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Electrical energy and sound were associated in a fami-
liar, elemental way long before Edison and Bell began
to reorganise them.

Now less elemental, but increasingly familiar, the asso-
ciation has been turned to man’s ends. President talks
to Prime Minister; Jack talks to Jill. In the coming
day when anyone can talk to anyone, anywhere, at any
time, we shall be there, still helping.

Gandand Ilphones and (ibles Fry. L
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COMPAC: VANCOUVER-SYDNEY 60/80 CHANNEL
SUBMARINE CABLE SYSTEM

INTRODUCTION — HISTORICAL

Telegraph Cables

Intercontinental, or trans-ocean electri-
cal communication began with the first
trans-Atlantic telegraph cable. After three
abortive attempts which failed, largely
due to insufficient appreciation of the
mechanical strength required for deep-
sea cables, a successful cable linked the
British Isles with Newfoundland in 1866.
Response to this new form of communi-
cation was so rapid that by 1902 a sys-
tem of telegraph cables and landlines
ringed the world, including the 1872
cable to Port Darwin that linked with
Australia’s Overland Telegraph Line.

Up to 1926, British interests alone
had installed a cable network grossing
some 150,000 nautical miles. By this
time, however, inter-continental radio
systems were becoming economically
attractive, and after a merger of British
radio and cable interests in 1929, no
new trans-ocean telegraph cable routes
were opened by British establishments.

High Frequency Radio

When Marconi and others made
trans-ocean radio communication a
commercial possibility after the turn of
the twentieth century, it became appar-
ent that the new medium offered a
number of advantages beyond the scope
of cables. In addition to the economic
aspects, radio enabled higher signalling
speeds for telegraphy, while it was suit-
able for telephony and facsimile trans-
mission as well.

A second era of inter-continental
communications began with the estab-
lishment of a radio-telegraph link be-
tween England and the U.S.A. in 1907,
and the first radio-telephone circuit be-
tween the same countries in 1927. By
1927, also, radio spread commercially
to Australia with the opening of “Beam
Wireless” between Victoria and Britain.

In the 1930’s, however, it was realised
that H.F. radio had three serious limit-
ations: firstly, it rarely approached the
quality of “wired” telephony, even over
similar distances; secondly, propagation
conditions were often unstable and at
times impossible; thirdly, the useful
frequency spectrum (3-30 Mc/s) was be-
coming so crowded by the expanding
global network that international regu-
lation of frequencies and emission pro-
cesses was needed. Attention turned to
other media—in particular, to ‘“tele-
phone” cables.

Coaxial Telephone Cables

As with telegraphy, the first trans-
ocean telephone cable linked the Old
World with the new, from Oban in
Scotland to Clarenville in Newfound-
land, in 1956. In addition to the usual
difficulties of long-distance  multi-
channel telephony, submarine coaxial

* See page 348.

cable working presented many unex-
plored fields. Four of these were: the
development cf suitable cable; the de-
velopment of wide-band repeaters
which could be laid in deep oceans and
left unattended for many years; design
and production of equipment to supply
power to the repeaters from land-based
stations; and problems of equalisation
and system loading in the absence of
access to intermediate points when pro-
pagation characteristics changed with
age and with variations of sea-bottom
temperatures.

Considerable research into these pro-
blems occurred on both sides of the
Atlantic, and this research found prac-
tical expression in numerous ‘‘short”
cable systems. Notable examples were
the Anglesey-Isle of Man cable of 1943,
Key West-Havana in 1950, and Scot-
land-Norway in 1954,

By 1953 the American Telephone and
Telegraph Company, the British Post
Officc and Canadian Overseas Tele-
communications Corporation had suffi-
cient confidence to contract for provi-
sion of the first trans-ocean telephone
cable. Handed over for traffic in Sep-
tember, 1956, and now known briefly as
“T.AT. ONE” (Trans-Atlantic Tele-
phone No. 1), the system was designed
to carry three basic C.C.I.F. groups,
that is, 36 voice-bands at 4 Kc/s spac-
ing. Some details of the system are
shown in Table 1.

Once again, the advent of a new
technique gave a marked stimulus to
traffic. High quality channels, 24-hour

R. E. KNIGHTLEY, A.M..E.Aust.*

reliability and on-demand service
caused such a sharp up-turn in trans-
Atlantic telegraph and telephone activ-
ity that, within two years, the original
36 voice-bands became overloaded to
the extent that bandwidth conservation
techniques were applied and additional
trans-Atlantic systems were under ne-
gotiation.

The history of T.A.T. 1 channelling
arrangements is shown in Table 2,
while the rapidity with which coaxial-
cable systems are now being added to
the world’s inter-continental facilities
is indicated in the map, Fig. 1.

Of particular interest to countries of
the British Commonwealth are the two
cables, COMPAC and CANTAT. The
CANTAT system is .a joint venture
undertaken by the British Post Office
(B.P.O.), Cable and Wireless Limited
(Britain), and Canadian Overseas Tele-
communications Corporation. Bandwidth
has been reserved in this cable for exten-
sion of Pacific area circuits to Britain
and beyond. From 1964 onwards, the
COMPAC and CANTAT systems will be
linked across Canada by high-grade
micro-wave circuits and will then be
treated as an integrated system from
both engineering and economic view-
points.

COMPAC — OVERALL PLANNING
Finance and Organisation

Following conferences in London and
Sydney in 1958-59, the governments of
Australia, New Zealand, Canada and
Britain agreed to advance capital for a

TABLE 1: T.A.T. 1—COMPOSITION OF SYSTEM

System Terminals
& Route Lengths

Submarine-Cable
Links & Lengths

London-New York '(i) Oban-Clarenvilie

4,078 miles 1,950 naut. miles. -
London-Montreal (ii) Clarenville-Sydney
4,157 miles Mines (Nova Scotia)

333 naut. miles

“ American (uni-directional) repeaters, 51 in each direction.
i British (bi-directional) repeaters.

No. of Nominal No.
Submarine of C.CI:E.
| Repeaters = | Voice-Bands
102% TR 36 o
_ R | -
|
167 60

B 7Lo_n_c~!(ln-New York and_London—M_o_n_treal_gaEhs _divide at Spruce Lake, N.B.

TABLE 2: T.A.T. I—BAND-WIDT

H CONSERVATION MEASURES

| Total Number
Date Action Taken of Voice-Bands
B . ' Available
Sept., 1956 System opened with voice channels
at standard C.C.LF. spacing (4 Kc/s). 36
Dec., 1957 Narrow-band (2 Kc/s) voice channels
introduced on London-Montreal cir- 444
cuits; 13 “out-band” channels added.
Jan., 1960 Narrow-band (3 Kc/s) voice channels
introduced on London-New York cir- ; 54
cuits.
May, 1960 Time-Assignment Speech Interpola-
tion (T.A.S.I.) added on London-New 76
o York circuits.
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(basically) 60-circuit system linking
Vancouver Island and Sydney. Signifi-
cant points in the agreement were:—

(i) Capital: Contributors to the capi-
tal cost of the scheme, amounting to
£33 millions, would be:

The Overseas Telecommunications

Commission (Australia).

Canadian Overseas Telecommunications

Corporation.

Cable and Wireless Limited, Britain.
New Zealand Post Office.

As far as possible, contributions
would be in kind, rather than in cash,
and contracts so far placed in Aus-
tralia include the terminal building,
power plant, raw materials for cable
manufacture, and installation of new
ducts and cables between the O.T.C.
building at Paddington (Sydney) and
Bondi beach.

(ii) Direction and Control: Executive
direction would be vested in a Manage-
ment Committee composed of represen-
tatives of the four contracting partners,
headed by a Convenor drawn from the
Management Committee members. First
Convenor of the Management Commit-
tee is Mr. T. A. Housley, C.B.E., Gen-
eral Manager of O.T.C. (Australia).

(iii) Engineering: Cable and repeaters
would be produced under the super-
vision of the B.P.O., and laid by the
B.P.O’s 8,000-ton cable-layer, “Mon-
arch”. Special items of equipment spe-
cific to long-distance systems would be
produced under the detailed supervision
of the B.P.O., with instaliation to be
effected by- the partners. Other equip-
ment would be the entire responsi-
bility of the individual partners. Sys-
tem performance, engineering facilities

TABLE 3: COMPAC: ESTIMATED CAPITAL COSTS (Sydney, 1959)

Price Per Total
Item Quantity* Unit in Cost in
o - Af. * AfM
Deep-Sea Cable 7,752 nauts 1,875 14.3
Other Cable 346 nauts Various 0.7
Submarine Repeaters 312 22,500 7.0
Submarine Broad-Band Equalisers 30 15,000 0.5
Hire of HM.T.S. “Monarch” 597 days 1,875 ; 1.1
Other Shipping Costs : - — 0.8
Buildings, Power Plant and {
Equipment : — — 2.9
Engineering Office Costs and other ! i ‘
Charges, including Spare Cable | i
and Repeaters | - — I 2.6
Contingencies at 10% — | —_ 3.1
Total £33m.

“Figures used at Sydney conference; subsequently revised.

GROSSES ROCHES

/7
V4 MNM

MONTREAL i 4 /AT‘
’"/ ﬂ- T PENMARCH
LARE&VILLE 7Ar 2 1259-3
7‘»473 196379
nsw YORK

and time-tables would be worked out by
Joint Technical meetings in the various
countries from time to time.

Economic Considerations

The capital cost of the system was
estimated at £33 millions, assuming
land-based stations at Vancouver Is-
land, the Hawaiian Islands, Fanning
Island, Fiji, Auckland and Sydney. The
more significant items are shown in
Table 3.

Annual costs were expected to total,
over the 20-year estimating period
1964-84, some £80 millions. Conserva-
tive estimates of income were compiled
on the premises that the Hawaiian
Islands would form a cross-roads for
interchange of British and U.S.A.-Asia
traffic, and that traffic generally would
receive a 100% stimulus from the pro-
vision of high quality, stable circuits,
It was estimated that revenue over the
20-year period would be in the vicinity
of £84 millions.

Subsequently, at joint conferences in
Wellington in February 1961, capital
cost estimates were revised downwards
to £30 millions. This occurred after
placement of orders for all cable and
repeaters. At the same time, traffic fore-
casts are being revised upwards.

Choice of Route

In connection with CANTAT and
other schemes, the B.P.O. research es-
tablishment at Dollis Hill had carried
out extensive development of cable and
repeaters, including deep-sea trials, and
were able to offer the proposed CAN-
TAT model as a basis for the 1959
Sydney conference to build from. Thus
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COMPQOSITE STRESS MEMBER
(high tensile steel)

CENTRE CONDUCTOR (copper)

POLYTHENE DIELECTRIC

RETURN CONDUCTOR TAPES

(aluminjum)

POLYTHENE FILM SEPARATOR

SCREENING TAPES
(aluminium interieaved with polythene film)

IMPREGNATED PROTECTIVE

COTTON TAPE

POLYTHENE SHEATH

Fig. 2.—Light-weight Deep-Sea Cable (By Courtesy of Standard
Telephones and Cables, Limited).

it was proposed to plan a system with
the following characteristics:

Capacity: Five Dbasic
groups (each 48 Kc/s wide).

Repeaters: B.P.O. design,
tional.

Cable: “Lightweight” type, of appro-
priate configuration.

Sections: Up to 3,700 nautical miles
for any individual section, assuming
large-diameter cable.

At the time of laying T.AT. 1, it
had not been possible to use British
repeaters on the long trans-ocean link,
mainly because techniques for laying
them in ocean waters had not been de-
veloped. By 1959, however, the problem
had been effectively solved and thus it
was proposed to provide a system using
only one cable, with two-way repeaters,
to carry both “go” and ‘“return” trans-
mission.

The maximum length of any indi-
vidual section was limited primarily by
the D.C. voltage that could be applied
to the cable-end for the purpose of sup-
plying power to the repeater valves. As
at 1959, the maximum working voltage
that could be applied across capacitors,
in the repeater power-separating filters,
was limited to 5 K.V.; larger capacitors
to withstand higher voltages would
mean extensive redesign of repeaters.
In the context of this limitation, and
after consideration of the relative eco-
nomics of various diameters of cable,

(GG LAY

bi-direc-

the following route was tentatively de-
cided as being technically and econom-
ically feasible:

Max.
Section Length  Depth
Nautical  Fathoms
Miles
Yancouver Island-
Hawaii 2,310 3,400
Hawaii-Fanning
Island 1,046 3,100
Fanning Island-Suva 1,867 3,000
Suva-Auckland 1,235 2,500
Auckland-Sydney 1,250 2,600

As it was realised that negotiations
for landing cable and building a station
in the Hawaiian Islands could take
some years, evidence was produced to
show that, if necessary, they could be
by-passed to give a Vancouver Island-
Fanning Island link (3,300 nautical
miles) by using larger cable.

Subsequent to the 1959 conference,
the Hawaiian landing rights have been
secured by Canadian O.T.C., and the

B.P.O. have shown that existing re-
peaters capacitors can, in fact, with-
stand working voltages of the order of
10 K.V. withcut significant impairment
of performance. This led the joint con-
ferences in Wellington in 1961 to decide
upon the by-passing of Fanning Island
so that the cable will follow the route
shown in Fig. 1. At the same time,
Canadian O.T.C. decided to place the
Canadian terminal at Vancouver in lieu
of on Vancouver Island. The longest
link now becomes Suva-Hawaiian Is-
lands, at 3,008 nautical miles, with an
applied system power voltage in the
vicinity of 6.3 K.V. at each end. The
total route distance from Sydney to
Vancouver is just over 8,000 nautical
miles (9,320 statute).

Construction Time-table

At the time of the Sydney confer-
ence, the only ship in the world capable
of laying long repeatered cables was the
“Monarch”, while the only factories
producing suitable cable and repeaters
were Submarine Cables Limited and
Standard Telephones and Cables, both
in England. From a study of availabil-
ity of the ship and anticipated factory
production, the tentative time-table
agreed was:
1QSydney-AuckIand—comp]ete by May,

62,

Remainder—complete by early 1964.

Subsequently, Cable and Wireless
Limited have contracted for the con-
struction of a second ship.  This,
coupled with the decision to by-pass
Fanning Island and later knowledge
of repeater and cable production, led to
the following target dates being agreed
at the 1961 Wellington conference..

Installation Ready for

Link Complete by: Traffic by:

Sydney-Auckland May 1962 July 1962

Auckland-Suva November December
1962 1962

Suva-Hawaii October December
Hawali-Vancouver 1963 1963

CABLE AND REPEATERS

Cable

As indicated in the opening lines of
this article, the failure of early cable
systems was due largely to insufficient
mechanical strength in the cables. This
factor continues to be a dominant para-
meter in cable design, and all deep-sea
cables up to and including T.A.T. 2
were steel-wire armoured. The purpose
of the armouring was, not protection
from accidental damage, but longitud-
inal strength. However, the steel arm-
ouring always presented considerable
handling difficulties, and this led the
B.P.O. and Submarine Cables Limited
to investigate other forms of cable com-

TABLE 4: COMPARISON OF T.A.T.1 AND COMPAC-TYPE
DEEP-SEA CABLES

Cable Diameter Weight in ' Modulus | Attenuation
Overall Water | at 608 Kc/s.
Light-weight ) |
(COMPAC) 1.30 inches 0.6 Tons/nm 12.5 nm | 2.11db/nm
i
TAT. 1 127 inches | 1.8 Tons/nm.!| - 7.0nm I 3.21 db/nm
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position having sufficient tensile strength,
but with reduced rigidity and tendency
to twist under strain.

By 1959, it was possible to offer
“lightweight” deep-sea cable, the com-
position of which is shown in Fig. 2.
The strength of the cable rests in a
core of 43 high-grade steel strands, over
which is a copper tube forming the
central conductor of the coaxial trans-
mission path. Between this and six heli-
cally-wound aluminium tapes forming
the outer conductor, is an insulant of
extruded polythene containing an ad-
mixture of anti-oxidant. A thin poly-
thene tape separates the outer conduc-
tor from an electro-static screen of
aluminium foil; this screen has no func-
tion in normal working, but reduces
cross-talk between flakes of the cable
while it is coiled in the tanks of the
ship. The aluminium is protected by a
lapping of cotton tape impregnated with
a corrosion inhibitor (for example,
barium/zinc chromate and butyl rub-
ber), and an outer sheath of polythene.
Between the cotton tape and the poly-
thene sheath is a wrapping of polythene
film, this being to protect factory staff
from contact with the poisonous chro-
mate during manufacture. The cable
can be made in a range of sizes, that
chosen for the deep-sea sections of
COMPAC having a coaxial-tube dia-
meter of 0.99 inches and an overall dia-
meter of 1.3 inches.

Development of this type of cable
represented a significant contribution to
cable telephony. Not only was a cable
produced which overcame the major
mechanical difficulties of previous
types, but it proved to have superior
attenuation characteristics, as compared
with armoured cable of similar external
diameter (see Table 4); moreover, its
characteristics appear to undergo only
very small changes with handling, dur-
ing laying activities and with ageing.

Fig. 4—Submerged Repeaters on “Monarch”.

Repeaters

At the time of laying T.A.T. 1, two
types of broad-band repeaters had been
developed. One type—American—con-
sisted of a series of articulated con-
tainers which, when jointed into the
cable, formed a flexible unit that could
be run over the laying-sheaves of a
ship. The other—British—was a single
unit, housed in a heavy steel casing; it
cannot be passed over the laying
sheaves. The British repeater, however,
is a two-way repeater, that is, it can
amplify transmissions in both direc-

Fig. 3.—Submerged Repeater—Electrical

Units
Cables, Limited).

(By Courtesy of Standord Telephones and

tions, while the American is a one-way
only amplifier and must be used in
conjunction with two separate cables.

Now that techniques for laying
“rigid” repeaters in ocean waters have
been developed on both sides of the
Atlantic it i1s doubtful that two-cable
systems of the T.A.T. 1 and T.AT. 2
type will be installed in the future.
CANTAT is the first example of a one-
cable, two-way-repeater system in a
trans-ocean link, and COMPAC will
follow this pattern.

The repeater consists of an electronic
assembly inside a heavy steel cylinder
designed to withstand pressures of some
6 tons per square inch. Illustrated in
Figs. 3 and 4, the completed repeater
is some 10 feet long, 10 inches in dia-
meter, and weighs over half a ton.

Because of the extremely high re-
liability requirements, great care is
taken in the manufacture of the re-
peaters. Many components are hand-
made under conditions of hygiene
approaching those of a hospital operat-
ing theatre, and similar conditions sur-
round all stages of repeater assembly.
Exposed metal surfaces in the electrical
units are gold plated against corrosion
and the growth of whiskers, and the
atmosphere inside each steel cylinder is
replaced by dry nitrogen before the
watertight bulkheads are fitted. There
will be some 323 repeaters of this type
between Sydney and Vancouver, spaced
at nominal distances of 26.3 nautical
miles.

A block schematic diagram of the
transmission path of a repeater is
shown in Fig. 5. In the A-B direction
of transmission (low-frequency band),
signals pass via hybrid H2 and low-
pass filter F2 to the amplifier and
thence via filter F3 and hybrid HI; in
the B-A direction the signals pass via
H1, F1 and the amplifier to F4 and H2.
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Fig. 5.—Submerged Repeater — Block Schematic Diagram.

A common broad-band amplifier is used
for both directions of transmission.
The amplifier itself is a 6-valve unit,
consisting of two three-stage amplifiers
in parallel, with common feedback. The
feedback arrangements are such that,
should one of the two amplifiers fail,
the change in gain would be only some
0.2 db, but the noise would rise measur-
ably, for example by about 8 db in the

case of second-order intermodulation
products. )
Other components shown in the

diagram form supervisory circuitry by
which the gain, noise, harmonic content
and intermodulation products of each
repeater may be measured from shore
stations, some of these tests being pos-
sible while the system is carrying traffic.

Power Feed Equipment

As in many other coaxial systems,
the repeater valves are powered by
feeding a steady direct-current along the
centre conductor of the cable, the re-
turn path normally being via sea-earth
plates at each end of a link.

It is essential that the value of the
D.C. between the ends of the cable be
held within very close tolerances for a
number of reasons, for example, the
maintenance of constant filament tem-
peratures and valve- electrode potentials
influences both valve life and transmis-
sion “performance. Moreover, the high-
est possible protection is needed ‘to
guard repeaters against damage by ex-
cessive voltages and currents under a
wide variety of possible system faults.

In addition it is essential for eco-
nomic and repeater-life reasons to en-
sure a very low probability of inter-
ruption to power, and to maintain the
service under conditions in which the
actual “earth” potentials at the two
ends of a link may vary greatly in a
random manner.

The conditions are shown in the form
of an equivalent circuit in Fig. 6. At
the A and B stations, series-aiding
e.m.f’s are provided, with variable con-
trol elements to govern the current.
Earth potentials are represented by un-
:_:ontrolla}ble variable e.m.f.’s which may
In practice aggregate 1 K.V. under high
earth-current conditions.

A highly simplified block schematic
diagram of typical power-feed arrange-
ments at a COMPAC shore station is
shown in Fig. 7. Three independent
no-break A.C. supplies power three
rectifiers—A, B and C. Under normal
conditions, two of these A.C./D.C. sup-
plies are sharing load, with the other
switched out of service. Any one A.C./
D.C. supply can carry the required
load; thus, with up to two supplies
faulty there would be no interruption
to service. Indeed, on the shorter links
of COMPAC, cables can be powered
from  one-end-only for reasonable
periods, allowing faults on four out of
six A.C./D.C. converters.

The outputs of rectifiers A, B and C
are connected in series, and between
these and the power-separating filter
are three separate current-control ele-
ments. Voltages from these elements
are fed back individually to regulators
(via calibrating circuits and magnetic
amplifiers) in the input circuits to the
rectifiers.

On COMPAC, cable current will be
supplied at 430 mA = 1%. As each
repeater requires a voltage drop of
73.5V. across it, and the cable produces
a voltage drop of 1.2V. per naut, the
applied system voltages will be of the
order of 2.5 K.V. per end on shorter
links, rising on the long Fiji-Hawaii link
to the 6.3 K.V. mentioned previously.

FREQUENCY SPECTRUM,
CHANNELLING AND PILOTS

Frequency Spectrum

As indicated previously, the system
is designed to carry five C.CIT.T.
group bands, each 48 Kc/s wide. Their
arrangement on the coaxial links and
the frequency translation process at
both A and B stations is indicated in
Fig. 8.

In the A to B direction of transmis-
sion, standard C.C.LT.T. translation
processes are employed. The five basic
groups are translated using carriers of
420, 468, 516, 564 and 612 Kc/s into
the basic super-group band, 312-552
Kc/s. This is then modulated against
the system translating carrier of 612
Kc/s into the Super-Group No. 1 band,
60-300 Kc/s. The reverse process
applies at the B station.

In the B to A direction, non-standard
translating processes are used. At the
B station, the basic groups are trans-
lated directly up to the line frequencies,
using carriers of 468, 516, 564, 612 and
668 Kc/s. This places groups 1 to 4 in
the positions normally occupied by
groups 2 to 5 in a standard Super-Group
No. 2 — that is in the band 360-552
Ke/s. A gap of 8 Kc/s, for cer-
tain submerged repeater supervisory
functions as mentioned earlier, is Jeft
between groups 4 and 5, placing the
latter in the band 560-608 Kc/s.

Although not shown in Fig. 8, it is
expected that at least two “out of main
band” channels will be achieved, suit-
able for traffic on short links such as
Auckland-Suva.

The gap of some 54 Kc/s between
the A-B and B-A directions of trans-
mission enables the provision of direc-
tional filters with very low basic loss
(0.1 db) in submerged repeaters and
shore stations.

Allocation of Groups

The proposed initial allocation of
group paths is shown in Fig. 9. It will
be seen that one group is to be carried
right through from Sydney to London,
a total route distance of some 16,000
statute miles. This group, and the
Hawaii-London group, will traverse the
internal network of Canada plus some
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Fig. 6.—Cable Power-Feed Conditions.
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500 miles of the internal network of On COMPAC, as shown in Fig. 9, Also on each section, two “System”

the U.K., between Oban and London.
In addition, the proposed Hawaii-Mon-
treal circuits will traverse a consider-
able portion of the 4,500 mile trans-
Canada system.

Channelting Arrangements

When compared with a channel in a
national network, a trans-ocean circuit
IS an economic unit with extremely
high capital and maintenance costs.
Thus, the inter-continental engineer is
led to examine critically the advances
which have taken place in frequency-
translation processes, filter techniques,
and so on since the 4 Kc/s channel
spacing was adopted many years ago
by the C.C.LLF. In particular, he is in-
terested in the “unused” kilocycle which
results when a voice-channel of nom-
inal 300-3,400 c/s bandwidth is applied
to a system at 4 Kc/s channel spacing.

While the submarine system designer
may depart from accepted international
standards on the submarine links, he
faces a number of difficuities if he
attempts to carry non-standard channel
spacings on existing inland networks.
For example, he finds pilots and car-
rier leaks within the channel bands in-
stead of being placed conveniently at
channel cross-over points. It was shown
in Table 1 that T.A.-T. 1 had become a
mixture of channels at 2 Kc/s and
3 Kc/s spacings. The 2Kc¢/s channels
are compatible with 4 K¢/s C.CI1T.T.
standards and are connected directly
between London and Montreal. The 3
Kc/s circuits between London and New
York, however, are reduced to audio at
the submarine-system terminals, and the
channels are then carried through the
American and British national systems
at 4 Kc/s spacings.

groups will traverse both Canadian and
British national networks. Current plans
are that groups which are not connected
directly into these transmission net-
works (that is groups which are reduced
to audio at the submarine-system sta-
tions) will each consist of 16 channels
at 3 Kc/s spacing, while groups which
traverse the national systems will be of
12 x 4 Kc/s characteristics.

It should be noted, however, that the
transmitted voice-band of the 3 Kc/s
channels is a nominal 250-3,050 ¢/s, as
against 300-3,400 in C.C.LT.T. stand-
ards, that is the voice band-width on
the submarine links is nominally re-
duced by only 300 c¢/s with respect to
C.C.L'T.T. Standards.

The most heavily loaded sections of
the system will carry initially a total of
76 voice bands, which may be increased
to 78 by the addition of out-band chan-
nels on short links.

Pilots

Three major systems of pilots will
be employed to produce highly stable

transmission: “Cable” pilots, “System”
pilots and “Group” pilots. )
On each submarine section, one

“Cable” pilot tone will be transmitted
in each direction, the tone being at the
high-frequency end of the broad-band
spectrum, as shown in Fig. 8 (305.25
Kc/s, A to B; 609.25 Kc/s, B to A). It
will be injected into and extracted from
the broad-band path at the nearest con-
venient point to the coaxial cable ter-
mination. Associated with a continuous
level-recorder, it will perform the dual
functions of recording any changes in
level that occur due to ageing of cable
and repeaters, and of giving positive
indication of cable or repeater interrup-
tron.

pilot tones will be transmitted in each
direction—one at the upper end of the
broad-band spectrum and the other at
the lower (59.25 and 304.75 Kc/s, A
to B; 359.25 and 608.75 Kc/s, B to A).
These tones will constitute “slope”
pilots, will be continuously recorded,
and observation of them will lead to
periodic adjustment of shore-station
broad-band equalisers, for example, for
seasonal variations of sea-bottom tem-
peratures.

“Group” pilots will be of two Kinds.
One “Group Section” pilot will be
applied to each direction of each group
on a link-by-link basis (60 Kc/s in each
group) and will be continuously
alarmed for variations from nominal
group transmission equivalent exceeding
* 1db. In addition, each group will
carry a “Group Reference” pilot in
each direction on an end-to-end basis
(84 Kc/s in each group). At each group
terminal, A.G.C. equipment with a
nominal compression ratio of 10:1
will be actuated by the reference pilot,
with alarm provision for variations
from nominal overall transmission
equivalent of 0.5 db.

Each section of COMPAC will thus
carry a minimum of 26 pilots. Other
pilots will, of course, occur, for ex-
ample, V.F. telegraph system pilots.

PERFORMANCE OBJECTIVES

Although certain transmission per-
formance objectives have been agreed
at C.C.LT.T. level, they have been
limited to circuits 2,500 Km in length.
The longest COMPAC group, however
(London-Sydney via CANTAT and the
trans-Canada microwave system), will
be some 25,700 Km Iong, while the
shortest groups in the system will be
Sydney-Auckland at 2,300 Km.
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objec-
tolerance.

development and anticipated subscriber

tives for global circuits are now under
C.CIT.T. study. However, the cur-
rent absence of broad international
agreements has meant that each new
trans-ocean system has been planned
with a view to providing the best pos-
sible transmission performance within
the framework of economics, current

The author does not propose, in this
article, to analyse all the clauses of the
agreed objectives for COMPAC, but
merely to state some of the most signi-
ficant aims. It must be emphasised,
however, that the objectives here stated
are under continual review.

Variability of Circuit Loss: On

COMPAC sections, the variation vyith
time of circuit loss from the nominal
figure will have an R.M.S. value not

exceeding V0.3n db, where n is the
number of submarine groups connected
in tandem at voice frequency—this
means, for example, an R.M.S. value
of 0.55 db for a channel which traverses
only one pair of channelling equip-
ments.
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A special case will be circuits in the
Sydney-London group. Although there
is only one audio-audio link, it traverses
a mixture of submarine and overland
group paths, and a provisional target
of 1.8 db has been set.

[t is of interest to note that the term
“standard deviation” does not appear in
COMPAC transmission objectives; this
has been done in an endeavour to keep
both absolute levels and variability
within close limits.

Transit Loss: The four-wire loss be-
tween adjacent virtual switching points
will be in conformity with C.C.IT.T.
objectives at 0.5 db. There is some
room for conjecture as to whether this
figure will be compatible, from a sta-
bility point of view, with the R.M.S.
variability of 1.8 db for the Sydney-
London circuits, and it is possible that
the latter figure may have to be re-
duced.

Circuit Frequency Response: The
specified frequency responses for chan-
nelling equipments are shown in Fig.
10. It will be noted that the 4 Kc/s, as
well as the 3 Kc/s -spaced channels will
have extended response at the low-
frequency end, except for anticipated
degradation of edge channels by
through-group filters on long through-
groups. The worst circuits will be the
edge channels on the Sydney-London
group, but by choice of high-grade
through-group filters it is expected that
these will approach half the C.C.LT.T.

standard, as stated for a 2,500 Km
circuit,
Spurious Frequencies: No spurious

frequencies in any group band will be
at a level greater than —-66 dbm0.

Envelope Delay Distortion: Indi-
vidual circuit requirements vary, but a
typical case is that of a channel to be
used for photo-telegraphy, where maxi-
mum-minus-minimum delay within the
band 1,300-2,500 c¢/s will not exceed 300
microseconds.

Noise: The general performance ob-
jective for a channel has been set at 1
pW/Km mean weighted noise in the
busiest hour, with an upper limit of
3 pW/Km for the worst channel in any
submarine section. Again, the worst
overall performance will be on a Syd-
ney-London channel, but by suitable
choice of the location of the group in
the broad-band path it is expected that
the average mean weighted noise will

not exceed ~48 dbmO (less than 1 pW/
Km). As this figure approaches the an-
ticipated limit of subscriber tolerance,
consideration is being given to the in-
stallation of compandors.

Frequency Stability: Two sources of
frequency error will occur. Firstly,
shore stations will derive their carrier
supplies from free-running master oscil-
lators having a short-term frequency
stability better than 1 part in 107; and
secondly some channelling equipments
will have free-running oscillators for
the formation of sub-groups. Neverthe-
less, the agreed limits for audio-audio
frequency errors are * 0.45 c¢/s for a
circuit involving only one pair of chan-
nelling equipments, and a maximum of
+ 1.0 ¢/s for any channel regardless of
the number of audio-audio stages in
tandem. To enable each station to check
the accuracy of its oscillators at will,
an end-to-end frequency reference pilot
will be available on the cable at all
times, derived from the Australian
National Standards Laboratories.

CONCLUSION

COMPAC represents an historic en-
gineering  project, and the extreme
length of the circuits has led to per-
formance objectives more stringent than
those in normal use. The agreed con-
struction time-table is such that, within
five years from initial agreements, five
independent organisations spread over
more than half the circumference of
the earth will have planned and exe-
cuted the world’s longest single tele-
communications system.
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EMERGENCY TELEPHONE SERVICE - CIVIC EXCHANGE,

CANBERRA

INTRODUCTION

- At approximately 1 a.m. on Friday
22nd September, 1961, a fire which
originated in the -air treatment wing of
the pre-fabricated aluminium telephone
exchange building at Civic, resulted in
the complete destruction of a 2,000
type exchange, with 5,482 working lines
and a capital value exceeding £500,000.
It served the main Canberra commercial
centre at Civic as well as the hospital,
police and fire brigade, in effect over
one-third of the Canberra network. The
cause of the fire was not apparent, but
it was determined later that it had been
started deliberately by vandals. Figs. 1
and 2 illustrate the damage.

The organisatton which was set up {o
meet the emergency and the manner in
which works were carried out, resulted
in the restoration of telephone services
to virtually every subscriber within 14
days, an effort unequalled in the De-
partment previously. It is the intention
of this article to present a broad picture.
drawn from a considerable number of

* See page 348.

g

personal reports, of how the emergency
was met, and to discuss the organisation
which made the relief possible as a
stimuilus to thinking should such an
emergency arise again.

FACILITIES EXISTING BEFORE

FIRE

The Civic exchange and line depot
shared a common site, as shown in Fig.
3, with a fence separating the two sec-
tions. The line depot building is
approximately 40 x 80 ft. of clear span
construction and was internally parti-
tioned to provide office and storage
spaces. The aluminium exchange build-
ing was centrally located on its portion
of the site and a concrete coaxial cable
repeater hut was located on the southern
side.

A 2,000 type equipment installation
of 6,000 lines, for which an extension
to 6,800 lines was almost complete,
existed in the exchange room together
with an M.D.F. on which 12.000 sub-
scribers and 1.200 junction cable pairs
were terminated. Paper insulated to
silk insulated cable pot-head joints were
accommodated in a room parallel to the

J. WHYBOURNE, AM.1.E. Aust.*

M.D.F. and separated by a timber and
glass partition. Silk insulated cable tails
ted the M.D.F. via metal cable chases
provided on the basis of one chase per
vertical.

Civic was trunked as a main ex-
change in a city network of three main
exchanges, the others being Barton
(1,800 lines) and Manuka (3,500 lines).
There was also one repeater branch at
Yarralumila, "parented on Barton, and a
semi-automatic trunk exchange at Cen-
tral.

There was no separate equipment un-
crating area in the Civic building and
a quantity of material for the new ex-
tension had been stored in the air-con-
ditioning plant room. The fire was
started with this material. The air
treatment installation included an auto-
matically controlled oil fired boiler
which was located in the room and con-
tributed to the destruction.

DESTRUCTION BY FIRE

The fire started a fire bell, outside the
Exchange building, which was heard
ringing at approximately 12.48 am. A
passing taxi driver also noticed the fire

Fig. 1.—Looking down on Damaged Building, showing Destruction of Air Treatment and Equipment Areas.
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burning in the air treatment room and
raised an alarm via his radio to the
Police. The Fire- Brigade arrived a few
minutes after 1 a.m. A local technician
who was passing the building about that
time went to the rear of the building,
where the air treatment room was an
inferno, and saw the windows of the
room collapse. He then entered the
power room when the fire, which had
broken through the wall between the
equipment and air-conditioning rooms,
was advancing rapidly through the ceil-
ing and cabling over the equipment area
as shown in Fig. 3. The technician
turned power switches off and arranged
for a fireman to chop through the main
exchange 50V power supply ammeter
shunts which were glowing red hot at
the rear of the power board. The fire
was extinguished by 2 a.m.

Examination immediately after the
fire was extinguished revealed that the
switching installation was completely
destroyed.  Considerable portions of
most racks were seriously damaged by
fire and almost all equipment was satur-
ated by water and covered with a sticky
deposit. The upper part of the M.D.F.
was badly damaged and lead-covered
silk-insulated subscriber and junction
cable tails were burnt through. The roof
over almost the entire length of the 100
x 40 ft. equipment/M.D.F. room had
disappeared. It was apparent that, as
the walls were seriously damaged and
structurally unsound, rehabilitation of
the building would virtually require a
completely new equipment room. The
power and battery room installation
was almost undamaged and the ftest
desk, together with the power and test
desk rooms, had suffered minor damage
only. The M.D.F. and cable record
cards were recovered intact, which was
of considerable significance in the light
of subsequent events.

RELIEF MEASURES
General Measures

The Divisional Engineer, Canberra,
was advised of the fire within half an
hour of the alarm and immediately
alerted the local engineering organisa-
tion and advised the Assistant Director,
Engineering, in Sydney, who, in turn,
alerted the senior engineers of the State
Engineering organisation. By 7 a.m. on
the morning of the fire, these officers,
together with supporting staff, had met
in conference and the subsequent dis-
cussion, based on information passed
from Canberra and on detail available
in the State Headquarters, enabled four
basic decisions to be taken: .

(i) To provide all possible relief by con-
nection of urgent services to Barton|
and Manuka over junction cable and
to provide interception on the Civiq
“J” level at other network exchanges.

(ii) To abandon the damaged Civic
exchange and M.D.F. :

(iii) To divert to Canberra all possible
portable exchange equipment for
emergency telephone service provi-
sion.

(iv) To construct a new semi-permanent
exchange, including M.D.F., in the
line depot building at the rear of]
the Civic exchange building.

These decisions were discussed with
the Engineer-in-Chief and other Head-
quarters, - Senior Engineers, and the
agreement of Headquarters with the
proposed course was obtained.

Connections to Manuka and Barton

Implementation of the first relief
phase had begun in Canberra within
hours, and emergency lines to the Hos-
pital, Police and Fire Station were be-
ing arranged via the junction cable to
Barton and Manuka. By 10 a.m. 37 of
these lines had been connected. In view
of the fact that the M.D.F. was sub-
stantially intact and particularly that the
cable pot-heads were undamaged, a basic
decision had to be made whether any
cross connections for these emergency
services should be attempted at this
point. A significant factor was that the
lead-covered cables from the pot-head
joints to the frame were destroyed at
the top of the M.D.F. Thus re-tailing
would have been necessary to use the
M.D.F. terminations as connecting

points, - although a limited amount of
jumpering for the initial urgent services
could have been carried out on the fan-
ned silk tails. On the other hand, junc-
tions and subscribers’ cable pairs- could
be picked up in street manholes and
cross connected, thus leaving the street
cables immediately in front of the ex-
change site free for re-arrangement in
conjunction with the proposed new
M.D.F. The arrangement of cables is
shown in Figs. 4 and 5, and the decision
very early on Friday to leave the ex-
change entry cables free of active lines
by carrying out cross connecting in
street manholes, was shown subsequently
to have advantages over-riding the dis-
advantages. The latter arose mainly
from the damage which occurred to
street cable joints as pairs were sought
for cross connection. Problems did
oceur through this course of action as
not all subscribers’ cables paralleled the

junction cable to Manuka and Barton

and in one particular case, jumper wires

Fig. 2.—Scene inside Civic on the Morning after the Fire, looking towards Air Treatment Room.
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were run from one manhole through
trees to another manhole to restore two
urgent services of high priority. Never-
theless for the first few days, the only
way in which emergency services were
provided from Manuka and Barton over
junction cables was by cross connections
in manholes. 352 services were provided
in this way.

LONSDALE

Interception

Concurrently with the connection of
urgent services to spare exchange num-
bers in Manuka and Barton, intercep-
tion facilities were being established for
calls directed to the destroyed exchange.
An early decision was to refrain from
advertising a special code to call instead
of a “J" number, and to rely on inter-
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Fig. 3.—General Loyout of Exchange and Line Depot at Civic. Temporary Buildings shown in
Light Outline.

ception on the “J” level at main ex-
changes to provide the necessary in-
formation to telephone callers. This
concentrated interception on one code
only and avoided the need for intercep-
tion on a new code as well as on “J”.
Interception facilities were arranged
on the “J” level at network exchanges
on the Friday morning, by routing all
early choices from selector junction
gradings to interception positions con-
sisting of 2 + 4 or 3 + 9 cordless
switchboards established at the Barton
and Manuka Local and the Semi-auto-
matic Trunk Exchanges. These posi-
tions were staffed by Technicians and
provided for the bulk of the intercep-
tion traffic until it became known gen-
erally to local subscribers that “J” num-
bers could not be reached. A 12-track
recorded announcement machine was
installed at Barton, and served the three
points of interception, Barton, Manuka
and the Semi-automatic Trunk Ex-
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Fig. 4.—Ducts and Cables at Civic.

change. This removed the necessity for
staffing the temporary manual positions
at each exchange and directed callers
to “dial information” for further details
of urgent services, etc. The machine
provided all interception until 11 p.m.
on Sunday, 24th, when a new installa-
tion of four lamp-signalling P.B.X.
switchboards at the Trunk Exchange
became available. At this time, “J”
junctions after the third choice outlet
from each exchange, were connected to
the new switchboards and calls were
cord switched to handset telephones.
The first three choices were left on
machine interception until 8 a.m., Mon-
day, when the four manual positions
were staffed and the machine removed
from service. Subsequently machine in-
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terception only on the first three choices
from each exchange was used between
11 p.m. and 8 a.m. and manual inter-
ception during the day.

As emergency numbers were con-
nected, suitable lists were prepared by
the District Telephone Officer and pub-
lished daily through the co-operation of
the local press. In addition an interim
Canberra directory of the emergency
numbers was issued, during the week
ending 21/10/61, to all Canberra sub-
scribers and all trunk centres, and this
greatly reduced interception traffic. A
few days later machine interception and
redirection only was found to be ade-
quate on the “J” level.

Abandonment of Damaged Installation

The decision to abandon the damaged
building came before noon on the day
of the fire, after a detailed examination
of rehabilitation work necessary had
been made by the Works Director, Can-
berra, and discussed with the Superin-
tendent, Buildings Branch. It was the
considered opinion of that group that
erection of a roof over the area would
take two weeks, and that the completion
of walls would take additional time.
Renovation of such a sericusly damaged
building is obviously fraught with diffi-
culty and it appeared likely that un-
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foreseen delays could upset this optimis-
tic estimate. A usable temporary build-
ing structure could not be made avail-
able for three weeks, and there would
be obvious difficulties in attempting any
major exchange re-establishment whilst
building work was in progress.

The decision to abandon the installa-
tion was therefore influenced by two
major factors:

(i) Appreciation of the delays which
could occur to prolong completion of
the emergency buildings rehabilita-
tion beyond two weeks.

(ii) An acceptable building in the form
of the Line Depot was available and
reconstructicn of the Civic exchange
could commence immediately.

In the light of the subsequent achieve-
ments made possible by establishing a
replacement exchange and M.D.F. in a
new building, the decision was proved
to be a good one.

PORTABLE EXCHANGES

From a quick assessment, it was
apparent that at least 2,400 lines of
portable exchange equipment (Ref. 1)
could be diverted to Canberra and
could be absorbed into augmented
trunking of the co-main exchanges of
Manuka and Barton as repeater branch
units. New exchange numbers could be
provided by this means as emergency
lines to priority subscribers until a re-
placement “J” exchange was built.

The initial survey of portable ex-
changes on 22/9/61 showed that the
units in Table I, Part A, could be made
available immediately or within a short
period, and transport arrangements were
set in motion. The first units from Un-
anderra and Ingleburn were loaded and
en route to Canberra by mid-day. In-
tensive installation effort released the
Wallsend unit by 6 a.m. on Sunday,
25th, and the first Rydalmere unit by
Tuesday, 26th.

A preliminary trunking scheme was
prepared on the Friday for the 2,400
lines but by Monday, 25th, as a result
of Headquarters asking the Victorian
and South Australian administrations to
investigate the availability of portable
exchanges, a further 1,700 lines of
equipment was in sight. On the same
day the New South Wales Engineering
Division decided to release a 600-line
unit from Morriset East and a modified
trunking diagram was completed on
Tuesday, 26th, for 4,700 lines total. By
Wednesday, 27th, however the Sydney
Metropolitan Installation section had
devised a method of releasing a second
unit of 600 lines from Rydalmere and
the trunking scheme was amended to in-
clude the total of 5,300 lines.

At this point it was clear that emerg-
ency service could be provided to every
Civic subscriber, either from 5,300
emergency numbers in portables at
Civic or via junction cable to spare
numbers in Barton and Manuka. It was
expected that provision of these emerg-
ency lines would be completed within
three weeks, The complete relief
within such a short time was a matter
of great satisfaction to all concerned
and a very real example of co-operative
effort in meeting a major emergency.
The additional portable units to take

relief from 2,400 to 5,300 lines are
listed in Part B of Table 1.

It was the intention to cutover the
Morriset East exchange by stages, lead-
ing to the eventual amalgamation into
a single exchange area of two existing
manual exchanges and an R.A.X. The
first stage cutcver was to take place
approximately cne month after the fire.
All external cables had been terminated
with the final testing of equipment
about to take place. Disconnection of
these cables was completed by 9 a.m.
on Tuesday, 26th, and the exchange was
loaded and on its way to Canberra by
mid-day.

Subscribers’ lines on the 500-line
portable exchange at Elizabeth, South
Australia, had been cutover to the per-
manent exchange one month earlier, but
cables were still connected to the
M.D.F. As soon as it was confirmed
that the units available in South Aus-
tralia should be sent to Canberra, work
was commenced to release the exchange.
It was loaded and despatched from
Adelaide on Wednesday, 27th, together
with the second unit which had been
free at Osborne.

In the case of Drouin, Victoria, the
exchange was being prepared for cut-
over as a 900-line repeater branch of
Warragul following the replacement of
a magneto exchange at Warragul in
February, 1962 by an 1,800-line auto-
matic exchange. The Victorian admin-
istration agreed to the release despite
the considerable inconvenience involved,
and after a concentrated effort the unit
was cleared of cables and loaded on
Friday, 29th.

The release of the second 600-line
unit from Rydalmere involved extensive
re-arrangements to transfer the sub-
scribers working on the portable ex-
change equipment to the same numbers
made available on the incomplete per-
manent exchange installation. The effort
involved was justified as utilisation of
the portable exchange for emergency
numbers at Civic just allowed all ser-
vices to be restored. The unit was
loaded and on the way to Civic by
Sunday, 1/10/61.

ADDITIONAL JUNCTION
PROVISION

It was fortuitous that the existing
junction cable was adequate for the
connection of the 352 subscribers to
Manuka and Barton and the establish-
ment of 3,800 lines of portable equip-
ment, since cable extensions had been
completed only a short time before the
fire. However it was clear that to pro-
vide adequate junctions for the full
5,300 lines of portable exchange equip-
ment, additional junction provision
would be necessary. As shown in Fig.
5, spare subscriber cable capacity
existed from Barton via the Trunk Ex-
change M.D.F. towards Civic and vice
versa, and a decision was taken on
Tuesday 26th to bridge the gap with
S.T.A. (steel tape armoured) and
P.I.Q.L. (lead-covered paper insulated)
cable which was in stock.

Two cables, each of 200 pairs, were
laid for one mile across the bed of the
proposed Canberra Lake, and an addi-
tional one-third of a mile of cable was
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TABLE I — PORTABLE EXCHANGE UNITS DIVERTED TO ClVIC
PART A — FIRST EVALUATION 22/9/61 — 2,400 LINES
- - ) ESTAB-
No. LOCATION LINES TRUNKING STATUS SITED LISHED
1 Ingleburn 600 2,000 'Type——Sels. -+ | Unencumbered 23/9/61 25/9/61
2 Unanderra 300 Pre 2 000 Type ~— | Unencumbered 23/9/61 25/9/61
3 Wallsend (includ- 500 Pxe 2,000 Type "~ | Being prepared for cutover to new r27/9/61
ing’ Annexe) -+ Sels. + F.S./US. building on 7/10/61 without num- |/ 29/9/61
300 ber change. In final testing stage. | 28/9/61 :
Released by intensive lines effort. s b7
4= Rydalmere T 700 2,000 Type 100 | Being prepared for cutover to new | 28/9/61 29/9/61
lines pre 2,000 — | building without number change in
.-+ FS./US. few weeks. Released by intensive
installation effort.
SUB-TOTAL — 2,400 LINES
PART B — ADDITIONAL UNITS 25/9/61
5 | Morriset East 600 | 2,000 Type — Sels. - | Being installed as a new exchange | 28/9/61 | 30/9/61
FS./US. amalgamating several small ex-
| changes and an R.A.X. Released by .
| lines re-arrangements.
6 Elizabeth, S.A. 500 2,000 Type — Sels. + | Lines recently cutover to perman- 1/10/61 3/10/61
4 pre 2,000 F.S./US. | ent exchange but cables still on
s ‘ i 3 M.D.F. Released by line works.
7 Adelaide, S.A. 300 Pre S2/,00(8) Type — | Unencumbered. 1/10/61 3/10/61
. 8 Drouin, Vic. 900 2,000 Type — Sels. + | Being prepared for February, 1962, 3/10/61 5/10/61
t S./US. cutover ‘as repeater branch of new
Warragul. Working lines through
| M.D.F. Released by line works.
9 | Rydalmere II - 600 Pre 2,000 Type — | Being prepared for cutover to new | 2/10/61 5/10/61
Sels. + F.8./U.S. building January, 1962. Released
t by line and installation works.

COMBINED TOTAL — 5,300 LINES

jaid ‘in existing ducts. The S.T.A. route
followed the line of a proposed coaxial
cable (which it had been intended to lay
in the current financial -year) necessary
for local Canberra TV programmes,
and a suitable length of a 6-tube cable
was rushed from Melbourne for laying
in the trench’ opened across the lake
bed.

This work was comp]eted on 7/10/61
and prov1ded the necessary increase in
junction: cable plant to permit the estab-
lishment of all portable exchanges as
repeater - branches of Manuka and Bar-
ton. This would allow subscribers con-
nected to those exchanges to remain on
their temporary numbels and allow some
250 external ‘extensions  and private
lines to remain in the junction cables.

TRANSPORT OF PORTABLE UNITS

Possible difficulties involved in trans-
porting the portable “exchanges were
avoided by the outstanding co-operation
of the New South Wales Police Depart-
ment in providing escorts  for the
vehicles on the road. At one stage there
were five portable exchanges converging
on Civic simultaneously.

The two units from South Australia
were transported on a single low load-
ing semi-trailer, the unit being 66 ft.
_(JVerall and the load width 13 ft. 4 in.
The' preferred route for the 900 mile

River.

trip was through Victoria via Murray
Bridge but the load height exceeded the
capacity of the river bridge at that point
and the alternative route via the Murray
Valley to Mildura. was taken. A prob-
lem existed at Blanche Town vehicular
ferry which has a 58 ft. deck, and at
low river levels involves a fairly steep
descent from the roadway. With the co-
operation of the South Australian High-
ways Department, the unit was loaded
with- the end gates on the ferry open,
and moved safely across the Murray
The semi-trailer averaged 200
miles per day on the long haul to Can-
berra. A mixture of - Commonwealth
and private contractors transport facili-
ties was used in moving the portable ex-
changes, and no difficulties were experi-
enced, all units arriving at Canberra
without damage.

* One interesting facet 'was the examina-
tion by thé Newcastle Engineering Divi-
sion, in conjunction with the R.A.A.F.
at Williamtown, of the possibility of
transporting a portable exchange by
Hercules aircraft. However, while the
weight lifting capacity of the transport
was adequate, the rear loading opening
was only 10 x 10 ft. and would not
take the building which was 12 x 13 ft.
The principle of using the large capacity
aerial transport facilities, which-are un-

doubtedly now a permanent feature of
our defence forces, for emergency com-
munications relief works, is one which
merits serious consideration. The air-
craft in question can transport a weight
equal to a 600-line exchange and physi-
cal dimensions are the only limit. Port-
able exchange wunits suitably dimen-
sioned to fit these aircraft, which are
capable of landing on natural surfaces,
could be a valuable asset as automatisa-
tion of country areas proceeds.

LINE DEPOT BUILDING
MODIFICATION

Implementation of the decision to use
the Line Depot building for a replace-
ment M.D.F. and exchange started on
the morning of Friday, 22nd, and build-
ing work to make the structure suitable
for this purpose was commenced
immediately. As shown in Fig. 6 it was
of fabricated steel truss construction
with a corrugated asbestos cement roof,
no ceiling, and a concrete floor
which was raised 4 in. under the
offices along the northern side. Tt
was clear that temperature fluctuations
and condensation problems would be
severe unless thermal insulation was in-
stalled beneath the roof. This work was
carried out immediately as the restricted
ceiling height would have made it diffi-
cult after equipment was installed. A
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hardboard covering was provided as a
ceiling.

The speed with which the building
alterations were made was no less re-
markable than all other aspects of the
emergency project. The floor layout of
the new exchange was determined gen-
erally by 11 a.m. on the Friday of the
fire, and the removal of line depot stores
and demolition of unwanted office and
amenity partitioning, chain wire safe
areas and pipe stands commenced with-
out delay. Plumbers and electricians
cleared unwanted water, drainage and
electrical services. By 4 p.m. the area
required for initial M.D.F. and equip-
ment installation was clear. Two of the
existing offices were retained for use by
the installation team.

While the clearance of partitioning
was proceeding, supplies of insulating
and ceiling material were being secured
and erection of this commenced at 4.30
p.m. Because of the urgency of estab-
lishing the M.D.F. and the low roof
clearance which would have made sub-
sequent building work most difficult, the
ceiling was completed over the M.D.F.
area first. The remaining ceiling area
was then completed progressively, avoid-
ing conflict with the installation of racks
which, by this time, was taking place
concurrently. At the same time the
Works Department also carried out a
considerable amount of minor building
work in the form of cutting away con-
crete kerbing, filling drainage holes and
levelling uneven sections of the floor.
All minor building works inside the new
exchange building were completed dur-
ing Sunday, 24th.

In addition to the internal re-arrange-
ments necessary, external additions
shown dotted in Fig. 3 were required to
make an effective exchange. A room
was built about the cable racking, which

Fig. 6.—Scene inside the Line Depot Building on the Day of the Fire.
Erected and Roof Insulation is in Progress.

was erected during Saturday, the 23rd,
at the rear of the line depot building,
and an extension along the side of the
building 13 ft. wide provided a 27 x 13
ft. Test Desk Room, 15 ft. 6 in. x 13 ft.
Lunch Room, Locker Room and Super-
vising Technician’s Office. A temporary
shelter of galvanised iron had been
erected over the cable joints on the Sat-
urday, and construction of the perman-
ent extension along the side of the main
building commenced on Tuesday, 25th.
This was of timber frame, asbestos
cement roofed construction on a con-
crete floor. The target of having a com-
plete, acoustically treated Test Desk
Room available by 2/10/61 was bet-
tered by a day. The completion of the
extension to include the Lunch and
Locker Room and, finally, replacement
of the temporary roof over the cable
joints followed.

NEW M.D.F. AND CABLE ENTRY
The erection of the M.D.F. was com-
menced at 9 p.m. on Friday, 22nd, using
cut-down 200/300 verticals and iron-
work which had arrived from Sydney a
matter of hours before. Forty-five verti-
cals were erected by 6 a.m. the follow-
ing day and this established a reference
for the location of the new cable term-
inating frame to carry the paper to silk
insulated cable joints. The urgent need to
have silk insulated cable tails for the
M.D.F. available as soon as the cable
jointing could commence, resulted in a
decision to make these locally, and
13,200 pairs of cable tails were made in
the open from 100 and 200 pair lead
covered plastic insulated cable. This
work continued round the clock under
specially erected flood lighting.

The cable trench from the coaxial
cable Mort Street break-off manhole, to
the location of the new pot-head joints
at the rear of the line depot building,

New M.D.F. is being

was dug during Friday and was com-
pleted by 2 a.m. Saturday, 23rd. Iron-
workers had been despatched from
Sydney early Friday, 22nd to construct
the new cable racking, which was com-
pleted during the night of Saturday,
23rd and 13,200 pairs of street and
junction cables were brought up ready
for terminating by 6 a.m. Sunday, 24th.

From this time there was a clear pro-
gramme of line works ahead; the 13,200
pairs had to be connected via pot-head
joints and silk tails to the new. M.D.F.
and the new lead-in cable had to be
jointed to the existing cable available in
the Mort Street manhole (Fig. 3). The
first tails were dropped on to the M.D.F.
at 8 p.m. on Saturday, 23rd, and form-
ing, lacing, fanning out, identification
and terminating of the 13,200 pairs were
completed in 7 days. At one stage five
cables were being jointed simultaneously
at the rate of 200 pairs/cable/12 hr.
shift, and three of the cables were being
identified and terminated on 8 adjacent
M.D.F. verticals. With the simultaneous
dropping, terminating and jumpering of
cables to the first portable exchanges, the
M.D.F. became a scene of almost indes-
scribable activity.

ESTABLISHMENT OF PORTABLE
EXCHANGES

The portable exchanges (1) and (2)
(Table I) together with an empty long
line equipment portable building, which
had been despatched from Sydney early
on the 22nd for possible use as a cable
terminating cabinet, were at the Civic
site at daybreak on Saturday morning
but, because of the siting requirements,
it was necessary to secure the services of
suitable cranes before these buildings
could be placed in position. These three
units were sited by 5.30 p.m., the empty
long line equipment unit being located
beside the line depot building to accom-
modate a temporary 50V power supply
for the portable exchanges. A panoramic
photograph of the site is shown in Fig.
5

Experience with the first three build-
ings made it clear that because of the
restricted space and careful siting neces-
sary to accommodate all portables, a
single crane capable of lifting a com-
plete unit would be most useful. A 25
ton capacity crane which was engaged
in bridge construction work in Canberra
was made available, and this greatly
simplified the siting of later  arrivals.
It was possible for one man to rotate a
portable unit supported by the crane
through 360°, and siting time was re-
duced to an average of 20 minutes.

Lack of time and the temporary
nature of the portable exchange installa-
tion made the provision of normal port-
able exchange foundations and piers im-
practicable and - unnecessary, and -all
buildings were located on piers built up
with 16 x 8 x 8 in. concrete blocks
which were purchased locally. Subse-
quent levelling and height adjustment
was made by jacking and fish plate in-
sertion while installation work was in
progress.

The buildings were located so that
they used a common cable trench for
cabling to the new M.D.F. with 50 pair
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P.V.C. sheathed and insulated subscriber
distribution cable run in 4 in. asbestos
cement ducts buried approximately 18
inches. Two ducts per portable ex-
change were necessary and heavy plastic
conduit was used in the final run from
the rigid asbestos ducts into the port-
able buildings.

All portable exchanges had M.D.F.
arrestors cabled to final selector-uni-
selector numbers and in most cases these
arrestors were jumpered permanently to
an equal number of fuses. In normal
use, subscriber cables terminated on pin
strips to conserve space in the portable
exchanges, and protected numbers were
jumpered as required to cable pairs. At
Civic the protected numbers were con-
nected via the tie cables to allotted pin
strips on the M.D.F., appearing as
normal exchange numbers, and these
were then jumpered as required to cable
pairs. Because of this arrangement it
was possible in the later stages of the
project to terminate the M.D.F. end of
tie cables to portables and to jumper
allotted emergency numbers to the
appropriate cable pairs before the port-
able exchanges with the numbers were
on site, considerably expediting relief.

For dispersion of effort on the M.D.F.
and to conserve equipment side space,
the portable exchange tie cables were
split into two feeds with approximately
half terminating on the equipment side
link strips and half on line side link
strips. A.C. power was reticulated in
G.1. pipe from a central distribution
associated with the power supply port-
able, and 50 V.D.C. was fed to portable
exchanges without power equipment
from the power portable via the tie cable
ducts.

Fig. 7.—General View of Civic Site on 30/10/1961.

adjacent.

ADDITIONAL TRUNKING AT
BARTON AND MANUKA

In the final scheme, three of the four
available first selector levels in Can-
berra were used for emergency num-
bers of four or five digits as shown in
Fig. 8. The levels 2’ and ‘3’ were used
in conjunction with penultimate switches
in portable exchanges, to provide 1,100
emergency 4 digit numbers, while three
racks (240 switches) of ‘S’ level second
selectors were installed at Barton, and
by trunking outlets direct to final selec-
tor units gave 500 additional 4 digit
numbers. Five ‘5’ selector outlet levels
were trunked to penultimate switching in
portable units and provided a further
3,700 five digit numbers. The subscriber
uniselector outlets were trunked to spare
first selectors at Manuka (173 junctions)
and to first selectors increased by one
additional rack at Barton (184 junc-
tions). A total of 411 level 2’, ‘3’ and
5X’ junctions were provided from
Manuka and Barton to Civic.

A compromise approach was used in
regard to the semi-automatic trunk ex-
change where network first selectors
were incorporated in the trunk exchange
equipment. Instead of providing addi-
tional gradings to levels 2°, ‘3’ and ‘S,
from the first local motor uniselectors at
the trunk exchange, a recently vacated
20 outlet group accessible by the opera-
tors on a ‘13’ code was trunked to Bar-
ton first selectors, and operators were
instructed to prefix all emergency num-
bers with ‘13’. This arrangement worked
well, and avoided additional work in the
trunk exchange.

Line Depot Building is in Centre Left with
Extensions Complete, Temporary Installation Store is in Bottom Left, with lronworkers Shop

Portable Exchanges are in Centre Foreground.

The connection of over 300 urgent
subscriber services to spare numbers in
Manuka and Barton resulted in a traffic
unbalance on some uniselector gradings
and necessitated regrading work to over-
come traffic blocks. However, the ade-
quacy of junction cables and the rela-
tive ease with which it was possible to
increase trunking at Barton and to uti-
lise spare lines at both Manuka and
Barton, was a basic factor in enabling
implementation within such a short
time of a relief scheme giving full
emergency service to all subscribers.

The installation of the additional first
selector and three level ‘S’ second selec-
tor racks was commenced on Friday,
22nd, and was completed ten days later.
The gradings had to be modified pro-
gressively as the number of portable

exchanges was increased during this
period.
ALLOCATION OF EMERGENCY
NUMBERS

It was estimated initially that 2,400
emergency numbers would be provided
in portable exchanges, and a list of sub-
scribers who would be given such ser-
vice had to be prepared. The District
Telephone Officer commenced this task
early on the Friday morning by refer-
ence to the Subscribers’ Service Cards
held in his office. An emergency num-
ber satisfying certain requirements, re-
ferred to later, was allocated and lists
prepared in the form Old Number-
New Emergency Number. Engineering
officers provided subscribers’ cable loca-
tions for these urgent services from the
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M.D.F. cards and cable records, by
working from the old Civic number.

The clerical task at this stage was of
considerable magnitude and was com-
plicated by the fact that several hundred
priority subscribers had been allocated
spare numbers in Barton and Manuka
but a large number of these connections
had not been implemented because of
the delay in locating the subscribers in
cable joints and cross connecting to
junction pairs, or for techmical reasons
such as excessive loop resistance. This
information had to be fed back so that
alternative service could be given from
Civic.

In addition, as all subscribers’ cables,
Fig. 4, had to be established on the new
M.D.F., it was obviously desirable to
determine a priority order in which
termination could be effected to provide
the greatest yield in emergency services
provided. This required an analysis of
yield per cable and even an analysis of
yield distribution within a cable. One
1,800 pair cable, for example, served
the greater part of the business area of
Civic, but most urgent services were in
the last 500 pairs.

By mid-day, Wednesday, 27th, it had
been established that a full 5,300
emergency numbers would be provided
and this made largely redundant the
priority allocation based on limited
2,400 number relief. Schedules were
then prepared for all subscribers to be
given emergency numbers and this was
completed by Friday, 29th, one week
after the fire. From this point the yield
of each cable was determined by total
services included in the cable and not
the relative priorities.

In the initial allotment of emergency

SRR SRR SSE

numbers
scheme, some order was introduced to
tacilitate possible later re-allocation of
equipment (perhaps with new numbers)
to subscribers still without service, as
permanent exchange equipment became

under the 2,400 line relief

available. In addition the scheme
allowed the possible recovery of com-
plete portable exchanges with the com-
pletion by stages of the permanent ex-
change.

The numbering plan followed the
form shown in Table II.

TABLE 11
Emergency Numbers Old ‘7 Number
3,100-3,199 JIXXX
3,200-3,299 ISXXX
3,400-3,499 J4XXX
3,700-3,799 Mixed

In this scheme the re-establishment of
a ‘)’ 1,000 number group would release
complete 100 number blocks in the port-
able exchanges, which could then have
been re-allocated with the same or dif-
ferent numbers to subscribers still with-
out service. By retrunking it was envis-
aged that complete portable exchanges
could have been recovered if necessary.
It was impossible to introduce complete
order into this scheme, and hence it was
necessary to allocate some mixed groups.
However the problems which would have
arisen in clearing up the relatively few
such groups were not comparable to the
difficulties which would have arisen in
re-allocating number blocks if all emerg-
ency number groups had served sub-
scribers from the complete ‘J’ range.

In the final scheme with full emerg-
ency number provision it was not neces-
sary to re-allocate emergency numbers to
subscribers still without service or to re-
cover portable exchanges progressively,

as it became apparent that the replace-
ment exchange could cutover from
emergency numbers in one action. How-
ever, the orderly number allocation
would have been useful in different cir-
cumstances.

ESTABLISHMENT OF
REPLACEMENT CIVIC EXCHANGE

It was decided that a basic layout pro-
viding for 8,400 new ‘J° numbers was
practicable in the line depot building,
and such a floor plan was available at
the site by the afternoon of Friday, 22nd.
Installation duplicating the destroyed
unit commenced as soon as the line
depot building was cleared. Survey and
marking of the floor was completed by
12 mid-day, Saturday 23rd, and the lay-
ing of plinths commenced.

At 1 a.m., Sunday, 24th, the first load
of racks arrived from Sydney Stores,
and these were stored temporarily on
the footpath outside the exchange and
covered by tarpaulins. By 6 a.m., Sun-
day, the laying of plinths was com-
pleted and the first racks were stood in
position. In all, 86 racks weighing
approximately 60 tons were erected be-
tween 6 a.m., Sunday, 24th, and 8 a.m.
Monday, 25th. The first drum of cable
was used on Tuesday, 26th, and all
cabling was completed by Monday, 9th
October.

The initial target date for completicn

of installation and cutover was
18/11/1961, which date allowed for
normal testing safeguards and an

abnormally large amount of checking of
cable records and subscribers master
cards. However as the work progressed,
it proved possible to advance this date
by one week to 11 p.m., Saturday.
11/11/1961.
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By means of removing links on the
M.D.F. and cords used to open-circuit
arrestors, a cutover was achieved in
approximately 14 minutes on that date,
and no faults arising from the new ex-
change equipment or cutover were en-
countered. The complete restoration of
almost 5,500 ‘J° numbers to subscribers
within 51 days of the fire was a remark-
able achievement.

ORGANISATION

The extensive organisation which was
set up at Canberra to meet the emerg-
ency covered a wide field of activity and
is set out in the Organisation Chart, Fig.
9. At its peak, some five days after the
fire, the project directly involved a total
staff in Canberra of 536, including 21
engineers. In addition, the complemen-
tary effort shown on the Organisation
Chart involved a large commitment in
staff and resources, not only from the
Postmaster-General’'s Department  but
from other organisations, which con-
tributed materially to the success of the
project.

No attempt has been made to indicate
on the Chart the level of effort ex-
pended by Postmaster-General’s Depart-
ment groups outside Canberra or by
other Government Departments and
non-Government bodies. However the
Superintending  Engineers,  Planning,
Metropolitan and Services Branches of
the Engineering Division were, with their
staffs, committed to a large effort in
ensuring the smooth flow of work on
the engineering project. At the same
time the Assistant Director, Telecom-
munications Division and the Superin-
tendent, Buildings Branch had large re-
sponsibilities in the handling of sub-
scriber records, priorities and emergency
services in the first case and the deter-
mination and oversight of building and
allied works in the second instance. In
the same manner, a large complemen-
tary effort flowed from bodies outside
the Department.

MANUKA

The engineering works at Canberra
were under the direct control of two
Supervising Engineers whose areas of
responsibility fell into the broad cate-
gories of External and Internal Plant.
However, because it was impossible in
a 24-hour a day project of the magni-
tude involved for a single individual to
be present all the time, there was a con-
siderable overlap of functions in the
managerial sense. This greatly facili-
tated operations in that decisions were
reached under the guidance of the
alternate Supervising Engineer if the one
directly concerned was not available.

With the passing of time and the com-
pletion of some phases of the work there
were naturally changes within the organ-
isation. However, the general prin-
ciples outlined in Fig. 9 applied through-
out the period of maximum effort and
proved to be most effective. The very
close co-operation between the Telecom-
munications and Engineering Divisions
necessitated what amounted to a com-
posite staff for some functions, and this
is covered by side-ways ties between
engineering officers and the District
Telephone Officer at several points in
the chart.

The influx of over 400 men augment-
ing the normal Canberra engineering
staff created many problems, and it was
found necessary to temporarily transfer
two experienced staff clerks to assist the
local organisation. In addition, the
Staff and Industrial Officer personally
visited Canberra to assist with advice on
industrial matters such as accommoda-
tion, transfers, leave and pay arrange-
ments, as well as the maintenance of
harmonious staff relationships.

It has been demonstrated many times
that in an emergency all staff will give
of their best, but it is human nature that
if maximum effort is maintained for
more than a few days there must be
compensating factors to make up for the
diminishing novelty and sense of urg-

ency as the work task becomes more
defined. Temporary, and perhaps medi-
ocre to poor, accommodation receives a
closer scrutiny, regular meal times and
tea breaks are looked for and there are
the inevitable requests for leave and
assurances on pay arrangements.

The availability of the Staff and In-
dustrial Officer and the attentions of ex-
perienced clerical staff to all aspects of
the issues referred to achieved a notable
degree of smooth staff relations and
would always be of great assistance at
any similar project in the future. In
addition, it was recognised both by the
Postmaster-General’s Department ad-
ministration and the industrial unions
represented at Civic, that on emergency
work there must be a degree of flexibility
in the application of regulations and
principles. It was a source of encour-
agement to both parties that no friction
occurred on this score.

CONCLUSIONS

In meeting a major emergency in the
communications system, the first target
is restoration of service, and cost in
manpower, materials and services is
generally of secondary importance. It is
only when increased restoration costs
yield marginal advantages in time that
cost may be a significant consideration.
However, when examined in retrospect
it is possible that experience will have
shown that alternative courses would

have been more productive in re-
sults or less costly in effort and
materials. The particular circumstances

existing at the site and time of occur-

rence of an emergency are of course

fundamental, and decisions will have
been based on such considerations as:—

(i) The speed with which relief can be
provided.

(ii) The ease of implementation of re-
lief measures from the point of view
of availability of materials, man-
power and general resources.

(iii) The departures from standard prac-

f ] W
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sions relating to press releases, setting
up of special emergency telephones and
other matters, with the Assistant Direc-
tor and District Telephone Officer, Can-
berra, and had to make a trip to Sydney
during the early course of the project.
During the absence of the Supervising
Engineer directly concerned on some
issue, the other officer of equal status
was usually available and this was a
significant factor in ensuring that no
aspect of the relief work was delayed,
waiting high level discussion.
Experience at Civic has shown that
adequate communication between con-
trolling officers is a most important
feature in carrying out emergency relief
measures under pressure. In a situation
where of necessity each controlling offi-
cer must make decisions without the

benefit of discussion and deliberation, it
is essential that he know exactly the
reasons for a particular section of work
and its inter-relation with other parts of
the project. Unless this is so, a faulty
concept through weak communication
can easily result in wasted time and
effort.

After an objective inspection of the
works carried out, examination of per-
sonal reports and discussion with the
officers concerned, it must be concluded
that the restoration of telephone service
at Civic can be grouped with the most
outstanding achievements of the Post-
master-General’s Department. The en-
thusiasm with  which all concerned
approached the task and the energy with
which the various skills were applied,
was amply demonstrated by the speed

with which emergency service was
given to all subscribers and the very
short time involved in complete restora-
tion of all telephone numbers.
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TECHNICAL NEWS ITEMS

NEW ITEM OF DROP WIRE

Drop wire using a separate steel
bearer wire (see this Journal, October
1957, page 58) was introduced into
general use in 1956, It consists of a
0.080” mild steel wire (breaking load
300 Ibs.) and two 0.355"” (20 1b./mile)
copper conductors. The design proved
particularly successful and a large
increase in drop wire usage resulted.
However there has been criticism of its
use on aesthetic grounds, the overall
dimensions being 0.374” by 0.120” and
the colour black. The appearance is
worsened because the wire is erected
with a twist.

In an attempt to improve the appear-
ance and also because it was thought
that lighter gauge copper conductors
could be used, a series of field trials of
different designs was commenced. These
proved that .020” (6% lbs./mile) con-
ductor was not sufficiently robust for
drop wire use but that .025” (10 Ib./
mile) conductor was adequate. In the
trials, a triple flat design using an 0.048”
high tensile steel wire (breaking load 300
lbs.) and 0.025” (10 1b./mile) copper
conductors proved satisfactory for most
applications. This wire is 0.0294” x

0.100”, but the improvement in appear-
ance was slight.

A design again using 0.048” high
tensile steel and 0.025” copper wires
was then evolved with the three wires
in triangular configuration, the overall
dimensions being 0.193” x 0.170”. The
appearance was greatly improved. The
new design also gave improved electrical
balance compared to triple flat designs,
the copper conductors being almost
equidistant from the steel wire. It proved
much less prone to “flutter” in windy
conditions and therefore less susceptible
to vibration fatigue failure of the steel
bearer wire. For a given sag, the erec-
tion tension for the 10 1b. conductor
design was half that of the old and it
could be tensioned by hand.

The triangular design has now been
adopted as a standard item. The pur-
chase price is £3.10.0 per 1,000 yards
less than the old design, resulting in
annual savings of £15,000 and, because

of reduced weight and dimensions it will.

be supplied on 500 yards disposable reels
instead of 220 yard reels, thus reducing
wastage of short ends. The following
sketches show the three designs to the
same scale.

DESCRIPTION

080" MILD STEEL (0 TS.)

20 1b.COPPER CONDUCTOR

048" HIGH TENSILE STEEL (90 TS1)
10 Ib.COPPER CONDUCTOR

olo|w|»

COMPAC — LAYING OF

TRANS-TASMAN LINK
On May 21st, 1962, the “Monarch”
commenced laying the trans-Tasman
section of COMPAC. “Monarch” was
accompanied by Cable and Wireless
Limited’s cable-ship “Retriever”, acting
as navigational pilot. “Retriever” had

previously laid shore-ends at Bondi and
at Muriwai (N.Z.), plus radar-reflector
buoys along the cable route to assist
accurate navigation. “Monarch” com-
pleted the trans-Tasman lay on May
30th, but adverse weather caused a two-
day standby, after which the final splice
to the Muriwai shore-end was completed

on Saturday, June 2nd. The first con-
versation between Sydney and Auckland
took place at 8.30 a.m. (Sydney time)
that day. Transmission tests are now in
progress: and will be completed before
the link is officially opened by the Prime
Ministers of Australia and New Zealand
on July 9th.
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THE MELBOURNE-MORWELL COAXIAL
PART 1

INTRODUCTION

On 16th September, 1961, the second
coaxial cable multichannel telephone
system in Australia was placed in ser-
vice between Melbourne and Morwell
on a coaxial cable installed by the Post-
master-General’s Department (Refs. 1
and 2). The equipment for this project
was supplied by Siemens and Halske
A. G., West Germany, through Siemens
Halske-Siemens Schuckert (A’asia) Pty.
Ltd. The installation of the system was
carried out by Country Branch staff of
the Victorian Engineering Division of
the Postmaster-General’s Department
under guidance of an Installation Super-

the number indicates the ultimate num-
ber of speech channels which can be
provided, in this case 1,260 on one pair
of coaxial tubes. A bandwidth of
approximately 6 Mc/s is employed.
The initial contracts for the basic
items of equipment were placed in July/
September 1959 based on tenders received
in February of that year for general
broadband carrier equipment. Imme-
diately after the piacement of these con-
tracts a visit was made to Germany by the
Central Office co-author of this article,
and discussions were held with Siemens
and Halske in Munich on all aspects of
the engineering of the system in order
that the final equipment requirements

visor and a Lineup Engi f :

SV T Halsk%. Af;?;g;ce roirg could be determined and that Depart-
shetialicedntesti ] d mental preparatory work could pro-
il el I O TR o) ceed. The final complete contracts

the Central Office Long Line Equipment
Laboratory of the Postmaster-General's
Department. The system is of type
V.1260, the prefix “V” representing the
German word ‘“vierdraht-system” mean-
ing a four-wire system using the same
line frequency range for the go and
return directions of transmission, while

were placed in May 1960 and shipment
of equipment commenced shortly there-
after. By early 1961 sufficient equip-
ment had been delivered for installa-
tion to be commenced and the Siemens
and Halske Installation Supervisor
arrived in Februvary for a period of ten
weeks. He was followed in May by the
Lineup Engineer whose services extended
until shortly after the system was com-
missioned in mid-September.

Fig. 1 shows the overall route of the
system, which is approximately 100
miles in length, and the location of the
repeater stations. There are two attended
repeater stations equipped with super-
group drop-out facilities, and a total of

*—See Vol. 13 No. 1, page 80.
7—See page 348.
i—See Vol. 13, No. 3, page 269.
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b 15 unattended repeater stations. The
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Fig. 1.—Melbourne/Morwell Cable Route showing Location of Repeater Stations.

CABLE SYSTEM -

L. A. WHITE*, R. K. EDWARDS, BEE.T,I. L. McMILLANT, and J. R. WALKLATE, B.Sc.t

supergroups of channels Melbourne-
Morwell, one supergroup Melbourne-
Warragul and one supergroup Mel-

bourne-Dandenong. In addition, super-
group equipment only was installed for
additional  supergroups  Melbourne-
Dandenong, Dandenong-Warragul and
Warragul-Morwell and the other equip-
ment for these supergroups will be
added shortly. The allocation of the
initial supergroups in the system is
shown in Fig. 2 together with a possible
future allocation.

Power is fed to the unattended
repeater stations from the attended
repeater stations at Dandenong and

Warragul, which are equipped with no-
break A.C. supply plant as also are the
terminal stations. The power feeding
sections are shown in Fig. 3, which also
gives details of the arrangement for
remote supervision of the high frequency
line equipment and for service order-
wires. The Jlatter consist of a long haul
4-wire amplified circuit between Mel-
bourne and Morwell and the inter-
mediate attended stations Dandenong
and Warragul), and a short haul 2-wire
unamplified order-wire with magneto
signalling, connecting the unattended
repeater stations to the attended stations
over each main repeater section. The
order wire and remote supervision faci-
lities are provided on voice-frequency
paper insulated pairs in the composite
coaxial cable (Ref. 1).

The coaxial cable system may be con-
sidered in two main parts, these being
the terminal modulating equipment for
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assembling the speech channels into the
appropriate form for transmission over
the bearer circuit, and the high-
frequency line equipment which in con-
junction with the coaxial tubes provides
the broadband bearer circuit. The
terminal  modulating equipment s
designed on C.C.IT.T. principles (Ref.
3) and is basically similar to that used
for the Sydney-Melbourne cable (Ref:
4). Tt will be referred to briefly only
in this article. However, the line equip-
ment has many features which are dif-
ferent from that of the Sydney-Mel-
bourne system and will be described
more fully.

TERMINAL MODULATING
EQUIPMENT

A simplified block diagram of the
terminal equipment is shown in Fig. 4.

A ‘“channel modulator” rack accom-
modates equipment for four 12-channel
basic groups and is fully transistorised
with individual sub-assemblies in the
form of printed circuits. Out-of-band
signalling at frequency 3,825 c/s and at
low level (-18 dbm0) is incorporated
permitting “continuous tone” signalling.
The levels at the 4-wire voice frequency
input and output points were modified
from the German to the Australian

standard by the manufacturer incorpor-
ating pads in the central test panel. As
an advance interim measure 60 channels
Melbourne-Dandenong were provided in
December 1960 using this equipment on
Z12N bearers, and this was the first
installation in Australia of transistorised

" 12-channel modulator” équipment.

A “group modulator” rack caters for
eight 60-channel basic supergroups and
a ‘“supergroup modulator” rack caters
for one 16-supergroup (V960) system.

The “channel and group carrier sup-
ply” rack with short, low capacitance
station wiring, can supply:

(a) channel and pre-group carriers and
signalling frequency for 1,260 chan-
nels corresponding to 105 basic
groups 60-108 Kc/s,

(b) group carriers for 80 basic groups
corresponding to 16 basic super-
groups 312-552 Kc/s,

(c) supergroup. carrier 612 Kc/s for four

supergroup modulators No. 1 (60-
300 Kcfs.), and
(d) pilot frequencies 84.08 XKc/s and

411.92 Kc/s, when required, for 105
basic groups and 80 basic super-
groups respectively.

The equipment of a “supergroup car-
rier supply” rack as provided initially is
capable of supplying the supergroup
carriers for four V960 systems or one

V1260 system. Expansion to three
V1260 systems and one V960 system is
rcadily possible however by increasing
to seven the number of decoupled out-
puts of the supergroup carriers 4-8,
which are used to assemble basic master-
groups, and by providing an additional
(8th) output of the supergroup carrier 7
used for mastergroup modulation in the
Siemens and Halske scheme, which is
an alternative to that outlined in Refer-
ence 3.

HIGH FREQUENCY
LINE EQUIPMENT
General Facilities

The term “H.F. line” refers to a
facility which transmits a given fre-
quency band from one terminal station
to another with a certain stated loss or
gain, which is normally constant over
the frequency band, and in which the
overall distortion lies within fixed
limits. The H.F. line equipment for
each coaxial tube comprises the transmit
line amplifier rack at the sending term-
inal station and the receive line ampli-
fier rack at the incoming terminal
station, together with the intermediate
line amplifiers at the partly regulated

unattended and the fully regulated
attended repeater stations. The remote
power supply equipment and route

remote supervision facilities are also
part of the H.F. line equipment. Fig. 5
is a simplified block schematic of the
H.F. line equipment at the repeater
stations, excluding the remote super-
vision facilities, while the terminal
equipment is included in Fig. 4.

The line frequency band available in
each direction with the equipment
installed initially on the first pair of
tubes on the Melbourne-Morwell coaxial
route is 300 Kc/s to 6.2 Mc/s. The
lower limit is restricted at present to
300 Kc/s by the line amplifiers which
were designed originally for vestigial
sideband television transmission, or for
900 or 1,200 channel telephone systems.
These amplifiers are to be replaced by
new amplifiers being manufactured with
a frequency range of 60 Kc/s to 6.2
Mc/s to provide also for supergroup
No. 1 working (60-300 Kc/s). The new
amplifiers are expected to be available
so that replacement can be arranged
conveniently at the same time as the
second pair of coaxial tubes is being
equipped for standby use late in 1962.

The line frequency band provided will
allow a telephone system of ultimate
capacity 1,260 channels to be established
on the H.F. line. Also, with slight
modifications of the terminal and the
fully regulated attended repeater stations.
the H.F. line will cater if required for

625 line television transmission in
accordance with Australian Television
Standards.

Line Pilot Equipment

Line pilot equipment is used to super-
vise and provide automatic regulation
over the complete length of the line
path. Automatic regulation of the line
path is necessary to maintain the signal
levels at all frequencies at the specified
values, in order that the balance between



June, 1962 THE TELECOMMUNICATION JOURNAL OF AUSTRALIA Page 293
crry ! I v
BALAC. OAKL.  sPRINGV] QANONG ":v“:l.u M ::r :60#«. k4 big -\::::; oROUN wsuL. DARN, YARR  TRAFLGR, NEwBR,  MORW. | MORWELL
ee,

SUPER GRP,
DROPOUT

S|

bt

I 1

SUPER GRP,
OROP OUT

~ =

OYERALL SUPERVISION LINE

[CENT,|

T —
[]

POWER FEEDING SECTIONS

=]

e
I
=

LOCAL SUPERVISION LINE

|
1
|

[

? Q¢

LOCAL SUPERVISION LINE
LOCAL SUPERVISION LINE Is""‘l——l —~——
CENT I
STAT
5 SUBSTATION
umITS
INDICATING LINE [y - -
PULSE
REPTR,
OVERALL SUPERVISION LINE
g LOCAL SUPERVISION LINE
cE] l PULSE
gl 1 ReeTR
4 I

|
|
|
|
|
|
|

45

LONG HAUL AMPLIFIED ORDER WIRE (4 WIRE)

T L _JeuLse

REPEATER

=T

SHORT HAUL 2 WIRE ORDER WIRE

INDICATING LINE

(9

e

i
|
i
|

V.F. EQUIP,

4-WIRE
TERM
UNITS

SEND

960

Tl i

CH I-3

CHANNEL MODEMS

PRE  BASIC
GROUP GROUP

hdt b oo d G

!
|
|
|
i e @ 9 © Q1L O
i
|
|

E__.

D oooo

Fig. 3.—Power Feeding, Remote Supervision and Order Wire Arrangements.

n

e e e A

SUPER GROUP
MODEM

| | 60-300 ke J

2 312-552 ke

LINE AMPLIFIERS

PILOT RECS. &
INDICATORS

i

POWER FiLTER
&/ OR
REMOQTE POWER

SUPPLY BAY

PILOTS 0
306 ke
4092 ke !
- n m
FLAT pILOT FLAT
INJECTION
TRANSMIT REMOTE
POWER
FEED
RECEIVE

PiLOT CONTROL
EQUALISER

G.D.F, GROUP MODEM $.G.D.F
BASIC (40-12 CH GRPS/RACK)| BASIC
GROUPS SUPER t
(60-108 ke/s) GROUPS
312-552
kefs
| = - 60 CHAN
==0
12 CHAN,
0-~—0—|
O--—0
o
60
-
O~ -
0= =0~
| L
ey
[ECR==C)
O~ -0
60
O~ =0
]
O -0
O~ O

PILOT
REC'VRS

Fig. 4.—~Block Diagram of Terminal Equipment.

COMPUTER
MATRIX

LINE

POWER .
| FILTER I



Page 294 THE TELECOMMUNICATION JOURNAL OF AUSTRALIA June, 1962
o ATTENDED REPEATER WITH DROPPING 8 REPLENISHING FACILITIES UNATTENDED REPEATER [
r ==
' sTOP : 1
FILTERS
pEa D Lot e b TN
FILTER FILYER
LSS Yy n i |
| | REQD | 1
i 1 i Lo ( PILOT
{ ! PILOT RECVR, &
{ g g L s -z i FRP RS wpe, Sl G RECVR . i CONTROL
L
CONTROL -
REMOTE | o REMOTE|
POWER PILOT POWER REMOTE
suppLY =0 sTOP SUPPLY [0 POWER ,
¥ FILTER SuPPLY
PILOT
REcya [ e . ; =
CONTROL | o § T
| 1 RECVR.
| e | [
I crop ! ! | 1 Lcontroe
|
| FILTERS -
‘ POWS || FOR sG. el 4 POWR I ’ Pow'a.l . s powr |
FILT I12/OR 2 2 FILTER FILTER| FILTER
s I8 Tashy | l_l

| REGD, |
{ ] L _ s 1
REMOTE i
POWER LINE AMPLIFIER
SUPPLY BaY eior
o sTOP H
FILTER

BRANCHING
BAY

BRANCHING 1
AMPS,
1
SUPERGRF
MODEMS

Fig. 5.—Simplified Block Diagram showing Repeater Equipment for Coaxial Cable System.

thermal noise and intermodulation noise
is not upset with a resulting increase in
total noise, and to avoid variations in
attenuation distortion over the line fre-
quency band. Fig. 6 shows, in simpli-
fied block schematic form, the pilot
supervision and regulating facilities of
the high frequency line. Three pilot
frequencies (308 Kc/s, 4092.453 Kc/s
and 6.2 Mc/s) are generated, distributed
and injected at the transmit line ampli-
fier rack.

The unattended repeater stations are
supervised only by the 6.2 Mc/s pilot;
the level of this pilot is monitored by
a pilot. receiver connected to the pilot
output from-the line amplifier. On the
Melbourne-Morwell route each alternate

TERMINAL STATION (TRANSMIT) tMinor |
REPEATER|

UNATTENDED REPEATER STATIONS

unattended station is equipped with
automatic gain regulators which are
controlled by the pilot receiver output
to adjust the gain of the slope line
amplifier “E” (Fig. 7) to offset the
attenuation changes of the cable due to
temperature variations in the preceding
two repeater sections. At the unattended
stations not equipped with pilot con-
trolled motor regulators, the gain can
be set by hand, the pilot level being
observed on a portable measuring
instrument. Routine manual adjustment
should definitely not be necessary how-
ever according to the planning of the
system, as the range of automatic regu-
lation- is- adequate to cover cable tem-
perature changes of = 12°C over one

ATTENDED REPEATER STATN.
(DANDENONG ,OR WARRAGUL)

repeater section and the actual cable
temperature changes on the Melbourne-
Morwell route are not expected to
exceed = 6°C.

All three pilots are used for super-
vision and automatic gain control at the
fully regulated attended repeater and
terminal receive stations. At these
stations, automatic regulation is pro-
vided to take care of the effects of valve
ageing and ambient temperature changes
on the repeater equipments. Both of
these corrections are effected by pilot
controlled equalizers. In addition, auto-
matic regulation of the line amplifier
“E” to correct for cable temperature
changes is provided in a manner similar
to that at unattended repeater stations.

UNATTEND) TERMINAL STATION (RECEIVE)
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To prevent interaction between the three
pilots, a voltage distributor followed by
D.C. amplifiers is provided between the
pilot receiver outputs and the motor
regulators, and ensures that upon a cer-
tain level variation, only the appropriate
regulation takes place and “hunting” is
avoided. With failure of one or more
of the pilots, the pilot control action is
disabled so that the system is main-
tained in an unchanged condition. An
alarm is also given on pilot failure.

Principle of Pilot Regulation

This is shown in schematic form in
Fig. 7 and although this diagram is for
the 6.2 Mc/s pilot regulation at an
unattended repeater station, the same
principle applies to all three regulators
at an attended repeater station or term-
inal receive station. The pilot frequency
is extracted from a separate output cir-
cuit of the line amplifier and applied to
the pilot receiver where a sharp cutoff

STANDBY

TRANSMIT AMPLIFIER RACK TVYPE 1354C
PILOT GENZRATORS

e 2mefs ~

STANOBY

crystal fiiter selects the 6.2 Mc/s pilot
for application to a three stage ampli-
fier. After amplification, the pilot volt-
age is rectified and the resultant D.C.
voltage compared with a highly stabi-
lised reference voltage of 100 volts. With
correct amplifier output level the magni-
tude of the rectified pilot voltage equals
the standard voltage, which results in no
voltage being applied to the gain regu-
lator and there is no motor drive. The
regulating motor is of the permanent
magnet type and is therefore easily
reversible; it responds to very small
voltages and drives, via a reduction
gear, a rotary transformer which applies
an A.C. voltage to heat a thermistor in
the variable equaliser network of the
line amplifier, so controlling the gain.
Depending on whether the pilot level
increases or decreases, there is applied
to the motor regulator a positive or
negative voltage which drives the motor
in the correct direction. The regulating
process continues until the level varia-
tion is reduced to zero. The level differ-
ence can- be read on a meter plugged
into the appropriate jack of the pilot
receiver. The stabilised reference volt-
age is adjusted by observing a reading
on the meter plugged into the same jack,
after pressing a key. Should the pilot
level drop by more than 4.34 db, the
regulating circuit is disabled and an
alarm given. This disabling prevents
the line amplifier gain from being
increased to maximum when there is a
pilot failure. When the end of the
range is reached, limit switches prevent
the regulating motor from driving on
and an alarm is given.
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LINE AMPLIFIER
EQUIPMENT DESIGN

Terminal Stations

In Fig. 8 is shown a block schematic
diagram of the terminal amplifier equip-
ment for a terminating V.1260 line.
This equipment is mounted on two
racks, these being a “Transmitting
Amplifier Rack V.1260” which can
accommodate the station cabling equal-
isers. pre-emphasis networks and pilot
and amplifier equipment (excluding the
auxtliary “G” amplifier) for three trans-
mitting directions, and a “Receiving
Amplifier Rack V.1260” which accom-
modates the building out network, equal-
iser, pilot and amplifier equipment for
one receiving direction.

The transmitting amplifier rack V.1260
was originally designed for vestigial
sideband television transmission, and in
the initial Melbourne-Morwell installa-
ticn the auxiliary “G” amplifier neces-
sary to correct the level difference
between the output of the supergroup
modulator rack and the input of the
line transmitting amplifier equipment
has been installed in the transmitting
amplifier rack in one of the two spare
transmitting direction spaces. Subse-
quently the auxiliary “G” amplifier will
be accommodated in a “Master Group
Modulator Rack” which will be neces-
sary to combine the first stage installa-
tion of 16 supergroups (960 channels),
occupying the line frequency band
60-4028 Kc/s, with a second stage instal-
lation of a master group comprising 5
supergroups (300 channels), occupying
the line frequency band 4280-5512 Kc/s,
to provide a resultant 21 supergroups
(1,260 channels) occupying the line fre-
quency band 60-5512 Kc/s.

Attended Repeater Stations

These are fully regulated repeater
stations and the line amplifier equip-
ment and rack layout is similar to that
provided at the receive terminal stations
but with the addition of supergroup
drop-out facilities. One rack of ampli-

[remoTE PowER|
|SUPPLY RACK

$TaNOW
y ) i %
J

i
| REGULATER

I

Fig. 9.—Line Amplifier Rack ot Attended
Repeater Station.

LINE AMPLIFIER RACK TYPE 13S57C

smazey
[P

oo

fier equipment as shown in Fig. 9 is
required for each direction of transmis-
sion. In Fig. 10 a block schematic
diagram is given of the attended repeater
station line amplifier rack.

Unattended Repeater Stations

The line amplifier rack as shown in
Fig. 11 provides for amplification and
supervision for both directions of trans-
mission. A block schematic diagram of
the components of the unattended line
amplifier rack is shown in Fig. 12. For
each direction of transmission the rack
contains an equalizing line amplifier
with associated 6.2 Mc/s pilot receiver
and automatic or manual regulating
facilities.

Components of Line Amplifier Racks

Most of the line amplifier rack units
are common to all stations and a
description of the various units follows.

Line Building-Out Network: This
allows short repeater sections to be
extended so that they fall in the regulat-
ing range of the slope line amplifier
“E”. The network consists of sections
that simulate the loss, over the full fre-
quency range, of 0.25, 0.5, 1 and 2 miles
of coaxial cable. The sections may be
brought into circuit singly or several at
a time thus allowing a “building-out” of
short repeater sections up to a maximum
of 3.75 miles. This network is mounted
in the line amplifier “E” changeover
panel and the line frequency band is
brought direct to this panel via rack
cabling from the line amplifier rack
terminai  panel coaxial connections
“F IN”.

Line Amplifier “E”: This amplifier, a
front view of which is shown in Fig.
13, is provided to compensate, with an
accuracy of *= 0.5 db, for the loss of a
5.8 mile repeater section of standard
0.104/0.375" coaxial cable at a mean
cable temperature of 15°C, plus two
power separating filters. For the Mel-
bourne-Morwell route the expected mean
cable temperature was determined at the
planning stage tc be 17°C which meant
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Fig. 11.—Unattended Repeater Station Line Amplifier Rack.

reduction of the actual repeater section
planning length to 5.72 miles. The gain
versus frequency response of the ampli-
fier matches approximately the attenua-
tion versus frequency curve of the
coaxial cable. The desired sloping
frequency response of the amplifier is
obtained by incorporating fixed equal-
izers and a variable equalizer in the
amplifier circuitry.

The amplifier consists of four stages
cach with parallel valve operation to
ensurc a high degree of reliability from
service interruption. The variable equal-
izer network which is in the pre-stage
of the amplifier, contains a thermistor
element which allows the gain of the
amplifier to be adjusted continuously
within certain limits. This control
serves for offsetting loss variations due to
temperature changes in the cable and
also allows, within its range of control,

for fine adjustment to the correct gain
after adjustment of the building-out
networks for different repeater section
lengths. The essential elements of the
amplifier were referred to previously in
Fig. 7, and Fig. 14 shows its regulating
range. At 6.2 Mc/s the available gain
variation is from 50.8 to 58.6 db which
is more than adequate for fine adjust-
ment of building out (approximately
*= 1.2 db) and for cable temperature
changes of =* 12°C (approximately
+ 1.4 db). In isolated cases, therefore,
a repeater section may be increased by
up to approximately 0.26 miles (mean
cable temperature 17°C) beyond the
planning length, provided care is taken
not to prejudice overall noise perform-
ance. On. the Melbourne-Morwell route,
15 of the 18 repeater sections were estab-
lished well within the planning length
of 572 miles but in three cases this

length was exceeded by 0.04, 0.06 and
0.13 miles respectively.

Line Amplifier G: This amplifier
which is used as a transmitting ampli-
fier, level compensating amplifier or for
offsetting loss due to equalizer networks,
has a flat gain of 39 db in the frequency
range 60 Kc/s to 6.2 Mc/s. It 1s a 3
stage amplifier with feedback applied
over all three stages; cach stage is
equipped with parallel valves for greater
reliability of service.

Line Amplifier Changeover Panels:
These are provided for standby switch-
ing of the line amplifiers. It is possible
by means of these panels to take any
desired amplifier cut of the communi-
cation path and substitute a standby
unit in the line without interruption to
service. During the changeover the
inputs and outputs of the operating and
standby units are connected temporarily
in parallel. Fading resistors minimise
the accompanying level changes. A
rotary switch in the changeover panel
serves for no-break transfer. Space is
left beside each opecrating amplifier for
the insertion of the spare amplifier when
a changeover is to be effected. In addi-
tion, when changing over line amplifiers
E, a spare gain regulator must also be
inserted in the space provided.

Station Cabling Equalizer: This is
provided to offset the frequency response
of the station cable between the output
of the supergroup modulating equipment
and the input of the transmitting ampli-
tier rack. Seven different types of station
line equalizers, corresponding to dif-
ferent lengths of cable, are available to
build out the station cable to a flat loss
of 3 db. The maximum length of station
cable allowed is 310 feet. A 3 db
attenuator is provided for station cable
lengths up to 33 feet only.

Pre-emphasis and De-emphasis Net-
work: A pre-emphasis network is
included in the transmit line amplifier
rack where it precedes the transmitting
amplifier to give a frequency-depencent
output level to line. The pre-emphasis
network has a slope of 9 db and the
output levels to line for the lowest and
highest channels of the V.1260 system
are -13.8 and -4.8 dbm respectively.
The output level at the highest frequency
is determined by consideration of the
signal to thermal noise ratio at the
amplifier input of the next repeater
station and effectively determines the
nominal repeater spacing. Pre-emphasis
allows a reduction in the output level
of the lower frequency channels which
results in a lower system loading than
with a flat transmitting Jevel over the
line frequency band, and thus allows an
improvement in intermodulaticn noise.
The output levels are chosen so as to
achieve a reasonable balance between
thermal and intermodulation noise in all
channels. A de-emphasis network is
provided in the receive amplifier rack.
This network has inverse characteristics
to the pre-emphasis network and restores
the levels to a flat characteristic. A
pair of these networks is also included
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Fig. 12.—Block Diagram of Unattended
in the attended repeatcr station line
amplifier rack in the supergroup drop-
out path.

Pilot Stop Filters: Band stop filters are
equipped in the transmit and receive
terminal paths. The transmit filter pre-
vents extraneous signals from the term-
inal equipment reaching the line where
they might interfere with the pilot
signals. The receive filters suppress the
pilot frequencies to prevent interference
with television signals or with pilot
signals of other systems. For telephony,
only one pilot stop filter for 308 Kc/s
is necessary but three pilot stop filters,
one for each of the line pilot frequen-
cies, are necessary for {elevision pro-
gramme transmission.

Pilot Injection Unit: Before the trans-
mit line amplifier G, at a point of low
level, the pilot injection unit adds the
three pilots (308, 4,092 and 6,200 Kc/s)
to the line frequency band. It is accom-
modated in the changeover panel of the
line amplifier G. A jack is also pro-
vided on this unit fcr injection of
measuring signals.

Pilot Separating Filters: These are
band pass filters for the pilot frequen-
cies 308, 4,092 and 6,200 Kc/s and are

Fig. 13.—Line Amplifier "€ Front View.
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Repeater Station Line Amplifier Rack.

placed at the pilot output of the line
amplifier G on transmit, attended
repeater and receive amplifier racks to
feed the three pilot receivers.

Pilot Receivers: These are provided
to supervise the pilot output level of
the line amplifiers. The pilot receivers
contain a sharp cutoff crystal filter, 3
stage tuned amplifier and rectifier. At
attended stations a meter is provided
on the pilot receivers to show the respec-
tive pilot level deviations.
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Fig. 14.—Regulating I!!Eg’nge of Line Amplifier

System, Pilot-Controlled, and Mop-Up
Equalizers. These units are described
later under ‘“High Frequency Bearer
Lineup—Equalization”.

SUPERGROUP DROPPING
FACILITIES

Portions of the line frequency band
may be dropped and in some cases
replenished at attended main repeater
stations. This is arranged by providing
a hybrid assembly in the line amplifier
rack for each direction of transmission
at these stations (Refer to Fig. 10).

In the incoming direction of trans-
mission the entire line frequency band
is applied to the supergroup modulators
at the drop-out station {rom the separat-
ing hybrid, via a flat G amplifier. The
supergroups to be dropped are selected
from the line frequency band by the
filters associated with the supergroup
demodulators. In the transmitting
direction the supergroups, after trans-
lation to the line frequency position in
the supergroup modulator equipment,
are amplified by a flat G amplifier and
applied to the combining hybrid for the
appropriate direction of transmission.
Except for the frequency band that can
be biocked by stop filters, the full line
frequency band is transmitted in either
direction, and each terminal picks out
that portion that is allotted to it.

By providing an additional hybrid on
each repeater rack and inserting band-
stop filters between the hybrids, the
supergroups 1 and/or 2 (line frequency
band 60-300 and 312-552 Kc/s) may be
dropped and replenishad and thus used
separately on both sides of a station.
With stop filters for supergroup 2 or
1 and 2, a 308 Kc/s pilot by-pass filter
is necessary. Also, pilot stop filters are
required to keep the pilot frequency
from being applied to the dropping
station. These details are shown in
Fig. 10.

At Warragul a special “dropping”
rack, as shown in Fig. 16, has been
provided and incorporates all the equip-
ment necessary to translate, with certain
limitations, a total of six supergroups
between line frequency and the basic
supergroup position 312-552 Kc/s. This
rack contains the flat G amplifiers, super-
group modulators and associated super-
group carrier supplies. Facilities are
provided for dropping and replenishing
supergroups | and 2 and for dropping
a total of two other supergroups in the
range 3-16 from one or both directions.
A block schematic of the initia] and
possible ultimate dropping arrangements
at Warragul is shown in Fig. 15.

At Dandenong, because of the larger
number of supergroups to be dropped,
standard terminal station type super-
group modulator and carrier supply
racks have been provided. Initially,
both the flat G amplifiers required for
the initial stage of dropping on the
Melbourne side only, have been installed
in a transmitting line amplifier rack
provided for this purpose. In the next
stage of provision a mastergroup modu-
lator rack is to be provided which will
accommodate the outgoing G amplifiers
for dropping on both sides of the
station, while the incoming G amplifiers
for both sides will be accommodated on
the “transmitting line amplifier” rack.

REMOTE POWER FEEDING OF
UNATTENDED REPEATERS

General Description

The power required to operate the
line amplifiers and supervisory equip-
ment at the unattended repeater stations
is fed over the inner conductors of the
coaxial tubes from an attended station
equipped with no-break A.C. power sup-
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Fig. 16.—Supergroup Dropping Rack —

Attended Repeater Station.

ply plant. Fig. 17 shows how the
remote power feeding is arranged for
the main repeater section between
Dandenong and City West.

This method of feeding power to the
unattended repeaters provides for reli-
ability in operation and economy. It is
more reliable and economic to supply
a number of repeater stations from a
common source of regulated no-break
A.C. power in an attended station where
it can be centrally monitored, than to
generate the power in each unattended
repeater station or to use the local public
A.C. mains supply. The use of A.C.
at mains frequency provides the simplest
method of obtaining the different volt-
ages required at the unattended stations
for operation of the line equipment, and
allows power to be transmitted at the
most suitable voltage which can be
stepped up at each repeater station
before transmission to the next station.

As each pair

equipped for bearer use,

power feeding system

of coaxial

tubes
a separate
installed to

is

feed power to the unattended station
amplifier equipment which is associated
with the pair of coaxial tubes providing

the H.F. bearer.

Hence the power feed-

ing system is associated directly with the
communication system on a pair of

ccaxial tubes.

For each power feeding

system the inner conductors of a pair
of coaxial tubes form a high voltage,
50 c/s, single phase power transmission

line. The outer

conductors

of

the

coaxial tubes are at earth potential as
well as the cable sheath, and the power
feeding transformers are earthed at the
centre tap, this being shown in Fig. 18.
The voltage used on the Melbourne-
Morwell system is 1,200 volts between
the inner conductors of the two coaxial

tubes,

and 600 volts therefore exists

between the inner and outer conductor

of each coaxial tube.

It should be noted that power separa-
tion filters are still installed on cable
sections where there is no power feed-
ing. This is mainly to protect the trans-

mission equipment

from

longitudinal

voltages that may be induced in the
cable due to nearby power line faults or

lightning strikes,

and also maintains

standard conditions for line equalisation

and cable termination.

At the feeding station the regulated
240 volt A.C. obtained from the no-
break A.C. supply plant is supplied via
a 240/220 volt auto transformer to the
power feeding rack. There the voltage
is stepped up and applied to the inner
conductors of the two coaxial tubes via
the low pass section of power separating
filters which separate the transmission
equipment from the power supply as

shown in Fig. 17.

The power separat-

ing filters are suitable for 1,000 volts
operation with a maximum current of
3 amps., and the stopband loss of the
high pass section at S0 c/s is greater
than 95 db. At the unattended repeater
(fed station) the high voltage power is
extracted from the inner conductors of
the coaxial tubes via power separating

filters and fed to a step-up transformer
which offsets the voltage drop intro-
duced in the preceding section and
restores the voltage to the original value
(2 x 600 volts) for onward transmission
to the following power section. A
secondary winding on the transformer
steps down the voltage to provide the
220 volts A.C. required for the local
power circuits.

Power Feeding Supervision Equipment

A general schematic ¢f the power
supervision equipment is shown in Fig.
18. This equipment is provided on the
remote power supply racks at the feed-
ing and fed stations, and is required to
protect the equipment and coaxial cable
from damage due to large feeding cur-
rents or unbalanced currents in the two
tubes, and high voltages under fault
conditions. At the power feeding
station the supervisory panel provides
the following facilities:

(a) An alarm when an underload greater
than 0.4 KVA exists; power feeding
continues under this condition.

(b) An alarm and automatic disconnec-
tion of power feeding for an overload
greater than 0.4 KVA. The discon-
nect time is similar to that of a
2 amp. circuit breaker and varies
from about 30 secs. for an overload
of 1 KVA to 6 secs. for an overload
of 3 KVA, and 100 m.s. for an over-
load of greater than 4 KVA.

(c) Mains interruptions of less than 100
m.s. do not result in disconnection of
the remote power feeding.

(d) Simple adjustments for setting the
sensing circuits, depending on the
normal power feeding load of the
route section.

(e) Push button “on” and “off” switches
to control the remote power feeding.
During cable repair operations, in-
advertent or unauthorised reconnec-
tion of the power feeding is pre-
vented by a key locked power switch.
The supervisory panel at the fed

stations (unattended repeaters) detects

(i) unbalances of the current greater

than 10% in each coaxial tube due to
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a cable or equipment faults or to induc-
tion, and (ii) a voltage supply to the
station equipment higher than 10%
above normal, which could be caused
by the disconnection of other stations
along the route vesulting in a voltage
rise. In either event the supervisory
equipment places a 2 ohm load on the
secondary of the transformer feeding
the station where the fault condition is
detected. This causes an increase in the
power fed from the power feeding
station and a resultant disconnection
due to the supervisory panel sensing the
overlcad.

At an unattended station, all the
equipment for the power supply on a
pair of tubes on both sides of the station
is mounted on one remote power supply
rack. As each pair of tubes is equipped,
an additicnal remote power supply rack
is installed. The “first-in” rack, how-
ever, contains the order wire and remote
supervision equipment for the station.

The remote power feeding equipment
at an attended station is accommodated
on a rack which has a capacity for two
power feeding systems. Thus one rack
each at Dandenong and Warragul pro-
vides the power feeding. system on both
sides of the station for one pair of tubes.
At Morwell the power separation filters
are mounted on the Departmental cable
pothead rack framework, but for City
West, where a larger number will be
involved, a “power filter” rack accom-
modating 12 filters was specially designed
and provided by the Contractor at the
Department’s request.

Safety Features

When cable repair work involving
coaxial tubes is necessary, it is essen-
tial for the safety of the linemen carry-
ing out the work to have high voltage
power feeding removed from the cable.
On the Melbourne-Morwell route local
mains power is available at each un-
attended repeater, and equipment has
been provided to allow automatic
changeover to the local mains supply
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via a voltage stabiliser in the event of allow the use of a mobile power feeding
remote power feeding disconnection. plant (Ref. 5). The power feeding
Alternatively the equipment will also racks at Dandenong and Warragul incor-
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porate a power switch lock which pre-
vents the power feeding being connected
unless the special key is in the lock.
Separate keys are provided for each
power feeding system and these keys are
not interchangeable. When cable repair
operations are necessary, the lineman in
charge wvisits the appropriate power
feeding station and requests disconnec-
tion of the high vecltage power feeding
from the cable section where work is
to be performed. After disconnection
of the power he is handed the key from
the power switch lock which he places
in a metal box providad at the station
and then lccks the box with his own
padlock. When cable repair work has
been completed, including cable tests,
the lineman in charge revisits the power
feeding station and returns the key to
the officer in charge at the station, who
proceeds to reconnect the remote power
feeding. By this method the high volt-
age power feeding cannot be accidentally
reconnected to the pair of coaxial tubes
until field operaticns are completed.

lu.c. conxm.:
|

CABLE
lsecrion

At both the power feeding and power
fed stations all the equipment contain-
ing high voltage connections has cover
plates marked with a red “lightning”
symbol. These plates can be removed
only with tools. All control elements
outside the cover plates marked with
the lightning symbol are safe to touch,
for example, the supervisory slide-in
chassis and fuse panel, which are behind
cabinet doors. As an additional pre-
caution, each power rack at unattended
repeater stations contains a safety switch
which can be used to short-circuit the
station supply voltage, so that the super-
visory equipment at the power feeding
station disconnects the high voltage
power feed.

The remote power supply racks for
power feeding and power fed stations
are shown in Figs. 19 and 20.

Line-up of the Remote Power
Feed System

The general method of adjusting the

power feed system involves a process

UNATTENDED REPEATER STATION
(POWER FEO)

~

which begins at the substation furthest
from the feeding station aud works back
systematically towards the feeding
source, adjusting in succession each sub-
station transformer (see Fig. 17) so that
the voltage fed to line is always constant
(2 x 600V) and the secondary voltage is
always 220V.

Before the actual line-up can com-
mence, several preliminaries are neces-
sary at each substation. The local mains
supply is switched on from the start
and should not be subsequently discon-
nected. This permits steady operation
of the equipment in general and of the
valves in particular, by means of the
automatic changeover of power facili-
ties, despite the frequent interruptions
necessary to the high voltage remote
power feeding during line-up adjustment.
When the substation local mains supply
(regulated to 220V by the constant volt-
age transformer) has been checked,
adjustments are made to the amplifier
rack power supply to establish the cor-
rect voltages for the equipment. Fur-
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Fig. 19.—Top Half of Power Feeding Rack ot

Attended Station showing Power Separating
Filters and Supervision Panels.

Sad

ther, the coaxial U-connectors on the
line side of all four power filters are
removed, and the ‘“over voltage/unbal-
ance” supervision chassis is withdrawn.
At the feeding station, the power feed
supervision chassis is first tested for
correct operation of the overload pro-
tection using the inbuilt checking device.
Also, the output voltage from the secon-
dary of the power feeding transformer
is adjusted to the nominal value. With
the substation line connectors removed,
power is applied to the first feeding sec-
tion of the cable. At the nearest sub-
station, the incoming voltage is checked
for balance, the appropriate links are
then inserted to apply power to the
transformer, and the resultant 220V is
measured and adjusted if necessary.
The on-going voltage is checked for

balance and then the other two line
connectors are inserted to apply power
to the next cable section. This proce-
dure is repeated at each station.

Beginning at the distant end power
fed sub-station in the particular power
feeding section, the process of correct-
ing the transformer tappings can now
proceed. Referring to Fig. 17 as a
typical example, and designating the
power feeding station as Number 1, and
successively numbering the Substations
2 to 4, the following is the line-up
procedure:

At Substation 3, the substation imme-
diately preceding the most remote power
fed substation, the primary of the high
voltage transformer is set to give 2 x
600 volts outgcing to line. At Sub-
station 4, the secondary is set to give
220 volts. The next step is to set the
primary at Substation 2 to feed 2 x 600
volts to line, followed by readjustment,
if necessary, of the primary at Sub-
station 3 to maintain the cutput at 2 x
600 volts. The secondary at Substation
3 is now set to 220 volts, and so the
process continues back to the feeding
station. Moving-iron voltmeters should
be used throughout this procedure to
ensure accuracy of measurement.

Finally, at each substation the “over
voltage/unbalance” supervision chassis
is adjusted and inserted into the rack.
The adjustment is performed by means
of a special testing device into which
the supervision chassis can be plugged.
This device simulates various conditions
of over voltage and current unbalance,
enabling the supervision chassis to be
set to operate within the specified limits.

REMOTE SUPERVISION OF
UNATTENDED STATIONS

General Description

All line equipment at unattended
repeater stations is placed under the
continuous supervision cf an attended
station. This system transmits, over a
cable pair, indications in the form of
50 c¢/s A.C. pulse telegrams from a “‘sub-
station” unit located at the unattended
repeater station to a ‘“‘central station”
unit located at an attended repeater
station or terminal station. Fig. 21
shows the operating principle of the
remote supervision system. The sub-
station units and the central station
unit  contain  step-by-step  selector
switches which run in synchronism dur-
ing the transmission of pulse telegrams.
The pulse telegrams contain the indica-
tions to be transmitted, beginning with
an identification of the sending station
from the first set of contacts (station
identification contacts) and followed by
identification from the second set of
contacts (fault identification contacts) of
the fault or unstandard condition at the
unattended station.

Circuit safeguards prevent the display
of false information due to non-
synchronous stepping of the selectors or
simultaneous sending of pulse telegrams
from two or more stations on the route,
which would mask each other. The
pulse telegram is received by all other

substations and is used to block the sub-
station units from sending pulses until
the transmission path is clear again. Any
indications about to be transmitted are
stored and transmitted subsequently;
time delay circuits set for different
pericds at each station ensure that,
should there be more than one station
waiting to send a telegram, they transmit
their telegrams in sequence.

Each central unit can cater for either
10 substaticns each sending 25 signals,
11 stations each sending 24 signals, or
12 stations each sending 12 signals. On
the Melbourne-Morwell route the panels
are arranged to cater for 11 stations;
with this arrangement, it is necessary to
leave the first fault pcsition on the
indicator panel blank.

The basic remote supervision system
requires two cable pairs, one pair being
for an indicating line and the other for
a supervisory line.

The Indicating Line

This is in effect a party line, and is
used to send the 50 c/s pulse telegrams
from the substation units to the central
station indicating equipment, of which
more than one may be connected in
parallel.

The Supervisory Line

This is used to continuously monitor
the state of readiness of the substations
to send pulse telegrams. The super-
vision is arranged by sending 50 c/s at
approximately 18 to 50 volts, depending
on the line length from the last un-
attended station in the supervision sec-
ticn, and receiving this voltage at the
central controlling station to operate a
relay in the indicating apparatus. Should
a fault occur at any substation, for
example, power failure, which would
prevent transmission of a pulse tele-
gram, the 50 cfs feed is interrupted and
the central controlling station responds
by lighting all the station identification
lamps and automatically sending an
interrogation signal. This causes all
substations to send a pulse telegram in
turn, which extinguishes the associated
station lamps. The station where the
power failure has taken place cannot
send a pulse telegram, and the appro-
priate station lamp remains lit on the
indication panel to identify the faulty
substation.

Interrogation

So that the central station can make
a check of the unattended stations, an
interrogation signal consisting of a long
pulse (approximately 1,500 m.s.) of 50
c/s is sent from the central station to
initiate the sending of pulse telegrams
from the substation units. A time delay
circuit, which is set for a different period
at each substation unit, ensures that the
indicating pulse telegrams are sent in
sequence from unattended stations. The
interrogation signal is sent automatic-
ally on failure of the supervisory line,
and also on reconnection of power at a
central station following a power failure
at the central station. A push button
key allows for manual operation of the
interrogation when required.
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Fig. 20.—Remote Power Supply Rack at Power Fed (Unattended) Station.

Transmission and Evaluation of
Impulse Telegram

Each item of equipment at an un-
attended station requiring alarm exten-
sion facilities, is equipped with a relay
which extends an earth under fault con-
ditions to a contact of the selector
device, and initiates the start condition
which results in stepping of the selector
and application of pulses of 50 c/s to
the indicating line. These pulses are
received by the central station monitor-
ing equipment where a selector steps in
synchronism with the substation selec-
tor. At each step, the selector switch
at the substation tests a contact. Should
there be an earth present on the con-
tact, the pause before sending the next
pulse is lengthened from the normal
60 ms. to 210 ms. At the central
station, this lengthened pause is suffi-
cient to allow the release of a relay

which holds over the normal 60 m.s.
interval. This results in operation of
the G or P relay connected to the con-
tact of the selector on which the wiper
is resting, thus allowing evaluation of
the calling station and fault condition.
A typical impulse telegram is shown in
Fig. 21 in which station 2 has sent fault
condition 3.

For station identification, an earth is
permanently connected to the station
identification contact assigned to the
particular station.

Alarm Extension Details

The following alarm conditions are
sent from the wunattended repeater
stations to the central monitoring
stations on the Melbourne-Morwell
coaxial cable route:—

1. Repeater hut door open

2. Remote power supply fail

. Local mains supply fail

. Signal voltage fail

Anode or heater voltage fail
Valve fail A-B direction
Valve fail B-A direction

. Pilot fail A-B direction

. Pilot fail B-A direction

Testing and Lineup of Remote
Supervision

This consists of the adjustment and
measurement of time delays on each
substation and central unit, followed by
correct adjustment of the 50 c/s voltages
on the indicating and supervision line
and check of overall transmission of
impulse telegram trains.

In testing the substation units, the
various time delays necessary for cor-
rect operation of the equipment are
measured on a pulse recorder at test
links specially provided. The desired
time delays on the pulsing relays are
obtained by suitable adjustment of asso-
ciated variable resistors.

The 50 c/s transmitting voltage for
pulse transmission and supervisory line
is determined by the voltage drop on the
lines between the stations to be super-
vised. It can be adjusted to any value
between 18 and 50 volts A.C. The
lowest possible value is chosen in each
case to minimise interference with other
circuits on the same route. At each
station the transmitting voltage should
be adjusted so that a voltage of approxi-
mately 6 volts A.C. (operating -voltage
of the receiving circuits) is received at
the station on the line most distant from
the sending station.

Following adjustment of the substation
units and transmitting voltages at all
stations, a record of the indicating tele-
grams is made at the central station on
a pulse recorder and the pulse sequence
of a telegram from each substation is
checked for correct “on” and “off”
times. This provides an overall check
of the line which includes the send
equipment, puise repeaters and the
receiving relay. At the time the indica-
tion telegram is recorded on the pulse
recorder, it is evaluated simultaneously
by the central station unit.

The pulse recorder used for these
tests is a Siemens and Halske twin-track
tape machine running at a constant
speed of 0.25 m.m. per milli-second.
The actual on/off time of each impulse
is therefore directly proportional to the
length of the recorded impulse and can
be measured on the tape recording. A
typical pulse telegram is shown in
Fig. 21.

ROUTE REMOTE SUPERVISION
AND POWER FEEDING LAYOUT

In the initial planning and engineer-
ing of the system it was necessary to
determine a remote supervision and
power feeding layout which would be
the most suitable for this particular
route. Firstly, a general rule applied
that from maintenance considerations,
the remote supervision and power feed-
ing sections should coincide. Considera-
tion then had to be given to the impli-
cations of power feeding on no-break
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Fig. 21.—Principle of Operation of Remote Supervision System.

A.C. power plant requirements, and to
distance limitations of the remote super-
vision and order wire systems. A parti-
cular problem on this route was that
between Dandenong and Morwell, it
was desired to retain all the paper-
insulated 20 lb/mile interstice and core
pairs of the 4 tube coaxial cable for
short-haul carrier working, leaving only
10 1b/mile pairs of the 80 pair layer for
remote supervision and order-wire cir-
cuits. Also it was not desired to install
amplifiers for the order wire circuits in
other than the four attended stations.
The arrangement which was finally

adopted is shown in Fig. 3. This
TABLE I
Remote " Order
Supervision Wires
Route Section (unloaded (loaded
cable pairs) |cable pairs)
City West-
Dandenong 5-20 1b. 3-20 1b.
Dandenong-
Pakenham East | 8-10 1b.
Pakenham East-
Nar Nar Goon | 4-10 Ib. 4-10 lb.
Nar Nar Goon- |
Warragul 6-10 1b. | |
Warragul-Morwell ' 4-10 1b. [ )

arrangement, with the use of parallel
10 Ib/mile pairs for remote supervision
and short haul order wire between
Dandenong and Morwell, provided a
very satisfactory solution with minimum
outlay of equipment. Division of the
Dandenong-Warragul section between
Pakenham East and Nar Nar Goon will
allow Pakenham East, a probable future
dropout station, to be established as
such, when required, with its repeater
equipment still power fed from Dande-
nong. It is expected that by the time
this is done all terminal equipment will
be available in transistorised form allow-
ing baltery operation, so that no-break
A.C. power plant should not be required
at Pakenham East. The short-haul order
wire unit at Pakenham East at present
requires to be switched towards either
Dandenong or Warragul as required.
However, when a second remote power
supply rack is installed at Pakenham
East at a later stage for the second pair
of tubes, a second order wire unit will
also be installed to allow permanent
connection to both end stations of the
main repeater section.

The arrangement adopted also pro-
vides overall supervision of the whole
route from City West, using two cen-
tral station equipments installed in the

one rack at City West and connected
in parallel to the central stations at
Dandenong and Warragul respectively.

The numbers of cable pairs used for
the remote supervision and order wire
arrangements provided, are shown in
Table I.
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TECHNICAL NEWS ITEM

LONG-DISTANCE TELEVISION
RELAY

Work is already in hand in the Aus-
tralian Post Office to connect the Aus-
tralian Broadcasting Commission’s tele-
vision studios to the 13 National tele-
vision transmitters proposed under Phase
3 of television expansion in Australia for
completion over the period 1962-1964.
Information on the relay facilities for
that Phase was given in an article in the
October, 1961 issue of this Journal.

The Post Office is now preparing de-
tailed plans to provide television relay
facilities from A.B.C. capital city studios
to the 20 further stations proposed under
Phase 4 of the programme, with a view
to completion over the period 1964-1966.
While the provision of relay facilities is
a general objective, it is possible that
local studios’ facilities will be provided
initially in a few instances. The initial
plans generally provide for several trans-
mitters to be connected to a common
programme source for reasons of
economy, but with independent relays
serving different groups of stations in
each State (see figure). This arrangement
will provide some facilities for independ-
ent regional news and other programmes,
if required. The following table shows
the facilities proposed for both Phases
of the programme:
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AB.C. Serving
TV Studios Route Transmitters near
Sydney South [Wollongong, Can-
berra, Bega, Wagga,
Narrandera / Griffith
(5 stations).
West Orange, Dubbo, Tam-
worth (3 stations).
North |Newcastle, Taree,
Grafton (3 stations).
Melbourne North-
west Ballarat, Bendigo,
Swan Hill, Mildura
(4 stations).
North [Shepparton, Albury (2
stations).
South-
east Latrobe Valley (1 sta-
tion).
Brisbane West | Toowoomba, War-
wick (2 stations).
North {Maryborough / Bun-
daberg, Rockhamp-
ton, Mackay, Towns-
ville, Cairns (5 sta-
tions).
South |Lismore/Tweed Heads
_}.Q station).
Adelaide North {Port Pirie, Broken
Hill (2 stations).
South-
east Mt. Gambier (1 sta-
tion).
Perth East Northam, Albany (2
stations),
South |Bunbury (1 station).
Hobart North |Launceston (1 station)
y off-air pick-up:
not relay).
Total: 33 stations.

The long-distance facilities will, with
one exception, be by microwave line-of-
sight radio systems to which it will be
possible to add equipment to provide
trunk circuits for the telephone network
where required. The exception will be
the Perth-Bunbury link, which will be
provided by a vestigial sideband system
over a coaxial cable. The relay systems

will be planned as an integral part of
Australia’s trunk network, In capital
cities, the television relay channels be-
tween studios, television switching centres
and radio relay terminal stations will be
coaxial underground cables, also co-
ordinated with the telecommunications
network.
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AN AUTOMATIC TRAFFIC RECORDER

R. SMITH,* M.E., GradI.EEE., AMI.R.E.Ausi.

INTRODUCTION

To date, the measurement and record-
ing of traffic within automatic telephone
exchanges in the Australian Post Office
has been by means of manually-operated
equipment. This paper describes an
automatic recorder which can be used
in conjunction with the existing equip-
ment to facilitate these measurements.
The results are punched out on paper
tape in any desired five unit code. With
telegraph code, subsequent page-printing
is possible.

Telephone traffic in automatic ex-
changes is measured by current sum-
mation of the battery supply using resis-
tors connected to bimotional switch
private wires. The existing equipment
used for traffic measurement, which is
described in Ref. 1, employs a record-
ing process which is both slow and
tedious. It requires an operator to
manually select the group of switches
to be observed, to read at regular inter-
vals the number of switches busy as
indicated on a meter, and to record
these resuits by hand. It is possible to
provide an automatic stepping of the
recording equipment over groups of
switches via a motor uniselector, but the
reading and recording must still be
performed by the operator.

An automatic recorder has been deve-
loped which will perform this function
in one half-second, punching the results
on paper tape, and also giving a signal
which steps the motor uniselector of the
manual equipment to the next group of
switches. It will continue this sequence
of read, punch and step until a stop
signal is obtained from the last position
of the uniselector. An automatic start
facility is included in the equipment,
allowing the recording cycle to be
restarted every three minutes. This pro-
vides that up to 350 groups can be read
in one three-minute period, the recorder
then stopping, and restarting to re-read
the same groups, at the beginning of
the next three-minute interval.

In principle, the function of the
recorder can be divided into two parts,

* See page 349.

FROM EXCHANGE

a measuring and read-out function, and
a control function. A block diagram is
shown in Fig. 1. The actual measure-
ment is performed by a digital volt-
meter, (Solartron type LMO901), which
measures the voltage developed across
a small resistor connected in series with
the exchange equipment. This voltage
is a measure of the traffic flowing, and
is encoded and fed to a five hole parallel
punch, (Creed Model 25 Mk IV). The
control circuitry provides the timing
sequence necessary for the operation of
this equipment. It should be noted that
the results are presented in such a way
that they can be fed directly to a digital
computer for processing. When tele-
graph code is used, subsequent page-
printing is possible.

The prototype recorder, shown in Fig.
2, is built into an equipment 13 inches
square by 33 inches high, and is mounted
on castors to provide mobility. The
punch is seated on top of the unit, and
can be removed for transport. Included
in the circuitry (excluding the voltmeter
and encoding matrix) there are 40 tran-
sistors and 53 diodes. For telegraph code,
an additional 27 diodes are required. 15
high-speed relays are also included. No
expensive or critical components are
used.

OPERATION

Measurement of Traffic:

In the exchange, a 510 k-chm resistor
is connected to each switch in a group
whose traffic is to be measured. Fig. 3
shows that when the switch is operated,
one end of the resistor is earthed via
the private, the free ends of the resistors
being tied together and connected to
the exchange battery via the small resis-
tor in the automatic recorder. The total
current then flowing from a group will
be approximately n.52/510 mA — i.e.
approximately n/10 mA, where n is the
number of operated switches in that
group. The small resistor in the auto-
matic recorder carries this current when
the group is being read; its value
(approx. 100 ohms) is adjusted so that
the voltage developed across it is 10 mV
for each operated switch. The voltmeter
reads in steps of 10 mV, hence the volt-

QUTPUT

EQUIPMENT

—_—— ]

DIGITAL
YOLYMETER

MOTOR
UNISELECTOR

ENCODING
MATRIX

PUNCH’

0 o 0
00 000 ——
00 O

READ
INSTRUCTION

STEPPING
SIGNAL

STOPPING
SIGNAL

PUNGHED
PAPER TAPE

PUNCH
INSTRUCTION

CONTROL

NOTE.

THE MOTOR - UNISELECTOR 15 INCLUDED N

THE EXISTING MANUAL EQUIPMENT AND HOY
N THE RECORDER

Fi3. 1.—Block Diagrem.

AuTeeAT TRASE SR
i D g

R
oo

Fig. 2.—The Automatic Recorder.

meter output will be a direct reading in
Erlang. The resistor is variable over a
small range to provide calibration,
allowing for variation of the exchange
battery voltage.

Encoding and Print-Out:

The digital voltmeter output is pre-
sented in decimal form on three groups
of ten wires. The wires representing
the given output are indicated by relay
contacts inside the voltmeter which con-
nect them to a common return lead. A
lamp display originally provided has
been discarded.

The corresponding output wires are
paralleled for the hundreds, tens, and
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Fig. 3.—Measurement of Traffic.
units groups; seaparate sequentially It can be set manually, using the
switched relay contacts select the Manual-Step key, or electrically by a
required group when the voltage is pulse initiated by the last position of
actually being printed. This is per- the uniselector.
formed in the order, hundreds, tens, The Read mono is triggered by the

units, and space, (the space providing a
gap between successive readings). Fig.
4 shows the voltmeter output circuitry,
the encoding matrix, and the slave
relays, which in turn operate the punch.
The matrix is shown connected for
WREDAC code, although any other five
unit code may be used, providing the
code elements are binary in nature.
(WREDAC is a digital computer oper-
ated by the Department of Supply in
South Australia).

Two matrices have been provided
with the prototype model, one wired
with WREDAC code, the other in Tele-
graph code. They are connected on a
plug-in basis.

The Control Circuitry:

A block diagram of the control equip-
ment is shown in Fig. 5. A sequence
diagram is shown in Fig. 6. The basic
components are a half-second oscillator,
a control bistable multivibrator (flip-
flop), and chain of monostable multi-
vibrators (monos). In addition, for
operation with telegraph code, a 16’s
counter is incorporated, (this is treated
in more detail later in this section).

The oscillator is an asymmetrical
astable multivibrator which provides a
positive going pulse every half-second,
which can be considered as the time
origin to which every other operation in
a read/punch cycle can be referred.

The control flip-flop, when set by a
start signal, enables positive pulses to
be transmitted from the oscillator to the
chain of monos; when reset, it inhibits
these pulses. Hence the operation or
non-operation of the control equipment
depends on the state of this flip-flop.

positive going trailing edge of the oscil-
lator output pulse. Relay A is normally
held operated and is released during the
pulse period of the mono. This is
adjusted to 15 msecs. The relay change-

VOLTMETER QUTPUT

over contacts are connected to the
external sampling circuitry of the digital
voltmeter, and hence the operation of
this mono is an instruction to the volt-
meter to commence reading the voltage
applied to its terminals.

The voltmeter requires at least 280
mS delay after the read instruction is
given before the result is presented; this
is provided by a 300 mS delay before
any further action is taken. This delay
is devised from a similar mono trig-
gered by the positive going trailing edge
of the Read pulse.

The 300 mS delay mono is followed
by a chain of four 35 mS monos entitled
“set 100’s”, “set 10’s”, “set 1's” and
“set space”, each mono being triggered
by the positive going edge of the output
pulse of the previous mono. This is
most clearly shown in the sequence
diagram (Fig. 6). The first three of these
monos present the hundreds, tens, and
units groups of the voltmeter output to
the encoding matrix in turn, (see Fig. 4).
The fourth sets up the space code on
the matrix.

Simuitaneously with these last opera-
tions, the Punch Delay (5 mS) and the
Punch (25 mS) monos operate. The
punch delay mono is triggered by the
positively going trailing edge of each
of the output pulses of the 300 mS
delay, the set 100’s, the set 10’s, and the
set I’'s monos, via OR Gate 2. This
provides an instruction to the tape punch
to operate at a time centrally situated
in the “set” periods, thus punching out
the required information.

At the completion of the 300 mS
delay, the voltmeter has the required
voltage stored at its output, and the

v
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motor uniselector may be stepped to its
next position. The voltmeter output will
not change until the next read instruc-
tion is given. The “Step M/U” mono is
triggered from the trailing edge of the
300 mS delay output pulse, and is
adjusted so that the pulse duration is
80 mS.

The remaining circuitry is mainly for
use with telegraph code, and a require-
ment for page printing. Sixteen voltage
measurements, i.e. 64 characters, is a
convenient number to print across a tele-
type sheet, hence a Carriage Return
signal and a Line Feed signal have to
be encoded on the tape at the appropriate
points. This is provided by a 16’
counter and two cascaded monos. These
monos will be triggered every 16 cycles
of the fundamental oscillator, and are

used to set up the required code on the

encoding matrix in a manner similar to
the “Set-Space” mono.
which consists of four cascaded flip-flops,
is triggered by the trailing edge of the
“Set-Space” mono; the Set C.R. mono
is triggered by the reset of the final flip-

flop in the counter, via OR Gate
1. The trailing edge of this mono
triggers the “Set L.F.” mono. The

“Punch Delay” and “Punch” monos are
triggered at the appropriate times by the
leading edge of the “Set C.R.” and “Set
L.F.” output pulses. Positive triggering
is obtained by taking the output from the
alternative side of the mono.

On the last position of the motor uni-
selector bank, a 1,000 ohm relay is wired
in series with a 1,500 ohm resistor, to
earth. (See Fig. 7). If it is so desired,
this point may be built out to exactly
2,550 ohms, 1.e. 200 erlangs, and can
be used as a calibrate position. A make
contact on this relay is used to operate
relay L whose make contact in turn trig-
gers the 400 mS delay. This delay allows

The counter,

K
Fig. 5.—Block Diagram of the Control Equipment.

the voltage appearing at the uniselector
contact to be read before the recorder is
stopped. The trailing edge of this mono
output pulse resets the control flip-flop,
and also triggers a further delay of 300
mS. This allows the last voltage informa-
tion to be punched out. The trailing
edge of this mono in turn triggers the
“Set C.R.” and “Set L.F.” monos via
OR Gate 1. In addition, to provide a
division between consecutive groups of

readings, an additional Line Feed is in-
cluded. This is obtained via a 320 mS
delay, OR Gate 3, and the “Set L.F.”
mono.

Because of the uncertainty of the delay
incurred by the motor uniselector (M/U)
stepping circuits in the existing manual
equipment, the ‘“stopping” monos have
been adjusted to allow for a maximum
delay of 150 mS between the commence-
ment of the Step M/U pulse, and the
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Fig. 6.—Sequence Diagram.
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triggering of the 400 mS “stop” mono
on the last position of the M/U. The
pulse duration of the “Set C.R.” mono
has been adjusted to 250 mS to offset
the effects of this variation in the case
where the number of positions of the
M/U is an exact multiple of 16; in this
case the counter will trigger the “Set
C.R.” mono, the pulse received from the
stopping circuit, will arrive during the
set period of this mono, and hence it
will be ineffective. The additional “Line
Feed” will be obtained from the stop
pulse via the 320 mS delay, as usual.

At the completion of the 300 mS
“stop” delay, the 16’s counter is reset,
preparing it for the commencement of
the next train of pulses. The counter is
also reset when the “Manual Stop” key
is thrown.

Where it is desired o use a code other
than Telegraph, it is possible to use the
“Carriage Return” and “Line Feed”
equipment to provide some other facility.
For example, when using WREDAC
code, both inputs to the “Set C.R.” mono
are disconnected and earthed. (This con-
nection is actually effected when plug-
ging in the appropriate encoding matrix).
The Set L.F. mono can now be connected
to the matrix in such a way that an en-
coded Z is punched out. This Z will
occur only at the end of a group of read-
ings; WREDAC will recognize the Z as
such and can act accordingly.

The three minute automatic start pro-
vision consists of a microswitch operated

by a cam revolving one revolution in
three minutes. The cam is geared down
from a synchronous motor, hence opera-
tion from S50 cycle mains is desirable,
rather than from an engine driven altern-
ator, or equivalent.

The motor uniselector stepping is
obtained by applying battery, via the con-
tacts of relay K in the “Step M/U”
mono, to a relay in the manual equip-
ment, relay K taking over the function
of the “Manual Step” key in this equip-
ment. Due to the heavy contact loading
of the latter relay, and the operating
time of the remainder of the uniselector
stepping circuit, it is necessary for the
“Step M/U” mono to have a pulse dura-
tion of at least 80 mS. If it is required
that the uniselector should drive over
busied out contacts, then it will be
necessary to increase this. 150 mS is the
maximum allowable pulse duration.

EXTENDED MEASURING PERIOD

The basic measuring cycle of the
equipment occupies three minutes. If,
however, it is desired to measure more
than the 350 groups readable within the
three minutes, then it is possible to oper-
ate on a 3.n minute cycle, where n is an
integer. The basic cycle relies on a stop
signal being received during the cycle,
the synchronous motor restarting the
equipment at the end of the period.
If a stop signal is not obtained during
the cycle, then the equipment will con-

tinue to function, the automatic start
being rendered ineffective as the control
flip-flop is already set. If a stop signal
is received after 3n -+ x minutes, say,
where X < 3, then the equipment will
stop, restarting at the next whole multiple
of three minutes, i.e. after 3 (n + 1)
minutes from the commencement of the
reading.

This facility allows any number of
groups to be read in one reading cycle.
However the time taken is increased in
rough proportion.

POWER SUPPLIES

The automatic recorder is operated
from the 52 volt exchange battery and
the 230 volt A.C. mains. The mains
supply drives the voltmeter, the syn-
chronous motor and the punch motor.
The exchange battery is fed via a noise
filter to the transistorised equipment and
the encoding matrix. The stepping relay
of the manual equipment is also driven
from the filtered battery.

A separate isolated 100 V. D.C. supply
is derived from the mains supply to
operate the punch magnets.

CONCLUSION

A device has been developed which,
in conjunction with existing manual
equipment, will automatically record up
to 350 traffic groups within a three
minute period in a conventional tele-
phone exchange employing electro-
mechanical switching. These results are
obtained periodically and are punched
out on paper tape in any five unit code
desired. The maximum reading obtain-
able is 999 Erlang.
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VIBRATION TESTING

INTRODUCTION

Electronic equipment, by its very na-
ture, contains large numbers of com-
ponents and very large numbers of sol-
dered joints. Unless each of these is
perfect trouble can occur. A perfect sol-
dered joint has a very low and very
stable resistance value but an imperfect
or dry joint has a higher and generally
unstable value of resistance. Dry or im-
perfectly soldered joints are also mech-
anically unstable and any vibration at
all can cause movement which results in
varjations of the resistance of the joint.
This variation of joint resistance is effec-
tively a variation of circuit resistance
which can cause unwanted variations of
signals passing through the circuit.

Because factory operatives and in-
spectors, and field inspection, operating
and supervisory staff are human, some
imperfect joints do occur and do pass
inspection. These joints are very difficult
to detect when they are newly made be-
cause the joint between the mating metal
surfaces is new, clean, and tight. How-
ever, with the lapse of time, corrosion
products form and the mechanical
stresses are relaxed. This results in the
joint resistance becoming higher and less
stable as time goes on.

Many intermittent faults can be at-
tributed to dry joints as every technician
and lineman knows but they are ex-
tremely difficult to find by deductive
fault finding means because they are
intermittent.

VIBRATION TESTING

Since variation of dry joint resistance
causes variation of signal strength in
the circuit, it can be looked on as a
modulating element which impresses on
a steady state signal a modulation or
variation at the frequency of variation
of the joint resistance. A technique has
been developed for sending a signal
through items of transmission equip-
ment and applying this signal to a spe-
cial test set. The equipment is then
carefully probed and vibrated using stan-
dardised techniques. Any faulty joints
or components will cause modulation of
the test signal when they are disturbzd.

The test set consists essentially of a
detector to detect the modulation of the
test signal, followed by filters to" reject
the test signal (or carrier) and pass the
modulation, and a high gain amplifier
to raise the level of the modulation pro-
ducts to the point where they will opner-
ate a loudspeaker or headphones. The
clicks and noise produced when a faulty
joint is disturbed are clearly audible and
the source can be traced readily. This
technique has bzen known to electronics
technicians since the very earliest days
but it is only recently that proper in-
struments and standardised methods have
bzen developed.

This article describes the Phnhps type
of instrument, shown in Fig. 1, which
is that purchased bv the Department
and used by the author. Other similar
instruments giving equivalent results are
available from other manufacturers.

* See page 348.

THE FAULT DETECTOR

The fault detector consists of an oscil-
lator and a receiver, and a block sche-
matic of the instrument and the equip-
ment under test is shown in Fig. 2. The
oscillator has a low impedance output
and the frequency is continuously vari-
able beween 0-700 Kc/s, the output
level being controlled by a coarse and
fine adjustment.

The receiver consists of a two-stage
pre-amplifier, detector, level indicator,
3.2 Kc/s low pass filter, two-stage final
amplifier and loudspeaker. The input
impedance may bz varied by an external
switch, which alters the input trans-
former taps to give 150 ohms or 600
ohms, loss or high impedance. In the
later model of the fault detector, STM
206/21, a narrow band elimination fil-
ter is provided with maximum attenua-
tion at 1.9 Kc/s; this allows a mid-
band (1.9 Kc/s) test frequency to be
used when testing audio equipment with-
out the test tone reaching the final stage
amplifier and loudspeaker after detec-
tion and thus swamping crackles due to
a fault condition. In the earlier model,
STM 2(6/20, testing of audio frequency
equipment could be accomplished only
at 3.2 Kc/s, the low pass filter having
maximum attenuation (90 db) at 3.2
Ke/s.

Setting Up:

(a) The equipment for test is con-
nected between output and input ter-
minals of the Fault Detector. For ex-
ample, suppose it is desired to test the
A to B direction of a “J” repeater. After
observing the normal precautions, the
output terminals of the Fault Detector
are connected to the “J” equipment jacks

H. L. C.READ.*

on the south filter bay and the input
terminals of the Fault Detector are
connected to the “J” equipment jacks on
the north filter bay; this places the whole
of the “J” repeater between input and
output terminals of Fault Detector.

(b) The frequency of the oscillator of
the Fault Detector is set somewhere in
the pass band of the equipment under
test (say, 100 Kc/s for the example given
above). and the level adjusted to approxi-
mately 10 db below the normal operating
point of equipment to prevent “burning
out” of any fault. It is desirable to keep
the test signal level as low as possible
without impairing the sensitivity of the
receiver to crackles due to a fault in
the unit under test. Station noise has
generally been the limiting factor in this
regard.

(¢) The receiver input selector Sl is
set at either H.F. or L.F. (600 ohms or
150 ohms) input, appropriate to circuit
under test. '

(d) The input attenuator of the re-
ceiver is set to give a central reading
(black section) on M1. This indicates that
the detector is operating at the optimum
point.

(e) Potentiometer S3 controls noise
suppression and is adjusted to minimise
background noise.

(f) A test of sensitivity may be made
by introducing an artificial fault condi-
tion or by moving the fine control of
the test oscillator. This will be heard as a
crackling noise as the wiper arm of the
potentiometer passes over each turn of
resistance wire.

Operation: The test frequency passes via
the output terminals of the Fault Detec-
tor, equipment under test, input termi-

Fig. 1.—Philips Foult Detector Type STM206/21.
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nals of the Fault Detector, and pre-
amplifier to the detector where the sig-
nal is rectified. The frequency of the
test signal will be such that it will be
blocked by the 3.2 Kc/s low pass filter,
or in the case of audio testing with
equipment type STM 206/21 by the
1.9 Kc/s band stop filter, and only the
output amplifier thermal noise will be
heard in the loudspeaker.

A careful and systematic examination
is made of all visible soldered and
screwed connections, and wiring and
components are moved or vibrated using
a piece of insulating material such as
a length of fibre rod ¥ inch in diameter.
Valves should be moved in their sockets
to detect any bad connecticns, and
sealed cans are given a sharp bump to
disturb any internal unsoldered or dry
joints or loose components. Fig. 3 shows
the instrument in use.

Any break or partial break in the

continuity of the test signal can be
likened to a mechanical modulation of
the signal and after detection in the re-
ceiver will be passed by the low pass
filter to the final amplifier stages and
loudspeaker and heard as a crackle. The
process is illustrated in Fig. 2.
D.C. Continuity Tests: An additional
feature of the Fault Detector is the
provision of terminals marked “Con-
tacts” whereby a low resistance path
may be tested for continuity, for ex-
ample, switch or jack contacts. With ref-
erence to Fig. 4, the application of this
test is as follows:

1 ot e

MODULATION OF TEST SIGNAL
BY INTERMITTENT CONTINUITY

W e ot Y A e W N W N e W Wn R el

AMPLIFIED
MODULATED
SIGNAL

DETECTION SIGNAL

SUPPRESSED

AMPLIFICATION OF
MODULATING
COMPONENT

AUDIO
RESULTANT

Fij. 2.—Block Schematic of Fault Detector.

(a) S1 is set at position marked “Con-
tacts.”

(b) S4 is varied to give full-scale de-
flection on M2. M2 is calibrated in ohms

but is sensitive to a voltage drop across

(¢) The circuit under test is now con-
nected across terminals marked “Con-

Fig. 3.—Vibration Testing in Progress.
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tacts,” and M2 will indicate the actual
resistance of the circuit under test.

(d) Any variation of the resistance
under test will be indicated on M2 and
also heard as an audible crackle in the
loudspeaker as the varying voltage across
R1 is fed via a transformer to the input
of the receiver umit.

54 .
TO RECEIVER
VIA SI
T
conTacTs Sri [
Q
[Mz
O

Fig. 4.—D.C. Continuity Test.

FAULT RECORDING

All defects found during a vibration
overhaul are recorded and coded in de-
tail so that an analysis may be made of
the causes of interruption and action
taken to minimise recurrence of such
faults. Tables I to III show the method
of recording and coding faults found by
vibration testing in New South Wales.
It is important that the faults found are
accurately recorded and coded to enable
a true picture of the fault pattern to be
presented and thus allow corrective ac-
tion to be initiated and directed at the
source of the trouble, whether it be due
to workmanship, component failure or
design weakness. The fault record will
also serve as a gauge for evaluating the
effectiveness of the overhaul.

FAULT INCIDENCE

From the results of vibration testing
to date, dry and unsoldered connections
constitute by far the greatest factor con-
tributing to fault incidence. The analy-
sis has shown also that many of these
bad connections have been found visu-
ally and not by vibration testing, that is,
they could have been found without
the aid of the Fault Detector. On sta-
tions where a visual inspection has been
made prior to a vibration overhaul, the
reduction in faults found by vibration
testing is estimated to be as high as

TABLE II — FAULT ANALYSIS — STATION TALLY

Fault Tally Sheet

Route 900

[ Dry and Unsoldered Joints

STATION | Departmen’l | Manufact'r '

Components 1Miscellaneous

Date Completed 25/12/60

I
Valves

| Total
| 5
‘s}C'N]s‘c|N s|c|N|[s|c|N|s|N
Maitland | 11 | T | 1 ‘ |1 | 1 i 1 [ 14
Cessnock | I | 1I | 1| 1| 1 | Lo
Taree I |l I | ‘IIIII w1 16
A T O I Y O
i { |
N L
Totals |4|6'1}6|1 | 2 3; '7|7’ 2 1| 40
| | !

TABLE III — FAULT ANALYSIS — EQUIPMENT TALLY

Fault Tally Sheet

Route 900

Date Completed 25/12/60

| Dry and Unsoldered Joints

| |
Components | Miscellaneous |

1

SYSTEM Departmen’l | Manufact’r | Total
s|c|N|s|ciN|s|c|N|s|c|N|s|N|

5005 1|1 o | 11| |m u |__[ 1| | 13
5007 H|o|r (]I I [ |10 |11 1 17
5006 1| I I m| || 110

- |

| 1 | |

N I T -

Totals | 4 6‘16111 |2’3| 77 2] 1] w0

60 per cent. This indicates that a careful
and systematic examination of an in-
stallation is worth while and will result in
a general improvement of equipment
performance.

CONCLUSION

The importance of making good clean
electrical connections cannot be over-
stressed. Particular attention should be
given to soldering, screw connections,
busbar take-offs, fuses and fuse mount-
ings, valve sockets, valve pins and grid
clips. Relay and jack contacts should
be clean and properly tensioned. Potenti-
ometers and switches which are not

TABLE I—RECORD OF FAULTS REVEALED DURING VIBRATION TESTING

System: 5005.

Station: WEST MAITLAND.

Panel

Code

J12 GROUP BAY
Regulating Amp.
CHAN MODEM BAY
Chan 6 Mod.
Chan 8 Demod.

Description of Fault yl

Unsoldered Joint Pin 4 T2 (Soldered)

Faulty Rectifier (Replaced)
Faulty Carrier Leak Pot (Replaced)

P/S/M

P/C/-
P/S/M

Legend
V indicates fault found visually.

P indicates fault found by percussion.

S indicates fault affecting service.

C indicates fault conditionally affecting service.

N indicates fault not affecting service.

D indicates fault caused by Departmental Staff.
M indicates fault caused by Manufacturer.

B. TIDE, Supervising Technician.

3/4/61.

being frequently moved, for example,
carrier leak potentiometers, but require
adjustment, should be rotated back and
forth sharply to ensure a clean contact
surface before being set at a new posi-
tion. All the points mentioned above
have been causes of interruption to ser-
vice and have been detected during the
course of a vibration overhaul.

Valuable information on the perfor-
mance of a carrier system can often be
obtained by making an examination of
the Station Log Book, provided the en-
tries are accurate and complete. For ex-
ample, it may be noticed that the local
V.F. Telegraph system is being continu-
ally patched to another bearer circuit
because of “bumping” without any
fault being found on the normal bearer.
This is a clear indication of the exist-
ence of a fault of intermittent and short
duration. Steps could be taken to isolate
the trouble to a particular section or
repeater with the aid of decibel recor-
ders, and when isolated to a particular
section of equipment, steps taken to lo-
cate the source of trouble, firstly by a
visual inspection and if this is unfruit-
ful then perhaps a vibration overhaul
would be desirable.

Vibration Testing is not claimed as a
“cure for all complaints” procedure, but
where complaints of unsatisfactory ser-
vice are frequent and no satisfactory
cause can be found, then a vibration
overhaul may prove very beneficial.
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EARTH FAULT LOCATION TEST SET

AVAVAVA LO,
R3
]
T [R2 V3
- Va - -\
N, L2 b
AN AAAA —+o-L. !
Ri . RVI
RE
V- —
LINE UNDER TEST FEST SET
Fig. 1.—Schematic of Faulty Line.
INTRODUCTION PRINCIPLE OF OPERATION

For many years earth faults on tele-
phone cables and aerial wires have been
located using Varley Bridge, or some-
times Murray Bridge, techniques. Varley
and Murray Bridge techniques are cap-
able of considerable accuracy if the par-
ticular fault conditions are favourable,
but their application is slightly tedious
and sufficiently complex to generally war-
rant the use of skilled staff for the work.
The earth location tester described in this
paper operates on a basically different
(and apparently previously unused) prin-
ciple, and, over the usual ranges of com-
monly encountered earth (or contact)
fauits, it has proved to be at least equal
to the Varley Bridge in accuracy, and
decidedly simpler to operate. Only one
single balancing operation is required
before being able to read off the line
resistance to the fault directly on a
decade resistor box. This simplicity of
operation should prove advantageous in
field use.

* See page 349.

| B

O T —

Consider the schematic arrangement
shown in Fig. 1. It represents a faulty
line, with a telephone at the distant end,
connected to a resistor (RV1) and test
battery (V) in such a way that the test
resistor RV1 is in series with the faulty
conductor. Current flows through RV,
the faulty conductor X, and the earth
fault resistance RE. Now if RV1 is ad-
justed (by means to be discussed later)
to have the same value of resistance as

|

J. E. SANDER, B.Eng., Grad.l.E.E.*

the faulty conductor X, then the voltage
drops shown as VI and V2 will be equal
because the same test current is flowing
in each. Terminal “A” at the earth fault
is normally inaccessible so special means
must be adopted in order to measure the
voltage drop V2 and check it against V1
for equality, as it is only when V1 equals
V2 that the value of resistance RV1
equals the resistance of X. The resistance
of X is what is required in order to com-
pute the location of the carth fault at
point “A”.

Imagine for the moment that a volt-
meter which draws no current whatsoever
is connected across L1 and L2, and that
the line is looped at the telephone (or
distant) end. As no current flows into
the voltmeter there will be no current
flowing through resistances R1, R2 and
R3 and therefore there will be no voltage
drops across R1, R2 and R3, and the
voltage that will be measured by the volt-
meter across L1 and L2, that is V3, will
be equal to V2.

The problem now remaining is to dis-
cover a means of testing the voltage
appearing across L1 and L2 and com-
pare it with the voltage V1 across RVI,
without drawing any significant current
from L1 or from terminals 6 or 7 in the
process. This, at first sight, seemingly
difficult task can be performed easily by
the circuit shown in Fig. 2, and also by
the circuit shown in Fig. 3.

Examine for the moment the simple
circuit of Fig. 2. It contains amongst
other things a test battery V and a
decade resistor box RVI. Imagine term-
inal 2 being connected to line terminal

O

Oro

Cl

Ak
1
Es
14
114

+
EEn

Fig. 2.—0One Form of Earth Location Tester.

?N

Fig. 3.—Preferred Form of Earth Locotion Tester.
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B | :B
GOOD "
CONDUCTOR 1
LI
B METER
G @ DAMPING
FAULTY RESISTOR
CONDUCTOR R R
L20 04\946;0 —t
RV
DECADE
RESISTOR 8K 470
BOX
=250V -60 V.
(MAX] (MAX)
TEST
BATT.
EARTH
CO== +
Fig. 4.—Basic Tester Circuit.
L2 (in lieu of the connection shown By operating the changeover contacts

dotted in Fig. 1), and terminal 1 con-
nected to line terminal L1. Now, given
sufficient time, capacitor C1 will charge
to the voltage appearing across L1 and
L2, that is V3, and capacitor C2 will
charge to the voltage appearing across
RVI. After the charging process, these
capacitors will not draw any significant
current from their charging sources, and,
so, Cl1 will charge fully to voltage V3
(that is voltage V2), and C2 will charge
fully to voltage VI. The polarities will
be as indicated on the drawing assuming
that the test battery has its pcsitive pole
earthed.

If now changeover contacts B are oper-
ated synchronously, the capacitors ClI
and C2 will be connected in series
opposition across the test galvanometer
G. If the voltages on Cl1 and C2 are
equal no deflection will cccur on the
galvanometer. If they are not equal then
a momentary deflection of the galvano-
meter needle will be observed in one
direction or the other depending on
whether V1 is greater than. or less than,
V2.

B regularly (at any reasonable speed) a
steady deflection on the galvanometer can
be obtained which allows RV! to be
easily adjusted until it equals X. It is
important to realise that at balance (that
is zero deflection on the galvanometer).
no current is being discharged from CI
and C2, and therefore no charging cur-
rents are being drawn, and hence mno
errors can be caused by the resistances
R1, R2 and R3, irrespective of the values
they may have. In actual fact tests have
shown that a telephone can be used to
complete the line loop and accurate bal-
ance can still be obtained in spite of the
uncertainty (and general variability) of
the telephone resistance R2. Random
fluctuations in the value of R2 due to the
carbon transmitter of the telephone have
no effect on the actual balance point be-
cause, as explained above, at balance no
current whatsoever flows through R2
when the value of RVI is adjusted to
exactly equal X. Likewise, even though
the speed of repetitive operation of the
B changeover contacts is made very high,
no errors are brought about by the short

KB,¥

charging times available, as, irrespective
of the speed, capacitors C1 and C2 will
still draw no charging currents when
RV1 is adjusted to equal X. Extensive
tests have confirmed that neither the
switching speed nor the value of resistors
R1, R2, R3, or RE affect the accuracy of
the final balance, although, particularly
in the case of RE, very high values of
these resistors do adversely affect the pre-
cision with which a balance can be
obtained by effectively reducing the
sharpness of the balance point.

The testing circuit of Fig. 2 is simple,
and it works reasonably well, but the
arrangement shown in Fig. 3 works
rather better in that approximately a
three-fold increase in galvanometer sen-
sitivity can be obtained for the same
switching speed, using the same size test
capacitors, C1 and C2, and the same gal-
vanometer. The only additional cost is
the extra changeover contact and wiring
and this adds negligibly to the total cost
of the unit.

After preliminary bench tests had
proved the value of the test set, a very
simple unit was made up for trial in
order to check the actual capabilities of
the principle against a standard Varley
type test set under field conditions. A
schematic of the basic circuit used in the
trial test set is shown in Fig. 4. The
actual detailed circuit in Fig. 5 incorpor-
ates resistors and diodes to protect the
decade box and the galvanometer against
possible damage. It will be seen that this
field trial tester uses only one capacitor
and in fact is equal only to one half of
the favoured circuit shown in Fig. 3.
This was done for simplicity and mini-
mum cost reasons only, as, until the
principle was thoroughly proven in field
use, it was naturally desired to keep costs
to a minimum. For these reasons also
manually operated changeover contacts
(B) were used.

DESCRIPTION OF TEST SET
The panel layout of the test set as used
in the 1nitial field trial is shown in Fig.
6 and it will be seen that a separate
decade resistor box and a separate test

-250V.
L (MAX)
& o
-60V.
KB,¥ KBv¥ (MAX)
100 5K O
GOOD DIODES
CONDUCTOR : . . R | TYPE OAs gk S470
L L 1 1 +
10 0 10 o ==lio (HA
I e :
: b : . s 4 - o)
FAULTY
CONDUCTOR R
O O
+
EARTH
O— O

Fig. 5.—Detailed Tester Circuit.
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CONDUCTOR
leoped to taulty
conductor ot
distant end

NS
FAULTY
CONDUCTOR

It on earthed test
battery is being
used omit earth
connection

\
\
ll =
|
/
{5
TEST BATTERY

RESISTOR
8OX

Use short heavy

@ feads for
connection
S

DECADE

here @
4

CAUTION: USE FACE UP

PUSH FOR
METER PULSE

Fig. 6.—Panel Layout of Tester.

battery power supply are needed. This
makes the setting up of the unit rather
clumsy but separate units were necessary
in order to keep down the initial costs
as indicated previously.

When operating the test set, non-lock-
ing key KB is depressed occasionally and
the resulting momentary meter deflection
is used to indicate the direction of the
next adjustment of R. It proved to be
quite a simple process in practice to ad-
just the decade resistor box properly and
determine the desired value of X. In the
cases where it was difficult or impossible
to get a zero deflection on the galvano-
meter it was also difficult or impossible
to get a bridge balance when a normal
Varley tester was tried. These field diffi-
culties are discussed further in the follow-
ing paragraphs.

FIELD TEST RESULTS

For the initial field trial a standard
Varley Bridge tester and the new tester
were each used to locate a number of
faults which occurred in a Melbourne
District Works Division. In every case
where it was possible to get a good Var-
ley location it was also possible to get a
good test with the new tester, and the

location test results shown in Table I
illustrate generally the similarity of the
two results obtained in each case.

Trials 5 and 17 indicate significant dis-
crepancies but unfortunately in neither of
these particular cases was the location
of fault (as actually found by the
jointer) measured out accurately and

it is impossible to say now which of
the measurements was the more accurate.
Due to uncertainties in the actual cable
conductor resistance per unit length
(cable temperature and manufacturing
tolerances cause significant variations),
and in the precise length of cable coiled
up in each of the jointing pits along the
route, absolutely perfect earth location
tests are rarely obtained and indeed,
highly precise tests can be seen to be
rather pointless when the uncertain value
of the actual cable resistance per unit
length of ground distance is corsidered.

TABLE I — COMPARATIVE FIELD
TEST RESULTS

Trial Con- Varley New
Num- ductor Test Tester
ber  Size Result Result
1 10 Ib. 19.77 ohms 19.76 ohms
2 10 &30 1.30
310 11.49 11.78

4 10 ,, 0.77 0.68

5 6% 0.58 0.4 =

6 10 ., S 7.98

7 6% ,, 28.13 28.08

8 3o, 2.4 2.48

9 10 ,, 522 5.18

10 10 1.95 1.98

11 #4905 1152 11.3
120 4 0.66 0.64

13 0 222 2259,

14 10 0.64 0.64

15 10 , 41.4 40.6

16 10 , 2.04 2.08

17 4 0.04 0.08 *
18 10 ,, 7.04 7.0

19 10 1075 1.8

FOREIGN BATTERY
INTERFERENCE

Whilst carrying out the field trials it
became apparent that many serious in-
sulaticn breakdowns were associated
with an amount of foreign battery which
was varying in a random manner. This
random (and often quite rapid) variation
in the amount of foreign battery picked
up on the faulty conductor, frequently
made a steady balance on the tester im-
possible to obtain irrespective of the type
of test set which was used. Theoretically
it should be possible to overcome such
interference by supplying the faulty con-
ductor from a constant current source
instead of from a constant voltage source,
but initial trials using a transistorised

GOOD
CONDUCTOR B . |
. = -
AC. 3 G
B AMP.
FAULTY
CONDUCTOR
O » « ;
B
R R }
RV
DECADE -V
RESISTOR
EARTH
o BOX ]

Fig. 7.—Possibie Design for Very High Sensitivity.
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constant current power supply have not
been very successful. There is obviously
room for further work on the matter as
faults which cannot easily be located
electrically, can in some circumstances
prove to be very expensive in terms of
manpower and lost revenue.

FUTURE DEVELOPMENTS

Now that the principle employed in
the new test set has been supported suc-
cessfully by field trials, further use will
be made of test sets similar to that de-
scribed above, and the development of
further models employing two switched

capacitors and continuously vibrating
changeover contacts may be undertaken.
Trials have indicated that with this simple
improvement, it is possible to obtain an
increase in sensitivity of approximately
ten times that of the field trial model.
More sophisticated models employing
chopper type D.C. amplifiers could pos-
sibly increase the sensitivity several hun-
dred fold, and such high sensitivity
would be of very great advantage when
locating very high resistance faults. One
particular chopper type amplifier design
which appears interesting uses the vibrat-
ing contact units to perform the ampli-

fier chopping functions synchronously
with the capacitor switching functions.
One possible design for such an arrange-
ment is illustrated in Fig. 7.
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BOOK REVIEWS

TELECOMMUNICATIONS —
PRINCIPLES AND PRACTICE

W. T. Perkins. Second Edition 1961.
Publisher — George Newnes Ltd,
London. p.p.377. Australian price 34/9,
post and packing 1/9. Copy from —
Technical Book and Magazine Co. Pty.
Ltd., 295-9 Swanston St., Melbourne.

Chapter Headings: City and Guilds
Examination Syllabuses — Formulae for
Telecommunications — Fundamentals of
Electricity — Resistance — Electro-
motive Force, Potential Difference,
Ohm’s Law, Power — Cells — Heating
Effect of Electric Current — Direct
Current Experiments — Electrolysis —
Electrostatic Field and Capacitance —
Magnetism —  Electromagnetism —
Motors and Generators — A.C. Theory
and Transformers — Measuring and
Testing Instruments — Relays — Prin-
ciples of Telephony — Public Telephone

Systems — Manual Exchange Equip-
ment — Underground Cables and Over-
head Line Conductors — Telegraph
Circuits and Codes — Valves, Semi-
conductors and Radio Frequency Trans-
mission — Special Features of Inductors,
Capacitors and Resistors at Radio Fre-
quencies -— Soldering — Graphical
Symbols and Detached Contact Draw-
ings — Tables and Logarithms.
Review: The book has been written
primarily for the United Kingdom
Student who is preparing for the exam-
inations in Elementary Telecommunica-
tions Practice of the City and Guilds
of London Institute. It deals with the
basic principles of Magnetism, Elec-
tricity, Telephony, Telegraphy and Radio
Communication by listing formulae,
describing basic experiments and giving
short explanations of principles together
with answers to typical questions. The
text is adequately illustrated by diagrams

and circuits and well indexed. However,
as a very wide syllabus is covered, the
main purpose of the book is to provide
a revision text in fundamental principles.
A new chapter on valves and transistors
has been included in this second edition
but the treatment is cursory with only
four pages, inclusive of diagrams and
circuit, devoted to transistors. The
chapters on Telephony and Exchange
Equipment could be confusing to the
Australian student because of the dif-
ferences between A.P.O. and overseas
practice. These differences are also
apparent in the chapter on Graphical
Symbols which does not conform to
A.P.O. Standards. The book is of little
value as a reference work to the Aus-
tralian student preparing for local
examinations; for this purpose the
Course of Technical Instruction is more
appropriate.
P.LW.

WORKSHOPS ENGINEERING
PRACTICE VOL. 2—LATHE WORK
H. G. Rider; 1959
Tlifte and Sons Ltd., pp. 133, Australian
Price 15/9

Chapter Headings: The Lathe—Lathe
Tools and Cutting Speeds — Measuring
Instruments — Marking Out — Plain
Turning between Centres — Turning a
Bush from a Bar — Using Chucks and
Mandrel — Face Plate Work — Tapers
— Safety in the Workshop.

Review: This book is the second in
a series dealing with various aspects of
workshop engineering and is intended
for United Kingdom students taking the
subject at Secondary Modern and Junior
Technical Schools, or studying for the

craft examinations of the City and
Guilds of London Institute. The author
is Chief Instructor in Workshop Eng-
ineering at Borough Polytechnic, Lon-
don.

The subject matter is presented in a
straightforward manner and is ade-
quately illustrated by 340 drawings. The
drawings are clear and are particularly
effective where a sequence of operations
has to be demonstrated. To enable
teachers to take full advantage of the
visual method of presentation used in
the book, accompanying sets of coloured
filmstrips are available.

In the first chapter, the lathe and its
main parts are described, including
methods of holding work in the lathe.
A discussion of lathe tools and calcula-

tion of cutting speeds follows. The effect
of correct and incorrect tool angles is
adequately covered. The 30 pages of
Chapter 3 deal with the rule, callipers,
micrometer, dial indicator gauge, pro-
tractor and try square. The chapter con-
cludes with a series of test questions on
measuring instruments, Chapter 4 deals
with marking out and is followed by
three chapters devoted to practical exer-
cises. Finally, face-plate work and the
production of tapers are dealt with. An
adequate index 1s provided.

The book uses standard conventions
and terminology and would be a valu-
able reference text for instructors in Aus-
tralian technical schools. (Our copy
from Technical Book Co. Melbourne.)
—A. N. BIRRELL, B.E., AM.ILE.Aust.
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METHODS OF NUMERICAL FILTER DESIGN - PART IX

14. SOME DESIGN PROCEDURES
FOR INSERTION PARAMETER
FILTERS

14.1. Determination of the Parameters
of the Characteristic Function. In order
to demonstrate a systematic way of
determining the parameters of the
characteristic function in Eq. (13.8), a
type of insertion loss specification will
be chosen which is encountered fre-
quently in practice: In the pass-band the
insertion loss is required not to exceed
a given small and constant maximum
value, whereas in the stop-band some
irregular contour may be specified as
the permissible minimum boundary of
the insertion loss. The shape of this
contour is determined by the particular
purpose of the filter.

It is often more realistic to prescribe
the pass-band performance in terms of
minimum return loss instead of maxi-
mum insertion loss, and in the case
considered, the specified minimum return
Joss would be constant throughout the
pass-band. As we are dealing with
reactance four-poles, return loss and
insertion loss are related via Eq. (4.11)
and any return loss specification can
be converted directly into an equivalent
insertion loss specification.

This type of loss specification can be
met with best efficiency if the charac-
teristic of the insertion loss in the pass-
band has maxima of equal height
between its zero values at the angular
velocities ay in Eg. (13.8). An insertion
loss characteristic of this kind is shown
in Fig. 23. Filters with such perform-
ance are said to have Tchebychefl
behaviour in their pass-bands.

C

N\

R W

[o] a s b
Fig. 23.

g —————_——

S. Darlington has devised a method
by means of which Tchebycheff behav-
iour in the pass-band can be obtained
for an insertion parameter filter in a
very easy way and without placing any
restrictions on the stop-band perform-
ance of the filter. He achieved this by

*See page 298, Vol. 12, No. 4.

deriving the characteristic function of
the insertion parameter filter from the
image transfer constant of a related
image parameter filter which he calls
the reference filter. The method makes
use of the relationship between the
image parameters, Z;,Z;, and 6, on
the one hand, and the open-circuit driv-
ing-point and transfer impedances, Z,,,
Z,, and Z,, on the other hand, of a
passive four-pole network. From this

relationship the following formulae can
be derived:

N ZyZy,
sinh  — — |
le
le ZIZ
cosh 8 — — — ... (141
212 ZIl

In case of a reactance four-pole, such
as an image parameter filter, the open-
circuit impedances are odd, real, rational
functions of the complex frequency
parameter “‘s”. If the image parameter
filter is antimetric, we have:

ZyZy, = R:')
and hence:
RO
sinht@ == =0 e (14.2)
Z

This is an odd, real, rational function
of s and is therefore permissible as the
characteristic function of an insertion
parameter filter.

If the image parameter filter is sym-
metrical we have:

Z, = 1y
and hence:
le
cosh®—=—....... (14.3)
212

This is an even, real, rational func-
tion of s and is therefore also permis-
sible as the characteristic function of
an insertion parameter filter.

In both cases the function can be
expressed in the general form of Egq.
(13.8). It remains to be seen how the
image transfer constant, ® = a + jB,
of the reference filter, has to be chosen
to meet the insertion loss specifications
with the insertion parameter filter.

In the pass-band of an image para-
meter filter the image attenuation, «,
is zero and we have therefore:
sinh ® = sinh j8 = j sin 8

L. (144
cosh © == cosh j8 == cos £

In the pass-band the image phase-shift,
B, rises steadily with the frequency
between two limits depending on filter
type and complexity. In the same fre-
quency band the magnitudes of the
functions of Eq. (14.4) oscillate between
0 and 1. Consequently, if the function
of Eq. (14.2) or (14.3) is used as a
characteristic function and is introduced
in Eq. (13.7), the condition of equal
insertion loss maxima between zero
values is fulfilled throughout the pass-

E. RUMPELT, Dr.Ing.*

band of the reference image parameter
filter right up to its theoretical limits.
It is then only necessary to multiply the
function by a properly chosen constant
factor, say K, in order to obtain the
specified maximum insertion loss or
minimum return loss in the pass-band
of the insertion parameter filter. With
the help of Egs. (13.7) and (4.11) this
constant factor is found to be:

K, =4 1007&L =1 ....(145)
or
Ky =

A 10034e o — 1 . ... (14.6)
where AL, ,. is the maximum permis-

sible insertion loss and Ae,;, is the
minimum permissible return loss in the
pass-band of the filter.

The desired characteristic function is
then given either by

K = K, sinh 6 . ... (147)
where © is the image transfer constant
of an antimetric image parameter filter
and yields an odd function of s,
or by
K =K, cosh 6 . ... (148)

where © is the image transfer constant
of a symmetrical image parameter filter
and yields an even function of s.

The specification for the insertion
loss, A;, in the stop-band of the inser-
tion parameter filter can now be trans-
formed to a corresponding specification
for the image attenuation, @, in the
stop-band of the reference fiiter, by
means of Egs. (13.7) and (14.7) or (14.8).
The evaluation of the latter two formu-
lae is, however, somewhat cumbersome,
and for specified insertion loss values
greater than 20 db, the whole trans-
formation can be simplified on the basis
of the following approximations:

A, = 20 log |K| (in db)
sinh @ = cosh @ = } ©* (a in nepers)
which yield:

A, =a + 20 log K, - 6 ....(149

(A4, and @ in db)

For ordinary pass-band insertion loss
or return loss specifications the value
of 20 log K, is within the range from

about -6 to —20 db and the required
image attenuation of the reference filter
is therefore always larger than the speci-
fied minimum insertion loss in the stop-
band.

The problem of finding the charac-
teristic function of an insertion para-
meter filter with Tchebycheff behaviour
in the pass-band has thus been reduced
to the design of an image attenuation
characteristic enveloping as closely as
possible an attenuation contour which
can easily be derived from the insertion
loss specifications. The design process
is best carried out with the help of the
template design method described in
Chapter 6.

The result of this design is a series
of attenuation peak frequencies or
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coiresponding m-values from which the
image transfer constant, 6, as a function
of w can be calculated. This in turn
yields the characteristic function through
Egs. (14.7) or (14.8) after some algebraic
manipulations. S. Darlington and others
have derived direct conversion formulae.
From these the characteristic function
is obtained in the general form of Eq.
(13.8) except that the numerator poly-
nomial appears in its expanded form
instead of in factorized form.

This is a disadvantage if a method of
finding first approximations of the roots
of the polynomial E(s)E(-s) is to be
applied, which will be described in Sec-
tion 14.3, because herein the knowledge
is required of the roots of both numera-
tor and denominator polynomials of the
characteristic function, that is, the values
of the parameters ay and by in Eq.
(13.8). The parameters by are already
known as the angular velocities of the
image attenuation peaks of the reference
filler(*). The parameters ay are those
angular velocities where the expressions
in Eq. (14.4) become zero, that is, in
the case of an antimetric reference filter
where the image phase-shift 8 is an
even multiple of 7/2 (including 0), and
in the case of a symmetrical reference
filter where the image phase-shift is an
cdd multiple of @/2. The parameters
ay can therefore be found by evaluating
the phase-shift function of the reference
filter. This can be done graphically
with the help of the template design
method described in Chapter 7.

If necessary, the results of such a
graphical design can be improved by
numerical evaluation and linear inter-
polation of the phase-shift in the vicinity
of the values obtained graphically. For
this purpose a table may be prepared
representing the function of the phase
template in sufficiently small steps of S
(0.01 radians). Finally, the constant
factor of the characteristic function is
determined by evaluating the latter at
any one of its maxima in the pass-band
(where the image phase-shift is an odd
or even multiple of 7/2 in case of an

antimetric or symmetrical reference
filter, respectively) and equating the
result to K.

14.2. Some General Considerations
Concerning the Roots of E(S)E(-s). It
has been mentioned in Chapter 13 that
the numerator polynomial, E(s), of the
transfer factor is obtained by solving
the polynomial equation
E()E(-s) = F(s)F(-s) + G(s)G(-s) = 0
and combining in E(s) all those roots
of E(s)E(-s) which have negative real
parts, that is, which are situated in the
left half of the s-plane. Only with very
simple filters can the above equation be
solved by purely algebraic operations.
In most practical cases some iterative
approximation method must be applied,
and it is desirable to keep the number
of roots which must actually be deter-
mined in this way as small as possible.

(*) For the numerical calculations the angu-
lar velocities are normalized by using a suit-
ably chosen angular velocity as a reference
value, for example, the cut-off in case of a
low-pass filter, or the band centre in case of
a band-pass filter.

If the characteristic function has the
general form of Eq. (13.8), that is, if it
is either an even or odd function of s,
then Eq. (13.9) can be written in one of
the following two forms:

If K(s) is even, both F(s) and G(s)
are even polynomials of s and we have:

) E(s)E(-s) =
[FG) + jG()] [Fs) - JG(®)] . . (14.10)

If K(s) is cdd, either F(s) or G(s) is
an even polynomial, the other one is an
odd polynomial of s and we have:

E(s)E(-s) =
+ [F(s) + G(s)] [F(s) - G(s)] (14.11)

In both Eq. (14.10) and (14.11), one
half of the roots of E(s)E(-s) is con-
tained in the left bracket expression, the
other half is centained in the right one,
and the two groups of roots are sym-
metrical to one another with respect to
the imaginary axis of the s-plane. It
is therefore sufficient to find the roots
of one of the two bracketed polynomials
only, for example, the roots of F(s) -+
jG(s) in case of an even characteristic
function, or the roots of F(s) + G(s)
in case of an cdd characteristic func-
tion.

Every calculated root, s;, of a poly-
nomial, P,(s), can be removed from the
polynomial by division:

P6) + (s = 5) = Py

and the next root can be calculated from
the polynomial P,(s) which has reduced
degree. Proceeding in this way, approxi-
mation methods need be applied only
until the degree of the remaining poly-
nomial is so small as to permit the rest
of the roots to be calculated by a
straightforward algebraic operation.

In the polynomial F(s) + jG(s) of
Eq. (14.10), the coefficients are com-
plex, and so are the values of all of its
roots. Calculation with complex num-
bers is therefore unavoidable, but as
both F(s) and G(s) are even, their degree
can be reduced by half by substituting
for s? a new parameter, say z.

In the polynomial F(s) + G(s) of
Eq. (14.11) all the coefficients are real,
but with practical filters all of its roots
are conjugate complex, excepting one
real root if the degree of the polynomial
is odd. Calculation with complex num-
bers can, however, be avoided by com-
bining each conjugate complex pair of
rcots in one real quadratic expression:

s +a-+jb)y(s+a- jb)=
s2 4+ ms +n .... (1412
with m == 2a and n = a% + b2, and
finding for each pair of roots the values
of m and n, instead of those of a and b.

Only those pairs of roots of F(s) +
G(s) need be calculated which are situ-
ated in the right half of the s-plane,
that is, those with negative values of m
when expressed in the manner of Eq.
(14.12). This means that only about half
of the roots of the polynomial must be
determined. After these roots have been
removed by division, the residual poly-
nomial has only roots in the left half
of the s-plane, and E(s) is obtained by
multiplying this residual polynomial
with all those factors s2 + ms + n
which have been removed, after chang-
ing the sign of the m’s from negative
to positive. In this way roots are added

which are symmetrical to the removed
ones with respect to the imaginary axis.

It can easily be verified from Eqgs.
(14.10) and (14.11) that at the roots of
the bracketed pclynomials, it must hold
that |F(s)) = |G(s)| and the arguments
of F(s) and G(s) must differ by odd
multiples of 7/2 in Eq. (14.10), where
the characteristic function is even, and
they must differ by even multiples of
7/2 in Eq. (14.11), where the character-
istic function is odd. In the case of
practical low-pass and band-pass filters.
the loci [F(s)) = |G(s) in the complex
plane are curves with shapes somewhat
similar to an ellipse enclosing the roots
of F(s). The other conventional filter
types can be derived from low-pass
filters and need therefore not be con-
sidered.

Along a locus [F(s)] = |G(s)| the roots
of F(s) + jG(s) alternate with those of
F(s) - jG(s), and the roots of F(s) +
G(s) alternate with those of F(s) - Gf(s).

la
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Fig. 24.

Fig. 24 shows the root pattern in the
case of a simple low-pass filter with odd
characteristic function. The roots of
F(s) are marked by small circles and the
roots of G(s) by small crosses on the
imaginary axis. The roots of E(s)E(-s)
are marked by small black dots on the
locus of |F(s)] = |G(s)]. Those in the
left half of the s-plane belong to E(s)
and those in the right half belong to
E(-s).

It can be seen that there is a certain
co-ordination between the roots of F(s)
and those of E(s)E(-s). This is due to
the fact that the roots of E(s)E(-s) are
the intersections of the locus [F(s)| =
|G(s)| with those of its orthogonal trajec-
tories, which pass through single roots
of F(s) at right angles to the imag-
inary axis. In Fig. 24 these trajectories
are indicated by broken lines. This
co-ordination makes it comparatively
simple to guess the approximate posi-
tions of the roots of E(s)E(-s) once the
locus of [F(s)] = |G(s)| is known, and it
is used in a method of obtaining
approximate values of these roots, which
will be described in the following sec-
tion.
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14.3. A Semi-Graphical Procedure of
Root Finding. Among simple iterative
approximation methods of determining
the roots of a polynomial, Newton’s
method is one which converges very
rapidly provided that adequate approxi-
maticns to the roots are already known.
Newton’s method has therefore been
chosen in the present case, and it will
now be shown how good approximations
to the roots of E(s)E(-s) can be obtained
by means of a systematic and funda-
mentally simple semi-graphical proce-
dure. It is based on the following con-
siderations:

Let a general polynomial P(s) of n-th
degree be given in its factorized form:
PE) =C(s~-a)(s-a)....(-ay)
where @, @,, . .. « are the n roots of

the polynomial. They may have real,
imaginary or complex values, and the
same applies to the constant factor C.
The individual factors, (s — ay), of the
polynomial are equal to the vectors
from the points @y to the point s in
the complex s-plane. (See Fig. 25).

Ty
ra

S-PLANE

Fig. 25.

The polynomial P(s) can therefore be
evaluated at any point s in the complex
plane by marking its roots on this plane,
by drawing the vectors from the roots
to the point s, and by measuring the
lengths of these vectors and their angles
with the positive, real axis. The
magnitude of the polynomial is obtained
by multiplying all vector lengths together
with |C|, and the argument of the poly-
nomial is obtained by adding the angles
of all vectors and the argument of C.
(In the cases under consideration only
positive or negative, real or imaginary
constant factors occur, whose arguments
are respectively, 0, = and * 7/2).

This evaluation method is used to
find the roots of F(s) -+ jG(s), that is,
the points in the complex plane where
F(s) = - jG(s), or alternatively, to find
the roots of F(s) + G(s), that is, the
points where F(s) = - G(s). The pro-
cedure is best demonstiated by means
of a simple example.

A low-pass filter will be considered
whose polynomials F(s), G(s) and
E(s)E(-s) have the principal root pattern
of Fig. 24. 1In accordance with Eq.
(13.8), the polynomials F(s) and Gf(s)

are given in general terms by the expres-
sions:

F&) =56 +a)6 +a)
1 2 2 2
GE)=-6 +b) G -+ by

€

The constant factor, ¢, of the charac-
teristic function is assumed to be posi-
tive and has been combined, for con-
venience, with the denominator poly-
nomial G(s). As the characteristic func-
tion is odd, Eq. (14.11) applies, and to
obtain E(s) the roots of F(s) + G(s) in
the right half of the s-plane are deter-
mined.

Among the roots of E(s)E(-s) shown
in Fig. 24, the root on the positive, real
axis must belong to the polynomial
F(s) — G(s) because both F(s) and Gf(s)
are real and positive for real and posi-
tive values of s. The next root along
the locus |F(s)] = |G(s)| belongs there-
fore to F(s) -+ G(s), and this root
together with ifs conjugate complex
counterpart are the only roots of F(s)
+ G(s) in the right half-plane of the
case in hand.

In order to simplify the graphical
evaluation of F(s) and G(s), a new
variable, z, is substituted for s in these
polynomials: 0

z = s?

This substitution gives:

F = /\/zﬂ(z + a;) (z—%—a;)

1 , y
G=—(@+b)@E by
G

and it halves the number of roots of
F(s) and G(s). There is, however, a
slight complication because the odd
polynomial F(s) has now an irrational
factor, A z. The root at s = 0
becomes a branch point and F is nc
longer a polynomial. But, as far as the
graphical evaluation is concerned, it
only means that, instcad of the vector
from the origin of the z-plane to z, its
square root has to be used, that is, the
square root of the vector length for
calculating the magnitude of F, and
half of the vector angle for calculating
the argument of F.

The arrangement of the roots of F
and G in the z-plane is shown in Fig.
26.  All the roots are situated on the
negative, real axis.

The detailed procedure is as follows:
The required root(f) of F + G is
co-ordinated to the point -a, 2. Its posi-

tion is estimated on this basis and
marked on the z-plane, say, at z, in
Fig. 26. A straight line is drawn from
the point —a,2 through z, and, as a first
step, the point z_ on this line is deter-
mined where |F| = |G|. For this pur-
pose the magnitudes of F and G at z,
are evaluated as described earlier in this
section giving, say, |F,| and |G,|. Usually
the result is |F,| 5= |G,|, that is, z, is
not the correct point z, on the line. It
is evident from Fig. 26 that any small
displacement of z, along the line changes
|[F,| much more than |G,| because the
lengths of the vectors from the roots
of F are altered much more than those
from the roots of G. Therefore, if
[F,] > |G,|. the point z, is closer to
-a,? than z,, and vice versa. Denoting
the distance between z, and —a,2 with
l,, a substantially improved approxi-
mation to z, is obtained with a point
z, on the line whose distance from the
point -a,? is:

L, = L NIG|/IF]
This procedure may have to be
repeated several times unless z, is

already close to the point z,. If in this
way two points are obtained, say z,
and z,, which are on opposite sides of
z, on the line, that is, if for example
F] > |G,| and |[F,| < |G,|, then the
point z, can be obtained with good
accuracy by linear interpolation as
shown on an enlarged scale in Fig. 27.
The point z_ is the intersection of the
line through -a,? and z, with the locus

_ () The term_ “root” is not strictly correct
in this connection because F -+ G is not a
polynomial in the z-plane.
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|F| = |G|, and the approximate curve

of this locus in the vicinity of z, can
now be estimated and drawn into the
diagram.

The next step in the procedure is the
determination of the arguments of F
and G at the point z, in the way
described earlier yielding, say, arg F,
and arg G,. If these arguments differed
by o, that is, by 180° (meaning that
G = -F) then z, would be the required
root, z,, of F -+ G. Usually, however,
we have: arg F 7 arg G, + 180°. Tt
is evident from Figs. 26 and 27 that a
small displacement of z, along the locus
[F| = |G| changes arg F, much more
than arg G, because the angles of the
vectors from the roots of F are altered
much more than those from the roots
of G. Therefore, if arg F, > arg G,
+ 180°, the root z, is to the right of z,
on the locus |F| = |G| in Fig. 27, and
vice versa. Assuming that

arg F, — (arg G, + 180°) = §,
a point much closer to the root z, than
the point z, is obtained by drawing a new
line through -a,?, with an angle of ~ 18
to the original line, and by finding the
intersection of this new line with the
locus |F| = |G| in the same way as
before. If the curve section through z,
in Fig. 27, representing this locus, has
been correctly estimated, then the inter-
section of the new line with this curve

already vyields the new point, say, z.
After determining the arguments of F
and G at this point, a new angle of
deviation

8" = arg F; — (arg Gcl -+ 180°)

is obtained having substantially reduced
size compared with 8. Further improve-
ments, if necessary, may be achieved by
repeating this process. When in_this
manner two points on the locus |F| =
|G| are found with small 8-values of
opposite signs, that is. situated on

opposite sides of the required root z,
the latter is found by linear interpola-
tion.

The accuracy of this semi-graphical
procedure is limited only by the pre-
cision with which the various roots and
other points are plotted, and the lengths
and angles of the vectors are measured.
In most cases it is not necessary to go
to the limit of the obtainable accuracy
in the way described above, because the
object is only to get root approxima-
tions which are near enough to the exact
positions for continuation with Newton’s
method.

The value of the root z, thus obtained
is complex:

z, = u + jv
The parameters m and n in the real,
quadratic expression of Eq. (14.12),
which is to be removed by division from
F(s) + G(s), can now be calculated
from u and v by means of the formulae:

n= AN uz 4+ vz ;
m==*v/V in - v
or m = * A 2(n + u)

... (1403)
The parameter m of Eq. (14.12) must
be negative in this case because the
conjugate complex pair of roots to be
removed is in the right half of the
s-plane. The accuracy of the parameters
m and n correspond to that of u and v.

14.4. Newton’s Method Combined with
Horner’s Scheme

The basic formula of the Newton
method (more precisely, the Newton-
Raphson method) is the equation:

f(xy)
X, = X, - L. (1414
£ (x)

x, is a first, rough approximation to
a value x, where the function f(x) passes
through zero, f(x,) is the value of the
function at x,, f' (x,) is the value of
the derivative of the function at x,, and
x, is an improved approximation to X,.
All these values may be real, imaginary,
or complex numbers. The process is
repeated with x, instead of x; in Eq.
(14.14) yielding a further improved value
x,;, and so on, until adequate accuracy
is achieved.

In Fig. 28 the method is demonstrated
graphically for a real function of a real

f(x)

X

&

variable x. The curve in the figure
represents the function, f(x), which has
a zero value at x = x,. The point x,;

on the x-axis is a first estimate of the
zero X,. The value of the function at

x, is f(x,). The tangent to the curve is

drawn at the corresponding point of the
curve with the co-ordinates x, and f(x,).

The intersection of this tangent with the
x-axis at x, gives an improved approxi-

mation to x,. Eq. (14.14) can be
obtained directly from the following

trigonometric relationship read from
Fig. 28:
f(x,)
f (x)) = tan ¥ = ——
X=Xy

The example of Fig. 29 shows that
the method does not necessarily converge
unless the starting point is close enough
to the zero. However, if the method
converges at all, the rate of convergence
increases rapidly as the distance from
the zero is reduced. It is therefore
desirable to start with a fair approxi-
mation to a zero.

f(x)

Fig. 29.

) When the function is a polynomial,
its derivative is also a polynomial, and
the main labour in applying Newton’s
method is the evaluation of polynomials.
This labour can be alleviated by a pro-
cedure of polynomial evaluation which
is called Horner’s scheme and which
operates as follows:

A polynomial P,(s), which is to be
evaluated at s = s, is divided by (s —s,)
yielding a quotient polynomial P,(s) and
leaving, in general, a remainder r,. This
process is described by the equation:

Ty

P.(s) + (s —s) = P,s) +

s — s,
Multiplying this equation by (s - s,)

gives:

P(s) = (s —s)) Py(s) + 1, . ... (14.15)
If now s, is substituted for s in this

equation, the first term on the right-
hand side becomes zero and we have:

P,(s)) = r,
In other words, the remainder of the

division of a polynomial in s by the
divisor (s - s,) is equal to the value of

the polynomial at s = s,. The remainder
is zero if s, is a root of the polynomial.
The differentiation of Eq. (14.15) with

respect to s yields:

P.(s) = Py(s) + (s - 5;) Py()
... (14.16)
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By introducing s, for s in this equa-
tion we get:

Py = Pysy)

This means that the value of the
derivative of the polynomial P,(s) at
s = s, may be obtained simply by
evaluating the quotient polynomial
P,(s) at s ='s,. This can be done with
the same method as used for evaluating
P,(s).

Thus, when applying Newton’s method
for computing a root of a polynomial,
starting from an approximate value s,,
it is only necessary to divide the poly-
nomial a first time by (s - s,), which
yields the remainder r,, and then a
second time, which yields the remainder
r,. An improved approximation to the
root is obtained with

s, = §; = I,/ry
This procedure is repeated using (s — s,)
as divisor, and so on, until the size of
the remainder r, is as small as one unit
of the last significant digit of the con-
stant term in the polynomial.

The two polynomial divisions which
have to be carried out for each iteration
of Newton’s method can be expedited
by means of the scheme shown in Table
V. In the top row of this table the
coefficients, py, of the polynomial whose
roots are tc be determined, are enteregl
in inverse order of their subscripts indi-
cating the pertaining powers of s. The

elements of the third row, py’, are the

coefficients of the first quotient poly-
nomial They are given by:

4 ‘
pvy = pv + s;pv
and are obtained, together with the
elements of the auxiliary second row,
by the following successive operations:
Starting at the left of the third
oW, the element in the first column is
Pay = p,. This is multiplied by s,
entered in the second row of the second
column, and added to p,, in the top
row of the same column. ]
The result, p,_, = Py_qy + $Pp_y, I8
entered in the third row of the same
column, then multiplied by s, entered
in the second row of the third column,
and added to p,_, in the top row of
the same column giving

row is the required remainder, r, =
P, -+ s,p,. This series of computation
is particularly suited for a desk cal-
culating machine.

The elements of the fifth row, pv, are

the coefficients of the second quotient
polynomial and are gbtained, together

with the elements s;py of the auxiliary
fourth row, in a way similar to the
coefficients of the first quotient poly-

nomial by successive operations, this
time applymg the formu]a

PV S = Pv aie Slpv
The last element in the fifth row is the
remamde1 of the d1v1sxon
=p, +s,p; -

The method which has been described
for evaluating a polynomial is always
applicable, and is independent of
whether the values of the polynomial
coefficients or of s, are real, imaginary
or complex. Computation with real
numbers only is, of course, much easier
and is therefore always to be preferred
under otherwise equal circumstances if
there is a choice.

Assuming that the polynomial coeffi-
cients are real, the benefit of a com-
putation restricted to real numbers is
lost if Eq. (14.15) is used for evaluating
a polynomial at a complex value of s,.
Thig disadvantage can, however, be
avoided if the polynomial division is not
carried out with the divisor (s - s,) but
instead with a real, quadratic divisor of
the type of Eq. (14.12), say, (s2 — m,s
-+ n,) containing s, as one of its two
conjugate complex roots.t The divi-
sion is represented by the equation:

P.(s) =
(2 -~ ms + n)) P(s) + ¢s + ¢
(14.17)
where P (s) is the quotlent polynomlal
and c,s + c, is the remainder of the
division. The latter is now a polynomial
of first degree. When s, is substituted
for s in Eq. (14.17) the first term on the
right-hand side becomes zero, because
s, is a root of the quadratic factor, and
we get,
with s, = a, + jb;:
P,(s;) = ¢, + ¢a; + jerby
.. (14.18)

Differentiating Eq. (14.17) with respect
to s yields:

P.(s) = (s* - m;s + n,) Pc(s)
+ @s - m) P(s) + ¢
. (14.19)
When s, is substituted for s in this

equation the first term on the right-hand
side agam becomes zero. Considering
that m;, = 2a, and therefore (2s, — m,)

= ]Zb], we get

P.(s,)) = j2bP.(s,) + ¢,

This expression shows that the deriva-
tive of P,(s) at s; may be obtained by
evaluating the quotient polynomial P (s)
at s;. This can be done in the same
way as before with P,(s), by dividing
P.(s) by (s2 — m;s -+ n;). Assuming
that the remainder of this division is

d;s + d,

we get

P.(s;)) = i2b, (ds, + d) + ¢

After replacing s, by a, + jb, on
the right-hand side of this equation, the
final result is:

P(s) =

2
L - 2d,b, + i2b, (d, + dja)

.. (1420)
Introducing in Eq. (14. 14) ‘the numeri-

cal values of P,(s;) and Pa(sl) obtained
with the help of the expressions of Egs.
(14.18) and (14.20), respectively, gives
the corrections of a, and b, from which,
in turn, the corrections of m, and n,
can be calculated.

By means of the above procedure
a computation with complex numbers
is only partly avoided. It can, however,
be dispensed with entirely when a direct,
general relationship is derived between
the coefficients ¢, ¢;, d, and d, of the
remainder polynomials and the cor-
responding corrections of m, and n, on

the basis of Newton’s method. The
results of such a derivation are Bair-
stow’s formulae:

C-od1 - c1d0

m, = m;, -+

d, (d, +dm)+d2n
(1421)
c,(d, —{—dml)-f—c

. ' () A negative sign has been chosen for m;  =— pn -}
Prnta = Ppoy T 8:Pp 0 a_ss}l]ltrm}?glftha}t t}}\e tw? rootﬁ o situate(;i in the & 1 9
. ti alf of the s-plane. Both m; a are
and so on. The last element of the third thgen positive, real 1r)numbers. et d,(d, + dym;) + dn,
TABLE V
. - U N
! Pn | Pn-1 ) P3 2 ‘ P, | b,
’ l ' ’ ' ' 4
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In these formulae n, is always posi-
tive, whereas m, is positive (negative)
when the corresponding conjugate com-
plex pair of points is situated in the
right (left) half of the s-plane.

After an adequate number of itera-
tions the coefficients ¢, and ¢, of the
first remainder polynomial become zero
within the accuracy of the polynomial
coefficients of P,(s).

The process of polynomial division
by the quadratic divisor (s2 — m;s -+ n,)
can be expedited by using the scheme
shown in Table VI which is subject to
th’e following relationships:

Pv, = pv ~ npy + mpy,

n ’ " "

Pv, = pv - nypy + mypv,

where py are the coefficients of the
original polynomial whose roots are to

be determined, and pl; and pg are the
coefficients of the first and second
quotient polynomial, respectively.
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BOOK REVIEW

OPEN WIRE CARRIER TELEPHONE
TRANSMISSION
C. F. Boyce, 1962.
Macdonald and Evans Ltd., pp. 307.
Australian price, £4/10/9.
Our copy direct from publisher.
Chapter Headings: Economics of Open
Wire Carrier Transmission — Open Wire
Crosstalk and Transposition Systems —
Design of Open Wire Carrier Routes —
Survey and Construction of Carrier

Routes — Trunk Entrance Cables and
Lead-in Arrangements — Open Wire
Carrier Equipment — Power Plant —

Interference Between Power Systems and
Open Wire Carrier Systems — Damage
and Interference Caused by Lightning
— Planning and Application of Open

Wire Carrier Systems — Installation
Practice — Maintenance of Open Wire
Transmission Systems -— Transmission

Characteristics of Non-loaded Cable and
Open Wire Pairs. )
Review: This book is the first dealing
exclusively with carrier transmission that
has been published in the Er}glish
language. The author, who is Assistant
Chief Engineer of the South African
Post Office, has had many years of ex-

perience cn the design of open wire car-
rier networks and is a recognized world
authority on a number of problems in
this field. The book is intended for use
by engineers concerned with the plan-
ning, installation and maintenance of
open wire carrier routes and systems, by
students of communicaticn engineering,
and by design engineers in industry. It
should prove to be very useful for all
these purposes and should become a
standard reference work in the field
covered.

Approximately half the book is de-
voted to the design and construction of
line plant, including transposition design,
lightning and power interference. The
halance is divided aimost equally be-
tween general system design, and equip-
ment design, installation and mainten-
ance. The subject matter is presented
clearly, a good index is provided and the
publication is generally of a high stand-
ard. There is an adequate balance be-
tween principles and practice, and the
information included is drawn from all
countries which have had experience
with open wire networks. Despite the
concise presentation, it has not been

possible to cover many of the individual
topics in detail due to the wide scope
and limited size of the book. Selected
references to published papers have
therefore been included at the end of
each chapter, and it is pleasing to see
that many of these are to articles which
have appeared in this Journal.

The practices covered are mainly those
used in South Africa, and most of these
differ in varying degrees from those in
Australia. Others such as the planning
of rural carrier systems are applicable
directly to this country. While many of
the problems dealt with have been en-
countered in most countries using open
wire systems, the solutions have been
different due to such factors as costs,
materials available, climate and past
history. Nevertheless this adds to the
interest of the book and will undoubtedly
stimulate thought regarding the correct-
ness of certain practices. In general, the
book is an excellent one and can be
recommended to any Australian engineer
concerned with design and construction
of open wire routes or with any aspect
of carrier systems.

N.M.M.
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TECHNICAL NEWS ITEM

BEHAVIOUR OF CREOSOTED
PRESSURE TREATED wWOOD
POLES IN BUSHFIRES

Following the Victorian bushfires of
January 1962, a study was made of the
performance of creosoted pressure treated
wooden telephone poles in the fire areas.
The hills area around Melbourne, where
the fires occurred, is thickly timbered
and for scenic reasons strenuous efforts
have been made in the past by local
authorities to retain as much of the
natural vegetaticn as possible. As a re-
sult clearing along pole routes was kept
to a minimum, a fact that seriously in-
creased the fire hazard to departmental
plant. Although a rural area, its pleas-
ing situation has attracted a compara-
tively large population, so that there is

Treated pole alongside burnt out fence.
blackberry canes which show that pole
was surrounded by growth,

an intensive network of telephone ser-
vices. The majority of the aerial routes
concerned have been in existence for
some time and in recent years pole re-
placements, which have been numerous,
were with pressure treated poles. This
then enabled a direct comparison to be
made of the behaviour of treated and
untreated poles in the fires.

_Over 200 poles were destroyed but not
one pressure treated pole was lost or
even severley damaged, although it is
estimated that an equivalent number was
subjected to the same fire intensity.
Similar experiences have been reported
on several occasions from overseas
countries; in particular U.S.A., Germany
and South Africa. The explanation put
forward is that on exposure to fire the
crecsote in the outer layers of the pole

Note

volatilises and ignites at a temperature
lower than that necessary to cause dam-
age to the timber, and that the thick
smoke created shuts off the oxygen
supply and the flames are soon ex-
tinguished. The deposit of free carbon
formed on the pole serves as an insula-
tor against further damage. In these
fires it was noticed that a thin outer layer
of charred wood was formed on the pole
which supports the above theory. The
firm outer surface of the treated poles
compared with the untreated poles, many
of which would have had loose and
partly decayed sapwood, also assisted
materially in preventing their loss. It
was noted that many of the poles had
been treated less than 12 months pre-
viously.

Photograph illustrating the depth of charring on

treated poles.
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A TELEGRAPH DISTORTION ANALYSER

INTRODUCTION

In recent years, there has been a rapid
expansion of the telegraph service in this
country. The use of machine working
to replace manual morse operation, the
introduction of telegraph switching
systems such as TRESS and 'I"ELEX
and the need to connect several circuits
in tandem to provide leased teletype
services have all placed exacting require-
ments on the performance of telegraph
channels, particularly those derived on
V.F. telegraph systems. These require-
ments are likely to become even more
stringent in future through the use of
telegraph channels for the transmission
of data to electronic computers.

An accurate measure of the perfor-
mance of V.F. telegraph channels is
essential if the optimum performance is
to be obtained from these channels.
Methods which have been wused to
evaluate channel performances have
included:—

(a) analysis of fault statistics;

(b) measurement of distortion using

a Telegraph Distortion Measuring
Set;

(c) examination of oscilloscope traces

of received signals;

(d) recording of interruptions to con-

tinuous mark or space signals.
The information which can be obtained
by these methods is limited and for this
reason the Telegraph Distortion Analyser
has been developed.

TELEGRAPH TRANSMISSION

Telegraph channels handle informa-
tion in binary digital form. The binary
digits 0 and 1 may appear in various
forms at different parts of the telegraph
network. Typical forms are shown in
Table I

Telegraph machines used in Australia
transmit and receive information by a
five unit ccde at the rate of 350 bits
(binary digits) per second. In telegraph
terminology a bit per second is known
as a baud. Each character is repre-
sented by 5 mark or space elements
identifying the character, preceded by a
spacing start element and followed by a
marking stop element. Each signal
element and the start element s
normally of 20 milliseconds duration
while the stop element signal is of 28
milliseconds  duration. A typical
character is shown in Fig. 1.

5100,

"
H
8
o
N
]

'
' |
20ms ' 20ms '

Fig. 1.—Letter R.

1 ' 1
20ms ' 20mS ' 20mS ' 20mS | 28mS

TELEGRAPH DISTORTION

Any difference in duration of a signal
element from the nominal value will
contribute towards failure of the system.
This variation in length of the signal
elements is known as distortion.
Although the C.C.LT.T. distinguishes
several sorts of distortion, distortion is
most simply expressed as a percentage
(D) which for a signal of nominal 20
milliseconds duration is defined as
D=[(n—20)/20]X 100, where n is the
actual duration of the signal in milli-
seconds. Distortion may be marking or
spacing depending on whether the mark
element is greater or smaller than the
nominal value, and is generally classified
into three types:

Table I
Binary | Telegraph | Single | Double |y | pag | Teletype | pepergor.
Digit Term. Working | Working V.ET. | VET [ Magnet | ator Tape
0 I Space No Positive tone fo+Af ] unenerg- | not punched
Current | Current off , ised
1 Mark Current | Negative | tone fo—Af | energised punched
! Current | on | .

The fundamental requirement of a
telegraph transmission system is that
when supplied with information repre-
senting the digit O or 1 it shall reproduce
this information at the receiving end of
the circuit. Failure of the system will
be indicated by the reception of a 1
(mark) when an 0 (space) is transmitted
or by the reception of a space when a
mark is transmitted.

In any telegraph system or
work there will be a probability
“a priori” of failure occuring. The
telegraph distortion analyser provides
information which allows this probability
to be estimated and allows the design
of the network to be soundly based.

net-

* See page 349,

Bias Distortion: Where a telegraph
channel or machine has a definite
tendency to vary the length of all
signal elements by a fixed amount
either by increasing the duration of
marking  elements and shortening
spacing elements, or vice versa, this is
known as bias distortion. A typical
cause is an incorrectly adjusted relay
which requires a greater number of
ampere-turns to move it to the mark
contact than is required to move it to
the space contact. Bias distortion is
independent of the duration of signal
elements.

Characteristic ~ Distortion: = Charac-
teristic distortion is a form of distortion
which occurs when signal transitions
occur before a steady state value has

J. G. BARTLETT, A.M.IE.Aust.*
L. L. BIRCH, B.E*

been reached on the preceding element.
It is dependent on the electrical charac-
teristics of the telegraph channel or the
electrical or mechanical characteristics
of the telegraph machine. Characteristic
distortion varies with the duration of
signal elements and mark and space
elements are equally affected.

Fortuitous Distortion: Fortuitous dis-
tortion is produced by crossfire, noise,
power induction, momentary power
surges and other occurrences of a
random nature.

Cumulative Effect of Distortion

A normal telegraph connection will
comprise a transmitting machine, one
or more telegraph channels, a receiving
machine, and possibly an intermediate
machine such as a reperforator trans-
mitter. Each machine and channel will
introduce some distortion which will be
cumulative in its effect on the overall
connection. It is generally accepted that
tor small values of distortion at least,
bias distortion is algebraically additive,
characteristic  distortion is  directly
additive and  fortuitous  distortion
quadratically additive.

MEASUREMENT OF DISTORTION

Telegraph distortion can be measured
by various types of Telegraph Distortion
Measuring Sets all of which indicate the
average value of distortion present
during the measuring period. The
average value of distortion however,
gives only a limited amount of informa-
tion about the channel being tested as it
is quite common for two circuits which
have the same average distortion to
have very different performance. For
example, there may be two channels
with an average distortion of 5%, one
of which will produce 209% distortion
on 5% of characters while the other
may produce this distortion on only
0.1% of characters. An experienced
operator of a T.D.M.S. will be able to
discern this difference but will not be
able to assess it quantitatively.

Where the standard of service on a
particular telegraph circuit or connec-
tion is to be assessed, we must know
the probability of any particular value
of distortion occurring or, on the com-
plete connection, the probability of some
limiting value of distortion being
exceeded. The Telegraph Distortion
Analyser provides this information by
sampling a number of telegraph
characters, measuring the distortion of
each and recording the number of times
that the distortion falls within each of
eleven ranges extending from 50% space
to 50% mark. Generally, a sample of
2,000  distortion measurements s
sufficient to assess the performance of a
channel.

THE TELEGRAPH DISTORTION
ANALYSER
General Description

The Telegraph Distortion Analyser
consists of a very accurate digital timer
(1) (the Beckman 7160H EPUT Meter)
which samples at random the received
telegraph  character elements and
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Fig. 2,—Beckman 7160 EPUT Meter—Period Operation.

measures their duration. The duration
of the sampled elements in milliseconds
appears at the output of the EPUT meter
as a sixteen line binary code. These
sixteen code leads are taken to the
analyser where they control the opera-
tion of a chain of relays. These relays
in turn coatrol the operation of a group
of subscribers’ registers which record
the distortion (in steps of 5%) of the
sampled character elements. Operation
of a key can replace any two meters,
covering a range of 10% distortion in
5% steps, by ten meters recording the
same range of distortion in ten one
percent steps.

Measurement of Signal Duration

As mentioned already, the duration
of signal elements is measured on the
Beckman 7160H EPUT Meter (2). A
simplified schematic of the EPUT
Meter, set up in the condition in which
it is used in the analyser, is shown in
Fig. 2. In this condition, the function
switch (not shown) is set to “Period”
so that the time between two voltage
transitions is measured. The instrument
functions by counting on tandem con-
nected decimal counting units (D.C.U.’s),
pulses derived from a very stable 1 Mc/s
oscillator. These pulses are fed through
a gate which is opened and closed by
the input signal.

Referring to Fig. 2, the 1 Mc/s
oscillator is fed to a shaper which steep-
ens_the slope of the original sinusoidal
oscillation. From the shaper it is taken
to a 10 to 1 frequency divider and the
output of the divider, consisting of 10°
pulses per second, is fed via the gate to
the cascaded D.C.U.s. The input
signal which consists of a square wave
train having a peak amplitude of = 50
volts is first attenuated so that the peak
voltage is less than 1 volt and then fed
to the input trigger channel which con-

sists of a difference amplifier and voltage
discriminator. Each time the input
voltage exceeds an internally generated
reference voltage, a positive pulse will
be produced on one output lead and a
negative pulse will be produced on the
other output lead while, when the input
voltage falls below the reference voltage,
a negative pulse will be produced on the
first lead and a positive pulse will be
produced on the second. The reference
voltage can be adjusted with the trigger
voltage control and is normally set to
about zero volts.

The two output leads are taken via
the start slope and stop slope switches
to the gate control circuit. With the
start slope switch set to positive and
the stop slope switch set to negative,
the gate will open on the arrival of a
positive going transition and stop on
the arrival of a negative going transitiou.
This means that spacing elements will
be measured. Marking elements can be
measured by reversing the operated
position of the two switches. After the
gate has closed it will remain closed

for a time determined by the setting of
the display time control in the reset
control circuit. This control is set so
that there is ample time for the relays
and registers in the analyser to operate.
At the end of the display time, the
circuit will reset and will reoperate on
the arrival of the next voltage transition
which 1is either positive or negative
going depending on the setting of the
start slope switch.

During the time that the gate is open,
10° p.p.s. will be fed into the D.C.U’s.

which each consist of four binary
counters. The D.C.U’s. will therefore
indicate the duration of the signal

element being measured to the nearest
1/100th of a millisecond. The duration
is indicated in two ways, firstly as a
digital display on lighted lucite panels
on the face of the instrument (a display
of 87.3 milliseconds being shown in
Fig. 2) and secondly, as a four-line
binary code from each D.C.U. These
four code lines appear on the digital
recorder socket at the rear of the
instrument. The analyser is actuated
by the binary code appearing on the
pins of this socket.

The four-line binary code used is
shown in Table 2. In this code, 0
represents a voltage, 15 or more volts
negative to ground, and 1 represents a
voltage at ground or positive to ground.
Both the visual display and the four-
fine code will be static for a time
determined by the display time control.

Signal Duration and Distortion

Telegraph signal elements will be
approximate multiples of 20 milliseconds
and the amount each reading differs
from an exact multiple of 20 milli-
seconds represents the amount of dis-
tortion present. If the space elements
of the signal shown in Fig. 1 were
measured, a reading of 40 milliseconds
(start -+ 1st element) or 20 milliseconds
(3rd or S5th elements) would be obtained.
This would indicate zero distortion. If,
however, a reading of 37 or 17 milli-
seconds was obtained, this would indicate
3/20 x 100 = 15% marking distortion.
Similarly, readings of 43 or 23 milli-
seconds would indicate 15% spacing
distortion. Marking elements can be
measured similarly but as the 28 milli-
second stop element would appear as
40% distortion, it is necessary to omit
the stop element from the test signal.

Table 2
) ! Four line binary code
Decimal -
Digit Ist 2nd 3rd 4th
Registered binary binary binary binary
[ stage stage stage stage
0 0 0 0 0
1 | 1 0 0 0
2 ! 0 1 0 0
3 1 I 0 0
4 0 1 1 0
5 1 1 1 1 0
6 0 0 ! 1 1
7 1 0 1| 1
8 0 1 1 1
9 1 1 1 i 1
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The stop element can be omitted by
operation of a switch on the Teletype
Corporation DXD4 Test Set used to
generate the test message.

Analyser Circuit

The manner in which the information
on signal duration is transferred from
the EPUT meter to a permanent record
on subscriber’s registers is as follows:

The EPUT meter will normally be
operated with the time switch set to
10° seconds, that is the D.C.U. dis-
playing the sixth highest order digit
will count in units of .01 milliseconds,
The D.C.U. displaying the fifth highest
order digit will count in units of 0.1
milliseconds, and so on.

In the ensuing description, the several
D.C.U’s. involved will be referred to
by the units of time which they are
counting. e.g. 1/10 milliseconds D.C.U.
It will be realised, of course, that such
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Fig. 3.—Anaiyser Schematic.

designations are true only while the
time switch is set to 10° seconds.

Referring to Fig. 3 the four read-out
leads from binary stages 1 to 4 of the
one millisecond D.C.U. are connected
to the control grids of V2B, V3A, V3B
and V4A respectively. If the voltage
on any of the grids is positive the tube
will conduct and operate the relay
(A, B, C or D) in its plate circuit.
Depending on the digit displayed on the
EPUT meter, a positive or negative
voltage will appear on each of the four
read-out leads and cause the operation
of the appropriate A, B, C or D relays
so that the earth on contact Al is trans-
ferred via the relay contact tree to one
and only one of the ten leads, (0) to
(9), at the output of the tree.

If the digit 3 is displayed, the code
for this from Table 2 is 1, 1, 0, O.
Remembering that 0 represents a nega-
tive voltage sufficient to bias V2B etc.
{o cut off and 1" represents ground or

a positive voltage, then tubes V2B and
V3A will conduct and operate A and
B relays. This extends the earth on Al
to lead 3.

Assuming KS2-3, N3 and J1 contacts
made, T1 normal and Fine Increment
Keys KFA — KFG unoperated, the
earth on lead 3 completes the circuit
from -+132 volt battery via R4, R3,
meter TM, KS2-3, J1, T1, meter MC
and MR3 and operates the meters, TM,
which records the total count, and MC
(designated “+-37), which indicates that
a signal element 3 milliseconds in excess
of the nominal multiple of 20 milli-
seconds has been measured.

Referring again to Table 2, it will
be seen that the binary code vecltage
from the first binary stage of each
D.CU. is “0” for zero and each even
digit and “1” for each odd digit. This
fact is used to differentiate between
signal elements which are shorter than
the nominal period (20MS or multiple
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thereof) and those which are longer. The
first read-out lead from the ten milli-
seconds D.C.U. (pin 12 of the EPUT
meter or TSA/12 of the analyser) is
connected to the grid of V4B. Any
count which is longer than the nominal
period of 50 baud signal elements (e.g.
23, 41, 62 . . .. 125 etc.) will give rise
to a negative voltage on the grid of
V4B which will bias this tube to cut off.
The T relay in the anode circuit of
V4B will nct operate and the register
in the “evens” group MA-MF corres-
ponding to the figure displayed by the
one millisecond D.C.U. will operate.
Any count shcrter than the nominal
period (e.g. 19, 37, 55 . . . 117 etc.) will
cause V4B to ccnduct and operate the
T relay. This connects the appropriate
meter MG-ML in the “odds” group. The
meters MA-MF are designated “07,
¢:+137, u+2n’ :(_*_3,), A+4 to +5”, “‘*"6
to +9” respectively and the meters MG
to ML are designated ‘-17, “-27, “-3",
“=4” and “~5 to -9” respectively, the
the former indicating durations in milli-
seconds longer than the nominal and the
latter, durations shorter than the
nominal. Note that the leads represent-
ing extreme values of distortion have
been commoned to share a limited
number of registers, e.g. “+4 to +5".
As only a very small number of high
distortion values are recorded in a
typical count, a separate register for
every one millisecond increment up to
= 9 milliseconds from the nominal
period is not necessary.

The N relay is included to prevent any
very short counts due to contact bounce
from being recorded. If the tongue of
a receive relay in a channel under test
moved to the positive (space) contact
then bounced off after 2 milliseconds,
the voitage on the tongue will drop to
zero until the tongue returned to the
space contact. This negative going
voltage change is sufficient to act as a
stop pulse and the EPUT meter would
record a count of 2 milliseconds. This
would be incorrectly interpreted by the
analyser as a reading of +2 or 10%
distortion.

It will be seen from Table 2 that the
binary code for all digits other than
zero has at least one “1” (ground or
positive voltage) in it. Hence if each
read-out lead from the 10 millisecond
and 100 millisecond D.C.U’s. is con-
nected to a control grid of the four
twin triodes V5—V8, a display other
than zero on either the 10 millisecond
or 100 millisecond D.C.U. will cause at
teast one tricde to conduct. All anodes
of V5—V8 are commoned and taken
to 132V via the N relay. Thus the
N relay cperates only when a count of
10 milliseconds or more is displayed. The
N2 contacts in the register circuit
paevent recording of counts less than
10.

It is necessary to ensure that the
circuit for the register is not completed
before all relays involved in the contact
tree and also the T relay have assumed
their final position in accordance with
the display on the EPUT meter. For
instance, during counting, the potentials
on all read-out leads vary between
positive and negative values as - each

Fig. 4A.—Distortion Analyser with Associated Test Equipment.

binary stage is triggered. This could
cause false operation of the registers.
The J relay has been included to ensure
that this dces not happen.

This relay is in one anode circuit of
V9, the grid of which is connected to
pin 39 of the digital recorder socket
at the rear of the instrument. This pin
carries a control signal from the
counter which is negative during the
display period and positive from reset
until the end of the next counting
period. Thus the J relay is uncperated

during display and cperated for the
remaining period of the cycle and is
adjusted to ensure that it will release
shortly after all other energised relays
have operated.

As mentioned earlier, the analyser is
capable of recording increments of dis-
tortion values as low as one percent
(or 0.2 milliseconds). Experience with
an earlier model analyser whose incre-
mental steps were one millisecend had
shown that insufficient points were
obtained to plot a reliable curve

Fig. 4B.—Distortion Analyser with Dust Covers Removed.
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Fig 5.—Test Set-up.

representing frequency of occurrence
versus distortion values. The standard
deviation obtained in most cases was
less than 1 millisecond which meant that
nearly all of the distortion samples
were recorded on two registers.

The facility built into the present
analyser enables the operator to note
on the EPUT meter the duration of
signal element being displayed most
frequently on the one millisecond
D.C.U. and then throw the appropriate
Fine Increment Key. If “9’s” and “0’s”
were predominant, key KFD (“~ to 07)
would be operated. This removes the
one millisecond increment meters MG
and MF from circuit and replaces them
by the ten fine increment (0.2 milli-
seconds) meters, UFI MA-E and LFI
MA-E. The operation of the fine incre-
ment contact trees (relays E, F and G) is
similar to the one millisecond increment
tree except that only the last three read-
out leads are used from the 1/10th
millisecond D.C.U. These appear on
pins 17, 18 and 19 and are connected
to the grids of V2A, VIB and VIA
respectively. Relays E, F and G are in
the anode circuits of these tubes. Sup-
posing a count of 19.8 milliseccnds is
displayed on the EPUT meter. The
code for 9 is 1, 1, 1, 1 and therefore
operates A, B, C and D relays and
extends the earth from the N2 contact
to lead nine and thence via key KFDI
(operated) to contact E1 in the lower
fine increment contact tree. The code
for 8 is 0, 1, 1, 1 and as only the last

IR
160 + T
]
1204 - | ’(
ENEEEY,
0 | 7[
e AR
; | f/
0 Ll 4
- ‘ I
g il
Wil \
1 L {
i /8 I I B A |
| {
L] {2 | Bt Sl
AT 2

@ ™ 1
0% 06 | 0G5 045 025 00005 DI  O4s OGS 085 IOk
MARKING o SPACING
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Fig. 6.—Distortion on Test Equipment,

Y 9 D.C.U. code (1, 1, 1, 0) will cause the

auw e operation of G and F relays and extend

z?> i the earth on E2 to meter UFI ME

DXD4 $X/DX ) °‘ (0.40 — 0.59). (A “4” displayed on the

SG'GW- RELAY latter D.C.U. would have had the same
ENR SET result).

Meter UFI ME is connected, in

VET | _ |VET o Y common with the four other meters in

9 TERM. TERM. o the upper fine increment group, via

ST @08 KFD4 operated to T1/1 then via T1/2.

g Z> JI, KS, TM, R3 and R4 to +132V
AUX. & g battery.

UNALYSER EPUT RREE%( 7~ Change of Range
When, from an inspection of

successive displays on the EPUT meter,
it is obvious that values of distortion
exceeding 5% will be unlikely to occur,
all increments of distortion mentioned
in the preceding description can be
divided by ten by setting the time switch
to 10 instead of 10°° seconds. This feeds
the output of the 1 megacycle oscillator
to the first D.C.U. and 10° p.p.s. are
counted instead of 10° p.p.s. as described
previously. This feature is used when
measuring the distortion of the test
equipment. In such cases, the duration of
any signal element is, without exception,
20 milliseconds (or multiple thereof)

three lines of the four line code are
used, relays G, F and E are all operated
and extend the earth to meter LFI ME
(0.80 to 0.99 milliseconds). Note that
the code for 9 is 1, 1, 1, 1. As the
first unit of the four line code is
ineffective, the same three relays are
operated by a “9” displayed on the
1/10 millisecond D.C.U. as by an “8”.
Examination of Table 2 will show that
as far as the last three lines are con-
cerned, the code for 6 is the same as that *+0.9 milliseconds. The D.C.U. record-
for 7, likewise 4 and 5, 2 and 3, 0 and ing milliseconds (3rd highest order
1. D.C.U. when time switch is set to 10

Meter LFI ME is connected via  seconds) will record “9’s” and “0’s”, the
KFD3 (operated) T1 (3), J1, KS2-3, TM, former operating the T relay and the
R3 and R4 to 4132V battery. If the latter not, acccrding to whether the
next signal element measured has a  measured duraticn was above or below

duration of 20.5 milliseconds the “0”  the mean of 20 milliseconds. The 4th
displayed on the one millisecond D.C.U.  highest order D.C.U. will now be
will cause the earth on N2 contact to  counting 1/10th  milliseconds and

be extended via Al, B2, Cl, KFD2
(operated) to E2 contact in the upper
fine increment contact tree. The “5”
displayed in the 1/10th millisecond

operate the A, B, C and D relay contact
tree to record an analysis in increments
of 1/10th milliseconds or 0.5% distor-
tion. The Fine Increment Keys can still

0-01

o1 /
01

05 4
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Fig. 7.~Test Equipment—7,000 Samples. Test M g
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be used to replace any two adjoining T
5% meters with 10 meters recording in |
0.1% increments.

TEST SET UP

14
Test Set-Up : o A1
The analyser is used in conjunction | Srid. |seno) aec| faap| [ [AUX Ted
with a DXD4 teletype signal generator iz N o0 | FILT FILT [ |DET [ mn{ ’gl'\?
or similar equipment which will gene- LA G 623
rate a standard test message in 5 unit NIGEAE. TEINAL CE-GAE. l B
start/stop code, a simplex to duplex _ ° ‘*‘\“ r N e VET N° QIG4 TG !
relay set where it is necessary to change = \ (MARKS MEASURED)
from single current to double current z
signals, and usually it is desirable to ¢ ® 3 S EE 1
interpose a good quality relay such as § R | | _JA_____ .
the Carpenter 3E1 between the receiver 2
leg of the channel and the EPUT meter, €
This reduces the recording time on -
channels prone to contact bounce. The ™~
display time control of the EPUT meter B s
is set so that four or five elements are = STAN,
sampled per second thus making it 20 Otyviarie,)
possible to obtain a 2,000 sample in z ] 1|
about 8 minutes. A photograph of the - [~ T B
analyser and associated test equipment i - | 1 I
is shown in Fig. 4A. Fig. 4B is a 130 no o 100 20 80 70 GO 50 40
EIOSC‘UP of the analysell;.ltself with th,e LENGTH OF SPACE ELEMENT. (REMAINING ELEMENTS MARKING IN 5 UNIT CODE GROUP) mS.
O}ls; ctzggfcr;l r:er?_(l)];e?s’ :ngisnai;cgiegast_lc Fig. 9.—Typical Distortion Values versus Length of Spacing Element.
Analysis of Results readings are plotted on linear graph  percent) are plotted on arithmetical

At least 2,000 readings are paper and it is seen that the points are  probability paper. If the distribution is
taken and plotted on arithmeti- distributed equally about the mean on  normal, the curve on this paper should
cal probability paper. The result the typical bell shaped Gaussian be a stralght line and it can be seen
of a typical set of readings is shown in  distribution curve. In the latter, proba- that the bulk of the points lie on such
Figs. 6 and 7. In the former, the bilities (or cumulative frequency a line. From the latter graph it is
simple matter to read off the mean and
standard deviation of the distortion

el y values, and the probability that extreme
005 S [ e s values of distortion will occur can be
-t -4 v seen at a glance.

o Some typical results obtained are

o5 =t —t—/— 4 shown in Figs. 8 and 9. Fig. 8 shows

! A the curves obtained on typical V.F.

e e I e e / telegraph channels, while Fig. 9 graphs

the average and standard deviation of

2 distortion values on a V.F. telegraph

o channel as a function of the duration
(U I S S T I of the spacing element. This graph

0 — shows clearly the effect of the A.G.C.

- | circuit in the conventional amplifier

detector.
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DESIGN ASPECTS OF TRANSISTOR AND DIODE SWITCHING

CIRCUITS - PART 1

1. INTRODUCTION

This is the first of several articles
whose purpose is to outline the funda-
mental principles of design of two-state
switching circuits, in particular those
using transistois and semiconductor
diodes. Two-state switching circuits are
composed of basic elements which can
have, at any one instant, cnly one of
two possible stable states (e.g. a “make”
springset pair is either made or open
and nothing else). The design of these
circuits is greatly facilitated by the use
of Boolean algebra, which has alter-
native names such as the —algebra of
logic”. This arises from the possible
representation of syllogistic arguments
in terms of this algebra. These facets
of Boolean Algebra have given an
alternative name of “logic circuits” to
switching circuits, and the design of
the block schematic for such circuits is
often referred to as their logic design.
The knowledge of the required state of
the output of such a circuit for all
possible combinaticns of the states of the
inputs provides the starting point for the
design of a switching circuit and enables
its switching function to be determined
and then realised.

The design of a switching circuit can
be broken into two steps. The first step
is to arrive at a satisfactory logic design
for the circuit. This results in a block
schematic diagram of basic circuit
modules which have known switching
functions, and are consistent with prac-
tical circuit design. The second step is the
design of elements of the block diagram.
This generally amounts to the actual
circuit design of several basic mcdules
to perform given switching functions,
and the investigation of and provision
for suitable loading, operating speeds,
etc., between these “standard” medules.
This is especially the case in large
systems such as digital computers where
preduction  of standardised modules
becomes important, but it also applies
in smaller systems.

The logic design of switching circuits
is systematised and facilitated by the use
of Boolean Algebra, and this first article
thus outlines the basic principles of this
algebra as the first tocl in the design of
switching circuits—be they composed of
relays, vacuum tubes, gas tubes, transis-
tors, diodes, magnetic materials, etc.
Subsequent articles will consider transis-
tor and semiconductor diode switching
circuit elements, describing their two-
state behaviour and illustrating their
design as circuit elements. Other
circuit modules such as memories,
delays, binary counters, etc., asscciated
with such switching elements will also
be described and their uses discussed.

2. BASICS OF BOOLEAN ALGEBRA

Boolean algebra is a complete branch
of mathematics in itself, and is basically
divorced from ordinary algebra. The
fundamental definitions and theorems of
Boolean algebra are few, and the algebra
is simple to apply.

* See page 350.
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2.1 The Variables of Boolean Algebra

ce

In ordinary algebra, a variable “x
can have an infinite number of values.
Variables in Boolean algebra can have
only two states. These two states (not

values) are often written as “17 or “0”,
or as “true” and “false”. These two
states are completely complementary,

both making up the universe of states
in which a variable can exist. If a
variable has not the state 17, it must
have the state “0”, and vice versa. The
symbols “1” and “0” have no rela-
tion to the figures 1 and 0. The
symbol “1” may be chesen to represent
the operated state of a relay and, due to
the complementary nature of the states,
the symbol “0” must represent the
uncperated state of the relay. Alter-
natively, the “1” and “0” symbols could
be interchanged in the above statement.
Since only two states can be assigned to
a variable X, a complementary variable
X’ (sometlmes written X) can be defined
as that which has the state “1” when x
has the state “0”, and which has the
state “0” when x has the state “I”. An
example of complementary variables is
provided by the two outputs of a bistable
circuit, or, more simply, by a make
springset and a break springset on the
same relay.

2.2 Functions of Variables

There are only two fundamental func-
tions of variables in Boolean algebra.
These are the AND function and the OR
function. Using these fundamental func-
tions more complex functions of varia-
bles can be built up. These fundamental
functions are defined below for the two
possible conventicns which could be
adopted in assigning meanings to the
states “1” and “0”.

2.2.1 Convention I in which

1 = operated relay or presence of a
switching signal.

ntal Functions of Variables.

0 = unoperated relay or absence of a
switching signal.

(i) OR Function

f(A,B,C, ) =A+B4+C+
..... is an OR function of the variables
A, B, C, . and. by definition, has the
state 1 when one or more of the variables
A, B, C, . has the state 1.

A means of tabulating the states of
f (A, B) for the possible combinations
of the states of the variables A and B
is shown in Fig. 1(a). The tabulation
is called a Truth Table and each row of
the table shows a particular combination
of the states of A and B and the
resultant state of f(A,B). The relay
contacts of Fig. 1 (b) can be seen to
perform an OR function in that a circuit
path is completed when either relay A
or relay B or both are operated. In this
and in subsequent sketches, relay c.n-
tacts are shown in the ‘“‘unoperated”
condition.

(i) AND Functicn

f(A,BC...)=ABC..... is an
AND functlon of the variables A, B, C,
..... and. by definiticn, has the state
I only when all of A, B, C, . have
the state 1.

The truth table for f(A, B) = A. B
is shown in Fig. 1 (¢). The relay con-
tacts of Fig. ! (d) can be seen to
perform an AND function since a
circuit path is completed only when both
relays A and B are operated.

2.2.2 Convention II is the dual of Con-
vention I and, for this convention,
0 = operated relay or presence of a
switching signal.
i — unoperated relay or absence of a
switching signal.

(i) OR Function

A, B, C, . J=ABC....is
an OR functlon of the varlables, A, B,
C, . .. and has the state 0 when any one

or more of A, B, C . ... have the state
0
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This definition can be seen to be the
complementary statement to that of the
AND function in Convention I, and the
same truth table of Fig 1 (c) applies to
both definitions. However, Fig. 1 (b)
depicts relay contacts performing an OR
function whatever the chosen con-
vention.

(ii) AND Function

f(A,B,C,.. ) =A+ B+ C +
S 1s an AND function of the
variables A, B, C . . . . and has the
state 0 only when all of A, B, C, . . ..
have the state 0.

This is the complementary statement
to that for the OR function in Con-
vention I and the same truth table of
Fig. 1 (a) applies. Fig. 1 (d) shows the
physical realisation by means of relay
springsets of an AND function what-
ever the chosen convention.

From the above definitions, it can be
seen that a duality exists between the
two conventions from the aspect of
their representation in terms of Boolean
Algebra. However, the physical circuits
perform the same switching function no
matter what conventton is used. Hence,
in design, one or other convention should
be adhered to, the choice of a conven-
tion being made at the outset of a
design.  The manipulations of the
Boolean Algebra are the same for both
conventions because of the property of
duality between them. Thus, the same
physical realisation of the design will
result no matter what convention is
adopted. Different text books use one
or other of these conventions and it is
wise to ascertain which particular con-
vention is being used in a text being
studied. For the remainder of these
articles, Convention I will be adopted
as the basis of designating meanings to
the states 1 and 0.

In many instances, the dot operator
as in A.B is not written, this becoming
more simply AB. The dot is then
retained in positions where clarification
might be necessary. The plus symbol is
always retained.

2.3 Axioms

For want of a better word, the
following equalities are called axioms.
They would perhaps be better called
fundamental theorems, or merely state-
ments of the above definitions in terms
of symbols, some of the symbols having
particular states and others variable
states. The proofs of these equalities
lies in the definitions. Further con-
sideration of these equalities can be

found in References 1 and 2. The
equalities are:—
04+0=0 00=0
0+1=1 01=090
f +1=1 Il =1 A4+A =1
A+0=A A0 =0 AA =0
A+1=1 Al =A (A =A
A+A=A AA = A
Other fundamental properties of

Boolean functions are:—

(i) Both OR and AND functions are
commutative and associative; that
i1s1—

A+B=B-+A

A. B=B A

A-+(B+C)=(A+B)+C=B-+(C+A)
=A+B

A.(B.C)=(A.B).C=B.(C.A)=ABC
The use of brackets is seen to follow
the same laws as in ordinary algebra.

(ii) Each function is distributive with
respect to the other; that is:—
A.B+A.C=A.(B+C)
(A+B).(A+C)=A(A+C)+B(A+O)
or =A.(A+B)+C.(A+B)
(=A+BC on simplific-
aticn)

e

2.4 Theorems

The axioms above form the basis of
Boolean algebra. From these axioms
stem some useful theorems which can
be used to simplify complicated func-
tions. The theorems can be simply
proved by means of truth tables. All
possible combinations of the states of
the variables in a particular theorem are
first tabulated. Then the states of the
various terms of each side of the
expression are listed for each of these
combinations. These are successively
combined to obtain the states of the
whole of each side of the expression,
and the resuiting columns for each side
of the expression in the truth table
should be identical for equality. The
more useful theorems are:

A+AB=A ... 1(a)
A(A+By=A ... 1(b)
(A+B+CH..... Y=A'B.C ... 2(a)
(ABC. ....)=A+B+C....... 2(b)
A(A’+By=AB. ... 3(a)
A+A'B=A4+B ... 3(b)
(A-+B).(B4C).(A’+C)

=(A+B).(A’+C) ..4(a)
A.B+B.C+A’C=AB+A'C

A.B.+A’B=(A’B+A.B)
(A+B) (A+B) ,
={ (A+BMA+B) |

5(b)

In the above theorems, a duality is
apparent, the equations 1(a), 2(a), 3(a)
etc., being the duals of 1(b), 2(b), 3(b)
etc., respectively. The dual expression
is obtained by replacing . with -+ and
+ with . in an expression, with due
regard for brackets. However, a dual
expression is not equal to the original
expression.

A useful method of changing the
aspect of an expression uses theorems
2(a) and 2(b). The two results shown
below are useful in altering the aspect
of an expression to fit in with the
switching functions of transistor NOR
gates. The behaviour of this type of
gate will be discussed later, the results

being presented here for completeness.
These results are:—

Y

/lB—}—CD:(A’-i-B’)’—{—-(C’—f-D’)’
={(A’+B).(C+D)I
=[{(AB)' (CD)’]

(ii)

(A+B)(C-+D)=(A’BY.(CDY
:(A’B’—*_C’D,),
=(A+B)HCH+D)T

2.5 Invalid Simplification

Generally, in switching circuit design,
Boolean expressions are to be simplified.
However, equations are sometimes met.
Division and subtraction operations do
not exist in Boolean algebra. Hence,
when dealing with equations, it is
inconsistent with Boolean algebra to
subtract a common term from both sides
of an equation or to divide both sides
by an apparently common factor. For
example,

(i) A + AB == A is correct

but we cannot subtract A from both
sides to cbtain the obviously invalid
result AB = 0

(ii) The equation below is correct
(AB® + BC + CA) . (AB
BiG =t CIAY F= (AL BIEE LE)
(A’ + BC + C'A) But invalid
division of both sides by (A’B’ 4 B’C’
+ CA’) yields the false result:
AB 4+ BC 4+ CA" = A + B + C
The error of this equation is shown in
the lack of identity of the last two
columns of the truth table of Fig. 2.
Each column represents one side of the
equation, all combinations of states of
A, B and C being considered. The
validity of the original equation can be
checked by the same truth table tabula-
tion method.

-+

2.6 The Truth Table

The truth table is a convenient means
of tabulation of the combinations of the
states of the variables and of the result-
ing functions of variables. It can be
used, as already indicated, to prove the
validity of Boolean equations. How-
ever, it is also of use in the systematic
appraisal of a switching circuit and is
the usual method of attaining the first
step in the logic design of a switching

circuit. A few remarks concerning this
aspect of a truth table will now be
made.

From the definition of the AND

function for f(A,B) using Convention
I, we can say that the truth tables of

A B c A 8 c' | as' | Bc' | ca' |aB'sBC4ca AeBeC
1 | 1 <] o o o o o | ° '

o] ] 1 ' o] C o [¢) ! 1 1

1 o | o | 1 | o 1 o o )

o o | ! 1 o o o P 1 f

1 i o o o 1 <] | o t 1

o ' o 1 o ' o ) o ' |

b © o o ' 1 1 o e} b b

° <) o ) ' 1 <) <) o [ <]
Fig. 2.—Truth Table Showing that AB’ 4 BC’ | CA’ =£ A-+B+C.
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Fig. 3.—Truth Tables for the Functions Specified.

Fig. 3(a), 3(b)
respectively:—

f (A, By = A . B

f- (A, B) = A’. B

fs (A, By = A’. B

The definitions of the complementary

variables A’ and B’ should be borne in
mind.

If we now superimpose these three
truth tables, we perform an OR func-
tion, and the resultant truth table of
Fig. 3(d), tabulates the function f(A,B)
where:—

f(A,B) = f(A,B) + f(A,B) + f:(A,B)
=A.B-+-A'B+A’B’

and 3(c) represent

In the design of a switching circuit,
the steps above are retraced in reverse.
Generally, the tabulation in the form of
the truth table is drawn up with each
row AND combination of states of the
variables considered in turn. The
required state of the output function is
then inserted for each row in turn.
From the truth table so derived it is
necessary to obtain the Boolean expres-
sion representing the required switching
function.

If, for instance, the truth table of
Fig. 3(d) was the result of considerations
of the required circuit functions, the
expression f(A,B) — AB 4+ A'B + A’B’
can be written from the table by writing
down the fundamental AND functions
of the variables A and B (and of course
A’ and B’) which give a ‘1’ state to
f(A,B), and by then combining these for
an OR function. The use of the com-
plementary variables is necessary since
an AND combination of variables, by
definition, produces an output “1” state
only when all input variables have the
“1"" state. By this means, the required
Boolean switching function can be
derived from the truth table. This
method extends to any number of
variables.

An alternative method is to use the
complement of f(A,B). In this case,
writing the complement as f'(A,B) and
using the same method as above for
f’(A,B), which necessarily follows from

f(A,B), it can be seen that
f(A,B)=— AB’ By negating (or com-
plementing) f(A,B), we obtain an

alternative (but equivalent) function for
f(A,B), as below:—

f(A,B) = [f'(A,B)I’ = (ABY

It can be readily checked that
f(A,B) + '(A,B)—=AB + A'B +
A’'B+AB =1
as required by the definition of com-
plementary variables and stated as an

“axiom”.

3. APPLICATION OF BOOLEAN
ALGEBRA TO LOGIC CIRCUIT
DESIGN

The foregoing presents the theory of
Boolean Algebra. The use of this theory
is sufficient for the design of two-state
switching circuit logic. As previously
indicated, the first step in the design is
to tabulate the possible combinations of
states of the input variables and the
required output state for each combina-
tion. This is achieved by the truth
table tabulation method. Next, from the
truth table, the Boolean expression for
the required output function is written
as indicated in the previous section. The
theory of Boolean algebra is nmow used
to simplify this expression and to group
the terms of the simplified expression in
a form best suited to the circuitry to be
used. This will become more evident
when the basic functions of various
transistor gate circuits are considered.
When AND and OR functions only are
performed by the circunitry, as in the
case of relay circuits, the simplification
of the expression is quite sufficient. But
as mentioned earlier, the use of transis-
tor NOR gates requires some changes
in the grouping of terms of the
expression.

Other methods of simplification of a
Boolean expression have been devised.
One in particular, the Karnaugh Map
method, is purely mechanical and can
reduce the labour involved if the
number of variables is small. Details
of this method can be found in Refer-
ences 2 and 3.

fn s

4. THE LOGICAL DESIGN OF
RELAY CIRCUITS

4.1 Typical Method of Design

As a typical example of the method
of the Boolean Algebra approach to
switching circuit design, a simple
example is now considered. Relays are
used as the basic circuit element. The
design of more complicated circuits
follows exactly the same lines. The
statement of the design specification
could be:—

“It is required that three relays A, B
and C should provide a circuit path for
cases when any two of the three operate
and the third is not operated, and also
when A alone operates. In other cases,
no path is to be provided.”
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Fig. 4.—Truth Table for lllustrative Example.

The truth table of Fig. 4 summarises
this specification. From this table, the
required switching function f£(A,B,C)
can be written:
f(A,B,C) = A’'BC + ABC +

ABC’ + ABC
This is now simplified using the theory
and theorems of the previous sections:
f(A,B,C) = A’BC 4 AB'C + AC’ (B+B")
= A'BC + AB'C + AC’
‘' B+B =1
—=ABC+ A (C + BC)
=A'BC+ A (C'+B)
v C+BC=C+P

This yields the relay springset con-
figuration shown in Fig. 5(a). Boolean
Algebra does not cater for change-over
springsets. However, these are easily
inserted for pairs of make and break
springsets where possible, by inspection,
??t?) this step gives the circuit of Fig.

4.2 The Use of Complements in the
Design of Relay Circuits

In the design of relay circuits, the

use of complements is sometimes

advantageous, especially if a relay is to

be controlled by the logic circuit. Three

alternative ways of controlling relay R

FIG 58

Fig. 5.—Relay Circuit—Illustrative Example.
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R

FiG. 6A SERIES CONTROL

el

FIG. 6C - COMBSINED SHUNT & SERIES CONTROL

Fig. 6.—Methods of Controlling Relay R.

are shown in Fig, 6—the first is series
control, the second is shuat control, and
the third uses a combination of both
methods.

In the case of series control of the
relay, the switching circuit function
fi(A,B,C) is determined in the usual
manner. In the shunt controlled case,
the switching circuit function f«(A,B,C)

must be the complement of that of the
series controlled case, a make springset
in series with the relay having the same
effect as a break springset shunted
across the relay. Hence we can write:—
f2(A,B,C) =11 (A,B,C)

In the case of combination series and
shunt control, it can be seen that the
relay can operate when fi(A,B,C) has

the ‘1’ state and fi.(A,B,C) has the “0”
state, i.e. when f(A,B,C) has the “1”
state. Thus, we can write:—
f:(A,B,C) = f1(A,B,C) . '«(A,B,C).

The expression for f«(A,B,C) can be
formulated by complementing that for
fi(A,B,C), or by returning to the truth
table and writing it as the OR com-
binaticn of the fundamental row AND
combinations of the variables which
produce a “0” state in fi(A,B,C). The
expressions for fi(A,B,C) and f.(A,B,C)
are best obtained by splitting £:(A,B,C)
into two parts after reducing it to an
AND combination of two partial
expressions.
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ARTICLES BY P.M.G. DEPARTMENT STAFF APPEARING
IN OTHER JOURNALS

“Aluminium Sheathing for Underground
Cable”* by D. P. Bradley, B.Sc. B.Com.,
AM.LE.Aust.

A comparison is made of the relative
properties of aluminium and lead in re-
lation to the requirements of cable
sheathing. Installation, maintenance and
economic aspects of aluminium sheath-
ing are discussed. Some details are given
of manufacturing processes and of the

extent to which aluminium sheathing has
been accepted by cable-using authorities.
The paper is written primarily from the
point of view of a telephone cable user.

Aspects discussed include the problem
of shielding cable circuits from electrical
interference due to electromagnetic
coupling with power transmission cir-
cuits, properties required in the sheath-
ing to allow safe and economical

handling and installation of cable includ-
ing problems associated with installation
of long lengths of cable in conduits, and
precautions necessary to protect alu-
minium sheathing from corrosion.

*This is an abstract of an article which
appeared in the January, 1962 Journal of the
Institution of Engineers, Australia.
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AN OUTLINE OF OPERATIONS RESEARCH

E. B. HANDS, B.E.

Reprinted from The B.H.P. Technical Bulletin, No. 10, April, 1961

Editor’s Note: This article on “Opera-
tions Research” is reprinted as it is an
excellent and practical introduction to
this subject. It is interesting to note
that “Operations Research” is an old
established technique in the telephone
field and was in use long before the
term was coined. For example a trunk-
ing study in an automatic telephone
exchange is a typical ‘“Operations
Research” project. Operations Research
has also drawn heavily on telephone
traffic theory for its techniques.

INTROGDUCTION

Operations research, an activily of
great importance to industrial manage-
ment, was born during World War II
as an aid to military planning. The
philosophy of the subject has been
readily accepted by managers since the
war in most countries of the world, in
particular Britain and America. Deve-
lopment in Australia is currently taking
place. An understanding of the broad
concepts, definitions and limitations of
the subject is required for its wise appli-
cation in any company.

DEFINITION OF OPERATIONS
RESEARCH

Many attempts have been made to
define Operations Research, but to date
no definition or specification has been
proposed that is entirely satisfactory
and acceptable to Operations Research
practitioners. It is clear that it is con-
cerned with certain aspects of decision
making and is generally concerned with
determining optimum solutions to mana-
gerial problems.

Before a definition is given, it will
be as well to indicate what Operations
Research is not.

(1) O.R. cannot and will not replace
management  decision-making. It s
intimately concerned with management
type problems, and the investigator must
look at any particular problem from
the same overall point of view as man-
agement. His task is only to assess the
possible courses of action open to man-
agement in a situation and to compute
the resulting outcome of pursuing cer-
tain decisions. Management must ulti-
mately make the decision to follow a
particular course of action. O.R. then
deals with the quantitative aspects of
management decisions.

(2) The O.R. department is not an
efficiency group concerned with making
people work harder. It is vitally inter-
ested in the effective use of all resources
and usually bases computation on well-
established plant data.

(3) O.R. is not work study or indus-
trial engineering. Industrial engineering
uses scientific methods for determining
facts and it is true that O.R. uses these
same methods and arrives at the same
facts. However, the way the facts are
handled by the two philosophies differs
somewhat. Industrial engineering gener-
ally investigates the details of opera-
tions, and in the main, bases new

methods on intuitive or obvious im-
provements in individual operations.
O.R. generally considers the broad com-
plex of operations and fits the opera-
tion of a system together as an inte-
grated whole.

It is very difficult to draw the line
between the two functions, but it would
seem obvious that they should be co-
ordinated in some way. O.R. generally
uses more sophisticated techniques than
industrial engineering in analysing prob-
lems and should therefore be concen-
trated on a different type of problem.

(4) When a study is made of the
literature of O.R. a great deal of mathe-
matics, statistics and probability theory
will be encountered. Such a finding
may lead one to feel that O.R. is only
another form of applied mathematics,
but this is not so. Certainly these
methods are used and predominate in
the techniques of the subject, but they
do not correctly define the subject.

Having said something about what
O.R. is not, a definition given by Pro-
fessor Kendall in his presidential address
to the Operational Research Society,
1958, will now have some background
for its clarification. He said: “Opera-
tional research may be regarded as a
branch of philosophy, as an attitude of
mind towards the relation of man and
environment, and as a body of methods
for the solution of problems which arise
in that relationship.”

This definition is not very restrictive,
nor are any definitions of the subject.
Stafford Beer' has pointed out that O.R.
is not “a” science; it is “science”. From
this view, it is not restricted to the
study of any specific problem, but it
can investigate all problems. The really
fundamental technique is  scientific
method, a philosophy applicable {o any
branch cof science.

Scientific method 1s a pattern of
investigation for problems of any kind.
Six steps are usually involved as fol-
lows:—

(1) Formulation of the problem.

(2) Construction of a model (usually
mathematical) to represent the sys-
tem under study.

(3) Deriving a  solution
model.

(4) Testing the model and the solution
derived from it.

(5) Establishing controls over the solu-
tion.

(6) Putting the solution to work.

Each of these steps is obvious in an
O.R. investigation.

The industrial application of O.R.
has been mainly in the field of manage-
ment decision-making, not because poor
decisions are made at this level by any
means, but because most decisions are
either very far-reaching or can be
department wide or company wide or
are based on probabilistic occurrences
or pay-offs. All of these reasons gener-
ally imply that a quantitative assessment
of the optimum solution will be of real
value in yielding:

from the

(1) Reduced operating costs.

(2) Greater output, either from a unit

or the plant.

(3) Higher productivity.

To achieve these ends, scientific
method is used. In the formation of
models, however, it has been found that
certain standard methods occur fre-
quently enough to warrant special men-
tion. It is most important to realise
that a specific technique cannot be
selected by a cursory classification of a
problem, but can only be adequately
formulated after a thorough preliminary
investigation.

STATISTICAL METHODS

Most problems involve statistics or
probability theory to a considerable
extent. It is essential therefore that all
practitioners of the subject have at least
a practical working knowledge of statis-
tics.

Statistical methods are most useful in
the second stage of the scientific
approach, i.e.,, during model construc-
tion. These methods allow relationships
between the relevant variables to be
determined, as well as giving indication
of the most important variables.

INTRODUCTION TO THE MODELS
OF

Because of the recurrence of several
problems of similar type in the field that
has been investigated by O.R. since
1945, certain mathematical techniques
have been developed that are nowadays
quite standard approaches. These are:

(1) Linear programming.

(2) Queueing theory.

(3) Inventory theory.

(4) Monte Carlo methods.

(5) Game and decision theory.

Each of these techniques will be dealt
with in turn below.

LINEAR PROGRAMMING

This technique of operations research
has certainly received the greatest atten-
tion of any of the O.R. techniques, so
much so that it has often been taken as
synonymous with O.R. itself. I would
like to quote a leading British indus-
trialist’s introduction of Mr. Stafford
Beer when he was about to present a
paper on linear programming, “Mr. Beer
will give a lecture on linear program-
ming, or, as it is sometimes called,
operations research.” It is not difficult
to appreciate how such a conception
was born, but it must be realised that
linear programming is purely a tech-
nique, a very useful one nevertheless,
of operations research.

Linear programming has achieved
some quite outstanding increases in pro-
fit or level of manufacture or has yielded
equally significant reductions in manu-
facturing or operating costs. A figure
of 25% may be expecled in most situa-
tions.

Three Dbasic linear programming
models have been established.
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(1) Activity analysis.

(2) Transportation.

(3) Diet.

Each of these models has a slightly
different form for the mathematical
expressions established while the trans-
portation model, because of the unique-
ness of the equation form, may be
solved by a comparatively simple pro-
cedure.

The aim in all linear programming
problems is to determine the optimum
or best way of allocating fixed and
limited facilities and resources to a
given demand pattern in such a way
that some given objective is maximised
or minimised as the case may be.

To explain this statement a little more
clearly a simple example will be given.

A company selling to the automobile
spare parts trade manufactures two
standard components. The production
schedule for the next three months has
to be prepared and the following
information has been provided.

The standard operation times (hours)
per component are shown in Table I

The aim then is to determine the
optimum manufacturing schedule for
the next three months with the manu-
facturing capacities as indicated as well
as to determine which of the four
operations would be the most profitable
to increase in capacity.

A two dimensional graphical solution
may be used in this particular problem
because there are only two elements,
P, and P. under study (in the general
case, there are n elements requiring an
n dimensional space representation).

Fig. 1 presents the graphical solution,
details of which follow. The ordinate
represents the number of units of P,
that can be manufactured while the
abscissa represents the number of units
of P.. The restriction lines are placed
in the following manner.

If the turning capacity is completely
used up in producing component P.
then 1540/0.1 = 15,400
units of P, will be produced, i.e., point
“a” is at 15,400. If P. is manufactured
only, then 1540/0.04 — 38.500 units will

: _ TABLEIT 3
STANDARD OPERATION TIMES =)
L ~ Hours o =L
Sk L2l :
- Inspection
Component Turning Grinding Assembly & Testing
P, | 0.10 0.03 0.30 0.08
0.08

P 0.04

The hours available in each section
are:

Turning 1,540
Grinding 420
Assembly 2,960
Inspection ... .. 1,120

The contributions to profit and over-
head of these two components are five-
pence and fourpence respectively, and
it is expected that all the components
manufactured by the plant will be sold

0.01

0.20

be made, i.e., point “b” is at 38,500. The
co-ordinates of any point on the line
a-b will indicate the numbers of P, and
P., that together will use the turning
capacity completely. Then any point
lying in the area bounded by the axes
and the turning restriction will give
combinations of P: and P. that will
either take part or all of the turning
capacity available.

In a similar way, the lines c-d, e-f,

yielding these contributions to profit  g-h may be constructed as the grinding
and overhead. restriction, assembly restriction and
e}
|5,ooo\ - - - -
c\
12500 [ —
10,000
v
< 7500
<
&
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Fig. 1.—Graphical Solution for P1 and P2, showing the Four Restriction Lines.

inspection restriction lines respectively.

It will be seen that the area ohse will
contain all the possible combinations of
P. and P, that may be manufactured
without overloading any of the facili-
ties.

The optimum solution must be deter-
mined as the next step. This may be
done by plotting the iso-revenue line,
the line of equal profit return, m-n, and
moving this line away from the origin
so that all lines are parallel until the
limit of the area of the feasible solution
has been reached. The slope may be
determined in the following way. If a
profit of 40,000d. was to be made by
all P, items then 8,000 would have to
be sold. If the same profit had to be
made by selling all P. items, then 10,000
would have to be sold. In this way the
points m and n may be determined
respectively. Moving the iso-revenue
line away from the origin, it is found
that the point s yields the optimum
combination, i.e., 1,600 units of item P,
and 12,400 units of item P..

The total profit would be 1,600 x 5
+ 12,400 x 4 == 57,600d. This is the
maximum profit that can be made under
the given operating conditions.

The inspection restriction would be
the most profitable to increase because
the slope of that restriction line is
nearest to the slope of the iso-revenue
line.

It will be noted that existing manu-
facturing times, costs, etc., are accepted
as a basis for these computations. It
would be possible by a detailed study
of all operating times to bring about
further economies. Once the detailed
study has been completed, the linear
programming model will allow the over-
all system to be studied and optimised.

Two major steel works problems that
could be studied by this method are:

(1) The allocation of sales orders to
rolling mills considering mill capa-
cities, operating costs and the
shipment of the finished product.

(2) A balancing of all operating unit
capacilies in an integrated iron
and steel works.

QUEUEING THEORY

Queueing Theory, as the name implies,
deals with situations in which queues
are formed. Simple every-day illustra-
tions come readily to mind, e.g., queue-
ing for buses, at counters in shops, at
a telephone booth.

On the steel plant there are many
problems of a similar nature, e.g., ingots
in a soaking pit before the bloom mill,
lorries going over a weighbridge, siding
capacities to hold all incoming rail
vehicles till plant conditions allow their
unloading, charging of open hearth
furnaces, collecting materials from store,
etc.

In most queueing problems either of
two situations exist. In the simple case
where there is one server and one queue,
then the server may be serving or not,
or alternatively, there may be a qucue
of some finite length or none. There
are costs associated with all these con-
ditions and these costs have to be bal-
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Fig. 2.—Single Service Station with Finite Queue.

anced to secure the best operating con-
ditions; that is, in the general case, it
is not economical to have the server
working 100% of the time with a queue
of some finite length always existing
while on the other hand excessive idle
time of the server has a cost associated
with it also. The determination of the
probabilities associated with server load-
ing and queue length is dealt with by
the mathematics of queue theory. Cost-
ing of the various alternatives is a stan-
dard procedure and in general the final
computation is not difficult. The prob-
lem of costing lies in the determination
of idle time and working costs.

Fig. 2 illustrates a queue of finite
length before a single service station.

Practical queueing problems are
generally complex because there may
be several servers working in parallel
(Fig. 3) (e.g., soaking pits feeding the
bloom mill), several units operating in
series (e.g., bloom mill, rail mill, con-
tinuous mill), priority queueing (e.g.,
heats being moved out of their chrono-
logical sequence while waiting to be
stripped and charged to the soaking
pits), or a combination of all these
factors in any given situation. Gener-
ally, the expressions for the probability
of -finding a unit of the system in a
given state (working, not working or
delayed) can be established, forming a
large set of simultaneous equations that

generally require the services of an elec-
tronic computer for solution.

Thus, any situation where congestion
may arise due to converging service
lines (e.g., a road bridge like the Sydney
Harbour Bridge) or sequential type
operation is performed in which pro-
duction flow will depend on some opera-
tions performed in some units, followed
by transport and temporary delay before
the succeeding operation, can be ana-
lysed wusing queueing theory. The
elements of the operation that have
most effect on congestion can be deter-
mined in this way and steps taken to
achieve a better balance of performance.
Economic levels of performance may
also be determined.

Certain types of maintenance pro-
grammes may be analysed in exactly
the same manner. For example, when
a bank of similar machines, say a fleet
of locomotives, has to be maintained,
the decision about the number of main-
tenance men to carry out this service
task is generally based on past experi-
ence and some tentative assessment of
delays that may be incurred if all main-
tenance men are occupied at the time
of another breakdown. The usual
criterion in such situations is that the
machinery requiring service should not
be delayed at all because high costs are
usually involved. However, a cost
analysis will always indicate that some

OVERFLOW
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M

Fig. 3.—Service Station with Multiple Servers in Parallel.

balance between expected delays to
machinery and expected idle time of
maintenance men may be achieved.

INVENTORY

The control of stocks of all kinds is
a major economic problem for all com-
panies. The money involved in the
purchase of stock materials, in holding
these stocks in warehouses for long
periods and all the other costs incurred
in the stock problem, has caused some
companies to go out of business, while
others have faced grave economic diffi-
culties for long periods.

For a plant such as the Newcastle
Steel Works the stock problem may be

subdivided into several well-defined
groups:
(1) Stores Stock — those items pur-

chased from outside suppliers that
can be used in a general way for
maintenance and construction.

(2) Spares — those items, either sup-
plied by outside manufacturers or
from the Company’s own service
departments, for specific machine
replacements.

(3) Raw Material or Between Process
Stock — that material required to
be fed into a process for the
manufacture of some desirable
finished product.

(4) Finished Goods Stocks — those
items produced by the Company
as saleable product.

The mathematical models of inventory
theory can be used in any of the above
situations where the necessary condi-
tions apply by a redefinition of certain
terms in the expression.

For example, the simplest mathe-
matical model that can be formulated
is that for determining the optimum
re-order quantity, g,, namely:

o 2r C,
9, —
. Cl .
where g, =— optimum re-order quantity
r = rate of use

C,= cost of initiating the pur-
chasing procedure

Ci1== cost of storing one unit for
unit time.

This definition would apply to the
stores situation where an item would
be purchased from some outside manu-
facturer.

The same formula, with the terms
redefined, may be used for the deter-
mination of optimum run—size in a
mass production situation where

q, = optimum batch size to be
manufactured

r = sale rate

C,= cost of setting up the pro-
duction run

C: = cost of storing one unit for
unit time.

It will be seen that, even though these
two problems are distinctly different in
certain regards, namely, one is con-
cerned with purchasing a quantity of an
item while the other is concerned with
the manufacture of an item, there are
fundamental similarities from the mathe-
matical point of view that allow the
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analytical structure of the problem to w
be understood readily. 73 300,000
The inventory situation to which the 9
above equation applies may be repre-
sented diagrammatically by Fig. 4. &
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Fig. 4.—Simple Inventory Situation.
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Once the optimum re-order quantity
has been determined, the time period
between orders may be determined
readily as:

9,
o=

r

It is assumed that the rate of con-
sumption is uniform over the period
and from period to period. It is also
assumed that immediately the stock has
been depleted an order is placed and
a delivery is effected. These assump-
tions apply in only a few practical
inventory problems.

Because of the practical problems
that may be faced in the industrial
situation, e.g., a lead time for orders in
which a random variation occurs, varia-
tions in the demand rate even though
the average demand over a long time
may remain unchanged, seasonal trends
in demand, price variations and changes
in interests or depreciation policy, etc.,
various models have been developed
ranging widely in complexity. These
will not be set out in this paper, but
can be found in several standard texts
(Churchman, Ackoff and Arnoff*, Morse®,
Whitin*, Arrow, Karlin and Scarf®,
Sasieni, Yaspan and Friedman®).

It is interesting to note, however, the
way in which random variations in
demand and lead time can be taken into
account by safety allowances (ref. Fig.
5).
The safety allowance is determined
by computing the probability of run-
ning out of stock together with the cost
involved in being out. A balance will
be determined which will give some

|
VARIATIONS IN LEAD TIME —=

Fig. 6.~—Total Annual Inventory Costs versus Chances of being Out of Stock.

chance of being out of stock. Whitin*
has demonstrated clearly in an example
how total annual inventory costs are
directly affected by the chances of being
out of stock. The graph of this situa-
tion is shown in Fig. 6

In an inventory situation such as the
one that has been discussed above, the
optimum re-order quantity may be
determined by use of the simple formula

C

5
q, = 2r mentioned earlier,
C
taking r as the average consumption
rate, and the safety allowance may be
determined by studying the probabilities
of being out of stock by either of the
two causes, variations in demand or
variations in lead time.

In examples quoted in the literature,
savings in annual inventory costs have
been approximately 25%, and it is
hoped that similar savings will be made
when the Company’s stores inventory
has been investigated.

MONTE CARLO METHODS

It is sometimes useful to simulate a
complex situation that presents difficul-
ties in the construction of mathematical
models. Monte Carlo methods provide
a good opportunity for the investiga-
tion of such systems.

The first step in carrying out a Monte
Carlo study is to determine the logic of
the system, all the operating rules asso-
ciated with handling and flow and the
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Fig. 5.—Inventory Situation with Safety Allowances.

basic data, usually in the form of fre-
quency distributions.

This first step in the analysis is the
most important as all the succeeding
experimentation depends on the informa-
tion determined at this stage. Once all
the information has been gathered and
thoroughly checked, experimentation
may commence.

The experiment, or more correctly,
series of experiments, will be carried
out either manually (very time-consum-
ing and generally inaccurate in most
large systems) or by automatic com-
puters.

Generally, the first experiment is
designed to check the logic, operating
rules and data and should yield results
that are comparable with the physical
system under study. The next step is
generally to modify operating rules, or
to change data, (such changes as may be
made by the introduction of new equip-
ment) and re-work the Monte Carlo
model under new conditions for a period
long enough to demonstrate the results
of the change. Re-working of the model
must be carried out as each group of
changes is considered. This method has
been wused to investigate the conse-
quences of adding new equipment to
melting shops and of changing operat-
ing rules for the shops. The method
has been used at the Newcastle Works
to study the operation of the narrow
gauge ingot system transferring ingots
between the open hearth and the soak-
ing pits and also to investigate the
operations of ship unloading, ore screen-
ing, sinter plant operation, blast furnace
operation and dumping station opera-
tions.

The real advantage of the method is
that, in a complex system, the conse-
quences of changes in operating rules
can be investigated before the rule is
put into effect in the plant situation.
The effect on the overall system per-
formance can be studied in detail on
paper and any side effects may be modi-
fied accordingly.

GAME THEORY

All the models or techniques which
have been discussed so far have neg-
lected features which arise from com-
petition. Competition manifests itself
in problems where the effectiveness of
decisions by one party is dependent on
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decisions by another. There are two
main types of competitive problem—
games and bidding. Everyone is inter-
ested in games and in learning how to
win without actually cheating. For this
reason the theory has received consider-
able attention. However, the intent of
game theory is serious and its develop-
ment is directed toward yielding a better
understanding of competitive economic
behaviour.

Not many practical examples can be
mentiored here as its application is rela-
tively difficult. Advertising campaigns
and price wars have been two topics
considered. It has been applied to a
situaticn where samples of a company’s
product have been taken and analysed
by both the buyer and the seller and
as a result of the analyses, the price was
determined. Bidding models have been
applied to situations where there are
only a few firms in an industry, all of

which operate on a contract basis. The
problem is to determine the best quote
for any contract taking into account the
competitors’ possible action.

The theory has also been applied to
war problems. Haywood® described two
situations, the Rabaul-Lae convoy and
the Avranches Gap situation of the
1939-45 war, where the aim was to
determine the best course of action to

adopt, no matter what the enemy did."

CONCLUSION

The mathematical methods of opera-
tions research are techniques which
make the mathematics of model forma-
tion easier. The basic philosophy of
O.R. presented here is the most tmport-
ant feature of the science and has
yielded, and will continue to yield
valuable information to assist manage-
ment decision-making.
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TECHNICAL NEWS ITEM

DEVELOPMENT OF THE TELE-
PRINTER EXCHANGE NETWORK

The Australian teleprinter exchange
service (telex) has expanded rapidly in
recent years. At 30th June, 1961,
989 subscribers were connected, an in-
crease of 44% over the previous year.
During the same period, traffic handled
through the service increased by 42%.

A new model page teleprinter mach-
ine was chosen by the Australian Post
Office in 1959 to cater for the increas-
ing popularity of the telex service.
World-wide tenders were sought and
after a complete study of the tenders
received, and after confirmatory tests
had been performed, the Model 100
page teleprinter of European manu-
facture was chosen. The basis of this
selection took account of the good opera-
tional facilities and pleasing, modern
appearance of the machine, and its good
economy arising from a reasonable
capital cost, reliable performance, and
low maintenance requirements.

The technical staff were trained in the
functioning and maintenance of the new
machines and installation proceeded as
supplies became available. By the end
of December 1961, 731 of the new type
machines were in operation on telex ser-
vices, and the Department plans to con-
vert the remaining telex subscribers ser-
vices to this machine by the end of 1962,
in addition to providing it on all new
services. Af first the new machines were
fully imported but assembly is now car-
ried out in a Melbourne factory estab-
lished especially for this purpose.

The Model 100 Page Printer Machine
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800 LINE CORDLESS PA.B.X.

INTRODUCTION

This article is a description of an 800
line P.A.B.X. equipped with double
cordiess manual positions with key
senders, and providing full recall
availability from incoming junctions.
The first installation of this type,
‘equipped to 600 lines, has been installed
at the G.P.O., Perth. Conventional
automatic switching equipment is used
and comprises—

(a) Local and incoming group selectors.
(b) Composite racks of final selectors
and uniselectors.

Three digit dialling is used on exten-
sion to extension calls whilst calls ‘in
dialled’ onto incoming 4th selectors have
the last three digits dialled on P.A.B.X.
equipment. Hence levels 1-8 are
commen to the local and incoming
selectors and trunk to the final selector
stages as shown in Fig. I. Level ‘9
from local selectors is the information
level 10 the switchboard, and level ‘0’
provides access to outgoing relay sets.
From the incoming group selectors, level
‘0’ connects to the manual position line-
finder start and marking equipment.

MANUAL POSITIONS

General. The system used is basically
a linefinder, using allotters with uni-
selector linefinders to search for the
incoming junctions at a relay switching
stage prior to the incoming group
selector. The selector, after providing
the linefinder start and mark on level
‘0 is released for re-use by the
telephonist, so obviating the need for an
additional switching stage.

Facilities: The facilities provided in-
clude the interception of incoming calls,
and of recalls from extensions, at the
incoming selector stage by manual posi-
ticn finder equipment. Automatic release
of the group selector from level ‘O’
and telephonist release of the group
selector on recalls, permit their re-use
to establish the call. The equipment
used in an established call is individual
to each junction, and common equip-
ment used in finding and setting up the
connection is released with a minimum
holding time. The calls established
thiough the telephonist revert to the
same condition as a directly ‘in dialled’
call. The number of calls that can be
routed through the manual position is
governed only by the speed of answering
and the number of junctions available.

Calls and recalls appear on their
respective lamps with a flashing signal,
changing to a steady glow for super-
vision when the telephonist answers.
The supervision signal is extinguished
and the finder equipment released when
the called extension answers. The calls
are allotted to alternate manual positions
to provide a balanced call rate to each
position.  For maximum speed of
answering and minimum holding time
of the finder equipment, the linefinders
are released when the called extension
answers, a recall being necessary if the
call has to be re-directed. However, to

#* See page 350.
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Fig. 1.—P.A.B.X. Trunking.

meet the condition where all phones are
not equipped with recall facilities, the
telephonist can be made to control the
release.

Recalls are available for any incom-
ing call terminating on an extension
phone equipped with an earthing but-
ton, irrespective of whether the call
was initiated through the telephonist or
dialled directly.

The manual positions are provided

enables the called number to be quickly
marked and sent, without a dial key or
‘call for sender’ key  operation.
Sending commences after the release of
the key on the hundreds digit, three
digits only being necessary to establish
the call. The sender will wait for the
telephonist to complete the called
number if it overtakes the marking
sequence, and when sending is com-
pleted, clears itself from the dialling

with ‘position busy’ facilities to enable  circuit.  Alternative manual dialling
single board operation in light traffic or ~ with a dial key operation 1s also
for maintenance purposes. available. !
A key sender is provided which An information service is available
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Fig. 2.—Finder Equipment Block Schematic.
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rrom level ‘9" on the local group
selectors.

Equipment Associated with Manual
Position Functions. The incoming

selectors are equipped with NPA level
springs operating on level ‘0’. This
enables discrimination to be made
between incoming calls and recalls to
the switchboard, by the marking circuit
described in the circuit description.
Associated with the incoming junctions
are ‘G’ relays mounted on vertical
mounting strips on the miscellaneous
rack. These are a switching point ahead
of the group selector, enabling the
manual position equipment to control
and release the incoming selectors, and
so obviating the need for an additional
stage of switches to extend the call
Two shelves totalling 20 group selectors
comprise a finder group, four such
groups being provided for a total of 80
incoming group selectors. A block
schematic diagram of the finder equip-
ment is shown in Fig. 2.

Linefinder groups consist of allotters
and eight bank 25 outlet uniselectors as
linefinders, 20 outlets being associated
with the group selectors from a two shelf
grading group. Six finders per group
are shared between two manual
positions, calls being allotted alternately
to finders from each position. Line-
finder start and marking from each
group is from ‘L’ relays trunking from
outlets off level ‘0’ on each pair of
shelves. Five outlets per group are
provided for an additional call holding
store if all linefinders are busy, the calls
being held on the ‘L’ relays and the
group selector on level ‘0’ until a finder
becomes free to find and release them.

The final selectors are equipped with
a differentially wound relay of 15 ohms
+ 15 obms in series with the ‘D’ relay
supplying battery to the extension
phone. This relay provides the recall
facility by operating to an unbalanced
line condition caused by earthing one
wire with an earthing type recall button
at the extension phone. Some
re-arrangement of the final selector
would accommodate the additional relay
in the switch, but a convenient method
is to strip mount the relays on the
miscellaneous rack and connect them

with cable to ‘U’ jacks on the final selec- .

tor. This was done in this case, the
mounting being shown on Fig. 3. An-
other modification to the final selectors
is that the normal holding earth to the
private from the spring J4 (SE50 switch)
is removed, the switch now relying on
the metal rectifier earth, MRI. This is to
permit the use of positive marking bat-
tery on the private for the recall facility.

Key sender equipment for each posi-
tion comprises a single set of 10 digit
numbering keys connected to a 3 digit
stere relay set and an impuise-train gen-
erator relay set using a magnetic count-
ing relay. The digit keys can be seen on
the right hand side of Fig. 4.

MANUAL POSITION—CIRCUIT
DESCRIPTION
In Dialling. There are no special
relay functions for calls originating out-
side the PABX group and ‘in dialled’
directly to extensions. The call pro-
gresses through G2 and G4 released to

the incoming selector and through to the
final selector in the normal manner as
shown in Fig. 5.

Access to Switchboard via Level ‘O’
The group selector dialled to level ‘O’
switches to an ‘L’ relay, which operates,
and at L2 connects positive battery to
the private for marking and holding the
group selector. L1 operates relay C and
C2 operates relay CA. At CA3 relay CA
locks itself to the L1 earth and discon-
nects the operate earth to relay C. After
a delay due to the armature end slug,
refay C releases, and at C1 a finder start
earth is extended through CA4, CH3,
allotter bank 4 to operate relay S.F. of
the allotted finder. The delay provided
by relay C is necessary to cover the time
required for relay ‘B’ in the group se-
lector to release after switching. This
interval prevents the finder from hunting
unnecessarily for the marked private,
which would not be available due to an
earth at B3 in the group selector.

GROUP SELECTOR
CONTROL RELAYS
AND RECALL RELAYS

PR
LINEFINDER AND ALLOT
UNISELECTORS FOR
GROUP THREE AND FOUR

LINEFINDER AND ALLOTTE
ONISELECTORS FOR
GROUP ONE AND TWO
T T AT, W

CONTROLAND TE
RELAYS FOR GROUP
ONE AND TWO

Barth is extended from E1, Key KCA2,
bank 2 of either allotter No. 1 or No. 2
depending on position of KCA, B2 nor-
mal, SF4, interrupter contacts, linefinder
uniselector to battery, so starting the
drive. SF2 and SF3 have no function
at this stage and SF5 applies earth to
‘a’ of relay ‘B’, but B cannot operate be-
cause of the earth from E1 via allotter
bank 2 which is at ‘e’ of relay B. The
testing circuit is from earth, MR1, ‘E’
relay, Key KCA3, Allotter bank 3, SF1
operated, linefinder bank 3 to positive
battery of the marked group selector.
Relay E operates to the positive battery
and at El cuts the drive to the uniselec-
tor, and extends earth to the U jack 14
shelf common. The latter condition has
no effect at this stage as level spring
NPA has operated and opened the cir-
cuit.

Removal of earth from ‘e’ of relay B,
permits this relay to operate from the
SF3 earth to the uniselector battery. Bl

gy
L R T

Fig. 3.—Miscellaneous Relay Set Rack.



June, 1962

THE TELECOMMUNICATION JOURNAL OF AUSTRALIA

Page 341

prepares an alternative holding circuit
for relay B upon the subsequent release
of SF. B2 prepares the allotter step on
and finder busy condition upon the re-
lease of E. B3 operates relay G from
earth at RCI through linefinder bank 4.
Relay G locks itself via G1, linefinder
bank 3, B4 operated to earth via BA4,
which will be operated from B6. G2 and
G4 switch the line into the group selec-
tor to an open circuit at D1 and D3,
releasing the ‘L’ relay and subsequently
releasing the group selector which is left
ready for re-use by the telephonist.

B5 has no function at this stage. B7
connects flicker earth via DAS, RC3 to
the call lamp and battery at the manual
position. B8 removes a holding earth
from the CH relay which, when all
finders are busy, will release bringing
up the call waiting lamp on the next in-
coming call, and connecting ring tone
onto the ‘L’ relays to provide a call store
until finders became free. At CH1 the
allotter step on circuit is opened to pre-
vent allotter drive during this period.

Relay BA has operated and at BAI
and BA3 switches the incoming call onto
the A relay which operates to the calling
loop. A1l connects ring tone. A3 ope-
rates the test jack lamp. AS operates the
night alarm. A2 operates relay AA, this
being a relief relay which will hold
when relay A flicks upon a reversal be-
ing applied at D2 and D4, so preventing
a false release of the linefinder relay set.
AAl provides an alternative earth to
hold relay ‘B’ operated when relay SF
releases. AA2 prepares an operate cir-
cuit for relay DA.

With the release of relay E, earth is
extended via B2 to the allotter drive
stepping the allotter onto the next vacant
linefinder. The start earth is disconnected
when the ‘L’ relay releases releasing CA,

Fi?. 4.—Manual Position.
eft hand side of position.
position.

unless another level ‘O’ call is waiting,
in which case CA will be held, and the
start earth will be applied to the new
finder, operating the SF relay for an-
other search.

The telephonist answers after operat-
ing key KA. KA1 and KA4 connect the
telephonist across the line via relay con-
tacts TRI and TR3. KA2 provides speech
battery for the telephonist. KAS operates
DA from earth via TR2, AA2 to ‘a’ of
DA, and DA locks itself at DA1. DA2
disconnects the ring tone. DA3 discon-
nects the night alarm. DA4 operates
relay D. DAS changes the call flicker
earth to supervision steady earth for the
changed condition of the call lamp. D2
and D4 operating provide a reversal for
supervision and metering. D1 and D3
switch the dialling loop to the group
selector in preparation for sending.

After speaking to the calling party, the
telephonist keys the first digit to be
dialled on the key sender (Fig. 6)
(WD2011, Sheet 7). An AX, BX, CX or
DX relay operating connects earth from
CO6 to KA3, which is operated, and
on to operate the DR relay of the line-
finder in use. Relay DR locks itself via
DR1 to COB3 earth. DR2 and DR4
transfer the group selector to the sender
dialling common, and the selector re-
ceives the first digit impulses from PA2
upon the release of the first digit key.
The second and third digits are likewise
sent, and when relay COB operates at
the completion of the third digit, relay
DR is released due to the original oper-
ating earth at CO6 and the holding earth
at COB3 being disconnected. The calling
circuit reverts back to the telephonist’s
holding loop through the ‘E’ and ‘F’ re-
lays, and tone and speech for the initial
connection pass through the linefinder
relay set via condensers Cl and C2. Re-

Speak, release, dial keys and associated call and recall lamps ot
Sender keys and other miscellaneous keys at right hand side of

lay F operates on reversal from the final
selector when the called subscriber
answers, and at F2 releases the ‘B’ relay
so releasing the linefinder relay set. Re-
lay ‘G’ is released at B4 and the call
reverts to the ‘in dialled’ condition. By
suitable strapping on the keyshelf, the
telephonist may be made to control the
release by operation of the release key
KXR in lieu of the ‘F’ relay release.

Access to Switchboard on Recall. An
incoming call established to a telephone
equipped with an earthing button for
recall, can be switched as a recall to the
switchboard for re-routing. The RC re-
lay associated with the final selector is
differentially wound and with a normal
loop will not operate, but an earth
applied at the telephone unbalances the
windings allowing relay RC to operate.
(Fig. 5) RC1 applies positive battery via
relay RCA to the private wire of the
final selector where the original holding
earth is through a metal rectifier. The
rectifier has a blocking resistance to the
positive battery allowing it to become
the testing battery for the line finder at
bank 3. Contact RC2 in the final selector
recall starts all finder groups from earth
at RC2, RCA4, MR (1, 2, 3 and 4), CH3
allotter bank 4 to relay SF of the line
finders. Linefinder start, relay E testing,
and finder switching operate as described
above, excepting at the point of relay E
operating to the testing battery. El1
extends the earth to U jack 14 common
of the group selector shelf and NPA be-
ing normal, as the selector is on a level
one to eight, applies the earth to G3,
linefinder bank 2, SF3 operated, RC2
to ‘a’ of relays RC and D. These operate
and are locked up to the BS earth by
RC2.

RC1 disconnects the earth from the
operate circuit of relay ‘G’.

RC3 changes the flicker earth to the
recall lamp.

D2 and D4 provide the correct line
polarity to parallel the finder ‘A’ relay
to the final selector ‘A’ relay which is
on reversal. The finder ‘A’ relay operates
to the calling loop and provides similar
functions, as for the previous description
of the incoming call.

D1 and D3 have no function at this
stage as relay ‘G’ has not operated.

Earth applied from BA4, B4, line-
finder bank 3, Gl normal, B3 of the
group selector, private wire to the final
selector, contact RCI, to ‘a’ of relay
RCA, operates this relay which at RCA4
disconnects the start from all groups.
Release of relay RC will release RCA
and any further operation of the racall
button will operate RCA preventing fur-
ther starts being applied from the found
recall. Additional RCA springsets pro-
vide a nine second delay alarm to indi-
cate a recall permanent earth from an
extension with a fault condition, while
a final selector is on that number.

The telephonist answers after operat-
ing KA. Operation is similar to previous
description, excepting that relay D is
already operated by the recall condition.
Telephonist speaks to both parties via
linefinder banks 7 and 8, finds out the
new number required and operates
extension release key KR. Earth from
KR2 is extended to RCI1 operated, B3
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operated, linefinder bank 4 to operate
relay G. G2 and G4 switch the final
selector circuit through linefinder banks
5 and 6 to an open circuit at KRI
which releases the selectors. Release of
KR restores the dialling circuit to a
similar condition as for the incoming
call and subsequent linefinder release is
also similar.

Function of TR Relay (Call Trap-
ping). Clearing of the finder equipment
also takes place if the calling party hangs
up, as relays A and AA in releasing open
the relay B holding circuit at AA1. Sub-
sequent follow on calls could then be
found by the released finder, and relay
TR is provided to prevent the call being
instantly switched to an answered con-
dition if the answer key is still operated
from the previous call. When relay SF
operates to the new start, relay TR ope-
rates from the operated answer key KAS
tocking itself up and preventing relay
DA from operating to the new call. The
flicker lamp calling indication is retained
and at TRI and TR3 the telephonist’s
speaking circuit is opened preventing the
telephonist speaking to the new call until
the answer key is released and reoperated
so releasing relay TR.

Call Fail Alarm. Associated with
relay CA are three contacts CA1, CA2,
and CAS which provide a nine second
delay to the exchange alarm. This
alarm indicates ‘a failure to find under
normal working conditions’ as finding
time should not exceed one or two
seconds. However, in the case of all
finders being busy, a call held on an
‘L’ relay will also register the alarm
condition, and a visual check of line-
finders is necessary to determine
whether the alarm is due to a fault
or to a busy condition.

KEY SENDER CIRCUIT
DESCRIPTION

Marking of Three Digits from
Telephonists Key Position. Four relays
are used to provide the combinations
for ten digits used for dialling. The
digit code, showing the relays operated
is—

Digit Relays
1 @SN e
e i AcEB
3% 3 A
______ T 4 AE
#5T HA=D,
6 Bab):
v C, D
8 D
9 B, C
0 B

Three groups of these code relays are
provided for storing the three digits.
They are designated X, Y and Z
respectively, i.e. the AX, BX, CX, DX
group being used for the first digit.

Earth from COB6 is extended via
the operated digit key, the respective
code wires a, b, ¢ or d, E changeover
contacts to operate the ‘X’ code relays.
The operating earth is applied via the
AX1, BX1, etc., contact to ‘e’ of the
E relay, but with COB6 earth on the ‘a’
side, this relay does not operate until
the digit key is released so removing the
earth from ‘¢’ and allowing the code
relays to hold up in series with the E
relay. E2, E3, E4 and ES5 contacts

. C3 charging,

switch the code wires through to the Y’
group code relays ready for the next key
operation. The new code is stored and
upon the release of the digit key the F
relay operates as before, switching the
ccde wires through to the ‘Z’ group
code relays. The third digit is stored
on this group and with the digit key
release, ‘G’ relay operates.

The digits stored are extended to
DCR contacts in the impulse-train gene-
rator relay set where the marking earth
from COA2 is applied to each group
in turn via CO3 and COA2 change-
over contacts. The DCR relay men-
tioned here is a magnetic counting relay
with ten springsets, which are operated
consecutively by impulses through the
operating winding. As each contact
operates and makes, the previously
operated contact is opened, so that the
equivalent operation may be com-
parable to a single bank 10 outlet uni-
selector. A release winding is provided
to release all operated contacts at the
completion of the counting or operating
cycle.

Line Finder Selection and Dialling
Loop. The answer key on the line
finder circuit is operated and KA3 pre-
pares the operate circuit for relay DR
in the linefinder relay set. When the
first digit key is operated, an AX, BX,
CX or DX relay or combination of
them is cperated and the DR relay
operate circuit is completed through a
contact of these relays, to CO6 earth.
Relay DR operates and locks itself to
earth at COB3, and at DR2 and DR4,
the group selector dialling circuit is
switched to the impulsing common on
contact PA2, which loops the selector
in preparation for sending.

Impulsing, Counting and Digit
Changeover. A start is applied to the
impulse relay P from earth at EI

(operated when first digit key is released),
COS5, TJ1 and 2, MA6, M4, P2 to ‘d’
of the P relay. After a delay due to
relay P operates and
breaks the operating earth at P2. C3
discharges through the ba and ed
windings holding P operated for
approximately 66 milliseconds. When P
releases, the operating circuit is remade
at P2 which charges C3 again, the time
taken for charging being 33 milliseconds
after which relay P operates as before.
This, it will be seen, enables an impul-
sing cycle of 66 2/3% operated to
33 1/3% released to be obtained. The
value of C mainly governs the speed of
the impulsing, while varying ‘R3
changes the ‘weight’ ratio of the impulses
by approximately 5%.

P1 operates PA whose PA2 contact,
capacitor C2 and resistance R4 provide
the impulsing circuit for the selectors
via the dial common and operated DR
relay.

PA3 operates the counting relay
DCR which at DCR contacts 1 to 10
extends relay M to COA2 earth via
the marked digit code relays. Relay
M operates on the marked digit and at
M4 disconnects the starting earth from
the P relay which ceases impulsing.
M1 locks Relay M through MA3, and
M2 releases DCR through the release
winding ba. M3 operates Relay MA

after a delay and MA®6 further opens the
impulsing circuit of the P relay. At
MA3 the holding circuit of relay M is
opened and as the DCR cperating con-
tact has been released, relay M
commences to release. MA4 provides
the initial cperation of the ‘sender
taken’ lamp. MA?2 operates relay CO
which lccks from CO4, COB2 to earth.

CO3 changes over from the first digit
marked on "X’ relays to the second
digit marked en ‘Y’ refays. CO2 pro-
vides an alternative circuit for the
‘sender taken’ lamp. COS opens the
El start earth and CO1 prepares the
operate circuit for relay B. M relay
releasing releases relay MA and the
start earth is re-applied from F1, COA4,
TJ, MA6. M4, P2 to the impulsing relay
P. The impulse relay sequence is
repeated and the delay between the
relays M and MA operating and M and
MA releasing provides the interdigit
pause of the dialling circuit. This is
adjusted to be between 450 and 550
millisecends.

The first operation of relay P for the
second digit, operates relay ‘B’ from the
P2 earth, Relay B being locked up at
B2. After the required number of
impulses, the DCR contacts extend the
COA2 earth via Y code relays con-
tacts to operate relay M as before.

M3 operates MA and at MAS earth
is extended from Bl to operate COA
which lccks itself via COA3, COBS to
earth. COA2 changes the marking
carth from the second digit Y’ code
relays to the third digit ‘Z’ code relays.
COA4 disconnects the F1 start earth
and COA!l prepares the operating
circuit of retay BA. With the release
of M and MA the start earth is re-applied
from Gl to cperate relay P for the
third digit. P2 operates relay PA as
before and PAI1 operates relay BA
which  will hold operated during
impulsing. Relays M and MA operate
on the marked contact as before and
an earth from MA1. BAI1 operates
relay COB which at COB1 locks itself
to the MA1 earth.

COB2 and COBS5 releasc the relays
CO and COA respectively. COB6
releases the X, Y and Z code relays and
COB3 releases the DR relay in the line-
finder relay set, restoring the dialled
circuit back to the telephonist. With
the release of M and MA, COB relay
is released at MA1 and the sender is
restored to the normal ready condition.
Relay COB can also be operated from
the ‘clear sender’ key through the ab
winding, and COB4 extends the key
earth through M2, 750 ohm R1 to the
release winding ba of the DCR relay
when clearing the sender.

CONCLUSION
The equipment described is for an
extension group of up to 800 lines.
Smaller units of the order of 200 to 400
lines would be equally suitable for the
equipment. Increase  beyond the
installed capacity may be made readily
up to the maximum of 800 lines
provided that provision for the total
number of manual positions is made
in the initial installation. The relevant
circuits for this equipment are recorded

on WD2011 Sheets 1 to 7.
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DIELDRIN DUSTING FOR THE PROTECTION OF CABLE

AGAINST TERMITE ATTACK

Editor’s Note. The method described
here has been used successfully in the
Perth area but has not been officially
endorsed for general use by the Post-
master-General’s Department, because of
the toxic hazards involved. As the
article describes, great care was taken
to safeguard the health of the operators
but these types of materials are not
suitable for general use. Their efficacy
has also to be proved over a long term.
Nevertheless, the method has a number
of interesting features and the article is
published for this reason.

INTRODUCTION

1t is well known to telephone engineers
that lead sheathed cable is subject to
deterioration from many causes. Lead is
very durable when used under favourable
conditions, but in many cases conditions
are very unfavourable, and in these cases
the Jead sheath is subject to all the
slings and arrows that outrageous fortune
can ofler.

There are many
cable deleriorates,
are:—

(a) Faults in manufacture.

(b) Mechanical damage including

damage caused during installation.

(¢) Damage caused by animals and
insects, for example, rats and
“ants’.

(d) Failure of sheath due to fatigue
when cables are permanently
exposed to alternating stresses.
This occurs on bridges or when
cables are attached to unstable
objects.

reasons why lead
and some of these

* See page 349.
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(e) Corrosion. By this term is under-
stood the deterioration of the lead
sheath due to unwanted chemical
or electrochemical attacks be-
ginning on the surface. This
aspect 1s admirably covered in the
Postmaster-General’s Department
Research Laboratory Report No.
3243 entitled ‘“‘Deterioration of
lead cable sheaths” (1).

The particular concern of this article
is the depradation of the “white ant”
against lead sheathed cables in ducts.
These are usually large sized cables and
cause considerable dislocation of service
if the sheath is penetrated and moisture
enters the paper insulation. ‘“White
ants” is the common but erroneous
name for termites. Actually they are
more nearly related to cockroaches than
to ants, but their general appearance
and subterranean habits have given
strong support to the popular designa-
tion. They may be divided into two
major groups, viz., wood dwelling and
earth dwelling termites. The wood
dwelling termites enter wood directly
from the air, whilst carth dwelling
termites build their nests underground,
and build tubes or covered runways from
the ground to the object of their attack.

LIFE HISTORY OF TERMITES (2)

Like ants and bees, the termites are
social insects with specially developed
types or castes. Again, as in the case of
ants and bees, the vast majority of in-
dividuals are workers which have the
duty of food getting, construction and
care of the young. A small percentage
of individuals have their jaws greatly
enlarged, not for gnawing wood, but to
serve as weapons, and these large headed,
strong jawed members of the community
are termed soldiers.

B.Sc(Eng.), AMIEE., AM.IE.Aust*

When a gallery wall is breached by
an enemy, it is the soldiers’ duty to
protect the colony until the damage has
been repaired by the workers. In some
of the higher groups of termites a
different type of soldier is encountered.
The jaws are very poorly developed, but
the forepart of the head is produced into
a prominence or rostrum, and a cor-
rosive milky fluid is exuded from a pore
at the apex. This fluid serves as a very
effective weapon of defence, and being
acid in nature is responsible for the
etching of metals traversed by termites.
This particular type of soldier is known
as a nasute soldier.

The Royal Pair are solely interested
in perpetuating the species and although
when first starting a colony they have a
multitude of duties to attend to, after
the first brood of young has developed,
the Queen assumes massive proportions
and becomes little more than an ani-
mated egg Jaying machine. When swarm-
ing takes place, usually in warm humid
weather, the winged males and females
emerge and prepare for a short flight to
form new colonies. The wings are then
shed, pairing takes place, and the couple
burrow into the soil near a log or stump
to commence the task of founding a new
colony.

Termites react negatively to light and
will only work in the dark. They are
also very sensitive to dessication and
thrive best in a humid atmosphere.
These facts are important in considering
control measures. Departmental 4 inch
ducts appear to be ideal nesting spots
for termites, and it is thought that the
eating away of the cable sheath is quite
purposeless and purely incidental to the
other activities of the termite. The
termites which were found to be attack-
ing West Australian lead cables have

100 the [ 8q.in. b
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Fig. 1.—Diagrammatic Sketch of 29, Dieldrin Dusting Operation.
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been identified as “Coptotermes raffrayi”,
and these have been found also attack-
ing cables in the Eastern States.

TERMITE CONTROL OF EXISTING
INSTALLATIONS

In the Metropolitan area of Perth, it
was decided to approach the problem
of termite attack in 4 inch ducts by a
chemical method. It was considered that
a powder be used and not a liquid solu-
tion as the liquid would possibly increase
humidity and also cause clogging of the
termite galleries. Investigation revealed
that a 2% dieldrin dust would be ade-
quate to treat termite infested 4 inch.
ducts. This dust would be lethal to
termites, would not be easily leached by
water, and given suitable protective
equipment would be safe for men to
handle. The dust would also tend to
adhere to the cable hauling compound
surrounding the cable.

TREATMENT METHOD

The treatment is carried out, briefly, by
blowing under pressure a mixture of air
and the 2% dieldrin powder into the
ducts. The equipment used is as follows:

(1) Broomwade Portable Rotary Air

Compressor Plant which supplies

120 cubic feet/minute at 100 lbs.

per square inch at 1,800 r.p.m.

(2) Injector unit— See Fig. 1.

(3) Dust bins to carry dieldrin powder

to prevent moisture ingress.

(4) High pressure rubber hose —

(a) 20 feet of 1 inch diameter
hose.

(b) 20 feet of 11 inch diameter
flexible rubber hose.

(¢) 20 feet of # inch diameter
high pressure hose similar to
that used at garages for the
pumping of car tyres.

(5) 500 feet of continuous flexible rod.

(6) Cotton waste for packing.

Sites of reported white ant activity
are visited by the dusting crew. The
dusting crew consists of at least two men,
one of whom is able to operate the
compressor and the towing truck. Where
deep manholes are involved it is essential
for safety reasons to have three men.
As the actual dusting operation takes
very little time it is considered that the
preliminary rodding of the duct should
be done by local line staff prior to the
arrival of the dusting team. This will
ensure that the compressor is used to
the fullest extent. It is essential that a
passage be made through the nest so that
the air/dust mixture penetrates the whole
of the duct. If the blockage is per-
sistent and cannot be cleared, then the
duct should be broken at the particular
point of blockage. )

The equipment is assembled according
to Fig. 1. The compressor is thqn
started and the hose supplying the main
stream of air is coupled to the com-
pressor’s receiver which contains air at
100 1bs. per square inch. The agitator
hose to the dust container is not con-
nected at this stage. The nozzle of the
14 inch diameter flexible delivery rubber
hose is pushed up the duct approxi-
mately two feet and the cotton waste is
packed around the cable and the hose to
prevent air escape at the entrance of the
duct. If the duct is nearly filled with

cable, a smaller diameter hose must be
used.

A man is stationed at the far end of
the duct. The valve on the compressor
is opened and air at pressure flows along
the delivery hose up the duct and, pro-
vided the duct is cleared, the flow of air
will be detected by the man at the far
end of the duct who signals accordingly.
If no such evidence is seen, then further
rodding must take place.

Having obtained the all-clear signal
from the man at the far manhole, then
protective clothing is donned and the
compressor operator opens the valve to
the hose connected to the top of the can
containing the powder. Thus the dust is
agitated and blown out of the can. The
dust mixes with the main air flow and
the mixture of air and dieldrin dust
passes along the delivery hose into the
duct. When the dust penetrates to the
far end of the duct, as evidenced by the
appearance of the dieldrin dust cloud,
the delivery taps at the compressor are
turned off long enough for the far end
of the duct to be packed with cotton
waste. When both ends are sealed, the
compressor operator turns on both taps
at the compressor, and the requisite
amount of dieldrin dust is blown into
the duct. Fig. 2 is a typical street scene
showing the items of plant, equipment
and protective clothing in use. Generally,
all ducts in the manhole are treated. It
is considered that 9 Ibs. of 2% dieldrin
dust per 500 feet of duct is adequate to
contaminate the termites. The action of
the termites themselves by running back-
wards and forwards over the dust will
also be a factor in ensuring its wide
distribution. Death is caused by the
termites grooming and cleaning them-
selves and one another and so swallowing
some of the poison. Dieldrin dusting of
ducts is limited, however, to known or

suspected termite infestations. This is
due to the magnitude of work involved
if all ducts are dusted, and also the
desirability of reducing the dusting to a
minimum as the dieldrin dust is some-

what toxic.
RESULTS

Some miles of ducts have now been
dusted in the Metropolitan area of Perth
in the past two years and in no instanccs
have termite infestations reappeared in
any of the previously infested ducts. It
is considered that the dieldrin will be
effective for at least ten years. It is of
course not easy to obtain conclusive
proof as this would require the breaking
open of ducts. However, all evidence to
hand points to an effective measure of
control. A full record of ducts treated
is maintained in the Divisional En-
gineer’s office and the efficacy of the
system is thereby under observation.
Dieldrin dusting of the ducts is generally
confined to the cool weather due to the
nature of the protective clothing which
must be worn. (See Fig. 2.)

PRECAUTIONS WHEN USING
DIELDRIN (3)

Dieldrin is a chemical which is toxic
to termites, and if simple precautions are
not carried out, the dieldrin may be
absorbed into the human system in three
ways:

(1) through the pores of the skin,

(11) by breathing, and

(iti) by eating food with hands con-

taminated with dieldrin.

The use of dieldrin is unlikely to have
any ill effects upon the health of the
staff if the following precautions are
faithfully carried out.

All dieldrin dust must be kept in
labelled containers, and all warnings and
instructions on the containers holding
dieldrin must be read before opening.
Dieldrin should be stored where it will

Fig. 2.—Dieldrin Dusting in Process.
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not contaminate food, water, or cooking
utensils.

When using compressor dusting equip-
ment the equipment must be checked
frequently for leaks. The staff must be
provided with goggles, mask, suitable
head gear, a long plastic coat and plastic
gloves. Plastic clothing offers the best
protection as it is easily freed of dieldrin
by washing or brushing. Cloth type pro-
tective clothing may absorb, and subse-
quently release by movement of the
wearer, quantities of dieldrin. Before
protective clothing is removed any
dieldrin on the outside of the clothing
should be brushed off. For maximum
protection, the mask and goggles should
be the last items of protective clothing
to be removed by the wearer. Any heavy
concentration of dieldrin on protective
clothing or skin must then be washed
off immediately. Normal hygienic pre-
cautions should also be observed as
mentioned below. Barrier creams should
not be used, as they increase the risk of
dieldrin absorption through the skin, and

plastic gloves should never be worn over
dieldrin contaminated hands. In order to
avoid sustained contact with dieldrin
dust, an individual officer must not be
used en this work for more than two
days in any one week, and staff should
be rotated to effect this rule. The pro-
tective clothing should be kept in a
plastic bag. This and the clothing must
be thoroughly washed in soap and water,
inside and out, and well rinsed after
each day’s use.

When recovering any cable from ducts,
as there is now a possibility in Western
Australia that the ducts may have been
dusted with dieldrin, the staff have been
instructed that plastic gloves should
always be worn during the recovery
operations, and that the normal hygienic
precautions be carried out.

If dieldrin is accidentally swallowed,
vomiting should be induced and medical
attention should be sought immediately.
If dieldrin is spilled on the skin, it
should be thoroughly washed with soap
and water. Contaminated clothing should

be changed immediately. If dieldrin is
splashed into the eye, it should be
flushed with clean water for at least ten
minutes and medical attention sought.

CONCLUSIONS

Dieldrin dusting of ducts provides a
ready and practical method of termite
eradication in departmental conduits.
Given the strict safety precautions as
outlined and constant supervision of
practices, there is no need to expect ill
effect on the operators due to the
toxicity of the dieldrin.
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Section of the New South Wales Eng-
ineering Division. He joined the Post-
master-General's Department as a Tech-
nician-in-Training in 1940 and inter-
rupted his course to serve in the
R.A.A.F. Radar Section in the South-
west Pacific area for 3% years. He quali-
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greater part of New South Wales, includ-
ing internal equipment planning aspects
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National Numbering and Group Charg-
ing plans to finality and in developing
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Whybourne is an Associate Member of
the Institute of Engineers, Australia.

H. L. C. READ, author of the article
“Vibration Testing” joined the Post-
master-General’s Department in Sydney
as a Telegraph Messenger in 1934. After
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Technician-in-Training and was promoted
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Victoria. Mr. McMillan gained valuable
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equipment when he assisted with the in-
stallation of the Melbourne (City West)
terminals of the first and subsequent
Z12N cable carrier systems supplied by
Siemens and Halske. At present he
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Technician, Grade 2 (acting) on inspec-
tion and acceptance duties associated
with the Sydney-Melbourne coaxial
cable project.
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was transferred to the Long Line Equip-
ment Installation Section where he spent
3 years as acting Senior Technician in-
stalling miscellaneous open wire carrier
equipments. Whilst he was with the
Long Line Equipment Section Mr.
Sander completed two years part-time
study at the University of Western Aus-
tralia towards the degree of Bachelor of
Science. In 1951 he was appointed as a
Cadet Engineer and in 1956 graduated
Bachelor of Engineering with First Class
Honours in Electrical Engineering, shar-
ing with another student the Cable
Makers’ Association Prize in Electrical
Engineering. After appointment as Eng-
ineer he transferred to the Telephone
Equipment Circuit Laboratory at Head-
quarters where he spent 21 years on mis-
cellaneous circuit design work, In 1960
he was transferred to the position of act-
ing Divisional Engineer, Suggestions, in
which position he was responsible for
the investigation of suggestions relating
to telephone equipment matters submit-
ted to the Improvements Board. Later
Mr. Sander moved to the Exchange
Equipment Design Subsection where he
is at present responsible for various
aspects of crossbar and trunk equipment
plant.

J. G. BARTLETT, co-author of the
article “A Telegraph Distortion
Analyser” is Divisional Engineer, Trunk
Service, Brisbane. He entered the
Department in Adelaide in 1942 and
qualified as an engineer in 1947. After
experience in South Australia and the
Long Line Equipment Section, Central
Office, he transferred in 1952 to Queens-
land where he has been engaged mainly
on the installation and maintenance of
long line equipment. Mr. Bartlett is an
Associate Member of the Institution of
Engineers, Australia.

ROGER SMITH

ROGER SMITH, author of the
jarticle “An Automatic Traffic Recorder”,
joined the Department in 1952 as a
Cadet Engineer, subsequently obtaining
the degrees of Bachelor of Engineering
and Master of Engineering at the Uni-
versity of Adelaide. The latter degree
was awarded for work on the band-
width compression of speech signals.

Mr. Smith joined the Research
Laboratories in 1957 and was employed
in the Multichannel T & T Division
until June 1961 where he was engaged
on the design and development of car-
rier type telephone systems, and associ-
ated equipment. He then transferred to
the Voice Frequency Transmission,
Switching and Signalling Division and
has since been involved in the develop-
ment of equipment using electronic
switching techniques, including assistance
in the development of a small electronic
telephone exchange.

He is a Graduate Member of the In-
stitution of Electrical Engineers, Lon-
don, and an Associate Member of the
Institution of Radio Engineers of Aus-
tralia.

J. G. BARTLETT

L. L. BIRCH

M. LEVERIDGE

M. LEVERIDGE, author of the
article “Dieldrin Dusting for the Pro-
tection of Cable against Termite Attack”
was born at Leeds, England, in 1923.
He was educated at the City of Leeds
School, and the University of Leeds. He
received his B.Sc. degree in Electrical
Engineering in 1945. His first experience
in communications was with Ferranti
Ltd, Manchester, and after a short period
joined the cverseas staff of the Anglo-
[ranian Oil Company in Iran. He served
with this company for three years as an
area communications engineer, gaining
experience with a variety of communica-
tions equipment. He joined the
Postmaster-General’s  Department  in
1949 and has since been employed in
External Plant Division. He is now
Divisional Engineer, District Works
No. 1 Division, Perth.

Mr. Leveridge is an Associate Member
of the Institution of Electrical Engineers
(England) and an Associate Member of
the Instituticn of Engineers, Australia.

L. L. BIRCH, co-author of the article

“A  Telegraph Distortion Analyser”
joined the Department in 1949 as
Engineer, after completing a Degree

Course in Electrical Engineering at the
University of Queensland. His first post
was in the Long Line Equipment
Installation Division and in 1952 he
transferred to the Transmission Planning
Division as Group Engineer. In 1955 he
transferred to Trunk Service Division
and acted as Divisional Engineer for
three years while the permanent
occupant was absent on other duties.
Since then he has been occupied mainly
as Group Engineer, Trunk Service, and
was engaged in an investigation of Voice
Frequency Telegraph system operation
prior to the introduction of T.R.E.S.S.
in Queensland. Recently he has been
acting in the positions of Divisional
Engineer, Radio Service, Divisional
Engineer, Trunk Service and Divisional
Engineer, Automotive Plant.
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F. W. ARTER
F. W. ARTER, author of the article

“Design  Aspects of Transistor-Diode
Switching Circuits”, joined the Research
Laboratories in 1958 after completing a
Departmental Cadetship, during which
he obtained the degrees of Bachelor of
Electrical Engineering and Master of
Engineering Science at the University of
Melbourne. He spent three years in the
Voice Frequency Transmission Division
of the Laboratories where he gained ex-
perience in the application of transistors
and semiconductor diodes in switching
circuits. At present he is Group Engi-
neer in the Multi-channel Telephone and
Telegraph Division of the Laboratories.

T. F. CHAMPION

T. F. CHAMPION, author of the
article “800 Line Cordless P.A.B.X.”
commenced as a Telegraph Mes-
senger in Perth in 1944. He was trans-
ferred as a Technician-in-Training in
1946 and was advanced as a Technician
(Telegraphs) in 1951. In 1952 he passed
the Senior Technician (Telegraphs) exam-
ination and took up duty in Telegraph
Maintenance until 1957 when he passed
the Senior Technician (Telephones)
examination and was transferred to Ex-
change Maintenance. In 1958 he was
transferred to the Exchange and Sub-
scribers Installation Division and was
promoted Supervising Technician Grade
1 in that year. For the past two years
Mr. Champion has been in charge of
installation in the Perth Main Trunk Ex-
change.

ANSWERS TO EXAMINATIONS

Examination No. 4958 — Senior
Technician (Telecommunications),
Radio — July, 1961

SECTION A

QUESTION 1.

(a) Define or briefly explain the follow-
ing—

(i) Amplitude modulation.
(ii) Phase modulation.
(iii) Frequency modulation.

(b) Assuming that a carrier is amplitude
modulated by a sinusoidal (pure tone)
signal what percentage of the total
power is contained in —

(i) the carrier, and

(ii) the side bands?
when modulation is applied at 50 per
cent. and 100 per cent.

ANSWER 1.

(a) (i) Amplitude modulation. The car-
rier frequency remains constant
but its amplitude is varied in
accordance with the level of the
applied audio frequency and at a
rate equal to the latter frequency.

(ii) Phase modulation. The carrier
amplitude remains constant but
the phase angle varies at a rate
equal to the applied audio fre-
quency, the degree of variation
depending on the magnitude of
the applied audio frequency.

(iii) Frequency modulation. The car-
rier amplitude remains constant
but the frequency is varied about
the unmodulated value at a rate
equal to the applied audio fre-
quency, the deviation from
normal frequency depending on
the magnitude of the applied
audio frequency.

(b)

50 per cent 100 per cent
Mod. Mod.
(i) 89 66.6
(ii) 11 33.3
QUESTION 2.

(a) What is meant by neutralization as
applied to a radio frequency ampli-
fier?

(b) With the aid of diagrams describe a
method of neutralizing a push-pull
radio frequency amplifier.

ANSWER 2.

(a) When the grid circuit of a radio fre-
quency amplifier is capacitatively
coupled to the plate circuit, energy is
fed back from the plate circuit in the
correct phase to sustain oscillation.
The measures which may be used to
prevent this oscillation include:—

(i)the use of pentode or tetrode
valves in lieu of triode valves to
reduce the valve grid to plate
capacity to a minimum,;

(i1) careful layout and shielding of the
grid circuit and or plate circuit
components to reduce coupljng
between these circuits to a mini-
mum;

(iii) the use of special circuit arrange-
ments which, even in the presence
of grid plate capacitative coupling,
prevent oscillation within the
amplifier. Such circuit arrange-
ments are termed neutralization
and they depend for their opera-
tion upon the fact that the oscil-
lation due to grid to plate capaci-
tative coupling may be suppressed
if an equal amount of energy to
that transferred from plate to grid
through the capacitative coupling
is also fed back to the grid cir-
cuit in phase opposition to the
undesired feedback.

Typical neutralization circuits are

shown in Figs. 1a and 1b.
i ouTPUT

HT

g ouTPUT

B
i
Fig. 1b.
(b) In the case of a push-pull radio fre-
quency amplifier neutralization may

be achieved by the circuit arrange-
ment shown in Fig. 2. In this circuit

% OQUTPUT

Fig. 2.

two capacitances CN, and CN. are
connected from the plate terminals of
each of the push-pull valves to the
grid terminals of the opposite valves.

O
INPUT % OUTPUT

The equivalent circuit of this arrange-
ment is shown in Fig. 3 from yvhnch
it may be seen that the circuit has

Fig. 3.
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the form of a bridge and hence when
bridge balance is achieved none of
the energy in the output circuit (i.e.,
the voltage appearing across A, A.)
will be fed back to the input circuit
(zero volts across Gy Go).

At balance C,q, /CN; = CN, /Cyq,
but C, 51 = Cyg.
" CN; =CN, =C,4, = Cyug,

For pure reactance conditions, i.e.,
when the effects of wiring inductance
and valve internal inductances (grid
and plate connections) may be
neglected, the bridge neutralizing
circuit for push-pull valves is inde-
pendent of frequency. In practical
circuit arrangements balance is main-
tained over a wide range of fre-
quencies.

SECTION B

QUESTION 4.

The signal-to-noise ratio on a high-
frequency radiotelephone link is 10 db
when dipole aerials are used at the trans-
mitter and receiver and a double side-
band transmitter of 250 watts peak-
power output is employed.

If each dipole aerial is replaced by a
rliombic aerial, with a gain of 14 db
relative to a dipole, and the double side-
band is replaced by a single-sideband
system, using a transmitter of 2 kilo-
watts peak-power output,

(a) what is the signal-to-noise ratio?

(b) what other advantages are likely to

be gained by such a change?

COMMENTS 4.

(a) To obtain an exact figure for the new
signal-to-noise ratio, it Is necessary
to assume that the noise level at the
receiver input remains at its original
value when the new system' is em-
ployed. This 1is, of course, the
simplest and most general case.

(b) A list is required of the advantages,
other than improved signal-to-noise
ratio, which the new system would
have over the old. Any four of the
points from the model answer should
have earned good marks,

ANSWER 4.

(a) With dipole aerials and double-side-
band transmission the signal-to-noise
ratio is 10 db.

The improvement due to rhombic
aerials replacing the dipoles is 2 x 14
db = 28 db.

Since a single-sideband system is to
be used, a gain of 6 db is achieved
through suppression of the transmit-
ted carrier compared with double-
sideband operation.

The single-sideband receiver will have
half the bandwidth of the double-
sideband receiver, thereby effecting a
further 3 db signal-to-noise improve-
ment.

The power increasing from 250 watts

to

2 kilowatts, that is 8 times, gives

an improvement of 9 db.
Therefore the total improvement in
siznal-to-noise ratio is equal to:—

28 db by  using
aerials.

6 db by wusing single-side-
band tranmission.

3 db by using single-side-
band reception.

9 db by increasing the radi-
ated power.

rhombic

A total of 46 db

So that the new

signal-to-noise

ratio is —
46 -+ 10 db = 56 db.

(b) 1.

. Single-sideband

. Single-sideband

The increased power, the increased
directivity of the rhombics and the
decreased bandwidth, all provide
additional protection of the system
against interference from other
signals incoming at the receiver,
while the increased directivity may
result in less interference to others.

. The increased signal level will pro-

vide a valuable margin of protec-
tion to the system against the
effects of fading and equipment
deterioration.

reception  gives
some protection against the effects
of selective fading.

. Single-sideband transmission gives

increased privacy to the system by
decreasing the likelihood of casual
interception.

transmission per-
mits closer frequency spacing,
thereby increasing the number of
circuits which may be accom-
modated in the overcrowded high-
frequency band.

. As rhombic aerials can be designed

to provide useful gain over a 2:1
frequency range, their use provides
flexibility in the choice of operat-
ing frequencies to avoid propaga-
tion variations and interference.

QUESTION 8.

(a) Magnetic tape recording machines are
used in large numbers throughout the
National Broadcasting Service and
tape recorded programmes are inter-
changed between the various studio
centres throughout the Service.

(i) In what basic characteristics is it

essential that the various types of
recorder in use should have simi-
lar performance and explain why
this is necessary?

(ii) In general there are four basic

(b) A

types of machine in use. What are
these types and for what purposes
are thev used?

particular form of distortion, com-
monly called “Wow and Flutter”,
is experienced in mechanical re-
cording systems.

(i) What characteristic of the system

does this distortion affect?

(ii) Explain briefly the basic principle

of the test equipment used to
measure this form of distortion
and also the method of reading
the meters fitted in the test equip-
ment.

ANSWER 8.

(2) (i) Tape recorders of all types em-

ployed in the National Broadcast-
ing Service should have similar
performance as regards speed,
record-replay characteristics and
use of standard tapes and spools.
This permits free interchange of
recorded tapes between the
various types of machine without
degradation of technicial quality.

(ii) Four basic types of machine are

employed in the National Broad-
casting Service:—

Studio Console. Used at fixed
locations such as Broadcast studios
for recording and replay of highest
quality programme material.
Transportable Recorder. Mainly
used for outside recording work
where high quality performance
is required, e.g., musical pro-
grammes. This machine is also
adapted for rack-mounting at
fixed locations.

Portable Recorder. Used for out-
side recording work involving
speeches, interviews, etc.
Miniature  Recorder. Battery-
operated unit used for speech re-
cording purposes at locations
where a commercial power supply
is not available.

(b) (i) “Wow and Flutter” distortion is

evidenced as a change in pitch of
a recorded signal and occurs in
both disc and tape recording
systems. It is caused solely by
variations in speed of the disc or
tape driving mechanism.

(ii) The “Wow and Flutter” meter

measures the frequency deviation
of a signal at 3,000 cycles per
second impressed on disc or tape.
The frequency deviation is pro-
portional to the speed variations
of the disc or tape driving mech-
anism. Hence the meter can be
calibrated to read percentage
speed  variation (Wow  and
Flutter).

The meter comprises an amplifier
tuned to 3,000 cycles per second
which also limits the amplitude of
the input waveform, thus ensur-
ing that the instrument responds
only to frequency variations. This
is followed by a frequency dis-
criminator, the output of which is
coupled directly to a “Peak Wow”

meter. The output of the dis-
criminator is also fed to an
amplifier, incorporating a 200

cycles per second low-pass filter,
which in turn drives two other
amplifiers—one having a 20 cycles
per second low-pass character-
istic and the other having a
20 cycles per second high-pass
characteristic. The outputs of the
last two amplifiers are simul-
taneously displayed on two meters
designated R.M.S. Wow (0-20
cycles per second) and R.M.S.
Flutter (20-200 cycles per second).
By switching, the total R.M.S.
Wow and Flutter can be shown
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on the “Wow” meter. The read-
ing of each meter is obtained by
observing the deflections of the
pointer over a period of 20 to 30
seconds and noting the mean de-
flection.

SECTION C

QUESTION 7.

(a) A special meter is used for reading

the programme level in the audio cir-
cuits of radio and television broad-
casting systems.
What is the name of this meter, and
in what main characteristic is it dif-
ferent from the various types of
meter used for other purposes in
these systems?

(b)What is the approximate range, in
decibels, of the acoustic sound output
of a full symphony orchestra and in
what respect does this range have to
be taken into account in the design
of the first audio amplifier in the
studio chain?

(¢)In the design of audio amplifiers for

broadcasting and television the peak
power handling capability is many
times larger than the average power
of the programme energy being
amplified.
What is the approximate ratio, in
decibels, which the designer allows,
and what relationship has this ratio to
the main characteristic of the meter
mentioned in part (a)?

ANSWER 7.

(a) This meter is called the “vu” meter,
and the main characteristic in which
it differs from the other meters in use
in broadcasting and television systems
is in the response time of its move-
ment and pointer to audio frequency
energy.

The specification for the meter in-
cludes the following condition —
“If a 1,000 c/s voltage of such
amplitude as to give a steady read-

ing of 100 on the voltage scale is
suddenly applied, the pointer shall
reach 99 in 0.3 seconds = 10%
and shall overswing the 100 mark
by at least 1.0 and not more than
1::5% "

(b) The approximate range is 70 decibels.
Depending on the type of micro-
phone(s) used for the broadcast, the
equivalent electrical output of the
microphone(s) could vary from say
-100 dbm to -30 dbm, ie., * 35
decibels about an average microphone
level of -65 dbm. The first audio
amplifier should therefore be de-
signed to handle these extremes of
electrical input signal.

As the lowest level mentioned above
(-100 dbm) is only 38 db above the
theoretical noise level (~138 dbm) in
a perfect noise-free amplifier with a
source of 50 ohm (microphone) im-
pedance, the practical amplifier must
obviously be designed to introduce as
little noise as possible. The best
quality amplifiers have an equivalent
noise input level of approximately
-125 dbm,

At the other -extreme of input level,
i.e., =30 dbm, the input voltage swing
stepped up by the input transformer
to the grid of the first valve, would
be of the order of 1 voit. The design
of the amplifier should take this into
account, and by suitable choice of
valve, feed-back, etc., avoid amplitude
distortion caused by non-linearity of
the valve characteristic.

(c) The approximate ratio is a minimum

of 8 decibels but modern designs are
aliowing for 10 decibels and in
special circumstances even higher
ratios.
The minimum ratio of 8 decibels is
the same ratio by which the “vu”
meter, by reason of its 0.3 second
response time, fails to respond fully
to peaks in programme waveforms
having a much shorter response time
than the meter.

QUESTION 9.

(a) In radio broadcasting studios various
sources of programme are used, e.g.,
microphone  pick-up, gramophone
records, tape recordings, interstate
and intrastate programme lines, etc.
(i) Show in a schematic diagram how

these various sources in a com-
posite programme from a single
studio are amplified and con-
trolled in level up to the point
where the programme leaves the
studio for the studio programme
switchroom.

(ii) Mark on the schematic diagram
the programme levels which
would normally be experienced at
the various points in the system.

(b)In the main studio switchroom pro-
grammes are switched to their various
destinations, e.g., local and regional
transmitting stations, interstate pro-
gramme lines, etc. In order to achieve
continuity of programmes this switch-
ing has to be organized to avoid
breaks  between  successive  pro-
grammes.

(i) What is the time interval gener-
ally allowed for this switching to
take place, and

(ii) What are the various indications
given to the switching operator
which tell him exactly when to
switch?

ANSWER 9.

(a) See Departmental Drawing CF.254,

Sheet 2.

(b) (1) The A.B.C. allows a fifteen second
interval for the switching of
programmes.

(ii) The Technical Operations Sheet
(TOS) indicates the scheduled
time for each switching operation
and the cue. The cue may be any
of the following —

gongs,

time signals,

a musical theme,
spoken words.
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B GIATLISTS

IN REPEATERED SUBMARINE
TELEPHONE CABLE SYSTEMS

Inspection of a Submerged Repeater casing.

Submarine Cables Ltd., specialise in complete submarine telephone cable systems — cable, submerged repeaters,
cable laying and terminal equipment.

Submarine Cables Ltd, developed the new unarmoured (lightweight) cable designed by the British Post Office and
the Company’s factory at Greenwich has supplied this type of cable for the first Commonwealth link (called cAN-
TAT) between Scotland and Canada, to the order of the Canadian Overseas Telecommunication Corporation and
Cable and Wireless Ltd. Their Repeater Division at Frith, Kent, has made the submerged repeaters for the
CANTAT extension from Newfoundland up the St. Lawrence River, to the order of the Canadian Overseas Telecom-
munication Corporation.

Submarine Cables Ltd., backed by over a hundred years of experience, are in a position to give expert technical
advice on any submarme-cable telecommunications problem.

SUBMARINE CABLES LIMITED

Owned jointly by Associated Electrical Industries Ltd. and British Insulated Callender’s Cables Ltd.

HEAD OFFICE: Mercury House, Theobald’s Road, London WCi : Telephone: HOLborn 8711 : Telegrams: Telsiem,
London Westcent. Cablegrams: Telsiem, London, W.C.1.

woRKs: Telcon Works, Greenwich: Ocean Works, Erith, Kent
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when you
telephone
you use

PAPER INSULATED
Local and Trunk Cables

Multi Channel Carrier Cables
Control and Special Cables

Coaxial Cables

LEAD PRODUCTS

Resin Cored and Solid Solder Wires
Solder Sticks

Lead Tube

PLASTIC INSULATED

Equipment Wires

Telephone Cables

Interphone Cables

High Frequency Cables
TV Lead-In Cables
AUSTRAL STANDARD CABLES PTY. LTD. Video Cablas
Makers of Australia’s Telephone Cables Rural Distribution Cables
Works at: MAIDSTONE, VICTORIA and LIVERPOOL, N.S.W. Coaxial Cables
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GERMANIUM
POWER .

TRANSISTORS
are best selected from this chart

—then you should contact the MULLARD technical information

service, who will give you all the data you need to confirm
your choice.

0 MA

oC 2224 100mA

[oc 29 seA

]
OC 35 6A

OC 36 6A |

OoCcC 222324 1A

WHITE is maximum allowable collector- i i i i p
artitrer voltage G rrakimGr SAEntiRtoUs Here is a guide to recommended applications:

CLECLS, Y% OC22 for high quality industrial audio

% OC23 for ferrite memory core drive

Y% OC24 for r.f. power applications

Y OC28 for d.c. converters (24V version)

Y OC29 for extra high gain

Y OC35 for general purpose, low cost application :

Y O C36 for general purpose, high power audio and d.c. converters
(12V version)

BLACK is maximum allowable collector-
base voltage Vcb max. (le = 0)

(@R
; [Mullard]|
semiconductors N7
q MULLARD AUSTRALIA PTY. LTD., 35-43 CLARENCE STREET, SYDNEY, 29 2006
for mdustry AND 123-129 VICTORIA PARADE, COLLINGWOOD, N.5. VICTORIA 41 6644

ASSOCIATED WITH MULLARD LIMITED LONDON
MT1154
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AERIALS

FOR ALL TELECOMMUNICATIONS PURPOSES
Entirely Designed and Produced in Australia

The ""Belling-Lee” Type 4 Yagi aerials are designed for the frequency band
400 to 550 mcs., and are available in 2-element (Type 42) to 9-element
(Type 49 illustrated) configurations.

The associated mounting clamps allow for end or centre mounting for hori-
zontal or vertical polarization, and for grouping into stack and/or bay com-
binations for increased gain and directivity.

With feed impedances of 50 or 70 ohms. a VSWR of better than 1.25 is
obtainable depending upon band-width requirements.

Cable entry-points are encapsulated with epoxy resin and finishing coats
of acryllic enamel ensure complete weather-proofing.

""BELLING-LEE’’ design and manufacture a comprehensive range of tele-
communications aerials at their factory at Kilsyth, Victoria.

Each aerial is optimised in production for the customer’s specific require-
ment.

We are always available for consultation on the design of aerials for
abnormal situations.

Canterbury Road, Kilsyth, Vic.
Tel. Bayswater 9 0226.
Also in Sydney, Brisbane, Perth.

BELLING & LEE

(AUSTRALIA) PTY. LTD.

5947
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Symbol

of superior engineering and imposing economy

™® in modern telephony

ERICOFON—

revolutionary in shape, dial and
handset all in one, more mobile,
time-saving—built for better tele-
phone service

_I_—. LM ERICSSON CROSSBAR

the system that combines extremely
low maintenance costs with the high
speed and accuracy demanded by
modern telephone engineering.

L M Ericsson, a world-wide organization with about 31,000
employees, operates in more than 75 countries through

associated Companies or agents. World headquarters in
Stockholm, Sweden.

L M ERICSSON TELEPHONE CO. PTY. LTD., 20 COLLINS STREET, MELBOURNE
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IN AUSTRALIAN
DEVELOPMENT

The most significant advance for many years in interstate telecommunications is
the co-axial cable link between Sydney and Melbourne now being installed.
Olympic Cables supplied precision-built co-axial cable for this great project.

Olympic

There are OLYMPIC wires, cables and flexibles for every electrical purpose.
2

A
AUSTRALIAN
~—
MADE
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Registered Trade Mark

equipment for D.C.A. Fire Alarm

A familiar sight which reminds us of the important part played by aviation in the development of
Australia.
The safeguarding of passengers, airways personnel, the general public and protection of the huge
investment in planes, supporting equipment and airport facilities is a major responsibility.
The safety record of Australian aviation is impressive. Much of the credit must go to the Department of
Civil Aviation which provides first-class facilities based upon strict controls and equipment built o meet
stringent requirements.
A recent addition to airport safety is the D.C.A. Fire Alarm System which offers the following advantages:
Positive indication of alarm condition.
Operation over two-wire lines up to a distance of six miles on 10 Ib. cable.
Line faults give distinct indication and cannot be confused with an alarm.
Speech between alarm point and control console.
Extension of alarm indications from primary to secondary indication points.
This equipment is the result of close co-operation between D.C.A. and T.E.l. design personnel.
T.E.l. manufactured rack equipment and relay sets form part of the fire alarm systems at present being
installed at major airports throughout the Commonwealth.
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TELEPHONE & ELECTRICAL INDUSTRIES PT

FARADAY PARK, MEADOWBANK, N.S.W.—80-0111. 70 COLLINS STREET, MELBOURNE, VICTORIA—63-2560
MANUFACTURERS OF PRECISION TELECOMMUNICATION AND EQUIPMENT
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AW A offers unrivalled experience
of
o RESEARGH

o DEVELOPMENT
e MANUFACTURE

All over Australia, Radio, Television and Communication
Stations equipped by AWA, bear testimony to the pre-
eminent part AWA has played in developing electronics
throughout the Commonwealth. The facilities offered by
AWA for the design, manufacture and installation of com-
plete radio, television and communication systems are unequalled
in Australia. The main AWA factory at Ashfield, near
Sydney, is the largest manufacturing centre for radio equipment AMALGAMATED WIRELESS
in Australia, and is equipped to make all types of radio from (AUSTRALASIA) LIMITED

. . R Head Office: 47 York Street, Sydney.
the small “walkle-talkle” to powerf“] 200 kW transmitters. Melbourne, Brisbane, Perth, Wellington, N.Z., London

EP17.61
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FOR ALL PROBLEMS IN...

REMOTE CONTROL
INDUSTRIAL CONTROL
RADIO TRANSMISSION
CARRIER TRANSMISSION
DATA TRANSMISSION
POWER-LINE CARRIER TRANS.
TELEPHONE SWITCHING
TELEGRAPH SWITCHING
MINE SIGNALLING
RURAL RADIO
TELEMETERING

consult

BRITISH AUTOMATIC TELEPHONE & ELECTRIC PTY. LTD.

for STANDARD or SPECIALLY DESIGNED SYSTEMS. The vast technical
experience of the A.T.E. group of companies covers all problems in
the above fields. This unequalled practical experience backed by
extensive research is of enormous value when systems have to be
integrated in a comprehensive network.

BRITISH AUTOMATIC TELEPHONE . ELECTRIC ¢ .

87-105 RACECOURSE ROAD, NORTH MELBOURNE — TELEPHONE 34-9104

325 SUSSEX STREET, SYDNEY — TELEPHONE 61-8986
BATE]-62
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Introduces. ..

ROLA

Printact

A NEW CONCEPT IN
MINIATURIZED

RELAYS

The introduction of the Printact relay to the
Australian market offers electronics manufacturers the
opportunity to obtain a low-price relay possessing
features, and performance and reliability characteris-
tics, not previously combined in much more expensive
conventional-type relays.  The compatibility of
Printact relays to printed circuit designs ensures
substantial savings in space, weight and production
time.

The Printact relay uses no return spring, thus
eliminating the need for maintenance adjustment.
Mechanical linkage and fixed contacts are eliminated.
The Printact relay is designed so that the moving
contacts, which are part of its armature assembly,
mate with conductors printed on the circuit board.
Coil Spring Connectors, which make solid contact
with printed wiring, eliminate the need for coil lead
soldering.

P
|v.;;|""—

At T

This illustration
gives some idea of
the space savings
possible with Print-
act relays.

The Relay, its secur-
ing clamp and a
printed circuit sec-
tion of the relay
wiring.

The Printact relay, which measures only 78" x 78"
x 76", has been designed for simple plug-in installations.
It is available in types for 6, 12, or 24 volt operation
and to provide switching facilities up to 3 pole double
throw or 5 pole to a common line. Standard contact
material is Gold Alloy, but Palladium or Silver are
available for special applications. Either straight or
bifurcated contacts are available, the latter being
recommended where maximum reliability is required.
With standard blades the operating life of the Printact
relay exceeds 5,000,000 cycles when the contact load,
dry circuit or resistive, is ¥4 amp. 24 volts D.C.

Higher currents — to 5 amps. 24 volts D.C. or to V2
amp. 110 volts A.C.-— can be handled with a pro-
portionately reduced life.

Power consumption is 500 milliwatts and operating
time 62 milliseconds at the rated voltage. Pull-in
occurs at 80% of rated voltage. Release time is 2
milliseconds. The operating temperature range is from
—60°C. to +97°C. Shock and vibration tests run to
70G. Hermetic sealing is easily achieved with varnish
dip or epoxy cement.

Standard features of the Printact relay, usually
found only in higher priced relays, include Double-
break-self-wiping contacts, Balanced armature, En-
closed housing, Plug-in application, Encapsulated coil
and Inherent snap action.

Further details gladly made available on request to:

ROLA COMPANY (AUST) PTY.LTD.

THE BOULEVARD,
CALTEX HOUSE,

RICHMOND, E. 1, VICTORIA. TEL: 42.3921

KENT STREET, SYDNEY, N.S.W. TEL: 27.6147

=—1—7
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SIEMENS

Communication tower of a large station

The wide spectrum of our activities

extends from transistor fabrication to the construction of complete power stations.
Backed by over a century of finest engineering tradition and by generations of
knowhow, highly qualified Siemens engineers are pioneering major projects in all
branches of electrical engineering. Their concrete contributions to technological

COMMUNICATION

progress are already to be found in all parts of the world.

Through all the stages of a project—planning, production, installation, service—

S Y )\

a staff of specialists set their pride in working out eoptimum solutions to all

problems.

SIEMENS & HALSKE AG - SIEMENS-SCHUCKERTWERKE AG
Sole Australian Representatives

SIEMENS HALSKE SIEMENS SCHUCKERT
(AUSTRALASIA) PTY. LTD.

S599E 34 Queens Rd., Melbourne, 26-3656 6-8 Mount St., Nth. Sydney, 92-8727
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SYDNEY — MELBOURNE COAXIAL CABLE PROJECT

MAJOR ACHIEVEMENT

On the 10th of April, 1962, the Prime
Minister of Australia opened the
Sydney-Melbourne Coaxial Cable System
to telephone traffic.

This marked a milestone in the
history of telecommunications development in
Australia.

As sole contractor to the PMG’s Department
for the supply and installation

of all electronic equipment and power plant
for this Project, TCA, with its associated
companies and sub-contractors, is

proud to have been a partner in this
achievement.

TELECOMMUNICATION  (OMPANY OF AUSTRALIL PV LIMITED

AR Division of PHILIPS ELECTRICAL INDUSTRIES PTY. LIMITED

HENDON. SOUTH AUSTRALIA
BOX 7. ALBERTON, S.A. ——  TELEGRAMS: “COAXIAL” ADELAIDE
BRANCHES: SYDNEY - MELBOURNE
IN OTHER STATES ENQUIRE THROUGH AGENTS, PHILIPS ELECTRICAL INDUSTRIES PTY. LIMITED
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Contributions
and Letters to the Editors

May be addressed to:

the State Secretaries or the General Secretary at the
following addresses:—

The State Secretary,
Telecommunication Society of Australia,

Box 6026 G.P.O. Sydney, N.S.W.
Box 1802Q Elizabeth St. P.O., Melbourne Vic.
Box 1489V, G.P.O. Brisbane, Qld.
Box 1069J, G.P.O. Adelaide, S.A.
BoxT1804, G.P.O. Perth, W.A.
Box 246C, G.P.O. Hobart, Tas.

The General Secretary, -
Telecommunication Society of Australia,
Box 4050, G.P.O. Melbourne,
Victoria, Australia.
Agent in New Zealand: E. C. Cheyne, c¢/o Engineer-
in-Chief, G.P.O., Wellington, C.1.
Agent in Europe: A. Kellock, c/o Australian Post

Office Representative, Australia House, Strand,
London, W.C.2, England.

THE POST OFFIGE
ELEGTRICAL ENGINEERS’
JOURNAL

The Journal contains the latest information on
British Post Office” developments, including sub-
scriber trunk dialling, transatlantic cables, elec-
tronic exchanges and satellite communication.

*

Published quarterly in
January, April, July and September

*

A year’s subscription commencing with any
issue, posted to your address in Australia costs
14 shillings sterling.

Send your order and remittance to

THE P.O.E.E. JOURNAL

2-12 GRESHAM ST., LONDON, ENGLAND

"OLD HANDS" with a
* NEW TECHNIQUE

For specific applications where high voltage or extreme

environments are involved, we have developed con-
0 struction 1echmques employing the new casting resins.

Our experience in this specialised field is at your
disposal.

s .
' '°5M£ns

Hlustrated are typical examples of

this technique applied to a telephone
isolating transformer and line protec-
tion coils.

LM22

L M ERICSSON-TRIMAX PTY. LTD.

CNR.WILLIAMS ROAD AND CHARLES STREET, NORTH COBURG, VIC. - PHONE 351203
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‘A FULL, COMPLETE RANGE

IS NOW AVAILABLE . . .

3.9 TO 100 VOLTS

IN 4 POWER RATINGS
75, 1, 3.5, 10 WATTS

TOLERANCES OF 20, 10, 53 AND 2:9%

Standard Telohones and (bies Py [la'
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