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DIRECTOR-GENERAL-CHANGE IN APPOINTMENT 

MR. M. R. C. STRADWICI(, 
O.B.E. 

On January 2, 1959, Mr. M. R. C. Stradwick, O.B.E., suc­ 
ceeded Mr. P. E. R. Vanthoff, O.B.E., M.V.O., as Director­ 
General, Posts and Telegraphs. 

ML Stradwick began as a Telegraph Messenger at Perth in 
J 920. After service as a Draftsman in Melbourne, he went 
to Sydney in 1938 to the newly created position of Assistant 
Superintendent, Education and Welfare, in the Personnel 
Branch. Four years later, he was transferred to Headquarters 
and, in 1948, became Chief Inspector (Personnel). In 1951, 
he was promoted as Assistant Director-General (Telephones) 
and, in 1954, with the establishment of the new Telecommuni­ 
cations Division to direct all activities of the Telephone, Tele­ 
graph and Radio Branches, he became its first Assistant 
Director-General. 

During recent years, Mr. Stradwick has handled several 
special assignments with outstanding success. He was Chair­ 
man of the Departmental Royal Visit Communications Com­ 
mittee and of the Communications and Broadcasting Com­ 
mittee for the 1956 Olympic Games. He is also Chairman 
of the Post Office Policy Planning Committee and of its 
Administrative Review Committee. Mr. Stradwick is a Fellow 
of the Australian Institute of Management. He has always 
been interested in the promotion · of youth welfare and is a 
member of the Board of Directors of the Y.M.C.A. (Mel­ 
bourne) and of its Finance and Executive Committee. 

In 1957, Her Majesty the Queen honoured Mr. Stradwick 
with the award of O.B.E. 

The Board of Editors congratulates Mr. Stradwick on his 
appointment, and on behalf of the Postal Electrical Society 
offers him fuil support in the work which lies ahead. 

MR. P. E. R. VANTHOFF, O.B.E., M.V.O. 
With his retirement from the posinon of Director-General, 

Mr. Vanthoff, O.B.E., M.V.O., ends a successful and colourful 
career in the P.M.G.'s Department. As reported in our June 
1958 issue Mr. Vanthoff commenced in the Department as a 
telegraph messenger in 1908. He occupied a variety of posi- 

tions in the Telephone and Postal Services Branches until his 
appointment in 1958 as Director-General. The Society takes 
this opportunity to wish Mr. Vanthoff a long and happy retire­ 
ment. 
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TOOWOOMBA-LINK TYPE CROSSBAR AUTOMATIC 
EXCHANGE 

F. P. O'GRADY, M.I.E.Aust., S.M.I.R.E.Aust.* 

L"'ITRODUCTION 
Toowoornba, a thriving city of 45,000 

population in Southern Queensland has 
reached the stage where the existing 
manual telephone exchange, part mag­ 
neto and part common battery, is no 
longer adequate for the telephone needs 
of the city itself and of its surrounding 
area. An automatic exchange is required 
to ensure satisfactory service under pre­ 
sent-day conditions. Advantage was 
taken of the adoption of new switching 
principles laid down by the A.N.S.O. 
(Automatic Network and Switching 
Objectives) Committee to provide Too­ 
woomba with an automatic exchange 
which would incorporate equipment cap­ 
able of meeting all of these require­ 
ments. Toowoomba will thus be the 
first part of Australia to have exchange 
switching equipment suitable for the 
application of the A.N.S.O. principles. 
These principles, in brief, make it pos­ 
sible for a fully subscriber dialled trunk 
line service to be provided ultimately 
for Australia. 

GENERAL FEATURES OF 
EQUIPMENT ORDERED 

The equipment now on order for 
Toowoomba is of the crossbar type. It 
uses the link type trunking principle now 
in rapidly expanding use in the United 
States, Sweden and other countries. The 
equipment is being supplied by L. M. 
Ericsson Telephone Company Pty. Ltd. 
of Sweden. The equipment will have an 
initial capacity of 3,800 lines and is cap­ 
able of expansion to 6,300 lines. 
The system is a register controlled 

system utilising what are known as com­ 
plete or central registers. In this sys­ 
tem all the digits dialled by the sub­ 
scriber are stored in the one register. 
This gives the register complete informa­ 
tion to enable it to determine the sub­ 
sequent switching operations required, 
either in the Toowoomba exchange itself 
or in any other part of the network. In 
the first installation at Toowoomba the 
register will be suitable for setting up 
calls locally within the city area, to 
branch exchanges in Toowoomba, to 
nearby R.A.X. or manual exchanges, or 
to the metropolitan area of Brisbane. 
At a later stage it will be possible to 
provide registers which will enable Too­ 
woomba subscribers to dial to the 
remaining parts of Australia. 

•Mr. O'Grady is Deputy Engineer in Chief. 

The initial installation will include 
multi-metering equipment which will be 
fully in conformity with the A.N.S.O. 
requirements. The subscribers' meters 
will be pulsed at a rate proportional to 
the appropriate trunk charge to be 
applied. In the incoming direction other 
towns and the Brisbane main trunk 
exchange operators will be enabled to 
dial direct into Toowoomba and through 
Toowoornba to other branch automatic 
exchanges (Middle Ridge and Newtown). 

The main features of the central 
registers are:- 
(a) They can receive digits from tele­ 

phones with dial speeds between 8 
and 22 impulses per second. This is 
a considerable departure from the 
normal Strowger equipment in which 
the dial speed must be maintained 
within much closer limits. 

(b) The dial ratio of make to break can 
vary from 30/70 to 50/ 50 without 
difficulty. This is also a big improve­ 
ment on step-by-step operation with­ 
out registers, where the dial ratio 
must be very closely maintained to 
ensure satisfactory stepping of the 
vertical and rotary magnets. 

(c) The registers can translate the dialled 
number into other appropriate codes 
where necessary and thus permit the 
group selector stages to handle the 
traffic via direct, tandem or alternate 
routes. The number of selector 
stages will consequently be indepen­ 
dent of the proposed or future num­ 
bering schemes. 

(d) The registers will transmit the digits 
to the crossbar selector stages by 
means of a high speed · D.C. code 
pulse train. 

(e) The registers will transmit decimal 
impulses at the normal speed and 
with normal ratio of make to break 
to the branch automatic exchanges 
(Middle Ridge and Newtown) which 
are step-by-step equipments. 

(f) The registers are suitable also for 
the future transmission of signals to 
distant exchanges by means of the 
high speed multi-frequency technique. 

CONCLUSION 
Exchanges of the crossbar automatic 

type are in use at present at Temple­ 
stowe, near Melbourne, and Sefton, near 
Sydney. These exchanges are relatively 
small (500-1,000 lines approximately) 
(Ref. 11). Because of their relationship 
to the rest of the metropolitan networks 
and their small size, they have not been 
equipped with the full register system 
nor with many other of the interesting 

features which will be incorporated in 
the Toowoomba equipment. They do, 
however, use the crossbar switches and 
many of the basic principles of this type 
of exchange. The experience to be 
gained in the new Toowoomba installa­ 
tion will supplement the Departmental 
experience already being obtained with 
Templestowe and Sefton and will be of 
considerable interest to the officers of 
the Department who are concerned with 
the planning for the· full adoption of a 
system which will be suitable for an 
ultimate subscriber dialled network. 
This article is intended purely as an 

introductory one and in subsequent art­ 
icles more details of the Toowoomba 
equipment will be discussed. 
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ROUTINERS 
GENERATION OF ARTIFICIAL TRAFFIC BY AUTOMATIC 

INTRODUCTION 
Artificial traffic equipment is now m 

common use in the Australian Post 
Office and has been proved to be a valu­ 
able aid to qualitative maintenance as an 
indicator of the standard of service 
being given in automatic exchanges. 
This type of equipment was originally 
developed for use in the British Post 
Office (') and was first installed in A us­ 
tralia in the City West Exchange, Mel­ 
bourne('). 
The artificial traffic equipment as sup­ 

plied to the Australian Post Office suffers 
from two main disadvantages:- 
(i) The equipment is connected to a 

maximum of 24 spare line circuits 
from which traffic is originated; this 
traffic is directed to 25 spare multiple 
numbers. As these lines are usually 
jumpered to the artificial traffic 
equipment on the I.D.F., alterations 
to either group of lines cannot be 
made readily without a considerable 
amount of work. 

(ii) The traffic is limited to local calls 
and calls to nearby exchanges because 
the terminating equipment is an 
integral part of the artificial traffic 
unit, and three wire connections are 
required between the I.D.F. and the 
unit. 
Of the traffic originated in an 

exchange only about 30% terminates 
locally, whereas up to 70% of traffic is 
routed over junctions to other exchanges 
in the network. In order to assess the 
standard of service in a network it is 
essential that the artificial traffic equip­ 
ment should be capable of directing 
traffic over any junction route. Exper­ 
ience in the Brisbane network has shown 
that while the standard of service in the 
local exchange is generally very good, 
i( falls off considerably over junction 
routes, due mainly to the impulse repeti­ 
tions involved on calls from one side of 
a network to the other. This point is 
emphasised here because it is essential 
that the standard of service over junc­ 
tion routes should be oversighted to 
ensure satisfactory service. 

USE OF ROUTINERS FOR 
ARTIFICIAL TRAFFIC 

Following the installation of the first 
artificial traffic equipment in Brisbane, 
it was soon apparent that additional 
equipment would be required to ade­ 
quately cover the network. As addi­ 
tional units could not be obtained 
quickly from overseas, it was decided to 
make up some form of artificial traffic 
generator locally. At that time relay set 
repeater routiners at some main 
exchanges had already been altered to 
provide dialling facilities for testing over 
junctions, so the logical step was to 

*Mr. Petrie is a Divisional Engineer, Service 
Brisbane. Mr. Taylor is an acting Group 
Engineer, Telephone Equipment Section, Central 
Office. 

investigate the possibility of altering 
group selector routiners for artificial 
traffic generation and to design a term­ 
inating relay set which could be used 
at a remote location. 
The use of the group selector routiner 

offers the following advantages:- 
(i) Ready means of access to all first 

selectors. 
(ii) Dialling facilities already exist on 

the routiner test unit. 
(iii) Common services and alarms exist 

and can be utilised. 
(iv) Some of the existing relays and cir­ 

cuits on the routiner perform func­ 
tions which can be used to provide 
similar functions under artificial 
traffic conditions. 

(v) A tone detector circuit exists on the 
routiner and this can be used in 
identifying the called number and for 
checking transmission. 

(vi) Continuous routine facilities exist 
and can be used to advantage in the 
artificial traffic unit. 

There are also some disadvantages in 
using the group selector routiner for this 
purpose. However, the advantages out­ 
weigh the disadvantages which are:- 
(i) Existing routiner wiring has to be 

changed although the routiner facili­ 
ties are not affected. In altering the 
routiners for artificial traffic working 
in Brisbane the routiners have never 
been out of commission for more 
than a few hours at a time. 

(ii) More than one routiner may have 
to be altered in larger exchanges, 
but this is not the case where one 
routiner has access to all first selec­ 
tors. It may also be convenient in 
some cases to originate traffic from 
other than first selectors. 

(iii) The routiner is permanently installed 
and cannot be transported to another 
exchange. This disadvantage is not 
regarded as serious because the 
authors consider that the artificial 
traffic unit can be used for many 
other testing purposes, so that there 
is sufficient use for an artificial traffic 
unit in most exchanges where auto­ 
matic group selector routiners have 
been installed. 

(iv) While the artificial traffic unit is 
being used, it precludes the use of 
the automatic routiner for purely 
routining purposes. However, under 
qualitative maintenance, it has been 
found possible to reduce the routine 
test frequency to such an extent that 
this disadvantage is not serious. 

(v) Because the artificial traffic generat­ 
ing circuit becomes part of the 
routiner circuit, it would not be pos­ 
sible to buy the artificial traffic unit 
as a separate item to be attached to 
the routiner, but certain parts of the 
unit could be manufactured as units 
and pre-wired. 

Further examination showed that the 
artificial traffic facility could be added 
to the routiner circuit without altering 

*J. K. PETRIE 
''']. B. TAYLOR 

any of the normal facilities of the rou­ 
tiner. There are sufficient spare contacts 
on the routiner test switch for the test 
to be applied by the artificial traffic 
equipment and space is available on 
most routiner racks to accommodate the 
extra equipment. 

DESCRIPTION OF THE UNIT 
The extra equipment required in the 

group selector routiner for the artificial 
traffic unit consists of 25 relays, two 8 
level uniselectors, a jack field for the 
easy changing of called numbers and a 
simple twenty second electronic delay 
circuit. The uniselectors and most of 
the extra relays are mounted at the 
bottom of the rack below the access 
control unit as can be seen in Fig. 1. 

Fig. 1-Showing Mounting of Extra Equipment. 
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A few relays closely associated with the 
routiner test unit circuit, have been 
mounted in spare relay spaces on the 
test unit itself. The jack field which 
consists of traffic recorder type connec­ 
tion strips is mounted on a hinged frame 
at the rear of the control panel (see 
Fig. 2), while the twenty second delay 
circuit is fitted in a six-way vertical 
mounting at the top of the rack adjacent 
to the existing valve circuits, as shown 
in Fig. 3. The keys, lamps and meters 
are mounted in spare spaces on the 
existing control panels (see Fig. 4). 

FACILITIES PROVIDED BY 
THE UNIT 

The artificial traffic unit may be used 
for fault tracing or to assess the stan­ 
dard of service being given by the 
exchange equipment. It provides the 
following facilities:- 
For Fault Tracing: 

(i) Access to all first group selectors 
via existing routiner access equip­ 
ment. 

(ii) Selection of all first selectors, 
incoming or local selectors separ­ 
ately if desired. This can be 
extended to other special selec­ 
tors such as early or late choices. 

(iii) Engaged selectors can be omitted 
from test to prevent waste of time 
in "Camping On." (The latter 
two facilities may be associated to 
provide flexible selection). 

Fi;r. 3.-Top of Rock showing Test Number 
Keys. 

Fig. 2.-Jack Field showing One Set of Cords Plugged Up. 

(iv) Normal routiner tests deleted 
when the artificial traffic key is 
operated. 

(v) A minimum of two and a maxi­ 
mum of seven trains of impulses 
may be sent. (The equipment 
being described is arranged for a 
maximum of six trains only). 

(vi) Lamp indication of which train 
is being sent. 

(vii) Up to twenty numbers may be 
called. 

(viii) Lamp indication of the number 
being called. 

(ix) The numbers to be dialled may be 
easily changed by means of cords 
in the jackfield. 

(x) Called number automatically 
changed after each selector is 
tested. 

(xi) Jnterdigital pauses of constant 
duration (approximately 800 
milliseconds). 

(xii) During each interdigital pause the 
connection is tested for a 
reversed trunk. 

(xiii) Connection checked for prema­ 
ture metering during setting up 
of the call. 

(xiv) Connection checked for open cir­ 
cuit negative, positive or private 
leads, the local portion of the 
call being held and the selector 
prevented from releasing. 

(xv) Remote terminating relay set used 
for called number, thus allowing 
tests to be carried out over any 
junction network. 
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Fig. 4.-View of Control Panels. 

(xvi) Ringing current from the final 
selector is checked by the term­ 
inating relay set. 

(xvii) Call is tripped by the terminating 
relay set. 

(xviii) Final selector at the terminating 
exchange tested for reversed posi­ 
tive and negative leads to the 
called party. 

(xix) Metering checked. 
(xx) Reversal checked. 
(xxi) Called number positively identi­ 

fied. 
(xxii) Transmission checked by level of 

tone fed back over the connec­ 
tion. 

(xxiii) Two calls originated from each 
selector, the first via a lower 
choice and the second via an 
upper choice, to the same called 
number. 

(xxiv) During the previous test the busy­ 
ing earth to the alternate choice 
is of pulse duration only. 

(xxv) Testing may be from one or all 
of first selectors to one or all the 
selected test numbers. 

(xxvi) Continuous testing from all 
selectors to one selected called 
number if desired, the called 
number being selected by a select­ 
ing key. 

(xxvii) Total number of test calls regis­ 
tered. 

(xxviii) Total number of faulty calls reg­ 
istered. 

(xxix) If fault encountered or called 
number not identified within 
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twenty seconds call is held, an 
audible alarm and a visiual indi­ 
cation of the type of fault is 
given. 

(xxx) Test cycle of two calls from each 
selector is thirty-six seconds. 

As a "Standard of Service" Tester: 
The facilities provided for this method 

of testing are similar to the above with 
the following variations:- 
(i) Only one call made from each selec­ 

tor, no direction as to lower or upper 
choices being made. 

(ii) If any test fails the equipment is 
automatically reset after operation of 
the "Faulty Calls" meter, and testing 
recommenced from the next selector. 

(iii) Test cycle of one call from each 
selector is eighteen seconds. 

OPERATION OF THE UNIT 
The required test numbers are set up 

on the jack-field by means of cords and 
plugs. Fig. 2 shows the jack-field with 
the first number 7 7 411 set up. The 
required quantity of test numbers, up to 
a maximum of 20, may be set up in this 
manner. The test numbers, which may 
be in any exchange or exchanges in the 
network are connected to the terminat­ 
ing circuits shown in Fig. 5. In the 
Brisbane network, at least one o.f these 
relay sets (2 circuits) has been installed 
in each exchange and a number of test 
numbers paralleled to each circuit. In 
the larger exchanges a larger number of 
test numbers are permanently connected 
to the key panel which may be seen at 
the top of the rack in Fig. 3. These 
test numbers are normally connected to 
N.U. tone via the keys, but when the 
appropriate key is operated the test num­ 
ber is disconnected from the N.U. tone 
and connected to a terminating circuit. 
To save multiple numbers it would be 
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possible to connect the terminating cir­ 
cuit to existing routiner test lines and 
arrange the unit to dial 9 and 11 as the 
last two impulse trains. 

In making the tests the unit may be 
directed to originate traffic from (i) all 
first selectors (ii) local first selectors only 
or (iii) incoming selectors only by the 
operation of the key "Incoming or 
Local" to the appropriate position. To 
obviate the delay caused by the unit 
"Camping on" busy selectors it can be 
arranged to step over these by the opera­ 
tion of the "Busy Unequipped" key. 

The operation of the "Artificial Traf­ 
fic" key disconnects the normal routiner 
circuits and prepares the unit for artifi­ 
cial traffic generation and use under 
fault finding conditions. The operation 
of the normal routiner "Start" key causes 
the access control circuits to function in 
the usual manner and the first ( or first 
free) selector is connected to the test 
unit. After looping, a check is made to 
ensure that earth has been returned on 
the private wire and the unit commences 
to send the first train of impulses, at the 
end of which the P2 wiper is earthed 
during rotary search to ensure selection 
of a lower choice. During the call the 
private wire is checked continuously to 
ensure continuity and that premature 
metering does not occur. At the end of 
each train the negative and positive wires 
are checked for correct polarity and 
after a constant interdigital pause of 800 
milliseconds the following train is sent. 
If premature metering occurs, or -an 
open circuit negative, positive or private 
wire is encountered in the local 
exchange, the connection is prevented 
from releasing, the unit ceases sending, 
the alarm is operated, and a lamp indi­ 
cation of the cause of failure given. 
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These lamps are designated "Early 
Meter", "Reverse Trunk", "Negative" 
and "Positive Disconnect" and "Open 
Circuit Private". During the sending of 
each train of impulses an appropriate 
lamp indication that is "First Train", 
"Second Train" etc., is given to assist in 
determining the switching stage at which 
the failure occurred. 

At the conclusion of the last train 
the tone detector circuit is connected to 
the line and a start condition applied to 
the twenty second delay circuit. The 
ringing current from the final selector is' 
checked by the terminating circuit, the 
call is tripped, the polarity of the bat­ 
tery feed from the final selector checked 
and tone fed back over the line. Sub. 
flashing conditions controlled by inter­ 
rupted earth are then applied to the line 
so that loop and tone, then no loop and 
no tone, are alternately presented to the 
D relay in the final selector. The artifi­ 
cial traffic unit checks (i) that a positive 
battery meter pulse is received followed 
by a line reversal and tone at the cor­ 
rect level, (ii) that the tone and reversal 
are removed and (iii) that the reversal 
and tone are reapplied. If these three 
conditions are received before the end of 
the twenty second time delay the call is 
accepted as having been effective and the 
connection is released. A second call is 
then set up from the same selector to 
the same test number, but this time the 
P 1 wiper is earthed to ensure connection 
via a HB choice. If the call fails to 
mature within the required twenty sec­ 
onds, the alarm is operated and the 
relevant fault lamps are displayed, that 
is "No Meter". "No Tone" and "No 
Reversal". During each test call the 
'Total CaJJs" meter is operated and in 
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the case of a faulty caJJ, the "Ineffec­ 
tive Calls" meter is also operated. 

After completion of the second call 
from the first selector the routiner access 
switch is stepped to the next (or next 
free) selector while the called number 
switch is stepped to the next number to 
be called. If so desired, the "Continu­ 
ous Test" key (as distinct from the "Con­ 
tinuous Routine" key) may be operated 
so that the same number is dialled from 
all selectors. Any particular calJed 
number among those already set up may 
be selected by stepping the called num­ 
ber switch with the stepping key, a lamp 
indication is given of the particular 
calJed number circuit being used. By 
operating the "Continuous Routine" key, 
caJJs may be made continuously from 
one selector, the called number being 
changed after each two calls (one via the 
lower choice and one via the upper 
choice). If both the "Continuous Test" 
and "Continuous Routine" keys are 
operated continuous calls from one 
selector to one test number may be 
made. 
The standard of service of the 

exchange or junction route may be 
observed by operating also the "Observe 
Service" key. Under these conditions 
only one call is made from each selector 
(no control of lower or upper choice) 
and if a fault is encountered the ineffec­ 
tive call meter is operated as before but 
no alarm is given, the unit automati­ 
cally resets and continues testing. 
The unit can originate two hundred 

calls per hour under "Observe Service" 
conditions since each call takes only 
eighteen seconds, while under fault trac­ 
ing conditions each two calls (one lower 
choice and one upper choice) takes 

ARTIFICIAL 
TRAFFIC 
UIJIT 

Fig. 6.-Suggested Method of Connecting Artificial Traffic Equipment. 

thirty-six seconds, that is one hundred 
test cycles or two hundred calls per hour. 
If used continuously the unit causes an 
added traffic load of approximately .85 
Erlang per switching stage over the 
route tested, and, assuming test calls to 
six figure numbers over two junctions, 
the total current requirements are 
approximately 3.5 amps. for the unit 
itself and 1.7 amps per Erlang for 
switching, that is a continuous current 
drain of approximately 5 amps. 
This artificial traffic unit, which was 

placed in service in June 1957, and the 
other similar units since completed, have 
proved very successful in detecting 
defects in the Brisbane network. Some 
modifications are still being investigated, 
one of these being the inclusion of a 
busy tone detector to register automati­ 
caJJy any congestion experienced. 

APPLICATION TO D.S.R. 
ROUTINERS 

In order to extend similar facilities to 
branch exchanges, action has been taken 
to adapt a D.S.R. routiner to provide 
similar artificial traffic generation. Some 
variation in facilities has been necessary 
and these are briefly:- 
(i) Under fault tracing conditions three 

calls are made from each D.S.R.­ 
one local call, one call to a branch 
exchange and one call via the junc­ 
tion hunters. One or more of these 
calls can be eliminated by the opera­ 
tion of the appropriate key. 

(ii) After discrimination has occurred 
the D.S.R. is checked to determine 
whether or not the call has been 
alternate routed and if so an appro­ 
priate alternate route meter is oper­ 
ated to indicate the number of calls 
alternate routed. 

(iii) "Standard of Service" tests can be 
made under any of the three condi­ 
tions required-local call, branch call 
or junction hunter call - by the 
operation of the appropriate "elim­ 
inate" keys. 

(iv) By operating the "Alternate Routing" 
key local or branch calls can be 
forced to take the alternate route to 
check the service via this path. By 
alternate routing local test calls, the 
incoming route to the local exchange 
can be tested by the local artificial 
traffic unit. 

A modified D.S.R. routiner has now 
been in service for a period and has 
proved to be as satisfactory as the group 
selector unit. 

OTHER USES OF ARTIFICIAL 
TRAFFIC UNITS 

The normal use of artificial traffic 
equipment is generally well appreciated 
and experience in Brisbane has shown 
that when all artificial traffic results are 
recorded and analysed many circuit and 
equipment deficiencies can be discovered 
and corrected. Analysis of faulty calls 
over several junction routes have 
resulted in improvement to conversion 
circuits between 2,000 type and Siemens 
No. 16 exchanges where previously the 
circuit weaknesses had existed un­ 
detected. 
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It has been found also that artificial 
traffic units can be successfully put to 
uses other than. those for which they 
were primarily intended and some of 
these are discussed below:- 
(i) An intermittently faulty subscribers 

uniselector can cause subscriber's 
complaints of "can't be raised" and 
"busy when not"; these faults have 
been successfully located by means 
of a special terminating relay set in 
association with the artificial traffic 
unit. This relay set provides the 
same facilities as the one previously 
described but in this case it is con­ 
nected to the subscriber's line by 
means of a shoe on the M.D.F. via 
a circuit similar to that used for Test 
Set No. 12, that is the subscriber's 
multiple is connected to the termin­ 
ating relay set while the line is con­ 
nected to a spare line circuit so that 
the subscriber can continue to make 
outgoing calls. Artificial traffic is 
directed to the subscriber's multiple 
number in the usual way but at the 
conclusion of each call the line cir­ 
cuit is momentarily looped by the 
terminating relay set so that the sub­ 
scriber's uniselector drives and the 
succeeding test is carried out with the 
second set of wipers on the home 
contact. This method has proved 
easier and more successful than the 
usual method of making a few test 
calls from each final selector. 

(ii) Complaints from P.B.X. and 
P.A.B.X. subscribers have been simi­ 
larly handled by directing artificial 
traffic to a spare number at the end 
of the subscriber's number sequence. 
In Siemens No. 16 exchanges in 
Brisbane an open circuit A or posi­ 
tive wire anywhere in the exchange 
common equipment causes com­ 
plaints of "calling no voice" and 
other troubles on C type P.A.B.Xs. 
By the use of artificial traffic this 
type of fault can be quickly localised. 
The previous method was to institute 
link testing, a slow and laborious 
operation in a Siemens No. 16 
exchange and this could only be 
undertaken during periods of light 
traffic. 

(iii) Reduction in normal routine testing 
is possible when artificial traffic tests 
are carried out. As an experiment 
all automatic routining of first selec­ 
tors in one 2,000 type main exchange 
was eliminated for a period of three 
months and all testing performed 
periodically by the artificial traffic 
unit. At the end of the three months 

a full automatic routine test was. car­ 
ried out and only One fault was 
detected, that being an unstandard 
condition. Therefore a routiner 
adapted for artificial traffic working 
has been proved to be a satisfactory 
unit for routining group selectors 
under service conditions fulfilling a 
need which has long been· felt .· in 
2,000 type exchanges: · 

(iv) In some exchanges artificial traffic 
units have been successfullv em­ 
ployed as link testers, the unit being 
set up to dial an appropriate number 
while the technician busies out each 
choice in turn. This application is 
particularly successful in Siemens 
No. 16 exchanges where link testing 
has been shown to take up to six 
times as long as the equivalent in a 
2,00()1 type exchange. 

(v) Calls can be originated from sub­ 
scriber's line equipment following 
complaints of trouble on outgoing 
calls, "can't get exchange" etc. This 
can be done with the routiner type 
artificial traffic unit, if connection to 
the subscriber's line equipment is 
made via a spare outlet of the 
routiner access selector. 
The preceding cases have been quoted 

in order to show that the possible uses 
of an artificial traffic unit are many and 
varied. Even though the usual artificial 
traffic tests would only require to be 
performed periodically the equipment 
can be usefully employed at other times. 

POSSIBLE DEVELOPMENT 
While the two artificial traffic units 

described in this article have shown that 
the generation of artificial traffic from 
automatic routiners is practical the 
authors consider that further develop­ 
ment will produce better and more flex­ 
ible artificial traffic equipment. One 
suggested line of development is the pro­ 
vision of the artificial traffic equipment 
as a separate unit but employing remote 
terminating relay sets along the lines 
described in this article capable of being 
connected to any number and type of 
routiner in the exchange by means of 
keys. (see Fig. 6). 
The advantages of this development 

would be:- 
(i) If the unit could be connected to 

any number or type of routiner, 
artificial traffic could be originated 
from any desired point in the 
exchange. 

(ii) All equipment in the exchange would 
be directly tested by the unit. 

(iii) The artificial traffic unit could be 
standardised. 

(iv) The complete unit could be rnanu- 
factured, easily insta!Jed, and con­ 
nected to existing routiners causing 
less interference to existing routiner 
wiring. 

(v) Only one unit would be required in 
each exchange. 

(vi) Provision could be made for addi­ 
tional facilities such as a loud 
speaker, additional meters for analy­ 
sis of types of faults, special tone 
equipment for ease of fault tracing, 
etc. 

The main disadvantages of this 
scheme appear to be:- 
(i) As the unit would be associated with 

all routiners in the exchange it would 
be necessary to refer to the lamps 
on both the unit control panel and 
the routiner control panel. In an 
existing exchange these could be 
some distance apart. 

(ii) Some equipment already existing on 
the routiners would have to be dupli­ 
cated on the artificial traffic unit 
resulting ·in a more expensive unit. 
However, as only one unit would be 
required in any exchange this is not 
a serious disadvantage and in fact 
the unit would probably cost little 
more than the present standard arti­ 
ficial traffic equipment. 

CONCLUSION 
In this article the authors have 

described a method of ready access to 
automatic exchange equipment for the 
purposes of artificial traffic generation 
and have shown that this type of equip­ 
ment may be adapted to fulfil many 
additional functions in automatic 
exchange maintenance. A suggestion has 
been made as to a possible line of deve­ 
lopment for the production of better 
artificial traffic units. Artificial traffic 
equipment is a valuable indicator in 
carrying out qualitative maintenance and 
the development of better units will pave 
the way towards better maintenance and 
improved standard of service in auto­ 
matic exchanges. 
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PRINCIPLES OF CROSSTALK AND NOISE SUPPRESSION AT 
OPEN-\VIRE AND BALANCED CABLE CARRIER STATIONS 

INTRODUCTION 
The noise and crosstalk performance 

of a communication channel may be con­ 
trolled satisfactorily by a combination of 
measures based on two different prin­ 
ciples; suppression and cancellation. The 
suppression principle is based on the 
provision of adequate attenuation in all 
paths leading from sources of noise 
and/or crosstalk to the point of pick-up 
in the disturbed channel. As an example 
of this method may be mentioned the 
efforts usually made to obtain close 
matching between the impedances of 
lines and their associated equipment. 
The close matching minimises reflections 
at this point with the result that cross­ 
talk effects due to near-end crosstalk 
between different lines may be kept 
within acceptable limits. The cancella­ 
tion principle is based on artificial injec­ 
tion by controlled means of noise and/or 
crosstalk in antiphase with noise and/ or 
crosstalk due to "natural causes". Cross­ 
talk balancing of cable pairs, and the 
transposition of open-wire pairs used as 
bearer circuits for carrier equipment are 
good examples of the application of the 
cancellation principle. 
An investigation of noise and crosstalk 

paths at long line equipment stations was 
undertaken recently in connection with 
the necessity to increase the number of 
channels per cable pair on several trunk 
cables, and the necessity to provide basic 
information for the preparation of instal­ 
lation engineering instructions and per­ 
formance specifications for carrier equip­ 
.ment. This investigation revealed the 
existence of a large number of crosstalk 
and noise paths to which scanty refer­ 
ences only may be found in the litera­ 
ture. The crosstalk and noise due to 
these paths were found to be controlling 
for the upper channels of ordinary 12- 
channel cable and open-wire systems and 
also to be prohibitive for the proposed 
operation of 24- and 34-channel cable 
systems. It was found however that the 
suppression in these offending paths 
could be increased by relatively simple 
and inexpensive modifications to such an 
extent that the resulting crosstalk and 
noise was virtually non-existent. 
The initial investigations were carried 

out at stations on the Melbourne-Sey­ 
mour cable route, and the principles 
established were later applied to a num­ 
ber of open-wire carrier stations. 
This article describes the offending 

paths together with the most practicable 
methods of providing the required sup­ 
pression. The actual work involved in 
tbe modifications and the resulting 
improvements in crosstalk and noise will 
be described in a later article. The 
crosstalk paths concerned are usually 

*Mr. Dossing is a Divisional Engineer in the 
Long Line Equipment Section, Central Office. 

from the output of a transmitting ampli­ 
fier (that is from a "high" level point) to 
the input of a receive amplifier (that is 
a "low" level point), and "third" circuits 
are very often involved. For these rea­ 
sons the resulting crosstalk is referred to 
as "interaction" or "run-around" cross­ 
talk. 
The investigations included numerous 

laboratory measurements, more than 
100,000 measurements of interaction 
crosstalk at cable carrier stations, and 
many thousands of measurements at 
open-wire stations. A considerable num­ 
ber of theoretical considerations were 
also involved. Many details of interest 
for the preparation of engineering 
instructions and equipment specifications 
have not been included here, but are 
given in two Long Line Equipment 
Laboratory Reports on the subject (Refs. 
I and 2). 

DEFINITIONS AND CROSSTALK 
REQUIREMENTS 

Some of the examples and figures 
given in this article are applicable to 
cable stations only, but they would with 
few alterations apply equally well to 
open-wire stations, except that the com­ 
plexity of the "third" circuits is usually 
much greater in open-wire stations than 
in cable stations. In the following text 
such words as "pair", "repeater", 
"stations", "equipment", etc., are pre­ 
ceded by "cable" or "open-wire" when 
the description applies to one only of the 
two types of installation. If the descrip­ 
tion applies to both types the word 
"cable" or "open-wire", is omitted. 
In cases where the description applies to 
one type of installation only and there 
is little risk of ambiguity, the word 
"cable" or "open-wire" has also been 
omitted. 

"Interaction crosstalk" as used herein 
means the crosstalk from the "output" of 
a repeater (or terminal transmitting 
equipment) to the "input" of other 
repeaters (or terminal receiving equip­ 
ments). 

Since interaction crosstalk attenuation, 
in accordance with the definition given, 
is measured between points of different 
test level, the requirement for this type 
of crosstalk attenuation must be greater 
by this difference in level than the 
requirement for the channel crosstalk 
resulting therefrom. 

In case of cable carrier installations, 
the interaction crosstalk may be con­ 
trolled readily and economically. Fur­ 
thermore, due to the relatively close 
spacing of repeaters and the large num­ 
ber of repeaters at each station, a large 
number of interaction crosstalk paths 
exist. For these reasons the channel 
crosstalk caused by each interaction 
path should be better than 80 db, and 
consequently the limit for each inter­ 
action crosstalk attenuation is 80 db plus 
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the difference between the test levels. 
However no significant advantages are 
obtained from an increase in interaction 
crosstalk attenuation beyond the value 
where it equals the difference between 
the level transmitted to line and the 
thermal noise level per channel. 
The thermal noise in. a terminated 

circuit is -138.5 dbm (assuming a tem­ 
perature of 20°C. and C.C.I.F. 1951 
psophometric weighting, the equivalent 
bandwidth of which is 1800 c/s). The 
requirement for interaction crosstalk 
attenuation on cable routes is thus the 
lower of the two values: 

80 db + the difference between the 
two test levels. 

138.5 db + transmitted level per 
channel. 

For operation over 60 db cable sec­ 
tions employing a transmitted test level 
of +5 dbm per channel, the requirement 
for interaction crosstalk attenuation 
would thus be 140 <lb. In the case of 
the Melbourne-Seymour route operation 
over 80 <lb sections, employing a trans­ 
mitted level of +20 dbm per channel 
for the higher frequency channels was 
proposed, resulting in a requirement of 
158 db. 
In case of open-wire installations it is 

often difficult and expensive to control 
completely all "third" circuits, parti­ 
cularly if they are owned by other 
authorities (power lines, railway signal­ 
ling and railway communication lines). 
Furthermore, due to the relatively large 
spacing between repeaters and the rela­ 
tively small number of repeaters usually 
provided at each station, the number of 
interaction crosstalk paths is much 
smaller than in the case of cable carrier 
installations. For these reasons it might 
be necessary at certain stations to accept 
interaction crosstalk attenuation of such 
value as to result in channel crosstalk of 
65db, but it is considered that the target, 
wherever economically possible, should 
be 80 db. For operation over 40 db open­ 
wire sections employing· a transmitted 
test level of + 17 dbm per channel, the 
requirement for interaction crosstalk 
attenuation would thus be 120 db, with 
105 db being acceptable in certain special 
cases. 

PRELIMINARY INVESTIGATIONS 
AND METHOD OF MEASUREMENT 

The initial interaction crosstalk atten­ 
uation tests were carried out in the 
"normal" fashion, that is the carrier 
equipment was disconnected from the 
two pairs under test and replaced by an 
oscillator connected to the transmit pair 
and a selective db-meter connected to the 
receive pair. These tests revealed that 
the interaction crosstalk attenuation 
between any two chosen pairs was 
dependent to a large extent on whether 
equipment was connected to other pairs 
and on the terminating conditions of the 
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non-carrier lines. Thus, in case of cable 
carrier installations, interaction crosstalk 
attenuation of 160 db at 108 kc/s was 
obtained from the pairs of "send" cables 
into the pairs of "receive" cables, if all 
pairs were disconnected from the equip­ 
ment by removing the U-links at the 
cable-heads. With the normal office 
equipment connected to all pairs, except 
the two under test, most figures were in 
the order of 125 db, whilst the worst and 
best figures were 110 and 150 db respec­ 
tively. (Ref. 3). It was consequently 
suspected that conditions would be still 
worse if the pairs under test were also 
left connected with their equipment, so 
that all equipment and pairs remained 
in their proper operation conditions. 
It was therefore essential to develop 

special test gear, permitting measure­ 
ments to be made on a bridging basis, 
leaving the equipment and Jines in the 
normal operating conditions. A bridging 
loss (Ref. 4) of 1 db was considered 
acceptable. Furthermore, the transmitted 
levels and frequencies had to be so 
chosen that the normal operation of the 
equipment was not significantly impaired, 
and conversely the levels and frequencies 
used for normal cperation of the carrier 
systems would not interfere into the 
crosstalk measuring receiver. The test 
set-up was required to enable measure­ 
ments of attenuation to be made up to 
160 db or better on the Melbourne­ 
Seymour route (proposed 24-channel 
working, up to 108 kc/s); 145 db or 
better on the Sydney-Maitland route 
(proposed 34- channel working, up to 
140 kc/s), and 140 db in the case of 
60 db repeater sections. For measure­ 
ments on the Seymour route a frequency 
of 115 kc/s was chosen, this frequency 
being above the proposed upper fre­ 
quency of 108 kc/s and also half way 
between this and the 120 kc/s group 
modulating frequency. By this choice, 
the selective db-meter would not be influ­ 
enced by the 108 and 120 kc/s carrier 
leaks. For the Sydney-Maitland route 
the frequency chosen was 160 kc/ s, this 
being well above the proposed upper 
channel frequency of 140 kc/s and the 
144 kc/s group modulating frequency. 
Furthermore, the upper channel fre­ 
quency of a 36-channel system is 156 
kc/s, and the test frequency of 160 kc/s 
would be suitable for that type of system 
also. For convenience the frequency of 
160 kc/ s was also used for investigations 
of 12-channel open-wire routes operating 
in the 36-143 kc/s range. 

In case of measurements on "go" and 
"return" carrier cables made by trans­ 
mitting across "Repeater Out" and 
measuring across "Repeater In" in the 
opposite direction of transmission, if the 
measurements are carried out at a fre­ 
quency inside (or close to) the line­ 
frequency band of the equipment operat­ 
nig on the pairs, interaction crosstalk at 
all the station further along the route 
will be "seen" unattenuated; the figures 
obtained are thus not representative of 
the performance of the station at which 
the measurements are performed. This 
difficulty may be overcome to a great 
extent, by measuring at a frequency well 
above the equalized band of line fre- 

Balance Longitudinal Impedance 
Screened Cable 35-50 db 120-200 pF/yard 
Carrier Input or 
Output transformer 35-45 db 500-1000 pF. 
VF Input or 
Output Transformer 25-40 db 750-2000 pF. 
Carrier Cable Pair 40-60 db 40 to 50 ohms (see Text). 
Open-Wire Pair 20-40 db 200-300 ohms (see Text). 

quencies, that is at a frequency of about 
twice the frequency of the upper nomin­ 
ally equalized frequency. Thus, when 
the equipment on a route utilizes line­ 
frequencies up to for instance 108 or 
140 kc/ s, interaction crosstalk should be 
measured at a frequency of 160 and 265 
kc/s respectively, and "reference sets" of 
readings for future references and checks 
should be taken at these frequencies at 
a time when it is known that the station 
performance is good at frequencies in 
the normal operating band. 
Details of test set-ups meeting the 

above requirements and employing 
instruments readily available in the 
Department as "building-blocks" will be 
given in the later article. 
Using these measuring circuits and 

measuring on a bridging basis, leaving 
the equipment and associated lines in 
normal operating conditions, a deteriora­ 
tion in the order of 20 db relative to the 
figures taken when the two pairs under 
test were disconnected from their equip­ 
ment was evident at cable carrier 
st •• tions. 

COUPLING AND CROSSTALK 
The term "coupling" is used to indi­ 

cate that a current and/ or voltage in a 
circuit causes a small current and/ or 
voltage of the same frequency in other 
circuits. The coupling may be inductive 
(mutual inductance), capacitive, or take 
place via common impedances, such as 
common earth impedance and impedance 
of a common power supply. Most of 
the couplings considered in this report 
are unwanted. Their magnitudes are 
quoted in terms of the ratios in db 
between the causing and the caused volt­ 
ages. The voltage considered may be of 
a transverse or longitudinal nature, 
as described later. 

The term "crosstalk" is used in lieu 
of coupling, if the causing as well as the 
caused voltages are:- 

transverse, and: 
associated with transmission circuits, 
and: 
inside the frequency band of these 
transmission circuits. 

"LONGITUDINAL" TRANSMISSION 
The usual type of transmission con­ 

sidered is the transverse type, that is the 
signal is applied between the two input 
terminals of an equipment unit (say a 
repeater) and the resulting signal between 
the two output terminals is of interest. 

In case of crosstalk investigations, it 
is necessary to consider also longitudinal 
transmission. This case is obtained simply 
by commoning the two input terminals 
together and connecting the signal source 
between this point and "earth". At the 
output the two output terminals are 
commoned together, and the signal is 
measured between this point and "earth", 
Longitudinal transmission is in general 

no more complicated than the usual 
transverse. Thus for instance, the longi­ 
tudinal impedance of a line is synon­ 
mous with the "cailho" impedance of 
that line. This particular impedance is 
one of some importance in crosstalk 
considerations. For cable-pairs the value 
is in the order of 40-50 ohms (resistive) 
at carrier frequencies, and in the order 
of 200-300 ohms (resistive) for open­ 
wire pairs (Refs. 5 and 6). 
However complicated the signal car­ 

ried by each wire of a pair may be, it 
can always be resolved into a longitud­ 
inal and a transverse signal, which, if 
superimposed upon each other, would be 
equivalent to the original signal. Nor­ 
mally, carrier systems employ transverse 
transmission on balanced lines (except in 
the case of co-axial equipment), but a 
perfectly balanced circuit is not possible 
in practice, and the "degree of balance" 
actually existing is a matter of consider­ 
able importance. The lack of perfect 
balance causes a fraction of a trans­ 
versely transmitted signal to convert it­ 
self into a longitudinal signal and vice 
versa. In this article the degree of bal­ 
ar-ce is defined as the ratio in db be­ 
tween a transversely applied voltage and 
the resulting longitudinal voltage. It may 
be shown (Ref. I) that the overall bal­ 
ance of a circuit is a function of the 
balance of the individual elements (such 
as lengths of screened pairs, repeater in­ 
put and output transformers, etc.) as well 
as of the longitudinal impedances of the 
elements. Consequently a full description 
of balance must include the degree of 
balance as well as the longitudinal im­ 
pedance. 
Typical figures for balance and longi­ 

tudinal impedance of common items are 
shown in the above table. 

NEAR-END COUPLINGS-CARRIER 
CABLES AND OPEN-WIRE LINES 
Transfer and conversion (from trans­ 

verse to longitudinal and vice versa) of 
energy occurs between the pairs of the 
same cable and between the pairs on the 
same pole route. The conversion is 
caused by the same factors as those gov­ 
erning the conversion within a pair as 
described above. 

A series of tests led to the following 
conclusions concerning these phenomena: 
(a) A transverse voltage transmitted on 

a pair causes a transverse voltage on 
all other pairs (in the following this 
is abbreviated to: TIT Coupling.)" 

(b) A transverse voltage transmitted on 
a pair causes a longitudinal voltage 
on all pairs (abbreviated: T/L Coup­ 
ling). 

(c) A longitudinal voltage transmitted on 
a pair causes a transverse voltage on 
all pairs (abbreviated: L/T Coupling). 

(d) A longitudinal voltage transmitted on 
a pair causes a longitudinal voltage 
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on all other pairs (abbreviation: L/L 
Coupling). 

The actual magnitudes of these con­ 
versions depend of course on the relative 
positions of the pairs in the cable or on 
the pole, and on a number of other fac­ 
tors. As a guidance to the order of the 
magnitudes to be expected, the worst 
values obtained at two cable stations and 
one open-wire station are given in Tables 
l and 2. 

INTERACTION CROSSTALK DUE TO 
COMMON EARTH IMPEDANCE 
Fig. 1 has been prepared to illustrate 

the most common paths of interaction 
crosstalk. This figure and the explana­ 
tions given below apply to cable stations. 
The appropriate drawing and explana­ 
tions relevant to open-wire stations are 
so similar, that it is not necessary to re­ 
peat the explanations for that type of 
station. 

Interaction crosstalk paths due to com­ 
mon earth impedance are indicated by 
arrows at the terminal station, whilst the 
arrows at the repeater station are used to 
indicate interaction crosstalk paths due 
to lack of adequate suppression in the 
various paths leading from the transmit 
pairs to the receive pairs. This lack of 
suppression is often referred to as "back­ 
ward" transmission (or lack of "back­ 
ward" suppression) and is dealt with in 
the next section of the article. 
To illustrate the interaction crosstalk 

paths due to common earth impedance, 
pair 1 has been chosen as the disturbing 
pair and the arrows at the terminal sta­ 
tion indicate how the longitudinal cur­ 
rents (caused by the transverse signal on 

\'F". c , •. et.r HTENSION 
(1rAPPL!CA8LE:) 

pair I due to near-end T/L Couplings) 
in pairs 2-8 inclusive find their way to 
earth. Briefly the paths are: 

Pair 2: Through the capacitance of the 
screened pair interconnecting the cable 
head with the transmitting output trans­ 
former (120-200 pF/yard) and the cap­ 
acitance between the output winding and 
screen of this transformer (500-2000 pF). 

Pair 3: Through the centre-tap of the 
"cailho" coil and the "cailho"-box to 
earth. There is virtually no suppression 
in the coil, and in the ordinary case the 
suppression in the cailho-box (represent­ 
ing in most cases a DC control circuit) 
will also be small at carrier frequencies. 

Pair 4: This pair represents a "physi­ 
cal" circuit, for instance a "physical" 
programme circuit or a "gas alarm cir­ 
cuit". In case of a physical programme 
circuit, it may be extended into a V.F. 
cable. The longitudinal voltage causes a 
current to flow via the sheath of this 
cable into the station earth. Longitud­ 
inal voltages will also be set up in the 
other pairs of the cable, and a consider­ 
able fraction of the resulting currents are 
in turn likely to flow into the station 
earth. 

In the case of a gas-alarm circuit, the 
pair will be terminated in a control-box, 
presenting a small impedance at carrier 
frequencies to earth, and the longitudinal 
voltage on the pair will therefore cause 
a considerable current to flow into the 
station earth. 

Pairs 5 and 6: These pairs carry a 
superimposed phantom circuit. The paths 
to earth consist of all the paths men­ 
tioned under pairs 2, 3 and 4. 

Pairs 7 and 8: These pairs carry a 

CABLE r,,-----------r-, 
TT: 

REPEATER STATION 

superimposed phantom circuit and one 
leg of a superphantorn. The paths to 
earth are as .in case of pairs 5 and 6, with 
additional paths created by the super­ 
phantom leg. 

These currents to earth will produce 
a potential difference (indicated by: PD) 
across the common earth impedance 
(indicated by: Z). Seven "third" circuit 
pairs only, have been shown, but it will 
be appreciated that all pairs in the trans­ 
mit cable or open-wire route may pro­ 
duce similar third-circuit effects. 
Pair 9 has been chosen as the dis­ 

turbed pair. Arrows indicate how the 
potential difference across the earth im­ 
pedance is supplied to the transmitting 
amplifier of this pair (via the power sup­ 
plies and iron-work). This potential will 
to some extent be "picked-up" by the 
amplifier and appear at the far terminal 
as crosstalk. 
The above illustrates interaction cross­ 

talk paths from outputs to inputs of 
transmitting amplifiers. Receive ampli­ 
fiers (not shown on Fig. 1), are affected 
to an even greater extent, the mechan­ 
ism being as follows: The potential dif­ 
ference PD across the common earth 
impedance is extended to the screen of 
the input transformers (and also to a 
lesser extent to the receive cable pairs). 
The resulting voltage between the receive 
cable pairs and the transformer screens 
are equivalent to a longitudinal voltage, 
and this voltage (by LIT-Coupling pro­ 
cesses) causes transverse voltages which 
are amplified by the receive amplifiers 
and finally appear as crosstalk at the near 
terminals. At repeaters identical pro­ 
cesses take place. 

CABLE ------ 
PAIR I DISTURB ING PAIR, 

~ 
: 11 
II PAIIR 2 "CLEAN" CARRIER o, 
'tt--- PHYS 1CAL PROGRAM PAtiR·, 

PAIR 3 PA'JR WITH C AILHO r os 
SIGNALLING OR CONTROL 

PURPOSES. 

PAIR .4 PHYS !CAL PAlR FOR 

PAJR l.\ PAIRS W 1TH ONE ''LEG'' 
OF A SUPERPHANTOM 

FOR CONTROL OR 'r- CHANr-' [> l---,.-1 }J--+---+-1 __j_ij :--'--!-1 i -l-L-:-1.1 i : r___j__l-+h-Bf=-r-1 '\ 1-.-1 [>-,....=.:1 JE...4Wll--l--j ~: i \ -; AIR . ,. s, GN AL LING PU., OS ES. 

USAGE AS 1-9 
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A.P.O. practice at the time of com­ 
mencement of the investigation was to 
provide several "earths", each "earth" 
being insulated from the others. The 
number and types of "earths" provided 
differed somewhat between the various 
States. Some of the various "earths" in 
use were:- 

Protective Earth. 
Cable Sheath Earths: ("A-Side" and 

"B-Side" in case of 12-channel Open 
Wire Installations, and "Transrn." and 
"Ree." in case of cable installations.) 

Noisy Earth. 
Silent Earth (or Screen Earth). 
Battery Earth. 
Mains Neutral Earth. 
Rack and Ironwork Earth. 
It was thought that such a separation 

of "earths" would enable the various 
types of potentials across the earth im­ 
pedances to be kept within certain phy­ 
sical boundaries in such a fashion that 
no harmful effects would be experienced. 
At Kai Kalla cable repeater station on 
the Melbourne-Seymour route, a large 
number of man-weeks was spent refining 
the separation of earths and certain 
modifications were made to the equip- 

12·69 m H - 2·69mHl 

I 
o-L 

I 
I 
lo 

.J - -­ ""-cAN 

ment installed to enable appropriate earth 
connections to be made. As each refine­ 
ment was introduced the interaction 
crosstalk became progressively worse. 

After weeks of experimental work, it 
was established that the best earthing 
arrangement at cable stations was ob­ 
tained by extending the potential of the 
cable sheaths to all the points in the 
equipment room, which require an earth, 
by means of low impedance (that is low 
resistance as well as low inductance) 
connections. The required low imped­ 
ance could conceivably be obtained by 
covering the floor of the equipment room 
with a solid sheet of cooper to which 
all earth connections, including the con­ 
nections to the cable sheaths were made, 
but such a drastic step proved unneces­ 
sary. Instead, all connections were made 
to the existing earth-busbars, and by 
connecting these together at their "free" 
ends an earth-mesh system of low im­ 
pedance is obtained. 
It appeared beyond doubt that the 

same findings would apply to open-wire 
stations with long entrance cables, but 
different conditions could exist if the 
entrance cables were very short. Experi- 

NOMINAL IMPEDANCE: 67·SQ 
CUT-OFF FREQ: 4 kc./s 

TWO OF THE ABOVE UNITS MAY BE USED TO FORM A 135 n BALANCED 
FILTER WITH EARTHED CENTRE.TAP 

T 
_ - -::>CA~ --, 
---- I 

I· 
NOMINAL IMPEDANCE:13Sn 

CUT- OFF FREQ: 4 kc./s 

J_ 
L---- 
The characteristics of the filters operated between the appropriate nominal 

impedances are:- 

f (kc/s) Atten, (db) 
I 

Longitudinal Impedance 
of Balanced Filter (ohms) 

0-4 Pass Range 
8 18 
12 29 100 
20 42 170 
40 60 340 
80 78 675 

160 96 1350 

The current carrying capacity should be not less than 50 mA. 
Fig. 2.-Unbalanced and Balanced Crosstalk Suppression Filters for use in Cable Carrier Stations. 

ments with different earth arrangements 
were therefore carried out at Yass Junc­ 
tion open-wire repeater station which 
has short entrance cables of approxi­ 
mately 200 ft. length. The results con­ 
firmed the superiority of the single-earth 
scheme. 
The author believes that it would be 

possible, if enough effort and time were 
spent on the project, to obtain even bet­ 
ter results with "separated" earths, but 
the single-earth arrangement has proved 
to give most satisfactory results at ·111 
stations where it has been introduced, 
and there seems thus no reason to pursue 
a separated earth scheme with its very 
considerable practical disadvantages of 
cost, complexity and hazard to personnel. 
The efficient operation of the single­ 

earth scheme may perhaps best be under­ 
stood by considering the cable sheaths 
as "true" earth, and if the points re­ 
quiring an earth connection are con­ 
nected to the sheaths via connections of 
the lowest possible impedance, the harm­ 
ful potential difference PD in effect be­ 
comes very small (short-circuited). This 
is substantiated by the fact that the in­ 
ductance of a few turns of wire on a 
pencil inserted in the connections to the 
cable sheaths very markedly reduces the 
efficiency of the single earth arrange­ 
ment. 
Referring again to Fig. I, it is seen 

that the longitudinal voltages on the 
cable pairs deliver current into the earth 
impedance via circuit elements, such as 
cailho and phantom deriving coils, which 
exhibit a low impedance to these cur­ 
rents. A reduction of the potential across 
the earth impedance, and a consequent 
reduction of interaction crosstalk due to 
this cause, may be achieved by "retard­ 
ing" the longitudinal currents. Suitable 
methods of retardation are described 
later in conjunction with the methods 
used to suppress other types of inter­ 
action crosstalk. 

INTERACTION CROSSTALK DUE 
TO LACK OF BACKWARD SUP­ 

PRESSION 
The need for suppression in the back­ 

ward direction of transmission may be 
explained with reference to the repeater 
station shown as part of Fig. 1. Pairs I 
and 9 are again the disturbing and dis­ 
turbed pairs respectively, whilst pairs 2-8 
inclusive illustrate common types of 
"third" circuits. Due to near-end TIT 
and T/L-couplings between the pairs of 
the transmit cable, the transmission of 
a transverse signal on pair I will cause 
transverse and longitudinal signals on all 
other pairs of the cable (in the order of 
40 db down on the voltage transmitted 
on pair I in the worst cases). These sig­ 
nals will flow through the paths inter­ 
connecting the transmit and receive pairs 
(in the backward direction), and if they 
are not subjected to any suppression in 
these paths, they appear at the same 
levels on the pairs of the receive cables. 
Pair 4 as an example has no suppression 
in the interconnecting path and the trans­ 
verse and longitudinal signals on that 
pair of the receive cable would cause 
transverse signals on the other pairs of 
the receive cable (the appropriate T /T. 
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I XT/Tdb I XL/Tdb I XT/L db l XL/L db 

When the send and receive cable! l I I 
pairs. being _conside_red are both GR + 30 GR + 45 GR + 45 GR + 10 
associated with earner equipment 

All other cases l GR - 20 I GR - 5 l GR - 5 I GR+ 10 

and LIT-coupling again being in the 
order of 40 db). An interaction crosstalk 
in the order of 80 db only could thus be 
experienced in the worst case. Since the 
requirement is in the 120 to 160 db 
range, a suppression in the interconnect­ 
ing paths in the order of 40 and 80 db 
respectively is seen to be necessary. 

A more detailed analysis of the back­ 
ward suppression requirements at cable 
carrier stations is given in Ref. 1. This 
analysis shows that it is necessary to con­ 
sider the following types of backward 
suppression: 
Transverse/Transverse Symbol: XT/T 
Transverse/Longitudinal Symbol: XT /L 
Longitudinal/Transverse Symbol: XL/T 
Longitudinal/Longitudinal Symbol: 

XL/L 
and that the appropriate minimum tol­ 
erable suppressions at 108 kc/s assuming 
a resultant worst channel cross talk of 80 
db are shown in the above table. 

Suitable methods of obtaining the ne­ 
cessary backward suppression are de­ 
scribed later in conjunction with the 
methods used to suppress other types of 
interaction crosstalk. 

INTERACTION CROSSTALK DUE TO 
DIRECT TRANSVERSE/ 

TRANSVERSE COUPLING FROM 
TRANSMIT CIRCUITS INTO 

RECEIVE CIRCUITS 
Since this type of crosstalk is due to 

direct coupling between the two circuits 
concerned no "third" circuits are 
involved, and it may perhaps therefore 
not be classed as true interaction cross­ 
talk. The means employed to control 
this type of crosstalk are however very 
similar to the means employed to con­ 
trol the true types of interaction cross­ 
talk so that for the purpose of this article 
it bas been classed as such. 

In general the wiring associated with 
the transmission circuits of carrier equip­ 
ment is run in screened pairs, and term­ 
inal blocks, U-link frames, jacks, keys 
and any similar items associated with 
transmit circuits are usually kept separate 
from those associated with receive cir­ 
cuits. The investigation revealed, how­ 
ever, that the appropriate low degree of 
coupling had not been realised in a con­ 
siderable number of instances, and Table 
3 has therefore been prepared as a guide 
to the likely minimum order of couplings 
obtained in some typical cases assuming 
nominal circuit impedances in the 125- 
600 ohms range and a frequency not 
exceeding 150 kc/s. 
Table 4 gives the minimum order of 

transverse/transverse coupling between 
pairs associated with common types of 
multipair transmission equipment which 
usually carry circuits of same nominal 
level that is transmit circuits or receive 
circuits. These couplings may result in 

where G,, is the repeater gain in db. 

direct crosstalk, and a knowledge of their 
magnitudes is essential for the proper 
design and installation of equipment. 

NOISE PATHS 
Many types of channel noise are due 

to potential differences between various 
earth points in the carrier frequency 
transmission paths and this type of noise 
is very greatly reduced by the adoption 
of the "single" earth arrangement, where 

CIRCUIT TYPEI TERMINAL STATION 

all points which require an earth are 
interconnected by connections of the 
lowest possible impedance. 

Other types of noise, mainly noise 
induced in pairs due to variations of soil­ 
potential along a route and noise due to 
static, radiation from welding and other 
types of apparatus, follow in many cases 
the same paths as interaction crosstalk 
before appearing as channel noise. Con­ 
sequently reduction of interaction cross­ 
talk helps in two ways to reduce channel 
noise. 

METHODS OF INTERACTION 
CROSSTALK SUPPRESSION 

It has been shown in the preceding 
sections that interaction crosstalk may 
result from: 

(i) excess longitudinal currents to 
earth and excess earth imped­ 
ance, 

CABLE REPEATER STATION CABLE 

DC - CAILHO 
(REF. PAIR 3, FIG. t) 

PHYSICAL 
(REF. PAIR a.rrc. 1) 

L-=- - _: _ __J 
NOTES 1&2 

I ...J- ji ...J.... I 
L-~-~L.._-~-...J 

NOT ES 2 & 4 

L--:::-::_ .=::::-_1C::-:::- - =-::-.J 
NOTES 2& A 

(REF. PA"S 5 & 6, FIG. r) 
FOR 

11
REPEATEREo'

1 
OPERATION,NO PRECAUTIONS ARE NECESSARY, EXCEPT THAT 

THE EARTHING AND SCREENING OF THE REPEATER EQUIPMENT AND WIRING 

SHOULD CONFORM TO CARRIER EQUIPMENT STANDARDS. 
\0, II 'I. I/ •• 

FOR REPEATERED OPERATION, WHERE THE REQUIREMENTS OF AtT. I CANNOT 
PRACTICALLY BE MET, ANO FOR NON·REPEATEO PHANTOM. 

I l_i, I I ,r.:-::T 

PHANTOM 
ALT. 1 

ALT, 2 

ALT, l 

ONE LEG OFI (REF.PAIRS 7 & 8,FIG. 1) 

SUPERPHANTOM 

A LT. 2 

IF THE PHANTOM CONFORMS WITH ALT,l,ABOVE~THE SUPERPHANTOM IS TREATED 
IDENTICALLY TO A DC-CAILHO. . ,, 
IF THE PHANTOM REQUIRES FILTERING AS UNDER ALT,2,ABOVE,FllTERINGQFTHE 
SUPERPHANTOM IS NOT REQUIRED WHEN DERIVED AS SHOWN BELOW. 

I I_ I, I I ,i.~I i---c-- 

Fig. 3.-Provision of Crosstalk Suppression Filters at Cable Carrier Stations. 
l. Screened Transformers may be used instead of filters, in case of circuits used for 
V.F. purposes. 

2. See Fig. 2 for filter detai Is. 
3. The terminal equipment is shown as transmitting, but identical arrangement is used 
at the receiving end. ---- 

4. Two units in tandem as shown were used on Melbourne-Seymour route, but one unit 
should be adequate if the repeater gains do not exceed about 60 db. 

NOTES: 



February, 1959 THE TELECOMMUNICATION JOURNAL OF AUSTRALIA Page 185 

(ii) lack of T/T, T/L, L/T and L/L 
backward suppression in the 
paths interconnecting transmit 
and receive pairs, 

and (iii) direct transverse/transverse coup­ 
ling from transmit circuits into 
receive circuits. 

Consideration to these phenomena 
would have been given previously in the 
design and manufacturing stages of the 
equipment associated with carrier as well 
as non-carrier pairs of a carrier route. 
It cannot be emphasised too strongly that 
equipment associated with non-carrier 
circuits (such as DC-control, DC-super­ 
vision, gas-alarm, order-wire, subscribers, 
V.F. and Programme) and employing 
pairs of carrier cables or carrier open­ 
wire routes is much more likely to cause 
poor interaction crosstalk between the 
carrier systems than the carrier equip­ 
ment itself. In fact it is generally neither 

economical nor practicable to design 
these non-carrier circuits in such a way 
that their "third" circuit effects are negli­ 
gible and special components such as 
crosstalk suppression filters (abbreviated: 
XTS-filters), longitudinal retard coils 
(abbrev.: LR-coils) and longitudinal 
retard transformers (abbrev.: LR-trans­ 
formers) must be included as required to 
reduce the "third" circuit effects. 

Considering firstly the design and 
installation of carrier equipment, the 
more important rules to be observed 
are:- 
(a) High and low level wiring must be 

run in separate forms, and all wiring 
associated with the signal paths must 
be screened. The minimum distance 
between a high and a low level pair 
must not be less than 3 inches. If 
this minimum distance cannot be 
maintained shields of 14-22 BG sheet- 

(I) STA.TION «to. 3 CH. REPEATERS (AUXILIARY STATION) 

12 CH: EQUIPT. H33T 
12 CH. EQUIPT 

1 
i70A L 33 

I 

' I 
12 CH. EQU IPT .. 

L~ ;; 9
[ A-1 TO ANY _COMBINATION OF 
I 3 CH. BEARERS AND OTHER 
: V ,F. & D.C. CIRCUITS 

------------------99A- 
' ' ' 

L~ ;; 12 cto·:AEQU}IPTTo ANY TYPE OF 

i V,F. & D,C. CIRCUIT. 

------------------lOSA- 
1 
I 

(2) STATION WITH 3 CH. REPEATERS 

-,-H33 i2 CH EQUIPT. 
LL 33 3 CH.: RPTR. W.106A OR TERML. 

' I 

----r-H33 12 CH
0 

EQUIPT. 
LL 33--,---H 5 3 CH.: RPTR W.106A _OR TERML. 

LL5 105A--TO ANY TYPE OF 
: . V,F. & _D.C. CIR~UIT .. 
' ------------------3' CH. RPTR. W.106A oif TERML.. 
i 
I· 

C·Hs 3
0 

CH. RPTR. w.106A o_R TERML. 
L 5 105A----TO ANY TYPE OF 

; V ,F. & o.c.' CIRCUIT, ' . . 
I 

------------------105 A--TO A NY TY PE OF 
V.F. _& D.C. CIRCLI_IT. 

I 
X - TALK 

SUPPR. BARRIER' 

Fig. 4.-Provision of Crosstalk Suppression Filters at 12-Channel Open-Wire Stations. 
Crosstalk suppression filters should be provided as indicated above, except in the following 

Cases:- 
(a) .. Stations with Terminals of one Type only (that is either "A" or "B" Terminals) and no 

Repeaters. 
(b) Stations with one Repeater only and no terminals. 
Legend: "H" and "L" signifies "High-Pass" and "Low-Pass" respectively, whilst the succeed­ 

ing figure signifies the approximate cut-off frequency in kc/s. 
Note: H3's and L3's may be used in lieu of H5's and L5's if desired. 

metal should be inserted to ensure that 
the minimum distance measured 
wholly in air is 3 inches. 

(b) All screens of screened wiring must 
be earthed (in as many places as con­ 
venient, but at least in one place) to 
a solid common earth wire run verti­ 
cally in the centre of the rack frame­ 
work (or alternatively an earth wire 
may be run inside each of the two· 
U-shaped side members, the two wires 
being connected together at the top, 
at the middle and at the bottom.). 
The earth-wire(s) is connected to an 
earth terminal at the top of the rack 
(or to a rack earth-busbar). This 
terminal is also used for the earth 
return of the HT and LT supplies, 
and for "rack-earth". 

(c) High and low level wiring must not 
come together on the same key-panel, 
jack-field, U-link block or terminal 
block. High and low level keys, jacks 
and terminal blocks must be well sep­ 
arated, or if this is not possible shields 
of 14-22 BG sheetmetal should be 
inserted between them. 

(d) High and low level transformers, such 
as input and output transformers, 
should be well separated. In case of 
line transformers, and phantom deriv­ 
ing coils the high and low level groups 
should preferably be mounted on 
opposite sides of the rack. 

(e) Panel and bay terminal blocks should 
be so arranged that the separation of 
high and low level wiring (see (a)) is 
readily accomplished. 

(f) Within panels the input and output 
wiring must be screened and well sep­ 
arated, and the panel terminal blocks 
should be arranged in accordance 
with (e). 

(g) Line transformers should have electro­ 
static screens between primary and 
secondary windings. These screens 
must be earthed, and must not be 
associated with any feed-back poten­ 
foils. 

(h) In the case of phantom deriving coils 
and line-transformers the centre-tap 
must not be earthed, since this would 
result in excess longitudinal currents 
to earth. It must be ensured that the 
impedance to earth of any circuits 
connected to such centre-taps is high 
at carrier frequencies. 

(i) All components, such as input and 
output transformers, directional filters, 
line filters, XTS-filters, LR-coils, 
screened wiring, arrestors, fuses, etc., 
forming part of the "line" should be 
well balanced. 
The expressions "high level" and "low 

level" refer to signal levels. Thus high 
level wiring is associated with the trans­ 
mit side of a repeater, and the low level 
wiring with the receive side. 

Program equipment for operation 
over physical and phantom circuits of 
carrier cables should be made to the 
same rules as carrier equipment in order 
to avoid the necessity for XTS-filters and 
the resultant restriction of frequency 
range and deterioration in performance. 
Open-wire program circuits are usually 
restricted in frequency range by 5.6 kc/s 
line filters and X'TSfilters of the same 



Page 186 THE TELECOMMUNICATION JOURNAL OF AUSTRALIA February, 1959 

or higher cut-off frequency may there­ 
fore be used without detrimental effect. 
Consequently it is not necessary from the 
point of view of interaction crosstalk to 
follow "carrier rules" in the design of 
si.ch equipment, but from the point of 
view of standardisation the two types of 
equipment should be made identical. 

All pairs, other than pairs exclusive to 
cable carrier equipment and 12-channel 
open-wire equipment must be suitably 
equipped with XTS-filters. These filters 
are of the ]ow-pass type and of varying 
complexity. 

A "universal" XTS-filter with a nom­ 
inal cut-off frequency of 4 kc/s was 
designed for all applications at cable 
carrier stations. The particulars of the 
filter are given in Fig. 2, and the rules 
of application are illustrated in Fig. 3. 
It will be seen that these filters are pro­ 
vided in such a manner that they, 
together with the carrier and the pro­ 
gramme equipment, create a "crosstalk 
suppression barrier" between transmit 
and receive pairs. This barrier ensures 
that the required degree of T /T, T /L, 
LIT and L/L suppression exists in all 
paths leading from any transmit pair to 
any receive pair. In order to ensure that 
the barrier is effective, that is that no 
crosstalk signals "jump" the barrier, it is 
necessary that all stray couplirlgs leading 
from one side to the other be avoided 
as far as possible. The stray couplings 
most likely to offend are of the same 
type as those described in the section 
treating direct T /T couplings between 
transmit and receive pairs. Consequently 
all wiring, tag-blocks, jacks, keys, etc., 
between the XTS-filters and the cable­ 
heads should be made in accordance 
with the "carrier rules" given above. 
The impedance of the XTS-filter to 

longitudinal currents to earth must be 
high, and this is achieved in the balanced 
filter by using four separate inductors in 
the filter, rather than two double-wound 
inductors (with coupling between the 
windings associated with each wire of 
the pair). The impedance to longitudinal 
currents to earth could be greatly 
increased by disconnecting the earth 
applied to the centre-tap of the shunt 
capacitors, but this would result in nearly 
complete Joss of L/L suppression 
between the two sides of the filter, and 
it is essential therefore that this earth­ 
connection is maintained. In order that 
the required L/L suppression should be 
obtained this centre-tap must be con­ 
nected by low-impedance connections to 
the mesh-earth in the equipment room. 

In stations with 12-channel open-wire 
equipment, three types of XTS-fiJters are 
used, namely: 
W.E., Type 99A: A balanced 30 kc/s 

LP-filter. 
105A: A balanced 10 kc/s , 

LP-filter. -~ 
106A: An unbalanced 30 "!. 

kc/ s LP-filter. 
In addition a so called "Auxiliary Net­ 

work" Type 170A is used. 
The principles to be folJowed in the 

provision of the crosstalk suppression 
barrier at open-wire stations are the 
same as for cable stations, and the use 
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of four different types of "filters", instead 
of one as in the case of cable stations is 
based on cost and space considerations, 
rather than on necessity for electrical 
reasons. Thus the 99A 30 kc/s LP-filter 
could be used in alJ instances where a 
XTS-filter is required, but the other 
simpler and less expensive types may be 
used in lieu under the following condi­ 
tions: 

105A, when the path concerned does 
not employ normal operating fre­ 
quencies above 10 kc/s. 

l 06A, when the path concerned con­ 
tains a 3-channel repeater. The 
J 06A may be thought of as an 
unbalanced version of the 99A, and 
is inserted at an unbalanced point 
in the B to A (high-frequency) path 
of the repeater. 

170A, to interconnect two "33 kc/s 
LP-Drops" in a station. The 170A 
auxiliary network is essentiaJly a 
phase-shift network, which, when 
inserted between the two· 33 kc/s 
LP-filters, control the reflections in 
the stop-range of these filters in such 
a way that satisfactory T /T, T / L, 
L/T and L/L losses are obtained 
from the two filters without addi­ 
tional proper XTS-filters. 

The arrangements of equipment and 
circuits are shown in Fig. 4, in which 
the location of the crosstalk suppression 
barrier has also been indicated. The 
circuits may take any form to the right 
of the crosstalk suppression barrier, if 
the circuits on the left are established as 
shown. If this is compared with the 
principles foJlowed at cable stations (Fig. 
3) one important difference between the 
two is realised, namely: ·1n cable stations 
a barrier is established between each 
cable and the non-carrier equipment 
(which in the simplest cases is station 
wiring only); this results in a "neutralisa- 

0 

10,t,W.R. 

~ I 600/'F I 2/'F, ~ I. H,T OUT - 

11 ° I2Dif I 2,"F, N.I. LT OUT - 
fa O·.Sn 134 

1k.c/s 
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tion" (that is virtual elimination of car­ 
rier frequency voltages and currents) of 
the non-carrier equipment and of pos­ 
sible non-carrier cable and open-wire 
routes radiating from the station. At 
open-wire stations one only crosstalk 
suppression barrier is established. This 
barrier "neutralises" the station from the 
"A"-side or "B"-side of the route only, 
and the non-carrier equipment and non­ 
carrier routes are therefore "live" with 
carrier-frequency voltages and currents 
from the opposite side of the station, that 
is the side without the barrier. 

It is obviously an advantage to "neu­ 
tralise" a station and its voice frequency 
routes from the carrier routes in order to 
prevent carrier signals from going to 
places where they could be picked-up and 
finally appear as channel crosstalk. 
Conversely the undesirable carrier fre­ 
quency noise and signals incoming on 
the V.F. routes or generated in non­ 
carrier equipment are by the same pro­ 
cess prevented from entering the carrier 
routes and appearing as channel cross­ 
talk and noise. If this approach were 
adopted also at open wire stations, the 
suppression in each of the two barriers 
needs obviously to be in the order of 
half only of the suppression in the single 
barrier. Information recently received 
from a leading overseas manufacturer 
recommends the use of a double-barrier 
at open-wire stations, but no filter details 
are as yet available, nor have any trials 
been made by the Department. 
Two further means of crosstalk sup­ 

pression are available, namely longi­ 
tudinal retard transformers (LR-trans­ 
formers) and longitudinal retard coils 
(LR-coils). The LR-transformer is sim­ 
ply a suitable ordinary type of trans­ 
former inserted in a transmission pair to 
retard longitudinal currents to earth and 
to provide L/L suppression. The results 
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Fig. 5.-Configuration and Impedance Characteristics of "Artificial Power Supply Impedance- 
Networks. · 
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of the investigation have so far not indi­ 
cated any great need for such trans­ 
formers (see Fig. 3). LR-coils consist in 
their simplest form of double-wound 
inductors of which one winding is 
inserted in each wire of a pair and the 
windings are so poled that the imped­ 
ance to longitudinal currents is high, 
whilst it is insignificant to normal trans­ 
verse signals. LR-coils serve the same 
purpose as LR-transformers, namely to 
retard longitudinal currents to earth and 
to provide L/L suppression. The LR­ 
coils leave the DC-path of the pair intact, 
whereas LR-transformers interrupt the 
DC-path. 
No need for longitudinal retard coils 

has so far occurred in cable stations. In 
case of open-wire stations, Bell System 
Practices specify for interaction crosstalk 
reasons the use of pole-mounted LR-coils 
in all pairs at the open-wire terminating 
pole at both the "A" and the "B" side 
of stations. Departmental practice has 
been to equip LR-coils to all pairs on 
one side, but only to the pairs used as 
bearers for 12-channel open-wire systems 
on the other side. It appears that this 
practice followed verbal advice from the 
Western Electric installing engineer who 
attended the installation of the first 12- 
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2000 
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channel open-wire - equipment in . Aus­ 
tralia (cut-over in January 1940). The 
results of the interaction crosstalk inves­ 
tigation described herein have so far not 
been conclusive in respect of LR-coils 
due to the existence of "third" circuit 
effects from railway lines. Modifications 
to the offending railway lines are how­ 
ever - being carried out, and when these 
are completed further tests will be made. 
In this connection it may be noted that 
LR-coils tend to reduce noise due to 
static (see for instance Ref. 7) and assist 
to some extent in protecting entrance 
cables and equipment from the effects of 
lightning. 

CROSSTALK DUE TO COMMON 
POWER SUPPLIES 

The equipment at carrier stations is 
usually fed from common power sup­ 
plies, such as 24V and 130\i' DC supplies. 
The impedances of these supplies cause 
coupling and crosstalk between equip­ 
ment. In order to obtain satisfactory 
noise and crosstalk performance it is 
therefore necessary to ensure that: 
(a) the impedances of the power supplies 

do not exceed a certain maximum 
value. 

(b) disturbing equipment does -not - pro­ 
duce a voltage across the power sup­ 
ply impedances exceeding a certain 
maximum. 

(c) the maximum interfering voltage 
across the power supply impedance 
does not produce interference exceed­ 
ing a certain maximum into disturbed 
equipment. 
The power supply impedance at the 

point of power take-off for an equipment 
unit depends on a very large number of 
factors, such as impedance of primary 
source (usually AC-mains and rectifier), 
impedance of secondary source (battery), 
dimensions and type. of distribution, 
physical location of the distribution sys­ 
tem relative to ironwork, physical loca­ 
tion of primary and secondary sources 
relative to the equipment, and of the 
impedance of other equipment units con­ 
nected across the distribution system at 
other points. 

Most of these factors are not readily 
controllable, and their contribution to 
the power supply impedance may vary 
greatly from station to station, and may 
result in impedances exceeding 10 ohms 
at certain points of the distribution sys­ 
tem at certain frequencies. Impedances 
of such high values are not satisfactory, 
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2. Use double pole switches with contacts paralleled. 
3. These switches ore normally in the "In" position. 
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and consequently a method of impedance 
reduction by means of decoupling capa­ 
citors connected from each supply busbar 
to earth was devised. When using such 
capacitors it is necessary to take precau­ 
tions to avoid resonance effects giving 
high impedances at the resonant fre­ 
quencies. 
The method devised employs large 

decoupling capacitors, say not less than 
600 µF on the HT and not less than 
2000 µF on the LT supply, at the power 
board, or at a point in the equipment 
room if the power board is more than 
say 200 ft. removed from the equipment 
room. This ensures a low main-resonant 
frequency and a resulting low associated 
impedance peak. At higher frequencies 
the inductance of the distribution busbars 
(in the order of lµH per 5ft.) contributes 
significantly to the impedance at the 
power take-off point, and auxiliary 
Jecoupling is therefore employed at the 
feed-end of each lateral. Suitable capa­ 
citance values are 40 and 100 µF for the 
HT and LT supply respectively. Electro­ 
lytic capacitors often exhibit an incluc­ 
iiv e component at high frequencies and 
to ensure proper decoupling at these fre­ 
quencies each should be parallellcd with 
say a 2µF capacitor of low inductance. 
Jn order to minimise impedance peaks 
at the resonant frequencies, a 0.5 ohms 
non-inductive resistance is inserted in 
series with each decoupling assembly 
(consisting of the parallel connection of 
the electrolytic and the non-inductive 
capacitor). 
The "artificial busbar" networks shown 

in Fig. 5 were devised to simulate at all 
frequencies the maximum impedance 
expected at any power take-off point. A 
complete "power supply simulator", 
incorporating these networks and applic­ 
able both to field and laboratory testing, 
is shown in Fig. 6. This simulator 
enables measurements of busbar noise to 
be made in three frequency ranges: 0-100 
c/ s (flat), 100 c/ s-5 kc/ s (psophornetric) 
and above 5 kc/s (flat). It also facili­ 
tates injection of "artificial" noise at any 
frequency from an external oscillator. 
The equalisers marked EQ. No. I, EQ. 
No. 2 and EQ. No. 3 serve to equalise 
the output from the oscillator over the 
range 100 c/ s-5 kc/ s in such a way that 
the level versus frequency characteristic 
of the voltage injected on the power 
supply is roughly inverse to the sensi­ 
tivity characteristics of the Psophometer 
over this range. This is necessary to 
ensure that harmonics from the oscil­ 
lator, particularly in the 100-300 c/s 
range, do not cause incorrect measure- 

1 ment (clue to the rapid increase in sensi­ 
tivity of the Psophometer from 100 c/s 
to 300 c/s), and it also facilitates ..o 
measurements of frequency responses by -u 
reducing the amount of adjustment ?; 
required to the outpu.t of the oscillator ~ ro I L•/ '" I /', I /', J,, ,j 
when its frequency is changed. The 0 particulars of these equalisers are given _J 
in Fig. 7. 

A large number of laboratory and 
field measurements were made using this 
simulator, and a study of these measure­ 
ments and existing Departmental specifi­ 
cations led to the adoption of the busbar 
noise figures given in Tables 5 and 6 to 

ensure satisfactory noise and crosstalk 
performance. However due to the large 
number of types of equipment in service 
it has not been practicable to examine 
them all to see whether they would 
operate satisfactorily under these condi­ 
tions, but there appears to be little doubt 
that the decoupling arrangements would, 
in most cases, if applied to existing instal­ 
lations, reduce the impedance and con­ 
sequently the noise voltages of the power 
supplies to such an extent that satisfac­ 
tory operation of the equipment is 
achieved. A special type of noise on 
the D.C. power supplies is due to its 
association with the A.C. mains via recti­ 
fiers, A.C./D.C. converters or similar. 
The longitudinal and transverse high fre­ 
quency "noise" components (due to 
corona effects, static, switching, mercury­ 
arc rectifiers, electro-medical instruments, 
arcing at points of poor contacts, electric 
welding apparatus, commutator motors, 
etc.) have a tendency to penetrate into 
the D.C. supply system, but these noise 
voltages on the D.C. supplies are also 
greatly reduced by the decoupling 
described above. In most cases, the 
smoothing chokes in the A.C./D.C. con­ 
version equipment are associated with 
the active D.C. supply lead. However, 
some H.T. rectifiers supplied in the past 
had the chokes associated with the earthy 
lead, which aggravates this type of noise, 
and the smoothing chokes should there­ 
fore be removed to the earthy lead. 

CARRIER ON V.F. TRUNK AND 
JUNCTION CABLES 

The mechanisms of noise and inter­ 
action crosstalk described in this article 
have been derived by a study of equip- 

ment operating on "go" and "return" 
carrier type cables. The same principles 
apply also to equipment operating on 
"go" and "return" or "single" V.F. trunk 
and junction cables. In these cases the 
need for crosstalk suppression filters 
would depend on the frequency range 
employed. There appears little doubt 
that they are desirable for 60 kc/s work­ 
ing, but no investigations to determine 
the critical frequency have been made. 
V.F. trunk and junctions cables norm­ 

ally have a large number of pairs, of 
which a relatively small number only 
are used as bearers for carrier systems, 
and the cost and effort required to equip 
all non-carrier pairs with crosstalk sup­ 
pression filters becomes quite significant. 
If the V.F. pairs are repeaterccl it is pos­ 
sible to make the V.F. repeaters form 
part of the crosstalk suppression barrier, 
thus avoiding the need for filters in these 
pairs It is also possible to reduce the 
number of filters required by employing 
a system of "cable-frogging" at repeaters 
(Ref. 8) and/ or "frequency-frogging" 
(Ref. 9) as employed for instance in 
Western Electric Type N Systems, 
Siemens & Halske Type Z 12 N Systems 
and Philips Type STR.113 Systems. 

CARRIER ON COAXIAL CABLES 
It appears from information available 

that a one-earth arrangement is also pre­ 
ferred by most makers and users of this 
type of equipment. The "Coaxial chokes" 
used in some cases to reduce crosstalk 
and harmful effects of low-frequency 
earthcurrents (mainly hum) are to be 
compared with the longitudinal retarda­ 
tion coils employed with bearer-circuits 
for 12-channel open-wire equipment. 
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Fig. 7.-Anti-Psophometric Equaliser. 
The equaliser is used as indicated in Fig. 6. The attenuation characteristic approximates the 

inverse C.C.I.F. l 951 psophometric weighting. 



February, 1959 THE TELECOMMUNICATION JOURNAL OF AUSTRALIA Page·l89 

TABLE I 

Worst near-end couplings between pairs of the same cables at Kai Kallo and 
Kilmore Repeater Stations 

24/ 40 lb cables. Measured after completion of all modificaticns. Stations and cables 
in normal operating conditions. The presence of the cable balancing networks on 
the "receive" cable tends to make the "receive" cable results poorer than those 
relating to the "transmit" cables. 

Type of Coupling (<lb-ratios) 

TIT T/L L/T L/L 

60 kc/s 55 40 40 3 

108 kc/s 50 35 35 2 

TABLE 2 

Worst near-end couplings between pairs of the Yass Junction/Goulburn pole route 
measured at the cable heads inside Yass Junction Repeater Station. 

12-Channel open-wire pairs are in D.I.S.Q. entrance cables. 

All other pairs are in 54/ 40 M.T. entrance cables. 

Length of entrance cables: 60 yards. 

Measured after completion of all modifications and with all equipment and lines in 
normal operating conditions. 

Test frequency: 160 kc/s. 

The following abbreviations are used: L.R. = Longitudinal Retard Coil (pole­ 
mounted). J/J = (Coupling from) pair used as bearer for 12-channel open-wire 
system into same type of pair. 
JI non-J, non-J / J, non-J / non-J: similar to J / J. 

The measurements were performed over a period of ten days, and changes in weather, 
switching conditions, etc., would account for somewhat varying results. Consequently, 
minor differences under the three conditions of L.R. coils may have been caused 
by these changes. Significant changes believed due to the insertion of L.R. coils have 
been marked with an asterisk. 

Type of coupling (db-ratios) 

T/T T/L LIT L/L 
V, 1/J 35 40 24 8 ~.,,, 
"'" Q) 

J/non-J 20 31 21 15 
0 :E non-J/J 23 37 13 12 z non-J /non-J 24 25 12 7 

13.; J/J 35 35,:, 3 
- o:s 
<E 1" J/non-J No change 28 54,:, 44,:, 
(I).., 

non-J/J ss- 19 39,:, i:::::::: • o:s 
non-J / non-J 20 "'"3 12 7 

.,,, ui J/J 40 45 JO t·; 
<.:: p. J/non-J No change 56''' 53 47 
(/)- 

non-J/J 69 32'' 41 i::::"' 
...j£ non-J / non-J 31 20''' 7 

·- 

REFERENCES 

1. Long Line Equipment Laboratory 
Report No. 34; Noise and Interaction 
Crosstalk at Cable Carrier Stations. 

2. Long Line Equipment Laboratory 
Report No. 35; Noise and Interaction 
Crosstalk at Yass Junction and Young 
Open-wire Carrier Stations. · 

3. Research Laboratory Report No. 
3905; Crosstalk Measurements on the 
Seymour Cable. 

4. Long Line Equipment Laboratory 
Report No. 33, Bridging Characteristics. 

5. Research Laboratory Report No. 
4492; The Transmission Characteristics 
of Cailho Circuits on Carrier Cable. 

6. Research Laboratory Report No. 
4508; The Earth-Return Impedance of 
some Typical Open-Wire Line Configura­ 
tions. 

7. Bell Laboratories Record, Vol. 
XXXV, No. 3, 1957; Suppression of 
Static and Radio Interference in N-Car­ 
rier Cables, by J. L. Lindner. 

8. Bell System Technical Journal, Vol. 
XVII, January, 1938, Page 137; Cross­ 
talk and Noise Features of Cable Car­ 
rier Telephone Systems, by M. A. 
Weaver, R. S. Tucker and P. S. Darnell. 

9. Bell System Technical Journal, Vol. 
XXX, January 1951, Page l; The Type 
N l Carrier Telephone Systems, Objec­ 
tives and Transmission Features, by R. S. 
Ct.ruthers, 

TABLE 3 

Minimum Order of Transverse/Trans­ 
verse Couplings between Transmit and 
Receive Circuits due to Common Types 

of Circuit Elements. 

Circuit Impedance: 125-600 ohms 
Frequency: 0-160 kc/s 

Screened Cable Pairs, laced to- 
gether 110 db 

Screened Cable Pairs, spaced 3" 
apart J 60 db 

Terminal Blocks, two circuits 
separated by one row of 
earthed tags 110 db 

Terminal Blocks, two circuits on 
two adjacent blocks, 4" apart, 
dustcover in position . 140 db 

Terminal Blocks, as above, but 
dustcover removed .... .... 150 db 

U-Links on Cable Balancing 
Bay, two circuits on adjacent 
blocks . 140 db 
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TABLE 4 
Minimum Order of Transverse/Transverse Couplings Between Pairs Associated with Common Types of Multipair Trans­ 

mission Equipment (in db) 

600 ohm Circuits 

150 kc/s \ 

150 ohm Circuits 

5 kc/s 10 kc/s 30 lcc/s 5 kc/s 10 kc/s 30 kc/s 150 kc/s 

ii Protector, wiring split over mounting bar (1) 98 91 82 70 96 90 81 68 
u Protector, wiring not split over mounting bar (1) 98 92 82 71 100 96 87 •• 73 
:C en 
<-= Fuse Mounting (2) 95 89 80 68 101 95 86 73 
c:"' Panel Tag Block (3) 111 107 101 90 109 105 99 84 s- 
ii: Jackstrip (4) and (6) 130 125 118 107 110 107 99 90 
u Cable Head (5) 97 93 84 73 108 103 93 79 
a:i 
,: Protector, wiring split over mounting bar (1) 114 107 98 87 108 100 

\ 

93 82 
""' ~-= Protector, wiring not split over mounting bar (1) 117 111 101 89 120 115 106 92 ·~ .. "J>. Fuse Mounting (2) 113 107 <., 97 86 113 107 97 86 
c:c: Panel Tag Block (3) - - - - - - - - 8~ 
"'" J ackstrip ( 4) - - - - - - - - 
.ia:i Cable Head (5) - - - - - - - - a:i 

Notes: (1) Protector, H.C. and Test 40B, 20 pair, Stock Title 11/2 (no Heat coils fitted). 
(2) Mounting, Fuse, 25 pair, Stock Title 11/ 6C. 
(3) Panel Tag Block, similar to Tag Block shown on CN.650, Sheet 4 (20 pair). 
(4) Jackstrip, Drawing C.1382, Sheet 11, Stock Title 24/63. 
(5) Cable Head, experimental resin-moulded type to Drawing CSK 4078, Sheets 1 and 2. 
(6) Figures quoted relate to the condition when carrier plugs are plugged in. If this is not the case, figures may be up 

to 15 db better. 

TABLE 5 
Maximum Permissible Noise Voltage on Busbars. 

The maximum total noise voltage at any power-take off point should not exceed the 
figures in the Table, and conversely equipment should operate satisfactorily in the 
presence of these noise values. 

24V Busbar 130V Busbar 

mV db ref. mV db ref. 
775mV 775 mV 

0-100 c/ s, flat 135 -15 450 -5 
100 c/s-5 kc/s, C.C.I.F. 
1951 Psophometer 1.2 -56 4 -46 
Above 5 kc/ s, flat 1.2 -56 4 -46 

TABLE 6 
Maximum Noise Voltage Generated by Equipment. 

The maximum noise voltage across the artificial busbar networks generated by a 
rack or a unit of equipment should not exceed the values in the Table. 

24V Busbars 130V Busbars 

mV db ref. mV db ref. 
775 mV 775 mV 

0--100 c/s, flat 66.5 -21 225 -11 
100 c/s-5 kc/s, C.C.I.F. 
1951 Psophometer 0.6 -62 2 -52 
Above 5 kc/ s, flat 0.6 -62 2 -52 
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SUGGESTIONS SCHEMES-AN AID TO MANAGEMENT 

INTRODUCTION 
A suggestions scheme of one kind or 

another has been in operation in the 
Postmaster-General's Department for 
over 40 years. This article sets out the 
various aspects of suggestion schemes in­ 
cluding the relation of the Departmental 
scheme to others in outside industry. The 
operation of the scheme is described, and 
the effects and benefits of such schemes 
are discussed with particular emphasis on 
the telephone equipment aspects of the 
Engineering Division. 
The importance of suggestion schemes 

throughout the world is shown in the 
multiplicity of articles appearing in vari­ 
ous journals in the years since the war. 
Suggestion schemes have grown in num­ 
ber very considerably in the last few 
years, particularly in the United States 
of America, and also it has been found 
that there is an increased awareness and 
use being made of these schemes by em­ 
ployees. It is generally considered that in 
an enterprise of even small size there is 
a definite place for an empoyees' sugges­ 
tion scheme, and that such a scheme can 
contribute substantially to the output 
efficiency of the firm and the content­ 
ment of the employees. 
It is generally accepted that a sugges­ 

tion scheme is "any formal procedure 
whereby employees can submit, and earn 
rewards for, ideas that will benefit the 
undertaking in which they are employed". 
This is, of course, a very broad definition 
and does not cover the advantages de­ 
rived from such a scheme by manage­ 
ment. On closer examination, it appears 
that a properly conducted suggestion 
scheme can achieve four distinct pur­ 
poses. 
Firstly, it will assist management to 

improve production or operational tech­ 
niques. In many cases this will result in 
reduced expenses, higher output, greater 
revenue, or a speedier meeting of com­ 
mitments or fulfilment of contracts. Sec­ 
ondly, it may enable employees to bene­ 
fit from work methods improved by the 
submission of suggestions. Thirdly, and 
simultaneously, it enables them to profit 
financially from awards. Fourthly, it en­ 
ables the workers to communicate with 
management, and may well result in 
work or condition changes which will 
remove sources of tension or resentment. 
Bound up with these gains is the possi­ 
bility of increased safety precautions 
which can accrue, thus providing better 
working conditions for the employee. 
THE IIlSTORICAL DEVELOPMENT 

OF SUGGESTIONS SCHEMES 
The need for studying the ideas of the 

workers about their work conditions and 

*Mr. Melgaard is a Divisional Engineer in the 
Telephone Equipment Section, Headquarters. 
Mr. Finlay, who was recently at Headquarters, 
is now a Group Engineer at Geelong, Victoria. 

methods was first realised by William 
Denny Pty. Ltd., a shipbuilding firm in 
Glasgow, which introduced a suggestions 
scheme as early as 1880 ('). The advant­ 
ages derived were apparently substantial 
as other firms soon followed their ex­ 
ample, and by the end of the 19th cen­ 
tury the idea had travelled to America 
and the Continent. 
It was not long before the British Post 

Office realised the possibilities of such 
a scheme, and in 1906 the first Public 
Service organisation for encouraging and 
investigating suggestions for improve­ 
ments was set up in London". In its 
earlier stages it was regarded as a means 
of enabling only employees in the Post 
office factories to submit suggestions for 
the improvement of factory processes 
and equipment. It quickly expanded, 
however, and very soon extended over 
the whole field of British Post Office 
activities, being open to all staff. To the 
beginning of February, 1955, 142,000 
suggestions had been received, and about 
£49,000 paid as awards. 
First Australian Post Office Improve­ 

ments Board: The Australian Post Office 
in 1916 established a suggestions scheme 
to encourage and stimulate the submis­ 
sion of suggestions from its staff'. This 
scheme was conducted along the follow­ 
ing lines:- 
(a) Boxes were provided in all Chief 

Offices for the reception of written 
suggestions. 

(b) Suggestions were considered by a 
Suggestions Board of three senior 
officers especially selected because of 

R. C. M. MELGAARD, A.M.I.E. Aust," 
and M. S. FINLAY. 

their knowledge of the subject matter 
of the suggestion. 

(c) This Board's decision was not final 
and, if it was thought desirable, any 
suggestion might be referred to a sec­ 
ond Board. 

(d) Cash bonuses were paid for benefi­ 
cial suggestions. 

(e) Notices advertising the Board were 
placed in prominent places through­ 
out all Departmental establishments. 
However, it soon became obvious that 

this system had several serious defects, 
the chief ones being:- 
(a) Each suggestion was dealt with sep­ 

arately by a Board specially formed 
for the purpose. This was often un­ 
economical in that three senior offi­ 
cers sometimes spent considerable 
time on what were often trivial sug­ 
gestions. 

(b) As the members of the Board were 
selected for their particular know­ 
ledge of the work to which the sug­ 
gestions related, they were, in many 
instances, the suggestor's own super­ 
visory officers, and were thus liable 
to be accused of bias. 

(c) It was possible that a suggestion re­ 
jected by one Board could be 
accepted by another. This created 
confusion and could cause ill feel­ 
ing, as well as preventing consistency. 
Although at first the scheme was suc­ 

cessful, these faults soon became evident 
and interest in submitting suggestions 
rapidly waned. A thorough investigation 
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was made of suggestion schemes existing 
both in Australia and abroad and, as a 
result of this research, a reorganised 
suggestions scheme was constituted in 
November; 1926, based largely on those 
schemes operating in the British Post 
Office and the New South Wales Rail­ 
ways ,. Department, and combining the 
best 'features of both these schemes. 

. Reorganised Australian Post Office 
Improvements Board: The most obvious 
need revealed by the investigations was 
for a Central Committee to preserve con­ 
sistency and impartiality. Neither of 
these' features was likely to result while 
a separate Board was set up for each 
suggestion, and while the Board so set up included the supervisor of the sug­ 
gestor's section. Jn addition, it was con­ 
sidered that a Central Committee would 
more readily permit uniformity of treat­ 
merit and adoption of suggestions applic­ 
able to all States. Consequently, the new 
scheme revolved around a Central Im­ 
provements Board, still comprising three 
members, but with this difference: the 
same three members were to examine 
and consider all suggestions and, if ne­ 
cessary, seek advice and assistance from 
experts in the field of operations con­ 
cerned, This ensured uniformity of pro­ 
t,~.dij re, and impartiality was ensured as 
f~I'. a:$. was. possible by the suggestor re­ 
nlaining anonymous until a decision had 
~e,i!n · made. 
~ Experience of the previous scheme 
showed that the largest number of sug­ 
gestions .. came from the operative 
Branches, that is, Engineering, Postal 
Services, etc. Accordingly, the newly­ 
formed Board comprised the Assistant 
Director-General (Engineering) as Chair­ 
man, and the Assistant Director-General 
(Postal and Transport Services) and the 
Assistant Director-General (Telecom­ 
munications) as members. To assist the 
Board, a full-time Secretary was ap­ 
pointed with an appropriate office staff 
to handle routine administrative matters 
of acknowledging, recording, etc. 

THE PRESENT COMPOSITION OF 
THE BOARD 

Recently, a further reorganisation has 
taken place so that the Committee· now 
comprises the Assistant Chief Engineer 
(Services), Engineering Division, as 
Chairman, with the Controller, Planning 
and Development · Branch, Postal and 
Transport Services Division, and the 
Controller, Planning and Development 
Branch, Telecommunications Division as 
members. Fig. 1 shows a chart of the top 
level organisation of the Department. 
From this chart it will be seen that the 
Improvements Board is placed imme­ 
diately under the Deputy Director-Gen­ 
eral and is directly responsible only to 
that officer or the Director-General. The 
Board's office staff includes a secretary 
who is assisted by four clerical officers 
and two typists. 
The Board meets formally as required 

but between meetings the Secretary cir­ 
culates reports on suggestions to the 
Board members for consideration, deals 
with correspondence as required and 
keeps the Board informed generally. 
To encourage suggestions from staff 

the scheme is publicised by the periodical 
display of posters and appropriate arti­ 
cles in the Monthly Circular, Branch 
Journals, and Union and Association 
Journals. These articles and pamphlets 
all invite staff to submit suggestions. As 
suggestions may be posted to the Board 
free, every pillar box becomes, in effect, 
a suggestions box. 

PROCEDURE IN BOARD'S OFFICE 
On receipt of a suggestion in the 

Board's office it is immediately registered 
and acknowledged. Every effort is made 
for suggestions to be acknowledged 
within twenty-four hours. To facilitate 
the checking of suggestions for origin­ 
ality and to assist in the preparation of 
reports, two separate indexes are main­ 
tained, one listing alphabetically names 
of suggestors and the other, according to 
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subject matter, the nature of suggestions 
received. Cross reference is made to any 
similar suggestion received during the 
previous five years, and the papers re­ 
lating to these earlier suggestions are 
attached when the new suggestion is be­ 
ing considered. This procedure serves a 
dual purpose: first, it obviates consider­ 
able duplication of effort in gathering 
data already available; secondly, it en­ 
ables credit to be given to the original 
proponent of any idea which may, 
although previously rejected, be adopted 
upon subsequent investigation of a later 
suggestion on similar lines. 
After being acknowledged, the sugges­ 

tion is edited and the text of the sugges­ 
tion is referred by the Secretary to the 
Head of the Branch responsible for the 
activity or service to which the proposal 
relates. The Branch concerned then 
initiates enquiries, examines the sugges­ 
tion in detail and gives a complete re­ 
port on its practicability or otherwise. If 
the adoption of a suggestion is likely to 
involve more than one State or more 
than one Branch, copies of the proposal 
may be forwarded to each State or 
Branch concerned for their comments. 
Similarly, suggestions affecting other De­ 
partments, or likely to be of advantage 
to other Departments, are forwarded to 
the Public Service Board for considera­ 
tion and investigation by the Board and 
the Departments concerned. 
In some cases it is not possible to 

assess the worth of a suggestion without 
lengthy investigation. In these cases, the 
proponent of the idea is kept informed 
of the progress of the investigation. 
The final report from the Branch to 

the Improvements Board sets out the 
advantages and disadvantages of the sug­ 
gestion and recommends whether it 
should be adopted or rejected wholly or 
in part. Where the report is favourable 
an indication is given in the report of the 
savings which will result, or of the addi­ 
tional revenue which is likely to accrue, 
or other less tangible benefits to be 
derived from its adoption. An idea is 
not rejected while any doubt exists as to 
its worth. If a Branch's rejection of a 
proposal appears to be based on uncer­ 
tain grounds, or where the reasons given 
are subject to doubt, the papers may be 
referred back to the Branch for further 
details. 
One of the most crucial features of a 

suggestion scheme is the way in which 
rejections are handled. A clumsy rejec­ 
tion will inevitably cause the author con­ 
cerned discouragement and loss of inter­ 
est. For this reason, the Board has 
always insisted that the unsuccessful sug­ 
gestor should be given to understand 
clearly and completely why his sugges­ 
tion could not be accepted. The Secre­ 
tary's advice is phrased to explain fully 
why adoption of the proposal is not prac­ 
ticable whilst conveying appreciation for 
the interest shown and encouraging sub­ 
mission of further ideas. 

AWARDS 
Suggestions for which. awards are 

made can be classified under three dis­ 
tinct categories, namelyr-s- 
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(a) Those which result in a definite finan­ 
cial saving or increased revenue to the 
Department or to the Service. 

(b) Those which do not effect a saving 
but which effect improvements in 
service or procedure. 

(c) Those which, although not suitable 
for adoption, merit tangible recogni­ 
tion-(i) by virtue of their ingenuity, 
evidence of constructive thought and 
research, and time and money 
expended by the suggester, by the 
construction, for example, of working 
models; or (ii) for having brought 
about improvements which, although 
not suggested, become apparent as a 
result of the associated investigations. 
For a suggestion resulting in a saving, 

assesment of an award is based on a per­ 
centage of the estimated savings for the 
first year after adoption of the sugges­ 
tion. This basic award may be varied 
(either up or down) depending upon 
whether the suggestion relates to work 
of the suggester's own Branch or any 
other Branch with which he is ordinarily 
associated, or to work of another branch 
entirely unrelated to his duties. The 
degree of originality displayed, the sug­ 
gester's status, the extent to which the 
basic idea has been developed, etc., are 
also factors bearing upon the amount of 
award. The higher the status of the 
suggester the higher must be the quality 
of a suggestion to justify an award. 
The minimum cash award paid for a 

suggestion which does not result in a 
saving but improves service or procedure 
is £2. This amount may be increased 
according to the degree of originality dis­ 
played, the extent of the application of 
the suggestion, and the benefit expected 
to be derived. Where there is evidence 
of considerable out-of-pocket expenses 
having been incurred by the suggester, 
the Branch reporting on the suggestion 
may make an estimate of the amount, 
and this will be considered by the Board 
when assessing the award. 

It should be noted that the submission 
of a suggestion results in a thorough and 
impartial investigation of an idea. It 
also ensures that the matter is brought 
to the notice of people in the various 
States who may be interested in the idea. 
Duplication of effort in two or more 
States often occurs because there is 
insufficient liaison between the States, but 
a suggestion which has Commonwealth­ 
wide application will be brought to the 
notice of every State, thereby assisting 
co-ordination of effort. 
No officer is barred from submitting a 

suggestion, but the amount of award is 
naturally dependent upon the status of 
the officer and the relation of his work 
to that of the suggestion. It may be of 
interest to know that suggestions have 
been received from a Supervising Engi­ 
neer in one of the States. All staff 
employed by the Department are encour­ 
aged to ensure that ideas which will 
improve efficiency or contribute in any 
way to the efficiency of the Department 
should be made available to all officers 
concerned. This can be done through 
the Improvements Board or by the 
normal Departmental channels. However, 

it frequently happens that advice reaches 
Headquarters via the Improvements 
Board before the same information 
arrives via the normal channels. 
The question of awards is one on 

which many people have fixed ideas and 
definite opinions. However, it should be 
stressed that the assessment of the value 
of a suggestion is no easy task. It is 
essential, before a full assessment can be 
made, that an overall picture of a scheme 
be kept in mind. For example, it is 
necessary to know whether the sugges­ 
tion is applicable to the Commonwealth 
or only to one State, or even to one 
particular exchange or district. Then 
again, the type of suggestion has a large 
bearing on the award. 

Many of the suggestions which are 
adopted are not really novel but, with 
the passage of time and the changing 
conditions of the Department, an idea 
which 10 or 15 years ago would not have 
been of value may now be acceptable. 
Quite often the Department will benefit 
from the earlier implementation of an 
idea in a suggestion although the idea is 
not novel, but in such a case, of course, 
an award is generally made. The assess­ 
ment of this type of award is extremely 
difficult. Again, there must be consist­ 
ency throughout the whole of the 
scheme. Every endeavour is made to 
keep a balance between recommended 
awards for suggestions of a similar 
nature and an overall balance between 
all suggestions which are adopted. 
Encouragement awards are sometimes 

given in the Department. Encourage­ 
ment awards can be very beneficial, 
particularly if a proponent has spent a 
great deal of time and effort in evolving, 
say, a circuit, and the only reason for its 
rejection is concurrent developmental 
work in Head Office or with one of the 
companies. This has occurred on several 
occasions. Quite often, however, the 
proponent's suggestion is not quite of the 
standard necessary for Departmental 
acceptance, not primarily through the 
proponent's fault but because he either 
has insufficient test equipment to try out 
his ideas or he is not in possession of 
all details required for the development. 
However, too free a use of encourage­ 
ment awards can be detrimental to a sug­ 
gestion scheme. 
With an employment of approximately 

83,000 people in the Department it is not 
surprising that duplication of ideas occurs 
due to "two great minds thinking alike," 
and thus quite often two or more sugges­ 
tions on the one subject will come in to 
the Board within a matter of days. Also, 
it often happens that a suggestion pro­ 
posed has already been thought of in the 
Head Office and the idea rejected on 
various economic or other grounds. 
The Chairman of the Improvements 

Board has been delegated authority to 
approve payment of awards up to £5. 
All higher awards must be approved by 
the Public Service Board. All cash 
awards are accompanied by a notation on 
the officer's official history card. A 
notation on history cards may also be 
made in respect of suggestions which are 
adopted but which, by their limited 

scope, do not justify payment of a cash 
award. In addition, letters of com­ 
mendation are often written to the 
authors of worthy suggestions. 

Each month a list is published in the 
Monthly Circular in all States of the 
names of suggestors whose ideas have 
been adopted, with a brief description of 
the idea. They are also published in 
State Engineering Bulletins and other 
local publications. This publicity, how­ 
ever, is entirely dependent upon consent 
being given by the proponent to the pub­ 
lication of his name. Personal presenta­ 
tions are made by senior officers in the 
case of outstanding suggestions which are 
adopted. 

STATISTICS 
The large increase in the number of 

suggestions submitted to the Improve­ 
ments Board in recent years is clearly 
shown in Fig. 2. It is apparent from a 
study of available figures that the 
increase in the number of suggestions 
submitted to the Improvements Board 
is largely due to the increase in Engineer­ 
ing suggestions. Whereas in 19 52/ 53 
the Engineering suggestions submitted to 
the Board represented 32% of the total 
received, this figure increased to 49 % 
in 1957 / 58. During the same period the 
percentage of the Telephone Equipment 
Section's suggestions increased from 15.3 
to 27.3. 

1952-53 53-54 54- 55 55- 56 56-57 57- 5 8 

Fig. 3.-Suggestions Received per 1 00 Depart­ 
mental Employees in Commonwealth. 

N:S.W. VIC OLD. S.A. W.A. 
Fig. 4.-Suggestions Received per 100 Depart­ 
mental Employees in various States, 1957-58. 

N.S.W. 
Fig. 5.-Engineering Suggestions Received per 
100 Engineering Division Employees in various 

States, 1957-58. 
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It may be thought that the increases 
referred to above are due mainly to the 
increase in the number of staff employed 
in the Department. This is not so; as 
shown in Fig. 3. It will be seen. that 
the number of suggestions from JOO 
employees (participation rate) ... has 
increased from 1.99 in 1952/53 to 3.14 
in 1957 / 58. The participation rate for 
all Departmental employees in the var-. 
ious States is shown in Fig. 4 whilst Fig: 
5 · shows the participation rate for 'staff 
employed in the Engineering Division in 
the various States. 

GENERAL SURVEY OF 
SUGGESTION SCHEMES . 

The importance of suggestion schemes 
in outside industry is apparently well 
recognised. In 1950, in the State of 
Victoria 46% of 75 companies included 
in a review had a suggestion scheme in 
operation. Of the total, 40% had never 
introduced a scheme and 14% had intro­ 
duced schemes which had subsequently 
lapsed. A survey published in 1944 of 
2,700 companies in U.S.A. showed that 
schemes were then operating in 25% of 
the manufacturing companies and in 
20% of the non-manufacturing com­ 
panies ('). The methods of operation of 
the various schemes employed elsewhere 
are basically similar. A committee is 
set up of three or more persons usually 
consisting of at least one member from 
top level management, a technical officer 
(often the Chief Engineer) and a repre­ 
sentative of the Personnel Department, . 
who is also the Secretary. Jn addition, 
there is often an employees' representa- ; 
tive. Suggestions are investigated b)J 
suitable people and then forwarded to 
the committee for impartial considera- ' 
tion. 

Suggestions are usually submitted on a · 
printed form and placed in a suggestions , 
box, these boxes being located at con- : 
venient points. The boxes are cleared 
regularly and the contents forwarded to 
the Secretary of the scheme who makes 
any necessary records, allots a number 
and forwards the suggestion to the 
appropriate person for investigation. 
Quite often several copies of the sugges­ 
tion are made and forwarded to the 
heads of various sections who may be 
involved in the investigation and possible 
later implementation of the suggestion. 
In some schemes, the final decision 
whether the suggestion will be adopted 
or not is left entirely with the executive 
who will be responsible for its imple­ 
mentation. After investigation the sug­ 
gestion is forwarded. to the committee 
ior assessment of the award. Usually, 
where the suggestion results in tangible 
savings the award is based on a propor­ 
tion of the first year's estimated savings. 
Where an award is made not based on 
savings, that is, the improvement results 
in intangible savings, various factors are 
taken into account, such as the nature 
of the benefit, the distribution of the 
benefit, the ingenuity and initiative dis­ 
played by the proponent, the effort 
involved and the completeness of the 
proposal. 
The question of anonymity appears to 

be of a contentious nature; some expon- 

ents of suggestions schemes insist on 
complete anonymity from beginning to 
end, even in the case-where an award is 
made, others tend to the opposite 
extreme and .require full knowledge of 
the. proponent's name at all stages of 
investigation. However, the third school 
6f thought to which this Department's 
scheme belongs; believes in the middle 
course whereby the' name of the propon­ 
ent is published Only when an award is 
made, and. theri only ·· if he agrees. 
Although employees are required to show 
their names, designations and locations 
when . submitting . suggestions, that 
information. is chiefly for determining 
and paying awards, and the principle of 
anonymity if observed as far as is prac­ 
ticable -. _However, where it is considered 
desirable;' the· naine of the proponent is 
released -to the investigating officer in 
order to facilitate investigation unless the 
proponent+has specifically requested that 
his identity be kept confidential. Jn many 
circumstances; a suggestor desires his 
identity to be made known to the inves­ 
tigator as he has working models or ideas 
which are difficult to put down on paper 
or he is unable to express fully his ideas 
on paper. Such cases -also give the pro­ 
ponent the satisfaction of knowing that 
his views have been correctly placed 
before the investigating officer. 

In this regard, use is being made of 
retired officers for investigating sugges­ 
tions submitted to the Improvements 
Board and, in particular, carrying out 
interviews with proponents where such 
are requested or warrarited. The use of 
a retired officer for this type of work has 
a number of advantages as he can be 
quite impartial and "independent and, 
having had many years of experience in 
the Department." possesses an intimate 
knowledge of its working and has a 
wide range of personal contacts. Further­ 
more, this is particularly important 
where design of equipment. is concerned, 
as it has sometimes been. found that a 
designer is reluctant to make 'changes to 
equipment he 'has assisted in 'designing. 
At present the Department employs one 
retired officer in Sydney, two in Mel­ 
bourne and one in Adelaide. These men 
were senior responsible officers before 
their retirement and are proving of great 
assistance in the investigation of sugges­ 
tions. 

In considering· the Departmental 
scheme in relation to other schemes in 
outside industry, it .is very difficult to find 
one at all comparable. This is, partly, 
because of the large staff of approxi­ 
mately _83,000 employedby the l'.M.G's 
Department and .the fact that its activi­ 
ties . are scattered so widely. In this 
regard, it is pertinent to.mention that the 
P.M.G.'s Department is Australia's big­ 
gest business concern. · One scheme at 
present operating inAustralia is of inter­ 
est as it involves a large staff throughout 
the Commonwealth: It is· operated by 
the Vacuum" Oil "CompanyT'j.'. .This 
scheme is open to all· staff except Direc­ 
tors, Branch General Managers .and 
Branch Assistant. Managers; awards for 
suggestions. are· not made: to.tsupervisors 
or seriior officers . if .their · ', .suggestions 
could: reasonably. be r-considered !as part 

of their ordinary duties. The suggestions 
are forwarded by company mail to the 
Branch Personnel Officer in the propon­ 
ent's State who refers the suggestion to 
appropriate specialised officers for inves­ 
tigation and assessment. Each suggestion 
is usually sent also to the head of the 
Department concerned for his opinion on 
its suitability and of the savings likely to 
be effected. The suggestion and the 
investigation reports are then forwarded 
to the committee at the Head Office by 
the Personnel Officer who also adds his 
own recommendations for its acceptance 
or rejection. Subsequent to the final 
appraisal by the committee, the Person­ 
nel Officer informs the proponent of the 
result. If the suggestion is rejected the 
committee's reasons are given in detail. 
Another scheme which bears compari­ 

son but which is not located in Australia, 
is the British Post Office Awards Sugges­ 
tion Scheme referred to earlier. In 1935, 
the scheme was reviewed by a special 
committee (') and a major change was 
introduced to make the scheme applic­ 
able to all Post Office staff instead of 
only factory employees. The scheme as 
it stands today is run on broadly similar 
lines to that of the Departmental sugges­ 
tions scheme with the one outstanding 
difference that, where a suggestion is 
rejected, no reason is given for its rejec­ 
tion. This is in direct contrast to the 
practice of the A.P.O., as outlined 
earlier, and may be the cause, to some 
extent, of the relatively few suggestions 
submitted to the B.P.O. scheme, as shown 
in figures published by them ("). It is of 
interest to note that, even prior to 1935, 
the B.P.O. awards committee had power 
to authorise any individual award up to 
£20 without reference to any other 
authority ('). 

THE EFFECTS AND BENEFITS OF 
A SUGGESTIONS SCHEME 

The full effect and total benefits to be 
gained from a suggestions scheme are 
extremely difficult to assess. There are, 
of course, the immediate effects, such as 
the tangible savings obtained when a 
particular type of suggestion is adopted 
and implemented. But where a sugges­ 
tion is adopted concerning safety 
measures or improvements to service, the 
gain cannot be readily assessed. How­ 
ever, there is no doubt that, taken from 
a long-term point of view, those types of 
suggestions ultimately benefit the enter­ 
prise from a monetary point of view. 

Perhaps one of the _greatest benefits of 
a suggestions scheme is the feeling it 
gives to the employee of participating in 
the operation of the enterprise. Further­ 
more, it provides a channel whereby an 
employee can obtain an impartial hear­ 
ing for his ideas, particularly when he 
may have experienced opposition from 
his supervisory officers. The benefits 
.zained in this way are intangible on the 
surface but the end effects can be a 
greater sense of security to the employee 
(in ·that if his idea is accepted he feels 
that he is wanted and he has a definite 
place in the enterprise) and an increased 
tendency to greater work output and pro­ 
duction of more ideas due to quickened 
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interest and the sense of participation. 
Management is also assisted greatly in 
that the submission of ideas and the sub­ 
sequent replies to proponents provides a 
direct line of communication between the 
two. 
As stated earlier, many firms in out­ 

side industry have installed suggestions 
schemes, but not in all cases. Where 
there is no suggestions scheme there is 
often an incentive award system which 
takes the place of the suggestions scheme 
to a large degree. Thus, the proponent 
of an idea in such a business receives an 
award commensurate with the idea in 
that his incentive pay is increased 
because the adoption of his idea leads to 
increased output. In the Public Service 
there is no direct incentive award scheme 
based on work output, and a suggestions 
scheme has a very vital part to play in 
the operation of a Department in the 
Service. The Improvements Board of a 
Department provides the only direct 
financial incentive for additional effort 
in the Public Service. 

ATTITUDES TO SUGGESTIONS 
The attitude of management to sugges­ 

tions can be either positive or negative. 
If the approach is negative little value 
may be obtained from a suggestions 
scheme, and suggestions can be con­ 
sidered mainly of a nuisance value or 
even a slur on the management. How­ 
ever, if a positive attitude is taken much 
good can result from suggestions, even 
those that are rejected initially. In more 
than one case it has happened that over 
a period of, say, several years numerous 
suggestions on the one subject are sub­ 
mitted. With some suggestions schemes, 
an instruction is issued that suggestions 
on this subject are barred. However, in 
so far as the P.M.G.'s Department is 
concerned no suggestions are barred and, 
as mentioned previously, where a num­ 
ber of suggestions on the one subject are 
submitted, this is taken as an indication 
that trouble is being experienced in the 
field and that more extensive investiga­ 
tion is necessary. 

An example of this type has been the 
marking of equipment. Quite a large 
number of suggestions have been sub­ 
mitted proposing the marking on equip­ 
ment of the drawing number in addition 
to the schedule number and the year of 
manufacture and manufacturer's code. 
Some of these suggestions were rejected 
initially as investigations had shown that, 
in the case of relay sets and certain other 
pieces of equipment, the specification 
lays down that the drawing number must 
be included on the equipment. How­ 
ever, in the case o.f some switchboards 
and racks, and many pieces of equip­ 
ment manufactured in the Postal Work­ 
shops, such was not the case and no 
drawing number is marked. As a result 
of the submission of these suggestions, 
action is in hand to have this rectified. 
Another example is that of remote 

testing at R.A.X.'s. Over a period of 
several years, a number of suggestions 
have been received proposing that remote 
testing or allied remotely-controlled func­ 
tions should be provided at R.A.X.'s 

Fig. 6.-Wooden Pyramid Block, Conduit Pedestal and Suggested Aluminium Pedestal. 

Early company-designed R.A.X.'s were 
provided with remote-testing facilities, 
but when the A.P.O. types B and C 
R.A.X.'s were evolved just at the end 
of the Second World War, simplicity was 
the keynote and it was decided not to 
include any remote-testing facilities. 
However, with the advent of qualitative 
maintenance and the large increases in 
labour and transport costs, it was decided 
that a revision of this policy was desir­ 
able. Furthermore, as country techni­ 
cians have become familiar with auto, 
matic principles, and with the overall rise 
in the standard of training given to coun­ 
try technicians, the original necessity for 
simplicity of equipment has decreased. 
Consequently, as a result of the submis­ 
sion of the suggestions, the favourable 
reports from the engineering staff in the 
States and the considerable savings to be 
gained by its introduction, it has been 
decided to reverse the original policy and 
install remote-testing equipment. 
Another fact to be borne in mind con­ 

cerning suggestions is that the Depart­ 
ment pays for ideas and not always for 
a complete design. A particular example 
of this is the newly-designed floor stan­ 
dard to Drawing CE.60029 for mounting 
the two-pair 20/ 4 terminal block in 
offices. Up until the time of the sub­ 
mission of a suggestion different States 
used various methods of attaching these 
blocks, particularly where desks at which 
telephones were required were situated 
in the centre of a room. Wooden pyra­ 
mid blocks to Drawing CE.409 were used 
in some States. In one State a rather 
crude unit was fabricated from conduit 
and pipe fittings and sheet iron, and the 
costly overall result was lack of uni­ 
formity and often unsightly installations 
(see Fig. 6). The suggestion resulted 
from the desire of the management of 
the Commonwealth Bank in Hobart to 
have an installation of improved appear- 

ance over the standard one offered by 
the Department at that time, and the pro­ 
ponent of this suggestion in his own time 
developed a cast aluminium pedestal 
which formed the basis of his sugges­ 
ticn. This type of standard was installed 
in the Commonwealth Bank in Hobart. 
When the suggestion was first submitted 
to the Telephone Equipment Section for 
appraisal the design, as submitted, was 

Fig. 7.-Aluminium Pedestal Mounting De­ 
veloped from Suggestion. 
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not considered to be suitable for general 
Commonwealth wide use, due, mainly. 
to its high cost. However, it was decided 
that the submitted design would form a 
good basis for the development of a stan­ 
dard pedestal for use throughout the 
Commonwealth. Initially, it was decided 
to remove as much metal as possible to 
save material costs. Besides the savings 
in material costs, the standard was 
improved from an aesthetic point of view. 
The basic idea of the design is that it 
should be mounted near a table leg, and 
should be of such a size and proportion 
that objects such as floor polishers, 
brooms, etc., should not damage the 
somewhat fragile terminal blocks. Sec­ 
tions of the base were made so that they 
could be taken out readily in order to 
lead wires to the base without damaging 
the floor surface or cables. The pedestal 
as now purchased is shown in Fig. 7. 

SOME INTERESTING SUGGESTIONS 
One interesting suggestion was that 

by Mr. G. O'Mullane for the control and 
recording of automatic routiners in auto­ 
matic exchanges. By the use of this sug­ 
gestion a considerable number of man­ 
hours can be saved in that it is not ne­ 
cessary that a routiner be attended whilst 
it is performing routine tests. Each switch 
is tested and, if faulty, is tested a second 
time, following which a printed record 
is made on a telegraph machine such as a 
Morkrum printer or teieprinter. At a con­ 
venient time the results are removed and 
the faulty switches are individually tested 
and the faults cleared. The suggestion 
has been developed further in that only 
one recording apparatus is required in 
each exchange, even if there are a num­ 
ber of routiners installed. Each routiner 
waits until the recording equipment is 
clear and then records its own particu­ 
lars as required. In addition, the sugges­ 
tion proposed a particular type of short 
routine to be applied to switches, and 
this can be of a selective nature in that 
of, say, the ten switches on a shelf, 
switch number one is routined fully, the 
other nine switches being short routined 
on the first day, and on the second day 
switch number two is routined fully, the 
other nine being short routined, and so 
on. Thus, over a period each switch will 
be fully routined, whilst every day every 
switch has a functional test applied to it. 
Whilst Mr. O'Mullane's suggestion was 
not completely original, as the B.P.O. 
were already developing such equipment, 
the method of application proposed by 

Mr. O'Mullane was more applicable to 
Australian conditions and has resulted in 
the earlier installation of this type of 
equipment than would have occurred if 
the suggestion had not been submitted 
and advice regarding developmental work 
by the B.P.O. had been awaited before 
application was made in Australia. Mr. 
O'Mullane's suggestion was more fully 
described in a previous issue of this 
J ournal." 

Another suggestion, for which a sub­ 
stantial award was paid, was for the de­ 
sign of the 40-line B type R.A.X. by Mr. 
R. Nelder.' Five hundred of these units 
have been bought, and they are giving 
excellent service throughout the Com­ 
monwealth. 

A fairly recent suggestion of note was 
to use 50-cycle current for the ring sup­ 
ply at small P.B.X.'s Investigation 
showed that this method has been in use 
by the B.P.O. for over 20 years, but had 
never been brought to the notice of the 
Department. Units are now being pur­ 
chased which combine the 50-volt bat­ 
tery eliminator with the 50-cycle ring 
current in a neat and compact piece of 
equipment. This suggestion was sub­ 
mitted by Mr. R. W. Burlock. 
It is anticipated that much time will 

be saved with the installation of auto­ 
matic call-tracing and holding equipment 
at the Melbourne Trunk Exchange. This 
equipment will enable faulty trunk lines 
to be held and the call traced through 
each switching stage. A significant reduc­ 
tion in lost time on trunk lines should 
result. This suggestion was submitted by 
Mr. B. M. Worden. 

Mr. E. L. Pearce suggested modifica­ 
stions to test set No. 25, many of which 
will be adopted for use in future pur­ 
chases. The inclusion of these alterations 
will enable a wider range of tests to be 
made with less fault liability. 
There are still in use many thousands 

of pre-3000 type relays which were in­ 
stalled many years ago. The contacts on 
many of these relays have been worn 
down considerably. Mr. T. Martin de­ 
vised a pair of re-contacting pliers for 
quickly and easily replacing these con­ 
tacts. Full scale field trials are at pre­ 
sent being conducted throughout the 
Commonwealth. 

CONCLUSION 
What of the future? As has been men­ 

tioned earlier, the number of suggestions 

submitted to the Board is continually in­ 
creasing. This is, of course, a sign of a 
healthy attitude towards the suggestions 
scheme as a whole, and should be en­ 
couraged. The suggestions scheme is a 
very good way in which the field staff 
can bring to the notice of Headquarters 
the difficulties being experienced, particu­ 
larly in minor things which are some­ 
times overlooked. It is readily admitted 
that there is still plenty of scope for the 
improvement of the service provided by 
the Department to the public. It is 
obvious from the recent Raise Our Sights 
forums that many of the manipulative 
staff have ideas to improve the efficiency 
of the Department and its workings in 
all aspects. It is these suggestions which 
we require to continually improve our 
service. Only by close co-operation be­ 
tween management and staff can im­ 
provements be effected, and the sugges­ 
tions scheme is one of the most efficient 
ways of obtaining this co-operation. 

No doubt the number of suggestions 
received will continue to rise, particu­ 
larly if the speed of answer can be im­ 
proved, and this will result in better 
human relations as well as greater safety 
and efficiency, together with improved 
service to the public. 
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CHAN6E IN BOABB OF EBITOBS 
It is with regret that the Postal Elec­ 

trical Society has accepted the resigna­ 
tion of Mr. A. N. Haggart from the 
Editorial Board. Mr. Haggart who was 
promoted some time ago as a Supervis­ 
ing Engineer in the Lines Section of the 
Victorian Administration, recently took 
up duty in the State Office. In record­ 
ing appreciation for the valuable work 
Mr. Haggart has rendered as Editor for 
the past two years, it is noteworthy that 

during this period considerable improve­ 
ments have been made in the publishing 
aspects of the Journal and in the sub­ 
mission of articles. The Society joins 
with the Board of Editors in thanking 
Mr. Haggart for his efforts in. the past 
and wishing him success in his new 
sphere. 

Mr. V. J. White has kindly agreed to 
undertake the editorial duties in place of 
Mr. Hoggart and has been appointed to 

the Board of Editors. Mr. White is a 
Sectional Engineer in the Lines Section 
at Headquarters who has had many 
years of engineering experience in the 
West Australian and Central Office 
Administrations, and has contributed to 
the Journal. His editorial experience in 
the publishing of the Departmental Pub­ 
lication "On the Line", apart from other 
qualifications, will be of value in the 
future work on the Board of Editors. 
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NOT!,. 

INTRODUCTION 

Until recent years the application of 
cable carrier systems in Australia has 
been confined mostly to the installation 
of long haul systems such as the Type K 
system and the 17-channel system. Some 
installations of junction carrier equip­ 
ment have been made in the metropoli­ 
tan areas of Sydney and Melbourne, but 
the justification for these installations has 
been influenced considerably by the 
necessity for the early provision of the 
circuits required and very few systems of 
this type have been provided in the last 
few years. Compared with the distances 
for which the long haul systems were 
designed, their application in Australia 
has been over relatively short distances. 
The longest main route circuit at present 
in use is Sydney-Orange (164 miles), and 
the shortest is Perth-Midland Junction 
(10 miles). The trunk routes on which 

*Mr. Gunn, is a Divisional Engineer in the 
Long Line Equipment Section, Central Office. 
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Fig. 2-Frequency Allocations and Modulation 
Plan-Type RY 432 System. 

cable carrier equipment is at present 
installed are shown in Fig. 1. 

Since World War II there has been 
considerable design effort on the part of 
telecommunication administrations and 
equipment manufacturers to develop 
cable carrier systems which are economi­ 
cal for short haul operation. This deve­ 
lopment was encouraged by the rise in 
the price of cables, and the increase in 
demand for circuits together with the 
expansion of toll dialling. This pro­ 
gramme has led within the last ten years 
to the development of short haul systems 
such as the Western Electric Type N, the 
Siemens & Halske Type Z 12 N, the 
Philips Type STR.113, and to the fur­ 
ther development of the T. S. Skillman 
junction carrier system. These short 
haul systems give more economical chan­ 
nel provision than the systems available 
previously and consequently enable car­ 
rier channels to be justified for shorter 
distances. They are designed to have a 
wide application and are used on existing 
cables (deloaded) as well as new cables. 
This article reviews the characteristics 

and application of the T. S. Skillman 
System Type RY432, the Philips System 
Type STR.113, and the Siemens & 
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Halske System Type Z 12 N, which have 
been purchased for installation in the 
New South Wales and Victorian net­ 
works. The Western Electric Type Nl 
System has been covered by other articles 
in this Journal. (1,2). 

T. S. SKILLMAN SYSTEM 
TYPE RY.432 

General 
This system provides 6 channels per 

bearer on unloaded cables, and was ori­ 
ginally designed to give junction relief 
in city networks. It is electrically simi­ 
lar to the 6 channel junction cable car­ 
rier equipment described in this Journal 
(3), but physically it is very much 
smaller. In practice, upwards of 30% 
of the pairs of a junction cable, after 
deloading, will give satisfactory crosstalk 
figures up to 52 kc/ s without special 
balancing, and thus the capacity of a 
cable can be doubled by the use of these 
systems. Carrier frequencies spaced at 
4 kc/ s intervals are used and provide 6 
channels on a grouped frequency basis 
using the range 0-24 kc/s for A-B trans­ 
mission and 28-52 kc/s for B-A trans­ 
mission. The system uses transmitted 
carrier and derives its signalling facilities 
from this transmitted carrier. 

Up to the present time the application 
of these systems has been to derive extra 
circuits from existing cables which are 
fully occupied, although as indicated 
previously the justification for provision 
has depended in all cases on the neces- 
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sity for quick provision of the circuits 
concerned, rather than on economic 
grounds. In recent years the application 
has been on short trunk routes as well 
as on junction routes. 
The system transmits lower sidebands 

in both A-B and B-A directions, together 
with the carrier which is used for 

demodulation and signalling purposes. 
The frequency allocation is shown in 
Fig. 2 and the channels derived have an 
effective bandwidth of 300-2700 c/s. 

Terminal Equipment 
Electrical Functions: A block schema­ 

tic diagram of an A terminal equipped 
for outgoing dialling and the correspond­ 
ing incoming B terminal is given in Fig. 
3. The relative sending level per channel 
is O db and the corresponding carrier 
goes to line at + 12 dbm. Individual 
channel units are readily converted to 
"outgoing" or "incoming" conditions, as 
required, by small plug in relay sets. 
High speed relays are used for the send­ 
ing and receiving dialling functions. 
Supervision is normally given from the 
"incoming" terminal back to the "out­ 
going" terminal by initially using a low 
level carrier condition and then increas­ 
ing this carrier by 10 db when the meter­ 
ing signal is required. The gain of the 
channel amplifier at the "outgoing" 
terminal is reduced accordingly when 
this occurs. However this method of 
supervisron causes crosstalk to be 
degraded by 10 db in the period before 
the supervisory pulse is obtained, and a 
number of systems have been modified 
to use a pulse type of supervision. This 
is described later in this article. 

The maximum line attenuation over 
which the system can operate without 
repeaters is 46 db at 52 kc/s. This is 
equivalent to a little over 10 miles of 
20 lb. star quad cable or a little under 
7 miles of 10 lb. cable. Fixed equalisers 
appropriate to the route concerned have 
been used but a variable equaliser has 
now been developed. This has the dis­ 
advantage at present of requiring a sep­ 
arate small panel for mounting but offers 
considerable advantages during installa­ 
tion and for subsequent transfers. No 
repeatered installation of this type of 
system is planned for the present. 
A moveable link on the front panel of 

each channel unit allows the transmission 
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of high level carrier to be stopped for a 
sideband level measurement, or alterna­ 
tively for the channel transmission to be 
stopped completely. 

Signalling: The system uses transmitted 
carrier for signalling, the carrier being 
continuously transmitted and then broken 
by dialling or other signalling impulses 
as required. This carrier is transmitted 
at a level of + 12 dbm under normal 
conditions. The supervisory signal from 
the called subscriber when answering is 
given normally by an increase in carrier 
level from the "incoming" terminal from 
+ 2dbm to + 12 dbm. The low level 
of carrier transmitted continuously in this 
backward direction permits transmission 
of the tones and speech which occur 
prior to the called subscriber answering. 
A separate valve is used for the signal­ 
ling detector and the design is simple and 
effective. 

Conversion relay sets are provided in 
accordance with Figs. 4 and 5. These 
sets are designed to work from auto/ auto 
or auto-manual repeaters, and thus as far 
as the exchange equipment is concerned, 
a junction carrier circuit is completely 
equivalent to a cable pair. The sets are 
normally mounted single-sided on a 
10' 6" rack, 20t" wide, each rack mount­ 
ing 60 sets. This capacity corresponds 
to a completely equipped 10' 611 rack of 
terminals (10 terminals) so that installa­ 
tions take the form of an equal number 
of terminal racks and relay set racks. 

Carrier Supply: A carrier supply com­ 
prises six plug-in oscillators of frequency 
4, 8, 12, 16, 20 and 24 kc/s for an A 
terminal and 32, 36, 40, 44, 48 and 52 
kc/s for a B terminal. Each oscillator 
will supply a maximum of 10 terminals, 
and has an output of +8 dbm. A spare 
oscillator, which can be readily adjusted 
to give any particular channel frequency, 
is provided with each supply. Coil con­ 
denser oscillators are used, and do not 
vary more than ± 30 c/s for all practi­ 
cal applications. Particularly stable oscil­ 
lators are not required as the transmitted 
carrier is used for demodulation pur­ 
poses. 
Physical Layout and Construction: This 

system is representative of the redesign 
work which has been carried out by T. S. 
Skillman over the past few years. Its 
physical size has been reduced to approx- 

imately one-fifth of that of the non­ 
miniaturised system, without any impair­ 
ment of its electrical performance. A 
10' 611 rack will carry 10 terminals with 
associated carrier supply and monitor 
panel, whilst an 8' 6" rack will carry 5 
terminals with carrier supply and monitor 
panel. The physical layout of a 10' 6" 
rack is illustrated in Fig. 6. The reduc­ 
tion in physical size has been made with 
standard components or their readily 
obtainable miniature equivalents. The 
reduction in size has been made possible 
primarily by the miniaturised coils de­ 
veloped by the Company, and by the 
physical layout of the equipment which 
effectively uses the full volume available. 
In accordance with modern practice 

the system uses plug-in working units, for 
example, channel units, carrier supply 
oscillators and transmitting amplifiers. 

Fig. 7-Chonnel Unit of Type RY 432 System. 



Page 200 THE TELECOMMUNICATION JOURNAL OF AUSTRALIA February, 1959 

The plugs and sockets used are B.P.O. 
2000 type switch jacks which are gold­ 
plated for satisfactory service in low level 
circuits. They are located so as to avoid 
accidental short circuits and dust entry, 
and have readily removable cover plates 
to allow inspection in situ if necessary. 
The base frame, into which these units 
plug, screws directly to a standard 20t" 
wide rack. This frame carries the term­ 
inal strips which connect to the rack wir­ 
ing which in turn terminates on the strips 
at the top of the rack. 
The constructional techniques used are 

illustrated in Fig. 7, which shows the de­ 
tails of a channel unit, and Fig. 8 which 
shows the channel unit jacking arrange­ 
ments. Fig. 9 il!ustrates four complete 
terminal units mounted on an 8' 6" rack. 
Valves Used: The valves used through­ 

out the system are limited to two types, 
6AQ5 and 6AU6, which are on the De­ 
partment's list of preferred types. 

Alarm Facilities: Comprehensive alarm 
facilities are provided b_y this system to 
cater for the specialised Junction working 
it offers. Voltage supply failures, com­ 
mon equipment failures, and removal of 
common equipment from the terminal 
rack are catered for and earth the private 
wires to prevent switching to faulty cir­ 
cuits. A far end alarm is also provided, 
which indicates to a terminal that a 
"failure other end" exists. 
Power Supply: The system as supplied 

to the Department is designed for opera­ 
tion from 48V and 130V D.C. supplies 
which are provided from the normal ex­ 
change supply and a small 130V recti­ 
fier plus battery installation. Typical 
figures for power consumption are as 
follows: 
Terminal 
Carrier Supply 

( 6 oscillators) 
Relay sets for 
6 channels 

48V.D.C. 
1.4 amps. 

3.0 amps. 

0.35 amps 

130V. D.C. 
0.22 amps. 

0.22 amps. 

Fig. 9-Four Type RY 432 Terminals on an ~ 
8 ft. 6 inch Rack. , 

Measuring Facilities: A portable meter 
which is used in conjunction with a 
rotary switch on the terminal to measure 
percentage deviations from normal, is 
provided for each terminal location. 
Jacked equipment can be removed on 
extension leads for measurements under 
working conditions, and a bay trunk is 
provided on each rack to extend measur­ 
ing equipment to either side of the rack 
if required. To give complete measuring 
facilities, an Australian Post Office Trans­ 
mission Measuring Set is also provided 
at each terminal location. This T.M.S. 
provides facilities giving 800 c/s at levels 
0, -3, -13, -40 dbm, and is capable of 
measuring levels and losses from -35 
dbm to +33 dbm in the frequency range 
30 c/s - 50 kc/s. 

Dimensions and :Weights: A 6-channel 
terminal occupies 21" of rack space and 
weighs 70 lb. The corresponding figures 
for a carrier supply are 7" and 35 lb. 
and for a monitor panel 7" and 15 lb. 
Equipment units project 7" from the 
rack. 

PHILIPS 6-CHANNEL SYSTEM 
TYPE STR.113 

General: 
This system (4) has been designed to 

provide an economical means of increas­ 
ing the number of speech circuits obtain­ 
able from an existing V.F. or carrier 
cable. The channel carrier frequencies 
are spaced at 6 kc/ s .intervals, and are of 
the single side-band suppressed carrier 
type. Eight carrier circuits per cable 
pair are produced on a group frequency 
basis using 6 to 54 kc/s for one direction 
of transmission, and 60-108 kc/s in 
reverse direction. 

Fig. 8-Channel Unit Jacking Arrangements Type RY 432. 
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Plan-Type STR 113/13 System. 

The frequency band of a speech chan­ 
nel is 300-3400 c/s, and each channel is 
provided with an in-built signalling cir­ 
cuit, which uses a frequency of 4300 c/s. 
Pre-equalisation is provided at the term­ 
inals and has a slope equivalent to 
approximately half the length of the 
maximum repeater section spacing. The 
remaining equalisation required is 
cbtained in the repeaters and the distant 
terminal receiving amplifier. The inter­ 
mediate repeaters use frequency frogging, 
involving the inter-changing of the high 
and low groups in each direction. 
The pairs on which the systems are to 

be used must be de-loaded, and have 

0 
-3.5 
-12.6 

suitable crosstalk characteristics. The 
latter are obtained by selection of pairs, 
or by balancing. 
Fig. 10 shows the frequency plan of 

the system terminals. The eight V.F. 
channels, 300-3,400 c/ s, are modulated 
with carriers of 12, 18, 24, 30, 36, 42, 
48 and 54 kc/s respectively. The lower 
side-bands are selected, and the carriers 
suppressed. The resulting 6-54 kc/s band 
goes directly to line, or is translated to 
60-108 kc/ s using a carrier of 114 kc/ s 
before transmission, according to the 
overall circuit requirements. 

Terminal Equipment 
Electrical Functions: A block diagram 

of a terminal station and one repeater is 
given in Fig. 12, which also includes a 
typical level diagram, but omits the car­ 
rier supply circuits. Provision is made 
for working with either 2-wire or 4-wire 
V.F. circuits. In the 2-wire condition, 
the relative line-up level is Odb at hybrid 
line. Under 4-wire conditions the pads 
provided are of a semi-fixed type, which 
are supplied from the factory in accord­ 
ance with requirements, and which can 
be obtained with a sufficient range to 
almost meet the standard levels of -13 
db and + 4db, at the transmitting and 
receiving terminals respectively. Pre- 

-23.2 -24.2 -27.2 
-25.0 -26.0 -29.0 

-2.5 -5.5 -6.5 -]7.6 -38.6 -41.6 
-9.7 -12.7 -1].7 -52.7 -53.7 -56.7 

Fig. I I-Repeater Frequency Allocations­ 
Type STR 113/13 System. 

equalisation equal to one half of the 
maximum repeater section is provided in 
the transmit equipment, and the repeater 
lengths are built out to this length by 
means of a positive or negative artificial 
line which is incorporated in the negative 
feed-back circuits of the line amplifiers. 
Pre-equalisation has the advantage that 
the low frequencies, which are most 
likely to cause intermodulation effects in 
the directional filters, are transmitted at 
a relatively low level, while the higher 
level of the high frequency channels 
improves the signal-to-noise ratio. Vari­ 
able equalisation is provided which cor­ 
rects for cable sections having attenua­ 
tions of between 26 and 65 db at 108 
kc/s. 

Signalling: A frequency of 4300 c/s is 
used for the transmission of the signal- 
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Fig. 12-Block Diagra"" of Terminal and Repeater of Type STR 113/13 System. 
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ling impulses associated with each chan­ 
nel. The signalling level is -6db at a 
point of zero reference level. Since this 
signalling frequency lies outside the 
speech band of the system, a large 
measure of speech immunity is provided, 
without auxiliary guard circuits. At the 
transmitting end a static relay is used to 
modulate the signalling carrier with the 
impulses from the associated relay set. 
At the receiving end, the signalling fre­ 
quency is separated, and the impulses 
are rectified and used to operate the high 
speed signalling relay after amplification 
by a D.C. amplifier. The receive signal­ 
ling relays may be mounted either on the 
bay panels or in the associated exchange 
relay sets. A separate oscillator, with a 
standby oscillator and changeover facili­ 
ties, provides the 4300 c/sl signalling 
tone. The system is not suitable for use 
on a continuous tone signalling basis, 
because of possible intermodulation 
effects in the common path, and the fact 
that the signalling tone causes interfer­ 
ence in its associated channel of the 
order of -35db weighted. For this reason 
it has been necessary to produce special 
pulse type relay sets, which cause trans­ 
mission of signalling tone only during 
impulses and supervisory periods. In the 
case of multi-metered circuits, the multi­ 
metering timing pulses can be heard quite 
distinctly, but are not undesirable. 

Carrier Supply: All frequencies are 
derived from a master frequency of 114 
kc/s generated by a thermostatically con­ 
trolled crystal oscillator. Part of the 114 
kc/ s output is used to synchronise a 6 
kc/ s oscillator, the output of which is 

Fig. 14.-Terminal Bayside with Three Com- l 
plete Type STR 113/13 Terminals. , 

amplified to drive a magnetic multi­ 
vibrator. The required carrier frequen­ 
cies are filtered from the multi-vibrator 
output. The 4300 c/s signalling fre­ 
quency is obtained from a separate oscil­ 
lator. The carrier supply provides for up 
to 96 channels, that is 4 racks of equip­ 
ment. Normal procedure for a 4 rack 
installation is to have carrier supplies on 
racks 1 and 2 only, with automatic 
changeover in the case of failure. The 
design of the carrier supply is based on 
the assumption that the harmonic genera­ 
tor will not become faulty and thus only 
one rack in a 4 rack installation is pro­ 
vided with this equipment. Provision is 
made for the checking of the synchron­ 
isation between oscillators. 

Physical Layout and Construction: The 
mechanical design of this system is dom­ 
inated by the requirement that the com­ 
ponent units must be standardised and 
must be readily interchangeable. Reduc­ 
tion in component size as compared with 
pre-war components makes it possible to 
combine electrical units into easily 
mountable equipment. This system uses 
Philips "conclave construction" by which 
parts of electrical units previously built 
in separate sealed cans are enclosed as 
one complete electrical unit in one air­ 
tight container. Thus a channel unit is 
enclosed in one die-cast aluminium alloy 
air-tight container which can be readily 
dismantled for maintenance purposes, 
and which jacks into the terminal bay 

Fig. 13-Channel Unit of Type STR 113/13 System. 
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assembly. Silica gel desiccators are pro­ 
vided in each conclave unit, to keep the 
moisture content at a low figure. It is 
important that this silica gel cartridge be 
re-generated whenever the conclave unit 
is opened to the air for more than a few 
minutes. If the unit is open for a con­ 
siderable period there is a tendency for 
an amount of moisture to be absorbed 
in the various components and mechani­ 
cal structure, which is greater than the 
capabilities of absorption of the silica 
gel cartridge. Under these circumstances, 
it is necessary for the conclave unit to be 
re-opened about 24 hours after the initial 
closing, and the silica gel cartridge again 
dried. It is most important when drying 
the silica gel that an excessive amount 
of heat is not used, as this causes pow­ 
dering of the desicant, with consequent 
loss of efficiency. 

A channel unit is illustrated in Fig. 13, 
and the channel bay assembly in Fig. 14. 
Fig. 15 illustrates the central section of 
a terminal bay containing the telephone 
test panel, "U" link panel and monitoring 
set, and has one channel unit removed 
which shows details of the jacking, and 
mounting of the receiver signalling relay. 
Each plug-in unit is provided with a 24- 
way plug, and a separate strip of pin ter­ 
minals is also provided which enables 
various adjustments (such as amplifier 
gain) to be made from the outside of the 
unit by means of pin strapping. The com­ 
ponents are mounted on bakelite sheets 
which are in turn supported on the unit 
framework. 
The physical layout of a terminal rack 

of the STR. 113/13 system is shown in 
Fig. 16. This arrangement provides three 
complete 8-channel systems including re­ 
lay sets, plus carrier supply and power 
supply. Standard rack dimensions are 9' 
high x 21" wide and 1 H" deep. Their 
construction is such that they can be 

placed back to back, but installations of 
this nature are not suited to the Depart­ 
ment's standard row spacing of 4', as it 
results in an inconveniently narrow aisle 
space of 2' l ", Each rack consists of a 
rectangular frame of aluminium alloy 
channel sections, which carries the 
mounting plates, each plate providing 
four jack receptacles side by side. The 
fittings for each conclave unit consist of 
a fulcrum plate and a 24-way socket. 
and may also make provision for a fuse 
and a channel unit signalling relay. The 
units are plugged in by engaging with the 
fulcrum plate and pressing downwards. 
This hinge construction makes it possible 
to use contacts with high contact pres­ 
sure, since considerable force may readily 
be applied for making and breaking the 
contacts. It also provides automatic line­ 
up of the contacts, and prevents incorrect 
msertion. The position of the contacts 
protects them to a large extent against 
dust. The magnetic coupling between cir­ 
cuit pairs is kept low by arranging the 
contacts in pairs with each pair separated 
by only a thin sheet of insulating mate­ 
rial. The form of panel mounting used in 
this system, in which the units are indi­ 
vidually suspended, allows the free cir­ 
culation of air, which is required for heat 
dissipation from the totally closed units, 
to be obtained. 

A later version of this system, coded 
STR. 113/ 11, uses separately mounted 
relay sets. This enables the bay layout 
to be changed to provide accommodation 
for four complete 8-channel systems plus 
carrier and power supplies. 

Valves Used: Amplifiers, oscillators, 
supervisory and synchronising units use 
only two types of long life pentode valve, 
E83F and E81L 
Power Supply: The systems include 

power packs enabling operation from 
220V 50-60 c/s A.C. supplies, with a 

Fig. 15.-Channel Unit Jacking and Test Panel. 

maximum permissible fluctuation of ± 
5 % . Power consumption for a terminal 
bay is about 465 V.A. (P.F. 0.8) and for 
a repeater bay about 390 V.A. (P.F. 0.8). 

Test Panel and Alarms: The test panel 
provides facilities for measurement of the 
important currents and voltages by means 
of a meter and two 12 position switches. 
These switches facilitate routine measure­ 
ments and enable rapid locations of 
faulty units to be made. Urgent and non­ 
urgent alarm lamps are mounted at the 
top of the bay. Individual channel unit 
failures do not give an alarm, but condi­ 
tions which cause the failure of an 8- 
channel group are brought to immediate 
attention. 

Repeater Equipment 
Electrical Functions: As mentioned 

previously, Fig. 12 gives the block dia­ 
gram and level diagram for a typical re­ 
peater station. The frequency modulation 
plan is illustrated in Fig. 11. Frequency 
frogging is applied at repeater stations to 
interchange the frequency bands for the 
two directions of transmission, so that for 
both directions a repeater receives the 
lower band and transmits the higher 
band or vice versa. A frequency of l 14 
kc/s is used to effect the modulation re­ 
quired. The use of frequency frogging 
complicates the line amplifier equipment 
required at terminal and repeater sta­ 
tions but gives considerable advantages 
in working which can be summarised as 
follows:- 
(i) Third circuit effects are reduced so 
that non-repeated circuits can pass 
through a repeater station without the 
installation of low pass filters to block 
the crosstalk paths. 

(ii) As the sums of the losses in two re­ 
peater sections for all channels are 
approximately the same, it is possible 
to have repeaters with an almost flat 
frequency response. In practice this 
is usually obtained by pre-equalising 
at the transmitting terminal for half 
of the designed repeater length, thus 
giving each terminal and repeater a 
specified slope and level for the high 
and low groups. 

(iii) The gain provided by the line ampli­ 
fiers can be the same for both direc­ 
tions of transmission and can be less 
than that which would be necessary 
for the amplifier in the high group if 
no frogging were used. The usual 
application is with the pre-equalisa­ 
tion discussed under (ii), and results 
in a repeater gain approximating that 
corresponding to the loss of the cable 
at the mean line frequency of the 
bands in use. In the Philips STR.113 
system this frequency is 60 kc/ s. 

(iv) Variations in cable losses due to tem­ 
perature changes are compensated to 
some extent. With temperature 
change, the significant cable changes 
for short haul systems are expressed 
as a flat loss change and a slope 
change, and if successive repeater sec­ 
tions are at approximately the same 
temperature, the slope changes due to 
temperature variations will be nearly 
compensated. 
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System, When Arranged for Transmission in the 
6-S4 kc/s Band. A = terminal blocks; B = 
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(v) Some reduction in inter-system cross­ 
talk can be effected as two channels 
will run in parallel in the high fre­ 
quency position, where crosstalk in­ 
terference is greater, for only half 
the distance as compared with a sys­ 
tem without frequency frogging. 

The system will work over 70 db sec­ 
tions with a maximum of 4 sections. A 
maximum of 10 repeater sections may be 
used if the loss is smaller than 70 db. 
Two limiting factors of the total termi­ 
nal to terminal line loss exist. They are: 
ta) The accumulating frequency devia- 

tions brought about by frogging, and 

(b) The effect on level stability caused 
by variations in cable attenuation 
with temperature changes. 

In practice, however, neither of these 
limitations will be decisive in the spacing 
and number of repeaters, since in most 
installed cables interference and noise 
(such as dialling interference) will limit 
the repeater section insertion loss to a 
lower figure than might be expected from 
the previous paragraph in order to main­ 
tain an adequate signal-to-noise ratio on 
the channels. 

Physical Layout and Construction: 
Physically the repeater equipment is of 
similar construction to the terminal 
equipment and the bay layout is illus­ 
trated in Fig. 17. A bay provides for 6 
repeaters, with associated carrier supply 
and power supply. The 114 kc/s carrier 
supply provides for the 6 repeaters and 
is provided in duplicate with automatic 
change over facilities. The test panel 
provides patching facilities to enable re­ 
peaters to be replaced without circuit 
interruption. 

High Frequency Line Adjustment: The 
overall adjustments for equalising the 
carrier line characteristics consist of flat 
and slope networks at each repeater sta­ 
tion and in the terminal receiver ampli­ 
fiers. In addition, a mid-section equaliser 
is provided at the repeater station nearest 
to the middle of the route when a num­ 
ber of repeater stations are employed . 
The purpose of this equaliser is to com­ 
pensate for the systematic differences be­ 
tween the line loss and the individual 
gain characteristics of the repeaters. 
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DETERIORATION OF THE PHYSICAL TERMINATIONS OF 
THE BASS STRAIT TELEPHONE CABLE 

INTRODUCTION 
During the 1957 repair operations on 

the Bass Strait Cable it was found that 
the last few feet of cable at three of the 
four cable terminals was in poor condi­ 
tion, having low insulation resistance. 
The faulty portions were cut away and 
the cable resealed. Full details of the 
history, location and repair of the faults 
were given in a recent article in this 
Journal ('). The recovered cable with 
the old seals (called "terminations") was 
examined in the P.M.G. Research 
Laboratories with a view to finding the 
cause of the deterioration and to devis­ 
ing an improved method of sealing the 
cable ends. 

EXAMINATION OF FAULTY 
TERMINATIONS 

The samples examined were: 
(i) Northern Cable Termination from 

Naracoopa, King Island. this term­ 
ination was made in 1935 using 
the method shown in Fig. 1. 

(ii) Southern Cable Termination from 
Naracoopa, King Island. this term­ 
ination was made in 1949 in accord­ 
ance with Fig. 1. 

(iii) Southern Cable Termination from 
Stanley, Tasmania. This termination 
was made in 1950 in accordance with 
Fig. 2. 

Basically the three are the same, the 
main difference being in the method of 
bringing out the return conductor. In 
the method shown in Fig. 1 the return 
conductors are insulated from the lead 
sheath and are laid back and brought 
out through the sealing tapes and term­ 
inated on a copper ring. The sealing of 
the termination depends on a layer of 
rubber tape overlaid by a layer of varn­ 
ished fabric tape. This method is only 
partly effective and it is not possible to 
seal the points where the return conduc­ 
tors are brought out through the wrap­ 
ping tapes. In the method illustrated in 
Fig. 2 the return conductors are bonded 
to the lead sheath and the external con­ 
nection is made to the sheath below the 
main sealing wrappings. This method 
overcomes the difficulty of sealing the 
return conductors and if carefully car­ 
ried out will give a more reliable seal 
than the former method. Some appre­ 
hension was felt that this method would 
cause galvanic corrosion between the 
copper tapes and the lead sheath but the 
termination made this way in 1950 
showed no evidence of trouble. 
Examination of the cable terminations 

and adjoining lengths of cable showed 
that deterioration of the insulation 
extended for some feet along the cable 

*Mr. Brett is a Sectional Engineer in the 
Research Section, Central Office. 

P. R. BRETT, B.Sc., A.lnst.P.* 

from the termination and that the worst 
points were several feet from the end. 
Values as low as 30,000 ohms were 
obtained for the insulation of a length 
of 4 feet of cable cut from immediately 
below the termination of the southern 
section at Naracoopa. A further 5 fete 
along the cable the insulation of a 12 
inch length was of the order of 5 x 10° 
Megohms. Similar observations, varying 
only in detail, showed that the insulation 
of the cable ends had deteriorated badly 
and the deterioration extended for 6 or 
7 feet along the cable. 

Several of the faulty lengths of cable 
were opened up. The lead sheath was 
found to be corroded on the inside with 
a pitting type of corrosion and a brown- 

ish white corrosion product was evident. 
This was found to be lead carbonate and 
traces of acetic acid were found in the 
textile beneath the sheath. The teredo 
tape and the return conductors were 
vividly coloured with a bluish green 
corrosion product but the extent of the 
corrosion was very superficial. 
The paragutta core of the cable was 

found to be severely resinified and 
cracked easily on bending. Numbers of 
cracks of long standing were detected, 
these being on the outside of bends in 
the cable. In some cases the cracks 
extended to the cable core and obviously 
had been points of low insulation resist­ 
ance. The positive potential applied to 
the core of the cable had caused leakage 

TAPES SHOULD BE SWEATED TO CENTRAL .~ 
CORE BEFORE SOLDERING TO LUG. 

TO ·coRE' LUG .. -------------N 

CHATTERTON& COMPOUND---- --- -T- 
DUPLEX TAPE (HALF LAP) . 

WOOLWICH TAPE:-. -----------6:/ 

WHITE COTTON TAPE---- 

TAPES OR COPPER RING 
NOT TO BE .SOLDERED-----·-·- 

TEREDO TAPE. lrilt?J 
RETURN TAPE (COP PER) 

LEAD SHEATH ~ l ••. '.W 

Fig. I .-Method of Termination Used when Cable Installed in 1935. 
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Fig. 2.-Method of Terminating when Several Terminations were Replaced. 

through these cracks and discoloration 
due to copper corrosion was evident on 
the walls of the cracks. When the cracks 
were opened up it was found that slight 
electrolytic corrosion of the central con­ 
ductor had taken place and in one case, 
one of the copper tapes around the cen­ 
tal conductor had corroded through. The 
general appearance of the cracks is illu­ 
strated in Figs. 3 and 4. The deteriora­ 
tion extended along the cable for a dis- 

tance of up to about 7 feet from the end 
after which the condition of the para­ 
gutta and of the lead was comparatively 
good. 
It was apparent, from the examination, 

that air and moisture had penetrated 
into the cable beneath the lead sheath 
due to breathing through the taped seal. 
The action of the air had caused resini­ 
fication and embrittlement of the para­ 
gutta resulting in cracking where the 

Fig. 3.-Cracks in Resinified Cable Core from King lsfond Termination. 

.:.. 

Fig. 5.-Cast Epoxy Resin Termination for 
Bass Strait Telephone Cable. 

insulant was under tension at bends. The 
penetration of moisture along with the 
air resulted in low insulation when the 
insulant. finally cracked through. The 
moisture and air had also caused 
degradation of the textile wrappings 
beneath the lead sheath and minute 
quantities of acetic acid had been deve­ 
loped. The acetic acid promoted the 
pitting corrosion found on the inside of 
the lead sheath. In the case of the Stan­ 
ley termination, the lead sheath had been 
damaged at floor level and moisture and 
air had gained access in this way also. 
Inspection of the cable entry pits at 

the various cable stations showed that, 
in the case of Stanley and Naracoopa, 
the cable was coiled around in a 2 x 2 
feet pit immediately below the terminal 
rack. This meant that within three feet 
of the seal the cable was coiled in a 
circle of about 10! inch radius. It was 
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in this severely bent section of cable that 
the cracks in the insulant occurred. At 
Apollo Bay the cable follows an easy 
sweep for about 10 feet and then enters 
a pit where slack cable is stored. The 
minimum radius in the pit is about 10 
inches until a point about 30 feet from 
the cable end where it is bent with a 
7 inch radius to enter the duct leading 
to the beach. The absence of any signi­ 
ficant bends until about 10 feet from the 
end explains why the Apollo Bay term­ 
ination is still satisfactory despite its age 
of over 20 years. Evidence from the 
other termination would suggest that 
resinification of the paragutta at the 
Apollo Bay end will extend up to about 
7 feet from the end. However, there 
are no sharp bends in this length and 
the insulation, although embrittled, will 
be still intact. 

developed. A sample termination sealed 
in this way is illustrated in Fig. 5. 
To make this termination, the tapes 

of the return conductor are brought a 
short distance past the end of the para­ 
gutta and are soldered to a ring about 
! inch in diameter. An external con­ 
nection of 200 lb. H.D. copper line wire 
is soldered to this ring and is taken for­ 
ward parallel to the central conductor. 
The various wrappings on the cable are 
cut back and tied and the lead sheath 
bared and cleaned for distance of about 
2 inches. A mould is then clamped 

around the termination and is filled with 
a cold setting epoxy resin. In this way 
a seal is obtained to the sheath and also 
to both conductors. The whole is com­ 
pact and tidy and the cable could be 
restored to service during the period 
when the resin was setting. 

REFERENCE 
(1) S. Dossing, "Bass Strait Telephone 

Cables, 1957 Repair: Fault Conditions 
and Testing." Telecommunication Jour­ 
nal of Australia, Volume 11, No. 3, Page 
82. 

IMPROVED METHODS OF 
TERMINATION 

The deterioration of the termination 
has been due to imperfect sealing by the 
tape wrapping. The new terminations 
made during the 1957 repair operation 
agree substantially with Fig. 2 except 
that self bonding plastic tape and pres­ 
sure sensitive P.V.C. tape have been 
been used instead of Duplex tape and 
Woolwich tape as was used in the earlier 
terminations. The use of these modem 
plastic sealing tapes will result, probably, 
in an improvement and it may be that 
the action that has been taken already 
to cut the ends back to sound cable and 
to reterminate using modern plastic seal­ 
ing tapes will give terminations that will 
cause no further trouble. However, in 
case improved reliability is considered 
necessary, a method of producing a cast 
epoxy resin termination that is corn- Fig. 4.-Section Through Crack Shown in Fig. 3. Note Crack Extends to Conductor and Several 
pletely and permanently sealed has been of Tapes Around Conductor have been Corroded Through. 
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CIRCUIT PROVISION FOR SMALL QUANTITIES OF TRAFFIC 
AND THE E.1"1.U. TRAFFIC TABLES B. MARROWS, M.Sc., B.A.'' 

INTRODUCTION 
The number of circuits provided at 

any switching stage of a telephone sys­ 
tem is governed by two major considera­ 
tions. Firstly, in order to provide good 
service to the telephone users sufficient 
circuits should be installed to reduce to 
small proportions the probability that a 
subscriber will not find a free circuit at 
any time. Secondly, in order to reduce 
the cost to the communication authority, 
circuits should not be provided so liber­ 
ally that large numbers of them are sel­ 
dom used. Clearly, these considerations 
are opposed to each other; while one 
demands a large number of circuits, the 
other demands a small number, and a 
compromise solution is always necessary. 

EQUAL GRADE OF SERVICE 

Jn a busy signal system, that is one 
in which busy tone is transmitted to the 
calling subscribers if at any switching 
stage encountered there is no free cir­ 
cuit, the compromise to these two con­ 
siderations is usually expressed in terms 
of the probability that a call would be 
lost due to a shortage of circuits. More 
commonly, this is called the 'grade of 
service' and may be separately specified 
for each link used in establishing a con­ 
nection between a calling and a called 
subscriber. In specifying a grade of ser­ 
vice it is necessary to adopt some 
assumption regarding the behaviour of 
subscribers who receive busy tone. Since 
it is usual in Australia and Europe to 
adopt the assumption of 'lost calls 
cleared' rather than 'lost calls held', work 
in this paper will also be based on this 
assumption. 
Theoretically, it would be possible to 

arrange for the distribution of Joss 
throughout the switching system so as 
to reduce to an absolute minimum the 
total traffic loss for, say, a given capital 
expenditure on circuits. The solution 
would depend on such factors as the 
cost of the various circuits in the sys­ 
tem and the amounts of traffic expected 
on the various links. Such a solution 
would provide quite a range of prob­ 
ability of loss on the various switching 
stages - poorer service on the more 
expensive circuits and better on the 
cheaper circuits - poorer on the small 
groups of traffic which are inefficient in 
traffic carrying capacity and the better 
on the large groups which produce high 
traffic carrying capacity. However, such 
a solution would be difficult to compute 
and would require constant recalculations 
as the cost of circuits and amounts of 
traffic vary. 

A simple approach is to specify the 
worst grade of service which can be 
tolerated at any switching stage regard- 

*Mr. Marrows is Controller, Planning and 
Development, Telecommunications Division, 
Headquarters. 

less of cost and regardless of the traffic 
efficiency of any circuit group. Part of 
a typical full availability traffic table for 
a fixed grade of service of 0.01 is given 
in Table 1. 

Table 1 

Grade of Service 0.01 at All Points of 
Table 

No. 
of 
Circuits 
N 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

Traffic 
Offered 

( in erlangs) 

A 
0.01 
0.15 
0.46 
0.87 
1.36 
1.91 
2.50 
3.12 
3.78 
4.46 

Group 
Traffic 

Efficiency 

A/N 
0.010 
0.075 
0.153 
0.218 
0.272 
0.318 
0.357 
0.390 
0.420 
0.446 

Grade 
of 

Service 

B 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
O.Ol 
0.01 
0.01 
0.01 

'Group Traffic Efficiency' is the traffic 
offered divided by the number of cir­ 
cuits. The term is introduced in this 
paper to make concepts easier to follow 
and to simplify graphical illustrations. 

It is customary to use equal grade of 
service traffic tables in such a way as to 
ensure that the grade of service is no 
worse than that specified by the table. 
Consequently for traffic values inter­ 
mediate between those shown on the 
table, the number of circuits required is 
the number corresponding to the next 
highest traffic value shown on the table. 
For example, a traffic of 2.0 erlangs 
would require seven circuits in order to 
ensure that the grade of service would 
be no worse than 0.01. The group traffic 
efficiency would then be 0.286. 

The disadvantage of such a system is 
evident from the third column of the 
table, which shows that the traffic load­ 
ing on small groups of circuits is very 
low. The last circuit in a very small 
group contributes little towards the gen­ 
eral increase in traffic carried and the 
consequent revenue derived. It might be 
used to advantage elsewhere to effect an 
improvement in the total traffic carried 
and the average grade of service pro­ 
vided to subscribers. 

This will be illustrated with an ex­ 
ample in which, for simplicity of treat­ 
ment, it is assumed that all circuits cost 
the same and contribute equally to the 
grade of service experienced by the sub­ 
scribers. Consider two separate traffics of 
0.50 and 2.50 erlangs to which the above 
traffic table is applied. Four and seven 
circuits respectively would be required 
and grades of service of .0016 and .0101 
would result. The total traffic lost on 

· these two groups of circuits would be 
0.0257 erlang. This is simply the addi­ 
tion of .0016 x 0.50 and .0101 x 2.50. 
The average grade of service is therefore 
0.0257/3.0 = 0.0086. 

Eleven circuits could also be provided 
in groups of three and eight respectively 
for these two quantities of traffic. The 
grades of service would then be .0127 
and .0031, the traffic lost 0.0141 erlangs, 
and the average grade of service .0047. 
By such a simple change in allocation of 
circuits. more traffic may be carried, 
more revenue derived and the quantity 
of traffic lost reduced to about half, 
without any change in cost. 

That part of the traffic table where 
these effects are most pronounced has 
been deliberately selected in order to 
illustrate the point. Beyond 10 circuits 
the variation in traffic carrying capacity 
is less pronounced. Consequently the 
improvement which may be effected by 
subtracting a circuit from one group and 
adding it to another, is relatively small. 

EQUAL MARGINAL UTILITY 

It has been shown that if traffic tables 
based on equal grade of service at all 
points on the table are used, more traffic 
can be carried with the same number of 
circuits by taking circuits from the small 
end of the scale and providing more at 
the upper end of the scale. On the other 
hand, if traffic tables based on an equal 
group traffic efficiency at all points of 
the table are used, the same effect is 
achieved by transferring a circuit from 
the upper end of the scale to the lower 
end of the scale. Consider a traffic table 
with a group traffic efficiency of, say 
0.45 erlangs per circuit. Then one circuit 
may be offered up to 0.45 erlangs, two 
circuits up to 0.90 erlangs and so on. 
Using such a table for traffic of 0.80 and 
3.20 erlangs, two and eight circuits re­ 
spectively would be provided, a total of 
0.157 erlangs would be lost and an 
average grade of service of .039 would 
result. However, by re-grouping these 
same 10 circuits to provide three circuits 
for the smaller and seven circuits for the 
larger amount of traffic, the total traffic 
lost is reduced to 0.122 erlangs and an 
average grade of service of 0.30 ob­ 
tained. 

Clearly there must be a traffic table 
lying somewhere between these two in 
character, which maximises the total 
traffic carried. It follows that it would 
also minimise the total calls lost, and 
maximise the return on invested capital. 

To maximise the total traffic carried 
by several groups of circuits, it is neces­ 
sary that the marginal utility at any 
point on a traffic table is equal to the 
marginal utility at any other point on 
the table. More specifically, the traffic 
which would be carried by an additional 
circuit (if provided), must be the same 
at all points of the table. 

A set of figures which meets these re­ 
quirements is indicated in Table 2. 



February, 1959 THE TELECOMMUNICATION JOURNAL OF AUSTRALIA Page 209 

- ---~- - --- --r·r - ·r·-- --- ----------- 
I I 

I I I I 
GROUP TRAFFIC EFFICIENCY= 0·45 

I I ~ b:::==' - -- I -- I 

I 6 
__..L--- J..----~ -----L..---- 

lo.o_t.- L..--- _,..,.v ~ I 
·e I 

I u~ / 
V I I 

A~ I .o'/ l I i f,'1._ , 0 ,., I •... 'c.~'/ I i I l_~_j 1-J\'l I sg5, I 
I i I or 

I I Gr.P.05r 1 
I v1 I I l 

2 3 

Fig. I .-Comparison of the Number of Circuits required for Constant Grade of Service, Con­ 
stant Group Traffic Efficiency and Constant Marginal Utility. 

Table 2. 
Marginal Utility 0.0266 at all Points of 

Table 
No. 
of 

Circuits 
N 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
A comparison of this table with the 

examples of equal grade of service and 
equal group traffic efficiency previously 
mentioned, is given in Fig. 1. For sim­ 
plicity of graphical illustration, consecu­ 
tive points of the graph corresponding 
to consecutive points on the table are 
joined by a straight line. 
It will be seen that compared with the 

equal grade of service graph, this graph 
produces less variation in the group traf­ 
fic efficiency, while compared with the 
fixed group traffic efficiency graph, there 
is less variation in the grade of service. 
A positive slope ensures that a concen­ 
tration of two or more quantities of traf­ 
fic into a single quantity in general re­ 
duces the total circuit requirements, and 
never increases it. 
Use of the table will ensure minimum 

traffic lost, maximum revenue earned, 
and best overall grade of service; or 
expressed in other words, having used 
this table for two or more different quan­ 
tities of traffic, no possible re-arrange­ 
ment of the same total number of cir­ 
cuits can improve the average grade of 
service. This can be illustrated by two 
marginal cases. 

Consider firstly two traffics of 0.20 
and 2.20 erlangs. Application of Table 2 
indicates that two and six circuits re­ 
spectively should be provided with indi­ 
vidual grades of service of .016 and .018, 

Traffic Group Grade 
Offered Traffic of 

(in erlangs) Efficiency Service 
A A!N B 

0.19 0.190 0.146 
0.46 0.230 0.068 
0.82 0.273 0.041 
1.25 0.312 0.029 
1.71 0.342 0.022 
2.20 0.367 0.018 
2.73 0.390 0.014 
3.28 0.410 0.012 
3.86 0.429 0.011 
4.46 0.446 0.010 

4 5 6 7 8 
N: NUMBER 

9 10 
OF CIRCUITS 

Clearly there is a whole family of 
tables of this type, even as there is a 
whole family of tables of equal grade of 
service or equal group traffic efficiency. 
As with the equal grade of service 
curves, the particular one to be used will 
depend upon the compromise reached, 
between the desire to give subscribers a 
good grade of service, and the limitation 
of capital for providing circuits and 
funds for subsequently maintaining them. 

Again as with equal grade of service 
tables, a table for a poorer grade of ser­ 
vice may be used for trunk circuits than 
for local and junction circuits in order to 
give a better average service for the 
same capital costs. It is of interest to 
note, however, that for a subscriber's 
trunk dialling system in which the trunk 
and local rates are proportional to the 
cost of circuits, there would be no justi­ 
fication for this differential if it were 
desired to maximise the total traffic car­ 
ried and the return on invested capital. 
In other words, the same traffic table 
would be used for both local and trunk 
circuits. 

THE UPPER AND LOWER BOUNDS 
This study places upper and lower 

bounds on the slope of traffic tables suit­ 
able for use with busy signal systems. 
The slope may be defined either in terms 
of the increment in traffic capacity for 
an additional circuit, or, as is illustrated 
in the figures of this paper, the increase 
in group traffic efficiency for one .circuit. 
Since both traffic and group traffic effi­ 
ciency are monotonically increasing func­ 
tions, any reference to slope will apply 
equally well to the increment in traffic 
capacity and the increment in group 
traffic efficiency. 

At no point should the slope of a 
traffic table be steeper than the equal 
grade of service table which goes through 
that point, nor flatter than the equal 
marginal utility curve which passes 
through that point. For if so, it would 
be possible to improve both the worst 

a total traffic loss of .042 erlangs and 
average grade of service .0175. The traf­ 
fic values were chosen near the limiting 
values for the number of circuits, 0.20 
erlangs barely justified the second circuit, 
while 2.20 almost justify the seventh 
circuit. If, howerer, we a1lot one and 
seven circuits respectively to the two 
quantities of traffic, the resulting grades 
of service are .1667 and .0055 respec­ 
tively with a total of 0.0454 erlangs lost 
and average grade of service .0189. 

A second example is taken in which 
the smaller traffic almost justifies an 
additional circuit while the larger traffic 
barely requires the last circuit. Traffics 
of 0.80 and 2.70 erlangs require three 
and seven circuits respectively if Table 2 
is used. The total traffic lost from this 
arrangement is .0688 erlangs. The allo­ 
cation of four and six circuits respec­ 
tively to these traffics, results in a total 
traffic Joss of 0.1067 erlangs. 

2 3 5 6 
L_LJ II 4 

7 8 9 /0 
N = NUMBER OF CIRCUITS 

Fig. 2.-Circuit Requirements for Vario-us Values of E.M.U. compared with a typical Constant 
Grade of Service Requirement. 
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grade of service encountered, as well as 
the average grade of service provided, 
without increasing the total circuit 
requirement. Any table whose slope lies 
between that of the equal grade of ser­ 
vice table and the equal marginal utility 
table, can be improved with respect to 
the worst grade of service encountered 
by increasing the slope until it equals 
that of the equal grade of service table, 
but this can only be done at the expense 
of the average grade of service provided. 
Alternatively by reducing the slope of 
any such table until it reaches that of the 
equal marginal utility table, the average 
grade of service may be improved at the 
expense of the worst grade of service 
encountered. 
The level or height of the table will 

be determined by such factors as the 
capital available, and the general stan­ 
dard of service provided to the public 
by the Administration concerned. 

A COMPROMISE 
The upper and lower bounds of the 

slope of a suitable traffic table still leave 
considerable latitude in choosing a table 
for practical use. For large quantities 
of traffic the problem of low traffic 
carrying capacity does not arise. There 
is reasonable justification for adhering 
to the principle that, at least for the 
larger values of traffic, the grade of ser­ 
vice should not be worse than a certain 
design figure and hence equal grade of 
service tables may be applied. 

It could also be argued that an 
Administration cannot afford the luxury 
of this design grade of service, unless 
each circuit installed adds a certain mini­ 
mum figure to the traffic carrying capa­ 
city of the system. Such an argument 
demands that for small quantities of 
traffic equal marginal utility traffic tables 
should be used, the marginal utility 
co-inciding with the minimum figure 
which justifies an additional circuit. 

Beyond 10 circuits the traffic efficiency 
of equal grade of service tables is reason­ 
ably high. Also the two sets of tables 
become progressively closer in slope as 
the number of circuits increases and at 
10 circuits there is very little difference. 
A suitable compromise is to consider the 
lowest permissible grade of service only 

0"8 

O·/ 

I 2 J 4 
N = NUMBER 0/: CIRCUITS 

Fig. 3.-Comparison of the E.M.U. Curve with other Typical Requirement Curves. 

when the number of circuits exceeds 10 
by using equal grade of service tables, 
and to consider only the minimum 
increase in traffic carrying capacity in 
the region of 10 circuits or less by using 
equal marginal utility tables. Traffic 
tables may be made continuous by select­ 
ing those equal marginal utility tables 
which give the more commonly used 
grades of service at 10 circuits. These 
might then be regarded as the extension 
to the equal grade of service tables. 

By fixing a point of concurrence in 
this matter, then for traffic values below 
this figure, the graph which is the upper 
bound in slope becomes the lower bound 
for traffic values and vice versa. Table 3 
gives figures based on this compromise. 
The marginal utility, that is the traffic 
which would be carried by the (N + 1) 
th. circuit, is shown in the first column. 
For example, if a traffic of 1.84 erlangs 

M.U 

Table 3 
Further E.M.U. Traffic Tables 

CIRCUITS N 
5 6 7 10 or 

more 
A 0.40 0.82 1.30 1.84 2.42 3.02 - 3-:-65- 4.30 4.97 5.66 

0.083 A/N .400 .410 .433 .460 .484 .503 .521 .538 .552 .566 
B .286 .156 .104 .079 .064 .053 .046 .041 .037 .033 
A 0.29 0.63 1.06 1.54 2.06 2.62 3.21 3.81 4.44 5-.0-8 _ 

0.0551 A/N .290 .315 .353 .385 .412 .437 .459 .477 .495 .508 -----! 02;: ;/~! 0o;~ i~;:--j~;~-_2o~~ 2o;: 3o~; 3o;: ~~;~ 
0.0266 A/N .190 .230 .273 .312 .342 .367 .390 .4IO .429 .446 

B .146 .068 .041 .029 .022 .018 .014 .012 .011 .010 
-----A 0.13 0.35 U.65 l .01 1 .41 1.86 2.34 2.85 3.39 3.96 
0.01268 A/N .130 .175 .217 .252 .282 .310 .334 .356 .377 .396 

B .115 .043 .024 .016 .011 .009 .007 .006 .006 .005 
-----A 0.07 0.21 0.48 0.79 1.13 J.Sl 1.93 2.39 2.89 3.43~---- 
0.00472 A!N .070 .115 .160 .198 .226 .252 .276 .299 .321 .343 

B .065 .019 .011 .008 .005 .004 .003 .002 .002 .002 
M.U denotes marginal utility 
N. denotes number of circuits. 
A. denotes traffic offered in erlangs. 

A/N denotes group traffic efficiency. 
B. denotes grade of service. 

2 3 4 9 10 

J/30 

1/50 

1/100 

1/200 

1/500 

5 6 7 9 8 10 

were offered to a full availability group 
of circuits, the fifth circuit would carry 
0.083 erlang. These tables are also illu­ 
strated in Fig. 2. 

EXAMPLES FROM OTHER 
ADMINISTRATIONS 

It is interesting to note that other tele­ 
phone administrations have developed 
traffic tables which provide poorer grades 
of service for lower traffic quantities in 
order to improve the traffic efficiency at 
the lower end of the scale. Examples 
from the C.C.I.F., Sweden and Finland 
are illustrated in Table 4:- 

Table 4 

Examples from Other Administrations 
Number Traffic Offered (in Erlangs) 
of 

Circuits C.C.I.F. 
(Oct. 1954) 
reference 
Vol. VI 

(Operating 
and Tariffs) 

N Recornmen- 
dat ion No. Finland Sweden 

63. 
l 0.17 0.13 
2 0.93 0.54 0.40 
3 1.70 1.00 0.80 
4 2.53 l.53 1.30 
5 3.41 2.10 1.80 
6 4.31 2.71 2.30 
7 5.21 3.34 2.90 
8 6.11 4.00 3.60 
9 7.01 4.67 4.30 

10 7.91 5.37 5.10 

These tables are also illustrated in 
Fig. 3, from which it will be seen that 
each has a slope intermediate between 
equal grade of service and equal mar­ 
ginal utility tables. 
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SUMMARY 
This paper discusses the conflict 

between what might be called the 'ser­ 
vice' approach and the 'economic' 
approach to the provision of circuits for 
small quantities of traffic. While the 
'service' approach puts emphasis on the 
worst grade of service encountered, the 
'economic' approach puts emphasis on 
the average grade of service provided. 
Upper and lower bounds to the slopes 
of any acceptable compromises are 
established. The slope of the tables 
adopted would be somewhere between 
these limits depending upon the relative 

emphasis wanted on these two 
approaches. Tables are developed for 
the simple compromise in which the 
'service' approach involving equal grade 
of service traffic tables, is adopted for 
traffic requiring ten circuits or more, 
while the 'economic' approach involving 
equal marginal utilities tables, is adopted 
for smaller quantities of traffic. 
Although tables have only been deve­ 

loped for busy signal systems using the 
assumption of lost calls cleared, the same 
principles may be applied to delay sys­ 
tems or busy signal systems using the 
assumption of lost calls held. 
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ANSJJ'EBS TO EXAMINATlON (IIJESTIONS 
EXAMINATION No. 4641 

PROMOTION OR TRANSFER AS 
ENGINEER, P.M.G. DEPARTMENT 
Comments by Examiners on the way 
questions in the following papers were 

answered. 
NATURAL SCIENCE 

TELEPHONE EQUIPMENT 
TELEGRAPH EQUIPMENT 

NATURAL SCIENCE 
Question la. 
The formal general solutions of equa­ 

tions of the third and fourth degree are 
outside the scope of this examination; 
when such equations are set, there will 
generally be some artifice by which they 
can be reduced to quadratics. In the 
present case, the factors on the left form 
an arithmetical progression; hence the 
sum of the second and third constants 
equals the sum of the first and fourth. 
On multiplying the corresponding pairs 
of factors, we have 

(x2 
- 7x + 12) (x" = 80 

By ~u~stituting .. 
y - x- - 7x . . . . . (11) 
the equation may first be solved as a 
quadratic in y, and each result in turn 
then entered in (ii) which is solved for 
the final results. One value of y will 
give a pair of real roots and the other a 
pair of complex roots. 
No candidate gave this or any equiva­ 

lent solution. Those who arrived at a 
reasonably correct root by trial received 
credit for it. 

7x + 10) 
... .. . .. (i) 

Question lb. 
Many candidates solved this success­ 

fully. The key equation is 
(r - 8)' + (r - 9)' = r' 

Question 2. 
This is a standard type of problem 

solved by integrations-one integration 
to give the total pressure on the area, 
one for the moment of pressure, con­ 
veniently about the side lying in the sur­ 
face, and one for the moment about 
some convenient vertical axis. 
Few candidates attempted this, none 

successfully. 

Question 3. 
This question contained a misprint, for 

which the examiner apologises to any 
who were misled by it. The brackets 
and index in the expression for the 
radius should have enclosed only the 
numerator of the fraction, not the whole 
fraction as printed. 

One candidate solved this, obtaining 
the correct expression for the radius. 
Question 4. 
The majority of candidates who 

attempted this question failed to observe 
the significance of the rolling motion, 
but generally gave an answer which 
would have been correct for frictionless 
sliding motion. The radius of gyration 
of the cylinder is in the present case 
equal to its geometrical radius; in con­ 
sequence, its energy of rotation is equal 
to its energy of translation. 
The correct answer is equal to 2 times 

that given by most candidates; 1.91 
seconds. 
Question 5. 
This is a standard problem, funda­ 

mental in the theory of strength of mat­ 
erials. Its solution is fairly straight­ 
forward. 
Question 6. 
This question was generally well 

answered. Candidates were evidently on 
familiar ground. 
Question 7. 
This question broke some new ground; 

designedly so, as transistors and related 
devices are acquiring great importance 
in the telecommunication field. 
Question 8. 
This could be solved by elementary 

means, starting from the formula for the 
reflection coefficient. 
Maximum and minimum line currents 

are 1.33 and 0.75 amps respectively. 
Question 9a. 
Primary colours are generally defined 

as those three colours which correspond 
most nearly to what are believed to be 
the basic sensations originating in the 
three sets of colour-perceiving elements of 
the eye-red, yellow or green, and blue. 

Many candidates referred the term to the 
whole range of colours of the spectrum. 
Secondary colours are those derived by 
combining two primary colours. 
Question 9b. 
This is a standard text-book subject. 

Question 10. 
This is again a standard text-book sub­ 

ject. 
Question 11. 
The general standard of answers to 

this question was good; basic principles 
were generally well set out. 
Question 12. 
Again here, candidates were for the 

greater part on familiar ground. 
"Methods of Extraction" was perhaps the 
point on which answers were weakest. 
A very good survey of the mathema­ 

tical subjects in the syllabus of the exam­ 
inations is given in "Basic Mathematics 
for Radio and Electronics," by F. M. 
Colebrook and J. W. Head (Iliffe & 
Sons Ltd.). 

TELEPHONE EQUIPMENT 

General Comments 
The standard of answer submitted was 

generally equal to that dealt with in the 
past few years. Exceptions to the rule 
were observed in two States, namely New 
South Wales and South Australia. The 
standard of answer submitted in New 
South Wales was much lower than aver­ 
age and lower than has been experienced 
in previous years. In the case of South 
Australia the standard of answer was 
exceptionally good. It is presumed that 
these results are reflected to some extent 
on the availability of classes dealing with 
this subject. 
Question 1: Traffic 

On the whole this question was 
answered fairly well. However, there 
was considerable doubt amongst some of 
the candidates on the real need for grad­ 
ing. 
Question 2: Traffic Recordings 
This question again was reasonably 

well answered. The main doubt appeared 
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here to- be connected with how the traffic 
recorder results were interpreted into 
traffic units. 

Question 3: Bimotional Versus Other 
Systems 
The answers on this question were 

somewhat patchy, although the Victorian 
candidates appeared to- have a reason­ 
able knowledge of the crossbar system, 
whereas the South Australian candidates 
knew more about the motor uniselector 
system, The latter was, of course, cov­ 
ered in an article published in the Tele­ 
communication Journal, October 1951. 
Question 4: R.A.X. 40 Line 
This question was fairly well answered, 

especially by candidates from country 
districts. 
Question 5: SE.SO Type Selector 
This question was fairly well dealt 

with, it being evident that many candi­ 
dates had studied the recent Telecom­ 
munications Journal article on the sub­ 
ject. 
Question 6: Qualitative Maintenance 

This question was the one most often 
attempted and also the one where the 
best answers were submitted. The main 
weakness in the answers was the lack of 
knowledge on the Artificial Traffic Equip­ 
ment. 
Question 7: Building Design 
The answers to this question were fair. 

Candidates had many different ideas of 
the best way to place the various services 
of an exchange building. 
Question 8: Service Observations 
This question was very poorly ans­ 

wered. The details of service observa­ 
tion equipment is set out fairly fully in 
Telephony 4, and there is a fairly reecnt 
article in the P.O.E.E. Journal concern­ 
ing recent improvements made in that 
country. 
Question 9: Rectifiers 
This question was fairly well answered, 

although some candidates did not appre­ 
ciate how the transductors operated in 
relation to the main transformers of the 
rectifier. 

TELEGRAPH EQUIPMENT 

(1) By Qnestions:- 
Question 1: 
Part (a) is "straight book work" and 

the usual wide variety of answers to this 
type of question was received. Part (b) 
calls for some thought based on the pre­ 
vious part and only a few candidates 
showed an appreciation of the question. 
Question 2: 

Both parts of this question are 
"straight book work" but generally 
answers are poor. 
Question 3: 
In general, this question being on the 

lines of Long Line Equipment practice, 
was answered fairly well. However, it 
is interesting to note that a lot of candi­ 
dates have only very hazy ideas of the 

fundamental principles of A.M. and F.M. 
transmissions. 
Question 4: 
Relatively few candidates attempted 

this question and answers were poor, 
although the question is quite straight­ 
forward. 
Question 5: 
Fair answers were received to part (a) 

of this question but very few candidates 
completed answers to part (b) success­ 
fully, although the subject matter is 
covered in Engineering Instructions. 
Question 6: 
Again, relatively few candidates 

attempted this question and answers were 
poor, although the question is quite 
straight-forward. 
Question 7: 
This question touches on the funda­ 

mentals of Communication Theory, and 
although only five candidates attempted 
to answer it, only one failed to get more 
than half marks. 
Question 8: 
This is a quite straight-forward ques­ 

tion and was generally well answered. 
Question 9: 
The recent dissemination of informa­ 

tive matter about TRESS appears to have 
achieved a fair measure of success as 
answers to this question were generally 
fairly good. 
(2) By States:- 
The following table indicates the rela­ 

tive performance of the candidates from 
various States:- 
No. of Candi- 
dates N.S.W. Vic. 
Total 12 13 
Successful 2 6 

Qld. W.A. Tas. 
6 1 2 
4 0 1 

As usual, New South Wales displays 
the widest variety of candidate from the 
best to a considerable tail of the unpre­ 
pared and ignorant. The success of the 
Victorians is, once more, a tribute to the 
efforts made in organising unofficial 
classes for prospective candidates, 
although the standard is rather lower 
than that noted in former years. An 
interesting feature of this examination 
has been the high quality of Queensland 
answers. Candidates from the other 

CATHODE GRID ANODE 
I 

States are so small in number as to make 
comment impracticable. 
(3) General Comments 
The answers to this examination tend 

to repeat the pattern noted in former 
years. The large number of successful 
attempts at Question 3 reflects the "Long 
Line Equipment" background of so 
many candidates, while it is disappoint­ 
ing to see the continued lack of know­ 
ledge displayed in the fields of tele­ 
printer mechanisms (Questions 1 and 2), 
telegraph transmission (Questions 4 and 
5Y and telegraph circuits (Question 6), 
particularly when the amount of tele­ 
graph plant is increasing so rapidly in 
our system, and by implication, should 
call for some thought on the part of 
every district engineer in the field. Vir­ 
tually all can now expect to have con­ 
siderable telegraph installations in their 
territory and should, reasonably, be 
expected to have some idea o.f the "whys 
and wherefores" even though details may 
be left to technical staff and telegraph 
engineering specialists. On the other 
hand it is interesting to note that the 
new development of TRESS, has so 
stimulated interest as to produce a good 
standard of answer to Question 9. 

TELEGRAPH ANSWERS 
SAMPLE ANSWERS 

EXAMINATIONS Nos. 4668 AND 
4669. 22nd NOVEMBER, 1958, AND 

SUBSEQUENT DATES 
For appointment, transfer or promotion 
as Technician, Telecommunications 
(Telegraphs), Postmaster - General's 

Department, (All States). 
THEORY. 

WRITTEN TESTS. 

PAPER No. 1. 

Q.8.-Draw a simple diagram show­ 
ing the elements of a cathode-ray tube 
and briefly describe its operation .. Draw 
diagrams showing the display you would 
expect to see on a B.A.T.E. type 6 
Transmission Distortion Measuring set 
adjusted for 50 baud operation, using 
the start-stop time base to measure tele­ 
graph distortion on random passing 
signals which- 

G LASS 
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(a) Are undistorted but slightly faster 
than 50 bauds! 

(b) Exhibit 20 per cent. marking bias dis­ 
tortion, but are of correct speed; 

(c) Exhibit contact bounce on M-S tran­ 
sistors but are otherwise undistorted, 
and are of correct speed. 

A.-A cathode ray tube is essentially 
a thermionic valve having cathode, grid, 
and anodes, as shown in sketch. The 
components are so constructed as, to 
cause the electrons emitted from the 
cathode to be formed into a beam, and 
bombard a fluorescent screen, producing 
a spot of light on the screen. 

The beam of electrons, or spot on the 
screen, can be deflected across the 
screen either electrostatically or electro­ 
magnetically. A pair of horizontal and 
vertical deflection plates or coils are pro­ 
vided in order that the beam can be 
moved in any direction across the screen 
face, according to the polarity of the 
potentials applied to the plates. 

When an alternating voltage is applied 
to either set of deflection plates the spot 
will move backwards or forwards in a 
straight line across the screen face, and 
the moving spot appears as a line of 
light on the screen of the tube. 

When alternating voltages are applied 
simultaneously to both sets of deflection 
plates, a series of patterns of set form, 
is produced. If both voltages have the 
same frequency and are in phase a dia­ 
gonal line will appear on the screen. As 
the phase angle between the two volt­ 
ages changes, then this line will become 
a loop until at 90° phase difference, 
there will be a circle produced on the 
screen. 

Thus, by variation of the frequencies 
of voltages applied to each pair of deflec­ 
tion plates, patterns of any required 
shape or form can be produced for dis­ 
play purposes. 

Conversely, by the application of 
unknown current or voltage variations to 
one set of deflection plates, with a known 
and suitable "time base" or "sweep 
frequency" voltage which moves the spot 
in a linear manner, (equal distance in 
equal time), applied to the other set of 
deflection plates, a pictorial representa­ 
tion of the unknown circuit variations 
can be obtained. 

The B.A.T.E. Type 6 Transmission 
Distortion Measuring Set, when adjusted 
for 50 baud operation, using the start­ 
stop time base to measure telegraph dis­ 
tortion on random passing signals, 
exhibits a triggered spiral trace on a cali­ 
brated screen. Mark to Space and Space 
to Mark transistions are observed, as 
they occur, as spots of light on the spiral 
trace, each 360° of which constitutes one 
signal element, commencing with the 
start signal which triggers the display, 
and ceasing after the fifth code element. 

(a) Undistorted signals slightly faster 
than 50 bauds would appear thus:- 

0 

50 

(b) Signals of correct speed, but ex­ 
hibiting 20% mark bias distortion would 
appear thus:- 

0 - 

50 

SCANNING 

~

LENS~/\\ 

. ~ ~ ::::' \ 
\ I 

APERTURE \ I 
P. E. -:? ""-J ~ 

SEND CELL p CHOPPER DISC. LAMP ~ 

AMe ~ 

-,·~<] -~---' 

(c) Undistorted signals of correct speed 
exhibiting contact bounce on M-S transi­ 
tions would appear thus:- 

0 

50 

Q.10.-In a picturegram transmitter 
variations in light and shade in a picture 
(i.e., the variations in picture density 
between black and white on the picture) 
are converted into electrical variations. 
Describe in general terms bow this pro­ 
cess is accomplished. 

A.-In picturegram transmission, the 
picture to be transmitted is clipped to 
a drum, which is rotated at constant 
speed and moved axially each revolution. 
Projection lamps, focussed by optical 
lenses, illuminate a small area of the pic­ 
ture to be transmitted. Emissive type 
photo-electric cells, that is, those in 
which the cathode emits electrons when 
exposed to light, are used to convert the 
light reflected from the picture to elec­ 
trical current. Reflected light from a 
small rectangular section or scanning 
spot in the illuminated area of the pic­ 
ture is focussed by an objective lens, 
through an aperture on to the cathode 
of the photo-cell. 
The current in the photo-cell varies 

with the light reflected from the scan­ 
ning spot, which in turn, is controlled by 
the shade or tone of the small scanned 
spot, a greater current flowing for a 
white spot and less for the darker spots. 

As the drum rotates, a narrow strip of 
the picture is scanned, and as the axial 
movement of the drum per revolution is 
equal in width to the scanned line, the 
picture is scanned in successive strips 
each the width of the scanning spot. 
The picture signals, that is, the current 

variations in the photo-electric cell, pro­ 
duce I by the changes in picture density, 
are superimposed on a carrier wave for 
arno'ication and transmission to line . 

The modulation of picture signals is 
r'cne primarily to overcome the difficulty 
in amplifying and transmitting the 
slightly varying currents frequently en­ 
countered when pictures of almost un­ 
changing shade are being scanned. 

Modulation is effected by means of a 
rotating square-toothed wheel, called a 
"chopper-disc" which is interposed in the 
light beam between the send scanning 
spot and the photo-electric cell as shown 
in sketch. 
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As the light beam is continually 
"chopped" by the toothed wheel, the re­ 
sulting signal produced is a pulsating 
current of frequency corresponding to 
the number of teeth in the wheel and 
its rate of rotation, the amplitude being 
determined by the picture density. 

The carrier wave of chopping fre­ 
quency, modulated by the picture signal, 
is then amplified and transmitted to line 
over telephone channels to the receiving 
equipment. 
The "chopper-disc" method of produc­ 

ing a carrier wave requires precise speed 
control and close maintenance of the 
mechanism driving the disc, and because 
of this, an alternative method is used in 
some portable transmitters, where a suit­ 
able carrier frequency is generated by 
means of an oscillator whose signal is 
modulated electronically by the light 
beam, amplified and sent to line. 

RADIO AND BROADCASTING 
Technicians' Examination Nos. 4670, 

4671. Paper No. 1, Section B. 

Q. 7.-Why is automatic gain control 
used on radio receivers? How is it 
achieved? What is the purpose of de­ 
layed automatic gain control? How is it 
achieved? 

A.-1. Automatic gain control is used 
on radio receivers for the following rea­ 
sons:- 

(a) To present a relatively constant 
R.F. voltage to the detector over a 
wide range of signal inputs thus 
preventing undue distortion. 

(b) To prevent overloading of the R.F. 
and I.F. and converter amplifiers 
when the receiver is close to the 
transmitting station. 

(c) To reduce the amount of audio 
volume control adjustment neces­ 
sary as the receiver is tuned from 
station to station. 

(ii) A.G.C. is achieved by rectifying 
part of the R.F. energy at the detector 
stage and feeding the resultant negative 
D.C. voltage to the grids of variable mu. 
R.F. and l.F. amplifier valves. Thus the 
greater the R.F. input, the more the gain 
of these valves is reduced. 

1.F. OET. 
Circuit: 

TO 
AUDIO AMP. 

To-.~..._~~~~..-~ 
OTHER STAGES 

Simple A.G.C. I I I 
(iii) Delayed A.G.C. is used so that the 

maximum gain of the receiver is used 
when the incoming signal is below a pre­ 
determined level. 

(iv) Delayed A.G.C. is achieved by 

bucking the A.G.C. diode detector such 
that no rectification occurs until the R.F. 
level exceeeds the bucking voltage. The 
bucking voltage is generally obtained 
from the cathode of an audio tube. 

CURRENT DOES NOT 
FLOW UNTIL I?. F. 
PEAK VOLTAGE 
EXCEEDS CATHODE 
BIAS VOLTAGE 

TO OTHER 
STAGES 

I Delayed A.G.C. 

IMPROVEMENTS TO THE JOURNAL 
During the past twelve months, the number of articles 

submitted for publication in the Journal has shown an 
appreciable increase and the lag in publication which 
has existed for many years has largely been overtaken. 
The opportunity has also been taken to increase the 
number of pages in the last few issues. The Board of 
Editors is confident that future issues will appear on 
time and will contain a greater number of articles than 
in the past. To assist in ensuring that the Journal will 
include the type of articles of greatest interest to readers, 
a short questionnaire has been added to the subscription 
slip for Volume 12, Nos. 1 to 3, in this issue. All 
readers are urged to fill in this questionnaire. 
The larger size of the Journal naturally results in 

greater publication costs, but it is felt that these addi­ 
tional costs can be met without increasing the annual 
subscription if the number of subscriptions continues to 
rise as it has recently. To further increase the popu­ 
larity of the Journal and assist sales, a new cover will 
appear with the next Volume. It is hoped also to 
include a limited number of advertisements in future 
issues to help offset the increased costs. Any subscribers 
who are interested in advertising in the J oumal, which 
incidentally is read by most telecommunications interests 
throughout the world, should contact the publishers, 
Ruskin Publishing Pty. Ltd., 39 Leveson Street, North 
Melbourne, who will supply information on rates and 
conditions. 
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