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Here comes the future 
It's all happening. Population explosion ... 
demand explosion ... and, along with it, the 
explosion in communications technology. 
Tomorrow's Australians will inherit a brave 
new world. A world changed radically by the 

impact of such developments as synchronous 
satellites, laser, micro-miniaturisation, and 
revolutionry ideas and techniques yet to be 
discovered. STC of Australia is preparing now 
to meet the challenge of the future. 

AN ITT worldwide telecommunications and electronics 
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OBITUARY 
MR. T. A. HOUSLEY, C.B.E., B.Sc., F.I.E.Aust. 

The sudden death of the Director­ 
General, Mr. T. A. Housley, C.B.E., 
B.Sc., F.I.E.Aust., on 10th October, 
1968, at the age of fifty-seven years, 
came as a deep shock to Post Office 
people throughout Australia. As the 
news spread among the staff there 
was a feeling of personal loss and 
sadness. Loss, because Mr. Housley 
was a man of great human under­ 
standing whose warm and friendly 
personality had won affection and 
respect from all quarters. Sadness, 
because many felt that his career as 
Director-General held so much prom­ 
ise and potential for the future. 

Mr. Housley made a wide contri­ 
bution to the advancement of tele­ 
communications. His early career was 
in the Queensland Administration 
where, after joining the Department 
in 1926, he was appointed as an 
engineer in the Radio Section. His 
sphere of influence extended to New 
Guinea and the Pacific Islands and 
during the 1939-45 War he played a 
vital role in defence communications. 
In 1946 he was promoted to the De­ 
partment of Civil Aviation where as 
Chief Airways Engineer he made a 
significant contribution to the estab­ 
lishment and development of radio, 
radar and communication facilities 
for civil aviation. 
In 1951 he was appointed Assistant 

General Manager, Overseas Telecom­ 
munications Commission (Australia) 
where his influence was extended to 
international communications. As con­ 
venor of the Pacific Cable Manage­ 
ment Committee he played a prom- 

inent role in the provision of the 
COMPAC and SEACOM cables. He 
represented Australia on many delega­ 
tions affecting Australian communica­ 
tions interests and was its representa­ 
tive on the Interim Communication 
Satellite Committee. 

Mr. Housley became General Man­ 
ager of the Overseas Telecommuni­ 
cations Commission (Australia), in 
1956. His contribution as a senior 
administrator in this position brought 
him wide praise and showed that his 
administrative capacity was of the 
highest order. He was awarded the 
C.B.E. in 1961. 
In 1965 he was appointed to lead 

the Post Office-the Department in 
which he began his public service 
career thirty-nine years before. 

Mr. Housley's three years as Direc­ 
to-General were marked by progress 
on many fronts, but perhaps the most 
significant development was the de­ 
cision to proceed with fundamental 
changes in the methods of financing 
Post Office activities. The new finan­ 
cial arrangements introduced in July 
1968 are a landmark in the history of 
the Australian Post Office, a landmark 
with which Mr. Housley's name will 
be irrevocably linked. 
Always ready to mix with his staff, 

Mr. Housley took every opportunity 
to talk with them about their work 
and to participate in their various 
activities. In July 1968 he delivered 
an address on the new financial 
arrangements to the Victorian Engin­ 
eers Group of the Professional Officers 
Association (see the previous issue 

of this Journal). His handling of the 
subsequent question and answer ses­ 
sion won wide acclaim from the large 
number of engineers present. 

Many tributes have been paid to 
Mr. Housley, but perhaps the one he 
would have valued the most came 
from the Postal Telecommunication 
Technicians Association when it 
marked his passing with these words: 
"This Association has lost a very good 
friend, a man of integrity and ability 
but above all a man with a full meas­ 
ure of humanity," 
The Telecommuncation Society has 

also lost a friend and on behalf of 
all members extends deep sympathy 
to Mrs. Housley and her family. 

MR. R. V. McKAY, M.I.E.Aust. 

Mr. R. V. McKay, a former Engineer­ 
in-Chief of the Australian Post Office 
passed away in London on 4th Decem­ 
ber, 1968. Mr. McKay was one of 
the first three trainee Engineers in the 
Post Office, joining as a cadet in 1908, 
and qualifying as Engineer in 1913. 
He acted immediately in the grade 
equivalent to Divisional Engineer and 
was appointed in 1914 at the age of 
twenty-one years. 

A man of great vision and fore­ 
sight, he exerted a dominating influ­ 
ence in the field of telephone equip­ 
ment, first in New South Wales dur­ 
ing the period 1924 to 1934 and subse­ 
quently at Central Office. He was 
Engineer-in-Chief in the critical period 

1940 to 1950. His energy and drive 
in this position were largely respon­ 
sible for the successful role played by 
the Department in providing national 
communications during the critical 
war years and subsequently in the 
immediate post-war years when mat­ 
erial shortages and heavy demand for 
services brought many technical and 
administrative problems. 

In 1950 Mr. McKay went to London 
to represent the Post Office in England 
and on the Commonwealth Telecom­ 
munication Board. He retired from 
Post Office duty in 1956 after 48 
years of outstanding service. He con­ 
tinued his work on the Commonwealth 
Telecommunications Board for a fur- 

ther three years, before retiring from 
that position in March 1959. 

During his long association with 
the Post Office Mr. McKay made a 
significant contribution to its develop­ 
ment on both the technical and ad­ 
ministrative fronts. He had marked 
influence on the development of the 
automatic telephone exchange net­ 
works in the period when automatic 
equipment was first being installed. 
His inspiration and leadership as 
Engineer-in-Chief for ten years un­ 
doubtedly set the foundation for the 
introduction of many new develop­ 
ments which today have brought to 
Australia a telecommunication service 
which ranks among the best in the 
world. 
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COMMISSIONING TESTS FOR THE ARM GRID. 
I. W. LARSSON, A.R.M.I.T., Grad. l.E.Aust.* 

The recent establishment by the 
Australian Post Office of the ARM 
Grid has been described in a previous 
issue of this Journal (Ref. 1), and de­ 
velopment and design aspects leading 
to the introduction of ARM.20 cross­ 
bar trunk exchanges have also been 
mentioned in earlier issues of the 
Journal. 
An important aspect of the establish­ 

ment of the ARM grid was the com­ 
missioning tests, and this paper out­ 
lines some of the features of these 
tests. The basic types of commission­ 
ing tests and procedures adopted were 
the subject of joint discussions be­ 
tween Headquarters and State engi­ 
neers. As a result of these discus­ 
sions, Headquarters issued the AR:M 
Commissioning Test Instruction, which 
was used by the States to ensure 
systematic testing of all important 
facilities of the ARM grid. This 
instruction also assisted with the co­ 
ordination of testing activities between 
the States involved in the installation 
of the ARM grid. 

This paper describes the main fea­ 
tures of the testing plan and gives 
details of the methods used in per­ 
forming some of these tests, but with 
particular reference to the Geelong 
ARM Exchange Network. A further 
aim of this paper is to give an appre- 
ciation of the nature of .AJRM network 
commissioning and the service aspects 
to be checked, matters which will be 
of increasing concern to service engi­ 
neers as the .AJRM grid network 
continues to expand. 

THE GEELONG ARM NE'IWORK. 
The Geelong ARM exchange was 

installed with an initial capacity of 400 
incoming, 400 outgoing, and 200 both­ 
way circuits. At the time of the 
establishment of the National AR1M 
grid (28th November, 1967), 278 in­ 
coming and 334 outgoing circuits were 
connected to the Geelong ARM ex­ 
change. Geelong is the centre of a 
secondary switching area and is 
situated some 45 miles south-west of 
Melbourne. The ARM exchange serves 
originating exchanges within the 
Geelong secondary area and switches 
to intrastate routes up to 120 miles 
west of Geelong. 

Interstate exchanges connected to 
the Geelong ARM exchange include 
Haymarket ARM in Sydney, Launces­ 
ton ARM in Tasmania, North Adelaide 
and Edwardstown ARF tandems, and 
Franklin SxS exchange in South 
* Mr. Larsson is Engineer Class 2, ARM De­ 

sign and Coordination, Victoria. 

EOWARDSTOWN 
ASF 

ADELAIDE 
s,s 

(FRANKLIN! 

North ADELAIDE 

ARF 

HAYMARKET 

ARM 

Nth.MELBOURN!: 

ARF TANDEM 03 

LEOPOLD OUEENSCLIFF 
ARKS21 ARF 

Fig. 1 - Routes Connected to the Geelong ARM Ex­ 
change, November 1967. 

Australia. Fig. 1 shows the routes 
which were connected to the Geelong 
ARM exchange at the time of commis­ 
sioning in November, 1967. 
The Geelong ARM exchange was 

installed by L. M. Ericsson under con­ 
tract and was departmentally super­ 
vised by the Contract Exchange 
Installation Division. Following suc­ 
cessful acceptance testing the ARM 
exchange was handed over on the 8th 
August, 1967, to Country Exchange 
Installation, No. 2 Division, who com­ 
missioned the exchange and network, 
subsequently cutting over Stage 1 on 
29th October, 1967, and Stage 2 on 
28th November, 1967. 

ORGANISATION. 

In the case of the Geelong installa­ 
tion it was realised even before the 
installation of the ARM exchange com­ 
menced that network testing in the 
final stages of the installation would 
need to be co-ordinated and that both 
installation and service engineers, not 
only at the ARM, but also at the 
distant-ends, would need to become 
familiar with the new methods of line 
signalling and the new types of line 
signalling relay sets which were being 

Fig. 

installed. In November, 1965, the 
Geelong ARM Network Implementa­ 
tion Committee (GANIC) was estab­ 
lished to co-ordinate not only material 
supply and installation programming, 
but also the scheduling of final net­ 
work testing. The composition of 
GANIC is shown in Fig. 2. 
Reference to Fig. 2 gives a clear 

indication of the total involvement of 
engineering staff in the implementation 
of one ARJM.20 exchange and network. 
Fig. 2 also makes reference to the Cen­ 
tral Office ARM Grid Co-ordination 
Conference, which was established in 
November, 1966, to review the progress 
of the 5 AJRJM installations in hand at 
that time, namely, Haymarket, New­ 
castle, Canberra, Launceston and Gee­ 
long. In July, 1967, a Central Office 
co-ordination meeting was called with 
representatives from all States involved 
with the establishment of the National 
ARM Grid, to review the proposed 
network testing and commissioning 
schedules. The result of this meeting 
was the setting up of co-ordinating 
testing officers in each State, who 
would be responsible for organising 
test schedules and perform the neces­ 
sary liaison duties to ensure a smooth 
running testing programme. Also, as 

-ORGANISATION- 
GEELONG ARM NETWORK IMPLEMENTATION COMMITTEE 

DEPUTY S.E. 
COUNTRY BRANCH 

S.E. S.E. S.E. S.E S.E. S.E. S.E 
TRUNK SERVICE TRANS. INTL. REGIONAL METRO. CONTR. COUNTRY ·---T T Ji T ~ 

D.E. D.E. D.E. ea, D.E. D.E O.E. OE. D.E E. 
TRUNK SERV. BEARER INTl.PLNG. Geel. Colac EYC.INST: CONTR.EXC. CI.No.2 CI.No5 ARM 

No.2. UTIL.WEsr. WEST N.W. INST. CO-ORD. 

2 - Composition of the Geelong ARM Network Im­ 
plementation Committee - GANIC. 

LARSSON - ARM Commissioning Tests 
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a result of this meeting, a comprehen­ 
sive list of test telephone numbers was 
prepared for use by testing officers 
during the network testing stage. 

ROLE OF THE SERVICE ENGINEER. 

Just prior to the commencement of 
installation of the Geelong ARM net­ 
work it was evident that many engi­ 
neers from different areas would be 
involved over the period of installation 
and pre-cutover testing of the network. 
Amongst the engineers included in 
GANLC were service engineers from 
Geelong, Colac and Trunk Service. 
These engineers were included in the 
committee so that they would be aware 
of the progress of installation work 
and informed of both the ARM and 
distant-ends service requirements. 
One of the first items involving service 
engineers on the Geelong project was 
the layout of the Service Control room 
and this matter was resolved at GANIC 
meetings. 

In the commissioning instructions 
issued by Headquarters, active partici­ 
pation by service engineers in the 
planning of the testing programme was 
called for. In this field the service 
engineer can offer valuable assistance 
because of his knowledge of the local 
originating and terminating networks 
especially when tests have to 'be made 
from various types of PABX's, PT's, 
intercommunication systems, and other 
types of subscribers' apparatus exist­ 
ing in the particular network. It is 
considered that the service engineer 
can give valuable assistance in the 
preparation of network test schedules 
where such a schedule involves local 
exchanges in his area of control. 
The commissioning instruction also 

stipulated that a drawing should be 
prepared for each distant-end exchange 
having access to the ARM grid, show­ 
ing the trunking and signalling ar­ 
rangements for each particular type of 
route. Fig. 3 represents a typical 
drawing and shows a telephone circuit 

'B'PARTY 'A.PARTY 
CLEAR CLEAR t @ AN\MEjER METfR ----"))~METETEERR L~ Fo ~,~ .. rrr- 

u/F 

1 
! j j_ 

I l l 
I J 

NON 
METiRING 

METER 

Q) ~· i 
M{M_J LJ 

-l 
U/F- J l j 
N~: CE11256 A,t!S . 

ME-TERING--Mfl~,'-------+,!'~-,~.,~T~, 
ARM ,1, RELAYS 

U/F. v 

no! ~i~CE'l12:S6- @M/M~CCESS BARRED 
!¥F I I AS FORQ) 

Fig. 3 - Typical Diagram Showing STD 
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from a step-by-step exchange, using 
FUR-LlS-K relay sets, parts 1 and 2 
connected to the A!RM exchange, using 
FIR-Z type relay sets. 

Signalling conditions are shown for 
three types of call, namely, multi­ 
metering, unit fee and non-metering, 
and the pulse conditions which occur 
at points G, J and K on the trunking 
diagram and shown under similar re­ 
ferences on the pulse diagram. For 
example, it can be seen that a multi­ 
metering call originated from a public 
telephone, K, would be barred access 
immediately the fleeting reversal was 
returned from the FUIR-LlS-K relay 
set. The line signalling conditions G, 
for a multi-metering call show that 
following the receipt of an answer 
signal, the subscriber is metered. The 
next meter pulse is suppressed by 
the FIR-Z relay set in the ARM ex­ 
change in accordance with the modi­ 
fied Karlsson system of metering. 
Subsequent pulses at the appropriate 
charge rate are applied to the calling 
subscriber's meter. Further, should 
the B party clear, but the A party 
remain on the line, metering of the A 
subscriber continues till such time as 
either the A subscriber clears or a 
forced released condition is returned 
from the ARM after a time supervision 
period of 72 to 144 seconds. This 
type of diagram readily displays the 
above information and serves both as 
a service and training aid. Similar 
drawings should be prepared in all 
cases where originating exchanges 
have S.T.D. access. 

There are many other aspects in an 
ARM exchange and network which are 
of concern to service engineers and 
some of these aspects have been 
covered in a previous issue of the 
Journal. (Ref. 2.) Transmission test­ 
ing facilities, including the use of ll 7x 
test numbers, automatic transmission 
test units and special ARM four-wire 
buttinskis are service aids being de­ 
veloped at the present time and are 
of interest to service engineers and it 

I JUNCTION l ARM 

I I 
I i 

0 I I 

SU~ i@ ! = ~ ,--D I i L...J 
@ ::::.......------= I TIME SUPERVISION OF 

\~172·144secs.BEFORI: 
PT ,~ 'B'PARTYANSWER,AND 

JUNCTION c'.c:r. RELEASED I ~~~~~i ~~ci:sE 
;i~~Lt{liR~A~tE{Rg~ I -~cLtR FORWARD 

SOB DETECTOR IN 
CE11256 

STEP EXCHANGE 

is hoped to cover these facilities in 
future issues of the Journal. 

OUTLINE OF NETWORK TESTING 
PLAN. 

The purpose of the Network Testing 
Phase was to ensure that all switching 
and signalling faci1ities offered by the 
local ARM exchange and the ARM grid 
were functioning correctly and it was 
for this purpose that the Headquarters 
Commissioning Testing Instruction 
was prepared. Because of the com­ 
plicated inter-signalling and inter­ 
working problems inherent in such a 
large network as the ARM Grid, the 
need for careful testing of individual 
telephone circuits followed by com­ 
prehensive end to end checks was es­ 
sential. 

Before the network testing com­ 
menced at Geelong, an examination of 
the Stage 1 and Stage 2 cutovers was 
made to determine the order in which 
the terminal exchanges should :be 
scheduled for testing. Stage 1 was 
scheduled for cutover on the 29th Oc­ 
tober, 1967, and Stage 2 on the 28th 
November, 1967. Fig. 4 shows the 

INITIAL ARM ( Local grid) CUTOVER 

MORIAC J------- -8 
LEOPOLD~ 
'x' 

NORTH l 0553 WAAANAMBOOL 
PIVOT ARF -------- 0554 COLAC 

CORIO 

Fig. 4 - Geelong ARM Network Stage 
1 Requirements. 

exchanges associated with Stage 1 of 
the cutover, and these took first 
priority in the network testing plan. 
Fig. 5 shows the Stage 2 cutover re- 

SECONDARY ARM ( INTERSTATE GRID l CUTOVER 

MORIAC ( 03 
LEOPOLD 0553 
'x' 0554 

NORTH 
PIVOT arf 
CORIO ~152 OUEENSCLIFF 
OUEENSCUFFarf 02 SYDNEY 

04 REGION 
06 N.SW. 
08 S.A, 
003 LAUNCESTON 

Fig. 5 - Geelong ARM Network Stage 
2 Requirements. 

Access Facilities from a SxS Exchange. 

quirements, which included the addi­ 
tion to the ARM exchange of routes 
to Queensclif,f, Sydney, Adelaide and 
Launceston. 

Prior to the commencement of the 
commissioning tests, the ARM ex­ 
change itself had been tested by the 
contractor in accordance with the 
functional testing instructions prepared 
by Headquarters. These included func- 
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TABLE 1 -TELEPHONE CIRCUIT TESTS 
ARM to Step Step to ARM ARM to ARF ARF to ARM ARM to ARM ARM to ARK ARK to ARM 

Test 
Phys. Carrier Phys. Carrier Phys. Carrier Phys. Carrier Phys. Carrier Phys. Carrier Phys. Carrier 

Seize forward X X X X X X X X X X X X X X 
Proceed to send ( seizure acknowledge) X X 
Pulsing (dialling) X X X X X X X X 
Call KM X X 
Ring Tone X X X X 
Busy Tone X X X X X X X X 
Answer X X X X X X X X X X X X X X 
Metering X X X X X X 
Clear Back ( B party clear) X X X X X X X X X X X X X X 
B party re answer X X X X X X X X 
Clear forward X X X X X X X X X X X X X X 
Release guard X X X X 
Forced Release - Time Supervision X X X X X X X X X X X X 
Blocking (back-busying) X X X X X X X X 
Channe 1 Failure X X X X X X X 
Non-Metering X X X X X X 
Disciminating Functions of 1,\/MRep'tr X X 

SOB Access Barring, FIR,Pr tons etc. X X 
Marginal Tests L!£E pulse ccts. 
Physical cots. decadic pulsing 

Transmission Teets 
Noise & loss ( including Pad X X X X X X X X X X X X X X 

Switching) 
Frequency Response and Shift 

I 
Stability and echo balance I 

I 

tional tests of all line signalling relay 
sets, as well as tests on markers, regis­ 
ters, tariff equipment and internal 
trunking of the exchange. Tests on 
the internal trunking at the exchange 
included checks on paling, pad switch­ 
ing and transmission through the 
switching equipment. 
A 100 per cent. check was made by 

the Contract Exchange Installation 
Division of all strappings carried out 
during installation, including markers, 
test blocks, registers and line relay 
sets. Following these checks, test 
calls from each ARM inlet to each 
ARM outlet were made and each 
register was· tested for access to all 
codes, including service codes and 
spare codes. All FIR-Z type relay sets 
were tested for correct tariff settings 
on all tariff rates. 
Tests on all outgoing and incoming 

trunk and junction circuits, were made 
by Country Installation No. 2 Division 
to check the correct functioning and 
interworking of equipment at each end 
of the trunk or junction circuit. Table 
1 summarises these tests. At the 
originating local ARF exchanges, re­ 
gisters and SR relay sets were checked 
to see that they functioned correctly 
on S.T.D. calls. These tests were 
made over single telephone circuits, 
that is from the ARM exchange to the 
distant exchange and vice-versa. 
The next stage of testing involved 

the setting up of test calls over two 

telephone circuits, which were 
switched as follows:- 
(a) Junctions from originating ex­ 

changes to the ARM and switched 
to trunks and junctions outgo­ 
ing from the ARM. 

(b) Trunks outgoing from one ARM 
to a distant ARM or crossbar 
tandem switched to telephone 
circuits outgoing from the dis­ 
tant exchange. 

Test calls were made over the ARM 
grid involving three or more telephone 
circuits, to check MFC and decadic 
signalling under the most severe condi­ 
tions that would be encountered by 
telephone subscribers who, would be 
using the grid. In the case of Geelong 
multi-link calls were made via Geelong, 
Haymarket and Newcastle ARM's. 
The final stage of testing consisted 

of sample test calls made from various 
types of subscribers' apparatus to 
ensure that unforeseen service difficul­ 
ties were reduced to a minimum. The 
Telecommunications Division per­ 
formed the greater part of these tests 
and reported any service difficulties 
back to the Engineering Division for 
technical analysis. 
The foregoing summarises the types 

of tests which were carried out during 
the commissioning period and some of 
the tests referred to above will be ex­ 
plained in further sections of this 
paper. 

MARGINAL TESTS ON PULSE 
SIGNALLING. 

The L.M.E. pulse signalling system 
is used in the ARM exchange network 
and employs long and short signalling 
elements. A detailed description of 
this system was given in an early issue 
of the Journal (Ref. 3). The marginal 
tests which were specified in the Con· 
missioning Instruction were carried 
out on line signalling relay sets at 
both the ARM and distant end ex­ 
changes independently, followed by 
overall tests from the ARM to distant 
end exchanges as specified in the func­ 
tional tests referred to in the following 
section of this paper. 
Marginal tests were performed on 

response times and pulse lengths, the 
test limits being: 

Response Pulse 
times. lengths. 

Short pulse 80 :!: 20 ms 150 ± 30 ms 
Long pulse 275 :!: 75 ms 600 ± 150 mS 
To check the response times of both 
long and short pulses, Test Set No. 31 
was used to send pulses of known 
length into the RL lead of the relay 
set under test, and relays F2 and F7 
observed. Relay F2 operated when a 
short pulse condition was recognised 
and relay F7 operated for a long pulse 
condition. In the case of the short 
pulse, the response time was tested by 
sending a 60 mS pulse, and checking 
that relay F2 did not operate. A 100 
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TABLE 2: PULSE LENGTHS OBSERVED AT COLAC ON FIR-T3S-GT 
RELAY SETS. 

Circuit B Party Forced Thermal A Party 
Number Answer Clear Release Time Out Release 

1 171 721 1125* 68 565 

2 162 738 1151* 72 681 

3 164 736 1307* 70 689 

4 180 771* 1165* 61 676 

5 1G9 727 1034* 74 642 

6 170 689 1112* 73 649 

7 175 738 1011* 73 661 

8 169 726 1082* 65 600 

9 179 731 940* 63 672 

10 179 726 1103* 63 713 

11 176 723 1019* 63 678 

12 189* 733 1094* 74 668 

13 166 596 994* 76 608 

14 170 879* 1189* 74 656 

15 172 708 1068* 68 662 

16 164 655 964* 72 636 

17 187* 740 1118* R.Set Faulty 

18 167 722 1056* 72 682 

19 161 820* 1048* 66 619 

20 173 710 1073* 65 604 

Test 120-180 450-750 
Limits ms 450-750 ms ms 

mS pulse was then sent on the RL lead 
and relay F2 was checked to see that 
it had operated. The same method 
was used to check the response time of 
the long pulse except that the mini­ 
mum limit pulse was 300 ms, at which 
F7 should not operate and the maxi­ 
mum limit pulse 450 mS at which F7 
should operate. If the recognition re­ 
lays F2 and F7 performed satisfac­ 
torily under these tests, no results 
were recorded. However if, for ex­ 
ample, relay F2 did operate at the 60 
mS limit, a shorter pulse was sent to 
determine the actual response time 
of the relay. Results of this type 
were recorded and following discus­ 
sions with Headquarters the appro­ 
priate code element relays were re­ 
timed to bring the response time with­ 
in limits. 
To check the pulse lengths generated 

by the line signalling relay for back­ 
ward signals, such as proceed to send, 
answer and B party clear, it was neces­ 
sary to manually operate the oppro­ 
priate relays in the line signalling relay 
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set and observe the resultant pulse 
length produced on the SL lead. The 
resultant pulses were measured on a 
Test Set No. 31. Results obtained 
from one such series of tests conduct­ 
ed on FlR-T3S0GT relay sets at Colac, 
are shown in Table 2. 
Where the measured pulse lengths 

were outside the specified limits they 
were marked with an asterisk and the 
faulty conditions subsequently ex­ 
amined. 
The most significant feature of the 

results obtained at Colac was the 
forced release condition being outside 
limits in every case. This condition 
was brought about by incompatibility 
in timing between the FIR-T3S-GT 
relay set and the associated S x S 
switching equipment. A Works Speci­ 
fication to correct this condition was 
issued by Headquarters, as mentioned 
in the following section on Functional 
Tests. 
The Commissioning Instruction calls 

for sample testing on pulse signalling 

to check the safety margins in pro­ 
duction line relay sets. From the 
experience gained to date with the 
pulse signalling system, the author 
considers that the sample tested should 
be substantial, and that after a period 
of say, twelve months, a re-check of 
the pulse signalling system should be 
made, as outlined above, to determine 
any drift tendencies in the safety 
margin. 

FUNCTIONAL TESTS ON TELE­ 
PHONE CIRCUITS. 

Section 4 of the Headquarters Com­ 
missioning Test Instruction outlined 
the types of functional tests to be 
made over individual trunk and junc­ 
tion circuits. A summary of functions 
tested and the types of telephone cir­ 
cuits used is shown in Table 1. One 
of the duties of the Supervising Tech­ 
nician ARM Networks was to prepare 
and personally supervise detailed pro­ 
totype tests for all new distant-end 
equipment and report any circuit weak­ 
nesses to Headquarters for examination 
to determine the type of corrective 
action to be taken. During the func­ 
tional testing phase at Geelong, testing 
staff were asked to report any further 
malfunction immediately to the ARM 
Co-ordination Engineer, or the Super­ 
vising Technician ARM Networks. No 
local modifications to circuitry or ad­ 
justments to relays, except of course 
for obvious component failures, were 
permitted. An example of the proce­ 
dure followed at Colac, where a mal­ 
function was detected, will be covered 
later in this section. Records of test 
results were kept for fault conditions 
only. 

Following the distribution of the 
Headquarters Commissioning Tests, the 
Country and Metropolitan Installation 
Sections of the N.S.W. Administration 
prepared detailed functional test in­ 
structions based on the principles set 
down in the Headquarters Instruction 
for use by testing staff in the field. 
The New South Wales instructions 
were produced in booklet form, which 
came to be known as the Yellow Book, 
and was used at most, if not all, of the 
initial ARM installations when func­ 
tional tests were performed. The 
preparation of detailed test procedures 
for each type of distant-end equipment, 
brought about a uniform approach to 
testing, and hence uniformity of net­ 
work performance. This booklet also 
included sections on transmission mea­ 
suring which will be referred to later 
in this paper. An example of the 
functional test sequence for an ARM 
outgoing relay set FUR-TM-C is shown 
in Table 3. 



8 THE TELECOMMUNICATION JOURNAL OF AUSTRALIA February, 1969 

TABLE 3: FUNCTIONAL TESTS FOR ARM OUTGOING CIRCUITS USING RELAY SET FUR-TM-C 

No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

Test Method Observation. 

Idle condition 

Seize Forward I Use Test Box 
(SxS routes) 

Pulsing I Use Test Box 
(SxS routes) 

Seize Forward and [ Use A.E.T. 
Information Signalling 
(mfc routes) 

R>ing Tone 
(mfc routes) 

Answer 

Clear Back 

"B" party reanswers 

Clear Back 

Time Supervision 

Clear Forward and 
Release Guard 

Channel Failure 

Busy Tone, 
(SxS routes) 

Blocking 

Distant end answers 

Distant end clears, 
ARM holds circuit 

Distant encl reanswers 10 
seconds after hanging 
up in test 7. 

Distant end clears, 
AIRM holds circuit 

After test 9, ARM holds 
circuit with D/E cleared 

ARM clears after test 
10 

ARM sets up call and 
D/E answers. 
The channel is failed (E 
and M leads O/C) and 
both ends clear 
Allow FUR to repeat 
sequence again, then 
restore channel 

ARM makes call and 
DIE Tech. to force selec­ 
tor to 11th step 

D /E to take normal 
blocking action. 
AIRM to attempt call 
during blocking 

Check all FUR relays are in the released condition. 

Check F20 operates. 
Check Fl 7 operates and then releases. 

Check F20 releases and operates in step with the pulses. 

Check F20 operates and remains operated during and 
after signalling. 
Check Fl 7 operates and then releases. 

Check for ring tone after test 4 before distant end answers. 

Check F25 operates and releases. 
Check F23 releases before F24 releases. 

Check F25 operates and releases. 
Check F24 releases before F23 releases. 
Check F19 operates. 

Check F25 operates and releases. 
Check F23 releases before F24 releases. 
Check Fl9 releases. 

Check F25 operates and releases. 
Check F24 releases· before F23 releases. 
Check Fl9 operates. 

Check distant end equipment is cleared forward after 
D/E time supervision period. 

Check ARM FUR BL lamp for full glow. 

Check all FUR relays have released. 
Check BL lamp on FUR rack for full glow flash. 

Check F19 operates and after time supervision pulse, 
check Fl 7 operates and releases, followed by the release 
of Fl6 and Fl3. 

Check FUR and distant end equipment clear after time 
supervision period. 
Check BL lamp on FUR rack for full glow flash. 

Check for busy tone. 

Check BL lamp on FUR rack for full glow. 

Check that call does not proceed. 

It can be seen that the tests listed in 
the Test Column of Table 3 compare 
with those in Table 1. The next column 
indicates the method of performing 
each test and the last column details 
the operate and release conditions of 
particular relays, and the condition of 
the BL lamp, which should be ob­ 
served. If the circuit is functioning 
correctly, the observed conditions in 
the relay set will agree with those set 
down in column 3. This form of test­ 
ing was found to be a very satisfactory 
method of checking the functions of 
individual telephone circuits and did 

in fact reveal some functional irregu­ 
larities. 

One example of a failure discovered 
during functional tests occurred while 
testing on the Colac circuits outgoing 
from Geelong. When checking the B 
party release condition, it was found 
that forced release of the A party did 
not occur, and preliminary investiga­ 
tion showed that there was an exces­ 
sive pulse length on the backward 
forced release signal from the FIR-T3S­ 
GT relay set at Colac, and that the B 
party release facility was also faulty. 

Subsequent investigation, part of 

which is mentioned in the previous 
section on Marginal Tests on Pulse 
Signalling, revealed that both the above 
conditions were caused by the mis­ 
operation of a relay in the FLR-T3S­ 
GT relay set during forced release con­ 
ditions. The exact details of the 
operating sequence of the B party 
release condition observed at Colac 
were forwarded to the Switching Sys­ 
tems Design Section at Headquarters 
for investigation and the specification 
of necessary corrective action. Within 
two weeks of this information being 
received at headquarters, the Exchange 
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Equipment Design Section had issued 
a Works Specification detailing modi­ 
fications to be made to overcome this 
circuit weakness, the Works Specifi­ 
cation being sent to field staff by 
teletype in the first instance. The 
advantage gained by adopting the 
above procedure of detailed fault in­ 
vestigation by the testing staff on site, 
and immediately forwarding this infor­ 
mation regarding the fault condition 
back to the Design Engineer at Head­ 
quarters, is that when corrective action 
has been determined all States are in­ 
formed simultaneously of the fault 
condition and corrective action to be 
taken. In this case, it meant that all 
exchanges which were using the 
FlR-T3S-GT relay set received notifi­ 
cation information at the same time as 
the Colac exchange, from which the 
report originated. Probably one of 
the most important aspects of large 
switching networks is the need for uni­ 
formity of switching equipment, and 
in particular, line signalling relay sets. 
The process of reporting even the 
most minor problems in network 
switching back to the Design Engineer 
is essential. 

TRANSMISSION TESTS. 

The transmission tests as outlined 
in Section 10 of the Commissioning 
Test Instruction were based on an En­ 
gineering Instruction prepared by the 
Long Line Equipment Section, Head­ 
quarters. The purpose of the Long 
Line Equipment Engineering Instruc­ 
tion was to introduce standard line-up 
procedures for telephone circuits to 
give effective control over the trans­ 
mission losses of all equipment, com­ 
prising the complete telephone circuit 
between two exchanges. The proce­ 
dures introduced new reference points 
in lieu of the hybrid line point for 
line-up purposes. In each exchange a 
certain point was defined as the trans­ 
mission reference point and a connec­ 
tion between two reference points is 
termed a link. A link comprises the 

line signalling relay sets at both ends 
of the connection, together with the 
associated line or bearer equipment. 
The measurements made over the links 
included the line signalling relay sets 
and switching equipment. It was at 
the commissioning period of the first 
ARM exchanges that this method of 
transmission measuring was being in­ 
troduced. 

In practice, it was found that the 
ARM transmission reference point, as 
defined by the Engineering Instruction, 
was inaccessible from a practical point 
of view, and the nearest access points 
were found to be the test jacks in the 
FUR and FIR line signalling relay sets, 
In general, all outgoing tests were 
made at the FUR relay sets and all 
incoming tests at the FJiR relay set. In 
some cases, incoming circuits were 
extended through the exchange, to a 
convenient test FUR relay set, at 
which the incoming circuit transmis­ 
sion tests were performed. The ex­ 
tension of incoming circuits to a test 
FUR relay set had the advantage of 
bringing the transmission testing point 
nearer to the transmission reference 
point and avoided the necessity of hav­ 
ing to manually operate relays in the 
FIR relay set, a process which is prone 
to error. Wherever possible, electrical 
operation of the relevant relays was 
used. 
When performing transmission tests 

at the FIR and FUR relay sets it was 
necessary to use an ARM automatic 
exchange tester to set up the correct 
switching conditions for transmission 
testing. An A.W.A. A215 type trans­ 
mission measuring set, shown in Fig. 
6, was connected to the automatic ex­ 
change tester and was d.c. isolated 
from the line signalling relay sets by 
means of a transformer. However, 
the two A215 sets used at Geelong 
were not available until relatively late 
in the commissioning test programme 
and other methods which were not 
entirely satisfactory had to be em­ 
ployed. The use of centre point d.c. 
signalling in the ARM line signalling 

relay sets made the matter o.f d.c. 
isolation a little involved and more 
care was required to set up the testing 
equipment before transmission tests 
could be made. 
All transmission tests performed over 

trunk and junction circuits were made 
in the A party seized and B party an­ 
swered condition. These conditions 
sometimes had to be obtained artifi­ 
cially, that is, by manually pressing up 
relays to achieve the correct circuit 
condition for transmission testing. It 
was also important to ensure that all 
VF terminations were cleared from 
across the circuit during these tests. 
It was under these conditions that 
transmission testing was carried out 
at Geelong over the commissioning 
period. 
The transmission tests to be made 

were specified by Section 10 of the 
Commissioning Test Instruction and 
are as follows:- 

(a) Link loss measurements on all 
circuits terminating at the AR!M 
exchange. 

(b) Frequency response measure­ 
ments on 10 per cent of the cir­ 
cuits in each route at the fol­ 
lowing spot frequencies: 200 Hz, 
300 Hz 400 Hz, 820 Hz, 1.6 kHz, 
2.4 kHz, 2.7 kHz, 3.0 kHz, 3.4 
kHz and 3.6 kHz. 

(c) Stability balance return loss on 
all 2-wire/4-wire and 4-wire/2- 
wire circuits with the distant­ 
end of the 2-wire line termina­ 
ted in its nominal impedance for 
this test. 

(d) Echo balance return loss mea­ 
surements on all 2-wire/4-wire 
and 4-wire/2-wire circuits with 
the distant end of the 2~wire 
line terminated in its nominal 
impedance. Measurements to 
be made psophometrically. 

(e) Noise measurements on all cir­ 
cuits measured psophometri 
cally. The measurement to be 
made over the link with the far 
end terminated in its nominal 
impedance. 

Fig. 6 - A.W.A. A215 Transmission Measuring Set. 
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TABLE 4: SAMPLE OF STABILITY BALANCE RETURN LOSS MEASURE­ 
MENTS-GEELONG ARM. 

Distant 
Exchange 

Geelong SxS 

North Geelong SxS 

Leopold ARK 521 

Colac SxS 

Warrnambool SxS 

Frequency 

300 Hz 

23 dB 

16 dB 

23 dB 

10 dB 

10 dB 

820 Hz 

28 dB 

19 dB 

25 dB 

16 es 
15 dB 

3kHz 

21 dB 

22 dB 

27 dB 

27 dB 

28 dB 

All Geelong measurements were 
made in accordance with (a), (b) and 
(c) only, due to a delay in the supply 
of adequate instrumentation. Tests 
(d) and (e) were carried out after cut­ 
over as time permitted. All link 
losses specified for the Geelong net­ 
work were achieved, and Table 4 
shows a sample o.f the stability balance 
return loss measurements obtained. 
The results of transmission testing­ 

at the Geelong ARM installation were 
quite favourable considering the lack 
of adequate testing equipment and the 
uncertainty of testing points at the 
distant end exchanges. However, 
since that time considerable effort has 
been expended in trying to improve 
transmission testing techniques by two 
working parties, and in the near future 
better techniques, together with better 

instrumentation, should bring about an 
improvement in transmission testing 
standards. 

TESTS FIROM SUBSCRIBERS' 
APPARATUS. 

These tests were designed to check 
the compatibility of the line and infor­ 
mation signalling system with the 
various types of subscribers' apparatus 
which would have access to the ARM 
grid, and to ensure that unforeseen 
service difficulties in the A~M grid 
were reduced to a minimum. The 
telephones used to originate calls for 
this series of tests were each fitted 
with subscribers' meter so that the 
different multi-metering charge rates 
could be observed, and where possible, 
telephone to telephone calls were 

made. Where test telephone numbers 
were not available, calls were made to 
self-answering relay sets or test call 
and answer relay sets. The initial 
telephone to telephone network tests 
were performed by Country Installa­ 
tion staff, followed by service checks 
originated by the Telecommunications 
Division staff, thus increasing the size 
of the sample tests made. These tests 
resulted in the detection and rectifi­ 
cation of several minor network prob­ 
lems. 

Lists of telephone test numbers 
which were used for network testing 
were prepared in each State, with the 
assistance of the local Telecommunica­ 
tions Divisions, who issued orders for 
connection oif special test number 
telephones to be used purely for AIRIM 
network testing. Individual State test 
number lists were subsequently circu­ 
lated to all States through the co­ 
ordinating officer at Headquarters. 

In order to obtain comparable re­ 
sults for the network tests, it was 
necessary that the Testing Officer be 
made fully aware of the tests that were 
to be made and the observations he 
should make. At the Geelong Instal­ 
lation it was decided to present the 
necessary details on an ARM Network 
Test Schedule proforma which was 
prepared and distributed to engineer­ 
ing testing staff. An example of the 
pro forma is shown in Fig. 7 and the 

ARM NEI'WORK TEST SCHEDULE - GEELONG AREA 

Origin Exchange 1 Pi vat - Launceston 
(ARF) 

Date 

Stage 1 Tests 

4th October, 1967 

These tests on Lv 1 call in 10 .•.. s:: Q.)~ 
+' (l) (I] 'O 

(I] 6' ·[J, ~ (l) ::J (I] •rl 
I @ (l) "' 0 Q0.....--1 +> Q.) 0 (l) 

"' eo <l) "1-0: <l) 
tll+:i·r-1 ,..., CD ,..., = = •M Q ,..C I=/ .0 -" Ql) s bi) <l) (I] .;i" CD ., 'O 

~ " -fi Cll "O <l) ,..., a +' ·r-1 ·r-1 QJ "QJ ;i"' <l) ·rl t0 r-< " "' @ -8 0 0 ,, 
~ ii; " fi 'O ·rl 0 +> (I] . a +> ·rl s::: QJ rlP:. QJ fi 0 " ~ ,S 2~-t; <l) 

Ql) 
" <l) ::J t)-1-' "'"' J..! Ql),r--1 fi O fi fi r-< QJ fi QJ ,, .•.. ,r-1 +> ro •rl "QJ (l) " +> QJ "' "'""' +> fi +> "' 0 'O ,, -nm m ,:1l " fi " +> "' ., +> ...; +> ·rl '° +> fi 'O +> 0 fi "'" <l) "' ·rl <l) 

0 ...; fi +>...; ·rl "' •rl ~ a~~ g p. " a, H <l> 
"' 

(I)" a, " s " " >,(I] +> fi " ·rl oJ "" ....• +> fi = = o H s " (I] (I) S O 0 ~ rd rd 
0 " fi p. fi 'P +> •rl " ,., " ....• " QJ R +> "' +' 'O "' 

,..., "fi (I) QJ +> 0 (!) 0., ""' <> R .c 'O QJ eo oJ :as +> +>~~a,'";i;e, (I]>, +> " " +> 0 0 +> " 0 "' r-< +> 0 0 .c ~ § ..• g @; fi •rl " +> CU trJ,-1 fi 1+"4-i ;J ~ ~ -" +> " 0 (I) 

ll R fi s o +" m > z +> fi -" " " +> 0 fi "'" fi" " ..., " i:q fi ,g ; ';i " U'J4-I IDH ~ & +' ::J fi >, +> 0 >, +> +> "-< ~:~ ., 0 0 Pa 
QJ () +> fi,.'<:fiOr-i>-, -"' .;i >, +' " +> " OO·rl 00 ... 
6 "'-" ....• (I] fi O ill 0 +> H ,.'< ,., 

-"' 0 >, 
·...-I (I) Q,' "<l) 

r-i ,0 0 r--l 0 !I +> 'O 'B 8 "'>" ~ z '""' 0 +> +> " ~~a 0 " +> "'"' fi +> (I] " (!)" 

-~ ~ ~ -~ "" 
(I] c(J 6 ~ ~ ~ 2;j I (I)" fi p, "'",., a o"' Jl ·g .£ "' 0 ....• 07 (I)" t§ 8 1l. -" 0 a ·rl"' 'O p. () +> 

A S::: 3: 'O Pa 0 "' C,) "O"' "O D, 

00'<2l'i<LIW 6 '.I 7 1H9 J ,/ J .I 8'i J J J St. John 

00'\ 228'1'1 W 6V 10 16 22 J j I .I 80 J J I II II 

00< 2,216 W 'i ./ 10 16 22 I.I .I .I V II II 

00'\ 247'1'1 W 7 ./ 11 17 2i IJ .I J .I II II 

00< 2'i'i60 W 6 .I 9 l'i 21 IJ J .I .I II II 

00 i26 28A < VI 9 I 6 1218 I.! J .I .I II II 

00'\'\11'00 W 'i./ 9 l'i 12 J .I J .I II II 

00«12oaa W ,l j 9 l'i 12 J .I l'i9 .I II " 
OO"<AAA'iO'i W 4 J 7 l' 19 J I J .J St. John !Sub.) 

00'<622190 W 'i ./ q l' 21 J J 7'i .I Deloraine 

00'\972<7< W 'i J 9 l' 21 ,I .J .I .I Lonzf'ozd 

003973150 W 4 /11 17 23 / y I I . Unatt- 
Bishopboume ARK ended 

00'<9'<6277 W 4 J 7 l' 19 J J ,I .I Carrick 9"<6276 Sub. 

QQlOAAOl 7 W 'i j 7 ll 19 ./ ,I .J J Tatana 

002266'i8 X q J 6 1116 IJ J 127 .I Hobart !Telecom.) 

Fig. 7 - Geelong ARM Network Test Schedule. 
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details included show the results of 
test calls made from a telephone con­ 
nected to the Geelong ARF exchange 
to terminal exchanges accessible via 
the Launceston ARM exchange. 

One of the important functions to be 
observed during the test call procedure 
was the correctness of the charge rate 
applied to the calling telephones meter 
for each test call that was made. Re­ 
ference to Fig. 7 shows that periods 
between the first three multi-metering 
pulses were recorded and any discre­ 
pancy in pulse rates was checked im­ 
mediately. In general there were three 
groups of codes that were checked 
from the Geelong subscribers' tele­ 
phones and these groups were cate­ 
gorised as follows:- 

(a) Local area test numbers; 
(b) Local area service codes. 

(c) Distant area or Grid test 
numbers. 

Calls were originated from each ot 
the Geelong area originating exchanges 
with A1RJM access, to selected tesf 
numbers. These test numbers are 
shown in Figs. 8, 9, 10, which repre­ 
sent the categories listed above. With 
reference to Fig. 8, test calls made 
between any two subscribers connec­ 
ted to terminal exchanges in the Gee­ 
long charging area would be metered 
at the rate shown on the tabulation. 
For example, a call from Geelong to 
Lethbridge ARK would be metered at 
the "A" rate, but a call originated at 
Queenscliff to Lethbridge ARK would 
be metered at the "F" rate. 

Similarly Fig. 9 shows the appro­ 
priate charge rates applied when ex­ 
changes in the Geelong local area 

GEELOl;G AR!~ - LOCAL >...'IBA TEST mnsasas 

Service 
Codes Test Call Destinations 

-dhargi-Rate for 
all Geelong 
Originating Zones 

0 1 1 

0 1 2 

0 1 3 

O 1 5 

Manual Assistance 

Trunk Enquiries 

Director.f Information 

Phonogra.ms 

0 1 7 3 I Early Jlorning Calls 

0 1 7 4 I Fhonogram Enquiries 

0 1 7 6 J,!anual Aasiat,mce for M.C.P.T. 'a 

0 1 7 7 ] Phonogra.m.s for M.C,P,'I'. 1s 

O 1 8 I J.felbou....'T!e Calls fr<JIII Selected P.T,'s 

0 0 0 I Emergency 

0 4 I Ti.me 

1 1 0 7 Sports '1.esulh 

1 1 0 0 I Service Difficulties 
L Unit Fee 
N Non-metering 

Fig. 9 - Geelong ARM - Local Area 
Service Codes and Charge Rates. 

Exchange prefixes are listed. Charging Zones 
Reference to the local test number Charge Rate Codes 
directory will be necessary to 
give B party numbers. 

~ 'a 6 -§, 'a . 
" -~ . 

GeelOJ:l8 District I ~ ~ . ~ ~ . 
Test Call Destinations 

S, M M 
M ~ . . Codes ~ ~ fi -g ~ -" . •• . . c' 0 "' ] ] fi • ~ .s .s !i . . ~ g. "'" ,.. ,. ,. 

2 1 1-5 Geelong ARF L L L L L A L L A A 

4 3 1-6 Belmong A.RF 

5 1 1 1 2 1 Drysdale Manual A A L A A F L L F F 
5 2 1 Q.ueenscliff A.RF 
5 3 1 1 2 1 Queenscliff Manual 
5 4 1 1 2 1 Ba.rwon Heads Manual 
5 5 1 1 2 1 Ocean Grove Manual 
5 6 Wallington RAX 
5 7 1 St. Leonarda RAX 

5 8 Moorabool S:z:S L L L L L A L L A A 

5 9 1 1 2 1 Portarlington Manual A A L A A F L L F F 
5 a Leopold ARK 

6 1 Torquay SxS L A L L A A L L A A 

6 3 1 .Angleaea ARK L A L L A A A L L L 

6 4 1 Mt. Th.meed RAX L A L L A A L L A A 
6 4 5 1 Freshwater Creek RAX. 

6 5 6 1 Gnarwarre RAX L L L L A L A L L L 
6 6 1 Moriac ARK 

6 7 1 1 2 1 Winchelsea Manual L A L L A A A L L L 
7 Nth. GeeloIJ8&Corio SXS L L L L L A L L A A 

8 1 1 Bannockburn ARK A L L L L L A A A L 

8 1 7 Lethbridge ARK L L A L A L F A L L 
8 1 9 Maude ARK 

8 2 1 NU tone (Lara ARK A L L A L L A A F A 
after BT c/o) 

8 3 1 NU tone (Little River 
ARK ultimate) 

8 4 NU tone (Anakie RAX 
after BT c/o) 

5 
8 to 8 Belmont SxS L L L L L A L L A A 
8 9 Belmont SxS Portable 

1 
9 to 9 Geelong 11x11 SxS 

9 a 1 5 Lara ARK (821 after A L L A L L A A F A 
BT c/o) 

9 a 1 6 Ana.kie RAX (841 after 
BT c/o) 

9 a 2 Geelong 11x11 Large L L L L L A L L A A 
Group Final 

9 a 3 Ceres RAX 
9 a 5 Comm. Officee 

Indialling PA.BX 
q a 6 Stonehaven RAX 

,9 a 8 Geelong "X11 s.A.R.S. L L IL L L L L L L ~ 

Fig. 8 - Geelong ARM - Local Area Test Numbers and 
Charge Rates. 
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GEEI.ONG AJW - GRID TEST NUIIBERS 

STD Codes 

OABCDEFGH 

Test Call Destinations 

Cnargrng-Zones 
Charge Rate Codes 

024511111]* 

02839111 
03601849 
034891079 
0 4 2 2 8 8 3 6 OJ* 
049616217 
052212126 
05532185 ]. 0553871 
05549599 l* 0554461 _J 

06354104 } 06272860 

a 7 2 9 6 5 a a 1 ]• 
072861614 

a 8 2 5 1 3 2 9 9 ]* 
082511777 
a 9 
001----- 

0 a 2 2 6 6 5 8 ]• 
a a 2 
a a 3 6 2 2 1 9 a J-* 
003311300 

00421329 ]• 
00441804 
a a 5 

Sydney French's Forest 
Exch. 

Sydney Five Dock Exch. 
City West Exch. 
Northcote Telecom. 

Wollongong DTM' s Office 
Newcastle DTM' s Office 

Geelong "Pivot" L.L.Room I L 11 
Warrnambool Trunk Exch. M ll 

Warrnambool-Purnim Manual M M 

Colao Trunk Exch. 
Colac-Beeac Manual 

Li thgow Trunk Exch. 

Canberra Trunk Ex.eh. 
Brisbane-Wynnum Ex.eh. Y Y 

Brisbane-Cleveland Exch. Y Y 

Adelaide-STD Test Phone X X 

Adelaide-Liaison s/T X X 

Spare Level-----+--+--,--,+--t--+-+-+--+-+­ 

Spare Level------+---+-'1--+--+--+-+-+--+-+- 

Hobart Telecom. Office 

Deloraine Exch. 

St.John Exch. (Laun.) 

y IY 

y y 
II F 
II F 
y y 
y y 

A F 
A A 
y y 
X X 

X X 

X X 

w w 
w w 
w w 
w w 

YIYIYIYIY!Y IYIY 

y y y y y y y 
F II F F FF II II 
F II F F FF II II 
y y y y y y y y 
y y y y y y y y 

L L L L L L L L 

M 14 M M M M M 

M M M M M M M 

F A F F MF L A 

F A F A I! F L L 
y y y y yy y y 
X X X X X X X X 
y y y y y y y y 
y y y y y y y y 

X X X X XX X X 

X X X X X X X X 

X X X X XX 

X X X X XX 

WWW WWW 

W W W W WW 

WWW WWW 

WWW WWW 

X X 

X X 

w w 
w w 
w w 
w .• 

Devenport Ex:ch. 

Wynyard Ex:ch. 

Spare Level- I I I I I I I I I 

* Note - Only one ca.11 is 
required on these 
codes. Two numbers 
have been supplied 
in case of B sub. 
busy condition 
received. 

9AMto6PM 
Code Day Rate Night Rate 

A 
F 
I! 
Q 
w 
X 
y 

45 sec. 
30 
15 
10 
6 
5 
4 

60 sec. 
45 
20 
15 
9 
6 
5 

L 
N 

Unit Fee 
Non-metering 

Fig. 10- Geelong ARM - Grid Test Numbers and Charge 
Rates. 
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called any of the local service codes. 
Details relating to charging rates for 
destinations outside the Geelong 
charging area are shown in Fig. 10. It 
can be seen, with reference to Fig. 10, 
that a call made from the Anglesea 
charging zone to French's Forest ex­ 
change, Sydney, would be charged at 
the "Y" rate. The details of both 
day and night rates were included with 
this· testing information to ensure that 
charge rates were checked correctly. 
Extensive tests were carried out 

from all public telephones in the Gee­ 
long area to check the barred 
access facility. All public tele­ 
phones were barred access to STD 
codes, but allowed access to certain 
nominated routes. When a barred 
code was dialled, forced release condi­ 
tions were applied to the call from the 
multi-metering repeater and busy tone 
returned to the calling party. This 
facility was checked at all public 
telephones. Also it was necessary to 
physically check all barred coin ser­ 
vices to see that the instrument strap 
was changed to the STD position, and 
that the fleeting reversal from the 
multi-metering repeater did, in fact, 
bar access. 

Tests from subscribers' apparatus 
carried out in accordance with the 
details shown above, took approxi­ 
mately three weeks to complete and 
the fault incidence during this phase 
of testing at Geelong was remarkably 
low considering the prototype nature 
of some of these tests. The low fault 
incidence is attributed to the thorough­ 
ness of the pre-commissioning tests 
carried out both at the ARM and Dis­ 
tant End exchanges. 
The Telecommunications Division 

pre-Cutover service checks were car­ 
ried out during the fortnight preced­ 
ing Stage 1 cutover, and further checks 
were made shortly before the introduc- 

, tion of Stage 2. A summary of the 
results of the Telecommunications 
checks for Stage 1 cutover are shown 
below: 

(a) No. of check calls 1213 
(b) No. of effective calls 763 
(c) No. of ineffective calls 

due to subscriber 316 
(d) No. of ineffective calls 

due to the Department 63 
(e) Post dialling delays: 

Maximum (sees.) 17 
Minimum . (sees.) 1 
Average .. (sees.) 6.3 
/ -------~ 

(f) Percentage of calls with 
post-dialling delay of 10 
seconds or less .. 97.4% 

The ineffective calls due to the De­ 
partment, shown in (d) a:bove, included 
several calls which matured but 
failed to meter. In most instances 
this condition was traced to manual 
operators at distant exchanges failing 
to operate the meter key at the appro­ 
priate instant. However, since the 
operators were being familiarised with 
the facilities of the ARM network at 
that time, failures of this type were 
expected. By the time of Stage 1 cut­ 
over, all manual exchange operators 
had been instructed in the correct 
operational procedures and the above 
condition did not recur; 
Also, several ineffective calls re­ 

ported in (d) above were held and 
traced by engineering staff to deter­ 
mine in which part of the network 
the call had failed. This method of 
operation is most successfully done 
when the ARM exchange is not car­ 
rying live traffic, that is, before cut­ 
over, and when selected relay set time 
out facilities can be cancelled at will. 
The techniques outlined above as­ 

sisted engineering staff in the detec­ 
tion and correction of network prob­ 
lems before cutover. In fact, the 
whole exercise only emphasises the 
need for adequate pre-cutover engi­ 
neering testing, followed by a com­ 
bined network check call programme 
carried out by both Telecommunica­ 
tions and Engineering Division sta£f 
in a co-ordinated manner. 

CONCLUSION. 

The successful commissioning of the 
ARM grid, on the 28th November, 1967, 
consisting of the 5 ARM exchanges: 
Haymarket, Newcastle, Canberra, 
Launceston and Geelong, was the cul­ 
mination of some two years of instal­ 
lation effort. It was over this period 
of time that liaison channels between 
the individual engineers and technical 
staff at the ARM exchanges were es­ 
tablished, thus ensuing a sound basis 
for the co-ordination of the Grid com­ 
missioning tests. From the author's 
retrosoective observations over the 
commissioning stage of the initial ARM 
exchanges, certain activities stand out 
significantly and these were the set­ 
ting down of the principles of com­ 
missioning tests by Headquarters En- 

gineers, the additional work done by 
the N.S.W. Engineering Administra­ 
tion in preparation of more detailed 
commissioning instructions in the 
Yellow Book for use by field staff on 
the job, the alertness of field staff in 
reporting circuit weaknesses, and the 
co-operation afforded by Headquarters 
Engineers in solving the many prob­ 
lems raised. 

One of the most important factors 
to emerge during the establishment of 
the ARM Grid was the necessity for 
co-ordination of all future ARM in­ 
stallations to be connected to the ARM 
grid. It is considered that co-ordina­ 
tion must be maintained on a continu­ 
ing basis, especially in the case of 
introduction of new, · or alteration to 
existing Interstate routes. It is· essen­ 
tial also that Service Staff at all ARM 
exchanges in the Commonwealth be 
made aware of the introduction or 
cancellation of routes and changes in 
numbering and zoning. 

From the experience gained on the 
Geelong ·ARM project, through the 
working of the GANIC committee and 
the practical difficulties encountered, 
it is essential that all parties to be 
involved in the installation and service 
of new ARM exchanges should be 
fully informed of the project in its 
very early stages and that the matter 
of programming commissioning tests 
should be undertaken at an early stage 
in the project. 
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A TRANSMISSION LEVEL CHECKER J. P. SALTER, A.S.T.C., Grad.l.E.Aust.* 

INTRODUCTION. 
With the establishment of the sub­ 

scriber trunk dialling (S.T.D.) network 
the operator who made the connection, 
using cords, between the local sub­ 
scriber and the trunk line circuit, is 
no longer available. Since the tele­ 
phonist was required to supervise the 
call, she could perform rudimentary 
checks to determine the suitability of 
the connection. By listening to the 
calling subscriber and the called sub­ 
scriber the operator could note ex­ 
cessive· 10s s or noise, if present, and 
if necessary establish an alternative 
connection. On an S.T.D. call this 
minimal transmission check has been 
lost. 

Details for the operation of the 
S.T.D. network in the Australian 
Post Office have already been outlined 
(Refs. 1 and 2), and generally auto­ 
matic means will be used for the first 
time in the supervision of the trans­ 
mission performance of this network. 
Extensive . use will be made of traffic 
route testers (T.R.T.'s) fitted with the 
Automatic Transmission Test Unit 
(A.T.T.U.) for operation with the dis­ 
tant test call answer relay set 
* Mr. Salter is Engineer Class 3, Trunk Ser­ 
vice, N.S.W. 

(T.C.A.R.S.) (Ref. 3). A different 
type of answer relay set, which ter­ 
minates the circuit and provides 1.5 
second bursts of 820 Hz tone separated 
by 1.5 seconds will be used for the 
T.R.T. grade of service checks when 
a transmission test is not required. 
The provision of automatic testing 

equipment and service aid devices 
does not preclude the provision of 
portable measuring sets. The auto­ 
matic testing plant will determine if a 
fault exists, but testing instruments 
must be available for point to point 
testing to localise the fault. Trans­ 
mission testing is no longer the ex­ 
clusive function of the carrier ter­ 
minal technician; transmission mea­ 
surements of the S.T.D. network will 
have to be made from the terminal 
telephone exchange and will require 
the provision of instruments· such as 
the transmission level checker (T.L.C.). 

This paper describes a T.L.C. (see 
Fig. 1) which will give the automatic 
telephone exchange technician a con­ 
venient means for performing accurate 
functional transmission checks. 
DEVELOPMENT OF THE T.L.C. TYPE 

A205. 
As the telephone network grows in 

complexity it requires different testing 

techniques to be evolved, and more 
sophisticated and more expensive in­ 
struments are required for installation 
and maintenance work. Instruments 
are developed because a need has 
arisen for their existence, and because 
existing apparatus is not suitable. The 
T.L.C. is no exception; it was first 
built as a manual tester by the Vic­ 
torian Trunk Service Section. This 
group established the first T.C.A.R.S. 
network and developed automatic 
transmission circuit testing, using the 
A.T.T.U. fitted to the Junction Rou­ 
tiners and operating into T.C.A.R.S. 
The technique was used for checking 
automatically the transmission perfor­ 
mance of the extended local service 
area (E.L.S.A.) network. Faults 
found by the automatic tests had to be 
cleared and a portable transmission 
measuring set (T.M.S.) was required 
for manual measurement with the dis­ 
tant T.C.A.R.S. 
The requirement of this T.M.S. was 

different from any others used by the 
A.P.O. in that it was to be used for 
transmission measurement from the 
outgoing relay set, where loop hold 
currents must flow in the instrument's 
input transformer. With existing in­ 
struments (Slems, A215, A220 etc.) 

Fig. 1 - The Transmission Level Checker Type A205. The speaker grill and slot for screwdriver speaker volume adjust­ 
ment can be seen on left hand side panel. 

SALTER ~ Level Checker 
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unbalance d.c. must not be allowed to 
pass through the T.M.S. input trans­ 
former. Other facilities, such as· loop 
disconnect dialling for calling the 
T.C.A.R.S. telephone speech circuit, 
arrangements for operation with the 
distant T.C.A.R.S., together with a 
monitoring loudspeaker, were added 
(see Fig. 2). The circuitry and meter 
scale of the manual tester were ar­ 
ranged so that the transmission loss 
in both directions of transmission 
could be determined by using the dis­ 
tant T.C.A.RS., and without the need 
to contact the distant technician. 
Semi-automatic transmission testing 
was thus introduced. (Details will be 
given later.) 

The principle of the manual tester 
was accepted by the Central Adminis­ 
tration ~Ref. 4), and after considering 
the transmission requirements of the 
telephone network (Ref', 5), extra 
facilities were added, and a specifica­ 
tion of the T.L.C. was prepared. The 
subsequent design, development and 

NEAR END 
TRANSMISSION LEVEL CMECKER 

LEVEt. 

METER 

FUNCTION 
SWITCM 

manufacture of the instrument was 
undertaken by Amalgamated Wireless 
(Australasia) Ltd. 

DESCRIPTION OF T.L.C. TYPE A205. 

The T.L.C. is a small manually ope­ 
rated device intended for connection 
to step-oy-step, two-wire exchange 
outgoing relay set, providing facilities 
for the dialling of the distant 
T.C.A.R.S, and enabling circuit func­ 
tional checks to be carried out. 

The device may also be used as an 
interface unit for test instru­ 
ments, providing d.c. isolation, 
dialling and loop - hold facilities; 
an additional circuit is included for 
checking the battery feed transmis­ 
sion bridge of the final selector and 
relay sets for insertion loss. For the 
latter function, loop-hold facilities are 
provided at both send and receive ter­ 
minations, and dialling and loudspeaker 
monitoring can be carried out on the 
two-wire receive line. 

CIRCUIT UNDER TEST 
FAR E~O 

DISTANT T.C.A.R.S. 

~ CONTROL 
CIRCUIT 

LEVEL 
SENSl'TIVE 
RECEIVER 

EXCEEDS-20.dlnn 
ic. T.C.A.R.S. 
'TRIG"ERSf 

NOTE 1: Key (Function Switch) Positions 
(1) Send to T.C.A.R.S. 
(2) Read Near End 
(3) Read Far End. 

Near End is the testing end; T.L.C. reads (Black Scale) level of receive signal sent 
over circuit from T.C.A.R.S. · 
Fig. 2 - Block Schematic Showing Operation of the Manual Transmission Level 
Checker T.L.C. in Conjunction with the T.C.A.R.S. Steps in operation are:- 

1. The T.L.C. is connected to outgoing (O/G) Relay Set, or 
2. If T.L.C. is connected to a subscriber's inlet, dial tone is heard in the monitor­ 

ing speaker. 
3. The distant T.C.A.R.S. access number is dialled, after the T.C.A.R.S. identifica­ 

tion sequence is finished then; 
4. Set Key (Function Switch) to position 1. 
5. Gradually increase the oscillator level output until the T.C.A.R.S. triggers 

and sends tone back; this tone and the send tone can now be heard in the 
loudspeaker as a beat of the two signal tones. 

6. Restore key (Function Switch) to Position 2. Read the incoming (Receive) 
tone level on the Near End (Black) scale of the meter. (This measures the 
circuit loss between the T.C.A.R.S. and the T.L.C.). 

7. Set Key (Function Switch) to Position 3. Read the oscillator send level on 
the Far End (Red) scale of the meter. The circuit is arranged so that this 
reading is in fact the Receive Relative Level at the Far End of the circuit 
under test. 
NOTE: The Far End is defined as the end of the circuit (where the T.C.A.R.S. 

is) remote from the testing end. 

The instrument consists essentially 
of an 835 Hz oscillator having a very 
stable output level which may be ad­ 
justed over a wide range. 

The standard frequency used for 
carrier circuit and network transmis­ 
sion testing is 820 Hz, which is the 
frequency sent from the T.C.A.R.S.; 
however, 835 Hz is sent from the 
T.L.C. so that an easily noticeable beat 
between the 835 Hz and 820 Hz will 
be recognised when the T.C.A.R.S. 
triggers. 
In some instances a beat will not be 

heard and triggering of the T.C.A.R.S. 
will be noted by a change in level of 
the tone from the loudspeaker of the 
T.L.C. This will occur when the re­ 
ceive tone from the T.C.A.R.S. is high 
compared with the tone sent from the 
T.L.C. The incoming tone, if high, 
can pull the oscillator in the T.L.C. 
to change frequency and synchronise 
to the frequency of the higher level 
tone. The stability of the level of the 
T.L.C. instrument oscillator is closely 
controlled by a temperature compen­ 
sated d.c. reference voltage and is 
comrpletely free from the effects of 
supply voltage variations. 

Oscillator Section. 
The oscillator output may be trans­ 

mitted to the line under test at two 
fixed levels, 0dBm and -3dBm, the 
reference levels for terminal and 
transit two-wire (Tandem) exchanges 
respectively (see Ref. 5), or at a 
variable uncalibrated level in the range 
-28dBm to 0dBm. The oscillator is 
also used as an internal calibration 
standard for a built-in level meter. 
The accuracy of all measurements is 
therefore related to the internal cali­ 
bration of the oscillator. 

Level Meter Section. 
The level meter allows the oscillator 

output and incoming signals in the 
range -40dBm to +3dBm to be mea­ 
sured, in the frequency range from 
150 Hz to 4000 Hz. The +3dBm 
maximum can be increased for srpecial 
tests by the use of attenuator plugs 
(see Fig. 3). The meter has two scales 
as shown in Fig. 4 calibrated directly 
in the terms of receive relative level 
at both the near end (T.L.C. or test­ 
ing end) and the far end (T.C.A.R.S. or 
distant exchange end) of the circuit 
or line under test. Appropriate at­ 
tenuators are selected by the function 
switch, obviating the need for any 
calculations by the technician or ope­ 
rator. The relative level, expressed in 
dBr of a signal at any point in a 
transmission path is the ratio of the 
absolute level at that point to the level 
of the same signal at a predetermined 
reference point in the system. This 

SALTER - Level Checker 
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Fig. 3 - The 4dB Attenuator Pad. It 
is used to extend the range of the T.L.C. 
and is plugged into the T.L.C. and the 
measuring cord plugged into the back 

of the pad. Note 4MM connector. 

FAR END 
-8 

RECEIVE RELATIVE LEVEL 

.11111 MASTER INSTRUMENTS ZYDNEY, 

Fig. 6 - Rear View of T.L.C. Note interface, oscillator output, and external bat­ 
tery connector. Only two screws are removed to replace internal cells. 

reference point is the exchange refer­ 
ence point in the terminal telephone 
exchange, which is 0diBm. The de­ 
sign of the T.L.S. was based on this 
concept, but also took into account the 
-3dBr reference at the minor switch­ 
ing exchange (Ref. 5). 

dBr 

TAUT BAND 

Fig. 4 - The Meter Scale of the T.L.C. Type A205. 

SECOND 
LOOP-HOLD 

TRANSFORMER 

LEVEL 
METER 

ASTIC 
400 TYPE 

Fig. 5 - Four-wire Operation and Speech (2-wire), Monitoring Facility. In this 
mode the T.L.C. can be used to measure the insertion loss of a final selector or 

relay set battery feed bridge (See Text). 

SALTER - Level Checker 

FACILITIES. 
The oscillator and level meter are 

coupled to a two-wire circuit (out­ 
going relay set in step-by-step ex­ 
changes or a subscriber's inlet in a 
crossbar ARF, ARK etc., exchange) 
through a loop-holding transformer 
having a low insertion loss and cap­ 
able of carrying up to 125 mA d.c. 
without variation of performance. A 
B.P.O. type telephone dial is connected 
in the two-wire line circuit and an 
ASTIC type 400 telephone handset 
facility is also provided. Except 
when the telephone facility is being 
used, any signal present at the two­ 
wire line sockets may be heard on the 
loudspeaker, which is fitted in the 
instrument. The two-wire line socket 
is the Siemens and Halske type 9- 
Rel. kli 6aa, which is the standard 
A.P.O. instrument socket. A special 
mounting plate is supplied with the 
T.L.C. to replace this socket if re­ 
quired with either the twin-type car­ 
rier jack or a tip ring sleeve C.B. jack. 

4-Wire Operation. 
A second loop-hold transformer is 

included on the rear panel, as illus­ 
trated in Fig. 5 and shown in Fig. 6 
to permit the oscillator output to be 
fed to a separate line at a precise level 
of 0dBm, whilst using the level meter 
section and other facilities at the nor­ 
mal two-wire line socket. 13dB 
attenuator plugs (see Fig. 3) are avail­ 
able so that-13dBm is available from 
this source, the loop-hold condition 
is then no longer available. This 
output at 0dBm with loop-hold condi­ 
tions allows the transmission loss in a 
final selector or relay set battery feed 
bridge to be readily measured, 

Measuring Loss in Relay Sets. 
The 0dBm output is connected to a 

number chosen on the final selector 
multiple, and the two-wire line socket 
of the T.L.C. is connected to the final 
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selector input. The final selector 
multiple number which was chosen is 
now dialled, the ring (ringing current) 
is tripped by the loop hold transfor­ 
mer, and the 835 Hz tone is sent 
through the final selector, the reading 
on the black scale of the meter will 
give the insertion loss of the final 
selector. After the test it will -be 
necessary to operate the non-locking 
push-button fitted to the top right hand 
corner of the front panel near the dial. 
The operation of this button inserts 
a series condenser to open circuit the 
loop provided to the final selector 
multiple. 

T.L.C. Input Impedance. 
For normal measurements the input 

impedance is 600 ohms; however, for 
measurements involving hybrid trans­ 
formers it may be desirable to match 
the return loss of the input to that of 
equipment with a capacitatively 
coupled input. In this case the return 
loss of the two-wire input to the T.L.C. 
may be deliberately degraded at low 
frequencies without interrupting the 
d.c. loop. A spring return pushbutton 
(mentioned a!bove) enables a one mic­ 
rofarad capacitor to be inserted in the 
unbalanced side of the loop-hold input 
transformer, in series with the 600 
ohm input impedance. It will be 
necessary to operate this pushbutton 
if a small beat variation is noticed 
when reading the instrument meter. 

Interface Facility. 
It is sometimes necessary to carry 

out more complete circuit measure­ 
ments than those which can be per­ 
formed with the T.L.C. In such cases 
the additional instruments required 
may be of the type which do not per­ 
mit loop-hold conditions, and when 
this happens the loop hold, speech, 
calling circuits, etc., are usually set 
up in an interface unit which is con­ 
nected between the instrument and 
the exchange equipment (i.e., be­ 
tween two equipment faces), interface. 
An external oscillator or level meter 

may be connected as illustrated in 
Fig. 7 to a two-wire line using the 
loop-hold, dialling and handset 
facilities of the T.L.C. The external 
oscillator or level meter should be 
connected to the interface socket on 
the rear panel (see Fig. 6), whereupon 
the internal oscillator and level meter 
of the T.L.C. are automatically discon­ 
nected, although audio- monitoring is 
retained. The insertion loss of the 
interface circuit is 0.4 dB. The maxi­ 
mum level is 0diBm. 

The Meter Scale. 
The T.L.C. meter scale is shown in 

Fig. 4. The top scale, which is black, 
is the normal dB meter scale. The 
lower scale is coloured red and has 
its zero mark at the -5dB point of the 
black scale; all values to the left of 
this zero mark are marked positive, 
while those to the right are marked 
negative and shown as dBr. The 
black and red scales are designated 
Near End and Far End respectively. 
The two scales are further designated 
Receive Relative Level. 

. T.L.C. Panel Colour. 
When the keys and switches· are 

operated to· the red designations, this 
indicates the red meter scale should 
be noted. If a meter reading is ob­ 
tained with the keys and switches 
operated to the black designation then 
the black meter scale should be read. 

OPEIRATION WITH T.C.A.R.S. 
The usual method of operation or 

the T.L.C. with the T.C.AR.S. is 
shown diagrammatically in Fig. 2 and 
is briefly outlined below. To simpli­ 
fy the explanation assume the circuit 
under test has no loss. After the 
distant Far End 1;'.C.A.R.S. has been 
called by using the T.L.C., and 
T.C.A.R.S.. identification procedure 
completed, the test oircuit is set up 
with the T.L.C. at the Near End and · 
the distant Far End of the circuit is 
terminated in the T.C.A.R.S. The key 
(function switch) send to T.C.A.R.S. 
on the T.L.C. is now operated and the 

835HZ 
OSCILLATOR 

, __ --, 
I 
I 
I 
I 
I 

Fig. 7 - The Connection of External Instruments. The normal measuring circuit 
is replaced by the external instrument. However, the 835 Hz from the back panel 

is available. 

EXTERNAL 
INSTRUMENT 

ASTIC 
400 TYPE 

HANDSET 

835Hz send tone from the T.L.C. is 
heard in the instrument speaker. The 
oscillator output from the T.L.C. is now 
slowly increased until the send level 
at point A Fig. 2, is -20dBm; this is 
also the level at point B, Fig. 2, since 
the circuit under test has no loss. 

The input level to the T.C.A.R.S. is 
now also -20dBm, the T.C.A.R.S. trig­ 
gers and sends back a 820 Hz tone (for 
terminal exchanges the level of the 
tone sent from the T.C.A.R.S. is 0dBm 
from the exchange reference point). 

This 820 Hz tone is heard in the 
loudspeaker of the T.L.C. as a beat 
with the 835 Hz being sent from the 
T.L.C. The key (function switch) on 
the T.L.C: is restored to Read Near 
End and the Receive Relative Level 
Near End is read on the black scale 
of the meter. The tone from the 
T.C.A.R.S. is sent for five seconds. 
When the tone from the T.C.A.R.S. 
ceases, the key is operated to Read 
Far End and the receive relative level, 
at the T.C.A.R.S. end of the circuit is 
read from the red scale of the meter. 
Since the loss in the circuit is zero, 
a reading of zero will be obtained on 
the red scale, or as the T.L.C. circuit 
is arranged so that a reading of zero 
on the bottom red scale represents an 
output of -20dBm, the circuit loss is 
zero. 

If the circuit under test had a loss 
of 3dB, then the level sent at A in 
Fig. 2 would have to be 3dB greater 
than before, so that -20dBm is recei­ 
ved at the T.C.A.R.S. As the output 
from the T.L.C. oscillator is increased 
from minimum output the pointer 
moves across the meter scale from left 
to right until the meter pointer is 3dB 
higher than before, thaz is· over the 
-3dBr mark. The T.C.A.R.S. triggers 
and circuit measurements are made. 
This means that the circuit level at B 
is 3 dB low from nominal; in · other 
words at B in Fig. 2, the Receive 
Relative Level is -3dBr, as shown on 
the red scale. 
Providing the Send Relative Level 

(screwdriver adjustment on front 
panel, see Fig. 1) is set at 0dBm, the 
Far end switch set to 0dBr, and the 
oscillator output control of the T.L.C. 
is adjusted so that the meter pointer 
is over the zero mark on the red scale, 
then -20dBm is being sent from the 
T.L.C. into the line connected at point 
A in Fig. 2. 1f the Send Relative 
Level switch as shown in Fig. 8 is 
operated to the -3dBm position and 
all other settings remain as before, the 
output from the T.L.C. is -23dBm. 
This allows the T.L.C. to be pre-set 
for terminal or minor switching ex­ 
change operation (Ref. 5). 
When the T.C.A.R.S. has been ad­ 

justed for terminal exchange conditions 
of sending 0dBm at 820 Hz and trig- 

SALTER - Level Checker 
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Fig. 8- Front Panel View of T.L.C. The face is tilted at 15° by the stand attached 
to the bottom of the instrument. 

gering when the T.C.A.R.S. input is 
-20dBm, then: 

(a) The black scale reading, toge­ 
ther with that of the Near End 
attenuator switch, will give the 
circuit loss in dB from the 
T.C.A.R.S. (Far-End) to the 
T.L.C. (Near End). 

0b) The red scale reading together 
with that of the Far End at­ 
tenuator switch, will give the 
circuit loss in dlB from the 
T.L.C. (Near End), to the 
T.C.A.R.S. (Far End). 

The T.L.C. terminates the circuit in 
600 ohms and measures the voltage 
across this termination. The result 
is displayed on the meter and ex­ 
pressed in dB. 

Maximum Network Loss. 
The maximum insertion loss at 820 

Hz between terminal exchange refer­ 
ence points, measured between 600 
ohm terminations, is 15dB (Ref. 6). 

CONCLUSION. 
The T.L.C. has been developed so 

that transmission measurements can 
be performed from the d.c. switching 
point of the telephone exchange. The 
T.L.C. provides for the first time a 
T.M.S. which will give the automatic 
telephone exchange technician a con­ 
venient means for performing accu­ 
rate functional transmission checks on 
circuits at a frequency of 820 Hz in 
conjunction with the distant T.C.A.R. 
Set. The testing is semi-automatic, 
since the distant exchange technician 
is not required to participate in the 
tests. 

Generally, measuring equipment 
available for telephone network trans­ 
mission testing must not carry d.c. in 
the instrument input circuitry. The 

SALTER - Level Checker 

T.L.C., via its interface facility, allows 
the use of this type of T.M.S. for 
carrying out additional transmission 
tests. Arrangements have been incor­ 
porated in the instrument so that the 
transrnission loss of an exchange relay 
set can be measured. 
The T.L.C. can be used as a normal 

T.M.S. such as for the measurements 
of the output of the multi-frequency 
code tone generator in crossbar ex­ 
changes. High impedance audio 
monitoring can be carried out on d.c. 
circuits by the operation of the keys 
to Read Far End and Open Loop. 
It is considered that the T.L.C. will 

fill a long-existing need for a suitable 
instrument for performing transmis­ 
sion measurements on d.c. circuits in 
the telephone exchange. One hundred 
of these T.L.C.'s were delivered in 
June, 1968. 

REFERENCES. 
1. M. D. Zilka, 'Service Assessment 

Facilities,' Telecom. Journal of Aust., 
June, 1968, Vol. 18, No. 2, p. 137. 
2. I. G. Cook, 'Trunk Circuit Test­ 

ing in the S.T.D. network'; Telecom. 
Journal of Aust., Oct., 1968, Vol. 18, 
No. 3, p. 261. 
3. C. Fletcher, 'Automatic Trunk 

Testing'; Telecom. Journal of Aust. 
Feb., 1965, Vol. 15, No. 1, p. 76. · 
4. 'Trunk Testing Facilities,' issued 

by Telephone Exchange and Long Line 
Equipment Sections, A.P.O. Headquar­ 
ters, Jan., 1967, p. 7. 

,5_ Australian Post Office Engineer­ 
ing Instruction, Long Line Equipment, 
Transmission B 2000, 'Relative Levels 
for Telephone Circuits.' 
6. R. G. Kitchenn, 'Telephone Trans­ 

mission Objectives'; Telecom. Journal 
of Aust., Feb., 1968, Vol. 18, No. 1, 
p. 15. 

APPENDIX. 
T.L.C. PERFORMANCE SPECIFICA­ 

TION. 
General. 

Operating Temperature Range-OOC to 
500C. 

Calibration Temperature - 250c. 
Sending Signal. 

Frequency - 835Hz ± 5 Hz. 
Reference Output Level - OdBm ± 

0.1 dB in 600 ohms. 
Output Impedance - 600 ohms No­ 

minal. 
Send Relative Level OdBm0:- 

0 dBm ± 0.1 dB. 
-3 dBm ± 0.15 dB. 

Send Level OdBr Far End Range:­ 
-10 to -25 dBmO. 

-10 dBr Far End Range:- 
0 to -15 dBmO. 

Level Meter. 
Frequency Range-150Hz to 4000 Hz. 
Near End Ranges- 

OdBr (OdBm) ± 0.1_0 dB. 
-10 dBr (-Id dBm) ± 0.15 dB. 
-20 dBr (-20 dBm) ± 0.20 dB. 

Note when used as a level meter the 
Near End meter scale is used and dBr 
read as dBm. 
Far End Ranges-Accuracy at -5dBr 

scale point. 
OdBr ± 0.15 dB. 
-10 dBr ± 0.15 dB. 

Input Impedance-600 ohms Nominal. 
Meter Protection. 

The meter circuitry is protected 
against high power pulses caused by 
dialling and switching of the tele­ 
phone circuits. 

Power Supplies. 
Internal 9V Battery. 

6 cells, size C. 1.5V Alkaline Mallory 
type MN1400 or Ever Ready type HPl 1. 
Approximate life 100 hours, with typi­ 
cal usage. Equivalent carbon zinc 
cells may also be used, but are not 
recommended as their life would be 
short. - 
Note. - Cells are enclosed in a leak 

resistant moulded plastic carrier. 
External 48V Supply. 
48-volt supply specified in para. 

3.1 A.P.O. Speoification 1002. Full 
performance of the instrument is 
maintained in the normal 15-second 
break and emergency conditions. 
(Specified voltage range -52.8V to 
-43.5V). A 250 mA fuse is fitted in 
the negative line. 

Rack Mounting Arrangements. 
Rack mounting adaptor plates are 

available to rack mount the instru­ 
ment on the standard 19 in. carrier 
rack side; however, the instrument is 
intended for portable use. 

Dimensions and Weight. 
Height (including feet) - 51 in. 
Width (including handles) - 13} in. 
Depth (including handles) - 10¾ in. 
Weight (including battery) - 12 lb. 
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TELEPHONE EXCHANGE AREA PLANNING 
K. W. SMITH, A.R.M.T., M.1.E.Aust.'* 

PART I - ECONOMIC RADIUS 
Introduction 

It is the purpose of this part of 
the paper to establish a simple yet 
satisfactory method of determining 
the relationship between the radius 
of an exchange area and the total 
capital costs of the subscribers lines, 
trunk or junction lines, exchange 
equipment and buildings for areas of 
constant telephone density. It will be 
shown that for a given density there 
is a radius at which the total costs 
are a minimum. This is termed the 
optimum economic radius. 
Understandably, annual charges 

are of predominant importance in the 
detailed calculation of economics 
where plant is installed at different 
times and for different provisioning 
periods in a particular exchange area 
or network. An economic assessment 
based on annual charges is necessarily 
a prime requirement for the planning 
of an individual exchange area. 

This study, however, is confined to 
the general case of determining the 
economic radius of an exchange area 
in relation to the expected density of 
subscribers and for this reason, and 
because it is assumed that all plant is 
provided in the first year of the study, 
capital costs have been used through­ 
out. The use of capital costs also 
enables ready assessment of the effect 
of cost variations. 

Examine any telephone exchange 
and its associated external plant net­ 
work and you will find that it is 
unique in that it differs in some re­ 
spect from every other exchange area. 
Furthermore, each individual area is 
provided with telephone plant in the 
most economic manner to suit its own 
situation. How then can we determine 
the optimum economic area (or 
radius) if every area has its own 
particular optimum? 
The answer is that we must take 

factors common to all exchanges, 
stabilise these factors in the form of 
an ideal exchange area and then vary 
the dimensions of the area and the 
associated factors and determine the 
least cost for any given set of con­ 
ditions. 
This idealised situation then be­ 

comes the starting point for practical 
planning which of necessity must take 
account of the innumerable differ­ 
ences which make each exchange 
area unique. 

• Mr. Smith is 'Englneer Class 2, External Plant 
Planning, Victoria. 

The Idealised Exchange Area 
For our purpose, the ideal area is 

in the form of a circle with the ex­ 
change at the centre and the subscrib­ 
ers distributed uniformly throughout 
the area. We assume that there is 
no existing plant in this area and that 
the plant required to meet the ex­ 
pected demand at the end of the 
study period is installed in the first 
year of the study. The effect of using 
provisioning periods shorter than the 
study period for some or all major 
plant items has not been considered. 
If we now consider a large area and 

its break-up into smaller exchange 
areas (Fig. 1) we notice that for any 
arrangement there are some items 
which are common to all proposals. 
These are the number of lines of 
switching equipment and that part of 
the junction or trunk plant which is 
proportional to the number of sub­ 
scribers. It can also be shown that 
the route length of subscribers cable 
plant is theoretically constant al­ 
though in a particular situation study 
the length may vary and part of the 
subscribers plant may share a com­ 
mon route with trunk or junction 
plant. 
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Fig. 1 - Alternative Arrangements. 

The concept of the ideal exchange 
area applies to both rural and urban 
areas but the calculation of the 
economic radius of these · areas will 
be treated separately because of 
major differences which occur in 
practice. 

List of Symbols 
a = subscriber's external plant cost 

related to excavating, cable 
sheathing and other common 
costs. 

B gradient of subscriber's external 
plant reticulation cost. 

b = factor relating B and w. 

w = subscriber's cable average con­ 
ductor weight. 

P = number of subscriber's cable 
pairs. 

R = optimum exchange radius. 
d - transmission limit of minimum 

conductor weight subscriber's 
cable. 

f = gradient of subscriber's trans­ 
mission limits. 

Ce = external plant cost per sub­ 
scriber. 

Ci = internal plant cost per subscrib­ 
er. 

Cj = junction or trunk cost per sub- 
scriber. 

Ct = total cost per suscriber. 
S = subscriber density per unit area. 
Ka = ratio of route to radial distance 

for average subscriber. 
Ko = cable occupancy percentage. 
L = ratio of route to radial distance 

for furthest subscriber. 
g subscriber's internal plant cost 

related to site, building and 
common equipment costs. 

h - junction or trunk costs related 
to excavating and other com­ 
mon costs. 

a, b, d, f, g, h will vary according 
to local circumstances of cost struct­ 
ures, working methods, transmission 
limits, etc. For example, the same 
symbols have been used in the deter­ 
mination of both the rural and urban 
economic radius because they have 
the same meanings but of course, they 
have different actual values in the two 
sets of calculations. 

Rural Economic Radius 

Subscribers External Plant. Subscrib­ 
ers cable provided in rural areas is 
generally of 101b to 201b conductor 
weight with some pairs loaded with 
88mH coils at a nominal 6000 foot 
spacing. The cable is plastic jacketed 
and plastic insulated and mole­ 
ploughed directly into the ground to 
an average depth of eighteen inches. 
Average capital costs per route mile 

of this type of construction are shown 
in Fig. 2. 
The equation Ce = a + BP 

= a + b.w.P (1) 
accurately represents the costs. Cable 
pair mileage and conductor weight 
differ for each layout of exchanges but 
the excavating costs (a) are constant 
and are therefore deleted from subse­ 
quent operation on the equation. 

SMITH - Exchange Area Planning 
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Fig. 2 - Average Capital Cost per Route Mile of Loaded, Mole-ploughed, Plastic 
Sheathed, Plastic Insulated Rural Subscribers' Cable. 

TABLE 1: SUBSCRIBERS TRANSMISSION LIMIT (MILES) 

Conductor Weight 

Unloaded cable 

Loaded cable 

1.77 

4Th 

2.62 

3.3 

For a circular exchange area of 
radius R the total cable pair mileage 
required to serve the subscribers can 
be shown to be 

=2?T SKaR3/g 
The subscribers contained in the 

circular exchange total ?TR2S. There­ 
fore the average working pair mileage 
per subscriber 

21r SKaR3/31rR2S - 2KaR/3. 
For a percentage cable occupancy of 
Ko the average cable pair mileage per 
subscriber becomes 
P = (2KaR/3) 100 /Ko= 200 KaR/3Ko 
Substituting in (2), the average 

capital cost per subscriber for external 
plant in a rural exchange area becomes 

Ce= b [(LR - d)/f] 200KaR/3K0 
.................... (3) 

Note: For some types of exchange 
equipment the signalling limit may be 
less than the transmission limit. In 
such cases average conductor weight 
is determined from a plot of signalling 
limit versus discrete conductor weight 
and the same form of equation ap- 

100 plied. With the availability of individ­ 
ual line signalling extenders the need 
for consideration of restrictions im­ 
posed by signalling limits will be 
reduced. 

Subscribers Internal Plant: Switch­ 
ing equipment to serve a given num­ 
ber of subscribers in a locality may 
be provided at one exchange or dis­ 
persed over a number of exchanges. 
(Fig. 1). Substantially the same 
amount of individual subscribers 
equipment will be required in each 
case but site, building and common 
equipment costs will be dependent 
upon the number and size of ex­ 
changes. Therefore only the latter 

The gauge of cable used (w) will 
be determined by the route distance to 
the furthest subscriber and the trans­ 
mission limits applicable. The route 
distance to the furthest subscriber 
may be assumed to be L times the 
radial distance. Then the extreme 
route distance becomes LR. Cable pro­ 
vision is normally one gauge for part 
of the route and the next higher gauge 
for the remainder, but in this study it 
is assumed that costs are adequately 
represented by using an average 
conductor weight derived from an 
equation relating the subscribers trans­ 
mission limits to the average conductor 
gauge. Plotting the transmission limits 
for discrete conductor weights (Table 
1) shows that between any two 
adjacent weights the limit= d + fw. 

Equating extreme route distance and 
transmission limit 

LR=d + fw 
Rearranging and substituting for w 

in (1) 
Ce =b [(LR - d)/f] P .... (2) 
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Fig. 3 - Capital Cost of Rural Trunks and Crossbar Exchanges including Building 
and Site. 
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Fig. 4 - Capital Cost of Urban Subscriber Reticulation. 
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costs are relevant to the study and 
from Fig. 3 the capital cost per sub­ 
scriber for internal plant in rural ex­ 
change areas is 

Ci = g/'l[R2S 
Trunks and Junctions: This study 

does not include the factors involved 
in the provision of main trunk switch­ 
ing exchanges as the location and size 
of these is irrelevant to the study of 
exchange boundaries related to sub­ 
scriber densities. In practice, however, 
the existence or necessity for a large 
building to accommodate trunk 
switching equipment may have a bear­ 
ing on the location of the subscribers 
exchange. 
The cost function for trunk or junc­ 

tion lines comprises a fixed charge 
corresponding to the establishment 
of the route and a charge proportional 
to the number of subscribers in the 
area. That part of the cost which is 
proportional to the number of sub­ 
scribers will be independent of the 
number of junction routes (number 
of exchanges) and may therefore be 
omitted. 
The average distance of Victorian 

rural terminal exchanges from their 
switching centres is ten miles and 
the normal method of trunk pro­ 
vision is assumed to be 201b cable 
using 2-wire passive V.F. circuits. 
The cost of providing these circuits 
for various exchange sizes is shown 
in Fig. 3 and the equation to this, 
based on the capital costs for trunks 
and junctions and omitting costs 
which are independent of the number 
of exchanges, is 

Cj=hhrR'S 

_20 

Urban Economic Radius 
Subscribers External Plant: The dis­ 

tinguishing features of urban reticu­ 
lation in Victoria in comparison to 
rural reticulation are the predomin­ 
ance of unloaded 4tb conductor cable 
and the provision of ducts. For our 
purposes it will be assumed that each 
duct will contain an average of 1000 
cable pairs and the duct cost per pair 
mile is therefore one thousandth of 
the duct cost per linear mile. 

$SM 

$SM 

$4M 

$3M 

$2M 

5000 10.(XXJ 

Fig. 5 - Capital Cost of 

The equations to the graphs of 
subscribers cable and duct costs in 
Fig. 4 may be added directly and 
produce a similar equation to the 
rural case, 

i.e. Ce czz a + b.w.p. 
The remainder of the theory for the 
rural case applies in like manner to 
the urban case and the same final 
equation emerges for the external 
plant capital costs per subscriber. 
i.e. Ce = b [(LR - d)/f] 200KaR/3K0 

Subscribers Internal Plant: Capital 
costs relating to the provision of 
telephone exchange bulidings and 
A.R.F. equipment for urban areas 
are shown in Fig. 5 and similar to the 
rural case, the capital cost per sub­ 
scriber for internal plant may be rep­ 
resented as: 

Ci=g/'1TR2S 
Junction Plant: An assessment of 

the Melbourne Metropolitan Network 
showed seven miles to be the average 
junction route length from tandem 
to terminal exchanges and the as­ 
sumption was made that the average 
junction/subscriber ratio was 1 : 10. 
Naturally in practice this ratio varies 
with the traffic requirements of the 
individual exchanges but the result of 
this exercise was not affected signifi­ 
cantly by fairly substantial variations. 

Fig. 5 shows the capital cost for 
junctions and again the cost per sub­ 
scriber may be represented as: 

Cj=h/'1TR2S 
Calculation of Economic Radii: The 

relevant cost of providing telephone 
plant per subscriber in an exchange 

c110~ 
J~ 6db 1355 OHM LOOP 

TANDEM - TERMINAL 
CROSSBAR-CROSSBAR 
7 MILES ROUTE DISTANCE 

20,000 30,000 
EXCHANGE LINES 

Urban Junctions and Crossbar 
Building and Site. 
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Fig. 6 - Optimum Rural Exchange Radius. 
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Fig. 7 - Optimum Radius of Urban Exchanges. 

area of radius R may now be repre­ 
sented by 
C,=Ce + Ci + Cj = b [(LR - d)/f] 200KaR/3K0 + ghrR2S + h/'7TR2S 
and this cost will be a minimum when 
the differential dC,/dR = 0. 
dC,/dR= lO0Kab (2LR - d)/3K0f 

- (g + h)/'1TR3S=o. 
S = 3K0f (g + h)/100'7TKabR3 (2LR-d). 
The results for various densities and 
radial distances with the cost struct- 
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ures shown for rural and urban ex­ 
changes are illustrated in Figs. 6 and 
7. 
Effect of Variations in Cost Struc­ 

tures and Transmission Limits: The 
economic radius of an exchange area 
is most affected by variations in ex­ 
ternal plant costs, and this is shown 
clearly in Fig. 8 for rural exchange 
areas. Operating on the assumption 
that in the foreseeable future we may 
expect a progressive decrease in costs 
due to improved techniques and 
efficiency, then we may also expect 
an increase in economic radius. How­ 
ever, the overall increase in radius 
will not be very great so that areas 

70 

optimised on present costs will coin­ 
cide with the economic optimum for 
many years. 

Extending transmission and signal­ 
ling limits affects economic radius 
through the effect on external plant 
costs. 
Fig. 9 shows the change in relative 

total cost with exchange radius for 
various subscriber densities and indi­ 
cates that exchange areas larger than 
the optimum may be tolerated with 
less penalty than areas smaller than 
optimum. 

· It is essential to clearly understand 
that variations in costs of items shown 
to be common to all exchange area 
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Fig. 8 - Effect on Rural Exchange 
Radius of Variations in Capital Costs 
and Subscribers' Transmission Limits 
for Densities of up to seven Subscribers 

per Square Mile. 
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TABLE 2: THE RELATIONSHP BETWEEN URBAN SUBSCRIBER DENSITY AND OPTIMUM ECHANGE SIZE 
Optimum 

Exchange Number 
Nominal Exchange of 

Subscriber Exchange Exchange Similar 
per acre Radius Area of Size Density 

(Miles) (acres) Subscribers (Lines) in 1968* 

1 1.77 6400 6400 10,000 Brooklyn (2.5) 

3 1.28 3330 9990 10,000 Oakleigh (5.5) 

5 l.ll 2500 12500 15,000 Camberwell (14.0) 

7 1.0 2000 14000 15,000 Toorak (20.4) 

15 0.80 1300 19500 20,000 - 
25 0.74 ll00 28000 30,000 Civic (66.0) 

50 0.58 680 34000 40,000 City West (100) 

100 0.49 490 49000 50,000 - 
*Expected density in year 2015 is shown in brackets. 

layouts do not affect economic radii 
at all. For example a new cable lay­ 
ing method that reduced laying costs 
by 30 % of present figures would not 
alter the economic radii except for 
any effect the method may have on 
trunk or junction provision. Similarly 
a fall or rise in the subscribers line 
exchange equipment costs as distinct 
from common equipment would have 
no effect on the economic radii. 

Conclusion 
The rigid application of an optimum 

economic radius to each exchange 
area is of course impossible but 
factors emerge from this study which 
enable economic control of plant pro­ 
vision without loss of flexibility. 
For instance, no exchange area with 

a subscriber density of more than 
1.0 sub. per acre should have its 
boundaries so far from the exchange 
that the furthest subscriber is be­ 
yond the transmission and signalling 
limits of 4Th conductor cable. Stated 
another way, if urban exchanges are 
properly located and their boundaries 
appropriately placed then all sub­ 
scribers reticulation may be provided 
with 4Th conductor cable. 

Similarly for rural areas with a 
density greater than 2 subscribers per 
square mile, lOTh loaded cable should 
be adequate. 
A demographic survey of the Mel­ 

bourne Metropolitan network has pro­ 
vided information on present and ex­ 
pected future subscriber densities in 
each exchange area. Table 2 indicates 
a few typical cases and from this 
a further important conclusion may 
be drawn. The majority of the ex­ 
changes in residential or light com­ 
mercial and industrial areas do not 
require buildings or sites with a cap­ 
acity in excess of 20,000 lines in 50 
years' time. Exchanges with a cap- 

------ -- ---- --··---- 

acity beyond 20,000 lines are justified 
only in the very high density com­ 
mercial centres of large cities. 
Some complicated economic radius 

studies have been undertaken in other 
countries, and, although cost struct­ 
ures and geographical features are 
different in each case, there is a 
similarity between the results of the 
overseas studies and this study which 
indicates that, irrespective of varying 
conditions, the optimum economic 
radius of a telephone exchange area 
lies within fairly well defined limits. 
The method outlined in this paper 

is simple to use and produces results 
which are adequate as a guide to 
practical planning. 

PART 2: VICTORIAN RURAL 
EXCHANGE AREA PLANNING 

The purpose of Rural Exchange 
Area Planning is to establish, within 
the framework of economics and 
transmission and signalling limits, a 
network of automatic exchange sites 
and boundaries covering the whole of 
the State of Victoria outside the 
Melbourne Metropolitan Area, but in­ 
cluding the Melbourne Extended 
Local Service Area. These exchange 
area plans become the bases for 
Regional Network Plans incorporating 
details of switching, numbering and 
trunking in accordance with the Com­ 
munity Telephone Plan for Australia. 
After approval, the Regional Network 
Plans are implemented as financial 
allocations permit. 
It is anticipated that eventually 

about 1055 automatic exchanges will 
serve the Victorian rural areas and 
the telephone plant provided (external, 
internal and trunks) will have a 
capital value approaching 200 million 
dollars. Obviously the economics of 
the exchange area design are of prim­ 
ary importance. 

Plan Preparation 
Each Rural Exchange Area Plan 

covers a number of exchange areas 
usually comprising a Secondary 
Switching Area or a Telephone Dis­ 
trict whichever is required for the 
relevant Regional Network Plan. 
Maps are obtained or prepared for 

this area (scale 1 inch = 1 mile) 
showing road configurations, railways, 
township locations and important 
physical features such as rivers, lakes, 
State forests, Crown lands, etc. 
A section of one of these maps is 

shown in Fig. 10. 
The Engineering Division (Country 

District Works) responsible for this 
area (or Planning Branch staff as app­ 
ropriate) then adds the following in­ 
formation. 
(a) The location of existing ex­ 

changes. 
(b) The location of existing rural sub­ 

scribers. 
(c) The location of residences of non­ 

subscribers. 
(d) Future known changes to phy­ 

sical features. 
e.g. 
(1) Area to be inundated by 

proposed dam. 
(2) Area to be absorbed by ex­ 

tension of mining operations. 
(e) Minimum subsistence land hold­ 

ings if known. 
(f) Plant in situ both trunk and sub­ 

scriber. 
(g) Location of high-voltage power 

lines (66kV and above) for power 
co-ordination purposes. 

Proper preparation of these maps 
(and later assessment of telephone 
demand) requires that various author­ 
ities should be contacted for informa­ 
tion on existing and proposed land 
usage. These authorities are the local 
P.M.G. officers and State Government 
Authorities such as: 

SMITH - Exchange Area Planning 
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@) MINOR SWITCHING CENTRE 
--- ROADS 
~ RIVERS 

RAILWAYS 
CROWN LANDS, STATE FORESTS ,ii NATIONAL PARKS 

t. 3 2 1 0 

Fig. 10. 

(a) Agricultural Department 
(b) Country Roads Board 
(c) State Development Division of 

the Premier's Department 
(d) State Electricity Commission 

(Power Co-ordination) 
(e) Forests Commission 
(f) Latrobe Valley Development Ad­ 

visory Committee, of the Prem­ 
ier's Department (if appropriate). 

(g) National Parks Authority (Prem- 
ier's Department) 

(h) Rural Finance and Settlement 
Commission 

(i) Soil Conservation Authority 
(j) State Rivers and Water Supply 

Commission 
(k) Other authorities if deemed 

necessary 
e.g., Local Government Authority 
(Shire Council), Town and Coun­ 
try Planning Board, Private 
Development Bodies, Common­ 
wealth Census Bureau. 

Planning Exchange Areas 
Twenty years has been selected as 

the optimum study period because, in 
rural areas, demand over this period 
can be predicted with acceptable ac­ 
curacy. The provisioning period 
varies for the different plant items 
and ranges from over 20 years for 
buildings down to 4 years for some 
equipment items. 
To facilitate a broader appreciation 

of the area to be planned a number 
of 1 inch = 1 mile plans (prepared as 
described previously) are joined to­ 
gether to form an overall plan of the 
region. 

Initially 'Fixed Points' are deter­ 
mined. These are locations where 

SMITH~ Exchange Area Planning 

ultimate exchanges must be provided 
such as cities, towns or community 
centres containing a large number 
of subscribers (perhaps 100 or more 
subscribers depending on the area). 
A determination is then made of 

the approximate boundaries of the 
fixed point exchanges based on the 
theoretical optimum exchange radius 
for the rural subscriber density. (To 
determine this density the 'town' sub­ 
scribers are ignored and the approx­ 
imate area divided by the anticipated 
20-year rural subscribers only, i.e., 
uniform growth over the area con­ 
sidered. If this were not done appli­ 
cation of the theoretical optimum ex­ 
change radius data would produce an 
incorrectly smaller area). 
Where the planned boundaries for 

the fixed point exchanges overlap, the 
common boundary is determined by 
the location of the existing subscrib­ 
ers and their present reticulation un­ 
less these may be economically re­ 
arranged. 
The areas not included inside the 

boundaries of the fixed point ex­ 
changes must then be examined 
and exchange locations and boundar­ 
ies determined, using the principles 
of signalling and transmission limits 
and optimum exchange radius data. 
Practical aspects now intervene in 

what, so far, has been a basically 
theoretical optimum design. The sel­ 
ection of exchange sites is affected 
by- 
1. Location of existing exchange (if 
any). 

2. Whether the existing exchange re­ 
quires replacement. (It may be an 

automatic exchange capable of ex­ 
tension and therefore better left 
on its present site.) 

3. Route of trunks to existing ex­ 
change. For economy, a new ex­ 
change should be located on a 
trunk route but a new method of 
trunking or trunk provision may 
be under consideration and this 
should be investigated. 

4. Location and type of existing ex­ 
ternal subscribers' plant and its 
expected life. 

5. The copper centre of the area 
under consideration. 

6. The presence of intersecting roads 
near the theoretically desirable 
site allowing access to all parts 
of the exchange area. 

7. Whether conditions exist that 
allow the actual route length of 
subscribers cables to be less for 
one set of exchange layouts than 
for others. Similarly one layout 
may avoid the need for cabling 
over a particularly difficult section 
of route. These aspects can be of 
prime importance. 

8. The presence or expected instal­ 
lation of high voltage power lines. 
(In Victoria low voltage power is 
available at almost all locations 
for operation of the exchange 
equipment). 

9. Topography. The desired site may 
be subject to inundation by flood­ 
ing or be in a high bush fire 
danger zone. (The latter may be 
alleviated by clearing around the 
site). 

10. Departmentally owned property 
(e.g., a line depot) may be avail­ 
able for an exchange location. 

The final selection of a site is left 
to the plant engineer in charge of thel 
area who complements these factors 
with extensive local knowledge. If the 
selection of actual sites shows that i 
is not possible to conform generall 
to the economic radius it is prefer-I 
able to extend the radius rather than 
reduce, as this involves less economiJa 
penalty. 

Exchange boundaries are not de 
lineated exactly by Planning Branc 
but straight lines are drawn on thel 
map to show the approximate bound 
ary. The absolute boundary is final! 
determined by- 

Transmission and signalling limit 
for the type of exchange which i 
expected to be installed. This i 
taken to be a Crossbar exchang 
except where definite informatio~ 
is available that another type o 
exchange will be provided. 

2. Topography forming an accepte 
natural boundary such as Crow 
Lands, State Forest or other area 
likely to remain devoid of subi 
scribers; rivers which may or mar 
not be readily crossable by cable 
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mountainous areas; lakes, dams, 
etc. 

3. Existing underground cable reticu­ 
lation. 

4. Location of subscribers and prob­ 
able development. 

5. Relationship to surrounding ex­ 
changes, i.e., boundaries should be 
approximately midway between 
exchanges. One exception could 
be where a large urban exchange 
is adjacent to a rural exchange. 
In this case it may be better to 
have the common boundary nearer 
to the urban exchange and avoid 
20tb cables or loaded cables inter­ 
spersed with normal suburban re­ 
ticulation. 

The local Divisional Engineer de­ 
cides the final detailed exchange 
boundary which should follow, within 
practical limits, the boundary laid 
down by Planning Branch. 
The boundaries now planned may 

include subscribers from nearby small 
exchanges (whole or part) and a de­ 
cision must be made as to whether 
these exchanges should close and 
their subscribers form part of the 
newly planned exchange or whether 
the small exchange should remain 
and the planned exchange be readjust­ 
ed accordingly. Normally the small 
exchange is eliminated but if it hap­ 
pens to be an automatic exchange 
with capacity for many years then 
it may be economical to retain the 
existing exchange and re-adjust the 
planned boundaries. Each case re­ 
quires an individual assessment. 
Where amalgamations of existing 

exchanges (whole or part) are pro- 

posed, charging zone changes may 
be involved which could act to the 
detriment or advantage of the sub­ 
scribers affected. The final decision 
and approval or otherwise of a zone 
change rests with the Telecommuni­ 
cations Division who will normally 
conduct a traffic dispersion study but 
an appreciation of the problem is 
required by the Planning Engineer so 
that alternative arrangements may be 
analysed and possible hardship to the 
subscribers avoided. Nevertheless the 
final solution must be economically 
justified. 
Minor zone changes involving only 

a few subscribers are usually solved 
in the field by the District Engineer 
and the District Telephone Manager. 
In an amalgamation involving ex­ 
changes in different zones, an ex­ 
change name is often retained but 
the new exchange is physically locat­ 
ed within another zone. Authorisation 
for the resultant alteration to tele­ 
phone charges is provided by an 
amendment to Telephone Regulations. 
When tentative exchange site 

locations and approximate boundar­ 
ies are delineated on the 1 inch = 
1 mile plans for the area under con­ 
sideration, it is necessary for the 
Planning Engineer to confer with the 
District Engineer and consolidate the 
plan. The exchange site locations and 
boundaries on the consolidated plan 
are then scaled on to a smaller plan 
(Scale 1 inch = 4 miles) to permit 
distribution as required. For conven­ 
ience, Group Charging and Trunk 
Switching Plans (CP53) are used for 
this purpose and this also enables the 

planned exchanges and boundaries 
to be related to the existing ex­ 
changes, charging zones and switch­ 
ing boundaries. 

The Future 
The planning of rural exchange 

areas has been completed for the 
Victorian network but the dynamic 
process of providing telecommunica­ 
tions services requires revision of 
areas from time to time to ensure 
that new techniques and natural 
development are satisfactorily catered 
for by the most economical arrange­ 
ments of exchanges. For instance, 
the introduction of improved tele­ 
phones may extend transmission 
limits far beyond today's boundaries 
but it must be remembered that the 
extension of transmission limits alone 
does not economically justify very 
much larger exchange areas. 

Eventually, replanning of exchange 
areas must occur and the starting 
point of any replanning procedure 
should be to establish economic para­ 
meters such as an optimum economic 
radius as a basis for sound planning 
and the planning engineer will then 
have a useful tool to support his [udg­ 
ment during the preparation of a new 
plan. 
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TECHNICAL NEWS ITEM 
GLASS FIBRE OPTIC WAVEGUIDES 

FOR LASER TRANSMISSION 

A two-year feasibility study into 
the use of glass fibre optic waveguides 
for modulated Laser light transmission 
is currently underway at the British 
Post Office Research Laboratory at 
Dollis Hill. Investigations are being 
conducted into methods of modulat­ 
ing Laser beams, the means of coup­ 
ling the Laser into the very fine 
optical fibres, and the production of 
optical fibres with sufficiently low 
attenuation characteristics. 
The optical fibre consists of an 

inner glass core, clad by glass with 
a lower refractive index. By suitable 

choice of materials there is no loss 
of light from the fibre, even when 
curved. The endoscope is an example 
of the use of this effect for viewing 
the inside of body cavities. 
For the B.P.O. application, very 

long fibres with a diameter of about 
0.1mm and maintained to an accuracy 
of 1 % over a length of 3km have to 
be obtained. However, the main diffi­ 
culty is in the production of suffic­ 
iently high purity glass. At the present 
time, impurities in the glass cause 
light scattering resulting in energy 
losses from the fibre and giving an 
attenuation characteristic of the order 
of lO00dB/km. To make a practical 
system, with cable lengths of 3km 

to 6km, a loss of less than 20dB/km 
must be achieved. 

Significant advances in these tech­ 
nologies will be required before it 
can be expected that this means of 
realizing a potentially high capacity 
transmission medium might be suit­ 
able for extending facilities of high 
channel capacities to subscribers' 
premises. The theoretical channel 
capacity obtainable in this way, al­ 
though much greater than is required 
at the moment, would be a means of 
providing the required bandwidth 
necessary for anticipated future re­ 
quirements for more sophisticated 
subscriber's terminals such as 'view­ 
phones' and computer access points. 

SMITH - Exchange Area Planning 
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CENTRALISED MAINTENANCE PRACTICES OVERSEAS 
B. J. CARROLL, A.R.M.I.T. * 

INTRODUCTION 
Recently the author visited a 

number of overseas telephone admin­ 
istrations to investigate the various 
techniques used for the maintenance 
of telephone exchanges. This article 
describes the completely central­ 
ised system of maintenance organi­ 
sation adopted by the Royal Board of 
Telecommunications, Sweden and a 
private telephone operating company, 
the Helsinki Telephone Company, in 
Finland. 
The techniques described have been 

developed from the result of detailed 
investigations and studies extending 
over many years. In each case the im­ 
provements obtained in productivity 
and service performance have been 
achieved, not by the use of new, 
novel or complex methods of super­ 
vising plant performance but mainly 
by the introduction of improved 
techniques in engineering manage­ 
ment. The improvements include the 
use of modern data techniques for the 
continuous supervision of perform­ 
ance productivity and costs, and the 
introduction of more efficient methods 
of planning, scheduling and control­ 
ling of all maintenance activities. 

In concluding the article the author 
describes the progress being made 
towards the introduction of central­ 
ised maintenance in Australia and 
draws attention to some of the dis­ 
tinctive features of the organisation 
of the Australian Post Office which 
must be taken into consideration 
when making comparisons with results 
achieved overseas. 

TELECOMMUNICATIONS' 
ORGANISATION IN SWEDEN 

The Swedish Telecommunication 
Authority is a State owned organisa­ 
tion controlled by the Board of Tele­ 
communication, which is responsible 
to the Government Ministry of Com­ 
munication. The Board comprises the 
Director-General and five other mem­ 
bers. The Central Administration is 
divided into six departments, Admin­ 
istration, Financial, Operations, Indus­ 
trial, Projecting and Development 
each under the control of a Director. 
The distinctive features of this admin­ 
istration compared with the A.P.O. 
are that it is completely divorced 
from any postal business, it is prac­ 
tically self-financing and it manufac­ 
tures about 25% of its equipment 
requirements in its own factories in 
direct competition with industry. 

* Mr. Carroll is Engineer Class 3, Telephone 
Exchange Equipment Section, Headquarters. 
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During the past 15 years the 
administration has, in common with 
the A.P.O., been faced with the 
problems of satisfying a high growth 
rate and, at the same time, coping 
with the conversion of the local and 
trunk networks to automatic working. 
This, together with growing com­ 
petition from industry, has placed 
high demands on the available 
finances, material resources and skill­ 
ed personnel and, in order to meet 
this development, improve produc­ 
tivity and provide an acceptable grade 
of service to the subscriber at a 
reasonable cost, a completely new 
form of field organisation was intro­ 
duced. 

Sweden, which has a population of 
8 million people, 3.7 million telephone 
services and 7,165 telephone ex­ 
changes, is at present divided into 
four regions which cover a total of 
20 telecommunication areas. For con­ 
trol of the long distance network the 
country is divided into six areas, 
with the overall control for network 
management being exercised from 
Stockholm. Thus each Regional Direct­ 
or is responsible for five telecommuni­ 
cation areas and one or two long 
distance areas. 
The Director of a Telecommuni­ 

cation Area has four divisions report­ 
ing to him namely Personnel and 
Secretarial, Sales, Plant Construction 
and Operations. The Operations Div­ 
ision is a completely self-contained, 
highly specialised section which is 
responsible for the maintenance of 
exchange, subscriber and external 
plant, whilst the Construction Divi­ 
sion is responsible for all activities 
associated with the provision of 
services, that is the planning, co­ 
ordination and execution of all ex­ 
change, subscriber and external plant 
installation projects (refer Fig. 1). 
Large cable construction and other 
miscellaneous projects are handled 
by a specialised section under the 
Director of Operations (H.Q.). The 
Sales Section is the equivalent of our 
Telecommunications Branch. Under 
this new organisation there is a clear 
line of demarcation between mainten­ 
ance and providing work and, for the 
first time, all activities, including 
Planning, Traffic, Engineering and 
Sales have been rationalised under 
the control of the Director of the 
Telecommunication Area. The physi­ 
cal area covered by a Telecommuni­ 
cation Area will very largely depend 
upon the telephone density. A typical 
area will include between 100,000 and 
200,000 lines and up to 200 exchanges. 

Director of 
Telecommunications 

Personnel end 
Secretarial Division 

Sates Division 

Plant 
Construction Division 

Operations Division 

Fig. 1 - Oerebro Telecommunication 
Area Organisation Chart. 

Main Features of the New Operations 
Division Organisation 

The main features of the new Oper­ 
ations Division are listed below:- 
1. All staff employed on exchange, 
subscriber and external plant 
maintenance are members of the 
same division and are controlled 
from the one fault and job dis­ 
tribution centre. 

2. Data techniques are employed to 
provide continuous measurement 
of plant performance, productivity 
and cost with an absolute mini­ 
mum of clerical effort. 

3. Experienced field supervisors oper­ 
ate the control centre, thus reliev­ 
ing engineers of non engineering 
work. 

4. A staff section provides specialised 
engineering attention to methods, 
practices, supervision, planning, 
traffic engineering, switching, 
transmission, lines and mechanical 
aids. 

5. The scope and efficiency in the 
planning and performance of main­ 
tenance work is greatly improved. 

6. Field supervisors are relieved of 
all clerical work and technical 
field supervision is improved. 

7. Staff requirements are matched to 
the work load. 

8. Better utilisation is made of skill­ 
ed staff. 

9. All requests for information, meter 
readings, connections, disconnec­ 
tions, diversions and fault reports 
are received and programmed by 
the maintenance centre. 
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10. Improved methods of supervising 
service and plant performance 
from a central point are intro­ 
duced. 

11. Fault handling procedures are 
streamlined. 

12. Communication between the main­ 
tenance office and field repairmen 
is improved. 

13. All records such as cable plant, 
junctions and subscribers line 
cards, are centralised. Only basic 
essential information is provided 
in the exchanges and this is up­ 
dated as necessary from the centre. 
Oerebro Operations Division 

After considerable and detailed 
study a trial of the new Telecom­ 
munication Area organisation was set 
up in 1965 at Oerebro. The area, which 
measures approximately 70 miles by 
45 miles has approximately 120,000 
subscribers connected to 192 terminal 
exchanges and is completely auto­ 
matic. The switching equipment con­ 
sists of the AGF500 line mechanical 
switching system and crossbar equip­ 
ment installed as early as 1952. 
The Operations Division employs 

the line and staff form of organisation 
similar to that of the Bell System 
(Fig. 2). The Staff Section (Fig. 3) 
provides the engineering services and 
administrative support to the Line 
Section (Fig. 4), which is responsible 
for carrying out all the corrective 
and preventive maintenance work in 
the area. The Engineering Manage­ 
ment of the Line Section is under the 
control of an Operations Engineer, 
who is assisted by experienced super­ 
visors. The manual telephone service 
referred to in Section 3 (Fig. 3), is 
the equivalent of our information and 

L 

HEAD OF OPERATIONS 

DIVISION 

SECTION 2 

Maintenance 
service 

Manual telphone 
service 

2 3 4 5 6 

Methods Super - Traffic Switching Trans - Buildings 
vision engineering mission Vehicles 

Machinery 

2 2 1 1 4+Clerk 1 

Note. Figures refer to number of personnel. 
Fig. 3 - Operations Division Section 1 Staff Section. 

assistance service provided by the 
Telecommunications Division. 

Corrective Maintenance: The 
Oerebro area is divided into four sec­ 
tions for corrective maintenance. Each 
section contains 30,000 to 50,000 lines 
and is under the control of a field 
supervisor, who is directly respon­ 
sible for the maintenance of exchange 
subscriber and external plant in his 

HEAD 
OF OPERATIONS DIVISION 

l 

SECTION 1 
Traffic and Maintenanc,e Plan 

- I I 
SECTION 2 

Repair and Maintenance SECTION 3 

Service Manual Telephone Service 

Fig. 2 - Operations Division Organisation Chari. 

area. A field supervisor controls 
8-12 repairmen who usually work in 
the one area (Fig. 4 and 5). Repair­ 
men are at present in two categories, 
cable repairmen and exchange and 
subscriber equipment repairmen who 
can also repair lead-ins and small 
cables. For more difficult exchange 
faults a field supervisor can be called 
in or a specialist can be directed to 
the exchange by the control centre. 
Cable repairmen do their own fault 
location and all repairmen do their 
own testing. In future it is proposed 
to train specialists in the exchange 
maintenance, as exchange faults rep­ 
resent only 6 % to 10 % of the· fault 
work. For rural areas cable repairmen 
will be trained to repair subscribers 
equipment also. Cable repair work 
has been reduced from a two man to 
a one man operation, thus reducing 
the cost of repairs. When two men 
are required, assistance can be 
arranged through the centre by con­ 
tacting by radio another repairman 
in the area, 

Preventive Maintenance: It will be 
noted in Fig. 5 that a special section 
handles all the preventive mainten­ 
ance work for exchange equipment 
and all cable repairs for the entire 
communication area. Cable repairs are 
carried out by a mobile staff of 26 
and a staff of 10 repairmen are 
responsible for the preventive or pro­ 
ject maintenance work on exchanges 

CARROLL - Centralised Maintenance 
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MAINTENANCE OFFICE 
Orebro 
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Fig. 4 - Operations Division Section 2 Maintenance Service Fig. 5 - Maintenance Office Oerebro. 

for the whole area. This type of work 
is planned by the maintenance office 
engineer from the analysis of plant 
performance results and in consul­ 
tation with field supervisors who are 
responsible for the condition of the 
equipment and standards of work­ 
manship in their particular sections. 

Centralised Supervision: A service 
supervision panel is located in the 
maintenance office and all exchange 
alarms and service alarms for attend­ 
ed and unattended exchanges are 
displayed on this panel. On receipt 
of an alarm, a special punch card is 
made out and the card is handed to 
the area despatcher for the attention 
of the appropriate mobile repairman. 

In the Oerebro area the traffic route 
testers (TRT's) are centralised in the 
main exchange building and, at 
present a battery of eight TRT's is 
being installed. These TRT's are con­ 
trolled from the centre and the results 
recorded on centrallographs mounted 
on the service supervision panel. In 
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order to avoid unproductive record­ 
ing of results the TRT's are fitted with 
a percentage failure type of service 
alarm to indicate when the call failure 
on a particular route exceeds the pre­ 
determined action limit, say 1.5 % on 
observe service. The TRT's call into 
answering relay sets at distant ex­ 
changes and perform a rough trans­ 
mission test. The TRT's can originate 
calls from test lines at larger ex­ 
changes by the remote control of the 
A party calling number in the distant 
exchange. A new answering relay set 
has also been developed for use at 
outlying exchanges. This base, when 
called by a centralised TRT, can then 
originate a number of calls from that 
exchange and transfer the results of 
these calls to the maintenance centre 
over the test line calling into the 
answering relay set. 

In order to provide the Maintenance 
Office Supervisor with an immediate 
indication of the fault workload in 
the various sections a number of re- 

settable meters are provided. These 
meters are controlled by the operator 
who has three different keys by which 
she can release a call from her 
position. By operating the appropriate 
key she can immediately indicate on 
the meter whether a fault report has 
been received or a fault cleared. A 
lamp display indicates the number of 
repairmen working in each area. 

Operation of the Maintenance Cen­ 
tre: All subscribers' faults and reports 
from other areas are received by 
specially trained female operators 
who also test the subscribers' lines, 
diagnose the possible location of the 
trouble and assign the work to field 
repairmen according to the urgency 
of the report and the route of the 
repairman. Two operators with access 
to subscribers' master cards are 
assigned to an area with 30,000 to 
50,000 lines. A female operator re­ 
ceives the same salary as a repairman 
and it has been proved that female 
operators are far more efficient than 
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REQUIREMENTS AND AIDS 

Subscriber connected direct to his area 
office on general fault report no. 90410 

Quick and capable reception of complaint 

Questioning of subscriber and 
complaint by means of questionaire 

Test equipment, maps of Maintenance 
Area and Line Plant for preparation 
repair assignments 

An aid - Record Card 
(80-col. punched card) -for following 
functions: 

1. Subscriber card (Fault journal card) 
2. Fault reception form 
3. Work order 

Travel r-oute and quanlity-of-work 
plotter 

4. OK report and statistics 

Survey of quantity of work and resources 
engaged - work-in-progress chart 

Repairman connected lo his area office 
on no. 90530 

Conductor calls repairman on radio 
paging unit or by mobile radio 

Ordering of jobs and OK report in 
numerical code 

of 

/4Work order 
plotter 

® 

©~~ 
Time,Couse of foult, 
Action,Determination /7 Fixed data 
offo~focplont 

Card reader ~ punch 
Data transmission terminal 

Communication Conductor 
Repairer 
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Fig. 6 - Maintenance Office Repair Area. 

men at this type of occupation. The 
~ target for speed of answer is 5 
• seconds. 

When a fault report is received the 
operator removes the subscriber's 
card from the card cabinet (Fig. 6) 
and enters the type of fault report 
on it in code form. In this way she 
has the previous fault history in front 
of her when testing the line and issu­ 
ing the fault to a repairman. The card 
used is a special 80 column IBM 
card which has written on the top the 
usual information concerning the 
subscriber's name, number, address, 
external plant connections and equip­ 
ment. This information is also punched 
on the card. A standard form of in­ 
terrogation procedure has been pre­ 
pared in order to assist the operator 
to diagnose the possible location of 
the fault. Facilities for testing sub­ 
scribers' lines are provided by a 
small console mounted on the oper­ 
ator's position. Test facilities were 
not available for small remote ex­ 
changes. 
Having determined the nature and 

possible location of the fault the 
operator can assign the job to a 
repairman by placing the card in the 
'work in progress' chart which is 
provided for each repairman. (The 
operator controls up to 8 repairmen.) 

This chart enables the operator to 
balance the workload between repair­ 
men working in that particular area. 
Details of the repairman's training 
and experience are entered on the left 
hand side of the chart (Fig. 6). When 
the fault is cleared details of the fault 
code, repairman's identity code, travel­ 
ling time and total time are entered 

Work in progress 

on the card, which is then placed in 
the card reader. The fixed information 
is automatically recorded on a stat­ 
istical card and the details of the 
fault are then punched onto the stat­ 
istical card by the card punch 
machine. The subscriber's card is then 
returned to the master card cabinet 
(Fig. 7). Cards with distinctive colour­ 
ing are used for subscribers' equip­ 
ment, switching plant, junction cir­ 
cuits, transmission equipment, cable 
plant, special plant, work order (i.e. 
MDF work, meter readings, disconnec­ 
tions, diversions, etc.) and personnel 
records. Operators and repairmen are 
provided with a book which details 
the codes to be used for all activities 
and fault clearing. 
The streamlining of the fault hand­ 

ling procedure is evident from the 
above practices. The one operator 
handles the receipt of the fault, test­ 
ing and despatching, and for record­ 
ing purposes the subscriber's master 
card is the only document used. 
Clerical work is at a minimum and 
the data for statistical records is ob­ 
tained by use of punched cards. 
Each repairman has a personnel 

card which is used to record his at­ 
tendance, overtime allowances and 
travelling time. This card is used for 
salary calculations and costing. Re­ 
pairs, fuel consumption and mileage 
of the motor vehicles are also recorded 
by punch cards. 

Statistical Information: The statis­ 
tical cards are sent to Stockholm 
monthly for computer analysis and 
statistics are obtained on productivity, 
performance and cost, the goal being 
to achieve a working statistic, the 
results of which are expressed in 
values which can be used as a basis 
for administrative or technical action 
in the Operations Section of the Tele- 

O.K. report 

Prepunched cotumns 
read-off, remainder 
transferred by push­ 
button operation 

~ [~----~I Statistics card 
Fig. 7 - Route of Record Card after Fault Report. 

CARROLL - Centralised Maintenance 
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communication Area. Typical statis­ 
tics recorded at present are:- 
1. Groups of subscribers' lines for 
equipment at exchanges where the 
pre-determined normal fault inci­ 
dence is exceeded. 

2. Cables and distribution areas with 
high fault incidence. 

3. Subscribers' lines with repeated 
faults. 

4. Methods of detecting faults. 
5. The distribution of costs and time 

spent on preventive and corrective 
maintenance, no fault found, travel­ 
ling, etc. 

6. The ratio between effective time 
and total time for each repairman 
or group. 

7. The average time for each activity 
or fault. 

8. Repairmen with repeated faults. 
9. Repairmen who exceed the average 

fault clearing time by more than 
50 % on a pre-determined number 
of faults. 
It should be mentioned that the 

computerized information system em­ 
ployed by the operations division is 
designed as an integral part of a 
completely computerized management 
and operation information system 
which is under development. 

Staffing: As a general rule, ex­ 
changes with less than 10,000 lines 
are not staffed. However, in the 
Oerebro area some crossbar exchanges 
with 5,000 and 6,000 lines had a resi­ 
dent staff of one repairman who 
could be called upon to assist with 
the maintenance of adjacent smaller 
exchanges in the area. The only three 
exchanges with a resident staff were 
the 9,000 line ARM Secondary switch­ 
ing centre, the Oerebro exchange, 
45,000 lines AGF500 Point (one super­ 
visor and six repairmen), and a 
15,000 line AGF exchange (one super­ 
visor and three repairmen). 
In Oerebro the total corrective and 

preventive maintenance on the switch­ 
ing equipment for the 120,000 lines 
was carried out by a field staff of 26. 
This represents approximately 0.43 
manhours per line including travel­ 
ling time. As a general guide for the 
operations area, staff is provided on 
the basis of one man per 1000 lines 
for the maintenance of exchange, 
cable, and subscribers' plant. 

Results Oerebro Operations Division 
Service Samplings: The figures 

quoted below are the service obser­ 
vation results for the last six months 
of 1967. These results are claimed to 
be better than average with respect to 
congestion and switching loss. Reg­ 
ister access is provided for service 
sampling. Portable observation equip­ 
ment is used at smaller exchanges. 

CARROLL~ Centralised Maintenance 

Local 
Effective calls 64% 
Total Customer Loss 35% 
Congestion Loss 
Switching Loss 0.6% 

Trunk 
73% 
26% 
0.7% 
0.6% 

The expected values for congestion 
plus switching loss are as follows- 

Local Exchange Area 1 % 
Local Network 2 % 
Distant Network (S.T.D.) 5 % 

The above figures represent the 
median value obtained from many 
hundreds of thousands of calls ob­ 
served at the registers, and are com­ 
parable with results obtained in the 
Melbourne metropolitan area and on 
S.T.D. traffic in Australia. 

Fault Reports (Yearly Basis): 
Telephone Exchange Equipment- 

50 faults/ 1000 lines 
Substation and Lead in- 

300 faults/1000 lines 
Cable Plant- 

150 faults/1000 lines 
The figures include an average of 
20%NFF (No Fault Found). 
Whilst this data is not strictly com­ 

parable because of the difference in 
the two networks, the technical 
assistance reports on telephone ex­ 
changes for the Melbourne area aver­ 
age 156 per 1000 lines and subscriber 
and external plant repair requests 
1056 per 1000 lines. This is more than 
twice the fault rate of Oerebro. 

It must be realised that it is difficult 
to make direct comparisons with this 
type of statistic, particularly with re­ 
spect to telephone exchange equip­ 
ment faults as the initial fault classi­ 
fication is made in the A.P.O. by 
operators not trained to the same 
standard as those in Oerebro. The fault 
report rate would also be influenced 
by the type of switching equipment 
and the fault reporting habits of the 
subscribers. These habits are also 
influenced by the fact that the area is 
completely serviced by common con­ 
trol switching equipment and sub-, 
scribers do not gain service assist-) 
ance from the fault repair centre. " 
(The Melbourne figures refer to the 
last quarter 1967.) 

Productivity on a Yearly Basis: 
Telephone Exchange Switching Plant 
Maintenance- 0.43 manhours/line 
Subscriber and External plant- 

1.2 manhours/line 
Total manhours per line. Exchange 

Subscriber and External Plant 
Maintenance (includes Engineers 
and Control Centre staff)- 

2 .0 manhours/line. 
The above figures refer to mainten­ 

ance activities only and do not include 
any work associated with installation 
or rearrangement. 
The 1967 /68 Commonwealth average 

for exchange maintenance is 3.84 

manhours/line and for subscribers' 
equipment maintenance is 1.68 man­ 
hours/line. This makes a total of 5.52 
manhours/line/year excluding extern­ 
al plant maintenance. 
Fault Clearing in Subscriber and 

External Plant: The percentage faults 
cleared within 8 hours is shown be­ 
low:- 

(i) Built up areas 65 % 
The target is 90 % by 1972. 

(ii) Country Areas 54 % 
The target is 90 % by 1972. 

(iii) Percentage of faults with a 
duration of 5 days. 
Built up areas 11 % 
The target is O % by 1972 
Country areas 16 ~~ ") 
The target is O % by 1972 

Stores Handling: It was noted in 
Sweden that all clerical work assoc­ 
iated with the ordering of stores for 
maintenance purposes is removed 
from field staff. A number of un­ 
attended secondary stores are set up 
and these stores are restocked once 
a week from the main store by a 
visiting stores vehicle. No bin tally 
cards are kept but a red flag is placed 
on a peg board to indicate items 
which are out of stock. Recording of 
expenditure on maintenance material 
is carried out at the main store only. 

Application of the Oerebro Trial to 
Capital City Networks 

At present the principles of the 
Oerebro trial are being applied to the 
Stockholm Telecommunication Area 
which has 700,000 lines (900,000 tele­ 
phones) within a radius of 10 miles. 
It is claimed that Sweden has the 
highest telephone density and the 
third highest calling rate in the world. 

Owing to the large number of lines 
in this area it is being divided into 4 
sections of about 200,000 lines each 
and the section which covers Stock­ 
holm itself has already been set up. 
The section covers 270,000 lines 
(390,000 telephones). A further three 
control centres will be set up adjacent 
to this one on the same floor. The one 
staff section will still provide the 
engineering support to the three line 
sections as the problems in all sec­ 
tions will be similar; however, the 
number of staff in each section will 
be in proportion to the work load. 
The engineers in the staff section are 
usually specially trained by the 
Administration and do a course of 
three years duration after reaching 
matriculation standard. 

Owing to the higher fault rate an 
operator with two assistants is as­ 
signed to each position and five 
positions cater for the 270,000 lines. 
On the average eight repairmen are 
controlled by each operator who also 
receives the fault reports and tests 
the lines. The set up differs from the 
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Orebro trial in that specialist teams 
are employed on the maintenance of 
exchange equipment, private auto­ 
matic branch exchanges (PABX's), 
private manual branch exchanges 
(PMBX's), public telephones and cable 
repairs. 

The 270,000 exchange lines are 
maintained by a staff of 112, which 
represents 0.9 manhours per line for 
exchange maintenance in large city 
areas. The 390,000 telephones, PT's 
and PBX's are serviced by a staff of 
65 repairmen which represents 0.3 
manhours per telephone. 

TELECOMMUNICATIONS 
ORGANISATION IN HELSINKI 
Telecommunication services in Fin­ 

land are shared between the Post 
Office and a number of independent 
co-operative companies. The Post 
Office handles all trunk and inter­ 
national traffic, and local traffic in 
the more sparsely populated areas. 
On the other hand, 80 ;~ of all tele­ 
phone sets belong to independent 
companies. The total number of tele­ 
phones in Finland is over 890,000, 
making a density of 19 per 100 inhab­ 
itants. 

Helsinki Telephone Company 
The biggest independent company 

in Finland is the Helsinki Telephone 
Company, which services approxi­ 
mately 800,000 inhabitants in an area 
of 1,400 sq. miles. The company is 
owned by its shareholding member­ 
subscribers. Of the 250,000 subscriber 
lines, 90 % are member-subscribers. 
The activities of this company are 
completely divorced from any postal 
business. 

On joining the company, a member­ 
subscriber buys one share per sub­ 
scriber line. A share costs $350 Aus­ 
tralian, which represents the average 
expense of installing a subscriber 
line and all related equipment at the 
exchange and the subscriber's end. 
The revenue from this source forms 
the company's basic capital. 

Customers who need a telephone 
but do not wish to join the company 
pay a deposit of either $75 or $22 
and an annual rent of $35 or $50, 
including maintenance and servicing. 
Member-subscribers pay an annual 
maintenance fee of $14. If a non­ 
member subscriber later buys a share, 
his deposit is credited to him. 

Call charges are the same for mem­ 
bers and non-members. The number 
of calls is recorded by automatic call 
counters fitted to each subscriber's 
line. Local calls cost 1.5c per call. The 
charge for a conversation between 
different call areas is the basic 1.5c 
plus le a minute. Some 86 % of the 
subscribers are in the city local-call 

area and the rest are distributed be­ 
tween 14 rural areas. 
These basic rates do not differ for 

private and business subscribers. 
PBX's with up to 100 extensions are 
rented and subscribers pay rent and 
special servicing fees. PBX's with over 
100 extensions are owned by the sub­ 
scribers, who pay servicing fees. 
There are approximately 340,000 

telephone sets. The density in the 
whole concession area is 40.5 and in 
the town of Helsinki 49.8 per 100 
inhabitants. PBX's number 2,600. All 
these figures are rising at 6-10 % 
annually. 
The highest administrative body is 

the company's Board of Delegates 
which is directly elected by the mem­ 
ber-subscribers. This board appoints 
a Board of Directors, which appoints 
the Managing Director and the Direct­ 
ors of Operations, Research, Finance, 
and Purchasing and Real Estate. 
The company was founded in 1882 

six years after Bell introduced the 
telephone. The first automatic ex­ 
change was built in the early 1920s 
and since 1960 the area has been 
completely automatic. The switching 
equipment consists of 87,000 lines 
step, 152,000 lines crossbar and 
30,000 lines EMD. The step equipment 
is mainly German built pre 2000 type 
but includes some pre 2000 type 
equipment manufactured in 1922. 
Automatic routiners are not provided 
in the step exchanges. 
The concept of centralised control 

of all maintenance activities was con­ 
sidered as early as 1938. However, 
owing to the war it was not put into 
practice until the late 1940s. The 
aims of the maintenance organisation 
are the same in principle as those of 
the Orebro trial and no doubt this 
system was considered in detail by 
the investigating committee who were 
responsible for the reorganisation in 
Sweden. 

The Operations Department 
The Director of Operations is in 

control of four departments, Planning, 
Installation, Operation and Work­ 
shops. The Operations department is 
a specialised section which deals with 
the maintenance of exchanges, sub­ 
scriber and external plant (Fig. 8). The 
term 'network' refers to subscribers 
equipment and external plant. Fault 
reception testing and the control of 
maintenance activities associated with 
subscriber and external plant are 
handled by the network department 
along lines similar to the subscriber 
fault despatch centres operating in 
Australia. Fault reports are received 
by the fault office (similar to our 
Service Centre) and the reports con­ 
veyed to a section which attaches the 
report to the subscriber's master card 
and forwards it to the testing section 
where faults are diagnosed as ex­ 
change subscriber or external plant 
faults. The exchange faults are trans­ 
ferred to the telephone exchange 
department. 
Fault distribution is as follows: 
1. Exchange and Cross 

Connections 
2. Trunk network 
3. Cable network 
4. Open wire lines 
5. Indoor Cabling 
6. Substation equipment 
7. PABX equipment 

6% 
2% 
8% 
2% 
7% 

58% 
17% 

Maintenance of Exchanges 
For exchange maintenance, the con­ 

cession area is divided into five 
districts each in charge of a master 
(senior technical officer). These are 
further divided into sections each of 
which has its own mechanics (tech­ 
nicians), under a technician (technical 
officer). The masters are in charge of 
the work and give their directives to 
field staff via the control centre. A 
master is responsible for the main­ 
tenance of 50,000 to 80,000 lines of 
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Fig. 8 - Organisation of the Operations Department, Helsinki Telephone Company, 
Finland. 
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exchange equipment and the tech­ 
nicians under his control are respons­ 
ible for the quality of the work. (The 
titles in brackets refer to the equiva­ 
lent A.P.O. staffing designations.) 
Masters and technicians enter the 
service with a higher education stand­ 
ard than mechanics and are trained 
for approximately 3 years on a special 
course. 

Corrective Maintenance: The staff 
employed on corrective maintenance 
(fault rectification) receive their dir­ 
ections via the control centre. The 
faults are allocated in priority order 
and with due consideration to 
economy in travelling. 

Preventive Maintenance: The pre­ 
ventive testing and project mainten­ 
ance work is planned for the whole 
area by the planned maintenance sec­ 
tion. This work is ordered by the 
analysis of performance indicators, 
such as service observation, traffic 
route testing, subscribers fault reports, 
the analysis of found faults and by 
reports from the masters who are 
the technical field supervisors re­ 
sponsible for the condition of the 
plant in their areas. 
Staffing: Fig. 9 indicates the number 

of staff employed on exchange main­ 
tenance for the 270,000 lines installed. 
It will be noted that the cleaning for 
the 174 exchanges is carried out by 
a staff of 21 female cleaners. The 
corrective maintenance is performed 
by a field staff of 70, whereas the 
project maintenance is carried out by 

a staff of 40 which includes 18 females 
who are employed on the more 
routine type of work such as cleaning, 
oiling, wiper replacement and routine 
testing and adjustment. The only 
installation activity associated with 
the telephone exchange operation 
department is the planning, installa­ 
tion and maintenance of the power 
plant, including the prime mover 
associated with standby power units. 
The general operation of the control 

centre is supervised by a master 
who is directed by the operations 
engineer. This leaves the engineering 
staff free to concentrate on methods, 
practices, performance analysis, and 
traffic problems. 

Data techniques are employed for 
all recording and analysis work. All 
work associated with the testing of 
subscribers' lines, connection of ser­ 
vices, divisions, meter readings, etc. 
is controlled and programmed from 
the subscribers' maintenance section. 

In the Helsinki network crossbar 
and step exchanges under 8,000 lines 
do not have a permanent resident 
staff. 

Centralised ·S'upervision 
Alarms: The performance of attend­ 

ed and unattended exchanges is con­ 
trolled from the maintenance centre. 
Disturbances in the form of exchange 
alarms are automatically recorded in 
the control centre. Special alarm 
transfer equipment is used and the 
date, time, exchange, and identity 
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Total of Staff 180 

Fig. 9 - Personnel Telephone Exchange Department, Helsinki Telephone Company. 
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of the alarm is recorded on a paper 
tape. An alarm is also given whenever 
the exchange is entered. The main 
door of the exchange can also be 
opened by remote control after the 
caller has identified himself and 
stated the reason for his visit. The 
alarm system makes use of the 
switching plant to call the control 
centre and this system is checked 
daily from the maintenance centre by 
setting up a call to a special number 
in the exchange. 

Service Sampling: Centralised ser­ 
vice observation is employed with 
samples spread over the whole month 
from all exchanges. S.R. observation 
is used at crossbar exchanges and 1st 
selector observation at step ex­ 
changes. Computers are employed for 
analysis. 

Manual Test Calls: Two operators 
are continually employed on making 
manual test calls. 

Traffic Route Testing: Centrally lo­ 
cated traffic route testers are used 
to sample switching performance on 
various routes; 600-800 calls are made 
each day. A tape recorder is used to 
indicate conditions encountered on 
lost calls. A special congestion signal 
is used. 

Fault Analysis: All alarms and 
found faults are recorded on punched 
cards and the results analysed by a 
computer monthly. The Helsinki Ad­ 
ministration uses this detailed analysis 
to detect faulty components, design 
defects, and to determine the nature 
and extent of the preventive or cor­ 
rective maintenance necessary. 

Traffic Supervlslom A centralised 
traffic recording system designed in 
the immediate post war period is em­ 
ployed to provide an early indication 
of route congestion. 

Results Achieved 
(i) Service Sampling Local (1967) 

Effective Calls 76 % (70) 
Customer Loss 21.9 % (28) 
Congestion Loss 1.8 % 
Switching Loss 0.46% (1.1) 
(The figures in brackets refer 
to similar statistics for the 
Melbourne Network.) 

(ii) Exchange Fault Reports 
Fault reports per 1000 lines/ 
year Crossbar Exchange 75 
Fault reports per 1000 lines/ 
year all Exchanges 140 

(iii) Productivity 
Crossbar Exchange Mainten- 
ance 0.3 manhour/line 
Total for all Switching 
Equipment 0.54 manhour / line 
Total for Exchange Equipment 
Maintenance 1 manhour per 
line (Approx.) 
(This includes Engineers, 
Control Centre staff, 
Clerical and Cleaners.) 
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Fig. 10 clearly indicates the improve­ 
ments that have been achieved since 
1955. The maintenance manhours per 
line for field staff employed on ex­ 
change maintenance has been re­ 
duced from 1.4 to 0.54 overall and 
the fault report rate has dropped from 
300 to 140 per 1000 lines over the 
same period. It is also of interest to 
note that the external plant and sub­ 
scribers equipment maintenance (ex­ 
cluding PT's), averages out at 1.0 
manhour per line per year for field 
staff which is a similar figure to that 
obtained in Oerebro, Sweden. 

0.7 

trunking configurations, telephone 
density, area and service standards of 
our network. 
From the results achieved it is 

evident that the common control 
switching equipment installed by 
these administrations is more reliable 
than the step equipment which con­ 
stitutes at least 75 % of our switching 
plant. A further influencing factor is 
that overseas plant design has been 
stabilised over many years whereas 
the A.P.O. has only recently intro­ 
duced crossbar equipment into its 
metropolitan, rural and trunk switch­ 
ing exchanges. Although approximate­ 
ly 25 % of the switching equipment is 
crossbar it is spread throughout the 

. . . . network and in many cases during 
Distinguishing Features of A.P.O. this initial period forms relatively 

Networks small extensions to step exchanges. 
In comparing the maintenance Under these circumstances it is not 

organisations and results achieved possible to achieve the maximum 
by overseas administrations with benefits. It was noted in Sweden that 
those of the Australian Post Office it disturbances to switching equipment 
is necessary to give due consideration , for installation extensions are, in the 
to the type, age and reliability of the , main, reduced to at least 2 year 
switching equipment as well as the periods. 

MAINTENANCE PRACTICES IN 
AUSTRALIA 

In general the trunking configura­ 
tions overseas are simpler and owing 
to the higher population density larger 
parcels of traffic are carried by the 
trunk and junction routes. In cases 
where small direct routes are used 

, there is a tendency in the initial ! stages to over provide the circuits on 
these routes. 
Whilst it is considered that central­ 

ised maintenance techniques could be 
readily applied to our metropolitan 
networks there would be a number of 
problems to solve in country areas 
due to the relatively low telephone 
density and large geographical area 
involved. It has been the experience 
in Sweden that in telecommunication 
areas with as little as 35,000 lines 
spread over large areas, the oper­ 
ating costs have been up to three 
times as high as for metropolitan 
areas. 
The above remarks are not intended 

in any way to detract from the over­ 
all advantages claimed for the intro­ 
duction of centralised maintenance 
techniques and in fact it could be 
argued that although these particular 
features of our network will influence 
the results obtainable they also 
strengthen the case for the introduc­ 
tion of these principles. During the 
financial year 1967 /68 some 7.5 mil­ 
lion manhours were expended on the 
maintenance of automatic exchanges 
and as this represents 90 % of the field 
costs it is therefore this area where 
improvements in management and 
staff utilisation will have a marked 
effect on the overall operating costs. 
For the last financial year these costs 
including administration and material 
were $22.4 million. The expenditure 
in other maintenance fields (i.e. ex­ 
ternal plant, subscribers' equipment, 
and trunk switching equipment) total­ 
led approximately $36m. for the same 
period. 

Progress towards Centralisation in 
Australia 

During the past decade the approach 
to the maintenance of exchange and 
subscribers equipment has been under 
constant review and worthwhile im­ 
provements have been made in re­ 
spect to service standards and labour 
productivity. In the exchange main­ 
tenance field there has been a constant 
improvement in lab.our productivity of 
about 4% per annum. Action is in 
hand to centralise the control of 
subscriber and external plant main­ 
tenance in metropolitan areas, and in 
some cases all test desk activities 
associated with the testing of sub­ 
scribers' lines also have been central­ 
ised. The testing load has been re­ 
duced by the rationalisation of the 
need for testing, the introduction of 
automatic test desks at exchanges 
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(APR) and by providing field staff 
with the suitable test equipment to 
locate faults. Special testing facilities 
have been developed in the remote 
testing of subscriber lines at distant 
exchanges over· derived circuits. 
The next step towards central­ 

isation could be to arrange for all 
M.D.F. work associated with the con­ 
nection of new lines, disconnections, 
diversions, and meter readings etc. to 
be controlled from the Centre respon­ 
sible for directing subscribers repair 
work. 

Development of a Computerised 
Management Information System: The 
Telephone Exchange Equipment Sec­ 
tion in conjunction with the Industrial 
Engineering Section at Headquarters, 
with assistance from State administra­ 
tions has developed a management 
information and control system for 
exchange maintenance activities. 

The information section is now be­ 
ing converted for computer analysis. 
The object of introducing the informa­ 
tion system at this stage on a trial 
basis is to obtain factual data which 
will assist in the review and design 
of the ultimate management control 
system and in determining the form 
of organisation best suited for ex­ 
change maintenance work. The system 
will be engineered so that it will be 
compatible with similar systems in 
use in other fields and will ultimately 
form a segment of the overall opera­ 
tions and management information 
system. 
Amalgamation of Maintenan.ce Dis­ 

tricts: The amalgamation of a num­ 
ber of small technician's districts into 
a single large district has resulted in 
improved plant performance and pro­ 
ductivity. For example in the metro­ 
politan regions in Perth the manhour 
figure for exchange maintenance has 
been reduced from 3.4 to 2.65 over 
the past year. 

Overseas administrations have found 
that when exchanges are not staffed 
on a permanent basis, the performance 
improves because maintenance activity 
is reduced to essential work and this 
in turn reduces faults arising from staff 
activity. This also applies to the pre­ 
ventive maintenance project work, as 
teams employed on this work become 
very skilled in the repair and adjust­ 
ment of the switching plant. 
Replacement of Obsolete Equipment: 

Action is in hand for the planned re­ 
placement of all obsolete pre-2000 
type equipment by 1983 and this will 
result in the upgrading of facilities 
and service performance, especially in 

New South Wales where some of the 
larger key switching centres are 
equipped with equipment up to 40 
years old. 

Developments in Maintenance Aids: 
As the major portion of the telephone 
traffic is still switched via step equip­ 
ment there is a need in the A.P.O. to 
consider more sophisticated methods 
of supervising plant performance than 
those adopted by overseas administra­ 
tions and development work over 
recent years has been oriented to­ 
wards this end. This includes the 
development of functional testers 
with print-out facilities for all step 
exchanges, the automatic release of 
lines held in step exchanges, cable 
fault alarms, modifications to control 
registers at ARF exchanges to detect 
no progress calls to step and crossbar 
numbers. The installation of auto­ 
matic disturbance recording equip­ 
ment at crossbar exchanges, improve­ 
ments in congestion supervision, and 
the development of special answering 
bases for use with traffic route 
testers. These relay sets will have 
facilities to generate outgoing calls 
from remote exchanges and to trans­ 
fer the results of the test calls to the 
parent TRT. Alarm extension equip­ 
ment is being purchased to enable a 
number of different alarms to be 
transferred over physical or derived 
circuits. 
Network Performance Analysis Cen­ 

tres: N.P.A.C.'s similar to those at 
present in operation for metropolitan 
networks are being set up to cover 
the Trunk and Country Network. In 
N.S.W. centres are also being set up 
at 3 of the larger Secondary Switch­ 
ing Areas. 

CONCLUSION 
Considerable progress is being made 

with the introduction of centralised 
maintenance in the subscriber and ex­ 
ternal plant fields. The application of 
the larger district concept to exchange 
maintenance work will provide 
engineers and field staff with practical 
experience in maintaining satisfactory 
service standards whilst lifting the 
control of staff resources from the 
individual exchange level to the over­ 
all network level. 
Whilst the merits of the various 

forms of field organisations using 
centralised maintenance can be debat­ 
ed, the ultimate choice must be 
based on operating cost and service 
performance. In Sweden a staff of 
4,500 (including engineers and control 
centre personnel) are employed by the 
operations department for the main- 

tenance of exchange, subscriber, and 
external plant, for 3.8 million lines .. 
This represents 2.2 manhours per line 
per year. The target is 1 man per 
1000 lines. In Helsinki where central­ 
ised maintenance is organised slightly 
differently, the figure at present is 1.5 
men per 1000 lines or approximately 
3 manhours per line. In Australia for 
the financial year 1967 /68 some 22 
million manhours were charged to 
the maintenance of exchange, sub­ 
scriber and external plant for approxi­ 
mately 2.5 million lines. This repre­ 
sents 8.8 manhours per line, however 
the figure includes work which is not 
charged against maintenance activities 
overseas, i.e. work in exchanges 
associated with new services or the 
rearrangement of line plant or sub­ 
scriber equipment. 
The performance of the switching 

plant in Australia as viewed from ser­ 
vice assessment result is no better 
than results achieved overseas al­ 
though our subscribers receive better 
service with respect to fault clearance. 
Whilst it is realised that many fac­ 

tors must be considered in making 
direct comparisons, the results achiev­ 
ed by overseas administrations when 
centralised maintenance techniques 
have been introduced (irrespective of 
the organisational structure adopted) 
confirm our own studies on the ap­ 
plication of these techniques to 
the A.P.O. This means that central­ 
ised maintenance should be further 
developed and introduced within a 
framework suitable to our operational 
environment. It will be essential that 
the form of field organisation to be 
used for centralised maintenance be 
dimensioned in conjunction with the 
setting of acceptable service and per­ 
formance standards which then be­ 
come the objectives to be maintained. 
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THE DESIGN OF RELAY CONTACT NETWORKS 
G. L. CREW, B.E., M.I.E.A•ust. * 

INTRODUCTION 
Most design problems faced by the 

relay set designer involve sequential 
circuits. The relay set may be re­ 
garded as a network with inputs and 
outputs, and the output states are 
governed not only by the input 
states but the order in which inputs 
occur. Thus normal line potential re­ 
ceived by a crossbar cord circuit 
(SR) relay set for an S.T.D. call 
results in quite different outputs on 
the meter wire (r-wire) before and 
after a reversal of line polarity is de­ 
tected. The SR relay set requires a 
memory function to 'remember' pre­ 
vious inputs which may influence the 
output resulting from subsequent in­ 
puts. 

Although considerable effort has 
been spent on deriving methods for 
the systematic design of sequential 
circuits, no really satisfactory method 
has been devised to date that can be 
readily used by the occasional circuit 
designer-particularly the designer of 
relay circuits. Most relay circuit de­ 
signers rely on intuitive design 
methods. However, although the in­ 
tuitive method is usually best for se­ 
quential circuits, a number of readily 
mastered and very usable techniques 
are available for the methodical syn­ 
thesis of combinational circuits. In 
combinational circuits the output is 
determined by the input independent 
of the sequence of input variations. 
A sequential network with the mem­ 
ory elements included contains com­ 
binational contact networks and the 
use of a simple design technique to 
produce these networks can save time 
and guarantee a 'good' circuit. 
At this stage the term 'good' 

circuit should be defined. We may 
call any circuit that produces the 
desired result 'good'. The degree of 
'goodness' of a circuit depends on 
parameters determined by the de­ 
signer in each particular case. The 
'best' circuit may variously be defined 
as the one with the least number of 
contact springs overall, or the one 
with the least number of springs on 
a specific relay, or the one with the 
springs evenly distributed over all 
relays, or in any other way demanded 
by the occasion. There is no way of 
proving that a particular circuit is 
'best' other than by trying all possible 
'good' circuits produced by the var­ 
ious synthesising methods and corn­ 
paring the results - a very time-con­ 
suming operation unless the design 
* Mr. Crew is Engineer Class 3, Electronic 
Switching, P.M.G. Laboratories. See Vol. 17, 
No. 1, Page 77. 

method can be programmed for pro­ 
cessing by a computer. This latter 
course is used where a large number 
of devices or relay sets are to be 
manufactured and optimization of the 
circuit is important. For many appli­ 
cations a simple manual method that 
will always produce a 'good' circuit 
is usually sufficient to meet a design­ 
er's needs. 
There are three main techniques 

currently available for network syn­ 
thesis-methods deriving from Bool­ 
ean algebra, numerical methods and 
a method based on a program of oper­ 
ations. This paper discusses the first 
and last of these methods. 

BOOLEAN ALGEBRA 
Boolean algebra is the classical 

tool for the synthesis of logic prob­ 
lems, of which contact networks are 
a special case. It suffers from the 
main defect that manipulation of func­ 
tions containing large numbers of 
variables is difficult. Apart from the 
basic theorems defining the algebra, 
no rules can be laid down for the 
systematic simplification of functions 
and it is virtually impossible to be 
sure that anything near to 'best' 
solution has been derived after much 
time-consuming manipulation. How­ 
ever, a graphical method is available 
to readily simplify Boolean expres­ 
sions, but this also is very difficult to 
apply for more than 4 to 5 variables. 

Boolean algebra has been well des­ 
cribed in many publications (Refs. 1 
and 2). For completeness a brief 
summary of the rules of this algebra 
is included here. 

Boolean algebra is a logical algebra 
which deals only with the truth or 
falsity of propositions, whereas com­ 
mon algebra deals with quantities. 
Variables in Boolean algebra can only 
assume one of two values, 0 and l. 
In a contact network, 1 represents a 
short circuit and O an open circuit. 
A number of operations can be per­ 
formed on Boolean variables, but only 
three are commonly used in switching 
network synthesisr-« 
(i) INVERSION-logical negation 

a is the inversion of variable a 
(ii) AND-logical multiplication 

a.b is the logical product of a 
AND b (Note: the stop between 
a and b is often omitted.) 

(iii) OR-logical addition 
a + b is the logical addition of 
a OR b 

The. relationship of these functions 
to relay contacts is shown in Fig. l. 
It can be seen that if a is regarded 
as a make contact of relay A, a short 

circuit is provided if A is operated 
(A = 1). Similarly a is a break 
contact and the circuit is broken if 
A is operated. Series make contacts 
of relays A and B provide a circuit 
only if A AND B are both operated 
(ab). Parallel make contacts of A and 
B provide a circuit if either A OR B 
are operated (a + b). 

A B 

* 
I 

i :+ ' J~ 
' ' 

cb l• I 

· I = 
a+b • 

Fig. 1 

Before considering further how 
Boolean algebra can aid in network 
synthesis, we will summarise the 
Laws, Axioms and Theorems that 
define this algebra, and which must 
be known to manipulate switching 
functions. 
l. O.x = 0 

0 represents an open circuit, and a 
network having a contact in series 
with an open circuit always pre­ 
sents an open circuit. 

2. l.x = X 
1 represents a short circuit. In this 
case the state of contact x above 
defines the network. 

3. 0 + X = X 
4. 1 + X = 1 
5. XX = 0 

A series network containing a 
make and break contact of the 
same relay always presents an 
open circuit regardless of the 
state of the relay. This axiom 
ignores the possibility of transient 
states as contacts of a relay oper­ 
ate in sequence (the make making 
before the break breaking) and 
this fact must be remembered by. 
the circuit designer when using 
this design technique. 

6.x + x = 1 
7.xy = yx 
The order in which series contacts 
occur does not influence the circuit 
function. 

8. X + Y= Y +x 
CREW - Contact Networks 
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9. (x y) z = x (y z) 
10. (x + y) + z = x + (y + z) 
11.xxx .... X = X 

A number of make contacts of the 
one relay placed in series or 
parallel have the same effect as a 
single contact. 

12. X -;- X + X 

+ ... +x=x 
13. (xy) = ~x + -y 

Two break contacts in parallel pro­ 
duce the opposite (inverted) circuit 
condition to two make contacts in 
series. 

14. (x + y) = x y 
Two break contacts in series pro­ 
duce the inversion of two make 
contacts in parallel. 

15.y + yx= y 
This can best be seen by examina­ 
tion of Fig. 2. 

X 

{ 
y 

* , I 
' 7~ 

' y+yx4 F 
' 

I I 
Fig. 2 

16. a(a + x) = a 
This can be seen from Fig. 3, or 
by the algebraic manipulation:­ 
a(a + x) = aa + ax 

= a + ax from 11. 
= a from 16. 

A X 
I 

I 
I 

0 --f 
o(m)~ 

I+ . 
I 

I 
Fig. 3 
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17. (x + y)z = xz + yz 
18. xy + z = (x + z) (y + z) 

This can be seen from a circuit 
sketch or by the algebraic manip­ 
ulation:- 
(x + z) (y + z) 

=xy + xz+zy+zz 
= xy + xz + yz + z 

from 11. 
from 15. 
from 15. 

= xy + xz + z 
= xy + z 

i9. a + a X = a + X 
which can be obtained from 
a + a X = ( a+ ax) + -ax from 15. 

= aa + ax + -ax from 11. 
= aa + ax + ax + 0. 

from 3. - - 
= aa + ax + a x + a a 

from 5. 
= (a + a) (a + x) 
= 1 (a + x) from 6. 
=a+x 

By similar manipulation it can be 
shown:- 

20. a + ax - a + X 

21. a (a + x) = ax 
22. ax + a y + xy = ax + a y 
23. (a + x) (a + y) (x + y) = 

(a + x) (a + y) 
Care must be taken when manipu­ 

lating Boolean algebra that invalid 
simplifications are not used. An ex­ 
ample, commonly employed in normal 
algebra but not correct for Boolean 
algebra, is to divide both sides of an 
expression by a common factor or to 
subtract a common term from both 
sides of an expression. 

An example of Boolean algebra 
manipulated to simplify a circuit is 
shown in Fig. 4. This represents- 

xy+xyz+yz 

y(x+z) 

z 

; ;~:i 

T 
Fig. 4 

•..•.. 

f(x) = xy + xyz + yz 
xy + x(yz) + (yz) 

= xy + yz from 15. = y(x + z) 
It will be noted that this method 

of circuit representation depicts make 
and break units only. Changeover 
units can be introduced by combining 
makes and breaks at convenient cir­ 
cuit nodes, but this operation must be 
performed by inspection. A further in­ 
spection may show that some change­ 
over units should be specified as 
make-before-break units to prevent 
momentary circuit discontinuities. It 
must be emphasised that no system­ 
atic methods of network synthesis 
account for the transit time of relay 
contacts which can be considerable on 
slow operating or releasing relays. 
The designer must watch for situa­ 
tions where such transit times can be 
troublesome. 

THE KARNAUGH MAP 
Boolean algebra provides an alge­ 

braic technique for synthesising con­ 
tact networks by a process of simpli­ 
fying a function obtained from a truth 
table, but all but the simplest func­ 
tions demand a skill at Boolean 
manipulation not achieved without 
constant practice. The map method 
(Refs. 3 and 4) which will now be 
described provides a presentation of 
the switching function in a form 
which allows the necessary steps to 
simplification to be more readily seen. 
The zn fundamental products 

(states) of n variables may be repre­ 
sented by an n-dimensional cube. 
Fig. 5 shows 2- and 3-variable figures. 
The 2-dimensional figure is a square 
and the corners represent all possible 
logic products of the two variables 
while the sides represent each vari­ 
able and its inversion or prime. For 
example, side B is defined by corners 
AB and A B for which B is the con­ 
stant term. Note that in moving along 
any side from one corner to another 
only one variable changes state, from 
unprimed to primed. Similarly for the 
cube, the corners represent 3-variable 
products, the edges represent 2-vari­ 
able products and the surfaces repre­ 
sent each variable or its prime. 
To see how these figures can assist 

in the simplification of Boolean ex- 

AB B 

ABC 

AD;' ABC 
~ ~~ABC 

AB - - 
B AB 

............ ~ 
~ 

(a) 
Fig. 5 

(b) 
A.BC 
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pressions, consider the switching 
function 
f(x) ::: A B c + AB c + A B c 

+ ABC + ABC 

ABC 

ABC 
Fig. 6 

This can be represented on the cube 
of Fig. 6 by the five designated 
corners. But the four corners AB C, 
A BC, A BC, AB C define the surface 
B and vice versa. And the two corners 
A BC, A BC define the edge A C 
and vice versa. So we can define the 
five edges by a surface and an edge, 
and write f(x) = A C + B 
This can be verified by normal Boolean 
manipulation. 
Thus the cube provides a conven­ 

ient method of simplifying a switching 
function. However, 3-dimensional 
figures are tedious to draw, and 4 
and higher dimensional figures im­ 
possible. To retain the advantages of 
this graphical method of Boolean 
manipulation and make the figure 
easier to deal with, a 'map' of 
squares is drawn, each square repre­ 
senting a product of all the variables. 
Fig. 7 shows maps for 2, 3 and 4 vari­ 
ables. Note that adjacent squares 
only exhibit a change in one variable, 
and that the squares at either end of 
row or column are considered ad­ 
jacent. Note also that each variable 
and its prime can be ·represented by 
a block (or row, or column) of 
2n-I squares, called sub-cubes, 
where n is · the number of variables 
represented by the map. Fig. 8 shows 

B IAB 
-;:;j A 

B ~ 
~A 

B IAB 

(a) 

ABC 

A A 
c ABC ABC 

ABC ABC B 
C 

ABC ABC B 
c AsC ABC 

-A A-----+- 

15 1 
i 

B 

D 

l ll 
i5 l 

c C c 
...-----E----• 

A 

B 

D 

C 

----1=---- 
Fig. 9 

A A 
l5 ABCiS ABCD ABCD ABCD B 
D ABCD ABCD ABCD ABCD 

ABCD ABCD ABCD ABCD 
B 

J5 ABCD AsciS ABCD ABCD 
c C c 

(6) 

how other groups of sub-cubes can 
represent logic products of 2 variables 
on a 3-variable map. 

If a function contains more than 
four variables a multiplicity of 4- 
variable maps are used. For example 
a 5-variable map consists of two 4- 
variable maps as shown in Fig. 9. This 
is about the limit of numbers of 
variables that can conveniently be 
handled by the map method. 
The usefulness of the map method 

derives from its property that sub­ 
cubes (square or rectangular group­ 
ings) represent product terms that are 
simpler than the fundamental prod­ 
ucts. The switching function is mark­ 
ed on the map as a series of l's which 
represent products for which the 
function is true, i.e., for which the 
contact network is a short circuit. 

B 

(a) 

A 

(c) 

B 

1 (1\') 

A \. 1) 

C 
(b) 

Fig. 10 
If the original function includes 

products not containing all variables, 
i.e., not fundamental products, the 
appropriate sub-cubes have to be 
filled with l's. An example is shown 
in Fig. 11. 

Fig. 7 

111111 
(a) (b) (c) (d) (e) (f) 

Fig. 8 

Examination of the map allows group­ 
ing of the l's into as few and as large 
sub-cubes as possible and gives the 
function in its simplest form. For 
example, Fig. 10 shows the simplifica­ 
tion of two functions:- 

(a) AB + A B = B(A + A) 
=B 

(b) ABC +A.BC+ ABC 
= A B c + B c (A + A) 
= A.BC + BC 
= B (AC+ C) 
= B (A+ C) 
= AB + BC 

Note that a 1 may be used more 
than once in the formation of sub­ 
cubes, but the sub-cubes between 
them must encompass all of the I's 
at least once. 

B 

A 
C 

Fig. 11 

If the function to be simplified by 
the map method is expressed as a 
product of sums rather than as a 
sum of products, individual sums can 
be shown on their own maps and a 
combined map formed by performing 
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A 

1 B 
1 1 

C 1 
1 

• 

and E2 are PCM carrier E-lead relays 
which represent the state of the two 
signalling wires (Ref. 7) (See Table 1). 

TABLE 1 

A 

r:8 8 
c~ • 

A - - 
8 

l l 
C 

l l 
l l 

Fig. 13 

the logic AND operation of each set 
of corresponding squares. An example 
is shown in Fig 12. Similarly a func­ 
tion in a mixed form can be simplified 
graphically by applying the logic 
operations to corresponding squares 
as shown in Fig. 13. 

Quite often the circuit condition 
under some configurations of the vari­ 
ables is unimportant or the configura­ 
tion does not occur in practice. The 
circuit designer may make use of 
these 'don't care' conditions by 
assigning to them values (0 or 1) 
for the purpose of simplifying the 
final circuit. Consider the case shown 
in Fig. 14 where the basic function 
is f(x) = A C + ABCD. 

A 

d 
B 

(1 1 1 d i 
C 
\1 d ) 1 d 

D 
Fig. 14 

The fundamental products ABCD, 
ABC:5, AB CD and AB CD are 'don't 
care' conditions, and these are marked 
on the map with a 'd'. In defining 
sub-cubes the d's may be classed as 
l's or O's as desired. In the example 
the fundamental product ABC D has 
been assigned an O value and the 
remainder have been assigned 1 
values. 
The Karnaugh map provides a con­ 

venient method of manipulating 
switching functions to produce a 
simplified circuit, but the number of 
variables that can be handled is 
limited and although multiple output 
circuits can be produced by this 
method the technique for so doing 
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requires considerable experience with 
maps on the part of the designer. 

Example of Application 
To demonstrate the use of Boolean 

algebra and the map method, an ex­ 
ample of a contact network is pre­ 
sented. This is the transmission bridge 
logic of relay set FUR-T5F-H which 
controls signalling over pulse code 
modulated carrier systems. Four re­ 
lays are involved-F2, F3, El and 
E2. F2 is the relay set holding relay. 
F3 operates at answer and holds to 
F2. It releases slowly after F2. El 

El E2 Condition 
0 0 blocking or force release 
0 1 answer 
1 0 idle 
1 1 seize acknowledge, meter. 

State No. 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

A(F3) 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 

The first task is to construct a truth 
table (Ref. 2) for the network. In 
this case six networks are required, 
two to apply negative potential to the 
windings of the battery feed relay 
(Fl), two to apply positive potential 
to the windings of relay Fl, and two 
to apply negative potential to the a 
and b wires. These last networks are 
required to charge the line to normal 
polarity on release of the relay set, 
to prevent flicking of relay Fl. 
The circuit is shown in Fig. 15. 

Networks 1 and 2, 3 and 4, and 5 
and 6 are symmetrical so we need 
only design the three networks 1, 
2 and 3. The truth table is given in 
Table 2. (The last two columns of 
Table 2 will be explained later.) 
The relays are redesignated A, B, C 

and D for ease of writing Boolean 
expressions. 

Fl 

B (El) 
0 
0 
0 
0 
1 
1 
1 
1 
0 
0 
0 
0 
1 
1 
1 
1 

F2 El E2 F3 

, f\xs I , 
l(x4) I 

I 
p½=+ II- 

f( X6) 
I 

I 
Fig. 15 

TABLE 2 

C(E2) D(F2) f(x,) f(x,) f(x,) l1 I, 
0 0 1 0 0 K 0 
0 1 1 0 0 K 0 
1 0 1 0 0 K 0 
1 1 1 0 0 K 0 
0 0 1 0 0 K 0 
0 1 1 0 0 K 0 
1 0 1 0 0 K 0 
1 1 1 0 0 K 0 
0 0 0 0 1 0 K 
0 1 0 0 0 0 0 
1 0 0 0 1 0 K 
1 1 0 0 0 0 0 
0 0 0 0 1 0 K 
0 1 0 1 0 L 0 
1 0 1 0 1 K K 
1 1 1 0 0 K 0 
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The allocation of relay weights, or 
their position on the truth table, is 
optional and can influence the ease of 
function manipulation and the final 
circuit. The configuration shown was 
selected after a number of trials of 
alternative configurations. 

Considerable care must be taken in 
the allocation of network states to 
the truth table, particularly when the 
network configuration is thought to 
be non-occurring, as spurious con­ 
figurations may occur. In this author's 
experience it is rarely that a 'don't 
care' condition can be placed on a 
truth table. 
A few comments on the state allo­ 

cations in Table 2 are appropriate. 
Prior to answer - relay A(F3) not 
operated - normal polarity is applied 
to the battery feed relay Fl. After 
answer some conditions represent the 
answer signal - reversed polarity - 
and others represent meter pulses - 
normal polarity. Still other conditions 
represent force release, or open cir­ 
cuit. The line charging potential is 
only applied after answer and on re­ 
lease of the connection - A(F3) 
operated and D(F2) released. 
The three switching functions may 

be written down from the truth table 
as follows: 
f(x.) = a b C d + a b C d + a b C d 

+ ab cd + ·-a b c a + a"b cd 
+ abcd + a b c d + a b c d 
+ a b cd 

a [b c ea + d) + tic (<i +d) 
+ b c (ct + d) 
+ b C (d + d)] 
+ abc (d + d) 

a [ b (c + c) + b (c + c)] 
+ a be 
a+ a be . . . (1) 

=a+ he... (2) 
The equation (1) could have been 

obtained directly by examination of 
the truth table. The long-hand method 
has been shown to demonstate the 
possible complexity of switching 
functions and their subsequent simpli­ 
fication. 

f(x,) = a b c d THE BINARY DECISION PROGRAM 
f(xs) = a bed + a b C d + a b C d ~ excellent_ technique for the meth- 

- odical synthesis of contact networks 
+ a b c d exists in the binary decision pro- 

gram (Refs. 5 and 6). Large numbers 
The circuit derived from these of variables can be handled without 

functions is shown in Fig 16. Fig. 17 difficulty, 'don't care' conditions may 
Fl A ( F3) B ( El) C ( E2) D ( F2 ) 

u !jjf::- 
i I i j i 

= ad 

a• 

Fl A(F3) B(El) C(E2) D(F2) 

Fig. 17 
AIF3J BIEll CIE2) DIF2j 

I I ' 

Fig. 18 

shows the same circuit derived using 
equation (1) for f(x,), which by in­ 
spection shows a possible combination 
of f(x-) and f(x,) contacts, and uses 
of changeover contacts, as given in 
Fig. 18. This demonstrates that the 
simplest expression of a switching 
function may not always be the best 
one to employ. 
The circuit shown is for one side 

of the transmission bridge only. The 
other side is symmetrical, although 
connecting to the reversed polarities, 
and a combination of the two sides 
can be made by inspection using 
changeover contacts. 
The role of the Karnaugh map in 

this problem is to simplify the original 
switching function derived from the 
truth table. In this example a simpli­ 
fied switching function can be derived 
immediately by inspection of the 
truth table but this is not generally 
the case. The map for simplifying 
f(x,) is shown in Fig. 19. 

A 
/ ' 1 1 

(1 1 1 1 B 

C 

1 1 

1 1 
\. 

D 

Fig. 19 

be utilised to optimise the resultant 
circuit, and multiple input and output 
networks can readily be produced. 
The binary decision program is 

composed of a series of two-address 
conditional transfer instructions of 
the form 

Tx;A, B 
This represents the instruction: 'ex­ 
amine variable x; if x is 0, go to 
address A, if x is 1 go to address B'. 
If this instruction itself is situated in 
address location C the representative 
circuit may be drawn as in Fig. 20. 
The binary decision instruction repre­ 
sents a changeover contact unit. 

Fig. 16 

X 

~ 
' 

.1 i B 
C A 

' I 
Fig. 20 

CREW - Contact Networks 



February, 1969 THE TELECOMMUNICATION JOURNAL OF AUSTRALIA 39 

X Y Z 

I I ! __ F 

A ]: ~ i : JJ G 

i i i 
Fig. 21 

A 
I 

B 

A contact network may be repre­ 
sented by a · program of binary deci­ 
sion instructions. This is illustrated 
in Fig. 21. The circuit connections are 
allocated addresses A, B, C, etc. A is 
the address of the input to the net­ 
work and F and G are the two output 
addresses. Where the output is zero 
(open circuit network) this is rep­ 
resented in the program by address 0 
and an instruction containing 0 as 
one of the addresses represents a 
make or a break contact unit, thus:- 

Ty; 0, Dis a make 
Ty; E, 0 is a break 

The complete program representing 
the network of Fig. 21 is:- 

A. Tx; C, B 
B. Ty; 0, D 
C. Ty; E, 0 
D. Tz; G, F 
E. Tz; 0, G 

Obviously if a program of binary 
decision instructions could be derived 
from a truth table representing a 
circuit specification, the circuit could 
itself readily be obtained from the 
program. A method of doing this will 
now be demonstrated, and it will be 
seen that a quite efficient circuit can 
be produced. Consider the truth table 
of Table 3. 

TABLE 3 
State No. A B C f(A,B,C) Output 

0 0 0 0 0 0 
1 0 0 1 0 0 
2 0 1 0 0 0 
3 0 1 1 1 K 
4 1 0 0 1 K 
5 1 0 1 1 K 
6 1 1 0 1 K 
7 1 1 1 0 0 

The switching function f(A,B,C) 
is given two forms, the normal form 
of I's and O's, and with the zero 
output replaced by 0 and the 1 out­ 
put replaced by K, which will be the 
output address. 
The output for states O and 1 de­ 

pends only on the state of variable 
C as A and B are constant (both O) 
for these two states. We may there­ 
fore specify the corresponding out­ 
puts by an instruction located in 
address S, 

S, Tc; 0, 0 
However this is not a binary 'decision' 
because no matter what condition C 

CREW ----:- Contact Neitoorks 

V ~: -n S5 

IN 1 't 

It 

C 

K 
OUT 

adopts the resulting output is 0. 
We may thus write that address S, 
is in fact address 0: 

S, 0 
Now consider states 2 and 3. Again 

the output is determined by C only 
and we may write in address S, the 
instruction 

S, Tc; 0, K 
For states 4 and 5 we have 

S, Tc; K, K 
which can be replaced by address K. 

For states 6 and 7 we have 
S, Tc; K, 0 

It is now necessary to consider 
the effect of variable B on the output. 
For states O and 1 B is 0, and for 
states 2 and 3 B is 1. For all these 
states A is constant so the output 
can be represented by the instruction 
in address S, 

S, Tb; S,, S, 
that is, when B = 0 the output is 
determined by the condition of C in 
states O and 1, and when B = 1 
the output depends on the condition 
of C in states 2 and 3. These latter 
conditions are represented by the 
instructions in locations S, and S, 
already obtained. It is also noted that 
S, is in fact location 0 so we can 
write 

S, Tb; 0, S, 
Similarly for states 4 to 7 we can 

write 
S, Tb; S,, S, 

or S, Tb; K, S, 
Finally we must consider the effect 

of A varying from O to 1 and follow­ 
ing similar reasoning to that above 
we may write 

S, Ta; S,, S, 
S, is in fact the input to the circuit. 

We now have a program of instruc­ 
tions as follows:- 

S, Ta; S,, S, 
S, Tb; K, S, 
S.. Tb; 0, S, 
S, Tc; K, 0 
S, Tc; 0, K 

The corresponding circuit is given 
in Fig. 22(a). By inspection it can 
be seen that the make and break unit 

Fig. 22 

on C can be replaced by a transfer 
unit as in Fig. 22(b). This fact can 
also be seen directly from examina - 
tion of instructions S, and S, of the 
program. 
The example given in an earlier 

section to illustrate the use of Boolean 
algebra in designing a circuit for 
relay set FUR-T5F-H is here repeated 
using the binary decision program 
technique. In this case it is not 
necessary to design three individual 
networks. The last two columns of 
the truth table in Table 2 represent 
two inputs L and I, corresponding to 
the two terminals of the battery feed 
relay winding, Fig 15, and with three 
outlets, 0, K (negative battery or nor­ 
mal polarity) and L (positive battery, 
or reversal). The following program 
is obtained: 

S,11 K 
S,,, K 
Su, K 
S,,, K 
s,,, 0 
s., 0 
Sm Td; 0, L 
Sns K 
s., K 
S,,, K 
S,,, 0 
S"'' Tc; Sm, K 
S,., K 
S"' Tb; 0, Sm 
I, Ta; K, Sm 
Sen 0 
s,,, 0 
Sm 0 
s,.. 0 
S,,, Td; K, 0 
s., Sw 
S,,. S,,, 
s., S21, 
s,,, 0 
S22, 0 
S,20 S,,, 
s,,, s,,, 
Sm 0 
s,,, s215 
I, Ta; S,10 

This gives the circuit of Fig. 18, 
which is the same as that obtained 
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previously. The binary decision pro­ 
gram has eliminated the visual in­ 
spection required to combine the three 
networks and to combine make and 
break contacts as changeover units. 

As with Boolean algebra, the way 
the truth table is presented affects 
the final circuit. By changing the 
weighting of the variables (that is, 
their position in the truth table) the 
number of contacts on a particular 
relay may change and the overall 
number of contacts may also vary. 
Generally the most significant vari­ 
able (left hand side of the truth table) 
has one changeover for each input, 
and the number of contact units in­ 
creases as we move to the right, 
towards the outputs. Quite often the 
number of contacts decreases for the 
least significant variable (right hand 
side of the truth table) due to mergers 
in the network, but this depends on 
the circuit specification. 
It is not necessary to draw the 

circuit from a program to check its 
suitability for a specific application. 
The number of contact units on each 
relay can be obtained directly from 
the program, following the rules:- 

(a) Tx; A, B represents a transfer 
unit on relay X 

(b) Tx; 0, B represents a make 
unit on relay X 

(c) Tx; A, 0 represents a break 
unit on relay X 

(d) Tx; A, 0 and Tx, 0, A repre­ 
sent a break and a make on 
X which may be combined 
in a transfer unit. 

It must be remembered that, as for 
any circuit synthesised by methodical 
processes, no account is taken of the 
operate and release time of relays, 
nor of the transit time of contacts. 
It is always necessary to check a 
circuit to see if transfer units should 
be changeover or make-before-break 
units. 

Ii(+) I 
I 2 (+) 

Network 

Kl I I . K 2 

I: ii Km 

I n (+)----i- - - - - - - - - - I I I R 
Fig. 23 

A further point remains to be made 
concerning the binary decision pro­ 
gram. By its very nature it is not 
possible to specify a connection be­ 
tween an input and more than one 
output for a specific network state, 
although an output may be connected 
to a number of inputs in a particular 
state. This is the essential condition 
for networks having disjunctive out­ 
puts and conjunctive inputs. If it is 
necessary to connect an input to a 
number of outputs in one network 
configuration this may be achieved by 
specifying a 'false' output R for that 
configuration. It is then necessary to 
connect R to the required outputs by 
some suitable means which retains 
disjunctivity between the outputs con­ 
cerned. Fig. 23 shows one example of 
how this may be achieved. Input In 
is connected to both outputs K, and 
K, via 'output' R for a certain net­ 
work configuration. 

CONCLUSION 
Two basic methods of combination­ 

al network synthesis have been des­ 
cribed. The choice of method to be 
used depends on the application. The 
Karnaugh map is usually best for 
single input and output networks 
having four or less variables. For 
more complex networks the binary 
decision program is suitable. Although 
it does not always produce the 'best' 
circuit, as it does not allow the form­ 
ation of direct leads, networks syn­ 
thesised by this method will only be 

marginally 'worse' than the best cir­ 
cuit. 
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SYSTEM AFM 402: THE 
MANUAL ASSISTANCE 

A.P.O. FOUR WIRE 
CENTRE: PART 1 

CORD TYPE 
F. M. SCOTT* 

INTRODUCTION 
Trunk traffic has increased rapidly 

since the introduction of subscriber 
trunk dialling (S.T.D.) and continues 
to grow as more use is made of the 
service and as more subscribers are 
given access to the S.T.D. equipment. 
Nevertheless, there is still a demand 
for manual assistance from subscrib­ 
ers located in non-S.T.D. exchanges, 
from subscribers unfamiliar with or 
unwilling to use the S.T.D. facilities, 
by coin telephone users, and by hotel 
and business managements who re­ 
quire their trunk calls individually 
priced for accounting purposes. Des­ 
pite the relief given by the introduc­ 
tion of extended local service areas 
(E.L.S.A.) and S.T.D. the number of 
manually assisted trunk calls con­ 
tinues to rise. 
At the time when the introduction 

of a new automatic trunk switching 
system-A.RM. type crossbar-was 
being planned, the opportunity was 
taken to redesign, improve and mod­ 
ernise the associated manual assist­ 
ance services. Two types of manual 
assistance switchboards were envisag­ 
ed-a cordless position for use at the 
larger centres, and a cord type posi­ 
tion for the smaller country ex­ 
changes. Specification No. 994 (Ref. 
1) was produced by the A.P.O. listing 
the facilities required on the two types 
of switchboards. Earlier articles in this 
Journal by Wright, Elliott and Cham­ 
berlain (Refs. 2, 3 and 4), dealing with 
trunk switching developments and 
facility requirements for the cord and 
cordless switchboards, provide a suit­ 
able introduction to this article. 
The purpose of this paper is to give 

a general description of the Cord 
Type Switchboard electrical design ex­ 
plaining how the facility requirements 
are translated into circuit elements and 
highlighting improvements to previous 
trunk switchboards. 
This article is divided into two parts. 

Part one in this issue deals with the 
new system generally and with the 
manual assistance position in detail. 
Part two will appear in a later issue 
and will cover the line relay sets and 
miscellaneous service positions. 

EXISTING MANUAL SWITCH­ 
BOARDS 

Manual assistance on trunk calls is 
currently provided by three types of 
operating positions: 

(i) Siemens cordless trunk posi­ 
tions associated with motor uni- 

' Mr. Scott is Engineer Class 3, Internal Equip­ 
ment, Queensland. 
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selector type semi-automatic 
trunk exchanges. These are in­ 
stalled at Canberra, Sydney 
(Dalley), Melbourne, Adelaide, 
Lismore, Mt. Gambier and 
Bunbury. 

(ii) Sleeve control cord type trunk 
positions associated with auto­ 
matic or C.B. multiple local ex­ 
changes and 2VF signalling and 
transit selector switching 
equipment. These are installed 
at Perth and many of the larger 
country exchanges. 

(iii) Magneto, or modified magneto 
with lamp signalling, positions. 
These are installed at Brisbane, 
Hobart, and many of the provin­ 
cial centres. 

In Types (i) and (ii) provision is 
made for calls to be switched on a four 
wire tail-eating connection. On the 
cord type switchboard (ii) a four wire 
connection is established on through 
cord circuits but requires an extra 
pair of cords (net cords) to be plugged 
up to complete the hybrid network 
circuit. As the use of the net cords is 
not essential to establish a connection 
they are frequently not used. This re­ 
sults in an additional transmission loss 
of approximately 6dB on a through 
switched call. Even on automatically 
switched calls via the trunk motor 
uniselectors four wire switching is 
not always employed because of the 
difficulty in maintaining correct poling 
of the hybrid line and hybrid network 
pairs. In these cases the 2VF line re­ 
lay sets are strapped for two wire 
switching. 
Interconnection on magneto type 

switchboards is always two wire 
switching. 

THE NEW CORD TYPE MANUAL 
ASSISTANCE EXCHANGE 

The equipment designed for this ex­ 
change comprises the following: 

(i) A cord type operating position 
for trunk assistance traffic. 

(ii) A cordless type operating posi- 
tion for special services traffic. 

(iii) A monitor's turret. 
(iv) A supervisor's turret. 
(v) Relay set equipment directly as­ 

sociated with the operating 
positions, e.g. connect, position 
and telephone circuits, registers, 
etc. 

(vi) Line relay sets providing ter­ 
minations for incoming and out­ 
going lines connected to the ex­ 
change. 

(vii) A marker controlled crossbar 
switching stage associated with 
the special services positions. 

All of this apparatus is covered by 
the A.P.O. System designation AFM 
402. This code has the following 
meaning: 
A-Exchange 
F - Manual Cord type 
M - Handling mainly trunk net- 

work traffic 
4- Using four wire switching 
02 - Second design in this series. 
(Note: System designation AFM 401 

applies to an earlier cord type four 
wire switchboard design based on an 
adaptation of the sleeve control type 
switchboard. The initial installation 
of this system was at Parkes, N.S.W.) 

System AFM 402 is an entirely new 
approach to the manual switchboard 
problem and is not based on earlier 
A.P.O. trunk switchboard designs. 

The initial design of the trunk as­ 
sistance switchboard position for Sys­ 
tem AFM 402 used S.T.C. type push 
button keys for control functions on 
the keyshelf and is coded Type S. A 
later version uses ERGA type keys and 
is coded Type E. The other operating 
positions are designed for the use of 
ERGA keys only. 

DESIGN ORGANISATION 

The design and development of Sys­ 
tem AFM 402 was carried out by the 
A.P.O. using its own staff and re­ 
sources. A project design group com­ 
prising an Engineer, Senior Technical 
Officer, Technical Officers and Tech­ 
nical Assistants was formed to under­ 
take all aspects of the electrical de­ 
sign. This included circuit design, re­ 
lay dimensioning, prototype building, 
laboratory testing and final docu­ 
mentation. Although attached to head­ 
quarters, the project group was based 
in Queensland and made use of draft­ 
ing and laboratory services of that 
State. 
The mechanical design of the operat­ 

ing position carcases and turrets was 
handled separately by the Headquar­ 
ters Mechanical and Electrical Services 
Subsection. (Ref. 5.) 

GENERAL DESCRIPTION OF 
SYSTEM 

Trunk Assistance Operating Position 
The specification for the trunk as­ 

sistance (T.A.) operating position con­ 
tains the following essential features: 

(a) The four wire speech connec­ 
tion must be completed using 
only one plug. 

(b) Push button type keys are pre­ 
ferred. 
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Fig. 1 - Special Services Position. 

(c) Key sender dialling to be used. 
( d) The height of the line multiple 

not to exceed 15in above the 
keyshelf to allow the telephon­ 
ist a clear view across the top 
of the operating position. 

(e) No relay equipment to be 
mounted in the position. 

(f) Clear leg room to extend un­ 
der the keyshelf to the rear of 
the position. 

(g) The overall appearance of the 
position to be modernised and 
made aesthetically pleasing .. 

Fig. 1 on page 55 shows a T.A. 
position equipped with a Type S key­ 
shelf. Each Type S position is 31in 
wide, 45in high and 37in deep. Unit 
type construction is used so that each 
position is entirely self-contained. The 
frame of the position is made from 
mild steel panels covered with a vinyl 
fabric. The working surface of the 
keyshelf is covered with ABS material 
(Acrylonitrile Butadiene Styrene, 
Resin). 
A suite of Type S positions is built­ 

up by placing the required number of 
unit; positions side-by-side. Each posi­ 
tion contains three panels of line mul­ 
tiple with provision for 100 lines in 
each panel. The line multiple may be 
made-up to repeat the appearance of 
each line every 3, 4 or 5 panels accord­ 
ing to the size of the installation. 
Two end sections, one 2 panels wide 
and the other 3 panels wide, are avail­ 
able for use as cable entry, storage 
and control sections. Two relays are 
fitted in the keyshelf of each opera­ 
ting position to provide coupling be­ 
tween adjacent positions, but all other 
relays are mounted externally to the 

position. Cable entry may be provided 
through the legs of each position. 
At the time of writing, the design of 
the Type E position was not finalised. 
Special Services Operating Position 
Cordless operation of the special 

services (S.S.) position is required. 
This position handles trunk enquiry, 
directory information, complaints and 
interception traffic. It consists of a 
mild steel turret covered with ABS and 
vinyl fabric, mounted on a desk of 
special construction. ERGA type push 
button keys are used and a standard 
telephone dial is fitted. (See Fig. 1.) 

Fig. 2 - Monitors Turret and Pedestal. 

Monitor's Turret 
This is small mild steel turret and 

mounts on a mild steel pedestal which 
incorporates storage facilities for sta­ 
tionery. (Fig. 2 refers.) 

Supervisor's Turret 
The supervisor's turret is of similar 

dimensions and contruction to the S.S. 
position turret and is intended for 
table mounting. It provides a large ar­ 
ray of keys, lamps and meters to con­ 
trol and supervise the functioning of 
the exchange. (See Fig. 3.) 

Fig. 3 - Supervisor's Turret and Table. 

SCOTT - System AFM402 
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· Equipment 
A.P.O. R series relays (L.M.E. RAF, 

RAB and RAH type) are used through­ 
out. These are mounted in BCH type 
relay sets mounted on BDH type ex­ 
change racks. The AFM 402 system 
includes the following array of equip­ 
ment: 
Relay set types 69 
Rack types 11 
Key panel types 7 
Printed Circuit Board types 9 
Each item is separately coded and 

has an individual drawing number. In 
addition, drawings are available for 
mechanical details, components, lay­ 
outs, cabling, terminations and miscel­ 
laneous aspects. 

Design Limits 
As the relay equipment is mounted 

remotely from the operating positions, 
the resistance of the interconnecting 
cabling must be included in calcula­ 
tions of operating limits. The system is 
designed to operate at a nominal 50 
volts with limits of 42 and 56 volts. 
The full factor of safety on relays is 
provided at 45 volts. The maximum 
allowable resistance in the cabling be­ 
tween relay sets and operating posi­ 
tions is 50 ohms per single wire. 

Block Diagrams 
The fundamental difference be­ 

tween the trunking of cord and cord­ 
less type positions lies in the differ­ 
ent switching media used. The cord 
type position uses plugs and jacks on 
the switchboard as the switching 
mechanism while the cordless position 
controls the operation of a distant 
selector to perform the interconnec­ 
tions. In the new cordless manual as­ 
sistance switchboard System AFG 201 
these selectors are crossbar switches 
which are part of the ARM exchange. 
The cord type switchboard, in contrast, 
is independent of the local switching 
systems and therefore can be installed 
at centres either not requiring an ARM 
exchange, or in advance of a proposed 
ARM installation. The external trunk­ 
ing of a cord type exchange is very 
flexible as suitable interface relay 
sets can be designed to match any 
foreign signalling system. The pro­ 
vision of direct routes is thus simple 
and economical. 
Fig. 4 shows a block diagram of the 

apparatus associated with trunk as­ 
sistance positions. The group of relay 
sets immediately below the operating 
position in the centre of the drawing 
are those directly associated with the 
individual positions. Each position has 
six cord circuits, a position circuit 
and a telephone circuit. These are 
designated SNOR, OPR and OTR re­ 
spectively. The 'E' type position has 
a key logic relay set (OKR) in addi- 
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tion. Relay sets for two operating 
positions, including a common pulse 
relay set, mount on one rack (SNOR­ 
OC for Type S, and DOC for Type E). 
Each position has access to two re­ 
gisters (REG-OC2) one through the 
answer side of the cord circuits and 
one through the call side. Coupling 
b.etween OPR and REG is via a regis­ 
ter finder RS. Pulse and tone gener­ 
ating and distributing equipment, and 
test apparatus make up the remaind­ 
er of this group. Relatively heavy 
cabling is involved between the key­ 
shelf (OKI) and the equipment racks 
(approximately 240 wires per position) 
so it is desirable to minimise the 
distance between switchboard and 
equipment. 
The switchboard line multiple is 

cross-connected by iumpers on an 
I.D.F. to appropriate incoming or out­ 
going line relay sets shown in the 
block diagram as two columns one 
on either side of the positional equip­ 
ment. The line relav sets shown are 
those designed to date, but further 
types may be added as different sig­ 
nalling schemes and interworking con­ 
ditions are evolved. 
All speech paths to and from the 

operator and via the switchboard cord 
circuits are directional four wire. If 
two wire lines are connected, the line 
relay sets must make provision for a 
2 wire/4 wire conversion. A four 
stage gating system is provided on 
incoming traffic 1:0 equalise waiting 
times and to prevent the unfortunate 
call condition where a particular 
caller in a busy period may be repeat­ 
edly by-passed by an operator and 

thus wait an excessively long time to 
be answered. Free line signalling 
(F.L.S.) is provided on outgoing lines. 

Fig. 5 shows a block diagram of the 
miscellaneous positions provided at an 
exchange using system AFM 402. 
The special services position has 

two connect circuits for terminating 
traffic, i.e. enquiries, information and 
time, and three connect circuits giving 
through switching facilities for com­ 
plaints traffic. The incoming line cir­ 
cuits are of the same type as those 
employed for the T.A. positions. 
These are trunked to the line finder 
switch CS via an auxiliary line cir­ 
cuit CRA. An appearance of these 
lines is provided on the T.A. switch­ 
board but the call lamps are con­ 
trolled so that they do not glow when 
the S.S. positions are staffed. In slack 
traffic periods, e.g. at night, the S.S. 
positions will be unstaffed and all 
enquiry and complaints calls will be 
answered at the T.A. positions. An 
additional auxiliary line circuit CRB 
is associated with relay set CRA on 
incoming complaints lines. The line 
finder CS is controlled by the marker 
CSM. Up to three CS relay sets may 
be associated with each CSM. CS 
contains a crossbar switch having ten 
verticals and 12 horizontals. Two hori­ 
zontals are used to provide HA/HE 
switching to increase the number of 
inlets to 20. Each vertical is assoc­ 
iated with a particular connect cir­ 
cuit on the S.S. positions. Thus each 
CS can serve two S.S. positions. The 
line finder rack, rack-LF accommo­ 
dates the relay sets associated with 
two marker groups. 

Fig. 6 - Cord Retraction Unit. 
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Fig. 7 - Six-pole Plug and Jack Strip. 

The positional relay sets associated 
with the S.S. position are the OKR, 
SNOR-F, SNOR-D, OPR and OTR. 
These mount on Rack SOC which 
accommodates relay sets for two 
S.S. positions. 
The lamp pulse, interception, tech­ 

nician's order wire, and test access 
relay sets shown in line below the 
S.S. position turret on the block dia­ 
gram also mount on Rack SOC as 
they are associated with the S.S. 
positions. 

A monitor's turret requires the 
following positional relay sets: OKR­ 
Kl, OKR-K2, SNOR-G, OPR and OTR. 
The same relay sets are required also 
for the supervisor's turret except that 
OKR-K2 may not be needed when 
one or more monitors in addition to 
the supervisor is stationed at the 
exchange. The functions of these relay 
sets will be dealt with later. Rack 
GOC provides mounting for the 
positional relay sets associated with 
the supervisor and up to four moni­ 
tors. In addition the rack accommo­ 
dates control relay sets actuated from 
the supervisor's turret and switch­ 
board end panel. 

COMPONENTS 

A number of components not pre­ 
viously used by the A.P.O. on stand­ 
ard switchboards was introduced to 
meet the new facility specification for 
the T.A. switchboard position. The 
provision of increased leg room under 
the keyshelf precludes the use of 
cord weights to retract idle cords, and 
led to the use of a spring loaded 
drum which could be contained with­ 
in the keyshelf. 

Fig. 6 shows the. cord retraction 
unit comprising the retraction wheel, 
the switching cord and plug, and a 
second cord and plug used to connect 
the unit within the keyshelf. To re­ 
place a cord, the whole unit is re­ 
moved from the keyshelf. The key­ 
shelf plug is first disengaged from the 
jack, then a screw loosened to release 
the unit. The plug is a six pole device 
consisting of tip, sleeve and 4 inter­ 
mediate rings. A six way cord con- 

nects the plug to screw terminals on 
the cord reel. 

The associated line multiple jack 
has six connecting springs. Fig. 7 
shows a 6 pole plug and jackstrip. 
Ten jacks are combined in each jack­ 
strip which is 189mm long. A ten 
way lamp strip is associated with 
each jack strip. One 10-way jack­ 
strip and one 10-way lamp strip are 
combined and wired to an 80 point 
plug to form a ten line multiple unit. 
These units are fitted to the line mul­ 
tiple panels and the 80 point plug is 
engaged in an 80 point jack placed 
over the cable trough in the rear of 
the position. The actual multiple wir­ 
ing is therefore the inter-cabling of 
the 80 point jacks placed across the 
top of the cable trough. This wiring 
can be prepared in the factory, work­ 
shop or depot for positioning along 
the trough by the installer. The ten 
line multiple units are then plugged 
in to the appropriate 80 point jacks. 
Fig. 8 shows the two models of 

S.T.C. keys used on the Type S key­ 
shelf. The key on the left has an 
electromagnet which will retain the 
key in the operated position after it 
is pressed manually. The right hand 
side key is non-locking and has a coil 
restore spring. Fig. 9 shows two 
views of the ERGA key used on the 
Type E keyshelf and on each of the 
miscellaneous position turrets. It is 
non-locking, and has two changeover 
contact units on one side and two 
lamp sockets on the other. This is the 

Fig. 8 - S.T.C. Keys, 
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only assembly used. Fig. 10 shows 
the LICON microswitch key used for 
digit keys on the Type E keyshelf. 

Call timers are B.P.O. No. 44BH 
Type 9C. Two start positions are 
provided-one for ordinary subscrib­ 
ers and one for coin telephones. The 
timer is also plug ended and may be 
removed easily for maintenance. 
A lever key is readily distinguish­ 

able in the operated condition due to 
the displacement of the lever, but 
with a push button key an associated 
lamp is required to show that the key 
is operated or has been pressed. Thus 
push button keys which have a lock- 

ing function have an associated 'key 
operated' lamp. 

CABLING 
There are two main cable runs be­ 

tween the T.A. positions and the 
associated racks: 

(i) From each position to the assoc­ 
iated positional relay sets. 

(ii) From the first appearance of 
the line multiple to the I.D.F. 

There are three methods available 
for cabling to the switchboard: 

(i) Through the legs of individual 
positions. 

(ii) Through the legs of the end 
position. 

Fig. 9 - ERGA Keys. 

Fig. 10 - LICON Key. 

(iii) Through an end section. 
The actual method used at a particu­ 
lar installation will depend upon the 
availability of cabling ducts or holes 
in the floor immediately below the 
operating positions. 

Both cable runs terminate on 80 
point jacks at the switchboard end. 
Thirty-six jacks are allocated for line 
multiple wiring and four jacks for 
positional wiring. The installer places 
the multipled 80 point jacks in 
position and connects the I.D.F. cables 
to the first appearance jacks. If an 
extension to the initial suite of 
positions is anticipated, at least one 
additional appearance of 80 point 
jacks-and preferably the ultimate re­ 
quirement-should be provided initi­ 
ally, insulated and stored in an end 
section. The advantages of the use of 
multipled 80 point jacks and ten line 
multiple units are as follows: 

(i) Ten line multiple units can be 
ordered from a factory or pos­ 
tal workshop where production 
techniques result in reduced 
costs. 

(ii) The multiple wiring between 
80 point jacks can also be bulk 
ordered. 

(iii) Wire terminations by the instal­ 
lation staff on the job are con­ 
siderably reduced, thus cutting 
installation time. 

(iv) The number of wires terminat­ 
ing in the confined space be­ 
hind the line jack and lamp 
strips is halved. 

(v) Wiring faults in the multiple 
are either on the 80 point jack 
or at either end of the form on 
the ten line multiple unit. The 
80 point jacks are easily acces­ 
sible through the rear of each 
position whereas the ten line 
multiple units may be un­ 
plugged and removed from the 
switchboard for attention. 

Notwithstanding the fact that ad­ 
ditional apparatus in the form of the 
80 point plugs and jacks, and addition­ 
al wire terminations has been intro­ 
duced, it is expected that the afore­ 
mentioned advantages should more 
than outweigh these disadvantages. It 
should be noted that a range of cable 
lengths is necessary to interconnect 
the 80 point jacks depending on 
whether a 3, 4 or 5 panel multiple is 
used and in the case of the 4 and 5 
panel multiples on whether appear­ 
ances are on adjacent positions or 
separated by an intermediate position. 
This is because the panels are not 
equidistant along the switchboard - 
those on the same position are closer 
than adjacent panels of adjacent 
positions. 

Cabling to the special services 
turret and supervisor's turret runs on 
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the outside of the table legs under a 
suitable cover strip and enters the 
base of the turret where it terminates 
on a group of 80 point plugs. Pro­ 
vision is made in the design of the 
monitor's pedestal for internal cable 
access. The cables also terminate on 
80 point plugs. 
TRANSMISSION AND SIGNALLING 
Transmission and signalling be­ 

tween the line relay sets and the cord 
circuit is over a six wire circuit - 
the six wires switched by the 6 pole 
plugs and jacks. Four of the wires are 
used to provide 'go' and 'return' 
speech pairs and over each is super­ 
imposed a longitudinal (cailho) d.c. 
signalling path for call supervisory 
signals. The direction of d.c. signalling 
is opposite to that of the speech on 
each pair. Thus the 'go' speech pair 
carries backward supervisory signals, 
while the 'return' speech pair carries 
forward supervisory signals. The for­ 
ward signals are-ring, recall, decadic 
impulsing, and clear forward. The 
backward signals are: answer, clear 
back and ring. The wires of the pair 
carrying speech towards the switch­ 
board are designated al, bl-those 
carrying speech away from the switch­ 
board are designated a2, b2. The fifth 
wire or 'C' wire is used for seizing, 

holding and busying the line relay 
sets from the cord circuit (equivalent 
to the sleeve wire of previous switch­ 
board circuits). The sixth wire or 'd' 
wire which is connected to the sleeves 
of the plugs and jacks is used for in­ 
formation signalling between line cir­ 
cuit and cord circuit relay sets. Most 
of the signals consist of 150 mS 
pulses of negative or positive pol­ 
arity. The following signals are pro­ 
vided at appropriate times during in­ 
coming or outgoing calls: 
(a) Incoming relay set identifica- 

tion. 
(b) Tone cut off. 
(c) Speak key operated. 
(d) REG-L or REG-Y available. 
(e) REG-L or REG-Y disconnect­ 

idle. 
(f) REG-L or REG-Y disconnect­ 

busy. 
(g) REG-OC2 disconnect- sending 

complete. 
(h) REG-OC2 disconnect- sending 

incomplete. 
Other signals are passed between 

line circuit and cord circuit by 
sequencing the initial closure of the 
forward and backward cailhos with 
respect to certain relay functions. 
Signals passed in this manner are as 
follows: 

(a) REG-OC2 not required. 
(b) Ring down type line. (Causes 

OPR to send manually timed 
ring in lieu of 150 ms pulse). 

(c) Proceed-to-send. 
Amplifiers are fitted in the line 

relay sets where necessary to provide 
the correct speech levels to operator 
and line. In cases where the line relay 
set is connected to a local carrier 
channel no amplification may be 
necessary, in fact a reduction in level 
may be required; in which case an 
attenuator replaces the amplifier. Line 
relay sets containing 2 wire/4 wire 
conversions require two amplifiers in 
addition to the hybrid transformer. 
The amplifiers provide suitable gain 
in the circuit and also preserve uni­ 
directional speech on each side circuit. 
No pad switching is performed in the 
cord or line circuit relay sets except 
where the line circuit connects to an 
ARM exchange and level adjusting 
pads are controlled by the ARM equip­ 
ment. 

Fig. 11 illustrates the use of the six 
wire interconnection between line and 
cord circuits, in a simplified schematic 
form. The transposition of the speech 
pairs in the cord circuit enables uni­ 
form wiring of incoming and outgoing 
lines in the line multiple. 
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Fig. 11 - Connections Between Cord and Line Circuits. 
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THE TRUNK ASSISTANCE 
POSITION CIRCUITS 
Cord Circuit (SNOR) 

Each T.A. position is equipped with 
six cord circuits. All cord circuits are 
of the same design and provide de­ 
mand switching facilities. All calls are 
switched directional four wire. The 
following categories of traffic may be 
switched: 

(i) Subscriber to trunk. 
(ii) Trunk to trunk. 
(iii) Trunk to subscriber. 
(iv) If necessary, subscriber to sub­ 

scriber (e.g. party lines). 
Calls may be completed on demand 

or reverted by the operator. The 
answer side of a cord circuit may be 
used for incoming or outgoing traffic, 
but the call side is restricted to hand­ 
ling outgoing calls only. This does not 
impose a penalty on operating as the 
standard procedure specifies the use 
of the answer plug for answering in­ 
coming calls. Circuitry on the answer 
side of the cord circuit is more com­ 
plex as it contains elements necessary 
for both directions of traffic. The 
answer side is normally set for out­ 
going traffic. When the answer plug 
is inserted into an incoming line jack 
an identification signal is passed via 
the 'd' wire to cause the circuit to 
switch to its incoming mode. 
Each cord circuit on the keyshelf 

comprises an answer plug and cord, a 
call plug and cord, two cord retraction 
mechanisms, a speak key, a monitor 
key, a call timer, lamps for answer 
side supervision, call side supervision, 
timer supervision, speak key operated 
and monitor key operated. An addi­ 
tional key per cord circuit for conduc­ 
ting a routine test on the timer is 
mounted on a 10-way key strip in the 
miscellaneous field of the line mul­ 
tiple space. 
The functioning of the push button 

keys is different on the Type S and 
Type E positions. On the Type S 
keyshelf the speak and monitor keys 
hold electromagnetically when press­ 
ed. A speak key is released by: 

(i) Pressing another speak key. 
(ii) Pressing the monitor key in the 

same cord circuit. 
(iii) Pressing the speak release key 

in the position circuit. 
A similar release pattern applies for 
the monitor keys. 
As the keys on the Type E keyshelf 

are non-locking in construction a 
memory relay circuit is associated 
with each key. These are contained in 
the OKR relay set. Release of a speak 
key connection may be performed in 
three ways: 

(i) By pressing the same key a 
second time. 

(ii) By pressing another speak key. 
(iii) By pressing the monitor key in 

the same cord circuit. 
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A release key in the position circuit 
is not provided as the press-to-operate­ 
press-to-release function is adequate. 
The monitor key release arrangements 
are similar to those of a speak key. , 
In busy traffic periods the principle 

of mutual key release expedites the 
operation of the position as only one 
key operation is necessary to switch 
the speech or listening commons 
from one cord circuit to another 
or to change from speaking to moni­ 
toring (or vice versa) within the same 

cord circuit. This is in contrast to 
the release of one key and the oper­ 
ation of another, as with lever keys. 
Push keys are also quicker and less 
fatiguing to manipulate. In periods of 
slack traffic it would be necessary to 
make use of the release keys on the 
Type S position, and to re-press the 
same key on the Type E position to 
effect release. 
Check circuits are provided on both 

'S' and 'E' systems to ensure that 
only one speak key function and one 

TABLE I: CORD CIRCUIT SUPERVISORY LAMP INDICATIONS. 
Demand Call from Another Operator with Through Supervision. 

Condition. 

1. Cord Circuit idle 

2. Answer plug inserted in 
I/C line jack to answer I/C 
call (speak key normal) 

3. Answer plug inserted 'n 
I/C line jack to answer I/C 
call (speak key operated) 

4. Recall before answer ~.:: 
5. Speak key operated to 

acknowledge recall before 
answer 

6. Call plug inserted in 0/G 
jack to obtain B subscriber 

7. Register connected to call 
side 

8. Register disconnected - B 
subscriber idle or sending 
completed 

9. Register disconnected - B 
subscriber busy, conges­ 
tion, or sending incom­ 
plete (e.g., Time out). 

10. B subscriber answers 

11. Recall following answer 
signal 

12. Speak key operated to ack­ 
knowledge recall following 
answer signal 

13. B subscriber clears 

14. Recall following clear back 
signal 

15. Speak key operated to ac­ 
knowledge recall following 
clear back signal. 

16. Clear forward received 
from answer side 

17. Plugs removed from line 
jacks 

Answer 
Side 

Supervisory 
Lamp. 

OFF 

Slow Flash 

OFF 

Slow Flash 

OFF 

OFF 

OFF 

OFF 

OFF 

OFF 

Slow Flash 

OFF 

OFF 

Slow Flash 

OFF 

ON 

OFF 

Call Side 
Supervisory 

Lamp. 

OFF 

OFF 

OFF 

OFF 

OFF 

ON 

ON 

ON 

Fast Flash 

OFF 

OFF 

OFF 

ON 

ON 

ON 

ON 

OFF 
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monitor key function can be operative 
simultaneously, provided they are not 
within the same cord circuit. The posi­ 
tion Routing Information and P.A. 
System keys are included in the speak 
key mutual release chain. The key 
operated lamp associated with each 
speak and monitor key glows when 
its particular key function is effective. 
Provision is made in the cord circuit 

of Type E positions for the handling 
of data transmission traffic. When the 

position data key is pressed in asso­ 
ciation with the cord circuit monitor 
key, the speak key function in that 
cord circuit is nullified. This prevents 
intrusion of the operator inadvertently. 
Listening is still permitted. This facil­ 
ity may be cancelled by pressing the 
speak key and data key. 

Supervisory lamp indications for 
various types of calls are listed in 
Tables 1, 2 and 3. 

TABLE 2: CORD CIRCUIT SUPERVISORY LAMP INDICATIONS. 
Incoming Call from Ring Down Line. 

Condition 

1. Cord circuit idle 

2. Answer plug inserted in 
1/C line jack to answer I/C 
call (speak key normal) 

3. Answer plug inserted in 
I/C line jack to answer I/C 
call (speak key operated) 

4. Recall signal 

5. Speak key operated to ac­ 
knowledge recall 

6. Clear forward signal 

7. Plug removed from I/C line 
jack 

Answer Side Supervisory 
Lamp 

OFF 

Slow Flash 

OFF 

Slow Flash 

OFF 

Slow Flash 
(As there is no difference 
in lamp indication between 
recall and clear forward 
on an R/D line, the tele­ 
phonist must determine 
which condition exists by 
operating the speak key 
and challenging across 
the connection.) 

OFF 

TABLE 3: CORD CIRCUIT SUPERVISORY LAMP INDICATIONS. 
Outgoing Call to Ring Down Line. 

Condition. 

1. Cord circuit idle 

2. Plug inserted in 0/G line 
jack 

3. Operator rings forward on 
0/G line 

4. Ring back from 0/G line 

5. Speak key operated to in­ 
vestigate reason for lamp 
glow 

Answer or Call Side 
Supervisory Lamp 

OFF 

ON 

OFF 

ON 

OFF 

Note: With ring down operation there is no positive indication of answer, 
clear back and ring off conditions. The circuit design is such that the 
supervisory lamp glows on an out-going call until the, initial operation 
of the ring key to ring forward, then a simulated answer signal is sent 
from the line circuit to the cord circuit. 

Special precautions are taken in the 
timer control circuit to prevent mis­ 
operation and overcharging. A timer 
may be started when the cord circuit 
is idle so that a call on another cord 
circuit on which supervision is de­ 
fective can be timed; but once the 
cord circuit is taken into use three 
conditions must prevail before the 
timer will step: 

(i) both plugs must be inserted in 
line jacks, 

(ii) answer supervision must be re­ 
ceived on both sides of the cord 
circuit, 

(iii) the timer start key must be 
operated. 

When the timer is off-normal the cord 
circuit is blocked to further use. If 
the plugs are withdrawn leaving the 
timer off-normal the timer lamp will 
light as a warning. Resetting the 
timer clears the cord circuit for fur­ 
ther use. 

The timer Routine Test key is 
effective only when the cord circuit 
is idle. It provides a fast means of 
positioning the timer on 2.8, 5.8 and 
8.8 minutes so that lamp indications 
and coin telephone tone may be check­ 
ed. When the routine test key is 
operated, the timer magnet is stepped 
at 2½ times per second in lieu of every 
6 seconds. The momentary operation 
of the Routine Test Step On key 
allows the timer to recommence 
stepping to the next three minute 
check point. 

From Fig. 11 it will be seen that 
the 'c' conductor of the plug is the 
only active lead in the idle condition. 
The pick-up relay (SAl or SCI) is 
backed by a diode to prevent mis­ 
operation to positive polarity on the 
'd' wire of a busy jack should the 
'c' wire of the plug touch the jack 
sleeve during plug insertion. A 24 volt 
series zener diode prevents operation 
to negative potentials of less than 24 
volts. Thus the idle condition on a 
line jack 'c' wire is above 24 volts 
negative (normally 48 volts negative) 
and the busy condition less than 24 
volts negative (normally about 7 
volts). Negative potentials on the 'd' 
wire are kept below 24 volts. When 
a plug is inserted into a line jack 
marked idle, the SAI (or SCI) relay 
operates followed by SA2 (or SC2) 
after a delay period provided by 
SA12 (or SC12). Relay SA2 (or SC2) 
connects full earth potential behind 
the SAI (or SCI) relay for holding 
purposes and switches through the 
remaining conductors to the plug. The 
slow release of SA12 (or SC12) times 
an interval used for extending certain 
category marking signals from the 
line circuit to the cord circuit. 
Incoming line relay sets must 

identify their class to the cord circuit, 
and outgoing line relay sets must indi- 
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cate whether or not an operator's 
register is required to complete the 
call. Two types of ringing are pro­ 
vided-a normal single pulse (150 mS) 
ring for general use, and a manually 
controlled ring for use on party lines 
and multi-office trunk lines. The type 
of ringing required in the line relay 
set is signalled to the cord circuit 
during pick-up. The ringing signal is 
an open circuit of the forward cailho 
path over the al, bl wires. The 
following logic is observed: 

(i) All line circuits are assumed 
to be outgoing unless identified 
by a category signal as in­ 
coming. 

(ii) An outgoing line circuit is 
assumed to require the use of 
an operator's register unless a 
category signal indicates other­ 
wise. 

(iii) Line circuits are assumed to 
require single pulse ringing un­ 
less a category signal ordering 
manually controlled ringing is 
received. 

The various signals used between 
cord and line circuits, their means of 
application and duration are shown in 
Table 4. Four signal paths are used, 

viz. al, bl cailho; a2, b2 cailho; c and 
d wires. Attention is drawn to the 
distinct difference between the pick-up 
and seize forward signals applied to 
an outgoing line relay set. Pick up 
of the relay set occurs when a plug 
is inserted into the line jack. This 
busies the relay set to other operators, 
extinguishes the F.L.S. lamp and pre­ 
pares the relay set for subsequent 
operation. A 'seize forward' signal 
results in the line or register associ­ 
ated with the line relay set being 
engaged for the call. Similarly, on re­ 
lease, a clear forward signal will re­ 
lease the outgoing line, intermediate 
selectors and the B subscriber, but 
the line relay set will remain blocked 
to follow-on use until the plug is re­ 
moved from the line jack. 

On demand calls, answer and clear 
back signals from the B subscriber are 
received in the cord circuit from the 
outgoing line relay set and repeated 
to the incoming line relay set. It is 
the function of the incoming line 
circuit to repeat or block the back­ 
ward signals as required by the ser­ 
vice level to which it is connected. In 
some incoming line relay sets optional 
strappings are provided for this pur­ 
pose. Forward supervisory signals, 

i.e.: recall and clear forward, are re­ 
ceived by the answer side of the cord 
circuit but only the clear forward is 
repeated to the call side. A recall 
signal can be originated only by an­ 
other operator. The clear forward 
gives lamp supervision on the answer 
side of the cord circuit, releases the 
outgoing line and B subscriber and 
the resulting clear back signal gives 
lamp supervision on the call side. The 
incoming and outgoing line relay 
sets remain blocked until the plugs 
are removed from the line jacks. 

On revertive calls through clearing 
is initiated when clear back signal is 
received simultaneously from both 
answer and call sides of the cord 
circuit. 

THE POSITION CIRCUIT 

The position circuit control keys 
are arranged in two groups-one on 
each side of the keyshelf. The keys on 
the left hand side are associated with 
speak, ring and miscellaneous func­ 
tions while those on the right provide 
register connection and control, and 
digit keying. Fig. 12 shows a layout 
of the keyshelf for the Type S 
position. 

@. TIME~Tl!iE ~ INF~ION 

0 
0 
0 
0 
0 0 0 0 0 0 0 00 0 0 0 ~t ANS PLUG 

CALL Tl<:S.T KEY S.YS.TEM SUSY CALL PLUG !:::~ 
OPERATED BUSY 

~ ~ ~ ~ 
!,!!O e @ @ @) ~ ~ 0 0 0 0 0"'~ 

CALL TIMER STEP PA ROUTING TIH ER 
"'MONITOR .,11:'t.sicM SYSTEM INFO,MATION 

~,,,,~ i:' 

~ ~ ~ ~ 

Q ~ (0 0 0 e ® 0 0 
~ SPEAK SPEAK SPARE TONE 000 0 0 0 0 REG.CONNECTED SPARE REG.CONNECTED 

ANS CALL CUT OFF TOANS.SllJE TO CALL SIDE 
SIDE SIDE ... e @ 0 9 0 0 0 0 0 0 0 0 0 0 0 0 0 8 0 8 @) "' 
RING RIHC. RLSE RLSE SPEAK HOH. CONNECT CANCEL SPAP-.E FINISH CO~NECT 

ANSWER CALL SPEAK MONITOR 6'0TH REGISTER REGISTER 
SIDE SIDE KEYS KEYS TO ANSSIOE KEYS NOTES TO CALLSIDE 

KEYS NOTES 

~, 1 I ,, _ _l__,, I . l_.~ 2 

~ POS/1/0N CIRCUIT POSIT/ON CIRCUIT 
i.EFT JIAND .SIDE CORD CIRCUITS -wore I IVGHT HANO SID£ 

\ 
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Fig. 12 - Layout of Type "S" Keyshelf. 
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TABLE 4: SIGNALLING BETWEEN CORD AND LINE CIRCUITS. 

Signal Duration 
(mSJ 

1. Pick-up I Continuous 
2. Category-I/C line circuit 150 

3. Category - NoREG-OC2 \ Continuous 
required 

4. Category-Manually con- I Continuous 
trolled ringing 

5. Speak key operated Continuous 

6. Seize forward 

7. Pick-up acknowledgment 

8. Proceed to send 

9. Category-R!EG-L/Y2 
available 

10. D.P. from REG-OC2 to 
REG-L/Y2 

ll. D.P. from REG-OC2 to 
line 

12. REG-L/Y2 disc. - idle 

13. REG-L/Y2 disc. - busy 

25. Clear forward sent 

26. Release 

Continuous 

Continuous 

Continuous 

150 

33 ceach) 

67 (each) 
150 

150 

14. REG-OC2 disc.-sending 
complete 

15. REG-OC2 disc.-sending 
incomplete 

16. Tone cut off 
17. Ring forward or recall 

sent as single pulse 
18. Ring forward or recall I Continuous 

sent under key control 
19. Recall received I 150 

150 

150 

150 
150 

20. Answer signal received I 150 
21. Answer signal sent 150 

22. Clear back signal received I 600 

23. Clear back signal sent I 600 

24. Clear forward received I 600 or 
Continuous 
:ontinuous 

Continuous 

Polarity, 
Closed Cct. 
(C.C.) or 
Open Cct. 
(O.C.J 

cc 
-ve 

cc 

cc 

-ve 

cc 

cc 

cc 

-Ve 

QC 

OC 
+ve 

-ve 

+ve 

-ve 

-t-ve 
oc 

QC 

oc 

oc 
oc 

oc 

oc 

oc 

oc 

oc 

Conductor( s) 

C 

d 

a2, b2/cailho 

a2, b2/cailho 

d 

al, bl/cailho 

a2, b2/cailho 

a2, b2/cailho 

d 

al, bl/cailho 

al, bl/cailho 
d 

d 

d 

d 

d 
al, bl/cailho 

al, bl/cailho 

a2, b2/cailho 

a2, b2/cailho 
al, bl/cailho 
(on answer 
side only) 

a2, b2/cailho 

al, bl/cailho 
(on answer 
side only) 

a2, b2/cailho 

al, bl/cailho 

C 

Direction = Cord Circuil = Line Circuit 
C to L 
L to C 

L to C 

L to C 

C to L 

C to L 

L to C 

L to C 

L to C 

C to L 

C to L 
L to C 

L to C 

C to L 

C to L 

C to L 
C to L 

C to L 

L to C 

L to C 
C to L 

L to C 

C to L 

L to C 

C to L 

C to L 

When Signal Applied 

Plug inserted in jack 
Immediately following plug 
insertion 

After release of SA12 or 
SC12 
During release of SA12 or 
SC12 
Duration of speak key opera­ 
tion 
I/C call-after release of SA12 
O/G call-when REG-OC2 is 
ready to send or when SA12 
or SC12 release if no REG-OC2 
category is given 
On I/C call following receipt 
of seize forward signal 
When O/G line circuit is 
ready to receive impulses 
Following receipt of seize for­ 
ward signal in O/G L.R.S. 

{ 
Sending from REG-OC2 fol­ 
lowing receipt of proceed­ 
to-send signal 

When REG-L/Y2 completes 
sending 
When REG-L/Y2 completes 
sending 
When REG-OC2 completes 
sending 
When REG-OC2 detects error 
or times out 
When T.C.O. key pressed. 
When ring key operated 

For duration of ring key 
operation 
When received via I/C line 
circuit 
When B subscriber answers 
Following receipt of B party 
answer in cord circuit on de­ 
mand call 
When B subscriber clears, or 
following sending of clear 
forward signal 
Following receipt in cord cir­ 
cuit of B party dear or re­ 
ceived recall signal on demand 
call 
When A subscriber clears 

(a) Demand call-when A sub. 
clears 
(b) Reverted call-when clear 
back received from both sides 
of cord circuit 
Plug removed from jack 
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Keys on the left hand side com­ 
prise:- speak answer, speak call, ring 
answer, ring call, tone cut off, speak 
key release, monitor key release, con­ 
nect to routing information position, 
connect to public address system 
amplifier, timer routine test step on, 
and call monitor. Lamps are associat­ 
ed with the last four keys. 
All keys except the call monitor 

are non-locking. The call monitor key 
holds electromagnetically until releas­ 
ed by the timer routine test key. The 
speak answer and speak call keys in 
association with a cord circuit speak 
key, split the through connection al­ 
lowing the telephonist to speak to 
either the A or B subscriber. The ring 
keys are used for sending ring for­ 
ward and recall signals which are 
passed over the al, bl cailho as a 
150 mS or key controlled open circuit 
depending upon the line relay set 
category mark. Operation of the tone 
cut off key applies a 150 mS pulse of 
positive potential to the line circuit 
'd' wire where coin telephone (C.T.) 
tone disconnection is initiated. 

Order wire working to other oper­ 
ating positions is not provided but 
key switched access to the routing 
information operator and public ad­ 
dress system is included. The call 
monitor key is used. by the telephonist 
to request the monitor's presence at 
the operating position for assistance 
with traffic matters. Lamps light on 
the monitor's post, the annunciator 
panel, the operating position and ad­ 
jacent to the call monitor key. The 
key is reset by the monitor on arrival 
at the operating position. Alternative­ 
ly the monitor may decide to remain 
at the monitor's post and speak to 
the calling telephonist via the call 
monitor circuit. On the Type E key­ 
shelf this causes automatic release of 
the call monitor key and when all 
speak keys are normal the telephon­ 
ist's speech commons are switched to 
the monitor. 

A data transmission key is provided 
on the Type E keyshelf to set any of 
the cord circuits so that the speak 
key function may be immobilised. The 
call monitor key on the Type E posi­ 
tion is reset by re-pressing the same 
key or remotely by the monitor if she 
answers the call at the monitor's 
turret. 
Right hand side keys are:- connect 

register to answer side, connect 
register to call side, finish, cancel, 
and the ten digit keys 1 to 0. Lamps 
associated with the register connect 
keys light when the position circuit 
is coupled to a register. Provision is 
made for dual register working in the 
position circuit, provided that one 
register works on the answer side and 
the other on the call side. The two 
registers may operate within the same 
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cord circuit or in different cord cir­ 
cuits. 
A register is called by first operat­ 

ing a cord circuit speak key then 
pressing either the connect register 
answer or connect register call key, 
in the position circuit. When a regis­ 
ter is coupled the connect register 
lamp lights. Digits are then keyed to 
the register. The cord circuit may be 
released if desired when the connect 
register lamp lights as the circuit is 
no longer dependent upon its oper­ 
ation. 
Thus a telephonist may key-up a 

number on one cord circuit, speak on 
a second, and monitor on a third-all 
simultaneously, if desired. At the end 
of the digit setting, the finish key is 
pressed to start digit transmission 
from the register and to free the digit 
keys for use with a second register, 
if required. If a mistake in keying is 
made, the cancel key is pressed to 
release the stored digits and dis­ 
connect the register. Re-operation of 
the register connect key will result in 
another register being connected. 
The position circuit relays and 

associated components are contained 
in two relay sets. The OPR handles 
the control, signalling, through trans­ 
mission and coupling functions, while 
the OTR contains the operators tele­ 
phone circuit consisting of two ampli­ 
fiers, a current feed relay and com­ 
bining network. Fig. 13 shows a sim­ 
plified diagram of the telephone cir­ 
cuit (OTR). The transmit amplifier 
delivers its output into the two speech 
circuits SA and SB. The voltages are 
equal but opposite in polarity. The 
SA and SB pairs also convey speech 
signals from the A and B subscribers 
to Pad 1 and thence to the receive 

SWITCHBOARD IElCWAM<E 
OPERATING CAl!LING 

POSITION 

amplifier and operators receiver. 
Speech from the A subscriber will be 
received on SA and speech from the 
B subscriber on SB. The telephonist's 
voice produces two inputs to Pad 1. 
If the voltages on SA and SB were 
exactly equal and out of phase they 
would cancel out. It is arranged that 
the resistance of the two paths from 
TA to Pad 1 are slightly unequal so 
that a small residual voltage exists 
at the input to RA to provide side 
tone in the operator's receiver. The 
receive amplifier also has inputs from 
the monitoring leads MA and MB via 
Pad 2. Pads 11 and 2 provide decoup­ 
ling between the speech and monitor­ 
ing leads. Pad 2 has an additional 6 
dB attenuation to reduce the received 
level of monitored speech. Each of 
the resistors shown in the combining 
network has a nominal resistance of 
5,600 ohms so that the connection of 
the operator to a working line in 
either the speaking or monitoring con­ 
dition causes negligible loss to the 
through circuit. Crosstalk between 
side circuits, when the operator is 
connected, i.e. from SA-SB, MA-MB, 
is better than 55dB, while crosstalk 
from one group to another, i.e. SA­ 
MA, MB-SB etc., is better than 75dB. 
Automatic coupling of positions is 

provided. A telephonist may use cord 
circuits of the next adjacent position 
when it is unstaffed as they will be 
coupled to her own position circuit. 
The coupling is automatically per­ 
formed when the headset plug is re­ 
moved from the telephone jack. An 
unstaffed position will automatically 
couple to the previous adjacent 
position, if that position is staffed. No 
more than two keyshelves can be 
coupled to a position circuit. 

TELEPHONE CIRCUIT RELAY SET 
(OTR) 
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Fig. 13 - Simplified Circuit of OTR-UOC-W. 
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Two telephone jacks are provided 
on the front edge of each keyshelf. 
They are each 4-pole and are com­ 
prised of a tip, a sleeve, and 2 inter­ 
mediate rings. Auxiliary springs on 
the jacks control the switching of 
resistors which ensure that the trans­ 
mitter current, transmitted speech 
level, received speech level and ter­ 
minating impedances offered to the 
transmit and receive amplifiers remain 
constant with either one or two head­ 
sets plugged in. 

THE OPERATOR'S REGISTER 

Two types of operator's registers 
were originally envisaged for use with 
the cord type switchboard. Initially, 
a comparatively simple decadic send­ 
ing type devoid of analysing and 
translation functions but available for 
early installations; and an ultimate 
type capable of full m.f.c. sending and 
possessing the analysing capacity of 
a leading crossbar register. The design 
of the second type will depend upon 
the future demand for the AFM 402 
system and experience in traffic hand­ 
ling obtained from the use of the 
decadic register. It would probably be 
similar in general concept to the new 
ARF REG-LP and may share some 
of its peripheral relay sets (e.g. 
analysers, code senders, decadic send­ 
ers, etc.). 
The decadic register (REG-OC2) is 

essentially an extension of the key 
sender arrangement used on some 
sleeve control type trunk switch­ 
boards but, through the use of im­ 
proved cord and position circuits, it 
does not restrict the operation of a 
position while digits are being trans­ 
mitted. Digits are keyed to the regist­ 
er over 5 wires using an error sens­ 
ing 2-out-of-5 code. The received 
digits are checked for validity then 
placed into a relay store having a 
capacity for up to 15 digits. Sending 
from the register does not commence 
until all digits have been keyed, and 
the finish key is pressed. A category 
signal sent from the outgoing line cir- 

cuit to the register, via the cord and 
position circuits, determines whether 
decadic sending occurs at 10 or 20 
i.p.s. If REG-OC2 sends direct to line 
then 10 i.p.s. sending is used, but if 
the digits are received by a local 
ARM or ARF register the sending 
speed is increased to 20 i.p.s. 
When sending direct to line, REG­ 

OC2 cannot determine the test con­ 
dition of the B subscriber's number, 
so after the last digit is sent 
the register marks the cord circuit 
for 'register disconnect idle', then re­ 
leases. On calls via a local ARM or 
ARF register, REG-OC2 waits after 
the last decadic digit is sent, and re­ 
ceives from REG-Lor REG-Y, 'd' wire 
signals indicating the true condition 
of the B party telephone. These are 
passed to the cord circuit. Release of 
REG-OC2 occurs in one of five ways: 

(i) If the cord circuit plug is re­ 
moved from the line jack. 

(ii) If the 'cancel' key is operated. 
(iii) After completion of sending at 

10 i.p.s. 
(iv) Following completion of send­ 

ing to an ARM or ARF register 
and after receipt of backward 
signals indicating the condition 
of the B subscriber. 

(v) By time out. 
Three periods of time supervision are 
provided in the register: 

(i) 6-12 seconds from seizure of 
REG-OC2 to receipt of the first 
keyed digit and also between 
successive digits. 

(ii) 18-36 seconds from despatch 
of the last digit to REG-L or 
REG-Y, and return of the B 
party signals. 

(iii) 1-2 seconds is allowed for the 
removal of holding conditions 
in the position circuit after re­ 
lease of the register is signal­ 
led. If the release cycle fails, 
the register forcibly detaches 
itself from the position circuit. 

The register is split into two relay 
sets for convenience. Part one con­ 
trols digit receipt, checking and send­ 
ing, external signal receiving and 
sending and time supervision. Part 

two contains the digit selection and 
storage relays. As sending and receiv­ 
ing do not occur simultaneously the 
one selection chain is used for steer­ 
ing the keyed digits into one of the 
fifteen store positions, then after re­ 
setting, steps over the stores in the 
same order to read out the digits for 
transmitting as decadic pulses. The 
registers are coupled to the position 
circuits via ARF type register finders 
controlled by a register finder marker. 
As four RS-I and one RSM relay 
sets provide a coupling group serving 
up to 32 positions (each posi­ 
tion requires two connections) and 20 
registers, one RSM would be sufficient 
for most small to medium sized instal­ 
lations. To provide an insurance 
against an RSM fault rendering the 
whole exchange inoperative, two RSM 
relay sets are normally provided and 
partial use made of each of the two 
RS groups on the rack. This will pro­ 
vide a maximum access of 64 positions 
to 40 registers. The ratio of positions 
to registers may of course be varied 
within these limits as determined by 
traffic tables, and field measurements. 
Eight registers mount on a Rack 

REG-OC2. 
(Part 2 of this article will appear in 
a later issue of the Journal) 
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DESIGN OF A CORD TYPE TRlTNK SWITCHBOARD CONSOLE 
H.J. LEWIS* 

INTRODUCTION. 

With the development of Manual 
Assistance Centres for ARM Trunk 
Exchanges, a new switchboard console 
was required, which would be modern 
in appearance, easy to operate and 
economically manufactured. (See Fig. 
1.) The operation of this switchboard 
and associated equipment in A.P.O. 
networks is described in Ref. 1. This 
article is concerned with the new con­ 
struction features introduced into the 
switchboard, the reasons for their 
selection, and the advantages that will 
apply in service. 

The design was based on achieving 
optimum results in: 

~- Mr. Lewis is Engineer Class 3, Mechanical 
and Electrical Services, Headquarters. See 
Vol. 12, No. 5. Page 379. 

(a) Low production costs, while 
maintaining a high quality pro­ 
duct. 

(b) Easy installation, both in the 
original establishment and in 
future extensions. 

(c) Convenient and pleasant operat­ 
ing conditions. 

(d) Minimum 'down-time' for main­ 
tenance work by providing easy 
access and plug-in type sub­ 
assemblies. 

(e) Easy reconditioning of switch­ 
boards without removal from 
service. 

Photographs of the earliest telephone 
exchanges show that the switchboards 
were a tall continuous rack structure 
with a small shelf for docket writing. 
The operators evidently walked up and 
down the row of racks plugging up 

Fig. 1 - New Cord Type Trunk Switchboard. 
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connections with long draped cords. 
Over the years the general shape ha. 
not changed, but a more compact 
structure has evolved, with the opera­ 
tor seated and able to reach all lines. 
Some recent American cordless 

trunk switchboards have been built 
with consoles in pairs, with the ap­ 
pearance of two P.B.X. type boards. 
Also, cordless trunk switchboard 
suites, such as installed at the Dalley 
Street Exchange in Sydney, are of the 
desk type, with free leg room beneath 
the console. However no cord type 
boards of this console type construc­ 
tion had been developed in Australia 
until recently. 

BASIC DESIGN. 
Determination of Basic Shape of 

Console. 
The first steps in designing the con­ 

sole, after the circuit design of the 
equipment had been completed (Ref. 
2), were: 

(a) Establish the area and volume of 
equipment to be installed on the 
Keyshelf. 

(b) Determine the number of lines 
required in the multiple, the 
arrangement of panels which 
formed the multiple and appear­ 
ance on each operating position. 

(c) Determine the number of ope­ 
rating positions likely in each 
suite, and the need to extend the 
suite at a later date. 

( d) Establish the desirable overall 
height of the suite, whether it 
would be free standing, back-to­ 
back, or used as a single posi­ 
tion on any occasion. 

(e) Determine the volume of cable 
to be wired to the multiple and 
keyshelves. 

(f) Assess the size and locations 
of the auxiliary equipment such 
as notice frames, index units, 
and key compartment for tele­ 
phonist. 

(g) Determine the method of access 
for maintenance of the equip­ 
ment. 

(h) Determine the methods of in­ 
stallation which will require a 
minimum of work, and provide 
maximum flexibility in assem­ 
bly and additions. 

From this information, outline sket­ 
ches were prepared of the minimum 
dimensions of the working portion of 
the switchboard. These sketches al­ 
lowed general profiles of the essential 
dimensions of the switchboard, as well 
as frontal appearance to be provided. 
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Before further progress was possible 
it was necessary to examine the vari­ 
ous types of material from which the 
switchboard could be made. Previous 
switchboards usually had been made 
with a heavy steel section frame, with 
wood-panelled facings. These ma­ 
terials did not assist shaping, and as 
a result switchboards were rectangu­ 
lar, heavy and bulky. Also, they led 
to wiring and maintenance procedures 
which were a conglomeration of 
trouble. 
Although the multiple and keyshelf 

of the new switchboard is somewhat 
akin to switchboards which have been 
in use for many years, a basic dif­ 
ference exists. All the control relays 
except two position couple relays, are 
mounted on a rack away from the 
console. 
Investigations of various types of 

cord storage devices produced a reel­ 
ing type of 'cord retraction unit' used 
by the German Post Offdce, which 
was ideal for a desk-type console with 
free leg space. 
The circuit demanded a four-wire 

cord, and the most suitable jack and 
lamp strip for use with this was also 
a German design, which was smaller 
than previous units. This allowed 
a maximum of 360 lines to be pro­ 
vided in the multiple in a smaller area 
than had been possible on previous 
cord type switchboards. 
From all these changes it was pos­ 

sible to design a sheet steel console 
of much simplified construction, which 
allowed all of the requirements listed 
above to be met, and at the same time 
allowed flexibility in selecting a pleas­ 
ing shape. 
At this stage, many freehold sket­ 

ches were made of possible shapes to 
accommodate the equipment. Each of 
these sketches was examined against 
the following criteria: 

{a) Could it be readily manufac­ 
tured without expensive tooling? 

(b) Could it be installed with mini­ 
mum work? 

(c) Did it provide ready access for 
maintenance of the equipment? 

(d) Was it a pleasant shape which 
provided operator comfort? 

In regard to this latter quality, re­ 
ference was made to British Standard 
Specifications 3044, 3079 and 3404, 
which cover the Anatomical, Physio­ 
logical and Anthropometric Principles 
in the Design of office Chairs and 
Tables, and office Machine operators' 
Chairs and Desks, and to design infor­ 
mation provided by the Bell Telephone 
Company. (Ref. 3.) (See Fig. 2.) 
A design was selected from all this 

information and a full-size rough pro- 
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Fig. 2 - Bell Laboratories Switchboard Operator Dimensions, 

totype shell of the proposed shape 
made for showing to the user divi­ 
sions of the Department. 

Facing Materials. 
At this stage, available facing ma­ 

terials were examined. The require­ 
ments were for materials which had 
the following qualities:- 

(a) A non-reflective, durable warm­ 
to-touch material for the key­ 
shelf, which would not mark 
with ball point pen ink, and 
provide a pleasant colour 
scheme. 

Cb) A durable coating for the sheet 
metal carcase, which was avail­ 
able in a suitable range of 
colours and could be cleaned 
with normal cleaning materials 
and easily replaced if damaged. 

Keyshelf. 
The material selected to satisfy the 

requirement for the keyshelf was an 
¼in. A.B.S. plastic sheeting with a 
micro-cell finish. The A.B.S. is a 
tough material which can be formed 
to shape with heat. The colour' 
selected was a grey-green to match 
the present telephone instrument. 
As there are limitations in the types 

of adhesive for use with A.B.S. plastic, 
fixing of this material to the steel 
sheeting was done by counterboring 
the rear face of the panel, and attach­ 
ing metal-thread screws as studs by 
means of an A.B.S. adhesive between 
an A.B.S. washer and the panel. (See 
Fig. 3.) This allows removal or refit­ 
ting of the A.B.S. during manufacture 
or if necessary, during reconditioning, 
and avoids the use of screw heads on 
the outer surface. 

-It GREEN A.B.S. PLASTICs:\ 

Fig. 3 - Method of Fixing Studs to 
Rear of ABS Keyshelf Panel. 

The micro-cell finish on the face of 
the A.B.S. sheeting greatly reduces 
glare, whilst providing a reasonably 
smooth writing surface for dockets. 

Carcase. 
P.V.C. wall fabric was selected for 

coating the steel carcase, in preference 
to the use of pre-coated steel sheet, 
for several reasons: 

(a) It is not possible to easily 
repair damage to the pre-coated 
steel arising from cuts and 
burns. 

(b) The range of colours and 
finishes of pre-coated steel is 
limited, whereas an extensive 
range of colours and surface 
textures is available in wall 
fabrics. 

(c) Manufacture with pre-coated 
steel is complicated by diffi­ 
culties in covering cut edges of 
the metal, particularly at cor­ 
ners, in spot welding from one 
sidej in handling throughout the 
cutting and folding work, and 
in using heavier gauges of metal 
where extra strength is re­ 
quired. 

(d) Recoating the switchboard car­ 
cases in situ in the field when 

LEWIS - Switchboard Console Design 
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damage or wear occurs, is not 
possible with pre-coated steel. 

The material selected for the pro­ 
totype and later used in production, 
is a 'tawny biege' wall fabric with a 
coarse textured finish. This material 
can be cleaned with a soapy damp 
cloth, and is readily fixed with con­ 
tact adhesives provided a suitable 
priming coat is applied to the steel. 
The design of the metal work and 

assembly of the carcase is such that 
the frame can be recoated in the field 
if damage or wear occurs. 

Preparation of Full-size Model. 
Before proceeding to construct and 

equip a prototype switchboard a full­ 
size model o,f the carcase was made 
to demonstrate to the user group the 
shape of the proposed switchboard, its 
general appearance, and its functions 
from the operator's viewpoint. This 
was considered an essential operation 
if the switchboard is to fulfil the 
needs of the user. 

Several small amendments were 
proposed to the model by the operat­ 
ing staff, which improved access to 
the multiple, and layout of the key­ 
shelf controls. 

The 'index' for use with these 
switchboards was discussed also with 
the user group at this stage. As a re­ 
sult it was possible to design a built­ 
in Index unit of neat appearance. The 
cards are enclosed in clear plastic en, 
velopes, which act as leaves of the 
index. The insert of the index unit is 
removable from the main body and 
any plastic leaf can then be changed. 
In service, spare index inserts will be 
provided, which will allow an instant 
change-over when an amendment to 
the index is necessary. The index 
unit also includes, a small compart­ 
ment for housing personal belongings 
of the operator. 
DESIGN AND CONS'IBUCTION OF 

PROTOTYPE. 
Having set the basic shape of the 

switchboard, materials of construction 
and operating layout, the next step 
was to design the technical construc­ 
tion to provide: 

(a) Requirements for easy installa­ 
tion; 

(b) Requirements for maintenance 
of equipment; 

(c) Method of manufacture to mini­ 
mise cost, ensure durability, 
provide good appearance, and to 
make the switchboard conve­ 
nient to operate. 

INSTALLATION FEATURES. 
The carcase is a modular unit which 

may be bolted together to form a 
suite of any length. Bolts are passed 
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Fig. 4 - Profile of Typical Suite of Switchboards. 

through matching holes in the flanges 
of each end of the frame. 
Each carcase is screwed to the floor 

by two bolts through each leg portion. 
Adjustment for irregularities in the 
floor level are accommodated by 1/16 
in. packing plates. Modified carcases 
without equipment are used as end 
sections to complete the leg structure 
of the outer operating positions, pro­ 
vide a location for miscellaneous 
testing and switching devices, and a 
termination for the free end of the 
cabling, which may be used for future 
extensions (Fig. 4). 
Previous cord type trunk switch­ 

boards have approached nightmare 
proportions in installation as well as 
maintenance, due to their cabling 
methods. Without change from the 
former methods of suspending cables 
across the rear of the multiple and 
terminating directly on the jacks· and 
lamps, this switchboard would have 
been very difficult to wire. This 

increase in difficulty was due to the 
use of six - conductor jacks and the 
smaller size of both the jack and lamp 
strips. These are of German origin. 
The jack is mounted on its strip by a 
single screw and is very quickly re­ 
moved for replacement and is very 
accessible for cleaning and adjustment. 
A special clamp screw was designed 

to hold the strip in position. This 
screw is fitted into a tubular guide 
which extends beyond the rear of the 
jack or strip, making it very easy to 
remove the jack or lamp strip, to 
which it is common. (See Fig. 5.) 

The answer to the cabling problem 
was to install two cabling ducts in the 
switchboard which transversed each 
position and carried the cable from the 
entry end to the far position of the 
suite. Across the top of these ducts 
were fitted 40 Ericsson SO-point knife 
jacks and the multipling is done on 
the rear of these jacks inside the ca:ble 
duct (Fig. 6). 

Fig. 5 - Method of Securing Jack Lamp Strips. 

Fig. 6 - Cable Ducts and Method of Multipling. 
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Fig. 7 - Line Unit for Connecting Cabling to Switchboard Face. 

Eighty-wire cables are used so that 
each cable is terminated on a separate 
Ericsson jack. The wiring to the 
multiple on the face of the switchboard 
is completed by a removable line unit 
consisting of one lamp strip and one 
jack strip to provide ten lines (Fig. 7). 
The advantages of using such a line 

unit are: 
(a) They can be fitted as extensions 

are required. Actually, new 
circuits can be added in a few 
minutes by removing the two 
clamp screws to release the 1 in. 
dummy strip, substituting the 
line unit, replacing the clamp 
screws and plugging the 80- 
point Ericsson plug into the 
jack on the cable duct. 

(b) They provide ready access to 
the rear of the jacks and lamp 
sockets as. the flexes are well 
spaced and can be moved aside. 

(c) They can be quickly replaced 

UNDER FLOOR M!s:THOD 

(a) 

if faulty, without any unsolder­ 
ing. 

( d) Alternatively, they allow quick 
removal of the jack or lamp 
strip for cleaning or minor 
maintenance. 

The cable entry illustrated in Fig. 8 
(a) is the tidiest method of introducing 
the cabling into the suite. Approxi­ 
mately 10,000 wires in S0•wire cables 
may be brought up through any leg 
assembly (two half legs). The inner 
side of the leg may be removed to 
assist feeding cable through the leg. 
When entry through an adjacent 

wall is required, the method in Fig. 8 
~b) is to be used, while the method in 
Fig. 8 (c) provides for overhead entry. 
The whole keyshelf unit may be fitted 

after the carcase has been installed and 
wired. Likewise it can be removed 
quickly from the switchboard if it is 
necessary to do major maintenance 
work (see Fig. 9). This is achieved 

(b) 
Fig. 8 - Methods of Cable Entry. 

(c) 

Fig. 9 - Keyshelf Removed from Switchboard. 

by using three SO-point Ericsson jacks 
and plugs on the cable trough to con­ 
nect the keyshelf wiring, and three 
Painton jacks and plugs on the rear 
of the keyshelf to connect to miscel­ 
laneous wiring on the carcase to the 
keyshelf. The keyshelf is attached 
to the carcase by 13 hinge screws and 
the two staybracket bolts. 

Minor maintenance is done by lift­ 
ing the keyshelf and swinging it for­ 
ward on its hinged front edge. 

Cord retraction units and timers are 
connected to the rear of the keyshelf 
by jacks and plugs, and may be re­ 
moved by either unlatching in the case 
of the cord units, or unscrewing three 
screws to release the timers. 
All keys and lamps are mounted on 

sub-assembly plates fitted with pillar 
screws to provide easy and quick re­ 
moval, if necessary. All components 
are spaced so that ready access is 
provided to the springsets for cleaning 
or adjustment. 

Some compromise was necessary in 
the type of pushbutton key used as 
unfortunately the range of available 
commercial keys of a durable but 
economical nature was limited. It is 
hoped that a more suitable key is 
available for future production and 
that it is a combined key and lamp 
with adequate facilities and a good 
light output. 
An interesting docket clip was de­ 

veloped for the writing area of the 
keyshelf. Previous switchboards have 
been fitted with metal clips which re­ 
quire two hands to fit the docket and 
which are rather unsightly. On the 
new switchboard the writing area is 
slightly lower than the equipment 
area, and at a point of meeting, a strip 
of artificial sealskin is fitted under 
the overlap (Fig. 10). Dockets are 
easily pushed forward with one hand 
into the slot formed by the overhang, 
and are held by the bias. of the seal­ 
skin. 

1" r- GREEN A.B.S. PLASTIC fDOCKET 
8 1I/ 

/l6GAP 
---;c_ - 

Fig. 1 O - Method of Holding Dockets 
in Keyshelf. 

The telephonist's phone jacks are 
recessed into the front of the key­ 
shelf to reduce the possibility of dam­ 
age to the plug if it protruded fully, 
and was bumped by brushing against 
it. Guide bushes are provided to 
assist entry of the plug, and a suffi­ 
cient length of the plug protrudes to 
allow removal without pulling on the 
cord. 

LEWIS - Switchboard Console Design 
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MAINTENANCE FEATURES. 
All of the equipment has been se­ 

lected with a view to minimum main­ 
tenance, and the methods of mounting 
the equipment have been designed to 
give good access for cleaning and ad­ 
justment of the components, and quick 
removal when replacement is required. 
The items on which maintenance 

will be necessary due to normal wear 
are: 

~a) Jacks and lamp sockets in the 
multiple; 

(b) The lamps; 
(c) The keys on the keyshelf; 
(d) The cords; 
(e) The timeclocks. 
The jack and lamp sockets on the 

multiple may be removed as a unit by 
unplugging the Ericsson jack from the 
cable trough, and releasing the four 
special clamp screws which secure 
them to the panel. Therefore the 
jacks and lamps for a whole row of 
ten lines can be replaced in a few 
minutes. Alternatively, after remov­ 
ing two clamp screws, either the jack 
or lamp strip can be released and 
withdrawn sufficiently to clean 
springs, or if necessary to completely 
remove any individual jack or lamp 
socket by release of a single mounting 
screw. 
All lamps are replaced from the 

front of the switchboard after removal 
of the lamp caps in the case of the 
keyshelf, or by sliding the designa­ 
tion strips aside on the multiple lamp 
strip. 
Access to all of the equipment on 

the keyshelf is obtained by swinging 
the keyshelf to the vertical position, 
where it is held by lid stays. 

Sufficient spacing has been provided 
between keys to allow cleaning or 
adjustment of springs. The keys are 
mounted in small groups on sub­ 
assembly plates which may be removed 
quickly after undoing either two or 
four pillar screws. 

The cord and its retraction unit are 
mounted on a bracket with a quick 
release clip (Fig. 11). After unplug­ 
ging the Painton plug on the output 
side from the keyshelf, the complete 
assembly may be removed. Replace­ 
ment of a cord unit is completed in 
less than two minutes. 
No major maintenance is expected 

on the mechanism of the cord retrac­ 
tion unit. A very cunning method 
of avoiding a commutator is used on 
the cable drum. A flat plastic strip 
with six conductors embedded in it 
is coiled contrawise to the cord in 
an adjacent compartment. The outer 
end is connected to the cord and the 
other to fixed terminals on the shaft. 
As the drum rotates the plastic strip 
uncoils. 
LEWIS - Switchboard Console Design 

~,, e,,,, 
Fig. 11 - Cord Retraction Unit Assem-bly, 

A similar arrangement applies to the 
time clocks, except that a Jones plug 
is used to terminate the cord and it is 
necessary to remove three mounting 
screws to release the clock. 

The complete keyshelf may be re­ 
placed in a few minutes, as described 
earlier in this article, if major main­ 
tenance is necessary. 

COST, DURABILITY, APPEARANCE 
AND OPERATING ASPECTS. 

The major portion of costs of this 
switchboard is related to the equip­ 
ment. 

The metal chassisless type of con­ 
struction used for the carcase is. one 
of the most economical forms of manu­ 
facture, which at the same time allows 
flexibility in shaping and finishing. 
The sheet metal can be formed on 
conventional machines and spot or arc 
welded. 
The A.B.S. sheet plastic used on 

the keyshelf is easily machined or 
formed to shape by heat, and its tough­ 
ness prevents chipping or cracking. In 
regard to life cost, it is probably as 
economical a finish as could be pro­ 
vided for a durable, colour-fast and 
easily-cleaned result. 
A stainless steel foot is fitted at the 

bottom of each leg. This provides 
an attractive finish, as well as a 
durable area to withstand floor clean­ 
ing fluids or knocks from floor-clean­ 
ing tools. 

The appearance is pleasant and the 
open construction of the leg area and 
the low overall height, provide a spa­ 
cious and comfortable result. 
The colour scheme used on the ini­ 

tial installations has been a tawny 
biege for the covering fabric and a 
grey-green for the keyshelf. These 
colours could be varied as required 
within the available commercial range, 
which in the case of fabrics is very 
extensive. The A.B.S. is available in 
several other colours, 
There is scope for further improve­ 

ments in future cord type switchboards. 
The switching keys used on the key­ 
shelf are robust and will give good 
service; however, they do not include 

a lamp in the knob and the separate 
lamp fitting designed to match does 
not provide the illumination sought. 
This is probably the point at which a 
major improvement can be made, as at 
present no robust illuminated switch­ 
ing key is available at reasonable cost, 
which has both the required brightness 
and switching facilities. 

AUXILIARY EQUIPMENT. 
Associated with the operator's suite, 

monitor's, supervisor's and special ser­ 
vices ( concentration) tables were re­ 
quired. These were designed to 
match, as far as possible, the general 
appearance and finish of the operator's 
position (see Figs. 1, 2 and 3 of Ref. 
2). 
Features in the design of these units 

which are of interest are: 
(a) Erga type switching keys; 
(b) Non-reflective glass notice plate; 
(c) Coating of the metal legs of the 

tables. 
The Erga keys provide a good illu­ 

mination and overcome the difficulty 
mentioned previously; however, they 
are not available in a latching type 
and could not be used in the opera­ 
tor's consoles without major change 
in the circuitry. 
The caps of these keys provide for 

the insertion of loose colour and 
designation screens in either of two 
compartments, which are illuminated 
by separate lamps. Designations can 
be made by cutting photographic nega­ 
tives of pre-printed designations into 
the required sizes. Colour screens 
are cut from thin flat plastic sheets. 
Access to the keys for maintenance 

is by inverting the switchboard unit, 
or in the monitor's switchboard, by 
removing the top cover. The keys are 
removed in banks by unscrewing 
mounting screws. 
Non-reflective glass notice plates 

are used for the writing area on the 
supervisor's and special service tables. 
Thin non-reflective glass used for 
picture framing forms the upper sur­ 
face and fixed to it with a plastic 
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laminate is a 32 oz. plate glass. This 
is inset into the table to finish flush 
with the surface and form a shatter­ 
resistant, low reflective window for 
notices. 

The tubular steel table frame and 
legs are coated with a baked epoxy­ 
resin black enamel. Consideration 
was given to using a dip-coated nylon 
finish, but the size of the table pre­ 
cluded application. Both of these 
finishes provide a very tough and 
durable surface, which will withstand 
abrasion, chipping and cleaning pro­ 
cesses very satisfactorily. 
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TECHNICAL NEWS ITEM 
INTERNATIONAL WORKING PARTY 

TO STUDY USE OF 
GEO-STATIONARY SATELLITE 

ORBIT 

At its recent Interim Meeting in 
Geneva, Study Group IV of C.C.I.R. 
(International Radio Consultative 
Committee) passed a resolution to 
set up an International Working Party 
to study the use of the geo-stationary 
satellite orbit. The Working Party 
is to be comprised of one member 
from each of the Administrations of 
Australia, Canada, France, Federal 
Republic of Germany, Japan, Poland, 
United Kingdom, U.S.A., and U.S.S.R., 
together with the Chairman of Study 
Group IV. The U.K. is to provide the 
Chairmanship of the International 
Working Party. 

The C.C.I.R. is an organ of the 
International Telecommunications 
Union and deals with its work in four­ 
teen Study Groups. Study Group IV 
studies technical questions and makes 
recommendations and reports on 
Space Systems and Radio-Astronomy; 

the Australian representatives at the 
recent meeting were Messrs. E. R. 
Craig (Australian Post Office) and 
N. S. Feltscheer (Overseas Telecom­ 
munication Commission). An import­ 
ant part of the work of the Study 
Group concerns communication satel­ 
lite systems. 
With only a few exceptions, com­ 

munication satellites now use the geo­ 
stationary (or synchronous) satellite 
orbit. This particular orbit is at an 
altitude of 22,300 miles, and because 
it can accommodate only a finite 
number of satellites sharing the same 
frequency bands, it has been likened 
to a natural resource such as iron 
ore, oil or the radio frequency spect­ 
rum. Thus a study programme to con­ 
sider the technical factors influencing 
the efficiency of use of this orbit has 
been prepared. Some of these factors 
are: 
• The tolerable levels of interference 
noise in different communication­ 
satellite systems; 

• The apportionment of thermal, 

interference and intermodulation 
noise; 

• The radiation patterns of the earth 
station and satellite antennae; 

• The difference in the values of 
radiated power used on the one 
hand by different earth stations 
and on the other by different com­ 
munication-satellites; 

• The required protection ratios re­ 
sulting from the various baseband 
processing and modulation techni­ 
ques; 

• Factors affecting the multiple use 
of the same frequencies within a 
single communication-satellite; 

• Errors in communication-satellite 
position and attitude; 

• Polarisation discrimination. 
The object of the Study Programme 

is to establish criteria to provide for 
the orderly development and most 
effective use of the orbit. At the 
meeting, it was recognised that this 
study is of some urgency because of 
the World Administrative Radio Con­ 
ference (Space) now planned for late 
1970 or early 1971. 

LEWIS - Switchboard Console Design 
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THE VICTORIAN STATE DISASTER PLAN 
INTRODUCTION. 

The Dandenong Ranges bushfire of 
January, 1962, which caused serious 
loss of property and endangered the 
lives of many persons, showed very 
clearly a lack of co-ordination of 
effort between the various bodies re­ 
sponsible for fighting the fires and 
those who gave and offered assistance 
and support. Volunteer fire fighters 
were not organised or employed effi­ 
ciently, there was no traffic control 
plan to prevent sighteers causing traf­ 
fic congestion, and there was a serious 
communication problem due to conges­ 
tion of both radio frequencies and the 
public telephone network. 
As a direct result of these experi­ 

ences, a meeting of representatives of 
all organisations involved directly or 
indirectly in combating disasters in 
Victoria was called. Naturally, most 
of these· organisations were State Go­ 
vernment Departments or Instrumen­ 
talities, including: 
Victoria Police, 
Country Fire Authority, 
Forests Commission, 
Victorian Hospitals and Charities 

Commission, 
Australian Red Cross, 
Melbourne Harbour Trust. 
Also invited to participate were re­ 

presentatives of the Armed Services, 
Department of Civil Aviation and the 
Post Office. 
Each organisation was requested to 

formulate a plan to become its part 
of an overall co-ordinated plan to com­ 
bat natural disasters. From these the 
Victorian State Plan was developed. 

OUTLINE OF ORGANISATION. 
The Chief Commissioner of Police 

was appointed as Co-ordinator of the 
State Disaster Plan. To assist the Co­ 
ordinator, a number of Chiefs of Divi­ 
sions has been appointed. The vari­ 
ous divisions include: 

Operations, 
Police, 
Medical, 
Equipment, 
Transport, 
Communications, 
Welfare. 

The Operations Division in a par­ 
ticular disaster is the authority pri­ 
marily responsible for combating the 
disaster. In the case of fire it is the 
Country Fire Authority, the Forests 
Commission, or the Metropolitan Fire 
Brigade; in the case of flood or 
serious accident, it is the Police De­ 
partment. 

* Mr. Hosking is Supervising Engineer, Coun­ 
try Branch, Victoria. 

HOSKING - Victorian Disaster Plan 

The function of the other divisions 
is to provide support to the Opera­ 
tions Division in combating a disaster. 
It is specifically intended that the 
supporting organisations should not 
interfere in any way with the normal 
responsibilities of the operating au­ 
thority. 
The Communications Division is the 

responsibility of the Post Office and its 
main tasks are: 

(i) Co-ordinating the communica­ 
tions of all authorities in­ 
volved in the operations; 

(ii) Providing the additional com­ 
munications required for the 
efficient co-ordination of the 
operation. 

The initial concept of the Plan was 
based largely around a disaster within 
the metropolitan area of Melbourne or 
the outer metropolitan area, such that 
the support assistance would come 
from the considerable resources of the 
metropolitan area. 
The Plan visualises the need to deal 

with disasters of varying degrees of 
seriousness. These are classified as 
follows: 
Stage 1.-Minor disasters which do not 

require special co-ordination 
of assistance and are dealt 
with by the appropriate au­ 
thorities, e.g., motor car acci­ 
dents (Police) and building 
fires (Fire Brigade). 

Stage 2.-More serious disasters which 
can be dealt with by co­ 
ordinated action at a local 
level, without the need for 
assistance from beyond the 
local area. 

Stage 3.-Serious disasters which can­ 
not be handled at the local 
level and for which major 
assistance is required. 

Under Stage 2 disaster conditions a 
headquarters designated the Disaster 
Area headquarters is established. At 
this headquarters there is a senior 
Police officer acting as Co-ordinator, 
a senior officer of the operating au­ 
thority in charge of combating the 
disaster, and representatives of the 
participating supporting divisions, in­ 
cluding always a representative of the 
Post Office. 

In this case requests for support 
assistance are arranged through the 
Police Co-ordinator by the local repre­ 
sentatives. 
When the disaster extends to the 

point where it is -beyond the resources 
of the local area, the Police Commis­ 
sioner declares it a Stage 3 disaster. 
A Co-ordination H.Q. is then estab­ 
lished at Police H.Q. in Melbourne. 

C. H. HOSKING, B.Sc., M.I.E. Aust.* 

This headquarters is staffed by 
Liaison Officers appointed by each of 
the Divisions involved in the co­ 
ordinated operation. Requests for 
assistance are transmitted to Co­ 
ordination H.Q. from the Disaster Area 
H.Q., and the appropriate Liaison 
Officer arranges the required assist­ 
ance. 

If necessary, an Assembly Area is 
established in one of the outer suburbs 
of Melbourne, where support such as 
volunteer f.ire fighters and additional 
equipment is assembled and directed 
into the disaster area. This is to avoid 
large numbers of uncontrolled groups 
travelling into the disaster area having 
difficulty in reaching the correct loca­ 
tion and producing traffic congestion. 

COMMUNICATIONS. 
Adequate communications are essen­ 

tial for a combined operation of this 
type. The Communications Division 
(Post Office) provides a network of 
direct land lines between the various 
headquarters for the co-ordination of 
the combined operation. The exact 
arrangement depends on the particular 
circumstances applying in the disaster, 
but Fig. 1 represents the communica­ 
tion diagram intended for use in a 
Stage 3 disaster on the outskirts of 
Melbourne. The Police Department 
also establishes radio telephone links 
between Co-ordination H.Q., Assembly 
Area and Disaster H.Q. 
Because of the importance of ade­ 

quate land line communication the 
State Disaster Plan requires that head­ 
quarters locations are selected always 
in consultation with the local Divi­ 
sional Engineer. 
Forward of Disaster Area H.Q. gene­ 

rally mobile radio communication is 
used by the Police, the operating au­ 
thorities such as the Country Fire 
Authority (C.F.A.) and Forests Com­ 
mission. 

Often there is a deficiency in the 
communications of one of the partici­ 
pating organisations which can best be 
satisfied by radio. To help overcome 
these deficiencies, the Post Office has 
been offered assistance by the W.I.A. 
and the R.A.C.V. 
W.I.A. has formed its own emer­ 

gency organisation entitled Wireless 
Institute Civil Emergency Network 
(W.I.C.E.N.). W.I.C.E.N. operates 
specifically under the control of the 
Post Office. It comprises a group of 
well-disciplined radio amateurs who 
provide and maintain their own equip­ 
ment. They are able to provide a 
very wide range of communication 
facilities, from a local network of 
mobile services to long distance point 
to point links. 
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The R.A.C.V. has a number of patrol 
vehicles equipped with two-way radio 
which they will make available during 
emergencies at a request from the 
Post Office. They have their own 
mobile base stations and portable aerial 
mast, so they can establish a network 
in any area. Being skilled mechanics 
the R.A.C.V. patrol men are able to fill 
a dual role in emergencies. 
The Department has strongly advo­ 

cated direct land line telephone com­ 
munication for co-ordination and con­ 
trol purposes in emergencies, whilst 
recognising the place for mobile radio 
telephone communication. Radio 
communication is most suitable and 
in fact the only practicable means of 
communication in forward areas in 
fire fighting where units in communi­ 
cation are on the move. However, 
from main headquarters, which are 
reasonably fixed, rearwards, direct 
land line telephone links offer the 
most reliable and convenient commu­ 
nication, without the problem of inter­ 
ference or congestion which can be 
experienced with radio and without 
the problem of congestion which could 
be encountered on the public telephone 
network. 

THE PLAN IN ACTION. 
The first test of the State Disaster 

plan came in Feb. - March 1965, when 
serious bushfires developed in the 
forests of East Gippsland and threat­ 
ened the townships to the south of 

VALENCIA CREEK 

~ 
HALL 

the forest areas. These fires remained 
a serious threat for a period of nearly 
three weeks until rain finally put them 
out. The locality of these fires is 
shown in Fig. 2 with the areas affect­ 
ed by fires shaded. During this time 
the fires were fought by fire fighting 
crews brought from all areas of the 
State by the C.F.A. and the Forests 
Commission, and by Army units and 
State Electricity Commission fire 
protection units from the nearby La­ 
trobe Valley. 

The fire fighting operations were 
co-ordinated and supported fr.om head­ 
quarters, firstly at Lucknow, near 
Bairnsdale, and then later at Bruthen, 
further to the east. The Police and 
Post Office were actively engaged in 
the support operations. A comprehen­ 
sive network of direct telephone lines 
was provided between the main head­ 
quarters and the many sector head­ 
quarters. nearer the fire fronts. Direct 
lines were also provided from the field 
headquarters back to police headquar­ 
ters in Melbourne, and to C.F.A head­ 
quarters in Melbourne. (See Fig. 3.) 

The fires, which spread over a large 
area, on a number of occasions and in 
many places threatened, and in some 
instances interrupted, the Post Office 
aerial trunk routes. The district lines 
staff were, however, mobilised for in­ 
stant action and as a result no major 
route was completely interrupted for 
more than three hours, although two 
minor routes were out of order for 

longer periods because fires made it 
unsafe to enter the area early. 
Nevertheless, to guard against the 

possibility of major and long-term in­ 
terruption to some of the more remote 
localities, the W.I.C.E.N. was asked 
to provide radio links to these locali­ 
ties. W.I.C.E.N. mobile units were 
also used to assist in fire spotting for 
the fire fighting authorities. 

The R.A.C.V. also provided a num­ 
ber of patrol vehicles with mobile 
radio and with their own base station. 
These vehicles patrolled the roads 
carrying out emergency mechanical 
repairs to fire fighting vehicles, and at 
the same time radioing back advice to 
headquarters of locations where re­ 
sidual fires were menacing poles on 
the trunk routes, thus enabling prompt 
action to protect these routes. They 
were also used to pass messages. be­ 
tween the fire headquarters and im­ 
portant outposts where normal land 
line communication was not readily 
provided. 

REGIONAL FIRE CO-ORDINATING 
COMMITTEES. 

There is no doubt that the applica­ 
tion of the principles of the State 
Disaster Plan played a major part in 
preventing a tragedy in East Gipps­ 
land in 1965. However, although no 
lives were lost, considerable property 
damage was done and the State Go­ 
vernment called a conference of all 
organisations to consider what action 
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was required to further improve the 
organisation for preventing the de­ 
velopment of major bushfires and for 
suppressing the fires that do occur. 

One important result of this confer­ 
ence was that the Post Office under­ 
took to investigate the radio commu­ 
nication requirements of the Rural Fire 
Brigades and to advise on the best 
means of satisrfying these requirements. 
This investigation and the recommen­ 
dations are not appropriate to this 
article. 
The other important decision of this 

conference was that the State Disaster 
Plan should be supplemented by the 
establishment of Regional Fire Co­ 
ordinating Committees. These com­ 
mittees have been set up in each Coun­ 
try Fire Authority Region (which was 
mutually agreed upon as the most 
convenient unit) and comprise repre­ 
sentatives of the folio-wing organisa­ 
tions: 

Police, 
Country Fire Authority, 
Forests Commission, 
Post Office, 
Rural Fire Brigades' Association*, 
Urban Fire Brigades' Assocation*. 

*These Associations represent the 
volunteer fire fighters .. 
The representatives are senior offi­ 

cers of these organisations, with 
executive authority in their areas so 
that the committees can be really 
effective. 

The functions of the committees are 
to pre-plan and provide support in fire 
prevention and suppression operations 
and to act as a regional co-ordinating 
committee within the State Disaster 
Plan in respect of fire emergencies. 
The Police representative on the Com­ 
mittee is the Regional Co-ordinator. 
The Post Office representative is the 

Divisional Engineer for the area con­ 
cerned. These committees have been 
most valuable from the point of view 
of the Post Office's involvement in the 

State Disaster Plan, as Divisional En­ 
gineers have been able to have 
probable disaster areas or operational 
headquarters pre-selected and have 
over a period been able to take advan­ 
tage of any opportunity to pre-wire 
these headquarters, or at least plan the 
provision of telephone facilities so 
that in an emergency there will be no 
delay in their provision. 
Apart from the actual pre-planning 

performed by these Committees, they 
have been extremely valuable in that 
they have brought together in rela­ 
tively close relationship the people 
in the area mainly concerned with 
combating bushfires. The personal 
relationships thus established are of 
inestimable value in dealing with 
emergency situations. 
The Post Office has established the 

means of rapidly providing the land 
line communications required under 
disaster situations. At the Melbourne 
Trunk Terminal a patch panel has been 
set up with access to trunk lines to 
all parts of the State, to the junction 
network of the metropolitan area and 
to a number of lines terminating on 
magneto telephones at Police head­ 
quarters, Country Fire Authority head­ 
quarters, and at Forests Commission 
headquarters. In most country areas 
and particularly in the areas most 
subject to bushf'ires, public halls and 
other suitable buildings determined by 
the local Regional Fire Co-ordinating 
Committee, as likely to be used as 
field headquarters, have been pre­ 
wired and action taken to ensure the 
availability of adequate cable pairs. 
Thus when a landline is required 

between a field headquarters estab­ 
lished in a pre-selected building and 
one of the Melbourne headquarters 
the land line can be installed within 
a minimum space of time. 

Since the Gippsland fires in 1965 all 
bushfires in Victoria beyond the capa- 

city of local brigades have been 
brought under control from field head­ 
quarters, which co-ordinate the bri­ 
gades brought in from other parts of 
the State. A field headquarters is 
controlled by a Senior C.F.A. officer 
working with the local Police Co­ 
ordinator, who arranges and co-ordi­ 
nates the locally provided support to 
the fire fighting forces. Normally land 
lines are provided between the field 
headquarters and C.F.A. headquarters 
in Melbourne, and sometimes Forests 
Commission or Police H.Q. in Mel­ 
bourne, in addition to lines between 
key local offices. 
The establishment of the Co-ordina­ 

tion Headquarters at Police H.Q. in 
Melbourne to arrange and co-ordinate 
support from the metropolitan area 
has not been necessary during this 
period even during the potentially 
dangerous fires which occurred in the 
near metropolitan Dandenong Ranges 
early in 1968. 

CONCLUSION. 

The Victorian State Disaster Plan has 
successfully achieved close co-opera­ 
tion along mutually acceptable lines 
between organisations whose interests 
are normally quite varied, so that the 
means of controlling disasters can be 
pre-planned and executed in the most 
effective manner. The bushfires 
which have occurred in Victoria since 
1962 have, it is believed, been pre­ 
vented from assuming disaster pro­ 
portions only because of effectiveness 
of this Plan. 

The Post Office in Victoria has 
played an active role in the develop­ 
ment orf the Plan and willingly partici­ 
pates in its operation because of its 
appreciation of its responsibility to 
assist in the protection of the commu­ 
nity in general, and also because of 
concern for the security of its own 
staff, property and plant. 

HOSKING - Victorian Disaster Plan 
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MELBOURNE-KYNETON COAXIAL CABLE TRANSISTORISED 
LINE EQUIPMENT L. A. WHITE, M.l.E. Aust.* 

INTRODUCTION 
The completion of the Melbourne­ 

Kyneton coaxial cable system marks 
the first stage in the provision of an 
important broadband route in the 
Australian trunk network. Existing 
and proposed coaxial cable routes in 
Victoria as at 1968 are shown in Fig. 1. 
A 4 tube coaxial cable of 0.375 ins. 
internal diameter has been laid be­ 
tween Melbourne and Kyneton and 
extension of this cable to Castlemaine 
and Bendigo will take place during 
1969 with further extension to Echuca 
in 1970/71. The completion of the first 
stage of this broadband route to 
Kyneton was necessary to provide 
sufficient trunk channels for S.T.D. 
and operator use required at the cut­ 
over of Kyneton Automatic telephone 
network in September, 1968. Extension 
to Bendigo will provide the required 
Castlemaine-Melbourne trunk relief 
and a completely independent altern­ 
ate broadband route to Bendigo and 
Ballarat from Melbourne. Future 
alternate routing from Melbourne to 
Adelaide via Mildura and to Sydney 
via Echuca will be provided on this 
coaxial cable broadband route. 
* Mr. White is Engineer Class 3, Country Equip­ 
ment Installation, Victoria. 

This article describes the line equip­ 
ment installed on the Melbourne­ 
Kyneton coaxial cable broadband 
route. This equipment is the first 
fully transistorised system of German 
manufacture to be installed in Aus­ 
tralia using temperature controlled 
level regulation of underground re­ 
peaters. The advent of this transistor­ 
ised equipment has introduced new 
techniques for accommodating the 
dependent power fed repeaters in 
sealed metal containers located under­ 
ground in manholes. Economical ad­ 
vantages gained from installing trans­ 
istorised line equipment result from 
reduced initial capital costs, less space 
for equipment accommodation and 
considerably lower annual mainten­ 
ance charges. The development of 
transistorised amplifiers has also led 
to the adoption of new techniques in 
power feeding, level control and 
supervision. 

The carrier transmission equipment 
was supplied by Siemens Industries 
Ltd., and installation and lineup has 
been completed by the Australian Post 
Office. Expert assistance in lineup of 
the equipment has been provided to 
the A.P.O. staff by a Company 
Engineer. 

By using transistors in lieu of 
valves, only one supply voltage is re­ 
quired and a simple method of series 
feeding direct current power to the 
amplifiers of the coaxial repeater 
equipment is possible. This has re­ 
duced the number and size of com­ 
ponents in the intermediate repeaters 
to such an extent that the repeaters, 
including power supply, supervisory 
and pilot equipment, for both direc­ 
tions of transmission, can be accom­ 
modated in a small container of about 
half a cubic foot in volume. 

Siemens have developed under­ 
ground repeaters of uniform construc­ 
tion for the full range of coaxial 
high frequency bearers for 300 chan­ 
nels (60-1300kHz), 960 channels (60- 
4028kHz) and 2700 channels (300- 
12,000kHz). As all repeaters are of 
the same physical size, it is a simple 
matter to increase the channel cap­ 
acity on a route by adding an extra 
repeater with a wider bandwidth in 
the middle of each repeater section 
and changing the existing repeater for 
one with the wider bandwidth. Thus, 
by halving the repeater section length, 
the system bandwidth and hence 
channel capacity is tripled approxi­ 
mately in three possible stages. 
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and must be carried out from the 
remote power feeding station. The 
testing distance coincides with the 
power feeding section. 

Further details of these techniques 
will be described later in this article. 

PULSE SUPEFWISION 

D.C. FAULT. LOCALISATION 

[gj 4mHz TEMPERATURE CONTROLLED UNDERGROUND REPEATERS. 

-(r _PROVISION OF REPEATER HOUSINGS FOR ULTIMATE llml-lz WORKING. 

0 INTERMEDIATE FULLY CONTP.OLLED REPEATER. 

~ TERMINAL FULLY CONTROLLED STATIONS. 

Fig. 2 - Repeater Location Showing Power Feeding, Pulse Supervision anti D.C. 
Fault Localisation. 

ROUTE LAYOUT 
Fig. 2 shows the layout of the 

repeater equipment and associated 
power feeding and supervision of the 
Melbourne-Kyneton coaxial cable 
route. This route has been laid out 
and external plant provided for 
future 12MHz systems of 2,700 chan­ 
nel capacity by providing repeater 
housings at nominal spacings of 5,000 
yards with a tolerance of ± 75 yards. 
Initiaily, repeaters of 4MHz bandwidth 
for a 960 channel system have been 
installed in each alternate repeater 
housing, providing a repeater section 
of nominal length 10,000 yards. Four 
underground repeaters have been pro­ 
vided between the terminal at City 
West and the main dropout repeater 
station at Sunbury, with a further 
five repeaters between Sunbury and 
Kyneton. The repeater points adjacent 
to Sunbury on either side are both 4 
and 12MHz amplifying points. For the 
4MHz line equipment the short cable 
section length is compensated by ad­ 
justable building-out units located on 
the line amplifier rack at Sunbury. 
The development of a 4 tube coaxial 

route such as this Melbourne to 
Kyneton and Bendigo route, is envis­ 
aged to be: 
(a) Equip tubes 1 and 2 with repeat­ 

ers for a 4MHz system (960 
channels) at the outset; 

(b) two years before this initial cap­ 
acity is absorbed equip tubes 3 
and 4 for a 12MHz system (2,700 
channels) and recover the 4MHz 
system from tubes 1 and 2; 

(c) two years before the 2,700 chan­ 
nel capacity is absorbed equip 
tubes 1 and 2 with a 12MHz sys­ 
tem. 

By this means the line system starts 
off with 960 channels capacity and is 
capable of 6-fold increase to 5400 
channels before major works for 

augmentation of the route are neces­ 
sary. Of course, it is possible that by 
the time this expected development 
of the line system is completed, ad­ 
vances in technique will have intro­ 
duced new concepts in line trans­ 
mission. 
As shown in Fig. 2 the remote 

power feeding unit is located at City 
West, and power is fed to all under­ 
ground repeaters as far as the repeat­ 
er nearest to Kyneton. The power 
feeding by-passes Sunbury, and the 
line amplifier and channelling equip­ 
ment at Sunbury repeater station is 
powered locally from the station 50 
volt battery installation. The remote 
power feeding is by direct current of 
60 milliamps constant current regu­ 
lated, and is fed over a loop consist­ 
ing of the inner conductors of the co­ 
axial tubes which are used for the 
carrier transmission path. 
The pulse supervision and d.c. fault 

location provided with this Mel­ 
bourne-Kyneton system are new tech­ 
niques to our coaxial cable routes, 

GENERAL DESCRIPTION 
A coaxial cable system may be con­ 

sidered in two main categories; name­ 
ly the 'Line Equipment' which is 
associated with the coaxial tubes over 
the whole route to form a bearer cir­ 
cuit of large bandwidth, and 'Multi­ 
plex' equipment at the terminal and 
intermediate dropout stations which 
assembles the VF speech channels 
into appropriate form for transmission 
over the broadband circuit. 
The 'Multiplex' (F.D.M.) equipment 

comprises a series of modulation 
stages to form a line frequency band 
to a scheme recommended by the 
C.C.I.T.T. The modulation stages are: 
(a) Channel Modulation, which pro- 

duces 12-channel basic groups in 
the frequency band 60-108kHz, 

(b) Group Modulation, where a basic 
supergroup of 60 channels is 
formed in the frequency band of 
312-552kHz from five basic 
groups and 

(c) Supergroup Modulation, where 16 
basic supergroups are translated 
into a V960 line frequency band 
of 60-4028kHz. The frequency 
plan of the Siemens V960 tran­ 
sistorised line system is shown 
in Fig. 3. Also shown in Fig. 3 
are the line pilots of 4287 and 
60kHz; the main regulating pilot 
4287kHz is always provided while 
the 60kHz regulating pilot is re­ 
quired only for routes having 
more than 20 unattended repeat­ 
ers. The 60kHz pilot may be used 
also for frequency comparison 
along the route. The fault locat­ 
ing signal of 4660kHz lies above 
the line frequency band to allow 
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Fig. 3 - Line Frequency Allocation V960 System. 
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measurements on a working sys­ 
tem without interference to the 
transmission path. 

LINE EQUIPMENT 
The basic function of the line equip­ 

ment is to provide amplification and 
equalisation to compensate for the 
attenuation of the cable as closely 
as possible. Repeaters are inserted 
at regular distances along the route 
to recoup the cable attenuation losses, 
and enable satisfactory channel noise 
standards to be achieved. 

Basic thermal noise and intermodu­ 
lation noise together with the power 
handling capacity of the repeaters are 
the determining factors in the design 
of repeater section lengths and assoc­ 
iated line amplifiers. For a desired 
signal-to-noise ratio the signal input 
to the amplifier cannot be allowed to 
fall below a minimum level. Therefore 
the transmitting level of the system 
is one important consideration in 
obtaining the signal-to-noise ratio re­ 
quired for a coaxial cable system. The 
transmitting level must be adjusted 
taking the repeater section loss into 
account to ensure that the desired 
signal input voltage is produced at the 
input of the succeeding line amplifier. 
There is an irreducible noise power 
associated with a particular trans­ 
mission bandwidth, and the signal 
arriving at a repeater must not be al­ 
lowed to approach this level within 
the desired signal-to-noise ratio. 
Certain values of transmitted level 
and signal-to-noise ratios are required 
Ior di.rerent repeater spacings, and a 
curve can be prepared which shows 
an area where results near the opti­ 
mum can be obtained. Operation out­ 
side this area requires uneconomic 
power handling ability, or impossible 
noise and intermodulation perform­ 
ance. 
As shown in Fig. 4 the nominal 

repeater section required for the 
German designed amplifiers installed 
on the Melbourne-Kyneton route is 
9.3 ±0.2 kilometers based on a mean 
cable temperature of 10 degrees C 
(which gives an attenuation of 43.4 

WHITE - Melbourne-Kyneton Cable 

Controlled 

dB for the highest transmission fre­ 
quency of 4028kHz). This is slightly 
more than the A.P.O. nominal length 
of 10,000 yards (9.144km), but this 
is compensated in the adjustment 
tolerance in the underground repeat­ 
ers. Also, as the A.P.O. nominal length 
is based on a mean cable temperature 
of 15 degrees C, the nominal repeater 
section length at this temperature 
would be reduced by 1 % , which gives 
a length of approximately 9.2km. 
The nominal input and output levels 
of the amplifier are - 52.ldBm and - 
8.7dBm at the highest transmitted 
traffic frequency. 
The attenuation of a coaxial cable 

rises with the square root of the fre­ 
quency. It depends not only on the 
length of the line and frequency but 
also on the cable temperature. The 
variations in attenuation induced by 
temperature changes amount to 0.2 % 
per degree C, and act upon the atten­ 
uation in the same manner as varia­ 
tions in cable length. Coaxial cable 
systems with many repeaters in tan­ 
dem require automatic regulation of 
gain to compensate for the variation 
of attenuation due to temperature 
change. Each amplifier is designed to 
have an equalising characteristic to 
compensate as closely as possible for 

77° F 

50' 

22°c 

21° C 

20°c 

17°c 

a standard repeater length section, the 
repeater having a small range of ad­ 
justment to make the actual section 
length equal to the standard length 
at some standard temperature. 
Regulation of the signal levels at 

all frequencies is also necessary to 
maintain the repeater output within 
a small range, since excessive thermal 
noise results if the level drops too 
low, and non-linear distortion prod­ 
ucts cause noise if the level rises too 
high and overloads the amplifiers. 
Temperature Control of Underground 

Repeaters 
In these transistorised dependent 

repeaters, a simple method of level 
stabilisation has been adopted. The 
ambient temperature of the repeater 
directly controls the gain via a tem­ 
perature dependent resistance con­ 
nected in the equaliser circuit of the 
feedback path in the repeater, pro­ 
viding effective automatic level con­ 
trol. 
The accuracy of the temperature 

control action depends upon how 
closely the repeater temperature 
follows the cable temperature of the 
preceding cable section. Under­ 
ground cables are subject to the same 
temperature variations as the sur­ 
rounding soil and, as the temperature 
rises, the line attenuation increases. 
Similarly the line attenuation de­ 
creases as the temperature falls. 
Therefore, if repeaters can be accom­ 
modated underground at the same 
depth as the cables and isolated from 
the influence of external temperature, 
the repeater will follow the tempera­ 
ture variations of the cable. 
Fig. 5 shows the yearly variations 

of soil temperature at a depth of 4 
feet-these readings are the averages 
of readings taken in Melbourne by the 
Bureau of Meteorology, over a period 
of 80 years. During the course of a 
year the soil temperature varies in a 
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Fig. 6 - Temperature Measurements at a Typical Underground Repeater Site 
near Melbourne. 

cycle about a mean value of approxi­ 
mately 17 degrees C. Below about 3 
feet, the temperature is substantially 
independent of daily air temperature 
variations, and the temperature is 
primarily determined by the yearly 
climatic cycle. The maximum mean 
temperature is approximately 22 de­ 
grees C (72 degrees F) and occurs 
about mid-February, while the mini­ 
mum temperature is approximately 
13 degrees C (55 degrees F) and 
occurs early in August. 
The temperature underground at a 

depth of approximately 3 feet lags be­ 
hind the average surface temperature 
by about 2 weeks. Also, at a depth 
greater than 3 feet the temperature at 
a given point differs by not more than 
one or two degrees from the tempera­ 
ture occurring at a considerable dis­ 
tance away at the same depth in 
about the same type of soil; this 
means that the temperature variations 
at the repeater site are representative 
of the temperature variations over the 
preceding repeater section of approx. 
5.6 miles. 
This curve also represents the 

attenuation change of the coaxial 
cable route over a period of a year. 
The cable temperature coefficient as 
previously stated is 0.2 % per degree 
C. For the Melbourne-Kyneton route 
which is approx. 55 miles in length 
the annual attenuation variation at 
4028kHz for temperature variation 
shown by the curve would be approx. 
8.3dB. 
Fig. 6 shows the temperature 

measurements taken at an experi­ 
mental underground repeater station 
set up at Fishermen's Bend Line 

Depot in May, 1967. It will be noted 
that the daily temperature variation 
of the cable buried 4 feet underground 
is very small. In this test the tempera­ 
ture in the underground repeater 
housing which included a dissipation 
of two watts of power to simulate a 
repeater power drain followed the 
cable temperature within approx. 1 
degree C. This shows that repeaters 
accommodated underground •. t the 
same depth as the cable are exposed 

to similar temperature variations to 
the cable and that daily air temper­ 
ature variations have very little effect 
on the temperature of the repeater 
housings. 

The Temperature-Controlled 
Dependent Repeater 

Due to the use of solid state com­ 
ponents, the dependent repeater looks 
very different from the equipment 
supplied on earlier contracts. Fig. 7 
shows the underground repeater (with 
external cover removed) containing 
the amplifiers for both directions of 
transmission along with facilities for 
the temperature or pilot control of 
gain and for overall route supervision. 

A schematic diagram of the repeat­ 
er equipment is shown in Fig. 8. The 
main elements are the power filters, 
the transistorised amplifiers, power 
supply unit, d.c. fault location switch­ 
ing unit and by-path band-pass filter 
for the high frequency fault location 
pulses. The power filters are located 
at the input and output of each 
direction of transmission to separate 
the d.c. power feeding from the trans­ 
mission path. The line amplifier is 
connected between the high-pass ends 
of the power separating filters, while 
the d.c. power feeding path is con­ 
nected via a resistor, and reversed 
biased zener diode combination be­ 
tween the low pass sections of the 
power separating filters. The zener 
diode has a breakdown voltage ex­ 
ceeding the line amplifier working 
voltage; normally all the regulated 
direct current flows through resistors 

Fig. 7 - Underground Repeater with External Cover Removed. 
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in the line amplifier to develop the 
voltages required. The main function 
of the zener diode is to provide, due 
to its limiting action, protection to 
the amplifier should large interference 
voltages occur on the route. The cap­ 
acitor in parallel with the zener diode 
acts as a bypass to a.c. currents 
that may be superimposed on the 
feeding current and so prevents hum 
modulation from occurring. 
The amplifier comprises three tran­ 

sistor stages with common emitter 
connection and overall feedback 
which ensures the desired stability 
and linearity of the gain required for 
low intermodulation noise. At the in­ 
put and output of the repeater the 
principle of mixed current/voltage 
feedback is employed with the aid of 
transformers. The input and output 
impedances are thus matched to the 
characteristic impedance of the co­ 
axial cable. Long term variations of 
transistor characteristics have neglig­ 
ible influence on gain or impedance 
matching due to the large amount of 
negative feedback applied. 
The feedback path includes an 

equalising network which ensures 
that the frequency response of the 
gain of the amplifier is exactly equal 
to the frequency response of the cable 
attenuation. This equalising network 
includes a contactless variable resist­ 
ance to provide for manual adjust­ 
ment for the tolerances in repeater 
section cable lengths up to ± 200 
meters and automatic correction for 
attenuation variations in the repeater 
section due to cable temperature 
changes. The automatic correction of 
gain is necessary as previously ex­ 
plained because the cable attenuation 
at a depth greater than 3 feet varies 
gradually over the period of a year 
in the order of up to ± 10 degrees C 

WHITE - Melbourne-Kvneton Cable 

from the mean temperature and 
causes a change in cable attenuation 
of approx. ± 0.9dB at 4028kHz per 
repeater section. 
The contactless variable resistance 

is a novel component in the form of 
a magnetic-flux-dependent resistor 
which consists of a semi-conducting 
material indium antimonide with ad­ 
ditions of nickel antimonide; it has an 
extremely high charge mobility so 
that its resistance can be varied con­ 
siderably by the influence of a mag­ 
netic field. The resistance is indepen­ 
dent of the polarity of the magnetic 
field applied, which may be a perman­ 
ent magnet or an electro-magnet. Fig. 
9 shows the setting mechanism em­ 
bodying the flux-dependent resistor. 

The flux-dependent-resistance is locat­ 
ed in a fixed position between the 
poles of a permanent magnet. By 
means of screwdriver control the per­ 
manent magnet is moved over the flux­ 
dependent resistor, thus varying the 
magnetic flux density which penetrates 
the resistor, and thereby varying its 
resistance. By this means the gain of 
the amplifier is adjusted to match 
the attenuation of the repeater sec­ 
tion. 
A second and important character­ 

istic of the flux-dependent-resistor is 
that its resistance also varies with 
temperature, and by predetermined 
doping of the material, the resistance 
can be given a temperature depend­ 
ence providing exact temperature con­ 
trol of gain for each position in the 
setting range of the permanent mag­ 
net, and thereby controlling the gain 
as a function of the temperature of 
the surrounding soil. 
The placement of the setting mech­ 

anism in the repeater assembly is 
shown in Fig. 9. In pilot controlled 
repeaters, this unit is not provided, 
and the space is used to accommodate 
the pilot pick off filter and pilot re­ 
ceiver. The rectified output from the 
pilot receiver is used to control a 
thermistor placed in the equaliser 
network of the amplifier feedback 
path in lieu of the magnetic-flux­ 
dependent resistor. 
Access to the screwdriver adjust­ 

ment control for setting the gain of 
the temperature controlled dependent 
repeater to match the repeater section 
length is obtained by removing the 
outer cover of the repeater. All that 
is required is to set the control to the 
known measured length of the re- 

Fig. 9 - Underground Repeater Containing Setting Mechanism with Flux-depen­ 
dent-Resistor Shown at Right Hand Side. 
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peater section, shown in kilometers 
on the adjustment control scale. 

POWER FEEDING 
With valve operated coaxial line 

equipment the most reliable way of 
feeding dependent repeaters is to 
transmit high voltage a.c. from a 
terminal or intermediate main repeat­ 
er station over the inner conductors 
of the coaxial cable thus forming a 
single phase a.c. transmission line to 
feed several dependent repeaters in 
series over the same conductors used 
for the two directions of the carrier 
transmission. At the power feeding 
station, to ensure continuity of 
power for the station equipment and 
remote power feeding, it is necessary 
to install a 'No-break' a.c. power 
supply plant which is costly to pro­ 
vide and maintain. At the fed re­ 
peater stations the power is drawn 
from the high voltage a.c. power 
feeding circuit via a stepdown trans­ 
former and fed to a power supply unit 
which produces the various voltages 
required for the amplifiers and acces­ 
sory circuits. 

Since the power requirements for 
transistor amplifiers are much sim­ 
pler and only a single voltage is re­ 
quired, it is possible to use series fed 
d.c. power. Remote power feeding by 
d.c. greatly simplifies the dependent 
repeaters as special supply circuitry 
is not required other than the usual 
power separation filters. 
The d.c. remote power feeding con­ 

sists of 60 milliamp constant current 
and is arranged over a loop consisting 
of the inner conductors of the two 
coaxial tubes which are used for the 
carrier transmission path. Up to a 
maximum of 12 repeaters may be fed 
in series, each of which requires 
approximately 2 watts of power. 
Referring to Fig. 8, the power feeding 
d.c. is separated from the carrier 
transmission path by high pass filters 
at the input and output of each 
underground repeater and taken via 
a resistor and zener diode combina­ 
tion to develop the voltage required 
for the repeater transistors. The last 
fed repeater is a special repeater 
which has a d.c. connection between 
the inner conductors of the coaxial 
tubes used for the two directions of 
transmission to complete the d.c. 
power feeding loop. 
At the power feeding station the 

negative and positive output of the 
remote power feeding unit is applied 
to the inner conductors of the coaxial 
tubes via power separating filters in­ 
stalled at the top of the line amplifier 
rack. 
Fig. 10 shows the remote power 

feeding slide-in chassis which is locat­ 
ed on the line amplifier rack. The in­ 
put power supply to this unit is taken 

Fig. 1 o - Lower Portion of Line Amplifier Rack Showing Remote Power Feeding 
Slide-in Chassis and Rack Power Supply (At bottom). 

from the 48 volt exchange battery and 
the output produced is 60mA regu­ 
lated to ± 2%. This output is main­ 
tained irrespective of the load con­ 
nected within a range of resistance of 
500 to 10,000 ohms, and varies be­ 
tween 30 and 600 volts depending on 
the number of repeaters to be fed. 
This voltage is balanced with respect 
to the outer conductors of the coaxial 
tubes which are at floating potential 
and the maximum voltage between 
the inner and outer conductors of 
each tube is 300 volts. 
The power feeding unit has voltage 

supervision to limit the maximum 
feeding voltage to 650 ± 30 volts. 
Should the power feeding voltage ex­ 
ceed this limit due to an open or high 
resistance fault in the cable route, 
the voltage supervision instantly 
limits the feeding voltage to 650 
± 30 volts followed by a reduction 
within a few milliseconds to 60 volts 
by load substitution. When the power 
feeding loop resistance is returned 
to normal, following clearance of the 
cable fault, a relay connected in the 
power feeding circuit operates and 
disconnects the substitution load, 
allowing the feed voltage to return 
automatically to the normal service 
value. 

A current supervision unit consist­ 
ing of a magnetic amplifier reactor in 
the output of the power feeding unit 
automatically disconnects the power 

feeding should the output current ex­ 
ceed 20 milliamps above nominal 
(i.e. 80mA) due to over-voltage input 
or an internal fault in the power 
feeding unit. A delay of 500 milli­ 
seconds is included in the over-current 
disconnection to cover the regulation 
time of the power feeding unit. 
The power feeding unit has special 

features incorporated in the design of 
the equipment which guards against 
the possibility of electric shock to 
staff working on the coaxial cable 
route, and the precautions necessary 
at the power feeding station are 
limited to arranging for the power 
feed to be disconnected before work 
is commenced on a coaxial tube 
associated with the remote power 
feeding loop. 
A selector switch allows the feeding 

current, output voltage and balance 
voltages to be read on the meter in­ 
cluded on the power feeding slide-in 
chassis shown in Fig. 10. 

FAULT LOCATION 
General 

The method of housing the depend­ 
ent repeaters in underground contain­ 
ers raises a number of new mainten­ 
ance problems and requirements. The 
repeaters must be practically free 
from the need for maintenance, but 
when the need arises speedy location 
of faults both in the amplifiers and 
repeater section cable must be 

WHITE - Melbourne-Kyneton. Cable 
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possible. With Siemens type transist­ 
orised coaxial line equipment, no 
alarms are fed from the dependent 
repeaters to the attended control­ 
station, as with valve operated equip­ 
ment located in repeater station 
buildings, and new techniques of 
fault location have been developed. 
Fault location is carried out from the 
power feeding stations and the super­ 
vised sections of the coaxial cable 
route coincide with the power feeding 
sections. 
The occurrence of a fault on the 

link is indicated by an alarm given 
by the pilot receivers at the terminal 
or main repeater stations which allow 
the Line Control Station to determine 

the main repeater section in which 
the fault exists. It is then necessary 
to locate the fault within this section. 
Generally the fault will fall into two 
categories; one where the power 
feeding is interrupted (e.g., due to a 
cable fault) and the other where the 
power feeding current is still flowing 
(repeater failure). For both categories 
a special location method is used, the 
first being by d.c. and the other by a 
pulse method. The method of fault 
location can be determined by refer­ 
ring to the meter on the front of the 
power feeding unit located on the 
line amplifier rack which feeds the 
main repeater section containing the 
fault. 

D.C. Fault Location 
D.C. fault location is used in the 

event of a discontinuity in the feed­ 
ing loop due to a cable break. To 
locate by d.c. a line interruption, the 
polarity of the power feeding voltage 
is reversed by a switching connector 
provided on the power feeding unit 
(refer to Fig. 10) and the fault loca­ 
tion potential is applied. The details 
of the d.c. fault location method are 
shown in Fig. 11. 

In each underground repeater up to 
the repeater immediately preceding 
the break, the reversed current flows 
through a relay winding in the switch­ 
ing attachment and a precision resist­ 
or MR is placed in the power feeding 
circuit. In the normal direction of 
power feeding the relay winding and 
precision resistor are shunted by a 
diode. 

The zener diodes (refer to Fig. 8) in 
each repeater due to the reversed 
polarity now have only a low poten­ 
tial drop which shunts the power 
supply unit resistors in the repeaters. 
In the last repeater preceding the 
break, the diode and resistor complete 
the power feeding loop via contacts 
of the unoperated relay. At the other 
repeaters the contacts of the operated 
relays open the shunt path. As a 
constant current is applied for the d.c. 
fault location test, the resulting out­ 
put voltage indicated by the meter 
on the power feeding slide-in chassis 
is directly proportional to the number 
of measuring precision resistors put 
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into circuit. Hence, the number of 
repeaters ahead of the break can be 
read directly on the instrument scale 
shown in Fig. 10. This method of 
fault location also has the advantage 
that the correct repeater section will 
be indicated if the insulation resist­ 
ance is reduced at the point of dis­ 
continuity due to entrance of moisture 
into the cable. 

Pulse Location 
If the power feeding current is 

still in operation, a pulse supervision 
method can be used to locate a 
defective repeater. The principle of 
operation of this method is shown in 
Fig. 12. Each underground repeater is 
equipped with a simple by-passing 
filter. The output of a teletester (pulse 
fault locator) is connected to the 
measuring injection jack in the trans­ 
mit path of the terminal repeater and 
the input to the teletester is connected 
to the measuring injection jack in the 
receive path of the terminal repeater. 
The teletester sends pulses of carrier 
frequency of 4660kHz which lies 
above the line frequency band so that 
supervisory measurements may be 
carried out without interrupting the 
transmission path. 
At each underground repeater the 

pulses are transmitted to line and 
also injected into the return direction 
of transmission via the by-passing 
filter. Due to the different propagation 
times of the pulses returning via each 
supervisory by-pass filter of the indi­ 
vidual underground repeaters, the 
pulses appear at the receiver stagger­ 
ed in time so that they can be indi­ 
vidually measured. The amplitude of 
each pulse is representative of the 
operating condition of the path it 
has passed and in particular the re­ 
peater through which bandpass filter 
the pulse returns. The pulses are 
approximately 20 microseconds long 

and are sent at intervals of approxi­ 
mately 2 milliseconds so that up to 
25 underground repeaters can be 
supervised from the fully regulated 
terminal and repeater stations. As the 
propagation time over a repeater 
section of 10,000 yards is approxi­ 
mately 30 microseconds there will 
be returned to the receiving unit a 
number of pulses spaced at approxi­ 
mately 60 microsecond intervals 
equal to the number of underground 
repeaters in the supervision section. 

Fig. 13 shows the portable pulse 
teletester which allows each returning 
pulse to be selected and the amplitude 
of the pulse displayed as a dB reading 
on the meter. Three control knobs 
allow adjustment of a delay network 
within the unit to select the correct 
incoming pulse. When commissioning 
the system the individual settings of 
these controls are determined and 
recorded for the pulse representing 
each repeater. 
For recording of repeater section 

gain over long periods of time a 
recorder can be connected to the 
pulse tester unit. This is particularly 
useful in locating intermittent faults 
along the cable route. Also the entire 
pulse · sequence can be viewed on an 
oscilloscope. 
A facility on the remote power 

feeding unit allows the feeding cur­ 
rent to be reduced by approximately 
20 % • By reducing the power feeding 
current during the pulse supervision 
measurements, any amplifier which is 
commencing to deteriorate may be 
detected, for example, with reduced 
current gain due to transistor ageing 
the feedback and stability are reduced 
and such a repeater would be more 
susceptible to changes in gain due to 
power supply changes. Reducing the 
power feeding current will affect the 
performance of such a repeater and 
reveal its deterioration. 

OVERVOLTAGE PROTECTION 
As transistorised repeaters are far 

more susceptible to damage by over­ 
voltages than valve type repeaters, 
special precautions must be applied 
to protect the repeaters from surge 
voltages developed between inner and 
outer conductors of the coaxial line 
due to lightning strikes or faults in 
high tension power lines. Isolation of 
the tube outer conductor from earth, 
i.e., complete isolation from sheath 
and ground, results in considerable 
reduction of potential between inner 
and outer conductors as compared 
with the same line under the same 
surge conditions but with the outer 
conductor earthed. This is because 
voltages induced in the cable sheath 
can only cause interfering currents 
via the capacitive reactance of the 
distributed capacitance between the 
cable sheath and inner conductor 
through the outer conductor of the 
coaxial tube. At low frequencies this 
reactance is high and the voltages 
and currents appearing at the inner 
conductor are very low. 

Under lightning discharge con­ 
ditions the reduction of surge volt­ 
ages with the outer conductor isolated 
from ground may not be of itself 
sufficient protection for the transis­ 
torised repeaters and under extreme 
cases breakdown between cable 
sheath and outer conductor may take 
place. Therefore it is necessary to de­ 
sign the repeaters to include protec­ 
tion from such overvoltages. 
Power separating filters play an 

important part in the overvoltage pro­ 
tection of a repeater. The attenuation 
of the separating filters for the trans­ 
mission path is very high in the fre­ 
quency range below the line fre­ 
quency band, i.e., below 60kHz, so 
that the powerful low frequency por­ 
tions of a lightning pulse or power 
induced surge are prevented from 

Fig. 13 - Portable Pulse Teletester. 
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entering the input and output repeat­ 
ers. 

Lightning discharges can also result 
in very high voltage peaks being in­ 
duced in the coaxial line with fre­ 
quency components that fall in the 
transmission path range, which could 
pass via the high-pass sections of the 
power feed filters to the input of the 
amplifiers, and destroy the transistors 
if effective overvoltage protection 
were not provided. 
As shown in Fig. 14, to prevent 

such damage, the power filters con­ 
tain a coarse protective unit at the 
coaxial tube input which consists of 
two overvoltage arrestors connected 
in parallel, having a static firing volt­ 
age of 850 volts. This operate voltage 
is sufficiently high so that the normal 
power feeding voltage does not oper­ 
ate the arrestors. These arrestors 
absorb most of the energy of the in­ 
coming surge wave. Two further 
arrestors in parallel with an operate 
voltage of 90 volts are provided at 
a point where the d.c. power feed 
voltage is blocked off by a capacitor. 
These arrestors thus provide protec­ 
tion to limit the voltage surges to a 
sufficiently low value so that any 
residual interfering power can be ab­ 
sorbed by diodes. Similar protective 
measures are provided at both the 
input and output of the repeaters. 
Two voltage surge arrestors are con­ 
nected in parallel in the interests of 
greater reliability, particularly as 
underground repeaters are required to 
operate without maintenance for 
many years. 

ACCOMMODATION OF 
UNDERGROUND TRANSISTORISED 

REPEATERS 
With valve type coaxial cable line 

equipment having rack mounted 
dependent repeaters it was necessary 
to provide a building to accommodate 
the rack mounted transmission equip­ 
ment and the coaxial cable termina­ 
tions and associated gas pressure 
plant. In the new practice of under­ 
ground installation, the manhole re­ 
places the building and a metal hous­ 
ing maintained under gas pressure 
accommodates both the coaxial cable 
COAXIAL 
CABLE 

PP.E-EQUAllSEP. 

D.C. 

Fig. 16- Coaxial Cable Pothead Terminations About to be Connected to Repeater 
Input Sockets. 

tube terminations and the transmis­ 
sion equipment. 
Fig. 15 shows an equipped typical 

housing. The manholes also accom­ 
modate cable joints and a gas pres­ 
sure control equipment panel on 
which a termination is provided for 
orderwire access under a waterproof 
cover. The repeater housing which has 
approximate dimensions of length 22 
inches, width 13 inches and height 16 
inches has been designed as a gas 
tight cast iron box to hold sufficient 
coaxial line equipment for a 4 tube 
coaxial cable equipped to its capacity. 
It will accommodate repeaters of 
either U.K. design or German design. 
Thus, two 4MHz or a 4MHz plus 
12MHz, or two 12MHz repeaters of 
either design may be accommodated 
in the one housing. The housings are 
connected to the main cable ends by 
means of a pair of coaxial cable tail 
units comprising standard 4 tube non 
layer cables, with factory made epoxy 
resin gas seals and mounting flanges 
for watertight connection to the re­ 
peater housing. The four tubes emerge 
from the prefabricated pothead inside 
the housing as individual semi-flexible 
cables terminated in male angle con­ 
nectors. These connectors are fitted 
to a mounting plate and mated 
directly to the Siemens repeater input 
sockets as shown in Fig. 16. Any 
spare tubes are patched through at 
the repeater housing as shown in 
Figs. 15 and 16 by means of short 
patching links. The coaxial sockets 
are attached to a mounting plate by 
circlips to facilitate mating with the 

AMPLIFIER. 

[> 

Fig. 15 - Typical 
A.P.O. U n d er- 
ground Housing 
with 4MHz Repeat­ 
er installed and 
Spare C o a x i a I 
T u b e s Patched 

Through. 

CABLE SHEATH 

Fig 14. - Overvoltage Protection at input of a Line Repeater. 
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coaxial pothead termination plugs 
which are left attached to the housing 
main plate. 

LINE AMPLIFIER RACKS IN 
TERMINAL AND REPEATER 

STATIONS 
General 

The equipment in terminal and 
fully-regulated repeater stations is 
accommodated in cabinet type racks. 
A typical rack is shown in Fig. 17. A 

Fig. 17 - Line Amplifier Rack for Ter- 
minal and Main Repeater Stations. 

universal rack is used which is 2.6 
meters high and accommodates the 
line equipment for four V960 systems 
in a terminal station and two systems 
including supergroup dropping facili­ 
ties in a fully regulated repeater 
station. Power separating filters for 
terminating 8 coaxial tubes are 
mounted at the top of the rack and 
a total of four remote power feeding 
units can also be accommodated in 
the lower portion of the rack. 
It is worthy of note that this tran­ 

sistorised line equipment rack pro­ 
vides a space saving in the order of 
up to 8 to 1 when compared with the 
earlier type Siemens valve operated 
coaxial. line equipment installed at a 
terminal station. At a main inter- 

mediate repeater station such as 
Sunbury the one solid state line amp­ 
lifier rack takes the place of six racks 
which would be required for the 
repeater line equipment for two 
coaxial cable systems of valve type. 

Terminal Stations 
Fig. 18 shows the block diagram 

of a terminal equipment. The F.D.M. 
input and output levels in both trans­ 
mit and receive directions is -33dBm. 
Where older type supergroup modu­ 
lator racks are provided, the receive 
direction level can be strapped to 
provide a level of -23dBm. The 
station cable equaliser (S.C.E.) is a 
plug-in unit in the terminal panel 
which can be adjusted to compensate 
for up to 100 meters of station cable 
between the superground modulator 
racks and line amplifier rack in 20m. 
steps. 

The transmitting chassis contains 
all the equipment used in the transmit 
direction. The pilot stop filters are 
necessary to remove signals from 
frequency band which could cause 
interference to the pilots. The 4287 
kHz regulating pilot, and when re­ 
quired also the 60kHz pilot, are 
added to the line frequency band in 
the pilot injection unit. 

The 4287kHz pilot is always gener­ 
ated by an oscillator contained in the 
transmitting slide-in-chassis while the 
60kHz pilot generator is only provid­ 
ed when necessary. External connec­ 
tion to a master carrier supply may 
be provided as an alternative when 
frequency comparison is required on 
the route. Connection in this case is 
made via a bandpass filter and stabil­ 
iser unit. 
Two flat line amplifiers, type G, 

follow the pilot injection unit. These 
raise the signal band to the required 
transmit level. A pre-emphasis net­ 
work inserted between the two 
flat amplifiers improves the signal-to­ 
noise ratio by increasing the trans­ 
mitting level of the high frequencies 
where the cable attenuation is great­ 
er. At the output of the second flat 
amplifier the levels of the pilots are 
supervised by the pilot monitors. If 
the pilot levels drop by more than 
3dB from the nominal level, an 
alarm is given. 
The building out network is an ad­ 

justable unit to compensate for a re­ 
peater section between the terminal 
repeater station and first underground 
dependent repeater which is shorter 
than can be covered by the adjust­ 
ment provided on the dependent re­ 
peater line amplifier. Thus the repeat­ 
er section loss is 'built out' to be with­ 
in the setting range of the repeater. 
Finally, the signal band is passed to 
line via the high pass section of the 
power separating filter. 

The power feeding current is 
applied to the underground repeaters 
via the low-pass leg of the power 
filter. 

The measuring input jack allows 
measuring voltages at any frequency 
between 60kHz and 4.7MHz, or the 
4.660MHz pulses for fault location 
to be added to the line frequency band 
via a hybrid unit. The de-emphasis 
network connected to the measuring 
output of the second line amplifier 
offsets the pre-emphasis for measur­ 
ing purposes by equalising the total 
line frequency band to a flat level of 
-34AdBm. 

In the receiving direction, a second 
power filter accommodated together 
with the first one in a common casing, 
separates the· incoming carrier line 
frequency band from the power feed­ 
ing current. The line equipment used 
in the receive direction of transmis­ 
sion is located in the receiving 
chassis and the equaliser chassis. The 
incoming signal is fed from the power 
separating filter via a building out 
network to the line amplifier, E, which 
is identical in electrical design with 
the pilot regulated line amplifier in 
the dependent repeaters and operates 
at the same output levels. This ampli­ 
fier compensates for most of the 
frequency-dependent line attenuation. 
The attenuation/frequency response of 
the equaliser in the feedback path 
of the amplifier is matched to the 
attenuation of the cable by means of 
the 4287kHz pilot receiver and 
associated regulator assembly. The 
gain versus frequency curve of the 
amplifier E thus corresponds to the 
attenuation slope in a repeater section 
of nominal length. 
The output of the amplifier E is fed 

to a separate equaliser chassis which 
contains various adjustable equalisers 
and, when required, an equaliser con­ 
trolled by the 60kHz pilot signal. 
This corrects equalisation errors in 
the lower part of the transmission 
band which are caused mainly by the 
temperature coefficient of the cable 
being slightly higher at these lower 
frequencies. These errors are only 
significant on cable routes with 20 
or more intermediate repeaters, and 
the 60kHz pilot regulating equipment 
is installed only at fully regulated 
repeater stations along the route 
following a total of 20 intermediate 
repeaters. When the 60kHz pilot 
equaliser is not provided, a 15dB 
attenuator is included in the trans­ 
mission path in lieu. 
The equaliser panel contains ad­ 

justable equalisers for pilot level 
equalisation and an echo equaliser 
for 'mop-up' equalisation. A flat gain 
amplifier, G, in the equaliser panel 
offsets the basic loss of the equalisers. 
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Fig. 18 - Block Diagram of Terminal Station Line Amplifier Rack. 

The pilot equaliser allows the levels 
of the 60kHz and 4287kHz pilots to be 
varied independently of each other 
with respect to the line frequency 
band thus allowing readjustment of 
the pilot levels to concise values. 
The echo equaliser, also termed the 

'mop-up' equaliser, allows correction 
of residual attenuation errors, which 
have accumulated in the line trans­ 
mission path between two fully regu­ 
lated terminal or repeater stations. 
Cable impedance irregularities cause 
some of these residual errors. The 
echo equaliser, which is continuously 
variable over the whole line frequency 
range, has been designed according to 
the Fourier principle. Cosine-shaped 
spectrum signals are tapped from a 
multi-section delay network and com­ 
bined with the line frequency band to 
offset errors. When adjusting the echo 
equaliser it is necessary to view the 
high frequency line attenuation 
characteristic on a level tracer. The 
degree of accuracy which was obtain­ 
ed with the echo equaliser adjust­ 
ment resulted in the overall frequency 
response in both directions on the 
Melbourne-Kyneton route after ad­ 
justment being within ±0.2dB over 
the frequency range 60kHz to 4.7MHz. 
The output of the equaliser unit is 

taken via an attenuator pad to a flat 
gain amplifier, G, followed by a de­ 
emphasis network which is comple­ 
mentary to the transmitting terminal 
pre-emphasis network. Pilot stop 
filters are provided to eliminate the 
line pilot frequencies from the trans- 
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mission band before being extended 
to the terminal F.D.M. equipment. 

Inputs to pilot receivers are taken 
from the output of the last amplifier, 
so that all important units are 
monitored. The receive signal meas­ 
uring jack M allows the monitoring 
of fault locating pulses and measure­ 
ment of signal voltage levels in the 
range 60kHz to 4.7MHz. The de­ 
emphasis network makes this a flat 
level point. 

FULLY REGULATED REPEATERS 
WITH DROPPING OF 

SUPERGROUPS 

As mentioned earlier, these main 
repeaters are accommodated in the 
same universal rack as used at term­ 
inals. Each contains the essential 
transmit and receive units as well as 
the equipment required for extra 
equalisation and remote power feed­ 
ing. Fig. 19 shows the block diagram 
of the main repeater with dropping 
facilities-only one transmission path 
is shown as the other direction is 
identical. 
Each transmission path is equipped 

with a receive panel, an equaliser 
panel and dropping panel. The equal­ 
iser panel of the main repeater is the 
same as used in the receiving direc­ 
tion of the terminal equipment. The 
receive panel is also similar, except 
the pilot stop filters and the de­ 
emphasis networks are omitted in the 
transmission path, and a measuring 
injection unit is installed in place of 
the attenuator unit in front of the 

flat gain amplifier, G. The dropping 
panel contains the line transmitting 
equipment comprising flat gain ampli­ 
fiers, 4287kHz pilot receiver equip­ 
ment, line building out network and 
measuring signal injection units with 
associated emphasis networks. The 
dropping panel also contains the 
dropping path emphasis networks, 
pilot-band stop filters and level adjust­ 
ing pads to provide correct levels to 
the dropping station F.D.M. equip­ 
ment. 

The stop filter panel, which provides 
the equipment for both transmission 
paths, comprises dropping hybrids, 
band stop filters and 60kHz band­ 
pass filters. The 60kHz pilot by­ 
passing circuit is required because 
the band stop filter is designed as a 
high-pass filter which would also 
block any 60kHz signals required for 
regulation and frequency comparison. 
By use of the band stop filter, SGl 
and 2 are stopped in the through 
transmission path. This allows SG 1 
and 2 to be dropped and replenished 
at the intermediate repeater station. 
Any other supergroup from 3-16 may 
be dropped also, but the respective 
line frequency band continues on 
along the main transmission path and 
of course cannot be re-used at any 
subsequent station. 
Pilot stop filters prevent the 4287 

kHz and 60kHz line pilots from 
entering the dropped path. The 60 
kHz stop filter in the path outgoing 
from the dropping station prevents 
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Fig. 19- Block Diagram of Fully Regulated Repeater with Dropping of SG1+2. 

falsification of the route pilot due to 
residual 60kHz carriers. 

Dropping and replenishing of super­ 
groups 1 to 5 or 7 to 16 can be ar­ 
ranged by installing appropriate drop­ 
ping filter units in place of dropping 
hybrids, 

CONCLUSION 
The availability of solid state co- 

axial cable line equipment provides 
a considerable advance in broadband 
coaxial cable techniques, and provides 
economic improvement over the 
equivalent valve operated systems. 
The main advantages are considerably 
reduced capital costs, less accommo­ 
dation space requirements and small 
operating costs due to very low 

power requirements and increased 
reliability. The remote power feeding 
by d.c. eliminates the need for the 
complex No-break a.c. power plant, 
and the underground accommodation 
of dependent repeaters in manholes 
results in a considerable capital cost 
saving due to the elimination of un­ 
attended buildings. 

TECHNICAL NEWS ITEM 
P.M.G. CALLS TENDERS FOR 
LARGE CAPACITY TRUNK 

EXCHANGE 

The P.M.G. Department recently 
called tenders for the supply of a 
large automatic telephone trunk ex­ 
change to be installed in the new 
Pitt Exchange Building at present 
being constructed in Sydney. The 
tender invitation calls for an exchange 
with an initial capacity of 9,800 
trunk and junction lines and 200 
manual assistance positions for 
national and international calls, and 
specifies an 'in service' date of 1973. 
It is expected that exchanges 

offered will be capable of expansion 
to 50,000 line capacity and will utilize 
electronic stored programme proces­ 
sor control and electromechanical 
speech path switching. Subscribers' 
exchanges of this type have been 
placed in service in several countries 
including the U.S.A., Canada, Belgium 
and Sweden and trunk exchanges are 

currently in production for installa­ 
tion in the Netherlands, Sweden and 
Denmark. Having a maximum cap­ 
acity 8-10 times that of the crossbar 
automatic trunk exchange equipment 
used in Australia, electronic exchange 
equipment would be used initially to 
switch the high volumes of trunk 
traffic in the capital cities. Electronic 
switching would thus complement 
rather than replace electromechanical 
crossbar equipment in the Australian 
trunk network. 
To meet the forecast 20 year trunk 

traffic requirements for Sydney, at 
least 50,000 trunk inlets will be need­ 
ed in addition to the existing Hay­ 
market crossbar automatic trunk ex­ 
change and the Dalley motor-uni­ 
selector semi-automatic trunk ex­ 
change, which are expected to reach 
a maximum combined capacity of 
approximately 12,000 lines and 160 
manual assistance positions by 1973. 

The use of stored programme con- 

trol provides a flexible switching ma­ 
chine whose facilities may be readily 
modified to meet changing require­ 
ments and which is capable of taking 
automatic action to re-route calls to 
maintain service in the trunk network 
under conditions of local overload or 
route failure. The equipment is ex­ 
pected to occupy substantially less 
floor space than crossbar equipment, 
carry high traffic per line, require a 
reduced number of simpler types of 
line signalling relay sets and, it is 
hoped, allow the use of more efficient 
manual trunk operators' positions. 
With processor control, the exchange 
would also be capable of switching 
other types of traffic, such as data, to 
help meet the growing demand for 
specialised services in Australia. 

The Pitt exchange is expected to 
be one of the most advanced civil 
systems in the world and will help 
to maintain Australia's position 
among the technically advanced tele­ 
communication nations. 
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I. W. LARSSON 

I. W. LARSSON, author of the 
article, 'Commissioning Tests for 
ARM Grid', joined the Postmaster­ 
General's Department in Hobart, as 
a Technician-in-Training in 1947, 
qualifying as a Technician in 1951 and 
later as a Senior Technician. Follow­ 
ing completion of his training, he was 
employed in the Country Installation, 
Burnie and Launceston Divisions, 
rising to Shift Supervising Technician. 
In 1953 he travelled to Kandersteg, 
Switzerland, to attend the Fifth 
World International Rover Moot, after 
which he travelled to London to take 
up employment with the British Post 
Office for a period of six months as 
a Technician 2A, in the London 
Centre Area. 

In 1958, Mr. Larsson was transferred 
to Headquarters as A/g. Group 
Engineer in the Telephone Equipment 
Section where he was engaged on the 
preparation of Engineering Instruc­ 
tions and Works Specification for tele­ 
phone equipment and 3000 type relay 
design. In 1960 he was appointed 
Trainee Engineer in Victoria and com­ 
pleted the Diploma in Communication 
Engineering at the Royal Melbourne 
Institute of Technology. In 1963 he 
was appointed Engineer Class 1 in the 
Long Line and Country Installation 
No. 2 Sub-Section in Victoria where he 
was employed on Country Installation 
work in the Geelong, Colac and 
Warrnambool areas. 

In September 1965, he was second­ 
ed from the Country Installation No. 2 
Sub-Section to prepare the special 
conditions of contract for the instal­ 
lation of the Geelong ARM exchange 
following which he was responsible 
for checking the network associated 
with the Geelong ARM exchange. He 

F. M. SCOTT 

was appointed Engineer Class 2 in 
1966, and at present occupies the 
position of Engineer Class 2, ARM 
Design and Co-ordination. 

Mr. Larsson is presently a member 
of the Headquarters ARM Transmis­ 
sion Measurements Working Party 
and Chairman of the Long Line 
Equipment Installation and Transmis­ 
sion Testing Study Group in Victoria. 
He is a Graduate Member of the 
Institution of Engineers, Australia. 

* 
F. M. SCOTT, author of the article 

'The A.P.O. Four Wire Cord Type 
Manual Assistance Centre' was attach­ 
ed to the A.P.O. Headquarters Ex­ 
change Equipment Section in a posi­ 
tion of Engineer Class 3 as Project 
Engineer for the design and develop­ 
ment of System AFM 402. He is 
appointed to the position of Engineer 
Class 2, Contractual Installations m 
the Country Equipment Section, 
Queensland, but for the past 4½ years 
has worked in the Switching and 
Facilities Section of Headquarters 
Planning Branch and the Exchange 
Equipment Section of the Engineering 
Works Division. 

He joined the Postmaster-General's 
Department in 1944 as a Junior Mech­ 
anic and commenced acting as Engin­ 
eer in 1949 after qualifying in tele­ 
phone equipment and other subjects. 
Appointment as Engineer followed in 
1953. Mr. Scott had 15 years exper- 

K. W. SMITH 

ience as an Engineer in Queensland 
before his temporary transfer to Head­ 
quarters, having worked in Metropoli­ 
tan Service, Trunk Service, Country 
Installations, and the Telephone Equip­ 
ment Design Subsections. In addition 
to State work he represented Queens­ 
land on a number of Headquarters 
Circuit Committees from 1953 to 1964 
being associated with the design of 
the SE.50 selector circuits, E.L.S.A. 
network circuit design, System 
ARF 102 initial circuit assessment and 
the Central Office Circuit Committee. 

* 
K. W. SMITH, author of the article, 

'Telephone Exchange Area Planning', 
joined the Victorian Administration of 
the P.M.G's Department as a Trainee 
Engineer in 1956. After graduating in 
Radio Engineering at the Royal Mel­ 
bourne Technical College at the end 
of 1956 he took up duty as an Engin­ 
eer Grade 1 in Metropolitan District 
Works. The following year he com­ 
menced a period of three years as 
Group Engineer with Metropolitan 
District Works followed by one year 
as Group Engineer with Metropolitan 
External Plant Planning. Since 1962 
Mr. Smith has been a Group Engineer 
with Country External Plant Planning 
where he has had experience with ex­ 
ternal plant planning for all parts of 
Victoria and particular responsibility 
for rural and provincial exchange 
area planning. He is a Member of the 
Institution of Engineers, Australia. 
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]. P. SALTER 

J. P. SALTER, Author of the Article 
'A Transmission Level Checker', was 
educated at the Dubbo High School, 
and atter completing a course for 
Broadcast Operator began his career 
as a trainee technician announcer in 
Commercial Radio. He Joined the 
Postmaster-General's Department in 
1948 as an Exempt Technician's Assis­ 
tant, and subsequently passed an ex­ 
amination tor appointment as Tech­ 
nician (Radio). He was appointed 
Cadet Draftsman in 1951. He comple­ 
ted the Diploma of Electrical Engineer­ 
ing at the Sydney Technical College 
in 1959 and transferred as Engineer, 
Trunk Service. His early Trunk Ser­ 
vice experience was in the mainten­ 
ance of open wire and telegraph sys­ 
tems, in N.S.W. He was associated 
with the Sydney-Melbourne Coaxial 
cable system and the introduction of 
TV on cable while being the Engineer 
in charge of the City South Carrier 
Terminal. A few years ago he be­ 
came involved with transmission test­ 
ing problems, and the development 
and provisioning of testing equipment 
for transmission systems. Recently he 
has been concerned with the establish­ 
ment, and development of a T.C.A.R.S. 
network and network performance 
testing in N.S.W. Mr. Salter was ap­ 
pointed, in 1968, as Engineer Class 3 
in the recently created Trunk Service, 
No. :4 Division (Network Performance). 
He 1s a Graduate Member of the In­ 
stitution of Engineers. 

* 
C. H. HOSKING, author of the 

article, 'The Victorian State Disaster 
Plan', joined the Department in Mel­ 
bourne in 1936 as a clerk and was 
appointed Cadet Engineer in 1937, 
qualifying as an engineer in 1941. 
After a period in Victoria as an 
engineer, in Metropolitan Lines and 
Telephone Equipment Sections, and 
acting Divisional Engineer, Training 
(Technical) he was appointed in 1949 
Divisional Engineer, Lines Section, 

C. H. HOSKING 

Headquarters, where he worked in the 
Work Methods and Practices Sub­ 
section. He transferred back to the 
Victorian Administration in 1956 as 
Divisional Engineer, Metro. District 
Works and in 1959 commenced acting 
as Supervising Engineer, Coaxial 
Cables. In this position he was respon­ 
sible for the installation of the Mel­ 
bourne-Morwell and Sydney-Mel­ 
bourne coaxial cables. On completion 
of the latter project he was appointed 
Supervising Engineer, Regional Works 
and Services (North) in the Country 
Branch. Mr. Hosking graduated 
Bachelor of Science from the Uni­ 
versity of Melbourne in 1940, and is 
a Member of the Institution of Engin­ 
eers (Australia). 

* 
B. J. CARROLL, author of the 

article, 'Centralised Maintenance 
Practices Overseas', joined the Post­ 
master-General's Department as a 
Lineman-in-Training in 1941. After 4 
years in the A.I.F. he returned to the 
Department and qualified as a tech­ 
nician in 1947 and as a senior tech­ 
nician in 1948. With 10 years field ex­ 
perience in the maintenance of ex­ 
change and subscribers equipment he 
was promoted as a trainee engineer in 
1958 and obtained an Associateship 
Diploma in Communication Engineer­ 
ing from the Royal Melbourne Insti­ 
tute of Technology in 1960. He was 
appointed to the position of Engineer 
Class 1 in a Metropolitan Service 
Division in Melbourne and was subse­ 
quently promoted to Engineer Class 
2 in 1963. During this period he 
gained considerable practical ex­ 
perience with the maintenance of 
Pentaconta and L. M. Ericsson cross­ 
bar equipment. In 1965 he was ap­ 
pointed as Engineer Class 3, Tele­ 
phone Exchange Equipment Section, 
Headquarters, and in this position is 
responsible for the development of 

B. J. CARROLL 

maintenance techniques for metro­ 
politan, country and trunk switching 
equipment. In March, 1968 he visited 
a number of overseas telephone ad­ 
ministrations to study the latest 
developments in centralised mainten­ 
ance techniques. 

* L. A. WHITE, author of the article, 
'Melbourne-Kyneton Coaxial Cable 
Transistorized Line Equipment', join­ 
ed the Department as a Technician-in­ 
Training in 1948 and qualified as 
Engineer in 1951. Since 1957 he has 
occupied the position of Engineer 
Class 3, Long Line and Country Instal­ 
lation, in Victoria, responsible for the 
installation of all types of exchange 
switching and carrier transmission. 
Mr. White has been associated with 
the provision of equipment for all of 
the broadband systems in Victoria 
and was a co-author of the paper on 
the first of these systems, the Mel­ 
bourne-Morwell coaxial cable system 
which was published in Vol. 13, Nos. 
4 and 5 of the Journal. Mr. White is 
a Member of the Institution of Engin­ 
eers, Australia. 

L. A. WHITE 
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ANSWERS TO EXAMINATION QUESTIONS 
Examination No. 5785, 29th June, 1968, and subsequent 
dates to gain part of the qualification for promotion or 
transfer as Senior Technician (Telecommunications), Post- 

master-General's Department. 

TELEPHONE SUBSCRIBER'S EQUIPMENT. 

Question l: 
Fig. 1 is the circuit of an 801 telephone. 

Fig. 1 
QUESTION l (a): 
Explain why the permanent magnet in the receiver is not 
affected by the transmitter battery while a call is in progress. 

ANSWER 1 (a): 
The 1.5 microfarad capacitor prevents direct current from 
passing through the receiver. 

QUESTION I (b): 
Draw the relevant parts of the 801 telephone circuit which 
show the anti-sidetone circuit of the telephone. 

ANSWER l (b): 
See Fig. 2. 

an. .,, 

Fig. 2 

QUESTION I (c): 
What is the effect of including the two voltage dependent 
resistors (VDR), one across the line and the other across the 
balance network. 

ANSWER I (c): 
The main effect of the line VDR is to produce the desired 
regulation of 'send' and 'receive' efficiency by shunting 
audio frequencies under the control of the d.c. voltage 
across the line terminals. 
The main effect of the network VlDR is to produce an 
improved sidetone suppression by shunting the network so 
that a balance with the combined impedance .of the line 
and line VDR is achieved. 
This gives the desired improvement in sidetone attenuation 
on short loops. At zero loop the sidetone is 7dB better 
than that of the unregulated circuit. 

QUESTION 2 (a): 
List the equipment you would order for the installation of an 
intercommunication system to provide for seven (7) internal 
extensions and one external extension. 

ANSWER 2 (a): 

Item 

AlO telephone 
Transfer unit 3A 
Telephone 
Battery elimina- 
tor 

Cable, 20 pair 

Cable, 10 pair 
Cable, 3 pair 
Caible, 2 pair 

Quantity 

7 
1 
1 
1 

As required 

As required 
As required 
As required 

Remarks 

Normal Instrument 
Rating 0.75A. Also 
backboard if required 
Multiple cable, internal 
extensions 
Main to transfer unit 
Outdoor extension cable 
d.c. power from elimina- 
tor. 

QUESTION 2 (b): 
Outline two ways in which you can provide for service on 
the above installation during AC power i ailure. 

ANSWER 2 (b): 
Any two of the following: 
(i) Provision of standby battery of dry cells connected 

when d.c. power from the eliminator fails. 
(ii) Temporary provision of a power lead if a pair is 

available. 
(iii) Operation of keys on the transfer unit to extend one 

exchange line to the external extension. 
(iv) For each exchange line, provide an extension bell at 

a selected indoor extension. Also at the same exten­ 
sion provide a relay which will release on power fail 
and short circuit contacts AAl, AA3 or AEl, AB3. 

QUESTION 2 (c) 
What secrecy facilities are available on an AJO intercommuni­ 
cation system? 

ANSWER 2 (c): 
Normally calls from extensions to exchange lines are 
secret. However, an exchange line supervision facility 
may be granted from one of the extensions. Strapping 
on this instrument permits monitoring of an exchange line, 
which is already in use. 
Calls by the external extension on an exchange line are 
secret. 
Under night switched conditions the external extension 
may make secret exchange calls, but any calls made by an 
internal extension on the night switched exchange line can 
be overheard by the external extension. 

QUESTION 3 (a): 
Fig. 3 shows a configuration for standard facility Plan 4 
(parallel/portable telephones). 
What is the maximum number of telephones that can be 
provided for this service? 
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Fig. 3 
ANSWER 3 (a) 
Three (3). 

QUESTION 3 (b): 
What is the maximum number of portable points (sockets) 
that can be provided on this service? 

ANSWER 3 (b): 
Six (6). 

QUESTION 3 (c): 
What alterations must be made to a standard 800 series 
telephone if it is to be used as a portable instrument on this 
service? 

ANSWER 3 (c): 
(i) Remove link between terminals A and P2. 
(ii) Shift the bell conductor from terminal Pl to A. 
(iii) Shift red cord conductor from terminal Pl to GS4. 
(iv) Park the link removed in (i) between terminals Pl and 

P2. 
(v) Remove the link between terminals GS4 and Cl on 

portable telephones only. 
(vi) In the plug, shift the red cord conductor from tag 3 

to tag 5. 
(vii) When a silent telephone bell is required, omit (i), (ii) 

and (iv). 

QUESTION 4 (a): 
Assume you are in charge of a Fault Despatch Centre. What 
statistics (records) do you consider would give you an indi­ 
cation of the subscribers' satisfaction with the repair service? 

ANSWER 4 (a): 
Delay in clearing faults, i.e., lapsed time between reporting 

and clearing. 
Number of previously reported faults. 
Number of special inspections. 
Number of written complaints. 

QUESTION 4 (b): 
What instructions would you give to: 
(i) the testing officer; 
(ii) the technicians who repair subscribers' telephones; that 

would ensure that the subscriber gains a good impression 
of the Department? 

ANSWER 4 (b): 
(i) Be courteous when discussing the fault with the sub­ 

scriber, i.e., good tone; show that you want to help 
correct the fault condition with a minimum o,f incon­ 
venience to the subscri:ber. 
Avoid delay between receiving the report and testing 
the service. 
Carry out the test with the minimum inconvenience to 
the subscriber and, where possible, tell the subscriber 
what further action will be taken and when. 
After fault clearance or investigation not involving a 
visit to the subscriber, advise the subscriber of the 
result. 

(ii) Important points are: 
Courtesy; 
Appearance; 
Punctuality; 
Efficient workmanship; 
Inform the subscriber of the result. 

QUESTION 5: 
You are required to inspect an installation in a subscriber's 
premises. Detail briefly the important points you would look 
for while inspecting: 
(a) Cabling 
(b) Location of apparatus 
(c) Records. 

ANSWER 5: 
(a) Cabling. 

All wiring should be run as inconspicuously as pos­ 
sible. Staples, clips, etc., should be at regular and 
approximately equal intervals. Wiring on exposed 
surfaces should run vertically or horizontally. 
Except at crossings, fixed telephone wiring should not 
be closer than 2 in. from electric lighting or power 
cables, conduits, sprinklers or gas pipes. 
The sheath of 1 pair or 2 pair cable should enter an 
instrument, battery box or terminal block for approxi­ 
mately 1 in. only. Sufficient unsheathed conductor 
should be provided to enable terminals of the apparatus 
to be freely reached with slack and spare. In a 
battery box sufficient unsheathed conductor should 
be left to allow the dry cells to be removed from the 
box for inspection without disconnecting the wires. 

(b) Location of Apparatus. The telephone should be in­ 
stalled where good natural or artificial light permits 
satisfactory operation by the subscriber and inspection 
and adjustment of service by the technician. 
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The following should be considered in choosing a loca­ 
tion that would be free from accident hazard: 
Proximity of stairs. 
Proximity of electric wires, switches, outlets or earthed 
objects. 
Proximity of doors. 
Projection of apparatus into shafts or passageways 
used for handling heavy merchandise likely to damage 
the telephone apparatus. 
Extension cords for telephones across a passageway. 
Proximity of objects making it difficult to remove or 
work on telephone. 
Proximity of fragile objects that would be damaged if 
the handset were dropped. 

(c) Records. 
The exchange or extension number should be neatly 
entered on the label of the dial or dial dummy. 
Where the service is provided by using pairs in indoor 
distribution boxes, details of cross connection and 
telephone number should be neatly entered in the 
cable book or card. 

QUESTION 6: 
Show by simple schematic diagrams the following circuit 
conditions for a standard lamp signalling C.B. cord type 
P.M.B.X. (Details of relay and key contacts are not required.) 
(i) Extension calling switchboard 
(ii) The speech path for an extension to extension call 
(iii) The speech path for an exchange to extension call. 
(iv) The operator dialling an exchange call. 

ANSWER 6: 
(i) See Fig. 4. 

Fig. 4 
(ii) See Fig. 5. 

CORD CIRCUIT 

Fig. 5 
(iii) See Fig. 6. 

ZµF 

EXCHANGE LINE CIRCUIT 

Fig. 6 
(iv) See Fig. 7. 

TO EXCH. 
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I 

CORD I TELEPHONISTS 
EXCHANGE LINE CIRCUIT ICIRCUI_TI CIRCUIT 

Fig. 7 

QUESTION 7: 
After installing a C.B. floor type P.M.B.X., what tests in each 
of the following categories should be made before placing the 
switchboard into service: 
QUESTION 7 (a): 
Test with test desk? 
ANSWER 7 (a): 
For each exchange line, speak to the test desk from the 
switchboard and obtain a test of insulation and loop resist­ 
ance and receive a ring. 
On exchange line No. 1 (with power off), use a switch­ 
board cord circuit to connect each extension in tum to 
the night switching jack of this line. Speak to the test 
desk from each extension telephone and obtain a test of 
insulation and loop resistance and receive a ring. 
During the above tests, if the normal means of testing dials 
is by means of the test desk, obtain a test on the switch­ 
board and extension dials. 
QUESTION 7 (b): 
Local tests? 
ANSWER 7 (b): 
Call the switchboard from each extension telephone and 
receive a ring from the switchboard. 
Test the operation of all switchboard cord circuits on the 
test jacks provided on the switchboard. 
Test the operation of the night alarm circuit and buzzer 
by lifting the handset of an extension telephone. 
Test the 'on-off' operation of the power switch. 
Test the exchange line for correct polarity to ensure that 
negative potential is on the B side of the line. 
Observe the transmission and reception of the operator's 
telephone circuit during the above tests. 
Test front and rear ringing of each exchange cord to a 
selected extension. 
Test operation of the hand generator. 
Night switch an extension to each exchange line in turn 
(by inserting the front plug into the appropriate night 
switching jack), and check for dial tone and breaking dial 
tone. 
QUESTION 8 (a): 
The nation-wide subscriber's dialling plan has a trunk access 
code and a maximum of eight numerical digits for subscribers' 
numbers. 
(i) Which digit is allocated as trunk access code? 
(ii) Give an example of a national number for a subscriber in 

a 7 digit local numbering scheme. 
(iii) Which is the 'A' digit in your answer to (ii)? 
ANSWER (8 (a) 
(i) 0. 
(ii) 03 842-1157. 
(iii) The 'A' digit is the digit following the trunk access 

code. In the example above it is the digit 3. 
QUESTION 8 (b): 
In the numbering plan context, what is the difference between 
a local number and a national number? When is each used. 

ANSWER 8 (b): 
A national number consists of an area code followed by 
the local directory number. 
For calling within the same numbering plan area, only the 
local directory number is used (dialled). 
For calls beyond the same numbering plan area, the com­ 
plete national number must be dialled. 
QUESTION 9 (a): 
With the aid of a sketch, describe the Varley loop test for 
localising an earth fault on a line and explain how this prin­ 
ciple is based on that of the Wheatstone Bridge. 
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ANSWER 9 (a): Line resistance - 88 ohms per loop mile = 44 ohms per single wire mile 
220 

Distance to fault = 

Fig. 8 

L - loop resistance in ohms. 
X - single wire resistance from testing point to .fault. 
R - resistance of variable arm of the bridge. 
A and B are resistances of fixed arms of the bridge. 
Select one wire which has high value of IR and loop this 
wire with the faulty wire at the distant end. The loop 
resistance L is measured with Kl and K2 operated and 
switch S in the 'Loop' position. At balance, A/B = L/R 
and if the ratio arms are aqua! (A/B = 1), then L = R 
ohms. 
With the switch S moved to the 'Varley' position, again 
balance the bridge. If the ratio of arms A/B is still 1, 
then 

A L-X 
1 

B R+X 
L-X R+X 

or 2X -L-R 
L-R 

X -- ohms 
2 

The first test, to find the loop resistance, is a straight 
Wheatstone Bridge test, i.e., when there is zero current 
in the meter, A/B = L/iR. The Varley test uses the same 
principle except that now the balancing arm R also in­ 
cludes X ohms single wire resistance to the fault. 

A L-X 
= 

B 
. ·. A(R+X) 

AR+AX 
X(A+B) 

R+X = B(L-X) 
= BL-BX 

BL-AR 
BL-AR 

.·. X = 
A+B 

If ratio arms are equal (A = B) 
L-R 

then X = 
2 

ohms 

QUESTION 9 (b): 
When localising an earth fault by the Varley loop test, a 
balance was obtained when all of the resistance arms on the 
bridge were each JOO ohms. 
If the loop resistance of the line under test was 540 ohms, 
calculate the distance to the fault from the testing point. 
(Assume that the line resistance is 88 ohms per mile loop.) 

44 
5 miles 

QUESTION 10 (a): 
Show with trunking diagrams the call routing for each of the 
following calls in a C type P.A.B.X.: 
(Designate the relay sets and switches involved in each type 
of call.) 
(i) An extension to extension call 
(ii) An extension to switchboard call 
(iii) A switchboard to exchange call. 

ANSWER 10 (a): 
(i) See Fig. 9. 

(Link circuit acts as final selector.) 

(ii) See Fig. 10. 

(iii) See Fig. 11. 
Fig. 10 

EXCH. 
l-------,1•L1 NE 

ANSWER 9 (b): 
Loop resistance L 
Varley reading R 

Single wire resistance to 
fault X = 

540 ohms 
100 ohms 
L-R 

2 
440 

2 
220 ohms 

Fig. 11 

QUESTION 10 (b): 
Briefly explain the following P.A.B.X. facilities: 
(i) Camp on busy 
(ii) Trunk offering. 

ANSWER 10 (b): 
(i) Calls incoming to a busy extension from the public 

exchange or operator 'camp on' until the extension 
clears. The extension is then automatically re-rung 
and switched to the caller. 

(ii) Trunk offering enables the operator to advise a busy 
extension that an incoming call is waiting. A warning 
tone is provided. 

QUESTION 11 (a): 
What circuit is usually provided at each of the following types 
of P.A.B.X. to enable an extension to be tested from an 
exchange test desk: 
(i) At a linefinder type P.A.B.X.? 
(ii) At a C and CA type P.A.B.X.? 

ANSWER 11 (a): 
(i) A test cord circuit is provided at the manual board. 

The testing officer gains access to an extension in one 
of the following ways (depending upon local practice 
in each State): 
(a) After calling on one of the normal incoming lines 

(usually the least busy), the P.A.B.X. telephonist 
is asked to connect the pair of test cords between 
this line jack and the jack of the extension to be 
tested. 

(b) A 4-wire test junction is accessible to the test 
selector and is wired via a relay set at the P.A.B.X. 
to a single test cord on the manual board with 
associated call and clear lamps and Speak key. 
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(ii) (a) The Test Extension key, when provided, is wired 
into either the last or the first exchange line. It is 
operated when an extension is to be tested. 

(b) In some areas it is the practice to have all 
P.A.B.Xs. provided with a special test circuit, 
accessible from the test selector as described in 
(i) (b) above, and this includes C and CA types. 
In this case there are no test cords, the least busy 
or last exchange line is used, but the actual relay 
set is bypassed by the test circuit after the ex­ 
change line finder is positioned by keying in the 
normal way. When neither of these arrange­ 
ments is provided, the technician must make suit­ 
able temporary cross-connections at the P.A.B.X. 

QUESTION 11 (b): 

What test set is used for testing the selectors of: 
(i) A line finder type P.A.B.X.? 
(ii) A uniselector type P.A.B.X.? 

ANSWER 11 ~b): 
(i) Testing of linefinder of P.A.B.Xs. is done using a Test 

Set No. 1 (or IA). This is a portable test set which en­ 
ables the testing of all the important functions of 
group selector repeaters, final selector repeaters and 
final selectors. Line finders and allotters may be 
checked by means of a buttinski and using a spare line 
circuit in each group. The technician's telephone is 
sometimes wired via a key to serve this purpose. 

(ii) Test Set No. 1 (or IA) is also used for testing group 
selectors (or group selector repeaters) and final selec­ 
tors in uniselector type P.A.B.Xs. 

QUESTION 12 (a): 
The Special Service on Faulty Lines (also known as a 
'hospital' circuit) is a circuit that provides a temporary 
service for subscribers whose telephone would otherwise be 
out of order owing to fault conditions. 
What fault conditions can be catered for by the circuit? 

ANSWER 12 (a): 
(i) Line earthed on one side. 
(ii) Line open on one side. 
(iii) Line looped or short-circuited. 
Note.-'Hospital' circuits may also be used on lines with 
foreign battery-Reference E.I. TEL. Exchanges C4340. 

QUESTION 12 (b): 
Show with simple schematic sketches the circuit conditions 
that exist between the subscriber's instrument and the equip­ 
ment side of the exchange M.D.F. when the special service 
facility is used to provide service for each fault condition 
listed above. 

(ii) See Fig. 13. 
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Fig. 13 

~M.D.F,_. ------.-~ 

I FUS~ l j 
OUT 

,;cl 
-~uLT.I 

IB 

.:... 
.:::c 

Fig. 14 
QUESTION 13 (a): 
State the correct sequence of operating and releasing the 
appropriate test desk keys when applying the Selector Release 
facility to a looped line. 

ANSWER 13 (a): 
The testing officer dials the number and the .busy lamp 
glows. The Private Control key (KPC) is now operated, 
followed by the Selector Release key (KSIR) and the busy 
lamp is extinguished. The testing officer restores the 
Private Control key and then restores the Selector Release 
key. 

QUESTION 13 (b): 
With the aid of schematic diagrams, describe the method of 
testing a subscriber's line for: 
(i) Loop resistance 
(ii) Insulation resistance. 

ANSWER 13 (b): 
(i) See Fig. 15. 

Keys operated are: 
Resistance Test Key (KiRT). 
Low Scale key (KLS). 
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Fig. 15 

ANSWER 12 (b): 

(i) See Fig. 12. 
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(ii) See Fig. 16. 
Keys operated are: 
Resistance Test Key (KRT). 
Insulation Res. Key (KIR). 
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Fig. 16 
QUESTION 13 (c): 
What procedure is designed to highlight those subscribers 
which have a history of excessive faults? 
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ANSWER 13 (c): 
The Special Inspection procedure. Details of repair re­ 
quests are recorded on the back of master cards, The 
testing officer examines the history on the back of the 
master card when testing for a fault. If more than two 
coded entries have occurred in a period of two months, 
the master card is referred to the Supervising Technician 
for consideration of a special inspection. 

QUESTION 14 (a): 
What is the acceptable range o1 impulse make ratio from a 
subscriber's line when measured from a test desk? 

ANSWER 14 (a): 
35 per cent. to 39 per cent. (See E.I. TEL. Subs. Q 0001, 
para. 4.1 (vi )). 
Note.-34 per cent. to 39 per cent. as quoted in Telephony 
3 was also accepted. 

QUESTION 14 (b): 
In what way docs the spark quench on a telephone affect the 
make ratio measured from the test desk? 

ANSWER 14 (b): 
It increases the make ratio by approximately 3 per cent. 
for a 2 microfarad capacitor. 

QUESTION 14 (c): 
What are the common sources of impulse distortion in a 
telephone network? 

ANSWER 14 (c): 
Spark quench in telephone. 
Line resistance high or low. 
Low insulation resistance of line. 
Cable capacity. 
Impulsing relays out of adjustment. 
Low exchange battery voltage. 
Transmission bridge. 

QUESTION 14 (d): 
What design features are incorporated in the dial to ensure 
that a selector is seized and ready to receive pulses before the 
pulse train arrives? 

ANSWER 14 (d): 
There is an interdigital pause of 400 - 500mS. This is 
made up of: 
(i) the time to wind up the dial (about 200mS) and 
(ii) the lost motion period-a mechanical delay between 

the time of release of the dial and the production of 
the first pulse. In the No. 10 dial lost motion (200mS) 
is produced by the slipping cam. In a trigger dial it 
is the time taken to pick up the trigger and transfer 
it to the pulsing position (230mS). 

QUESTION 14 (e): 
Under what conditions is a local selector most likely to receive 
a pulse train before the selector is seized and ready? 

ANSWER 14 (e): 
The most likely cause is dialling before receipt of dial tone. 
It can also be caused by a faulty slipping cam in a No. 10 
dial. 
If on wind-up the cam slips before reaching the forked 
stop, the lost motion period, after release, will be reduced 
(extra digits will also be produced). 
Other factors are: 
(i) Digit l has the shortest wind-up time and thus the 

shortest interdigital pause. 
(ii) Fast dials will have a shorter lost motion period. 

Examination No. 5786, 29th June 1968, and subsequent 
dates to gain part of the qualification for promotion or 
transfer as Senior Technician (Telecommunications) Post- 

Master-General's Department. 

TELEPHONE EXCHANGE EQUIPMENT. 

QUESTION 1 (a): 
Describe briefly what is meant by the following terms when 
used in conjunction with switching systems:- 
(i) STEP BY STEP switching system. 
(ii) COMMON CONTROL switching system. 
(iii) Hunting circuits. 
(iv) Finding circuits. 
(v) Selecting circuits. 
(vi) Conditional selection. 

ANSWER 1 (a): 
(i) A system which has switching stepped under the con­ 

trol od' the subscriber's dialling information. 
(ii) Switching is performed independently of the subscri­ 

ber's dialling information. Common apparatus con­ 
trols the setting of stages, releasing itself after switch­ 
ing. 

(iii) The first available path is selected from several 
identical ones, e.g., hunting for a free trunk to a 1st 
group selector. 

(iv) A particular path requiring service is identified from 
a number of paths, e.g., a line finder. 

(v) A particular path is selected from several available 
paths on a predetermined basis, e.g., selecting a direct 
or alternate route. 

(vi) The switching operation (or selecting) is dependent 
upon fulfilling a number of conditions. 
For example, in a link system: 
-there must be a free route available in the desired 
route, 
-there must be a free link circuit available between 
the partial stages and this link must have access to 
the free outlet. 
-the free link must be accessible from the inlet to 
the first partial stage. 

QUESTION 1 (b): 
What salient operating feature is required of a relay used 
to respond to dialled pulses in step-by-step automatic systems? 
Name the type of armature fitted to such relays. 

ANSWER (1 (b): 
The relay must have the same operate and release charac­ 
teristic. An Isthmus armature is ,fitted. 

QUESTION 1 (c): 
Complete the following statements relating to 3000 type relay 
features:- 
(i) A maximum of coil tags can be fitted for terminating 

coil windings. 
(ii) A red enamel marking on a coil tag denotes the . 

end of a winding. 
(iii) The springs on a standard relay are usually . 

mils thick. 
(iv) The silver type oif contact material is usually used to 

carry and break currents of up to mA. 

ANSWER 1 (c): 
(i) 5; (ii) inner. earth or positive; (iii) 14 mils; (iv) 300mA. 

QUESTION I (d): 
Explain briefly the effect of adding three nickel iron sleeves 
over the normal soft iron core of a relay. 
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ANSWER I (d): 
It increases the V.F. impedance of the relay. (A:C. fluxes 
are confined to the surface layer of the core due to the 
"skin effect." The nickel iron alloy has high permeability, 
a low eddy current loss and a low hysterisis loss, which all 
combined increases the impedance. However, it becomes 
saturated at the magnetic force used for relays and so its 
permeability drops. By fitting three 12 mi!. sleeves of 
nickel iron, the effect of saturation is eliminated, as the 
iron core carries the D.C. flux, the D.C. characteristics of 
the relay are practically unaltered and its impedance to 
V.F. currents is greatly increased.) 

QUESTION 2 (a): 
List six (6) methods provided in an exchange to supervise 
the operating performance of an automatic exchange. 

ANSWER 2 (a): 
Reference E.I. TEL. Exchanges M 0112, Para. 2, 3. Any 
six of the following: 
Telephone service observations. 
Traffic route testing. 
Analysis of subscriber trouble reports. 
Alarms and automatic surveillance devices, such as service 

alarms, RKR and route alarms. 
Analysis of fault records. 
Staff reports and testing oif equipment. 
Visual inspection of plant. 
Analysis of dead level traffic. 
Meters. 

QUESTION 2 (b): 
Describe briefly four (4) of the methods listed in your answer 
to 2 (a) and explain how they are used. 

ANSWER 2 (b): 
See E.I. TEL. Exchanges M 0112. 

QUESTION 3 (a): 
Explain briefly the main function of the service alarm system 
used in ARP 102 crossbar exchanges and the conditions which 
cause the alarm to operate. 

ANSWER 3 (a): 
The service alarm is used for supervision of common con­ 
trol equipment, such as markers, code receivers and regis­ 
ters. Each time such a device cannot complete its 
function because of a fault a time out will result and 
one impulse will be sent to an impulse counting circuit, 
Which is reset at predetermined time intervals. When the 
number of throw-outs is excessive a service alarm is given. 

QUESTION 3 (b): 
Describe the procedure you would adopt to determine the 
particular device causing a service alarm. 

ANSWER 3 (b): 
Operation of the connecting key associated with the Service 
Alarm lamp connects a group of resettable meters to the 
throw-out leads from a group of devices. The meter 
connected to the faulty device will advance rapidly and 
from the service alarm appropriation chart the associated 
faulty device is indicated. 

QUESTION 3 (c): 
What fault is indicated when the SSLS lamp is glowing on 
an SLA/B rack? 

ANSWER 3 (c): 
The rack fuse has operated. 

QUESTION 4 (a): 
Complete the following table of information concerning service 
tones used in Australian automatic exchanges. 

ANSWER 4 (a): 

Tone 

Dial Tone 

Frequency 

33Hz. 

Ring Tone I 400 Hz modu­ 
lated by In­ 
terrupted Ring 

Busy Tone I 400 Hz 

Interruptions 

Continuous Tone 

0.4 sec. tone, 0.2 sec. off 
0.4 sec. tone, 2.0 sec. off 

0.375 sec. on 
0.375 sec. off 

.75 sec. on 
or .75 sec. off 

QUESTION 4 (b): 
Service tones for many automatic exchanges are produced by 
a combined alternator and inductor tone generator. Describe 
briefly, with the aid of a sketch, the principle used to generate 
dial tone with this type of equipment. 

ANSWER 4 (b): 
Fig. 1 shows the principle 

TONE 

Fig. 1 

Fig. 2 

of the inductor tone alternator. 
The magnetic circuit reluct­ 
ance varies with the relative 
positions of the soft iron rotor 
and the stator teeth. As 
the position of the rotor 
changes it varies the mag­ 
netic flux and a.c. is induced 
in the generating or pick-up 
windings. The original mag­ 
netic excitation may be from 
either a separate exciting 
winding or from a permanent 
magnet. (One rotor disc and 
stator assembly is provided 
for each tone.) 
The frequency of the output is 
one Hz per rotor tooth per re­ 
volution. For dial tone (33 Hz), 
the rotor has two small slots 
-arranged so that the two 
teeth occupy the greater part 
of the periphery-and the 
stator has two small teeth or 
poles. Usually the two stator 
teeth and slots occupy the 
same space as one tooth and 
the adjacent slot in the rotor. 
Fig. 2 shows how the adjacent 
stator pole windings are in 
opposite directions, so that 
the induced voltages are 
series aiding. 

QUESTION 5 (a): 
Explain briefly the purpose of the following circuits provided 
in conjunction with test desk facilities at an automatic 
exchange: 
(i) Trunks to the M.D.F. exchange side. 
(ii) Test and Plugging Up Lines. 

ANSWER 5 (a): 
(i) To give access to both the inside portion and the 

outside portion of a line without changing the connec­ 
tion at the M.D.F. 

(ii) To release exchange equipment held by a faulty line. 
To give N.U. tone (or equivalent) to callers. 
To enable testing of the line. 
To provide an indication on the test desk when the 
fault clears. 

To give immediate service to the subscriber when the 
fault clears. 
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QUESTION 5 (b): ANSWER 6 (b): 
List the various subscribers' line faults that can be catered for The number tested in one complete revolution. 
by using the test and plugging up lines circuit. 

ANSWER 5 (b): 
Earth on B line or battery on A line. 
Earth on A line, battery on B line or short circuited line. 
Open circuit line. 

QUESTION 5 (c): 
Explain briefly the functions of the test and plugging up lines 
circuit when a call is received for a faulty P.B.X. line con­ 
nected to the circuit. 

ANSWER 5 (c): 
If the private is extended via the test shoe of the circuit: 
The private is earthed and the P.B.X. final selector will step 

over the line; 
If the line is the last in the group then the caller receives 

busy tone. 
If the private is not extended via the test shoe, then the 

incoming ring is tripped and N.U. tone is given to the 
caller. 

QUESTION 6 (a): 
Explain briefly, with the aid of sketches, the basic testing 
circuit used in many motor uniselector applications in switching 
circuits. Include in your answer an explanation of the features 
which prevent double seizure of an outlet. 

ANSWER 6 (a): 
Fig. 3 shows a basic testing circuit. 

'\OUTLET 
:~_)SEIZED _ 

I 'A ' ' - ~ HI' 

QUESTION 7 (a): 
Draw the basic trunking diagram of a 90 line ARK 511 
exchange. 

ANSWER 7 (a): 
See Fig. 4. 

SL 1-1 

~~, ~ 
,o 

IS TO 
~ . ~PARENT 

~ ~ 
Fig. 4 

QUESTION 7 (b): 
List the four main functions of the local link relay sets (SNR). 

ANSWER 7 (b): 
Ring to the B subscriber, ring tone to the A subscriber. 
Supply of battery feed to A and B parties. 
Meter the A party when the called subscriber answers. 
Supervises the call by: 

Timing out if the B party does not answer. (A party is 
then connected to line lockout.) 
Clearing the calls if the B party clears, but the A party 
does not. 

QUESTION 7 (c): 
Explain briefly the purpose of the fleeting test reversal when 
applied to an ARK calling subscriber's line. At what stage 
of the call from an ARK is this test applied to the calling 
subscriber's line. 

Fig. 3 

Relay T has two windings in series during testing. When 
a marked outlet is reached, the relay operates to the battery 
on the P wire. The Tl contact in changing over opens the 
latch circuit and short circuits the 110 ohm winding of T. 
This guards the outlet by reducing the P wire potential to 
about 3V. 
A rectifier in series with the 110 ohm winding of each 
relay ensures that at low potentials, the test circuit resist­ 
ance is too high and the current is- too low for operation 
of the test relay. When testing a free outlet the potential 
across the rectiifier is high enough to keep its resistance 
relatively low, Thus the voltage resistance characteristic 
of metal rectifiers in the conducting direction provides an 
additional safeguard. 
Should two motor uniselectors arrive at the same free 
outlet simultaneously, double selection still cannot occur. 
Both test relays could operate in parallel, but neither would 
hold since each 35 ohm winding shunting the other would 
prevent a large enough current in each relay. The two 
armatures. would vibrate on their make contacts until out 
of step. One would then operate and hold, and the other 
release, allowing its switch to drive on in search of another 
contact. 

QUESTION 6 (b): 
State the maximum number of contacts over which a motor 
uniselector can search during the minimum interdigital pause 
period of a dial. 

ANSWER 7 (c): 
To identify lines restricted to local calls only. 
After the caller's line has been identified and the number 
has been transferred to the AX relay set. 

QUESTION 8 (a): 
Sketch a typical trunking diagram of an ARF/02 crossbar 
terminal exchange. Show clearly on your diagram the position 
of the I.D.F.'s which are used to cross-connect the different 
devices and selecting switches. Your sketch should omit 
marker, alarm and tone generator l.D.F. connections. 

ANSWER 8 (a): 
See Fig. 5. 

5l GIV 
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QUESTION 8 (b): 
Designate each I.D.F. shown in your answer to question 2 (a) 
with a letter and explain briefly the purpose of each I.D.F. 

ANSWER 8 (b): 
The I.D.F.'s are used to interconnect the links and control 
devices to the next stage in the manner most suited to the 
trunking design and grade of service, and distribute the 
outlets after interconnection. The purpose of each I.D.F. 
designated in Fig. 5 is as follows:- 
A-To facilitate interconnection of RS-L outlets to a limited 

number of registers. 
B-Distribution of Registers L over SS switches. 
C-Interconnection of SS outlets to a limited number of 

KSR's. 
D-Cross connection of SR's to any lGV inlet. 
E-Interconnection of lGV outlets. 
F-Distribution of FIR's over GIV inlets. 
G-Interconnection of GIV outlets. 
H-Interconnection of RS-I outlets to a limited number of 

Reg. I. 
K-Distribution of Registers I over SS switches. 
L-Interconnection of SS outlets to a limited number of 
KSR's. 

QUESTION 8 (c): 
Explain briefly the purpose of a BT relay set in an ARF 102 
switching system, and name the rackts) which are fitted with 
a BT relay set. 

ANSWER 8 (c): 
In each SR, F~R and FDR there is a time release circuit. 
Under certain circumstances, e.g., fault tracing and testing, 
it is necessary to lock a connection and it must be possible 
to cancel the time release. 
Racks. fitted with a BT relay set are SR rack, S'R-B rack, 
FIR-B rack and FDR rack. 

QUESTION 9 (a) 
Name the relays in the SR relay set which are operated during 
conversation on a call from an ARF subscriber to a step-by­ 
step subscriber in the same exchange. Assume that the register 
is disconnected after setting the SR in the unit fee junction 
condition. 

ANSWER 9 (a): 
Sl, S4, S6, S9, SlO, Sll, S12. 

QUESTION 9 (b): 
At what stage of a unit fee call from an ARF subscriber to 
a step-by-step subscriber will the caller's meter operate? 

ANSWER 9 (b): 
(i) When the calling party clears; or 
(ii) When the calling party is placed on line lockout 

because the SR has timed out after the B party clears. 

QUESTION 9 (c): 
List, in their correct operating sequence, the relays which 
operate in the SR relay set after the called party answers on a 
call between ARF subscribers connected to the same exchange. 

ANSWER 9 (c): 
S8, SS, S9. 

QUESTION 9 (d): 
Explain briefly why it is necessary to provide an MR relay 
set on public telephone lines connected to an ARF exchange. 

ANSWER 9 (d): 
A P.T. requires a line polarity reversal when the called 
party answers as a signal to disable the transmitter until 
coins have been collected. 

The SR does not give a reversal to the calling subscriber's 
line when answer is recorded, and an MR relay set must 
threfore be provided on each P.T. line to perform this 
function. 

QUESTION 9 (e): 
State which wire is used to transfer an answer signal to the 
MR from the SR relay set and give the signal condition on this 
wire. 

ANSWER 9 (e): 
The R wire; 1000 ohm +. 
QUESTION 10 (a): 
State briefly what is meant by the following terms when used 
in a telephone traffic context:- 
(i) grade of service 
(ii) overall grade of service 
(iii) pure chance traffic 
(iv) smooth traffic. 

ANSWER 10 (a): 
(i) The proportion of calls lost at the first attempt in the 

busy hour due solely to lack of switching equipment. 
(ii) The aggregate probability of a lost call, over all 

switching points in setting up a call. 
(iii) Traffic such that a call is as likely to originate at 

any one moment as at any other. (Pure chance traffic 
is generated by a large number of individual subscri­ 
bers who make their calls independently o.f the calls 
of the other subscribers. In practice, groups of sub­ 
scribers larger than 100 tend to originate this type 
of traffic, as in a uniselector group.) 

(iv) Smooth traffic has fluctuations about the average, 
which are smaller in general than those of pure chance 
traffic. The traffic at any instant will not vary 
greatly from the average traffic measured over a 
period of time. (Smooth traffic may be observed 
on direct or first choice routes where alternate routing 
is used, and also on the early choice circuits of a 
step-by-step grading.) 

QUESTION 10 (b): 
Explain briefly when 'smooth traffic' conditions occur in 
telephone switching. 

ANSWER 10 (b): 
When the number of sources from which the calls can 
originate is small and the traffic is large. 
At a certain stage in the switching process when traffic 
peaks in any previous group have been spread over a 
number of groups due to interconnecting arrangements. 

QUESTION 10 (c): 
State the type of connecting scheme which would be employed 
between: 
(i) the outlets of 4th selectors to final selectors (2000 type 

equipment), 
(ii) the outlets of a JGV switching stage to FUR relay sets 

(crossbar type exchanges). 

ANSWER 10 (c): 
(i) Grading scheme of outlet multiples. 
(ii) Interconnection scheme. 

QUESTION 11 (a): 
Explain briefly what is meant by the following terms when 
-used in co,njunction with ARF102 crossbar signalling: 
(i) compelled sequence. 
(ii) 'A' series signals of the signalling scheme. 
(iii) 'B' series signals of the signalling scheme. 
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ANSWER 11 (a): 
(i) Compelled sequence signalling means that a forward 

signal will remain on line until such time as a rever­ 
tive signal is received and vice versa. 

(ii) "A" signals provide routing information to the register 
so that it knows which digit to transmit and the type 
of terminating equipment. 

(iii) "B" signals provide information regarding the condi- 
tion and class of the required subscriber's line. 

QUESTION 11 (b): 
Explain briefly the sequence of MFC signalling operations 
when a subscriber with number 7598000 calls the number 
7592460 in the same ARF102 exchange with a GJV stage. 
(The frequencies of the various signals are not required.) 

ANSWER 11 (b): 
Fig. 6 shows in diagram form the MFC signalling for this 
call. 

REG 
I 

\CV ('"./ SL 

-------Al 

-------Al 

-------Al 

------------- Al 

-----------------Al 

Q M 

I ' • Al 2 CLASS. OF CALL OIGlT 

ANSWER 12 (b): 
To accommodate the 200 lines, the final selectors are fitted 
with a 600-point bank (3 x 200 point units). The bottom 
unit contains the + and - of the first hundred lines, the 
middle unit contains the + and - of the second hundred 
lines, while the top unit contains the 200 private wires for 
both 100 groups. 
When the switch is stepped to any position, the wipers 
have access to two lines, and it is necessary to choose 
between the two. To effect the selection, a WS or wiper 
switching relay is included in the final selector circuit, and 
calls from odd levels of the penultimate selector are 
trunked through the WS relay, causing the call to be 
switched to the upper 100 unit. Calls from even levels 
do not operate the WS relay and the call proceeds to the 
lower 100 unit. 

QUESTION 12 (c) 
Describe, with the aid of a sketch, the principles used to 
avoid impulse distortion and interference with transmission 
on calls to the second 100 line group of a 200-line final selector. 

ANSWER 12 (c): 
Fig. 7 shows the incoming connections to a 200-line final 
selector. 

-I 

FROM 
EVEN 
LEVEL 
CON1'4CT 

ws 

~ 

-----~---------., 
Fig. 6 

When all digits have been stored in Reg-L the lGV 
marker is called and digit 7 is sent. 
The marker returns an Al signal, which results in digit 5 
being sent forward. 
The marker returns another Al signal and digit 9 is sent 
to lGV. This povides enough information for the lGV 
to switch to GIV and return an Al signal after test. Digit 
2 is received in GIV, which switches the call to SLM and 
returns an Al signal after test. 
Digit 4 is received in CD-SM and an Al signal returned 
to Reg-L. Reg-L sends digit 6, which is stored in CD-SM 
and an Al signal is returned to Reg-L, which sends digit 0 
to CD-SM. When CD-SM receives the last digit SIJM is 
called and an A3 signal is returned to Reg-L to prepare it 
to receive B signals. 
The A3 signal is acknowledged by the register sending an 
extra digit '2,' indicating the class of caner. After test, 
SLM sends a Bl (free line) signal to Reg-L, the call is 
'through connected' and Reg-L and SLM are released. 

QUESTION 12 (a): 
Explain briefly what is meant by the term 'cut-drive' principle 
when referring to 2000 type automatic equipment operation. 
ANSWER 12 (a): 
The 'cut-drive' principle is used in hunting for free outlets. 
A self interrupted drive actuated by a toggle action causes 
the switch to hunt. In conjunction with this, a testing 
relay, contacts of which maintain the self-drive circuit, 
remains operated to the earth condition encountered on 
all busy contacts. When a free outlet is reached, the 
test relay releases and its contacts 'cut' the self-drive 
circuit. 

QUESTION 12 (b): 
Explain briefly the principles of trwnking and operation from 
penultimate selector banks to 200-line final selectors in 
2000 type equipment. 

FIi.OM 
ODD 
LEVEL 
CONT.1.CT 
+l 

Fig. 7 

During the vertical impulsing the 200 ohm winding of the 
WS relay is short-circuited by contacts of the E relay. At 
the end of the first impulse train relay E operates, WS 
operates in series with one winding of A and holds on its 
1000 ohm winding. At the first rotary step, NR springs 
operate and the 200 ohm winding of WS is once more 
short-circuited to avoid impulse distortion and transmission 
interference. 

QUESTION 13 (a): 
Draw a block diagram showing the relationship between the 
relay sets which form the 2/160 GV marker in ARF102 
equipment. Identify each type of relay set. 

ANSWER 13 (a): 
See Fig. 8. 

Fig. 8 
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QUESTION 13 (b): 
Give the main basic function of each of the relay sets shown 
in your answer to 13 ( a). 
ANSWER 13 (b): 
GV-XY-identifies the calling inlet. 
GV-IK-connects the identified inlet to the selected code 

receiver. 
GV-ANa-analyses the route. 
GV-ANb-analyses the number length. 
GV-T-indicates the idle outlets of a selected route. 
GV-W-identifies the wanted route. 
GV-K-selects and tests an outlet. 
KMR-code receiver. 
QUESTION 13 (c): 
If the number length analyser of a GV marker consists of one 
GV-AN part lb and two GV-AN 2b relay sets, state: 
(i) the maximum number of two digit codes that can be 

expanded for three digit analysis. 
(ii) the maximum number of three digit codes that can be 

expanded for four digit analysis. 
ANSWER 13 (c): 
(i) 100; (ii) 38. 

QUESTION 14 (a): 
Explain briefly the bypath test principles used when selecting 
a switching path through the SL stage on an incoming call 
in ARFI02 equipment. 
ANSWER 14 (a): 
When the SI.;M is first seized a number of relays operate, 
indicating which free links between the SLC and SLD 
stage are available, and have access to the calling SLD 
inlet. 
When the subscriber's number has been registered, relays 
operate indicating the free SLA verticals with access to 
the called number. 
From the free verticals indicated, a selection is made of 
an SLA vertical with access to both the called number and 
the incoming SLD circuit. 
A 'vertical' row in the SLA and SLB stages is selected. 
This decides the SLB switch to be used for this call. 
Five verticals on the selected SLB switch are available 
for incoming calls. Of these, tests select a vertical with 
access to the calling SLD inlet. This automatically 
selects a 'horizontal' row in the SLB and SLC stages. 
Every horizontal row in the SLC stage has two verticals 
which can be reached from a certain SLD inlet. The final 
test selects one of these two SLC verticals. 
QUESTION 14 (b): 
Draw a block diagram to show the functional groups of 
equipment with the relay sets which form a typical SL stage 
code receiver. Your block diagram should include sufficient 
information to show the outline of the operation of the code 
receiver. 
ANSWER 14 (b): 
See Fig. 9. 

ANSWERS TO EXAMINATION QUESTIONS 

-AMENDMENT 

Examination No. 5634 - 1st July 1967 and subsequent 
dates. To gain part of the qualification for promotion or 
transfer as Senior Technician (Telecommunications), Radio 
and Broadcasting Equipment, Postmaster-General's Depart­ 
ment. 

PART A- BROADCASTING EQUIPMENT 

Editorial Note: The answers given on page 87, Vol. 18, 
No. l, for question 1. (b), parts (i), (ii), (iv), and (vi) of 
the above examination, are inaccurate or incomplete and 
may be misleading. The following answers should be 
substituted. 

ANSWER I. (b) 

(i) Effective height of aerial between ½ and ¾ wave­ 
length to give the maximum primary service area 
and minimise fading. (The actual height is deter­ 
mined by ground conductivity. For average ground 
conductivities, heights of 0.55 to 0.57 wavelength 
are appropriate.) 

(ii) Capacity top to increase the electrical height more 
economically than by providing the full physical 
height required. 

(iv) Sectionalizing point (series inductor connecting in­ 
sulated section of mast) to increase the electrical 
height as in (ii) but, in addition, to provide a con­ 
venient means of adjusting height by insertion of 
positive or negative reactance, or a combination 
network to enable optimum operation on two fre­ 
quencies simultaneously. 

(vi) Earth mat to increase radiation efficiency. (The 
transmitter delivers its power into a load which 
may be considered as a series combination of the 
following resistances: 
RL representing the losses in the radiator, 
Rr the radiation resistance, i.e. the resistance of 
the propagating medium, and 
Rg the resistance of the ground. 

CD-XY I 
~ 

CHAN. 
REC. 

~.,. 
<Rr 
? 
I 
I 

Rg 

Fig. 9 

As the power dissipated in RL and Rg is wasted, these 
resistances must be kept as low as possible so that the 
maximum voltage may be developed across Rr). 
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Exam. No. 5801-5805 (Technician) Section A (continued 
from voi. 18, No. 3, p. 297). 
QUESTION 5. (a). 

A variable frequency source is connected to an unknown circuit 
and a number of impedance measurements taken, the results of 
which are shown in Fig. 12. Complete the circuit to show the 
arrangement between A and B which will produce the character­ 
istic shown in Fig. 12 and briefly explain the reason for the shape 
of the graph. 

o~F 
Fig. 12. 
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Fig. 13. 

ANSWER 5. (a). 
See Fig. 13. The series circuit will produce the characteristic 
shown as it is taken through resonance. Below the resonant 
frequency, the effect of Xc predominates. Z is initially high, 
but decreases with frequency. At resonance, the effects of XL 
and Xc (on Z) cancel out, and the total Z is equal to R. Above 
resonance, XL becomes increasingly larger than Xc and Z 
rises with frequency. 

QUESTION 5. (b). 
When a 200 ohm resistor, a J0OmH inductor and a capacitor 
with a 650 ohm reactance ·are connected in series to a 800Hz 
( c/s) supply, the circuit current is 0·4 amps. Calculate the supply 
voltage and circuit impedance ( 2n = 6·25). 

ANSWER 5. (b), 
XL= 2nfL 

= 6·25 X 800 X 0·1 
= 50011 

(Xc - XL) = 650 - 500 
= 15011 

Z = yR 2 + (XL - Xc)2 

= y2002 + 1502 
= 25011 

E =IX z 
= 0·4 X 250 
= 100 Volts. 

SECTION C 

QUESTION 1. (a). 
Fig. 14 shows a single stage transistor amplifier. State the type 
of bias arrangement used and briefly explain the factors that 
determine the value of the bias. 

F\J<2K 

C1 
o---f 

INPUT 

.--------IHI· 
9V 

C2 
1---o 

OUTPUT 

ANSWER 1. (a). 
Combination Bias. Bias is determined by the difference in 
potential between the base and emitter. Base potential is 
determined by the potential across R2, which with Rl forms a 
voltage divider across the 9 volt supply. The emitter potential 
is determined by the p.d. across R4. This p.d. is developed by 
the emitter current through the 1 ·2k resistor R4. 

QUESTION 1. (b). 
The emitter current/or the circuit in Fig. 4 is 1·5mA. Neglecting 
the effect of base current, determine: 
( i) the bias on the transistor. 
( ii) the collector-emitter voltage. 

ANSWER 1. (b). 
13k 

E base = l3k + 47k x 9 
= 1 ·95V negative 

E emitter = 1200 x 1 ·5 x 10-3 

= 1 ·8V negative 
E bias= 1·95 - 1·8 

= 0· 15 Volts negative 

E across R3 = 200?_:_ 1-5 
=3V 

Ece = 9 - (3 + l ·8) 
=4·2V. 

QUESTION 2. (a). 
Draw the circuit of a push-pull output stage of a transsitor 
amplifier using input and output transformers. Include bias 
arrangements. 

ANSWER 2. (a). 
See Fig. 15. 
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Fig. 15. 

QUESTION 2. (b). 
Briefly explain what is meant by Cross-over Distortion in class 
B push-pull transistor amplifiers and state how its effect is 
reduced. 

ANSWER 2. (b). 
- It is the distortion produced when class B amplifiers are biassed 

to cut-off. As shown in Fig. 16(a), the characteristic has a bend 
at low values of base current. This causes distortion of the 
output, particularly at low values of signal. 

SCI 

: 7I JrOUTPUT 
---71--:---, ~~tV~_·:s10NAL 

CROSSOVER 
DISTORTION 

SCI 

1 
1NPUT 
SJGNAL 

(a) (b) 

Fig. 14. 

Fig. 16. 

When a small value of forward bias is applied, (Fig. 16b) the 
combined characteristic of the transistors is almost a straight 
line and the distortion is greatly reduced. 
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QUESTION 3. (a). 
With the aid of a block diagram, explain the three basic 
requirements that are necessary for the operation of a,ny 
oscillator. 

ANSWER 3. (a) 
Fig. 17 shows that the basic requirements are an am­ 
plifying device to supply the necessary output power 
and make up for losses; a frequency determining 
circuit to select the oscillator frequency and a positive 
feedback circuit to supply the selected frequency to 
the input of the amplifier in the correct phase. 

When the top of the secondary is positive, current is via SCI 
and the choke L1 to the load and back to the centre-tap of the 
transformer via the earth connection. The second half cycle is 
throuch SC2, L1 and through the load in the same direction. 
Ll reduces the ripple voltage by opposing any change in current. 
Cl and C2 also reduce the ripple voltage, and by supplying 
current when the transformer voltage falls, maintain a relatively 
constant load voltage. The output polarity is shown on Fig. 19. 

FREQUENCY 
DETERM!NtNGl--------f 

NETWORK 

QUESTION 4. (b). 
Each half of the secondary winding of the transformer in ( a) 
supplies 20 volts at 400Hz ( c/s). Determine the approximate no 
load output voltage and ripple frequency. 

Fig. 17. 

QUESTION 3. (b). 
The term Astable applied to multioibrators means a circuit which 
produces a continuing output with or without external triggering 
signals. What is meant by the terms Monostable and Bistable? 

ANSWER 4. (b). 
The output voltage is equal to the peak voltage of one winding 
of the secondary. 
E=l-4x20 
= 28 Volts approx. 

Ripple frequency is twice the supply frequency 
F=2x400 
= 800Hz. 

ANSWER 3. (b). 
Monostable oscillators remain in the one stable state until an 
external trigger is applied, and return to that state a fixed time 
interval after the signal is removed. 
Bistable oscillators have two stable states and remain in either 
one until changed by an external trigger signal. 

QUESTION 3. (c). 
With the aid of a diagram, explain the principle of a Beat ANSWERS 5. (a). 
Frequency Oscillator. See Fig. 20. 

QUESTION 5. (a). 
Draw the basic circuits and attenuation versus frequency char­ 
acteristics of: 
( i) a low-pass filter; 
(ii) a high-pass filter; 
(iii) a band-pass filter. 

ANSWER 3. (c). 
Fig. 18 shows the basic diagram of a B.F.O. The frequency is 
changed by the variable frequency oscillator. The output 0f 
both oscillators is fed into the modulator, the desired sidebaud 
selected by the filter from the sum and difference products and 
amplified to the desired level. A gain control is usually in­ 
cluded in the amplifier. 

FIXED 
FPiEQUE!-CY 

OSCILLATOR 

VAF\IASLE 
FREQUENCY 

OSCILLATOR 

Fig. 18. 

QUESTION 4. (a). 
Draw the circuu OJ a stnqle phase full wave power rectifier usirg 
two silicon diodes and a transformer with a centre-tapped 
secondary. Include a capacitor input ripple filter and briefly 
explain the operation of your circuit, including reference to the 
polarity of the output voltage. 

ANSWER 4. (a). 
See Fig. 19. 

SCI 

LI 

~r~ 
, I , 

QUESTION 5. (b). 
A low-pass filter has an attenuation of 50dB at 8kHz ( kc]s), 
What will be the output power in mW and dBm when the input 
is + 6dBm at this frequency? 

CIT c2r r 
SC 2 

Fig. 19, 

ANSWER 5. (b). 
Output in dBm = 6 - 50 

= -44dBm 
1 

-dBm= 10 log Pl 

1 
44 = lOlog Pi 

1 
A-log 4·4 = PI 

1 
25,000 = Pi 

1 
PI = 25,000 mW. 
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Examination No. 5787; 29th June, 1968, and subsequent 
dates, to gain part of the qualification for promotion or 
transfer as Senior Technician (Telecommunications), 
Transmission Equipment, Postmaster-General's Department. 
(Some of the answers give more detail than would be 
required to obtain full marks for the questions. The 
additional information, studied in conjunction with the 

references listed, should be helpful to students.) 

PART A - LINE TRANSMISSION EQUIPMENT. 
QUESTION 1 (a): 
List the test signals which are applied to broadcast pro­ 

gramme transmission lines during tests to measure transmission 
performance. Your answer should include power levels and 
frequencies. State any precautions which must be taken in 
applying the test signals. 
ANSWER 1 (a): 

Test signals are applied to a broadcast programme chan­ 
nel for line-up of level and to measure frequency response 
and harmonic distortion. Frequency ranges for typical 
programme channels are 50 Hz - 5000 Hz for physical 
lines and 50 Hz - 7000 Hz, or 50 Hz - 10,000 Hz for 
carrier programme channels. 
The frequency used for line-up of a programme channel 

is 1000 Hz. Frequencies used in the frequency response 
test should cover the programme channel range and typical 
frequencies are 50 Hz, 100 Hz, 3000 Hz and 5000 Hz for 
physical lines. For carrier programme channels additional 
frequencies of 7000 Hz and 10,000 Hz, as appropriate, are 
used. The level used for this test is -4dBm; that is, 
12dB below the line-up level. 

The frequency used for the harmonic distortion test 
should not exceed 800 Hz. A typical frequency used is 
400 Hz. 

Programme channel line-up is performed at a level of 
+SdBm (1000 Hz). 

Distortion is measured using a level not greater than 
+16dBm, that is, 8dB above the line-up level. 
Certain precautions, regarding power levels, must be 

PART OF CHANNEL UNIT 

taken when applying test signals. A large number of 
programme channels are provided on broadband systems 
using coaxial cable and radio bearers and some of these 
programme channels use pre-emphasis to improve the pro­ 
gramme signal-to-noise ratio. Care must be exercised in 
performing certain tests, particularly frequency response 
tests, to avoid overload of the radio or coaxial cable sys­ 
tems. 
The precautions regarding test levels can be summarised 

as follows: No test signal should exceed + 16dBm, and 
test signals greater than 1000 Hz should not exceed -4dBm 
at the reference point ( +8dBm line-up level). Any test 
signal in excess of +8dBm in level should be applied to 
only one channel at a time and for a maximum duration of 
10 seconds. · 
QUESTION I (b): 

(i) What value of noise would you expeci to measure on 
a high quality programme line between two major 
centres, for example Capital cities 600 miles apart? 
Give the standard programme level at the point of 
measurement. 

(ii) What is the ratio in dB of this noise level to the maxi­ 
mum test signal applied? 

ANSWER 1 (b): 
For programme channels up to 500 miles in length the 

weighted noise should not be worse than 49dB below 
+8dBm; a ratio of at least 57dB would therefore exist 
between the noise level and the maximum test signal level. 
For a channel 600 miles in length the ratio can be about 
ldB worse; that is 56dB between maximum test signal level 
and the noise level. 
References: Engineering Instructions; PLANNING, Trans 

and Line Systems O 2010; Long Line Equipment, General 
and Line Systems O 2010; LONG LINE EQUIPMENT, Gene­ 
ral, P 0280. Technical Training Publication MLR 049. 
QUESTION 2: 
Fig. 1 represents part of the receive equipment of an 

F.M. V.F. Telegraph system employing group modulation. 

PART Of HIGH GROUP MODEM UNIT 

REC FAIL 
CONTA.OL 
RECTIFIER 

CHAN. EQUIP. 
AS FOR CHAN. 6 

CH.A.N. 24 

CHAN. 6 

@LOC.AL 
PILOT 
AMP 

F f\EQUENCY COMPENSATION 
UNIT 

4320Hz 

REC. 
LINE 

Fig. 1. 

. __ J 
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A number of blocks are left blank and marked with letters 
A-H and J. Indicate for each, the type of filter, and the 
frequencies or frequency bands which must be passed or 
stopped. 

ANSWER 2: 
The diagram is part of a T.M.C. (Aust.) system and the 

frequencies given in this answer are for this type of 
system. Full marks were allotted to candidates who 
gave channel frequencies for the T.M.C. (U.K.) system. 
A 1140 ± 60 Hz (Bandpass) F 4280 to 7370 Hz (Bandpass) 
B 1140 ± 60 Hz (Bandpass) G 3250 Hz (Lowpass) 
C 2520 to 3240 Hz (Bandpass) H 280 to 320 Hz (Bandpass) 
D 360 to 1080 Hz (Bandpass) J 4000 to 4040 Hz (Bandpass) 
E 4020 Hz (Bandpass) 

Reference: Technical Training Publication MLR 033. 

QUESTION 3 (a): 
What do you understand by the terms Return loss, Stability 

balance return loss and Echo balance return loss? 

ANSWER 3 (a): 
Return loss is a measure of the degree of impedance 

match between two impedances. It is the ratio of the 
power reflected from a termination to the power incident 
to the termination, expressed in dB. It is defined by the 
formula:- 

Zl + Z2 
Return loss in dB = 20 log., --­ 

Zl -Z2 
Under matched conditions return loss theoretically is 

infinite, but practical figures for matched conditions are 
from 45-50dB. 
Under the extreme conditions of mismatch, with either 

a short circuit or open circuit load, the return loss figure 
is OdB. 

Stability balance return loss and echo balance return 
Joss are applied to 2-wire/4-wire terminations of 4-wire 
circuits. The loss across a hybrid can be divided into 
normal hybrid Joss (6.5 -7dB) and 'return loss.' The 
return loss is determined by the impedance ratio of the 
balance network and the line. 

Stability balance return loss gives an indication of the 
amount of speech energy returned to a talker from the 
distant hybrid. It is measured (using frequencies covering 
the speech range) between the send and receive paths of 
the hybrid four-wire circuit, with the two-wire circuit 
terminated in its nominal impedance. 
Echo balance return loss is the 'weighted' return loss of 

the balance network impedance against the impedance of 
the two-wire line terminated in its nominal impedance. 
It gives an indication of the effect of the returned energy 
on the talker. It is measured between the send and receive 
paths of the hybrid. A speech weighting noise generator 
is used as a signal generator. This consists of a random 
noise generator and a speech weighting network and pro­ 
duces an output to simulate normal speech energy distri­ 
bution in the frequency range from 300 - 3400 Hz. The 
measuring device is a psophometer, which records the 
received signals as they would affect the average human 
ear. 
Delay distortion, if excessive, has a degrading effect on 

the transmission performance as regards echo, but this 
feature is not considered in the echo balance return loss 
measurement. 

QUESTION 3 (b): 
Describe how you would measure the stability balance 

return loss of the circuit shown in Fig. 2, at the 4-wire 
exchange. 

" .. , .. ~ 
EXCHANGE 

I 
4 WIRE EXCH).NGE 

LI~ 

ANSWER 3 (b): 
Fig. 3 shows the test arrangement to measure the stability 

return loss of the circuit. It is necessary to terminate the 
two-wire line in its characteristic impedance at the two- 

Fig. 2. 

2 WIRE 
EXCHANGE 

LINE 

• WlAE EXCHANGE 

Fig. 3. 
wire exchange. A test signal is then applied at the 
four-wire input to the hybrid and the signal level is 
measured at the four-wire output of the hybrid. The 
test signal is applied at a level similar to the normal circuit 
level at the hybrid-in point. The measurement is first 
made at lkHz, and then can be measured for a number 
of frequencies in the range 0.3 - 3.4 kHz. The measured 
loss includes the hybrid loss, which is generally regarded 
as 6.5 - 7dB. The hybrid loss is deducted from the total 
loss to obtain stability balance return loss. 

References: Technical Training Publications OP 236 and 
MLR 025. 
QUESTION 4: 
Draw a simple block diagram of the receiving terminal line 

equipment for a 6MHz coaxial cable system. Describe each 
item briefly and indicate its purpose. Facilities for change over 
to spare units need not be shown. Multiplexing equipment is 
not required. 
ANSWER 4: 
A suitable answer to this question is contained in the 

Technical Training Publication CP 226, 'Coaxial Line and 
Supervisory Equipment.' The main items of receiving 
terminal line equipment are included in Fig. 8, although 
standby and changeover equipment are not required in the 
answer. The pilot receiving equipment could also be sim­ 
plified to one unit with three pilot control outputs. 

The purposes of the equipment items are contained in 
Section 6. More information is given in the section than 
is required for the answer. 

Reference: Technical Training Publication CP 226. 
QUESTION· 5 (a): 
List briefly the responsibilities applying to a group control 

station as set out in Departmental Engineering lnstructi ons, 
ANSWER 5 (a): 

The answer to this question is given in Engineering 
Instruction LONG LINE EQUIPMENT. General P 0100, 
paras. 3.1 and 3.2 (ii). 
QUESTION 5 (b): 
Show by means of a diagram the extent of the equipment 

included in a group and a group link. 
ANSWER ·s (b): 

The answer to this question is given in Engineering In­ 
struction LONG LINE EQUIPMENT, General P 0100, Fig. 
1 (a). 

Reference: Engineering Instruction Long Line Equip­ 
ment General P 0100. 
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QUESTION 6: 
You are located at station 'A' which is the control terminal 

of a V.F. Telegraph system between stations 'A' and 'C'. 
The system is operated over one circuit of a 12-circuit group 
which includes two groti]: sections which are group-connected 
at station 'B'. These three stations are all major cities. 
Complaints have been received of excessive mutilation of 

signals on a number of the telegraph channels incoming to 'A' 
and these have been confirmed by observation. 
What action is necessary to: 
(i) Determine the cause of the trouble? 
(ii) Make the V.F. telegraph channels good? 
The necessary action must be set down in the sequence you 

would follow. You may assume the system is either A.M. or 
F.M. 

ANSWER 6: 
In order to determine the cause of the trouble it is 

necessary to obtain as much information as possible from 
the telegraph section regarding all the faulty telegraph 
channels. From this information it should be possible to 
ascertain ff all the channels of the system are involved, if 
one or both directions are affected, if all the faulty chan­ 
nels are in the one V.F.T. system or whether other systems 
on the same route are involved. ]f other systems are 
involved it could be that the telegraph systems share one 
of the two group sections, An analysis of the telegraph 
channels involved could pinpoint the trouble to a possible 
common source. 

The prime consideration is to restore service, and the 
action taken would be dictated by the initial analysis of 
the fault reports. Assuming that only one system is 
involved, and no indication of a group section fault is 
received, it is necessary to patch the V.F.T. system. If 
traffic conditions are normal, the system is patched to its 
nominated first choice patch. If the nominated patch is 
from A - C the patch is performed simultaneously at 
terminals A and C under the direction of the control 
station. It could be that two channels, one from A - B 
and one from A - C constitute the patch. In this case a 
patch is also required at station B. The telegraph channels 
are checked on their temporary bearer and, if satisfactory, 
are handed back to traffic. 
Tests are then made to locate the faulty line or equip­ 

ment. Both A.M. and F.IM. telegraph systems are affected 
by interruptions exceeding about 5 ms, and also noise, 
particularly impulsive noise, on their bearer. In addition, 
A.M. systems are affected by variations in level and F.M. 
systems are affected by frequency shift (out of syn­ 
chronism). The tests made, including listening tests, 
should be designed to determine these conditions. 
To locate the fault, the overall system can be divided 

into telegraph terminal equipment and bearer, Each of 
these can be further subdivided. If the telegraph channels 
are satisfactory when patched to the first choice bearer, 
the fault would be in the bearer. This. can be tested A - B 
and B - C to locate the faulty section. When line or 
group regulation is used the faulty section may be located 
by reference to the regulators. 
lf the fault is located to a section, additional tests should 

be made to give a more precise location. The telegraph 
bearer can be further subdivided into line equipment, group 
equipment, sub-group equipment and channel equipment. 
If part of a broadband system, then super-group and 
master-group equipment could be involved. Tests, or 
examinations of other fault reports, should be made to find 
whether the fault affects both directions of transmission, 
is confined to one terminal, is causing variations in level, 
affects all channels, affects one sub-group, etc. From 
the information obtained a more precise location should be 
made. 

If the telegraph channels remain faulty when patched to 
the first choice bearer, the bearer should be retested, and. 
if satisfactory, the telegraph terminal equipment is suspect. 
An analysis of the telegraph channel fault reports may 
give an indication of the faulty equipment. Most A,M. 
V.F. telegraph systems are assembled as 18 or 24 individual 
channels, but most F.M. V.F. telegraph systems are as­ 
sembled in sub-groups of six channels. Test should also 
be made to determine whether the fault is in the transmit 
or receive equipment of the telegraph terminals. 
When the cause of the trouble has been located and 

fixed, arrangements can be made to return the telegraph 
system to its normal bearer. It is advisable to restore 
the patch at a time of light traffic because an interruption 
will occur in the restoring process. The traffic authorities 
should be informed of the changes. 
QUESTION 7 (a): 
Draw a block schematic diagram illustrating the arrange­ 

ments necessary to temporarily patch a broadcast programme 
channel to a channel of a 12-circuit carrier telephone system. 
ANSWER 7 (a): 

Either Fig. 39 or Fig. 40 of Engineering Instruction, 
LONG LINE EQUIPMENT, General P 0010, are suitable 
diagrams for this answer. Generally the programme is 
applied to 'Mod. In' of the carrier telephone channel (Fig. 
40). Part (b) of each figure, showing afternative patching 
when the receive station is a splitting centre, is not re­ 
quired. 
QUESTION 7 (b): 
What is the bandwidth you would expect to transmit under 

these conditions? 
ANSWER 7 (b): 

300 Hz - 3400 Hz. 
QUESTION 7 (c): 
What limitations would apply to the use of such a channel 

for programme transmission? 
ANSWER 7 (c): 

Because of the limited bandwidth available on a tele­ 
phone channel, it is unsuitable for music and should be 
used for voice transmission only. 

Reference: Engineering Instruction, LONG LINE EQUIP­ 
MENT, General P 0100. 
QUESTION 8: 
With the aid of a sketch, describe the equipment provided 

and its method of operation for automatic gain regulation at 
a minor coaxial cable repeater. 
ANSWER 8: 

A suitable answer to this question is contained in the 
Technical Publication CP 226, 'Coaxial Line and Super­ 
visory Equipment.' The main elements of typical pilot 
regulation equipment are given in Fig. 25 and a description 
of its method of operation is given in paras. 9.6 and 9.7. 
Reference: Technical Training Publication, CP 226. 

PART B - RADIO COMMUNICATION EQUIPMENT. 

QUESTION 9: 
Describe the test set-up and the method you would use to 

reduce a high 70kHz noise level in a 960 channel radio 
bearer which is operating with a normal level of basic noise. 
ANSWER 9: 

Since the basic noise level is normal, a high noise level 
in the 70 kHz test slot implies that either the modulator 
or demodulator (or both) is non-linear and requires adjust­ 
ment. Special equipment is available, which will measure 
the degree of non-linearity, such as the G.E.C. derivative 
test equipment which is described. 
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Fig. 4 shows the test set-up for measuring the derivative 
response of a modulator. The derivative test unit delivers 
a 70 MHz signal, which is frequency modulated at 70 kHz 
and swept from 61 to 79 MHz at a 70 Hz rate. This 
frequency modulated signal is applied to the demodulator, 
where it is detected and then the baseband output is fed 
into the BE IN socket on the display unit. The 70 Hz 
component is filtered out and the 79 kHz signal is amplitude 
detected. The resulting d.c. voltage is used to provide a 
vertical deflection on the C.R.O., which will be proportional 
to the non-linearity of the demodulator. 

DERIVATIVE 
TEST UNIT 

70~0UT 
8 DISPLAY 

UNIT 

The horizontal deflection voltage is derived by de­ 
tecting the swept 70 MHz signal in the discriminator of 
the display unit. 

The vertical sensitivity of the display unit is calibrated 
by changing the level of the 70 kHz modulating signal by 
a known amount (usually ldB) and noting the change in 
vertical deflection on the C.R.O. 
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Fig. 5 shows the test set-up for measuring the derivative 
response of a modulator. The signal generator provides 
a 70 Hz saw-tooth voltage with a 308 kHz signal super­ 
imposed on it. This is fed into the modulator, which 
produces a swept 70 MHz signal in the output with a 
308 kHz F.M. component. The R.F. signal is applied to 
the display unit, where it is demodulated, the 308 kHz 
signal is amplitude detected and the resulting d.c. voltage 
is used for vertical deflection as before. Fig. 6 shows a 
typical result. 

Before carrying out a modulator derivative test (which 
makes use of the discriminator in the display unit), it is 
necessary to ensure that the back-to-back derivative re­ 
sponse of the equipment is within the specified limits. In 
this check, the swept 70 MHz signal from the generator 
is fed to the display unit through a suitable attenuator. 
The discriminator in the display unit is then adjusted for 
maximum linearity. Allowance is made for remaining non­ 
linearity by drawing a suitable graticule on the C.R.O. face 
with a grease type pencil. (The generator is designed to 
have a negligible linearity error.) 
QUESTION 10: 
A broadband radio system operates as follows: 

Bearers 

101 
102 
103 
104 
109 

Traffic being Carried 

Protection 
Protection 
Telephony (960 channels Interstate) 
Telephony (960 channels Interstate) 
Regional Television 

Bearer 109 has failed and remains failed throughout the 
following events:- 

(i) Describe the series of automatic switching operations 
(including a description of transfer and operate times) 
which will occur if bearer 103 now fails due to a deep 
fade. 

(ii) What automatic switching operations would have oc­ 
curred had bearer 103 muted due to a failure Of a 
receiver I.F. amplifier? 

(iii) What automatic switching operation would have oc­ 
curred in case (i) had bearer 102 failed? 

ANSWER 10: 
The switching system discussed below assumes that all 

pilot failures take precedence over all noise failures. On 
some of the very latest switching systems where the noise 
switching level approaches the pilot switching level, both 
have equal priority. 

In the event of a deep fade on bearer 103, the noise 
detected by the 103 noise receiver will increase to the 
noise switching level. As the protection bearer is carrying 
T.V., however, no switching takes place, because the 103 
pilot is still being received, whilst the pilot on 109 is lost. 
As the fade deepens, 103 pilot is eventually lost, and 
because Interstate telephony has priority over regional T.V., 
switching occurs with a transfer time of approximately 
50mS, of which only about lmS is- due to the operate time 
of the relay. 

Note.-The transfer time due to pilot failure where the 
protection bearer is available, will typically consist of the 
following:- 
!. Propagation time (lmS for 186 miles) approx. 2mS 
2. Operate time of reed relay approx. lmS 

or Operate time of diode switch approx. 5uS 
3. Sensing time of V.F. signalling tone 

detector and switching logic circuitry .... approx. 17 mS 

Total .. approx. 20mS 
Had the protection bearer 101 been available, switching 

would have occurred due to noise, and the resulting traffic 
time lost would have been lmS (or less in the case of I.F. 
switching), due to the operate time of the switch. 

It should be noted that any bearer can carry traffic 
throughout a deep fade until the muting level is reached 
and the pilot lost. Fig. 7 shows a typical sequence of 
events during a progressive fade, and typical ranges of 
signal level over which the various alarm and switching 
circuits operate. In the latest systems, the noise fail 
switching can be set nearer the mute point than the -98 
dBW shown. 
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essentially of a calibrated attenuator and uncalibrated level 
meter. In the set designed for S/N readings the level 
meter is generally a calibrated power meter. 

The method olf using the white noise sets designed for 
direct N.P.R. measurement is described below. The bearer 
to be tested is taken out of traffic and the white noise 
set is connected to the bearer as shown in Fig. 8. 

WHITE 
NOISE 

RECEIVER 

Fig. 7. 

Had bearer 103 muted abruptly instead of fading slowly 
to the mute point, the T.V. traffic on bearer 101 would 
have been replaced by the higher priority traffic on bearer 
103 with a traffic time lost of approx. 50mS. Any mute 
failure gives, of course, a pilot failure. 
Had bearer 102 failed, no switching would have resulted 

because bearer 102 is an even number and therefore carries 
traffic in the opposite direction. However, telesignalling 
would have given alarms at both terminals to show that 
bearer 102 had failed. In addition, the switching logic 
would have been inhibited in such a way as to prevent 
switching in case bearer 104 failed. 

QUESTION 11: 
Describe the method of white noise testing microwave radio 

bearers. How are the results interpreted? 

ANSWER 11: 
A white noise test set is used to measure the intermodu­ 

lation distortion produced in a radio telephone bearer. The 
test set consists of the following units:- 

(i) A white noise generator which produces a signal 
with a uniform spectrum and which has statistical 

properties similar to that of the multiplex signal. The 
bandwidth and level are adjustable. 
(ii) A set of three bandstop and three bandpass filters 

with centre frequencies chosen to fall near the lower, 
middle and upper limits. respectively of the band of 
frequencies occupied by the multiplex signal. 

(iii) A selective receiver with an effective bandwidth of 
3.1 kHZ. 

Before proceeding with the white noise test, the bearer 
equivalent must be checked and reset if necessary within 
± 0.25 dB of the nominal value. If an adjustment is 
necessary, the modulator deviation should be checked 
before making any other adjustments. 
There are two general types of white noise sets: one 

designed to give the result of the noise test directly in 
terms of the Noise Power Ratio (NPR) and the other 
designed to give the result directly in terms of the Signal 
to Noise Ratio (S/N). The only significant differ­ 
ence between the two types of sets is in the receiver. In 
the set designed for N.P.R. readings the receiver consists 

The calibrated attenuator of the white noise receiver 
it set to some arbitrary low value and the meter set to the 
zero, reference calibration by means of the receiver's 
variable gain controls. Let the attenuator reading be 
ydB (as the actual signal in the slot is removed by the 
bandstop filter; this reading is proportional to the total 
noise level in the 3.1 kHz bandwidth). The bandstop 
filter is now shorted out and the calibrated attenuator is 
adjusted until the meter returns to the original setting. 
Let this reading be xdB. (This reading is proportional 
to the signal plus noise level). 
Then N.P.R. = x-y dB, i.e., this reading is effectively the 

ratio of the total signal power to, the noise power in the 
telephone channel bandwidth (assuming that noise is very 
much smaller than the signal). 

1f we wish to derive the signal to noise ratio (S/N), or 
more correctly, the standard test-tone to noise ratio, jhis 
may be obtained by adding to the N.P.R. the numlber of 
dB given by the ratio of the standard test tone level 
(0dBm0) to the actual noise signal power in the 3.1 
kHz measuring channel. For a 960 channel system this 
additional factor is equal to 16.3dB. An additional 
2.5dB must be added to obtain the signal to weighted 
ratio noise, therefore S/N (dB weighted) = N.P.R. + 18.8 
dB for a 960 channel system. 
Noise measurements are made at the three slot frequen­ 

cies. For a 960 channel system, these frequencies are 
70 kHz, 2438 kHz and 3886 kHz. The noise as measured 
above consists of two components: 

Basic noise, which comprises the thermal noise due to 
the baseband equipment and that originating in the equiva­ 
lent resistance at the front end of the receiver. 

Intermodulation noise, due to the non-linearity of the 
amplitude and phase characteristics of the equipment. 
To obtain a measure of the basic noise on a bearer, an 

N.P.R. measurement is made with the generator output 
level reduced sufficiently to ensure that no intermodulation 
distortion is produced. The particular level chosen for 
this test is normally 0dBmO. The factor used to convert the 
N.P.R. taken at 0dBm0 to S/N is 33.6dB, i.e., 18.8 + 14.8 
for a 960 channel system. 
High basic noise could result from low signal strength 

on one or more paths or defective baseband amplifiers. 
The intermodulation noise consists of two main compo­ 

nents caused by: 
Non-linearity of the modulator and demodulator. 
Delay variations in the I.F., R.F. and radio propagation 

path. 
At the lower baseband frequencies, the intermodulation 

noise is almost entirely due to the non-linearity of the 
modulator and demodulator. At the upper baseband fre­ 
quencies it is due to the sum of the non-linearity, and 
group delay variations, with the group delay being the 
controlling factor. Thus, a high intermodulation noise 
reading obtained in the bottom slot, indicates the modulator 
and demodulator linearity needs checking, while a high 
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noise in the top slot indicates excessive group delay varia­ 
tions which could originate in the I.F. and R.F. amplifiers 
and antenna feeders. Multipath propagation effects can 
cause the top slot readings to vary with time. 

More information on the performance of the bearer mav 
be obtained by measuring the N.P.R. with various whit­ 
noise input levels from 0dBm0 up to l0dB above the full; 
loaded condition. A graph of typical results is given 
in Fig. 9. 

50 

JO 

LINEAR PORTION 

(BAS!C NOISE ONLY) 

I 
'· 

_!_.tNTERMOOULATION NOISE 
~-1 BECOMING EVIDENT. 

~

! MAXIMUM N.P.R. OCCURINC 
T FULLY LOAO'ED CONDITION 

I 70 kHz 

QUESTION 13 (a): 

Describe one antenna in each band which is used in radio­ 
communication service in: 

2'4313 kHz 

/

INTERMODULATION 
NOISE INCREASING 
RAPIDLY, 

10 20 
WHITE NOISE INPUT LEVEL (dBmO) 

Fig. 9. 

QUESTION 12: 
You have just completed a visit to a radio bearer repeater 

site where you have restored a bearer to traffic. Describe in 
detail the radio bearer service report you would prepare and 
give the reason or reasons why you would enter each item. 
In answering this question you should use two columns, the 
left one being used for the description of each item, and the 
right one being used for the reasons. 

ANSWER 12: 

(i) the H.F. band; 

(ii) the V.H.F. band; 

(iii) the S.H.F. band. 

Give details of the construction, dimensions both physical 
and electrical, feed arrangements and/ input impedance. Sketch 
the E and H plane radiation patterns of each antenna. 

I , 

A~SWER 13 (a):, 
I 

(l) H.F. band-Rhombic. Construction details and pat­ 
terns are given in the Technical Training Publication, 
Radio 2, paper 4, pages 31 and 32. The E plane of a 
rhombic antenna is HORIZONTAL and the H plane is 
VERTICAL. 

(ii) V.H.F. band-Yagi. A typical two-element yagi 
antenna comprises a nominal half wave-length dipole 
spaced approximately 0.2 wave-length in front of a 
passive reflector element. The reflector element 
may be a self-supported continuous tube attached 
to the main support. The electrical length of the 
reflector is approximately half wave-length plus 5 
per cent., that is, it is inductive in reactance. Alter­ 
natively, a passive director element which is electri­ 
cally shorter than half wave-length may be mounted 
in front of the dipole and used instead of the reflector. 
The dipole may be either a simple dipole split at the 
centre to provide a current feed point, or a folded 
dipole formed from tubing insulated from the support. 
The impedance of the antenna is approximately 50 
ohms using a simple dipole or 200 ohms using a folded 
dipole, as the reflector reduces a dipole's normal 
impedance. The forward gain is approximately 2.5 
dB reference a dipole in free space when mounted 
several wave-lengths above the ground. The front 
to back ratio is approximately 6dB. 

Radio Bearer Service Report, 

Site No. 

Bearer No. 

Complaint or . 
Observation 

Planned Activity 

Common Equipment 

Unit, Component 
and Fault Cause 

Time Commenced ) 
Time Cleared ) 

Traffic Trunk 
Lost 

Man Hours and 
Material Cost 

Signature 

Identifies the geographic location of the equipment and so allows analysis into State and 
Division. 

Identifies the direction and section in which traffic is being carried. 

Provides information as to why the service action (routine or fault clearance) was carried 
out. 

Records the type of routine (if relevant). 

Allows analysis of the reliability of equipment which is associated with all the bearers at a 
site; e.g., N.S. set. 

Provides basic data used to discover weaknesses in equipment and allows planning of future 
preventive maintenance. · 

Determines duration of a fault condition. 

Determines effect of fault on telecom. traffic. 

Allows comparison of costs of different manufacturers, systems, bearers, sites and methods 
and so helps management plan future provisioning policy and service activity. (Material 
cost is .sometimes derived at State H.Q. rather than being directly entered in the f'ield.) 

To allow reference in unusual cases. 



98 THE TELECOMMUNICATION JOURNAL OF AUSTRALIA February, 1969 

The E plane of a yagi antenna is in the plane of all 
the elements, the H plane is at right angles to the 
E plane and is along the direction of fire. (Fig. 10). 

ANSWER 13 (b): 
Velocity of propagation in air is 186,000 miles/sec. 

Velocity of propagation in coaxial cable: 
186,000 
---- 
y2 

= 131,200 miles/sec. 
Reference: Technical Training Publication, Radio 2. 

QUESTION 14 (a): 
Propagation between the transmitting and receiving antennas 

of a V.H.F., U.H.F., or S.H.F system can take place by other 
than a direct path Name the modes of transmission of these 
other paths and describe the process of the modes giving 
details of how and when the mode occurs 

120° 
H PLANE 

Fig. 10. 

(iii) A high gain reflector antenna for the S.H.F. band uses 
a parabolic reflector sometimes called a "dish." The 
reflector is made from spun aluminium and is manu­ 
factured to close tolerances. Diameters are usually 
about 8 ft. up to 15 ft. The primary feed reflector 
is in some cases a dipole, but at frequencies above 
2GHz is more usually an electromagnetic horn which 
is a flared or fan-shaped section of the waveguide. 
The polarisation of the antennas depends upon the 
plane of the radiator waveguide feed and often 
can be changed by adaptable mounting arrangements. 
Dual inputs may be obtained by separate horizontally 
and vertically polarised radiator waveguide feeds. 
An E and H plane radiation pattern is shown in 
Fig. 11. 

,40 

REARWARD 
RADIATION 

·1 a o? 

E AND H PLANE 
Fig. 11. 

QUESTION 13 (b): 
Calculate the velocity of propagation of a coaxial cable 

which has a dielectric constant of 2.0. 

ANSWER 14 (a): 
The modes are reflection, refraction and diffraction. 
(i) Reflection. Referring to Fig. 12, a wave striking a 

reflecting surface is shown in this diagram. The 
wave strikes the ground but cannot penetrate it. If 
the surface was absent the wave would advance 
unchanged, but the presence of the surface changes 
the direction of the wave part, as shown by A.0.B. 
The angle of incidence equals the angle of reflection 
and they are in the same plane. For horizontally 
polarised waves, a phase change of about 1800 occurs 
at the points of reflection, but for vertically polarised 
wave the phase change is between oo and 1800. 
Certain loss occurs on reflection and a coefficient 
of reflection can be determined by the ratio of the 

~ TR~N~:l~ER 

. (·~·- ... ,. --~(~;;, 0 

A'' ' Fig. 12. 
DETAIL Z 

energy per second leaving the surface to the energy 
per second incident to the surface, Reflection often 
occurs from the ground between a transmitting and 
receiving antenna, or from mountains, buildings or 
even steel structures close to the direct path. 

(ii) Refraction. In Fig. 13, a wave is shown being 
refracted through a mass of air which is denser than 
the air surrounding it. Because the mass of air is 
denser than the surrounding air, the wave is slowed 
down as it crosses the interface. As the wavefront 
is oblique to the interface, the slowing down occurs 
at different instantaneous times, resulting in a change 
of direction. As shown, this wave velocity is less 
in the air mass than in the surrounding air and line 
A.O.B. represents the new direction of the wavefront. 
The angle 'r' to the 'normal' is the angle of refraction. 
A beam travelling from a lighter to a denser medium 
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Lo 
- 
=j- 

RECEIVER 

may occur again, depending upon the frequency and the 
angle of incidence at these layers, but complete penetration 
can occur. Reflection from the ionospheric layers will 
allow greater distances to be spanned by high frequency 
transmissions than would be possible from the ground­ 
wave mode. 

Refereneese Technical Training Publications MLR-O51 
and Radio 2. 
QUESTION 15 (a): 
Draw the circuit of a three phase, half wave rectifier using 

delta/star transformer and mercury vapour rectifiers. Show 
the approximate voltages at various points and the output 
waveform, assuming a D.C. output on load of 500 volts 
suitable for application to radio equipment. 
ANSWER 15 (a): 

(iii) 

Fig. 13. 

is 'refracted' towards the normal and for vice versa 
the beam is refracted away from the normal. 
Refraction often occurs when a wave encounters 
layers of hot air trapped above the direct path or 
by columns of rising or falling air in the direct path. 
Diffraction. A wavefront passing over an obstacle 
causes re-radiation in all directions, as shown in Fig. 
14. The re-radiation is not from one point but from 

~- .L rl~E~g ~~:~~~~-~10~ 
I !PRESENT) 

a large part of the surface of the obstacle. Therefore 
the re-radiation and subsequent bending of the waves 
as they graze the earth's surface can cause radiation 
in the geometric shadow of an obstacle. Diffraction 
of a wave can be utilised to reach an area in 
'shadow,' particularly if this obstacle has a knife edge. 
Diffraction can occur also around buildings or cliffs 
close to the direct path. 

QUESTION 14 (b): 
Give the names and approximate heights of the ionospheric 

layers encountered by the transmission of High Frequencies 
during the day, and state their normal role in radiocommuni­ 
cation. 

ANSWER 14(b): 
Ionospheric Layer. 

D 
E 
Fl 
F2 

Height. 
50 - 
90 

200 
300 

90kM 
140kM 
250klM 
350kM 

During the day the D layer absorbs the energy of wave­ 
fronts up to approximately 2MHz, so that no reflection 
occurs. At frequencies higher than this, the D layer is 
penetrated and reflection may occur from the E layer 
above it, depending upon the angle of incidence of the 
wave and the frequency. When the angle of incidence is 
small, a critical frequency will be reached when the E 
layer is penetrated and a wavefront may travel on through 
the F, and subsequently may reach the F, layer. Reflection 

' 
I CYCLE OF 

INPUT 

\ 
I ' \ 

TIME 
Fig. 15. 

QUESTION 15 (b): 
If the R.M.S. current in each delta winding of the trans­ 

former was 2 amps, what would be the power consumption of 
the rectifier? Assume the voltages approximated in (a) and 
a power factor of 0.8. 
ANSWER 15 (b): 
The voltage per phase assumed in (a) is 415V, if 2A 

flows in each delta winding then the power in each winding 
is 415 x 2 x 0.8 watts. 
Total power = 415 x 2 x 0.8 x 3 

= 1990 watts. 
Reference: Technical Training Publication, Radio 2, 

Radio, Tucker and Wilkinson, Volume 3. 
QUESTION 16 (a): 
Show how energy can be transferred along a rectangular 

waveguide and illustrate the electric field pattern at one 
instant. 
ANSWER 16 (a): 

A suitable answer is given in the Technical Training 
Publication MLR 052, para. 7.2, and Fig. 20 and Fig. 22. 
In addition, when two wavefronts are simultaneously pre­ 
sent so that they cross each other at an angle as shown in 
Fig. 20, the fields inside the guide satisfy the boundary 
conditions imposed by the walls and energy is transmitted. 
Fig. 22 shows the resultant field configuration. 
QUESTION 16 (b): 
Compare the advantages and disadvantages of a waveguide 

with other R.F. transmission lines. 
ANSWER 16 (:b): 

Low conductor loss. . The surface area of a waveguide 
i,; large enough to reduce the conductor loss considerably 
compared with a two-wire line, which only has relatively 
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small conductors. Compared with a coaxial cable, the 
inner conductor losses are not present in a waveguide. 

Low dielectric loss. A waveguide has no dielectric 
other than air, therefore dielectric losses are lower thafi 
for transmission lines with separators and other forms of 
insulation. 
Negligible radiation loss. The electromagnetic field of 

a waveguide is confined inside the guide, but with other 
transmission lines, particularly unshielded lines, losses are 
considerable. 
High power handling capacity. Voltage breakdown of 

insulation is possible with other transmission lines, but is 
not easily possible with waveguides, therefore the power 
handling capacity is high. 
Restriction of frequency range. A waveguide operates 

with low losses between two frequency limits; outside 
these limits the losses are high. Other transmission lines 
have a larger frequency range of operation. At frequencies 
below about 1 GHZ the dimension of a waveguide becomes 
impractically large. 

QUESTION 16 (c): 
State the modes of transmtsston of a rectangular wave guide 

and illustrate at least two of them. 

ANSWER 16 (c): 
Modes of transmission. Two modes of transmission are 

possible in general terms, the transverse electric (TE) 
mode and the transverse magnetic (TM) mode. Examples 
of typical modes of operation are: 

TE,o Where the number of half-cycle variations of 
TE01 the transverse fields that exist along the wide 
TE;o dimension of the waveguide are indicated by 
TEi, the first digit, and along the narrow dimen- 
TMll sions by the second digit. Subscript 0 

indicates no variation. 
Two typical modes of transmission are illustrated in Fig. 

16 and Fig. 17. 
Reference: Technical Training Publication MLR 052. 

Examination No. 5788; 29th June, 1968, and subsequent 
dates, to gain part of the qualification for promotion or 
transfer as Senior Technician (Telecommunications), Radio 

and Broadcasting Equipment, Postmaster-General's 
Department. 

(Some of the following answers give more detail than 
would be required to obtain full marks for the questions. 
The additional information, studied in conjunction with 
the references listed, should be helpful to students.) 

PART A - BROADCASTING EQUIPMENT. 
QUESTION 1: 
Answer briefly the following questions about an anode­ 
modulated Class C amplifier. 

QUESTION l(a) 
Why is it desirable to use grid-leak. bias, and how should the 
resistance of the grid-leak compare with the value of capaci­ 
tance used? 

ANSWER l(a) 
To obtain high efficiency from the modulating stage, the 
grid must be driven hard enough so that on the positive 
peaks of grid voltage, the anode current is controlled only 
by the anode voltage (line OA on the anode characteristic 
-Fig. 1) The valve is then 'anode limited.' 

ANODE 
CURRENT 

LOAD LINE DURING 
NEGATIVE PART OF 
MODULATING WAVE 

LOAD LINE AT POSITIVE PEAK 
AT 100% MODULATION 

LOAD LINE FOR 
CARRIER ONLY 

'I 

(a) ~ 

--E-LINES 
-- H-LINES 

• UNES OUT OF PAPE:R 
X LINES !NTO PAPER 

E-LINES 
H-UNES 

• LINES OUT OF PA.PER 

)( LINES !NTO PAPER 

mJ,[]1
,,,,,-r' ,,,,,, 

4 - ._/A - /,, 

/ 

~- 

Fig. 16. 

(c) End View- (Section B-B) 

(a)~. 

Fig. 17. 

Fig. 1 

As the modulating voltage varies the anode supply poten­ 
tial, the grid voltage necessary to provide anode limitation 
also varies. Provided the grid drive remains constant, the 
changing grid current will vary the bias developed across 
the grid-leak so that the peak positive grid potential is 
automatically adjusted. 
The time constant (CR) of the grid capacitor and resistor 
must be less than one half-cycle o!f the highest modulating 
frequency. 

QUESTION 1 (b): 
What is the relation between the grid bias and the radio 
frequency voltage applied to the grid? How would this vary 
with changes in anode supply potential? 

ANSWER l (b): 
To permit anode limitation under all conditions of modu­ 
lating voltage, the grid bias is normally adjusted to 2½ to 3 
times the cut-off grid voltage in the unmodulated condition. 
The peak grid drive will then be approximately 3½ to 5 
times the cut-off voltage. 
The grid drive is maintained constant, so that as the anode 
supply potential decreases, the grid bias will increase, 
and as the anode supply potential increases, the grid bias 
will decrease. 

QUESTION 1 (c): 
How does the anode· efficiency of the system (modulator + 
modulated amplifier) vary as the modulation level is in­ 
creased from zero to 100 per cent.? 
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ANSWER I (c): 
Provided that the anode-modulated amplifier always ope­ 
rates in the anode limited condition, its anode efficiency 
will be maintained constant at approximately 70 per cent. 
for all levels of modulation. 
At zero modulation the Class B modulator delivers no 
power, but, because it is biassed very close to cut-off, it 
dissipates very little input power so that its contribution 
to the overall efficiency is small. As the modulation 
percentage increases, the modulator input and output 
power both increase, until at 100 per cent. modulation 
the modulator is providing sideband power equal to half 
the carrier power, at about 65 per cent. efficiency. 
Consequently, the anode efficiency of the system will 
remain practically constant at about 60 per cent. for all 
levels of modulation. 
Reference: Radio, Tucker and Wilkinson, Vol. 3, pages 72-78 
QUESTION 2 (a): 
With the aid of a simplified circuit diagram, describe the 
principle of operation of a radio frequency combining unit 
suitable for combining the power outputs of two identical 
medium frequency broadcast transmitters. 
ANSWER 2 (a): 

Rl Cl 

Fig. 2. 
Fig. 2 shows the circuit of a typical R.F. combining unit. 
The combining unit is in the form of a bridged-T network, 
with the aerial and dummy load as shown. Normally the 
two transmitters are delivering equal in-phase voltages, so 
no current will flow in the dummy load Rl, and Rl and Cl 
can be ignored. 
If each transmitter is considered separately, the combining 
unit may be divided into two L sections, as shown in 
Fig. 3. 

2R2 

2R2 

Fig. 3. 
Each L section is designed to match the output impedance 
of its transmitter to a resistive load which is twice the 
impedance of the aerial transmission line. 
Thus, when the two transmitters are operating identically, 
each operates into a matched load and their combined 
power outputs are delivered to the aerial. If the two 
transmitters are not operating identically, each still operates 
into a matched load, but current will flow in the bridge 
arm, Rl and Cl, and the unbalanced portion of the power 
will be dissipated in the dummy load Rl. 
QUESTION 2 (b): 
What will be the effect on the combined power output and 
on the operation of the combining unit of: 

(i) a minor decrease in the power output of one trans­ 
mitter? 

(ii) a complete failure of one transmitter? 
(iii) reversing the phase of the radio frequency input to one 

tr ans mitt er? 
(iv) reversing the phase of the modulating signal input 

to one transmitter? 
(v) a harmonic component in the radio frequency output 

of one transmitter? 

ANSWER 2 (b): 
(i) The combined power output to the aerial will be twice 

the power of the lower-powered transmitter, and the 
unbalanced power, that is, the difference in the power 
outputs of the two transmitters, will be dissipated 
in the dummy load. 

(ii) The power output to the aerial will be half the power 
of the remaining transmitter. The other half of the 
power will be dissipated in the dummy load. 

(iii) The total combined power output will be dissipated 
in the dummy load and no power will be delivered 
to the aerial. 

(iv) The combined power of the modulation components 
will be dissipated in the dummy load, while the 
combined unmodulated power of the two transmitters 
will be delivered to the aerial. 

(v) The harmonic component and any consequent un­ 
balanced power output will be dissipated in the 
dummy load, and the matched portion of the com­ 
bined power output will be delivered to the aerial. 

Reference: Technical Training Publication, MLR 170, pages 
10 - ll. 

QUESTION 3 (a): 
Show with a block diagram the necessary components of a 
standard signal generator suitable for broadcast receiver mea­ 
surements, List the essential features and performance 
requirements of the instrument. 

ANSWER 3 (a): 
See Fig. 4. 

r-----------------------, 
I r - - - - - - - - - - --, OUTPUT METER r - - - - - , I 

I : VARIABLE : t I CALIBRATED I I 
I I FR~~QUEONSCCY I ATTENUATOR 
I . . 1 iL----'11 

1 LT JI 
I T I 
,._ __ SHIELDING I 

LL _: J J 
Fig. 4. 

The signal generator frequency range must b.e sufficient 
to cover the tuning range of the receiver and its interme­ 
diate frequency and to check for spurious responses outside 
this range. It must be stable in frequency and output 
level and be completely free, if possible, from harmonic 
or spurious frequency generation. All components must 
be stable with temperature and time, power supplies must 
be adequately regulated and decoupled to prevent inter­ 
action, and all sections of the generator must be adequately 
shielded to prevent stray radiation. 
The modulating output from the 400 Hz or 1000 Hz audio 
frequency oscillator must be adjustable to provide a known 
percentage modulation of the R.F. signal. The R.F. output 
must be adjustable to a known level indicated on the 
output meter. The maximum output should be sufficient 
to check the overload characteristics and spurious re­ 
sponses of the receiver. The output level is controlled by 
a calibrated attenuator, variable in small known steps, and 
matched to the impedance of the generator and load. The 
minimum output should be well below the receiver noise 
level. 

O!JTPUT 
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QUESTION 3 (b): 
Describe briefly how you would use the signal generator to 
measure: 

(i) the sensitivity of the receiver; 
(ii) the adjacent channel selectivity of the receiver; 
(iii) the image rejection of the receiver. 

ANSWER 3 (b): 
For each of these tests, the receiver A.G.C. is disconnected: 
(i) The sensitivity of a receiver must be measured with 

respect to a specified signal-to-noise ratio. It will 
be assumed that the receiver S/N ratio is 15dB. The 
signal generator is connected to the receiver aerial 
terminals and an output meter to the receiver output. 
With no output from the generator, the receiver 
gain control is adjusted to give an output meter read­ 
ing 15dB below 50 mW. With the signal generator 
modulated 30% at 400 Hz, its output attenuator is 
adjusted to give a receiver output of 50 mW. The 
signal generator output in microvolts is then the 
receiver sensitivity at the operating frequency. This 
measurement is repeated over the frequency range 
of the receiver. 

(ii) With the receiver and signal generator adjusted for 
50mW output. the signal generator is reset to the 
adjacent channel frequency (usually taken either as 
± 9kHz or ± l0kHz from the test frequency), and 
its output is increased until the receiver output is 
again 50mW. The ratio of the off-tune output to the 
on-tune output of the signal generator is the adjacent 
channel selectivity of the receiver. 

(iii) With the receiver and signal generator adjusted for 
50mW output, the generator is reset to a frequency 
on the opposite side of the receiver local oscillator 
frequency and separated by twice the intermediate 
frequency from the test frequency. The generator 
output is increased until the receiver output is 
again 50mW and the ratio of the off-tune output to 
the on-tune output of the generator is the image 
rejection of the receiver. 

References: Radio, Tucker and Wilkinson, Vol. 3, pages 
172-176; Technical Training Publication, Radio 2, Paper 8, 
pages 3 - 8, 16. 

QUESTION 4 (a): 
The output of an audio frequency amplifier is transformer 
coupled and uses a single beam-tetrode valve. Show with 
the aid of a circuit diagram how negative voltage feedback 
could be applied to this stage. 

ANSWER 4 (a): 
A variety of circuits are available and all are equally 
acceptable provided they are adequately specified. The 
most useful is, basically, that shown in Fig. 5. 

-- FEEDBACK PATH 

The feedback voltage is proportional to the voltage across 
the secondary of the output transformer, and is opposite 
in phase to the input signal. The degree of feedback can 
be adjusted by varying the ratio of R, and R2• 

R2 
Feedback ratio B = 

R, + R2 

Negative feedback reduces the gain of the amplifier. If 
A is the amplifier gain without feedback, the gain oif the 
amplifier with feedback (A') is given by: 

A 
A1 = --- 

1 - AB 
where B is negative for negative feedback. 

QUESTION 4 (b): 
Explain the effect of this type of feedback on: 
(i) the internal impedance of the amplifier; 
(ii) the amplitude-frequency response oi the amplifier; 
(iii) the amplitude distortion produced by magnetic satura- 

tion in the output transformer. 

ANSWER 4 (b): 
(i) The internal impedance of the amplifier is reduced. 

The output impedance with feedback: 
Zo 

Zo1 = 
1 - AB 

where B is negative for negative feedback. 
(ii) The response of the amplifier is improved at both 

high and low frequencies, as the amplifier gain is held 
constant by feed-back at all frequencies, for which A 
is greater than A1. 

(iii) Any distortion produced in the amplifier or output 
transformer will tend to be cancelled by the negative 
feedback of an equivalent voltage to the amplifier 
input. The distortion with feedback: 

d 
dt = --- 

1 - AB 
However, if the output is sufficient to saturate the 
output transformer after feedback is applied, no re­ 
duction in this distortion is possible. 

References: Radio, Tucker and Wilkinson, Vol. 3, pages 
11 - 12, 15 - 17, Technical Training Publication Radio 1, 
Paper 4, pages 24 - 28. 

QUESTION 5 (a): 
Sketch the waveform of the pulse and bar video· test signal 
showing the duration and time position of the pulse and the 
bar relative to the synchronising pulse. 

LOAD 
(SPEAKER) 

ANSWER 5 (a): 
See Fig. 6. 

"T" or "2T" 
SINE SQUARED PULSE 

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

"T" or "2T" 
..._____ INTEGRATED --- 

SINE SQUARED 
TRANS ITl ONS 

Fig. 5. Fig. 6. 
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QUESTION 5 (b): 
Draw the output pulse waveform from an "ideal" 5MHz 
low pass filter when the input signal is: 
(i) a 2T pulse; 
(ii) a T pulse. 

ANSWER 5 (b): 
(i) See Fig. 7 (Top). 
(ii) See Fig. 7 (Bottom). 

PULSE HEIGHT 
UNAFFECTED 

HALF AMPLITUDE 
DURATION UNAFFECTED 

PULSE SHAPE 
UNAFFECTED 

2T PULSE 

,-, 
1 '"4- INPUT PULSE 
I I 

OUTPUT PULSE _.,A 
HEIGHT REDUCED 1 ~ 

, ' --~, fi""-­ 
HALF AMPLITUDE 
DURATION INCREASED 

T PULSE 
Fig. 7. 

QUESTION 5 (c): 
A test of a television system gave the following results: 

Pulse shape 2%K 
Pulse to bar ratio l%K 

Bar til: 1%K 
50Hz square wave tilt 3%K 

What is the K rating of the system? 

ANSWER 5 (c): 
The 'K' rating of the system is equal to the largest of the 
four results listed above, that is Ks = 3 per cent. 

OR 
The 'K' rating of the system is equal to the largest of the 
first three results listed above, that is Ks = 2 per cent. 
and the 50 Hz square wave K factor is 3 per cent. 
Reference: Technical Training Publication, CP 307, pages 
24 - 30. 

QUESTION 6 (a): 
Draw the output voltage waveform for each of the following 
conditions of Fig. 8: 
(i) Network "A" fed with a square voltage wave at: 

(a) 50Hz; (b) l0kHz. 
(ii) Network "B" fed with a square voltage wave at: 

(a) 50Hz; (b) IOkHz. 
7= CR =10 MILLISECONDS 

Fig. 8. 

T= CR= 10 MILLISECONDS 

ANSWER 6 (a): 
See Fig. 9: 

NETWORK A - 50Hz 

TILT= 0.5% 

NETWORK A - t ok+ta 

- ;-~ i-~ 
~ ~~ L~. 

NETWORK B - 50Hz 

r---7 r----, --+-t--+--+- 
__ j L _J L __ 

PEAK TO PEAK OUTPUT 2'trn OF 
INPUT SQ·UARE WAVE. 

NETWORK B - 1okHz 

OUTPUT WAVE 

INPUT WAVE 
Fig. 9. 

QUESTION 6 (b): 
What ls the ratio between the 50Hz square wave peak-to-peak 
voltage at the input to network 'A" and the peak-to-peak value 
of the output waveform? 

ANSWER 6 (b): 
1 

Peak-to-peak input 1 + e 2 
---- = - (approximately). 

Peak-to-peak output 2 3 
Reference: Technical Training Publication CP 309. 

QUESTION 7 (a): 
Name three items of television equipment which have "keyed" 
clamps. 

ANSWER 7 (a): 
Typical items are: 
T.V. transmitter modulators, level stabilising circuits, etc. 
Line clamping amplifiers (stabilising amplifiers). 
Picture generating equipment cameras, flying spot scanners, 
etc. 
Picture monitors. 
Oscilloscopes (special types). 

QUESTION 7 (b): 
What are the main advantages of a "keyed" clamp over a 
peak rectifier clamp (D.C. restorer)? 
ANSWER 7 (b): 
Fast acting for input signal changes in both directions; 
they are two-way clamps. 
Able to clamp accurately to a specific level. 
Satisfactory for clamping signals of relatively small 
amplitudes. 
Capable of clamping on any section of a repetitive wave­ 
form; that is, back porch, sync tip, etc. 
Able to clamp video signals of both polarities. 
More immune to noise than the peak rectifier clamp. 

QUESTION 7 (c): 
Can a "keyed" clamp completely remove a low frequency 
interfering signal from a video signal? Give reasons for 
your answer. 

ANSWER 7 (c): 
No, not completely. The keyed clamp restores one point 
in the mixed video plus interfering signal waveform to a 
fixed reference potential once per line. The interfering 
low frequency can cause a finite error in the video signal 
over the line period. For example, with a I-volt peak-to­ 
peak 50 Hz interfering sine wave signal, the error per 
line period varies sinusoidally between ± 10 mV over the 
20 mS period of the 50 Hz interfering signal. Thus, even 
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with perfect clamping action, approximately ± 1.5 per cent 
of line tilt can occur. On a picture monitor, this would 
cause a slight sinusoidal brightness variation from the 
top to the bottom of the screen varying in extent (contrast) 
from zero at the left-hand side to a maximum at the right­ 
hand side of the screen. 
(Examiner's Comment: 'Yes' was accepted as a correct 
answer if qualified by a similar explanation.) 
References: Technical Training Publication OP 310, pages 
16 and 18. 
QUESTION 8 (a): 
Explain the meaning of the term "gamma" as applied to a 
television system. 
ANSWER 8 (a): 
The slope or gradient of the transfer characteristic, plotted 
on log-log graph paper, relating the input and output of a 
system, is called the gamma of the system. (See Fig. 10.) 
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PART B - RADIO COMMUNICATION EQUIPMENT. 
QUESTION 9 (a): 
Describe the principles of a rejlectometer and show how it is 
used in impedance matching an antenna. 
ANSWER 9 (a): 
Fig. 11 shows the basic construction of a typical reflecto­ 
meter. 

INPUT FROM 
TRANSl,IITTER 

OUTPUT TO 
ANTENNA 

, , , 

TO FORWARD 
POWER INDICATOR 

TO REFLECTED 
PO\'IER INDICATOR 

10 

OBJ£ CT BRIGHTNESS (LO,) 
Fig. 10. 

The term 'gamma' is used in referring to the relationship 
between the input and output brightness of a complete 
television system and also to the characteristics of com­ 
ponents within the system; for example, the relationship 
between the screen brightness and the grid-cathode voltage 
of a picture tube. 
The sloping lines in Fig. 10 represent different object-image 
brightness relationships, each of which can be defined by 
a formula in which the gamma is. numerically equal to 
the exponent connecting the image and object brightness. 
For example, if the image brightness (Bi) is proportional to 
the square of the object brightness (Bo) we can write: 

Bi = ld3o2. 
In this case the exponent is equal to 2 and the gamma is, 
therefore, 2. 
For a gamma of 1.0, Bi = ld3o, and 
for a gamma of 0.5, Bi= kBo •.• 
The factor k in these relationships does not affect the 
gamma, but adds a constant to the log of the object bright­ 
ness and causes the sloping lines to be moved vertically 
on the figure. 
QUESTION 8 (b): 
What is the approximote average gamma of a picture tube 
and how is this compensated for in the television system? 
ANSWER 8 ~b): 
The average gamma for a normal picture tube is approxi­ 
mately 2.5. 
To compensate for the greater than unity gamma of the 
picture tube, all picture signal generating equipment is 
adjusted to have a gamma of less than unity, that is, 0.4 
to 0.5 approximately. The overall system gamma is equal 
to the product of the gammas of the separate parts of the 
system, 
Reference: Technical Training Publication CP 306, pages 
14-21. 

100 

Fig. 11. 

In this type, two short directional coupling loops (A and 
B) on rotatable mountings are fitted inside a short length 
of rigid coaxial line. The length of each loop is a small 
fraction of :X at the frequency of measurement. One end 
of each loop is terminated in a resistance (R, or R,) and 
the other ends are connected to rectifier type voltmeters. 
Alternatively, a single voltmeter may be switched to 
either loop. 
Loops A and B are coupled to both the electric and 
magnetic fields of waves traveI!ing along the transmission 
line in either direction. Rotation of a loop so that it is no 
longer parallel to the inner conductor of the coaxial line, 
does not affect the capacitive coupling but reduces coup­ 
ling to the magnetic field. 
Consider an incident wave travelling along the line from 
left to right. The combined capacitive and inductive 
pick-up between loop A and the line is such that the effects 
of the two fields are balanced out in the termination Rl, 
but are additive in the voltmeter circuit. With respect 
to loop B, however, the fields are additive in the termina­ 
tion R2, but balance out in the voltmeter circuit. Incident 
waves, therefore, give a reading on a voltmeter connected 
to loop A, but not on one connected to loop B. 
Conversely, the relative value of a rerflected wave travelling 
in the reverse direction from right to left, is indicated on a 
voltmeter connected to loop B, but not on one connected 
to loop A. 
The relative amplitudes of the incident and reflected 
waves may, therefore, be read separately. Careful atten­ 
tion to the physical symmetry oif the assembly and adjust­ 
ment in the degree of rotation of each loop, ensures 
accuracy and complete separation of the two wave com­ 
ponents. 
During the process of matching a coaxial transmission line 
to an antenna, the ref'lectometer may be used to measure 
the ratio of the incident and reflected waves. Matching 
is satisfactory when the ratio is large, that is, in the order 
of 100: 1. 

QUESTION 9 (b): 
An H.F. antenna is required to be matched by the use of a 
stub. A pick-up loop and R.F. ammeter only are available to 
assist with the work of matching. Describe the method you 
would use. 
ANSWER 9 (b): 
The two end connections oif the pick-up loop are connected 
t<':> the R.F. ammeter. As the antenna operates in the H.F. 
range, an open wire transmission line is assumed. R.F. 
power is applied to the antenna and the pick-up loop is 
moved along the transmission line, taking care that the 
loop is always parallel to and at a constant distance from 
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TRANSMISSION LINE TO ANTENNA 
FROM--- ------------+-<11----- 

TRANSMITTER ~~ PICK-UP 
LOOP 

t)----1 
R. F. 

AMMETER 
Fig. 12. 

the transmission line. If an excessive current is indicated 
by the ammeter, repeat the measurement with a larger 
separation distance. The locations on the transmission 
line of maximum and minimum standing wave currents 
and the values of the currents are noted. A short circuited 
stub (see Fig. 12) is cut to a length, and connected across 
the transmission line at a point, as indicated by standard 
graphs. Where graphs are not available, a stub with an 
adjustable short circuit is connected at some intermediate 
point between maximum and minimum currents. The 
position of the stub and its length is adjusted in a step 
by step procedure until measurement of current as pre­ 
viously outlined shows that the ratio between maximum 
and minimum, that is, the standing wave ratio, has been 
reduced to a small value such as 1.01 : 1. 

ADJUSTABLE 
SHORT CIRCUITED 

STUB 

QUESTION 10 (a): 
Sketch the E and H plane patterns of the following antennas, 
with suitable amplitude scales, so as to indicate the gain, in 
relation to a reference antenna, of all lobes: 
(i) a dipole in free space; 
(ii) a "Pine-tree" array of end fed dipoles, stacked vertically; 
(iii) an S.H.F. antenna with a paraboloid reflector. 
State the reference antenna that applies, 

ANSWER 10 (a): 
See Fig. 13. 

E - PLANE H - PLANE 

GAIN= APPROX. 2dB REFERENCE AN ISOTROPIC ANTENNA. 
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GAIN= APPROX. 12dB REFERENCE AN ISOTROPIC ANTENNA 

70 o soc 
30° 

2cc 

1 o0 
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1 o e 

0 
20 

30 o 

700 500 40 o 

.E - PLANE ANO H - PLANE 

GAIN= APPROX. 40dB REFEREl':l,CE AN ISOTROPIC ANTENNA, 

"P!NE-TREE" ARRAY 

ANTENNA WITH PARABOLOID REFLECTOR 

Fig. 13. 
The reference antenna is either a half-wave dipole in free 
space or an isotropic antenna (an imaginary antenna that 
radiates waves of equal strength in all directions), as 
applicable. 

QUESTION 10 (b): 
Describe the tests that you would ca.rry out to show that a 
recently erected 450MHz yagi array was correctly installed and 
ready for use. 

ANSWER 10 (b): 
Make a thorough physical examination of the system to 
see that it is mounted securely, the connections are tight. 
the system appears watertight, and the elements appear 
correctly assembled. 
Check the plane of polarisation is the same as that of the 
other end terminal. 
Check the direction of fire is in the direction of the other 
end terminal. 
Measure the approximate overall length of the driven 
element and calculate the frequency of resonance. Check 
that this is in the frequency band of transmission. 
Check with a simple ohmmeter that the elements are con­ 
tinuous, particularly across construction joints. 
Check that the coaxial feeder is continuous by temporarily 
looping the inner to the outer conductor at one end and 
measuring at the other. 
If a diagram of the balun is available, determine if a d.c. 
condition across the antenna input is possible and, if so, 
check the loop resistance. 
With the feeder connected to the antenna, measure the 
standing wave ratio (S.W.R.) at the receiver input or the 
impedance at that point, measuring at the specific fre­ 
quency of transmission. If necessary, adjust the antenna 
driven element length to obtain a satisfactorily low S.W.R. 

QUESTION 11 (a): 
If the voltage at any instant on a 50 ohm coaxial cable is not 
to exceed I,000 volts, what would be the maximum carrier 
power of an amplitude modulated transmitter, modulated to 
100%, that may be connected to the cable: 
(i) when the antenna system is exactly matched? 
(ii) when an S.W.R. of 2:1 is present on the cable (assume 

negligible cable loss) ? 

ANSWER 11 (a): 
(i) The modulated voltage wave on the cable may be 
represented by Fig. 14. 
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- UNMODU LA TED ~-+;~:--~l---- 
1 

100% MODULATED 
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1.0 o. 707 
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2.0 

ANSWER 12 (a): 
Power is a 3-phase circuit: 

P =V3 EI Cos 0 
p 

Therefore, 

I , ' ' 
I ,, 

,' 
Fig. 14. 

The maximum voltage at the peak during the 100 per cent. 
modulated condition is twice the peak during the unmodu­ 
lated condition and therefore the R.M.S. value of the carrier 
voltage: 

1000 
353 volts. 

2 y'2 
Therefore, carrier power: 

E2 (353)2 
2.5 kW 

R 50 
(ii) When there is an S.W.R. of 2.0 on a transmission line, 
the voltage variation along the line may be represented as 
shown in Fig. 15. 

~r 
'.5 

e~:~~~DE t 1i° * 
Fig. 15. 

Therefore the ratio of applied to maximum (standing 
wave) voltage: 

1.5 
= 0.75 

and carrier power: 
2.0 

(353 X 0.75)2 

50 
1.4 kW. 

QUESTION 11 (b): 

Give a brief statement on each of the factors that determine 
the choice of a transmission line for a particular service, 

ANSWER 11 (b): 

Some factors that determine the choice of a transmission 
line are: 
The frequency band to be transmitted. 
The characteristic impedance. 
The power-handling ability. 
Attenuation. 
Interference and radiation. 
Ease of handling. 
Environmental conditions. 
Installation and maintenance. 
Brief statements on each of these factors are given 
Technical Training Publication CP 321, Page 2. 

y'3 E Cos 0 

4000 
------- = 5.83 amperes. 
y3 X 440 X 0.9 

The fuses must blow when a current greater than 5.83A 
flows. 

QUESTION 12 (b): 
Draw the circuit of a full-wave rectifier suitable for supplying 
power to a low power transmitter, showing the approximate 
component values, voltages at various points and output 
voltage waveform, If the rectifiers used in the circuit were 
a thermionic type. indicate the peak inverse voltage that 
would apply. 

ANSWER 12 (b): 
See Fig. 16. 
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,' \, '/ \_r \' \ 

0 
TIME 

Fig. 16. 

Peak inverse voltage - 570 x 2 x v2 = 1610V, less. the 
voltage drop across the rectifier of, for example, lOV, 
= 1600V. 

QUESTION 13: 
A radio system operates as follows: 

Bearers 

101 
102 
103 
104 
109 

Traffic being carried 

Protection 
Protection 
Telephony (960 channels Interstate) 
Telephony (960 channels Interstate) 
Regional Television 

The following events occur: 

QUESTION 12 (a): 

Calculate the current rating of fuses to be used in the 440 volt 
power lines of a 3 phase transmitter power supply, such that 
the transmitter will be protected against the power load exceed­ 
ing 4 kilowatts. Assume a power factor of 0.9. 

Time Event 

0900 Bearer 109 fails 
0901 Bearer 103 fails due to a deep fade 

in the 0903 Bearer 103 recovers 
Bearer 103 mutes due to the failure of a 

1200 receiver local oscillator 

Describe the series of automatic switching operations which 
will occur due to the above events. Your answer should 
include a description of transfer and operate times. Had 
bearer 102 failed at 0902, how would these automatic switch­ 
ing operations have been affected? 
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ANSWER 13: 
The switching system discussed below assumes that all pilot 
failures take precedence over all noise failures. On some 
of the very latest switching systems, both have equal 
priority. 
At 0900 hours bearer 109 fails and is automatically switched 
to the protection bearer 101. 
At time 0901, a deep fade on bearer 103 occurs and the 
noise detected by the 103 noise receiver will increase to 
the noise switching level in a few hundred milliseconds. 
As the protection bearer is carrying TV, however no 
switching takes place, because the 103 pilot is still being 
received whilst the pilot on 109 is lost. As the fade 
deepens, 103 pilot is eventually lost, and because Interstate 
telephony has priority over regional T.V., switching occurs 
with a transfer time of approximately 50 mS, of which only 
about 1 mS is due to operate time of the relay. 
Note: When the protection bearer is not already in use, the 
switching transfer time will typically consist of the follow­ 
ing: 
1. Propagation time (lmS for 186 miles) approx. 2mS 
2. Operate time of reed relay approx. lmS 
3. Sensing time of VF signalling tone de- 

tector and switching logic circuitry approx. l 7mS 

Total approx. 20mS 
Had the protection bearer 101 been available, switching 
would have occurred due to noise, and the resulting traffic­ 
time-lost would have been lmS (or less in the case of I.F. 
switching) due to the operate time of the switch. 
It should be noted that any bearer can carry traffic 
throughout a deep fade until the muting level is reached 
and the pilot lost. 
Fig. 17 shows a typical sequence of events during a pro­ 
gressive fade, and the approximate ranges of signal levels 
over which the various alarm and switching circuits 
operate. 
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At time 1200, since bearer 103 mutes, the bearer 103 pilot 
is immediately lost and the TV traffic on bearer 101 would 
be replaced by the traffic from bearer 103 with a traffic­ 
time-lost of 50mS. 
Had bearer 102 failed at 0902, no switching would have 
resulted because bearer 102 is an even numbered bearer 
and therefore carries traffic in the opposite direction. 
However, telesignalling would have been sent to both 
terminals, giving alarms to show that bearer 102 had 
failed. In addition, the switching logic would have been 
inhibited in such a way as to prevent switching in case 
bearer 104 failed later. 

QUESTION 14: 
Describe the test set-up and the method you would use to 
reduce a high 3SS6kHz noise level in a 960 channel radio 
bearer which is operating with a normal level of basic noise. 

ANSWER 14: 
A system which operates with a normal level of basic 
noise and has a high noise level in the 3886kHz test slot 
suggests that the system has excessive group delay, To 
compensate for this effect, adjustable group delay equalisers 
are incorporated in the I.F. sections of the equipment. 
These may be located in the transmitter section and/or 
in the receiver section and may also be in the modems. 
To measure and adjust the group delay characteristic of, 
say, an I.F. amplifier, the G.E.C. group delay measuring 
equipment may be used as shown in Fig. 18. The test 
set-up shows how the equipment is connected for measure­ 
ment and adjustment of group delay in a 960 channel 
receive I.F. amplifier. 

SIGNAL 
GENERATOR 

B B SWEEP R.F. 
OUT OUT OUT 
0 

GROUP DELAY 
RECEIVER 

D.C. 
OUT 

30SkHz 
IN 

D.C. 8 DISPLAY UNIT 
D.C. 
IN 

BB BB SWP R.F. 
IN OUT IN IN 
0 

308 k_Hz 

70 Hz SWEEP 

62-7! 
MHZ 

I.F.AMP. 

VARIABLE 
PHASE 

EQUALISER 

Fig. 18. 

Fig. 17. 

The signal generator provides a 70MHz signal which is 
frequency modulated by a 308kHz signal and swept over 
a frequency range of approximately 61MHz to 79MHz. 
This signal is passed through the I.F. amplifier and the 
associated phase equaliser, after which it is fed into the 
display unit, where the R.F. signal is demodulated. The 
detected 308kHz signal is then taken from the baseband 
output socket of the display unit and fed into the group 
delay receiver to be phase demodulated. The attenuators 
show in Fig. 18 are used for impedance matching and 
to ensure that the correct level is being applied to the 
display unit. 
In the group delay receiver, the 308kHz signal is split into 
two paths. In one path, the signal is amplified and passed 
through a very sharp filter which almost completely 
removes any phase variations. The other path consists 
of an amplifier only. The outputs o,f the two paths are 
combined and detected, giving a d.c. voltage which is 
proportional to the phase difference of the two outputs 
and, therefore, also proportional to the group delay of the 
equipment under test. This voltage is then used to provide 
the vertical deflection of the C.R.O. in the display unit. 
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To calibrate the C.R.O. graticule, a l0nS delay line is 
switched in or out in one of the two signal paths of the 
group delay receiver and the gain of the display unit 
adjusted until the deflection corresponds to the l0nS 
mark on the graticule. 
Before carrying out this test, it is necessary to check the 
back-to-back group delay of the test equipment. For this 
test the equipment set-up is the same as in Fig. 18, except 
the I.F. amplifier and equaliser are bypassed. If the residual 
group delay is outside the specified limits, the phase 
equaliser in the display unit will require adjustment. When 

.adjusting a group delay characteristic, it is also necessary to 
check the frequency-amplitude response, since a flat group 
delay characteristic will only give a flat frequency-ampli­ 
tude response with one particular setting of the group delay 
equaliser. · 

+ s n s .-. >--+--+--~-----+-->---+--+---, 
BACK-BACK T.EH S 

Fig. 19 shows a typical group delay response (960 channel) 
of a receiver I.F. amplifier and equaliser, after adjustment. 

QUESTION 15: 

Describe in detail either the receiver or the transmitter of a 
telesignalling system which time division multiplexes the 
telesignailed conditions. 

ANSWER 15: 

For details of the receiver and transmitter of a typical 
telesignalling system, refer to "Answers to Examination 
Questions," Telecommunication Jounal (Australia), Vol. 
18, No. 2, page 199. 

QUESTION 16: 
In relation to the operation of wave guides, what do you 
understand by the following terms: 
(i) Group velocity? 
(ii) Phase velocity? 
(iii) Cut-off frequency? 
(iv) The guide wavelength? 

61 65 70MHz 75 
Fig. 19. 

79 

ANSWER 16: 

The answers to · this question are contained in Technical 
Training Publication, MLR 052, pages 5 and 20 - 22. 
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L M ERICSSON 
INTRODUCE ITS 

ALL SOLID STATE 
RADIO LINK EQUIPMENT 
ZRL 400-4 

D Frequency range 225 MHz 
to 470 MHz 

D Baseband 6-108 kHz plus 
service channel and fault 
alarm frequencies 

D Capacity 24 C_CITT tele­ 
phone channels 

O Power output 2:: 8W at 
highest frequency 

O Temperature range - 20° C 
to 50°C 

D Designed according to CCIR 
recommendations 

D Stand-by facilities with fast 
solid state switching 

D Plug in unit construction 

D All solid state design which 
means High reliability 

Lower power consumption 
Compact assembly 
Simple maintenance 

Complete terminal containing two separate radio 
channels, automatic switching equipment, remote 
alarm facilities, and service channel (shown without 
door). 
Dimensions: 
Height 606 mm, width 600 mm, Depth 250 mm. 
Weight: 75 kg. 

ft'L M ERICSSON PTY. LTD. 
Head Office & Factory: Riggall Street, Broadmeadows, Vic. 3047. Tel. 309 2244 
N.S.W. Office: 134 Barcom Avenue, Rushcutters Bay, 2011. Tel. 31 0941 zooe 
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Across the spectrum ... all your filter needs 
Only Collins offers Mechanical, Crystal and LC Filters covering the practical spectrum from 1 kHz to 
100 MHz. At Collins, you get the filter best suited to your need - you're not limited to the best 
available from a single product line. The diagram defines the areas served by Collins' computer-design 
program. This program means accelerated deliveries at product line prices. Hundreds of design 
combinations are available immediately. Take advantage of Collins' quality and reliability - and its 
capability of delivering large quantities on schedule. 

Crystal Filters ~ Mechanical Filters • LC Filters ~ 
Collins Crystal Filters meet most nar­ 
row band needs (from 5 kHz to 20 
MHz) in designs such as Butterworth, 
Tchebycheff and Linear Phase. Pro­ 
totypes to your specifications are 
generally available in four to six weeks. 
Collins Crystal Filter capability is ex­ 
panding rapidly. Even if your require­ 
ment appears to fall outside the de­ 
fined area, send your specifications for 
design analysis. As one of the largest 
suppliers, Collins satisfies delivery re­ 
quirements for all major programs. 

Collins has sold more than a million 
Mechanical Filters since introducing 
them to the communications industry. 
Hundreds of designs are available 
from stock in frequencies from 60 to 
600 kHz, and with 60-db to 6-db shape 
factors as low as 1.2 to 1. The filters 
tolerate extreme temperature changes 
and long, continuous service without 
ageing, breakdown or drift. They're 
smaller in size and less expensive than 
other filters covering their spectrum. 

Collins toroidal coil capabilities led .to 
development of an extensive line of 
LC Wave Filters covering the sub­ 
audio to 100-MHz range. These in­ 
clude low-pass, high-pass, band-pass, 
band-rejection, and other phase or 
amplitude responsive networks. Modern 
synthesis design techniques produce 
high performance units in small pack­ 
ages. Collins is one of the world's 
largest suppliers of LC Filters and 
precision inductors. 

COLLINS RADIO CO. (A/asia) PTY. LTD. 
327 Collins Street, Melbourne. Tel. 61 2626 

COMMUNICATION/COMPUTATION/CONTROL 

~ 
COLLINS 

~ 
2041 

COLLINS RADIO COMPANY/DALLAS, TEXAS• CEDAR RAPIDS, IOWA • NEWPORT BEACH, CALIFORNIA • TORONTO, ONTARIO 
Bangkok• Beirut· Frankfurt• Hong Kong• Kuala Lumpur• Los Angeles• London ·Melbourne• Mexico City• New York- Paris • Rome • Washington • Wellington 
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--'---$11,@' The World's Most 
Reliable ... most Versatile 

Connector Sytsem ! 
The Varicon* Connector System 

=~· I ,~,;- 

T~-, /' 
liable, versatile connec­ 
tor system. The patented 
fork-like contact, iden­ 
tical for male and female 
connectors provides 
"spring" contact wiping 
action and remains 
positive under the most 
adverse conditions. 

Illustrated cross-section 
of a pair of mated 
contacts shows how the 
additional contact area 
provides for low re­ 
sistance, high current 
capacity and positive 
contact at all times. 

Card-to-Card ·connectors 
Series 00-5000 VARICON * Contacts 
staked to the p.c. board, permit any 
contact number; location or spacing; any 
board thickness or material; Tandem, 
parallel or right angle connections. 

Printed Circuit Connector 
Series 5006, 5007 & 5009 Receptacle 

• CONNECTOR BODY is constructed of a one-piece moulding. 
• GUIDES integrally moulded in the end sections of the connector 

ensure perfect mating of the printed circuit module card with the 
connector. Series 5009, having open-end card slots, is without 
guides. 

• MOUNTING: 5006-Type 2. End Sections have projections for 
mounting in rectangular cutouts in metal panels as used in 
ELCO's VARIPAK card cages and are equipped with metal 
brackets and is interchangeable with Series 5002. 
5007-Type 1. End Sections with guides and mounting holes 
for direct mounting to chassis or without extended guides for 
mounting behind the panel. 
5009-Top mounting. Straight-through card slot. 

Printed Circuit, Cable, 
Rack and Panel Connector 

Series 00-8129 Subminiature VARICON* Connec­ 
tor employs a one piece diallyl phthalate insulator, with 6, 
9, 12 or 15 subminiature VARICON* contacts in single 
row on 0.1" centres. 

Printed Circuit Card Packaging 
The VARIPAK* II 
Card Enclosure is 
the modern economical 
all-aluminium concept, 
designed for adaptation 
to almost any printed 
circuit card arrange­ 
ment. It provides 
maximum density and 
holds cards and con­ 
nectors in the correct 
alignment. 

Rack and Panel/Cable 
Connector 

Series 00-8016- 
Miniature VARICON* 
connector employs VARILOK* crimp type contacts 
in both plug and receptacle. The Series 00-8016, 
8017 and 8018 miniature VARICON* cable connec­ 
tors are available in sizes up to 140 contacts. Option­ 
al features include actuating screw, top or side cable 
entrance and polarisation. 

You cannot allord to leave reliability to chance ... specify ELCO. 
Send for complete details of the vast ELCO range. 

ELCO (AUSTRALASIA) PTY. LTD. 
(a subsidiary of International Resistance Holdings Ltd.) 

THE CRESCENT, KINGSGROVE, N.S.W. 2208. Telephone: 50-0111 (20 lines) 
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GEC of England 
get down to earth to achieve 
flexibility in Multiplex Equipment 

From deep down in the earth come the quartz crystals to form the heart of 
GEC Multiplex Equipment. From top-quality crystals like this, GEC 
manufacture the channel filters that give its Multiplex Equipment high 
selectivity and flexibility. 

This versatile equipment can 
e carry speech, telegraphy, data or music 
e by radio, cable or open-wire/transmission systems 
e with built in out-of-band signalling or in-band signalling 
e with or without standby generator 
e with mains or battery operation 

It is fully transistored, and standard group or supergroup bricks 
can be assembled into any combination to meet both CCITT and 
North American standards. 

With 40 years' experience in the design and manufacture of Multiplex 
Equipment to meet the needs of the world's markets, G EC continues to 
maintain its leading position in this field. 

This is one facet of the total capability in telecommunications that is offered 
by GEC. 

Takes telecommunications 
into tomorrow 
GEC-AEI TELECOMMUNICATIONS LIMITED, OF COVENTRY, ENGLAND. 
A Management Company of The General Electric Co. Ltd. of England. 

IB/3-4 
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LEVEL MEASURING EQUIPMENT 

f 
SIEMENS 

Measuring accuracy 
of 0.1%at 
frequencies up to 25 MHz 
This Siemens level measuring set-up comprises three units: 
Level GeneratorW2021, Frequency Generator G2021, Level Detector D2021. 
When the transmitter and the receiver are used in the same location (loop-measurements) 
only one frequency generator is required to control both level generator and level detector. 
Very high accuracy has been achieved for setting the frequency by means of a crystal 
spectrum with 1 kHz spacing. 
The accuracy of the transmitted and measured levels is considerably higher with this 
level measuring set-up than with earlier conventional equipment, it is comparable to 
the accuracy of present-day level standards. 

Measuring Range: 
Transrnltten-Bo dB to 0 dB in 0,1 dB steps 
Receiver: -110dBto0dB 

Further information available from: 

Siemens Industries Limited 
Melbourne: 544 Church St., Richmond, Victoria. 42 0291 
Branches at Sydney, Brisbane and Newcastle 

With Siemens new level 
measuring equipment 

SH328 
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~ good reasons why AlfRf U 
sweep network analyser 

system offers unequalled 
"connect & read" measurement simplicity 
• 8000/7051 SYSTEM 

ALFRED'S new 8000/7051 system con­ 
sists of the Model 8000 Oscilloscope and 
the Model 7051 Sweep Network Analyser 
Plug-in. 

The ALFRED Sweep Network Analyser System intro­ 
duces a new concept in microwave instrumentation: a 
truly general-purpose instrument that can measure 
insertion gain or loss, return loss (VSWR) or gain, and 
absolute or relative levels of CW power over a 60 db 
dynamic range, The instrument can be used for swept 
or single-frequency measurements, and also as a dual­ 
channel logarithmic oscilloscope. 
The 8000/7051 can be used to make a greater variety 
of measurements, over a wider dynamic range and a 
wider frequency spectrum, than any other instrument 
now available. 
UNIQUE ALFRED 8000/7051 FEATURES: 
e DIRECT DB OR DBM 

READOUT WITH 60 DB 
DYNAMIC RANGE, Com­ 
pare this with the 30 db 
range offered by other 
instruments. e PROVIDES COVERAGE 
FROM < 100 KHz to > 
40 GHz. e MEASURES POWER 
LEVELS FROM -40 DBM 
to +20 DBM. e TWO MEASUREMENT 
CHANNELS WITH INDE­ 
PENDENT CONTROLS. 

Sensitivity from 0.5 db/ 
cm to 10 db/ cm; display 
offset up to 60 db of 
gain or loss. 

e DOES NOT REQUIRE 
SOURCE MODULATION 
OR LEVELLING. 

e PROVIDES CRT, DIGITAL 
READOUT AND X-Y RE­ 
CORDER OUTPUTS. 

e SIMULTANEOUS DIS- 
PLAY OR RETURN LOSS 
OR GAIN AND TRANS­ 
MISSION GAIN OR LOSS. 

• 650 SWEEP OSCILLATOR for swept or 
point-by-point testing 
The finest microwave sweep oscillator ever made-ideal 
for operating with the 8000/7051 system. Provides a 
complete turn-off of the rf signal during the retrace .. 
interval-enables the 8000/7051 to take advantage of 
the oscillator "rf off" interval to trigger an automatic 
balancing circuit that stabilizes the low-level de stages 
and completely eliminates drift errors. 650 oscillator 
plug-in units are available in 16 frequency ranges 
from 0.25 to 40 GHz. 

Distributed by- j a CO b J, mi IC he 11 & co. ply. ltd. 
469-475 Kent Street, Sydney. 26-2651 

MELBOURNE 
30-2~91/2 

ADELAIDE 
53-6117 

BRISBANE 
2-6467 

PERTH 
28-1102 

LAUNCESTON 
2·5322 
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Radiography certifies 
tiny electronic parts 
onTelstar 

The thousands of parts in Telstar must perform perfectly, 
including solid tantalum capacitors shown in the 
radiograph reproduced here. These capacitors were 
radiographed on Kodak film to show whether their 
anodes were positioned and plotted properly, and to 
search for stray solder globules. 
The uses of radiography in industry are practically 
endless. Castings and welds can be inspected for 
soundness. Even sealed internal assemblies can be 
inspected. For quality control of the smallest capacitor or 
largest transformer radiography can save you time and 
money and help you build a reputation for quality. 
Kodak's outstanding range of industrial x-ray films 
includes general-purpose films; fine-grain films for 
highest quality production radiography, as well as for 
extra critical radiography; also single-coated films for 
maximum detail under high magnification. 
Ask your Kodak technical sales representative for 
further information or write to: 

Radiography Markets Division, 
KODAK {Australasia) PTY. LTD. 
Branches in all States. 

K.1986 



Fehrua!Y, 1969 THE TELECOMMUNICATION JOURNAL OF AUSTRALIA ix 

.. HOLD IT! Here's the answer! 
ONE SUPPLIER 

ONE ACCOUNT FOR ALL THESE PRODUCTS . 
CONDENSED PRODUCT LISTING 

CTS: Volume Controls, Potentio­ 
meters and Rotary Switches. 
ROTEX: Embossing Tools & Tapes. 
ELCO/VECTOR: Plugs, Sockets, 
Connectors, Matrix Boards and Kit 
Set. 
IPCO: Pyrometric Recorders. 
I.R.C: Carbon Composition, Metal 
Glaze, Deposited Carbon, Metal Film, 
High Voltage and Wire Wound 
Resistors, Single Turn and Multi­ 
Turn Precision Trimmers, Silicon 
Rectifiers, Zener Diodes and other 
Semi-Conductor Devices, Fixed At­ 
tenuators, Rheostats and Sliders, 

Ceramic Capacitors. 

K.L.F: Pressure and Vacuum Gauges. 

TELITE: Neon Indicator Lamps 

MAGNETIC DEVICES: Relays and 
Solenoids. 
MURATA: Ceramic Filters, Piezo­ 
Electric Tuning Forks, Ultrasonic 
Transducers and other Piezo-Electric 
Devices, Posistors. 
MULON: Micro-Switches. 
N.K.K: Miniature, Sub-Miniature 
Toggle, Lamp Lighted Switches. 
HAMLIN: Reed Switches 
WESTINGHOUSE: IC's 

ROBINSON-HALPERN: Transducers. 
ROTOTHERM: Thermometers and 
Temperature Controllers and Re­ 
corders. 
SEALECTRO: 'Press Fit' Terminals, 
'Con hex' Connectors and 'Sealect o 
board' programming boards. 
SCOPE: Soldering Tools and 
Devices. 
SCOTCH: Electrical and Recording 
Tapes. 
TELETRON: Plugs, Sockets, Terminal 
Stripes, A.P.O. Type Fuses, Tele­ 
phone Plug and Socket, Relays and 
Solenoids. 

{ a subsidiary of Internacional Resistance Holdings Ltd.) 
THE CRESCENT; KINGSGROVE, N.S.W. 2208. TEL. 50 0111 

H HIIIIID Ji I F 
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Plessey 
SAFT 

'Voltabloc' Nickel 
Cadmium Batteries 

A New Power Dimension in Aviation and 
Industrial Technology 
"Voltabloc" nickel cadmium cells add a new power 
dimension to aviation and industrial technology. Their 
range is limitless, from complete emergency power plants 
to simple photographic flash guns. 
Illustrated above are just six further applications - The 
French communications satellite D1 (Diapason); 
the magnificent Concorde supersonic airliner; 
the famed Mirage fighter jet; automatic, self-contained 
emergency lighting; the fully transistorised portable 
Kelvin Mk VIII ultrasonic flaw detector and the Plessey 
XL9 computer as used in the West London TrafficExperiment. 
Designed and developed by S.6.FT (Secrete des 
Accumulateurs Fixes et de Traction), the world's leading 
manufacturer of rechargeable alkaline batteries, these 
cells, batteries and charging devices are now available 
from Ducon. 

Applications 
Aircraft; lnstrumentation;Telecontrol 
Equipment; Laboratory & Scientific 
Equipment; Aerospace Control & 
Recorder Equipment; Transmitter/ 
Receivers; Domestic Cordless 
Appliances; Photo Flash & Photo 
Flood Equipment; Emergency 
Standby Lighting; Paging & Alarm 
Systems: Heavy Diesel Starting & 
Traction Equipment; Miners' Lamps; 
Train Lighting; Signalling; Remote 
Control. 

Plessey Components 
Ducon Division Box2 PO Villawood NSW 2163 
Melbourne 
42 3921 

Brisbane 
23287 

Adelaide 
51 4755 

Perth 
21 4821/21 7867 AC79 
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For further information contact 

Siemens Industries Limited 
544 Church Street, Richmond. Victoria 42 2371 
Branches at Sydney, Brisbane, Newcastle 

t 
SIEMENS 

Vertical High Density Equipment 
for Carrier Telephone Systems 
Siemens vertical high density packs with various plug-in 
sub-units can be connected directly to the station cabling via 
plug-in connectors. Rack wiring is eliminated. 

Versatile racks can be equipped with several different types of 
vertical packs. Terminal panels are included in the vertical packs. 

Siemens rack equipment gives considerable space savings: 
channel modem and group modem racks have 2½times the 
channel capacity of the equipment previously used. 

Planar Station Cable Shelf 
The high packing density of Siemens vertical equipment racks 
permits the additional requirements of station cabling per unit area 
to be easily accommodated on top of the planar cable shelf. 

241-202-4 



xii THE TELECOMMUNICATION JOURNAL OF AUSTRALIA February, 1969 

WII, 
I 

This machine 
is helping make 
Australia smaller 

It's called a "Buncher-Cabler" and it's used by 
ASC to improve communications across Aus­ 
tralia. Your communications. 
Imagine the wide, barren land Australia would 
be without telephones, or radios to listen to, 
television to see. Without radar to guide our 
ships and aeroplanes, or give weather infor­ 
mation. We'd be cut off from the world, cut off 
from our neighbours, without these vital links 
in communication. When ASC's progressive 
research team developed the Buncher-Cabler 
they found it would make communication cable 
better, quicker and more efficiently than the 

many machines and processes previously 
necessary! 
ASC is the company that has designs for your 
future by providing safe, sure communications. 

AUSTRAL STANDARD CABLES 
PTY. LIMITED 

Head office: 325 Collins St., Melbourne, 3000, Vic. 
Works at: Maidstone and Clayton, Victoria; Liver­ 
pool, N.S.W.; Hornby, Christchurch, New Zealand. 
Laboratories at: Maidstone, Victoria. 

4.6!51 
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behind these caps are 

gold flashed silver contacts 
nickel plated steel bodies ... and 
nickel silver springs! 
You get longer life and better service from 
WIDMAIER 
illuminated push button switches 
Single or multiple unit assembly, mechanically 
or magnetically interlocked for a maximum 
variety of switching functions. Lamp range 
6-70 volts, 4 cap styles, eight lens colours 
. . . Widmaier, from Rubin. 0E. S. Rubin & Co. Pty. Ltd . 

73 Whiting Street, Artarmon, N.S.W. 2064. Telephone 439 2333. Telex 21175 

6 Kemp Street, Woodville, South Australia. 5011. Telephone 45 3579. Telex 82529 
138 Berkeley Street, Carlton, Vic. 3053. Telephone 34 6469. Telex 30948. 
Also: Queensland, Telephone 79 2207; Western Australia, Telephone 21 7861. 
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Proximity switches, thermostats, remote readouts, appliances, 
toys, float switches, space ships-the list of applications which 
could incorporate Hamlin Magnetic Reed switches is as unlimit­ 
ed as Man's ingenuity in devising ways of using them. Dependent 
only on a magnetic field for their operation, and isolated from 
the harmful effects of environment, reed switches have an excep­ 
tionally long life (in excess of 100 million operations) and are 
ideally suited for high speed switching (operating time less than 
1 millisecond). The package density of reed switches is of course 
less than solid state devices but because of the simplicity of the 
reed switch in comparison with transistorized logic circuitry, the 
switching cost could be much less. 
Hamlin Reed switches have met every conceivable test in a 
broad range of environmental and electrical applications. As 
the pioneer in the development of dry-reed switches, Hamlin 
offers the widest selection and is the industry's largest producer 
of magnetic reed switches. 
They are available with contacts of gold, silver, tungsten, or 
rhodium for switching various load types. Mercury wetted con­ 
tacts are used to eliminate contact bounce. Nitrogen or hydro­ 
gen, at various pressures, offer inert atmosphere for clean opera­ 
tion, while evacuated switches are used for high voltages. 
There are dozens of reed switches designed for specific load 
requirements, such as low-level dry circuit loads, or high voltage 
loads. Various switch configurations in different sizes, ranging 
from the standard through to micro miniature (Grain of Wheat), 
are available in single pole throw or single pole double throw. 
Also with contacts mercury wetted, biased, polarized, or spring 
loaded. All Hamlin switches are further classified in close toler­ 
ances according to magnetic sensitivity. Depending on switch 
design, these ranges are from 20 AT to 150 AT for pull-in and 
10 AT to 100 AT for drop-out. 

DI/, f lil!i1fLD/IIJ MAGNETIC REED SWITCHES D1J 01!/U FIRST AND FINEST IN THE FIELD 

ll~HCOMPONENTS PTY. LIMITED 
(A subsidiary of International Resistance Holdings Ltd.) 

THE CRESCENT, KINGSGROVE,N.S.W. PHONE 50 0111 
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VACUUM ENCAPSULATED 
TRANSFORMERS 
AND SOLENOID COILS 
for Adverse Environments! 

A & R TRANSFORMERS PTY. LTD. 
42-46 Lexton Road, Box Hill, Vic., 3128 
PHONE . . . . . . B9 023B 

REPRESENTATIVES IN ALL STATES 
S.A: S~OTT .::THOMPSON :P1L.~ .3_~111~· -St~.:.~~~·-:;,~···:::·. _::_ ·,::, ::1},3 2~61 t N:s.w~. ·5:0-~_,.~R-:nEC:riloNl~I' ~('····•a2 __ ·carh~~ Cres'. .. Summer· Hill-798 69.99 
W.A. E_VE~~TT ~G~NCY _P/L., c-!r·~~~~~wi,ood:·St~,,;.Y#(fe:~.,-~-~-l;,_:\~;41:tr;- ... Q'lAND: R.,_~; _VENN P/l.·, 71.73- 0ogge":.St., Valley, Brisbane 51 5421 

lRIMAX 
extended range 
volume indicator 

The Trimax G54 Solid State 
Volume Indicator has been 
specifically designed for dynamic 
programme level measurements, 
with a meter having the fast rise 
time required to detect the peaks 
of programme material. Its 
application, however, extends to 
the entire field of level 
measurement in the audio 
frequency range. The accuracy of 
calibration and small attenuator 
increments (2 db steps) also 
make it particularly suitable for 
the lining up and transmission 
testing of an entire system. 

A high-quality shielded input 
transformer enables the 
instrument to be used on 
balanced or unbalanced systems. 

L M Ericsson Pty. Ltd. 
TRIMAX DIVISION 
Cnr. Charles Street and Williams Rd, 
North Coburg 3058, Vic., Aust. 
Phone 35 1203. 
Cables and telegrams: 
Trimax, Melbourne. 
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The TELECOMMUNICATION JOURNAL of Australia 

ABSTRACTS: Vol. 19, No. 1 

CARROLL, B. J.: 'Centralised Maintenance Practices Over­ 
seas'; Telecom. Journal of Aust., Feb. 1969, page 25. 
This article describes the completely centralised system 

of maintenance organisation adapted by the Televerket 
Sweden, and the Helsinki Telephone Company, Finland, 
for the maintenance of Exchange Subscriber and External 
Plant. It includes details of the advantages of their 
particular organisation, the methods of supervising plant 
performance productivity and costs, and results obtained. 
It concludes with a brief review of the progress being made 
in Australia with similar techniques and points out some 
of the distinctive features of the operating environment 
which must be considered in applying overseas techniques 
and in comparing results. 

CREW, G. L.: 'The Design of Relay Contact Networks'; 
Telecom. Journal of Aust., Feb. 1969, page 34. 
This paper is largely based on a number of discussions 

conducted by a group of circuit design engineers in the 
Australian Post Office during 1967. It describes three 
non-numerical techniques which may be used for circuit 
design - Boolean algebra, Karnaugh maps, and binary 
decision programmes. The three techniques are compared 
by applying them to the same problem. 
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HOSKING, C.: 'The Victorian State Disaster Plan'; Tele­ 
com Journal of Aust., Feb. 1969, page 61. 
This paper describes the arrangements set up in the 

State of Victoria to meet large-scale emergencies. It 
describes the role of the P.M.G.'s Department with particular 
reference to the communications which are provided for 
the emergency organisation. 

LARSSON, I. W.: 'Commissioning Tests for ARM Grid'; 
Telecom. Journal of Aust., Feb. 1969, page 4. 
A general description of the commissioning tests carried 

out for the establishment of the ARM grid, with particular 
reference to the Geelong ARM network. Preliminary or­ 
ganisation of testing schedules and the various types of 
tests performed are briefly discussed. 

LEWIS, H. J.: 'Design of a Cord Type Switchboard Con­ 
sole'; Telecom. Journal of Aust., Feb. 1969, Page 55. 
This article outlines the steps taken in the physical 

design of a new Cord-type trunk switchboard. It intro­ 
duces novel cabling and multipling methods, use of drum­ 
type cord-retraction units, and jack-in type 'Line Units' on 
the multiple, which allow easy maintenance and quick 
addition to extensions. A fabric-covered steel carcase 
of modular construction is fitted with a durable non-glare 
keyshelf and novel docket holding device. The leg room is 
unobstructed and open due to the use of the cord retrac­ 
tion units. 

SALTER, J. P.: 'A Transmission Level Checker'; Telecom. 
Journal of Aust., Feb. 1969, page 13. 

A general description of the facilities and uses of the 
transmission level checker (T.L.C.) is given, together with 
details of its operation with the test call answer relay set 
(T.C.A.R.S.). Reasons why the T.L.C. can be used for 
semi-automatic measurement of the transmission loss of 
a telephone circuit at 820 Hz, in both directions. of trans­ 
mission, without the need for distant end staff, are outlined. 
The article, which is accompanied by photographs and 
functional schematic circuits, is not a comprehensive 
description of the T.L.C., nor of its design or manufacture. 

SCOTT, F. M.: 'System AFM 402: The A.P.O. Four-wire 
Cord Type Manual Assistance Centre'; Telecom. Journal 
of Aust., Feb. 1969, page 41. 

This paper describes the general electrical design features 
of A.P.O. System ARM 402, which comprises a cord-type 
operating position for manual assistance traffic, a cordless 
type operating position for special services traffic, monitors 
and supervisors' turrets, positions and line relay sets, and 
a marker-controlled crossbar switching stage. The manual 
assistance position is described in detail. 

SMITH, K. W.: 'Telephone Exchange Area Planning'; Tele­ 
com Journal of Aust., Feb. 1969, page 18. 

This paper is in two parts. Part 1 is a description of a 
method of determining the optimum economic radius of a 
telephone exchange area with relation to the subscriber 
density. Part 2 gives an outline of the procedure followed 
in the planning of rural exchange areas in Victoria. 

WHITE, L. A.: 'Melbourne - Kyneton Coaxial Cable Tran­ 
sistorised Line Equipment'; Telecom. Journal of Aust., 
Feb. 1969, page 65. 

This paper describes fully transistorised coaxial cable 
line equipment of German manufacture. The equipment 
uses temperature controlled level regulation of underground 
repeaters and incorporates new techniques for power 
feeding, level control and supervision. 
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Electrically Speahing ... 
. . . we live in an Electronic-Age. 
Which involves Telecommunications . 
Both of which involve NEC. 
From telephones to satellite earth stations. 
Over 5000 integrated items. 
For government. 
For private industry. 
For you . 
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Telephone Equipment 
Telephone Sets, Step-by-step Auto­ 
matic Switching Equipment, Cross­ 
bar Switching Equip., Electronic 
Switching Equip., Videophones (TV 
telephone system with exchange 
equip.). 

Carrier Transmission Equipment 
Carrier Communication Equipment, 
PCM Transmission Equip., Measur­ 
ing and Testing Equip., Loading 
Coils. 

Radio Equipment 
HF, VHF, UHF and SHF Radio Com­ 
munication Equipment, Portable 
and Mobile Radio Equip., Over-the­ 
Horizon Communication Equip., 
Earth Station Equipment for Satellite 
Communications, Radio and TV 
Broadcasting Systems, Navigation 
Equipment. 

Electronic Data Processing 
Equipment 
Electronic Computers, Data Com­ 
munication Equipment. 

other Electronic Equipment 
Automation Equipment, Defense 
Electronic Equip., Educational Elec­ 
tronic Equip., Closed Circuit TV 
Equip., Picture Transmission and 
Facsimile Equip., Remote Super­ 
visory and Control Equip., Medical 
Electronic Equip., Laser and Infra­ 
red Ray Application Equip., Ultra­ 
sonic Application Equip., Electrical 
Home Appliances. 

Electronic Components 
Electron Tubes, Semiconductor De­ 
vices, Integrated Circuits, Circuit 
Components, Printed Circuit Boards. 

Products for today - 
Innovations for tomorrow 

P.O.Bo'1,Takaoawa,Tokyo,Japan Nippon E/ecttic Company.limited NEC 
Melbourne Office: P.O. Box No. 895G, G.P.O., Melbourne Tel.: 67-5321, 5322 
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