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1. LETRODUCTION.

1.1 The Australian communicetion network is expanding rapidly snd new types and styles of
equiprent are constantly being installed. Although some older equitaent does not
conform with required standards, for economic reasons it is retained in serviee,

In most line transmission areas the equipment already installed and the equipment
currently on order is from a number of manufacturers. For these reasons there are
wide variations in circuitry and style for any one Lype of equipmert.

* 1,2 Line transmission equipment iz commonly referred to as Long Line Equipment and
enconpaeses the equipment used to obtain trunk and junction cirenits. It also
embraces certain telegraph, audio and video programme, data and faecsimile equipment.

1.3 The basic principles of line transmission equipment are outlined in the papers

: "Introduction to Line Transmission Equigment" and "Equipment Principles - Line
Transmission.”" This peper shows the applications of thesé basic principles and also
the relationship between line transmission equipment and other equipment in the
communication network,
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2, HISTORICAL DEVELOFPMENT.

2.1 In 1858 the development of the trunk network commenced with the installation of en open
wire telegraph line between Melbourne and Sydney. Trunk telephone cireults were
provided by physicsl pairs over the same route in 1907, and in 1925 the first ecarrier
system was brought into operation on the route.

This form of development for the Sydney-Melbourne route was typical of the general
trunk cireuit development throughout Australia., During the 1930's and 1940's trunk
circuits were generally provided by open wire lines but with a gradual increase in the
number of open wire carrier systems, mainly single and three circuit systems, In 1939
the first 12 circuit open wire system was installed and by the 1950's these systems
were in common use. In most cases an upgrading of the open wire routes was required
to allow the operation of 12 circuit systems in addition to three or single circuit
systems,

During the 1940's and 1950's a lesrge number of pair cable carrier gystems were
installed between capital cities and the larger provineial cities. These systems
operate over distances up to sbout 150 miles.

In the late 1950's radio telephone systems were installed to provide trunk circuits.
Some of these systems provided one trunk circuit and others provided bearers for
malti-circuit systems. In the initisl installations it was typical for three, four,
twelve or twenty four cireuit operatiocn cver these sygtems. During the 1960's
microwave radio telephone systems were used as bearers for broadband carrier
telephony and from 300 to 900 circuits were obtained on cone system.

The installation of the first coaxial cable system was commenced in 1999 and this was
followed by numerous installations until, at the time of writing, Australia is
inter-laced with broadband systems using coaxial cable pairs or radio telephone
systems as bearers.

Bince about 1958, Rural Carrier Systems have been used to obtain up to 1C trunk
circuits on relatively short trunk routes. These systems are used on open wire lines
where it is not econcmically justified or practicable to upgrade a trunk route.

Fig. 1 shows the main open wire and cable trunk routes of Australia snd Fig, 2 shows
the broadband systems in service abt the time of writing. The microwave radio routes
are shown in greater detail in Fig. 3. '

2.2 Although the initial development of the network was concerned primarily with telegraph
and telephore working, the network, in addition, now embraces audio programme, video
programwe, facsimile and data transmission equipment.

2,3 Line transmission equipment is extended into the junction network with the limited use
of four-wire repeaters, negative impedance repeaters and short haul cosxial and pair
cable carrier telephone systems to upgrade and provide junction circuits.
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FIG. 1. MAIN CPEN WIRE AND CABLE ROUTES OF AUSTRALIA, .
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3. USE OF, THE EREQUENCY SPECTRIM:

3.1 The mejority of trunk

unk-Cirepits are provided by carrier systéfild whilch use open wire
" lings, balanced psid cable lines, coaxial cable lines and radio syatemg as bearers.
These systéms are briefly described in Section 9. o :

A broasd outlifie of the utilization of the vériogslbep;g;s_ﬁor carrier system operation
is shown in Figa. h=6." Fig, b shows how the rradierd}’ spéctrum from 0'=1T6kHz is
occupied by various open wire line systems, The frequencies for some systems overlap
with the result that these systems are not: compatible for use on ene physical open
wire line,% In spécial circumstances frequencies up to sbout 300kHz sre used and two

twelve cireuit systoms sre "stacked" one above the other in the frequency spectyum.

The aﬂgio‘frequency range avallable is used for teléphone or audio PRggramme i i
trangmiseion, A frequency range of 50Hz - SkHz 1s required for the ty gaion of
andio programme on open wire lines.
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The line freguencles for coaxial systems sre assembled from begic groupe each with a

bandwidth of 48kHz.

U whomsenon -

Fig. 6 shows systems occupying frequency yanges up to 12MHz.

IEE S R

FIG. 6, g§§ oF FREQUENCY SPECTRUM - COAXIAL CABLE LINES,

A broad outline of the uge- of the freqpsncy spectrum for provision of radiotelephone

circuits is shown in Table 1.

- The V,H,P,,U.H.F. and 8. H F. ranges are ugsed for

radlotelephone provision and the nominal everall fregu ncy allocations for these
ranges is indlcated.

Esch radiotelephone system. is allocated an opersbing frequency band in a particular

frequency region.

_The frequency.bend: cceurred by a sygtem depends largely on the
modulation index used and the spplied .frequency range.

For example, the bandwldth

of a single circuit system 18 approximately 16kHz, a|300 circuit system is
approximately 7.5MHz and & 960 circult-system is appfoximstely 10.5MHz. A summary
_of the frequency regiong used: for rediotelephone provision Is given, and the
approximate circult capacity of the systems provided is nlsc shown.

Renzs Frequency Region - Approx. Allotted Band Approxiwete Circuit {Channel)
& (MH2) o {MHz ) Capacity of R.T, Systems.
V.H.F. 160 151 - 156 - b
30-300MHz 156 - 170 Single
150 450 - 460 12, 2k and aux. for broadband.
U.H.F, 900 B20 - 960 12 and 24
- 300-3,000MHz 2,000 1,700 = 1,900 60 = 120
2,000 1,900 - 2,300 300 - 1,800
_ I,000 13,770 - 4,200 300 - 1,800
SIH.F. 6,000 5,925 = 6,h25 600 - 1,800
30Hz-300Hz 7,000 6,425 « 71,250 960
7,500 T,425 < 7,725 60 - 960 {Bhort Haul)
11,000 10,700 - 11,7690 960

TABLE 1, FREQUENCY REGIONS #1LVOTMMED To K.T. PROVESTON.
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4, RELATIONSHIP BETWEEN MAJOR EQUIPMENT AREAS.

L,1 The Australian Post Office is responsible for a huge naticnal communications network
which provides telegraph, radio, television, data, facsimile, ete, circuits and
channels throughout Austraiia. In canjunction wlth the OveraeassWelee@mmunicatlon
Commigsion, the network can be extended on an intermationsl. basi;

|

h.2 Line- transmission equipment forms one part of the commnication i fwark ‘Mg, T shows
the genersl relationship to other types of equipment, The diagramhdepiqts conditlons
which are typical for a large line transmission equipment l!‘i:.a:!..‘:l.on._:i

The Physical Lines involved in providing trmmk cireuits (physicel:or de#ived) are

open vwire, palr cable and coaxial eable, Additional trunk cirecuits; are'provided using
radio telephone bearers, and in the example the radio telephone terminai is femote
from the line trensmission equipment stetion snd commection is made betyesh the two

by coaxial cable tubes and associated equipment, At some stationg the ine E.
transmission eguipment and the radio telephone equipment are in the; same puilding;
interconnection is then made with hard dielectric coasxial cable, i

Repeater Equipment is Installed, as required, to meintain the neceséary noise and
loss requirements for each circuit, This equipment 1s part of the line transmission
equipment.

Audio Programme from Natlional end Commercial broadeasting stetions is relayed
throughout Australis on audlo programme chaanels provided by the Department, - The
wajority of trunk programme channels are provided by programme cartier equipment and
the remainder by physical peirs. Audic programme is switched to the programme
transmissicn room in the line transmission equipment station, from the Australian
Broadcasting Commission (National) and Commerciasl network switchrooms or studios.

In the programme room connection is made to the appropriste relay channel,

Telegraph Fquipment ie connected to the line transmission station via a telegraph
office. At some large centres, carrier telegraph equipment is mitusted in the
telegraph office and connection is mede from this equipment to the carrier telephone
equipment. The telegraph subscribers equipment is cohne¢ted to the carrier velegraph
equipment via the carrier telegreph office. At most stations, the carrier telegraph
equipment is situated at the line transmission termingl although at some large
stations this equipment is at the telegraph office. Carrier telegraph equipment is
included as line transmission equipment.

Telephone Exchange Equipment provides subscribers and trunk switching facilities,
Trunk switching exchanges are asssociated directly with line transmizeion equipment
and through this equipment trunk circuits are interconnected and subsecribers are
switched to trunk circuits. In s number of ceses the trunk switching equipment is
in the same building as the line transmission equipment. The preasent trend is to
automatic trunk switching but menusl switching is still in common use.

Television Programme is relgyed locally and throughout Australia on video channela
provided by tranemission equipment on coaxisl tubes end microwave radio bearers.

The video sw1tch1ng and transmission equipment is included with the line transmission
equipment,

Feegimile and Dats Equipment. Facsimile eqguipment has been in use for many years for
the transmieeion of photographs for newspapers (picturegrems), and more recently for
transfer of written information within private business (business-fax) or of weather
chart information (weather-fax). The picture informestion is transmitted on a voice
frequency channel. In 1964 facsimile equipment capable of transmitting end receiving
plcture information to ensble the printing of newspaper pages was introduced, This
information is transmitted in the frequency range of one supergroup {240kHz}. Data
transmisaion has been in use in Australia for a number of years and consists of
equipment which ranges in sending rates from 50 bguds to 1200 bauds. At the time of
writing 2400 baud operation is being investigated. A stendard telegraph channel is
suitable for 50 baud ¢operation and telephone channels are used for 600 and 1200 baud
equipment., These telephone channels must conform to certein regquirements as regards
delay distortion and frequency deviation.
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4.3 The eguipment shown in Fig. T can be divided into meJor equipment ereas, In Fig. 8
the main elements of line transmission equipment are outlined and their relationship
to other major equipment aeress 1s showm,

The major equipment areas are:

~ line Transmission Equipment {Long Line Equipment).

- External Plant.

- Telephone Exchange Egquipment.

- Subseribers Equipment.

- Telegraph Equipment. ot

- T,¥., Radio and Broadcasting Equipment.

- Power Plant,

Tn general, the Department divides the instellation end maintenance of egquipment

into the areas shown, although the responsibilities of one sub-sectlon or station may
extend into a number or all of the areas.

T.¥., RADID & BROADCASTING EQUIPMENT

LINE TRANSMISSION EQUIP,

CARRIER TELEFPHONR

SUBSCRIBERS TELEPHONE CARRIEN TELEGAAPH

EQUIP. EXCH. EQUIP.

EXTERNAL PLANT

CARRIEN FROGAAMME

AUCIC PROGRAMME. |

T.¥. THANSMIdSION,

MEASURING BQUIR,
TRUNK TESTING

V.F. EQUIP.

TELEGRAFH EQUIP.
POYER EQUIP.

FIG, 8. RELATTONSHIP BETWEEN LINE TRARSMISSION EQUIPMENT AND OTHER MAJOR EQUIPMENT AREAS.

4,5 From Fig. 8 it can be seen that a technician involved with the installation or
paintensnce of line transmission equipment shoul@ have a knowledge of the associated
equipment in the other areas, For example, the transmiseion lines, which play an
importent part in trunk cireult provision, are installed and maintelned by the
external plant section, but a knowledge of the make-up and cheracteristics of these
lines i3 essential for a line tramnemission technician. Similar examples can be given
for telephone equipment, telegraph equipment, T.V., radic and broadeasting equipment,
and power equipment. There is no direct tie between subscribers equipment and line
transmission equipment. * Subscrivers' equipment is switched to line transmission
equipment via telephone exchange equipment., These relationships and certain
equipment details are described more fully in sections 5-9. The line transmission
equipment is divided into the equipment groups shown in Fig. 8.
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5. EXTERNAL PLANT SECTION,

5.1 The External Plant Section is responsible for the provision and maintenance of all
underground cables and serial lines. Cables are subdivided into balanced psir cable
and coaxial cable; each of these is further subdivided into various types. Aerial
lines are divided intc open wire and aerial caeble; as regards trunk circuit
provision open wire construction is normally used.

A technician involved with line transmission equipment installation or maintenance
should have a knowledge of line characteristics, constructional deteils and
asscciated line equipment. This information is necessary to enable a complete
appreciation of line transmission equipment circumitry, and also to assist in diagnosis
of trunk circuwlt fanlts and line fault location.

5.2 Balanced Pair Cable. Several types and sizes of cable are used in & cable scheme,
because of the variety of conditicns that have to be considered. A1l cables,
regardless of type and size, have three basic parts:-

(i) The Wire., BSoft copper wire is generelly used and it is designated according
to its weight per mile, for example "10 1b wire" means that one mile of this
wire weighs 10 1te, The wire weights in general use are 4 1b., &% 1b.,

10 1b., 20 1b. and 40 1b.; the latter three are commonly used for trunk
circuit provision, The conductor weight is directly related to conductor
resistance, and this informstion is Importent in line fault location.

(1i) The Insulating Material is used tc insulate the wires from each other and the
sheath. Varicus meterials are used, the most common being paper (woodpulp
and manilla), and plastic (polythene and polyvinyl chloride). The colours
or coloured markings of the insulation are used to distinguish between the
wires of the cable,

{iii) The Bheath {a the outside covering which protects the wires from damage or
moisture and is commonly made of lead, lead and antimony, or plastic.
Additionsl protective armouring is sometimes added,

Rotation Counting of Pairs aend Quads. The numbering of the pairs or gueds in a cable
commences from the 'marker” im the core of the cable and continuea in rotation
throughout the varicus layers to the last pair or gquad in the outer layer.

In ell States except South Australias and Western Australia the rotation is clockwise

locking towards the exchange and this is showm in Fig. 9.
LOOKING AWAY FROM LOOKING TOWARDS
s VHE EXCHANGE THE EXCHANGE —

—
e

ANTHCLOC! CLOCKWISE
FIG. 9. ROTATION COUNTING OF PATRS AND QUADS (¥.S.W,, VIC., QLD., TAS.).

In Scuth Australis and Western Australia the directlion of rotation is reversed and is
shown in Fig, 10.

CLOCKWIME . ANTI- CLOCKWISE
o— i

- LOOKING AWAY FROM LODKING TOWARDS .
THE EXCHANGE THE EXCHANGE

FIG. 10. ROTATION CQUNTING OF PAIRS AND QUADS (S.A. AND W.A.).
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Table 2, shows the main types of cable and their ahbrev1at19ns, and gives an
indicatlon of their uses in the network.

AT O

TYPE ABBREVIATIONS CopsgT A v

. B EARL ISP P 8 () AL B
Paper Insulated, Lead Sheathed, P.1.Q.L, Exclusive asubscribens .aahles.or
Quad local. combined trunk and subs, -.gables.
6lb, 10 1b, 20 1b, _ e g

Paper Insulated, Leed Shesthed, P.I1.Q.J. Junction cables.
Quag Junction.
10 3b, 20 1b,

Paper Insulated, Lead Sheathed, F.1.Q.T. Trunk cebles, i
Quad Trunk. o
20 ih, Lo 1b. -
Paper Insulated, Lead Sheathed, P.1.Q.C. Carrier trunk cfnbletlp‘_.'_.
Quad Carriler. . . .
20 1p, Lo 1b,
Paper Insulated, Lead Sheathed, P.I.U.T. Subscriber cables,
Unit Twln, :
h Ib, 6% 1h.
Polythene Insuleted, Pclythene POLYQUAD Subscribers distribution and
Sheathed, Unit Quad. leading-in cables,
b 1v, 6 1b, 10 1b, 20 1b, : o _ :
Polyvinyl Chloride Insulated, ' 'f'.V.{‘:}.-VL;G_J-is-"-% g---lh‘lt-rq!feo -agblé! to. sx.ohange and
Lead Sheathed. RN su‘bscri‘ﬁers &istribution fremes,
10 1b, : ’

TABLE 2. TYPES OF CABLE.

Gpecially deaigned quad cables are used for speclal purposes. A typical example 1is
spiral four disc insulated, lead 'sheathed cable (3P.L or D.I.E.Q.) used in older
installations for carrier trunk entrance; this cable, although in common use, is now
obsclete, Another example is m polythene gquad, with s copper shield and lead sheathed,
used for the tranemlseion of frequencies in the ne.ngé 60-5521!35; at‘the time of
writing, this cable igin” the e;cperimental s'tage. ST

T

5.3 Gas Pressure Equipment is added on some main trunk cebles to safeguard the cable
sgalnst water damege. The aystem consists of making & cable network gas tight, by
eliminating ae wany leaks as possible, and then installing contactors at intervals to
short cireuit en alara palr or psirs when the gas pressure drops to a predetermined
value. While the gas pressure remains within the cable it is difficult for water to
penetrate the gheath.

felected terminal or attended repester stations are wade Ges Pressure Alerm {(G.P.A.)
supervision stations and a line length up to about 50 miles can be supervised by
these statiomns,



LINE TRANSMISqION - EQQIPM@yT APPLICATIONS .
PAGE 13.

S.b Characteristics (Cable Pairs). - 'J.‘he cha.raeteristics of J.oeal type and unloaded carrier
cables are described in detail in A.P .0, Engineering Instruct;ions. Some of the main
chargeteriatics only:are given in this - paper. :

Reaistance, The reaista.nce of a. cable conductor varies Blightly with changes in
temperature bu'b these chs.nges have 1ittle éffect.on” other: Characteristics. The wvaluet
uged for ty-pical ceble ps.irs a're show in Ts.ble 3

Nominal Weight Per Mile '_Res'ist_‘.#hlce' i_)e'f_'_'sihg).e wire Mile (60°F)
& 16, o 2 :Lsh 96.(135) obms
10 1b, IR . 8T.72 " (88) ohme
20 1nb. CUOTY e L 386 (4k) ohms.
bo 1b, 1T 2L (22) otins

"'TABEE.S CABLE RES ISTANCE vALUEs
Attenuetion, . The s.ttenuation constant “( mile) f‘or 20 1b. and 40 1b. trunk cable
peirs is shown in Fig, 11. The everall range 4 - 160kHz fs shown in Fig, 11(a)
and the range 20CHz - WkHz is shmm in Fig. ll(b}.

A An. mla.T.

/ . . //40[.3 P.l@.T.

(a) 0=160kHz

ATTENUATION (4B /MILE}

2 /f
1
¢ 20 40 50 8 100 120 14¢ 160
2 - FREQUENEY (kHe),
" ' _,—-A__..-—---—-"" 20LB PIQ.T.
y - |
(b) 0-kkHz § L | i 40L8 P..Q.T.-
. - /9/-‘ R
o 05 - 1 15 B D 3 3 3.5 4

FREQUENCY {kHz)
FIG. 11. ATTENUATION CONSTANT - 20 AND 40 1b. P.1.9.7.
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Impedance, The cha.ractenstlc impedance (2o} of a cable -pair varies with frequency;
the msin veriation taking place in the V.F. rangd. -
characteristic impedance of ceble pairs is broadly regarded-me being 150 ohmes and in
the carrier frequency range it is regarded as being 135 ohms.
chaeracterisgic impedances of 20 1b. and 40 1b, trunk cable pau-s vary ‘with frequency.
Fig. 12{(a) shows this variation over the range 8 - “160KNz and Fig. 12('b) ‘shows the

In.the V.F. remge, the

300Hz - 8kHz range in which the major changes oceur,

Fig. 12 shows how the

2008, P.1.2.T.

120

100

4OLB, P.1O.T.

]

&0

At

CHARACTERISTIC IMPEDANCE {OHMS)

20

0

40

FREQUEHNCY {kHz)

{a) 0-160xHz

B0

100 -

120

140

160

- 1000

B4Q

rag

&0D

\ 2008 7.10.7.

500
MA NN

N

300

440LD. PLO.T.
200

CHARACTERISTIC IMPEDANCE [OHMS)

77

10

3

- {b} O-hkHz

4

FREQUENCY (hM:)

5

FIG., 12. CHARACTERISTIC IMPEDANCE OF 20 ib, AND LO 1b, P.1.Q.T.
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5.5 Crosstalk Considerations. (Cable Pairs)., During the manufacture of quad cable, the
quads are twisted o that the electromagnetic induction is effectively eliminated.
The "twists" produce relative transpositions between the quads.

Flectrostatic induction is due to deviation from geometric symmetry of the wires in
the guad. These deviabions cause capacitance unbalance between the pairs. These
unbalances aleo exist between the wires of quads and earth,

Although close contrcl is exercised during manufacture, the resultant unbslance is
often large enough to produce severe crosstalk.

To offset crosstalk due to the inherent cspacity unbslance of the cables, a number of
capacity balancing methods are employed in trunk cables. Firstly a selective Jointing
scheme 18 used to obtain as good a balsnce as possible on & complete trunk cable.

When additional balancing is reguired, specisl bdlencing capacitors are added between
wires of the quads, For long distance trunk carrier cables the resistive unbalance
between wires of quads is elso s contributing factor to crosstalk. For these cables,
"gdmittance unbelance", which incorporates both capacity sad effective resistance
unbalance, 15 determined snd the cables terminated on special cable balancing racks
vhere the required balancing capacitors and resistors are added,

5.6 Uses of Trunk ¢ables. A trunk cable is one which connects exchenges not in the zame
or adjeining charging zones. Trunk cables are also used for trunk entrance purposes.
A trunk entrance cable is one which i3 used for connection from a line transmission
equipment ststion to an open wire trunk pole route, This ig necessary when it is
physically impractible, or undersirable from a crosstalk and noise polnt of view
to terminate the pole route at the line transmission station,

Trunk cable telephone circuits can be provided by either voice freguency or carrier
frequency transmission, In general, carrier systems are used for distances greater
than about 20 miles.

V.F. Transmission., Voice frequency working over trunk cables cen be either on a
Thassive or "active" basls. The passive cireuits are suitable only cver short
distances, and heavy gauge conductors are required to meét transmission requirements.
It is often necessary to employ V.F, loading (BBmH colls at approx. 6000ft intervals)
to obtaln the required loss figures.

The active circuitz are subdivided into:-

(i) Two-wire. V.F, working is improved by the use of negative impedance
repeaters and two wire hybrid {type 22) repesters. However, because of
instability, these circuits are not normally cperated over long distances.

(ii) Pour-vire. Separate "Go" and "Return" pairs, including smplifiere, are used
for each direction of trangmission and the problem of instability is
reduced, '

Carrier Working. The mejority of trunk cable carrier circuits are provided by 12
clreuit systems operating over quad carrier {20 1b. or 40 1b.) cable bearers. Two
types of systems are in use; one type uses separate '"go" and "return" bearers and the
other type uses one bearer pair and separstes the directions of trsnsmission by the
use of different frequency ranges for easch gdirection,.

Special 1h or 24 palr cables are often provided for these systems and repeater
stations are required at spacing ranging from about 12 miles to 22 miles depending
on the conductor size and meximum frequency used, Twelve circult systems are also
used for Junction circuit provision and, in these cases, repeater spacings of about
gix miles are sometimes necessary.

A single quad polythene insulated cable with e copper shield hes been Installed snd
is capable of providing 120 circuits with a single cable or 240 circuits using Mgo
and "return" cables. Frequencies up to 552kHz can be used and so two supergroups
can be accommodeted.
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5.7 Coaxial Cablea. Coaxial cables are capable of being used for the tranemigeion ¢of wide
frequency bands and their main appligation is the transmiseion of television programmes
or large groups of voice frequency ¢ircults, BSeveral types and aizes of coaxial cables
are in service in Australim. The trunk nétwork cons{sta predominently of four and
six tubes cableg, although eight and twelve tube cables are used for radic Link and
television connection and two tube c&ble® are used for some subsldiary routes.

Construction. A cosxial tube consists_qf_an inner copper wire conductor surrounded
by an cuter copper conductor formed into.a cylindrical tube, Two layers of steel
tape and two layeis of paper complete thé coaximl tube, .This ia shown in Fig, 13.

In the coaxial tube in general pge,_théfﬂiameter of the inner conductor is 0,104",
and the ipner diameter of the rube 15 0,3T5". Polythene discs spaced at 1,3"
intervals hcld the inner conductel im plsee, .

-, a4t OUTER Dlu. o
‘OVER STEEL TAPES o

POLYTHENE DISC.
Q<OR® THICK TWe LATERS OF PARER TAPE
- Dr44* DIo. OVERAML

TG LAYERS OF O-5* Wi
LR ETEYL TAPE 0.00:

INNER COROUGTOW
O 424" (la: o

DE
57 THILK

CaPbER JAPE G757 \HTERNAL Dla.
AND 901 THICK

PIG, 13, BRITISH DIMENSIONED COAXTAL TUBE.

In genersl, more than one coaxial tube'is ineluded in the cable, end the tubes are
laid-up around & core consisting of paper. insulated 20 1b. palr or quad conductors
which are used for control, supervisory and slarm circuits. A 20 1b, paper
insulated carrier quad is plaged in the space between each tube, A helical lapping
of &t least two thicknesses of paper is ppplied over the composite ceble, and 1f
required, one or more layers of 10 1b. ¢r 20 1b. paper insulated quads can be made
around the cable with s Pinal double lapping of paper, The make-up of & typicel )
tube coaxial ceble is shown in Fig. 1k,

FIG. 14, MAKE UP OF 4 TUBE COAXTAL CABLE.
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Typical cable layeups:for 2, 4 and & tube cosxiel cables are shown in Table '
Num‘oer' : ; I In each
of "ébreg"sm:‘p'é.cfé ' Outer Layers Pairs as Required -
Tubes R N Interspace " local Type
in e r—— Between -
Cables | Centre | lat Leyer| 2nd Layer Coaxial 1st Layer | 2nd Layer | 3rd Layer
5=201b
2 Ml | - Bil N Carr. 2l‘é§gd;b‘ 30&52‘1?' 36&2;“
&Junc.
Quads
o s Mioop Nl Corree’ | 27-20 Ib. | 33-20 1n, { 39-20 In.
3 Guads Quads Quads
2-201b| 8-201b .1'.._20115 48-10 1b. | 54=-10 1b. { 60-10 b,
6 il _ Quads Quads Guads
Trunk Trunk Carrier 34=20 1b. | L0=20 1b..| 46-20 1b.
Queds. | Quads © Quad [ - Quads | Quads Quads
TABLE h. TYPICAL CABLE LAY-UP 2, um 6 TUBE CABLES,

The complete coaxial cable 1s usually .gheathed with lead alloy, but where the cable
is subject to severe power induction an alternative sheath of aluninium alloy is
used to inecrease the magnetic screening.

As the majority of faults are caused by mechanical damege, speclal precautions are
taken to protect the cable. When the likelihood of demage is great the cable is
Most unarmoured
Fig. 15 showe
The four tube cable has first
The six tube cable has nc layer pairs and

armoured with steel tape or some form of outer wire protection.
cable is plastic covered to glve a certain degree of protection.
_atandard "buried" csbles with 1 and 6 coaxial tubes.
leyer pairs only and i1s plastic covered.
has an aeluminium sheath.

PAPER LAYERS

PAPER LAYERS

LAYER PAIRS . LEAD SHEATH PLASTIC SHEATH

- PAPER LAYERS

" PAPER LAYERS.

A LI.IMH‘:I'IHM SHEATH

FIG. 15. 'TYPICAL k AND 6 E’UBE COAXTAT, CABLES.

Coaxial cebles are lald four feet d.ovfn, and after back—filling, t;'he route is marked
by tall posts bearing warning notices drawmg attention to the haza.rd of high voltage
distribution om. the cs,ble. e . S
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5.8

Characherisites. The tube chardeteristic which has the greatest effect on the quality

-of the broadband frequencies transmitted on s coaxial tube is impedance. Regularity
of impedsnce ig-an essential feature of s comxial tube to avoid reflection. Although
frregularities may be due to veriations in the dlelectric or conductivity of the
conductors, it is more usual to be caused by changes in the tube dimensicns due to
mechanical dsmage. An impedance versus ‘dreQuency response for a typleal coaxial tube
is shown in Pig. 16. The tube has a wotiinal charsctertstic impedance of 75 ohms,

bu,E below about 1¥Hz the impedance vises abbve thisg n al value. . i :

) \————- - =l

T -

I i !

-
L=

IEPEDANCE BN OHMS
-
=

~
=

o . 7 ! 4 4 ] . 1] 12
FREQUENCY IN uHa :

FIG. 16. IMPEDANCE - FREQUENCY RESPONSE FOR '.I'IPIgAL COAXTAL! TUBE.

The attenuation constent of th(-:' coaxial tubé riges shadply wit) cr';i?s'in‘ frequency

o

T .4
W 1
-Fig. 1T shows an attenustion vérsus frequency response z@&iﬁxﬁg,‘,,@g,g; tube,

having & cable temperature of 50°F,
| oo

ATTEMUATION CORNSTAMT dB. mile

v
N

g . . o, ’nn o R 'u
" FREQUENCY tN W T L

 FIG. 1. ATYENUATTON - FREQUENGY RESPONST YO TYPICAL COAXTAL TUEE,

Table 5 shows the effect of temﬁaratu;-e on attenuation constant of a coaxial tube,
at frequencies of 0.06, Ly 2, 10.aiid THMHS: ST snystion eonatant.is shown for
temperatures of 50°F, 59°F and ‘68°F and g in-attenugtion constant

betwsen 50°F and 66°F.ave,, ' i :

i cated

: ATTENUATION | A - ENE
FREQI,!ENCY 7 ﬁB{tmile - ¥ i1le :I - Y %ﬁaﬂ.B/miJ.E_ :
MHY (o | *‘g op - I N 5% - B8oF
" ¥ . .
0.06 - 0.928 0.938. ‘. "= 0.020°
1 3.795% 3. 8407 o wefoemn S - 0085
2 5.360 . 5.430 0.115
10 11.950 12,100 o] . 0.260
12 13.207 - 13.3%0 - 4 - 0.3ho

IABLE 5. LFFECT OF TEMPERATURE ON ATTENUATTON CORSTANT. -
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5.9 Cable Terminals. At the coaxial cable terminals, the equipment associated with power
feeding and gas pressure alarms is added., Fig. 18 shows the cable pothead frames,
power feeding rack, cable terminal rack and gas pressure alarm equipment at a typical
repeater station. The four tube coaxial cable is terminated at the cable pothead
frame, and the tubes are extended with single lead covered air spaced coaxial tubes
to gas tight terminations. Connection is made from these terminations to the power
feeding rack with connectors and semi-flexible solid dielectric coaxial cable.

The paper insulated pairs required at the station are extended with a cable tail to a
cable terminal rack. At this point they can be distributed for use as supervisory
and alarm pairs, minor trunk cables, or bearers for pair cable carrier systems. At
some older installations all paper insulated pairs are taken to the cable terminal
rack, and through connected or distributed locally at this point.

Typical gas pressure alarm equipment is shown at the right of the illustration. At
later installations this equipment is situated in anentrance porch; this enables
the lines staff to perform normal maintenance inspections ete. without entering the
equipment room.

FIG. 18. CABLE TERMINATION AND POWER FEEDING RACK AT REPEATER STATION.
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When transistor type line equipment is used, underground repeaters are installed, and
the repeater bulldings associated with valve type equipment are replaced by manholes.
In the manhole a metal housing, maintained under gas pressure, accommodates both the
coaxial tube terminations and the transmission equipment (two repeaters). The
manhole also accommodates cable joints, ges pressure control and order wire equipment.

The typical layout for a manhole with a coaxial repeater is shown in Fig. 19. The
coaxial cables for each direction are shown connected to standard coaxial cable

tails which lead to the repeater housing, Air feeds are taken from the coaxial tubes,
and the enclosed repeater housing, to gas pressure alarm equipment; contactor, manifeld
and bypass valves. Alarm and order wire pairs are brought out to terminal points.

At intervals not greater than about 20,000 yards (two UMHz repeater sections) gas
cylinders are provided to inject gas to ensure a flow sufficient to prevent entry of
water at any leak point. At a gas injection manhole the fourth bypass valve

(stopped with a plug in Fig. 19) is used to feed gas from a high pressure cylinder

and regulating valve,

CONTACTOR

AIR FEEDS

MANIFOLD AND VALYES

COAXIAL CABLE TAILS

FIG. 19. TYPICAL LAYOUT IN MANHOLE WITH COAXIAL REPEATER.
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Fig. 20 shows a partly equipped housing. The housing {s approximately 22 inches
long, 13 inches wide and 16 inches high and has been desigmed to accommodate two
repeaters of either U.K. or German design. The hopsing is connected to the main
coaxial cable by means of two coaxial tube tails. The four tubes, for each
direction, appear in the housing as individual flexible cables which can be taken to
the inputs and outputs of repeaters. In the example, only two tubes are equipped and
the spare tubes are fitted to a mounting plate and patched through with short coaxial
cable patching links., The repeater in Fig. 20 is of German design; the U.K. repeater
is of slightly different design and minor changes are made to the connections

within the housing.

FIG. 20. TYPICAL COAXTAL SYSTEM BURIED REPEATER.
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5.10 Use of Coexial Tubes. The prime use of coaxial tubes 1s for broadband carrier
telephony and televislon progremme transmission., In many cases, power for certain
repeater stations is fed from no-break power equipment at maln repeater or terminal
stations over inner conductors of cosxial tubes. The paper insulated palre and quads,
vhich are sometimes included with the coaxial tubes, are used for mincr trunk
provision and supervisory facilities.

Broadband Carrier Telephony. One coaxial tube i8 used for each direction of
trensmission and with repeaters spaced at sbout. 5.75 miles intervals, frequencies up
to LMHz or 6MHz are used. With UMHz working 900 or 960 speech circuits are obtained.
At the time of writing, the installation of 12MHz systems providing up to 2700 speech
circuitg Is planned.

Video Transmission. ' Coaifel: tubes &re. génerally used for shopt haul video
transmigsion links,. £ aqample, from T:% sbudics to miercieve radic relay stations.
In these short links Lhé-Hdes . signal is applied direct to the cosxial tube and a
frequency band of 30Hz. - 5Miz is trangmitted, A few long digtance video transmission
links are iit use., In these caped speclal v:i.dao transmission systems are used and the
video frequencies are. transalated to 0.5MHZ - 5. SMI-[z for transmissicm on a coaxial
tube.

Power Feeding. An a.ncillary use for scme caaxial tubes :I.s the supply of power from
no-bresk power equipment at a main station to unettended repester stations on the
same route. Power supply by this means is used on most broa.dband coaxial equipment
routes.

5.11 Open Wire Lines.  The general form of open wire construction is wobden crossarms
mountad on wooden poles although in some coges steel poles are used, The wire pairs
used for trunk provision are normally copper or cadmiuwm copper and are typically
1001b,, 2001b. and 3001b. per mile. The wires are carried on’ glass. or porcelain
insulators. The spacings betweer 'palrs of wiree and wires of separate pairs, and
also the spacing between crossarms varies for different pole routes and depends
largely on the frequencies to be transmitt-ad.

The wires are designsated a.ccording ‘o Boelr pos:ltion on & particular ecrossarm; the
crossarms are desighated mumerically from.the top of the pole. Fig. 21 shows the
depignations of crossarms and wires for a.typical pole. The wire positions are
designated as pin positions (pp), and mumber from left to right looking at the pole
from the Cepital city or looking ‘from the ceble temina,l pole. (Details of the wire
designations and pin positions ere given on trunk circuit maps). In the example,
wire pair epacings of 9" and péir to pelr spacings of 19" are shown for the trunk
circuitas. The spacing between the junction and subscriber wires is T". The spacing
between trunk circuit crossarms is 28" and the spacing between trunk and subscribers
arms ie 14", These figures are typical for combined trunk end subscriber poles.

PIN POSITIONS——___
Loal 13 4 L 15 16 17 1.

s

FIG. 2i. NUMBERING OF ARM AND WIRE POSITIONS - LOOKING FROM CAPITAL CITY.
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On ceble terminal .poles the tyrunk circuit numbers and wire type and gize are
indicated on pole plans.f Fig. 22 shows a typlesl example. Trunk cirenit number 216?
occupies pin Positiqns 1.1 and 1.2; trunk eircuit 495 bceupies pin positions 1.3 and
1.% and so on. Crossarme 5 and 6 are used for junction and subscribers lines and
details are not given.

C2 indicates 2001lb. copper conductor and Cl indicates 1001b. copper conductor.
Cadmium copper, conductors are indicated with the prefix CC. The designation Fl
indica:tes 4001b. gelvanised iron conductor.

The tra.psposition pole number, E36 in the dlagram, is shown againat the pole and
indicates the pole position with respeet to a transposition scheme (para 5.13).

aw7 . 498 |32 323 = CIRCUIT NUMBERS,
€t N €2 | €%/ C2=-—WRE TYPE L MIIK.
488 M f_-‘""‘ﬂ'l
o . . ‘rmnaposmon.
/g T PHANTOM
2183 208 ANSPOSITION -
i1 (e Ic;‘l Ne. INDICATES TYPL)}

LL 1t

JNS. —-Jum:ﬂbus

SUBS.~~ susschisens

36 —=————— TRANSPOSITION
: POLE Ne.

. FIG. 22. CABLE TERMINAL POLE PLAN.
| .
5.12 Characteristics {Open wire lines}. Details of open wire line characteristics are

given' in #.P.0. Engineering Instructions. This paper includes some of the main
characteristics only. :

Resistance. The resistance of open wire lines changes with temperature but the
effects of these small chenges on other characterigticg 19 small and is generally
disregarded. Table 6 shows typlical registance values for various open wire

cohductors.

Nominal Welght per Mile - Resistance per Single Wire Mile
300 1b, {copper) 2,9 ohms

200 1b. {copper} bk ohms

150 1b. {copper) 5.8 ohms

100 1b. (copper) i 8.8 ohms

237 1b. (cadmium copper) 4.5 ohmg

118 1b. (cadmium copper) T © 7 9.0 ohms® - -

200 1b. (galv. iron) 1. 26.6 ohms

TABLE 6. OPEN WIYRE RESISTANCE VALUES.
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Atteénustion. The attenuation consbant characteristies of 100 1b. and 200 1b. copper
conductor open wire lines are shown in Fig. 23. The characterigtics from about
L-160kHz are ghown in Fig. 23(e) and the characteristics from about 0.05kHz - 3.2kHz
in Fig. 23(b},

.5
100LB. C.- 9" SPACING
04 : L
/ 200LB, C.- 4" SPACING
i 0.3 - //
4 - A
2 / 'é/ﬁum. C.-9" EPACING
" / -
* ////r/ -
o ?/
0 20 40 L 8o 100 120 © 140 180
FREQUENCY (kHe)
(a) 0-160uKz
014
100L8. C.~5" $PACING
012
/
- //
w /
% 0.08
L 200LR, C.- 6" SPACING
0.06 — — -
[ P 200LB.. C- 9" SPACING
0.04
0.02

0 0.4 08 1.2 146 ‘20 24 2.8 32
FREQUENCY (kHr)

(b) ©0-3.2kHz

FIG. 23. ATTENUATION CONSTANT OPEN WIRE LINES.
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Impedance. The characteristic impedence of open wire lines varies with frequency and,
as for csble pairs, the majority of change takes plsce in the V.F. range; that is in
the range up to about 3kHz. Open wire lines are regarded as having a nominal
characteristic impedance of 600 ohms and beyond about 3kHz this is the approximate
velue for most lines. Fig. 20 shows the charateristic impedence versus frequency for
three types of opem wire lines. The 100 1b. and 200 lb. copper conductor with 9"
spacing having a general characteristic impedance slightly grester then 600 ohms and
*ghe 200 1b. copper conductor with 6" specing has an impedance slightly less then

00 ohms.
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FIG, 24, CEHARAQTERISTIC IMPEDANCE - OPEN WIRE LINES.
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5.13 Crosstaik Consideration (Open wire Lineg)..  Inm, open wire lines the crosstalk coupling
between pailrs iz affected by variouafeaturesof tha pole configuration. Thede are:i-

~ The distance hetween the wires comprising#each pélr;'
- The digtance between the wires of adjacent pairs.

- The spacing of the croassrms., Tt T s

By crossing the wires of the pairs to & definite pattern {(a transposition scheme) it
is possible to control creosstelk over a certain frequeﬁcy range. Each transposition
acheme has a definite bandwidth and cnce the frequency 1imit 15 exceeded the quality
of crosstalk reduction performance drops off sharply T g

The three transpositlion schemes in common use are for three circuit twelve circuit,
and rural carrier system bearers. As the frequency rangs. of the be&rer is increased,
the number of transposition per unit length 1s increaged. -

5.14 Uses of Open Wire Lines. Open wire trunk lines provide a nimber of’ trunk telephone
circeuits by either voice frequency or carrier freqpency trsnamissipn.

V.F. Working. Voice Frequency tranamission over phyaiqal ities can be on a "passive"
or Tactive basis. The passive circulte are generally only suitable for short trunk
cirduit provision. Reduction of eircuit loss can be obtained by the use of two-wire
hybrid repeaters or two-band systems, Neither method is used extensively as circuit
performance is degreded because of the limited frequency range (maximum frequency
asbout 2.6kHz) trensmitted. Because of the problem of instability V.F. repeatered
circuitas operate with some finite logs and are normelly only suitable for short trunk
eircuit provieion. ‘

Carrier Working. Open wire lineg can be designed to allow transmiéaibn of frequencies
up to gbout 170kHz under nommal. .conditiens,-end frequencies up to about 300kHz with
spacial trausposition gchemes.

Trunk open wire carrier ¢ircuits are provided by carrier systems which renge from

one cireuit to twelve circults per system. . In meny cases more than one system can
share sn open wire besrer and this increases the total number of circuits obtained
per bearer. Rural carrier systems are designed for use on relatively low grade
bearers and provide up to twelve circuits per system. Using a special transposition
deajgn it 1s possible to operate a three circuit system and two twelve clrcuit systems
(one sbove the other in the frequency spectrum) on the one bearer. Frequencies up

o about 300kHz are used and 27 eircuits are cbtained on one open wire hearer. At

the time of writing this is considered a maximum for open wire working.

On the longer trunk routes, carrier system repeaters are required at intervals to
naintain the required loss and noise figures. The spacing of repeaters varles
congiderably because of the geographical situation of towms and cities on the various
routes., As o general rule the maximum repeater spacing for twelve clreuit systems
(maximun freguency 1U3kHz} is 90 miles., Three cireuit system repeaters can be spaced
up to about 200 miles apart; when they are.on the same route as twelve circuit systems
it 1s normal practice to locete them af éach alternate ‘twelve ¢lreuit repeater

station. In practice, because of the geugraphical location of sultable repeater
stations, maximum repeater spacings are rarély used.

5.15 Trunk Entrance Arrvangements, Terminal and repester line tranemission stations are
often situsted in towns and cities in such & place that direct .comnection of the open
wire lines to the equipment is not physically practicable, - In some cases it is
practicable, but because of the poseibility of noise and crosstalk from adjacent
subseribers circuits, power lines and traction systems, it ia not desirable,



CABLE TERWL RA'cK )

HIas 10N

. EQUIPMENT. APPLICATIONS:,
: : PAGE . 27

-+ Fig. 25 shows sibiplgnovhel riunk: entrance arrongements at a typiaal terminal atation,
- The open wire: Tddwmtpmiibtae o a "cable terminal’ polé". "The tiunk entrance cable
peirs terminaterdn axoeblejolhting pit end are contiecbed to:the" open wire peirs by a
o "riger" ceblesepitmdminel: box and "bridle” wire. Add{tiénal equipment, such ag

-protectors fmam.uw Hupe added abt the coble termingl pole.

CABLE TEAM'L FOLE

JGINTING PIT

B ol I-FH.DBR&ROUND CARLE
M~ MBI - - ENTRANCE ARRANOEMENTS.
The basic functiong, of the. eq,g;!,pgen} agpgogiated with an open wire:to. . ceble, trunk
_entrance arrangement are. ko providerigpedsnce matohing and electrical protection, In
trunk cireuit provision it is wumyal, forsepen wire lines to be used only for volce
frequency transmission. 4’ large number of open wire trunk lines are used ag bearers

for carrier systems so in this paper ‘the subject of trunk entrance for composite V.F.
‘snd carrler transmission is covered.

The trunk entrance equipment is situated at the Junction of the open wire route and
the cable. Most of the equipment is situated in wesather proof boxes mounted on the
pole; in some casez special filter huts or filter cabinets are installed to house
some of the equipment.

5.16 Methods of Impedance Mat.ching Two baglc methods of impedance metching are used.

These are:-

(1) Matehing transformers. The different impedances of a cable palr and an open
wire 1line can be me.tched using a transfomer with a suitable turns ratio
‘between windings. :

(11) cabie lcading. The addition of loa.dj.ng coila increases the Zo of & cable
palr and this méthod can be applied to meke the impedance of a cable pair
equal to that of an opein wire pa.ir.

Uge of Transformers. Except in gpecial
cases auto transformers- sre used for
cable to open wire matching. This method
has the advantage over normel transformer
connection in that D.C.. testing ib rot
precluded.

Trans former matching has the disadvantage
that it is difficult to obtaein correct
matching over a wide range of frequencies.
This 18 bdrought about by the fact that
the impedence versus freguency
characteristics of open wire and cable [IEESEY DRTRN CABLE PAIR
palirs varies congiderably in the V.F. 200 —

range, and as shown in Fig. 26 this
variation ie such that a trensformer with
8 fixed turns retio cennot achieve

1000

OFEN WIRE

L1

|, " APEDANGE (OHMS)

efficient matching in this renge., It .. . . .. ° = 4 s a e
con be seen that beyond ebout 1OKHZ the 7+ PREQUENCY {kia)
impedances for both lines become steble FIG. 26. IMPEDANCE VERSUS FREQUENCY

- and tranaformer metching is practiceble. CHARACTERISTICS OF OPEN WIRE AND CABLE PATRS.
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Although transformer matching is not entirely satisfactory. it is used 1n many cases
and the two main feamtures to be considered for matohing transformers are frequeacy
range and impedsnce matching. Table T shows the impedsnce metching and fregquency

_ range of typical transformers. Different types of tiensformers are available in the

twelve circult system range to ensble matching to-different. types of cable pairs.

Type Matching Range Frequency Range
1o o _in kHe ...

3 Circuit 600/136 0,03~ -

12 Circiit | - 600/115 or 120 0030 C

12 Circuit 600/125 or 130 p.03 - 150 §

12 Cirenit | 600/135 or 140 3 = 1507

12 Cireuit | 6007145 or 150 | -

12 Cireuit |  600/155 or 160 .03 =150 -
TABLE 7. MAICHING AND FREQUENCY RANGE FOR TYSICAL TRQNSFORMERS.

The connection for & typical transformer 15 shéwn in Fig., 27. The connectlon shown

is for 600 ohm: 125 ohm conditions. The dotted cohtiectioh is suitable for 600 chm:

115 ohm conditions. The inbuilt YF capacitor prevents a permanent D.C. loop across
the line. oo ' : B o '

¥ 12500

FIG. 27. TYPICAL TRANSFORMER CONNECTIONS.
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In some cases double pair matching is used. Fig. 28 shows a typical exumple in
which two c¢able pairs are connected to two secondary coils of transformer Tl and en
open wire pair is connected to the primary. This method of matching 1s sometimes
used when 17Hz signalling or sudio programme is provided on the physical. A 2yF
cepacitor gives s satipfactory response down to 50Hz. -~

T

I
V)

‘1- .

—PRAIR | |——PAIR 2 20F . 6000 EQUIPMENT

600n LINE  2MF o

N
U

FIG. 28. TYPICAL "DOUBLE PATR" MATCHING.

Cable Loading. The addition.of series inductors at fixed and equal intervals along
a cable palr is known as loading. Losding is used for a number of reasons and
introduces certain advantages, and also the disadvantage of & restricted frequency
range. Additional informetion is given in the paper "Transmission Line -
Characteristics.”

The standard form of carrier loading uses 2.hlmH dolls at intervala of approximately
600 feet. This results in a cut—off frequency of Bbout UOkHz to 50kHz so that
carrier system working beyond this frequency is prevented. The impedance versus
frequency characteristics of carrier loaded cable pairs sre almost identical to
those of open wire pairs ahd efficient matching is obtained over the frequency
range.

In some specisl circumstances loading is added at 150 feet intervals end a
frequency pass range up to about 150kHz is obtained. This type of losding is too
expensive for large scale use and when used is confined to short cable lengths.

Fig. 29 shows the entrance srrangements for V. F and three channel working using a
carrier loaded entrance cable pair.

CAPLE TERMINAL LINE TRANSMISSION EQUIPMENT STATION
POLE
WEN- WIRE - LOADED CABLE PAIR .
. 5-&4kH
2.44mH_600'  2.44mH 600' |  2.44mn : u
: . . : . g 5 2 V.E. EQUIP,
— 1 AAASTTT AT AR p—
. 2:44mH 2. 44mH 2-44mH
L} ~~ |— o carrier
~~ |——o0 EQUIF

FIG. 29. TRUNK ENTRANCE ARRANGEMENTS USING 4 CARRIER, LOADED. PATR.
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Frequency Splitting. Transformer metching la not always entirely satisfactory hecause

oF the varistion in line impedence with freguerncy, snd cable puir loading to obtain

& frequency pass range beyond about. 50kHz 19 too expensive for general use. ' For
these reasons an alternative method of trwilk '‘entrande used on twelve clrcuit bearers
is to split the voice frequencies and three circult dystem frequencies Trom the

twelve cireuit system frequencies at the open wire to cable Junction.- To do-this a
32kHz line filter group is situasted at the cable terminal pole. These filters may

be on the pole, in a filter cabinet at the base of the pole, or in a filter hut in the
vicinity of the pele, The enirance arrangements for a yural carrier system, where the
entrance ceble is longer than 100 fest, is-similer to-thetdfor the twelve circult
system but & 4kEz fllter group is used at the ‘cgble teminke'.l pole.

Fig. 30 shows simply typical entrance arrangeme'm:s using firequency splitting at the
cable terminal pole. In this exemple the open wire pair ia}, connected to the filter
by means of & speéial dige insulated star quad ‘cabie (D.I.8.Q.) or S.P.4. This

cable 1s.loaded to achieve ah®impedance:aharacteristic similar to that of the ‘open
wire; on short lengths (below. about. 330.feet),.one termingl loed wnit is required
but on lengths grgsater than 330 feet loed units are used at each end of the cable and
in scme ceses intermediate load units are requiked. When pole mounted filters are
used D.I.5.Q. is mot required for the short connection from the open vire peir to the
filter.

The 32kHz filter group has en impedance of 600 ohma so it 1s necessary to match this
impedance to that of the unloaded ceble pair used for transmission of the twelve
circult system frequencies to the line transmission station. The impedances of
unloaded trunk csble pairs range fram sbout 110 ohms to 140 ohms and the matching
transformer turns ratic is variable to ensble correct matching for any condition. At
the terminal or repeater station it is normal to match the equipment to the cable
pair. A typicsl line impedance for twelve circuit equipment is 123 ohins and a
suiteble matching transformer is used to connect the cable pair to the equipment.

The iow pass section of the filter is comnected to a ‘carrier loaded cable palr and so
matched conditions exist through to the equipment in the line transmission atation
where connection is made to a 3, ¥ or 5.6kHz line filter group for separation of the
voice Prequencies and three circuit frequencies. - o

CABLE TERMINAL FITER HUT O PILTER CABINET |  TRUNK ENTRANCE CAMLE LINE TRANSMISHION  ROUIPMENT
pOLE .
OREN WRE 1 0180 | iap umiT 32 M2 : ' : ___ima
SAMAS ~ 212 crcunr
. o 110 - 1400, MON  LOADED  EQUIPMENT
VALAS o
.
0! swo' | 00
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l. . 4
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s00n s00n . soon

FIG. 30. TRUNK EN‘I‘RAN(_,'E MGEEHTS USING FREQUENCY SPLITTING.
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The filter and mabtching transformer arrangement for a rural carrier system bearer
with entrance gable in: excess of 100 feet is shown in Fig. 31. A bkHz filter group
is mounted on the cable Lerminal pole; the low pass side (voice frequency) is
extended to the:station by an unloaded cable pair and the high pass side {rural
carrier systam)niahmatched with an eauto mabtching transformer to an unloaded cable
peir which makegvpne_connectiop with the equipment via an auto matching transformer
at the station. ™

© OFFICE . ’ - T POLE

wATENIRG TRAMPO 1,43 takin AT

FIG. 31. “SIMPLE mmgm RANCE, ARRANGEMENT FOR RURAL CARRTER SYSTEM,

Charge over trunk faeilities are sometimes provided aver bearers for rural carrier
systems. Because line filters are limited in. current carrying capecity it is
necessary to keep any charging current out of the filter and this is usuvally
achieved by installing chokes on the line side of the filters and extracting the
charge current from the centre tap of the choke. These features are shown in Fig. 32.
Where necessary a mumber of pairs in parallel may be used Lo reduce the resistance
of the charge over trunk control circuit. When the legs of the palr are to be kept
geparste for D.C. loop dialling or similar purposez, . it 1s necessary to put a

1 or 2yF capacitor acrogs the centre tap of the choke. The resonant frequency of
the choke, considered in conjunction with the entrance cable capacity, is then
lowered below the V.F. range.

OFFICE

HATCHE  TAARLFMINEF WA TANRAE k- PTG,

FIG. 32. CHARGE OVER TRUNK ARRANGEMENTS AND FREQUENCY SPLITTING.

5.18 Bridging Filters. At intermediate stations on multi-office trunk lines which are also
bearers for single or three circuit systems, bridging filters are used to tee local
telephone equipment across the line. The filter is designed to minimise the losses
at carrier frequencies caused by bridging the telephone equipment across the line,
and to reduce erosstalk between the carrier and the voice frequency circuita. Fig.
33 shows a typical arrangement,

_BRIDGING FILTER

LINE TD A LINE TO B

LOGAL
TELE PHONE
_ EQUIPMENT

FIG. 33. TYPICAL BRIDGING ARRANGEMENT.
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5.19 Protection. The majority of pole mounted equipment has provision for Ffitting

protectors. Three types of protectors are in common use; a gas errestor, an atmite
arrestor, a carbon arrestor. As a general rule arrestors are fitted st the terminstion
of the open wire line; one each side of the wire to earth and one acroes the pair.
Arrestors are also fitted to protect equipment not adjacent to the open wire line.

The operate voltages and@ operate lags of arrestors on a trunk line should be
co-ordinated so that normally the only arrrestors to operate are those nearest to the
openn wire line. The striking voltage of srrestors in the equipment station, and
between the station and the line arrestors should be higher than that of the line
arrestors. \

It is common practice to fit fuses in the equipment station but these fuses should
pPlay no part in protection against lightning strikes or 'inductive surges. The fuses
should have anti-surge characteristics which ensble them to withstand high current
for short periods but should operate when subjected to excessive current for
prolonged periods.

In some special circumstances, particularly in areas subject to severe lightning
damage, it is necessary to add drainage coil srrangements with arrestors included

in the comnnection between the retard coils and each wire and also in the centre tapped
earth connection. With this arrangement the discharge current to earth from one

side of the line induces a voltage in the cther coil which hastens the discharge to
earth for the other gide of the line, The drainage coil and arrestors are normally
the iteme of protection equipment nearest to the cpen wire line.

The functions of drainage coils are:-

{1) To ensure that longitudinal surges of high voltage, due to lightningor power
induction, cause practically simultanecus operation of the arrestors in each
leg. (The operation of one arrestor before the other could camuse transverse
voltages which could damage equipment}.

(ii) To prevent a short circuit between the line conductors when both arrestors are
operated. (The coils are wound so that a high impedance is presented to
transverse voltages).

OPEN WIRE LINE

A

TO
CABLE
TRUNK ROUTE
e et e— —————
" W
A

T

FIG. 34, USE OF DRAINAGE COTILIS.

Longitudinal retards are added on some lines to help reduce crosstalk. They also
give a degree of protectlicon against excessive voltages. The longitudinal retard
consists of double wound inductors; one winding is inserted in each side

of the open wire pair to cause a high impedance to longitudinal currents but
negligible effects on transverse current (param. 5.21}.
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Fig. 35 shows & typicel line protector unit associated with a pole mounted filter.
This unit includes a drainage coil and longitudinal retards in sddition to the
arrestors.

e ——— e e e — ——_—— e o ——
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FIG. 35. TYPICAL LINE PROTECTION UNIT.

Some transistor operated line transmission equipment incorporates additional
protective equipment to ensure that no demage can occur due to high vcltage surges.
These limiting circuits are normally included with a line transformer unit and employ
zener diodes as voltage reference devices.

A typical limiting circuit for a rural carrier system is shown in Fig. 36. Zener
diodes SC1 and 8C2, with & nominal breakdown voltage of sbout 35-U0 volts are
connected across the equipment side of the transformer. Large voltage surges cause
these diodes to conduct and pass a large current pulse, up to 3 ampers, for a few
microseconds. In turn, a voltage is developed across Rl snd R? which is sufficient
to cause the operation of conventional line protectors mounted external to the
equipment. The neon lamp LP1 gives a degree of protection to the silicon dicdes
during high voltage surges.
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FIG. 36. FPROTECTION INCORPORATED IN LINE TRANSMISSION EQUIPMENT.
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$.20 Crosstalk Suppression Equipment, The cresatalk reduction technigues employed in line

construction do not completely eliminate erosstalk between pairs. The high line
frequencies used by twelve circuit and rural systems, together with the greater
sttenuation offered to these frequencies, accentuate the effecte of certain crosstalk
paths which are usually of small consequence in the lower frequency ranges. These
croastalk paths involve not only pair to pair crosstalk but also ecrosstalk vie & third
pair {tertiary crosstalk). Crosstalk paths.of %his nature can be quite complex and
can include amplifiers which increase the levél of.the crosstalk.

Fig. 3T shows the main elements: of two twelve circuit system repealers included in
pairs 1 and 3 on a twelve elrouit route. ‘A ﬁhiyq;liné (pair 2) is situated on the
game pole route and the broken lines (path AY.indicate.a pertiary crosstalk coupling
path from pair one via pair two to pair three, :The répeater amplifier in palr three
is inecluded in the coupling path. : P ‘ :
The broken lines (path B) indlcate another' undesirable effect of tertiary coupling. A
Mainging” path 1s provided via peir 2 from the output to input of the repeater
amplifier in pair 1. - o R

Similer crosstalk and singing paths could be shown from pair 3 via pair 2.
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F1G. 37. CROBSTALK AND SINGING PATHS VIA THTRD PATR.

To reduce the effects of third wire coupling longitudinal retards are added on

pairs on both sides of the repeater.. These coils are inecluded with the pole mounted
equipment., The crosstalk currents in'pair 2 (Fig. 38) are longitudinel currents

and the longitudinal retards offer high impedence to these currents but low impedahce
to the normal trensverse currents. :

In addition, crosstalk suppression filters sre added on all non-repeatered cireuits.
In the example shown in Fig. 39, these are 32kHw» low pass filters which allow
satisfactory trensmission of voice frequencies and three circuit carrier frequencies
but block the higher twelve circult fregquencies. In this way an effective block is
placed in the crosstalk path. oo

The crosstalk patha shown in Fig. 37 are relatively simple. In practice complex
psths involving office wiring and equipment -exist and orosgtalk reduction methods
must take these into consideration.
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FIG. 38. USE OF LONGITUDINAL RETARDS AND CROSSTALK SUPPRESSTON FILTERS.

5.21 longitudinal Retards. These coils are added esaenfially to reduce crosstalk effects
but they also provide a degree of protection egainst longltudinal current surges.
The colls are wound In such a menner that high Impedance is offered to longitudinal

currents {indicated by dotted lines in Fig. 39) snd negligible impedance is offered
to transverse currents (full lines in Fig. 39).

A —————.
—— __ TRANSVERSE
- . CURRENTS
. — —p LONGITUDINAL
—— CURRENTS
AALAKAALS

Fig. 39. OPERATION OF LONGITUDINAL RETARD.

Longitudinal coils ahoul& be fitted, on twelve circuit and rural carrier bearers:-

(i} At terminsls where more than one circuit is on the route.

(i1) At twelve circuit repeaters on the twelve eircuit pairs on one side and all
palrs on the other side,

(1ii) On eny pairs on a twelve circuit route where it is necesgory to isolste a
condition of unbalance. ’ : : '
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6. TELEPHONE EXCHANGE EQUIPMENT.

6.1 The telephone exchange equipment section provides and maintains the switching
equipment required for subscriber to subscriber connections on a local or trunk call
basis. The term trunk line switching generally refers to the intereonnection of
trunk lines but also embraces the switchi g of the subscribers lines to the trumk
lines, .

Until about 1940 all trunk traffic wes on trunk lines terminating at both ends on
manuel switchboards. This meant that at lesst two operators were required for each

call, and when intermediste switching centres were involved additional cperators wers
required. Since 1940 autometic equipment has been provided in the trunk network and
by 1960 the majority of trunk traffic was handled by only one operator. As 3.T.D.
facilities are increased In the trunk network more calls will be established without
involving switchboard operators.

This means that the network is being converted from operator controlled to automatic
operation. The operator controlled network is often termed semi-automatic. Complete
5.T.D. working will not dispense with manusl operation becsuse. mapual ‘asgigtance
centres are associasted with 8.T7.D., and until complete changeover is made these
centres will perform some switching for semi-sutomatic clreuits.

The function of the line transmission equipment in the trunk network is to provide
trunk circuits which meet specified speech requirements and alsc allow the accurate
transmig¢sion of signalling informetion. The main congideration between telephone
exchange equipment and line transmission equipment is the switching and signalling
equipment,.

A mumber of trunk circuits can be used for any trunk call and details of allowable
trunk circuit losses-and definitions of trunk switching terms are included in the
‘paper "Requirements for Trunk Circuits". :

6.2 Trunk Line Switching, Trunk switching is performed by operators at mahual'switchboards,
by step-by-step suto equipment under the control of an operator, and by common control
crossbar equipment under the control of an operator or a subscriber.

Trunk line switching can be subdivided into the following categories:

{1) Two-wire switching.
(1i) Four-wire switching (Tail-eating).
(111) Pour-wire switching (Dem. Out — Mod. In).

6.3 Two-wire SBwitching. At step-by-step automatic and marnuval switchboard exchanges,
subseribers circuits are switched to trunk circuits on a two-wire basis. Fig. L0
shows the main elements of the switching arrengements. The hybrids, and level
adjusting pads which are included tc ensure that the losses between the exchange
reference points and the channel modems give the required levels, are situated with
the long line equirment. :

ENCHANGE CHANNEL cDEMS

AEFERENCIE POINT

AUTD-
SUKCAINERE

FELERHOHE

20Ul PuENT MANUAL

Hrades
——

FIG. 40. SIMPLE TWO-WIRE SWITCHING AT TERMINAT, EXCHANGE.

At ABM exchanges the hybrids snd level edjusting pads are situsted with the switching
equipment, Details of subscriber to trunk switching for crossbar trunk exchanges
are given in para. 6.5,
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Some trunk eircuits are interconnected on a two-wire bagis, although from =z
tranamission viewpoint this is not always desirable because of the poseibility of
cirenit instability. Fig. U1 shows simply the two-wire interconnection of trunk
cireuits. OSwitching ismade either manually {switchbosrds) or automstically {step-
by-step), and level mdjusting pads are ineluded in the four-wire circults to ensure
that the losses between the exchenge reference points and the channel modemz give
the correct levels.

LHANNEL MODEMS |
EXCHANGE CHANNEL MODEMS
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+408] | -3 dbr
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FIG. 41. SIMPLE TWO-WIRE TRUNK SWITCHING ARRANGEMENTS.

6.4 Four-wire Switching (Tail-esting}. To avoid the possibility of eireuit instability,

four-wire switching is used in preference to two-wire switching. A number of sleeve
control trunk switchbosrds are designed for fouwr-wire, tail-eating switching but
because of operating problems this facility is rarely used. At step-by-step
sutomatic switehing centres the tail-eating method is zometimes used and a simple
interconnection arrengement is shown in Fig. 42. Level adjusting pads are included
in the four-wire circuits to ensure thaet the losses between the exchange reference
points end the channel modems give the correct levels. A tail-eating connection
effectively removes the hybrid losses from the overall circuit and for this reason
3dB pads are sdded in the line end nebwork connections of each trunk circuit.

Thege pads introduce a total loss of 6dB to the overall circuit and so re-establish
the required circuit loss figure.
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FIG. b2, SIMPLE FOUR-WIRE TAIL-EATING SWITCHING ARRANGEMENTS.
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6.5 Four-wire Switching (Dem, Qut = Mod. In}. At crossbar trunk exchanges through
connection of trunk circuits is made on a true four-wire basis; that is, a connection
is made from Dem. Qut of one channel to Mod. In of the other channel for both
directions of transmission. Fig., 43 shows the main elements of a four-wire commection
at & crossbar exchange. Preset variable pads are included in the four-wire eircuits
o ensure that the lossea between the exchange reference points and the channel modems
give the correct levels, An additional 8dB pad is required in the connection to the
channel modulators te obtain the required level of -13dBr. This B8dB pad is switched
out of the circuit when connecting to a trunk circuit which is not emplified.

At crosshbar exchanges the hybrid coils associated with the trunk circuits are
situsted in relay sets in the crossbar exchange.

EXCHANGE
CHANNEL MODEMS| Rzrmmlz POINT cv M u'"' CHMANNEL MODEMS
! .
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B _/ dB
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FIG. 43. SIMPLE FOUR-WIRE TRUNK SWITCHING ARRANGEMENT {CROSSBAR EXCHANGE).

At crossbar trunk exchanges awitching from subscribers to trunk circuits is also

made on a four-wire basis. The junctions from the local exchange network terminate
on reley sets in the trunk exchange. Each relay set includes a hybrid and level
adjusting pads and is switched, as shown in Fig. bk, to a trunk civcuit on a four-wire

basis.
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FIG. b4, SIMPLE FOUR-WIRE SWITCHING - SUBSCEIBER TG TRUNK.
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Trunk Line Signalling.
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A number of signalling systems are used in the trunk network.

Bome of these are sultable for the 3.T.D. and the semi-automatic network but others

‘are suitable for the gsemi-sutomatic network only.

It is not possible to use conventional signalling systems (17Hz and D.C. loop) with
the mgjority of trunk circuits, which provide a volce fregquency range of sbout 300 -
3,400Hz. TPor this reason these conventional signalling aystems are associated with
either "in-band" or "ocut-of-band" systems to provide trunk line signslling. The
in-band systems are those in which the signalling information is transmitted as =
frequency or frequencies iIn the trunk circuit frequency rsnge. The out-of-band
systems are those in which a separate signelling channel 1s associated with the trunk
circuit. In most out-of-band systems a signalling freguency beyond the speech range
but within the channel frequency ellocation is used; +this is known ag inbuilt cut-of-
band signalling.

Table 8 shows the signalling systems used in the trunk network end indicates the
types of trunk circuit with which they are associated.

SIGNALLING SYSTEM

MAIN FEATURES

TRUNE CIRCULT ON WHICH USED.

D.C.

17H=z
Out~of-Band

Cerrier and 83Hz.

1vr

2VF

1000H2 ringing.

M.F.C.

Loop~disconnect and current
unbalance.

Standard ringing.

Generally 3825Hz - Suitable for
dialling and pulse signelling.

Suitable for dialling and pulse
gignalling.

Cenerally 2,280Hz. Suitable
far dialling snd pulse
gignalling.

T50Hz and 600Hz. Suitable for
calling and dislling,.

Suitable for ringdowm
operation.

(5ho) ,660,780,900,1020,11%0,
1380,1500,1600,1740,1860,
1900Hz. Used for end-to-end
gignalling on trunk circuits
terminating at common control
crogsbar exchange.

Physical lines.

Physical lines.
Standard cerrier circuits.

Rursl carrier circuits.

Carrier circuits not using out-
of-band signalling.

Physical lines and carrier
circuits not using out-of-band
signalling.

Carrier circuits not using out-
of-band signalling and V.F.
repeatered circuits.

A11 tyunk eircuits.

The signals transmitied during the establishment, progress and st the completion of

TABLE 8. SIGNALLING SYSTEMS IN THE TRUNK NETWORK.

a call can be divided into:=

(i) Line Siggala.' These signals can be termed "Supervigory" signals; they indicste
the progress of & call and initiate seizure and relesse, ete.

The line

signalling code in the 5.T.D. network is composed of two signal elements, one
ghort and one long, with nominal lengths of 150mS and 600mS respectively.

{11} Information Signals. These gignals provide the routing informaticn for a ceall.
The information is established initiaslly es dialled pulees or key sender
pulges. With common control crossbar equipment, sn end-to-end signalling
gystem is used, and the transfer of informetion through the network is made
by means of M.F.C. signalling. Standard decadic pulsing Ig used on routes
to and from step-by-step equipment.
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T. TELEGRAPH EQUIPMENT.

T.1l The general function of the telegraph section is to provide and maintain the equipment
used for transferring written, rather than verbal information, from one point tc

another.

The "written" information cen be tronemitted snd received by many different

types of machines and equipment ranging from telegraph page printing machines to data

and - facsimile equipment.

On all long dlstence telegraph connections within Australis
the bearer is provided by the line transmission section.

7.2 Telegraph Cffices have beesn established‘to.handle the telegrapk traffic of the Public

Telegraph Service of
traffip;

Australia.

The, size of the office depends on the volume of
small telegraph offices hawe links to larger telegraph offices and these in

turn Have links to the Chief Telegraph Office (C.T.0.). within the State concerned.
The larger telegraph offices are equipped with telegrsph mechines and connection to

the mijor telegraeph office is made by telephone.
Telegraph Service are shown in Fig.

TERMINAL TELEG,
GFFICES

45,
METRO CHIEF IHTERATATE TRURK .GHIIIF METRO &
COUNTRY-| TELEO. TELEA, SHANS, TELEG. COUNTRY
TELEG, CFFICES -1 OFFICES | TELEG.
CHANS, . CHANA,
1 L] 1
F T.0 E

The main features of the Public

TERMINAL TELEG.
ORFICES

L__'_'] MACGHINE TELEGRAPH OFFICES
€1 MINOR TELEGRARH OPFICES

FIG. b45.

LAYOUT OF PUBLIC TELEGRAPH SERVICE.

7.3 Telegraph.Channels. Many telegraph channels sre provided by Voice Frequency Telegraph

Systems.

These sysbems may use either amplitude modulation {A.M.} or frequency
modulstion (F.M.) and operate with a voice frequency chanrel as a bearer.
practice 6, 9, 1B or 24 telegraph channels sre provided per system;

In
the mmber of

chennels that can be provided depends on the frequenédy bandwidth allotted to each

telegraph. channel and the frequency bandwidth of the volce frequency.

Most V.F.

telegraph systems have carrier frequenéy spacings of 120Hz which allows s channel

handwidth suitable for 50 -or 75 beud working.

In some cases carrier freguency

spacings of 240Hz are used and this allows for telegraph working to a speed of T5 or

100 baguds.

Table 9 shows the main V.F. telegraph systems in common use and indicates

the number of channels provided, the bandwidth of the bearer end the approximete
maximum speed of telegraph working for each channel.

TYPE OF TELEGRAPH SYSTEM

" FREQUENCY BAND OF BEARER

NOMINAL SPEED OF TELEGRAPH

WORKLNG
9 CHANNEL (A.M.} 30CHz - 2,6kHz 75 bauds
18 CHANNEL (A.M. and F.M.) 300Hz - 2.6kHz ‘50 bauds
24 CHANNEL (A.M. and IMM.) 300Hz - 3.YkHz 50 bauds

TABLE 9. TYPICAL V.F.T. SYSTEMS,
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7.4 Connection to V.F,T, Bearers. From Table 9 it can be seen that voice frequency

TO TELEG.<‘

ayes

circults are auitable as telegraph system bearera. At same stations the V,F.
telegraph systems are situated with the line tremsmission eguipment and the
telegreph channels are connected to the V.F.T, system via the telegreph office as
shown in Fig. %6. The main function of the telegvaph repeating equipment is to
convert the single current output of telegraph machipes to double current working
suitsble for spplication teo the V.F.T. gystems. At small atatlions the repeating
equipmentl may be situsted with the line transmission equipment.

|
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FIG. 46. ARRANGEMENT OF ¥V,.F.T. SYSTEMS AND BEARERS
(V.F.T. WITH LINE TRANSMISSION EQUIPMENT).

At some stations the V.F, telegraph systems are situated st the telegraph office aa
shown in Fig. W, Only the V.F.T. system bearer i3 extended to the line transmission
equipment staetion.
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FIG, 47. ARRANGEMENT CF V.F.T. SYSTEMS AND BEARERS {V.F.T. WITH TELEGRAPH E_QUIPN_ELNE

T.5 FPacsimile and Dets Equipment. In general, the responsibility for data and facsimile

subscribers equipment is that of the telegraph section. For long distance
{renamission the bearers for this equipment are telegraph channels, telephone
channels and groups or supergroups. The egquipment is normally connected to the
bearer via the telegraph office, and where a telegraph channel is used as a bearer
the connection i1s mmde in a similsr menner to that for a telegraph machine.



LINE ER_AﬂSMISSION .~ BEQUIPMENT APPLICATIONRS.
PACGE 42.

8. 7,v., RADIO AND BROADCASTING EQUIPMENT.

8.1 Radic services provided by the Department are in three maln categeries:-

(1) National snd Oversees Brea.dcaeting Service,
{11) Radio Telegraph and Telephone Hervice.
(i1i) Naticnal Television Service,

The line transmission equipment section is involved in some way with the provigion of
each of themse services. :

e channels used to relay audio
ned. by the line trunsmission

8.2 National:and Overseas roaé}sasting Se:_nfu_iee .'”";fTﬁe,.p'r'-egfi'.
programme throughout Australia are previded and meint
equipment section. Fig. U8 shows thd functions of 11 transmission equipment in
audic progrsmme trpnstissién from logal atudios. In the stabion a programme room or
programye rack contalnd’ thé e juipment; ngcessary to switch, emplify, test and monitor
programme incoming and. outgoing from -the station. The incoming and ocutgoing
interstate and intrastate progremme channeis are either physical lines {50Hz - SkiHz)
or carrier programme channeéls {50Hz < TkHz or S0Hz - 10kHz). Programme channels
are divided into permanent and temporary types. Permanent channels are used only for
programue transmission temporary channels are nermelly uged for telephone traffic
but when required are removed from service and used for programme transmissiorn.

Outside broadcast lines {0.B. 1lines} are brought to the programme room or to the
switch rooms: 1in general, the permanent 0.B. lineés are taken to the switchroom and
temporary O.B. lines to the programme room.

NATIONAL BROADCASTING SERVICE " LINE TRANSMISSION EQUIP.

.9, LINKS

T )
N DEE : ’ frtre— PR, REGIONAL TRANBMITTER
STUDICA BWITCH ROOM :

e BERM. LOCAL TRANBMITTER

~ e —— . -
) 1 | FROGRAMME

INTERSTATE PROGRAMME

"CHANNEL
e ————— -

-
COMMERCIAL BROADCASTING SERVICE ©/B LNEs 4

© MOOM/RACHK INTRASTATE PROGRAMME
-’___i__ A - - T
. CHANMEL

sTUDIOB - SWEYCH ROGM

Prtrses PEAM. LOGAL TRANDMITTER

rl - - [e————— pTAM. REGIOHAL YRANAMITTER

PERM.
o/8 LINEE

FIG. 48. PROGRAMME FACILITIES AT LINE TRANSMISSION EQUIPMENT STATION.

At programme stationg without local studios, programme equipment ie carried on a
programee rack, This equipment may céter for amplifying, equalising, monitoring,
testing, aplitting and/or switching of the audio programne.
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8.3 Radiotelegraph and Radiotelephone Services. Trunk telegraph and trunk telephone

¢ircuits derived on radic bearera are connected into the general telegraph and
telephone network, The use of the frequency spectrum for radiotelephone prevision is
ghown-in Table 1. The majority of radictelephone sarvicées are in the micraowave
Fange end thease services are shown in Fig. 3. Radiételegraph communications are
gametimes provided by the frequency shift keying (F.8.K.) method. The principle

of operstion 13 to radlate two separate radio frequencieg; one for mark condition
and one for zpace conditien. This type of gystem iz used to provide mn emergency
radiotelegraph service between Melbcourne and Perth and Brisbane snd Townsville.

In general, the installation of radictelephone pystems. ig a function of the redio
section., Terminal and repeater equipment situated in the main metropolitan areas is
alao maintained by the radio gection but terminal and repeater equipment in country
areas is maintained by the line transmission section.

8.4 Australian Televiasion Service. Fig. U9 shows the main features of typical National
and Commercial television services at a main metropolitan centre. From the studios,
video and audic links are taken direct to the locel tranemjitters. When the studios
and transmitters are located together, the video connections are made with coaxial
4ubes and the audic conmections with equalised cable pairs {interstice pairs of the
coaxlal cable). When the studios and transmitters sre remote from esch cther the
video and audio links are made with separaste microwave radfo syatema. Outside
broadeasting (0.B.) links to the studios are alsc normally made with microwave redio
systems although cable palrs may be used for the auvdio links.

The videc connectlions toc and from the studios and the Televislion Operating Cenire
{T.0.C.) are normally made with coaxiasl vidéo (C.V.) systems which trensmit the video
signal direct on the coaxial cahle tubes. Repeaters are required st sbout 3 mile
intervals over the routes. The audlo connections are made with equallsed interstice
rairs of the coaxial cables.

The majority of T.V. links %o npational regional tranemittersa and tc other T,0.Cs.
are made with microwave readic systems. The video links to and from the T.0.C. and
the local radiotelephone terminal are made with C.V. aystema and the sudio links
with equalised interastice pairs. )

Coexial video systems are only suitable for operaticn over short distance (up to
atout 12 miles). Video trensmission on coaxial tubes over long distances is
schieved by the use of & vestigial sideband (V.5.B.) system. In these systems the
video signal is shifted, by two stages of modulation, from 25Hz - SMHz to 556kHz-
€.05M8z and then transmitted on the coaxlal tube. At the diatant terminel the
received frequencies are converted back to the normal videe range. A limited mumber
of thege systems are in use.
NATIONAL TELEVISION SERVICE

LINE TRANSMISSION EQUIPMENT RADID EQUIPMENT
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FIG. 49. TELEVISION SERVICES AT MAIN METROPQLITAN CENTRE.
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9. LINE TRANGMTIESSION FQUIPMENT.

9.1 In Section & the relationship of line transmission equipment to the other major
equipment areas is described. A summary is also made of the equipment in the 1line
transmission area. It is convenient te divide the information on line transmission
equipment , and its prineiplea Iinto four sectione:-

(1) Basic Principles. In this section, line transmiseion (long line} equipment is
defined, and the principles of trsansmission lines and equipment components
are given. : : : : :

(11} Miscellaneous V.F. and Carrier Equipment, which includes. carrier telephone,
cerrier telegraph (4.M. and F.M,i, carrier programme, volce frequency
repeaters, and signalling equipmwent. {Twelve circuit and broadband equipment
is not included).

(iii) Twelve Circult and Broadband Equipment. This section includes the channelling,
group, supergroup and mestergroup equipment for twelve eircuit and broadband
systems. The coaxisl line and microwave radio equipment used as bearers for
broadband telephony and television systems are also deseribed.

(iv) Installstion and Maintenance Procedures. In this section the measuring,
testing and recording procedures asgsociated with equipment maintenance are
ineluded. The general principles of installstion are also given.

These main categorlieg are shown in Fig. S0, and each is further subdivlded. The
course papers and notes for line transmission equipment are presemted in a gimilar
manner to the breskdown shown in Fig. 50 and are listed in the Engineering Instruction
GENERAL, Publications C 0100, .

9.2 The basic principles of line transmission equipment are deseribed in the papers
"Introduction to Line Transmission" and "Equipment Principles - Line Transmission”.
These papers introduce voice freguency, carrier telephone, carrier telegraph and
carrier programme equipment.  Equipment detalls and freguency allocations and
modulation plan information sre included in other papers.

2.3 Carrier telephone systems with circuit capacities ranging from one cireuit to 1200
circuits are in use in the cormunication network. The majority of these systems
employ frequency divisicn multiplexing (F.D.M.), but at the time of writing, time
division multiplexing {T.D.M,) systems are being introduced for short haul telephcne
circuit provision. T.D.M. systems employ pulse code modulation and provide 2k
circuits per system. : :

Most F.D.M. systems in use in the communication network use single sldeband
suppressed carrier operation but Rural Carrier Systems, which are used for trunk
circuit provision, use double sideband, controlled carrier operation. These systems
provide up to 10 eircuits per system.

Although. the eircuit details and line frequencies'for the various F.D.M. systems
differ, a number of common factors exist. These are:-

{1} Standardisstion of frequencies.
{ii) Level regulation.

{iii) Crosstalk and noise reduction methods,



LINE TRANSMISSTION ~ EQUIPMENT APPLICATIONS.

PAGE 45.

SIEE SHYHL SHIT NG SEHNO3IZOED NOILAY I v L SN
EAMLINHAEL SNILETL - SAHIWIYASY I HOISEINSNYEL

LHIWLINDE DHILETL - SLNIWAHASY AN MQISEHNSHY HL
F274ISNIHG ZI5TE - SLNIWSYNSTIN NOISSINSNY AL
DHILEIL WHMHL

PNILETL SONTHILNITA

‘dIND3 "BNYHEL AT HOd $IYNTII0Hd FJOINFNILHIFR

SLINDHID WNNHL MO SLNRWININ DAY

A& CFNnvHEHL 3N
YO SEFZOY LSIL ANY INITIE¥D LMOAT

$THNGII0HS AINVHILNIYW GHY HOLLYTTYLSHI

AHIWLINDA NOISSINENY ML NOISIAATSL
SHELTALS OlOvd IAVMOHIIN

LNIWSLA DA AMDSIAHISNS ONY INIT VXY 0D
LNIWdING3 1YNlnEI L ONVYedvozd

(A7AY 3 EWILTAE LINDHID 3ATIAML

{3dIA N30 SHMILSAT LIN3d1D> SATIML

ANAWIR ST WIGEW TTANHYHD 3AT3ML

ANOHOITIL y3ildEY 2 ANYEAYQHE OL NOILDIOGTELNT

LNIWd INVZ ANYFAY0HE NY LINDWD 21

SWALSAS WIlMEY D T¥HNY

SAHILEAS Hav¥EHRIEAL "A°A

FWALSLS LINDHIT 3FHHL

ENILSAE ANYE 2 ANY SHALYSadu "4°A

ELIADHID MNAHL MOd LNSWAINE3 BNITTYHSIS

ENOIL ¥ JITdd Y LHIAWGIN DA - NOLESINSHY HL TR

“JINDA IIAAYD OGNV "3°A 251w

4‘

NCISEIHENY S INIT - BLNINGIMOD LNIMAING T

HOISSIMENYHL M7 - SATTdIONIH LNTIWEIN DT

NOEFINSNY DL IHET - NOIL¥ 1N0GH 3an. 1 awy

SHLSMILDYHYHD ANITT HOISSIASNY YL

ELIND NOISSINSNY E L
HMOISEIMENY S TNIT OL NOLLINGOMLN]

N ————.

§3TdIDNIEd DI5VE

QUILINE OF LINE TRANSMISSION EQUIPMENT.

FIG. U7.



LINE_TRANSMISSION - EQUIPMENT APPLICATIONS.
PAGE G, T

9.4 Standardization of Freguencies. In F.D.M. carrier systems the channels are stacked
one above the other in the freguency spectrum snd transmitted to line in a frequency
range to sult the particular transmission medium. The translation from voice
frequenciea to the line frequency range can be made in one translation stage, and for
some low capecity systems (some three circuit and twelve circuit gystems) this is
done. However, multistage itranslation from voice frequencies to line frequencies
offers many advantages over a single translation stage, and is employed by all
broadband and many low cepacity systems.

The voice frequency band of & standard carrier telephone channel is 3,100Hz from
300Hz to 3,400Hz. A frequency separation of LkHz exiets between sdjacent carrier
frequencies. This leaves s band of 300Hz below the speech band and 600Hz above the
speech band and in the latter space a signalling channel with s mid-frequency of
3,825Hz ig provided. g

The first modulation stage requires a bdnd pass filter in its output with
charecteristiecs suffici:ﬁt to eelect_th# required channel band but rejlect all unwanted
frequencies, Filters colisisting of inductors and capacitors can be sconomically
deaigned to meet these demands in the frequency range up to about 30kHz, but beyond
this range and up to about 108kHz, crystal filters are used to meet the requirements.
In systems employing multistage translation from velee frequencies to line
frequencies, it is common for the first stage of modulabtion {channel modulation)} to be
made in the frequency range below about 30kHz and the line frequency range is achieved
by one or more subsequent stage or stages of modulation. This introduces an economy
of manufacture because more units of the same type are produced, bubt the greatest
advantage lies in the flexibility gained by assembling the channela in standard blocks
of 12, 60, 300 and 900.

The frequencies and input and output levels of these standard channel blocks are
standardised to allow simple interconneetion from one system to another. In additien,
the various blocks of channels can be used to provide circuits between terminale and
intermediate stations, and between one intermediste station and enother, on a
broadband route. Interconnection is made st distributing fremes which ave designated
acgording to their function. For example, interconnection of groups is made st the
Group Distribution Frame (G.D.F,). : :

The stendards for typical channels and dhannel blocke a&e shown in Fig. 51 and are
summarised as follows:- - - ) .

im u

(1) Channels which conferm t6 an international standsrd have & frequency band of
3,100Hz, from 300Hz tov 3,400Hz, and & carrier frequency separation of Wkiz
between adjacent carriers. An inbuilt out-of-band signalling facility
using a frequency of 3,825Hz is normally provided. Most three circuit
systems do not conform to this standasrd and provide a more restricted channel
bandwidth. TFor example, with carrier frequencies spaced at 3.0kHz, a channel
band of 2,700Hz, from 300Hz to 3,000Hz, is cbtained and the inbuilt ocut-of-
band eignalling faecility is provided at 3,425Hz.

(ii) Blocks of 12 channels in the frequency range 60-108kHz constitute basic groups
and facilitate intercomnection with similar basic groups from other systems.
The 60-108kHz range can be produced by one or two stages of modulation;
Fig. 51 shows two stages (4 x 3). Additions]l informastion is given in the
paper "Twelve Chennel Modem Equipment". '

(i1i) Blocks of 60 channels in the frequency range 312-552kHz constitute basic
supergroups and facilitete interconnection with similer basic supergroups
from other systems. Additionel information is given in the paper "Broadbend
Terminal Equipment",

(iv} Blocks of 300 channels in the frequency range 812-2,044kHz constitute basic
mastergroups and fecilitate interconnection with similar basie mastergroups
from other systems. Additionsl information is given in the paper "Broadband
Termingl Equipment".

(v) Blocks of 900 channels in the freguency range 8,516-12,388kHz constitute basic
supermestergroups and facilitate interconnection with similsar basic
supermastergroups from other systems. At the time of writing supermastergroups
are not in use in the Australian communication network.
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9.5 Level Regulation, To ensure satisfactory transmission performance on telephone
circults, it is necessary to keep level variations to a minimum. Short term level
variations are normally caused by fault conditions, but long term level varistions
can be coused by a number of factors., These are:

~ The effects of changing weather conditions on open wire lines.
- The effects of changing temperature on underground ceble pairs and coaxisl tubes.

- The effects of changing temperature on, and sgeing of, equipment components.

Varistions in level should not be such that the input level to repeater or receive
terminal equipment is too low, allowing an unsatisfactory signal to noise ratio, or
too high, causing non-linear distortion. When gudden or marked changes in level
oceur it is desirable thet an alarm to indicate a possible fault condition should be
given.

Level regulation of carrier telephone systems {s achieved by using a pilot regulation
syster. Two types of pllot regulation are used; manual regulation which provides an
indication of received level, and automatic regulation which provides an indication
of the received level plus automatic sdjustment of the level, provided the deviation
from normal is not beyond prescribed limits. The ressons for the use of a pilot
regulation system are:

- To maintain correct levels over s long period of time.
— To reduce the time out of traffic for maintenance purposes.

- To give an alarmwhen the degree of level veristion indicates a possible fsult
condition.

Pilot regulation can be applied to:

- Line Equipment. Line regulation compensates for changes in line and line
eguipment characteristics which mey effect all the channels of a system.

= Group and Bupergroup Bgquipment. Group and supergroup regulation compensates for
changes in level which may oceur in a particuler block of channels, Group and
supergroup regulation are not applied to all broadband systems, and, in general,
are not used Jjointly. That is, when supergroup pilot regulation is used, the
associeted groups are not regulated., Group and supergroup regulation are
generally not used on the shorter broadband systems.

The principle of pilot regulation is to inject a pilot freguency at the input of the
line and/or equipment to be regulated. This pilot frequency is low in level compared
to the normel gignael. In the receiving direction, at each repeater, and at the
recelve terminal, a pilot pick-off filter is bridged acroes the output of the line
and/or equipment to be regulated. The pilot frequency is applied to & pllot
indicater which is calibrated in 4B and gives an indieation of the degree of level
variation from normal.

Where manual regulation is used, the indicator is followed by an alarm which, at a
recelve terminsl, csuses & visual and audible slarm when the level variation is
beyond predetermined limits. At repeater stations with memual control, an audible
alarm iz not normally incorporated, and adjustments of level are only made st these
stations under direetlon from the contrel station.

When automatic regulation is used, the pilot indicator is incorporated in a control
circult which econtrols the flat gain and/or slope gain amplifiers tc maintain correct
levels st all times. When the varistion is beyond predetermined limits & visual and
audible alarm is given. Attentlion is draswn to the repulating cirecuit and
investigations are made to locate the problem. Once again, manual adjustments of
level at repeaters are made only under direction from the control station.
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.$.6° A simple automatic pilot regulating circuit is shown in Fig. 52. In thie example,
~ ' line and line equipment regulation is obtained. The main items of pilet regulation
equipment are the pilot frequency generating equipment and the pilot receiving and
regulating equipment. The main requirements &nd featurea of the equipment sre:-

{i) Pilot Freguency Generating Equipment. The pilot frequency can be supplied by
a loeal oscilletor or from a carrier frequency generating rack. The pilot
frequency generator should be:i=

{a) Stable in output level.

(b) Stable in output frequency.

(c) Applied to the circuit to be regulated in such a manner that loading of
that circuit is negligible.

{ii) Pilot Frequency. Pilot freguencies chosen for regulation systems should give
suitable regulation for the normal signal frequencies. To do this the pilot
sfrequency should:-

() Be near the middle of the transmitted range when only one pilot is used
and gt the extremities of, or spaced through the freguency range, when
more than one pilot frequency is used.

(b) Not interfere with speech or signalling chsannels derived in the
transmitted frequency range.

{c) Be injected st a much lower level than the normal signal level.

(iii) Pilot Receiving and Regulating Equipment. The pilot receiving equipment,
{pilot receiver) is often inbuilt in the receive circuit of the system but
can be sltuated on a special regulating equipment rack. The pilot receive
equipment must:-

(a) Be stable in gein and tuning.

(b) Give control for small changes in received level.

(e¢) Bring in an alarm for large changes in received level.
{

d) Be applied to the circuit to be regulated in such a manner that loading
of that circuit is negligivle.

PILOT '
GEESE?J'NG : PILOT
g REG REC
T . L] L]
ans l EQUIP, AMP, _ PILOT
4 i | PICK-OF F
D LINE ‘ D P&INT
— ]
PALDT 1
INJECTION :
POINT i
i o
i @ n =
i ALARM

' PILOT RECEIVER
FIG, 52. MAIN ELFMENTS OF PILOT REGULATION EQUIPMENT.

Fig. 52 shows that the main funetion of the pilet regulating equipment is to menitor
the incoming pilet freguency level and automatically adjust the amplifier gain to
maintain s reasonably constant output. A regulating device which, under the ceontrol
of pilet receiver, affects the gain of all the transmitted frequencies by the same
amount is ecalled a 'flat regulator' and the pilot frequency is termed the 'flat
pilot™. _ ) .

The transmission line bearers used by carrier telephone systems produce a loss to

all frequencies transmitted. This loss increases with an increase in frequency and,
on a grapvh showing losge versus frequency, appears as a slope. Attenuation equalisers
are used to offzet this slope, but with changes in temperature and weather conditions
the slope can change. Pilot controlled regulating cireuits may be provided to
correct for this chenge. These regulators are known as 'slope regulators' and are
controlled varisble passive equaligers or equalising amplifiers. The econtrolling
pilot frequency is termed the 'slope pilot',
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Fig. 53 shows the regulation available for & . 7 5L.OPE SET TGS
typical 12 cireuit carrier telephone aystem, .. : 100
The flat and slope regulators heve dial gettings . 70 =
from 0-100 to indicate the degree of regulation —iFLAT AT 100 200 et
applied. Two sets of graphs are shown. One get &6 ot ,1/
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settings of the slope regulator, with ‘the flat 50 Pt -
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be noted that the changes in flat regulation Z agp- =3 R
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correct level, for verious; ling sbttenuation . ol_idtsrgEzr T oo -
conditions. Cinas s N 0 100 N0 120 130 140 150

LINE FREQUENCY IN %Hz
. R . - FIG. 53. FLAT AND SLOPE REGULATTON,

9.7 Pilot Regulators. Details of pllot regulation equipment are given in the appropriate
equipment papers.” Figs. Sli‘and 55 show the principles only of typical regulator
circuits.- Flet.and eloperregulator circuite are shown separately, but both can be
used in e practioal. oircuit, 4nd Zhelir ¢ircuitty, is then arranged to prevent
undesirable interaction,, that is, hunting of the two pilot regulating ciréuilts.

Merm facilities differ for various regulators but, in generdl’, an alarm is given
when the pilot level deviation is beyond. predstermined limita, end when a regulating
cireuit is driven to the end of ite regulating range in either direction. The latter
is termed an end alarm!: The'degres VF Hllowsble Lével vhriution differs with systems
but typicel values.are, from aboutr5dB Lo #3dB-from, normel. .. . ..

Fig. 54{a) shows a flat reguldtor which aonalsts of a.motor driven, variable
attenugtor under the control of the pilot freguency. 'A debrefse in pilot level
causes the motor to drive in g direction fo remove atbenuation from the eirecuit; the
motor drive ceases.when the pilot level is reatored to its normal value. An incresse
in level causes the motor to drive in the reverse direction and incresse attenuation
wrtil the nominal level is gttained. Fig. 54(b) ghows a slope regulating circuit in
which a motor driven, variable.equaliser is under the control of & pilot frequency.

A chenge 'in pilot level causes the motor to drive in & direction to increase or
decrease the equaliser slopé to compensete for the indicated line condition, The
motor drive ceases when the pilot is restored to its nominal value.

YARIABLE - REC, PILOT VARIABLE REC. PILOT
ATTENUATOR: AMP, PICK-OFF EQUALISER AMP, PICK-OFF
] i POINT ! V POINT

i I S PTY R Ny B

s ks
D W]~ <J A
F."] ~
ALARM ALARM ==
PILOT . PILOT
RECEIVER ] RECEIYER

(a) Plot Reguletor (Varimble Attenuator). (b} S8lope Regulator (Varisble Equaliser).

FIG. 5%, SIMPLE FLAT ARD SLOPE REGULATORS.
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{“Fig;_SS(a) ghows & flat regulator circuit with a variable resistor included in the
anplifier feedback circuit. In the example shown, & thermistor is used as the
veriable resistor; the heater current of the thermistor {and the thermistor
resistance) are determined by the pilot frequency level, Deviations of pilot
frequency level cause appropriate changes in thermigtor resistance to restore the
pilot to its nominal value. o

Fig. 55{b) shows a slope regulator circuit in which a variable equaliser is included
in the amplifier feedback circuit. A thermistor is included in the equaliser network
and the heater current of the thermistor 1s controlled by the pilot frequency level.
Deviations of pilot frequency level cause appropriste changes -in thermistor
resistance to restore the pilot to its nominal value.

REC. PILOT REC. PILOT
AMP. PICK-DFF AMP, PICK=OFF

- POINT_\ POINT —
L) . :
”” 0| rEEDBACK FEEDBACK

/ )
R . :
(\;‘:‘El'::‘:_smnn’ NE TWORK ARIABLE _,L'l_ HNETWORK
MUALISER

1% ' o ~

"~ ]‘ ~

ALARM Oud 2 ALARM ~mm—si—amm < ~

FILOT PILOT
RECEIVER RECEIVER

{(a) Flat Regulator {Feedback Control). (b) Slope Reguletor (Feedback Control).

FIG. 55. SIMPLE FLAT AND SLOPE REGULATORS USING THERMISTORS.

Details of the pilot control section of the pilot receivers are not shown in Figs.5k
and 55. Typical methods of determining the degree of control required are:

-~ To compare the rectified pilot frequency with an extremely stable D.C. voltage.
The rectified pilot and the stabilised D.C. voltage are equel t¢ each other when
correct level conditions exist. Variatilons of the rectified pilot in either
direction from its nominal value cause the reguleting action to begin. Relays
ore apsociated with the control circuit to intreduce alarms for set variations.

- To apply the rectified pilot frequency to recording meters. Two meters are
normally used; & control meter and an alarm meter. These meters are similar to
contact voltmeters, and any variation beyond a predetermined amount, for example
+,5dB, causes the control meter to apply a drive to the regulator circuit. When
the deviation is beyond the predetermined alarm renge, for example -3dB teo +3dB,
the alsym meter completes the alarm circuit and disables the control circuit.

It is importanf that the level control of the regulator circuit is as uniform as
possible to prevent introduction of noise, or sudden changes in level, by the
regulating equipment. Because the equipment iz involved with all the channels, or

s block of channels, of a system, it is alsc important that interruptions to servie
are avoided in the regulating eguipment.
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9.8 Crogstelk Congideraticns. Crosstalk reduction methods employed with externsl plant
reduce, but do not eliminate crosstelk. To ensure that overall crosstalk and noige
figures are patisfactory, additional features are applied to Yine tranamission
equipment. These features are:-

- Poling of Carrier Systems.

~ Co-ordingtion of Transmission Levels.

- Seperation of "Go' and 'Retwrn' Bearers.,
- Prequency Frogging.

- 8taggering and Inversion of Sidebsnds.

9.9 Poling of Carrier Systems. In genersl, carrier systems in use in Australia are
installed so that the A-B direction of tranpmiseion is anti-clockwise, taking Perth
as & starting point. Because of trunk route parallels there are exceplions to the
rule. Fig. 56 gshows typical poling arrengements. The broad frequency allocations
for both directions of transmission for various types of carrier systems are given
in Figs. L, $ and 6.

FPARALLEL

A . g A

FIG, 56. TYPICAL POLING ABRAHGEMﬁHTB.

Poling of carrier asystems prevents near-end crosstalk, which generally is greater in
emplitude thean far-end crosstalk. Fig. 5T shows the prineciple of near-end crosstalk
preventién for typlesl 12 circuit open wire aystem operastion. It can be seen that
any crosstalk of the A-B direction frequencies, from system 1 to system 2, can produce
far-end crosstalk, but near-end crogetalk is prevented because the receive filtera of
system 2 are designed to reject the A-B direction frequencies. Although these
frequencies can be received by the transmit filters, they cannot cause interference
because they are blocked by the undirectionsl transmit amplifier. The same reasoning
--can ‘be-applied - for- tranemisslon from either system.in both directiona.

The value of far-end crosstalk la largely dependent on the effectiveness of the
bearer crosstalk reduction methode, such as transpositions of open wire lines,
balancing of cable pairse, etc. Impedance mismetches, which can increase the value
of far-end crosstalk beceuse of reflection effects, should be avoided.
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FIG. 57. REDUCTION OF NEAR-END CROSSTALK BY POLING.
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‘9 10 Co-ordinetion of Transmission Levels., An important factor in the contrgl of crosstalk

SYSTEM T

SYSTEM2

is the relative levels of two or more circuits operating in the same frequency range
on the same route. When a circuit carrying high level currents is close to a circuit
carrying low level currents, crosstalk from the high level circuit to the low level
cireuit hes a severe interfering effect. This is illustrated in Fig. 58. At & point
in the circuit & crosstalk path of 45dBR ie assumed between bearers 1 and 2. At this
point the transmission levels are assumed to be +17dBm for syetem 1, and O0dBn for
system 2, The signal to crosstalk ratio in system 2 i1s 28dB which is unsatisfactory.
The erosstalk in system 1 (62dB signsl to crosstalk ratio) should not cause obvious
interference.

" 45dBm ! |
' +17dBm _o""" " i !
—t =
62dB BEARER 1
12 m— L 12
4548
! 0dBm — )
—.
) BEARER 2
v 2848
---'I-a---n"‘
| I R— H .._zsda..._ funmn 1

FIG, 58. EFFECT OF HIGH AND LOW LEVELS ON ADJACENT CIRCUTTS.

The practical method to reduce the effect of croaatalk between neighbouring circuits
is to maintain comparable levels at all points slong the circuit. When the signal
level in adjacent circuits is the same, the crosstalk to signal ratic is equal to

the crosstalk path attenuation. TIf this figure i1s satisfactory then the crosstalk to
signel ratio is satisfactory for both circuite.

At intermediate stations and junetion points transmission levels must be ccmpatible
with those of the through route. For example in Fig. 59, an intermediate station B
is shown on the route A to C. Similar carrier systems are installed from A-B and
A-C. If the nominal meximum line-up level is used for both systems the relative
levels at B are such that crosstalk interference from system 1 to system 2 is
unsetisfactory. A nominal line-up of +17dBm iz assumed and under these conditions
the relative levels at B could +5dBm and +17dBm for one direction.

1 = e 1
+54Bm +17dBm
— —
SYSTEMI
D —
1 7dBm
12 —m L 12
A a8 C
1 — i
+17dBm
e —
S¥STEM 2
——
+17dBm
12—y — 12

FIG. 55, INCORRECT LEVELS AT INTERMEDIATE STATION.
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SYSTEMT

SYSTEMZ2

The problem shown in Fig. 59 can be overcome by either of two methods. The first is
illustrated in Fig, 60, where the transmission level for aystem 2 at B 1z changed to
+58Bm to be comparable with the transmission level of system 1 at this point.

1 — !
+5dBm +174Bm
lm— ~Af—
—.
¥ +l 7dBm 12
A B c
1 1
+5dBm
e
—
12 — + FdBm 12

FIG. 60. CORRECT LEVELS AT INTERMEDIATE STATION {WITHOUT REPEATER].

The second methed is shown in Fig. 61. A repeater installed on the A-C system at
B ensureg that all systems et that point transmit compesrable levels.

1 b |
+17dEm +17dBm
B o ————
SYSTEM1 M
—
12— +17dBm — 1z
B
1 — 1
+17dBm
~afp—
SYSTEM 2
—
12 +37d8m 17

Fi&. 61. CORRECT LEVELS AT INTERMEDIATE STATION (WITH REPEATER).

When bearers with different gauge conducteors are used, some compromise of
transmission levels may be necessary to maintain suitable crosstalk figures for the
systems and circuits concerned.

There is a limit to the amount of energy that any circuit can handle without
introducing distortion and this is a factor which limits the maximum transmission
level of any circuit or system. Crosstelk considerations also determine the maximum
tranamission levels. Arbitrary nominal maximum levels are specified for all types
of systems and circuits. :

In line transmission equipment staticons, freguency groups at different levels are
physicelly separated by the use of cable ducts or high and low level runweys. This
is explained in the paper, "Layout, Cabling and Test Access for Line Transmission
Equipment”.
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9.11 Separation of 'Go' and 'Return’ Besrers. In pair cable system operation it is common
to use geparate palra as bearers for each direction of ‘renswmission. When these
pairs are in the same cable, different frequency ranges are used for each direction
of transmission. The frequency allocation for a typleal 12 circuit system is shown
in Fig. 62. Crosstalk frequencies are shown with dotted lines. Crosstalk from the
A-B bearer to the B-A bearer, or vice versa cannot cause ill effects becausge it is
rejected by the recelve filters at the receive terminals, snd blocked by the terminal
tranamit amplifiers or repeater amplifiers. FProvided that the cable is satisfactorily
balanced, a number of systems can operate on pairs in the one cable, Transmission
levels must be co-cordinated for all systems as explained in para. 9.10.

40-108kHa
BLOCKED BY )} __ _ o ___ . BLOCKED BY
TRANS. AMPS, - - * REC, FILTS.
12-60kHz
BLOCKED BY 601 0BkH= BLOCKED BY

REC. FILTS, ™~ —==== S S R TRANS. AMPS.

w
>J 12-60kHz

CABLE

12 eremas] pr— 12

FIG. 62. USE OF SEPARATE PAIRS IN ONE CABLE.

When separate 'go' and 'return' cables are used, the same fregquency range can hbe
transmitted for each diveetion of transmission. This is fllustrated in Fig. 63 which
ahows the frequency and pair arrsngements for a.typlcal 12 circuit system. The
possibility of crosstalk between the two directions of transmission is prevented by
physicel separation of the bearers. A number of systems can operate within each
cable provided that sstisfactory balancing exists and that the transmission levels
for ell systems are co-ordinated.

12=60kHz

12=60kHz

FIG. 63. USE OF PAIRS IN SEPARATE CABLES.
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9.12 Frequency Frogging. In para. 5.19 the problem of tertiary crosstalk is described
together with methods to reduce its effect for open wire working. Some pair cable
carrier telephone gystems use one cable palr as a besrer, and separate the directions
of tranamission by using separate portions of the freguency spectrum for each
direction. These systems are often employed for Jjunction cireuit proviaion and use
Junction cable pairs as besrers. Although satisfactory crosstalk figures may be
achieved between the individual bearers, by capacity-balancing, it is poseible that
crosstalk on & tertiary basis (that is, via pairs other than system bearers) may not

be sultable. TFig. 64 shows tertiary crosstalk paths which'exist between two pair cable
carrier systems with repeaters. Crosstalk path A shows coupling between system 1 and
system 2. The repeater amplifier of system 2 is included in the path so that crosstalk
takes place at the low level input to the amplifier. A 'singing' path (path B) ia
provided from output to input of the system repeater. Similar cerosstalk pathe could be
ghown from system 2 to system 1 at each repeater. . '

g Ny
e o
BEARER ) SYSTEM 1
s UL, DO
6=5ékH2 ,* T,
* i . Le %) St
/ M ~ ~
* "'"---... .......... [y n———— T
1
‘!
3RD PAIR X

X4

Pl
o >
BEARER 2 SYSTEM2
—
Se-5dkHz rho Q
) . - [P

FIG. 64. TBERTIARY CROSSTALK m STNGIHN‘PA{[‘HE' ;

Frequency frogging can be ueed to offset this, ;ber‘biw mroﬁa‘balk effect. Fig. 65
shows a typical frequency frogging errangement. - At terminel 6-54kHzis transmitted
and 60-108kHz is received; these two freguency groyps.-apre mged for transmission on the
entire route but at each repeater station, by modulation, the groups are changed as

ShoWh.
-5akHz | ~ L N ‘ it 801 O8kHx
BEARER 1 SYSTEM1 o
— man
o1 00kt *-..\\ I rvu o | S esahe
f _— q _— — .
] “ew _e |
1 -"W-.--------_-..._---_--_ ----.-uu-"' PATH B
% 60—! 08kHz
3RD PAIR \ rd
\.._'. ------- - -
- W W S NN L 'Nﬁ.
‘G PATH A
Py . D ~ .: 601 0gkHz
6—54kHa I ~ ad !‘\_ 601 0kHz
A t—
BEA [
RER2 SYSTEM 2 7
A —— ” l—
60-108kHx ~ _ P S §-54kHz
hr Q LYY Py

FIG. 65. TYPICAL FREQUENCY FROGGING AT A REPEATER.
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A crosstalk path from the system 1 bearer, via a third V.F. pair, to the system 2
bearer, is shown &g path A in Fig. 65. The group of frequencies (60-108kHz) cannot

" beé received by thé repeater and are low levél signale compared with the high level

60-108kHz group transmitted from the repeater,

At the output of repeater 1, a second crosstalk path (path B), vie the third pair

back to the input of repeater 1, cannot cause 'singing' because the repeater cannot
accept 60-108kHz. Once again the crosstalk freguencies are low level compared to the
high level 60-108kHz group transmitted from the repeater.

Fig. 66 shows the frequencies transmitted and received by terminals and repeaters in

a typical frogging asrrangement. At each repeater the frequency ranges for each
direction of transmission sre changed. When an odd number of repeaters exist, both
the A and B terminals transmit the same group of frequencies. In addition to reducing
the effect of tertiary crosstalk, frogging also improves system equalisation and
regulation, The diagrams show that with 6-5hkHz transmitted from a terminel, channel 1
occcupies the low frequency slot and channel 12 the high frequency slot. However, in
the next repeater section this condition is reversed; chennel 1 occupies the high
frequency slot and channel 12 the low frequency slot., This change continues for each
repeater section. It should be noted that channel 1 recelves the greatest change in
frequency, from 6-10kHz to 104-108kHz. Channel 12 mgkes the smallest change, from
50-5bkHz to 60-64kHz., The intermediate channels receive relative changes and an
overall improvement in frequency response for. each chennel is obtained. .Changes in
tempersture and weather conditions, which affect the higher frequencies to a greater
extent than the lower frequencies, have less affect on the system as a whole because
the higher frequencies are shared by various channels.

(b) Frogging with odd number of Repeabers.

FIG. 66,

TYPICAL FROGGING ARRANGEMENT.
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9.13 Staggering and Inversion of Sidebands. Two important techniques that successfully
reduce interference, or the effects of interference, between systems operating in the
same general frequency range, and sharing a common route, sare the use of staggering
and inversion of transmitted sideband frequencies. Staggering and inversion sre used
on the essumption that, although bearer crosstalk reduction features are employed,
gome croggtalk frequencies exist at the input to the carrier terminal. -

Since each ecarrier channel occuples its own emall freguency bsid {3100Hz for a
standard channel), it is only affected by interference frequencies that fall within
that band; other interference frequencies are rejected by the channel filters.
Furthermore, the degree of affect of interfering frequencies that are selected by the
channel fllters depends on the following factors:-

(1) Intelligibility. The interfering affect of 1ntelligibl§‘crogstalk is greater
then unintelligible interference; that is, its anpoyancs value is greater
because of the tendency to follow the background cepversation,

{ii) Weighting Characteristics. Within the frequency range 300-3U00Hz, the average
human ecr is more sensitive to frequencies in"the’ ranffe about 800-1500Hz, than
to freguencies above and Delow this range. _In‘&&dition the bulk of the power
in the tranasmitted sidebands is contalned in thé'low'to mid-frequencies. When
interfering frequencies in this range are reduced or eéliminated the
interference effect on the listener is considerabgy”reﬂuéed.

{111) Level. The signal to interfering frequency.raiio: B.o0. 1mpowtant factor in
“determining the effect of interference on a listensy, The ratic must be kept
within prescribed limits but when related to, (1)1, can be seen that
interfering effects can be reduced by rendaring _;gﬁgtalk unintelligible.
Although the same smount of interfering. energy is present, subjective ieats
show that unintelligible crosstalk can be 3dB higher then intelligible
crosstalk to produce the same disturbing effect.

Staggering and inversion are described separamely, gnd can-he applied sepsrately to
‘frequency allocations. In many cases, thev%r, stag ering d inversion are applied
jointly to frequency allocations, to gaiq“aﬂﬂdﬁidhal prpsstalk interference reducticn.

9.14 Staggering of Sidebands. When staggering of éidebands is used, the sideband
frequencies of one system are staggered with respect to those of another similar
system, to minimise interference. Ideallx-tézs staggerdns should be such thaet the
channels of each system occupy different dortiions of’ thé frequency spectrum. Under
these conditions the channel filters would rdject the unwanted frequencies of the
ad)acent ‘system. However, within the limited frequency spectrum available this
degree of staggering is not economical and it has been found thet a frequency shift
of about 1000Hz to 3000Hz is sufficlent to considerably reduce crosstalk and also
the effect of crosstalk,

Fig. 67 shows sideband steggering arrangements'fbr two typical three circult systems.
The B-A line frequency ranges for the three channela sre indicated. The channels
provide a limited speech bandwidth of 2300Hz from 300-2600Hz. The frequency range
from about 800-1500Hz, which represents the range with greatest interfering effect,
is shown shaded, and it can be seen thet interference of these frequencies from one
system to the other is generally eliminated Becsuse the frequencies are rejected by
the channel demodulator band pess filters. Other frequencies ere also rejected and
because the "cut-off" of the filtera is not perfect some interfering freguencies are
attenuated. The actual group of crosstalk frequenciles that are rejected depends on
the degree of staggering employed. In general, the mid-channel frequencies are
rejected,

In addition %o the reduction in crosstalk level, the effect of crosstalk is also
reduced because when voice frequencies are shifted in frequency by 1000Hz or more,
they become unintelligible. Thia is equivalent to about a 3dB decrease in level.

The overall crosstalk adventage gained by using staggering is about 104B.



ALL FREQUENCIES IN kHz
FIG. 6]. STAGOERING ARRANGEMENTS FOR TWQ THREE CHANNEL .

9.15 Inversion of Sidebands. This technique relies largely upon the fmct that croastalk
frequencies from one system to ancther are rendered unintelligible after demodulation,
To achieve thias the systems concerned transmit the same, or similar ranges of
frequencies to lins for each channel, but for cne system an upper sideband is
transmitted spd for the other lower sideband. This is illustrated in Pig. 68 where
the sideband frequencies for the two systems are almost the same., However, for
system 1 these are upper sideband products and for system 2 they are lower sideband
products. Crosstalk frequencies from one system to the other are accepted by the
channel demodulator band pass filters but after demodulation these frequencies are
unintelligible. In addition to becoming unintelligible the energy peaks of the
crosstalk signals are shifted to new locations in the affected channel and have less
effect upon the listener. Inversion of sidedands Is said to mchieve about 6aB
crosstalk advantage.
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FIG. 68. TYPICAL FREBQUENCY INVERSION ARRANGEMENT.

9.16 Typical staggering and inversion arrangements for twelve circult open wire carrier
systems are shown in Fig. 69. Frequency allocations are made for four system types
and in the A-B direction only inversicn is employed and in the B-A direction both
staggering and inversion are used.
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FIG. 69. FREQUENCY ALIOCATTONS FOR TWELVE CIRCUIT OPEN WIRE SYSTEMS .
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10, TEST QUESTIONS,

I.

o.

7.

4.

10.

11.

12.

18.

List the varioue types of carrier systems that can opemté on open wire lines.
Indicate eyetems which are not compatible on the same bearer.
What arve the approximate line freguency ranges for:-

(2) 12 civeuit open wire carrier telephome systems?

(i2) 3 eireuit open wive earrier telephone syotema?

(tii) Rural carrier aysteme?
Ligt the various types of carvier systeme that can operate on pair. cable bearers.

What are the approximate line frequency rangee for:-
(i) 12 eircuit carvier telephone systems uging one pair?

(ii) 12 eircuit carrier telephone eyeteme weing pairs in separate cables?
What ie the approximate line frequeney range for a 960 ofrouit coaxiql cable system?

State the nominal frequemcy bande allotted for:-
{Z) The V.H.F. range.
(i) The S8.H.F. vange.
(iit) The U.H.P. range.
State the approwimate eircuit capacities of radictelephone systems in use in the

communication network, and indicate the broad frequency band in which the various
syateme operate.

Liet the major equipment arsas which comprige the communication network.
Why is gae presaéure equipment fitted to mest tmmk and junction cables?

What ia the approximate impedance of a 30lb, P.I.Q.T. pair in the ecarrier frequency
range?

‘State the methade used to reduce crosstalk between P.I.4.T. paira.

Briefly define a trunk cable.

What are the main usee of trunk cablee?
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10. TEST QUESTIONS. (Cont'd).

14. Briefly deseribe the cometruction of typical air core coanial cable and state the
main uses of this type of cable.

16. What ig the approwimate impedance of a coawial tube in the frequency vange above IMHAz?

16. Briefly describe the general form of open wire construction, and with the aid of a
sketeh show how the wires are designated on a typieal oable pole.

17. What ic the appromimate impedance of an cpen wire pair in the carrier frequency range?

18. What method ie used to reduce crosstalk betveen open wire paire on the same pole
route? e e :

18. Why is impedance matching necessary at the junction of open wive and oable paire?

20. What methods of impedance matching are used at the Junction of open wive and cable
pairs? State amy limitation associated with the various methadi.., .. -

21. State the various forms of protection used on open wire iinag,  and-briefly degoribe
each type. '

BT S I R (I T

28, What pole mounted equipment ie used to reduce crosstalk.bg;i:mempg@&f;«; _

RTINS 2 S R R
93, With the aid of simple sketches show typical trunk entrance qrrangements for twelve
eireuit open wire systems.
L At Lorl i
T s sl poats
24. Draw a eimple diagram showing the main features of double patr matohing.

25. Briefly define longitudingl and trangverse ouUrrentfyrn Insmehen Yooy v

26. With the aid of simple sketches show the trunk ewigaliiges ranggnente. for ;-

(i) Two wire circutts. R O UG Y L )

i} Four wire eircuilts.

: s oot of bmm ahea s e
27. Ligt the various signalling systems in use in the trunk network and state the type
of trunk circuit on which each eystem could be usecE. o
s dpn drard o

el

58. How are the majority of telegraph ohanngle ..@ﬁ%tigtﬁt_&a;'zrmf‘@émmmork?
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10. TEST QUESTIONS. (Cont'd).

29,

30.

31.

32,

33.

a4,

35.

36.

a7,

a8.

a4.

40,

41,

With the aid of a eimple diagram, ehow the relationship between line tranemigaion
and telegraph equipment.

What ie the nominal speed of telegraph working af a tslegraph ahannal of a 24
chammel F.M. V.F. telegraph eystem?

With the aid of aimple diagrama show the relationship between:-
(i) Line tranamission equflpmeﬁt and audio programme equipment.
(i%) Line tmnsmission equipment and video programme e{;u‘i-pﬁent..

What advantages are gained by atandardieing frequency ranges for channels, and
bloeks of channele, of carrier telephone ayateme?

State the frequency rangee for:-
(1) A basie group.
(it) 4 basic supergroup.

(iii) A baaie maf:ergroup.

Draw a stmple sketeh to illustrate the principles of pilaf; regulatwn a8 applied to
earrier telephone eyetems.

Briefly define 'flat' regulation and 'elope’ regulation.
With the aid of simple diagrame ehow how 'flat' and 'slope' regulation can be obtained.

Briefly desoribe how pair cable carrier telephone systems operate using:-
i} One cable pair as a bearer.
(it) Two cable paire in the same cable as bearers.

(i1t} Two cable pairs in separate cables as bearers.

Why is it neoessary for the transmission levels of similar frequency m:nges on the
aagme routes to be comparable ot all pointe along the route?

What ie meant by the term 'poling' of oarrier eyateme and what advantages are
gained by poling?

With the aid of a diagram emwplatin what is meant by staggering of aidebanda. State
the advantage of employing atoggering.

What is megnt by invereion of sideband frequenciea?

END OF PAPER,



