. The group selector marker then
releases and is free to serve new calls.

(The LKR circuit has a feeding bridge
which is the speaking battery for the
called subscriber and it also controls the
ringing facilities.) After seizure the LKR
calls a code receiver for the subscribers’
stage. (This is situated in the SLC/D
rack, there being one code receiver for
every forty LKR circuits.) The register
sends the code for the last three dialled
digits to the code receiver which registers
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the digits on relays. The code receiver
then tests to find if the called subscriber
is on interception and refers the number
to the P.B.X. equipment to ascertain if
the number is a P.B.X. service. If the
number is a P.B.X. service, the P.B.X.
equipment selects a free auxiliary line.
This is transferred to the code receiver
and the digits of the dialled (directory)
number are discarded. The P.B.X. equip-
ment is then released. If the P.B.X.
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equipment is faulty, the call is allowed
to extend to the dialled number.

The marker for the subscriber’s stage
is then called. The code receiver is iden-
tified and connected to the marker. The
last three digits of the called subscriber’s
number (or free auxiliary number) are
transmitted to the marker and registered
on relays. The marker then tests to as-
certain whether or not the called num-
ber is free. In the case of a P.B.X auxil-
iary line, the P.B.X equipment ensures
that two almost simultaneous calls to the
same directory number cannot select the
same auxiliary line while the marker is
setting up the first connection. It also
finds and selects a free path through the
fcur partial stages from LKR to the
wanted subscriber’s line. The required
horizontal and vertical magnets are
operated in SLD, SLC, SLB, SLA. This
is done whether the subscriber is idle or
busy, to enable trunk offering to be
effected if required. The marker before
it releases sends a signal to the register
to indicate whether the called subscriber
is idle or busy.

If he is idle the register is discon-
nected and ringing signal and ring tone
are sent from LKR. If the called sub-
scriber is busy the whole connection is
released and the caller is connected to
“line lock-out” in which state he re-
ceives busy tone from his own line
equipment with only the cut-off relay
operated. While the caller listens to busy
tcne nothing but the cut-off relay is
held.

When the called subscriber answers,
the ring is tripped and the SR circuit is
prepared for metering. The meter oper-
ates with 48V negative from SR circuit
over a separate metering wire when the
caller restores his handset.

If the call is to a subscriber in a step-
by-step satellite exchange the process is
the same up to receiving dial tone from
the register. After the subscriber has
dialled the first digit of the satellite (e.g.
S for Middle Ridge) the register recog-
nises that the call is for a step-by-step
exchange and immediately calls the
group selector marker. This equipment
proceeds to find a free junction to the
satellite and connects the register
through outgoing relay set FUR to the
incoming second selectors. The group
selector marker also sends a signal to
the register and further digits are sent
out as decadic impulses (10 ip.s.) to
operate the bimotional switches. The
register releases when the last digit has
been sent. If the register waited as be-
fore to receive all digits before con-
necting to the step-by-step exchange, the
post dialling delay would be 5 to 6 sec-
onds and this is not desirable as the
speed of connection would be slower
than a normal call in a step-by-step ex-
change. If the called subscriber is busy,
busy tone is fed from the final selector
and the whole connection is held until
the caller replaces his handset or until
the throw-out feature of the SR operates.
Metering of the call is the same as for
the previous case.

If the caller is situated in the step-
by-step exchange (Middle Ridge or New-
tcwn) and calls another subscriber in his
own exchange, his uniselector searches
to find a free junction to the crossbar

exchange and he enters in an FIR cir-
cuit. This circuit is connected (as SR) to
a free register from which the caller re-
ceives dial tone. The digits are dialled
and as the call is for the step-by-step
exchange, the register and group selector
operate as for the call just described.
If the called subscriber is busy, busy
tone is sent from the final selector in
the satellite exchange or if the caller
does not hang up, from the FIR after
time release.

If the caller in the step-by-step ex-
change originates a call for a subscriber
in the crossbar exchange all digits are
received by the register and the call is
set up as for a call wholly within the
crossbar exchange. If the called sub-
scriber is busy, the caller receives busy
tcne from the incoming relay set FIR,
all other equipment in the crossbar ex-
change being released. In the case of
calls from step-by-step exchanges, meter-
ing takes place on answer.

FEATURES AND FUNCTION

Subscribers’ Stage (SL). The subscrib-
ers’ stage is divided into four partial
stages. The first two, A, B, are used for
both incoming and outgoing traffic while
the other two C, D, are used for out-
going traffic only. For outgoing traffic
internal blocking can be kept low even
when the connection consists of only A
and B stages, since there are paths to a
large number of B selectors from the
calling subscriber’s line. For incoming
traffic a particular inlet shall be con-

nected to a particular outlet, and to
limit the internal blocking two addi-
tional stages are incorporated, C and D.
In this way all LKR circuits in any
1,000-line group can reach any sub-
scriber in that group.

The traffic capacity of the system is
indicated by the letter “m” which indi-
cates the number of verticals per 20 sub-
scribers in the SLA stage. The exchanges
are manufactured in three basic sizes,
m = 6, 8, and 10. In Toowoomba the
first four 1,000-line groups have an
“m” value of 8, while remainder have
an “m” value of 6.

Within each basic size the number of
SLB selectors can vary, which is desig-
nated by the letters A, B, C, or D after
the “m” figure. In Toowoomba the first
fcur 1,000-line groups are of m = 8A
and the next two m = 6A. The equip-
ment for the last 300 lines is of size m
= 6B because no size 6A is made below
800 lines. The rack SLB/PBX in suite
7 (Fig. 3) carries the additional SLB
selectors until the 1,000 group is fully
equipped. The rack eventually becomes
redundant in this group and can be used
elsewhere if desired. It is readily possible
to increase the S L stage capacity from
8A to 8B or 6A to 6B, but a change
from 6 to 8 requires replacement of cer-
tain racks and is not desirable if it can
be avoided. The face layout of the racks
is shown in Fig. 4.

The following table shows how the
number of verticals in the partial stages

Fig. 8.—Group Selector Racks, Front View.
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g : : The marker connects an outgoing call

Number of Verticals Max. Traffic 1000 line to the register in approximately 0.5 sec-

SLA SLB SLC | SLD onds. Thus the subscriber receives dial

Size Per 20 (Can vary | Outg. | Inc. Total tone on putting the receiver to his ear.

Subs (m)| Outg. Inc. see text) i "fl‘he part of the Iélarqu provid_e% oxflly

! - or outgoing traffic is occupie or

6A 6 15(5) Z)g gg 1%8 ggE [ 42E 18(6)5 about 0.5 seconds while that part com-

2}];, g 100 %00 180 o 585 22% 10SE mon to outgoing and incoming traffic is
8A 8 100 | 100 | iz0 | 120 | &E | &1E | 13eg  °°gupied for about 037 seconds.

A 8 100 100 %0 80 T0E $5E 125E For incoming traffic an inlet to the

oD 8 100 150 120 120 68E 73E 146E SLD stage (i.e. an LKR) is connected to

80 3 e 175 160 160 83E 92E 175E the called subscriber in about one sec-

104 10 125 173 200 200 88E 116E 204E ond. During this time the code receiver

10B 10 | 150 | 200 | 200 | 200 | 106E | 123 | 2208  Of the SL stage is occupied. The part of

varies for different sizes. The table also
shows the traffic handling capacity of
the different sizes.

The SLC/D verticals are provided in
multiples of 40 and at Toowoomba two
such groups are provided for each 1,000-

line group. Each SLC/D rack (see Figs.
3 and 4) contains four SLC and four
SI.D crossbar selectors, and each 1,000-
line group contains two such racks. The
table above gives the normal number of
SLC/D verticals.

Fig. 9.—Group Seclector Racks, Rear View.

the marker provided for incoming traffic
is cccupied for about 0.56 seconds while
the common part is occupied for about
0.46 seconds.

Fig. 10.—Group Selector Rack, Rear View.

Group Selector Stage (GV). The
group selector stage I-GV is divided into
two partial stages A and B. This stage
is made up of group selector units which
consist of two identical racks of group
selectors having 80 inlets, 120 links and
400 outlets. This is an expansion (i.e.,

number of links

) of 1.5.
number of inlets

A group selector unit is shown in Fig.
4, each unit consisting of two identical
racks. The outlets can be arranged in
routes of different availability. For ex-
ample, the 400 outlets can be 20 routes
with availability 20 (single routes). If re-
quired some routes can have an avail-
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ability of 10 (an additional relay set is
required in the group selector marker)
and the special group selector GVS at
Toowoomba is capable of accommodat-
ing 10 routes of availability 10, and 15
of 20. By suitable strapping, double
routes, that is, routes of availability 40
can be arranged by combining two
routes of availability 20. The first route
of 20 is tested then the second route of
20. In Toowoomba 40 outlet routes are
used for the first four 1,000-line groups
(m = 8A).

The difference in traffic handling cap-

acity depending on the outlets per route
is as follows:—

Grade of service of 0.005, a traffic of
40E and the same average traffic
load per GVA inlet;

For an availability of 20 the number
of lines required in the route is 72,

For an availability of 40 the number
of lines required is 60.

Alternate routing is possible, so that
should there be no free outlets in the
direct route, an alternate route can be
tested. It is possible to arrange for an
alternate double route, so the direct

Fig. 11.—I1.D.F. Rear View.

route could be a double route as well
as the alternate route. (The routes in the
group selector stage correspond to the
levels in the step-by-step system, but in
the crossbar system the routes are inde-
pendent of the digits dialled.)

The switching time of this stage varies
from about 0.4 to 1.0 seconds depending
on whether it requires one, two or three
digits to determine the route or if alter-
nate switching is employed.

Grading in the manner encountered in
step-by-step equipment does not appear
in the crossbar exchange. Outlets from
the various GV units for a particular
route are connected together by a form
of commoning. A route may lead to an-
other exchange over 50 junctions. The
eight GV units may have an availability
of 20 to this rvoute. That is, there are
eight groups (i.e. eight GV units) avail-
ability 20, 160 outlets, 5O trunks. As

Fig. 12.—Relay Set Rack, Right-hand Side.

sequential searching is not done (as in a
bimotional switch) the aim is to give
an equal load to all the trunks. The com-
moning of the outlets on the LD.F. is
done in such a manner that this is
achieved. Fig. 5 shows this commoning
on one route. Small forms are made for
this connection then terminated on the
I.D.F. Strips.
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Register-Finder. The register-finder
connects certain devices to the registers,
using a crossbar selector controlled by a
register-finder marker. In Toowoomba,
there are two types of register-finders.
One connects forty SR circuits to any
one of ten registers and consists of two
crossbar selectors; the other connects any
one of sixty-four FIR circuits to any
one of twenty registers, and consists of
four crossbar selectors.

Markers. The markers control the
ctoice and setting of the horizontals and
verticals in the various stages. First of
ali consider the marker for the subscrib-
ers’ stage. In Toowoomba there are two
identical markers for every 1000-line
group and both can be in operation sim-
ultaneously. [Each group of 200 sub-
scribers (i.e. each rack SLA/B) has a
call indicator located in the SLA/B rack,
i.e., five per 1000-line group. This call
indicator calls one of the markers and
the marker is connected to the calling
group. The choice of the marker is ran-
dom, depending on the half cycle of an
alternating current. After the connection
of the marker, the calling subscriber is
identified. Relays operate indicating the
last three digits of the caller’s number
and other relays in turn operate to indi-

Fig. 13.—Relay Set Rack, showing left-hand
side and Relay Sets.

cate the free SLA verticals which have
access to the calling subscriber. One of
these verticals is then chosen by condi-
tional selection, so that the selected SLA
vertical can be reached from an SR
which has access to a free register. A
free SLB vertical is then selected, and
the selected SLB vertical determines the
SR circuit to be used, as these circuits
are connected to the inlets of the SLB
verticals. When the SR is selected and

the SLA and SLB horizontals and verti-
cals are operated, the register-finder
marker i1s called and upon the connec-
tion of the SR circuit to the free register,
both markers are released.

On incoming traffic the marker is
seized after the code receiver has re-
ceived the code for the last three digits
of the called subscriber’s number and
ascertained whether or not the called
subscriber is on interception and whether
or not the called subscriber is a P.B.X.
service. The code receiver operates re-
lays in the marker to indicate the last
three digits of the wanted number. Other
relays operate to indicate free links be-
tv een the calling LKR and called sub-
scriber. Horizontals and verticals are
selected and operated and the marker is
then released.

If when a caller makes a call and no
marker is free, the delay principle is
followed and the caller waits until a free
marker is available. In most cases the
caller is not aware that delay may have
occurred as a short waiting time would
not cause inconvenience. The marker is
occupied for a very short time on each
call (100 to 600 m.s.) and overloading
of the marker is only likely to occur
when an exceptionally large group is
served by the marker, or if the average
call duration is short. The delay time
increases as the marker operating time
increases because as the operating time
increases, the marker load also increases,
and for this reason the marker operat-
ing time must be as short as possible.
With a load or about 4,000 calls per
hour, an increase in marker operating
time from 400 m.s. to 700 m.s. would
increase the delay time from 1.8 seconds
to 10.0 seconds. In practice this situation
would not arise.

There are two markers in each sub-
scriber’s stage, and they can work simul-
taneously with the following two limita-
tions. First, both markers cannot work
simultaneously within the same 200
group. Secondly, they cannot work
simultaneously within the same crossbar
selector.

Consider now the marker for the
group selector stage. This marker 1is
smaller than that for the subscribers’
stage; this marker has been divided into
the code receiver part and the marker
GVM. The former part consists of an
identifier to identify the eighty inlets of
a group selector unit (i.e. two identical
GV racks), and a code receiver to re-
ceive the code for the digits required to
determine the route. The translation for
different traffic routing is done by strap-
pings on an interchangeable block in the
code receiver. The GVM part contains
the test and selection equipment for
selection of an idle outlet in the marked
route.

If the group selector has routes with
availability ten (special group selector
stage GVS in Toowoomba), the marker
must have an additional relay set.

It is possible to provide the group
selector unit with double markers and in
that case an additional relay set is pro-
vided to distribute the calls between the
two markers. Double markers are used
only in small exchanges where the fail-
ure of a marker would seriously inter-
rupt the traffic through the exchange.

In Toowoomba the arrangement is that
each group selector unit is served by a
code receiver and two group selector
units and their code receivers are served
by one marker. There are eight group
selector units and one special group
selector and these are served by five
group selector markers. Thus the
failure of one marker does not cause a
serious interruption.

The marker unit tests and selects a
free outlet in the required route. The
test is done electronically using cold
cathode tubes. The marker design for
all group selectors is the same, and thus
it is possible to arrange the routes in
different ways for the two group selec-
tors served by the same marker. The
first group selector can be connected to
the same marker as the special group
selector stage.

Register. The register consists of three
relay sets. One contains a crossbar selec-
tor with five verticals and on this are
stored the digits dialled. As the digits
are dialled the impulses of each digit are
counted on relays which then control
the operation of the horizontals and ver-
ticals. The second relay set contains re-
lays associated with the sending of the
d.c. code and the third generates and
sends 10 ip.s. when the call is to a
satellite exchange. The functions of the
register are determined by strappings on
a small terminal block on the rear of
the crossbar selector.

The limits for dialling are 8 to 22
i.p.s. with a weight ratio 30/70 to 50/50.
The minimum interdigital pause for this
system is 350 m.s. These relaxed dialling
conditions are possible as all impulses
are received by an impulsing relay in the
register and stored. This circuit is de-
signed for the wide limits as there is no
impulse repetition with its attendant dis-
tortion. A faster speed of dialling has
the tendency to reduce the holding time
of the register, and the number of reg-
isters required.

3

Fig. 14.—Meter Racks.



June, 1960

THE TELECOMMUNICATION JOURNAL OF AUSTRALIA

Page 239

Signalling System. The signalling be- Digit Code
tween the markers and the registers is 1 I
done with a direct current code with 2 4
pclarity reversals, of 10-15 m.s. dura- 3 S
tion. The polarity of the “a” wire for 1 = SN
the various digits is:— 5 L=
6 —t—F—
7 —+—+
- o 8 —
The codes “11” and “12” are used as 9 il
special markings and are used for ex- - 0,, —
ample, to indicate traffic to an intercep- “11” =t
tion operator. 12 = —he—-F
The signalling system in the exchange is as follows:—
Direction Signal Remarks
REG to GVM Digits To set stage.
KEG to SLM Digits To set stage.
GVM to REG Repeat REG to repeat digit sent already.
[PV, Idle GV has found free outlet to special
service.
s Congestion Congestion in GV.
5D 0 Proceed Send next digit when called for by
marker.
Step-by-step Go over from a.c. code sending, to
sending with 10 i.p.s.
SI.M to REG Malicious Call REG changes SR to last party release.
tracing
55 5 Busy Subscriber busy.

Proceed or idle

Congestion

Send next digit. After all digits means
called sub. free.
Ccengestion in SL

For the revertive signals the same d.c. code is used as follows:—

Corresponds

Code to Digits

GVM to REG

— 0
—+ 9
— 8
— b —+ 7
+

+ —
+—+

W N =

+— o — 4

—+
+
*

N=\0o

Proceed with next digit.

Change register to send following digits
at 10 i.p.s.

Change register to send digits at 10 i.p.s.
from the third digit.

Change register to send digits at 10 i.p.s.
from the second digit.

Repeat digit.

Congestion.

Change register to send following codes
without revertive signals between digit
codes (e.g. to REG-N).

Freesignal for special services (e.g. to

“0117).
SLM to REG
Idle signal, or proceed.
Busy.
Interception or malicious call.
Congestion.

Throw-out Feature. To ensure that
switching equipment is not held for
lengthy periods due to a fault condi-
tion or other reason, some of the equip-

ment will automatically disconnect the
call and send back busy tone to the
caller from his line relays. Some ex-
amples of this feature are as follows:

SLM throw-out time 800m.s.

Register throw-out time 45 secs.

SR throw-out time 1% mins.

GVM throw-out time 1 sec.

Release is initiated on seizure and the
marker’s function must be complete
within this time.

Release is initiated on seizure and dial-
ling and register functions must be
complete by this time.

Release is initiated when the called sub-
scriber is tested and ring signal sent
out. Answer signal must be received
within this time. Also if the called
subscriber after answer, replaces his
handset, release takes place if he has
not relifted his handset within 1%
mins.

Release is initiated on
wanted route must be selected
switched by this time.

seizure and
and

P.B.X. Function. One of the SLB
racks of the first four 1000-line groups
contains the P.B.X. equipment for the
1000-line group. Each rack contains 80
PB.X. relays, and each P.B.X. sub-
scriber needs one of these relays per
four lines. For example, a subscriber
with a call line and four auxiliary lines
would have two P.B.X. relays. The
theoretical maximum number of P.B.X.
lines per 1000-line group is 320, and if
more lines are required another P.B.X.
rack can be installed. The P.B.X. equip-
ment is prestrapped for directory num-
bers with the last two digits the same
(e.g., 21711, 23433), and there are 100
such numbers in each 1,000-line group.
Provision is made, however, for other
numbers to be used as P.B.X. directory
numbers if required. Any number within
the particular 1,000 line group can be
used as an auxiliary number and it is
not necessary for them to be sequential.
As the spare numbers are common only
a few numbers must be reserved for
growth within the 1,000-line group. The
P.B.X. equipment is taken into use on
all calls and is occupied for about 0.16
seconds for a mnormal subscriber and
about 0.22 seconds for a P.B.X. sub-
scriber. At cutover there were 176 direc-
tory and 267 auxiliary PBX numbers in
Toowoomba.

Interception and Malicious Calls.
Equipment is available for interception
service, and each terminating call is
tested for interception service as the
code receiver is receiving the codes for
the last three digits.

The equipment consists of a board
with a jack for each subscriber. Into this
board three kinds of plugs can be in-
serted, depending on whether the called
number is a changed number service, a
temporary intercepted service or un-
allotted number. A subscriber on inter-
ception may make an outgoing call
without the assistance of an intercep-
tion operator. This equipment is not
available in Toowoomba and initially
interception will be given in the usual
manner from the M.D.F.

If an unallocated code is dialled (e.g.
a 1,000-line group not installed) the
group selector routes the call to relay
sets which send N.U. tone to the caller.

A facility for malicious call tracing
is available if required. Normally the
SR circuit is connected for calling party
release, but for malicious call tracing
the SR is converted to last party release.

If the exchange has an interception
position, this equipment is used to effect
the last partv release feature, but if it
is not, the P.B.X. equipment is used.

Multimetering.  Multimetering im-
pulses may be sent from the trunk ex-
change as polarity reversals on the
speaking wires. This method and others
are at present under test.

The register, on recognising a code as
being of a multimetering nature, oper-
ates a relay to change the metering con-
ditions of the SR from local metering
to multi-metering.

Barred Subscribers. It is possible to
bar subscribers access to certain codes
and testing for a barred subscriber is
done by the register. The barred sub-
scribers have a rectifier in the telephone
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instrument and by sending a reversal of
polarity towards the calling subscriber
the register can recognise a barred sub-
scriber. This facility has not been used
initially at Toowoomba as such a test
towards subscribers in a satellite step-
by-step exchange would cause a pre-
mature meter pulse to operate the caller’s
meter.

Public Telephones. The wusual post-
payment multicoin public telephones are
used at Toowoomba and as the polarity
on the incoming side of the SR does not
change after answer (reversal being used
for barred subscriber test) an auxiliary
relay set has to be inserted between the
public telephone and the line circuit to
reverse the polarity of the speaking
wires on answer.

Alarm System and Ring Supply. The
exchange does not contain an Alarm
Equipment Rack for centralised alarm
equipment. In its place each suite is
served by suite control equipment,
which also feeds the common ser-
vices. The equipment consists of
a control box at the end of each suite
suspended from the runway. The box
contains test jacks and keys for isolation
and testing. Through the box are fed
test lines, alarms, tones, pulses for line
lock-out, A.C. supply used for choosing
a marker, etc. Alarm lamps are located
underneath the control box, as well as
on each rack. As the requirements of
each suite differ according to the racks
it contains, the controls are made to suit
each individual suite. The suite control
form which extends for the whole suite
length, is made on the job and connected
to the racks, and is placed on the run-
way on the top of the racks. Depart-
mental ring and tone supply equipment
is used.

TOOWOOMBA TRUNKING

Fig. 6 is the diagram showing the
interconnection of the equipment, and
the figures at the I.D.F. points indicate
the number of wires per circuit. It is not
similar to a step-by-step trunking dia-
gram for no quantities of equipment are
indicated. While considering the path of
a call the main items have been men-
tioned and the other items will now be
dealt with.

A call from a satellite exchange is
connected to an incoming relay set FIR.
This is connected to a GVA vertical and
through its register finder RS-I to a
register. Thus when a satellite subscriber
lifts his receiver, his uniselector searches
to find a free junction and tests into an
auto-auto repeater (later to be modified
for multi-metering) in his own exchange,
which is connected via a junction to an
FIR at Toowoomba. Upon seizure the
repeater engages the FIR, and a free
register is connected and dial tone sent
to the caller. The FIR is capable of re-
peating multi-metering impulses as pol-
arity reversals of the speaking wires.

Outgoing calls to satellite exchanges
pass through the outgoing relay sets
FUR. Back busying is employed in these
circuits and the auto-auto repeaters.

Junctions from the trunk exchange
are connected to circuits ULR and
free line signalling is used. These cir-
cuits are connected to a GVA vertical
and through a register-finder RS-T to
registers REG-T. The register-finder

RS-T gives 40 circuits access to 10 reg-
isters and it has provision for accepting
digit information from key senders or
from dials, and returns dial tone on
seizure.

Outgoing junctions to the various ser-
vice levels pass through circuits BLR.

Circuits PRP and SNPR enable the
test desk to be connected to the test se-
%v;ctor relay set LPR to test subscribers’
ines.

The APR is a test robot. It can be
called from any subscriber’s instrument
and controlled by dial impulses. It
gives the results of tests by means of
tone codes. It checks dial speed, bell
ringing, insulation (“a” to earth, “b” to
earth, “a” to “b”) and loop resistance.
Because the SR and LKR circuits have
feeding bridges and cannot be through
connected the test path must be used.
A special direction digit is dialled, fol-
lowed by the lines own number. This
causes a connection to be set up from
the APR to the test selector relay set
LPR. The connection is controlled by
the normal registers and upon the con-
nection being set up, busy tone is heard
and the receiver is restored. This releases

the connection to the APR, but follow-
ing stages are held from the APR. Ring-
ing signal is sent and measurements
commence on lifting the receiver. The
different tests are obtained by dialling
different digits.

The trunk switching portion of Fig.
6 is to allow a limited amount of sub-
scriber dialling to take place before the
installation of an automatic trunk ex-
change.

Whereas the local register REG-L can
store up to five digits, the trunk register
REG-NY is more complicated and can
store up to nine digits. When a trunk
code is dialled followed by a subscrib-
er’s number the group selector marker -
is called as soon as the code is recog-
nised as a trunk dialling code. The group
selector connects to free circuit FIR-H
which then calls in the trunk register,
and all the dialled digits are then re-
peated to this register and it then com-
pletes the connection over the trunk
network.

The determining of the charge rates
and traffic routing is handled by a com-
mon analyser in the marker of the trunk
switching stage, not shown in Fig. 6 as it

\
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is not required until the transit group
selectors are installed. Fixed fee work-
ing will be used initially to which the
trunk register has access. Sufficient
number of digits are transferred to the
marker which after an analysis of the
data sends back the rate information via
the trunk register, to FIR-H where it
controls the metering conditions. The

Page 241

the selector multiple. Visible in the open
gate is the selector multiple of the SLA
stage and part of SLB. Also to be seen
are the mounting brackets and plugs for
the line relay sets,

It will be readily seen that the cross-
bar selectors in the selector racks are
an integral part of the rack and they
cannot be jacked out. They are supplied

necessary pulses are generated in special
equipment and fed to the trunk circuits,
and repetitive metering takes the form
of polarity reversals over the speaking
wires. This equipment is not yet in-
stalled at Toowoomba.

CROSSBAR LAYOUT

Fig. 3 shows the layout for Too-
woomba. In each 1,000-line group there
are five SLA/B racks each accommodat-
ing 200 subscribers. In the first four
1000-line groups (size m = 8A) there is
an SLB, and SLB/PBX rack. Two
SLC/D racks are provided for each
1000-line group, each rack being equip-
ped with four SLC and four SLD selec-
tors.

On the rear of the SLA/B racks the
line and cut-off relays are mounted in
jack-in relay sets with twenty circuits
per base. Fig. 7 shows the rear view of
five SLA/B racks. Each group of five
relay sets are mounted on a hinged gate
which can be opened to give access to

UNISELECTORS

wired as shown in the figure.

Racks 10 to 12 in suites 1, 2, 3, 4, 11,
12 and racks 9 to 11 in suites 5, 6, 7
are of the relay set type and accommo-
date jack-in type relay sets. Fig. 12
shows the right hand side of such a
rack. The supervisory panel is shown in
a vertical position for transport. Above
and below this panel can be seen the
plug units. These racks are placed back
to back. For example, in suite 1, rack
10 on the A side contains one of the
markers for the 1000-line group. On the
B side the LKR relay sets are located
(see Fig. 3). Rack 12 contains SR relay
sets and register-finders. Each rack con-
tains 40 SR circuits, a register-finder
marker and two crossbar switches
RS1 and RS2 each with six horizontals.
These connect the SR circuit to the reg-
isters and enables each such group of 40
SR circuits to have access to 10 regis-
ters. In each 1000-line group rack space
for the maximum number of SR circuits

Fig. 17.—Selector Rack Base Plate.

required for each size is installed initi-
ally. For example, in size 8A rack, pro-
vision for 100 SR circuits is provided,
and for size 6A, 75 circuits. This entails
the provision of 2% racks per 1000-line
group for the former size, and 2 racks
for the latter. These racks can be seen
in Fig. 3.

Consider now the racks that are com-
mon to the whole exchange. The only
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other selector racks are the group selec-
tors. A general view from the front is
shown in Fig. 8. Referring also to Fig.
4 the selectors above the jack box are
GVA, and those below are GVB. Fig.
9 shows a rear view, one cover being
removed to show the wiring of the se-
lectors. The covers are of prestressed
hardboard, so they fit snugly and se-
curely. Fig. 10 shows a close-up view.

Fig. 18.—Relay Set Rack Base Plate.

The designations on the figure refer to:

(a) GVA crossbar selector No. 4

(b) Multicoil relays on the right, gen-

eral purpose relays on the left.

(c) Wiring of the supervisory panel.

(d) GVB 1 with GVB 2 and 3 below.

A group selector rack contains four
GVA selectors and six GVB selectors
and two such racks are combined to
form a group selector unit. Each unit
has 80 inlets (i.e. the number of verti-
cals in the GVA partial stage), and 400
outlets from the GVB partial stage (200
from each rack).

All wiring of the selector racks that
is to be connected to equipment is term-
inated on plug units at the top of the
racks. The cables leaving the racks out-
side ‘the racks are plugged in as shown.
In order to avoid damage during trans-
port these jacks and plug units lie flat
against the racks and for the same rea-
son the glass in the covers of the selec-
tor racks is replaced by stiff cardboard.

The group selector marker rack
accommodates two markers on each
rack, each marker serving two group
selector units (i.e., four racks). The relay
sets are in effect strip mountings with
jack-in facilities, the largest accommo-
dating 98 relays. All components asso-
ciated with a circuit are mounted in the
relay set. For example, the condenser is
designed with the physical shape of a
relay, and uses the same mounting bolt.
It is mounted in the same way as a
relay.

The I.D.F. is centralised and a rear
view of this equipment in suite 4 is
shown in Fig. 11. From Fig. 6 it can
be seen what connections are made on
the I.D.F. The terminations in Fig. 11
show the terminations of the outlets
from the group selector stage. On the
top right-hand side are the GVS outlets
while the remainder (except the middle
rack) are the 20 routes from the first
group selector. The figure shows the out-
lets of the eight group selector units
cabled and terminated. Commoning and

jumpering are done on the side shown,
the bolts covered with insulating mate-
rial being used as jumper rings.

In Fig. 5 some jumpers can be seen
to be inclined. These common outlets
from two routes combined to form a
double route (routes 1 and 11). The
horizontal jumpers are connections to
the inlets of the LKR circuits. The route
is seen in Fig. 11 on the right-hand side,
top jumpered. The figure shows the rear
of the strips with the first GV unit on
the bottom and the eighth on the top
strip.

Other racks are of the relay set type
shown in Figs. 4, 12 and 13.

. The meters are mounted facing into
the passage-way and are five digit type
mounted in strips of ten. Each meter is
driven by a pawl in a similar manner to
that of a lever escapement. The driving
pawl is solidly connected to the armature
and is pivoted in the frame. On opera-
tion of the armature the driving pawl
moves a ratchet tooth on the unit wheel
half a step and on release a further half
step. The number wheels are made of
nylon. The strips of ten meters are
mounted under a common cover with
individual designations above the num-
ber wheels. Fig. 14 shows a part of a

Fig. 19.—Superstructure.

rack of meters (without the designa-
tions). Each meter is held to the mount-
ing strip by means of a metal spring and
it is only necessary to remove this, and
the wires from the coil tags to remove
the meter. The rods at the side of the
meters are to mount equipment to photo-
graph the meter if this form of record-
ing readings is desired.

COMPARISON BETWEEN CROSS-
BAR AND 2000-TYPE EQUIPMENT
SPACE REQUIREMENTS

The layout in Fig. 3 shows the area
occupied by 10,000 lines of crossbar
equipment in addition to the trunk dial-
ling equipment in suites 9 and 10. The
order of the suites shown dotted may
not necessarily be followed at the time
of installation.

The exchange is laid out in 1000-line
groups each suite being completed by
racks common to the whole exchange.
The suites have a length of 45 feet 2
inches and the crossbar equipment lends
itself to such a suite whereas the 2000-
type does not. It is preferable, though
not essential, to keep all the racks of
the 1000-line groups together, and so
suites of shorter length are possible.
However, it is not desirable to split the
marker racks for cabling reasons. (All
the cabling is terminated on one marker
and the second rack is connected to the

first by a form which runs down rack
1, along the floor under a shield and
up rack 2.) It is also not desirable to
separate the SLC/D racks as they are
commoned by a form over the jack
boxes. It is desirable to locate the
SILA/B racks near to the M.D.F., and
situate the I.D.F. in central position.

As the equipment consists of some
double-sided racks and racks back to
back, the conception of equipment and
wiring aisles is absent. All aisles are of
the same width and are in effect equip-
ment aisles. In 2000-type the dimensions
are, equipment aisle 2 ft. 4% inches, wir-
ing aisle 1 ft. 6% inches and rack width
1 ft. 34 inches. In the crossbar layout
the aisle width is 2 ft. 3% inches (700
mm) and the rack width is 1 ft. 4%
inches (425 mm) maximum.

The distance from the face of one
rack of one suite, across the equipment
aisle, the next suite, the wiring aisle, to
the face of the next suite in 2,000-type
is 6 ft. 6% inches. The same relative
measurement in crossbar is 7 ft. 4%
inches. Therefore, more suites of 2000-
type equipment than crossbar can be in-
stalled in a given length. In Toowoomba
using the position of suite 1 in the
crossbar layout "as datum, 16 suites of
crossbar equipment can be installed,
and 19 of 2000-type. Fig. 15 for the
2000-type layout shows 20 suites be-
cause suite 1 is nearer to the partition
than suite 1 in the crossbar, the meters
of the 2000-type being included in the
equipment room. It would not be a feas-
ible proposition to install the meters for
the 2,000-type layout in the partition as
the racks are 2 ft. 9 inches wide, com-
pared with the crossbar width of 1 ft.
3% inches (400 mm), and less than half
the number of racks could be installed.

The position of meters is a conten-
tious one. With 2000-type layout the
best place seems to be with the equip-
ment, but with the policy to keep per-
sons out of the switch room, the meters
are better located elsewhere. Although
the meters at Toowoomba have been
located in the partition, it is for the want
of a better place. No separate room is
available for their installation which is
felt to be the best solution. It is well
nigh impossible to seal the meter rack
because of the spaces between the strips
of ten and a slightly wider space be-
tween each 100 group. Also the top and

Fig. 20.—Runway Components.
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bottom of the rack are open for a foot
or so and must be closed. Cabling must
come along the rear of the partition and
down the racks, and as the rear of the
racks faces the first row of equipment,
the meter wiring must be protected by a
guard from damage by passers-by. The
construction of a removable partition
immediately behind meter racks would
help to solve the situation, but if en-
closed in a room these problems would
not arise.

In the Toowoomba equipment room,
assuming no trunk equipment of any
description was installed, it would be
possible to install about 16,000 lines of
crossbar. Fig. 15 shows a suggested lay-
out for Toowoomba for 2000-type, the
trunking diagram being shown in Fig.
16. This is based on the same calling
and terminating rates as the crossbar ex-
change. The 2000-type layout is based
on a six rack suite and the figure shows
10,000 lines of equipment. More could
be installed in the dotted portion shown
reserved for trunk equipment, but a four
rack suite would not be conducive to a
good local exchange installation. If per-
chance it was decided to use this space,
thus another 3,000 lines or so could be
accommodated, although the result would
sacrifice neatness.

The ceiling height of the Toowoomba
building is 13 ft. 6 inches, based on a
2000-type installation. A recommended
free ceiling height for crossbar is 11 ft.
1% inches. At Toowoomba fluorescent
lighting has been installed over the pas-
sage-ways between the suites and the
underside of the fitting is eight inches
from the ceiling. The high level runway
is 2 ft. 74 inches from the ceiling, but
this could be varied by altering the
height between the high and low level
runways which is approximately 1 ft.
Thus 1t may be possible to reduce the
ceiling height by 1 ft. 6 inches. (If
troughing is used in place of runways
the ceiling height could possibly be re-
duced by as much as 2 feet.)

As the supervisory panel, containing
fuses, blocking keys, battery jacks, etc.,
is at eye level no travelling ladders are
provided in the aisles.

INSTALLATION TECHNIQUES

The quantities of equipment installed
were:—

Item Quantity
SR 4x66 2x60
1x30 -

LKR 2x60 2x58
2x66 1x32

ULR 50

FIR 103

FUR 104

BLR (for ‘011 40

BLR (other) 52

RS 15,

RS-I 2

RS-T 2

REG-L 40

REG-T 10

REG-K 2

GV stage 8 units

GVS 1 unit

In addition to the table above, the
numbers of the various racks can be
ascertained from the layout in Fig. 3.

The first thing to do when undertak-
ing an installation is to mark out the
floor. It is usual with step-by-step equip-
ment to ascertain the floor levels referred
to a datum point, using a surveyor’s level
for the job. From this information the
amount to be taken off the wooden
plinths is calculated so they can be con-
toured in the workshops to ensure that
when placed on the floor, the tops of the
plinths are level.

In the crossbar installation wooden
plinths are not used. Instead metal base
plates are used, and the floor level is
accepted as it is and the plates attached
to the floor without any packing. To lay
out the floor the centre line of each
suite was marked, and this was done by
simple geometry.

ARBITRARY
CABLE
NUMBER
2221
GVA MK
6/15 E3,4l4/16 &5-11
i | L
POSN. ON
BAY A STRIP
NUMBER|  \UMBER  TERMINAL
HReR STRIP
NUMBER
2267
SLM SLA

3/)3A 50l 3/5 E2-8

]

BAY JACK
NUMBER| TERMINAL NUMBER
STRIP
RACK
NUMBER

Fig. 21.—Cable Identification Tags.

The ironwork drawing indicated the
position of the base plate for the selec-
tor racks, and the centre lines of the
base plates for the relay set racks, all
measured from a datum point. Fig. 17
shows an end section of the selector rack
base plate, which is extruded aluminium,
and Fig. 18 shows the steel base plate
for the relay set rack. The selector rack
base plates were cut to length and
centred on the suite centre line, then
fastened to the floor by means of Ramset
pins. A template was used to mark the
position of the fastening holes of the
relay set base plates, then screwed Ram-
set pins were driven into the floor and
the plates fastened by means of nuts.
The position of the plates on the length
of the suite is not critical. The relay sets
plug in on their right-hand side and are

held by a bracket on the other fitting
into a slotted plate on the rack. Thus
there is a latitude of 4 inch or so.

The three tapped holes shown in the
plates in Fig. 18 are for securing other
plates to hold the rack uprights. One of
these, and the method of connection of
the relay set rack are shown in Fig. 12.
Usually the crossbar base plates are fas-
tened to the floor by expanding metal
cylinders driven into holes in the floor.
However, the use of the Ramset Gun
enabled the work to be done easier and
quicker.

After the floor had been made ready
to receive the racks erection began by
taking the racks out of the cases. Cross-
bar equipment is 9 ft. 6 3/16 inches
(2900 mm.) high, and as the selector
racks are only about half the width of
2000-type selector racks, handling is
much easier. A selector rack cased
weighs about 900 1bs., and uncased
about 600 Ibs. To erect the racks a
mechanical gantry was tried but was un-
wieldy and cast aside, for 8 or 9 men
could lift the rack out of the case, carry
it to its position and place it upright
quite easily and quickly. In this manner
racks were erected at the rate of five per
hour. The selector racks were the first
to be installed, and this work com-
menced with rack 1 in suite 1.

The first was erected and temporarily
stayed. A level was taken, and the height
of the tie-bar angle-iron wall support
marked. This was fastened to the wall
and the transverse tie-bar structure be-
gun. The spacing of these tie-bars varied
but was about 6 ft. 0 inches. Also racks
of all types are fastened longitudinally
by a tie bar along the face of the racks
at the top (see Fig. 8) and secured to
the side walls. Thus as more and more
racks were installed the tie-bar structure
grew to secure them. Fig. 8 also shows
the transverse tie-bars. The bottom of
the selector racks is fastened to the base

Fig. 22.—Stripping 1.D.F. Cables.
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plates by means of “J” bolts over the lip
of the tloor plate, Fig. 17.

The section of the tie-bar is in the
form of a “U” and can be seen in Figs.
8 and 19. All fastening is done by means
of “U” bolts and clamps. The latter
figure shows the fastening of the tie-bars
and the fitting of the runways.

For securing the relay set racks, these
being placed back to back, another tie-
bar is placed along the top. That is, for
the relay set racks there is a tie-bar on
each side of such racks in each suite.
These racks are secured by means of
brackets and screws to their base plates.
After the racks were erected they were
checked and adjusted to a vertical posi-
tion by means of a plumb-bob.

After this the runway was erected.
The layout provided for a low level run-
way running longitudinally over the top
of the racks in each bay for its full
length. Over the LD.F. racks there is
also a high level longitudinal runway.
There are four transverse runways, two
low level, and two high level. The latter
were located in such a manner that the
bay length was divided into about three
equal parts and the former were located
at the extreme ends of the bays over
the aisles.

The components of the runways are
shown in Fig. 20. The runway is
assembled on the spot. The side mem-
bers are taken and the slats pushed on
at the required spacing as indicated by
the template. There are three widths of
runway, 200 (7%"), 300 (11%/1"), 400
(1° 33", and 500 (1’ 7"/1x") mm., but the
first was not used at Toowoomba. The
support brackets are fastened by “U”
bolts to the tie-bar, and the runway is
held by friction. Joints of “T” shape are
made with clamps as shown, and a longi-
tudinal joint can be seen in Fig. 19.
Where a gradual rise is required jointing
clamps making an angle of 30 degrees
with the horizontal are used.

The cable support pins are supplied
in one metre lengths, and are cut to the
length required and placed in the holders
which are a press clip fitted on the slats.
The length of the pin is such that it will
be a little higher than the ultimate cable
block. Before cabling commenced a list
of the cables to be run was made, and
two tags for each cable was typed. These
were tied, one at each end of the cable

for identification. Examples of these tags
and the information recorded on them
are shown in Fig. 21. Also some of these
tags can be seen in Fig. 22, They were
removed after installation.

While the cables were being run, the
blocks were laced temporarily. Later,
when the blocks had been tidied, these
ties were removed and the block glued
with a special type of plastic glue. Per-
manent lacing was used however where
the cable blocks were in a vertical plane,
e.g., LD.F.,, M.D.F., where the cables
changed level, and other places where
required, such as some bends. Fig. 23
shows a general view of the cabling dur-
ing the installation.

The cabling diagrams supplied showed
the number of cables and the size be-
tween racks in the different suites, and
the terminations on the various racks.
All the cable blocks and the particular
runways each cable would use were
determined on the spot.

The cable is P.V.C. insulated and
sheathed. The colour of the sheath is
white and the three sizes of cable used
were 42 wire, 63 wire and 105 wire.

These cables are made up as follows:

105 w—core of 21 pairs, then 21 triples

63 w—21 triples

42 w—21 pairs.

In each case the cable is colour coded
in a manner similar to underground
cable. There are reference pairs or
triples in each layer, but these are ig-
nored in terminating. The pairs or triples
are selected at random at the end of the
cable first terminated. The colours of
the various wires are designated on the
terminal strip drawings by a letter with-
in a circle as shown in Fig. 24, which
indicates the termination of a 42w cable
on a plug unit on the selector racks.

Some of the colour designations are:

a—Dblue d—white
b—yellow e—brown
c—red f—green

The diameter of the cable wire is 0.5
mm. (0.197”). The wire for other pur-
poses, such as making forms, is the same
but wire for battery and earth is 0.8 mm
(0.315") diameter.

Having cabled the exchange, termin-
ating began. All cables connected to
selector racks are plug ended and are
inserted into a jack-field at the top of
the selector rack, as seen in Fig. 7. This

Fig. 23.—Top View during Installation.

end is terminated first. The pairs (or
triples) are chosen at random, stripped
and terminated according to a certain
pattern (see Fig. 24). The pairs (or
triples) are identified at the other end of
the cable, and can be placed on a form-
ing board in their correct sequence. Fig.
25 shows an identification set. The user
completes an electrical circuit which
lights a lamp with a number engraved
on the lamp cap. The circuits number
is then read directly.

Where both ends of a cable terminate
on a relay set rack, one end is termin-

TO
M.D.F,

SUBSCRIBER
NUMBER

[ x42W,
CABLE

BACK PLATE
OF PLUG UNIT

NOTES. I. VIEW FROM SOLDERING SIDE (1.e.TOP OF PLUG)
2. LETTERS WITHIN THE CIRCLES
DESIGNATE THE WIRE COLOUR.

Fig. 24.—Forty-wire Plug Termination.

ated first by selecting pairs at random,
and buzzing the cable when terminating
the cable at the other end. All cables
were terminated using these methods.
Also at times a helical spring was used
to keep wires in sequence. The spring
was expanded and the identified wires
placed in the coils. On release the spring
holds the wires until laced into a form.

The forty-wire plugs and jacks on the
selector racks and the eighty-wire plugs
and jacks on the relay set racks are
made up of a basic plug and jack unit.
The contact members consist of flat
plates, one fork shaped and the other
as a knife-like flat pin. The forked con-
tact part is placed at an angle in relation

PLUG TERMINATION
OF CASLE TO
PLUG INTO RACK

PLUG TERMINATION
ON SUITABLE
LENGTH OF CABLE

EXCHANGE CABLE

LAMP STRIPS
FOR CIRCUIT (DENTIFICATIN'

10000000 000K

HO000000000N

—

| weLement To
IOENTIFY CRCUITS.
— | (g suror orrLEns)
»

TRANGFORNER
Caee = 24v)

.
— |
0

4oV AC

Fomnng
sceRd

Fig. 25.—Cable ldentification Set.

to the making flat pin. When the latter
is inserted into the forked contact, a con-
tact point is obtained on each side of
the pin. Torsion set up in each prong
of the fork ensures adequate contact
pressure. Forks and pins are mounted
with free movement so they align them-
selves when coupled. Each plug has
twenty contacts.

The forty-wire plugs of the selector
rack are made up of two of these basic
components, while the plugs on the re-
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Fig. 26.—Selector Rack Jackfield.

lay set racks are made up of four. The
latter can be seen in Fig. 12 while the
former can be seen in Fig. 26.

To form out the cables forming boards
are used. Fig. 14 shows such equipment
being used to form the meter cables. Its
thickness is equal to the length of un-
stripped wire extending from the laced
form to the meter tag. Thus cutting and
stripping was carried out with combined
cutter and stripper pliers, by placing the
nose of the pliers against the forming
board. Fig. 27 shows an aluminium
forming board, and Fig 28 shows it in
use. Its length is equal to the height of
a rack and it is attached as shown. It is
used for forming the cables to be term-
inated on the relay set racks, and is
adjustable so that the length of the
stringer can be varied. It has sixty-six
rows of tags corresponding to the num-
ber of plug units on the rack. Each row
has sixteen tags. The plug units form a
block of 5 x 16 terminals, five wires
are identified and looped over the
appropriate tag of the forming board. As
identification s not by colour code, the
five wires are -cut to different lengths to

indicate the first, second wire, etc. After
forming the wires are laced and termin-
ated.

Fig. 22 shows a forming board used
on the ILD.F. The wires are identified
and placed in correct sequence, and as
indicated in the figure, the placing of
the nose of the pliers against the forming
board ensures that the wires are cut and
stripped correctly. Fig. 29 shows an
I.D.F. strip. These are in two sizes and
accommodate twenty circuits of three or
five wires per circuit.

For terminating the forty-wire plugs
and the eighty-wire plugs on the relay
set racks, special jigs are used to hold
the plug units. Fig. 30 shows a jig for
terminating the forty-wire plugs. It also
shows a completed plug and Fig. 26
shows completed plugs inserted in the
jack-field at the top of a selector rack.
These plugs are held in position by a
stad. No covering is provided on the
jack box.

For terminating the cable on these
plugs the sheath is stripped from the
cable after leaving sufficient length of
cable to come over the side of the run-
way and reach the jack whose plug is
being terminated. The cable is then
clipped to the back of the plug by a
plastic clip and this back plate is then
fastened in the jig by means of a wing-
nut at the back. Leaving one pair spare,
half the remaining pairs are then sleeved
with plastic tubing (two and a half pairs
per sleeve) as these are the pairs that
arc terminated at the front of the plug.
The wires are then cut to the correct
length as measured by the grooves on
the top of the jig. (Fig. 30 shows this
hinged plate hanging down.) The tool
that cuts the wire also strips it to the
correct length. After all wires (except
the spare) have been cut and stripped the
top plate of the jig is swung out of the
way and the two terminal blocks that
make up the plug are inserted in the jig.
The wires are then picked up with the
aid of a pair of light-weight long-nose
pliers and the stripped end held over
the tag which is to be terminated. The
wire is taken past the tag and the strip-
ped end bent back over the top of the
tag. The wire is then forced over the
tag by another specially shaped termin-
ating tool which locks the wire into the

-

Fig. 27.—Forming-board for Relay Set Rack.

hole of the tag and the groove at the
top to ensure the wire does not come off
when the tool is removed. Figs. 31, 32
and 33 show the method of using these
tools. All plug and jack units using this
type of plug and jack are terminated in
the same way using jigs to suit forty-two,
sixty-three or 105 wire cable or the
eighty point units on the relay set
racks. This method of termination with
this particular type of tag is faster than
the termination of tags in step-by-step
equipment.

To terminate the strips on the I.D.F.
the wire is threaded through the hole
in the tag with long-nose pliers and
crimped tightly. Resin core solder is
only used for maintenance, but for in-
stallation work solid solder is used and
the resin flux is placed on the tags by
means of a brush.

Fig. 28.—Forming Cables.

Some of the tools used on the instal-
lation were different from those nor-
mally used, such as used for the termin-
ation of the plug units shown in Figs.
30 and 32. These tools are used for
wire with diameter of 0.5 mm. If wire
of diameter 0.8 mm. has to be termin-
ated, pliers with specially shaped jaws
are used.

Fig 34 shows a few of the tools used.
On the extreme left is a cable sheath
cutter. This is held clamped over the
cable and a circular motion used to
cut the sheath. The cutters are ad-
justed to cut the sheath but not the
insulation of the wires of the cable.

Next is a sheath stripper used to cut
the sheath longitudinally so it can be
removed easily. It is designed to cut
the sheath only, causing no harm to
the wires in the cable.
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The third tool from the left is a pair
of pliers for stripping only. The jaws
are adjustable so the tool strips but
does not cut the wire. The jaws are
wider at the end than at the hinge so
the tool can be used for stripping on
any part of a length of wire.

Next is a pair of pliers, side cutter
and stripper. It is adjustable so that
while one side of the pliers cuts the wire
the other only cuts the insulation and
strips. Thus the wire is cut and strip-
ped to a predetermined lengh.

The tool on the right is another adjust-
able cutter and stripper. This is the most
used tool of this kind, being used for
cutting and stripping the wires to be ter-
minated on plug units and LD.F. ter-
minal strips. Fig. 22 shows this tool in
use.

The soldering iron used has a rating
of 100 watts, and is constructed in
such a manner that the bit is at an angle
to the handle of the iron. The bit is
large and is tapered wedge shaped. The
iron has a small stand which enables
it to be placed at rest on a plane sur-
face, or hung from some convenient
point. It was the practice to have a
large number of bits in reserve,
the user changing a bit when necessary.
After many used bits had been col-
lected they were reconditioned in a
single effort for reuse.

A headset test phone was used for
testing in preference to instruments such
as a test lamp. This headset has one
earphone and in place of the other, a
three position switch enabling the ope-
rator to select one of the three condi-
tions phone only, condenser in series
with the phone or battery (dry) in series.

Other tools for erecting iron-work,
adjusting switches, etc., are peculiar to
this exchange because of its type, and
because dimensions are in metric units.

Fig. 29.—I.D.F. Termination.

POWER DISTRIBUTION

The distribution is by means of
power cable. From the distribution
panel in the power room the distribu-
tion is muliti-stranded copper cable cov-
ered with a white P.V.C. sheathing.
Sectional area is 150 sq. m.m. (0.233 sq.
in.).

Fig. 30.—Jig for Terminating 42w Cable.

Each bay has its power distributed
from a 100A fuse located in a box sus-
pended beneath the centre high-level
runway. There are two positive and two
negative cables (in parallel) feeding bays
1 to 5, the remaining three being fed
separately in a similar manner. The
number of bays per feed can be varied
to keep the distribution within the per-
missible voltage drop. For Toowoomba
the distribution has been based on 0.5V

Fig. 31.—Terminating 40w Plugs.

drop between the battery and the distri-
bution board, and 1.5V between the bat-
tery and the most distant rack in the
particular distribution.

The power cable runs along the top
of a high-level transverse runway and
loops under at the distribution points,
where the wire is bared of insulation
and clamped in the distribution box.

The feed from the 100A bay fuse to
the racks is in similar cable with a sec-
tional area of 35 sq. mm. (0.054 sq. in.).
There is one positive and one negative

cable feeding the selector racks, and the
same number in the form of a ring feed-
ing the relay set racks, which are back
to back. Each rack is fused with a 15A
fuse, except the GVM which, having
two markers per rack, has one fuse per
marker. From the rack fuse small power
cables lead to the circuit fuses in the
supervisory panel.

The 100A and 15A fuses consist of
fuse wire between silver plated elec-
trodes. When the fuse blows, a one amp.
pilot fuse also blows and this allows a
spring-loaded plunger to complete an
alarm circuit. The fuses also have a
semi-circular disc which rotates through
180 degrees exposing a white surface to
indicate the ruptured fuse.

The circuit fuses are fuse wire with
small discs’ clamped on the wire. These
hold movable springs, which when the
fuse blows restore to complete an alarm
circuit and break the testing circuit of
the device the fuse protects. Selecting a
device which has no potential is there-
fore prevented.

The discharge is estimated to be about
the same as for 2,000-type equipment.
In the power room the usual Depart-
mental equipment is installed.

CONCLUSION
It is expected that features of testing
and cutover of the exchange will be the
subject of a future article.
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Fig. 33.—Terminating Tools.
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Fig. 34.—Selection of Tools.
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APPENDIX
Abbreviations Used in the Text

Partial Stages in the Subscribers’
and Group Selector Stages

APR—Test Robot.

APR-REG—Register for Test Robot.

BLR—Relay set outgoing to service
levels.

DK—Traffic control plug unit on racks
for connection of occupancy
indicator and other devices.

FDR—Relay set for bothway trunks.

FIR—Relay set incoming from satellite

oowy>

exchanges.
FUR—Relay set outgoing to satellite
exchanges.
FIR-Y
FUR-Y {Relay sets serving unidirec-
FIR-H |tional trunks.
FUR-H

GP—Test Group Selector.
GVM—Marker for Group selector stage.
GVS—Special Group Selector stage.
I-GV—First Group Selector stage.
KK—Main Distribution Frame.
LPR—Test Selector Relay Set.
LKR—Relay set which controls the ring,
and supplies speaking battery
to the called subscriber.

LR-BR—Line and cut-off relays.

MK—Intermediate Distrtibution Frame.

MR-—Public Telephone Relay Sets.

SNPR] Circuits connected with the test

PRP desk.

R—Miscellanecus Relay set rack.

REG-L—Register for subscriber’s local
traffic.

REG-N—Register for trunk traffic.

REG-T—Register for trunk operators.

RSM—Marker for Register Finder.

RS—Register Finder.

RS-T—Register Finder for operator.

RS-I—Register Finder for incoming
traffic.

RS-N—Register Finder for trunk traffic.

SL—Subscribers’ Stage.

SR—Relay set which contains the speak-
ing battery for the calling sub-
scriber, and effects metering.

SLM—Marker for Subscribers’ Stage.

ULR—Relay set incoming from the
trunk exchange.
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PERTH-DERBY RADIO LINK

GENERAL
The introduction of a high frequency
radio telephone link between Perth and
Derby, Western Australia, follows pre-
sent-day techniques where dual channel
single sideband (Independent Sideband)
transmitting and recetving equipment is
used to provide a number of speech and
telegraph circuits. This article outlines
the principles of single sideband opera-
tion, discusses the advantages gained
from its use, and describes briefly the
transmitting and receiving equipment

used at Perth and Derby.

PRINCIPLES OF SINGLE SIDEBAND
OPERATION

Amplitude modulation is used in both
double sideband and single sideband
operation. When a carrier of frequency
f, is amplitude modulated by a single
audio frequency f, the resultant signal
produced is made up of three frequen-
cies, the carrier frequency f, and two
sideband frequencies (f, - f;) and
(f, + f,). The two sidebands are spaced
equi-distant on either side of the car-
rier frequency.

When speech frequencies are used to
modulate the carrier, a number of dif-
ferent frequencies go to make up the
audio signal, and sideband components
are produced corresponding to speech
frequencies. The carrier frequency and
the sideband component frequencies in
the upper and lower sidebands make up
the combined wave-form of a double
sideband transmission. As both the upper
sideband and the lower sideband in the
double sideband transmission contain
the same intelligence, it is not necessary
to transmit both sidebands in order to
transfer a signal from the transmitter to
the receiver. Additionally, the carrier
itself carries no intelligence. From the
point of view of transferring the signal
from the transmitter to the receiver, it is
not necessary to transmit the carrier.

It can be seen therefore, that in an
amplitude modulated system the carrier
and one of the sidebands can be dis-
pensed with before transmission, the re-
maining sideband only need be trans-
mitted. The transmission of such a sig-
nal is known as single sideband sup-
pressed carrier operation. Normally, on
high frequency single sideband radio
links a low level pilot carrier is trans-
mitted, as will be discussed later.

When a second sideband derived from
a second audio channel is added, so that
a common pilot carrier is used with two
independent sidebands, the system is
called independent sideband (i.s.b.) trans-
mission.

In the is.b. system of operation the
pilot carrier is transmitted at a reduced
level relative to the peak power of the
sidebands, usually 26db below peak en-
velope power. The two independent side-
bands are derived from two completely
different audio sources.

It can be shown that the power dis-
tribution in an amplitude sine modu-
lated d.s.b. transmission, for 100%

* See page 298.

modulation, is such that the carrier
power is twice the power in the two
sidebands together. It can be seen that
the presence of the two sidebands for a
100% sine modulated carrier makes the
power of the modulated wave 50%
greater than the power contained in the
unmodulated carrier. Of the total
power radiated, two-thirds of it is in the
carrier, and one-sixth in each of the
two sidebands. For degrees of modula-
tion less than 100%, the power con-
tained in the intelligence bearing side-
bands decreases rapidly as the degree of
modulation decreases, e.g., if the car-
rier is modulated 50%, it can be shown
that the amplitude of each sideband will
be one quarter the carrier amplitude,
the total sideband power now will be
only one-eighth the carrier power. (1).

ADVANTAGES OF SINGLE
SIDEBAND OPERATION

Compared with double sideband,
single sideband operation has several
advantages, including the following:—
(a) For the transmission of the same

audio signal, the single sideband
transmission takes up only half the
bandwidth of that taken by the
double sideband transmission. This is
an important saving of channel
space in the crowded high frequency
spectrum suitable for long distance
point-to-point radio communication
links.

(b) Assuming that the peak voltage in
the power output stage of a double
sideband transmitter and a single
sideband transmitter are the same,
and assuming that the double side-
band transmitter is 100% modulated
by a sine wave, then it can be shown
that where the gain of the double
sideband and single sideband receiv-
ers are identical, an improvement of
6db in signal/noise can be achieved
at the receiver. This is because in the
case of the double sideband trans-
mission, the peak carrier voltage
will be V. When 100% sine modu-
lated the amplitude of the modu-
lated carrier will be 2V, each side-
band being 0.5V. In the case of the
single sideband transmission, ignor-
ing the low level pilot carrier, the
peak amplitude will be 2V, or four
times that of each sideband in the
case of the double sideband trans-
mission. The single sideband signal,
for which a locally generated carrier
of correct frequency and level is sup-
plied at the receiver, will give an
audio output from the receiver which
can be expressed as V,. Assuming
that no selective fading is present,
the two sidebands in the double side-
band transmission will arrive at the
receiver in the correct phase relation-
ship, and their effect will be additive
at the receiver detector output, giv-
ing an audio signal of 0.5v_. The
single sideband signal will, therefore,
be 6 db higher than the double side-
band signal. A further 3 db im-
provement in the case of the single
sideband signal can be achieved be-

J. MEDCALFE-MOORE, AM.I.EE., AM.Brit1R.E.*

cause the single sideband receiver
need have only half the bandwidth
of the double sideband receiver, so
that the noise-power output from the
receiver used for single sideband re-
ception is only half that of the
double sideband receiver. A total im-
provement of 9 db in the signal/
noise is therefore achieved for single
sideband operation. (2)

(c) A considerable saving in transmitter
power input consumption is achieved
with a single sideband system as
compared with double sideband
operation, because during periods of
no modulation the single sideband
transmitter emits only a low-level
pilot carrier.

(d) Selective fading and wave interfer-
ence due to multi-path propagation
can result in serious non-linear dis-
tortion to a double sideband high
frequency radio signal. Listeners to
high  frequency broadcast pro-
grammes are familiar with this par-
ticular type of distortion, which

causes speech and music to become

Fig. 1.—The Independent Sideband Drive Unit.
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harsh and unpleasant to listen to.
This type of distortion is absent with
single sideband operation. Selective
fading occurs when conditions along
the radio path between the trans-
mitter and the receiver do not affect
waves of slightly different frequen-
cies in a like manner. It has been
found in practice that frequencies
making up a double sideband modu-
lated carrier wave, differing by as
little as 100 c/s, fade independently.
This is because the individual fre-
quencies making up the modulated
carrier wave travel along paths of
different lengths. The lengths of the
paths vary continuously, due to the
changing conditions in the ionos-
phere. As the difference in path
length depends on the frequency of
the components of a modulated car-
rier wave, it will be seen that the
different frequencies which make up
the modulated carrier will not
always arrive at the receiver in the
same phase relationship as existed at
the transmitter. Frequently, at a
given instant, the received carrier fre-
quency will be severely affected,
while the sideband frequencies are
unaffected. In the case of the single
sideband transmission, however, se-
lective fading of this type does not
occur because only one sideband is
present at the input to the receiver,
and this sideband is demodulated in
the receiver by a locally generated
carrier of the correct frequency and
level.

INDEPENDENT SIDEBAND
DRIVE UNIT

The independent sideband unit, (Fig.
1), accepts two separate audio fre-
quency inputs (referred to as Channel A
and Channel B). Each channel occu-
pies a frequency range of 0.1 to 6 kc/s.
The output from the drive unit consists
of an independent sideband signal
centred on a reduced level carrier at 1.6
Mc/s with channel A covering the range
1.6001 Mc/s to 1.6060 Mc/s, and chan-
nel B covering the range 1.5940 Mc/s
to 1.5999 Mc/s, (Fig. 2). The peak side-

band output available from the drive
unit is 0.5W, with a pilot carrier level
adjustment within the range -6db to
—32db relative to 0.5W.

The reduced or pilot carrier serves
two purposes, firstly it operates the auto-
matic gain control facility in the dis-
tant receiver, thus maintaining the ave-
rage audio output from the receiver at
a given level when fading is present at
the receiver input, secondly it enables
an automatic frequency control facility
in the distant receiver to adjust the re-
ceiver tuning, by keeping the frequency
of the local oscillator in the receiver at
the value necessary to produce the pre-
cise intermediate frequency required to
maintain the pilot carrier frequency
within the narrow passband of the crys-
tal filter, used to separate the pilot car-
rier from the received sidebands.

The level of the pilot carrier is an in-
dependent sideband system is determined
by a number of considerations. Firstly,
it is kept at a low level, relative to the
sidebands, in order that for a given
power output, as much as possible of
the radio frequency power output from
the transmitter is available for the side-
bands. Secondly, inter-channel crosstalk
is increased if a high level pilot carrier
is employed. Thirdly, the level of the
pilot carrier must not be reduced too
much or, it may, at times, fall below
the receiver noise level. This could then
result in an unsatisfactory signal to
noise ratio in the pilot carrier channel
on occasions when the signal to noise
ratio in the sideband channels is just
sufficient to produce a workable signal.
In this event, the pilot carrier would not
be suitable for the purpose of automatic
frequency control. In practice, a peak
sideband to carrier ratio of 26db has
been found to be a satisfactory com-
promise, and this ratio is the one gener-
ally used on independent sideband radio
links.

The drive unit, which is located at the
transmitting station, accepts two sepa-
rate audio signals each up to 6 kc/s.
Referring to Fig. 3, and taking channel
A only, signals from line are passed
through a high-pass filter to remove any
components below 100 c/s. Audio fre-
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Fig. 2.—The Generation of an Independent Sideband Signal.

quencies below 100 c/s must be ex-
cluded from the system because such
frequencies might produce sideband sig-
nals too close to the pilot carrier. If such
signals were within the passband of the
carrier-selector filter at the distant re-
ceiver, the operation of the automatic
frequency control facility in the re-
ceiver would be adversely affected. The
audio frequencies in the band 100-6000
c/s are then amplified by the channel
amplifier which has an adjustable gain.
A level indicator, which can be switched
to channel A or channel B, is provided
to measure the output level from the
channel amplifier. A pre-set attenuator
is provided between the channel ampli-
fier and the input to the first modulator.
The amount of pre-set attenuation intro-
duced by the attenuator is determined by
the nature of the audio signals, e.g.,
speech, multi-channel voice frequency,
telegraph, facsimile, etc., the principle
being to prevent signal peaks from ex-
ceeding -+6dbm at the input to the first
modulator. Signal peaks of +6dbm pro-
duce the maximum rated sideband out-
put of 0.5W from the drive unit. Peaks
in excess of +6dbm cause overloading,
resulting in signal distortion and inter-
channel crosstalk.

The signals are applied to the bal-
anced modulator together with a 100
kc/s carrier. The 100 kc/s signal is pro-
vided by a crystal controlled oscillator
which is common to both channel A and
channel B. The output from the 100
kc/s modulator contains both sidebands,
the upper sideband (100.1-106 kc/s) and
the lower sideband (94-99.9 kc/s) to-
gether with a carrier leak signal of low
level, relative to the sidebands, due to
imperfect modulator balance. The out-
put from the modulator is amplified and
then passed through a crystal filter
which selects the lower sideband (94-
99.9 kc/s). The sideband filter has very
sharp band-pass characteristics, and the
output from the filter is substantially a
single sideband signal. Audio signals
applied to channel B input undergo a
similar process as applied to channel A,
except that the sideband filter in chan-
nel B selects the upper sideband (100.1-
106 kc/s).

Channel A signals and channel B sig-
nals are then combined and passed
through a 100 kc/s carrier stop filter
which removes the 100 kc/s residual or
carrier leak signal. The attenuation of
this filter is mearly constant at 1 db for
frequencies in the range (94-99.9 kc/s)
and 100.1-106 kc/s) while it rejects a
band extending to a few cycles on either
side of 100 kc¢/s. The pilot carrier, which
is derived from the 100 kc/s crystal con-
trolled oscillator, is now introduced at a
controlled level. The reason for first bal-
ancing out the 100 kc/s carrier at the
first modulator, and eliminating the re-
sidual carrier by means of a carrier stop
filter, is that the carrier leak signal from
a balanced modulator varies with ageing
of components and temperature effects,
whereas the re-introduced carrier at con-
trolled level results in a final carrier
which is independent of such changes. It
is most necessary to maintain the ratio
between the peak sideband power and
the pilot carrier power, because the pilot
carrier is used for automatic gain con-
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Fig. 3.—Block Schematic Diagram of Independent Sideband Drive Unit.

trol purposes at the distant receiver.
Variations in the transmitter power out-
put of the pilot carrier would vary the
audio-frequency output of the receiver.

The combination of the upper side-
band, lower sideband and pilot carrier
completes the formation of the inde-
pendent sideband signal. This compo-
site signal is applied to the second
modulator together with a 1.7 Mc/s
carrier, provided by a crystal controlled
oscillator. The output from the 1.7 Mc/s
modulator is taken through a filter which
selects the lower sideband (1.594-1.6-
1.606 Mc/s), and it will be seen that
channel A now occupies the band
(1.6001-1.606 Mc/s) and Channel B
occupies the band (1.594-1.5999 Mc/s).
The output from the filter is amplified
to a peak sideband level of 0.5W into a
75 ohm load.

SIGNAL LEVELS

With the drive unit set up for normal
service and with a steady single tone sig-
nal applied to the A channel IN or B
channel IN, the drive unit will deliver
a mean power output at 1.6 Mc/s of
+21db relative to 1 mW. When both A
and B channels are simultaneously ener-
gised by the steady tone, or when the
level of the steady tone to one channel
is increased by 3db, the drive unit will
deliver -+24db relative to 1mW. When
speech is applied to either channel the
peak output of the sideband to which
the speech is applied should not exceed
+27db relative to 1mW in order to
obtain satisfactory performance as re-
gards low level inter-channel cross-talk.
The level indicators used at the input
and at the output of the drive unit do
not indicate peak levels of speech be-
cause of the relatively long time-con-
stant of these meters. Peak levels of
speech are indicated on the level meters
at the Radio Terminal, where the out-
going signals from the near end sub-

scriber and the incoming signals from
the distant end subscriber are carefully
controlled.

The line-up or setting of the levels in
the drive unit is carried out under steady
tone conditions. A steady tone of 1000
c¢/s is applied to the A channel
IN and the A channel amplifier
gain control is adjusted until the drive
unit output at 1.6 Mc/s is +21db rela-
tive to 1ImW. The steady tone is then
applied to B channel IN and the B chan-
nel amplifier gain is adjusted for an out-
put of -+21db relative to 1mW. Under
operating conditions the 1000 c/s line-
up tone is sent over the A channel and
B channel land-lines from the Radio
Terminal, where the four-wire transmit-
receive circuits are combined into a two-
wire circuit, suitable for connection via
a telephone switchboard to a subscri-
ber’s telephone instrument. The level of
the 1000 c/s line-up tone sent to line on
the A channel and the B channel from
the Radio Terminal is 0 dbm. At the
transmitting station the tone is amplified
to overcome line losses, and is then
applied to the input of the drive unit,
and, as previously described, after
adjustment of the channel amplifier gain,
results in an output from the drive unit
ofl—f—21db relative to 1 mW per chan-
nel.

Before dealing with the speech levels
sent to line from the Radio Terminal the
opportunity will be taken to discuss
normal speech levels, with particular
reference to the peak power levels en-
countered with average telephone-speech
in English, because it is essential that
the peaks of speech applied to the drive
unit input on either channel, should be
of such a level as to just energise the
drive unit so as to produce a peak side-
band output of -27db relative to
ImW.

Speech at reference volume is regis-
tered by a volume indicator when the

pointer on the indicator dial swings to
0db on the scale approximately every 3
seconds. The zero point on the scale be-
ing the position of the pointer when a
sinusoidal voltage at 1000 c/s, corre-
sponding to 6mW in 600 ohms is
applied. The peak power of reference
speech is generally assumed to be 6mW
(+8dbm), but short duration peaks in
excess of this power do occur. (3)

At the Radio Terminal a voice oper-
ated gain adjusting device (vogad) is
used in the transmit path which, in addi-
tion to raising the average level of low
level speech, restricts the peaks of ref-
erence volume speech or speech peaks
higher than reference volume, to
+6dbm. The level indicator used at the
Radio Terminal is designed to read
peaks of speech, and when this indicator
peaks up to +6dbm, the full peak side-
band output of 0.5W is obtained from
the drive unit at the transmitting station.
The level indicator at the output of the
channel amplifier in the drive unit which
registered Odbm on 1000 c¢/s line-up
tone when the mean power output from
the drive unit was —+21db relative to
ImW, now swings up only to approxi-
mately —~2dbm on speech peaks, due to
the time-lag of the meter, at which time
the peak sideband output from the drive
unit is +27db relative to 1mW.

Each of the 6kc/s wide independent
sideband channels derived from the
drive unit is sub-divided into two 3 kc/s
speech channels. This sub-division is car-
ried out at the Radio Terminal by the
use of audio channelling equipment, so
that the A channel land-line from the
Radio Terminal carries two separate
speech channels, known as A, and A,
channels. The A, channel occupies the
band 250 c/s to 3000 c/s, and A, chan-
nel occupies the band 3250 c/s to 6000
¢/s. The B channel land-line from the
Radio Terminal similarly carries two
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Fig. 4.—Block Schematic Diagram of Independent Side Band Transmitter.

separate speech channels occupying simi-
lar frequency bands as those shown on
the A channel land-line. The two B
channels are known as B, and B, chan-
nels. Thus, the drive unit is capable of
simultaneous handling of four 3 kc/s
wide speech channels.

As previously stated, when only one
speech channel is carried on a 6 kc/s
wide sideband, the peaks of speech can
be allowed to reach +6dbm at the out-
put from the channel amplifier in the
drive unit, and peaks of speech at this
level develop the full peak sideband out-
put of 0.5W from the drive unit. In a
four-channel system, the peaks of speech
can be allowed to reach approximately
the same level as allowed for a single
channel, i.e., the peaks of speech in each
one of the four channels can be allowed
to peak up to approximately +6dbm at
the output of the channel amplifier; this
is because of the intermittent nature of
speech, and the unlikelihood of sus-
tained peaks of speech occuring simul-
taneously in two or more channels. Be-
cause of this, there is no noticeable loss
of signal to noise ratio when changing
from single channel to four channel
operation.

At present, on the Perth-Derby is.b.
link, A: and A. channels are used for
speech and B. channel carries a multi-
channel voice frequency telegraph sys-
tem. B. channel is normally idle, but can
be used to carry one of the speech cir-
cuits normally carried on A; or A chan-
nels or the B: V.F.T. system, by suitable
patching arrangement at the Radio Ter-
minals.

The V.F.T. equipment is located at
the Radio Terminals at Perth and Derby.
Twelve different tones are used for the
mark and space signals, which are keyed
by machine or hand operation. At any
instant, there is always a total of six
tones simultaneously passing to line from
the V.F.T. equipment to the transmitting
station. The level of each of the tones
used, measured at the output of the drive
unit channel amplifier, is —8dbm, which
results in an output from the drive unit

of —14db relative to the full peak side-
band output of 0.5W.

CARRIER MONITOR AND ALARM

The pilot carrier radiated by the in-
dependent sideband transmitter is con-
tinuously monitored, any variation of
more than * 3db from the set level be-
ing used to operate an alarm signal.

The complete independent sideband
signal at 1.6 Mc/s, derived from the out-
put of the transmitter via the frequency
translator demodulator, is fed back to
the drive unit at a controlled level and
applied to the input of the carrier moni-
tor and alarm circuit (Fig. 3.) The com-
plete signal consisting of sidebands and
pilot carrier is heterodyned against a

signal 20 c/s higher in frequency than
the 1.6 Mc/s pilot carrier. The inde-
pendent sideband signal voltage and the
heterodyne signal voltage are added and
then applied to a diode rectifier. The
radio frequency components are then
filtered out in a resistance capacitance
filter and the resulting 20 c¢/s beat sig-
nal due to the carrier is selected by a
low pass filter.

The first sideband component which
appears at a frequency of 100 c¢/s above
the pilot carrier beats with the 1.600020
Mc/s heterodyne signal and produces an
audio signal of 80 c¢/s, this frequency
being attenuated by at least 46 db in
the low pass filter. The 20 c/s signal is
amplified and after rectification by two
delayed circuit diodes, the output is
used to operate the alarm relays via a
d.c. amplifier.

Over the normal working range of
pilot carrier level the peak value of the
20 c¢/s voltage lies between the two de-
lay voltages on the two diodes. If, at
any time, the peak value of the 20 c/s
voltage is above or below both delay
voltages an alarm condition is signalled.
The settings of the levels is such that
a * 3db variation in pilot carrier level
actuates an alarm circuit.

INDEPENDENT SIDEBAND
TRANSMITTER

The independent sideband transmitter
used on the Perth-Derby radio link (Fig.
4) is a high frequency transmitter with
a frequency range of 2 to 22 Mc/s, and
a power output of SkW, P.E.P. (See Fig.
S). Automatic starting and tuning con-
trol facilities are incorporated in the
transmitter, and a total of six crystal
controlled spot frequencies may be set
up and selected anywhere in the 2 to 22
Mc/s range.

Fig. 5.—The Independent Sideband Transmitter Unit.
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The transmitter is capable of trans-
mitting two independent 0.1 to 6 kc/s
channels, one on each side of a low level
pilot carrier. Each 0.1 to 6 Kc/s channel
can be sub-divided, so that two 3 kc/s
telephone channels or several voice fre-
quency telegraphy channels or a com-
bination of speech and telegraphy chan-
nels can be provided.

The independent sideband transmitter
consists of a frequency translator and
monitor section, a chain of radio fre-
quency amplifiers and a feedback unit.

The crystals for the six spot frequen-
cies are located in the frequency trans-
lator unit and are contained in a ther-
mostatically controlled oven which
maintains the temperature at approxi-
mately 60°C.

The required crystal is selected by one
section of a channel selector switch and
controls a Pierce oscillator. The mnext
stage consists of an amplifier operating
at the fundamental or crystal frequency.
The output of this amplifier is divided
into two and fed to two identical fre-
quency multipliers. One of the multi-
pliers is in the transmitting chain and
provides the heterodyning voltage for
the modulator. The second multiplier is
in the monitor chain and provides the
heterodyning voltage for the demodu-
lator.

The relationship between radiated
frequency (f,) and crystal frequency
(f) is:—

(a) for frequencies below 5.6 Mc/s
f. =1, 1.6 Mc/s.
(b) for frequencies from 5.6 to 10 Mc/s
f, + 1.6 Mc/s
fx e —
2
(¢) for frequencies from 10 to 22 Mc/s
f. —1.6 Mc/s
fx [ —
2

The heterodyning voltage is fed to the
grids of the modulator valves (2 type
807’s) in parallel; the 1.6 Mc/s signal
from the drive unit being fed to their
cathodes in push pull after passing
through a remote cut-off controlled
amplifier stage, which is provided as a
control for the envelope error feedback
system.

A class A radio frequency amplifier,
consisting of a pair of type 807 valves
in push-pull, follows the modulator, and
the output from this amplifier feeds the
power amplifying stages.

The relationship between radiated fre-
quency f. and crystal frequency f, is
such that the positive sign applies for
values of f, below 10 Mc/s, and the
negative sign applies for values of f.
above 10 Mc/s. This is a convention
which is followed internationally on in-
dependent sideband services, and results
in a narrower range of frequencies be-
ing required from the carrier generating
stages than would be the case otherwise,
e.g. radiated frequencies in the range
from 2 to 22 Mc/s are provided by
stages covering the range 3.6 to 20.4
Mc/s. With independent sideband trans-
mitters covering higher frequencies in
the high frequency bands, for instance,
the range 4 to 30 Mc/s, where a drive
frequency of 3.1 Mc/s is usually em-

ployed, the carrier generating stages only
have to be designed to cover the range
7.1 to 26.9 Mc/s, instead of 7.1 to 33.1
Mc/s as would otherwise be the case.
The convention referred to in the pre-
ceding paragraph, results in channel A
being radiated on the high-frequency

side of the pilot carrier for radiated fre- -

quencies above 10 Mc/s, and on the
low-frequency side of the pilot carrier
for radiated frequencies below 10 Mc/s.

The radio frequency amplifying chain
consists of three stages of linear ampli-
fiers. The first of these three stages em-
ploys two type 807 valves in parallel,
class A operation. The next stage uses
three type 5.D22 valves in parallel,
operating class AB1. The final radio fre-
quency amplifier utilises a grounded-
grid circuit, employing a triode valve,
type BR191. The output of the BR191
is coupled through an unbalanced line

& £ INPUT

GROUNDED 6RID

ANOOE COOLING
Fins

s

Fig. 6.—The Grounded Grid R.F. Output Stage.

to a phasing network which allows
matching to a balanced line of 600
ohms.

In single sideband transmitters it is
absolutely essential that all amplifiers
and modulator stages are operated
linearly, so as to avoid intermodulation
frequencies which result in inter-channel
crosstalk. Probably one of the main
causes of non-linearity in radio fre-
quency amplifiers is the flow of grid cur-
rent, when the grid of a driven valve is
allowed to become positive with respect
to the cathode, resulting in a change of
impedance seen by the grid of the valve
when looking back towards the source
of the driving voltage. Non-linearity due
to the flow of grid current will occur if
a stage is overdriven, and mainly occurs
in the high-power stages of the trans-
mitter.

In order to obtain a high efficiency, it
is the practice to fully drive and load
the high power stages of an independent
sideband transmitter, so that the full
rated peak envelope power output of the
transmitter is obtained on peaks of
speech. If, however, the level of the
peaks of speech applied to the trans-
mitter input in a given channel are too
high, non-linear distortion occurs not
only in that particular channel alone, but
it results also in the production of inter-
modulation components which often fall
in adjacent channels, resulting in cross-
talk between channels.

In order to reduce the risk of grid
current and so maintain linearity, high
power gain tetrodes in parallel, operat-
ing class ABI1, are employed in the pen-
ultimate stage of the transmitter. The
class AB1 stage can be fully driven on
peaks of speech without the grid swing-
ing positive with respect to the cathode.
This stage is followed by the grounded-
grid radio frequency power output stage,
which has the advantage of a much
more constant input impedance than the
more conventional type of amplifier.

The drive from the high power gain
tetrodes is applied directly to the fila-
ment centre-tap of the grounded-grid
BR191 valve. This technique is a further
aid in reducing the effect of grid current
on linearity. In the grounded-grid ampli-
fier, the grid-cathode load due to the
anode current tends to swamp the load
due to the grid current. In addition, the
grounded-grid amplifier does not have to
be neutralised. This is because the radio
frequency currents flowing through the
plate-grid inter-electrode capacity, as a
result of the oscillatory voltages de-
veloped in the anode circuit of the valve
do not flow through the input circuit as
in the more conventional type of ampli-
fier. Thus, the inter-coupling and energy
transfer between input and output cir-
cuits is avoided, the grounded-grid of
the valve acting as a shield between the
anode and cathode. The grounded-grid
output stage of the independent sideband
transmitter is, therefore, substantially
free from the type of feedback that
causes instability.

In the grounded-grid amplifier, since
the input voltage from the preceding
stage is in series with the output voltage,
any change of loading in the output cir-
cuit will be reflected back to the preced-
ing stage. Because of this, great care
must be taken to see that shunt leakage
resistance and capacitance changes on
transmission lines and aerials are kept
to a minimum during wet weather, or
during periods of high humidity. This
can be achieved by the use of specially
designed insulators, particularly for
use on the transmission line between the
grounded-grid output stage and the
aerial. This type of insulator, while pro-
viding the necessary support and main-
taining the correct spacing for the trans-
mission line, presents a minimum of
contact area between the surface of the
insulator and the radio frequency con-
ducting leg of the transmission line.
With other types of transmission line
insulator, where the area of contact be-
tween the surface of the insulator and
the leg of the line can be large, changes
can occur in the characteristic imped-
ance of the transmission line when the
surface of the line insulators become wet
during rain or during periods of high
humidity. If this occurs on a transmis-
sion line connected to a transmitter hav-
ing a grounded-grid amplifier output
stage, the detuning effect on the trans-
mitter and the power output from the
final stage can change considerably com-
pared with the conditions existing when
the surface of the insulators is dry.

The grounded-grid arrangement in the
final radio frequency amplifier allows a
very compact arrangement to be used
for housing the anode tuning inductance
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and other components in the output cir-
cuit (Fig. 6). These units are located in
the lower part of the R.F. cabinet, in
an airtight compartment immediately be-
low the valve anode. With this arrange-
ment, radio frequency current returns
symmetrically on the inside walls of the
compartment and direct radiation from
the anode stage is thereby reduced to a
minimum. Forced air for cooling the
system is drawn in through a dry-mesh
filter located at the lower front of the
power supply cabinet and is forced into
the airtight compartment below the
valve, this compartment acting as an air
duct. The air stream cools the anode
tuning inductance and the other com-
ponents in the compartment, as well as
the valve anode, filament and grid seals,
and is finally discharged through vents
at the top of the R.F. cabinet.

AUTOMATIC TUNING

The transmitter has provision for the
automatic selection of any one of six
pre-tuned frequencies. After first pre-
tuning the transmitter on all six fre-
quencies, the desired frequency is se-
lected by means of a channel switch on
the front of the transmitter. At Perth,
frequency changes are achieved by
manual operation of the channel switch.
At Derby, where the transmitting station
is unattended, frequency changes are
initiated from the receiving station,
where a remote control unit is located
and used for dialling over a land-line to
the transmitting station. In addition to
dialling frequency changes, the remote
control unit is used to dial the transmit-
ter on and off.

Using the automatic frequency selec-
tion facility, a frequency change on the
transmitter can be achieved in not more
than 30 seconds. The H.T. is removed
at the beginning of the frequency change
and is then automatically reapplied at

the end of the frequency change.

The automatic tuning mechanism in
the R.F. amplifier section of the trans-
mitter, consists of an electric motor
driving a main shaft to which each tun-
ing element is coupled by a separate
magnetic clutch. Associated with the
tuning elements for each stage is a selec-
tor head consisting of six cam and switch
assemblies, one for each pre-set fre-
quency. Each cam is set to operate a
switch which de-energises the associated
magnetic clutch controlling the turning
of tuning controls when the latter are
in the position giving precise tuning of
each stage.

When a frequency change is set in
motion, all the magnetic clutches are
energised and the tuning controls are
driven round by the motor until each
tuning control stops in the pre-set posi-
tion determined by the appropriate cam
on the selector heads. The motor con-
tinues to rotate until the last magnetic
clutch becomes de-energised and disen-
gaged from the driving shaft. The fre-
quency translator and feedback unit are
equipped with separate motors and selec-
tor heads. These motors are ecnergised
at the same time as the main motor in
the R.F. cabinet.

FEEDBACK

A feedback system is incorporated in
the transmitter to reduce distortion and
stabilise the gain. The system used is
known as Envelope Error Feedback. A
sample of the output from the grounded-
grid output stage is applied to the feed-
back circuit. The signal picked up by a
small pick-up disc capacitor, located
near the anode of the grounded-grid
valve, is rectified. The signal produced
by rectification consists of direct cur-
rent and Jow frequency components cor-
responding to the envelope of the modu-
lated output of the transmitter. At the

same time, a portion of the 1.6 Mc/s
input signal to the transmitter is ampli-
fied and then rectified by a rectifier simi-
lar to the one used to rectify the feed-
back signal. The outputs of the two rec-
tifiers are balanced against each other
and if there is no distortion present
there is no difference output. In practice,
there is always a certain amount of dis-
tortion due to non-linearity in an ampli-
fier giving a high power output, and this
distortion results i an output from the
comparison circuit, This output is
applied to the input of the controlled
amplifier to which also is applied the 1.6
Mc/s signal from the drive unit, (Fig. 4).
The phase of the error signal applied at
this point is such that inherent distor-
tion 1s reduced, in accordance with nor-
mal negative feedback application.

FREQUENCY TRANSLATOR
MONITOR

The monitor circuit in the translator
section of the transmitter, consists of a
frequency multiplier, demodulator and
1.6 Mc/s amplifiers. The heterodyning
signal from the crystal oscillator stage is
fed through the frequency multiplier
stage to the balanced modulator. A
sample of the final R.F. amplifier signal,
picked up by a disc capacitor near the
anode of the grounded-grid valve is also
applied to the demodulator. By hetero-
dyne action in the demodulator a 1.6
Mc/s output is obtained from the de-
modulator. This output is then applied
to two identical amplifiers. The 1.6
Mc/s output from the amplifiers is taken
separately by coaxial cable to the drive
and monitor unit. One output is used for
a signal for the carrier fail alarm circuit,
and the other output is applied to the
monitor unit to enable analysis of the
independent sideband signal to be made,
and to provide aural monitoring of the
sideband signals.
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Fig. 7.—Block Schematic Diagram of Independent Sideband Monitor.
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INDEPENDENT SIDEBAND
MONITOR UNIT

The independent sideband monitor
unit (Fig 7), is provided to enable analy-
sis to be made of the transmitted inde-
pendent sideband signal, and to provide
aural monitoring of the signals on the
two sidebands.

As a spectrum analyser the unit can
be used to cover a range of 10 Kc/s on
either side of the 1.6 Mc/s pilot carrier.
By means of switching, the monitor unit
can also be used to measure the level
of the pilot carrier, and to check the
pilot carrier to see if modulation causes
any disturbance to pilot carrier level. In
addition, the monitor unit can be used
to measure intermodulation products
generated in the transmitter or drive
unit when two equal amplitude tones are
applied simultaneously to the same
channel, and to measure noise and/or
cross talk that may be present in the
drive unit/transmitter system.

MEASUREMENT OF NON-LINEAR
DISTORTION

The measure of non-linear distortion
produced in the drive unit and/or trans-
mitter is the level of the third order,
fifth order and higher order intermodu-
lation products, produced when two
equal amplitude tones are simultaneously
applied to one sideband channel.

Although great care is taken in the
design of ali amplifiers used in the drive
unit and transmitter of an independent
sideband system, it is not possible to
produce units having completely linear
characteristics, such units only approach
this ideal. It will be found there-
fore, that the output voltage from such
units is not exactly proportional to the
input voltage, and new frequencies
appear at the output of the units which
are produced in the units themselves.
When two radio frequency voltages, f;
and f., differing only by an audio fre-
quency, are applied simultaneously to
the radio frequency amplifiers of the
drive unit and transmitter, and the out-
put from the monitor in the translator
section of the transmitter is applied to the
monitor unit and analysed, it will be
found that besides frequencies f, and f.
and their harmonics, new frequencies of
2f,-f: and 2f.-f; (third order intermodu-
lation products) and 3f:-2f; and 3f.-2f
(fifth order intermodulation products)
appear. The point of importance about
these third and fifth order products is
that they fall within the pass-band of
the tuned amplifier, resulting in distor-
tion of the signal and inter-channel
crosstalk.

The distortion level of the drive unit
transmitter system is expressed by mea-
suring the level of the intermodulation
products relative to the level of either
of the two tones.

For non-linear distortion measure-
ments in the drive unit transmitter
equipment used for the Perth-Derby in-
dependent sideband link, two tones,
one of 1000 c¢/s and one of
2800 c/s, are supplied by the moni-
tor unit. The 1000 ¢/s tone from
the monitor unit, is applied to the
appropriate channel of the drive unit
under test. The level of this tone is
0dbm at the output of the channel am-

plifier, and results in an output of
+-21db relative to 1mW from the drive
unit. The 1000 c¢/s tome is then Tre-
moved from the channel and equal amp-
litude 2800 c¢/s tone is applied in ifs
place and an output of -21db relative
to ImW is again obtained from the drive
unit. The two tones are then applied
simultaneously to the channel under test,
and the 1.6 Mc/s output from the drive
unit increases to approximately —-24db
relative to ImW. With a 1.6 Mc/s signal
of this level applied to the transmitter
the radio frequency output from the
final stage is 0.5 peak envelope power
(B.E.P.):

The audio tones applied to the drive
unit channel under test, say channel A,
when translated to radio frequency be-
come (f, + f,) and (f, + £,), where
f, = the radio frequency carrier, f, =
1000 c¢/s and f, = 2800 c¢/s. Non-
linearity of the drive unit-transmitter
system give rise to third order inter-
modulation products which fall at 800
c/s from the pilot carrier in the un-
loaded channel and at 4600 c/s in the
loaded channel, and a fifth order inter-
modulation product of 2600 c/s in the
unloaded channel. The fifth order inter-
modulation product of 6400 c/s and
even order frequencies all fall outside
the passband of the tuned amplifiers and
filters.

The method by which an intermodu-
lation product is isolated and then mea-
sured in the monitor unit can be under-
stood from a study of the block sche-
matic diagram of the independent side-
band monitor unit (Fig. 7). With equal
amplitude tones of 1000 c/s and 2800
c/s at the correct level applied to the
drive unit, say channel A, and the 1.6
Mc/s signal applied to the transmitter,
the demodulated 1.6 Mc/s signal from
the translator section of the transmitter
is applied to the input of the monitor
unit. The 1.7 Mc/s variable oscillator

in the monitor unit is first adjusted to
zero beat against the 1.7 Mc/s crystal
oscillator, the zero beat indication being
observed on the level indicator by oper-
ation of the appropriate switches. The
output from the variable 1.7 Mc/s oscil-
lator is then applied to the frequency
changer in place of the 1.7 Mc/s crystal
oscillator which is usually used for de-
modulation in the monitor unit. The
level indicator is now switched to the
output of the 100 Kc/s amplifier and the
frequency of the 1.7 Mc/s variable oscil-
lator is adjusted to 1.701 Mc/s. The in-
put signal to the drive unit contains fre-
quencies of 1.601 Mc/s due to the 1000
¢/s tone, and 1.6028 Mc/s due to the
2800 c/s tone. After mixing in the fre-
quency changer, which is being fed by
the demodulation frequency of 1.701
Mc/s, the frequency changer output con-
tains signal frequencies of 100 Kc/s due
to the 1000 c/s tone and 98.2 Kc/s due
to the 2800 c/s tone. Of these two sig-
nals, only the 100 Kc/s signal is
accepted by the 100 Kc/s £ 20 c/s
crystal filter, and the level of this sig-
nal, referred to as the principal compon-
ent, is shown on the level indicator
which is connected to the filter output
via the 0-60db attenuator and 100
Kc/s amplifier. The master level gain
control at the input to the monitor unit
is adjusted to give a reference reading,
usually 0db, on the level indicator centre
zero scale.

Having adjusted the monitor unit for
reference level, the 1.7 Mc/s variable
oscillator is adjusted to a frequency of
1.7 Mc/s-0.8 Kc/s, the 800 c/s inter-
modulation component in the B channel
thus falls in the 20 c/s passband of the
crystal filter. The 0-60db attenuator is
then adjusted to give the same refer-
ence scale deflection. The level of the
800 c/s intermodulation product with
reference to the principal component is
then read directly from the calibrated
0-60db attenuator scale. In order to mea-

Fig. 8.—The Independent Sideband Receiver Unit.
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Fig. 9.—Block Schematic Diagram of Dual Path independent Sidebond Receiver.

sure the 2600 c/s component in the B
channel, the variable oscillator is set to
1.7 Mc/s 2.6 Kc/s.

The level of the third order inter-
modulation products should be not
greater than — 42db with reference to
P.E.P. referred to the level of the prin-
cipal component, while the level of the
fifth order component is in the region of
— 50db with the same reference.

In addition to its use as a spectrum
analyser, the monitor unit can be used
for the measurement of carrier level and
carrier compression, checking the level
of the pilot carrier compared to the level
of the sideband signals and for the mea-
surement of frequency response of either
sideband channel.

INDEPENDENT SIDEBAND
RECEIVER

The receiver used on the Perth-Derby
radio link (Fig. 8), is a dual-path inde-
pendent sideband receiver designed for
continuous operation on point-to-point
high frequency radio services. It provides
continuous coverage from 1.6-30 Mc/s.

The main design features of this type
of receiver include its suitability for the
reception of two 3 Kc/s wide telephone
channels on each of the two independ-
ent sidebands, ease and accuracy of tun-
ing, good sensitivity, good selectivity
with facilities for restricting the band-
width of each sideband crystal filter
from the normal 6 Kc/s to 3.5 Kc/s.

The receiver contains two separate
and identical paths, which share com-
mon oscillators (see Fig. 9). Each path
has separate inputs, which are fed from
space- dxversny aerials, though no pro-
vision is made for combining or path
selection of the signals received by the
two separate receiver paths. This is be-
cause diversity reception of independent
sideband radiotelephone signals has, in
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general, no advantage over single path
reception, and no satisfactory method of
combining or selecting the sideband sig-
nals from the two paths has yet been
developed. This problem is made more
difficult with independent sideband
radio-telephone signals, compared with
on-off telegraphy signals or double side-
band signals, because of the relatively
wide audio bandwidth involved—6 Kc/s
per sideband—and the fact that path
selecting devices in space diversity re-
ceivers are not able to differentiate be-
tween the different types of selective
fading within an audio frequency band.

In the case of reception of multi-
channel voice frequency telegraphy sig-
nals on one or more of the 3 Kc/s wide
speech channels advantage can be taken
of space diversity reception by the selec-
tion of the path delivering the better sig-
nal at any instant. This can be arranged
independently in the terminal telegraph
receiving equipment. The radio fre-
quency signal from the space-diversity
aerials is fed to the continuously tunable
R.F. amplifier in each path via a 40db
adjustable attenuator. A decade type of
tuning is used for frequency selection,
which allows the receiver to be set to
any desired frequency in the 1.6-30 Mc/s
range with an error of less than 1 Kc.
A total of 42 crystals is used in the fre-
quency selecting system of the receiver
so the provision of a separate crystal for
each frequency on which it is required
to receive is unnecessary.

Three frequency changers, each fed
by crystal controlled oscillators, follow
the tunable R.F. amplifier. The selector
switches for the crystals associated with
the oscillators are arranged in a decade
system. The output of each oscillator
(which may be a harmonic of the actual
crystal frequency) is applied to the asso-
ciated frequency changer and the differ-

AubId
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ence frequency between this and the sig-
nal is selected by the filter at the out-
put of each frequency changer.

~ The fourth frequency changer, which
i1s fed from a highly-stable continucusly
variable oscillator, has its tuning dial
calibrated from 0-10 Kc/s in 0.5 Kc/s
steps. The frequency of this oscillator is
controlled by the action of the automatic
frequency control motor, which main-
tains the difference-frequency output of
the fourth frequency changer exactly at
100 Kc/s.

The 100 Kc/s output signal from the
fourth frequency changer is amplified
and then fed to three crystal filters. One
filter selects the upper sideband (100.1-
106 Kc/s), another (filter- selects the
lower sideband (94-99.9 Kc/s) and the
third filter selects the pilot carrier signal
99.97-100.03 Kc/s). When the width of
the sidebands is to be restricted to 3.5
Kc/s, the connections of the upper and
lower sideband filters are changed to
make the passbands (100.1-103.5 Kc/s)
and (96.5-99.9 Kc/s) respectively.

The output from the upper and lower
sideband filters is fed to identical paths,
consisting of a 100 Kc/s amplifier, de-
modulator and audio amplifier.

As mentioned elsewhere, the conven-
ticn followed on independent sideband
radio links is for the upper sideband to
be designated channel A when the pilot
carrier frequency is above 10 Mc/s, and
for channel A to be the lower sideband
when the pilot carrier frequency is be-
low 10 Mc/s. In order that a given
audio outlet from each path of the re-
ceiver is always associated with channel
A, and the other outlet with channel B,
switching facilities have been provided
in the receiver. When it is set to receive
a frequency below 10 Mc/s, relays asso-
ciated with the ganged switches are not
operated, but when set to receive a sig-
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nal above 10 Mc/s the relays located in
each detector and audio amplifier circuit
are automatically operated, and perform
the reversal of the A and B channels.

The 100 Kc¢/s = 6 Kc/s signal from
the sideband filters after amplification
is fed to the signal grid of a pentagrid
frequency changer. A 100 Kc/s signal
taken from the crystal oscillator supply-
ing the automatic frequency control unit,
is applied to the injection grid of the
frequency changer valve and the differ-
ence frequency, which is the audio-
intelligence, appears at the output of the
stage. The audio signals are then taken
via a 100 Kc/s stop filter to the audio
amplifier. The audio amplifier, consist-
ing of two stages, delivers a maximum
output of -+ 16dbm per sideband.

The output of each audio channel is
metered by a dbm meter and a monitor-
ing loudspeaker can be switched to any
one of the audio outlets.

AUTOMATIC GAIN CONTROL

The automatic gain control voltage is
obtained from the pilot carrier signal
after the latter has been selected by the
narrow carrier filter and amplified. Back-
ward acting a.g.c. is applied to the tuned
R.F. Amplifier, frequency changers and
the 100 Kc/s amplifier following the
fourth frequency changer. The a.g.c.
characteristics are such that an 80 db
rise in a 1 uV signal input to the re-
ceiver, does not result in more than a
5db change in the audio output.

Since fading on high frequency radio
circuits is mostly selective in nature, and
since the a.g.c. facility is operated from
the pilot carrier, it is necessary to use
a relatively large discharge time-constant
in order to prevent an increase in the
audio output from the receiver occur-
ing when the carrier undergoes selective
fading. A delay time of approximately
10 seconds enables sustained changes of
incoming signal level to be corrected,
but prevents the gain from changing
appreciably during periods of typical
selective fading. Although the a.g.c. volt-
age has a comparatively slow decay time

T ———

due to the time constant of the capacity-
resistance combination used, it has a
very rapid rise on the conduction of a
diode valve, when the signal strength
rises sufficiently to overcome a pre-set
delay voltage.

Although the a.g.c. facility can be
made most effective in correcting rela-
tively slow changes in the average re-
ceived signal level over a range of some
80db, more rapid changes of audio out-
put level, due to propagation conditions,
usually of approximately 15db, do occur
at times. In order to overcome this
variation in level, a voice operated gain
adjusting device (v.0.g.a.d.) is employed
between the output of the receiver and
the input to the radio terminal equip-
ment. The vogad is installed as a unit
of equipment at the radio terminals at
Perth and Derby.

AUTOMATIC FREQUENCY
CONTROL

A particularly accurate type of fre-
quency control has been incorporated in
the receiver. Its function is to maintain
the pilot carrier signal within the pass-
band of the highly selective carrier filter,
during periods of slight drift in the fre-
quency of the incoming pilot carrier
frequency or, during small changes in
frequency of the crystals controlling the
receiver oscillators.

An electro-mechanical system of con-
trol is used, whereby a motor-driven
condenser adjusts the frequency of the
oscillator feeding the fourth frequency
changer. The a.f.c. unit is fed with the
100 Kc/s pilot carrier signal and also
with a 100 Kc/s signal from the local
100 Kc/s crystal oscillator. The two sig-
nals are mixed in a system of phasing
networks and modulators. A four phase
output at the difference frequency be-
tween the incoming pilot carrier and the
local 100 Kc/s crystal oscillator is ob-
tained. These signals are applied to four
windings, spaced at 90° round the stator
of a small motor. The rotating magnetic
field set up causes the rotor of motor to
revolve at the difference frequency, and

Fig. 10.—The Characteristics of Sideband Filter.

to drive, through gearing, the variable
capacitor in the tuned circuit of the
fourth frequency changer oscillator. The
frequency output from this oscillator is
therefore changed, the beat frequency
reduced to zero, at which time the
motor stops. Should the frequency of the
pilot carrier then continue to drift in
the same direction, the rotating field will
rotate in the opposite direction, the
variable capacitor will again return the
output of the fourth frequency changer
to the required 100 Kc/s.

The electro-mechanical system of
a.f.c. is capable of maintaining the re-
ceiver properly tuned with little or no
residual frequency error, as even the
smallest difference between the frequency
of the incoming pilot carrier and the
local 100 Kc/s crystal oscillator starts
the motor revolving at a low speed. This
system of a.f.c. is, therefore, superior to
another s$ystem of frequency control,

Fig. 11.—The Characteristics of Carrier Filter.

where a discriminator and reactance
valve circuit is employed. In this system,
a change of frequency must occur be-
fore the frequency correction can be
made. There is, therefore, a slight resi-
dual frequency error always present. (4)

CARRIER TUNING MONITOR

The carrier tuning monitor consists of
a small cathode ray oscilloscope and two
100 Kc/s amplifiers, one of which is fed
with a signal from the 100 Kc/s carrier
amplifier and the other with a signal
from the 100 Kc/s crystal oscillator.
The outputs from the amplifiers are
applied to the “X” and “Y” plates of
the cathode ray tube. An associated
phase shifting circuit results in a circular
trace on the face of the cathode ray
tube from each signal. When the fre-
quency of both 100 Kc/s are exactly the
same the trace on the cathode ray ‘tube
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is a stationary straight line. When the
frequency of the two signals differ
slightly, the line revolves at half the dif-
ference frequency, the direction of ro-
tation depending on whether the pilot
carrier frequency is above or below the
frequency of the local 100 Kc/s crystal
oscillator. In practice, it is found that
due to noise and/or interference, which
fall within the narrow passband of the
carrier filter, a departure from the ideal
straight line pattern occurs, also slight
phasing errors cause the trace on the
cathode ray tube to take up the form of
a narrow ellipse.

The trace on the cathode ray tube
provides a visual monitor of the correct
operation of the receiver automatic fre-
quency control system, which is indi-
cated when the trace remains stationary
or almost so.

OVERALL PERFORMANCE

The sensitivity of the receiver is such
that a sideband signal input of 1 uV,
with a pilot carrier 26db below this
level, will result in the full audio output
of +16dbm, with a signal to noise ratio
of 15db. The overall selectivity of the
receiver is determined in the main by
the sideband filters. The passband is flat
within = 2db for all channels over the
range 250 c¢/s to 6 Kc/s, frequencies

more than 500 ¢/s outside the passband
being attenuated by not less than 60db.
(Fig. 10).

The bandwidth of the carrier filter is
determined.. by two considerations.
Firstly a narrow bandwidth is desirable
in order to exclude extra-band noise and
other interfering signals (including the
sidebands of the signal to which the re-
ceiver is tuned) from the 100 Kc/s and
automatic gain control rectifier. Secondly
the bandwidth must not be so narrow
as to risk the loss of the automatic fre-
quency control in the event of a sudden
change in the frequency of the incoming
pilot carrier or in the frequency of the
receiver crystals. A compromise between
these two requirements is arrived at in
the design of a carrier filter having a
passband of 100 Kc/s = 30 ¢/s. (Fig.
11).

The receiver noise factor does not
exceed 6db for frequencies up to 14
Mc/s. For the band 14-30 Mc/s the fig-
ure does not exceed 8db. An in-built
noise generator is provided to enable the
overall performance of the receiver to
be quickly checked. The noise generator
can also be used to check that the tuned
radio frequency amplifier is correctly
adjusted relative to the frequency
changer oscillator.

CONCLUSION

The use of an independent sideband
system for a radio-telephone link be-
tween Perth and Derby has a number
of advantages compared with a double
sideband system. These advantages in-
clude good quality speech signals, and
the provision of several speech channels
on one transmitter and one receiver due
to the absence of non-linear distortion,
improved signal to noise ratio on all the
audio channels, and a saving of channel
space in the high frequency bands suit-
able for long distance radio communi-
cation.

Experience in the use of the equip-
ment has shown that the performance
and stability are of a high order, and
suitable for long period unattended
operation such as is required on the
Perth-Derby radio link.
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It is with great pleasure that we
announce that Mr. F. P. O’Grady,
Deputy Director-General, is the new
President of the Society for the 1960/61
year.

Mr. O’Grady has energetically sup-
ported the Society in the past, particu-
larly by contributing many articles to

MR. F. P. O'GRADY

SOCIETY

the Journal and his appointment as Pre-
sident, made on the nomination of the
Director-General, will no doubt be
widely acclaimed throughout the Society.

State Committees for the year 1960/61
are now in office. The State Chairmen
are nominated by the State Directors and
the other office-bearers are elected by
members. The results of these elections
were as follows:—
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Chairman: H. W. A. Nicholls
Secretary: F. M. Scott
Treasurer: J. K. Petrie

Committee Members:

C. R. Anderson C. E. K. Dixon
B. F. Crutcher E. C. Doherty
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W. C. Harris

Auditor: D. C. Craig

SOUTH AUSTRALIA:

Chairman: V. F. Reeves
Secretary: D. W. McLean
Treasurer: S. McNamara

Committee Members:

D. F. Burnard E. Colwell
O. G. Bartlett L. M. Wright
A. K. Forrest F. E. Cellier
W. Glass

Auditor: G. Hobbs.

WESTERN AUSTRALIA:
Chairman: J. H. White
Secretary: J. Mead
Treasurer: J. Farrell
Committee Members:
W. L. Caudle L. A. Jones
J. B. Minchin J. Smith
L. D. Wilkinson R. W. Wearmouth
T. J. E. Neville
Auditor: L. Nicholls

TASMANIA:

Chairman: G. W. Larsson
Secretary: A. Traill
Treasurer: L. S. Abbott

Committee Members:

C. W. Millar K. C. Newham
L. R. Jensen 1. J. LeFevre
M. W. Verrier W. E. Grubb
J. P. Stevens
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INTERACTION CROSSTALK IMPROVEMENT ON THE
SYDNEY-MAITLAND CARRIER CABLE

R. A. LOCKHEAD, DipEE.,, AMIEE., AM.IlE.Aust*

INTRODUCTION

The 24/40 paper insulated carrier
cable installed between Sydney and Mait-
land was designed to provide approxi-
mately 400 telephone circuits on the
Northern Route between City North and
Maitland. This service was provided in
1957 by the use of twenty-one 17-channel
cable carrier systems together with a
group modulated 17-channel system
which carries 34 channels between
Sydney and Gosford. Onme pair in the
cable is reserved for use as a patch line
and the remaining pair provides a circuit
for the gas pressure alarms. The main
terminal stations on the Northern Route
are located at City North, Gosford,
Hamilton and Maitland. There are
repeater stations at Wahroonga, Brook-
lyn, Gosford, Wyong, Swansea and
Hamilton.

Because of the rapid growth of tele-
communication requirements since the
cable was first put into service, the stage
was reached where it became loaded to
its maximum capacity on the basis of
one 17-channel system on each available
pair. To provide additional circuits,
plans were made for increasing the capa-
city to 34 channels by adding 17 addi-
tional channels in the frequency range
above the existing 17-channel systems
by a process of group modulation. To
meet the traffic requirements initially, it
was proposed to group modulate five
systems between City North and Mait-
fand, five systems between City North
and Hamilton, and an additional 17-
channel group modulated system between
City North and Gosford. By this means

1
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Fig. 1.—Transverse and Longitudinal Trans-
mission.

* See page 298.

170 more channels would be provided
on the existing cable.

With the higher frequencies used for
group modulated systems that is 72-140
kc/s, three additional repeater stations
were considered to be mnecessary at
Doyalson, Belmont and Tarro. The
attenuation in any repeater section at
the maximum frequency used would then
not be excessive, and the noise and
crosstalk, which would be aggravated at
the higher frequencies, could be kept
within acceptable limits.

The need for increasing the number of
telephone circuits was urgent and to
avoid the delay normally associated with
the erection and equipping of new
repeater stations, it was decided to group
modulate one 17-channel system between
City North and Hamilton before addi-
tional repeaters were established at
Doyalson and Belmont. It was realised
that with the higher frequencies involved,
interaction crosstalk and noise would
become significant. However, by modify-
ing the offices along the route in a simi-
lar fashion to offices on the Melbourne-
Seymour route (1, 2) it was considered
that the interaction crosstalk and noise
would be brought within satisfactory
limits.

Briefly, the work done on the Mel-
bourne-Seymour route (2) showed that
interaction crosstalk at a cable carrier
station is caused by unwanted coupling
paths between transmit and receive cir-
cuits. These paths involve transverse
and longitudinal voltages (or currents),
or a combination of both, resulting in
crosstalk and noise.

SOURCES OF NOISE AND
CROSSTALK

A main source of noise in cable car-
rier repeater stations is that due to the
potential difference existing between var-
ious earth points. This may result in
crosstalk and more particularly, channel
noise. Dry joints, microphonic valves,
intermodulation, faulty insulation and
interaction between cable pairs and
equipment are also significant sources of
noise.

The means of reducing unwanted
coupling within a cable carrier station
and the steps necessary to minimise or
eliminate differences of earth potential
are:—

(a) Cabling carrying high
should be run in separate forms
from cabling carrying low level
signals, and the forms should be sep-
arated by no less than 3 inches in air.
(See also Para. (¢).)

(b) The screens of all screened wiring
should extend as close to the termina-
tion point as practicable.

(c) Cabling carrying high level signals
should not be allowed to cross cabling
carrying low level signals and where
high and low level keys, jacks and

level signals

terminal blocks are in proximity, ade-
quate separation should be allowed
or additional shielding supplied.

(d) All unused or dead wiring should be
removed from office runways.

(e) It is desirable that all non-carrier cir-
cuits such as gas alarms, programme
and V.F. circuits should be removed
from carrier cables, but if this is not

possible, such circuits should be
treated as carrier circuits in all
respects. If such non-carrier circuits

are used for signaling, V.F.-phantoms
or super-phantoms, it is generally
necessary to equip these circuits with
suitable crosstalk suppression filters.
(f) All earth busbars in the office should
be inter-connected at both ends and
taken to the lead sheathing of the
cables by means of short, direct leads,
the object being to achieve the mini-
mum earth impedance in the station.
(g) Suitable de-coupling filters should be
fitted to power busbars to reduce
noise from these sources and mini-
mise common impedance coupling.

MODES OF TRANSMISSION

The normal method of transmission
on balanced-pair cables uses transverse
voltages and/or currents. The signal is
applied between the two input terminals
of any equipment say, a repeater, and
the resulting signal appearmg between
the two output terminals is of interest.
Due to unbalances in cable pairs, input
and output transformers and other cir-
cuit elements, longitudinal components
will appear, so that both transverse and
longitudinal signals are present at the
output terminals.

The other and usually unwanted
method of transmission involves longi-
tudinal voltages and/or currents. The
longitudinal voltage is the average of
the two voltages existing between one
leg of the circuit and earth and between
the other leg of the circuit and earth.
Similarly, the longitudinal current is the
average of the currents which flow
between one leg of the circuit and earth,
and between the other leg of the circuit
and earth.

These modes of transmission are
shown in Fig. 1 and, subject to the exist-
ence of suitable coupling paths, can
cause interaction crosstalk and noise at
carrier frequencies., The mechanism of
these couplings was described in a pre-
vious article (1).

If a transverse voltage is impressed on
a cable pair and its associated equipment,
a longitudinal voltage will appear due to
the lack of complete balance, and the
conversion ratio between these voltages
may not, in the worst cases, exceed
40 db at about 100 kc/s. It has been
found that approximately reciprocal con-
ditions exist in most cases and an
impressed longitudinal voltage may cause
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Fig. 3.—Equipment for Measurement of Intersction Crosstalk.
Left: Oscillator and 160 kc/s Filter.
. Right: Level Meter with 160 kc/s Filter and Decade Amplifier.
Equipment and Testleads to Cable Heads must be well separated as shown to avoid false read-
ings due to unwanted direct couplings between Send and Receive sides.

a transverse voltage 40 db down only on
the longitudinal voltage.

In the following discussion a descrip-
tion is given of the modifications effected
at the stations and reference is made to
various sources of coupling. Interaction
crosstalk figures are given to enable con-
ditions to be compared at the various
offices before and after modification.

TESTING

Whereas measurements on the Mel-
bourne-Seymour route were carried out
at a frequency of 108 kc/s, a frequency
of 160 kc/s was used on the Sydney-
Maitland route. This frequency was
chosen because it is outside the fre-
quency range of equipment in use on the
cable, that is 4-140 kc/s, and con-
sequently enabled measurements to be
made without disturbing working systems.
The worst interaction crosstalk condi-
tions will usually be encountered in the
higher frequency ranges, and the tests at
160 ke¢/s should therefore be representa-
tive of the worst crosstalk. The test
equipment to be discussed in the follow-
ing paragraphs is readily adapted for
interaction crosstalk testing of open wire
carrier lines.

Fig. 2 shows the circuit of the send-
ing and receiving sections of the test
equipment used in conjunction with a
Siemens and Halske T.M.S. The cir-
cuits are designed for 600 ohm imped-
ance to enable the measurements to be
made on a bridging basis on 150 ohms
circuits, without disturbing working cir-
cuits. The respective input and output
transformers of the receiving and send-
ing sections should be carefully balanced
and double-screened to ensure invariance
of readings with poling.

The selective networks shown are
essential when performing measurements
on working bearer circuits. They pro-
vide attenuation against unwanted spuri-
ous frequencies that may be transmitted
from the oscillator, and thus reduce the
likelihood of channel interference. On
the receiving side, the networks provide
more accurate selection of the 160 kc/s
test frequency and guard the decade
amplifier against overload which could
be caused by carrier frequencies present
on the cable pairs under test. The
decade amplifier furnishes additional
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gain and is used in conjunction with a
600/20,000 ohm step-up transformer to
improve the signal-to-noise ratio of the
testing equipment. Readings in excess
of 160 db at a frequency of 160 kc/s
are obtainable.

Tuning of the oscillator and selective
receiver is necessary before calibration
to ensure that the oscillator frequency
and selective receiver setting correspond
with the centre of the pass band of the
selective networks in the send and
receive sections of the test apparatus.
This is done by connecting the send and
receive leads together, then, with the
receiver in the wide band condition, the
oscillator is tuned to give a maximum
indication on the meter. The receiver,
now in the sclective condition and set at
high impedance, is then tuned to give a
maximum indication.

Calibration is required for measure-
ments on each bearer, to take account of
variations of impedance from cable pair
to cable pair. This is done by connect-
ing the leads from the send circuit to the
cable head links of the disturbing pair
in the send cable and adjusting the
oscillator to send a level of say —25 db
reference 775 mV. The receive leads
should be connected across the same pair
and the oscillator output vernier adjusted
to give a suitable indication, say 0 db,
on the receive level meter. The adjust-
ment of the vernier on the oscillator out-
put is made for convenience omly, since
the crosstalk present is measured rela-
tive to the calibrated receiver reading.

The receive leads should now be trans-
ferred to the cable head links of the dis-
turbed pair in the receive cable and a
measurement made in the following
manmner:—

(a) Increase the level of the oscillator
by say, 45 db.

(b) Decrease the attenuator on the
receiver until a crosstalk signal appears.
If the attenuator has been reduced by
say, 80 db. the measured crosstalk would
be (45 -+ 80) db - reading on level
meter, say 8 db, that is 133 db.

(c) If an indication on the level meter
is present when the oscillator is removed
it will usually be found that the reading
is noise. This may be confirmed by use
of a head receiver at the “listen” jacks
of the receiver.

The following precautions should be

taken to avoid erroneous readings
through unwanted coupling of the test
equipment:—

(a) The send equipment and the

receive equipment should be suitably
spaced. A typical testing arrangement
may be seen in Fig. 3.

(b) The send and receive leads should
be spaced as far apart from each other
as possible (Fig. 3).

(c) If measurements are made prior to
the earthing modifications described
later, the screens of the send and receive
leads should be earthed separately to the
respective sheaths of the cables on
which the measurements are being made.
Care is necessary as earth leads in close
proximity have acted as a coupling
medium despite the earth leads being
connected to individual cable heads.

Fig. 4—Rear of Cable Head Bay at City North showing shielding and cowling around the Send

Cable Head.

During the course of the measure-
ments frequent movement of the testing
leads is unavoidable as the leads are
changed from pair to pair in the respec-
tive send and receive cables. This
imposes a physical strain on the con-
ductors and in the initial stages of the
work, frequent delays occurred due to
leads breaking or test clips becoming
insecure. Such difficulties were over-
come by the use of a shielded cable
which employs stranded conductors. The
screen on each test lead was brought out
as a tail and the two conductors and the
screened lead were stoutly fitted to alli-
gator clips in such a manner that no
strain was 1mposed directly on the actual
conductors where they joined the alliga-
tor clips. In this manner it was possible
to complete many thousands of measure-
ments without encountering broken or
partially broken leads.

STATION MODIFICATIONS

Initial Interaction crosstalk measure-
ments made at repeater stations on the
northern cable between City North and
Wyong showed that the majority of
combinations were worse than the
acceptable limit (that is 140 db) and it
was evident from inspections of the
various stations that poor earthing,
crossings of high signal level wiring with
low signal level wiring, insufficient shield-
ing, untreated phantom circuits and other
non-carrier circuits were contributory
causes. Accordingly, steps were taken to
modify the stations along the lines
already referred to previously, and as
discussed in further detail in later para-
graphs.

Earthing

At each station, 200 1b. copper wire
was used to provide a suitable earth
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mesh at the send and receive cable-
heads. This wiring was extended from
the station earth bus-bar down the chan-
nel of the iron framework of the cable
head rack, along the base, then up the
other side and back to the station earth
bus-bar. In effect, this constituted a
U-shaped structure with the station earth
bus-bar closing the U at the two points
where it connected. This step was taken
to provide a minimum impedance earth
circuit and, for the same reason, the
noisy and silent earth bus-bars in the
station were strapped together where the
bus-bar laterals appear at the end of a
suite. By doing this, an earth mesh was
constructed in the station as distinct
from a single earth bus-bar. Stout cop-
per straps were connected to the lead
sheath of the cable where it entered the
cable-head and these were then taken
across to the earth bus-bar in the chan-
nel iron. Fig. 4 shows an example of
the method used. It will be seen from
this figure how the bus-bar is extended
to allow for earthing of the screens of
the wiring going away to equipment.
Both the transmit and receive cable
heads are treated in this manner and by
this means, together with the other steps
described above, each station is effec-
tively reduced to a “one-earth” arrange-
ment.

Measurements carried out when this
modification had been completed showed
an improvement of interaction crosstalk,
and figures of 15-20 db improvement are
not unusual with this step alone. The
improvement varied from station to
station and was dependent on the quality
of the original earthing. It was found
that in a station where the earthing had
been untreated, “reliable” crosstalk mea-
surements were obtainable only by con-
necting the earth of the send equipment

to the sheath of the send cable and simi-
larly by connecting the receive equip-
ment earth to the sheath of the receive
cable. However, once the station had
been modified to a one-earth arrange-
ment in the manner already described,
the measuring equipment may be earthed
at any convenient point without any dis-
crepancy in readings. If this result is
not achieved it is probable that the
earthing requires further attention to
make sure that all earths are effectively
at the one potential.

Bus-bar and Suite Take-off Filters

In order to reduce coupling between
systems at each repeater station (brought
about through common bus-bar imped-
ances) a filter was fitted at each suite
bus-bar take-off point. This filter con-
sists of a capacitor of 40 uF. connected
between the 200V. bus-bar and earth and
a capacitor of 100 pF. between the 24V.
bus-bar and earth.

These capacitors are of the electrolytic
type and they may therefore have a
fairly high impedance at higher frequen-
cies. Effective decoupling at these fre-
quencies is achieved by connecting a
2#F. non-inductive paper capacitor
across each electrolytic capacitor. Un-
wanted resonances are suppressed by the
incorporation of a 0.5 ohm damping
resistor in series with each capacitor
assembly. Each assembly is also fused
and on latter installations the fuse wire
has been chosen to have a resistance of
0.5 ohms, thus avoiding the need for a
separate resistor. A typical filter is
shown later in Fig. 9.

A similar filter arrangement compris-
ing capacitors of 600 pF. and 2000 uF.
is used for the main bus-bars where they
enter the carrier room in each office.
The provision of these decoupling filters

Fig. 5.—Front of Cable Head Bay at Gosford showing shielding.

also serves to keep the noise and cross-
talk “arising from the power plant to a
minimum.

Shielding

In addition to the earthing practices
described, shielding of the cable-heads is
necessary because unwanted coupling
takes place between the transmit and
receive heads through a combination of
direct radiation and capacitance coup-
ling. Ideally, both heads should be
enclosed by a properly earthed cover,
but, in the offices under investigation,
this was not practicable and, therefore,
other measures were necessary. The
desired results were achieved by fitting
aluminium shields to the heads in addi-
tion to the existing shields which had
already been provided by the manufac-
turer. The additional shielding was con-
structed from 20 gavge aluminium,
mounted in position as shown in Figs. 4,
5, 6 and 7. Since not all cable heads
were of the same dimensions, different
size shields were necessary at different
stations. Furthermore, even with the
shields in place, coupling was still found
to occur from the front of the cablehead
to the wiring at the rear unless screens
were fitted across spaces not occupied by
equipment. The transmit cable-head is
further enclosed by a brass cowling.
Access to the wiring is achieved by the
removal of four screws, in the event of
maintenance or alteration to wiring
becoming necessary.

After screens had been fitted and all
other modifications completed at Wah-
roonga, a crosstalk pattern was observed
in the measurements in the A-B direc-
tion between adjacent U-links on the
send and receive cable-heads. For
example Pair 13 of the send head was
crosstalking into Pair 1 of the receive
head, and to a lesser extent into Pairs 2,
3, 4. This pattern was evident even when
the wiring was temporarily lifted off the
respective heads, showing a clear indica-
tion of direct coupling between the U-
links. The shields were increased in
length and depth to overcome this effect.

Wiring

In a number of offices a considerable
quantity of “dead” wiring was removed
from runways. At City North and Gos-
ford as much as 300 yards of old cables
was discarded. This “dead” cabling has
been found to provide unwanted coup-
ling within a station and unwanted wir-
ing should be removed once it is no
longer required for existing equipment.
Cases were found where “dead” wiring
in high level runs was also included in
low level runs in other parts of the
exchange. This dead wiring degraded
the crosstalk measurements to a marked
extent until it was located and removed.
Careful inspection of the wiring along
runways will often show where a high
level cable has been accidentally included
in a low level run and vice versa. This
fault was encountered frequently during
the course of modifications and until the
offending cabling had been correctly
re-routed, poor crosstalk readings were
experienced. Where separate runways
are not provided for high and low level
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Fig. 6.—Rear of Cable Head Bay at Gosford showing shielding and cowling around the Send
Cable Head. Heavy Earthing Wires aiso shown.

wiring, that is wiring carrying transmit
signal level and receive signal levels
respectively, the cabling must be care-
fully separated. Where it was not pos-
sible to separate the high and low level
cabling by at least 3 inches, L-shaped
shields were constructed to provide a
suitable degree of screening betwecn the
respective cable runs as shown in Fig 7.

In a large office, where a considerable
number of systems are installed, high
and low level wiring “crosses” are likely
to be found. As an example, installa-
tion work carried out at one station after
the modifications described in this paper
had been completed, resulted in poor
crosstalk figures, that is poor combina-
tions existed where previously, following
the prescribed modification, they had all
been good. This was the result of several
accidental wiring “crosses” which had
occurred during installation of an addi-
tional system.

V.F. Phantoms and Gas Alarms

V.F. phantom circuits and a gas alarm
pair have been provided in each cable
on the Northern route. These circuits
are known to cause excess longitudinal

TWO OF THESE
UNITS MAY BE USED
TO FORM A 135 Q1
BALA NCEI?HF] LTER

w
EARTHED CENTRETAP
| 2:69 mH 2:69 mH

r CAN
—_— — = — =

|

|

' |

! 118 MF ]

| |

e ' ]
NOMINAL IMPEDANCE : 675

o CUT-OfFF FREQ:: 4kc/s

coupling at carrier frequencies and
special treatment of these circuits is
therefore necessary. On non-carrier cir-
cuits the usual procedure is to equip
each circuit with a 4 kc/s L.P. filter to
provide a high longitudinal suppression
to carrier frequencics and thereby reduce
the likelihood of unwanted coupling
paths. A circuit of such a filter, together
with its characteristics, is shown in Fig. 8
and a filter of the type used is shown in
Fig. 9. All phantom and gas alarm cir-
cuits in each of the cables have been
equipped with 4 kc/s L.P. filters at
repcater stations between City North and
Hamilton. It is desirable to mount
these filters as close as possible to the
cable head if satisfactory interaction
crosstalk figures are to be obtained.

SHIELD

CABLES CABLES

CARRYING LOW
LEVEL SIGNALS LEVEL SIGNALS

\ CABLE RUNWAY

Fig. 7.—High aond Low Level Cabling separ-
ated by L-shaped Shield.

During overall tests at Gosford poor
combinations were noted when testing
on Pair 10, (gas alarm pair). The cause
was shown to be outside the office and
an inspection was made of a few of the
manholes in which gas alarm equipment
was known to be fitted. These inspec-
tions revealed that gas alarm equipment,
common to the transmit and receive
cables was in use in manholes adjacent
to Gosford, Wahroonga and Wyong.
This common gas alarm equipment pro-
vided effective coupling between the gas
alarm pairs of the two cables at carrier
frequencies. Arrangements have since
been made for the cables to be fitted
with separate gas alarm equipment on
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NOMINAL IMPEDANCE : 135 QL
. CUT-OFF FREQ: 4 kc/s

Fig. 8.—4 kc/s Cross Talk Suppression Filters. The characteristics, when operated between the
nominal impedances are:

Attenuation Long Impedance of
Batl. Filt.
0.4 ke/s Pass Range —_
8 ke/s 18 db —
12 ke/s 29 db 100 ohms
20 ke/s 42 db 170 ohms
40 ke/s 60 db 340 ohms
80 ke/s 78 db 675 ohms
160 ke/s 96 db 1350 ohms

Current carrying Capacity: Not less than 50 m/A, D.C.
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TABLE A—INTERACTION NOISE AND CROSSTALK MEASUREMENTS ON THE SYDNEY-MAITLAND CARRIER CABLE
Station Sending Receiving 90— 100~ 110— 120- 130— > 140 i i
99db | 109db | 119db 129db || 139db , db ’ ey 1' Mise. fotal ||
I
City North A-B B-A 2 ‘
gk LT | | 122 289 137 23 2 81 db—1 576 1[
{
CITY NORTH '
MODIFIED A-B B-A ] 3 16 25 232 299 576 >
|
Wahroonga A-B A-B 2 5 126 220 223 576 }
- A-B B-A 7 16 26 248 250 28 -’ 50 db-1 576
Unmodified B-A B-A ] 3 65 292 125 90 576 ’
| B-A A-B 5 | 7 380 165 12 3 80 db—1 576 |
‘ !
| |
WAHROONGA A-B A-B 1 20 576 !
MODIFIED A-B B—A 1 1 26 467 81 576
B-A B-A ] 17 558 576
B-A A-B 1 7 209 236 123 576
Brooklyn A-B A-B 1 13 23 52 286 187 13 75 db—1 576
- A-B B-A 7 13 61 349 11 34 77 db—1 576
Unmodified B--A B—A 19 79 325 145 7 81 db—1 576
II B-A | A-B | 4 ] 12 ] 23 ! 157 ] 306 60 '. 13 l 73 db—1 I 576 |
BROOKLYN A-B A-B \ || 1 23 552 576
MODIFIED é_/?\ E_ﬁ 1 \ | 183 391 576
- = ] 8 491 576
B-A A-B 2 183 391 576
I! | | | | |
| | | | | | | | I |
Gosford A-B A-B 1 1 37 99 266 165 6 87 db—1 576 |
Unmodified A-B B—A 17 53 123 283 03 5 51 db-1 576 |
B—A B-A 2 10 2i 223 234 85 i 576 |
B-A ~ 5 23 52 190 231 68 6 49 db—1 576 |
| | | | | |
GOSFORD A-B A-B ] 12 563 576
MODIFIED /B\—E g—ﬁ 1 ' 2 513 576
= = 576 576
B-A A-B Il f { L J 13 ‘ 561 | 88 db-1 576 |
» 1, l l 1 ] ! |
WYONG A-B \ A-B 576 576
MODIFIED Q_E g—: | | 5 57(6) 572
= E | 57 57
‘ B-A ‘ A-B ; ‘ ‘ 1 575 576 1
1 1
: | ] ; | | ]
SWANSEA A-B A-B 552 552
MODIFIED Q_E g—AA 1 ’ I 21 6 523 55%
i - 576 57
I B-A I A-B 1 f | 21 4 549 576
! I
HAMILTON B-A | A-B \ 1 ! I 13 29 i 7 526 ! | 576
WODIFIED ‘ ] : I ! & 5

The figures shown in

both the “A” and “B” cables. On
repeater sections where separate gas
alarm equipment had been installed, the
gas alarm pair tested satisfactorily.

Office Equipment

Crosstalk paths may also be found to
exist in repeater equipment. For
example, unwanted coupling paths in
the form of poor backward suppression
may occur due to coupling between high
and low level signal circuits associated
with repeater amplifiers, caused by long
circuit leads, and unbalance in input and
output transformers. Coupling between
filament supply circuits was found at
Brooklyn and Gosford and such possi-
bilities should not be overlooked when
crosstalk is still evident after the modifi-
cations described have been carried out.

RESULTS

Table A gives an analysis of the cross-
talk combinations obtained at each of

the repeater stations between City North
and Hamilton. This table shows the
conditions existing before any modifica-
tions had been carried out and the over-
all results obtained after the modifica-
tions had been completed at all stations.
From this table it can be seen that Gos-
ford and Brooklyn have undergone con-
siderable improvement, whilst significant
improvements are in evidence at City
North and Wahroonga. Initially more
than 70% of the total combinations
measured were worse than 140 db, but
after the modifications had been com-
pleted this applied to only 3% of the
total readings. Some of these poor com-
binations are known to be due to
unmodified gas alarm equipment in some
manholes along the route. These will
improve into the noise region once separ-
ate alarm circuits are provided for each
cable at the manholes concerned. Further
work has since been done towards
improving some of the remaining phan-

this table represent the number of combinations measured within the particular ranges.

tom circuits causing bad combinations at
City North and Wahroonga.

CONCLUSION

Methods of reducing noise and cross-
talk in cable carrier stations have been
described but due to the widely varying
conditions found at different carrier
repeater stations, it is not practical to
estimate the exact improvement that
may be expected through carrying out
any particular part of the modifications.
Modifications designed to effect an
improvement in noise may, in reducing
the noise, disclose that interaction cross-
talk is present. Improvements in noise
and interaction crosstalk are achieved in
stages as different modifications are com-
pleted. As the work progresses, the
interaction crosstalk will be seen to
become confined to a few combinations
only and these paths should be treated
individually, until no significant crosstalk
remains.




Page 264

THE TELECOMMUNICATION JOURNAL OF AUSTRALIA

June, 1960

Fig. 9.—4 kec/s Crosstalk Suppression Filters, “in” and “out’” of case (left and middle) and
Suite Busbar Filter (right).

To assist in examining whether un-
wanted transverse voltages are involved
in causing crosstalk, a useful method is
to provide an effective short circuit across
a suspect circuit by the use of a series
LC circuit resonating at the testing fre-
quency of 160 kc/s. This will often
enable a source of crosstalk to be located
without disturbing channels carrying
traffic since the LC series circuit will
short-circuit only the test frequency, and
not discriminate against other carrier
frequencies which may be present. In
extreme cases it may be necessary to
remove traffic channels from service and
resort to disconnecting equipment from
offending pairs before the actual cross-
talk coupling path may be located and
rectified. However, this should seldom
be necessary if the steps outlined are
carried out with care.
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The Telecommunications Society is
aided greatly in achieving its success by
the support it receives from so many of
the officers of the Department who
occupy the higher administrative posi-
tions. Mr. J. C. Harrison, who recently
retired as Director, Posts and Tele-
graphs, Victoria, is amongst those who
in many ways assisted and encouraged
our activities.

Mr. Harrison’s work covered many
fields during the 50 years he served in
the Postmaster-General’s Department.
He commenced as a telegraph messenger
in Launceston in 1910, and until 1926
worked in various fields, including tele-
graphy, postal and personnel, at the same
time studying engineering and passing
various subjects of the Departmental
engineering examinations. His potential
capabilities were recognised in that he
was transferred to Headquarters in 1926
as Telephone Traffic Officer. Successive
promotions followed to Senior Traffic
Officer, Inspector, Chief Inspector, then
Assistant Director-General (Telegraphs).
After promotion as Assistant Director,
Telecommunications Division, Victoria
in 1955, he was appointed Director, Posts
and Telegraphs, Victoria in 1958.

Mr. Harrison’s activities of note in-
cluded his representation on the Aus-
tralian delegation to the International

Radio Conference and the Plenipoten-
tiary Conference of the International
Telecommunications Union at Atlantic
City, U.S.A. in 1947, and he attended
meetings of the Commonwealth Com-
munications Council in London in the
same year. He was also one of the Com-
monwealth Directors on the Board of
Amalgamated Wireless (A/sia) Ltd,,
from January, 1949 to November, 1951.
He also represented the Postmaster-
General’s Department before the Royal
Commission on Censorship in 1944, be-
ing the Department’s Censorship Liaison
Officer with other authorities for many
years. He published a brochure entitled
“Ninety Years of Telegraph Progress” in
1945. His activities in the telegraphs
field were largely responsible for the
introduction of the TRESS and TELEX
projects.

Mr. Harrison was created an Officer
of the Most Excellent Order of the Bri-
tish Empire by Her Majesty Queen Eliza-
beth the Second in this year’s Birthday
Honours Awards.

Mr. Harrison remained an active
member of the Society from the time of
its reconstitution in 1932 and contri-
buted a number of valuable articles to
the Journal. Our best wishes go to him
in his retirement.
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PERTH TERMINAL OF THE AUSTRALIA-LONDON RADIO

TELEPHONE LINK

INTRODUCTION

In 1954, decisions were made to pro-
vide a second radio telephone link be-
tween Australia and London. Up to this
time, the only Australian-U.K. service
existed between Sydney and London.
The establishment of a second circuit
was intended to enable a more continu-
ous service to be provided as it was
anticipated that the ionospheric condi-
tions at Sydney would not be the same
as at Perth and that the Perth circuit
would probably be available when the
Sydney circuit was unusable. Contracts
were let in 1955 for terminal apparatus
and arrangements were made regarding
the accommodation for same at the
Perth G.P.O. The area chosen was on
the second floor as close as practicable
to both existing equipment and operat-
ing rooms. The apparatus used on this
installation was manufactured by Sie-
mens & Halske, of Germany.

The purpose of this article is to out-
line and discuss the requirements for a

N. A. BRAYLEY, AP.T.C, Dip.Elec.Eng., A.M.I.E . Aust.*

multi-channel terminal for long-distance
radio-telephone communication and to
provide a brief expose of the way in
which this is accomplished by the Sie-
mens and Halske equipment at the Perth
terminal. The independent sideband
radio equipment for the Australia-Lon-
don link, as distinct from the telephone
terminal which forms a connection to
the local telephone is maintained and
operated by the Overseas Telecommuni-
cations Commission (Australia), a sepa-
rate body from the P.M.G., and who
provide a radio transmitter at Apple-
cross and a radio receiver at Bassendean,
W.A. Both of these are connected by
about 4 miles of underground cable to
the Radio Telephone Terminal situated
at the G.P.O., Perth. The receiver and
transmitter operate at different fre-
quencies of 12 mc/s, 16 mc/s, 22 mc/s
and 24 mc/s depending on transmission
conditions. The transmitter power is 30
kW.

In its simplest form the terminal
equipment would consist merely of a

TRANSMITTER RECEIVER
T -
} HYB LINE :
| |
| I
|
! l
I ]
| |
[ |
1 NET 1
e e J
TERMINAL
Fig. 1.—Simplest Form of Terminal Equipment.

Hybrid to connect the 2-wire local line
with the 4-wire radio path. (See Fig. 1).
In practice, however, attempts must be
made to compensate as far as possible
for the varying conditions such as fad-
ing and interference that exist on a radio

B A
£(r) ok kel Bl bk ]
CARRIER N
|
}BASSENDEAN
TRANSMITTER !
/R A R -
| - |
:LONDONE ]TERMINAL|
—- |
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* See page 298.

Fig. 2.—Location of Transmitter ond Recciver and Method of Connection,
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path of such length in order to provide
a reliable and satisfactory service. For
the transmission of information, 2 bands
of 6 Kc/s widths are provided by the
receiver and transmitter which operate
their upper and lower sidebands of the
carrier frequency independently, i.e.,
Independent Sideband Working (I.S.B.)
(1). The relative location of the trans-
mitter and receiver and the way in
which they are connected to the terminal
at the G.P.O. by underground cable is
shown in Fig. 2.

REQUIREMENTS

1. 4-Wire Working: From Fig. 2 it can
be seen that 4-wire working is necessary
and that the intermediate amplification
stages at South Perth and Maylands are
essential for maintaining a good signal
to noise ratio.

2. Channel Width, Quality and Eco-
nomy. As a compromise between quality
and economy of band widths, channels
of 3 Kc/s width are considered opti-
mum by C.C.LR. for speech transmis-
sion. Thus, after providing two such
channels there would still be two avail-
able for additional speech or V.F. tele-
graph service as spares. It is frequently
necessary, on account of radio inter-
ference, to shift to a portion of the side-
band not affected by interference and
this is where the existence of a spare
portion of the band is sometimes indis-
pensable. This division (See Figs. 2 and
5) of the two provided bands of 6 Kc/s
width into 4 channels of 3 Kc¢/s width
can be achieved by a “channel shifter
and restorer” which is described later.

3. Automatic Terminal Gain Regula-
tion. In addition to providing reliable
channels of suitable band widths, an-
other necessary function of the terminal
equipment is to ensure that the trans-
mitter is modulated most of the time
to as near 100% modulation as possible,
so that the full power of the transmitter
may be used. To achieve this, it is ne-
cessary that weak signals, due either to
a low level speaker or to the loss in the
line, be amplified to a suitable level and
that the overload signals be correspond-
ingly attenuated to prevent overloading
of the transmitter. Similar automatic
gain regulation must be provided at the
terminal at the receiving direction to
compensate for fading. These functions
are provided by the Siemens Transmit-
ting Vogad and Receiving Vogad re-
spectively.

4. Interference—Noise Reduction. As
it 1s not always possible to move to a
channel or an R.F. band which is free
from atmospheric noise or interference,
other means must be sought for the
separation at the receiving terminal of
signal from noise, in cases where the
prevailing interference is comparable
with, but not equal to or greater than
the strength of the peaks of the signal.
This problem is quite skilfully handled
by the Siemens Noise Reducer and also
the Split Band Privacy equipment.

S. Prevention of Sing Around. Be-
cause of the different lengths and the
various long distance lines that may be
connected to the line of the hybrid of
this terminal, it is practically impossible

to provide a suitable balancing network
for all lines. Without perfect hybrid bal-
ance and with the aforementioned
auto gain regulating device working
at times at maximum gain (under
low signal conditions), the circuit
loop gain will reach a positive
value and the circuit will thus be prone
to “singing”. This condition can be
guarded against, by using a device which
allows transmission in only one direc-
tion at a time by automatically and
appropriately blocking the other direc-
tion of transmission. The unit used is
the Vodas.

6. Secrecy. Unlike the suppressed tele-
phone carrier system, the normal ampli-
tude modulated radio signal can be
readily demodulated by a simple detec-
tor. As secrecy is normally required in
telephone communications, equipment
for rendering detected signals unintellig-
ible by prior scrambling or inversion is
also required.

SIEMENS AND HALSKE
TERMINAL EQUIPMENT

The block schematic and power level
diagram (Fig. 3) give a simplified illus-

O—

MAA—

tration of the layout and functions of the
terminal equipment in the transmitting
and receiving path between the hybrid
line and the connecting lines of the
radio transmitter and receiver. The
dotted lines indicate the boundaries of
each panel.

HYBRID

The splitting of the transmitting and
receiving paths is done by the hybrid
which 1s a simple transformer device
fitted with a balancing network and pads
of 4.3 db in the receiving direction, 7.8
db in the transmitting direction and 2.6
db in the line side. The purpose of the
pads is to obtain the required levels.
The loss in the hybrid itself is approxi-
mately 4.4 db.

TERMINATING SET AMPLIFIERS—
TRANSMIT AND RECEIVE

The transmitting and receiving term-
inating set amplifiers are single stage
amplifiers which are mounted on the
same panel. Maximum gain of the trans-
mitting amplifier is 19.1 db and that of
the receiving amplifier is 10.4 db. Their
output levels are adjustable over a wide

—0
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REGULATING
CURRENT
(e]
£+
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range in 0.9 db steps by means of volt-
age dividers in the input of the ampli-
fiers. A 250 cycle high pass filter is fitted
on the transmitting amplifier to suppress
low noise frequencies which could affect
the operation of the succeeding gain
regulating equipment.

AUTOMATIC GAIN REGULATING
DEVICE—VOGAD

The unit used by Siemens for main-
taining a constant output level irrespec-
tive of input signal is called the Vogad
(Voice Operated Gain Adjusting Device).

Transmit Vogad. The unit consists of
a 4-stage amplifier with variable attenu-
ators known as Variolissers which are
placed before each of the stages.

The function of the Vogad i1s—

To maintain a peak level of +6 db

at its output with the following con-

ditions—

(a) For average talking volumes (not
peaks) between 6.1 db above and
31 db below line up level (0 dbm)
with a time delay of 2 seconds in
raising the level and 0.2 seconds in
lowering.

(b) A sudden rise of peaks to greater
than 6.1 db above the line-up level.

2.(a) To raise the level for sudden
drops in syllables while not affect-
ing the average output.

1.

(b) Provide adjustable compression of
the dynamic range of signals.

(¢) To ensure that even the shortest
voltage peaks do not exceed the
value of +6.5 db.

(d) To return to a no-signal gain of
15.6 db corresponding to input
volume of 21.7 db so that after an
interruption in transmission a sub-
sequent call meets with a2 medium
gain, thus avoiding greater regu-
lating jumps.

The above functions are achieved by
the 3 threshold stages and a limiter in
the Vogad unit. The 3 threshold stages
are essentially control circuits which
affect the gain of the unit by employing
signal currents tapped from the various
stages of the 4-tube amplifiers in such
a way as to control the attenuation of
the Variolosser in the desired sense.
Each of the thresholds vary in speed
and sensitivity and their duties are as
follows: —

Threshold I-—1(a) and 2(d) above.

Threshold II——1(b) and 2(a).

Threshold HI—2(b).

The shorter voltage peaks mentioned
in 2(c) are beyond the scope of thres-
hold III and are clipped by a limiter.

Threshold I Circuit.—The simplified
drawing of the control circuit of Thres-
hold I (Fig. 3) may be taken as an ex-

ample of the mode of operation of the
Threshold Controls. The variolossers
(Fig. 4) consist of fixed series arm re-
sistors, a centre tapped transformer and
a shunt arm network with opposing dry
disc rectifiers controlled by the regulat-
ing current. The regulating current is
introduced at the centre tap of the trans-
former, passing through both rectifiers
in their forward direction. With in-
creased regulating current the resistance
of the shunt arm rectifiers decrease so
that the through loss of the Variolosser
increases.

Operation.—Although the simplified
circuit does not show the amplifiers that
are used in the control circuit, it may
be seen that when the rectifier current
from the output in the first stage of the
transmission path exceeds a pre-deter-
mined value (which is controlled by the
calibrating potentiometer), the differen-
tial relay A will operate. Regulating cur-
rent proportional to the signal strength
will then flow in the control loop affect-
ing the attenuation of the Variolosser.
The time constant which is approxi-
mately 2 seconds for raising and 0.2
seconds for lowering the gain, enables
the regulation to correspond approxi-
mately to the talking volume and not
to the peak voltages of individual syll-
ables of very high volume. If the speech
in the transmitting direction is Inter-
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Fig. 6.—Split Band Privacy—Converter Bay Frequency Allocation.
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rupted long enough, Relay A will re-
store and the A contact will open. The
current now flowing from the Vario-
losser will be such as to provide a
through gain of 15.6 db, this being the
no signal gain of the Vogad. The con-
tact B is activated from the Vodas when
the opposite direction of transmission is
operated. The effect of operation of B
contact is to maintain the original gain
of the Vogad during transmission in the
opposite direction. The other Thresholds
operate in a similar way but differ in
sensitivity, speech and sense. To ensure
that the circuit regulates to speech and

Fig. 7..—Channe! Terminel Bay.

not to noise, the control loops are de-
signed to be more sensitive over the
middle range of the voice frequency.
Receive Vogad.—The Receive Vogad
compensates for the remaining volume
fluctuations in speech after the short
wave radio receiver has attempted to
smooth out the fading phenomena. The
Receive Vogad (Fig. 3) is similar to
the Transmit Vogad except that it has
only two threshold stages, their func-
tions being similar to that of Threshold
I and II of the Vogad Transmit, but it
differs in that it contains an additional
device—a Syllabic Detector. The pur-
pose of the detector is to prevent regu-
lation on regular random noise from the
radio path and to allow full operation
of voice syllables appearing as voltage
signals on the modulated envelopes of
up to 16 cycles per second in frequency,
this being the average rate of voice
volume medulation. The detector em-
bodies a rectifier (detector) and a tuned
circuit to enable the recognition of such
a condition, and the control circuit is
so arranged that this is one of the con-
ditions that must be satisfied before re-
gulating current can flow through the
Variolosser. (Refer Relays FA FB in
schematic). The control circuits of
Threshold I (slow operate) and Thres-
hold II (fast operate), the syllabic detec-
tor and limiter combine to ensure that
only speech signals are maintained on
an average level of +6.0 dbm at the
output for input levels varying between
-+12 dbm and -17 dbm and that shorter
duration variations may be kept within

the limits while very short peaks are
clipped by the limiter.

VODAS (VOICE OPERATED
DEVICE ANTI-SINGING)

The Vodas switches a high attenua-
tion pad into either the receive or send
transmission path so that at any instant
only one portion is open to speech signals.
By blocking one or the other direction
of transmission, the loop gain of the
system is reduced to a large negative
value and stability is maintained under
all conditions. The Vodas consists of an
amplifier-detector and a blocking net-
work in each direction of transmission.
A differential relay circuit weighs the
level of speech signals in each direction
and switches the appropriate blocking
network into circuit. The switching time
of less than 5 millisecs. ensures that the
first syllable is only negligibly clipped.
The circuit is so designed that while one
person is talking it is only possible for
the other to break in by raising the vol-
ume of his speech to 10 db above that
of the first talker. FEach blocking net-
work consists of a pair of transformers
with their windings interconnected. Using
this arrangement, it is possible to con-
trol the two blocking networks by means
of a single changeover contact. The in-
sertion loss of each network is 87 db
in the blocked condition and 0.4 db in
the “through” conditions.

CHANNEL SHIFTER

It will be seen from Fig. 5 that eight
combinations for the two 6 Kc sidebands
can be used. The one selected for the
Perth-London link is that shown in num-
ber 8. By means of a switch on the
channel shifter and restorer panels, the
required assignment plan can be se-
lected. The block schematic (Fig. 3)
illustrates the way in which the four
3 Kc wide channels for the Perth-Lon-
don link are obtained. In the send direc-
tion, the A (inner) and B (inner) chan-
nels are the unshifted channels which lie
between 250 cycles and 3.0 Kc. These
are worked on separate pairs of lines
to the transmitter. The two “spread”
channels (A outer and B outer) are the
channels which undergo modulation and
work on the lower side band of the 6
Kc/s carrier, the frequency range being
6 Kc to 3.25 Kc (inverted). The A chan-
nels work on one pair of wires while the
B channels work on the other. The 3 Kc
high and low pass filter is used to pre-
vent any reflection due to the impedance
change at the crossover point of the
high and low pass filters. The restorer
uses the same means to translate to
voice frequency the outer and inner
channels from the receiver. In the trans-
mitting direction the channel modula-
tors are followed in each sideband by a
step-wise variable attenuator with which
the overall level at the output of the
following 2-stage transmitting amplifiers
can be so set with the aid of the built-in
volume indicator that the transmitter is
always modulated as fully as possible.
The amplifier which has a low imped-
ance output of 30 ohms feeds a 600
ohm line and raises the level of each
channel to +6.0 dbm or a voltage of

1.55v. to provide 100 per cent modula-
tion. Adjustable amplifiers are also used
in the restorer panel to raise the signal
from the receiver after it passes through
the restorer equipment to a level of
0 dbm. Separate power supplies are used
for each of the amplifiers and carrier
oscillators to avoid any inter-action be-
tween channels via the power supply.

SPLIT BAND PRIVACY
EQUIPMENT

To satisfy the demand for privacy on
the radio telephone link from receivers
other than the destined one, the split
band privacy equipment is used for
scrambling voice signals by splitting the
speech band of 250 to 3000 cycles into
five sub-bands of 550 cycles wide and
interchanging their relative frequency
positions according to predetermined
combination patterns. In the simplest
case, a fixed combination is used for the
entire duration of the service which can
be manually changed as the need arises.
A greater degree of immunity to eaves-

Fig. 8.—Timing Control Bay.
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dropping is provided by means of the
timing control system which enables the
sequential and cyclic variation of a set
of combinations according to a predeter-
mined time schedule. All information on
these combinations must obviously be
known by both transmitting and receiv-
ing ends,

Of all the many combinations that
could be obtained by rearranging the
five sub-bands, twelve of the most use-
ful combinations for the particular pur-
pose are used by this equipment. The
privacy equipment consists of three sep-
arate units; the carrier supply bay, the
timing control bay and the speech band
converter bay of which the latter is the
most interesting, as in this unit the
splitting of the speech band into 5 sub-
bands and the restoration of the 5 sub-
bands into the speech band is accom-
plished. The splitting consists princi-

Fig. 9.—Split Band Privacy Boy.

pally of modulating and separating the
speech band into 550 cycle sub-bands
with separate outlets and then trans-
lating them in such a way that they
all have the same frequency and band
width. They are again translated as re-
quired to take up the selected relative
position. Re-translation to the voice fre-
quency range then takes place. This
combination is then unscrambled at the
receive terminal by a similar method.
The diagram (Fig. 6) shows the stages
involved in the transmitting direction.
The A mod. provides 5 erect sub-bands
while the B mod. provides similar but
inverted sub-bands giving a total of 10
partial bands. For the sake of sim-
plicity, a particular combination, using
only the erect A sub-bands is shown
as an example. The carriers are pro-
vided from the carrier supply bay while
the switching control is operated by the
timing control bay, which by means of
synchronous motors, provides the se-
quential variations. The further use of
the split band privacy system is to sup-
press selective interference due to radio
signals (telegraphy). This is done by first
finding out in which sub-band the inter-
ference lies and then eliminating this
sub-band. The system must then be
operated with a 4-band privacy combina-
tion. The positions “clear” and “normal”
shown in the overall schematic are for
fixed and time-controlled combinations,
respectively.

NOISE REDUCER

The transmission path through the
noise reducer (see block schematic Fig.
3) consists essentially of a single Vario-
losser and an amplifier. It operates in
much the same way as Vogad with the
attenuation of its Variolosser being con-
trolled in relation to the input voltage
by the control circuit. Its operate thres-
hold is controlled by potentiometer
RW1, which is set just above the ambient
noise level. In the operate condition, the
noise reducer presents zero loss to in-
coming signals while in the “blocked”
condition of the threshold, the loss of
the circuit is about 35 db. Noise voltages
which are below the threshold are thus
suppressed while incoming speech sig-
nals of sufficient amplitnde are trans-
mitted without attenuation. The unit can
be successfully used provided the noise
is not on a par with the average signal
level.

V.F. RINGING EQUIPMENT

The ringing equipment consists of (a)
a ringing set and (b) a ringing converter
which are used to provide V.F. ringing
over the radio system.

Ringing Set.—The ringing set receives
17 cycles ring at hybrid line from the
switchboard. This ringing current ener-
gises a relay in the ringing set which
applies 1000/20 cycles V.F. ringing tone
to the line at F1 out (Fig. 3).

Ringing Converter.—The V.F. ring
tone from the distant end is received at
the incoming line at F1 in by the ring-
ing converter which consists of a 1000

cycles tuned circuit, an amplifier and a
rectifier for de-modulatlon The 20
cycles signal obtained by de-modulation
operates a relay in the ringing set and
causes a ringing signal of 17 cycles to
be sent to the hybrid line.

GENERAL

Layout and Facilities.—Each unit of
equipment on the terminal is a slide-in
jacked assembly which is easily removed
and readily accessible for maintenance.
All connecting points of apparatus are
situated in the front of the panels and
by the removal of U jacks, patching out
is allowed if necessary. Each terminal
has its own monitoring loudspeaker and
volume control. All incoming and out-
going level meters are situated at eye
fevel and renders the technical opera-
tion of these terminals a simple affair.
Fold-up writing shelves also permit extra
space if accommodation of apparatus is
being considered. Photographs of the
channel terminal, timing control and
split band privacy bays are shown in
Figs. 7, 8 and 9.

Alarms and Power Supply.—Adequate
audible and visual alarms are provided
for supply, plate and heater current fail
conditions. Al units have their own
power supply rectifiers converting 250
V A.C. to 24 and 220 V D.C. Overload
cut-outs are provided in each supply with
automatic changeover of the 24 V sig-
nalling supply to exchange battery. All
valve plate currents can be measured by
one meter on each terminal through suit-
ably shunted current feed jacks.

Fault Occurrence. — This equipment
has been in use for 24 hours a day (in-
cluding service on the Perth-Melbourne
link) since its installation and the num-
ber of faults which have occurred over
this period have been negligible. With
the aid of this equipment, the Perth-
London path which is 9,100 miles di-
rect, having a looped return path of 140
milliseconds propagation time has been
commercial for 90 per cent. of its sched-
uled time. The same type of equipment
is also operting on the Perth-Derby link
(1500 miles) (1). A Siemens Double Tone
Diversity V.F. Telegraph system is also
operating satisfactorily on this path
in conjunction with Tress Machine Tele-
graph System.

Comparison.—The equipment is simi-
lar in function to most other types, but
differs mainly in layout, level controls
and 4-wire privacy, i.e., allowing differ-
ent privacy schemes for each direction
of transmission. An interesting feature
from the maintenance aspect is that the
same type of tube C3M is used almost
exclusively throughout the equipment in
voltage and power amplifiers, in triode,
pentode and diode connections. Some
other types are used but mainly in auxil-
liary equipment.

REFERENCE

(1) J. Medcalfe-Moore: The Perth-Derby
Radio Link. Telecommunication Jour-
nal of Australia, Vol. 12, No. 4.
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METHODS OF NUMERICAL FILTER DESIGN-PART IV

8. DERIVATION OF OTHER FILTER
TYPES FROM NORMALISED LOW-
PASS FILTERS

There are filter types whose perform-
ance characteristics as functions of the
frequency can be transformed into those
of a normalised low-pass filter with the
help of so-called reactance transforma-
tions and which, with the latter, may be
directly derived from normalised low-
pass filters.

Reactance transformations are fre-
quency transformations which transform
any realisable reactance network into
another realisable reactance network
with different frequency characteristics.
A reactance transformation itself is a
realisable reactance function.

If a low-pass filter, being a realisable
reactance network, is transformed by a
reactance function the result is another
filter with changed frequency character-
istics of its image parameters. By suitably
chosen reactance transformations a low-
pass filter can be transformed into filters
with several pass-bands and several stop-
bands in the frequency range from zero
to infinity. Filter types of practical
importance which may be derived in this
way are high-pass filters and frequency-
symmetrical band-pass and band-stop
filters.

The term “frequency-symmetrical” of
the latter two filter types means that the
filter performance 1is symmetrical or
skew-symmetrical with respect to the
centre frequency f, of the pass-band or

stop-band, respectively. Even functions
of the frequency, such as the image
impedances in pass-bands and the image
attenuation, are symmetrical with respect
to f , i.e., they have the same values at

any two frequencies f and fn-,/f. Odd

functions of the frequency, such as the
image impedances in stop-bands and the
image phase-shift, are skew-symmetrical,
ie., their values at any two frequencies

f and fm/f have the same magnitudes

but opposite signs.

Band-stop filters designed with the
image parameter method are always fre-
quency-symmetrical (for reasons which
shall not be discussed here) and if the
insertion loss specifications ~ for such
filters are not symmetrical then at any
two symmetrically situated frequencies
in the above-mentioned sense the more
critical one of the two specified loss
values must be met.

The same method may also be applied
to band-pass filters for which the inser-
tion loss specifications are not symmetri-
cal, but if the latter are very unsym-
metrical it is preferable to design such
filters in a different way which will be
discussed later on and which leads to
filters with somewhat less components.

8.1 Reactance Transformations for
Various Filter Types.

8.1.1 High-Pass Filters: The reactance
transformation for transforming a high-
pass filter into a normalised low-pass
filter, and vice versa, is:

* See page 298.

i = o,/jo with 0, = 27f, . (8.1)
f, is the cut-off frequency of the high-
pass filter.

All positive physical frequencies in the
functions of the high-pass filter charac-
teristics are transformed to negative {2
—values in the corresponding functions
of the normalised low-pass filter, and
negative physical frequencies are trans-
formed into positive {—values. Frequen-
cies above the cut-off frequency, f_, are
transformed to Q-values with magni-
tudes smaller than 1, and frequencies
below the cut-off frequency are trans-
formed to @-values with magnitudes
larger than 1. The cut-off frequency
itself is transformed to & = —1.

8.1.2 Band-Pass Filters: The reactance
transformation for transforming a fre-
quency-symmetrical band-pass filter into
a normalised low-pass filter and vice

versa, is:
) Wy~ @
= — . (8.2)
Jo (“’02 — Wy )
where w, — 27f; o, = 27f,
wg, = 27f,; £, = Vi, f,

f., and f_, are the lower and upper cut-
oft frequencies, respectively, of the band-
pass filter.

By the transformation of Eq. (8.2)
those band-pass filter frequencies which
lie above f are transformed into posi-

tive Q2—values of the normalised low-pass
filter, and those band-pass filter frequen-
cies which lie below f are transformed
into negative {—values. The frequency
range between the cut-off frequencies,
f., and £ ,, is transformed to Q-values
with magnitudes smaller than 1 and the
frequency ranges above f,, and below
f,, are transformed to $-values with
magnitudes larger than 1. The cut-off
frequencies themselves are transformed
into & = £ 1. The centre frequency,

£, is transformed into € = 0.

The evaluation of the transformation
formula Eq. (8.2) is facilitated by refer-
ing all physical frequencies to the centre
frequency:

y=1{/f = /o, . (8.3)
With y, = f_, /f,
and y, = £, /f, = 1/y,
Eq. (8.2) becomes:
y - 1y
] = (8.4
Ye— VY1

For the inverse transformation from
Q to y and f a quadratic equation must
be solved:

f — fm [%Q (Y2"yl) +

V1 + % Q(ys - yo)] . 8.5)
Solving this equation may be avoided
by mtloducmg the auxiliary parameter
¢ =1Iny (8.6)
With ¢, = Iny, = -Iny,

E. RUMPELT, Dr. Ing.*

Eq. (8.4) becomes:
[ -
e =¢
0 = =
Pc e
e — e
and the inverse transformation can be
split up into the following steps:

(i) ¢ = sinh-1 (2 sinh o) ... ... ...

sinh ¢

5 8.7)
sinh @e

(8.8)

(i) f = f, e<p ........................ 8.9)
o is read from a table of hyperbolic
sines.

8.1.3 Band-Stop Filters: The reactance
transformation for transforming a fre-
quency-symmetrical band-stop filter into

a normalised low-pass filter, and vice
versa, is:
]“’{-wcz - "’cl)
jo = . (8.10)
w - w:
m

This e.pression is reciprocal to Eq.
(8.2) and the symbols have the same
meaning as in that equation.

By this transformation those band-stop
filter frequencies which lie above the
centre frequency, f , of the stop-band
are transformed into negative -values
of the normalised low-pass filter, and
those band-stop filter frequencies which
lie below f are transformed into posi-
tive Q-values. The frequency range
between the cut-off frequencies, f,, and
f.s, is transformed to {-values with
magnitudes larger than 1, and the fre-
quency ranges below f , and above f_,
are transformed to £—values with magni-
tudes smaller than 1. The cut-off fre-
quencies themselves are transformed into

= £ 1. f_ is transformed into
fl =k ob

m

By referring all physical frequencies to
the centre frequency Eq. (8.10) becomes:

Y=Y

1/y
where y is deﬁned as in Eq. (8.3).

The inverse transformation from £ to
y and f is:

Q=

Yo — V1
oy, i B
29
/ (y2 —Y1)2
vV1+ —————] ....... (8.12)
42

This transformation is again facilitated
by introducing the auxiliary parameters
¢ and ¢, detined as in Eq. (8.6). The
transformation of Eq. (8.11) becomes:

sinh ¢,

N I==

sinh @ }
and the inverse transformation can be
split up into the following steps:
1

(i) ¢ = —sinh-1 (— sinh o) . (8.14)
Q

(i) £t =f£
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8.2 Design Procedure with the Help of
Reactance Transformations.

It can be seen from Egs. (8.1), (8.2)
and (8.10) that in each one of these
expressions the cut-off frequencies are
essential parameters which must be
chosen for the desired filter type before
the transformations can be applied.
Hereafter the insertion loss (or return
loss) specifications for this filter type are
transformed into specifications for a
normalised low-pass filter which then is
designed as previously shown. If during
this design a change of the cut-off fre-
quency (or frequencies) becomes neces-
sary the reactance transformation must
be changed accordingly, i.e., new cut-off
frequencies of the desired filter must be
chosen and another transformation of
the loss specifications carried out.

The normalised low-pass filter may be
completely designed and then trans-
formed into the desired filter type by
applying the reactance transformation
with the final cut-off frequencies as para-
meters to the individual circuit elements
of the low-pass filter. In this process
the general network arrangement of the
low-pass filter remains unchanged and
the transformed elements are left in the
same branches of the network where they
were before the transformation.

For example, in the case of a low-pass
to band-pass filter transformation an
inductance L of the low-pass filter hav-
ing the reactive impedance Z = jQL is
transformed by means of Eq. (8.4) into
a circuit with the reactive impedance:

y - 1/y
Z =] ——
Yo = Y1

which is a series resonant circuit (Z' =
jo L' —j/wC’) with the inductance
L

) B
‘-"m (YQ - Yl)
and the capacity
, Y — V1
= —
o, L

Usually the design of the normalised
low-pass filter is not carried out beyond
the determination of the attenuation peak
frequencies. These are then transformed
back to physical frequencies with the
inverted reactance transformation and
the component values of the desired filter
are calculated directly with the formulae
for this filter type which can be found
in most text-books on filter design.

The following design parameters must
be known:

(i) The cut-off frequencies (final choice).

(ii) The nominal image impedance
(obtained from the pass-band design
of the normalised low-pass filter.)

(iii) The attenuation peak frequencies or
the corresponding m-values.

With very few exceptions the circuits
and the appertaining formulae for the
circuit elements found in text-books are
for filters in ladder structure, i.e., they
are T— or 7— sections, or the correspond-
ing half-sections. When applying these
formulae care must be taken to ascer-
tain whether the values of the circuit
elements are meant for the branches of
full sections or of half-sections. The
individual sections may be connected in

tandem in an arbitrary sequence as long
as the principle of equal image imped-
ances . at their junctions is observed.
Matching sections for producing higher
order image impedances of the complete
filter are, of course, connected to the
ends of the ladder structure. At the
junctions of sections there are always
identical types of circuit elements cir-
cuited in series or in parallel which can
be fused into single components.

8.3 The Differential Delay of Filters
Derived from Low-Pass Filters.

Whereas the values of image imped-
ances, image attenuation and image
phase-shift remain unchanged when a
reactance transformation is applied and
only the frequencies are altered where
the transformed filter assumes these
values, the differential delay, being the
derivative of the phase-shift with respect
to the angular velocity, must necessarily
be affected by a frequency transforma-
tion.

The differential delay of a filter
derived from a normalised low-pass filter
can, however, be calculated from the
differential delay of the latter and the
derivative of the reactance transforma-
tion which relates the two filters because:

dg d@
de d  de
where dB8/d is the differential delay of
the normalised low-pass filter and d<!/de
is the derivative of the reactance trans-
formation.

The derivatives of the reactance trans-
formations for the filter types dealt with
above are:

High-Pass Filters.

de Q

de ®

Band-Pass Filters and Band-Stop Fil-
ters.

@ |2y 41

... (8.16)

... (8.17)
dw w Yy —1
where y is defined as in Eq. (8.3). The
relation between € and y is different for
the two filter types and the evaluation
of Eq. (8.17) gives therefore different
values for band-pass and band-stop fil-
ters.
Eq. (8.17) cannot be used for obtain-
ing d?/de at the centre frequency, f_,

of band-pass filters. In this case the fol-
lowing equivalent formula for this filter
type may be applied:

dQ 1+ 17y

B ... (8.18)

de 3N (Y2 — y1)

9. Design of Frequency-Unsymmetrical
Band-Pass Filters.

As mentioned in paragraph 8 band-
pass filters can be so designed with the
image parameter method that they have
frequency-unsymmetrical image imped-
ance and transfer constant characteristics.
As a rule, however, frequency-unsym-
metrical specifications for band-pass fil-
ters are given only for the stop-band
insertion loss. For the pass-band a con-
stant maximum limit of insertion loss
variations or a constant minimum limit
of return loss is usually specified which
means that the image impedance charac-
teristics should be frequency-symmetrical
with respect to the centre of the pass-

band. The image impedances can then
be designed in the same way as for com-
pletely frequency-symmetrical band-pass
filters, i.e., the pass-band specifications
are transformed with a proper reactance
tranformation into corresponding speci-
fications for a normalised low-pass filter
and the design carried out in the low-
pass filter domain.

In order to get the cut-off frequencies,
the centre frequency, £, of the specified

pass-band is first calculated as the geo-
metric mean of its two limiting frequen-
cies. As a first choice one of the two
cut-off frequencies is put in the centre of
that transition band which has the
smaller relative band-width (the one
whose ratio of its two frequency limits
is closer to 1). The other cut-off fre-
quency must be symmetrical to it with
respect to the centre of the pass-band,

ie,
i

&1 e2) T f2m

The image impedance design follows
exactly the same pattern as in the case
of frequency-symmetrical band-pass fil-
ters. After the type and the parameters
of the image impedances have been deter-
mined the stop-band refiection loss is
calculated (still in the low-pass filter
domain) as a function of the normalised
frequency §! and then transformed back
to band-pass filter frequencies. Subtract-
ing the reflection loss from the specified
insertion loss in the two stop-bands gives
the image attenuation requirements in
these bands and from here on the special
design process for frequency-unsymmetri-
cal band-pass filters begins.

9.1 The Image Transfer Constant of a
Frequency-Unsymmetrical Band-Pass Fil-
ter Section.

A frequency-unsymmetrical band-pass
filter section with one attenuation peak
anyhere in one of the stop-bands has the
following function of its image transfer
constant:

/ 2 2
L/ f,-1

6, =2 coth-1— / .. (9.1
mV f2 - f?

cl

f., and f_, are the lower and upper
cut-off frequencies, respectively.
_ The term under the square root is posi-
tive for f < £ and f > f,, which
shows that below f,, and above f_, are

stop bands. Within the range
f, < f <f, the term under the
square root is negative, the square root
is imaginary and the real part of the
image transfer constant, the image atten-
uation, is zero. This range is therefore
the pass-band.

The factor m in Eq. (9.1) determines
again the attenuation peak frequency:

T
/ fc2 i f00
m = /—
/ 2 2
\'% fo, —feo
/ 2 a2
/ £, — mi,
foo = / .. (9.2)
A 1 - m2
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For 0 < m <1 the attenuation
peak is in the upper stop-band, for
f2/f,; X m < o the peak is in the
lower stop-band.

1 <m < f,/f, gives imaginary
attenuation peak frequencies and if
realisation of the filter in ladder struc-
ture is desired m must not have a value
within this range.

For convenient evaluation of the
above formulae the frequencies are again

referred to the centre frequency, f , of
the pass-band and with
y = f/f, i = £/
and y, = f,/f, = 1/y,
Eq. (9.1) becomes:
9, = a, T iB;
VR
1 / YZ -y
=2cotht — /———— . (93)
my y? —y?
1
/2 2
) / Y. - Yo
with m= /) ——— . (94
\/ yz — y‘.!

1 o0

9.2 Frequency Transformation for
Attenuation Design with Templates.

The use of the template method for
the attenuation design is even more time
saving as compared to other design
methods when applied to frequency-
unsymmetrical band-pass filters, than it
is in the case of normalised low-pass
filters. The necessary condition that
Eq. (9.3) can be transformed into the
general form of Eq. (6.1) is fulfilled and
this is achieved by means of the fre-
quency transformation:

/ 2 2 /z 2
v / Yz =Y /Y2
= =/
Vv yc_yc vV 1—y2y?
i 2

(9.5)

The factor y, in the first of the two

expressions gives it a certain symmetry
which can be recognised by substituting
1/y’ for y in the second expression. Its
effect is that frequencies which are sym-
metrical with respect to the centre fre-
quency f_ differ only by their signs after

m
transforming them to vy -values.

For direct calculation of v the fre-
quency transformation is:

2 2
YQ =

vy =% 1n + 1ny: ... (9.6)
y2 e y2

1
visreal fory < y,and y > v,
i.e. in the stop-bands of the filter. It is
also real for imaginary values of y.
The transformation of the attenuation
peak frequency with Eq. (9.5) gives:

// 2
Y2 ==Y/c0
WO myy fee e =y, (9)
V y2 oy y2
1 [o7s]

Expressed in terms of Y and Yoo the

function of the image transfer constant
of a section becomes:

8, =2 coth-t e(Y =Y) ... (9.8)

This is the same expression as Eq. (6.3)
and consequently everything else remains
the same as in the design of normalised
low-pass filters, and in particular the
templates for the design are identical.
The only disinction is the different and
more complex relationship between v
and the physical frequencies. The cor-
relation between Y- and y-values is
shown roughly in Fig. 3.

Infinite frequency and zero frequency
are at 1n y, and In y, respectively, on
the v— scale. The range between these
two points corresponds to imaginary fre-
quencies. No attenuation peaks must
therefore be put within this range if the
filter is to be realised in ladder structure.
The upper stop-band is transformed to
the negative y— axis with the upper cut-
offt frequency at y = -, The lower
stop-band is transformed to the positive
Y- axis with the lower cut-off frequency
at ¥ = -+ . Above a linear y— scale
the corresponding y— scale is very much
expanded near the cut-off frequencies.

9.3 Design Procedure with Templates.

For the attenuation design the required
minimum image attenuation is trans-
formed point by point from physical fre-
quencies via y -values and with Eq.
(9.6) to a linear y— scale fitting to the
template scale. If the previous image
impedance design showed that m-derived
matching sections are required, the
determined Q o —Value must be trans-

formed over the corresponding 7

—values (with the proper reactance trans-
formation) into ¥ _ -values with Eq.

(9.6). They have equal magnitudes and
opposite signs. The appertaining atten-
aation curves are drawn with the main
template if there is a matching section
at both filter ends, or with the auxiliary
template if a matching section is at one
end only, These attenuation curves
remain unchanged during the subsequent
design which is carried out in the same
way as for low-pass filters. The indivi-
dual attenuation curves extend over both
stop-bands, i.e., each curve passes
through the range which corresponds to

imaginary frequencies. The templates
must therefore be longer than is usually
necessary for low-pass filter design.
When the required attenuation peaks
have been determined they are trans-
formed back to physical frequencies with
the inversion of Eq. (9.6) multiplied by

m*

/2
/Yy - e
f=1f, f— (9.9)
VR = @y

From the attenuation peak frequen-
cies, the cut-off frequencies and the
nominal image impedance the compon-
ents of the individual T— or 7— sections
of the band-pass filter can be calculated.
The sections are connected in tandem in
the usual way to form a composite
ladder filter.

Each section may produce one or two
attenuation peaks, but in the latter case
the two peaks must be in different stop-
bands, i.e., one in the upper stop-band
and the other one in the lower stop-
band. Two attenuation peaks in one
stop-band cannot be produced by a
physically realisable band-pass ladder
filter section.

9.4 The Image Phase-Shift of Fre-
quencey-Unsymmetrical Band-Pass Fil-
ters.

The function of the image phase-shift
in the pass-band of a frequency-unsym-
metrical band-pass filter section with one
attenuation peak is given by Eq. (9.1) or
(9.3). In the frequency range

v, <y <y,
the image attenuation is zero and the
image phase-shift is:

/2 2

L /Yy, =y
Bs=2arcot— J——— . (9.10)

m VvV y?-y?

1

The image phase-shift of a composite
filter is the sum of the phase-shifts of all
sections. If two attenuation peaks are
produced in one section the image phase-
shift is the same as if the peaks were
produced in two separate sections.

When calculating the phase-shift of a
composite filter the term wunder the

|
Ly

o L IMAGINARY -
=Y AT == |FREQUENCIES | /| AT ¥ =+ —=
l |
Yz y=0 —=Y
"VTY. Iny, —%¥
; l
UPPER | | LOWER
STOP-BAND | | sTOP-BAND
| |
1 T

Fig. 3.—Correlation betwteen y—- and y- values.
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square root in Eq. (9.10) need be evalu-
ated only once for each frequency. The
m-values of the individual sections are
calculated from the v__ -values of the

attenuation peaks with the formula:
Y
e

m=y,e 9.11)

The image phase-shift may also be
designed graphically with the help of

templates. By introducing the frequency
transformation:
Ve R
g =% In——-— + Iny .. 9.12)
vo- Y

into Eq. (9.10) and using for the factor
m in this equation the expression of Eq.
(9.11) the function of the image phase-
shift becomes:
W = V)

B, =2 ar cot e o (9.13)

This is the same relation as in Eq.
(7.2) which is the image phase-shift func-
tion for a low-pass filter section. The
phase-shift design of frequency-unsym-
metrical band-pass filters can therefore
be carried out with the same phase-shift

templates as previously derived for low-
pass filters and the design process is also
the same. Only the frequency trans-
formation from the y— axis to physical
frequencies is different, the transforma-
tion formula being:

e (9014)

9.5 The Differential Delay of Fre-
quency-Unsymmetrical Band-Pass Fil-
ters.

The differential delay of a frequency-
unsymmetrical band-pass filter section
with one attenuation peak is obtained by
differentiating Eq. (9.10) with respect to
y and dividing the result by «_ because:

dB, dB, dy dy
= and —— = l/wm
do dy dw dw
The derivative of Eq. (9.10) is:
dg m a
E—F= L (9.19)
dy m?2 + b

yy: - )

(7 = Ve ) GE =)

v~y
b= — L e (9.16)

v -y

1

atf=f ,y=1is

20y, + vy

e
1 -y
1

b=y2. e ee(9.17)

The general formula for the parameter
a is rather complex but both parameters
a and b need be evaluated only once for
every frequency at which the differential
delay is required because these para-
meters are the same for all sections and
only the m-values are different. If the
differential delay is needed for estimat-
ing the pass-band loss due to dissipation
in the circuit elements it is usually suffi-
cient to calculate it only at the centre
frequency and at the two limits of the
practical pass-band.

TECHNICAL NEWS ITEM

ALUMINIUM ALLOYS FOR POLE
HARDWARE

For some years the Postmaster-Gen-
eral’s Department has used small alum-
inium alloy castings in lieu of malleable
iron castings or steel forgings for some
components of pole line hardware. The
alloy used is LM.6 to British Standard
1490 in the chill cast condition. The light
weight, high strength, good impact and
corrosion resistance of this alloy have
resulted in very satisfactory results in all
cases to date.

The Department recently commenced
a major project in the North-West of
Western Australia, which required the
partial rebuilding and strengthening of
1000 miles of old telegraph route erected
in the 1890’s and the erection of two
new pairs of wires each designed to ope-
rate at frequencies up to 150 kc/s. To
reduce the interaction or crosstalk be-
tween the two pairs of wires it was
necessary for crossovers or transposi-
tions to be inserted on every pole for
one pair, and on every second pole for
the other pair, a total of about 30,000
being required.

Conventional designs for transposi-
tion plates were either a pressed or fab-
ricated steel plate plus four forged steel
spindles or a two-piece malleable cast
iron fitting including the spindies. For
either design the total weight was at
least 12 1bs. per assembly and the nearest
economic manufacturing source was
Adelaide for the plates or cast fitting and
Melbourne for the spindles.

In an attempt to reduce freight costs,
particularly between Perth and the job
site, a distance of up to 1400 miles, a

Pressed Steel Transposition Plate
(complete with spindles)

-

One-piece cast aluminium alloy transposition
plate.

design for a one-piece cast aluminium
fitting was prepared. The fitting was de-
signed to carry the heaviest copper wire
used on the Department’s trunk routes,
namely 300 lb. per mile. Minimum
weight of this type of casting is essential
as the price is directly proportional to the
weight of metal used. Detailed stress
analyses of each component were made,
some sections of the fitting being re-
quired to withstand bending moments of
up to 5000 inch lbs. plus some torsion
and direct tensile load. It was not pos-
sible for the sections subject to bending
moments to be structural shapes, e.g.
channels or H sections and circular and
rectangular sections had to be used.
However, the design was based on the
flexural strength rather than on the ten-
sile strength of the aluminium alloy
which enabled stress increases of 35%
and 25% to be used for the circular and
rectangular sections respectively. The fit-
ting was cast in a six-piece metal mould
and the insulator threads were cast in-
tegrally with the main casting. Except
for the removal of some flash at the
major parting line of the die, the fitting
does not require any finishing operation
or corrosion protection coating. Perform-
ance tests on production castings have
fully confirmed all design data and cal-
culations. The weight of the casting is
less than four pounds and is a Iittle
lower in price than the steel assemblies.
When allowance is made for the very
considerable freight and handling sav-
ings, the overall price is very attractive
and the new fitting Is now standard for
all Departmental works for which the
approximate annual consumption s
70,000.
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AN ELECTRONIC TARIFF PULSE GENERATOR

INTRODUCTION

An experimental Tariff Pulse Gene-
rator (T.P.G.) has been designed and
constructed to work in conjunction with
the experimental subscriber trunk dial-
ling equipment now undergoing limited
field trials in Melbourne. This equipment
employs a tariff charging system based
on Periodic Time-Zone metering.

In this multi-metering system, the call-
ing subscriber’s meter is operated once
when the called subscriber answers and
then after a short ‘free’ time, the meter
is operated at regular intervals for the
duration of the call, The periodicity of
the meter pulses depends upon the dis-
tance over which the call has been estab-
lished. It also depends upon the time of
day when the call is made, a cheaper
tariff being applied at night. The func-
tion of the T.P.G. is to provide pulses of
the required periodicities and to change
them at night.

REQUIREMENTS
(a) The duration of each pulse was re-
quired to be sufficiently long to oper-
ate a subscriber’s meter. The duration
chosen was 0.275 = 0.025 seconds.
(b) The periodicities required were (in
seconds) : 1, 2, 24, 3, 34, 4, 44, 5, 6,
7, 8, and 9.
(c) It was to be possible to change the
periodicities easily for night rates.

(d) The tariff rates were to be capable of
being altered independently of the unit
fee charge and by any percentage.

(¢) The time accuracy was not to be
worse than £ 0.2%. This would mean
approximately one-third of a second
on a three minute call.

Consideration of these factors resulted
in the design of electronic circuits de-
scribed hereunder.

GENERAL DESCRIPTION

The various pulses are provided from
dividing circuits all working from one
master oscillator. The oscillator is con-
tinuously variable between 20 and 80
c/s. The pulse periods mentioned in this
article apply when the oscillator is set
accurately to 40 ¢/s.

As can be seen from the block dia-
gram in Fig. 1, the output of the master
oscillator is fed into a pulse shaper and
amplifier. These circuits serve to:—

(i) Isolate the oscillator from the re-
mainder of the circuit.

(ii) Produce one output pulse for every
cycle of the oscillator.

The output pulses from the shaper are
designed to be of suitable amplitude and
duration for correct operation of the
dividing circuits.

The first divider unit divides the pulse
rate by 20. That is, the input pulse rate
of 40 pulses per second is changed to a

SINUSOIDAL
oscC.
40 C.PS,

PULSE SHAPER

8
AMPLIFIER

COUNTER
< 20

2 PULSES
PER SECOND

COUNTER

==

K. A. CURLEY*

pulse rate of 2 pulses per second.

The output of the first divider is taken
to subsidiary dividers. The outputs of
these subsidiary dividers are taken to
further dividers and so on. This arrange-
ment results in a ‘tree’ of dividers as
shown in Fig. 1.

Outputs are taken from appropriate
points and used to operate monostable
triggers. These triggers are identical and
each contains a 3000 type relay as an
output device. From the contacts of
these relays the pulses are distributed as
required.

DETAILED DESCRIPTION

Master Oscillator: The master oscilla-
tor (Fig. 2) is a negative resistance RC
type. Conventional temperature com-
pensation prevents frequency drift and a
thermistor is used to maintain constant
amplitude.

The thermistor, which is shown con-
nected to the cathode of the first triode
section of the 6SN7, becomes heated as
the oscillator signal amplitude builds up.
The resistance of the thermistor
decreases and thereby reduces the voltage
applied between the grid and cathode of
the first triode section. The reduction
in the input voltage decreases the output
voltage. Since a lower voltage is now
applied to the thermistor it cools. This
increases its resistance, thus increasing

L I PULSE PER SECOND

COUNTER COUNTER COUNTER COUNTER COUNTER
=9 i =5 =3 E1e)
COUNTER COUNTER COUNTER COUNTER COUNTER
= 2 -2 =2 =2 =i 2
COUNTER
+ 2

RELAY RELAY RELAY RELAY RELAY RELAY RELAY RELAY RELAY RELAY RELAY RELAY

ccT. ccT. (£ 8 cCcT. CCT, CCT. ccT, CCT. CcCT. ceT, [l 8 cCcT,
ONE PULSE PER - 4% SEC. 9 SEC. J—;- SEC. 7 SEC. 2‘2— SEC. s SEC, 3 SEC. & SEC. 2 SEC. 4 SEC, 8 SEC. | SEC.

* See page 299.

Fig. 1.——Block Diagram Showing the “Tree’’ of Counting Contocts,
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IST STAGE 2ND STAGE
TRIODE|TRIODE TRIODE|TRIODE

2 | 2 |
INITIAL STATE N @ N €
IST NEG. PULSE IN & N N C
2ND " " N C NEG.PULSE C N
3RD » " " '@ N C N
ATH =« " " N e NEG.PULSE N C NEG. PULSE OUT

TABLE 1
1ST STAGE 2ND STAGE 3RD STAGE

ITRIODEITRIODE‘ mgoelelooEl ITmooEleooel
INITIAL STATE N C N C N Ca
1ST. INPUT PULSE C N N C N C
2ND INPUT PULSE BEFORE FEEDBACK N C =ve,_ ¢ N N C
AFTER FEEDBACK TO IST STAGE G Ni=ZVel ¢ N N C
3RD PULSE BEFORE FEEDBACK N C N C =ve,  :C N
AFTER FEEDBACK TO 2ND STAGE N C C N ~v¥¢_ C N
4TH PULSE C N C N C N
STH PULSE N d N @ N C OUTPUT

TABLE 2

the voltage applied to the input of the
first triode. The output voltage increases
and heats the thermistor again. The
whole process repeats itself until equili-
brium is established. In this condition
the oscillator signal level is constant.
The oscillator circuit has been designed
so that the waveshape fed to the shaper
is substantially sinusoidal.

Pulse Shaper: This circuit is shown in
Fig. 2 immediately following the master
oscillator.

The first valve is a squaring stage.

The second valve is coupled via a very
small capacitor which, with the low grid
circuit resistors of the second shaper
input triode, forms a differentiating cir-
cuit. This arrangement transforms the

-

ANODE ! ANoDE 2

40 css OSCILLATOR

square wave signals into a series of short
positive and negative pulses. The posi-
tive pulses are almost entirely absorbed
by the grid diode action, thus leaving
negative pulses only to influence the
anode current. The variations in anode
current cause positive pulses at the anode
where they are coupled to the second
triode section which amplifies the pulse.
This triode section is operated with cut-
off bias so as to suppress any remaining
negative signal. Negative pulses from
the pulse amplifier are passed into the
first divider.

Dividing Circuit: All the dividers in
this generator are made up of combina-
tions of elements having two stable states
and referred to as basic bistable elements.

B
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N

B8+ (275 V)

An incoming pulse triggers the element
from one stable state to the other. This
particular basic bistable element is built
around a pair of triodes enclosed in a
single envelope. The circuit of this
bistable element may be seen in Fig. 3
where section A shows one basic element.

Each bistable element used in this
equipment has an input circuit so
arranged that upon receipt of a negative
pulse it changes from one stable state to
another. That 1is, one triode section
ceases to conduct and the other triode
section conducts. The next negative
pulse causes it to change back to its
original state. Thus for every two nega-
tive input pulses the bistable circuit will
complete one cycle of operations and be
restored to its original state.

The output of any of these bistable
elements will be a square wave because
the anode current of either of its triodes
will be steady until it is triggered by
another input pulse. At any instant the
anode current of one triode section will
be high and that of the other triode sec-
tion low. When the circuit ‘flips over’
after triggering the anode which pre-
viously drew high current will now draw
low current and vice versa. By differ-
entiating the square wave the output
becomes a series of positive and nega-
tive pulses with one positive and one
negative pulse appearing for every two
negative input pulses.

By arranging a series of these bistable
circuits with a coupling from the output
of one circuit to the input trigger point
of the succeeding circuit, a divider may
be built up.

Referring to section C of Fig. 3 it will
be seen that this section consists of two
bistable stages. The output of the 1st
stage is coupled to the input of the 2nd
stage with a 500 pf capacitor which
differentiates the output from the preced-
ing stage.

The diode in series with the capacitor
can be ignored for the moment. The
two stages connected thus form a divide
by four counter, i.e., for every four input
pulses one output pulse will occur.

ANODE! AN

2n0 SHAPER

480K

INPUT TO

—————— virs counr

cIRCINITS
0000 FIG 3

DESIGNED [TESTED
GAMH | KAC
I Se
4+ -

Fig. 2.—Oscillator and Shaper Circuits,
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Fig. 3.—One Second Counting—Typical of the Dividing Circuits.

Table 1 shows the progress of opera-
tion of this circuit. The initial stable
state, or reset condition, is that triode 1
of each stage is conducting (C) and triode
2 of each stage is non-conducting (N).

It will be seen from the table that the
condition necessary to develop a negative
going output pulse from the Ist stage, is
triode 1 changing its state from non-
conducting to conducting. This occurs
once for every two negative input pulses.
The 2nd stage will do likewise, i.e., again
divide the pulse rate by two thus form-
ing a divide by four counter. If a third
stage was added it would be converted
to a divide by eight counter. A fourth
to a divide by sixteen and so on. Stages
may be added without limit until the divi-
sion factor is as high as required by the
particular application.

Feedback: The binary counting chain
described above is only capable of divid-
ing by 2» where ‘n’ is any whole number,
ie, 1, 2, 3, 4, etc. In order to produce
a counter which will divide by some
other factor it is necessary to modify the
basic counting chain by the addition of
feedback networks.

The feedback paths inject extra pulses
into the counter chain so as to make the
total effective input pulses up to the
number required by the basic binary
chain. For example if we had a three
stage chain without feedback its division
factor would be eight. In order to con-
vert this to a factor of five we would
need to add to the counter, pulses which
would have the same effect as three addi-
tional input pulses. The counter chain
would then give one output for every
five input pulses. By feeding back one
pulse into the first stage we can simulate
one extra input pulse. By feeding back
one pulse into the second stage we can
simulate two extra input pulses. There-
fore, if one pulse if fed back into each
of the first and second stages, for every
complete cycle of the whole counter, a
scale of five will result.

Section B of Fig 3 shows this arrange-
ment and Table 2 shows the progress of
operation.

When the triode, from which the feed-
back pulse is obtained, ‘flips’ from the
non-conducting state to the conducting
state, a negative pulse differentiated by a
capacitor is fed to the grid of the preced-
ing triode. This results in the preceding
stage changing its stable state. The pur-
pose of the diode in the feedback lead
is to isolate the grid circuit from positive
pulses.

One Pulse per Second Output: By
examining Fig. 3 as a whole it can be
seen, at the left of the drawing, that the
pulses incoming from the second shaper
are fed into a divide by two circuit fol-
lowed by a divide by five circuit, fol-
lowed by two more divide by two circuits
making in all a factor equal to 2 X 5 X
2 X 2 = 40. At the output of the last
binary stage one negative pulse is deve-
loped for every forty input pulses. This
gives a rate of one pulse per second.

At the output of the penultimate
binary stage an output of two pulses per
second (one per half second) are tapped
off to drive further counters in the array.

The diodes in the output leads serve
to attenuate unwanted pulses which may
be fed back from subsidiary counters.

Cther Outputs: A study of the block
diagram in Fig. 1 will indicate how each
of the required periodicities are obtained.
Taking the 4% second and 9 second out-
puts as examples, it can be seen that the
two pulses per second output is fed into
a divide by nine circuit., The output of
this circuit is then one pulse per nine
half seconds, or, one pulse every 44
seconds. The 4% second output is then
divided by two to give one pulse every
9 seconds.

Relay Circuits Fig. 4: At various
points in the counter ‘tree’, pulses are
taken off to control the relay circuits.
These relay circuits translate the short
initiating trigger pulses, lasting less than

a millisecond, into timed relay operations
lasting approximately 275 milliseconds.
From the contacts of the various relays
the different pulse rates are taken off and
distributed as required.

The use of a monostable trigger circuit
allows the timed relay operation to be
adjusted independently of the length of
the trigger pulse. As soon as the circuit
is triggered, it commences a cycle of
operations which is not influenced by
conditions external to the circuit.

In its quiescent state the first triode
section has its anode current almost com-
pletely cut off whilst the second section
is conducting heavily. Upon receipt of
a positive trigger pulse the first triode
commences to conduct heavily. This

B+
{275V)

PULSE -
N g
soop 100K
200K ook
200K 113

Fig. 4.—Relay Circuit.
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causes the voltage at its anode to fall
rapidly, i.e., become less positive. This
action generates a negative pulse at the
grid of the second triode thereby causing
its anode current to be almost completely
cut off. The reduction in anode current
causes the common cathode to become
less positive and this action causes the
first triode to remain heavily conducting
even though the initial trigger pulse may
have gone. This condition continues
until the negative charge on the 0.1
microfarad capacitor has leaked away
through the 1.2 megohm grid resistor.
When this occurs the second triode sec-
tion will commence conducting once
more. The increased cathode current
will cause the first triode section to be
cut off and the circuit will rapidly restore
to its original condition. For the whole
period of heavy anode current in the
first triode the relay coil in its anode
circuit will be energised. The relay
armature will operate after a short initial
lag and remain operated for a short
period after the coil current has been
reduced to its normal low value. The
total period of operation of the relay
armature will therefore not be very
different from that of the conduction
period of the first triode section.

Night Rate: To provide for a cheaper
tariff at night, the required percentage
reduction is obtained by increasing the
resistance of the master oscillator’'s RC
network. This results in all periodicities
increasing by the same percentage. Fig.
2 shows this arrangement. A night rate
switch removes the short circuit from
part of the resistance. In practice the
contacts of this switch are duplicated by

contacts of a relay that is controlled by
a time clock. At the predetermined time
all pulse periods are changed. If it is
necessary to have some night rates that
are a different percentage change to other
night rates then separate T.P.G.’s will be
provided for these cases. This arrange-
ment is not uneconomical because it is
intended that the T.P.G. will only be
installed at central trunk switching
exchanges.

Reset Switch: The reset switch shown
in Fig. 3 is common to all of the divider
circuits. When the switch is open the
grid of one triode section in each bistable
element becomes positive, This causes
that section to become conducting and
the other section becomes non-conduct-
ing. The same triode section in each
element is treated in this manner thus
ensuring that the initial state of all the
divide circuits is the same.

MOUNTING DETAILS

For ease of maintenance each basic
circuit element was built as a complete
and separate sub-unit which, in the event
of failure, could be easily replaced. Fig.
5 shows one bistable element built into
turret form. The oscillator, shapers and
relay circuits were treated in the same
manner.

The complete T.P.G. consists of forty
of these units, i.e., one oscillator unit,
two shaper units, twenty-five basic coun-
ter units and twelve relay units. The
units are mounted on a chassis 27 inches
long, 7 inches wide and 3% inches deep.
The complete unit is illustrated in Fig. 6.

The units are coupled with circuits
which also have been constructed as

small sub-units. This is shown in Fig. 7.

The twelve 3000 type relays are
mounted on a relay plate attached to the
chassis. The complete T.P.G. is jacked
into a power supply mounted on a
separate chassis. An interlocking circuit
arranges for the A.C. supply to be

switched off when the T.P.G. is jacked
out.

Fig. 5.—One Bistable Circuit Built inte Turret
Form.

Fig. 6.—Top and Rear View of the Tariff Pulse Generator.



June, 1960

THE TELECOMMUNICATION JOURNAL OF AUSTRALIA

Page 279

POWER SUPPLY

The high tension voltage is supplied
from a full-wave valve rectifier circuit
followed by a filter section with capacitor
input. A SR4 is used as the rectifier
valve. The output voltage is approxi-
mately 275 volts on load, At this volt-
age the load current is 180 m.A.

The filament supply (6.3 volts) is pro-
vided as follows:—

(a) 7 amps from windings on the power
transformer;
(b) 12 amps from a filament transformer.

The power supply is mounted on a
separate chassis 16” X 53" X 34", A
32 point strip of shelf jacks, into which
the T.P.G. is plugged, is so mounted on
the chassis that, when the two chassis
are plugged together, the shelf jacks and
plugs are completely enclosed.

CONCLUSION

Three T.P.G.s have been built and
these have been operating satisfactorily
since September, 1957. Some troubles
have been experienced with the 6J6
valves. The Service C.V. version of these
valves would be better suited because of
their more robust construction.

Fault finding has not presented any
difficulties. The fault can be quickly
isolated to a particular section of the
circuit and then to a particular sub-unit.
The faulty sub-unit is then changed with-
out any ‘on the spot’ investigation into
the particular faulty component.

Equipment to supervise the periodicity
and length of each pulse, is yet to be
designed. This equipment will include

Fig. 7.—~The Inter-connecting of the Turrets in the Tariff Pulse Generator.

change-over circuits that will switch to a
standby generator if any pulse fails.
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Congratulations are extended to
Mr. J. Hutchison on his appointment as
Director, Posts and Telegraphs, New
South Wales.

Mr. Hutchison commenced in the De-
partment as a Telegraph Messenger in
1918, and later entered the technical
field as Technician-in-Training. He
showed outstanding ability and qualified
quickly as Senior Technician. In 1927
he was selected as an Engineering Cadet
and subsequently took his Engineering
Degree at Sydney University with Hon-
ours in Electrical Engineering. Mr.
Hutchison has had extensive engineering
experience, including a term in the De-
partment’s Research Laboratories in
Melbourne.

From 1938 to 1942 he was in charge

B.E.(Hons.)

of the Queensland Radio and Broad-
casting Section with responsibility for
the installation, maintenance and opera-
tion of all radio and broadcasting equip-
ment in that State. He returned to Syd-
ney in 1942, and until his appointment
in 1957, as Assistant Director, in charge
of Post Office Engineering activities in
New South Wales, served in a variety
of capacities with particular emphasis on
the radio and transmission side.

Mr. Hutchison has been associated
with a number of important projects, in-
cluding the Sydney-Maitland Trunk
Cable planning, the installation of the
Chief Telegraph Office, Sydney, the first
picturegram service and the first pro-
gramme carrier service between Sydney
and Melbourne.

MR. J. HUTCHISON, B.E.(Hons.)
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TIME SIGNALS IN AUSTRALIA

During the early days of settlement in
Australia most of the State Governments
set up observatories which were mainly
required for the various services to ship-
ping, including time determination and
the provision of time signals. With the
advent of Federation and the develop-
ment of rapid means of communication
both by line and radio, the need for so
many time determining centres has
passed. Thus at the present time the
working observatories in Australia are
the State Government institutions of
New South Wales and Western Australia
together with the Commonwealth
Observatory at Mt. Stromlo near Can-
berra. In addition the Queensland Gov-
ernment provides a time service which
is operated at Brisbane. Time services
in Victoria and South Australia are
operated by the Postmaster-General's
Department in conjunction with the
Commonwealth Observatory which pro-
vides the time reference for these ser-
vices. Tasmania takes time signals from
Victoria.

This article is not concerned with the
methods and problems involved in the
determination of time, which have been
described fully elsewhere, for example in
Ref. 1. Time determination is carried
out in Australian observatories by the
use of some of these methods together
with observations on radio time signals
broadcast by overseas standard frequency
and time stations. The accuracy achieved
varies with the methods used, which in
turn largely depend on the equipment
available. Under normal circumstances
observatories could maintain an accuracy
of = 34rd second or better. However,
the errors of time signals from Brisbane
may be up to 1 or 2 seconds because of
equipment limitations there. In order to
distinguish between the high accuracy
observatory signals and other time signals
that may be produced, for example, at
broadcasting stations, arrangements have
been made to restrict the generation of
the six pip form of signal to the recog-
nized observatories. Steps have also
been taken to reduce the possibility of
recording time signals at the same time
as other programme material with the
consequent danger of replaying it at an
mcorrect time.

In the case of Victoria, special circum-
stances that existed there have made pos-
sible the provision of different apparatus
for the generation and distribution of
time signals compared with other States,
where the observatory or its equivalent
maintains a system of precision pendu-
lum clocks which are rated by local
astronomical observations or by measure-
ments on overseas radio time signals or
by a mixture of both processes. The
Postmaster - General’s Department Re-
search Laboratories in Melbourne have
a special interest in precise frequencies
for many of their investigations and

This article is a reprint of an article which
appeared in Cartography, Vol. 2, No. 4,

* See page 299.

accordingly maintain their own fre-
quency standards. FEach standard con-
sists of an oscillator operating at a fre-
quency of 100 kc/s. The frequency of
oscillation is controlled by a piezo-
electric quartz crystal which for best
results should be maintained at a tem-
perature constant within a few hun-
dredths of a degree centigrade. An elec-
tronic thermostat is used for this pur-
pose. The output from the oscillator is
divided electronically to 1 kc¢/s and then
used to drive a special synchronous
clock. The whole apparatus is commonly
referred to as a “quartz clock”. The
synchronous clock provides a means of
rating the standard oscillator in terms of
time determined astronomically because
comparison on a frequency basis does
not provide sufficient accuracy due to
Doppler frequency shifts that occur with
movement of the reflecting layers
responsible for ionospheric radio trans-
mission. Changes of rate as small as 1
millisecond per day are of interest.

The time comparisons are done by
sending to Canberra via land line, 1
second pulses from one of the Research
Laboratory quartz clocks once every
working day. The time of arrival of
these pulses is measured at the Observa-
tory and the difference of the times of
arrival over successive days gives the
rate of the quartz clock. Allowance is
made for variation in transmission time
between Melbourne and Canberra by
measuring each day the time for trans-
mission of the 1 second pulses from Mel-
bourne to Canberra and return.

A quartz clock rate of 1 millisecond
per day corresponds to a frequency dif-
ference from the nominal 100 kc/s to
1.16 parts in 10°% It is thus necessary,
in order to determine the oscillator fre-
quency with adequate accuracy in terms
of time observations, to consider mea-
surements over a minimum period of 10
days. When operated under proper con-
ditions, that is the minimum of mech-
anical vibration, temperature change,
and power supply disturbance, a quartz
clock normally increases in frequency
with the passage of time in a manner
which can be predicted with reasonable
accuracy from the previous performance.
However, once the oscillator is disturbed,
particularly mechanically or thermally,
an unpredictable change in frequency
and ageing rate can take place. Hence
great care is taken in designing quartz
clock equipment to provide the maxi-
mum possible reliability.

From the foregoing discussion it can
be seen that the Postmaster-General’s
Department was well placed to under-
take the distribution of time signals, in
that precise signals were available from
the Research Laboratories Quartz Clock
and the Department’s communication
network provided a convenient means
for the dissemination of time signals. In
1945, when the Melbourne Observatory
was closed, the Victorian Time Service
was operated by the Research Labora-
tories using pendulum clock equipment
controlled by one of the quartz clocks.

E. F. SANDBACH, B.A., B.Sc.*

The control was arranged so that if it
failed, the pendulum clock system car-
ried on the time service with the inher-
ent accuracy of the pendulum clocks
unimpaired. After ten years operation
this system was superseded by the instal-
lation of the Speaking Clock in Mel-
bourne.

The Speaking Clock has been fully
described elsewhere (2). It consists
basically of a quartz crystal oscillator
and frequency divider chain which pro-
duces a highly stable 50 ¢/s output used
to drive both the announcing machine
and a special time signal generator. The
time signal generator produces the stan-
dard “six pip” time signals once per
minute and once per hour as well as a
special signal for marine navigation pur-
poses commonly referred to as the XNG
signal. Distribution of time signals to
radio stations and other time service
subscribers is arranged by the use of
relays with multiple contacts, which
operate under the control of the time
signal generator. By this means separate
contacts are obtained for each time ser-
vice subscriber. The time signalling
equipment at the subscribers premises
operates when the contacts are made.
Correction of the Speaking Clock is
effected by the use of an adjustable
phase shifter in the 50 c¢/s supply line
to announcing machine and time signal
generator. Adjustment of the phase
shifter can either advance or retard both
the announcing machine and the time
signal machine by precisely regulated
amounts. The Speaking Clock prepares
itself for correction once every twenty-
four hours. On receipt of the correc-
tion signals the phase shifter is auto-
matically stepped in the appropriate
direction until the phase of the Speaking
Clock is identical with that of the correc-
tion signals.

The correction signals are generated
at the Postmaster-General's Department
Research Laboratories by equipment
driven from one of the quartz clocks.
The proper relation between the phase
of the Speaking Clock correction signals
and time, as determined by the Com-
monwealth Observatory, is maintained
by regularly comparing the correction
signals with the output of the “reference”
quartz clock which is directly rated by
the Commonwealth Observatory as
described previously. Adjustments to
the - correction signals are made as
required to allow for variations in the
frequency of the oscillator driving the
correction signal generator and to follow
astronomical time predictions which are
received from the Mt. Stromlo Observa-
tory once per week. Taking all causes
of error into consideration any six pip
time signal as broadcast by the radio
stations in Victoria should under normal
circumstances be within = 1/10th sec.
of correct time. The main variations
from this accuracy will occur when one
of the Victorian stations is taking an
interstate programme and broadcasts an
interstate time signal.

From the table at the end of this
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article listing the various time signals
useful in Australia, it will be seen that
the most accurate radio time signals
available from an Australian station are
those generated at the Commonwealth
Observatory and radiated over the Bel-
connen Naval radio station. The
Observatory uses its own quartz clock
installation rated by  astronomical
observations to control these time signals.
For high accuracy work, corrections to
the nearest millisecond are available for
the mean time signals from Belconnen.
No corrections are published for the
rhythmic signals. Accurate signals are
also available from overseas countries.
It should be remembered in using these
signals, that allowance must be made for
the transmission time from the station
to the point of reception when the utmost
precision is requlred Further details of
the various time signals are set out in
Refs. (3) and (4).

The current definition of time has been
referred to in (1) that is “the second is
the fraction 1/31,556,925.9747 of the
tropical year for 1900 January at 12
o'clock in ephemeris time. While this
definition is satisfactory for high accur-
acy astronomical time determmatlon,
presents developments in precise time
keeping have been directed towards find-
ing a more stable working reference than
that provided by a piezo-electric quartz
crystal. To this end various atomic and
molecular resonances have been explored.
One of the early attempts used a reson-
ance in ammonia which occurs at a
frequency of approximately 23,870 Mc/s.
The intention was that the ammonia
resonance be used as a reference for a
control circuit to make compensating
adjustments for the ageing and other
changes of a quartz clock. Due to prac-
tical difficulties with the control circuit
the overall stability realised was not
significantly greater than that obtainable
from a high quality quartz clock. Later
attempts have been more successful and
there is available in the U.S.A. an atomic
clock using a resonance in caesium
atoms for which a stability of a few
parts in 10" is claimed.

The National Physical Laboratory in
England have been using an alternative
approach; a caesium resonator operating
at a frequency of 9192 Mc/s is used to
calibrate their standard quartz clocks
regularly, thus providing an accuracy
similar to the caesium clock but without
the complication of the control mechan-
ism. The frequencies and time signals
radiated by the English standard fre-
quency station M.S.F. are referred to
the National Physical Laboratory caesium
resonator. By the time these atomic
devices have been in operation long
enough to calibrate them in terms of
ephemeris time, they will provide a con-
venient working reference of frequency
and time interval of the highest stability.
Among a great variety of other uses
they will be able to measure the irregu-
larities in the rate of the earth’s rotation.

Notes: A. The time signal is originated
by the Commonwealth Observatory,
Canberra, and is broadcast by Belconnen
Naval W/ T station. It is of the rhythmic
type, comprising a series of 306 signals
emitted in 300 seconds of mean time,

the concluding signal being on the exact
hour. In each series, signals numbers 1,
62, 123, 184, 245 and 306 are single
dashes (—) of 0.5 seconds duration and
begin at the exact minute. Each dash is
followed by 60 dots of 0.1 seconds dura-
tion. The beginnings of successive
signals, whether dot or dash, are equally
spaced at intervals of 60/61 parts of one
second of mean time.

The procedure is as follows:—
m k)

1st signal, a dash followed by 60 dots
56 00 62nd ,, ,, » » »”
123rd ,, ,, » ,, 60 »
184th ,, ,, » » 60 ”
245th ,, . »
306th ,,

This time s1gna1 w111 enable chrono-
meter comparisons of extreme accuracy
to be obtained, the method employed
being to count the number of intervals
from the first dash until coincidence
occurs between one of the rhythmic
signals and the beat of the chronometer.
It is not necessary actually to count the
signals. Take the nearest second of each
dash by the chronometer and write down
the chronometer time of coincidence.

” ”

The difference gives the number of the
rhythmic signal.
B. This time signal which is originated
by the Commonwealth Observatory, Can-
berra, and broadcast by Belconnen Naval
W/T station is sent out during 5 minutes.
It consists of the transmission of a dot
for every second, omitting the dot at the
following seconds:

29, 51, 56, 57, 58 and 59 during the
first mmute

29, 52, 56, 57, 58 and 59 during the
second minute;

29, 53, 56, 57, 58 and 59 during the
third minute;

29, 54, 56, 57, 58 and 59 during the
fourth minute;

29, 51, 52, 53, 54, 55, 56, 57, 58 and
59 durmg the fifth minute.
At the end of the 60th second on the
fifth minute, a one second dash will be
sent, the beginning of which is the time
signal. Correction sheets for these
signals are available from the Common-
wealth Observatory, Mt. Stromlo, Can-
berra, A.C.T.
C. Interruptions from minute 0 to minute

SPECIAL TIME SIGNALS USEFUL IN AUSTRALIA

Name of Call Carrier fre-| Class of Time of Emission
Station Sign guency kc/s| Emission GM.T. Notes
Belconnen VHB 44
if 6428.5 A 0755-0800
VHP l 8478 *
22485 A
VHB 44
- 6428.5 A
VHP { 8478 . 1355-1400, 1955-2000
12907.5
VHB 44
8478 A
VHP {17256.8 J 1 0025-0030 B
22485
Beltsville WWV 2500 .
Maryland 5000 Ay, Az A, Continuous D
US.A. 10000
15000
20000
25000
Kihei, WWVH | 5000
Hawaii 10000 AsAs C D
15000
Tokyo, T 2500 E
Japan 4000 ALA: Continuous
5000 F
8000 2100-1100 h.
10000 G
15000 H
Adelaide, VIA 500 A: 0027-0030, I
Radio 1227-1230
Melbourne,| VIM 500 A 0157-0200, J
Radio 1357-1400
Perth, VIP 500 As Monday to Friday K
Radio 0057-0100, 1257-1300
Saturday 0057-0100
Sunday 1257-1300
Sydney, VIS 500 Ay 1055-1100, 0255-0300 L
Radio (except Sundays and
Holidays)
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4, and from minute 30 to minute 34 of
each hour, as well as from 19.00 to
19.34 GMT.

D. The audio modulation on WWYV and
WWVH is alternately 440 c¢/s and 600
¢/s for 3 minute of each five. The time
signals are given on WWV as 5 cycles
of 1000 c¢/s tone and on WWVH as 6
cycles of 1200 c/s tone; no pulse is given
on the 59th second of each minute for
both stations. With WWYV the first pulse
of each minute is repeated 100 milli-secs.
later. The accuracy of time intervals
from both stations is = 1 X 10° = 1
micro sec. The phase of time signals
from both stations is adjusted in steps of
20 milli seconds. Adjustments are made
on Wednesdays at 1900 GMT when
necessary. Correction sheets are avail-
able from the Central Radio Propagation
Laboratory, National Bureau of Stan-
dards, Washington 25, D.C.

E. All JJY transmissions give the time
signal by breaking the 1000 ¢/s modula-
tion for a period of 20 milli seconds each
second and 0.2 seconds each minute, the
frequency of the point of emission after

each break being at each exact second
or minute. The time signal accuracy is
0.001 second with adjustments made in
steps of 10 milliseconds. Transmission
on 2500 kc/s is from 0700-2300 GMT,
with interruptions from minute 29 to
minute 39 of each hour.

F. 5000 ke¢/s transmission is on Mondays
only with interruptions from minute 9
to minute 19, from minute 29 to minute
39, and from minute 49 to minute 59 of
each hour.

G. 1000 ke¢/s transmission is on Wednes-
days only with interruptions as for F.
H. 15,000 kc¢/s transmission is from
2100-1100 GMT. Interruptions as for

E.
I. The first minute consists of a series
of the signal X (—..—) beginning at 5

seconds and finishing at 50 seconds.
Similarly the second minute consists of
a series of the signal N (—.) and the
third minute a series of the signal G
(— —.). The period from 55 seconds
to 60 seconds in each minute is taken up
with three dashes each of 1 second dura-
tion with the end of the last dash mark-

ing the end of the minute. Accuracy is
the same as for other services operated
by the State Observatory namely * %
second under normal circumstances.
J. The XNG signal is similar to I except
that the period 55 secs to 60 secs of
each minute is taken up with 6 dots
spaced at one second intervals each dot
having a nominal duration of 1/10th
second.
K. As for I
L. One dash as the seconds 0-1, 10-11,
20-21, 30-31, 40-41 and 50-51 in each
minute and a dot at every other second.
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MR. E. B. CURTIS, M.LE.Aust.

Congratulations are extended to Mr.
E. D. Curtis on his recent appointment
as Assistant Director, Engineering, in
the Victorian Administration.

Mr. Curtis commenced his Depart-
mental career as a telegraph messenger
at Brighton in 1916, and entered the
Engineering Division as Draftsman-in-
Training in 1922, being advanced as
Engineer in 1925. Most of his early ex-
perience as Engineer was obtained with
problems concerning internal plant work,
namely, telephone, telegraph and radio
equipment. Telephone equipment tasks
of interest undertaken during this period
included installation of the first “pack-
aged” type R.AX.’s and Mr. Curtis
supervised the first exchange installation
in Victorta of 2000 type line finder
equipment at Brunswick.

Promotion through the various grades
of Engineer followed and positions held

included, Assistant Supervising Engineer,
Telegraph Service; Supervising Engineer,
Radio and Telegraphs (1950), and Super-
intending Engineer, Planning Branch
(1955). Mr. Curtis spent a short period
at Headquarters in 1926, and during
1958 he was temporarily transferred as
Deputy Engineer-in-Chief, Services.

Mr. Curtis has always supported the
activities of the Society, having contri-
buted articles on telegraph problems to
the Journal. He has also delivered lec-
tures at meetings of the Society and is
the current President of the Victorian
Division. Apart from his wide experi-
ence, his ready wit and approachable
manner will no doubt contribute in a
large measure to a successful launching
of the new organisation in the State of
Victoria.

Mr. Curtis is a Member of the Insti-
tute of Engineers Australia.

MR. E. D. CURTIS
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THE PREVENTION OF ACCIDENTS v.) wHITE BSc., B.A., AMLE. Aust, M.B.Ps.S.*

INTRODUCTION

In the year ended the 30th June, 1959
there were nearly 6,000 lost time acci-
dents in the Postmaster-General’s De-
partment (about 7 per 100 staff em-
ployed). The total time lost due to acci-
dents during working hours in this
period was In the vicinity of 300,000
hours. In the Engineering Division for
the same year there were approximately
3,600 lost time accidents (9 per 100
staff) and about 201,000 man-hours were
lost. The direct cost of these accidents
(time lost plus compensation payments)
was about £400,000. It is generally
agreed that indirect costs of accidents
such as lost production, administration
costs, etc., are at least equal to the
direct costs. Hence the total loss sus-
tained by the Engineering Division due
to accidents at work during the year
ended 30th June, 1959 would approach
£1,000,000. Add to this the pain, suffer-
ing and grief which accidents bring to
the worker and his family, and we have
a powerful reason why strenuous efforts
should be made to reduce accidents at
work.

The Commonwealth Government con-
vened a National Safety Conference in
Canberra in November, 1958, in order
to emphasise the need for active accident
prevention measures in industry and to
stimulate interest in job safety of
Commonwealth and State Departments
as well as all private industrial concerns.
The Postmaster-General’s Department
was represented at this Conference by
Mr. M. R. C. Stradwick, then Director-
General (designate) and Mr. I. M. Gunn,
then Supervising Engineer, Lines Section,
Central Office, and as a result of subse-
quent follow-up action, active measures
are being adopted in the various Divi-
sions and Branches to improve the over-
all safety record of the Post office.

This paper describes general prin-
ciples involved in the prevention of acci-
dents and indicates how they are being
applied in the Engineering Division.

GENERAL PRINCIPLES OF
ACCIDENT PREVENTION

The following principles apply to
accidents in general. They can be used
in the workshop, in the exchange or in
external plant operations and should be
properly understood by every Supervisor
and Field Engineer. These principles are:
(1) Accidents are prevented when there

is adequate control of man, his phy-
sical environment and the materials,
machines, tools and equipment he
uses.

The man in the best position to con-
trol these factors is the first line super-
visor. In the Engineering Division, Post-
master-General’s Department, this is the
Party Leader, Line Foreman or Senior
Technician in charge of the working
party.

(ii) The First Line Supervisor is the key
man in industrial accident preven-
tion.

This follows from the first principle,
but is so important as to require state-
ment as a separate principle.

* See page 299.

(iil) An accident is almost invariably
caused or permitted by an unsafe act
of a person and/or a physical hazard.

It follows that if we eliminate the un-
safe act and the physical hazard we
eliminate accidents. Hence the focus in
accident prevention work must be on
potential unsafe acts and on physical
hazards. Because human behaviour is
difficult to predict, the surest accident
prevention method is to completely elim-
inate the physical hazard.

(iv) The first and simplest step in acci-
dent prevention work is to identify
and eliminate, where possible, the
specific physical hazards in the work
environment.

This is a fundamental step. Engineers
should know the hazards of each kind
of work operation their men perform. In
particular, the Field Supervisors (Party
Leaders, Line Foremen, etc.) must make
sure the specific hazards of each job
allocated to the men are clearly identi-
fied and ways of eliminating or control-
ling them clearly understood.

(v) A person suffering a major injury
from an accident caused by an un-
safe act has performed the same un-
safe act without injury, on the aver-
age, some hundreds of times pre-
viously.

It follows that accident prevention
work 1s concerned with the “near
misses” just as much as with actual in-
jury producing accidents. Each “near
miss” ignored, is just one further lost
opportunity to prevent an accident.

(vi) Methods best suited to accident pre-
vention are also the best methods
for control of output.

It has been stated that the first Line
Supervisor is a key man in safety. The
Supervisor is also a key man in efforts
to increase output of the work force. If
this first line of supervision is strength-
ened then we can expect both safer and
better work output.

Knowledge of these principles is not
enough—there must be keen interest in
safety on the part of both worker and
management, and hence ways and means
of creating and maintaining interest in
safety are required to develop and main-
tain the vigilance necessary to prevent
accidents.

HAZARDS OF PEOPLE

Some writers claim that 90% of all
accidents are caused primarily by the un-
safe acts of people. Others say that about
5% are caused primarily by either un-
safe acts or physical hazards and that
95% are caused by the combined action
of both people and hazards. This differ-
ence of opinion results mainly from the
fact that different people are analysing
causes of accidents down to different
levels. It can be said that physical haz-
ards exist because of the faults of people
so that accidents which on the surface
appear to be caused by a physical haz-
ard are, in fact, caused indirectly by un-
safe acts of people. Nevertheless, in the
final analysis we can say that an acci-
dent results from the mixing together
of physical hazards and people. Both
must be present before an accident can
occur and therefore, to prevent accidents
we must:—

either (i) eliminate the workman.
or (ii) eliminate the hazard,

Fig. 1.—This condemned pole fell whilst two linemen were at work on it removing spindles and

insulators. The hazard could
complete with fittings.

have been eliminated by dropping the pole to the ground
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or (iii) control the hazard and the
workman so that they can exist
safely together.

In modern factories many processes
are being handled in a completely auto-
matic way. This effectively eliminates
injuries because there are no people pre-
sent to be hurt. In the Postmaster-
Gencral’s Department automation to this
extent is still a long way oftf so that the
elimination of people from the work
scene is not a very promising method of
preventing accidents. However, the pro-
gressive introduction of new mechanical
aids to our work opcrations is a first
step in this direction and in so reducing
the number of men required on the job
we tend also to reduce the chances of
injury, provided, of course, the machine
is properly designed and adequately con-
trotled. Similarly, the elimination of cer-
tain field operations by prefabrication in
the factory helps to prevent accidents on
the job.

The sccond step, namely elimination
of hazards, is a far more promising
means of reducing accidents. By proper
planning of work operations, by ade-
quate design of tools and equipment
and by wise selection of materials used
on the job, many hazards can be re-
moved from the work scene.

However, in many work situations it
is impossible or impracticable to elimin-
ate hazards and in these situations the
actions of the men and the effects of the
hazards must be controlled if accidents
are to be prevented.

Therefore, the more we know about
hazards the more effectively will we be
able to either eliminate or control them.
Also, the more accurately we can iden-
tify and locate hazards in the work
situation the more effective will be our
efforts to prevent people from being
hurt by them.

HAZARDS IN GENERAL

Hazards may be classified in a variety
of ways according to the type of indus-
try concerned. A general classification
of hazards which can be used by all
kinds of industry is cssential if there is
to be standardised coding and recording
of accident information. J. Reid (%), W.
Heinrich () and the Australian Stand-
ards Association () have all provided
such a classification.

A classification adopted for
all Commonwealth Government
partments is given below:—

(1) Machinery including prime movers,
pumps, mechanical power transmis-
sion apparatus, hoisting and hauling
machines, conveyors and the various
types of industrial machines.

(2) Vehicles of all kinds, for example,
motor vehicles, trams, railway Jloco-
motives, bicycles, aircraft, etc.

(3) Electricity, explosives, flames and hot
substances.

(4) Harmful substances, for
acids, dangerous gases, etc.

(5) Persons falling, stumbling or slipping.

(6) Stepping on or striking against fixed
or stationary objects,

(7) Handling or moving or falling objects.

(8) Hand tools, including power operated
hand tools.

(9) Miscellaneous, including animals and
insects.

use by
De-

example,

Fig. 2.—The wires shown here are power wires over a new open wire trunk route. The two
lower wires are low voltage conductors which contacted the P.M.G. wires and killed a lineman
working about 1} miles away. This under-crossing was erccted only the previous day and when
climbed the pole this photograph was taken from to check the clearance, they failed to
observe the lower set of wires. They were looking from a point higher up the pole and the
low voltage wires are then lost in the dark background of the nearby hill. Hod this span of
wires been erected last the hazard would have been eliminated at least for most of the time

the men worked on the wires,

A general classification of hazards
such as this one helps recording of acci-
dent information, but is not of much
help to the Field Supervisor charged
with the responsibility of ensuring the
work situation is as free of hazards as
practicable. He must have definite spe-
cific information of actual hazards, such
as, for example, that a power line
crosses the pole route between pole 100
and pole 101 and the clearance from the
Postmaster-General’s Department wires
is 3 feet. Without knowledge as specific
as this, his ability to prevent accidents
1s severely limited.

After an accident has occurred the
hazard causing it stands out unmistak-
ably. Accident prevention calls for the
identification, recognition and location
of hazards in advance of the work
operations and this requires continuous
vigilance and care on the part of all
people involved in planning and per-
forming the work.

HOW TO DEAL WITH HAZARDS

Having located the specific hazards in
the work situation the next task is to
deal with them, and in general there are
three possibilities—

(1) eliminate the hazard completely,

(ii) control its cffects,

(iii) ask people to be careful and avoid
1t.

Take, for cxample, a dangerous rail-
way crossing. The hazard here is that of
being struck by a train. If the crossing
is eliminated entirely by an overpass
then therc is no possibility of accident—
the cure is 100% effective. Secondly, the
hazard may be controlled by erecting
gates which close when trains approach.

In this case accidents, although unlikely,
may still occur if for some reason the
gates do not close as a train approaches
—the cure is no longer 100% sure. And,
finally, we may merely erect a sign at
the crossing asking people to watch out
for trains and to proceed with caution.
In this case we are relying on people to
act in a reasonablc manner and our
chances of preventing accidents are slim
indeed.

It is obvious that the only 100% sure
way of preventing accidents is to elimin-
ate the hazard completely. This must
always be considered as the first step in
accident prevention and every hazard in
the work situation must be found and
critically examined with a view to elim-
inating it entirely. Generally, the great-
est opportunity to eliminate hazards
occurs during the planning stages of a
work when. for example, a power cross-
ing may be avoided by careful selection
of the route or by the provision of cable.
Opportunity to eliminate hazards occurs
also at later stages right down to the
actual commencement of the work,
for example, a party leader may decide
that instead of erecting the first span of
wire under a power line, he will com-
mence at the other end of the job and
erect the wires at the power crossing as
the last operation, thus eliminating the
hazard at least for most of the time the
line is being erected.

There are many situations where it is
quite impracticable to eliminate the
hazard and steps must be taken to con-
trol its effects. In this case the two ne-
cessary ingredients for an accident—
hazards and people—are present and
both must be controlled to prevent acci-
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dents. Hazards are controlled by the
provision of guards and safety devices
such as rope guards, earthing rollers,
etc., whilst the workmen are controlled
by the Field Supervisor who sees that
the men follow prescribed safety proce-
dures and wear personal protective
equipment such as safety belts, gloves
and protective helmets. Quite obviously
the effectiveness of these methods of
accident prevention depend heavily on
the Field Supervisor and his ability to
accurately locate all the hazards in the
work environment and to effectively con-
trol them and the actions of his men.
The third general method of prevent-
ing accidents, that of asking people to
be careful, hardly qualifies as an effec-
tive method at all. However, it has been
mentioned here because it is still the
only method used in many places. Take
for example the case of the polythene
bags used in America by dry-cleaning
firms. These bags apparently develop,
under certain conditions, static charges
of electricity causing the polythene to
stick to people’s skin. The bags when
placed over the head are also an excel-
lent way of dressing up as a spaceman.
The action of drawing the bag over
the head tends to develop the static
electrical charges and the polythene bag
collapses around the face and neck, cut-
ting off the air supply with fatal results.
Some 40 or 50 children were Kkilled in
America in 12 months in this way. One
method suggested by a dry-cleaning firm
to prevent these accidents was to have
the bags marked dangerous. This is an
example of the method of preventing
accidents in which reliance is placed on
warning signs advising peaple to be care-
ful. It is often the favourite method of
preventing accidents in the home, is very
unreliable and should be used only as a

last line of defence after other action
to eliminate or control the hazard has
been taken.

ACCIDENT PREVENTION IN
ENGINEERING DIVISION

Emphasis on Normal Line of Super-
vision: Probably the most important
principle of accident prevention is the
one which states—"“The first line Super-
visor is the key man in industrial acci-
dent prevention.” This applies particu-
larly to the Engineering Division where
a large proportion of the staff are in
small working parties scattered over a
wide area. For this reason heavy em-
phasis is placed on the normal line of
supervision and prevention of accidents
is regarded as a normal and integral
part of a supervisor’s day to day duties.
In order to cultivate safe working habits
and to discourage any tendency to regard
safety as something special, or apart
from routine work, safety precautions
are now being included where possible,
in the Engineering instructions on the
work method, rather than published as a
separate set of instructions.

Training of Supervisors: The Depart-
ment has availed itself of the Common-
wealth Department of Labour and Nat-
ional Service Safety Course to establish
a cadre of properly qualified trainers
who will be available to train Super-
visors in job safety. In the Engineering
Division these trainers will be mainly
used in conjunction with supervisory
training courses which will cover all
aspects of supervision. In this way pre-
vention of accidents will be firmly es-
tablished as an integral part of normal
supervision.

Accent on Hazards: The basic philo-
sophy adopted is to concentrate on the
detection of hazards in the work situa-

Fig. 3.—This was the scene of a near miss. A street light feed on the power pole at the left
of the picture was contacting the steel pole and when the street lights were engrglsed the
whole pole including a bracket holding a P.M.G. drop wire was alive. A man working on the
second wooden P.M.G. pole down the other side of the street received a shock when he touched
both o bracket the drop wire was attached to and on earthed open wire.

tion and then to eliminate them as far
as possible. This applies at all levels
from the design and planning engineers
right down to the field supervisor. Thus
Material Design Engineers are required
to check new materials such as epoxy
resins or liquid petroleum gas for health
hazards with an appropriate Health
Authority. Tool and Equipment Design
Engineers check their designs from the
safety point of view to ensure they in-
troduce no additional hazard by, for
example, exploiting low voltage power
tools as far as possible. Engineers en-
gaged on development of methods and
establishing standard practices endeav-
our to apply the eliminate-the-hazard-
first approach where possible, so that,
for example, in methods of dismantling
wire, provision is made for the cutting
out of power crossings first before the
remainder of the wire is recovered.

In planning work operations Field
Engineers should make sure Supervisors
know the specific hazards involved in
each operation, at each work site and
know how best to eliminate or control
them.

Although adopted mainly for eco-
nomic reasons the policy of replacing
certain manual operations in the field by
machine prefabrication at a central de-
pot or factory has also contributed to
the prevention of accidetns. Thus the
introduction of pressure treated poles
which are dressed by machines has
eliminated hazardous manual field work
which was the source of many injuries
in the past.

Recognition of Importance of the
“Near Miss”: In a revised accident re-
porting procedure now being introduced
staff are asked to report not only actual
injury producing accidents, but also those
mishaps or unforeseen events which do
not result in injury and which are best
described as “near miss”. This is an
important development because every
“near miss” is an opportunity to cor-
rect some hazard or unsafe act which,
if allowed to continue, will eventually
cause an injury. The purpose of having
“near misses” reported is to give local
management a chance to correct a dan-
gerous situation before it causes injury
and there is no intention or desire that
it be used other than for this mutually
beneficial purpose.

Stimulating Interest on Safety: Pre-
vention of accidents is the responsibility
of field supervisors who are also charged
with the very obvious task of obtaining
maximum work output. The organisa-
tion is well provided with supervisory
checks and control systems to ensure
that the attention and interest of Super-
visors are directed towards efficiency
and productivity so that in general the
normal line of supervision tends to be
pre-occupied with these aspects.

There is a clear need, therefore, for
the Administration to take active steps
to ensure that the attention and interest
of Supervisors is being continually
directed towards its responsibility for
the prevention of accidents.

In order to stimulate interest in safety
at Headquarters, a Safety Steering
Group, with representatives from all
Plant Sections, has been set up under
the Chairmanship of the Assistant En-
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gineer-in-Chief, Services. The main func-
tion of this group is to co-ordinate pro-
cedures for maintaining interest in acci-
dent prevention. Trends in accident
rates and standardisation of procedures
and forms used to report and investi-
gate accidents are other functions of
this group.

Some State Administrations have simi-
lar Executive Safety Committees operat-
ing at Supervising Engineer or higher
level. These committees are an excellent
aid to management, but they must not
in any way lessen the responsibility of
Supervisors for the safety of their work-
men. In fact, their main task is to see
that the normal line of supervision
squarely shoulders full responsibility for
the prevention of accidents.

The interest of Field Supervisors and
workers in safety is stimulated by vari-
ous means. First of all safety is an im-
portant part in training courses for all
trainee linemen and technicians. Posters
such as Linelights and Service Sidelights

are used to drive home the safety mes-
sage, and staff news sheets such as “On
the Line” devote space in each issue to
some aspect of safety. Engineers and
Field Supervisors are encouraged to de-
vote part of their normal supervisory
duties to informal staff discussion groups
in which safety procedures, the latest
“near miss” or an actual accident are
discussed and analysed. Safety films are
shown pediodically and safety pamphlets
are issued to all workmen.

CONCLUSION

The policy on prevention of accidents
in the Engineering Division is to re-
gard safety as an integral part of normal
supervision. Supervisory training, includ-
ing training In job safety is being
arranged. Every effort is being made to
develop in both worker and Supervisor
alike the attitude that safety precautions
must be part and parcel of normal work
methods.

Emphasis is placed on the elimination
of hazards as the first and surest method

of preventing accidents and the report-
ing of “near misses” is being encouraged
as a means of providing information on
hazards before they cause injuries..
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MR. G. N. SMITH, B.Se.. A.M.LE.Aust.

The Society congratulates Mr. G. N.
Smith on his appointment as Director,
Posts and Telegraphs, Victoria.

Mr. Smith joined the Department as
a Cadet Engineer in May, 1926. He was
promoted as Engineer in 1930 and
worked mostly in the Research Labora-
tories on telephone transmission pro-
blems, but was also associated with the
Bass Strait telephone cable and the Mel-
bourne-Geelong trunk cable projects
which were undertaken in the middle
1930’s.

He was promoted as Divisional En-
gineer, Queensland, in 1938, and Assist-
ant Supervising Engineer in 1948. Whilst
in Queensland, Mr. Smith was respon-
sible for the installation, planning and
maintenance of long line equipment in
that State. This period included the
active war years which introduced many

large and important projects, largely
due to the special demands made by
the local and U.S.A. armed forces
operating from Queensland.

In 1949 Mr. Smith transferred to the
Headquarters of the Telecommunications
Division as Inspector (Traffic) and was
promoted as Controller, Planning and
Development in March, 1955. Further
promotion as Assistant Director (Tele-
communications), Victoria, followed in
July, 1958.

Mr. Smith has always given practical
support to the activities of the Society.
He has contributed five interesting
articles to the Journal, and it is confi-
dently expected that with the reconsti-
tution of the Society to include separate
Divisions in all States, the Victorian
Division will receive strong support from
the new Director.

Mr. G. N. SMITH, B.Sc., A M.I.LE.Aust.
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THE NEW SOUTH WALES NORTH COAST TRUNK RADIO

NETWORK

PART I—PLANNING

1—INTRODUCTION

Periodically and almost regularly
N.S.W. and Queensland suffer severe
floods. In New South Wales it is the
North Coast (Fig. 1) which suffers most
and rarely does a year go by that one
district or another is not inundated. In
February, 1955, new heights were
reached by the flood waters; for the
first time in the history of the North
Coast, all the major river systems were
in simultaneous flood and road, rail and
telephone communications were dis-
rupted. This was a flood which departed
from the accepted pattern, this was a
flood which defeated the plans of the
telephone engineers who had designed
their system to cope with the flooding
of any one of the river valleys but not
for the simultaneous flooding of seven
rivers, the Hunter, the Manning, the
Hastings, the Macleay, the Clarence, the
Richmond and the Tweed. This was a
unique flood.

The telecommunications facilities suf-
fer from floods in two major ways.
Firstly, the flotsam includes substantial
objects such as tree trunks, storage
tanks, dead cattle, etc. and these sweep
along with the flood waters reaching
speeds of over 10 m.p.h. Telephone
poles, substantial as they are, are not
designed to withstand the full impact
of a 10 cwt. object travelling at speed
and extensive breaks were made in this
way in major trunk routes in the flooding
of 1955. Secondly, the equipment build-
ings can be inundated rendering the
equipment unserviceable. This happened
in a number of towns during the 1955
floods.

The solution proposed for the flooding
of equipment rooms is to raise the level
of the equipment and this has been car-
ried out. In some places, it has proved
practicable to strengthen pole routes and
to divert the routes over higher ground.
However, there are many places where
the cost of diversions and strengthening
of construction is exorbitant and an
alternative must be sought.

By its very nature radio at frequen-
cies above 30 Mc/s and up to about
10,000 Mc/s incorporates all the quali-
ties of a medium suitable for the solu-
tion of the telephone engineers’ trans-
mission problem and it was to this
medium that the administration turned,
attracted largely by the freedom from
flood created failures and by the relative

* This paper was presented at the 1959 LR.E.
Radio Engineering Convention, Melbourne, Vic-
toria, 1959 and published in the Proceedings
of the I.R.E. Australia, October, 1959. It is
reprinted with the kind permission of the Pub-
lications Board of the Institution. See page 299.

1 Freeman, A. H. “The need for radio in_the
Australian trunk line network”, Proc. LR.E.
(Aust.), 19, May, 1958, 206-211.

J.D. THOMSON, B.Sc., AM.IEE., MI.RE.Aust.,,and W. G. PENHALL, B.E.E,*

speed with which radio circuits can be
established.

2—THE PLAN IN OUTLINE

There are four main types of trunk
line wholly in the New South Wales
trunk network which is organised as a
“Star” Network®. The trunks join what
are known as terminal exchanges to
minor switching centres, minor switch-
ing centres to secondary switching
centre, secondary switching centres to
primary switching centres and primary
switching centres to main trunk centres.
The number of trunks required between

the smaller centres may be only one or .

two while the number required from

o macinty
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the primary centre to the main trunk
centre can reach hundreds. To meet the
different requirements, different types of
radio systems are desirable and the fol-
lowing basic radio systems were pro-
posed.

The Single Channel System. This is
intended for use between exchanges
where very few trunks are required.
Ideally it should be simple, reliable and
completely self-contained. Briefly the
performance of the derived channel
must ¢omply with the following stand-
ard:

Frequency response referred to 800 c/s.
0-300 ¢/s below 1.8 db.
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Fig. 1.—Small Capacity Bearer Routes for the North Coast of N.S.W.
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300-400 ¢/s +1.8db -2.8 db
400-3,000c/s =1.8 db
3,000-3,400c/s =£1.8db -2.6db

Harmonic Distortion. Better than 5%
8 db above test level, i.e., at full modu-
lation (test level is O dbm at the sending
switchboard and is written 0 dbm, 8 db
up on this is then +8 dbmo).

Lincarity. The loss measured betwcen
switchboards shall be within =0.25 db
of the loss at test level from -50 dbmo
to +8 dbmo.

Noise. This is mcasured on a psopho-
meter which is an electrical mcasuring
instrument with a non-uniform fre-
quency response intended to simulate
the effects of interfering noise from all
sources on a telephone conversation.
Noise measurements made with the in-
strument are referred o as weighted
measurements. For a trunk telephone
channel on radio a weighted noise of the
order of —60 dbmo is sought. The design
of the system must be such that this
standard is met after a 10 db degrada-
tion of equipment or a 10 db fade. Con-
verted into radio engineers’ terminology,
this is a signal to noise ratio (that is,
100% modulation to noise ratio) in the
Channel of 78 db.

Equivalent. When a constant tone is
sent from cne end of the system, the
level of the tone at the distant end must
stay constant to within =0.25 db over
wide variations of temperature, mains
voltage and received signal strength.
This 1s referred to as constancy of equi-
valent. One of the simplest ways to
achieve this constancy of level is to use
frequency or phase modulation where
the level of the modulation after de-
modulation is indcpendent of RF level
over wide ranges of RF level in cor-
rectly designed equipment.

These single channels may be re-
quired for installation between manual
exchanges, between a manual and an
automatic exchange, between a magneto
and a central battery exchange, etc., and
the signalling methods must be made
compatible with all the appropriate
boundary conditions and existing prac-
tices. This type of system was envisaged
as meeting the nceds of fairly lightly
loaded trunk routes such as those be-
tween terminal exchanges and minor
switching centres and between minor
switching centres and secondary switch-
ing centres; e.g. between Taylor's Arm
(terminal exchange) and Macksville
(minor switching centre), and between
Gladstone (minor switching centre) and
Kempsey (secondary switching centre).

The Small Capacity Bearer. These are
used between exchanges where a single
channel would be inadequate even to
provide the bare minimum of service in
the event of disruption of the other
means of communication. Again, fre-
quency or phase modulation is used to
cnsure constancy of equivalent but the
system is not self-contained. These sys-
tems are designed to provide the equi-
valent of a pair of wires to transmit the
output of a carrier current telephone

2 Medlin, N. “160 Mc/s radiotelephone systems
site engineering”’, Aust. Post Office Radio Sec-
tion Report No. 42

system. A carrier current telephone sys-
tem transposes the 300 ¢/s-3,400 c/s
essential speech band in a telephone con-
versation to different parts of the spec-
trum. Thus four telephone channels each
300 c¢/s-3,400 c/s are separately trans-
posed 1o occupy adjacent parts of the
spectrum between 3 kc/s and 20 kc/s.
To do this and to ensure that the tele-
phone channels carried by the radio
bearer still comply with the brief speci-
fication given for the single channel
system, the following performance is
required of the bearer:

Frequency Response. Within =1 db
from 3 kc/s to 20 kc/s.

Harmonic Distortion. Better than
0.1% 10 db above test level, that is at the
level corresponding to full modulation.
This requirement usually comes as a sur-
prise to the average radio engineer and
high fidelity enthusiast, but it is neces-
sary to ensurc that crosstalk from one
channel to another does not exceed the
level specified for noise in the single
channel system.

Linearity requirements are essentially
as for the single channel system, con-
sistent with the last paragraph.

Noise. Again, expressing this as a sig-
nal to noise ratio, the ratio of full modu-
lation to the noise level measured over
the band 3 kc/s to 20 kc/s must be
about 70 db to allow reasonable margins
for equipment deterioration and fading.

Equivalent. As with the single channel
system, a constancy of equivalent to
within = 0.25 db measured over periods
of a month or more are required.

These four channel systems are used
for the interconnection of larger popu-
lation centres such as Taree with Kemp-
sey, Grafton with Lismore and Murwil-
lumbah with Queensland. These centres
are as much as 100 miles apart and
direct communication between them is
impracticable and the establishment of
repeater stations is necessary. The intro-
duction of repeater stations, however, is
not permitted to degrade the perform-
ance given above if the circuit length is
less than 125 miles. In every installation
planned for New South Wales, the 125
mile length was not exceeded. Most of
the larger centres connected by these
systems are secondary switching centres
with direct access to primary switching
centres.

The Medium Capacity Bearer. This
type of system was intended to connect
the primary switching centres with one
another or to connect a primary centre
with a main trunk centre. Basically, the
electrical performance required from
this type of system was the same as for
the small capacity bearer except that the
frequency response needed was from
about 10 kc/s to 60 kc/s, ie. a group
of 12 telephone channels.

The Large Capacity Bearer. This sys-
tem had but one application in the New
South Wales scheme and was for the
connection of Maitland, a primary
switching centre, with Sydney, a main
trunk exchange. Again, the electrical
performance needed is similar, in many
respects, to that for the small and
medium capacity systems with the major

exception that its frequency response
was required to extend up to nearly 300
ke/s in order to carry a telephone
“super-group” of 60 channels.

With the equipment of these types, it
was envisaged that any break in a trunk
route could be bridged by a radio circuit
spanning the gap. In the event of any
number of breaks in the conventional
trunk route, there is always a skeleton
service possible which is sufficient for
a bare minimum of essential traffic to
isolated centres from disaster free areas
and, when necessary, between stricken
areas.

3—THE SINGLE CHANNEL
SYSTEM

The devastation of the 1955 floods left
a large number of small places com-
pletely isolated. An office survey was
carried out to determine which trunk
routes could be reconstructed economic-
ally in such a way as to make them
secure against flood waters. After the
initial survey, it was clear that there
were at least forty centres whose small
trunk line communication needs could
not be secured without recourse to radio.
Three of them connected to Taree, six
to Kempsey, three to Macksville, four
to Coff’s Harbour, seven to Grafton, ten
to Lismore. Also there were sundry other
isolated systems. Suitable equipment was
already being manufactured in Australia
for this phase of the scheme and exten-
sion orders were placed.

The problems of installing ten trans-
mitters and ten receivers all at one site
and working in the same limited fre-
quency band still had to be solved.
Studies in the New South Wales Admin-
istration showed that the most pressing
problem was one of frequency allocation
because all these systems were to be in
the 156-172 Mc/s band which was
shared by other users and which used a
constant 120 kc/s spacing between chan-
nels. Hitherto, an almost random allo-
cation of frequencies had been followed
and interference problems were solved
by individual engineering as required.
Calculations in the New South Wales
Administration showed that there was
only one chance in fifty of allocating a
channel free of simple inter-modulation
interference. The probability calculations
were submitted to the Engineer-in-Chief
who instituted a series of measurements®
to ascertain what the level of interfer-
ence would be and what controls were
needed to ensure compliance with the
noise standard specified in section 2.

The outcome of these measurements
was a revision of the frequency alloca-
tions which had been made. The new
plan was based on two groups of fre-
quencies with a guard band between. At
any one site, all transmitters were in one
group of frequencies and all receivers
in another group. As an additional safe-
guard against the desensitising of a re-
ceiver by a high powered transmitter,
orthogonal polarisation of transmission
and reception was proposed at each site,
that is all transmissions were of one
plane polarisation and all receptions
were of the other polarisation. It was
not expected that perfect protection
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would be achieved by this means but a
significant reduction of interference was
assured and individual engineering was
kept to a minimum.

This simple plan was marred, how-
ever, by the presence of four P.M.G.
Department mobile services at the major
centres. The mobile services were com-
mitted to vertical polarisation and used
base transmitters of 250 watts output.
These base transmitters shared a com-
mon site with the proposed single chan-
nel systems. The frequency allocation
plan, as proposed finally, is shown in
Fig. 2, which also gives pictorially some
idea of the congestion of the spectrum
in the major centres. It can be seen also
that most of these systems are single hop
systems using no repeaters.

4—THE SMALL CAPACITY
BEARER SYSTEM

Up until 1955, experience with radio
bearer systems of a capacity greater than
about five channels had not been too
encouraging. It was essential that the
equipment to be used for this North
Coast scheme should offer the utmost
in robustness, reliability and mainten-
ance simplicity. The specifications pre-
pared by the Engineer-in-Chief clearly
placed emphasis on these points.
Although developments both overseas
and in Australia indicated that systems
with a much larger capacity were avail-
able at a much lower cost “per channel”,
the proved and tried type of VHF system
was preferred to meet our needs. The
specification was prepared and competi-
tive tenders called. World wide interest
was displayed in these requirements and
many organisations of international re-
pute tendered. Contracts were placed
with Australian firms for equipment to
be manufactured in this country. Field
surveys® were being carried out concur-
rently with the calling of tenders and it
was expected that a system would con-
sist of two terminals and four repeaters.
In the event, no North Coast System was
planned with more than three repeaters.
A total of sixteen terminals and twelve
repeaters were needed to provide the
proposed circuits between Maitland and
Brisbane.

The frequency band allocated to these
systems was 151-156 Mc/s and this is
shared by the Postal Department and
the Department of Civil Aviation and
thus presented a simpler problem from
the frequency allocation point of view.
Even so, the frequencies previously had
been allocated by random methods. A
study was made by the Frequency Allo-
cation Sub-Committee and a more flex-
ible and rational distribution of avail-
able channels was made resulting in the
allocations shown in Fig. Again
orthogonal polarisations are used as an
additional safeguard. The basis of this
allocation scheme is elaborated in the
Appendix.

3 Penhall, B. W. G., ‘“Planning and ﬁeld sur-
veys for VHF radiotelephone systems”, Proc.
I.R.E. (Aust.), 20, Feb. 1959, 87-93.

1 Robotham, P., “Propagation survey for a
microwave multi-channel telephone trunk sys-
tem Sydney-Maitland”, S.T.C. London, Inter-
national Report.

Distinct from these purely equipment
problems were the problems of the de-
sign and construction of repeater sta-
tions, the purchase of steel towers, the
construction of access roads, the instal-
lation of emergency generating plant and
the laying of telephone cables to con-
nect to radio terminals. By the careful
siting of repeaters, new construction was
kept to a minimum and a total of eight
brick and two timber buildings were con-
structed for the Maitland to the Queens-
land border coverage.

5—MEDIUM AND LARGE CAPA-
CITY SYSTEMS

These systems are more ambitious in
their scope than the smaller systems. It
came as a surprise to find that the
equipment for a system of about
600 channels capacity could be bought
for a cost within 20% of a system of
only 60 channels capacity and about
100% more than a 12 channel capacity
system. This has forced a re-appraisal of
this phase of the scheme. To date, it
has been decided to connect Sydney with
Maitland, using a 600 channel capacity
bearer system in place of a 60 channel
capacity as first proposed.

The planning of this part of the whole
scheme alone, could well be the subject
of a paper by itself, but can only be
touched on lightly here. Having selected
sites for a possible route between Syd-

ney and Maitland, the route was then
investigated* for susceptibility to fading,
overshoot, foreground scatter, etc., which
are of significance with large capacity
systems working in the 4,000 Mc/s bana.
This field investigation was carried out
by an Anglo-Australian team of about
20 men. The survey took some eight
weeks to complete working seven days a
week and involved the raising and low-
ering of a portable guyed mast a large
number of times. The lowest height
reached by the mast was 75 feet at one
site while it was necessary to raise the
mast to a height of 200 feet on the most
difficult site. These detailed preliminary
works are necessary for large capacity
systems in the present state of the art
and, because of their duration, they do
significantly affect the economics of any
proposal. However, it is clear that the
use of 12 channel systems would be un-
economic but the planning associated
with the use of larger capacity systems
is continuing and will take some time
yet to complete.

PART II—INSTALLATION

6—SPECIFICATIONS

This part of the paper deals with the
installation of radio equipment on the
North Coast of New South Wales; the
reasons for these installations were dealt
with in Part I. The aim of the paper
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is to give some idea of the extent of the
radio trunk circuits and some of the dif-
ficulties confronted during their instal-
lation. To appreciate the problems of
using radio for trunk lines it must be
realised that the P.M.G.s Department
aims for a weighted channel noise level
(1952 CCIF weighting network) from
—60 dbmo for short haul trunks to —49
dbmo for long haul trunks. This noise
level should be bettered for 99% of the
time and includes noise from all sources
including carrier equipment and cross-
talk between channels. The channel dis-
tortion limit is represented by a maxi-
mum departure of half a decibel of the
output level from the input level when a
800 c/s input tone of 0 dbmo is in-
creased to +5dbmo.

The bulk of the radio equipment for
this project has been supplied by two
manufacturers and all comments are
based upon experience with their equip-
ment. A summary of the relevant equip-
ment specifications is included in Table
I. Where necessary the manufacturers’
specification has been modified where
our experience shows this is justified or
where our use has necessitated some
change.

The extent of the present and pro-
posed VHF network was given in Part I

The erection of 36 poles for yagi
aerial support having a total length of
1,800 ft.

The erection of 250 yagi aerials.

The running of 15,000 ft. of co-axial
cable.

The fitting of
connectors.

The erection and interconnecting of
100 racks of radio equipment.

Radiotelephone equipment has been
installed at 42 stations of which 30 were
established solely for radio-telephone
equipment.

20 single channel radiotelephone trunk
systems have been installed providing
240 channel miles.

1,200 co-axial cable

Eight 4-channel bearers have been in-
stalled providing 1,700 channel miles.

Four mobile telephone systems have
been installed using 250 watt base trans-
mitters.

Driven vehicles 500,000 miles.

The survey party have measured in
detail the radio propagation characteris-
tics of 150 paths varying in length from
3 to 67 miles.

The installation of 20 auto-start diesel

Table 1—Summary of Equipment

Manufacturer 1

Manufacturer 2

Type of equipment

Single channel system for
156-170Mc/s

4 Channel bearer for
151-156 Mc/s

“Transmitter power out-
put (watts)

(i) Standard 15
(1) PA fitted 100
_Type of modulation Phase Phase

RF peak deviation for
0 dbmo input.

6.25 radians

1.25 radians

Transmitter carrier devia-
tion

Crystal frequency
multiplied 36 times.

Crystal frequency multi-
plied 54 times then
21 Mc/s added

Receiver noise factor.

9db (with RF filter)

9 db (with RF filter)

Receiver RF bandwidth
(with filters 6 db
as normally used) 60 db

20 ke/s
60 kc/s

180 kc/s
500 ke/s

Type of receiver.

Double conversion super-
heterodyne (IF 22 Mc/s
and 1.7Mc/s.)

Single conversion super-
heterodyne (IF 21 Mc/s.)

Type of repeater

Non-Demodulating

Aerials

of 70 ohms.

Manufactured by P.M.G. workshops, being 8 element
yagi, having a nominal gain of 10 db, adjustable over
the band 160-170 Mc/s and having a nominal impedarnce

of this paper; some idea of the amount
of work involved can be had from the
statistics which follow. A typical ter-
minal station is shown in Fig. 3.

7—STATISTICS OF THE NORTH
COAST OF NEW SOUTH WALES
PROJECT

Since the inception of this scheme in
mid 1955 till the present the installation
staff have engaged in the following activ-
ities:

The erection of 22 towers of 60 to 120
ft. height having a total length of 2,000
ft and requiring the excavation of 225
cubic yards of rock and earth.

generators from 1% to 15 KVA capacity
totalling 150 KVA solely for use at the
isolated stations.

8§—INTERFERENCE PROBLEMS

Co-channel Interference (i.e. Channels
Sharing the same Frequency). The allo-
cation of frequencies on the four chan-
nel bearer project was based on heavy
protection by the “FM Capture” effect
which test showed gave a protection of
up to 50 db against the modulation on
unwanted carrier which was down only
10 db on the wanted carrier, but great
trouble has been experienced with the
beat note between the unwanted and

wanted carriers. The level of this beat
note appears to be of the order of the
level difference of the two carriers be-
lcw the test tone, i.e., if the unwanted
carrier is 40 db below the wanted car-
rier then the level of the beat note
would be approximately —40 dbmo. The
frequency of the beat note is the differ-
ence of the two carrier frequencies
which gives a possible note frequency of
zero to 10 kc/s. The solution to this
problem appears to be either:

(a) higher tolerances on all oscillators
(transmitter and receiver) coupled with
very good temperature stability to assure
that these resultant tones fall in the
order wire spectrum (0 — 3 kc/s);

(b) greater difference of wanted to un-
wanted carrier levels at the receiver’s
input created by greater physical sepa-
ration of co-channel stations or use of
aerials with greater directivity; or

(c) greater RF deviation by the chan-
nels which would effectively reduce the
level of the unwanted beat note.

Co-channel Interference by Reflection.

This particular problem was one which
is unique in all our experience in the
160 Mc/s band. It was encountered
when the Maitland-Gloucester 4 channel
system (with a repeater at Cabbage Tree)
was being completed. The VHF bearer
chain from Maitland to Brisbane had
been installed and was carrying traffic;
the relative location of this system is
seen from Fig. 1. When the circuit was
first established from Maitland to Glou-
cester very heavy intermittent noise in
the order wire was reported accom-
panied by small variations in the received
signal strength in the receiver at Cab-
bage Tree facing Gloucester. It was also
reported that intermittently 2VF clear-
ing tones could be heard on the system
which was very intriguing as no carrier
system had been connected to the sys-
tem. On examining the frequency allo-
cation plan it was noticed that a trans-
mitter 100 miles away at Yarrahapinni
was on the same frequency as the re-
ceiver at Cabbage Tree facing Glouces-
ter (see Fig. 4 for profile); at this
stage the Cabbage Tree receiver was
connected to only one 8 element yagi
although it was planned to fit 4 x 8
el yagis. A pen recorder was fitted to
the receiver to record received signal
strength and the Gloucester transmitter
switched off. The interfering signal was
identified as the suspected transmitter
Yarrahapinni its level being about 4 ,V,
compared with the normal signal from
Gloucester of 40 V. When the re-
corder chart was examined after one
day the cause of the intermittent inter-
ference was evident, the unwanted
Yarrahapinni signal showed upwards
fading of over 20 db.

A sample recording is shown in Fig.
5. The short duration of the upward
fading may be noticed.

It was then decided to install the 4 x
8 el yagi array in the hope that the
wanted signal would increase and the
unwanted signal decrease. All that hap-
pened was that both signals increased by
7 db; the upward fading being still pre-
sent to the same degree. An additional
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Fig. 3.—Typical Terminal Station (Kempsey Exchange).

8 el yagi was then erected but directed
towards Yarrahapinni, the equivalent
received signal was measured as 7 4V,
being steady within = 2 db over a
period of 3 days. Calculation shows that
the actual path loss w.r.t. half wave di-
poles is 156 db between Cabbage Tree
and Yarrahapinni; when calculated using
Bullington’s Method a path loss of
170 db is estimated though little is
known of the accuracy of this method
with such long paths.

The mystery still remained; why the
upward fading only when the receiver
aerial at Cabbage Tree was at right
angles to Yarrahapinni and why did the
signal increase as the gain of the array
was increased? The logical deduction
was that we were receiving a reflection,
but why the frequent heavy upwards
fading of very short duration? Now ex-
amining Fig. 6, which is a plan view of
the Cabbage Tree site, a line of trees
will be noticed in the direction of Glou-
cester; these trees were 100 ft. high and
when viewed from the aerial tower (95
ft) they appeared higher. These trees
were originally left in situ to preserve
as much natural vegetation as possible,
as the site is in the middle of a State
forest, and also past experience at 160
Mc/s had shown that such trees had
very little effect on path loss. The trees
were duly removed and later pen re-

cordings of received signal strength from
Yarrahappini show complete absences of
the upwards fading previously experi-
enced.

Precipitation Static. A bad form of
interference which has been experienced
on most of the bearer circuits is that
which we assumed to be electrostatic
discharge. Its nature is a “crackle” which

gradually increases to a roar having a
level of over 0 dbmo in the order wire
and has been measured in traffic chan-
nels at about ~20 dbmo. It occurs during
the build up of storms at repeater sta-
tions, starting 15 to 30 minutes before
the rain starts, as soon as the rain be-
gins the noise gradually abates and is
gone within 5 minutes. All noises of
this type have been proved to originate
from receivers at high, exposed repeater
stations; there is definitely no link with
lightning flashes. Due to the random
nature and brevity of this noise it has
been difficult to try out any possible
solutions, the only one that has been
suggested to date is covering or paint-
ing the dipole of the yagi with an in-
sulating medium. It has been asserted
that the yagi aerials that feed the noisy
receiver are not always at the top of
the towers.

Car Ignition. One important observa-
tion has been noted with the bearer
equipment. The level of the audio noise
from motor vehicle ignition is not a
function of the discriminator off bal-
ance current due to the incoming carrier
being off frequency, but is dependent to
a very large extent on the position of
the wanted carrier in the pass band of
the receiver relative to the peak of the
IF response curve. This effect was first
noticed when trouble was experienced
with drift in the tuning of IF trans-
formers and the peak of the IF response
curve was 100 to 200 kc/s off the car-
rier frequency. It was then noticed that
noise due to ignition was reduced by
around 20 db when the carrier fre-
quency was shifted to the peak of the
1F response curve even though the dis-
criminator showed an out of balance
ﬁurrent corresponding to 100 to 200

c/s.

To minimise this effect stable IF
tuned circuits and crystal oscillators (re-
ceiver and transmitter) are required, a
suggested overall stability being = 30
kc/s for this type of bearer equipment
as it was observed that a shift in the
carrier frequency of this order caused
only 2 slight rise in noise due to ignition.
Another approach may be a different
shaped IF pass band as noise is no doubt
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a function of the phase shift and ampli-
tude characteristics of the IF amplifier.
The noise appears to be due to the con-
version of the amplitude variations of
the ignition pulse to phase variations
thus rendering the limiters ineffective.

Ignition noise determines the level of
the carrier required and at a typical town
site this is around 400 gV (=55 dbm).
For the bearer equipment used this
allows the lower carrier channels to
meet the required signal-to-noise ratio.
This signal level is for the 10 db gain
yagi aerials used and is modified by the
relation of the ignition noise source to
the direction of the aerial; a figure of
around 100 ,V might otherwise be
acceptable. These figures allow only a
small margin for equipment deteriora-
tion or path fades.

Transmitter Spurious Outputs. Great
trouble has been experienced with inter-
ference between transmitters and re-
ceivers at the various sites and this has
been attributed to the multitude of spur-
icus outputs from the transmitters at 90
to 120 db below the normal output. The
transmitters in question obtain their
final frequency by first multiplying up
from a 4 to 5 Mc/s crystal, then a fixed
frequency is mixed two stages from the
output to obtain the final 150-170 Mc/s.
This last action appears to be the source
of a multitude of unwanted outputs.

As an average we were forced to fit
50% of the transmitters with RF cavity
filters between their outputs and aerials.
At these installations the separation be-
tween transmit and receive frequencies
is approximately 2.5 Mc/s though as
fow as 1 Mc/s in one instance. Prior to
fitting the filter the interference is recog-
nised by the presence of a tone in the
receiver’s output, which would appear in
one of the carrier channels and make it
unacceptable for traffic. Often the un-
wanted signal is readily seen on the re-
ceiver’s signal strength meter (limiter
grid current) when the wanted signal
has failed. As a precautionary measure
we now fit filters to reduce all unwanted
signals to at least 40 db below the
wanted signal.

Summarising we would say that the
limit, given in the Department’s specifi-
cation for this equipment, of 80 db down
for spurious outputs from transmitters
should be modified by a weighting factor
which would give limits of 120 db to
150 db at frequency differences corre-
sponding to envisaged transmit, receive
frequency separations.

9.—EQUIPMENT PROBLEMS

Most of the equipment troubles have
been due to lack of exchange of ideas
and comments between the manufacturer
and customer during the prototype stage
of development, but even so, the number
of changes necessitated by underrated
components (especially wattage rating of
resistors) has been far too high. Also a
factor which should be considered more
carefully in all electronic equipment is
cooling and to this end a very good

5 Shaw, E. N., “Heat control in electronic
equipment’”, Electronic Eng., 29, 1957, 13-23,
65-70, 115-118.

article has been written by E. N. Shaw®.
Our application of the principles ex-
pounded in this article to a transistor
amplifier which had to be incorporated
in conventional electronic equipment has
reduced the transistor temperature con-
siderably and made the unit workable
and on examining the equipment in gen-
eral use we feel a useful contribution to
reliability certainly would result. A short
summary of some of the troubles en-
countered In equipment used on the pro-
ject is given in the following sections.

Yagi Aerials. Great trouble has been
experienced with water finding its way
into aerials which we attempted to make
watertight; the result is usually a loss
in gain of the order of 10 to 20 db and
scmetimes this loss is of a varying
nature. This water trouble has apparently
a number of causes:

(a) The yagi aerial used has a large
included air volume which apparently
contracts during sudden storms and the
reduced pressure sucks in moisture
through any small holes which may
exist. The smaller the holes the worse
the trouble as a water film is able to
cover them, which ensures that the water
enters the interior.

(b) The yagi aerial is adjustable in
element lengths and reflector spacing, the
adjustable parts are apparently a source
of air leaks and consequently water
enters.

(c) Inspection covers are large and
flexible, making sealing difficult.

(d) The co-axial connection is not
shrouded and taping has not proved suc-
cessful due to proximity of the mount-
ing pipe which prevents perfect applica-
tion of any tape. Lack of suitable tape
for use in all weathers (especially at low
temperatures) aggravates the situation.
Some type of suitable material which
could be applied with a brush may be
the answer.

(e) A co-axial matching section is en-
closed in the boom to convert the di-
pole impedance to 70 ohms, this com-
ponent has proved very susceptible to
moisture; alternate means of impedance
correction is necessary.

(f) In one batch of aerials steel spring
washers were used in dipole assembly,
in a matter of a few months these rusted
away and caused additional water leaks.

Resistors. On a number of occasions
staff have traced noise in a receiver’s
output to carbon resistors carrying DC.
When replaced the noise disappeared.
Wider use of wire wound resistors would
be appreciated and could be instigated
with a little ingenuity. Numerous under-
rated resistors have also been discovered.
As a design procedure it is suggested
that all components be listed with their
working conditions, obvious cases of
wrong rating would then be discovered.
The largest practical margin is suggested
in wattage ratings remembering that in
most equipment the conditions are far
from those of free air.

Another problem which is evident is
the early failure of miniature (3 watt
and less) resistors when DC is carried
by them; failures were running as high
as 50% in a particular case with a |
megohm resistor within one month of
installation of the equipment. The solu-
tion has been to replace all these re-
sistors with half watt units; no failures
have since been recorded. The power
dissipated by these particular compon-
ents was only 0.04 watts and in all cases
of failure the resistance had increased to
twice or more its normal value when
discovered.

Transformers. The failure rate of
power transformers of one make of
equipment has been unduly high, these
were all of the potted type the nature
of the fault has been swelling of the
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Fig. 5.—Typical Receiver Output Record due to Reflection of Yarrahapinni Signal by 100 ft.
trees at Cabbage Tree..

Frequency: 151.22 Mc/s.

100 Watt Transmitter and yagi Aerial of 10 db gain.
Receiver Aerial: 16 db gain yagi.

Co-axial Cable loss 4 db.
Direct Signal Level: —-84dbm.
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Fig. 6.—Cabbage Tree Site Plon.

transformer box type casing till they
were spherical in shape and if not
noticed in time they literally exploded.
The only electrical effects prior to com-
plete failure have been gradual decrease
in output voltage. In another make of
equipment the failure rates of audio
transformers (again of a potted variety)
appears to be high, though sufficient
operational time is not available to be
conclusive. Apparently potting tech-
niques are not as advanced as we are
led to believe.

Vacuum Tube Rectifiers. Again the
failure rate is very high when they are
worked near their voltage limits (5U4,
SR4’s to give 500 to 600 volts). A com-
mon failure has been sagging of the
filaments when the envelope is mounted
in a horizontal plane with the filament
in a nominal vertical plane as recom-
mended by manufacturers. The resulting
shorts blow fuses, no fault is evident
when the fuses are repaired as the fila-
ment has cooled and so the true cause
remains undetected. The control of the
internal structure position relative to the
valve base key is very poor, of the
order of £30°. The advent of silicon
rectifiers should solve most rectifier pro-
blems and their general use is expected
in the near future.

Relays. The less said of this problem
the better, but it has always been thought
that contacts of relays should be
mounted vertical so that dust will not
settle on the contacts; why some manu-
facturers differ we do not know.

Switch-hook. Again this design is so
fundamental that criticism should not be
necessary, but why no follow through to
allow contact wiping when the switch-
hook is operated?

From the above faults it may be in-
ferred that while a manufacturer chan-
nels a lot of engineering effort to the
design of say an extremely linear modu-
lator or a very stable oscillator and many
experts are consulted for the capacitor
with just the right temperature co-effi-
cient, the office boy 1is allowed to
twiddle a slide rule and arrive at the all

important factor of the wattage rating
of a resistor or the typist suggests that a
relay should be mounted a particular
way to balance a transformer on the
other side of the chassis for appearance
sake. All the blame cannot be laid on
the manufacturer either. The customer
generally has many experienced staff
who should be called in at the prototype
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stage, as we all realise that a manufac-
turer cannot make even the simplest
change once the production is started
without greatly increasing costs.

10. SPECIAL DEVELOPMENT PRO-
JECT OF A SYSTEM FOR AUTO-
MATIC WORKING.

When the contract for VHF Single
Channel Equipment was originally let in
1955, equipment capable of working be-
tween manual exchanges only was spe-
cified. In later years there has been a
growing tendency to install RAX’s (i.e.
Rural Automatic Exchanges) whenever
possible and so at the present time 70%
ot the Radio-telephone single channel
installations are between manual ex-
changes and RAX’s. This necessitated a
modification to the equipment to allow
dialling; two approaches were possible,
either use one of the well known tone
dialling methods or make the radio
equipment itself capable of transmitting
DC conditions presented to it, that is,
O/C or S/C.

Tone dialling was examined briefly,
but it was found that in all cases inband
dialling was too complicated and the
various tones used were far from stand-
ard; e.g. 600 and 750 c¢/s, 2,220 and
1980 c/s, and 2,200 ¢/s single frequency.
Edge of band dialling also appeared
rather complex in filter requirements and

or
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again tone frequencies were not stand-
ardised; e.g. 3,450, 3,700, 3,800 or 3,850
¢/s have all been used. Also such a var-
iety of tones are used to indicate busy
tone, ring tone, etc., that any method
for dialling using tones for signalling
must be approached with extreme
caution. Out of band dialling was an-
other possibility, especially as the radio
equipment had a bandwidth up to 8 kc/s
and only simple filters would be required
but this would have preciuded the pos-
sibility of adding a single channel car-
rier system which was considered as a
future possibility.

Next the idea of an RF carrier shift
DC loop was considered. The carrier
frequency (160 Mc/s) is shifted 15 kc/s
when the line is un-looped, then when
loop is presented to the system the car-
rier frequency is returned to normal.
This shift in carrier is sensed at the dis-
tant receiver. This method was not tried
because of the desirability of having all
equipment operating on their allocated
frequencies within 0.001%, so as to
prevent interference. Operating the dis-
criminator so far off frequency would
probably prevent the use of a future
single channel carrier system, and also
the use of the system when unlooped,
which is necessary under certain operat-
ing conditions.

It was then decided to use RF carrier
shift but having shift present only to
indicate the change of state, ie., we
would raise the carrier frequency 10
kc/s for 10 ms to indicate the looping
of the circuit, then lower the frequency
10 ke¢/s for 10 ms to indicate the re-
moval of the loop (Fig. 7). These shifts
are obtained by switching capacitors in
and out of the crystal oscillator circuit,
the duration of the switching being de-
termined by a capacitor discharging
through a diode. (Fig. 8). At the distant
receiver these frequency shifts are ampli-
fied in a transistor frequency selective,
amplitude selective, gating circuit. This
amplifier attenuates frequencies above
30 ¢/s at 6 db octave, rejects all pulses
of amplitude less than 22 volts input and
limits on signals of 28 wvolts. This cir-
cuit provides the mnecessary voice fre-
quency protection except for a very low
frequency, high level whistle which is
extremely artificial and never likely to
be met in practice. The output of this
amplifier drives the coils of a polarised
relay which is pulsed to either of its
two stable positions, representing O/C
or S/C, by the carrier frequency shift
pulses. Dialling speeds of 10 c¢/s are
easily accommodated and indications
are that impulse speeds of 30 c/s could
be carried with very little distortion. One
advantage of using positive and negative
frequency shifts is that if for some rea-
son a transmitter pulse is missed by the
receiver then the circuit will reset itself
to the correct sequence of operation on
the next pulse. Sequential operation by
a positive pulse only allows the send
and receive circuits to stay out of syn-
chronism till another pulse is missed.

The final result is a dialling system
which gives very reliable performance
once initially adjusted, which may be
interconnected with the normal trunk
network, and is inherently immune from
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false operation by the various tones in
use today. At present this type of sys-
tem is serving seven RAX’s with many
more to come.

CONCLUSION

This paper is meant as a helpful guide
in a limited sense to both the manufac-
turer and the user of equipment similar
to that used by P.M.G. Department on
the North Coast of New South Wales
and in fairness to the manufacturers we
must say that the equipment used has
many good features which have not been
mentioned, we also feel that they are
capable of producing equipment just that
little better if attention is given to what
is generally thought of as minor details.
We feel that the customer is also at fault
in not ensuring a constant flow of com-
ments back to the manufacturer but as
most engineers dislike writing reports we
feel that flow of this information could
be helped by personal contact between
the engineers concerned. We know that
some manufacturers encourage this by
sending the engineer responsible for the
design of the equipment into the field,
but with others all communication is via
their sales personnel who, although will-
ing, are not usually closely associated
with the particular equipment in its de-
sign stages.

Another factor which would benefit
both the manufacturer and customer
would be interchange of engineering per-

sonnel. At the present this is virtually
non-existent due to the individual long
service leave, superannuation and sick-
ness schemes operated by both private
and government organisations. If a uni-
fied scheme could be organised, then the
exchange of experienced personnel be-
tween manufacturer and customer would
be encouraged and one of the greatest
drawbacks to the development of the
Australian manufacturing industry would
be overcome. Perhaps the various asso-
ciations concerned with the salaries and
conditions of professional engineers
could arrange such a unified “fringe
benefits” scheme.
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APPENDIX

Rationalised Frequency Allocation
Scheme for the 151-156 Mc/s Band

Let the band be divided into channels
separated by d Mc/s and let the first
channel be at F + d Mc/s, then chan-
nel 2 is F + 2d Mc/s, channel 3 is F
+ 3d Mc/s and odd channels are F +
(2a + 1) d Mc/s. Consider two chan-
nels A Mc/s and B Mc/s in the band,
then the intermodulation products which
lie in the band are of the type 2A - B,
3A - 2B, 4A - 3B ... and 2B — A, 3B
-2A,4B-3A....

If A = B — x then all these inter-
modulation products form the series
A-X,A-2x,A-3X,... A—-nx, ...
B+x,B+2x,B+3%,...B4+nx..

Now let there be two transmitters on
odd channels.

A=F -+ (2p-1)dand
B=F+ (2q-1d

The frequency difference is x = 2
(q — p) d and the intermodulation series
are then
A - 2(q -pd, A -2x2(q -~ py, ...

A-2n(gq-pd...
B + 2(q - p)d, B -+ 2x2(q — p)d, . . .
B+ 2n(q-pMd...

For all values of p and q from 0 to
infinity, these products are odd num-
bered chanels. Thus all simple intermod-
ulation products generated by odd num-
bered channels appear only in odd num-
bered channels. Similarly, simple inter-
modulation products from even num-
bered channels appear only in even num-
bered channels.

Considering, now, the more complex
products of the form A + B - C,
A+2B-2C,A+B+C-D-E
etc., etc., similar reasoning to the above
reveals that “all odd” channels have odd
intermodulation products and “all even”
channels have even intermodulation pro-
ducts.

The conclusion, therefore, is that at
multi-system sites transmitter intermodu-
lation products may be prevented by
assigning only odd numbered channels
to transmitters and even numbered chan-
nels to receivers or vice versa.

Using this concept the frequency allo-
cations in the 151-156 Mc/s band using
d = 60 kc/s basic spacing and F =
151.04 Mc/s have been made as shown
in Table 2.
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TABLE 2
Rationalised Frequency Allocation
Channel and Frequency
Allocations Mce/s
1 C 151.10
3 iR 151522
5 C 151.34
7 B 151.46
RN E 151.58
11 P 151.70
13 C 151.82
i) P 151.94
17 C 152.06
19 P 152.18
21 C 152.30
23 P 152.42
250 C 152.54
27 P 152.66
29 C 152.78
31 N 152.90
33 C 153.02
35 N 153.14
37 C 153.26
39 N 153.38
41 C 153.50
60 kc/s gap
42 C 153.56
44 P 153.68
46 C 153.80
48 P 153.92
56 C 154.04
S2AIP 154.16
sS4 C 154.28
56 P 154.40
58 C 154.52
60 P 154.64
62 C 154.76
64 P 154.88
66 C 155.00
68 P 155.12
6 C 155.24
72 N 155.36
74 C 155.48
76 N 155.60
78 C 155.72
80 N 155.84
SAMLGE | 155.96

C signifies a D.C.A. allocation.
P signifies a P.M.G. allocation.
N signifies not allocated.

A complement for spanning one path
in both directions is made up from two
allocations 2.46 Mc/s apart, eg., 1
and 42, 27 and 68 etc.
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TECHNICAL NEWS ITEM

TELSTA ELECTRIC WORK
PLATFORM

Two “Telsta” Electric Work Platform
units have recently been purchased for
use in external plant divisions in N.S.W.
and Victoria. The Telsta unit, which is
used extensively by the Bell Telephone
Companies in America, has particular
application in running aerial cable and
bearer wires. The machine also has
application for working on dangerous
poles where it would otherwise be neces-
sary to stay the pole so that it will
safely support ladders. A further use is
for working on poles or wires in diffi-
cult situations and for jointing aerial
cables mid span between supporting
poles where the use of ladders presents
problems.

In Fig 1 the machine is being used to
assist in the erection of plastic cable by
means of a cable lashing machine.

Some interesting features of the
“Telsta” unit are as follows:—
(a) The basket is carried at the end

of an extendable arm which is mounted

on a turret capable of rotation through
360°. This turret is mounted on a 5-ton
truck chassis and contains in its base a
motor generator which powers all move-
ments of the work platform and, in addi-
tion provides 230 volt power at the bas-
ket for using electric hand tools such as
drills and impact wrenches.

(b) The movement of the basket is
controlled by a simple joy stick. A but-
ton in the top of the joy stick is de-
pressed by the thumb, after which the
knob is merely moved in the direction in
which it is desired the basket should
travel. The basket can be moved to any
position up to 28 ft. sideways from the
truck and 30 ft. high, and can be so
placed that with the truck standing in
the centre of a roadway, traffic can flow
safely under the arm while a workman
works on the pole. This facility is im-
portant in dense traffic where closing of
the road would be impracticable, a fea-
ture which makes the machine particu-
larly useful on some of the long bridges
and heavily wused traffic lanes in
America, and may also prove of use in
Australia.

(c) There is two way communication
between the driver in the cab and the
operator in the basket. The operator
speaks in a normal voice, preferably
with his face toward the combination
speaker-microphone, and conversation is
ccmfortable under most conditions of
traffic noise.

(d) In the event of an accident to a
workman in the basket, a master control
mounted in the turret of the unit takes
precedence over the control in the bas-
ket and the driver of the truck can

Fig. 1.—The “Telsta’” Work Platform.

therefore return the basket safely to
ground.

(e) As a safety measure, the basket is
insulated from the truck, and the Ameri-
can practice is to issue staff with plastic
insulating helmets. With these two de-
vices the workman is considered reason-
ably safe from electrical hazards pro-
vided, of course, that normal precautions
are taken.

(f) When running bearer wire or cable

along poles, the bearer wire or cable
is mounted on a drum at the rear of the
truck and rotation of this drum is con-
trolled by an electric clutch, the pres-
sure on which is varied by a simple
knob.

This machine is expected to result in
substantial economies in the man-hours
necessary to carry out many operations
on aerial routes.
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OUR CONTRIBUTORS

The Board of Editors has decided to adopt a reader’s suggestion that in future we
publish a photograph and short biographical note on each of our contributors.
This follows the practice used in many other Journals and we expect that it will
help to add interest to our own Journal.

R. W. Turnbull

R. W. TURNBULL, Co-author of
“The National Telephone Plan—Switch-
ing”, joined the Post Office as a Cadet
Engineer in Sydney, N.SW. and was
promoted as Engineer in N.S.W. in 1937.
He holds the Diploma in Electrical En-
gineering of the Sydney Technical Col-
lege. In 1945 he was transferred to
Post Office Headquarters, Melbourne,
where, for ten years, he participated in
developmental activities during a period
of unprecedented national growth. He
was closely associated with the industry
established for the manufacture of auto-
matic switching equipment in Australia.
In 1955, with the status of Superintend-
ing Engineer, he was assigned the task
of examining the major problems con-
fronting the Post Office in the develop-
ment of the telephone system. Following
overseas studies in 1956 he was appointed
Chairman of a special Post Office
planning group, the Automatic Network
and Switching Objectives (A.N.S.0.)
Committee which prepared the plans
adopted for the long term development
of the Australian telephone system.

Mr. Turnbull was a member of the
Board of Editors of this Journal from
1948 to 1953.

G. E. HAMS, co-author of the article
“The National Telephone Plan—Switch-
ing”, commenced with the Department
as a Cadet Engineer in 1947. During his
period of training he graduated as
Bachelor of Science at the University of
Melbourne. At the completion of the
Cadetship he worked in the Victorian
Administration, first in  Telephone

Planning and later in Trunk Service,
where he assisted in controlling the
maintenance of the Melbourne carrier
equipment terminal and the semi-auto-
matic trunk exchange. In 1955 he was
promoted to the Central Administration
as Divisional Engineer in the Systems
Planning Section. In 1957 he was co-
opted to assist the ANSO Committee in
the preparation of the national tele-

phone plan for Australia. He became a
member of the Committee in 1958.

G. E. Hams

W. J. B. Pollock

N. D. Strachan

N. D. STRACHAN, author of the
article “The Toowoomba Crossbar Ex-
change,” is the Divisional Engineer,
Toowoomba Project. He was born in
Brisbane and after completing a course
of Electrical Communications at the
University of Queensland, commenced
with the Postmaster-General’s Depart-
ment as an Engineer at the beginning of
1949. He served for some years on
Metropolitan Installations and Service,
and since 1952 has been with the Coun-
try Equipment Installation Division. He
was appointed Divisional Engineer of the
latter Division in 1958.

W. J. B. POLLOCK, co-author of the
article “The National Telephone Plan—
Switching”, joined the Department as a
Junior Mechanic in 1938. He served in
the Engineering Division in Victoria as
Technician and Clerk. After service in
the A.LF. he was transferred in 1945 as
a Traffic Officer to the Telephone
Branch. Mr. Pollock worked on the
Headquarters staff of the Telecommuni-
cations Division in the telephone ser-
vice, and telephone and telegraph plan-
ning and commercial fields since 1945.
He was appointed to his present posi-
tion of Assistant Controller, Planning
and Development Branch, in 1955. He
was a member of the Tariff Committee
in 1955 and became a member of the
AN.S.O. Committee when it was es-
tablished in October, 1956. He holds
the degree of Bachelor of Commerce
(Melbourne).
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J. Medcalfe-Moore

J. MEDCALFE-MOORE, author of
the article “The Perth-Derby Radio
Link”, Group Engineer, Radio Installa-
tion, Perth, was born at Stratford-on-
Avon, England, in 1912. His first radio
experience was gained with Messrs.
Siemens Bros. of London, and he later
joined the British Post Office, working
in the Engineering (Radio) Branch. He
then served with the Posts and Tele-
graphs Department, Malaya, and during
World War II was interned by the Jap-
anese in Changi Jail and later in Sime
Road prison camp, Singapore. In the
post-war years Mr. Medcalfe-Moore
worked on the rehabilitation of telecom-
munications in Malaya and Singapore.
From 1953 to 1957 he was Controller,
Telecommunications Department, Singa-
pore.

Mr. Medcalfe-Moore resigned from
H.M. Civil Service in 1957 when the
Malayanisation of the Public Services in
Singapore was undertaken. He joined
the Postmaster-General’s Department in
the same year and has since been em-
ployed on radio installation. He is an
Associate Member of the Institute of
Electrical Engineers and an Associate
Member of the British Institute of Radio
Engineers.

R. A. LOCKHEAD, author of the
article “Crosstalk Improvement on the
Sydney-Maitland Cable”, was born at
Scone, N.S.W., in 1923. He received his
engineering training at the Ashfield
Works of Amalgamated  Wireless
(A/asia) Limited and as a Development
Engineer with this Company he was
associated with the production of a wide
range of radio transmitting and receiving
equipment. In 1955 he joined the Post-

master-General’s Department and was
attached to the Long Line and Country
Installation Section, where he was en-
gaged on the installation of open wire
and cable carrier systems. He was trans-
ferred to the Transmission Planning Sec-
tion in 1957. At present he is concerned
with the preparation of open wire and
cable bearers for carrier and V.F. cir-
cuits and the co-ordination of power
transmisston lines.

Mr. Lochhead holds a Diploma in
both Electrical and Radio Engineering
and is an Associate Member of the Insti-
tute of Electrical Engineers, London and
the Institution of Engineers, Australia.

R. A. Lockhead

E. Rumpelt

N. Brayley

N. BRAYLEY, author of the article
“The Perth Terminal of the Australian-
London Radio Link”, was born in 1932
in India, and was educated at Sherwood
College, Naini Tal, in the Himalayas
and later at Guildford Grammar School
and the Leederville Technical College,
Perth. He obtained a Cadetship with the
Perth Technical College and undertook
a full-time associateship course in Elec-
trical Engineering, graduating in 1954.
In the following two years he also com-
pleted a part-time Diploma in Electronic
Engineering. Prior to entering the Post-
master-General’s Department, he was a
Sales Engineer with Philips Electrical
Industries in Perth, dealing with elec-
tronic equipment and sound and light-
ing installations. In 1956 he joined the
Postmaster-General’s Department and
has since been associated with the main-
tenance of metropolitan exchange and
carrier telephone and telegraph equip-
ment.

E. RUMPELT, author of the series of
articles on filter design, is a Divisional
Engineer in the Research Section, Cen-
tral Office. From 1937 to 1939 he
worked in the Central Laboratories of
Siemens and Halske, Berlin, and in the
period 1940-1948 was on the staff of
the Technische Hochschule at Munich.
In this latter appointment he specialised
in methods of filter design, in particular
the modern insertion loss method, work-
ing under the guidance of Professor H.
Piloty, one of the pioneers of this
method.  Since 1948 Dr. Rumpelt has
worked in Research Laboratories, Cen-
tral Office, where he is mainly con-
cerned with Network theory and design.

Dr. Rumpelt graduated from the
Technische Hochschule, Munich in 1937
with the qualification Dipl. Ing., and
in 1947 gained the Dr. Ing. degree.
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K. A. Curley

K. A. CURLEY, author of the article
“A Tariff Pulse Generator”, joined the
Department in 1946 as a Technician’s
Assistant. He worked initially in tele-
phone maintenance in Melbourne and
in 1953 joined the Circuit Laboratory,
Telephone Equipment Section, Central
Office. He has acted as a Group Engi-
neer at the Circuit Laboratory and is
now Supervising Technician, Grade III,
in charge of the Laboratory Technical
staff.

W. G. PENHALL, co-author of the
article “The N.S.W. Trunk Radio Net-
work”, was educated at Homebush Boys’

W. G. Penhall

High School and subsequently gained
his B.E. degree at the N.S.W. University
of Technology in March, 1955. After
graduating in Electrical Engineering, he
continued his cadetship with the Post-
master-General’s Department in various
engineering Departments for one year,
gaining experience with a variety of
ccmmunication equipment. In 1956 he
commenced work with the Radio Tele-
phone Installation Division, N.S.W.
initially in charge of the Survey Party,
and his work then encompassed the
planning and preparation of proposals
for the 4-channel and single channel
V.H.F. systems on the North Coast of
N.S.W. Since late 1957 Mr. Penhall has
been controlling the installation of these
systems.

E. F. SANDBACH, author of the
article “Time Signals in Australia”, re-
ceived his B.Sc. and B.A. degrees from
the University of Melbourne in 1943
and 1950 respectively. He first joined
the Research Laboratories staff in 1943
when he was concerned with the investi-
gation and development of pulse modu-
lated microwave radio equipment and

E. F. Sandbach

later the development of a V.H.F. multi-
channel frequency modulated radio sys-
tem. After a period spent on design of
V.H.F. receivers he was appointed to
his present position of Divisional En-
gineer (Frequency and Time Standards)
where his duties have concerned the
development and operation of the Post
Office  frequency standard installation,
special frequency measuring equipment,
and high precision oscillators.

V. J. WHITE, author of the ?r_ticle
“The Prevention of Accidents”, joined
the Department as a Cadet Engineer in

V. ]. White

W.A. in 1941. After early experience in
the Metropolitan District Works Divi-
sion, Perth, he acted as Divisional En-
gineer, Planning, External Plant. He was
appointed Divisional Engineer, Lines
Section, Central Office, in 1955, and is
now Sectional Engineer, Works Methods
and Practices in that Section.

Mr. White holds the degrees of Bach-
elor of Science and Bachelor of Arts
from the University of Western Australia
and for a brief period in 1953-54
worked as a Psychologist in the Aus-
tralian Regular Army. He is an Asso-
ciate Member of the Institution of En-
gineers (Australia) and a Member of
the British Psychological Society. In
1958 he became a member of the Board
of Editors of this Journal.

J. D. THOMSON, co-author of the
article “The N.S.W. North Coast Trunk
Radio Network”, entered the Depart-
ment in 1949 and has since been em-
ployed in the Radio Telephone Installa-
tion Division. As Divisional Engineer,
he is in charge of the installation, plan-
ning and acceptance testing of Radio
Telephone Systems in N.S.W.

As a Sub-Lieutenant in the Royal
Navy, Mr. Thomson was in charge of
the maintenance of airborne radio
equipment between 1944 and 1947, and
then followed one year on radar develop-
ment work with British Overseas Air-
ways Corporation and one year with
Cable and Wireless Ltd., London, on
the design and development of electronic
telegraph test equipment. Mr. Thomson
qualified as a Bachelor of Science,
Faculty of Engineering, London in 1944
and holds a Diploma of Associateship
of the City Guilds of London Institute.
He is also an Associate Member of the
Institute of Electrical Engineers, Lon-
don.
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We're

taking a ‘down-to-earth’ view

of Australia’s future at OLYMPIC CABLES

Olympic Cables built this modern factory on its 26-acre site
at Tottenham, Victoria, to meet Australia’s rapidly growing
demands for wires, cables and flexibles . ..

Here, Olympic are producing an extensive range of cables,
meeting every imaginable need for the application of
electric power.

Olympic will produce the six-tube coaxial cable for the

Melbourne-Canberra link of the national telecommunications
network pianned by the Postmaster-General’s Department.
With the opening of this factory, and its recent expansion
in Queensland, Olympic Cables has established an industry
which is truly a national asset, backed by all-Australian
capital and management.

ALL-AUSTRALIAN QUALITY PRODUCTS

Olympic

WIRES - CABLES - FLEXIBLES

Factories at Tottenham, Victoria; Geebung, Queensland.
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introduces—

Transmission Equipment
type G.M.

The carrier equipment of the) future

Illustrated is a rackside of telephone
channelling equipment for cable or radio systems

The first with all the following advantages:—

%

Completely transistorized

* C.C.I.T.T. performance

»*

72 channels on rackside of conventional dimensions

*

Modern components in a modern setting

*

Power consumption reduced by 85 %

MODERN COMPONENTS MODERN CIRCUITRY MECHANICAL DESIGN

T A9
L
cs‘l"
1

AT/8822
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Trouble-free Telephone Service
at Low Maintenance Cost

is what every modern telephone administration
requires of its equipment. L M Ericsson Crossbar

exchanges have fulfilled and surpassed extremely P
Symbol of superior engineering
and imposing economy in modern

high expectations in this respect.

telephony

e

Multicoil Relay . . . a component of

Ty, ' L M Eri ;
i icsson Crossbar System
///////////////////////////////llIIIIIIHHunlllnlnn\m\

L M Ericsson manufactures high-class telephone equipment, auto-
matic and manual, of all kinds and all the associated material to
provide complete telephone systems in all parts of the world.

L M Ericsson is originator of the Ericofon.

L M Ericsson, a world-wide organization with about 31,000
employees, operates in more than 75 countries through

associated Companies or agents. World headquarters in
Stockholm, Sweden.

L M ERICSSON TELEPHONE CO. PTY. LTD., 20 COLLINS STREET, MELBOURNE
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A NEW CONCEPT [T IN POT CORE DESIGN

MULLARD - | % range of

adjustable pot cores lgives you

®
AR Yd advantages
® Wide range of sizes Mullard Vinkors are the most efficient
adjustable pot core assemblies com-
@ Easily assembled mercially available. In addition to high
performance, they have the distinct
® Close tolerance advantage of close tolerance permea-

bility, thus enabling designers to pre-
calculate to within 439, the inductance
of the core when wound. Final adjust-
ment, taking into account normal
capacitor tolerance, can be easily effect-
ed to an accuracy of better than 0.029,
by means of a simple self-locking device
built into the core.

permeability

® Precise and easy
inductance adjustment

@ Stability

@ Single hole chassis
mounting

VINKOR POT CORES

MULLARD-AUSTRALIA PTY. LTD., 35-43 CLARENCE ST., SYDNEY, BX2006, & {23-129 VICTORIA PDE., COLLINGWOOD, N.5, VIC., 41-6644
ASSOCIATED WITH MULLARD LIMITED, LONDON, MULLARD EQUIPMENT LIMITED AND MULLARD OVERSEAS LIMITED

MT100 6925
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TYPE NSU-10
Interstate Agents:

MELBOURNE: J. J. Masur & Co. Pty. Ltd. Phone MX1662
BRISBANE: Lawrence & Hanson Elec. Co. (Q) Ltd. 2 1151
ADELAIDE: Mining Supplies (S.A.) Ltd. LF 6011
PERTH: C. L. Sedunary & Co. 67 3836

RUBIN TYPE
NON-SWITCHING UNITS

Magnetically interlocked “HW?" Indicating Pushbut-
tons are used for foolproof operation of Line and
Hold Keys. Unit Type NSU-10 shown contains (1)
Exchange Line with Hold Key, (1) PBX Extension
with Hold Key, (5) direct Auto-wires and N.A. Cut-
off.

Line Keys cannot be left operated (release by switch-
hook). NSU-10 is wired to standard P.M.G. circuit
and any facility of this type can be incorporated up
to 5 Exc. lines with Hold Keys or any combination
of similar circuits. Metal Console can be supplied
in any finish, colour, etc. All components are easily
accessible for maintenance purposes. Standard 400-
type telephone with additional contacts on switch-
hook used.

Full details on request from manufacturers

E. S. RUBIN & CO.

PTY. LTD.
BOX 143, P.O. CROWS NEST, N.S.W.
’Phone 43 4141 Telegrams: ESRUB SYDNEY

ADVERTISING

All Enquiries to:
Ruskin Publishing Pty. Ltd.
39 Leveson Street,
North Melbourne, Victoria.
Telephone: 30 1207

Revenue

The total net advertising revenue is paid to the
the Telecommunication Society of Australia
whose policy is to use such funds for improve-
ments to this Journal.

Contfract Rate
Space used in any three consecutive issues.
Full Page, black and white, £42 per issue.
Half Page, black and white, £26 per issue.
(horizontal only.)

Casual Rate
Contract rate, plus 10%

Copy Deadline
1st February, Ist June, 1st October.
Published three times each year.

Contributions
and Letters to the Editors

May be addressed to:

the State Secretaries or the General Secretary at the
following addresses:—

The State Secretary,
Telecommunication Society of Australia,

Box 6026 G.P.O. Sydney, N.S.W.
Box 1802Q Elizabeth St. P.O., Melbourne Vic.
Box 1489V, G.P.O. Brisbane, Qld.
Box 1069], G.P.O. Adelaide, S.A.
BoxT1804, G.P.O. Perth, W.A.
Box 246C, G.P.O. Hobart, Tas.

The General Secretary,
Telecommunication Society of Australia,
Box 4050, G.P.O. Melbourne,
Victoria, Australia.




you use § A.S.C. cable

PAPER INSULATED PLASTIC INSULATED WORKS AT:
Local and Trunk Cables Equipment Wires

Multi Channel Carrier Cables Telephone Cables MAIDSTONE,
Contro! and Special Cables Interphone Cables VICTORIA and
Coaxial Cables High Frequency Cables LIVERPOOL.
LEAD PRODUCTS TV Lead-In Cables NS.W

Resin Cored and Solid Solder Wires Video Cables

Solder Sticks Rural Distribution Cables

Lead Tube Coaxial Cables

AUSTRAL STANDARD CABLES PTY. LIMITED

MAKERS OF AUSTRALIA'S " TELEPHONE CABLES

AS7
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This illustration shows an operator visually inspecting the wiring of a bimotional
selector switch to ensure that every joint is correctly soldered, that adequate space
appears between wired connections and that ne possible trouble-causing wire ends
or loose solder droplets have been left in the wiring.

Registered Trade Mark

manufacturers
of

telephone f_
exchange and ]
allied :‘
equipment
a major supplier to the Postmaster-General’s Dept.

TELEPHONE & ELECTRICAL INDUSTRIES PTY. LTD.

FARADAY PARK, MEADOWBANK, N.S.W. WY 0111

Behind THIS SYMBOL . ..

LIES A WEALTH OF EXPERIENCE

IN THE MANUFACTURE OF

UNIFORMLY RELIABLE TRANSFORMERS &
ALLIED TECHNICAL COMPONENTS, ETC.

Whatever you build you need a foundation. The basic designs and necessary research
for TRIMAX Quality Products come from our fully equipped Laboratory with its
complete technical library. Our products include POWER TRANSFORMERS air-
cooled to 10 KVA., POWER and AUDIO CHOKES, AUDIO TRANSFORMERS
of all types, CURRENT TRANSFORMERS, AUDIO AND POWER AMPLIFIERS,
special high-quality TEST EQUIPMENT, SOLENOIDS, IGNITION TRANSFORMERS,
IGNITION COILS, FADERS, GAIN CONTROLS, custom-built SHEET METAL and
many other products in these and allied fields.

OUR RANGE COVERS ALL TYPES AND ENSURES THAT THE
RIGHT TRANSFORMER IS AVAILABLE FOR THE RIGHT JOB!

TRIMAX TRANSFORMERS »rv. 11o.

CORNER WILLIAMS ROAD & CHARLES STREET, NORTH COBURG. FL 1203
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