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C.B. EXCHANGES.—22 VOLTS.

GENERAL DESCRIPTION.

The C.B. No. 1 type of switchboard is designed to meet the
requirements of the largest exchanges as, in its multiple field,
it is possible to accommodate 10,000 subscribers’ lines.

The switchboard consists of sections of two distinct types,
‘“ A’ position sections on which the subscribers’ lines are ter-
minated, and ‘“ B *’ position sections wired to take the incoming
junctions. Each section of either type contains 8 operators’
positions and 8 panels for switchboard jacks.

A typical arrangement of sections in an exchange is shown
in Fig. 1, which also includes a plan of an Apparatus Room.

Fig. 2 illustrates the face equipment of an ‘‘ A ’’ operator’s
position.

The lowest part of the jack field in each panel is reserved for
answering jacks and line lamps in rows of 10. Each lamp is
placed immediately below its corresponding answering jack on
the right of which provision is made for the subscriber’s number.
The opal caps of the line lamps are engraved and coloured to
denote the service allowed to each subscriber in accordance with
the official code. The number of answering jacks and lamps
fitted in each panel is governed by the calling rate of the sub-
scribers’ lines which decides how many can be attended to by
each operator. It varies, roughly, from 60 to 120 per position.
Distribution of subscribers’ lines amongst the ‘ A *’ operators in
order to equalise the load on each position is provided for on a
standard intermediate distributing frame in the apparatus room.
Cables from the multiple and from the answering jacks and lamps

(21142) 'Wt. 24260/1822 2000 2/26 Harrow G.36 (T.S.Ps 404) (D.11)
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terminate on opposite sides of the Intermediate distributing frame
and the lines are cross connected by means of jumper wires.

Above the answering jacks are the outgoing junction jacks,
usually in rows of 20, multipled every 6 panels, and above these,
again, the strips of 20 subscribers’ multiple jacks generally
repeated every 9 panels.

The multiple jacks are arranged in blocks of 100 jacks num-
bered from 0-99, and the multiple is built upwards. At the
bottom of the space reserved for subscribers’ multiple in the first
9 panels of the switchboard, 9 sets of jacks, numbered 0-899, are
placed, each panel containing the jacks of a complete hundred
and immediately above these are fitted the jacks numbered 900
to 1,799, and so on.

At the bottom of each panel a pilot lamp is shown, this being
a lamp of larger dimensions than the ordinary line lamps. The
pilot lamp glows every time a line lamp lights up in the panel
in which it is situated.

In addition to the pilot lamps, there are 8 other special
lamps to each operator’s position, viz., the Order Wire Lamp,
the Instruction Circuit Lamp, and the Register Lamp.

The Order Wire lamp glows when the key of an order wire is
depressed which controls a group of junctions to an exchange
outside the normal exchange area, and draws the attention of the
operator to the fact that a special fee should be charged.

The Instruction Circuit lamp. is used by the Supervisor to call
the attention of all the operators in the exchange in order to
give them special information. All * Instruction ” lamps glow
simultaneously, and each operator goes into circuit and receives
the instruction by depressing a special key. The fact of depressing
the key extinguishes the lamp on that position.

The Register lamps glow every time a register key is
depressed.
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Fig. 8 is a sectional view of an ‘‘ A »’ section and indicates
the location of some of the apparatus. The provision made for
the accommodation of cables is apparent from this drawing, also
the protection against the spread of fire. In addition to the
fireproof shelves shown, each section is isolated from its neighbour
by means of vertical fireproof panels which fill up all the spaces
not occupied by the cables running horizontally.
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Fig. 4 is a view looking down on the key shelf. It will be
seen from this drawing that every position is provided with 17
pairs of cords, each controlled by a combined speaking and ringing
key; also, that in connection with each pair of cords there are
two supervisory lamps and an ‘¢ effective >’ register key. The
back lamp of a pair is associated with the back or answering cord,
and the front lamp with the calling cord. When a plug is inserted
into a subscriber’s jack the corresponding lamp glows whilst the
subscriber has his receiver on its rest and is immediately dimmed
when it is removed.

The “ effective > register key is used to register a call on a
subscriber’s meter for accounting purposes, and at the same time
record an effective call on the operator’s position meter. The key
is depressed immediately before the operator takes down the
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connection. Should the operator not be able to complete the
connection, she depresses the ‘ ineffective > register key shown
at the right-hand side of the position. This operation has no
effect on the subscriber’s register, but it records an ineffective
call ‘on the operator’s ¢ ineffective >’ position meter. The records
obtained on the ‘ effective >’ and * ineffective > position meters:
are used for statistical purposes.

The order wire keys in strips of 10 are shown on the left of
the position.

The ‘¢ B *’ section is similar in dimension to the ‘“ A >’ section,
but differs from it in the disposition of apparatus in the jack
field and on the key shelves.

Each incoming junction led to a ‘“ B>’ position terminates cn
a plug and cord. Supervisory lamps are associated with each of
the cords and, in some cases, ringing and speaking keys, as will
be explained in detail later. In the panels of the jack field no
accommodation is necessary for answering jacks and line lamps,
and it is usual to multiple over the ‘° B’’ sections only such
outgoing junction lines as are used for- lending purposes. This
results in greater space being available for the subscriber’s
multiple jacks, and as the larger portion of the calls handled by
the ““ B ”’ operators is connected to subscribers’ lines, advantage
is taken of the additional accommodation to repeat the subscribers’
multiple in every 6th panel, and so facilitate the operators’ work
and ascertains the subscriber’s requirements,

OPERATING ON “A” AND “ B ” POSITIONS.

Local calls.—The subscriber calls the exchange by removing
his receiver from its rest. The call is received by the ‘A ”’
operator on a line lamp which glows.

With the back cord of a pair the operator plugs into the
answering jack associated with the lighted lamp, automatically
extinguishing the latter, throws the key into the speaking position,
and ascertains the subscriber’s requirements.

The engaged test is applied to the number required, and, if
free, connection is made by means of the front cord, and the
subscriber is rung up bringing the key forward to the ringing
position. There is no need for the operator to remain in circuit
to supervise the call, as the front supervisory lamp will glow until
the called subscriber answers.

Upon completion of the conversation both subscribers ‘¢ hang

up,” causing both supervisory lamps at the exchange to glow.
This is the signal to the operator to take down the connection.
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Before disconnecting, the operator depresses the register key,
as previously mentioned. .

Junction Calls.—Should the calling subscriber require a
number connected to another exchange, the call will be passed
over a junction.

Junctions between exchanges are of two types. Where the
number of junctions connecting two exchanges is small, the lines
are usually worked as °‘ ringing junctions.”” At the incoming end
ringing junctions are terminated either on a jack, or on a plug
and cord on a ‘““ B’ position having only this class of junction
connected to it. Usually 24 ringing junctions are connected to
each ““ B ” position. Should a larger number of lines be necessary
to carry the traffic between two exchanges, it is generally the
practice to form them into groups and control them by means of
Order Wires. It is often economical to work as few as 4 lines on
the Order Wire system, provided that suitable arrangements
exist at the incoming end. In such a case the ‘“ B ” operator
would have groups of lines on her position coming from perhaps
4 different exchanges, each group having its own order wire, but
all the order wires being joined together on the “ B > operator’s
position. It is not usual to connect more than 4 groups of lines
to one ‘“ B’ operator’s position. In the case of a very large
number of junctions between two exchanges, several groups are
formed, each controlled by an Order Wire. The size of these
groups is governed by the capacity of the ‘B’ operator to
handle the calls passing over them, this in turn being governed
largely by the design of the * B’ switchboard and the system
upon which the lines are worked. Each group is connected to a
séparate ‘“ B ”’ position.

Should the ‘“ A ”’ operator at the originating exchange receive
a call for a subscriber on an exchange reached by ringing junc-
tions, she will plug into a disengaged outgoing junction jack
marked with the code of the exchange required. The “B”
operator at the distant exchange will receive the signal on a lamp
on the key shelf. By throwing the speaking key associated with
the calling lamp, the * B *’ operator will obtain particulars of the
number required, and make the connection on the multiple by
means of the cord and plug on which the incoming junction line
terminates. If the position is equipped with “‘ machine ”’ ringing
keys, the ‘“ B’ operator will ring the required subscriber by
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pulling forward or depressing the ringing key, in which position
it is locked electro-magnetically and the subscriber’s bell will con-
tinue to ring until he removes the receiver from its rest. In later
exchanges the key has no electro-magnet, but a relay, actuated
by the operation of the ringing key, takes the place of the electro-
magnetic key (see last paragraph, page 29).

If the ““ A > operator requires a subscriber on an exchange
reached by order wire junctions, she depresses an order wire key
bearing the code of the exchange required, and by so doing joins
her instrument direct to an order wire, at the other end of which
the *“ B *’ operator is listening continuously. The ‘“ A *’ operator
passes the number required, and is allotted a disengaged junction
in the group controlled by the ‘ B’’ operator. The “A”
operator finds this junction in the out-going junction multiple,
and connects to it by means of the calling cord, whilst the “ B’
operator inserts the junction plug into the wanted subscriber’s line.

On the ‘“ B *’ positions at modern exchanges the ringing keys
are omitted, ringing current being supplied to the line automati-
cally immediately the junction plug is inserted. As in the case
of the machine ringing key, the current is cut off when the
subscriber answers.

Should the “ B ”’ operator find the number required engaged,
she will insert the junction plug into a ‘‘ busy back *’ jack, which
will cause a ** tone ” to be placed on the line, indicating to the
‘“ A’ operator that the line is engaged.

When the two exchanges concerned are both worked on the
C.B. system, whether the call is passed over a plug-ended ringing
or order wire junction, the called subscriber, on hanging up his
receiver, will cause the front supervisory lamp on the “ A ”
operator’s pesition to glow, and will give no signal to the *“ B ”
operator. The * B’ operator will receive the clearing signal on
a lamp when the ‘“ A’ operator withdraws the plug from the
outgoing junction jack.

In the case of jack-ended ringing junctions, the *“ B’ operator
also receives the called subscriber’s clearing signal.

The foregoing facilities are obtained only when calls are passed
between two C.B. Exchanges. In the case of a call between a
Magneto and a C.B. exchange, it is not possible to secure all the
advantages of visual supervision of calls.
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FUNDAMENTAL CIRCUIT.

The principal feature of the common battery system is the
use of one battery to supply current to all the circuits
normally connected with it, this battery being situated at the
central point, namely, the exchange.

Fig. 5(a) illustrates one of the methods of applying this prin-
ciple, and contains everything essential to enable one subscriber
to converse with another.

A, B, C, D, are the four windings of a repeating coil, all being
wound inductively on the same core.

2MF
e
—

| RECEIVER OFF REST
' (REST NOT SHEWN)

RECEIVER ON REST

(gl N
<
-4
o

Fig. 5(a).

If the transmitter at Y be spoken into, the current flowing
through it vid the two arms A and C of the repeating coil will
vary in accordance with the changes in the resistance of the trans-
mitter. These current variations passing through windings A and
C, will act inductively on the windings B and D, and the induced
current will flow through the receiver of the telephone X. Thus
the repeater acts as an induction coil, with windings A and C as
the Primary, and windings B and D as the Secondary. Should
the transmitter at X be spoken into, the windings B and D will
function as the Primary and windings A and C as the Secondary.

A separate repeating coil is necessary for every connection set
up on a C.B. switchboard, and, in consequence, one will be found
in each ““ A ” operator’s cord circuit and at the incoming end of
each junction wire.

Another system, but one which is not in such general use in
22-volt exchanges as the one just described, is illustrated in
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Fig. 5(b). In this system the current flows out to the subscriber’s
instrument through retardation coils and returns through relays
of similar impedance in order to maintain the balance of the
circuit. The speech currents between the two subscribers’ instru-
ments are not induced from one half of the circuit to the other
as in the system employing repeating coils, but pass directly
through the condensers. The relays operate supervisory signals
in a manner similar to the signals shown in Fig. 8.

Fig. 5(b).

SUBSCRIBER’S INSTRUMENT.

At X and Y in Fig. 5(a) is shown the circuit of a subscriber’s
instrument, that at X having the switchhook eliminated in order
to illustrate more clearly the connections when the receiver is
off its rest.

With the receiver on the rest, the only apparatus in circuit
across the line consists of a condenser and a 1,000 ohm magneto
bell. The condenser prevents any flow through the instrument
of current from the exchange battery, but does not interfere with
the ringing of the bell when alternating current from the exchange
generator is applied to the line.

When the receiver is removed from the rest, a fairly low resis-
tance path for the exchange battery exists through the transmitter
and the 17 ohm primary winding of the induction coil, and, pro-
viding that the resistance of the subscriber’s line is normal,
sufficient current will flow through the circuit to operate calling
and supervisory signals at the exchange as will be explained later.
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SUBSCRIBER’S LINE CIRCUIT.

Fig. 6 represents in simple form the connections of a sub-
scriber’s line in a C.B. exchange.

Upon the subscriber removing his receiver from its rest, a
circuit is completed which enables current to flow from the
exchange battery through the 60 ohm winding of the line relay,
the armature and contacts of the cut-off relay, the subscriber’s
line and instrument.

-

3w
RELAY

I

22V LINE

2l
2

ol

Fig. 6.

The line relay operates and closes the local circuit containing
the line lamp, causing the latter to glow.

The operator plugs into the answering jack with a plug having
an earthed battery connected to the sleeve as shown in the
diagram of the cord circuit (Fig. 8). Immediately the sleeve
of the plug comes into contact with the bush of the answering
jack a circuit is formed from the battery vid the winding of the
cut-off relay to earth. This causes the cut-off relay to operate
and extinguishes the line lamp by breaking the circuit of the
line relay.
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Fig. 7 illustrates the complete line circuit and includes several
pieces of apparatus omitted from the skeleton diagram for the
sake of simplicity. Among these are:—

Muitiple Jacks.—These are arranged in parallel with the
answering jacks and contain no make and break contacts.

Pilot Lamp.—One side of each of the line lamps fitted in any
one panel of the switchboard is ‘‘ commoned >’ and connected to

N2l. CENTRAL BATTERY SYSTEM
SUBSCRIBERS LINE CIRCUIT.

=P ==—f..,

JAKS

ANSWERING
= JACK
CUT OFF >
ReLay 3 .-—J

= '-}{E uu.v;«e
40”
SERUICE REBSTER 22 o

3AMPFUSE ONE NIGHTA M
TOEACH 60 RELAYS w
‘__ — ZAMP FUSE
ZZV L 045“,
= ONE TO EACH PLOTLAM
To GENERATOR < RELAY
660" A0
==» NIGHT
RESISTANCE LAMP  Bey,
Fig. 7.

the battery through a low resistance pilot relay. This relay is so
adjusted that it will operate when one or more calling lamps is
glowing, and its resistance is made low in order that it shall not
interfere with the brilliancy of the lamps.

The armature of the Pilot Relay, when actuated, closes the
circuit for the pilot lamp, but the current which causes this to
glow passes through the night bell relay, of which there is one
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to each two sections, and of lower resistance than the pilot relay.
The local circuit of the night bell relay contains a buzzer and
bell, either of which can be switched into circuit by means of
the two-position key K. The night bell relay is disconnected
during the day time by means of key N.

Subscriber’s Registers.—These are connected in parallel with
the cut-off relay and will be referred to later.

The Line and Cut-off relays are fitted on special racks in the
Apparatus room.

G REPEATING,
Anse &."533 ColL. {_ggﬁ.., CALL®
- .

2v. <
_

Fig. 8.

“A” OPERATOR’S CORD CIRCUIT.

Fig. 8 illustrates the principal features of the ‘ A *’ operator’s
cord circuit.

In the centre of the diagram is the repeating coil, the func-
tions of which have been described already, and it will be seen
that it forms a dividing line between the two halves of the circuit,
keeping entirely separate the supervisory signals associated with
the respective cords.

When a plug is inserted into the jack of a subscriber whose
receiver is on the rest, current will flow from the negative pole
of the battery vid the 83} ohms resistance, the 12-volt supervisory
lamp, sleeve of plug, bush of jack, cut-off relay, to earth. The
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cut-off relay will be operated and sufficient current will flow
through the supervisory lamp to cause it to glow brightly.
Immediately the subscriber removes his receiver from its rest,
the supervisory relay will be actuated as it is in the path of the
battery flowing through the subscriber’s instrument. The con-
tacts of the supervisory relay will connect a 40 ohms shunt across
the supervisory lamp, reducing the current flowing through it and
so darkening the filament.

Upon the subscriber restoring his receiver, the shunt is
removed and the lamp will glow brightly once more, giving the
operator the clearing signal.

As the supervisory relay is in the circuit of the battery feeding
the subscriber’s transmitter, its impedance would interfere con-
siderably with the transmission of speech. To provide an easy
path for the speech current, therefore, the supervisory relay is
shunted with a non-inductive resistance of 70 ohms.

In this circuit the supervisory relay is shown in the ‘ tip ”’
side of the line. In some exchanges it is placed in the ‘‘ ring ”
side, and, in consequence, is actuated by the current flowing out
to the line before it passes through the subscriber’s instrument.

The repeating coils are fitted on racks in the apparatus room
and the supervisory relays and shunts at the back of the switch-
board sections.

The combined speaking and ringing key, which is fitted
between the supervisory relay and the calling plug, has been
omitted in order to show more clearly the signalling circuit. The
position which this key occupies in the circuit is shown in Fig. 9.

SERVICE REGISTERS.

From Fig. 8, in conjunction with Fig. 7, the operation of the
service registers can be followed.

The register consists of an electro-magnetic counter having
an armature controlling a mechanical action similar to that of
a cyclometer. All the registers are mounted on a special rack
usually in the apparatus room.

The subscriber’s register has two windings, one of 500 ohms
and the other of 40 ohms. The 500 ohms winding s placed
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normally in parallel with the cut-off relay, and it is shunted by
the 40 ohms winding when the register is operated in order to

reduce its resistance, as will be explained.

The registers, being in parallel with the cut-off relays, receive
current through their windings every time the latter are operated,
but they are adjusted to remain unaffected by any current having
a lower voltage than 80. The required voltage is obtained by
adding 4 small cells (shown in the lower portion of Fig. 8) in
series with the main battery by the depression of the register key.

Assuming that an answering plug is in the jack of a sub-
scriber’s line, the depressing of the register key causes current to
flow from the negative of the 30-volt battery (22 volts plus 8 volts)
through the operator’s effective register, contacts of register key,
sleeve of plug, bush of jack, subscriber’s register to earth.

The operator’s. position register and the subscriber’s register
both actuate and record one call, the former also closing the
circuit for the register lamp previously described.

As the subscriber's register is placed in parallel with the cut-off
relay, a circuit exists for the position register, and the latter will
record when the key is depressed whether a subscriber’s register
is fitted or not. The operator’s position register is so adjusted
that it will not operate until the 40 ohms shunt is brought into
circuit, thereby increasing the amount of current flowing. By
this arrangement the operator knows for a certainty that the
lighting of the register lamp means that a call has been satisfac-
torily registered against the calling subscriber.

The object of the ineffective register key has been explained
already. It is shown in Fig. 8, and it will be seen that by the
depression of the * ineffective *’ key, 80-volt battery flows through
the 500 ohms winding of the ‘° ineffective >’ register, the contacts
of the key to earth. The ° ineffective”’ key has no control
over the subscriber’s register, but the operation of the ineffective
register closes the circuit of the register lamp, which glows as in
the case of an effective call.
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OPERATOR’S INSTRUMENT.

In Fig. 9 certain portions of the “ A *’ operator’s cord circuit
are illustrated in order to show more clearly the connections of
the operator’s instrument.

The current which feeds the operator’s transmitter flows from
the main battery through a choking coil of 165 ohms resistance.
The objects of the coil are:—

(@) To reduce the amount of current flowing through the
transmitter.

(b) To prevent any high frequency stray currents from
reaching the induction coil. These currents are often found
on the main bus bars and take the form of noise from the
dynamo commutator, cross-talk, or ¢ kick >’ from the relays.

The impedance of this coil, however, would have a tendency
to reduce the efficiency of the instrument by choking the current
fluctuations in the transmitter, but a condenser is inserted, as
shown, to provide an easy path for these currents.

The induction coil has two primary windings in parallel and
two secondary windings in series, this being part of the arrange-
ment made for the purpose of eliminating °* side tone,” or the
hearing of the operator’s own voice in her receiver. The complete
arrangement can be seen in Fig. 9. The operator’s receiver, in
series with a non-inductive resistance of 860 ohms, is bridged
across one-half of the secondary winding of the induction coil,
and the circuit so formed is, in principle, exactly the same as that
of the Wheatstone Bridge, the receiver taking the place of the
galvanometer (see inset Fig. 9). The more nearly the line resis-
tance approximates to the 860 ohms resistance the less will be the
current flowing through the receiver, so that, under normal
conditions, the receiver is only slightly, if at all, affected by the
currents induced in the secondary by the primary winding, and
the ¢ side tone *’ is consequently reduced to a minimum.

The secondary circuit of the operator’s instrument is joined
to the outer contacts of the speaking key (the left-hand key in
the diagram), and by throwing this key the operator’s circuit
is connected to the calling cord and through the repeater to the
answering cord. The function of the key, therefore, is simply
to bridge the operator’s ‘‘ secondary >’ across the line.

The action of the ringing key follows standard practice. By
bringing the lever of the ‘combined ”’ key forward into the
ringing position, ringing current is cennected direct to the calling
cord, whilst at the same time, all that part of the circuit which
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is ‘“ behind > the ringing key is disconnected. The ringing
current is led to the outer springs of the key through a 660 ohms
resistance lamp, one of which is fitted to each position. Should
an operator on any position ring on a short-circuited line, the
resistance of the lamp prevents the fault from affecting the ringing
on any -other position.

ENGAGED TEST.

To illustrate the operation of the engaged test on an ““ A ”
position cord circuit a sketch is included in the upper part of
Fig. 9 of a portion of a subscriber’s line circuit. In the upper of
two jacks a plug of another cord circuit is shown inserted, and
as the sleeve of the plug is connected to the negative pole of the
battery, the bush of the jack and those of any other jacks multi-
pled with it have a negative potential proportionate to the resis-
tance of the cut-off relay.

In the secondary circuit of the operator’s instrument a con-
denser is inserted between the speaking key and one side of the
operator’s receiver.

When the listening key is thrown the condenser is charged
to the same potential as the battery, and, if the connections are
traced, it will be seen that the side joined to the tip of the plug
has positive polarity, and, of course, the other side negative
polarity.

In applying the engaged test the operator taps the tip of the
plug on to the bush of the jack of the required line and listens
for a click. If the tip of the plug shown be tapped on the bush
of the jack Y, the negative current found there will flow through
the operator’s receiver and reduce the difference of potential
between the condenser plates, thereby causing a discharge of the
condenser and a click in the receiver.

In the case of a disengaged line, the bush of the jack is at
earth potential, consequently no flow of current will occur.

The condenser in the operator’s secondary circuit also prevents
current flowing through the receiver and induction coil when the
key is thrown and so operating the supervisory signals.

JUNCTION CIRCUITS.

A skeleton diagram illustrating the signalling arrangements of
an Incoming Junction to a No. 1 C.B. Exchange is shown in
Fig. 10. This represents an Order Wire controlled junction
between two C.B. Exchanges, and is typical of the junctions at a
large number of the exchanges in the country. At the outgoing
end the circuit consists simply of a jack multipled in the usual
manner with the ‘“ tip”” and ‘‘ ring >’ springs connected direct
to the line and the bush to a 80 ohm resistance. This resistance



www.royalsignals.org.uk
21

01 "S1g
"ONIONIY ANITHOVIN HIIM 94D OL 4D NOLLONNCL

U3ONIY 40 3AIS 03FHLYVI 0L
&%ﬂ pﬂ LNINAND ONIONITY
—g T
Ex»ﬂ
08 ”v &

002 _002

3

o e
A\
a

“MOD NOILINGNI
SYOLVHIALO OL

.y |

b
!
o
AMTLLYE z?!_ Z9NVHIXI LNYLSIQ
FYYNVO—>  ours Hidva o
p-24 _




www.royalsignals.org.uk

22

performs the function of the cut-off relay in the ordinary sub-
scriber’s line and is necessary in the circuit of the supervisory
lamp of the ‘“ A ”’ operator’s cord. It is essential also to have a
resistance between the bush of the jack and earth in order that
the potential of the bush on an engaged line shall be above that
of the earth and so provide for the engaged test. At the incoming
end, the two sides of the line are led direct to two windings of a
repeating coil, and it is useful to remember that this repeating
coil forms a complete dividing line between the signalling circuits
of the ““ A ” and ‘° B’ operators’ positions respectively, speech
being passed through the coil inductively. A condenser is inserted
between the inner ends of the incoming side of the repeater to
provide an easy path for the speech currents whilst allowing the
A and B lines to be used as required for signalling purposes.

In order that the functions of the various pieces of apparatus
included in the circuit may be seen more readily, each phase of
the operating will be considered separately.

(1) The ‘“ A *’ operator having been allotted a junction by
the ‘“ B '’ operator, has plugged into an outgoing junction
jack. The ‘“ B '’ operator has not connected. Current flows
from the negative pole of the battery at the originating exchange,
passes out to the ‘“ B’ line through an arm of the “A”
operator’s repeater, thence through one arm of the repeating coil
at the incoming end, 12,000 ohms winding of relay A, another arm
of the incoming repeater, the ‘“ A *’ line, the supervisory relay,
and an arm of the repeating coil in the ““ A >’ operator’s cord
circuit to earth. Relay A operates and current then flows from
the negative of battery at the incoming end through the 12-volt
supervisory lamp on the ‘“ B position, winding of relay D,
armature and contact of relay A, armature and outer contact of
relay C, 833 ohm resistance to earth.

The supervisory lamp glows, thus drawing the attention of the
‘“ B’ operator to the fact that the junction has been engaged at
the distant end. Should the glow occur on the lamp of a line
which has not been allotted, the *“ B >’ operator is. made aware
of the fact that a wrong junction has been taken by the *“ A ”’
operator. Relay D is actuated but has no effect on the circuit
at this stage.

The current which operates the 12,000 ohm relay also passes
through the supervisory relay F in the “ A »’ operator’s cord
circuit, but is insufficient to draw up its armature. The “ A ”’
operator’s supervisory lamp therefore glows.

(2) The ‘“ B’ operator applies the engaged test. Should
the wanted subscriber be engaged a current will be found on the
bush of the jack as previously described and, if the tip of the
junction plug be applied to it, there will be a flow of current
through the armature and top contact of relay C, the 40 ohm
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winding of the induction coil to earth (see Fig. 11). This induces
a current i the 234 ohm winding, which latter is bridged across
the receiver, consequently a click is heard.

(3) The ‘“ B’ operator plugs into jack of required sub-
scriber’s line and rings. In (1) it was seen that relays A and D
were operated. In plugging into a jack, relay C is also actuated,
current flowing from the battery through the supervisory lamp,
winding of relay C, sleeve of plug, cut-off relay in subscriber’s
line, to earth. The movement of the lower armature of relay C
breaks the circuit of relay D, which found a path to earth through
the 83% ohm resistance, but remakes it by a circuit from the
battery, inner contact and lower armature of relay C, contacts of
relay A, winding of relay D, winding of relay C, sleeve of plug
and cut off relay of subscriber’s line. At the same time the
winding of relay D has become a shunt to the supervisory lamp
and this will in consequence be dimmed.

The position now is:—
““ A operator’s supervisory lamp glowing.
““ B operator’s supervisory lamp not glowing.
Relays A, C and D operated.

It will be seen that if the junction is not engaged at the distant
end, the contacts of relay A will be open and, in consequence,
the circuit will not be complete for relay D. The object of this
arrangement is to ensure that the called subscriber be not rung
until connection is made to the junction by the ‘“ A *’ operator,
as, until relay D is operated, the ringing key is disconnected
from the junction plug.

Assuming that the junction is taken up at the outgoing end,
the depression of the ringing key causes the interrupted ringing
(1 second ringing current and 2 seconds earth) to pass through
one winding of relay E, contact of ringing key, contacts of relays
D and C, out to A line, through the subscriber’s bell and con-
denser, returning by the B line through contacts of relay D and
ringing key, through 40 ohm spool to battery and earth. The
subscriber’s bell is rung, but owing to the resistance offered by
the bell and condenser in the subscriber’s instrument, insufficient
current passes through relay. E to operate it.

The depression of the ringing key also closed the contacts on
the two inner springs of the key which completed a circuit for
the battery vid the outer contact and armature of relay E, winding
of electromagnet, ringing key contacts, sleeve of plug, bush of
jack, cut off relay, to earth. The current flowing through the
electromagnet energises it and causes it to hold the ringing key
in the operated position. Immediately the subscriber removes
his receiver from its rest, the low resistance path provided through
the transmitter and induction coil enables sufficient current to flow
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through relay E to operate it. This breaks the circuit of the
electromagnet, causing the key to fly back to its normal position
and so to disconnect the ringing current.

Earth is connected over the A line for the 2 seconds period
during which the ringing is interrupted, in order to provide for
the operation of relay E should the subscriber remove his receiver
during one of the intervals. Battery for this operation is supplied
vid the 40 ohm spool, contacts of ringing key and B line.

In addition to *‘ tipping *’ the ringing current, the removal of
the subscriber’s receiver from its rest provides a circuit for current
to flow through relay B, which, upon operating, joins the 27 ohm
coil of relay A in parallel with the 12,000 ohm winding. This, by
providing a path of sufficiently low resistance, allows relay F in
the ““ A >’ operator’s cord circuit to operate and so darkens the
supervisory lamp.

(4) Subscribers complete their convergation and ‘‘ hang
up.’”” The calling subscriber’s clearing signal is received on the
‘“ A ”’ operator’s answering cord supervisory lamp as in the case
of a local call.

The called subscriber, upon restoring his receiver to the rest,
breaks the circuit of relay B, which removes the 27 ohm shunt
from the 12,000 ohm winding of relay A, thereby increasing the
resistance in the circuit containing relay F. Relay F releases
and the ‘“ A ”’ operator’s supervisory lamp glows.

The ““ A »’ operator takes down the connection and relay A
releases its armature, thus breaking the circuit of relay D which
was in shunt with the supervisory lamp. The supervisory lamp
glows and gives the clearing signal to the ‘“ B >’ operator. The
‘““ B” operator withdraws the junction plug and the circuit is
restored to normal by the releasing of relay C. The 860 ohm
non-inductive shunt to relay D is provided to reduce the induc-
tance in the local circuit containing this relay and so prevent
sparking at the contacts of relay A when the armature releases.

At some exchanges no fewer than 5 ringing keys are fitted to
each junction on the * B ”’ position for the purpose of providing
selective ringing for ‘ 4-party >’ party lines as well as direct
ringing for ordinary subscribers.

ORDER WIRE.

The manner in which the order wires are connected to the
position i$ shown in Fig. 11. Four break jacks are fitted in front
of the ““ B’ operator, the inner springs of which are connected
to test jacks on the main frame., Thus order wires from 4 or less
separate exchanges can be connected direct to the ‘“ B > operator’s
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position. The outer springs of the jacks are *° commoned ”’ and
are joined to the operator’s instrument through a position switch-
ing key which provides for the coupling of 2 or more positions
during slack periods. The object of the break jacks is to enable
the ‘“ B’ operator to replace a faulty order wire by inserting a
plug of one of the junctions on her position into the jack of the
faulty line.

An order wire calling lamp is provided to gain the attention
of the ‘“ B” operator when the position is not ‘‘ staffed.” A
1,000 ohm relay is bridged across the order wire and responds to
a generator ring from the distant end. The armature of the relay
closes the circuit for the calling lamp and of the 400 ohm retaining
coil of the relay which locks the armature until the resetting key
is thrown by the operator and the circuit broken.

KEYLESS JUNCTIONS.

In the most modern of the C.B. exchanges the ringing key on
order wire junctions is dispensed with, the ringing of the required
subscriber being started automatically upon the insertion of the
junction plug into the multiple jack. A saving in the time of the
‘“B?” operator is effected by this arrangement, which enables
her to control a greater number of junctions.

A typical modern order wire keyless junction circuit is shown
in Loose l.eaf Diagram K. 806, but as the signalling arrangements
are similar to those of Fig. 10 only the ringing circuit will be
described.

Upon the junction plug being inserted into the jack of the
required line the 83 ohm sleeve relay is operated. If the “ A ”
operator at the distant end has engaged the junction and actuated
the 12,000 ohm relay, the 860 ohm relay in the speaking circuit
will also be operated as a circuit is complete from the battery,
winding of this relay, contacts of the other 860 ohm relay and
the contacts of the 200 ohm tripping relay, the sleeve relay and
the 12,000 ohm relay, the winding of the sleeve relay, cut off
relay in subscriber’s line, to earth.

The 860 ohm relay is in shunt with the supervisory lamp
causing it to be dimmed.

The closing of the 860 ohm relay allows ringing current to flow
vid the 200 ohm tripping relay, contacts of the 860 ohm relay and
sleeve relay, A line, subscriber’s bell, B line, contacts of the
360 ohm relay to the earthed side of the ringing generator.

The removal of the subscriber’s receiver from its rest enables

sufficient current to flow through the tripping relay to actuate it.
The second 860 ohm relay, which was short-circuited by the
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contacts of the tripping relay, will now operate as it is momen-
tarily placed in series with the winding of the first 8360 ohm relay.
The closing of the contacts of the 860 ohm relay short circuits the
860 ohm relay in the speaking circuit but locks the former in the
operated position, current flowing from the negative of battery,
contact and winding of the 860 ohm relay, contacts of the sleeve
and 12,000 ohm relays, winding of the sleeve relay, cut off relay,
to earth. The 860 ohm relay releases and disconnects the ringing
current, at the same time joining the junction plug to the rest
of the circuit and so allowing the 70480 ohm supervisory relay
to operate. The 860 ohm relay, which replaces the 360 ohm relay
in the speaking circuit as a shunt to the supervisory lamp, remains
operated until the operator at the distant end disconnects and
causes the contacts of the 12,000 ohm relay to open. The removal
of the lamp shunt gives the clearing signal to the ‘“ B >’ operator.

To guard against subscribers being rung in error, the ringing
cannot be started until the junction is engaged at the outgoing
end as the 360 ohm relay does not operate until the contacts of
the 12,000 ohm relay are closed.

Should the called subscriber leave his telephone he can be
recalled if required, by withdrawing the junction plug and
reinserting it.

BUSY BACK CIRCUIT.

When the number tested by a ““ B ”’ operator on an order wire
junction position is engaged, she notifies the ‘“ A >’ operator at
the distant exchange of the fact by inserting the junction plug

Busy BACK CIRCUIT FOR JUNCTION WORKING.

Fig. 12.

into a busy back jack fitted in the multiple field of her position,
which connects an interrupted tone to the line. The circuit of
the busy back is shown in Fig. 12. The tone is produced by a
high speed interrupter in circuit with an induction coil and battery
and it passes to the busy back jack vid a slow speed interrupter.
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RINGING JUNCTIONS.

A portion of a circuit illustrating the signalling arrangements
of an incoming ringing junction is illustrated in Fig. 14. In other
respects the circuit is similar to that of an order wire junction.

RINGING JUNCTION FROM C.B.EXCHANGE.
SIGNALLING CIRCUIT.

T0 Oy
% OPERATORS ~+—< SPEAKING
_ INSTRUMENT = KEY
700
‘g [ C
B v
, 30 s caL
A 7] w2
\ 2r-Ta0” 200 g
CLEAR
g34”
Fig. 18.

The attention of the “ B’’ operator is gained by the “ A’
operator plugging into the junction at the distant end. Relay A
is operated and current flows from the battery through the calling
lamp, 40 ohms resistance, contacts of relays A and C, 83% ohm
resistance, to earth. The lamp glows and the “° B>’ operator
throws the speaking key to ascertain the number required. Upon
plugging into the subscriber’s jack, relay C operates and connects
the 40 ohm resistance in shunt with the lamp, causing it to be
darkened.

Upon the ““ A’ operator disconnecting, relay A releases and
removes the shunt, thus enabling the lamp to give the clearing
signal.

A diagram of a ringing junction circuit used in the latest
C.B. No. 1 Exchanges of 22 volts is shown in Loose Leaf Diagram
K.501, and attention is drawn to the points of difference with the
circuits previously described.
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The 12,000 ohm relay is replaced by one of 50 ohms having
one side earthed. This relay responds to the current from the
“ A’ operator’s cord circuit and completes the circuit for the
calling lamp in a similar manner to the 12,000 ohm relay in
Fig. 18. The 50 ohm supervisory relay which is actuated by the
removal of the called subscriber’s receiver, is joined to the inner
side of the repeating coil, and both relays are balanced by coils
of the same impedance as the relays in order that the circuit may
be kept free from disturbance.

The advantages of connecting the 50 ohm relay to one side of
the line only are:—

(1) As the signalling current from the Originating
exchange finds ‘‘ earth ” at the Incoming exchange the
resistance of only one-half of the line is encountered and
signalling on long lines can be effected without difficulty.

(2) The supervisory relay in the ‘A ” operator’s cord
circuit is operated by current sent over the A line from the
Incoming end vid the contacts of the second 50 ohm relay and
one of the impedance coils. This allows the use of larger
currents and, in consequence, the signalling circuit is not so
sensitive to the conditions of the line as in the -circuits
employing the 12,000 ohm relay.

It will be observed that it is necessary for the ‘“ A *’ operator’s
supervisory relay to be placed in the ‘““ A ” line, consequently
this circuit cannot be used, without modification, in conjunction
with exchanges in which the supervisory relay is in the *“ B *’ line.

Loose Leaf Diagram K.501 also illustrates the latest form of
key ringing. When the plug is inserted into a multiple jack the
83 ohm sleeve relay is operated and earths the outer contact of
the ringing key. Upon the operator depressing this key the
circuit is closed for the 500 ohm relay in the speaking circuit,
which actuates and locks as the earth which was connected to one
side of the coil by the ringing key, remains after the key is
released, vid the top armature of the relay, contacts of the
200 ohm tripping relay, the speaking key and the bottom armature
of the 83 ohm sleeve relay. The ringing is connected to the
subscriber’s line vid the 200 ohm tripping relay, centre contact
of the 500 ohm relay and the upper contact of the sleeve relay
and plug, until the 200 ohm relay is tripped when the subscriber
answers, thus breaking the locking circuit of the 500 ohm relay.
This form of machine ringing requires less apparatus on the key
shelf and is, therefore, preferable to the system which contains
an electro-magnetic locking device.
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When this circuit is used in connection with junctions from a
Trunk Exchange an ¢ interrupt jack *’ is fitted to each line for
the purpose of challenging engaged subscribers and offering them
trunk calls when the call has come over a long trunk line.

A special cord is used for challenging and, usually, two are
fitted to each position. A diagram of the circuit of a challenging
cord used in connection with a C.B. system having the super-
visory relay in the * tip ”’ side of the ‘“ A’ operator’s cord
circuit is shown in Loose Leaf Diagram K.213.

Upon ascertaining, by means of the engaged test, that the
subscriber required for a trunk call is engaged, the *“ B *’ operator
inserts the challenging plug into the ° Interrupt > jack of the
junction from the Trunk Exchange and then plugs the junction
cord into the required subscriber’s line.

The apparatus in Loose Leaf Diagram X.213 must now be
regarded as in shunt with an ‘ A *’ operator’s cord circuit (Fig. 8).
The 30 ohm relay shown on the right of the diagram will operate
and join together the inner ends of one side of the repeating coil,
thus completing the circuit of the * B operator’s instrument
and allowing her to challenge the engaged subscriber. This relay
also closes the circuit for the lamp.

If the required subscriber accepts the call, the ““ B *’ operator
depresses the flashing key. This breaks the circuit of the 30 ohm
relay which releases and disconnects the operator’s telephone.
The 1,000 ohm relay actuates and retains the earth on one side cf
the lamp, which was broken when the 80 ohm relay released, and
closes the circuit for the 500 ohm relay. The 500 ohm relay
operates and causes the 0-1 ohm relay and the 30 ohm relay on
the left of the diagram to attract their armatures. Owing to the
low resistance of the 01 ohm relay practically all the current
which was passing through the subscriber’s telephone and returning
to the exchange vid the ‘° A ’’ operator’s supervisory relay is now
¢ side tracked ”’ and finds earth through the 0-1 ohm relay. The
““ A ”’ operator’s supervisory relay would release, therefore, but
for the fact that it now receives current vid the lower armature
of the left hand 80 ohm relay. The upper armature of the 30 ohm
relay is connected to an interrupter which connects earth for
-75 second with an interval of 75 second, and as the armature is
closed the 850 ohm relay at the top of the diagram responds to
the interruption. Every time that the 850 ohm relay closes, earth
is connected to the ‘ tip”’ side of the line and the “A”
operator’s supervisory relay is short-circuited. The intermittent
flashing of the lamp which results is a signal to the “A”
operator who thereupon takes down the connection. This causes
the 01 ohm relay to release and removes the earth from the
80 ohm and 1,000 ohm relays. These relays are now in series and
current 1s flowing through them to earth vid the cut-off relay in
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the subscriber’s line. The amount of current flowing is insufficient
for the left hand 80 ohm relay to hold its armatures, consequently
these release and, as the contacts of the 1,000 ohm relay are still
made, a circuit is completed for the lamp, causing it to glow and
give the signal to the ““ B >’ operator to withdraw the challenging
plug.

JACK-ENDED JUNCTIONS.

Except in the case of the largest C.B. exchanges, it is now
the practice to terminate ringing junctions on jacks instead of
plugs at the Incoming end. This allows them to be operated in a
similar manner to subscribers’ lines and enables both subscribers’
and junction circuits to be terminated on the same position, en
arrangement which offers considerable advantages from a traffic
point of view.

Fig. 14 (a) is the circuit of a both-way jack-ended junction,
and Fig. 14 (b) the latest form of cord-circuit which is suitable

L Jack-Enpeo Juncrions. CB ExcHaneE.
Fig. 14 (a).

for dealing with either local calls or calls received over jack-ended
junctions. B

When an ““ A ” operator at the distant end plugs into the
junction, current flows over the ‘“ B’ line wid the contacts of
relays D and B, and operates the line relay A. This closes the
circuit for the calling lamp, causing it to glow and at the same
time completing a circuit for relay C, which actuates and places
an engaged test current on the bushes of all the outgoing multiple
jacks.
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Upon the operator at the incoming end plugging into the
answering jack with the answering plug (Fig. 14 (b)), the cut-off
relay B (14 (a) ) operates as in the case of a local call, the current
passing from the battery and relays X and Z (14 (b) ), the bush of
jack, and relay B to earth (14 (a)). This breaks the circuit of
relay A, which releases and extinguishes the calling lamp. Relay
D actuates when the circuit is used for outgoing calls by current
flowing from the cord circuit vid the bush of the multiple jack.
When operated, relay D cuts off all that part of the circuit used
for incoming calls.

When the cord circuit (14 (b)) is used for local calls, relay X
operates, as the low resistance of the cut-off relay in the sub-
scriber’s line allows sufficient current to pass through it to cause
it to attract its armature but there is insufficient current to cause
it to operate when the 2,000 ohm cut-off relay B (14 (b)) in the
jack-ended junction is in circuit.

With relay X operated, the signalling arrangements of the
cord circuit are similar in principle to circuits already described,
except that the answering plug supervisory lamp is not directly
in circuit with the sleeve of the plug but in a local circuit of
relay Z, this arrangement being part of the circuit provided to
give a *“ through ”’ clearing signal, as will be explained.

‘When an answering plug is inserted into the answering jack
of a jack-ended junction, the current coming over the *“ B ”’ line
from the distant end passes through the reversed wiring on the
answering jack (14 (a)), and so through the * tip ”’ of the plug
and the supervisory relay W to earth (14 (a)). The operation of
this relay places a shunt across the supervisory lamp and extin-
guishes it. Relay X does not operate, consequently current is
not sent back over the ‘“ A ”’ line of the junction.

With the calling plug inserted into the jack of the ‘¢ called ”’
subscriber, the calling supervisory lamp will glow as in the case
of an ordinary cord circuit, and it will be extinguished imme-
diately the subscriber removes his receiver from its rest, as this
will cause relay V to operate and connect relay Y in shunt with
the lamp. The current passing through relay Y operates it and
so causes current to flow through one of the impedance coils,
the contacts of relay Y, one arm of the repeating coil, the
reversed wiring of the answering jack, the ““ A’ line, and to
earth vid the supervisory relay in the ¢ A *’ operator’s cord circuit
(Fig. 8). This extinguishes the lamp in front of the “ A ”
operator. Upon the called subscriber *‘ hanging up,” relay V is
released, which breaks the circuit of relay Y, causing the super-
visory lamp to glow by removing the shunt and breaking the
circuit of the current which was flowing over the line to the
originating end. This releases the ‘“ A ”’ operator’s supervisory

(21142) B
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relay (Fig. 8) and gives her the clearing signal. When the
originating “° A *’ operator withdraws the plug from the junction,
relay W (Fig. 14 (b)) releases and removes the shunt to the
answering supervisory lamp. This glows, therefore, and as the
calling supervisory lamp is also glowing, the operator takes down
the connection.

The combined speaking and ringing key which is fitted between
the supervisory relay and the calling plug has been omitted in
order to show more clearly the signalling circuit. The position
which this key occupies in the circuit is shown in Fig. 9.

Printed by H.M.S.O., Press, Harrow,
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20. Superposed Circuits, Transformers, ete.

21. Call Offices.

000~ G bt

[Continued on page iv, of Covey.
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GROUP E.
1. Automatic Telephone Systems.

GROUP F.

Subscribers' Apparatus C.B.

Subscribers' Apparatus C.B.S.

Subscribers’ Apparatus Magneto.

Private Branch Exchange—C.B.

Private Branch Exchange—C.B. Multiple, No. 9.
Private Branch Exchange—DMagneto.

. House Telephones.

Wiring of Subscribers’ Premises.

GROUP G.
1. Secondary Cells, Maintenance of.
2. Power Plant for Telegraph and Telephone Purposes.
3. Maintenance of Power Plant for Telegraph and Teicphone

END R~

Purposes.
4, Telegraph Battery Power Distribution Boards.
GROUP H.
1. Open Line Construction, Part I.
2. Open Line Construction, Part 11,
3. Open Line Maintenance.
4. Underground Construction, Part [.
5. Underground Construction, Part II.
6. Underground Maintenance.
7. Cable Balancing.
8. Power Circuit Guarding.
9. Electrolytic Action on Cable Sheaths, ete.
10. Constants of Conductors used for Telegraph and Teieptione
Purposes.
GROUP L
1. Submarine Cables.
GROUP K.
1. Electric Lighting.
2. Lifts,

3. Heating Systems.
4. Pneumatic Tube Systems,
5. Gas and Petrol Engines.

GROUP L.
1. * Safety First " for P.O. Engineering Workers,
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