COMMONWEALTH OF AUSTRALIA.

Engineering Branch,
Postmaster-General's Department,
Tressury Gardens,
Melbourne, C.2.

COURSE OF TECHNICAL INSTRUCTION.

LONG LINE EQUIPMENT 1. PAPER NO. 4.
PAGE 1.

CROSSTALK, DERIVED CIRCUITS AND LOADING.

CONTENTS.

1. INTRODUCTION.
2, INDUCTIVE CO-ORDINATION.
3. INTERFERENCE CAUSED BY ELECTRIC FIELD.
4. INTERFERENCE CAUSED BY MAGNETIC FIELD.,
5. COMBINED EFFECTS OF ELECTRIC AND MAGNETIC INTERFERENCE.
6. PRINCIPLES OF CROSSTALK REDUCTION IN CABLES.
7. PRINCIPLES OF CROSSTALK REDUCTION ON AERIAL LINES.
8. EFFECT OF REFLECTION ON CROSSTALK.
9. EFFECT OF BALANCE.
10, DERIVED CIRCUITS.
1l. DISTORTION PRODUCED BY LINES.
12. DISTORTIONLESS LINE.
13. LOADING.
14, TEST QUESTIONS.

1. INTRODJCTION.

1.1 The intelligibility of telephone conversstions depends not only on reducing the
sttenustion and distortion produced by the charscteristics of telephone lines, as
discussed in Peper No. 1, but slsc on the absence of noise and crosstalk introduced
along & line from neighbouring circuits. This Paper will desl with the causes of
such noise &nd crosstslk, and the line practices employed to reduce them.

1.2 This Psper slso deals with derived circuits and the practice of loeding cables,

2. INDUCTIVE CO-ORDINATION.

2.1 If each telephone circuit were completely isolated from sll other electrical circuits,
no potentials, other then those deliberstely introduced for the purposes of
telephone trensmission, would be present in sny telephone circuit. In practice,
however, telephone circuits ere rarely entirely isolated, es they ere in close
proximity to other telephone circuits and to other electricsl circuits, such as
power lines. =All electricel circuits set up fields which extend into space, s&nd
these fields csuse interference in the form of noise and crosstelk in neighbouring
circuits. The fields set up by en electricsl circuit are electric and magnetic in
nsture, and, unless circuits (perticularly those near to one another) are properly
co-ordinaeted, these fields cause interference by induction., The proper co-ordination
of the circuits to minimise interference has been called Inductive Co-ordinetion,
Before proceeding with the methods used to minimise interference, & knowledge of
how the two fields produce interference is necessary,
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3. INTERFERENCE CAUSED BY ELECTRIC FIELD.

3.1 The potential difference between wires in neighbouring circuits end between those
wires and the esrth sets up en electric field, because of the dielectric properties
of the insulsting medium separeting the wires. Thus, a number of capacities exist as
shown in Fig. 1, which contesins a single wire disturbing circuit D {to which an
alternating voltage.is applied from a generstor G) and e metallic telephone circuit,
the A and B sides of which connect two telephones, X and Y. If D is equidistent from
the A and B sides of the telephone circuit, end the A and B sides ere equidistant
from the earth, then Cl = C2 and C3 = C4. Equel currents will flow from the
generator G to esrth vie Cl and C3, and vias C2 and C4, es well &8s to earth at the
distent end of D, producing egqual voltage drops sascross their reectances. Thus, point
P will exhibit the same slternating potentisl as point Q, and no current from G will
flow through the telephones X and Y, which connect these two points.

;;;C!» A
T
o
W T B
cz2
- s
gu

CAPACITANCES EXISTING BETWEEN NEIGHBOURING LINES.
FIG. 1.

3.2 If, now, D is not equidistant from the A end B sides of the telephone circuit and/or
the A and B sides of the telephone circuit are not equidistant from the eerth, then
Cl # C2 and/or G3 # C4. Unequael currents, therefore, flow from the generator G to
eerth vie Cl and C3, end vie C2 snd C4, producing unequal vcltege drops scross their
reactances, Thus, an alternating difference in potentiesl will exist between points P
and Q, resulting in disturbing currents flowing through the telephones at X and Y,
which connect these two points. If D is cerrying s telephone conversetion, the result
is crosstalk which can be sudible if the cepecity unbslence is too large, whilst, if
D is & power line, the result is noise, not only at the 50 ¢/s fundamental frequency
in the power circuit, but also at harmonics of this frequency, as harmonics are
almost invarisbly present in eny power circuit. The seme condition will exist if the
insulation resistances between D and the A snd B sides of the telephone circuit, or
between the A and B sides of the telephone circuit and the esrth, become unbalenced.

3.3 When the disturbing circuit is metallic, that is, two-wire, a compliceted network of
capacities exists which can be simplified into a bridge circuit, as shown in Fig. 2.
Al The bridge circuit is a cross section of two
circuits, A end B being the two wires of one
Cc1 c2 circuit end Al end Bl the two wires of the
s other circuit.

ce ca If the four wires sre symmetricelly disposed,
B == == A then each of the four capacities between the
Sg | wires will be equel, these being Cl, C2, C3 and
c7

C4 in Fig. 2. This, however, is not & bslanced
cz condition, as the capacities to eerth provide
parellel ceapacities escross the wire to wire
Bi cepacities, 7For example, C5 and C6 are in
perallel with Cl, C6 and C7 sre in parellel
CAPACITY BRITGE. with C4, and so on. Not only must the wire to
FIG. 2. wire cepacities be equsl, but also the wire to
earth capacities, as in the single wire
disturbing circuit cese. TUnder this condition, wires Al and Bl will sct as null
points of & belanced bridge when & voltege is applied across A and B, &and wires A
and B will act es the null points when e voltege is epplied scross Al snd Bl, and no
interference results. /
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4, INTERFERENCE CAUSED BY MAGNETIC FIELD.

4.1 The alternating current flowing through D of Fig., 1 produces en alternating flux
which links the two sides of the telephone circuit, Ep of Fig. 3 being the voltage
induced across the A side and Ep the voltage induced across the B side.

<« Ep The directions indicated in
Fig. 3 apply for one hslf-

E cycle, being reversed during

XP 4[—@ =0 J,l- Y the other helf-cycle. When
D is equidistant from A and
B, then the amount of flux

<—Ep linking the A side equals
thaet linking the B side, so

Er=Ep that Ejp = Ep, leaving no
EQUAL VOLTAGES INDUCED BY MAGNETIC FIELD. resultant voltage to send &
FIG. 3 disturbing current around the

circuit and through the
telephones at X and Y. ’

4.2 When D is not equidistent from A and B, & resultant voltage sends current through X
and Y. The position is indicated in Fig. 4, where D is nearer to A than it is to B.

-E, Here, the emount of flux

f_'ER linking 4 will be grester than
g -||-—@ Jll- that linking B, so that Ep is
X —»Eg Y

greater then Ep, leaving &

_—} resultant voltage ER to send a
-Fp Er disturbing current in the
direction indiceted. During
Ep > Ep the other half-cycle developed
by G, all directions are
UNEQUAL VOLTAGES INDUCED BY MAGNETIC FIELD. reversed, so that s disturbing
FIG. 4. glternating current of the

same frequency as that
developed by G will pass through the telephones X &nd Y.

5. COMBINED EFFECTS OF FLECTRIC AND MAGNETIC INTERFERENCE.

5.1 Fig. 5 shows what can heppen when the interferences caused by the electric and
magnetic fields are considered together rether than sepsrately., Here, agein, D is
nearer to A then to B, Fig. S5e& indicating the effect of the electric field during the
half-cycle of voltage developed by G, and Fig. 5b indicating the effect of the
magnetic field.
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COMBINED E¥FECTS OF ELECTRIC AND MAGNETIC FIELDS.
FIG. 5.

As D is nearer to A then to B, Cl will be greater then C2, therefore the reactance of
Cl will be smsller than thst of C2., The voltsge drop across Cl will be smaller,
therefore, than that ascross C2, resulting in point P exhibiting & potentisl above, or
positive to, thset exhidbited by point Q for the helf-cycle indiceted in Fig. 5.
Combining Figs. 58 end 5b, it will be seen that the resultent voltage due to the
magnetic field sids the voltage due to the electric field st X, whilst opposing it
a8t Y. A little considerastion will show that, during the other haslf-cycle, the same
conditions exist but with all voltages reversed. /

5.2
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5.2 Thus, cases cen arise where one end of a circuit is noisy or where the crosstalk level
is high, whilst the other end of the circuit is silent. Under such conditions, it
is necessary to specify the end of a circuit to which & crosstalk level refers. In
Fig. 5, the crosstelk at X is referred to &s "near-end" crosstalk, beceuse it is the
end of the disturbed circuit neerest the end of the disturbing circuit to which the
disturbing source of supply is connected. The crosstalk at Y is termed "far-end"

crosstalk for the opposite reason.
6. PRINCIPLES OF CROSSTALK REDUCTION IN CABLES.

6.1 There are s number of ways of eliminating or, et lesst, reducing crosstelk. As
metallic, that is, two-wire, circuits are slmost exclusively used in telephone
transmission, one method is to arrange the parelleling wires in such & configurstion
that the effect of the field of one peir will be the same &t both wires of the other
pair, and vice verse, thus leeving no resultesnt volteges to produce interference.

s g ks

e

6.2 Fig. 6 shows two possible ways to effect such a non-inductive configuration.

It is not possible, because of
©GA @A precticel difficulties, to arrange
geriel circuits in this menner.
©A4 @ @A [ )-8 Cebles, however, cen be menufaectured
with each two pairs erranged es
@B @B in Fig. 6, each two pairs being
known as "QUAD". When the gueds
(&) (b} sre erranged as in Fig. 6a, the
STAR QUAD (a) AND MULTIPLE TWIN (b) FORMATION, ©8ble is termed & Ster Quad cable.
The srrangement shown in Fig. 6b is
Fig. 6. closely approximated by the
Multiple Twin cable. The Star Qued cable is used almost exclusively, heving
superseded the Multiple Twin type sbout 1935.

6.5 In the menufecture of Ster Quad ceble, it is possible to restrict the capacity
unbalances existing between the four wires of & quad to only & minimum velue;
manufacturing difficulties preclude the complete elimination of unbslance. It is,
therefore, necessary to joint together the short lengths of cable which go to meke
up the whole length of e long ceble, in such & manner that the over-sll capacity
unbalance is reduced to & predetermined minimum,

6.4 To illustrate the principle, Fig. 2 of this Peper is redrewn as Fig. 7. The
capacities C5, C6, C7 and C8 of Fig., 2 are included in the capacities w, x, y 8nd z
of Fig. 7. This is possible because C5 and C6 shunt Cl in Fig. 2, C6 end C7 shunt

A C4, and so on, Wires A and B form one pasir of the quad
and wires C and D form the other peir. For any voltage
introduced scross A end B, there should be no resultant
voltege across C end D, and vice versa. Thus, the

z W following proportion must exist -

WXt 2sy
C D OT Woy = X.2

6.5 Assume, now, that in one length of s cable the
capacities are meesured and thet w.y> x.z. This unbalance
y b o could be corrected by incressing x or z, snd this is done
! in some ceses (such as loaded cebles, to be dealt with
B later). Where it is possible to connect together sdjacent
lengths of cable, the quad discussed above would be
CAPACITY BRIDGE, connected to & quad in the adjacent length whose measured
{ FIG. 7. capscities are such thet w.y < x.z by an amount
—_ approximaetely equel to thet by which w.y > x.z in the first
quad. By providing balencing condensers over each predetermined length of cable in
the cese of losded cables, the whole length of csble will exhibit zero unbslance
when jointed right through. In the other case, the over-all unbalence is reduced to
& minimum, which can be corrected st the end of predetermined long lengths by added
capacity in the form of bslancing condensers.

|
|

The sbove gives merely the principle used., A leter Paper deals more fully with the
-4 subject and with the messuring technique employed.
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7. PRINCIPLES OF CROSSTALK REDUCTION ON AERIAL LINES.

7.1 Because of practical difficulties, it is not possible to errange serial wires in the

menner shown in Fig. 6. The scheme used on serisl circuits is one of trensposition,
end Pig. 8 shows the ides.

EG————.- Ay
‘ » 8
EG——- B
Ef —— Ep—» A
T > 4 F
B
Ex— Eq—>

PRINCIPLE OF TRANSPOSITION.

FIG. 8.

A cross-over of the two sides of circuit P, which parsllels another circuit D to
which an alternating voltage is applied, is made half-wsy elong the length of the
line. The direction of the voltage scting in D 8t some instant is indicated.

7.2 Considering the magnetic interference first, the megnetic interference produced in P

by the A side of D will oppose that produced by the B side, because the fields
produced by the A and B sides of D oppose. However, as the B side of D is nearer to
P than is the & side, the voltsge induced across P by the B side of D will be
grester than the voltsge induced by the A side, producing resultant voltages across
the two sides of P in the directions indicated. As the transposition is in the
centre of P, then El = E2 snd E3 = E4, and es E1 + E4 acts in opposition to E3 + EZ2,
then there will be zero voltsge acting sround P and, therefore, no interference due
to the megnetic field.

7.3 Turring now to the wire to wire capacities, the unbalancing of which causes the

electric interference, an examination of Fig. 9 will show that a state of capacity
balance exists,
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CAPACITANCES PRESENT ALONG TRANSPOSED LINE.

FIG. 9.
The actusl wire to wire capacities are shown in Fig. 9a whilst an equivelent network
is shown in Fig. 9b. Egusl cepacities carry identicel designetions, for example,
the caspacity from one helf of the B side of D to one half of the B side of P is
designated Cl, as is the equel cepacity from the other hslf of the B side of D to
the other helf of the A side of P, TFrom Fig., 9b it will be seen that a belanced

bridge exists both for volteges epplied across the A and B sides of D or the A and
B sides of P.

7.4 By trensposing D end leeving P wired straight through, & similsr non-inductive stage

will exist between the two circuits. A transposition st the same point in both

/ circuits,
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circuits, however, will obviously have no effect in reducing interference.

7.5 Whilst a single trensposition, as discussed, is effective in limiting crosstelk in a
relatively short length of line, it would not be effective in the case of a long
line for two reasons.

7.6 In the first place, becesuse of sttenuation, the voltage and current at the energised
end of & line sre many times e&s grest as near. the far end. Thus, the crosstalk
voltages and currents induced on the energised side of the trensposition will be
greater than those on the far side, and they will neutralise in part only and not
wholly. As regards neasr-end crosstslk, this is increased by the fact that the
induced voltages and currents coming back from the far side of the transposition are
necesserily attenueted to & greater degree than those coming back from the near
side, On the other hend, fsr-end crosstelk is reduced because the slightly higher
induced voltages and currents on the near side of the trensposition ere attenuated
more in reeching the far end of the circuit than are those induced on the far side.

7.7 In the second case, the phese shift elong the line will meen that the line may be one
or & number of wavelengths long at higher frequencies, Thus, not only will the
crosstelk voltages and currents induced eslong the line decresse along the line due
to attenuation, but they will slso change in magnitude and direction over the
transposition sections due to the phese shift. Thus, if one transposition section
hes & maximum crosstalk voltage induced ascross it st some instant, that voltage
cannot be neutralised by some other section across which the crosstalk voltage is
perhaps zero or opposite in phase. It is necessary, therefore, thet the
trenspositions be more frequent for higher frequencies, so thst the crosstalk
voltages and currents produced in one transposition section can be almost
neutralised by epproximately equal voltages snd currents in the adjacent section.

7.8 In some ceses (for example, 140 kc/s, the highest frequency allocation on Type J
carrier telephone systems) trenspositions as close as every second pole may be
necessary.

8. EFFECT OF REFLECTION ON CROSSTAIK.

8.1 The transposition scheme outlined sbove does not eliminete crosstelk - this can only
be done by employing en infinite number of transpositions., Similerly, in cables,
menufacturing and instelletion difficulties prevent perfectly balanced quads from
being obteined. As described in Long Line Equipment III, unbalence meassurements
are made on cables when they are laid down and the unbaslance correctives applied
limit the unbelence, so thet, as with & practical transposition scheme, the
crosstalk is below the level of sudibility when normel volteges sre employed. As
discussed previously, reflection produces waves whose amplitude is the vector sum
of the reflected and incident waves. This means thet reflection can increase
crosstelk by increasing the amplitude of the voltages and currents in & circuit in
which reflection takes place, that is, & circuit which is incorrectly terminsted or
has any impedance irregulsrities., Thus, crosstalk is an added reason why circuits
should be correctly terminated and uniform in construction,

/ 9.
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9.1 Whilst & circuit may be perfectly transposed, interference can still be produced if
the linear impedence and metallic impedances to earth are not balanced. A
metallic connection to eerth exists because s8ll C.B. menual and sutomstic telephones
use an earthed bettery for supplying transmitter bettery feed current.

9.2 Fig. 10& shows the through connection between two subscribers connected to
different automatic exchanges connected together via & junction, together with &
disturbing circult D equidistant from the A and B sides of the junction.

Fig. 10b is the equivalent circuit with Z1 and Z2 replacing the repeater A relay
windings, 73 and Z4 replecing the finsl selector A and D relay windings, Zg
replacing the celling and celled perties' lines end telephones and Zp and 7Zp

replecing the A and B sides of the junction respectively.

Currents will now flow

to earth via Z1, Z2, 23, Z4, Z% and ZE from G, as well as via C3 and C4.

2
A, B
IfZl#zz,zs,éz:;andzE#z—

= unequal currents will flow to earth through these

impedences, producing unequal voltage drops ecross them which result in disturbing

currents through the two telephones,
meinteined, as well 8s & bslance to earth.

Thus, accurate lineer belence must be

REPEATER T FINAL SELECTOR
CALLER 1 EC3 A 1t CALLED PARTY
L 24 #Ci b | 1]
"l"@' - f 1
- e e —
A s A B
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METALLIC IMPEDANCES TO EARTH ON TELEPHONE CONNECTION.

FIG. 10.
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10. DERIVED CIRCUITS.

10.1 Where sccurately balanced lines asre sveilsble, additional chennels can be derived

without having to provide further line plent. Such circuits ere termed "Cailho"
and "Phantom" circuits. The term "Cailho" ususlly refers to & derived circuit
using an earth return, and the term "Phantom" refers to & completely metallic
derived circuit.

10.2 Cailho Circuits. Cailho circuits ere generslly telegreph circuits, the sensitivity

of 8 telephone receiver precluding the use of esrth return telephone circuits
because of noise produced by the slight chenges in potential which esre continuslly
taking place between different points on the earth's surface. These chenges in
potential are not great enough to produce enough current to operate releys but
will mske & telephone circuit extremely noisy. Also, it is not possible to
transpose e single wire, so thst crosstelk would be excessive between neighbouring
single wire lines., Fig. 11 shows the principle of the cailho circuit to derive

& telegraph channel from an existing physicel telephone circuit.

No interference between the

: telephone and telegraph circuits
will srise, provided the
P Q 1 windings of the trensformers
R are accurately differentisl and
the two sides of the physicel

QTELEGRAPH QTELEGRAPH circuit are balanced as regards

EQUIPMENT EQUIPMENT both linear impedance and
impedance to earth. Under this

condition, telegraph signsels
.CATIBEO CIRCUIT. divide eguelly et the centre
7IG. 11. point of the line windings of
_— the transformers to flow
through the two helves in opposite directions, producing equel fluxes which
neutralise to leave zero resultaent flux.

Thus, no voltages cen be induced ascross the transformer windings connected to the
telephones by currents from the telegraph equipment paessing through the line
windings. If the transformer windings or the two sides of the line ere unbslanced
as regards either linear impedance or impedance to earth, the telegraph ecurrents
do not divide equslly. Therefore, the two fluxes produced by the line windings of
the trensformers do not neutralise end interference arises between the circuits,
because the resultent flux induces voltages across the windings of the transformers
to which the telephones are

connected. The unbalesnce may
MAGNETO also cause the telephone
BELL OF circuit to interfere with the
PHQNE telegraph circuit. Under the
TO

balenced condition, point P
will exhibit the same potential
as point Q when A is spesking to
B, or vice versa. In the
ZEhFG.' unbalenced condition, however,
4puF : point P will exhibit a different
potential from point Q, so thsat,
whilst speech will be practically
3 unaffected because of the high
CATLHO CONNECTIONS. impedance of the telegraph
equipment, 16 cycle ringing
FI1G, 12, current may interfere with the
telegraph equipment.
In some cases, it is possible to utilise existing magneto bells on & trunk line
in order to provide suitable centre points for connecting & cailho telegrsph

circuit, This is shown in Fig. 12, which contains both the transformer end bell
connections to show the similsrity.

10000

/ 10,3
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10.3 Phantom Circuits. The principle used in the ceilho circuit is used in the phentom
circuit, except that the metsllic return is supplied by another physical circuit as
shown in Fig. 13. Here, again, the circuits must be accurastely bslanced as regards
both lineesr impedance end impedence to esrth, and the trensformers must be accurately
differentisal,

In Fig. 13, the two physicel circuits A and B are usuaslly referred to as "side"
circuits. Whilst the trensformers in the phantom circuit are not necessary for
successful operstion, they are usually included so that sn unbalenced physical
circuit will not upset the belence of the phantom when such a circuit is

_fq connected to the phesntom.
T PHYSICAL 1 Ta
(SIDE CIRCUIT)
: |
i |
. T3 PHANTOM | T4
=
T5 PHYSICAL 2 t—é Té
(SIDE CIRCUIT) %

PHANTOM CIRCUIT.

FIG. 13.

10.4 Phantom Trenspositions., As each side circuit represents one side of a phantom
circuit, it will be necessary to trenspose the side circuits of a phantom as well
as the two wires of each side circuit. Fig. 14 shows the four types of
trenspositions necessary to meet &ll conditions. Fig. l4a shows a trenspcsition
in the phantom &s well as the side circuits; Fig. 14b shows a transposition in
the phentom and the side circuit A; Fig., l4c shows a transposition in the
phentom and side circuit B; and Fig. 144 shows a phantom trsnsposition only.

A - — A .
B:E (s) : B:E (b) :
A 0 AT AR
B B

(c) (a)

PHANTOM TRANSPOSITIONS.

FIG. 14.
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10.5 Composite Circuits, Composite circuits sre provided to derive two telegraph
channels from & physical telephone circuit. The composite, or C.X., set uses crude
low and high pass filters to sepsrate the telegraph and telephone signals
simultenecusly sent over & physical telephone circuit. Discrimination on &
frequency basis cen be used, because any telegraph signel can be resolved into s
fundementsel freguency determined by the sighalling speed plus & number of odd
harmonics which, when added to the fundementsl, produce the "square-topped"

telegraph signsl.

Fig. 15 shows the ides espplied to s double current telegreph signel. In order to
ensure reasonable signsl formstion, the third hermonic of the fundamental must bdbe
passed into the telegraph equipment so thet the signelling speed over & C.X. circuit
is fixed by the cut-off freguency of the low-pass filter used to psss the low
frequency telegreph signals and block the high frequency telephone signals.

- ——

FORMATION OF SQUARE-TOPPED SIGNAL.
FIG. 15,

This cut-off frecuency is about 80 ¢/s in a C.X. set, which fixes the upper limit st
"5 ¢/s, producing a fundamental frequency of 25 c¢/s. Therefore, the signalling
speed over the telegreph circuit

i e - is limited to 50 bsuds. The
ZMF JF high-pess filter, therefore, hes
SAACOIL | ¢pppcy © Cub-off frequemcy of 80 ¢/s, in
- sl &ClRCUIT order to pass the higher frequency
HP Fc = 80~ SAA COIL telephone signels and reject the
2MF . lower freguency telegraph signsels.,
4 L L1 Fig. 16 shows the arrangement of
one terminal of s composited
) line,

T
SAA COIL 'I'Gle
As the high-pess filter in the

L.P fc =80~ o >.£IGG}?AFL telephone channel will not pass
LEGS frequencies below 80 c¢/s, some
frequency other then 16 ¢/s is
required for signelling over such
circuits. The frequency used is

SAA COIL T5“’
55

\]

‘COMPOSITE SET. 135 ¢/s or 1,000 C/S, the
e operstion of these ringing circuits
FIG. l6. being dealt with later.

10.6 Combined Phantom end C.X. Circuit, 1In meny cases, composite circuits are derived
from the side circuits of phantom circuits, Fig. 17 shows & typicsl circuit, the
C.X. sets being connected on the line side of the phentom transformers.

10.7 Fig. 1B shows, in pictorial form, the various methods of incressing the efficiency
of line plant ss fer as telephone channels are concerned.

/ Fig. 17,
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13. LOADING. i
13.1 There ere two methods used in loading prectice, "Continuous Loading" and "Lumped :

Loading".

13.2 Continuous Loading. This process involves wrepping the line in a tape of some 4
magnetic materiel. This trestment is expensive, and the amount of inductance -k

which can be economiceally provided is small,

13.3 Lumped Loading. This process involves introducing inductance coils at strictly

egual intervals along the length of the line. Under these conditions, the %
performance of the line will be modified from that obtesined when the inductance tE
is evenly and continuously distributed, This is because a lumped loaded line 3
constitutes a series of low-pass filter sections, having the lumped inductences e
of the lcading coils as the series inductance and the coil capacity, together -

with the lines distributed capacity, as the shunt capacity. Loaded circuits,
therefore, display & definite cut-off frequency, this being determined by the
magnitude of the inductence used end the spacing of those inductances. Thus, the
value of the inductance used, together with the spacings, will be determined by
the frequencies to be sent over the circuit. Voice frequency circuits are loaded
with 88 millihenry coils at 6,000 feet intervels., This produces a cut-off
frequency of between 3.5 kc¢/s and 4 kc/s, depending on the gauge of the conductor
used in the ceble being loaded. These loading figures are unsuitable for circuits i |
which are reguired to transmit carrier freguencies or to relay broadcast 3
progremmes, "Carrier Loading" employs 3.5 millihenry coils at 750 feet intervals,
producing a cut-off frequency of approximately 54 kc/s. "Programme Loading"
employs 14 millihenry coils &t 3,000 feet intervals, giving & cut-off frequency

of at least 12.5 kec/s, depending on the gauge of the cable being loaded., Aerial
circuits are not loeded, ss their phase angle is normelly small, This is shown

in Teble 2 of Paper No. 1, which indicetes thet, in their normal condition, seriel
circuits ere much more nearly non-reactive than are cables,
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13.4 Loading also raises the characteristic impedance. This is extremely useful where
aeriel and cable sections are connected in tandem. The chasracteristic impedances
of cables ere much lower than those of eserisl lines, but 2 smooth, continucus
circuit can be provided by suitably loading the ceble sections to bring their
characteristic impedances up to those of the seriel sections, Teble 1 shows how
V.F. loading increases the characteristic impedance of cables and reduces the
phase angle, as discussed above. The frequency employed is 800 c/s.
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Type of Cable. Z, Unloaded., Zy Losaded.

10 1b. S.Q. Cable A 366 \41°38" ohms 1085 \11°3% ohms

20 1b. S.Q. Ceble 515 \¢3°16" ohms 1121°\5%40" ohns

40 1b. S.Q. Csble 683 \24%6" ohms 1113 \3° ohms
TABLE 1.

13.5 This increese in Zy elso produces the highly desirable effect of decreasing the
agttenuation. If the same power is spplied to @ line and its Z, increased, the
input current will decresse. As the power loss slong the line is proportionsl to
the square of the current flowing slong it, end as Zy decreasses this current, then
the power loss will become smaller as Z, is increased, meaning thet the
attenuation is decreased. Loading for voice frequency purposes is used mainly
for this reason. At cerrier frequencies, the aim of loading is not so much to
reduce the sttenuastion as to meke the cheracteristic impedence independent of
frequency, this being echieved beceuse the line behaves lsrgely &s though non-

/ reactive.
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resctive. Table 2 shows how the ettenuetion constant is reduced by V.F. loasding.
The change in the phase constent is also included in Teble 2. Loasding will
increase the phase constent, because increassing the series inductance will
decrease the velocity of propagation and, therefore, increase the phese constant.

Attenuation
Type of Cable. Per Mile. Phase Constant.
Unloaded Loaded Unloaded Loaded
10 1b. S.Q. Cable 1.56 db 0.803 db 109341 33%28"
20 1b. S.Q. Cable 1.021 db 0.386 db 7061 26°48!
40 1b. S.Q. Csble 0.703 db 0.202 db 5012¢ 26°36"
TABLE 2.

13.6 Loading Coils for Phentom Circuits, Coils for phentom loesding usually have lower
‘inductence values than side circuit coils, but they must have four windings.

Fig. 21 shows the connections of a losding point in & phantom group for the side
circuits and the phantom.
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LOADING COILS FOR PHANTOM CIRCUITS.

FIG. 21,
Phantom losding coils are connected in such 2 menner as to be non-inductive to the
currents circulsting in either side circuit, but inductive to the currents in the
phantom circuit.

13,7 Helf-Coil end Helf-Section Terminations., When loesding is introduced into s network,
" such &s metropoliten junction network, sttention must be given to the conditions
possible when two loaded junctions are connected together.

Assume it i8 decided to load & junction network with 88 millihenry coils st 6,000
feet. It is necessary st & certain point in the network (thet is, the main
exchange) to space the coils so that, when two junction circuits ere connected
together, the- correct spascing is mainteined., This can be done in two ways -

(i) At the mein exchenge, & half-coil (44 millihenrys) can be used to
terminete esch junction, whilst 6,000 feet swsy a full 88 millihenry
coil is inserted. This will give conditions of 88 millihenrys st
6,000 feet uniformly, when two junctions are comnected together.
(Disedventege. Purchase of special half-value losding coils is

necesssry.
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(ii) Place the first coil in each junction only 3,000 feet from the main exchange.
When two junctions are interconnected, 6,000 feet spacing is maintained.
This method is generally preferred.

The two methods ere shown in Fig. 22,
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MAIN EX.
D \/_ 6000' N/ 6000 _\g 6000" N\, 6000 \/ D 2
7\ 7\ /X /N 7\ AN 3
88 mH 88mH 44 mH 44 mH 88mH 88mH $
2
{a) Half-Coil Termination. ;
ik
MAIN EX. E_
Ny _8000' , 6000 v ,5000 3000y, 6000 , 6000 .,
D 7N\ 7X 7\ AN A VAN ﬂ 3
868 mH 88 mH 88 mH | 88mmH 88 mH 88mH 1 -
(b) Helf-Section Termination. il |
=

SPACING OF LOADING COILS.

A4

FIG. 22.

14, TEST QUESTIONS.

1. Explain briefly how crosstalk is produced between peraslleling telephone lines.

2. Explain how Multiple Twin cable produces & non-inductive relation between the two
pairs of & Qquad.

3. Explaein why transpositions on serial lines have to be closer at higher frequencies
than at lower frequencies.

4, Discuss the conditions necessary for preventing interference between a phantom and
its side circuits.

5. Describe, with sketches, the use and operation of a composite set.
6. What is meant by "lumped" loading? Discuss the advantages of loasding csbles.

7. What is meant by "half-coil" and "half-section" terminstions?
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