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REPRODUCTION OF WIRELESS SIGNALS
WIRELESS RECEIVING CIRCUITS
WIRELESS MEASURING INSTRUMENTS

| THE BY-PRODUCTS OF WIRELESS

SOME PRESS OPINIONS:—

* The new shilling library aims at giving the wireless
enthusiast a sound theoretical and practical grip of his
subject. The author employs clear and simple language,
and starts practically from zero."”—Ths Broadcaster.

. * These books deal with a highly technical subject in the
simplest language which enables those who have no sclentific
training to grasp the wonders of wireless, and assist the
listener to get the best possible results from a receiving
set.”’— Raslway ,Review.

ONE SHILLING EACH

By Post 1/2 each.

BOOKS

{ Fourtb and Revised Editioa

THE
MATHEMATICS
OF WIRELESS

This book is essential for
the wirecless amateur who
desires to gain a fuller
knowledge of his subject.
Written by one who has the
gift of explaining abstruse
matters in a simple fashion,
it will enable its readers to
attempt research and experi-
ments which at one time were
far beyond their powers.
256 pages. Fully illustrated.

S5/-, by post 5/3

WIRELESS :
THE MODERN
MAGIC CARPET

If you know nothing about
wireless and do not even possess
a receiving set, this book

ill show you how to provide
yourself with an interesting and
absorbing hobby. If you are a
listener, but rather weak on the
technical side, it will save you
much unnecessary worry and
expense, If you wish to experi-
ment, this volume will provide
you with valuable experimental
data. If you are an expert and
have to lecture, it will give you
some useful lecture material.

3/6, by post 3/9

On sals at all Newsagents, Bookstalls and Bookshops, or by post from GEORGE NEWNES,
Lid., 8-11, Southampton Strest, Strand, London, W.C. 3.

Geo. Newnes, Lid.
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Fig. 4—THE CoiL TuBe ExD. Fig. 5.—Tne Coir Tusk CENTRE SUPPORT.
Two are needed, cut out of teak, This is also cut from teak,
L Rt s 9" -
" o FZ 71 1
. 15 batt
Fig. 6 (Right)—DETAILS OF THE ; 4 battens
BASEBOARD. :
The ends are dovetailed to take the :
tube ends. : 9"
;
i
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2 7 Fig 7 (Left)—Tue Wouxp CoiL WITH
i %; l , = J TaprrinGs BROUGHT ouT ForR CONNECTION

TO THE REGULATING SWITCH,
Tapping No. 1—100 turns; 2—100;
3—200; 4—200; 5—200; 6—200;
7—200; 8—240. Total turns, 1,440;
12 layers, 120 turns per layer,

07234 678

Steel Wire Bindings 2y
4 F Y~ Holes drilled &tapped ° T
/ ’126. Whitworth
1 / i
3/ |
: s VeV ' / Holes drilled & tapped for 43
e 72" i Y ¥ 8% countersunk head
3 a // Qwoad scr'ews/ ., \ °
) %F = | i b thick o) ‘
¥ Whitworth Stud, x St =
Steel 4" long ooz b3t e 5”1«
-k T .
2% 2 )i o 0 1% wide

O
dia. dia. — — 8

] . . Fig. 9.—THE PANEL BRACKETs.
Fig. 8—THE LAMINATED IRON WIRE CORE, Two of these are required, made from wrought
The bindings are }-in. wide. fron.
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Fig. 10.—DRILLING DIMENSIONS OF THE SLATE PANEL.

—_—

Contact Studs

o) T N

’%DDDD[{I‘LQE D’D‘D* °
T O | S— S/ide Bar

2 - O 3Vide Bar? 2 | Support
| T = R ) S i
| Brush Contact Blade - ‘\C

tact Bar
Terminals _@ o
® :
L o]
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’Fig. 12 (left)—THE CONTACT STUD AND STEM, OF WHICH
THERE ARE NINE IN Brass AND (right) THE CoNTACT Bak.

Y dia.

— O
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Fig. 13.-

THE SLIDE BAR.

damage and will give the com-
pleted coil a finish.

Connecting the Flexible Copper
Connections to the Loops.
The loops are cut off to a
distance of 1in. from the surface
of the cord binding, and the cut
ends twisted together and soldered

VARIABLE CHOKE

iron wire are cut up into 12in.
lengths, and cach length straight-
ened out.

Three pieces of 2% in. diameter
thin iron pipe are cut to the
given lengths. One of them is
fitted with a }-in. Whitworth
screwed stud, which passes across
the inside of the pipe, and projects
for a distance of 1}in. above the
surface. The stud is sweated
securely in position,

The lengths of iron are packed
tightly inside the three lengths
of cut pipe, which are spaced apart
from cach other. The core is
bound tightly with two bindings
of soft steel wire which are
sweated in position, the lengths
of cut pipe are also sweated to
the core to prevent the core
humming when it is in use.

A suitable handle is made from
hard wood and a flat piece of
spring stcel drilled through the
centre and bent to the shape of
an arc of a circle. The spring is
fitted and fixed securely with
nuts to the stud, so that its ends
will bind along the surface of the
tube when the core is fitted
inside. The spring will prevent

Brass)/?od the core being sucked inside the

winding, when it is adjusted to
any definite position inside the
tube.

e N

to the ends of the flexible copper

Mica —

Plates—~

connectors,  The joints are in-

sulated with empire cloth, and

Phosph 3
glass bead insulators placed over ‘Bronze /;’,9"’/,
the flexible connections. Blades e
e o e

THE LAMINATED IRON CORE.
Sixtcen pounds of No. 18 S W.G.

Fig. 14—THE BrusH CoNTacT BLADE AND HANDLE.
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The completed core is fitted inside the
tube, and the wooden tube end fixed in
position at the end with three $in. 5's
copper headed screws, testing the ecdges
for alignment with the tube end and
centre support.

REGULATION SWITCH AND PANEL.

The various parts of the switch are now
made to the dimensions as shown in the
drawings. Particular care should be paid
to the fitting of the brush contact blade
and good contact is essential between the
blade and the stud contacts and slide bar.

The brush contact blade is insulated
from the brass block with mica plates, and
fibre slceves insulate the fixing screws
from the contact blade.

The panel, which should be made of
good slate, is drilled and the various parts
of the switch assembled on it. The
contact studs should be fitted with steady
pins to prevent them from turning when
the brush contact blade moves over them,
and each of the assembled parts on the
panel securely locked to it with two nuts.
The Panel Fixing Brackets.

Two of these are made from a length
of wrought iron strip 4in. wide and % in.
thick. Each bracket is drilled and tapped
to admit ;in. Whitworth studs, which
hold the panel to the brackets, and holes
are drilled and countersunk for the fixing
screws, which secure the brackets to the
baseboard.

The Baseboard.

This is made from a piece of } in.
thick teak cut to the given dimensions
and strengthencd with two 1}-in. square

0O 7 2 3 4 5
Contact Studs
g

4
\Slide Bar

; Terminals -

Fig. 16—DIAGRAM OF CONNECTIONS FOR THE
VARIABLE CHOKE.

p !
3 .
% Whitworth
4 Stud's

Fig. 15—~THE SLIDE BAR SUPPORT.
Two are required, in brass.

battens fixed on the underside. The ends
of the board are dovetailed to receive the
dovetailed edges of the wooden tube ends.

Fixing the Coil and Panel Brackets.

The dovetailed edges of the coil tube
are fitted into the dovetailed cdges at the
ends of the baseboard. In order to do this,
remove the tube end from the core end
of the tube, then fit the other tube and
dovetailed edges into the end of the board ;
hold the core end of the tube in position
and tap the dovetailed edges of the tube
end, which has been removed, into the
dovetailed edges of this end of the board,
the tube entering the hole in the tube end.
The dovetailed joints are glued and fixing
screws are driven from the underside of
the battens into the base of the tube ends.

The brackets are now screwed to the
baseboard with $ in. 8’s countersunk head
brass screws, and the slate panel fixed in
position on the brackets, a nut is screwed
over the end of cach fixing stud to hold
the panel secure.

Connecting the Tappings.

The ends of the flexible copper con-
nectors from the tappings of the coil are
connected to the contact studs and
terminals, as shown in the diagram of
connections. Make sure all the connections
are made to the right contact studs.

The whole of the woodwork may be
given a coat of shellac varnish.
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USEFUL WIRING DIAGRAMS

SOME TYPICAL ELECTRICAL CIRCUITS IN THEORY
AND PRACTICE
By T. LINSTEAD

HE circuits and connections shown

I in  the following 20 pages are
mainly theoretical, but  where
possible the practical application has been
considered also.  They are not intended to
cover the whole scope of the circuits of
the scction to which they apply, but
are given as a representative sample of
the more commonplace connections re-
quired by the clectrician in his daily round.

Transformers.

The diagrams on page 1837 deal with
three methods of transforming the current
from a company’s supply  where the
pressure of that supply is in excess of
the consumers’ requirements, but there is
sutficient in the transforming of electrical
energy to fill a book with such diagrams,
not to mention other sections, such as
distribution, conversion, cte. It is some-
times necessary, however, for current
to be so transformed in ordinary house-

hold requirements, and it is for this
reason that they are inserted.
Lighting.

Pages  1838-1840  deal  with  typical

lighting circuits in more or less common
use, and from them the entorprising
electrician should be able to adapt any
circuit or method of switching to his
individual requirements by studying the
principles involved.

The circuit in Iig. 14embodies the same
principle as Fig. 13, but TS is a twin
knob switch which when  both  sides
are open switches S and T control only
lamp No. 1, when the left-hand is closed
switches S and T control lamps Nos, 1 and
2. With left-hand open and right-hand
closed they control lamps Nos, 1, 3 and 4
and when both sides are closed they control
all Tamps, and thus we can operate I,
3 or 4 lamps at will.

In IFig. 15 switches S are ordinary two-
way with their straps removed. M is an
ordinary single switch.  When switeh M is
closed lamp No. 1 is on, when switch St
is reversed it extinguishes No. 1 and lights

No. 2. Sz reversed will extinguish No. 2
and light No. 3. Similarly will 53 and 4
operate the tespective lights.  This control
is only suitable for long corridors having
one entrance, because on  the return
journcy the switches must all be again
reversed to allow their being in the position
ready for the next entry.

Heating Appliances and Their Switches.

So much is often taken for granted
that one is apt to refrain from attempting
to discover what happens when, say, a
firc is switched on. Pages 1842 and
1843 endeavour to show you, while on
page 1844, on the one hand, is depicted
the correct method of making internal
connections on a cooker control board
and not, as is sometimes done, so that the
cooker has to be rendered “alive” in
order to use the subsidiary circuit,

Motor Control.

On pages 1845-1849 are shown the
connections for diffcrent types of D.C
starters graded under series wound, shunt
wound and compensated motors, and
on pages 1849-1851 the simple starting
connections fer one, two and three-phase
A.C. motors.

Methods of Charging Accumulators.

On page 1853 1s shown one method of
charging an accumulater installation often
used in private plant.

The current generated by the dynamo is
passed from the positive side to the regu-
lating switches A and B, the former
governing the number of cells on charge
and the latter the number on discharge.
C is an automatic switch to close the
charging circuit when the dynamo voltage
exceeds the battery voltage, and for break-
ing when the condition is reversed. Disa
two-way switch to enable the voltage to be
read in a charging or discharging circuit.
< is a stmilar switch allowing the current
to be read in the same circnits according
to its position.

This method allows distribution to take
place while charging is in operation.
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Fig, 1.—METHOD oF DISTRIBUTING CURRENT AT Two DPRESSURES BY MEANS OF STEP-DOWN TrRANS-
- FORMER.
'he above circuit diagram explains how it is possible to step down a supply of, say, 230 volts and

take off two pressures at, say, 100 and 50 volts respectively.

MBI VOLTAGE

\ O\ FTI3T

| é%: il
1 7 TIT0T

Fig. 2. —METHOD oF DisTRIBUTING CURRENT AT Two I’RESSURES BY MEANS OF STEP-DOWN TRANS-
FORMER.

This circuit shows the possibility of feeding one distribution board at full pressure and one at a
ower pressure by means of a step-down transformer.

41112
\ \ T7117
| 52.] ES35EY

1

—

TI317

Fig. 3—-MeETHOD OF DISTRIBUTING A SUPPLY AT Two PRESSURES BY MEANS OF AN AUTO TRANS
FORMER.
By this means any given pressure can be determined by tappings on the auto transformer.
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LIGHTING.

«— 5UppPLY.———————>

S . TWOWRY SWITEHLS.

L .LArpS. 3. Wiy 5 )
5. BODITIONAL TWOWRY SWITCHES

/ \ LAMPS. : :
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L o75 S

Fig. 4-—A SiMPLE Two-way CIRCUIT. S
The solid lines comprise the most simple
two-way circuit, while the dotted lines Iy, 5.—Two-way CIRCUITS.
show how additional lamps may be added in In the above diagram each lamp is con-
parallel. trolled by its own pair of two-way switches,

although the lamps are in parallel.

«— DUPPLY. —*
< 5UppLY. —»

| 5. TW0 WAY
* SWITCHES. 3 5. TWO wiY
O o— L .LAMPs. & SWITCHES.
T INTERMEDIRTE L. LAMPS.
S5WITCH. T. INTERMEDIATE
M. MASTER SWITCHES.

SwiTeH

-
Sos
wilses
-0
(-

@9 Q¢

511
5 5

Fig, 6.—MuULTI-POINT AND MASTER CONTROL,
The lamps are independently controlled by
the switches S$ and T, but when the master Fig. 7—MULTI-POINT CONTROL.
switch M is closed the lights cannot be In this circuit the lamps can be operated
extinguished except by this switch. from either of the switches S or T.
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+ *| 7. Two way mesize swiraes. | | L. Larps. 5. TwWo WAy
S. TWo WRY SWITCHES. M. MASTER SWITCH. SWITCHES.
L. LAMPS.
M
Q‘\ﬂ 3
k AR OS
-

Fig. 8.—MasTER CONTROL. Fig. 9.—MAsTER CONTROL.

By the use of a circuit and two-way switches such When the switch M is off no lamps can be
as this the lamps are controlled by their two-way lighted. If any half of the switch M is placed
switches S, but are subject to the two-way master on, any lamp may be controlled from its own
control of the switches M. " Two positive feeds are switch. When both halves of switch M are on
necessary, connected to either side of switches S. the lamps are not controlled by own switches.

|5u;m.

>—0
5. IMTERMEDIRTE SWITCHES. LA
M. MASTER SWITCH. | )
L. LAMPS. ¢

Y )
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@)

fl

\V— O
7\ swirch.
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e L
_
1
e ) @)

7
5 J\f {/)
- o)

«— SUPPLY. —»
Fig. 10.—MASTER CONTROL.

The lamps L are controlled by separate Fig. 11.—THE CONNECTIONS OF A THREE-PLATE
switches, but the whole may be lighted and CEILING Rosk.

kept alight by the switch M. To enable fceds to be looped in and out.
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LIGHTING. |

dadad0

L & ]

IFig. 12.—MastirR CoNTROL FOR KEEPING Fig. 13.—A Two-way AND INTERMEDIATE
L.aMps EXTINGUISHED OR  JLLUMINATED. CIrcUIT WiTH VARYING CONTROL.

Switch TS is a twin knob switch and when When the switch E is open the switches
open all lamps are kept extinguished. If S and T control lamps Nos. 1, 3 and 5 only,
both sides are closed all lamps remain illu- but when E is closed they control all the
minated irrcspective of the switches S and T. lamps.

If one side be closed and one open
switches Sand T resume their normal control.

Fig. 14 A Two-way axD INTERMEDIATE CIRCUIT WITH VARYING CoNTROL (st e page 1836).

" S/f—jsz':’_jfhja
A t t

Fig. 15.—AN ExXAMPLE OF RistricTED CONTROL (sec page 1830).
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BELLS.

N el |2

—(2—
INDICATOR. G

Fig. 16.—BeLL CIrCUITS.
This diagram shows a simple bell circuit with pushes wiredin parallel and connected to anindicator,

L DISTANCE WIRING .

L PUSH. @
MAINS. ;
e i

Fig. 17.—CoxTiNv0ous RINGING RELAY CIRCUIT WITH MAINS OPERATED BELL.

The object of this circuit is to enable a bell to be operated from a distance.  When the push is
pressed the circuit is via the battery and relay which attracts the armature B on to peint Candcom-
pletes the mains circuit. A then drops to BB and forms a local circuit which keeps the relay in action
irrespective of the push, and remains so until the trigger is set. It is important to note that while
13 must make contact with € the trigger portion must be insulated from A,

1

)

1
pusn. ()

INSULATION

L7 kn
= g:@@o
J & T

)
1
PGS . ;
t
= . DISTRNCE
' WIRING.

s

Fig. 18.— RELAY CIRCUIT FOR MAINS OPERATED BELL WITHOUT CoxTiNvoUs RINGING.
On pressing the push the armature of the relay is attracted and completes the mains circuit as
shown.
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HEATING.

—

Fig. 19.—OFF PosITION. Fig. 20-—Low. Boru ELEMENTS IN SERIES.

WA AV
f D

A P )
—

Fig. 21.—Mgep1uyM. ONE IXLEMENT ONLY BriNG

U Fig. 22 —HiGu. BoTH ELEMENTS IN PARALLEL
SED.

Heater Connections.
The above diagrams illustrate the method of wiring two elements and their switches for
three degrees of heat.
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HEATING.

MNe2. &

Me 7. M2 1.

AN

y

-

Fig. 23.—OFF PoSITION. Fig. 24.—Low. No. 1 ELEMENT ONLY
BEING USED.

Me2. nez2

M@ 7. Ne 1
]
Fig. 25—MEpium. No. 2 ELEMENTS IN Fig. 26.—HIGH. THREE ELEMENTS IN
PARALLEL BEING USED, PARALLEL.

Heater Connections.
The above diagrams illustrate the method of wiring three elements and their switches for
thiree degrees of heat.



‘I I'rom Meter I

PILOT LAMP.
i 7 %
| |
: Fnavis
[ - =
KETTLE | c I 3
S0CKETS. | [ | 8
| : : 2
J ! 2
. S
(| -
r I L
- (©/@): -
: I
[ | t
: SWITCH v ]
L} ]
|
D.P. 5.T.
SWITCH

-— - — - - - —

70 COOKER.

Fig. 27.—Tne MEvHoD oF CONNECTING A CoOKER CONTROL T30ARD
WITH SUBsIDIARY CIRCUIT FOR KerTLE, ETC., WIiTH Prror Lasp

The subsidiary circuit is controlled by its own switch and fuse
irrespective of the control switel, but when the latter is placed on,
the pilot lamp is connected in parvallel with the cooker and will
remain alight so long as this switch is on
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g 28 METHOD OF CONNECTING COOKER CONTROL BOARD WITH
A THROW-0VER TO WATER HEATER.
Some supply companies give a reduced rate if this control board
is used in cooking and lheating installation, as when the cooker is
not in use the water heater is alwavs connected and this waler

hieater is controlled by its own thermostatic switeh.,
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Fig. 29.—PLAIN FAcE-rLate STARTER CONNECTIONS FOR D.C. SERIES WOUND MOTOR.
The starter shown is a simple starter without no-volt release or over-load release.  This means of
starting can only be used for small motors up to, say, 1 h.p.

Aol 1)
| :

4
g

Fig. 30 —FacCE-PLATE STARTER CONNECTIONS FOR D.C. SERIES WouxNp MoToR.
In this case the starter shown is similar to the above, but with the addition of a no-volt release
and should be used only i similar cases,
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I'ACE-PLATE STARTER CONNECTIONS FOR D.C. SERIES WOUND MOTOR.

Fig. 31.
‘['his starter is similar to the two above, but with the addition of an over-load release. R is a re-
sistance in series with the no-volt release to climinate the possibility of a dead short when the over-

load release acts.
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D.C. STARTERS.
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Fig. 32.—PrLAIN D.C. FACE-PLATE STARTER FOR SHUNT MOTOR.
This type of starter has no over-toad or no-volt release.

L)
|
|
|
1
]
|
!
I
!
]
]
|
i
!
]
]
1
J

[,

e crmmcccm e r e ——m

A,

J—c><.—-/o—

e ——— e e e e w——— - -

———‘>—<.-—/.-—

Fig. 33.—D.C. STARTER FOR SHUNT MOTOR.
This is similar to the above, but with the addition of a no-volt release.
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[ ,

Fig. 34.—D.C. STARTER FOR SHUNT MOTOR.
This is similar to the two above, but with the addition of an over-load release.
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D.C. STARTERS.

Fig. 35.—PrLAIN D.C. FACE-PLATE STARTER FOR COMPENSATED MoOTOR WITHOUT OVER-LOAD OR
No-VoLT RELEASE.

|
I

Fig. 37.~D.C. FACE-PLATE STARTER FOR COMPENSATED MOTOR WITH OVER-LOAD AND No-VoLt
RELEASE.
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D.C. STARTERS.

Fig. 38.—\ D.C. Face-’Lati STARTER WITH REVERSING SWITCH FOR SERIES MOTOR.

N

Fig. 30.—A D.C. Face-Prate SrarTter Wit REVERSING SwiTcH FOR SHUNT MOTOR.
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D.C. STARTERS.
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Fig. 40— THE INTERNAL AND EXTERNAL CONNECTIONS OF A D.C. STARTER WiTH REVERSING SWITCH
For A CoMPENSATED MoOTOR,

A.C. STARTERS.

)

]
re—=d
L-- I ¢
ro—nud
]
b=y

! - -—
-
'
L_-_...'

RUNHNING.

e L IILLEA R

v

v

:A\ IA\ ’l\‘ /A‘ /\ I\\ -J
v

gy P — \Q
r-q
[
1
1
1

- e mE e e ot mm e e-—m——- -

“\/

<
L--_jR 5 <:>R.H
r- 9
“““ill /}\ i STARTING.
N

I

Fig. 41.--STARTING INDUCTION MOTORS.
‘The internal and external connections of starting switch with a single-phase induction mator.
K.S. is the resistance and R..\. reactance.

B



1850 USEFUL WIRING DIAGRAMS
A.C. STARTERS.
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Fig. 42.—STARTING INDUCTION MOTORS.
A wiring diagram of starting switch for a single-phase induction motor with rotor and rheostat.

TS
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Fig. 43.—STARTING INDUCTION MOTORS.
A starting rheostat for a small two-phase motor. Y is a separate brush insulated from X, but
making contact with segment Z.
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A.C. STARTERS.
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I'ig. 44.—STARTING RHEOSTAT FORk A THREE-PHASE INDUCTION MoOTOR WITH ROTOR RHEOSTAT.
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I'ig. 45.—STARTING FOR THREE-PHASE MOTOR WITH ROTOR [RHFOSTAT WITH NO-VOLT AND
OVER-LOAD RELEASE,
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ACCUMULATOR CHARGING. 5.
RECTIFIER. ——e

Sk
- e
8.
a e
SWITCH

SWITCH. AND FUSES.

AMIETER . ALCUMULATORS.

MAINS. i IIll'lH@

Fig. 46.—METHOD OF CHARGING ACCUMULATORS FRoM ax A.C. StppLy.
The A.C. current is passed through a rectifier and the rectified current through resistance lamps
and on to the accumulators. By the switches S 1, 2 or 3 lamps can be placed in resistance at will.

FUSES.

_./'>-<._‘ RESIS \THINCE

LAMPS.
D.C. SWITCH PND
FUSE 2.
3upPpLY. L T r T T
ﬁ .>'<h\
AIIMETER. RCCUMULRATORS.

—QO—| 1] thi—

Fig. 47.--METHOD OF CHARGING ACCUMULATORS Froy a D.C. SuppLy.
In this instance the rectifier is not necessary, the D.C. current being passed straight through the

resistance lamps from the mains.

>
S N eEssTANCE FOR :
8 VARYING THE VOLTRGE —J A

A.C.

SECON | DARY.

\ _——
SUPPLY. S —
= RLUIINIYT S

PLATES IN -

- =\ PHOSPHRTE

= \FLECTROLYTE. ]’-

l71g. 48~ —-METHOD OF RECTIFYING A.C. CURRENT BY MEANS OF AN LELECTROLYTE.
The A.C. supply is passed through the primary of a transformer and the induced current in the
secondary is passed through the clectrolyte. While the resistance can be placed in either the A.C.
or rectified circuits it is better to be placed in the latter, as the voltage can then be varied,

TRAYSFORMER.
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AN ACCUMULATOR INSTALLATION WITH DyNayMo CHARGING (sec page 1830).
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SIGN FLASHERS.

SUPPLY.

TIME
SWITCH

Fig. 50—A Si1GN FLASHER.
A simple flasher which is operated by heated element causing expansion and contraction and
thus opening or closing the circuit at the point A.

00JI L 4

TO OTHER LETTERS

So5E :"{}' TIME

Swirc

f o -

REVOLVING
CYLIMDER.

L 1 SUPPLY.

Fig. 51.—A S16GN FLASHER OPERATED BY MOTOR.
A cylinder having varying cams is revolved by an electric motor and makes consecutive contacts
to small fixed points serving each letter or bank of lamps.
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TELEPHONES.
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C. RECEIVER.. B. HOOK. T
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E. TRANSMITTE R . D.HRND SWITCH. | ¢
E. p.pysH. —\‘/_\D. E.TRANSMITTER.
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Iig. 52—A ONE-Way CaLnixGg CIRCUIT. Fig. 53.—Two-Way CarrinG CIRCUIT.
\When push P is pressed the bell is rung Dotted line 17 is connection made when metal

independently of the tclephones, when P is  case of receiver is resting on hook. \When the
open and D is closed and hook B making contact  speech circuits are closed both batteries are in
at top, speech circuit is complete, use.
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C. RECEIVER. REPRESENT WIRE 15

o
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N

B. H0OK . IE THICK LINES HRTCHED J

fle.
|: D. HAND. ADDITIONS DELETED
SWITCH. — ToExIsTING | From
7S E.TRANSMITTER. /o2 5YSTEM. ORIEINGL
P. EXISTING. SYSTEM. B
= BELL PusH. T

Fig. 54.—METHOD OF CONNECTING TELEPHONES TO ExISTING BELL CIRCUIT \VII.‘H Iymcnon.
The additions to an existing bell circuit are shown by the addition of the thick line.
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TELEPHONES.

Iiig. 55 -\ Two-Way Terernoxe Cikcvir ror Usg OvER MEDIUM Distaxces
This circuit employs induction coils and local batteries with hand microphones. R is the receiver ;
A the induction coil, and B3 the bell.  The positions of the wires should be noted with regard to
terminals Z, C and L, noting that the zinc and carbons of the batteries are connected in a special
way and should not be reversed.

e ' =

SECONDRARY.

\}/
M

Vg

Fg )\

(Borr] | O

Fig. 56.—A Two-Way TELEPHONE CIRCUIT FOR LONG DISTANCES.
This circuit employs the induction coil also with magneto ringing. P.B. is a polarised bell.  The
magnetos are fitted with a short-circuiting device which is closed while speech is taking place, but
opens the moment the handle is turned for ringing.
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MODEL ELECTRIC RAILWAY SYSTEMS

By H. GreenLY, A.L.Loc>.E.

HE model  electric  railway  has
I developed mainly on what is known
as the ““ third rail 7 system. The
overhead trolley arrangement used for
tramways and on some systems of high
tension and three phase currents, is not
altogether suitable to model work, as the
wires are not only difficult to carry, but
get in the way of handling the trains.

Third Rail System.

The centre conducting rail scheme is the
most popular, the running rails acting
as the return.  The latter are bonded in
some wav and also cross-connected.  In
the case of the standard tinplate tracks
which are supplied in short made-up
sections and used for model railways
which are laid out in formations and taken
up and packed away again after use, the
third rail is either a strip of solid metal
(tinned steel) or a scction of the same
hollow rail as is
used for the
track. The con-
ductor rail is
clipped on to
the metal sleep-
ers with l
insulating mat- :
erial inter-
vening.

=

TO MAIN LINE

[

How Continuity
is Obtained. |

The electrical
continuity be-
tween the sec-
tions is ensured
by the spikes
which  socket
into the hollow
rail material of
thenextsection,
and where the

ERIAL

Fig. 1.

right for the branch line.

PoINTs FOR TINPLATE MopiL Ratway TRACK.

sShowing how the switch rails are pivoted on insulating
material to prevent short-circuiting at crossing.
points on the left are set for the main line and those on the

conductor railis of the strip form, the ends
are forked to engage with cach other. The
spiked running-rail connections, with the
additional help of a spring clip, hold the
track sections together. Sections of track
with terminals are inchided in the range
of components.

Points for Tinplate Railways.

In all these tinplate railway systems the
centre conductor and the outer running
rails are on the same level  To get
over the difficulty of collecting shoes
short-circuiting at points and crossings,
the point-rails, which are normally on the
negative side and would otherwise ereate
such *“shorts,” are pivoted on to insula-
tion materials (or on to an insulated
frame), as shown in Fig. 1. The part of
the track rail which is not run over is
switched out of the way and does not
make contact with the negative or running
rail side of the
circuit.  When
it momentarity
touches the col-

lecting shoe,
which is, of
course, on the

DVSCONMECTED P ositive oOr
“low T oside, it
is entirely  dis-
connected from
the rest of the
circuit. In the
other position
of the track
points the sane
thing bappens
to the opposite
switch rail, 1.e.,
to the one that
was previously
a part of the
running track.

The
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SOFT WHITE METAL
PINMCHED ON.
. RUSTPROOFED
. STEEL OR BRASS.
-
WHITE METAL

" SLIDEON T CHAIR

Fig. 2—SEcTION OF SoLip RAIL TRrACK.
Showing raised ‘‘ third rail *’ conductor carried
on a white-metal pillar (model insulator chair).

Double shoes are often used on model
locomotives to maintain a continuity of
supply to the motor in passing over
crossings and should always be adopted
if a choice is offered.

PERMANENT MODEL RAILWAYS
LAID WITH SOLID RAILS.

A morc advanced phasc of model railway
work is exemplified in the use of solid brass
or rust-proofed steel rail, laid in chairs
(die-cast or pressed stecl) spiked to wooden
slecpers, the whole line being permanently
fixed down to a wooden sub-formation,
generally raised 2 ft. Toin. to 3ft. 2in.
above the floor level.

 ERLS

Fig. 4—THE WIRE OR Bow TyPE COLLECTING SHOE
UsED FOR PREVENTING SHORT CIRCUITS AT CROSSINGS.

The collector is always on one or both of the
conductor rails and therefore cannot touch the running

rails.

For these railways there arc several
makes of conductor rails, some of which
are drawn sections; in all cases the
component parts arc supplied, so that
the user can lay the track in any desired
formation. For the most part the chairs
carrying the conductor rails are of metal
and in the matter of insulation the wooden
sleeper is relied upon. Voltages are com-
paratively low and when used indoors
in the dry such insulation is considered
satisfactory. All rails are bonded with
soldered-on wires, as shown.

Centre Rail.
Although there is an “ all level ™ system

canTRa
CONDUCTOR

MODEL ELECTRIC RAILWAY SYSTEMS

in use, the general practice is to raise the
centre rail % in. or % in. above the
running rails. At points and crossings
two methods of preventing short-circuiting
arc possible. The shoc may be arranged
with a limited lift, so that while it makes
good contact with the conductor rail
on the normat line of track, it is prevented
by suitable stops from falling so low as to

SOLDERED

SPRING F1SNPLAT]

34’40 WiRE

Fig. 3.—BONDING THE JOINTS.
(Top) Conductor rails. (Boffom) Running rails,

engage the running rails at cross-
overs. While this scheme is moder-
ately successful with unsprung vehi-
cles, difficulties occur when a pair
of collecting shoes arc widely spaced
on a long locomotive,

The safest method is to fit a heavy
brass wire shoe, made of], say,
No. 10 or 12 gauge copper wire,
extending outside the wheels on both
sides, as indicated in Fig. 4. At
points and crossings the conductor
is transferred to the outside of
the track and if these outer conductors
are made to overlap the centrc ones (in
plan), the collector can never fall to the

Os OVERLAP IN CONDKCTOR RAILS

Fig. 5.—PLAN oF CONDUCTORS AT P’OINTS AND
CROSSINGS.
Showing overlap of outer and centre conductors.



MODEL ELECTRIC

rail level and cause a short-circuit.
Further, it does not matter how long the
engine or motor coach is, or whether it
runs on springs, the collector height is
entirely governed by that of the conductor
rails.

Control Systems.

As the controlling of a model railway
15 almost exclusively accomplished by
line-side switches, and it by commutating
the current supply to the several scctions
of track the operator can effect a reversal
in the direction of the train, as well as the
speed control, shunting is quite an easy
matter.

The methods of control adopted are
governed by the type of motor,

The Series Motor.

The motor with a secries-wound field is
of course the best of all traction motors,
but unless some form of polarised relay
or magnetic trigger device is fitted to the
engine which will obey either a change
in the direction of the current supplied or
acts in sequence impulses, reversal must
be effected by a hand-switch on the engine
or train.

MOTOR
COMMUTATOR
REVERSING DOOLARISED
RELAY mIELD AND.
ARMATURE
ATAU FEEOER
L RINGS
AOR SHUNT
cur our ;___’_ con
Eswna.s‘{ TRACK RANS SHOES
]cmzz RAIL
CUT OUT TO OPERATE AFTER
SIRST STOP O CONTROLLER
13 PASSED
=
—-—
SuekeLy
REVERSER
CONTROLLER

Forwarp T

Fig. 7.—RELAY REVERSING SwiTcH WITH AUTO
CUT-OUT FOR THE SHUNT CIRCUIT.

RAILWAY SYSTEMS 1859
ARELAY ARMATURE WINOING
RELAv (PERMIIMAGNET/  ARMATURE o
I{-17% 3
SHUNT
reeoun | ConrecTions
MOTOR
A
commmamor ARMATURE

1|

COLLECTOR SHOE

CONDUCTOR RAIL

7/ u

REVERSER
RNEQSTAT
CONTROLLER

- -
FORVWARD BARCKWARO

Fig., 6.—POLARISED RELAY SWITCH USED FOR
RuVERSING D.C. SERIES WOUND MOTORS FROM
A LiNE-siDE REVERSER-CONTROLLER,

For a D.C. supply the usual arrangement
is a polarised relay which obeys the
direction of the current and switches over
the fields, so that a reversal of direction
is obtainable by maintaining a constant
polarity in the fields. The ficlds can have a
single or a double winding. In the double
winding arrangement one sct of coils is
used for each direction. The relay device
can be improved by the addition of a
magnetic cut-out, so that the relay shunt
circuit is broken after the first stop of the
main controlling rheostat is passed and the
reversal (if any) cffected.

Motors for A.C. Supply.

The series motor is used in this case,
but it has to have both a laminated ficld
and armature to prevent overheating due
to eddy currents. This system is employed
by the majority of the Continental and
American toy makers, as the same train
equipment can be used for either A.C. or
D.C. house supply circuits. For A.C,
transformers are supplied and for D.C.,
a resistance or bank of lamps. The
scheme is quite good and safe in the hands
of a youngster. To the model railway
enthusiast the drawback of the scheme is
the fact that when the railway is used in
an A.C. supply, reversing cannot be done
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Fig. 8- Tue SERIES SYSTEM OF ELECTRICAL
SIGNALLING  WORKING ON A SECTIONALISED
Track.

by any polarised relay switch on the loco.

**Bing*’ Reversing Scheme.

For alternating or direct current trains
the ** Bing 7 system depends  for  its
reversal effects from the line-side control
point on a magnetic impulse or ** sequence
of operations ” device, in addition to a
hand switch on the loco.  The reversing
switch is a spring and magnetic controlled
rotating barrel switch.  The latter is fitted
with a ratchet which is moved by a pawl
attached to an iron armature operated
by the magnetism ot the main ficlds of
the motor. It is usually arrangcd so that
on the stoppage of the current, by virtue
of the spring, the barrel switch is pushed
to a new position, forward or reverse, as
the case may be.  On the restarting the
loco, therefore, goes the opposite way.

The system has the drawback that any
temporary cessation of current to the
engine actuates the reverser,

Transformer Supply Current Models.

The “ KBN” makers have, among
others, a range of models which are
designed to work off the A.C, mains to a
higher voltage than usual. The ordinary
pressureis 4 to 8 volts, but the system just
mentioned works through a transforier
supplying current at 20 volts on the low
tension side,  This reduces the amperage

RAILWAY SYSTEMS

—always a trouble on model railways if
large, owing to the comparatively low
clectric and mechanical efficiencies  of
motors and gearing—and at the same time
20 volts is quite a safe pressure.

Permanent Magnet Motors.

The magneto motor, as it is sometimes
called, is used in the standard English
system of model clectric railways. It
needs a D.C. current and two voltages are
common, viz.,, 4-6 and 12 volts. Field
magnets of really good quality (cobalt steel)
are now made to suit locos of the smallest
gauges.  With the permanent magnet
motor the characteristies are not par-
ticularly good from a traction point of
view, but the simplicity and the case
with which reversal can be effected by
changing over the line current has made
it very popular.

Separately Excited Motors.

These are only used by amatcurs who
make their own motors. The drawbacks
to the scheme are the same as in the case
of magneto motors, except that devices
can be added whereby the strength of
ficld current can be varied with that of
the armature current, in the attempt to
obtain the characteristics of the series-
wound motor,

Signals.

Signals can be worked by scyarate
circuits, but the most satisfactory arrange-
ment is that where the signal magnets
are in series with the loco current circuit
and the signals show ‘‘line-clear ” when
the current is being supplied from the
control cabin to that section of the line
occupied by the engine,



TELEPHONE ENGINEERING

By T. E. HErBerT, M.LE.E,,
Superintending Engineer of South Lancashire District of Post Office Engineering Dept.

IS function

I of any
telephone

system is to pro-
vide specch chan-
nels.  Sometimes
it is only necessary
to provide a
telephone with
suitable connect-

sounding body, as
forexample by the
to and {ro motion
of the prengs
of a tuning fork.

This results in
alternately com-
pressing and rave-
fving the layer of
air in contact with

ing wires between
two fixed points,
as  for cexample,
between afactory and the head office or from
ahouse tothe garage.  Again, itis often con-
venient to provide a simple system which
enables a number of private offices in a
building to speak to cach other at will.
The arrangements required in these cases
are, of course, of a very simple character.
When, however, it is necessary to design
a system which will enable any telephone
subscriber to speak to any other telephone
subseriber in any part of the world, the
arrangements naturally become complex
and planning involves the very highest
scientific knowledge allied with that of
the actuary to sccure the best economiic
solution of the problem,

Sound and Hearing.

Appreciation ot the physical facts which
govern the nature and propagation of
sound waves and the nature of the sensa-
tion termed sound is an essential pre-
liminary to the consideration of telephony
in generai,  Most of the requisite informa-
tion is admirably set forth in J. I. Martin’s
article, entitled  ““ The  Recording  of
Sound,” mn Vol. 11, p. 953.

Careful study ot this article is earnestly
recommended  after consideration  of
essential facts summarized below.

How the Sound Waves are Formed.
Sound is produced by vibration of the

the source ot the
sound. The effect
is passed on to
the next layer of air, and this on to
the next and so on; the disturbance
of the successive lavers of  air
spreads outwards in every direction in
the form of a scries of waves. The term
wave is, in general, applied to any regular
periodic disturbance.

Sound waves are longitudinal vibrations
propagated ontwards in  straight lines
from the sounding body, the air being
carved into a series of waves of aiternate
compression  and  rarefaction.  The air
does not move bodily, and the condition
may be likened to the passage of a wave
over a cornticld, where the heads of corn
move to and fro but are not, of course,
translated from one end of the field to the
other.

Volume, Pitch and Timbre.

The volume or loudness of a sound
depends on the amplitude or vigour of the
compression and rarefaction.  Its pitch
is determined Dby the rate of vibration,
i.e.. on the number of waves per second.
The length of the wave is the distance
through which the wave travels in the
time required for a complete vibration,
and is shortest for a high and longest for
a low note.  As the velocity of a sound
wave in air at 6o I¥.is 1,120 {t. per second,
the wavelength of any sound may be
obtained Dby dividing 1,120 by the
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Granule
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Disphragm | amer
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Electrodes

ENGINEERIXNG

Fig. 2—DIAGRAM SHOWING CONSTRUCTION OF THE FRANSMITTER OF THE TELEPHONE ILLUSTRATED
IN I1G. 1.

frequency, ¢.g., the wavelength for middle C
on a piano (256 vibrations per second) is
1120 - 2350 = 4.4 ft. approximately.

The timbre of the sound gives to cach
nuisical  instrument  its  distinctive
peculiarity.  The corresponding term to
timbre is the German word Elangfarbe,
which may roughly he translated as
“tone colour.” It is determined by the
small waves or harmonics allied with, or
superimposed on, the fundamental or
basic wave. It is upon the faithful

reproduction of the complex wave at the
distant end that the quality of speech
For the transmission

and nwsic depends.

of music a tre-
quency  ranging
between 50 and

6,400 is ecssential,
but excellent

diaphragm which moves to and fro in
precise accord with theni. This mechanical
motion controls the electrical encrgy sent
along the line. At the receiving end
mechanical movement of a similar dia-
phragm carves the atr in contact with it
into precisely similar sound waves to
those produced by the movement of the
diaphragm at the sending ¢nd.

Transmitters Used in Telephony.

Al transmitters used in  telephony
consist essentially of a diaphragm which
moves or vibrates in accordance with the
sound waves and thereby varies the
intimacy of con-

speech is obtain-

able between 300

and 2,400,

Permanent Magnat

Transmission  of
Speech.

In the clectrical
transmission of
speech the sound
waves  impinge

upon a flexible Office,

: Pa— §
St A

I'ig, 3.—A DoUBLE PoLE RECEIVER,
(Post Office Technical Pamphlets.)
This and the other illustrations from the Post
Office Technical Pamphlets are reproduced by
permission of the Controller of H.M. Stationery

oupgn Ty tact  between
N carbon  granules
R i arranged between
1 g4t the piston and the
e o
| fixed electrode.
S When the piston
exerts pressure on
T O Pu“‘z_»_};) \\ the granules in

(f.»/ obedience to the
compression  half
of a sound wave,
the arca of contact
between the gran-
nles is increased
and the resistance
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between the piston and the fixed clectrode,
i.c., the resistance of the transmitter, is
diminished.  Conversely, outward move-
ment of the diaphragm raises the resist-
ance. Hence the transmitter resistance
varies in accordance with the pitch,
volume and timbre of the sound.

What the Battery and Receiver Do.

The inclusion of a battery and a
telephone receiver in circuit with the
transmitter translates the variations of
resistance into variations of current corre-
sponding to the originating sound waves.
In the receiver these currents are re-
converted into movements of the receiver
diaphragm and consequently reproduce
the original sounds.

The latest form of telephone
used by the Post Office is

1863

acting on a diaphragm would increase
the pitch of the scuads by an octave.

A skeleton sketch of an ordinary double-
pole receiver is shown in Iig. 3.

The cradle which carries the micro-
telephone forms a gravity switch which
changes the connections required from the
normal when the telephone is inoperative
and the calling bell is joined up to the
speaking condition. When a telephone is
worked by means of a primary battery
with magneto ringing the connections
required are indicated in Fig. 4. When the
receiver is raised from the switch-hook
the circuit of a two-cell Leclanché battery
is completed through the transmitter and
the one ohm winding of an induction coil.

illustrated in Iig. 1. s

Post Office Telephone Trans-
mitter.

The transmitter
consists  of a  corrngated
aluminium cone diaphragm
with a small aluminium cyvlinder
fixed to the centre. This
cylinder carries a small circular
carbon electrode facing a fixed
carbon electrode in a chamber,
which is filled with carbon
gramiles. The distance between
the two electrodes is rather less
than onc-tenth of an inch.  The
granule chamber is sealed by
rings of silk. A protective U

(Fig. 2)

Bell

Generator Armature A

=

Line

1000”
Magneto

Line

L —
>

perforated cbonite cover is ..
fixed in front of the diaphragm. &
These transmitters are made

up as units and are connected

up by springs so that in the event of a
fault it is only necessary to change the
inset transmitter.

The Receiver.

The receiver calls for little comment.
It is of the general form described by
A. E. Watkins in his article on page 295.
Bat, it may be interesting to remark that
the polarising magnet is essential not
merely to increase the cfficiency of recep-
tion, but to preserve the pitch of the
received sounds. A plain eclectro-magnet

4.—CONNECTIONS

OF A MAGNETO TELEPHONE
STATION.
(Post Office Technical Pamphlets.)

What the Induction Coil Does.

Variations in the resistance of the
transmitter due to speech waves produce
corresponding variations of current in the
primary circuit. By induction, currents
arc generated in the sccondary of the
induction coil and passed through the
receiver out to line.  The function of the
induction coil is to prevent the small
variations in the resistance of the trans-
mitter from being masked by the com-
paratively higher constant resistance of a
line circuit. The pressure which can be
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one will be heard on the
other as the result of
v clectio-<tatic and clectro-
dynamic induction, the

applicd across the terminals of an ordinary
transmitter is very definitely limited to
3 volts owing to the loud hissing sounds
which are prodaced when this value is
exceeded.  Hence the swamping eftect of a
large constant resistance in series with the
transmitter cannot be compensated by a
mere increase i the voltage used. 1t is
for this reason that the induction coil is
essential,

When a speech current is received it
passes  through  the  secondary of  the
induction coil and receiver.

Signalling.

When the receiver is placed upon the
switch-hook, a magneto bell (IFig. 3) is in
circuit across the two lines.  This bell
consizts  of an eclectro-magnet  with a
polarised armature which is vibrated Dy an
alternating  current.  This  current s
provided by a generator of the Siemens H
tvpe of armature, revolving  between
poles of a permanent magnet. Normally, the
armature  of the generator is short-
circuited, but the first operation of the
turn of the handle causes the driving
spindle to move laterally, thas permitting
a contact spring to short-circuit the bell,
thus cutting out much resistance and to
send alternating currents direct to line,

Metallic Circuits Essential for Telephone.

At this point it is essential to appreciate
that two wires are required for each
telephone and that the use of a single
wire with the return path via the earth
ix impracticable.  1f two single wires are
run parallel to cach other, the speech on

-A MaGNETO BELL.

(Dost Office Technical Pamphlets.)
This bell consists of an electro-magnet with a polarised arma-

ture which is vibrated by an alternating current.

former being the principal
cause. Then, too, asingle
wire will be affceted by
any clectrical Jdisturbance
in its vicinity in addition
to noises picked up via
carth connections, Hence
all telephone speech cir-
cuits  consist  of  two
insulated  wires  twisted
togethersothat both wires
arcequally and oppositely
affccted by uny disturbance ; this results
in a balance and morcover that the two
wires carrving current in opposite diree-
tions do not affect adjacent circuits,

In the case of aerial wires a complicated
series of crosses between the A and B
wires of each loop are made to bring
about an approximate balance.

MAGNETO EXCHANGES.

To enable a namber of  telephone
circnits to be  connectea together  for
speech at will, a switchboard to which the
circuits are connectad is requirad. On
this switchboard there must be a means
by which a calling subscriber can signal
the exchange, a methed by which the
operator can ascertain the nature of the

connection  demanded, then make it
and finally can ring up the required
subseriber. There must  also be  a
method by which  subscribers  can
indicate the conclusion of their con-
versation. It the subscribers’ lines are
connected  to springs in  the manner

indicated in Fig. 6, connection with these
circuits can be made by means ot two plugs
clectrically divided into two sections,
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Fig. 6.
(Post Office Technical Pamphlets.)
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Indicator. Releasing lev

A form of indicator ey eF\\ ]
which can be used to this oot Armature
purpose is shown in  shetter BEBIROLIREEE
\eCUOI;l ln lilg 7f It nuanu///////////_/[//.//'//////// \Jus{mg
consists merely of an 00, Screw
tronclad elcctl}o-magnet r &&t:\\\m-«:«&\é' ~

with an armature which,
when  attracted, raises a
releasing lever and per-
mits a pivoted shutter to
fall forward, Returning now to Fig. 6, it
will be observed that an indicator
connected across each line. Hence, when
a subscriber turns the handle of his
generator, the indicator falls, thus calling
the operator’s attention to the circuit.
By means of an operating tctephone con-
nected to a plug, the operator can ascertain
the number required.  She then inserts the
operating plug in the jack of the required
subscriber and rings him up with her
telephone. Having sccurcd his attention
the two circuits are connected together by
a pair of plugs and cords, as indicated in
the upper part of the figure.

On the conclusion of the conversation
both subscribers turn the handles of their
generators and the indicators fall, thus
telling the operator that the conversation
is concluded.

Where a large number of subscribers
are involved, the arrangements naturally
become more complicated and many of
the functions are performed by keys con-
sisting of levers operating a number
of springs to make the requisite connections
(Fig. 9).

Multiple Switchboard.

There is, however, onc other complica-
tion which should be explained, and this
is where the number of subscribers to be
dealt with is beyond the capacity of a
single operator.  When the subscribers
have to be divided up along a suite of

Subscriber N° 450)

Fig. 7.

15

-DIAGRAM SHOWING CONSTRUCTION OF AN INDICATOR.
(Post Office Technical Pamphlets.)

switchboards it is clearly necessary that
any calling subscriber should be able to
obtain connection with any subscriber on
that exchange. Consequently the whole
of the subscribers connected to the
exchange must be within the rcach of cach
operator, but the operator will only attend
to the calls from the subscribers allotted
to her. This involves the connection
of each subscriber’s circuit to several
jacks in the exchange (Vig. 8), and it
becomes necessary then to provide a means
by which any opcrator in the exchange
can ascertain whether the wanted sub-
scriber’s  circuit is already connected.
A switchboard in which the subscribers’
circuits arc repeated at several points
s0 as to make cach subscriber accessible
to every operator is known as a multiple
switchboard. By the aid of a plug having
three sections, and by using the bush of
the jack this condition is secured. The
third point of the plug is connected to a
small battery and immediately a plug
is inserted in the multiple, the bushes of
all the jacks allocatcd to that particular
subscriber are connected to this earthed
batterv, with the result that if the operator
taps the jack with the ball of the plug,
a click is heard in her receiver. The
necessary additions are made to the
connections shown in Fig. 9.

THE CENTRAL BATTERY SYSTEM.

The magneto  systent

which  has just been

= I B

described  has  many
disadvantages. [Its effici-
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Fig. 8.—MULTIPLE SWITCHBOARD.
(Post Office Technical Pamphlets.)

Operators Positions

ency depends largely on
the condition of the
primary  battery at cach
station and these need
periodic attention. More-

over, the finished, or
v
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Combined Speaking
and Ringing Key

Anzwering Plug
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winding of an induction
coit and through the

Line 4

transmitter, with a
26-ohm winding a 2 micro-
farads condenser and the

R
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Spesking Battery |
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Fig. 9.—Corp CIRCUIT OF A MAGNETO SWITCHIBOARD.
(Post Office Technical Pamphlets.)

clearing out signal is frequently omitted or,
owing to the connection of junction and
other circuits, becomes ineffective. In the
central battery system the current for
speaking and signalling purposes is furn-
ished by a single large sccondary battery
at the exchange. Signalling i< then auto-
matic since the raising of the receiver
lights a calling lamp at the exchange.
When the operator plugs into the circuit
this calling lamp circuit is cut away and a
transmission system with speaking, calling
and signalling facilities is substituted.
The general principle will be clear from
Fig. 10 and 10A.

How the Central Battery System Works.
At the subscriber’s end of the circuit,
when the receiver is on the switch-hook
the A and B wires are connected through
a I,000-ohm magneto bell and condenser
This circenit is, of course,
but

to the line.
disconnected for direct
permits the passage of
the alternating current
which is used to ring

currents,

together by the 17-ohm
winding of an induction
coil and the transmitter
In series, i.e., the removal
of the receiver, joins the
A and B w'res together

the  bell.  When the r i
receiver is raised, the [[Jemr i
lines are connected 26 )

f

€

e T e,
v
by

A =
: «—‘E‘;:E T
B. | ]r Ke’

ransmitter

i [ O Vitrator
Yo Py —_—
‘\ Ring Back Key %

recciver as a secondary
circuit. The object of this
arrangement is to prevent
the main current from
the hattery at the ex-
change from flowing
through the receiver, the
objection to this being that
it is in such circumstances
impracticable to obtain
the best possible working
of the instrument, since
the current flowing would depend to
a considerable extent on the resis-
tance of the transmitter. Tt will be
observed that the battery at the exchange
is applied to the subscribers’ circuits
through a repeating coil and that relays
are included on each side of the coils.

Generator

How the Condition of the Circuit is Indicated

In this way it will be clear that the
relays are operated when the subscribers
are speaking and the circuit is thercfore
completed, and is not operated when the
receivers are restored and the condensers
brought into circuit. The armatures of
these relays are used to light small lamps
and consequently show the operator the
condition on each side of her circuit,
When both lamps are lighted it will be
clear that both subscribers have restored
their receivers and the conversation is
at an end. The operator then disconnects
the circuit by removing the plugs.

Colhng

E}upervuuryl
Reta,

-

through the speaking
apparatus. The circuit is
through  the  17-ohm

Fig. 10—PRINCIPLE OF SPEAKING AND SIGNALLING CIRCUIT ON A

C.B. EXCHANGE.
(Post Office Technical Pamphlets,)
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Method of Transmission.

At this stage it may be useful to explain
that the method of transmission described
employs a 22-volt battery at the ¢xchange
and a repeating coil transformer with
four equal windings. The object in using
a repeating coil is to prevent the various
circuits connected to the single battery
from interfering with each other. If the
internal resistance of the battery and
leads, to the point af which the current
divides is negligible, then the circuits
operate without interfering with cach
other. If, however, the resistance of the
battery and its leads is appreciable, then
cross talk between the various circuits
results. If the battery were connected to
line directly, cross talk would at
once result.

1867

The size of the cells varies with the size
of the exchange, but for a 10,000-line
automatic exchange a capacity of 10,000
ampere hours is necessary. The heavy
character of the leads will be noted.

Power Room.

The power room is illustrated in Fig. 13.
Power supply is obtained from the local
authority and by means of a directly
coupled motor and generator provides
current at the requisite voltage for charging
the batteries. Ringing machines supplying
alternating current at 17 cycles per sccond
for ringing subscribers’ bells are also
installed.

Using Supervisory Relays.
Another method of transmission
consists in using the supervisory
relays instead of the repeating
coil and to connect the two sides
of the cord circuit by condensers.
This is illustrated in Fig. 11 and
is now the standard system. A
4o-volt central battery is used
and speech is transmitted between

the two sides of the cord circuit
by linking them together by 2-
microfarad condensers.

Metering.

Calls are recorded on a meter (Fig. 12)
operated by the meter key in connection
with each pair of cords. Its depression
increases the current flowing through the
meter to a value sufficient to cause the
armature to be pulled up and by means
of a ratchet wheel to move the recording
train forward. At the same time, the
operator’'s meter lamp is lighted, thus
indicating that the meter has operated.
This is effected by the armature placing a
low resistance winding across the meter
and so increasing the current to a value
sufficient to operate the meter relay.

Battery Room.

A typical battery room is shown in
Fig. 27. The batteries are duplicated, so
that one battery can be charged while the
other one is connected to the cxchange.

B TR T R

Fig. 10A—DETAILS OF SIGNALLING CIRCUIT.

(Post Office Technical Pamphlets.)

Apparatus Room.

The apparatus roomisshown in Fig. 14a.
The cables from the street are connected
to fuses on one side of the main frame,
where the wires are laced up and per-
manently soldered to the connecting tags.
It will be clear that the numbers of the
subscribers served by any particular cable
cannot follow the arrangement of the
wires in the cable owing to changes and
diversions rendered necessary by the
growth of the system. On the other or
apparatus side of the main frame, the
subscribers are arranged numerically
in order to facilitate cabling to the
switchboard and to enable faults to be
located and removed without delay.
The connections between the line and
apparatus sides of the main frame are
made by single pairs of twisted wires,
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In this way any changes, as, for example
that caused when a subscriber removes to
other premises or when cables are re-
arranged in the streets, merely involve
rearrangement  of these  jumper  wires
without disturbance to the cabling on
cither side of the frame. A closer view of
the apparatusracks inalarge C.B.exchange
is shown in Fig. 14,

PROTECTION.

The telephone circuit has dangers of its
own for which suitable protection must be
afforded.  Open wires are, of course, liable
to be struck by lightning discharges, or,

ENGINEERING

fuses in the circuit, and in addition to this
there is a small coil of wire known as the
heat coil, which prevents an excessive
current continuing over a long period
from cansing fire risk. The reason for the
heat coil is that it is not possible to design
a fusc which is stable and which will
operate with a current of less than half
an ampere,  In this way all fire risks are
climinated.

Power Crossings.

Where telephone circuits cross tram-
ways, which are usually worked at about
500 volts D.C., either covered wires are

alternatively, to be charged to high used for the telephone circuits or carthed
— : wires are erccted

: on the tramway

auswemve ’251:5‘,;,’5 ,.5555‘,’2',‘ _.Q X w ?' | - 1)91(35 aboye tl}e
5% 73 v trolley wire, so

‘_If L " D¢ that any tele-

[ i | e 200~ M phone wire fall-
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occurs, the volt-

v 4 \E age will not be
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Fig. 11.—-SUBSCRIBERS’ CORD CIRCUIT. telephone  circuit

Bridged impedance method of transmission.
(Post Office Technical Pamphlets.)

potentials during lightning storms,  In
order to prevent any possibility of damage
to users, operators or to the apparatus
itsclf, a lightning protector is added to
cach circuit, This consists of two small
blocks of carbon separated from cach other
by a perforated mica disc. One of the
carbons is connected to the line wire and
the other to earth,  Any voltage which
exceeds about 300 sparks across from one
carbon to the other, and the device is so
efficient that there has never yet been a
case where an operator or telephone user
has been injured during a lightning storm.

Fuses and Heat Coils.

Then there is the case where contact
with clectric light and power wires would
cause an excessive current to flow,  This

condition is safeguarded by inserting

owing to the
fusing of the wire
between the guard
wire and the trolley wire,  In the case of the
Central Electricity Board, which is working
at a pressure of 132,000 volts, much more
claborate arrangements are necessary.
With ordinary telephone subscribers” cir-
cuits the telephone circuits are placed
underground, but where an important
open trunk line is involved a large cradle
guard is constructed bencath the power
wires,

Intermediate Distribution Frame.
Facilities are necessary also to vary
the distribution of the lines between the
various operators, otherwise it might
happen that some of the operators were
intolerably overloaded.  This is the func-
tion of the intermediate distribution frame.
On one side the circuits are arranged in
numerical order and on the other in the
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order in which they are connected to the
-arious operators. The connection be-
tween the two sides is made by jumper
wires, as in the case of the main frame,
and consequently any rearrangement of
load is made without disturbing any of the
permanent cabling of the exchange.

The apparatus generally is mounted on
racks in numerical order.

CENTRAL BATTERY SIGNALLING

SYSTEM.

Small exchanges which are not likely
to grow to more than a few hundred lines
are catered for by the C.B.S. system
(Fig. 15). This system, designed by Post
Olfice engincers, provides precisely similar
signalling {acilities to the C.B3. system, but
at much smaller cost per line.  Iach
subscriber’s telephone is provided with a
2-cell Leclanché  battery  for  speaking
purposes and thus enables the power plant
required to be reduced and  simplified.
Morcover, the relays and lamps may be
substituted by clectro-magnetically oper-
ated signals and the functions of the cut-oft
relays of the C.1B. system are performed
by using jacks which cut out the calling
anparatus when a plug is inserted.

JUNCTIONS.

Thus far, only interconnections between
subscribers on the same exchange have
been considered.  Exchanges in the same
or adjacent arcas are linked together by
junction circuits, whilst distant towns and
cities are connected by trunk lines.

It is only possible here to indicate the
method of operating junction circuits in
very general terms, since the arrangemnents
required in practice are exceedingly varied
and often somewhat complex. Add to
this that it is frequently necessary to
connect  junction circuits together, as,
for example, the case of a small suburban
or rural exchange subscriber speaking to
another such subscriber on the opposite
side of the city.  Here a junction circuit is
used from the small exchange to the
parent exchange and thence to the central
cxchange  via, perhaps, one or more
exchanges to the called subscriber.
Naturally, everything possible is done to
simplify the routing of such calls, but

1860

questions  of cconomics are cften the

dominating factor.

Call Wire Working.

The selection by the operator of a

disengaged junction at a minor exchange
presents no difficulty, since the absence of
a plug in the junction jack shows that it is

I, 12.—SuBSCRIBERS” METERS,
free.  But at a large exchange it s

necessary that any operator shall be able
to reach ary exchange demanded.  This
involves the provision of jacks for cach
junctiorn: circuit on cach operator’s position
and consequently a somewhat difterent
niethod of operating.  There are two
plans, the older one consisting in providing
a special cireuit, termed a call wire, to
which cach operator can connect her
telephone by the depression of the appro-
priate key. At the distant end, each
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junction terminates on a plug and the
operator there assigns the junction to
be used.

Straightforward Junction Working.

~ The latest plan, known as “ straight-
forward junction working,” consists in
the abolition of the call wire and designa-
tion of the junction to be used in favour
of an engaged test by the calling operator
who, having found a disengaged circuit,
plugs in, thereby calling in the distant
operator and giving the number of the

required sub-
scriber over the
junction  circuit

to be used for the
completion of the

connection.

In a large
exchange the
junctions arce
divided into
outgoing and

incoming groups,
Those used by
the A operator,
Le., the operator
attending to and
receiving the
demand from the
originating sub-
scriber to make

the required

connection with 3
anotherexchange s

are termed “ out- Fig. 14a.

I

gring junctions
and arc multipled along the switch-
board below the subscribers’” multiple,
“Incoming junctions” terminate  on
a special  switchboard  en suife  with
the A boards, and it is here that
demands for connections on the exchanges
are received from other exchanges. A
viewof a B board heads Col. Sir Thomas F.
Purves’s article.

JUNCTION SIGNALLING.

The principle of junction signalling
between two exchanges  and R, which
is also adopted for trunk lines up to
60 miles in length, is illustrated in
schematic form in Fig. 16. The A and B
wires of the junction circuit are separated
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for direct currents by condensers and
signalling is effected by using the A wire
for signalling from the called subscriber
and the B wire from the calling subscriber.

Normally, the subscriber’s line is dis-
connected for direct current by the con-
denser in scries with the bell.  This is
indicated by the open contacts,

What Happens When a Call is Made.

The calling subscriber on exchange Q
raises  his rcceiver, thus lighting the
calling tamp. The operator plugs in and

APPARATUS RoOM OF A SymaLL C.BB. EXCHANGE.

receives a demand for a particular number
on exchange R. The relay LA is operated
by the current round the loop to the calling
subscriber, thus shunting and darkening
the answering side supervisory lamp.
The calling plug is then insertcd in the
jack of a disengaged junction to exchange
R, with the result that current flows over
the BB wire and operates the answering
supervisory lamp at R. The Q operator
then asks R for the requircd number
and the junction plug is insertcd in the
called subscriber’s jack, when the cen-
ditions shown result.  Immcdiately the

called subscriber answers the ring and
thus joins the A and B wires by his
speaking apparatus, the relay LC is
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Fig.

energised and earthed battery is applied
to the A wire, thus operating LC at
and darkening th calling supervisory lamp.
Hence the calling and answering super-
visory lamps at () are controlled by the
calling and called subscribers respectively.
When both light, the calling plug at Q is
withdrawn and the armature of the relay
LA ac R falls bark and removes the shunt
from the an<wering supervisory, which
forms the instruction to the R operator to
take down the connection.

CENTRAL BATTEEY SIGNALLING

ENGINEERING

TRUNK
EXCHANGES.
In large cities,

trunk lines are con-
nected to a separate
trunk  exchange
having  junction
circuits to all the
local exchanges in
thearca. Theselong
and costly circuits
are operated in a
special wav so as to
obtain the maxi-
mum use out of them
and thus to reduce
the charge to  the
user—-incidentally,
the charges in this
country are much
less than those levied
in the United States,

The  subscriber

SWITCHBOAL desiring  a trunk
connection first

gives particnlars of the call required,
and then replaces  his recciver.  The
details are entered on a ticket which

ix passed by hand or by pneumatic tube
to the particular section of the trunk
switchboard, and when his turn arrives
the trunk operator rings him via a junction
circuit and completes the connection over
the trunk line with the required corre-
spondent. Manvshort trunklines are placed
on the switchboard at local exchanges and
immediate connection is made on request,

LINE | | ! | LINE
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Fig. 16.—-DIAGRAM SHOWING PRINCIPLE OF JUNCTION S1GNALLING.
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“ Record and Demand >’ Working.

Considerations of space render it im-
possible to discuss the technical details
of the circuit arrangements, more
especially so since the trunk telephone
svefem of the kingdom is at present in
process of conversion to what is termed
“ Record and Demand Working.”  When
the A operator receives a request for
* Trunks,” the subscriber will be connected
to a trunk operator at the originating
exchange, who will record the particulars
of the call and immediately make the
reqnired connection.

A general view of a trunk switchboard
is given in Ing, 17.

Voice Frequency Key Sending.

When the trunk line terminates at an
antomatic local exchange, the trunk
operator at the originating exchange will
obtain the distant subscriber by means of a
kev sender, which will transmit combina-
tions of four voice-frequency currents over
the trunk line.

AUTOMATIC EXCHANGES.
The idea of replacing the telephone

"y’ .
Fig. 17.—A DORTION OF THE
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Loxpox TRUNK IEXCHANGE.

operator by a machine acting in obedience
to signals “ront a subscriber’s telephone is
a very old one, but it is only within very
recent  vears that systems have been
devised which are capable of deuling with
very large cities.

The advantages gained by the substitu-
tion of machinery for the human clement
le first in lower operating costs and
secondly in the more efficient utilisation
of line plant. There is, too, the tact that
where a city comprizes a fage number of
exchanges, the complications  resulting
from the building up of circuits via the
varicus exchanges increa-¢, and a chain of
operators is often invelved in calls from
outlying exchanges across the citv. Indeed,
it would be true to say that radical
changes 1n aperating methods would have
been required had the avtomatic system
not been developed.

Economy in Line Plant.

The point as regards the cconomy in
line plant arises from the fact that large
groups of junction circuits connecting
two exchanges can be more efficiently



1874

CONTACT OFLEVEL
5 6 2
L] | PRt
s 3ast|leesE
= 3;\3 6/65%
LEVELS {5 5=nS|lEEe
4 e 7 &
3 =
b5 s

j 0
AN
%&

i

I"ig. 18, ~GENERAL ARRANGEMENT OF A FInaL
SELECTOR.
utilised  when  they are  sclected and

operated by a machine. The larger the
group, the greater is the number of
telephone conversations per circuit which
can be carried.  On the completion of the
conversation the connection is  almost
instantancously broken down and the
junctionis available for other conversations.

The principles and methods adopted in
automatic telephone switching have an
exceedingly wide application.  Even where

TELEPHONE ENGINEERING

an exchange is operated on the manual
system there is an increasing tendency to
attain greater efficiency by arranging for
the antomatic selection of junction circuits
and in many other ways. Outside telc-
phony, the totalisator is an example of
the application of automatic telephone
principles, and a large amount of switching
at unattended electric light power sub-
stations is cffected by similar methods,

Advantages of Machine Switching.

A notable advantage of machine switch-
ing lies in the fact that the replacecment of
the receiver brings about the instantaneous
disconnection of the circuit, with the
result that a large number of calls can be
made consccutively without baving to
wait for an operator to take down the
connection. Then again, in the case cf
exceedingly small rural commumitics
where an operator cannot be continuously
employed, a small exchange is established
in a little single-storey building and the
rural subscriber consequently obtains all
the advantages which the subscriber
connected to a large cexchange enjoys.
These small exchanges are virtually un-
attended, and continnous day and night
service is provided without additional cost.

Fundamental Ideas of Machine Switching.

Before considering any of the details cf
machine switching, it is necessary to
explain in general terms the fundamental
ideas involved.  The switching plant at
the exchange to which the subscribers are
connected must, first of all, be r¢ garded as
a machine operated by romote control,
This involves the addition to the ordinary
subscriber’s  telephone  of a signalling
device for operating the switching machinc
in conformity with the signals. The sig
nalling device consists of adial (see Fig. 1).
In order to signal a given number the
finger is insertcd successively in the holos
opposite the numerals, the dial is rotated
to the finger stop and then releascd. On
the return journey of the dial to its normal
position of rest the circuit is interrupted
a number of times equal to the figure
signalled, that is to sav, if the figures
signalted were 1357, on the return of the
dial after No. 1 onc interrupticn would
occur, after No. 3 three interruption: .
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No. 5 five interruptions and
No. 7 scven interruptions, In
other words, the number would
be represented by one, three,
five and scven interruptions
separated by a period of time
between the various trains.
These trains of disconnections
can be made to operate switches
in such a way as to establizh
connection with the subseriber
whose number has been dialled
on that exchange.

OFF MORMAL

ENGINEERING

CONTACTS

The Selector.

In the instance cited, a four
figure number is employed, and
the method of sclecting a
required subscriber  consists,
first of all, in sclecting the
correct thousand group. The
second figure sclects the correct
hundred group, and the final
selector picks out the particular
subscriber in a group of onc
hundred by sclecting first the
ten level and then the actual
unit. The general arrangement
of a final sclector is shown in
IFig. 18. A hundred pairs of
contacts are arranged in
<emicircular  formation, one
above the other.  The contact
armi, which makes connection
with these contacts, is carried
on a rod which is capable of
brth  vertical and  rotary
motions.  The magnet V.M,
operated, raises  the  vertical
to a level corresponding  with  the
number  of impulses  passed  through
it.  The rotary magnet R then,
by  means of the ratchet  pawl,
twists the contact arm in  accordance
with the impulses passed  through
it.  The spindle is held in its normal
position by the double dog D.D. When
the release magnet Rel M. is operated,
the dog is withdrawn and by the action
of the spiral spring to be seen at the top of
the spindle, the contact arm first twists
round and then falls to its normal position,

when
spindle

How the Magnets are Operated.
It remains now to explain the means by

RELEASE MAGNET
"TARMATURE

DOUBLE DOC

Fig. 19—Vitw oF SELECTOR WITH KRELAYS, Erc.

which these  magnets are  operated.

The apparatus at the subscriber’s station
is of the ordinary C.B. tyvpe. with the
addition of the dial.  When the receiver
is on its rest the lines are disconnected
for direct current Dby the condenser
in series with the magneto bell.  When
the receiver is raised the lines are
joined together through the speaking
apparatus, The dial is so connected that
alter being rotated to the stop it makes a
series of disconnections in rotating back
to its normal position of rest in accordance
with the fignre dialled. The first train
of disconnections is arranged to raise the
shaft of the sclector to the appropriate
level, and the second series of disconnections
to rotate it round the bank of contacts at
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Fig. 20—PRINCIPLE OF AUTOMATIC SWITCHING.
(Post Office Technical Pamphlets.)

that level. The  principle  of  the
arrangement by which this is effected
is shown in Fig. 20.  The exchange
battery is applicd through the windings
of relay A, Immediately the subscriber
lifts  his  receiver relay A attracts
its armature « thus making the circuit of
refay B, Armature b then makes and all is
in readiness for dialling.

‘¢ Slow-to-Release >’ Relay.

Here attention should be drawn to the
characterof relay 3. It hasa heavy copper
cylinder known as a shug fixed on the core,
with th> result that momentary in-
terruptions in the current flowing through
this relay do not release the armature.
It is known as a " slow-to-release ” relay
and the first train of disconnections sent
out by the dial does not bring about the
release of its armature.  The shug placcd
on the end of the core forms a very
low resistance closed secondary circnit for
currents induced in it, and consequently
the breakage of the main circuit induces
a heavy current around the copper cylinder
which tends to maintain the magnetism
of the core, and it is only after about
one-third to half of one second of interrup-
tion that the magnetism of the core falls
to such a value as to release the armature.

‘¢ Off-normal Springs.”’

In addition to the three relays A, B and
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C, there is a set

of springs which

are operated
immediately

the switch shaft

rises and takes

Rel. its  weight  off
thelever. These
springs are
¢ termed the “off-
v normal springs”’

and their fune-
tion is to pre-
pare the circuit
for the receipt
the sccond
train  of dial
impulses. Relay
Cis of the slow-
to-release type.  lmmediately the first train
of disconnections arrives, the armature of
relay: A makes and brakes in accordance

with the train, but relay B retains
its armature, whilst C operates  with
the  first disconnection and retains for
the  remainder  of the train.  In

this way impulses are sent via the anmature
of rclay A and the off-normal springs 2,
through relay C, which is of the same type
as relay B3 and is therefore unaffected by
the disconnections through the vertical
magnet marked V.M. This r1aises the
switch shaft to the required level. The
panse between the first set of impulses
and the second set during which the dial
is being putled round for the new number,
and the travel of the dial to the stop
pomt, forms an interval whichis sufheiently
long to permit relay € to release its
armature. The next train of disconnec-
tions thus pass to the Rotary Magnet
via a b, off normal 2 and ¢. Hence the
wiper will now have been stepped to the
requircd vertical and around to the
required contacts.

When the conversation has concluded
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Fig. 21.—DIAGRAMMATIC REPRESENTATION OF
SWITCHING ON A FOUR-DIGIT SYSTEM.
(Post Office Technical Pamphlets.)
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the subscriber restores his receiver, with
the result that the armatures of relays
A and B fall back and the release magnet
is operated. Th: switch shaft revolves
to zero under the influence of the spring
and then falls to its normal position, at
the same time operating the off-normal
springs in readiness for a further call,

The arrangements which have been
described contain many of the basic
principles of automatic switching. It
will be appreciated that in this way any
one of a hundred subscribers may  be
seleeted in obedience to two operations
of the dial.

Extending an Exchange.

In order to extend the exchange to one
thousand lines, a final selector for the
numbers up to 100, 200, 300 and so on
would be required, and selection would
have to be made by a further switch to
each 100 group, In this case three trains
of impulses would be necessary.  The first
number dialled would sclect the correct
hundred, and the further two trains of
impulses the correct ten level and then
the correct unit around the level,  To
increase the cexchange capacity to ten
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Fig, 23.—1.1xE Switch UNITs.

thou<and, selection would first have to be
made to the thousand groups, that is to
say, the arrangements previously described
would have to be multiplied by ten and
an additional switch introduced to select
the correct thousand. This would be
effected by a four figure number, the first
impulse selecting the correct thousand
and the other three impulses as described.
This is diagrammatically illustrated in
Fig, 21, By multiplying the arrangement
by ten again and using five sets of impulses
the capacity can be raiscd to one hundred
thousand.  This condition meets fairly
large cities such as Sheffield or Lecds,
but is not large cnough for the great
citics of the Empire such as London,
Manchester, Liverpool or Glasgow., The
method of dealing with this problem wil}
be dealt with later.

Traftic Problems.

The arrangements described show how a
particular number can be reached, but the
provision of the apparatus described for
cach subscriber is, of course, economically
impossible, A technique has grown up
which deals with the amount of traffic
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related to the quantity of connccting
mechanisms to be provided. This forms
the theme of the article by Col. Sir Thomas
F. Purves on “Traffic Problems of
Telephone Engincering,” on page 406,
Vol. .

Taking the case of the four-figure
number, the first selector is of the general
form already described, but the first train
of impulses raises the switch chaft to the
correct level, and then the wipers move
along the banks to find a disengaged link
to the sccond selector. The second train
of impulses raiscs the sccond
selector switch shaft tc the
appropriate level and then the
wipers move over the contact
banks to find a disengaged
final sclector containing the
number required in the last
hundred.  Since many final
selectors are required” in an
exchange, it is essential 1o
prevent the possibility of a
second subscriber  obtaining
connection with a subscriber
who is already speaking. This
is accomplished by adding a
bank of contacts, known as the
“test bank,” below the level
of the line circuit banks. An
additional wiper is added to the
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Fig. 25.-
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switch shaft and this
arrangement is used to
prevent the connection
of a second subscriber.

Other Functions of the
Switches.

There are, of course,
many functions which
have to be performed by
the switches. The mere
connection of the circuits
has already been described
but additional relays con-
tained in some more
complicated circuits are
required to provide first of
all the speaking current,
secondly to test the sub-
scriber’s circuit to see if
it is engaged, and, if so,
to give an indication to
the subscriber that the
line wanted is engaged. If the line is
disengaged, then to apply a ringing
current to call the wanted subscriber.

The ¢ Uniselector * Switch.

The apparatus already described is
designed so as to provide for the peak
lvad on the exchange. The apparatus is
necessarily costly and in order to secure
the close relation between the traffic and
the apparatus provided, a switch is added
to each subscriber’s circuit at the exchange
to search for and find a disengaged con-

MOTOR GENERATORS FOR BATTERY CHARGING.
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necting mechanism,
actually, of course, to
find a disengaged first
selector. This switch,
technically termed a
‘““uniselector,” consists
of a bank of contacts
with a magnet and
ratchet wheel, and a
circuit is formed so
that the wipers rotate
round these contacts
until they cstablish
connection with a
disengaged link to a
first sclector. This is
the switch mechanism
shown in Fig. 21
immediately connected
to the subscriber’s line.

How Economy in Ap-

paratus is Effected.

Here it may be
interesting to remark that some econ-
omy in apparatus can be cffected by
arranging that instead of the subscriber
having a uniselector to search for
a disengaged connecting mechanism,
the connecting mechanism itself can

be arranged to search for calling
subscribers.  Indeed, this  principle
is actually employed in exchanges

of the rural automatic type and on
private automatic branch exchanges.
The new system will also in future be
applied to large exchanges.

Fig. 27.—BATTERY RooM.

1879

Fig. 26—SELECTOR RACKs.

Connection with an Exchange.

What has been said explains in general
terms the method by which subscribers
on a particular exchange can get into
connection with each other by the opera-
tion of their dials. When connection
with an exchange is wanted, a number may
be assigned by which the calling subscriber
obtains the services of an operator, who
sets up the connection required in the
ordinary way by plugs and cords. This
applies also to such services as trunks and
telegrams. In the case of a fairly large
area using a five-figure number,
the first figure dialled may be
used to obtain connection with
a particular exchange. The
disadvantage of this system is
that the numbering system is
inflexible and once fixed would
involve wholesale alteration of
all the numbers if a particular
exchange outgrew the level
assigned to it.

Dialling Tone and Ringing

Current.

It is unfortunately quite
impossible to describe the
details of the multiplicity of
circuits used in automatic
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DirECcTOR RACKS.

Fig. 28,

telephony owing to their complexity and it
must sutlice to say that the dialling tone is
applicd when a connecting mechanism is
available for the use of the calling sub-
scriber, and that ringing current, number
engaged or number unobtainable, is sent
out by the operation of relays.

The ‘‘ Routiner.”

Perhaps the most remarkable device in
the whole range of telephony s the
“ Routiner,” a scheme for which Post
Office  engineers  are responsible.  This
machine automatically picks up the various
switches one after the other and subjects
them to a series of  rigorous  tests,
Fmmediately failure occurs, the machine
stops and a lamp lights indicating the
location of the defect.

DIRECTOR SYSTEM.

The problem of huge telephone systems
has been solved by the introduction of
what is known as the * Director System.”
Actually, this consists of a seven-figure
system, but the first three figures are
represented by letters. The first three
letters of the name of the required ex-
change are spelt out and then the four
figures constituting the subscriber’s num-
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ber on that exchange are dialled. The
first three letters by suitable switches
obtain  connection  with  connecting
mechanism at the required exchange.

How the System Works.

The seven trains of impulses are received
by the dircctor, which consists of an
arrangement of a two-motion switch of
the same general form as a final selector,
unizclectors, relays and  a series of con-
necting tags, which last enable rearrange-
ments in the routing of calls to be made
as the growth of the system may require.
The impulses are storcd by positioning
the various switches and then retrans-
mitted, often in asomewhat different form,
to sccure the required connection.  This
latter possibility  gives the system a

tflexibility  which a plain  scven-figure
number could not.,
The director does not wait until the

dialling of the letters and figures is com-
plete, but commences immediately to
sclect while dialling is in progress.  Having
performed its function, it immediately
cuts itself away from the circuit and awaits
the next call for its services.

The circuit arrangements are exceedingly
complex, but the whole of the apparatus
used is of a simple and robust type, conse-
quently the system works with uncanny
speed and efficiency.

It remains to explain that in a director
arca which is being gradually converted
to automatic, calls from an automatic to
a manual exchange can be dialled.  When
the dircctor reaches the manual exchange,
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Clearly written and fully illustrated

NEWNES’

Home Mechanic
BOOKS

MOTOR CAR UPKEEP AND
OVERHAUL

This practical book is right up to date, and will
prove a valuable work of reference to the owner
who wishes to do his own running repairs. Itis
not a digest of manufacturers’ books ; it supple-
ments them. All the information required will
be found in this volume.

TOY MAKING FOR AMATEURS

Tells you how to make toys of every description
and lays bare the principles by means of abundant
illustrations and simple text. Every mechanical
movement known in toy manufacture is included.

TWENTY-FIVE TESTED WIRELESS

CIRCUITS

A book for the modern wircless enthusiast. All
the sets described have been designed to meet
modern needs. They range from simple crystal
receivers to a seven-valve super-heterodyne, and
all the sets have been made and tested before
inclusion.

ACCUMULATORS

Dealing with every typc of accumulator, methods
of charging them at home, care and maintenance,
this book also explains how to erect a charging
station. A study of its contents will enable even
anovice not only to charge accumulators at home
at a trifling cost, but also to obtain from them
greater service and longer life,

SIMPLE ELECTRICAL APPARATUS

An excellent little book for those who wish to make
simple and useful electrical appliances, such as
galvanometers, eiectric motors, dynamos, and
Leyden jars. All these may be made by anyone
with the aid of a few tools and some inexpensive
materials.
case.

Clear instructions are given in every

MODEL BOAT BUILDING

Therc are few more fascinating hobbies than Boat

Building. In this book there are designs for a
battleship, a speed boat, a paddle steamer and
yachts, from which excellent models may be

built with the help of the simple directions and
diagrams that are given. No elaborate tools are
recded, and each model can be made at small cost.

Titles

Other

THE HANDYMAN’S

ENQUIRE WITHIN

THE HOME WOODWORKER
25 SIMPLE WORKING MODELS

MODEL AEROPLANES AND AIRSHIPS

One Shilling | Each

On sale at all Newsagents and Bookstalls, or by post 1/2 each from George Newnes,
Lid., 8-11, Southampton Street, Strand, London, W.C.2

-]}

Ready July 15th.

Geo; Newnes, Lid.

Order your copy to-day.

This article on Telephone Engineering is continued in Part 40.
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This is the only Reference Year Book covering every phase
of Motor Cycling. Contains complete and comprehensive
information with practical illustrations relating to all makes of
machines and accessories, facts and figures regarding competi-
tions, records, clubs, legal matters, overhauling and repairing,

tuning, classified buyers’ guide, etc.

= On sdle.at all Newsagents and Bookstalls or post free 1 /2 from

George Newnes, Lid., 8-11, Southampton St., Strand, London, W.C.2
-

Geo. Newnes, Led.
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