D. 4

FOR OFFICIAL USE

Crown Copyright Reserved PW.—D. 4

Post Office Engineering Department

TECHNICAL PAMPHLETS
FOR WORKMEN

Subject
Magneto Exchanges—

Non-Multiple Type

ENGINEER-IN-CHIEFS OFFICE
June, 193¢ (Reprinted January, 1955

LONDON
PRINTED AND PUBLISEED BY HIS MAJESTY'S STATIONERY OFFICE

To be purchased directly from H.M. STATIONERY OFFICE at the following
addresses :
Adastral House, Kingsway, London, W.C.2; 120 George Street, Edinburgh 2
York Street, Manchester 1 ; 1 St. Andrew’s Crescent, Cardiff ;
80 Chichester Street, Belfast ;
or through any Bookseller

1935
Price 6d. Net
43-9999




LIST OF ——
Technical Pamphlets for Workmen

GROUP A,
1. Magnetism and Electricity.
2. Primary Batteries.
3. Technical Terms.
4. Test Boards.
5. Protective Fittings.
6
7
8

. Measuring and Testing Instruments.

. Sensitivity of Apparatus.

. Standard List of Terms and Definitions used in Telegraphy and
Telephony. (Not on sale.)

9. Standard Graphical Symbols for Telegraphy, Telephony and

Radio Communication. (Nof on sale.)
GROUP B.

1. Elementary Principles of Telegraphy and Systems up to Morse
Duplex.

2. Telegraph Concentrators.

3. Wheatstone System. Morse Keyboard Perforators.

4. Quadruplex, Quadruplex Repeated Circuits and Telegraph
Repeaters, Simplex and Duplex.

5. Hughes Type-printing Telegraph.

6. Baudot Multiplex Type-printing System.

7. Western Electric Duplex Multiplex. Murray Duplex Multiplex.

Siemens and Halske Automatic Type-printing System.
8. Fire Alarm Systems.
GROUP C.

1. Wireless Transmission and Reception.
2. Interference with Reception of Broadcasting.

GROUP D.
1. Elementary Principles of Telephony.
2, Telephone Transmission. * Loading.” Telephone Repeaters

and Thermionic Valves,
3. Principles of Telephone Exchange Signalling.
4. Magneto Exchanges—Non-Multiple Type.
5. Magneto Exchanges—Multiple Type.
6. C.B.S. No. 1. Exchanges—Non-Multiple Type,
7. C.B.S. Exchanges—Multiple Type.
8. C.B. Exchanges~—No. 9 Type.
C.B. Exchanges—No. 10 Type.
C.B. Exchanges—No. 12 Type.
11. C.B. Exchanges—22 Volts.
12. C.B. Exchanges—4o0 Volts.
13. Trunk Telephone Exchanges.
14, Maintenance of Manual Telephone Exchanges.
15. Telephone Testing Equipment.
16. Routine Testing for Manual Telephone Exchanges.
17. Internal Cabling and Wiring,
18, Distribution Cases, M.D.F. and I.D.F.
19. Cord Repairs. [Continued on page iii of Cover.

(28018)




Crown Copyright Reserved. FOR OFFICIAL USE

Post Office Engineering Department

P.W.—D.4.

MAGNETO EXCHANGES—
NON-MULTIPLE TYPE.

The ]‘ollowing pamphlets in this series are of
kindred interest :—

1. Elementary Principles of Telephony.

D. 2. Telephone Transmission. ‘ Loading.””  Telephone
Repeaters and Thermionic Valves.

D. 3. Principles of Telephone Exchange Signalling,
D. 5. Magneto Exchanges—Multiple Type.

D.14. Maintenance of Manual Telephone Exchanges.
D.15. Telephone Testing Equipment,

D.16. Routine Testing for Manual Telephone Exchanges.
D.17. Internal Cabling and Wiring.

D.18. Distribution Cases, M.D.F. & 1.D.F.

D.19. Cord Repairs.

D.21. Call Offices.

F. 3. Subscribers’ Apparatus. Magneto.

F. 6. Private Branch Exchanges—Magneto.

G. 2. Power Plant for Telegraph and Telephone Purposes.
G. 3

. Maintenance of Power Plant for Telegraph and Tele
phone Purposes.

28013



CORRECTION SLIP TABLE.

Serial No.
of Slip.

Date of
Issue.

Corrections carried in

on @at,e) )

by Gnitials)




MAGNETO EXCHANGES—
NON-MULTIPLE TYPE.

TABLE OF CONTENTS.

PAGE,
InTRODUCTORY NoOTES ... 5
APPARATUS 6
CIROUIT ARRANGEMENTS : —-
SussoriBer’s Circurr 28
Corp Circurr ... ‘.. .. 30
JunorioN WORKING ... 39
DESCRIPTION OF. SWITCHBOARDS :—
50 Ling Boarp ... 46
100 Line Boarp ... 50
Party LiNgs .. 50
60

MEtrnOoD OF INSTALLATION






MAGNETO EXCHANGES—NON-MULTIPLE
TYPE.

INTRODUCTORY NOTES.

The Magneto Telephone Exchange system derives its title
from the fact that the method of calling the exchange, calling
the subscriber, and providing for the severance of the con-
nection after two subscribers have been in communication,
depends upon the use of a magneto electric machine commonly
known as a generator. The latter item forms part of every
subscriber’s instrument having a direct line to the exchange,
and a generator is also included in the exchange equipment.
An exception is made at the out stations in the case of party
line circuits, and this will be dealt with later.

A detailed description of the smaller types of magneto
switchboards is given in pamphlet F.6, dealing with Private
Branch Exchanges—Magneto, and as these small boards have
also been extensively used for minor magneto public exchanges,
it is intended in this pamphlet to deal exclusively with the 50
and 100 line standard boards, as they form an intermediate
class between the smaller boards and larger ones of over 300
lines where a multiple system is necessary.

The standard board provides the following facilities:—

(a) Indicators to enable the subscribers connected to the
exchange to gain the attention of the operator, and to
obtain the severance of a connection on the conclusion
of a conversation.

(b) Jacks and plugs and cords for readily connecting
two subscribers together.

(c) Keys for ringing subscribers and supervising calls.

(d) Distinctive markings to enable the operator to tell
exactly the class of service to which each subscriber is
entitled.

(e) Junction Apparatus for connecting subscribers to the
main trunk system of the country,

The switchboard consists of a combination of various elec-
trical and mechanical parts which are so arranged that they
provide all the facilities mentioned. These various parts will
now be described in detail.

28018 A2
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APPARATUS USED IN CONNECTION WITH
MAGNETO SWITCHBOARDS.

Indicator, Single Coil.—Figs. 1, 2, 34 and 3 illustrate the
drop indicator used on magneto boards. It consists of a soft
jron core on which is wound a coil of fine wire. The coil 4 is
enclosed in a soft iron tube B and mounted on the back of the
front plate ¢. The armature D is a round iron disc, pivoted
at the top E, to which is attached a long light lever F passing
through a hole in the front plate and provided with a hook on
its forward end, adapted normally to engage the upper portion
of a pivoted drop shutter @&, and to hold it in its raised posi- -
tion. The ends of the coils are brought out through holes in
the armature by means of stout wires furnished with tags to
which the external connection wires are soldered. The passage
of a current through the coil attracts the armature and causes
the front end of the lever to rise, thus releasing the shutter
which falls to a horizontal position. Behind the shutter is
painted the subscriber’s number, which is visible when the
shutter drops.

The indicator is designed so that the coil lies in practically
a closed magnetic circuit. Lines of force generated by the
passage of a current through the coil follow the path of the
core of the magnet, the soft iron tube and the armature. The
armature is adjusted to lie close to the core but, when
attracted, is prevented from touching it by means of the non-
magnetic adjustable screw H. The iron tube prevents the lines
of force from affecting adjacent indicators when several are
mounted on one strip. This is a very necessary provision in
view of the limited space available in a modern switchboard, as
the slightest interaction between contiguous circuits leads to
very serious interferences with telephonic speech. The im-
pedance, (i.e., the total effective resistance which opposes the
setting up of a variable current in the circuit) due to the great
number of turns on the coil and to the closed magnetic circuit
which surrounds it, is considerable; consequently, where the
coil is required for ring off purposes, it must be placed in
bridge across the line. In this position it causes practically no
decrease in the strength of the transmitted speech. The ohmic
resistance of the coil is 1,000(), but when required for calling
purposes only the resistance is reduced to 100().

The resistance of the type used for junction purposes is also
1,000Q), but a tap is taken out at the centre point of the wind-
ing. The indicator is usually designated 500 + 500(). Three
stout leading out wires each furnished with tubes are provided
to which ihe external connections are made. Fig. 8a shows an
end view of the indicator armature and the connection tubes.
In other respects Figs. 1 and 2 apply.



i

Fig. 2.—FroxT ELEVATION OF TWO SIUTTERS.
Left shutter in normal position;

right shutter in calling
position.

Fig. 3s.—Enp View or Tusvrar Inbpricator 500 + 500 omMS
Fig 38.—Exp View or Tupurar INpicaror 1000 onwus.
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An Indicator, Double Coil, is illustrated in Figs. 4 and 5.
This form of indicator consists of two coils M which are con-
nected to the iron frame I which forms the yoke of the electro-
magnet. The coils are wound to a resistance of 100(). A soft
iron armature A is pivoted at P and lies close to the soft iron
cores K.

X—Y.

Fig. 5.—P1aN or Douste Coir INDICATOR.

A brass rod C is attached to the armature and its forward end
normally holds up the shutter D.

The action is similar to that of the single coil type already
described. As the coils are not iron sheathed and the resist-
ance is comparatively low, this indicator is used only for call-
ing purposes and is cut out when the circuit is engaged. Figs.
4 and 5 show a side elevation and plan, whilst Fig. 2 gives a
front view.
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Night Bell Alarm.—In order to attract attention when the
operator is not in continuous attendance at the switchboard,
each indicator is provided with additional contacts so that a
local circuit, containing a battery and trembler bell, is closed
when the indicator shutter falls. One contact comprises a bare
copper wire L (Figs. 1 and 2) fixed underneath the drops and
kept in position by ebonite blocks K. The second contact
consists of a german silver spring § attached to the front fixed
plate of the indicator. Fig. 4 shows a similar. arrangement.
When the shutter drops § (Fig. 2) is forced into contact with
L, thus completing the bell circuit. A switch is provided to
cut off the alarm circuit during busy perieds. The connections
are shown in Figs. 32 and 32a.

Jacks.—The type used for line purposes on 50 and 100 line
boards is the 7-point break jack. Fig. 6 shows three of the
jacks forming part of a strip of 10 jacks, and Fig. 7 gives the
theoretical connections. The german silver springs I to 5 are
fixed in slots in a strip of ebonite, springs 2 and 8 are bedded
in the lower, and springs 1, 4 and 5 in the upper part of the
strip. An insulated metal screw holds the upper springs firmly
in position and also secures the ebonite strip to the rear of
the brass base. The front part of the jack consists of a brass
collar 6 which is passed through an ebonite strip, the latter
being screwed to the front of the brass frame. I and 4 are the
line springs and normally make contact with springs 2 and 3,
which are kept apart at their front end by means of a small
circular ebonite washer. Spring 5 makes contact with the brass
collar 6, 7 is a small tongue cut out of the brass frame and
turned up so as to form an additional point. When a plug is
inserted in the jack, I and j break contact with 2 and 8 and
are re-connected to the tip and sleeve of the plug. 5 also breaks
contact with 6 and makes with 7. Points 5, 6 and 7 are not
in general use on the non-multiple board. The back ebonite
strip is 10}” long, 17 wide and 11" deep. The front ehonite
strip is 114" long, 3" wide and }” deep. The brass sockets are
bored out to accommodate plugs of 250 mils (1") diameter.
The base is provided with brass strips 8 at each end to which
wires for the frame connection are soldered. The springs are
provided at the back with oblong holes through which wires
can be passed and soldered. Great care is needed in making
these soldered connections owing to the limited space between
the springs. The jacks are spaced at 1” centres. Holes gre
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Fig. 7.—SkrreroN CONNECTIONS OF 7-POINT BREAR JACE.
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bored in the front ebonite strip on the right of each jack in
which small pegs 9 of various colours are inserted to show the
class of service. These pegs are engraved with the sub-
scriber’s number., Small ebonite pegs 10 are also provided for

PLAN

END VIEW

Tig. 8.—O0pPErATOR’S INSTRUMENT JaCK.
plugging up jacks which are not in actual use. The whole
strip of jacks is covered by a metal dust cover 11.

Instrument Jack.—The jack for connecting up the operator’s
telephone is illustrated in Fig. 8 (which gives a plan and end

©
mum»
PLAN !

END VIEW.

TFig. 9.—OPERATOR’S INSTRUMENT JACK WITH ONE SPRING
AND Screws REMOVED.

view) and consists of an ebonite block bored with five holes to
accommodate the 5-point operator’s plug. On the upper side
of these holes is a similar set of holes over which are laid five
flat german silver springs of the shape shown in Fig. 9, which
shows the jack with one spring and the screws removed, the
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front projection P being of sufficient length to engage with the
pin of the plug when it is inserted in the jack. Each spring
is held in position by means of two screws, the one at the
rear being provided with a washer and also forming the ter-
minal for the connecting wire. Springs I and 5 connect up
the transmitter circuit, whilst 2, 3 and } are used for the
receiver circuit. It is, therefore, not possible to mix the con-
nections by reversing the operator’s plug in the jack.

Operator’s Plug.—Fig. 10 shows the shape of the plug. A4 is
the ebonite base in which the 5 brass pins B are fixed. Screwe
C, provided with metal washers, are screwed into the pins and
make metallic contact with them. The screws also form the
terminals to which the conductors of the flexible transmitter

HARE"

PLAN c

MRRRM

1)
0,0

Iig. 10.—OprrATOR’S 5-POINT Prug.

and receiver cord are connected. M and I are the transmitter
and receiver terminals respectively. The back of the plug is
grooved, and over this is a small ebonite bridge D fixed to the
body of the plug by means of two screws. Over one end of the
flexible cord is fitted a 6” length of leather tube and the cord
and tube are then passed through the hole formed by the bridge
and gripped firmly in position. This takes any strain to which
the cord may be subjected and also lessens the risk of the con-
ductors becoming detached from the terminal screws.

Care should be taken to see that the leather tube is fitted
in all cases.

Switchboard Plugs.—These are 2-way. TFig. 11 shows the
plug with the cover removed. A is a circular brass tube which
forms the sleeve of the plug. Inside this tube is an ebonite
tube B which insulates the body from the tip. The latter,
made up of brass and steel, forms the core as shown at C.
Connections are made to the plug by means of screws dI and
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d2, the former connecting up the sleeve and the later the tip
of the plug. The cover D of red fibre is slipped on from the
tip of the plug and held in position by means of the screwed
collar E. A small pin F is fitted to the sleeve of the plug,

Fig. 11.—2-way Switcasoarp Prue wita Cover REMOVED.

which prevents the fibre cover from revolving during use. The
end G is threaded inside in order that the thickened end of
the cord may be firmly screwed into the plug before the tags of
the conductors are connected to the terminal screws.

Switchboard Cords.—Fig. 12
shows the make up of the
2-conductor flexible cords used in
connection with the switchboard
plugs. A is a stranded copper
tinsel conductor, over which are
placed two layers of floss silk B,
Above this is placed a soft white
cotton braided covering C. The
second conductor is similarly
assembhled except that thebraided
cover is blue. Eachconductor has
abreaking stress of approximately
35 1bs., and is 0-24(Q) resistance
per yard at 60° F. The con-
ductors so formed are twisted
together and wormed with two
layers of soft white cotton E and
K1, to provide a circular cross
section. F is a lapping of grey

Fig 12.—SHaowIxG DETAILS cotton in the form of an open

oN 2-CoNDUCTOR SWITCH- gpiral. Over this is one layer

BoaRD CoRD. (or sometimes two) of braided

glacé cotton G and H, the latter

being either red or black., The completed cord is 6 ft.
long.
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The method of terminating is shown in Figs. 13 and 14.
In Fig. 13, which shows the arrangement for connecting to
the cord fastener (Fig. 15), 1 is a lapping of waxed thread,
which also holds the extension braid 2. 8 is a metal stamping
and serves as a support for the cord when inuse. jisagerman
silver stamping in which the bared conductor is turned back
and clamped. The tag of 4 connects to the cord fastener. The
second conductor is similarly assembled. Fig. 14 illustrates
the arrangement at the plug end. 6 is a lapping of waxed

Fig. 13.—SwITC0HBOARD Fig. 14.—SWITCHBOARD
Corp SHOWING ARRANGE- Corp Suowine METHOD
MENT For CONNECTING or TERMINATING AT
. 10 Corp FASTENER. Swircanoarp Prue Exp.

thread thickened so that the cord may be fixed firmly in the
body of the plug, 7 and 8 are the inner braided conductors
(blue and white) furnished with metal stampings 9, the latter
forming the connections to the tip and sleeve of the plug
respectively.

The life of the cord depends greatly upon the manner in
which it is used, the most frequent source of trouble being
near the base of the plug. The tinsel strands are liable to
become . fractured and cause partial disconnection or short-
circuits. On no account must the plug be pushed into the
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jack or withdrawn by means of the cord, as this increases the
number of faults, decreases the life of the cord and causes
noisy and intermittent talks.

Cord Fasteners and Pulley Weights.—Fig. 15 shows the cord
fastener. The long brass screw A is provided with clamping
screws B and C by which it is fixed to the shelf D at the back
of the switchboard. When the tag of the connecting cord is
fixed in the central hole E,the spiral spring I forces the metal
tube @ firmly into contact with the tag and so forms the con-

Fig. 15.—Conp FASTENER. Fig. 16.—Puriey WEIGHT.

nection between the cord and the switchboard wire which is
soldered to the metal stamping H.

Fig. 16 shows the form of pulley weight used. It consists
of a weight composed of a hard alloy of lead cast about the
lower portion of the brass $tamping, in which is carried a
pulley through which the cord runs. The pulley weight weighs
about 9 ozs., which is sufficient to restore the cord after with-
drawal from the jack. In a newer type, the lead is faced with
brass to prevent it being beaten out of shape by continued use.

Induction Coils.—The induction coil used on a 50-line mag-
neto board is similar in principle to those described in
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pamphlet F. 3, except that the secondary winding is made up
of 7 mils silkk covered copper wire wound to a resistance of
150(). TFig. 17 gives the general appearance of the coil and
Fig. 18 indicates how the connections are arranged. Brass
screws connect the coils to the connection places C1, C2, etc.
(Fig. 18), and also fix the coil. The plates are screwed to

Fig 17.—8ranDarp Fig. 18.--CoNNEcTIONS OF
INpuerion Coir. Sranparp Inpuorion Corr.

the woodwork and are each provided with a terminal to which
the external wires are connected. In Fig. 18 it will be
noticed that the coil ends of each winding are taken to the
diagonal corners. This ensures that the primary and
secondary cannot be reversed when it is desired to change the
coil for any reason.

A type of operator’s differential induction coil for local
battery working, used on 100-line magneto switchboards is

Irig. 19.—DrrrerenTtIAL INDpUcTION CoOIL.

illustrated in Fig. 19. Tt consists of a core of annealed soft
iron wires tightly packed in a compressed paper tube and
wound with a primary winding of 20 mils silk covered copper
wire to a resistance of 1(). The secondary windings consist of
two silk covered copper wires of 10 mils gauge wound together
over the primary coil. Each secondary winding has a resist-
ance of 12-5(). The coil cheeks are ebonised hardwood. The
ends of the windings are brought out through holes in the
cheeks and connected to brass terminals mounted on a wood
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base to which the coil is also fixed. Fig. 20 shows a plan of
the coil and details of the coil windings. Fig. 21 gives the
theoretical connections. The operator’s receiver R1 (Ifig. 21)
is placed between the inner ends of the two secondary wind-
ings and the outer ends are joined to the inner springs of the

ORlsceevme, &£ O
S
® R

P
® S
S
S
PLAN.
Fig. 20.—Pran oF DirreEreNTIAL INDUCTION COIL SHOWING
WINDINGS,

Ring Back key. The primary coil P is connected to the
operator’s transmitter and speaking battery.

It may be desirable and economical to provide a partial
multiple in an exchange equipped with three or more 100-line
hoards, in which case the centre point of RI is connected to
earth as indicated by the dotted line. This provides for an
engaged test. The differential coil is installed at the outset
in order to provide for this eventuality.

$2
— - 2:5"
70 TRANSMITTER -
=

AND P / R

SPEAKING BATTERY = :
pll 25 % g E
57 ey £

70 INNER SPRINGS OF RING BACK KEY. (See Figures 24 and 25.)
Fig. 21.—DiyrrerentiaL INpucerion Coirn, TrrEoRETICAL CONNEC-
TIONS.

Speaking and Ringing Key, Fig.22. Inorder thatanoperator
may be able to speak to or ring a subscriber a combined speak-
ing and ringing key is provided for each cord circuit. Tt con-
sists of a mounting plate A to which a metal support B is
rigidly attached. On the lower portion of the support two sets
of six insulated springs are assembled side by side and fixed
with screws C, each provided with an ebonite insulating sleeve
D. Springs 1, 2, 8, 7, 8 9 form the ringing side and 4, 5, 6,
10, 11 and 12 the speaking side of the key. An ebonite roller
E, fixed to a pivoted lever F, lies between the long springs 2
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SPEAKING RINGING

2 d DB 0
& /0 %
YIEW LOOKING IN

DIRECTION 0F ARRON,

Fig. 22.—8reakine aNp Rineine Key.
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and 8 and 5 and 11. Fig. 22 shows a side and front elevation
of the key in its normal or ‘‘ through '’ position.

It will be seen that springs 2 and 8, and 4 and 5 are in
contact, as are also springs 8 and 9, and 10 and 11 of the
second set. When the knob is pulled over to the ringing or
““ non-locking ’* side, roller E is forced to the left and spring 2
breaks from 8 and makes contact with 1; similarly spring 8 of
the second set disconnects from 9 and makes with 7. The
play of the roller is limited by the projection G. When the
knob is released, long springs ¢ and 8 automatically restore
the key to its normal position, With the knob turned to
speaking, roller E rides up long springs 5 and 11 and remains
there. This is termed the * locking’’ position. Spring 5

& 4

~ V———__—oa

? p ’ e 3
e O

V——-——cq
———————a y ——
SPEAKING RINGING. .

Fig. 28.—DriagramMmaric VIEW oF SPEAKING
AND Ringine KEv.

is forced away from 4 and reconnects with 6, whilst spring 11
of the second set leaves 10 and makes contact with 12. The
key is restored by hand.

To strengthen the upper end of the springs and to prevent
wrong contacts, springs § and 9 are provided with stiff brass
backing strips H, to which are fixed ebonite blocks J. These
latter pass through holes in springs 2 and 8, and bank against
1 and 7, thus providing a clear space between the outer and
long springs. Spring 4 and its neighbour 10 are also thickened
and provided with insulating blocks for a similar purpose.

A diagrammatic view of the key with the springs numbered
to correspond is given in Fig. 28.

Ring Back Key.—In order that a calling subscriber may be
rung when required, a single key called a Ring Back Key is
28018 A3
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fitted on eavh switchboard. Fig. 24 gives two views in eleva-
tion and also shows the fixing plate F. On either side of the
brass mounting A is a set of three hard rolled german silver
springs insulated from each other with ebonite and held in
position by means of two brass screws L' and L2, each bushed
with an ebonite insulating tube, which passes through the
springs, and is screwed into the metal block K. Br and B=
are the inner long springs and are curved at the top as shown,
Cr and (2 are normally in contact with Br and B2. Dr and
D2 are the outer springs and are normally disconnected. The

£

1 —~
D,)¢C,
8,
Fig. 24.—Rine¢ Back Key axp Fixine
PrLATE.

plunger consists of an ebonite piece E and a brass stem G,
which is screwed at its upper end to receive the white knob
H. F is an iron fixing plate to which the support 4 is
attached. When the plunger is depressed, long springs Bt
and Bz are forced away from ('t and Cz and make contact with
D: and D2. When the plunger is released the long springs
force it upwards and so establish the normal contacts.

Magneto Generator.—The magneto generator is similar in
construction ta that fitted in the magneto telephone described
in pamphlet F.,3. It is, however, mounted in a wooden case
provided with terminals. Figs. 53 and 58 show it in position
on the switchboard.
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Operators’ Instruments.—TFor use during slack periods a
Hand Micro-Telephone, made up of a combined standard
transmitter and receiver, is used. One end of the flexible cord
is connected to the operator’s plug shown on page 10. The
hand micro-telephone is fully described in pamphlet F.3.

When continuous attention is necessary at a switchboard
an operator’s head-gear set, designed for attachment to the
person of the operator, is provided. This leaves both hands
free for operating. The receiver is of the standard watch
pattern with two steel bands attached. To the other end of
the bands is fitted a soft leather pad, which rests above the
operator’s right ear. The standard transmitter is fixed to an
aluminium breastplate provided with two metal buttons and
clips, to which an elastic band is fixed. Fig. 25 illustrates the
instrument complete with flexible cords, and also shows by
dotted lines the various internal connecting wires on the
breast-plate.

The ends of the receiver coils 40 + 40() are brought out to
terminals 2 and 4 whilst the centre point of the winding is
connected to terminal 3. The steel bands are fixed to the
centre stud 6 by means of the cranked arm 7, A small piece of
ebonite 8 prevents contact between the bands and either coil
terminal.

The receiver cord consists of three separate flexible conduc-
tors and a braided cotton lace, plaited together to form the
complete cord. Each conductor consists of a central strand
of copper tinsel wires, over which is a braided silk covering
and an outer covering of braided cotton. The loop connections
to the receiver and breastplate terminals are each strengthened
by means of a lapping of very fine tinned copper wire. The
cotton lace is tied to the spindle of receiver terminal § and
helps to take any strain to which the cord is subjected.

The other end of the receiver cord terminates on a circular
ebonite block 4 furnished with three terminals and an ebonite
bridge 9, which serves to clamp the cord to the block. An
insulated wire joined to the under side of each terminal forms
the connection from block A to terminals 2, 8 and } of ebonite
block B. Block B has two additional terminals, 1 and 5, from
which insulated wires are run to transmitter springs 1 and 5.
Spring I connects up one side of the transmitter and spring §
makes contact with an insulated metal strip 10 on the
periphery of the case which joins up the other side of the
transmitter. The transmitter case is mounted on a metal
support 11, and may be rotated at right angles to the dia-
phragm. This arrangement enables the operator to cut out
the transmitter whilst ‘¢ listening-in ’’ on any cord circuit and
during slack  periods.

The 5-conductor flexible cord which connects the terminals
on block B to the operator’s plug (described on page 10), is

28018 A4
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FRONT V/IEW

Heap-¢ear TELEPHONE.
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made up in a similar manner to that of the receiver cord. At
the breastplate end the conductors are passed round an ebonite
disc 12, screwed to the plate, and tightly laced on either side.
This takes any strain on the cord and prevents the conductors
from being fractured at their terminal points.

To enable the connections to be readily traced similar
numbers have been given throughout. Thus, conductors 2, 8
and 4 of the 6-way cord are connected to similarly numbered
terminals of the receiver vig blocks B and A, whilst conductors
1 and 5 are joined through to transmitter springs 1 and 5 »id
block B.

Trembier Bell.—The form of trembler bell in general use on
switchboards is illustrated in Fig. 26, which shows the working

, g SN
Fig. 26.—Circvurar TrEMBLER Fig. 27.—Prax oF CIRCULAR

BeLL, smowing WORKING TrEMBLER BELL.
ParTs.

. parts, and Fig. 27, which gives a view with the bell dome in
position. AA is an electro-magnet wound to a resistance of
100() and mounted on a wooden base B, The armature C
furnished with a spiral spring S, is pivoted at D and prov1de(i
with an extension rod and hammer E. A small flat spring
attached to the armature normally rests against the insulated
adjustable contact screw F, both contacts being platinum-
tipped to minimize the effects of sparking at the contact
points. An extension plate (shown by dotted lines) screwed
to the yoke of the electro-magnet forms the support for the
bell dome which covers and protects the working parts. The
upper part of the support is furnished with a screw and three
small pins. The dome is provided with a central hole through
which the screw passes and three smaller holes for the pins,
and is clamped by means of a hexagonal nut. The pins
prevent any rotary movement of the dome.

The underside of the base is hollowed out and carries six
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connection plates, each provided with two terminals. Fig. 28
shows the connections. The coil windings are brought out to
terminals 3, § and 4, 6 respectively, while the frame connec-
tion is joined to terminal 8 and the insulated contact screw to
terminal 1. Terminals 2 and 6 are bridged by a short length
of insulated wire. Two metal straps are provided in order
that the coils may be joined in series as indicated by full lines
in Fig. 28, or in parallel as shown by dotted lines. For
switchboard use the coils are usually joined in series in order
to save battery power. For continuous ringing the bell leads
are connected to terminals 7 and 8. Two Leclanché cells of
the small type are provided for the bell local.

P TREMBLER BELL I EADS
FOR CONTINUOUS RINGING

CONNEXTION PLATE

e CONTACT SCREW
INSULATED FROM
FRAME

c
e PivorT

FRAME

A ALTERNATIVE LEADS
i1 FOR SINGLE STRONWE BELL WORKING

Fig. 28.—ConnNEctions oF CiRcULAR TREMBLER BELL.

When the battery circuit is completed the path of the cur-
rent is as follows:—

Terminals 8, 2 and 6, lower coil winding, terminals 4 and 5
with coils in series, upper coil winding, terminal 8, frame con-
tact, armature spring, contact screw, thence terminals 1 and 7
to second bell lead. The electro-magnet is energized, its arma-
ture attracted and the contact screw is disconnected from the
flat armature spring. The coils are now de-energized, the
armature falls back, makes contact and is again attracted,
thus giving repeated strokes of the hammer E on the bell
dome as long as the external circuit remains unbroken.

If the bell is used for single stroke working the external
leads are connected direct to the bell coils as shown by dotted
lines.
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Bridging Coils and Retardation Coils are described in
- pamphlet D.20.

Differential Relay.—The type of relay used for the receipt of
lamp clearing signals on party line cord circuits on 50 and
100-line magneto boards is illustrated in Fig. 29. It consists
of a double coil electro-magnet A with two windings, each
1,000() resistance. The soft iron cores carry an extension pin
which fits into a corresponding hole in the armature B. The
latter i1s prevented from actually touching the cores by two
brass set screws with lock nuts D. A spiral spring which can
be adjusted by screw E provides the tension, so that the
armature normally rests against the upper contact piece §
A brass pillar P carries an adjustable contact at its upper end,

1

L)

L]
v
Y
T

1
{,
s}

T o 1560 .

€ S T M 000 Fig. 80.—CONNECTIONS

OF DIFFERENTIAL
RELAY.

TFig. 29.—Di1rFERENTIAL RELAY
USED ON Party LINE
Corp Circuir.

and this forms the contact for completing the local circuit.
The armature is connected to terminal 7 by means of a flexible
conductor.. An iron case covers the whole relay and forms a
magnetic sheath for the coils.

Fig. 30 shows the theoretical connections. One coil winding
1s connected to C1 and C2 and the other to 03 and .0}, whilst
S, T and M are the spacing, armature tongue and marking
contacts respectively. It will be seen that a current through
either coil winding or hoth coils in series will energize the
relay, whilst a current through both coils in parallel causes
equal and opposite magnetic effects in the coils, or in other
words the coils are differential.

Junction Relays.—The relays employed in connection with
the plug ended cord circuit at the main exchange are of
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similar appearance to that shown in Fig. 29. The relay which
operates the lamyp circuit is of the single make type and has a
single winding of 250(). The double make and break relay in
the socket contact circuit is singly wound to a resistance of
1,000(). Both relays are provided with soldering tags instead
of the usual screw terminals.

Lamps and Lamp Jacks.—The lamp used in conjunction with
the junction and party line cord circuit relay consists of a
small carbon filament enclosed in an exhausted sealed glass
tube. The ends of the filament are connected to copper wires,
the latter being joined to platinum wires, where they pass
through the ends of the glass tube, and soldered to the brass
plates cemented to the sides of the tube as shown in Fig. 31 at
A. One end of the glass tube is cemented to a small plaster of
Paris or wood block which is painted with a distinctive colour
to denote the voltage of the lamp. The colour used for a

Fic, 31.-—).amps AND Piror Lamp Jack.

24-volt lamp is yellow. When incandescent the iamp takes
about 0.050 ampere.

The pilot lamp, sometimes fixed above the jack panel on
magnelo boards, is similar in design to that already described,
but is of larger dimensions and is not provided with the
painted wood block, see B of Fig. 31. When incandescent the
lamp takes about 0.140 ampére.

The pilot lamp jack shown in C of Tig. 31 is composed of
a brass tube 1, shaped as shown and fitted with brass lugs 2
which secure the jack to the woodwork. The lamp is held in
position by two german silver springs 8 of equal length, in-
sulated from each other by a block of ebonite 4. These springs
bear on the brass plates of the lamp, and are drilled at the
rear to take the external connecting wires. To the forward
end of the brass tube, a brass lamp cap, provided with an opal
convex lens, is fitted, see D of Fig. 81. The cap protects the
lamp from injury and serves to spread the light.

The lamp jack for the small lamp is similar in design to that
of the pilot lamp jack.

The lamps not only provide a distinctive signal, but are
easily replaced and occupy little space.
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CIRCUIT ARRANGEMENTS.

Subscriber’s Circuit.—Xach subscriber’s circuit terminates
on a 7-point jack and a 100() drop indicator, as depicted in
Fig. 32. At the subscriber’s end only the 1,000() magneto bell,
which forms part of the telephone set, is in circuit between
the A and B lines. The ciicuit connections are : —Subscriber’s
beli, 4 line, springs I and 2 of exchange jack to calling indi-
cator, thence springs § and 4 of jack, B line and back to other
side of subscriber’s bell.

SUBSCR/EERS' EXCHANGE

TELEPHONE
A

| e me
A "";‘ZZ ~ X% J_roa’——-q ~
woo* - 1

|

CALLING INDICRTOR

=1

-————

SW/TCH
2nay
Il
BATTERY i |
v
O OTHER
CONTACTS
TREMELER
BELL TIREMBULER

EELL, CIRCULAR.

NIBHT  QUARTERS

Fig. 32.—SvusscriBer CoNNECTED T0 MAGNETO Excoange,
SHOWING ALSO THE EXCHANGE ALARM CONNECTIONS.

The local circuit is from shutter contact of indicator to
trembler bell, two-way switch in day position, battery, back
to bare wire contact fixed under indicators. To enable calls
to be dealt with at night a second trembler bell is usually
fitted 1n the attendant’s night quarters and is brought into
circuit by turning the two-way switch to the left position,

At certain exchanges the day alarm bell is replaced by a
pilot lamp operated by a low resistance single make relay
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which forms part of the local circuit (Fig. 32a). The two way
or tumbler switch in the ‘ Day ’’ position short-circuits the
night bell. When a calling indicator is energized its shutter
completes the circuit of the battery and relay, the armature

CALLING INDICATOR |
S}Fﬁi;& | wigHT
i QUARTERS

2 WAy OR TUMBLER |
SwireH

TO OTHER CONTACTS 4

SINGLE MAKE
S RELAY
1-25%

PILOT LAMP
2 0R 24 voLT

TREMBLER
8ELL

| It |

1 |
BATTERY 2 ceLes H
4 o 2% voLT LecLAancmt |

Fig. 32A.—ALTERNATIVE ARRANGEMENT OF ALARM CIRCUITS
wirt LamP SUPERVISION.

of the latter is attracted and closes the lamp circuit. With
the switch in the ‘“ Night '’ position a call operates both the
relay and trembler bell.

The contacts of all indicators are common to the local bell
circuit. The alarm bell wire from each row of indicators is

SUBSCRIBER EXCHANGE

rmacnero  §s)
PY77AR &:
O, y-4

Fig. 33.—SiMpririEp CONNECTIONS OF
SusscriseR's CIRCUILT.

DROP INDICATOR
: /00“

I

- o - i > =

taken to a separate terminal to facilitate the localization of
faults. The terminals are mounted on a brass strip fixed to
the inside of the switchboard.

- The normal subscriber’s circuit is shown in simplified form
in Fig. 33. At one end is the magneto call bell, at the other
a drop indicator, so that calls may be passed either way,
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Cord Circuit.—Fig. 34 gives an explanatory diagram of the
cord circuit, which enables the operator to answer a call, ring
the wanted subscriber and place the two subscribers in com-
munication; and also provides for a clearing signal at the
termination of the conversation. The tip and sleeve of the
answering plug are connected to the tip and sleeve of the call-
ing plug vid the contacts of the speaking and ringing key,

CALLIN
AU wERING EXCHANGE CORD CIRCUIT wne

—F

SPEAKING RINGING ~
]

- —-j

by
t
\
K
/'\/'\bf

CLEARING
INDICATOR 1006%

7

GENERATOR
s500@

it

TPEAKING INSTRUMENT JACK
BAYTERY 2CELLS I i e
LECLANCHE 7 2 345—
T0 e 70
TRANSMITTER RECEIVER

TFig 34.—ExrLanatory DraeraM or Excmance Corp
CIRCUIT.

whilst a 1,0000) clearing indicator is bridged across the cords
vid inner springs of the speaking side of the key. Included in
the circuit is a ring back key which, in its normal position,
connects up the operator’s set, but when the plunger is de-
pressed joins up the generator to the answering plug vid the
speaking side of the speaking and ringing key. The primary
and secondary of the operator’s induction coil are joined to an
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instrument jack. The transmitter and receiver are connected
to an instrument plug. The insertion of this plug into the
instrument jack completes the operator’s connections.

Fig. 35 gives an alternative method of joining up the
secondary and receiver of the operator’s set where a 100-line
board is installed. A differential induction coil takes the

TO INNER SPRINGS
OF RING BACK KEY

1
|

PRIMARY (%

- BEETTEETITT ]
2CELL £

SECONDARY

SPEARER T "'I‘;Tgin FW
ﬂ

12-5
ﬁ INSTRUMENT JACK
i 2345

P

7O RECEIVER TO TRANSMITTER
Fig. 35.—O0rERATOR'S INSTRUMENT JACEK CONNECTIONS
witH ‘DirrereNTIAL INpUcTIiON CoOIL.

wlc—>» | OIS

place of the standard induction coil used on the 50-line board.
The inner ends of the 12.5() secondary windings are connected
to springs 2 and 4 of the instrument jack, whilst the outer
ends are connected to inner springs 8 and 4 of the ring back

ANSWERING CALLING
PLUG PLuG

, | jﬁl
C.t1. 1000w

Tl

Fig. 36.—SimMPLIFIED Diaeram or Excmance Corp CIrcuir.

key. The receiver is thus in the centre of the two secondary
windings and can be converted readily for the multiple system
of working by connecting spring 8 of the instrument jack to
earth.

In Fig. 36 is shown a simplified diagram of the cord circuit
with the clearing indicator (.I. in bridge across the two
conductors.
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Two Subscribers Connected in Same Exchange.—The con
nection of one subscriber to another on the same exchange is
established in the following manner. The calling subscriber
turns the handle of the telephone generator with the receiver
still on its rest. Alternating currents are sent out to line which
operate the exchange indicator and drop its shutter, This is

‘shown in Fig. 37. The subscriber then lifts his receiver and

SUBSCR/BER EXCHANGE

GENERATOR— (rt ‘] DROP IND/CATOR
! Jo0

Fig. 37.—SvusscripEr Oarrine ExcmANGE.

waits for a reply. The operator notes the number on the, fallen
chutter, inserts the answering plug—the rear one—of a pair
of plugs and cords into the calling subscriioer’s jack and turns
her speaking and ringing key into the speaking position i.e.,
pushes the knob away from her, and also restores the shutter.
The connections established are indicated in Fig. 38 and are

as follows:—

Secondary of subscriber’s telephone, 4 line spring 1 of jack,
tip of answering plug, 2 and 1 speaking side of speaking and
ringing key, springs 2 and 8 of ring back key, secondary and
receiver of operator’s set, springs 4 and 5 of ring back key,
springs 6 and 5 of speaking side of speaking and ringing key,
sleeve of answering plug, spring 4 of jack, B line, thence sub-
scriber’s receiver and other side of secondary. The caller’s

indicator is cut out of circuit. The skeleton connections are
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shown in Fig. 39, S being the secondary, P the primary, BI
the speaking battery, T the transmitter, and R the receiver,
in each case.

Having taken particulars of the call, the operator inserts
the calling plug of the pair—the front plug—into the
“ wanted ’’ subscriber’s jack, which cuts out of circuit his
calling indicator, places the speaking and ringing key in the
ringing position, i.e., pulls knob of key towards her, and oper-
ates generator. TFig. 40 shows the connections set up, which
are ; —Generator to springs 1 and 2 of ringing side of speak-
ing and ringing key, tip of calling plug, spring 1 of sub-
scriber’s jack, A line, subscriber’s bell, B line, spring 4 of

EXCHANGE I SUBSCRIBER
S
. () macnETO
GENERATOR I 3 BEL'Z
- | 1000w
8

Tig, 41.—Excaange OpErATOR RINGING ‘¢ WANTED "’
"SUBSORIBER. SIMPLIFIED CONNECTIONS.

jack, sleeve of plug, springs 5 and 6 of speaking and ringing
key ringing side, back to left side of generator, Fig. 41 indi-
cates the skeleton connections.

The ringing side of the speaking and ringing key is ‘‘ non-
locking,”’ consequently, when the operator releases the knob,
the key is automatically restored io the centre or through
position. i

The wanted subscriber answers the call by lifting his receiver
and speaking. The operator places the speaking and ringing
key in the speaking position, ascertains that the connected
subscribers are in conversation and then restores the key to
the ¢ through ’ position. If the calling *’ subscriber does
not reply, the exchange operator, with the speaking and ring-
ing key still in the speaking position, depresses the ring back
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key and applies the generator to the caller’s line (see Fig. 42).
The connections then are:—From generator to springs 1 and
2 of ring back key, springs 1 and 2 of speaking side of speak-
ing and ringing key, tip of answering plug, spring 1 of jack,
A line, subscriber’s telephone, B line, spring 4 of jack, sleeve
of answering plug, springs 5 and 6 speaking side of speaking
and ringing key, springs 5 and 6 of ring back key, thence to
the other side of the exchange generator. The skeleton con-
nections are similar to Fig. 41,

Care should be taken to withdraw temporarily the calling
plug during the time the operator uses the ring back key,
 otherwise the ‘fcalled’’ subscriber will receive unpleasant
rings in his receiver. When the operator releases the ring
back key it automatically restores the springs to their
normal position. On the operator hearing both subscribers
speak the speaking and ringing key is placed in the through
position. The circuit connections as shown in Fig. 43 are:—

Secondary winding S of subscriber I telephone, A line,
spring 1 of exchange jack, tip of answering plug, springs $
and 2 of ringing side of speaking and ringing key, tip of call-
ing plug, spring I of jack, 4 line, S of subscriber II telephone,
receiver B, B line, spring 4 of jack, sleeve of calling plug,
5 and 4 ringing side of speaking and ringing key, sleeve of
answering plug, spring 4 of jack, B line, to receiver B and
secondary S of subscriber I. The primary P, transmitter T,
and speaking batteryBl form a complete primary or inde-
pendent local circuit at each station. Tt will be noticed that
from the tip of the answering plug there is a tap to springs
2 and 8 speaking side of speaking and ringing key, clearing
indicator, and springs 4 and 5 speaking side of speaking and
ringing key, back to sleeve of plug. This places the clearing
indicator 1,000() across the 4 and B lines. A skeleton diagram
of connections 1s given in Fig. 44.

On the completion of conversation both subscribers replace
their receivers and ring off, i.e,, turn the handle of “the
generator. The skeleton connections during this operation are
depicted in Fig. 45, which shows the clearing indicator CI in
its operated position:

The operator seeing the clearing signal withdraws both
plugs BY MEANS OF THE COVER and restores the clearing

indicator shutter. The normal connections of both subsecribers
then obtain.
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JUNCTION WORKING.

In order that subscribers connected to one exchange may
communicate with subscribers at any other exchange, junction
circuits are provided to a main exchange through which con-
nections may be obtained to

(a) Subscribers on other exchanges in the same area by
means of junctions.

(b) Subscribers at other distant exchanges using the
trunk system of the country.

Junctions may be worked (1) Incoming, (2) Outgoing,
(8) Bothway, the amount of traffic determining the class of
circuit provided.

Incoming junctions are those over which calls originating
at the distant exchange are passed. Outgoing junctions are
those over which calls -originating at the home exchange are
passed. Bothway junctioms are those which carry calls in
either direction,

The apparatus at the incoming end includes an indicator
for the receipt of calls, whilst at the outgoing end a jack
only is usually provided.

For * bothway ”’ working it is necessary to include calling
apparatus at both ends, so that calls may be passed either
way. N

In Fig. 46 is shown a circuit outgoing at a main magneto
exchange and incoming at a small magneto exchange. At the
main exchange the line terminates on springs 1 and j of a
5-point jack, the inner springs 2 and 8 being connected to
springs 1 and 4 of the second jack, and so on, depending upon
the number of- multiple jacks in use. The line is multipled
every four panels to enable all the operators to have access to
it. The fifth point of each jack is connected to a common wire
in order to provide an engaged test as described in pamphlet
D.5. At the incoming end the line is joined to springs 1 and j
of a 7-point jack, springs 2 and 8 being connected to an indi-
cator 500 + 500(). Tt is not possible for the small exchange
to call the main exchange.

Setting up a Junction Connection.—The method of operation
is as follows:—A subscriber connected to the main exchange
wishing to communicate wiﬂ; a subscriber at the small ex-
change first calls the main exchange.
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The operator replies, using the answering plug of a pair of
plugs and cords for the purpose, and turns her speaking and
ringing key to the speaking position. The cord circuit is
similar to that described on page 28 except that 3-way plugs
are used, the third conductor being appropriated for the en-
gaged test. With the key still in the speaking position the
operator tests the junction by touching the socket of one of
the multiple jacks within her normal reach with the tip of the
calling plug. The absence of a click in her receiver indicates
that the line is disengaged, and the plug is then inserted in
the junction jack. This engages the line and also cuts out of
circuit all jacks beyond that particular operator’s position,
thus reducing the risk of interference to a minimum. The 8
and R key is then turned to the ringing side, which connects
the exchange generator to the junction line. The method of
extending the circuit at the small exchange is similar to that
already described for connecting two subscribers, the only
difference being that the answering plug is placed in the
junction instead of a subscriber’s jack.

Fig. 47 indicates the simplified circuit established. 1,0000)
clearing indicators C.I. are across the A and B lines at both
exchanges. FEither subscriber ringing off with his generator
actuates the indicator at both exchanges, thus providing for
the simultaneous withdrawal of all plugs.

Sunction Outgoing at Small Magneto Exchange and Incoming
at Main Magneto Exchange.—At the small exchangean earthed
94-volt battery is joined to the centre point of a 500 + 5000
bridging coil, the outer ends being wired to the inner springs
of a 7-point jack and the outer springs to the junctior line, as
in Fig. 48. At the incoming end the line usually terminates
on a plug which normally rests in a socket provided with
electrical contacts. The calling indicator is connected to the
line vid the outer contacts and armatures of a 1,000() relay.
The inner contacts of the latter are joined through a bridging
coil to a 250() relay and earth. This provides for the receipt
of the automatic clearing signal. The circuit connections are: —
From short spring of 7-point jack at outgoing exchange, 4
line, springs 2 and & of speaking side of 8 and R key, a and ¢
of relay R1, through calling indicator to d and b of Relay R1,
springs 4 and 5 speaking side of 8§ and R key, B line to long
spring of outgoing jack. From x there is a path to 8 and 2
ringing side of 8§ and R key, thence tip of 3-way plug, and
from 7 a connection to ring of plug vid contacts 4 and 5 of
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same side of key. As the plug is resting in its socket contacts
8 and j are broken, consequently relay Ri remains de-energized
and the circuit of 122 is bhroken at contacts e and f.

To pass a call from the outgoing to the incoming exchange,
the operator at the former inserts the calling plug of an
ordinary pair of plugs and cords into the junction jack, which
disconnects the battery circuit,and applies the generator to the
line. The calling indicator at Main is actuated and the
operator turns her 8 and R key into the speaking position,
takes the required numbe‘r, makes the engaged test by lifting
the plug and tapping the socket of jack of the wanted sub-
scriber, and, if he be disengaged, inserts the plug and turns
the 8 and R key into the ringing position. When the sub-
scriber answers the simplified circuit is as shown in Fig. 49.

At the outgoing exchange the subscriber is connected direct
to Main with a clearing indicator in bridge across the 4 and
B lines. At Main the circuit is extended by means of the plug
direct to the second subscriber. The lifting of the plug from
its socket completes the circuit of relay RI1, the current from
the earthed 24-volt battery passing through contacts 8 and 4
and springs 2 and 5 of plug socket, thence 1 back to negative
pole of battery. RI is operated, armatures a and b, which are
connected to the A and B lines of the junction vid speaking
key SK, make contact with ¢ and f. The latter are joined to
the double winding of bridging coil BC, whose inner ends are
connected through the lamp clearing relay R2 to earth. This
places relay R2 in the correct position for.the receipt of clear-
ing signals.

Fig. 50 shows the simplified connections of this part of the
circuit. Contacts ¢ and d of 1 (Fig. 49) are now discon-
nected and the calling indicator cut out of circuit.

When the subscribers have finislfed their conversation each
replaces his telephone on its rest and rings off. This actuates
the clearing indicator at the outgoing exchange and the
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operator withdraws her plugs from the subscriber’s 'and
junction jacks. Tle circuit arrangements are now as depicted
in Fig. 51.

Sf_/.BSC RIBER
2~ £XCHANGE

-

SUBS JACK

MAIN EXCHANGE INCOMING
23

Fig. 51.—THEORETICAL CONNECTIONS SHOWING OUTGOING Maenero ExcHANGE CLEARING
0 MaiN MaeNETO EXCHANGE

%
£ o 3
L i
by R
3
g 3
8
3 ’

At the outgoing exchange the withdrawal of the plug from
ithe junction has restored the pegative pole of the earthed
24-volt battery and bridging coil to the A and B lines, thus
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completing the circuit through relay K2 at Main. The path
of the current is from positive pole of battery, relay L2, both
coils of BC contacts e and f and armatures ¢ and b of relay
R1, A and B lines, outer to inner springs of outgoing jack,
both windings of BC, thence to negative pole of battery.
Relay R2 is operated and its armature completes the lamp
circuit. Current from the 24-volt battery at Main passes
through the lamp which glows, thus indjcating to the operator
that the connection should be severed. When the plug is
restored to its socket the circuit of relay RI is broken, the
armatures @ and b fall back and reconnect up the calling
indicator wid armature contacts ¢ and d. The conditions in
Fig. 48 then obtain.

Bothway Junctions.—Fig. 52 gives the arrangement. At the
small exchange a 10-point break jack replaces the 7-point jack
usually used for junctions, the two additional springs 6 and 7
being used to connect the earthed battery and retardation coil
to the B line for clearing purposes. Condensers are inter-
posed in each line in order to prevent false signals being given.

At the main exchange the circuit is arranged similarly to
that shown in Fig. 48, but, in addition, the line is multiplied
on the outgoing junction multiple before reaching the “Home’’
position. Calls incoming and outgoing at the main exchange
are dealt with in an exactly similar manner to that already
described for incoming and cutgoing junctions. At the small
exchange the 24-volt battery clearing current is connected to
the B line only, consequently, with the plug at the main ex-
change in the subscriber’s jack, current will pass from 24V
battery to relay R2, right coil of BC, contact f and armature
b of relay R1, springs 4 and 5 of speaking side of S and R key,
springs 3 and 4 of multiple jacks, B line, springs 7 and 6 of
10-point jack, thence to retardation coil and negative pole of
battery. Although only the winding of the bridging coil con-
nected to the B line at the main exchange is used for clearing
purposes, the other winding of the coil is joined to the A line
so that the electrical balance of the circuit in the speaking
condition may not be disturbed.

For further systems of junction working at Magneto
Exchanges the reader is referred to Addendum to Circular E.11
(P.0. Engineering Department Publication).

DESCRIPTION OF SWITCHBOARDS.

50-Line Switchboard,—The general assembly of a 50-line
floor pattern double cord magneto switchboard is shown in
elevation and section in Fig. 53 and details have been added to
enable the various items to he readily identified in the descrip-
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tion of the apparatus parts previously given. The capacity
and equipment are :—

. Junctions. Subscribers. Cord Circuits.
Cnpz}mty 10 50 12
Equipment 5 incoming 50 ’ 10

5 outgoing

EEER00N000000000000000000008EEE
BEEB0000000000000000CN0000EEEE

BEERODUO000000DDO00000000C0BEEE
EBERO00000000000C000C0000C0RELE

EE@E000000000000000D0000000REHR
| BEBE0000000000000000000000REEA
g A8 002D 00 00 0C 08 d

Fig 54.—ConnEcTION RACK.
ViEw FROM FRONT OF SWITCHBOARD.

At the top of the board is a compartment marked A fitted
with a wooden vertical dividing panel J furnished with solder-
ing tags. This is termed the connection rack. Access is ob-
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P T T TP T R R Y
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/
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cP r /- 8
"I T S T A T ST |

Fig. 55.—ConnecTiOoN Rack.
View ¥ROM REAR OF SWITCHBOARD.

tained by means of front and rear doors G and H. A plan of
the arrangement of the soldering tags is given in Figs. 54 and
55. Fig 54 shows the tags as viewed from the front and Fig. 55
the tags and markings as seen from the back of the switch-
board.

The tags are arranged in six rows of ten threes numbered
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to correspond to the jack numbering and one row for mis-
cellaneous purposes. The first five rows are allotted to sub-
scribers and the sixth to junctions. The wires from the short
springs of the jacks are connected to tags marked A (Fig. 55),
the wires from the long springs of the jacks to the tags marked
B, and the wires from the test springs of the jacks to the tags
marked T. The seventh row has five tags CP connected to
the centre point of the junction indicators, two tags MB to
the microphone circuit, two tags NB to the night bell, two
tags @ to the generator, two tags PL to the pilot lamp jack,
and one tag E for an earth connection.

Fig. 56.
Sipe VIEW OF PergrEcTIVvE VIEW OF
SinerE Tac. SinerLe Tae.

Fig. 56 gives two views of a brass tag which is drilled and
tinned at both ends to receive the soldered connecting wires.

Specimen wiring connections from the tags for each type
of circuit are given in Fig. 57. The tags marked T, E and CP
are wired from the front tags to the apparatus, but are not
ordinarily joined up at the back unless multiple working or
special junction systems are required.

Reverting to Fig. 53, the jack frame B is equipped with
jacks and wired for the full capacity of the board. Strips of
ebonized hardwood fill the spaces mnot occupied by the jack
strips. A jack or the pilot lamp is provided at the top of the
frame.

Plug shelf ¢ is bored with twelve pairs of plug holes, one
pair at each end being normally plugged up. The shelf is
covered with red fibre. The cords from the plugs are con-
nected to cord fasteners mounted on a horizontal.-board hehind
the jacks..

The indicator frame D is wired for the full capacity of the
board. The junction strip has five spare indicator spaces
marked 4 which can be filled up if required. At either end
of the clearing indicator strip is space for one additional
indicator.

The key shelf E is prepared for twelve speaking and ringing
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keys but normally is only equipped with ten. The spaces for
lamp jacks and party line keys are plugged up, but are
available if required for party line working. The key shelf
15 hinged so that the internal wiring may be easily inspected.

Below the key shelf is a loose panel ¥, A removable panel
7. is also provided at the rear of the section. This encloses
the space from the top of the jack strips to the bottom of the
cords and provides a ready means of access to the fittings and
wiring,.

The wire used for the internal wiring of the board is 91 lb. -
copper, silk and cotton covered, treated with best beeswax.
Twisted pairs are provided for all speaking circuits and gene-
rator leads. All wires after connection to the apparatus are
formed up and laced into cables and given a thin coating of
shellac varnish. In all cases where it is necessary to soldercon-
nections no flux other than resin should be used. The wiring
from the front tags (Fig. 54) to the various fittings is com-
pleted before the board is despatched from the Stores Depét,
whilst all wiring to the rear tags is done by the installers on
the spot.

100-Line Switchboard.—The general assembly of a 100-line
floor pattern double cord magneto switchboard is shown in
elevation in Fig. §8. The view to the right in Fig. 53 also
serves as a sectional elevation.

The description of the 50-line board applies generally to
the 100-line board, with the exception that the capacity and
equipment are increased as follows:—

Junctions. Subscribers. Cord Circuits.
Capacity 20 100 18
Equipment 10 incoming 100 14

10 outgoing

Single coil 100() tubular indicators replace the double coil
type used on the 50-line board, and a differential induction

coil is substituted for the 150 + 1() standard coil, otherwise
there is no change in the types of apparatus assembled.

PARTY LINES.

The party line system provides for connecting from two to
ten subscribers on one common line to the exchange, worked
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on Common Battery Signalling principles. Fig. 59 shows the
arrangements for four stations. At the exchange a 24-volt
battery is interposed between spring 2 of the jack and the
indicator, the positive pole being earth connected. The sub-
scriber’s instrument bells are connected in series with con-
densers between the A or B line and earth.

Those subscribers whose bells are connected to the A line
are termed X subscribers, whilst those joined to the B line are
known as Y subscribers. At the X terminal station the con-
denser is omitted in order to provide for automatic cléaring

Answering & Part ,
Linge Plug. d Calling Plug.
[ Double Speaking Key. - J
e gy —"
=
To Batter S ]-j—Cormmon
through _PllofyRelay = ' = Ringing
if fitted. —__ 3 Keys
AP cP
[ :—E 7
re— X _y—=
1 el A—.i
[ '—T0 Operalors|
500 o Set.
O _"}_A 4_=|
%MII-IH- E 1000
Q 500 % ——(— —|2 L

Fig 60.—Party Ling Corp Circuir ar sMArL MAeNETO
EXCHANGE, SHOWING FULL RINGING FACILITIES.

to the exchange. In the diagram, stations I and 4 are X and
2 and 8 Y subscribers, the latter showing the telephone con-
nections in detail, P being the primary and S the secondary of
the induction coil, B1 the speaking battery, T the transmitter,
R the receiver, and b, a, ¢, d the telephone lever and its
contacts.

The cord circuit used is shown in Fig. 60. A double speaking
key replaces the ordinary speaking and ringing key. The
ringing keys, which provide for X and Y ringing, are common
to all the party line cords and are wired so that the operator’s
speaking set is cut out of circuit while ringing. Across the
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answering cord two 500() relays are connected in series with
the centre point joined to an earthed 24-volt battery. A lamp
is joined in series with the relay contacts. This provides for
an automatic clear from the party line.

Across the calling cord is a 1,000() relay for the receipt of
the ring off signals from magneto subscribers.  When this
relay is operated it disconnects the answering side of the cord
circuits, thus preventing a magneto ring offsignal from ringing
the party line subscribers’ bells. At the same time the upper
500() relay is earthed bringing in the lamp. Condensers are
interposed in the cord circuit in order to confine the 24-volt
battery circuit to the answering plug side. Fig. 61 shows the
simplified connections.

1} Cleari
Laragng

—
500% ] g
g DAV
00 &
T
Fig. 61.—Party LiNg Corp Circulr AT sMALL MaeNETO
ExcHANGE. SiMpPLIFIED CONNECTIONS.

-

To call the exchange the subscriber—say, station 3, Fig. 59
—1lifts his receiver and loops the line. Current flows from the
24-volt battery to springs 2 and I of exchange jack, A line,
secondary coil 8, receiver 12, contact ¢ and lever b of telephone,
B line, springs 4 and 3 of jack, thence calling indicator %o
negative pole of battery. The indicator coil is energized and
its armature releases the shutter, which falls and indicates a
call. The operator inserts the ‘‘ Party Line’ plug in the
caller’s jack. This joins springs 1 and } to the tip and sleeve
of plug, and disconnects the calling indicator and battery.
The shutter is restored. In turning the double speaking, key
both sets of springs are operated and the operator’s set is
connected vid keys ¥ and X to the subscriber’s line. At the
same time the clearing apparatus is cut out of circuit. Fig. 62
gives these connections.
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Having taken the particulars of the call, the calling plug
is inserted in the wanted subscriber’s jack, the proper ringing
key thrown and the generator applied to the line. TFig. 63
gives connections when an X subscriber is being "rung.
The calling plug connects up the line springs of the jack and
also causes the inner springs to break from the outers, which

disconnects the called subscriber’s indicator. The circuit con-

a

yL CONDENSER
emf

X MAGNETO BELL EXCHANGE
SUBSCR/BER 8> 1000” EE—
© ]
! ES
A~
TO OTHER T h
STATIONE, g ‘: GENERATOR
i |/
BELL :
. r000% &
CONDENSER
SUBSCR/IBER P

£

Fig. 64.—ExcaANGE OPErRATOR Carning “ X '’ SUBSCRIBER
oN Parry Line Circurr. SiMPLIFIED CONNECTIONS.

nections are:—(Qenerator, springs I and 2 of X C P (X posi-
tion of key calling plug side) springs 1 and 2 of D, tip of
calling plug, spring I of jack, 4 line, station I bell, condenser
and earth. The earthed side of generator is joined up to
springs 6 and 5 of X C P, sleeve of plug, jack spring 4 and
B line.

Fig. 64 shows the simplified connections of the X subscriber’s
calling eircuit.

Tf the call is for a Y subscriber key Y (Y key calling plug
side) Fig. 60 is used instead of X C P, thus connccting the
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generator to the B line and earthing the A line. Fig. 65 gives
the simplified circuit connections.

Where the number of stations exceeds two, code ringing ie
employed. All X subscribers receive the generator rings sent
over the A line and reply to calls for their own station only:
similar remarks apply to rings sent over the B line.

In Fig. 66 a party line subscriber is shown speaking to a
magneto subscriber, P being the primary and § the secondary

£
CONDENSER
.. Lmf
oG EXCHANGE.
SUBSCRIBER 3 /ooo®
O '
A ! :
7O OTHER r‘ﬁ
ST4TIONS B 3 GENE®RATOLR
! [/ x
BELL 1
9 1000“ ]
”Y. ©
CONDENSER
SUBSCRIBLR

Lo

Fig. 66.—ExcuHaNGE UprEraATOR CALLING A ** Y "’ SunsoRIBER
oN Parry LiNe Circurr. Simpririep CONNEGTIONS.

of induction coil, B1 the speaking battery, T the transmitter
and I the receiver in each case. The 24-volt earthed bhattery
circuit is completed through the bell at station IV and current
flows vid the bell and 4 line to the junction for station IIT
instrument, where it splits, one portion traversing the A line
and upper exchange relay and the other part through the
secondary S, receiver R, contact ¢ and lever b of telephone,
B line, and lower relay, where the current unites with that in
the upper relay, back to negative pole of battery. The uppetr
and the lower relays are energized and the lamp is, therefore,
disconnected from the battery.
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When station ITI restores his receiver, the conditions are
similar to those of station II. Current now passes from the
earthed battey, bell of station IV, A line, upper relay and
back to the negative pole of battery. The upper relay remains
energized but no current flows through the lower relay and
its armature falls back and completes the lamp circuit. The
lamp glows and indicates to the operator that the connection
may be severed. If two party lines are connected together,
the operator relies only on the lamp clear from the calling
subscriber.

A party line subscriber wishing to communicate with another
subscriber on the same circuit must first call the exchange,
and the operator there will, after asking the calling subscriber
to replace his receiver while she rings the wanted subscriber,
proceed to call in the usual way. The answering plug should
be left in the party line jack during conversation to obviate
a permanent call at the exchange. When both subscribers
have restored their receivers a clear signal is given to the

exchange.

SMALL. MAGNETO EXCHANGE METHOD OF
INSTALLATION.

In designing the lay-out of a small magneto exchange several
engineering and traffic requirements have to be considered,
and it is not possible in all cases to arrange for an ideal
scheme owing to the position of the exchange premises and the
accommodation available therein.

The following are the chief considerations:—

~ (a) The position of the switchboard shoul¢ be well

lighted, preferably from the side or above.

(b) Space for additional boards in the same line to meet
anticipated telephone development.

(c) Arrangement of apparatus to give the maximum
floor space for operating.

(d) The position of the protector frame. This should
be arranged so that it is as near as possible to the point of
entrance of the external cables, whilst allowing for a mini-
mum of internal cabling.
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(e) Space for an additional protector frame to meet
anticipated development.

A typical lay-out which embodies the above principles as far
as circumstances will permit is depicted in Fig. 67.

A raised wooden floor, provided with hinged flaps to give
access to the cables carried under it, accommodates the 240-

%}‘;E b B o T ok T dih = o gt i
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Fig. 67.—P1AN sHOWING LAY-0UT OF sMALL MAGNETO
ExcraNeeE SWITCHROOM.

line main frame (described in pamphlet D.18) and space is pro-
vided for a second frame as shown by dotted lines in the
figure.  The 100-line switchboard is placed in line with the win-
dow, and space is available for two additional 100-line boards.

The 200-pair lead covered cable is brought in through the
aperture in the wall and connected to a short length of silk
and cotton covered cable. The latter is terminated on the fuse
side of the main frame. Sufficient fuse mountings, each
carrying 20 circuits, are provided so that a fuse may be fitted
in every line entering the exchange.
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The illustration to the right in Fig. 68 shows the arrange-
ment of the 200-pair silk and cotton cable. The lead is stripped
from the cable just below the bottom fuse mounting on the
frame and the conductors are split into two groups, 120 pairs
serving bar No. 1 and the remainder bar No. 2. Each group
is carried up its proper vertical rib of the frame, fanned out
and connected to the fuse mountings and carefully and neatly
laced with twine. The pairs are numbered from top to bottom
of each bar.

The protector side of the main frame, shown at the left side
of Fig. 68, is equipped with six ¢ protectors and heat coil
mountings *’ each carrying 20 circuits. The top mounting is
allotted to junctions and miscellaneous circuits, and the five
mountings below accommodate 100 subscribers’ lines, the pre-
sent capacity of the switchboard. The 42-wire switchboard
cables enter at the top of the frame and are neatly secured to
the horizontal bars. Each cable fills one protector mounting,
with two spare wires for replacement purposes in case of
faults. It will be noticed that the numbering is from the top
to the bottom of this side of the frame.

The plan at the bottom of Fig, 68 shows the positions of
the line and switchboard cables, and also the jumper wires.

The cross connections between fuse and protector strips are
made by lengths of twin 124 1b. enamelled and flameproof wire

carried across the frame wid the jumper rings.

The cables from the main frame to the switchboard are
supported on overhead wall brackets, spaced about 9” apart,
serewed to a wood rail which is fixed to the walls of the room
just below the ceiling. A short length of iron rack forms the
support from the last wall bracket to the main frame and top

of the switchboard respectively.
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Details of the wall bracket are given in Fig. 69. The bracket
is made of iron of the dimensions shown and it will accommo-
date the cables necessary for three complete switchboards. The
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space between the switchboard cables and bracket vertical
accommodates the battery cable and leads for miscellaneous
circuits. Two wood screws secure the bracket to the wood
rail.
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An end view of the cable rack is shown in Fig. 70, The
rack is made up of §” by 1”7 iron U bearers held in position
and strengthened with a bottom longitudinal supporting rib
which extends beyond the last U bearer.

At the main frame one end of the supporting rib is screwed
to the wood rail and the other bolted to the top of the main
frame.

An elevation showing the arrangement of the rack from the
wall to the top of the switchboard is given in the upper part
of Fig. 71, whilst below is a plan of the cables and their sup-
ports adjacent to the switchboard.

Inside the switchboard the cables are divided into two
groups, and each group is then carried on alternate sides of

z%u

SPACE FOR

ARDOITIONAL
CABLES
SWITCHBOARD )
CABLES

L Jg "= 1" 1rON
ARERS

MISCELLANEOUS 8&;

CABLES

T~ %"x 1" surrorT

FOR CABLE BEARERS

Fig, 70.—Cross-sEcTioN oF CaBLg Rack FOR SWITCHBOARD
CABLE,

the woodwork to a point opposite the particular row of tags.
Leather cleats secure the cables to the woodwork. Each cable
is then stripped of its covering and turned so that it is in line
with the tags and about 14" from them. The wires are con-
nected in pairs to the 4 and B tags, the test tag T (Fig. 55)
not being used. The stripped cable is then neatly laced.
Cored solder is used to solder the wires to the tags.

Battery Accommodation.—The accommodation necessary
varies considerably, being dependent on the number of sub-
scribers’ party line circuits and whether the junctions are
worked automatic signalling or not. It is, however, very im-
portant that the batteries should be placed in a well ventilated
and efficiently lighted situation where they can be readily in-
spected and be tested (as described in pamphlet A2) with ease.

For further details of internal cabling and wiring of tele-
plhone exchanges, see pamphlet D.17.

Power Supply.—See pamphlet G.2.
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LIST OF
Technical Pamphlets for Workmen

(Continued.)

GROUP D. (Continued.)
zo. Superposed Circuits, Transformers. Bridging Coils and
Retardation Coils.
21. Call Offices.

GROUP E.
1. Automatic Telephony : Step by Step Systems.
2. Automatic Telephony : Coder Call Indicator (C.C.I.) Working.
3. Automatic Telephony : Keysending “ B ” positions.

GROUP F.

. Subscribers’ Apparatus. Common Battery System.

. Subscribers’ Apparatus, C.B.S. Part I—-C.B.S. No. 1 System.
. Subscribers’ Apparatus. Magneto.

. Private Branch Exchanges—Common Battery System.

. Private Branch Exchange-—C.B. Multiple No. g.

. Private Branch Exchanges—Magneto.

. House Telephone Systems.

. Wiring of Subscribers’ Premises.

GROUP G.
1. Maintenance of Secondary Cells.
2. Power Plant for Telegraph and Telephone Purposes.
3. Maintenance of Power Plant for Telegraph and Telephone
Purposes.
4. Telegraph Battery Power Distribution Boards.

GROUP H.
1. Open Line Construction, Part 1.
. Open Line Construction, Part I1.
Open Line Maintenance.
Underground Construction, Part I-—Conduits.
Underground Construction, Part I1—Cables.
Underground Maintenance.
Cable Balancing.
Power Circuit Guarding.
. Electrolytic Action on Cable Sheaths, etc.
. Constants of Conductors used for Telegraph and Telephone
Purposes.

GROUP 1.
1. Submarine Cables.

GROUP K.
1. Electric Lighting.
2. Lifts.
3. Heating Systems.
4. Pneumatic Tube Systems.
5. Gas and Petrol Engines
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