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PART 1.

TESTING, &c.
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Plate 1.

DETECTOR.

A Detector has two coils, called the “ Quantity *
and “ Intensity,” or (for shortness) the Q and 1
coils.

Resistance of I coil is about 100”
” Q b O ' 2“’

TESTING.

a. For a Diseonnection : Have Line put to earth
at further end and connect a Battery and
Detector between Earth and Line; if no
deflection be obtained the Line is discon-
nected.

. For an Earth fault: Similar connections to
a, but Line disconnected st further end. A
deflection indicates an earth fault.

¢. For Contact: Have the Lines disconnected
at further end and connect a Battery and
Detector between the two Lines. If a
deflection be obtained the Lines are in
contact (or both are to earth).

d. To trace a fault along a Line: Connect
an earthed Battery to one end of the faulty
wire, then walk along the Line, frequently
putting the Detector between Line and
carth. So long as a deflection is obtained
the fault has not been passed.

€. To test a Battery : Each cell of a Battery
joined through the Quantity coil of the
Detector should give, approximately, the
same deflection as the whole Battery.

&



There is a Shunt upon the ¢ Quantity ” coil to
reduce the deflection to 1th ; that is, the Shunt
when brought in circuit by the Switch at the right
hand on the top of the case forms a bye-path
for 2ths of the current.

The stock description is:—
¢ Detector, Q and 1”

DETECTOR.

QNTY?
- Of

:ooy ‘2 OHN
. N RO & )
/( f,ﬁ\

_Om'r!




Plate 2.

DETECTOR wites Two SHUNTS.
For General Notes, see p. 2.

To meet special requirements in Ireland, espe-
cially in connection with the Webb and Thompson
Railway Staff System (Plate 62, p. 146), a [;th
Shunt is, in some cases, applied to the ¢ Intensity
coil by means of a Switch on the left-hand side of
the top of the case.

The stock description is :—
Detector, Q and I, with 3; Shunt.



DETECTOR witH -1 SHUNT.

10




Plate 3.
TANGENT GALVANOMETER.

For full description, see Technical Instructions
V., pp. 3 and 25.

The stock description is ¢ Tangent Galvano-
meter.” The ring is double-wound, each Coil
having a resistance of 160 ohms. The coils are so
connected that when terminals @ and 3 are joined
the Coils are in series between terminals 1 and | 4\

The Shunt Coils, glvmg ‘values of 1th, {;th, o —th

4oth, goth, 745th, and 535th, can be brought into
the circuit of the Coils by the insertion of a plug,
and by this means comparatively heavy currents
(ranging up to '8 ampére) can be measured with
fair accuracy.

The key is to enable the needle to be readily
brought to rest.

The depressmn of the key short-c1rcu1ts only
one Coil, /2’

The sensitiveness of the needle is greater when
the similar poles of the controlling magnet and
the needle magnet point in the same direction, and
less when they peint in opposite directions. Any
further adjustment of sensitiveness required can
be obtained by raising or lowering the controlling
magnet.

The required position can be determined inde-
pendently of the mark on the N. pole of the
controlling magnet and the needle magnet, by



turning the stalk of the former in its socket.
If the pointer follows the direction of the con-
trolling magnet, it indicates that the latter is
assisting the earth’s magnetism, and that conse-
quently the position is the less sensitive. In this
case lowering the magnet reduces the sensitiveness.
If the pointer should move in the opposite direc-
tion it shows that the effect of the directive force-
of the earth’s magnetism is being reduced by the-
controlling magnet, and in this case the lower the
magnet the greater the sensitiveness,

In making tests, care must be taken that the
pointer stands at zero when no current is flowing,
both when the controlling magnet is removed and
when it is replaced.

One segment ‘of the dial is englaved with
degrees, and the opposite segment with tangent
divisions with an outer and inner scale.

The outer scale with the *“ skew  zero gives a.
greater range, and in some cases increased sensi-
tiveness (T. L, IV., p. 23). The normal adjust-
ment should be such that a “sealed standard
cell” in good condition will give about 80-
divisions on the outer scale with no shunt. (The
actual deflection is marked upon each standard
cell.) This will enable exact values of current
to be deduced by taking 80-divisions to repre--
sent one milliampére. Thus, 120 divisions with
the {4th shunt would indicate a current of
320 X 10

S0 = 15 milliamperes.



Plate 8—cont.

With this adjustment of 80 divisions of the
outer scale for one milliampére the following values
result from the use of the various shunts :—

|
| Milliam peres.

Resistance of Divisions
Shunts. | Galvacometer per :
in Ohms. Milliampere. Per Per 200

|

[

| Division. | Divisions,
!

- 820 G 2%
i 64 - 16 | =N 121
e 32 8 ! r | 25
o 16 4 1 50
& 8 2 1 100
o 4 1 1, 200
. 2 3 2 400

390 1 T 4 800




TANGENT GALVANOMETER.
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Plate .
TEST-BOX DETECTORS.

The positions of the plugs for ordinary require-
ments are shown by the separate diagrams :—

*“To SEND A zINC CURRENT ” and “ TO RECEIVE
A CURRENT ”’: The Line must be connected to the
right-hand front terminal.

Note.—To Receive a Current when the Office
at which the test is made is Intermediate, one
section of the Line must be connected to the right
hand and the other to the middle terminal. No
plugs should be inserted.

“To TEST FOR CONTACT.” One Line must be
connected to the right-hand and one to the left-
hand terminal. :

The Instrument shown is ¢ Test-Box Detector
' A.) »

Another form, ¢ Test-Box Detector ¢C.”” is
construeted for insertion into a panel of the Test-
Box. The description does not include a Switch,
which is a separate part, namely, “ Test-Box
Detector Switch.” o

A pattern now frequently used consists of—

A “Differential Galvanometer” with coils
joined in series (100w) mounted upon

A “Turntable Bracket for Test Box,” and
connected with

A ¢ 7-Testhole Tablet (Circular) ¢ A’.”

The connections are, of course, as shown in the
diagram.

The Testing Battery should consist of 20 Large
Daniell Cells,and when underground work is being
tested the power should be increaszed to 100 volts..



TEST-BOX DETECTOR, “A.”

(Same connections foi ** .)

ﬂ/ (1

SEND !RECW

ANEGATIVE
CURIRENT

(=]

TO SEND TO TEST FOR  TO RECEIVE
A NEGATIVE CURRENT  CONTACT A CURRENT

11
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Plate 5.

TEST-BOX DETECTOR «B.”

This is provided for use at Offices where more
elaborate Testing Instruments cannot be authorised.

It is fitted with three Coils, of which that con-
nected to the side terminals has a resistance of
100w, and can be used for purposes similar to those
for which the Detector ¢ A.” is suited. The other
two coils are of low resistance so as to be suitable
for the testing of battery cells as described at e,
page 2.



TEST-BOX DETECTOR “B.”

13
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Plate 6.
WHEATSTONE BRIDGE COILS.

The connections in the diagram show the method
of testing a Line. In testing for conductivity, put
the Line to earth at the further end ; in testing for
insulation leave it disconnected.

To test a loop, or any resistance of which hoth
ends are accessible, join one end to A and the other
to D, and use no earth.

Resistance must always be left in between A and
C, and C and B. The resistance in AC, divided by
the resistance in CB, and multiplied by that in
BD, gives the resistance under test. AC and CB
are known as the “ratios” and BD as the
¢ rheostat.”

hxample —

If, in the conditions shown i in the diagram.
a balance is obtained, then the (insulation’
resistance of the Line is known to be
1099{}0&0’20—235 000 ohms.

The Reversing Switch enables the currents in
the Line to be reversed qulckl The two plugs
removed for the “ratios” (AC and BC) serve for
the purpose. When the plugs are horizontal (as
shown) a negative current passes to line, whereas,
if the plugs be placed one above the other a
positive current passes to line.

These positions are marked respectively
“ Straight ” and “ Reversed ” (in reference to the
two sections of terminals A and D).

The Reversing Switches on new Instruments
are of the handle form.

Full instructions as to various special systems of
test by Wheatstone Bridge are given in Technical
Instructions III.



HORIZONTAL
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“WHEATSTONE BRIDGE COILS,
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Plate 7.
MORNING TEST APPARATUS.
For full information, see Technical Instructions IV.

Morning Test Switch Tablet (wired complete
with §-terminal 4-position Switch; two 7-Test-
hole Tablets, circular ; Resistance Coils; 4
U-links, &c, as shown in diagram).

6-terminal 2-position Switch.

Press Button D.

Tangent Galvanometer.

Testing Batteries :—

42 Dry Cells. Where Secondary Cells are
available (50 volts) enly 5 Dry Cells are
required.

20 cells. Large Daniell.

‘The main testing battery usually consists of
from 37 to 41 dry cells, depending on the voltage
of the cells employed in order to get a deflection of
110 divisions = 55°5 volts.  The next cell to
those in use is so connected that by means of the
U-link on the left-hand tablet it can be added to
the testing battery. On no account must it be
necessary to use 42 cells permanently to procure
the required 55°5 volts.

Where secondary cells are available the negative
50-volt main should be brought to the Test Table
and any required number not exceeding 5 dry cells
should be added in order to bring the Testing
Power to the required E.M.F. of 55°5 volts, one of
the cells to be retained for use with the tablet link
as above explained.

One-half of the Daniell force available is used
for line insulation-resistance localisations with the
Tangent Galvanometer, and the whole Daniell
force available is used for Wheatstone Bridge
measurements, the two 10-cell batteries being so

(Continued on p. 18.)



CRIDGE.

< | MORNING TES

SWITCH TABLET, &c.

m»m,:_ i w.}\ CELL S3VRLTS

(]

; LINES TO
TEST BOY
.450.&.&: =
PRESS
SUTTCH DL

-~ O-

w.
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w

connected to the switch that by it they may be joined in iparallel for
the Tangent Galvanometer Tests, or in series for the Wheatstone Bridge

:,Unw

Piate 8.

MORNING TEST SWITCH TABLET.
Position of Switch lever and U-links for the severa Tests,
CGALVANOMETER CONSTANT,

/A

,C @) ,o\\
e ©




MORNING TEST SWITCH TABLET—(cont.) <

INSULATION OF LOOP.
- Bl@//

©

/@ % ® ,@%@ @\_
© 2 7
TEST FOR DIFFERENCE OF LEAKAGE &D)
- ) ® o\ \ 3
(©) %
@/ \

THIS POSITION TOREVERSE
DIRECTION OF CURRENT,
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Plate 8—cont.

MORNING: TEST SWITCH TABLEY—(cont.)

CONSTANT OF 10 CELLS (/0200° X ODercccricn ).

WS rovron 10 REVERSS
GAECTIN OF CURRENT.



PART 11.

ABC AND SINGLE NEEDLE SYSTEMS
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Plate 9.
WHEATSTONE ABC.
Resistance of Communicater - 800w
. Tudicator - - 250
' »  (Magneto) - 500¢

These instruments will work through a resist--

ance of 7,000,

Every Lineman responsible for the maintenance
of these instruments should have an “ ABC Test.
ing Coil.”

Detailed information regarding the removal of

faults, &c., is given in Technical Instructions XI.
(pp. 12-18).

ABC COMBINED INDICATOR AND BELL

is now the standare type of Indicator. The

coils are double wound so that they can be joined in
multiple (250w) for ordicary wuse or in series
(1000w) when “leak ” working is resorted to. See
Circular Memo. relating to conditions of use.

If it be required to work on the “leak * principle,
disconnect the left-hand terminal of the Communi-
cator from the contact-maker (that is, have it
connected to the coils only); join the left-hand
terminals of both Communicator and Combined
Indicator and Bell to Line, and the two correspond-
ing right-hand terminals to earth. The Indicator
coils must be joined in series. All Offices on a
eireuit eonnected alike.



WHEATSTONE ABC.

DOWN LINE OR E

UP LINE OR E

23
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Plate 10.

~ABC INTERMEDIATE SWITCH.

This Switch enables an Intermediate Office to
communicate with either Terminal @ffice without
disturbing the other.

¢“Bells, ABC Indicating * should be used where
two- (as for- this purpose). or more. Bells. are
required,

*“ BELLsS ” is.the normal position of this Switch.
When the lever -is at “ THROUGH ” the Bells are
short-cireuited.



ABC INTERMEDIATE SWITCH.

DOWN_ LINE

DOWN
LINE

up

BELL
o

EARTH: | |

LINE s

“BeLLs” BELb

E
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Plate 11.

LINE AND BELL SWITCHES.

Where two or moere ABC circuits in an Office are
necessarily attended to by one operator the appli-
cation of a *“ Line and Bell Switch” obviates the
need of a complete set for each circuit. On
Departmental circuits these are rarely used, but
where such arrangements are made it is more usual
to have indicators specially mounted rather than
bells.

A “Three-line and Bell Switch” is shown by
Plate 11.  Other sizes are for two, four, and six
Lines. .

“ Bells, ABC Indicating > must be used.

“Up ” and “ Down ” lines cannot be worked from
the same Instrument.

The Switches are now rarely used.



LINE AND BELIL SWITCHES.

§ wes
LINE

Nez

LINE

Nop %
LINE §

B s 0 0“1 —0 O

4 EARTH

DOWN

1




28
Plate 12,

SINGLE NEEDLE.

Showing standard connections of Commutator.

The connections of the Commutator are so
arranged that the Battery cannot be short-circuited
by the depression of both tappers at the same time.
All Commutators issued from Factor y have these
connections ; and on circuits worked by Universal
Batteries (Plate 45), Commutators with the old
connections must not be used. The old connec-
tions are rctained in Plate 13.

Apparatus required :—
Single Needle, which includes :—
SN. Case.
SN. Coil (induced).
Commutator.

2 Sounding Pieces (if required).
D

Neale’s Dials may be used exceptionally in place
of the Induced Coil.

Resistanca of Coils, 200,

Forin of Battery, Leclanché (Porous Pot
No. 3).

Current required, 15 to 20 milliampéres.



| SINGLE NKEEDLE.

DOWN LINEOR E .

UPLINE
or E

'::{amai
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Plate 13,

BRIGHT’S BELL.

Showing old connections of Cominuiator.

These are now issued fitted with Standard
Relays (neutral).
Apparatus required :—
Commutator.
Cover for Commutator
Bright’s Bell (which inctudes Standard Relay
“A” or “B” Neutral and two Plate

Sounders).
SC. Galvanometer.
Resistance ot Relay “ A > - . - 100w
” % “B”- - - 200e
5 ,, Bright’s Relay - - 200%

’ »s Sounder, 20w }_ - 199

' » Shunt (R.) 500« v

” »» Sounder (Old  Form,
without Shunt) - = 40w

The connecting hook between the two ¢ Bell ”
terminals of the Commutator must be released.

Form of Baitery, Leclanché (Porous Pot No. 3).
Current required; 15 to 20 milliampéres.
Local Battery—3-cell Large Daniell Battery for
20« Seunders.
5 ’ 5-cell Large Daniell Battery for
40« Sounders.
» 5 2-cell Bichromate may be used.



BRIGHT’S BELL.

(Note —For standard connections of Commutator,
see Plate 12.)

Down LinEor E |

Up LINE
or E

31



Plate 14.

DOUBLE SOUNDER.

WITH SEPARATE SC. GALVANOMETER.

Apparatus required :—
Cominutator.
Cover for Comnmutator.
Double Sounder with Relay.
SC. Galvanometer,

A ¢ Standard Relay (neutral)” is the form
used.

Combined resistance of Sounders, with 500w
shunts, 19 2« each,

The connecting hook between the two ¢ Bell”
terminals of the Commutator must be released.

Form of Battery, Leclanché (Porous Pot No. 3).
Current required, 14 to 17 milliamperes.
Local Battery-—3-cell Large Daniell Battery.

Note.—This is not now issued, having been
superseded by that shown in Plate 15.



DOUBLE SOUNDER.
WITH SEPARATE SC. GALVANOMETER.

DOWN LINEORE m

UP LINE
orE

U 9562 R S
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Plate 15.

DOUBLE SOUNDER.

WITH SEPARATE RELAY.

- Apparatus required :—

Commutator.

Cover for Commutator.

Double Sounder (which includes Screen on
Turntable, fitted with 2 Plate Sounders
and a Galvanometer).

Standard Relay A or B (neutral).

See Notes to Plate 14.



DOUBLE SOUNDER.

WITH SEPARATE RELAY.

l Up LINE

onkE

1|4t






PART III,
SINGLE CURRENT.

(Inaludmg also 6- and 7-terminal 2-pos ition
'Switches.)
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Plate 16.

6-TERMINAL 2-POSITION SWITCH.
(* DUPLEX AND SINGLE.”)

The upper figure shows the standard pattern
{both segmental and spring cam forms), and indi-
cates the relative positions of the terminals as
compared with the older pattern with dead con-
tacts, which is shown beneath. The latter is now
dhsolete.

7-TERMINAL 2-POSITION SWITCH.
(“ DUPLEX AND SINGLE.”)

This is used in connection with the ¢ Bridge”
method of cable working on the Duplex Automatic
‘System (Plates 28 and 53), alsoas a Counter Com-

‘munication Switch (Plates 78 and 79).



" 8-TERMINAL 2-POSITION SWITCH.

Position 1. PosiTioN 2.7
..(or “Duplex.”) (or ¢ Single.”)
New Forwm,

39
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Plate 17.

SINGLE CURRENT.

DIRECT SOUNDER OR INKER.

Apparatus required :—
SC. Key.
SC. Galvanometer, 30w,
Resistance Coil (various) 5w (to be fitted asa
shunt upon the Galvanometer Coils).

Coils 20w, -
Sounder { Shunt 500«,.} 19-2,
or :

Local Coils 40e.
Inker. Shunt 500w, } 37e.

Form of Battery, Smail Daniell.

Current required, 90 to 100. milliampéres.

DIRECT WRITER.
This is complete in one piece.
Resistance of Coil, 300w,
” of Galvanometer, 30w,
Form of Battery, Small Daniell,
Current required, 15 to 20 milliampéres.. -

The speed of Slip for Inkers should be between
6 and 7 feet per minute.-



SINGLE CURRENT.

DIRECT SOUNDER (OR INKER).
DOWN LINE or E

~UP LINE oR-E

DIRECT WRITER.
UP LINE or E DOWN LINEorE

riiy

1 .

Q% 90—, Q0

z u o

"~ 41
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Plate 18.

SINGLE CURRENT.

SOUNDER (OR INKER) WITH RELAY.

Apparatus required :
SC. Key.
Relay
SC. Galvanometer.
Sounder or Local Inker.

Form of Battery, Small Daniell.
Current required, 15 to 20 milliampéres,
Local Battery, 5c. Large Daniell.

The Relay Coils should be joined in multiple
if the Line resistance does not exceed 1,0000, 1f
above that resistance the Relay coils should be in
series. «

The Speed of Slip for Inkers should be between
6 and 7 feet-per minute.



SINGLE CURRENT.

SOUNDER (OR INKER) WITH RELAY.

DOWN LINE or E

UP LINE or E
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Plate 19.

SINGLE CURRENT.

DIRECT WRITER DUPLEX.

Apparatus required :—
Direct Writer Duplex with Switch (2000
each coil).
Differential Gal- [ 50« each coil
vanometer 3000 ,, shunt
. Rheostat *“ C” or * Metropolitan.”
Resistance Coil (various) (approximately
equal to the resistance of the Battery).
Form of Battery, Large Daniell.
Current required, 15 to 20 milliampéres.

}42'9.:

The ¢ Metropolitan > Rheostat has a maximum
resistance of 1,175+ by gradations of 254.

Rheostat “C” has a maximum of 8430w by
gradations of 10w.

The use of single current for Duplex Clrcults
is not to be encouraoed double current should be
adopted for all new ‘Circuits.



”
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Plate 20.

SINGLE CURRENT.

DUPLEX.

Apparatus required :—

SC. Key.

Relay.

Differential Galvanometer.

Sounder (or Local Inker).

6-terminal 2-position Switch.

Rheostat ¢ C > or ¢ Metropolitan.”

Resistance Coil (various) (approximately

equal to the resistance of the Battery).

Form of Battery, Large Daniell.
Current required, 15 to 20 milliampéres.
Local Battery 5c. Large Daniell.

All new Duplex Circuits should be Doubls
Current.



SINGLE CURRENT.
DUPLEX.

DOWN LINE or E

UP LINE or E /\
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~ PART IV.
DOUBLE CURRENT.
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Plate 21.

DOUBLE CURRENT,

SOUNDER (OR INKER) WITH RELAY.

Apparatus required :
DC. Key.
Relay.
SC. Galvauometer.
Sounder (or Local Inker).

Form of Battery, Small Daniell.
Current required, 14 to 17 milliampéres.
Local Battery—5c. Largo Danzell.



DOUBLE CURRENT.

SOUNDER WITH RELAY.

DOWN LINE or E

UP LINEOR E

..................
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Plate 22.

DOUBLE CURRENT.

DUPLEX.

Apparatus required :—

DC. Key.

Differential Galvanometer.

Relay.

6-terminal 2-position Switch.

Rheostat «“C.”

Condenser, 7} mf. (for Circuits over 1006
miles, or when on railway lines, over 120
miles).

Retardation Coils (for Circuits over 150
miles).

Resistance Coil (various) 2,000« (for Cir-
cuits over 120 miles).

Sounder.

Nores.—The Resistance Coil is to be placed
across the divided plate of the Condenser.

For Circuits over 200 miles ¢ Condenser
Coils” should be used instead of the
“ Resistance Coil (various) 2 OOOw »?
Form of Battery :
For Circuits over 150 miles in length, Bi-
chromate.
For Circuits less than 150 miles in length,
Large Daniell.
Current required, 14 to 17 milliampéres.
Local Battery, 5¢. Large Daniell.



DOUBLE CURRENT.
Uddbmwm.
DOWN LINE oR E

UP LINE or E %

RETARDATION

L1 cois
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AUTOMATIC SYSTEM



56

Plate 23.

AUTOMATIC SYSTEM

COMPLETE, FOR TRANSMITTING AND RECEIVING.
Apparatus required :—

DC. Key.

Wheatstone Transmitter,

Receiver Motor. .
»s  Train,

2 Auto. Weights.

Differential Galvanometer.

Condenser, 7} mf. (Readmg)

Rheostat < C. 5

Sounder.
Battery, Bichromate, 100 volts required.
Local Battery, 5c. Large Daniell, or 2¢c. Bi-

chromate.



AUTOMATIC SYSTEM.

COMPLETE: FOR TRANSMITTING AND RECEIVING.
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READING{GOND?

o
I

up :zmo&w},ﬁ ,

MR e bt
SOUNDEH

(l) .

Veertemenad
.

-
l.

1%
L

O
q--ﬁf-.-im

e e et mmao o e ———————

bmme e mmmd



58

Plate 24.

AUTOMATIC SYSTEM.

“ NEWS ”’ ARRANGEMENT, FOR TRANSMITTING
ONLY.

Apparatus required :(—
DC. Key.
Wheatstone Transmitter.
Auto. Weight.
Differential Galvanometer.
Relay.
Sounder.
Battery, Bichromate, 100 volts required.
Local Battery, 5¢. Large Daniell, or 2¢. Bi-
chromate.



AUTOMATIC SYSTEM.
“ NEWS ”’ ARRANGEMENT, FOR TRANSMITTING ONLY.
DOWN LINEoOR E

UP LINEORE ]
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Plate 25.

AUTOMATIC SYSTEM.

¢ NEWS > ARRANGEMENT, FOR RECEIVING ONLY
(INTERMEDIATE STATION).

Apparatus required :—
DC. Key.
Differential Galvanometer.
Receiver Motor.
5  Train.
Auto. Weight.
Sounder.

As a general rule, the Receiver coils should be
joined in multiple.

Form of Battery, Leclanché No. 1 with
Circular Zincs.

Current required, 14 to 17 milliampéres.

Local Battery, 5c. Large Daniell, or 2¢. Bi-
chromate.



AUTOMATIC SYSTEM.

** NEWS >’ ARRANGEMENT, FOR RECEIVING ONLY
(INTERMEDIATE STATION ).

DowWN LINEor E
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Plate 26.

AUTOMATIC SYSTEM.

““ NEWS”’ ARRANGEMENT, FOR RECEIVING ONLY
(TERMINAL STATION).

Apparatus required :—
DC. Key.
Differential Galvanometer.
Receiver Motor.
s Train.
Auto. Weight.
Condenser, 71 mf. (Reading).
Rheostat ¢ C.”
Sounder.

As a general rule, the Receiver coils should be
joined in multiple.

Form of Battery, Leclanché No. 1 with
Jircular Zincs.

Current required, 14 to 17 milliampéres.

Local Battery, 5c. Large Daniell, or 2c. Bi-
chromate. ’



AUTOMATIC SYSTEM.

““ NEWS ’ ARRANGEMENT, FOR RECEIVING ONLY
(TERMINAL STATION).

DOwN LINEor E

READING CONDR

UPLINEoORE QC.--i~ i— L‘}
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Plate 27.
AUTOMATIC SYSTEM.
DUPLEX.
Apparatus required :—
DC. Key.
‘Wheatstone Transmitter.
Differential Galvanometer.
Receiver Motor.
s Train.
2 Auto. Weights.
6-terminal 2-position Switch.
2-way Switch.
Rheostat < C.”
Condenser, 74 mf. or 104 mf.
Retardation Coils (8 plugs).
Battery Resistance Coils. '
Condenser Coils (to be placed across the
divided plate of the Condenser).
Sounder.
Battery, Bichromate, 100 volts required.
Local Battery, 5c. Large Daniell, or 2c. Bi-
chromate.

Where the resistance of the line is between 1,000
and 2,000 ohms a “ Resistance Coil (various)
1,000 ohms ” should be inserted betwcer. the Up
Terminal of the Receiver and the junction of the
two wires connected to that terminalin the diagram.
‘Where the line is 1,000 ohms or less, two Resistance
Coils (various) 1,000 ohms should be inserted.

The connections of the Switch are such as to
admit of the Condenser being used in “ Single ”
working.

Thecapacities of the 7} mf. Condenser are 33 mf.
by gradation of } mf. plus 3} mf. by gradation
of + mf. The corresponding values of the 10} mf.
Condenser are 63 mf. plus 33 mf. each by grada-
tions of 1 mf.



AUTOMATIC SYSTEM : DUPLEX,
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Plate 28.
AUTOMATIC SYSTEM.

“BRIDGE ~’ DUPLEX: FOR CABLE CIRCUITS.

As different  arrangements are made to suit
various requirements, Automatic Duplex Circuits
should De fitted only after direct communication
with the Oflice of the Engineer-in-Chief,

Apparatns required :—
DC. Key.
Wheatstone Transmitter.
Differential Galvanemeter.
Receiver Moter.
Train.
2 Auto. Weights,
7-terminal 2-position Switch.
2-way Switch.
Rheostat « C.”
"riple Condenser.
Signalling Condenser.
dedmw (,ondensel (adjustable).
Retardation Coils (8 plugs).
Battery Resistance Coils.
2 Condenser Coils (R2 and R® on diagram).
Duplex Resistance Coils.
Shunt Coil 14,000 (on Reading Condenser,
marked ¢ Rheo ).
Sounder.,
Battery, Bichromate, 100 Volts required.
Local Battery, 5c. Large Daniell, or 2c.
Bichromate.

The connections of the Switeh are such as to
admit of the Reading Condenser being used in
¢ Single ” working.

For internal counections of the Switeh in position
2 (*¢ Single ”’) see Plate 16, p. 59.




AUTOMATIC SYSTEM. ¢ Brmar” Durtsx: ror CasLr CIRCUITS, &C.
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Piate 29.

REPEATERS.

(1.) LiNE AND BATTERY BOX CONNECTIONS.

The external connections of Repeater Boards of
all forms should be made on the principle shewn
in this Diagram. The “Up E” and “Down E”
Terminals of the Repeater Board are to be con-
nected respectively to the Up Return Instrument
and Down Return Instrument Terminals at the
Linc Box. The centres of the Main Batteries are
also to be connceted from the Instrument Room
Battery Box to the sante two terminals, the centre
of the Up Main being connected to the IJown
Return Instrument Terminal and the centre of the
Down Main to the Up Return Instrument Terminal.
The “Earth” connection is then made only at the
Line Box.

To “rLoop ”: disconnect the ¢ Karth” at the
Line Box and join the Up Return wire to the Up
Return Instrument Terminal, and the Down
Return wire to the Down Return Instrument
Terminal.

The coils of the Non-polarised Indicators are
joined in ‘“mnultiple” (‘)Sw) and have a shunt of
3-4w, so that the resistance in the Battery lead is
increased by 3». The Indicators are actuated by
the short-circuiting of the Main Batteries, and
being of the shutter local-eircnit form, the Bell

(Conlinued on p. 72.5
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Plate 29—cont.

rings until the fault is removed and the shutter
rep?aced
Apparatus requued —
2 Non-polarised Indicators (old form).
These will be required for each new Repeater.
1 Trembler Bell.

1 Indicator % fitted with N 3-4w shunts.
. These are required at each Repeater Office.

Plate 30.
REPEATERS.

(2.) EXTERNAL CONNECTIONS WHERE A
. SOUNDER SILENCER IS USED.

The additional apparatus besides the Sounder
Silencer required for each Repeater consists of —

. - 200w coil
1 Silencer. Magnet 200w shunt } 100w

1 Press-Button “ E.”

The Silencer Battery should consist of Bichro-
mate (3-pint) or Secondary Cells sufficient to
give about 100 milliampéres through each Magnet
(1002).
- The Terminal Offices on a Repeater Circuit

where a Silencer is fitted must keep the Key
depressed for 20 seconds before -calling the
Repeater Office.

NoTte.—The Silencer Magnet is adJusted not to
act at 14 seconds, and. to bring the Sounder ‘into
circuit at 18 second‘i.
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Plate 31.

KEY REPEATER.

DUPLEX. (AND SINGLE),
Apparatus required :—
2 Relays “ B ” ordinary.
2, % B neutral.
2 Relaying Soundexs “A” (GOw coils and
.- 60« shunts).
2 Pole Changers. o
2 DC. Keys With 6 ter mnn]s
1 8-bar Switch.
2 Differential Galvanometers.
2 Rheostats < C.”
2 Resistance Coils (various) 2 ,000w.
2 Retardation Coils O.F.
2 Quad. Battery Resistance Coils 100e.
2 7} mf. Condensers.
1 Board, with 14 Terminals, )
2 Non- polarised Indicators, OF.

Form of Battery, Bichromate,

Current required, 14 to 17 milliampéres.

Local Batteries, Large Daniell; ten cells being
used for each (that is, thirty cells in all).

The Switch is shown in position for Duplex
working.

For mll external connectlom, see Plate 29 or 30.

When the apparatus iz not in circuit the Switch
amust be turned to Single.
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Plate 32.

FAST REPEATER.
SINGLE.

Apparatus required :—
Receiver Motor.

1 Receiver Train.

1 Auto. Weight.

2 Relays “ B ” ordinary.

2 ss  “B?” neutral.

2 Electro-magnetic Switches.
2 SC. Keys with Switch.

2 Differential (Galvanometers.
1

2

1

2

1

2

1

—

Leak Coil (20,000%).

Rheostats *“C.”

Resistance Coil (various), 2,000w.
7% mf. Condensers.

Spark (1 mf.) Condenser.

On and Off Switches.

Board, with 12 Terminals.

1 Sounder.
2 Non-polarised Indicators, O.F.

Battery, Bichromate ; 100 volts required.

Local Batteries, Large Daniell ; 10 cells being
used for the Automatic Switches, and 5 cells for
the Sounder local.

For full external connections, see Plate 29 or 30.

The Main Batteries can be disconnected from
the Transmitting Relays (but not from the Keys)
by turning the levers of the eorresponding ¢ On
and Off ” Switches to ¢ Off.”
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Plate 33.
FAST REPEATER.

DUPLEX (AND SINGLE).

Apparatus required :—

1 Receiver Motor.
Receiver Train.
Auto. Weight.
Relays “B” ordinary.

s “B” neutral,
Electro-magnetic Switches.
SC. Keys, with Switch.
G-terminal 2-position Switches.
8-bar Switch.
Differential Galvanometers(see page 79).
Leak Coil (40,000%).
Battery-Resistance Coils.
Retardation Coils (8 plugs).
Rheostats «(.”
Condenser Coils.
Resistance Coils (various), 2,000«
74 mf. Condensers.
Spark (1 mf.) Condensers.
Leak Switch and Peg.
Board with 14 Terminals.

Relay “B” ordinary,
Sounders.
Non-polarised Indicators, O.F.

ST el IR SR O VR VR SO SO VR NV (O N S e o]

Battery, Bichromate, 100 volts required.

Local Batteries, Large Daniell; 10 cells heing
aused for the Automatic Switches, and 5 cells for
the Sounder local.

(Continucd on p. 79.)
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Plate 88—cont.

If the resistance of the Line be between 1,000
and 2,000@, one Resistance - Coil (various) 1,000 ;
if the line b;_, 1,000w or less two R emstduce Coils. .,
(various) 1,000@ must be inserted between the line
terminal-of the Transmirting Relay.and the 8-bar
Switch. . This applies to the Line side only in
regard to Plates 34 and 35 (that is, the rule applies
to «differential” but mnot to *“bridge”  duplex
working). . -

Where authorised, and in all new Fast Duplex
Repeqters a Differential Galvanometer (with coils
in series) is inserted in the Reeeiver Leak circuit
between the Leak Coils and the connection which
is shown. as passing direct to the Receiver ’l‘er-
winal D.

For full external connections, see Plate ‘79 or 30.

The Switch is shown in poqmm. for BDuplex
working.

The left-hand portion of the Leak Coils is
permanently connected to the Receiver, and the
right-hand portion to the Relay.

When the apparatus is not in circuit the Switch
must be turned to Stngle.

{t will be seen that in thiz case the Resistance-
Battery Switches can be utilised as On and Off
Switches (Plate 32, p. 76).

Licak Switch. Fox explanation mul connectlono
in all positions see Notes on p. §1. :

A slight re-arrangement in the order of the
terminals is shown in these diagrams (Plates 33,
34, and 33).

The latest pattern Fast Duplex (and Single) Re-
peater is arranged with the whole of the apparatus -
on the Board, and the upper tier of appuratus is
fitted upon a removeable shelf,

79
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‘Plates 34 and 35.

FA ST REPEATER

DUPLEX (AND SINGLE) ON CABLE CIRCUITS,
For general notes, see pp. 78 and 79.

Apparatus required :—
" Receiver Mdtor.

Receiver Train.

Auto. Weight. :

Relays « B” ordmary

" “B7” neutral.
Electro-magnetic Switches.

SC. Keys with Switch.,

6-terminal 2-position Switches.
8-bar Switch, .

Differential Galvanometers (p. 79)
Leak Coil (40,000%).
- Battery Resistance Coils.

Shunt Coil (14,000%).

Retardation Coils (9 plugs)
Rheostats “C.”

Condenser Coils.

Resistance Coils ( varlous), 2, OOOw ,
71 mf. Condenser.
' Condense1 (*mf.).

"Signalling Condenser: (*mf )
Triple Condenser (*mf.).-

Duplex Resistance Coils (3, 000e- -l- 3,0000).
bpmk (1 mf.) Condensers.

NPF“HwameMPwHNNmN&HHH

" * Resistance and Capacity according to réquirements; of
- Circuit. . .
: (Continued-é% p. 81.)



FAST REPEATER.
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FAST REPEATER.

DUPLEX (AND SINGLE), CABLE ON “ DOWN’’ SIDE.
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FORKED «NEWS” REPEATER (witu ReversiBLE Lkax).

LEAK SWITCH IS SHOWN IN POSITION 1-—CONNECTING LEAK TO NO. 1 DOWN RELAY.
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Plate 36a.
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Plate 36a.
FORKED «“NEWS REFEATER
WITH REVERSIBLE LEAK (Standard Patterin).

For general notes see page 76.
Apparatus required :—
1 Receiver Motor.
1 Receiver Train.
1 Auto. Weight.
3 Relays “ B ” ordinary.
3 ,,  “B?” neutral.
3 Electro-magnetic Switches.
2 Relaying Sounders “ A (60 coils and 60w
shunts).
I DC. Key, 10-terminal.
1 Switch, 6-bar.
’ 6-terminal, 2-position.
' On and Off.
Differential Galvanometers.
Resistance Coil, Leak, 20,6000.
,»» Various, 2,000w
Rh eostats “C
ondensers, 71 mf.

b DN LD LD bt bt S DD =

C
1
Boa.rd with 13 Termmals
1 Sounder
2 Non-polarised Indicators, O.F.

The 6-terminal, 2-position Switch is introduced
in order to allow of the Receiver Leak being
connected at will to either of the Down Transmitting
Relays.

When the Lines have to be LOOPED, the 6-bar
Switch must be turned to ¢ Ordinary,” and botk
Return Down Lines connected in place of the Earth
on the Down Return Instrument Terminal at the
Line Box.

The Return Up Line will, of course, be corre-
spondingly connected to the Up Return Instrument
Terminal instead of Earth.



FORKED “NEWS” REPEATER (withH REVERSIBLE LEkAK).

DHEORETICAL DIAGBAM.— MAIN 8WITCH IN ‘° FORKED,

’ POSITION. <

up

LINE,

DOWN ._-D>2m3_._.....o RELAYS.

Connections made by ‘Leak Switch in position 1 are shown as

2
N_NQE ? “bar) n::: h are marked

? »

3 ”

DOWN LINE 1
) w 2
1 x
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FORKED “NEWS” REPEATER (wirdH ReversiBLE LEAK).
THEORETICAL DIAGRAM.—MAIN SWITCH IN “° ORDINARY ~’ POSITION.

DOWN LINE 1

” w2

.l—.—_ CLOSES
AUTO. 1,

T”WEWW&LI

==

up
LINE é-

—X

1 N
0 o0 o.l_
RECEIVER.

uP
= mamnF

Dotted lines show connections mude by Leak Switch ~ (POSITION 1 )

Connections made by Main (6-0ar) Switch arc marked X"



Plate 37,

HUGHES REPEATER.
SINGLE, CABLE ON ‘‘ DOWN ’ SIDE.

For general notes, see page 76.
Apparatus required : —

5 Relays “ B ** ordinary.

2 8C. Keys.

2 Differential Galvanometers.

1 Leak Coil (40,000«).

i Resistance Coil (various) 1,000w.

1 On and Off Switck (3-position).

1 6-terminal 2-position Switch (engraved
“DF” and «1Q 7). -

1 2-way Switch (special).

1 Board with 12 terminals,

1 Sounder.
1 Relaying Sounder “ B.”



HUGHES REPEATER,
SINGLE.
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Plate 88.

HUGHES REPEATER.

DUPLEX (AND SINGLE), CABLE ON ‘‘ DOWN '’
SIDT.

For general notes, see page 76.

Apparatus required :—
1 Receiver, Spring.
3 Relays «“B.”
2 SC. Keys with Switch.
1 8.terminal 2-position Switch (engraved
“ DF ” and “1Q”).
1 8-bar Switch.
2 Differential Galvanometers.
1 Leak Coil (40,000w).
2 Battery Resistance Coils.
2 Retardation Coils (3 plugs).
2 Rheostats “ C.”
3 Condenser Coils.
1 On and Off Switch (3-position).
1 7} mf. Condenser.
1 Triple Condenser.
1 Reading Condenser (if required).
1 Leak Switch and Peg.
1 Short-circuit Piece.
1 Board with 13 terminals.

1 Sounder.
1 Relaying Sounder “ B.”



HUGHES REPEATER.
DUPLEX (AND SINGLE), CABLE ON “DOWN’’ SIDE.
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PART VIIL

HUGHES INSTRUMENT.
For Hughes Repeaters, see pages 84 to 87.
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Plate 39.

HUGHES INSTRUMENT.
ORDINARY.

Apparatus required :—
1 Hughes Instrument (Ordinary).
Driving Weights,
1 Hook.
1 Balance Weight.

For .full deseription, see Te¢ahnical Instruactions,
V1.

The Line is now wusually connected to the
Instrument through a Galvanometer (SC). Where
night attendance is' required the lever and left-
hand stud of a two-way switch are inserted on the
Office side of the Galvanometer, and the right-
hand stud of the Switch is connected to a Non-
polarised Indicator with a Bell in its local circuit.
This provides a “ night-call.” A separate Switch
must be used for each Instrument, but one Indicator
may serve for two or more.



HUGHES INSTRUMENT : OrDINARY.
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Plate 40.

HUGHES INSTRUMENT.
ELECTRIC.

For general notes, see page 90.

Apparatus required :—
1 Hughes Instrument (Electric).
1 Electric-Motor for Hughes. -
1 Slide Resistance.
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Plate 41,

HUGHES INSTRUMENT.
ELECTRIC FOR RECEIVING.

This Instrument was introduced for use in con-
nection with Bughes Duplex working. .See page
96 and Plate 42,

As there is an advantage in employing a com-

lete Instrument so that the sending and receiving

instruments may be interchangeable. the issue of
this form will be discontinued. "
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Plate 42.

HUGHES INSTRUMENT.
DUPLEX, FOR INLAND CIRCUITS.

Apparatus required :—-

2 Hughes Instruments (Electric).
2 Electric Motors for Hughes.

2 Slide Resistances.

1 Relay “B.”

1 SC. Key.

1 Differential Galvanometer.

1 6-terminal 2-position Switch.

1 6 bar Switch.

1 Retardation Coils (8 plugs).

1 Rheostat « C.”

1 Condenser Coil.

1 Buttery Resistance Coil.

1 74 mf. Condenser.

1 Duplex Resistance Coil (1,000 + 1,0000).
1 Sounder.

For International Lines (relayed to Cable) a
Spring Receiver is used instead of Relay “ B ” and
a Triple Condenser with additional Condenser Coil
are needed.

Balancing is effected by ¢ Morse ” Instrument.

Internal connections of the Hughes Instrument
and method of connecting the Slide Resistance are
shown by Plate 40, page 93.
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PART VIII.

QUADRUPLEX
MULTIPLEX.



100
: o
Plate 43.
QUADRUPLEX.
Apparatus required :—

Reversing Key.

Increment Key.

Differential Galvanometer.

Relay, “ B> (ordinary).

Non-polarised Relay “ B.”

Rheostat ¢« C.”

Condenser, 71 mf.

Retardation Coils (8 plugs).

Condenser Coils.

Relaying Sounder, B (40« and 500, shunt).

2 Sounders.

2-way Switch.

8 Quad: Resistance Blocks—one (the
“Spark ” Coil, A) of 100« resistance,
another (B) approximately equal to the
resistance of the B side battery and the
Spark Coil, and the third (C) approxi-
mately e'qnal to the ‘tothl resistance of the
whole Battery and the Spark Coil.

The diagram shews the conneetions at an Up
Office. At a Down Offite, reverse the wires on the
two upper terminals of the Galvanometer and also
the Battery wires on the Reversing Key.

The Jine wire must in all cases be on the
Galvanometer.

Form of Battery, Bichromate.

Current required—

“ A ” side, 10 to 15 milliampéres.

“ B> side, 20 to 30 milliampéres.

(The full current is thus 30 to 45 milliampéres.)

Relaying Sounder Local. | each 5c. Large

2 Sounder Locals. Daniell.

Technical Instructions VII. deal with the
Quadruplex System,



Reversing Keys are now made with 6 terminals
(see page 131) ; and Increment Keys are replaced
by Reversing Keys, only one side of the Key being
employed. _ S ‘
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Plate 44.

MULTIPLEX SYSTEM.

CONNECTIONS FOR HEXODE (UP OFFICE).

Technical Instructions IX. deal fully with. this
subject.

For a Down Office reverse the Coil connections
on each relay and the Main Battery connections on
the 8-bar Switch, Of course the three tap”
wires on the Main Battery must be properly placed
to give the right proportions for ¢ marking” and
“spacing > (see below).

I'he usual system of working is, as shown,
double current with divided battery, but for very
short lines, if practically without underground wire,
single current is adopted in sume cases.

Yor tetrode, Groups 1, 2, and 38 on the Distri-
butor are used for the first arm, 4, 5, and 6 for the
second, and so on. The ¢ Receiving Correction”
(RC.) terminal, to which the wire from the
Correcting Relay (below Distributor in Plate 44)
i's connected, depends upen the retardation of the
ine.

In the “S” (Simplex) position of the 8-bar
Switch the Reed Battery and No. 1 Local are dis-
connected, and the first arm- is joined for simplex
working. The diagram (Plate 44) shows the
position for Multiplex (¢ X”)

Apparatus required :—
Distributor.
Reed.
Reed Stand.
4 Rubber Rings for Reeds.

(Continued on p. 108.)



Reed Coils (4 plugs).
Relaving Sonnder ¢ B.”
2-way Switch.
R.bar Switch.
Resistance Coil (various) 50e.
1 v Quad. Batt. 7e.
3 - . 100c.
2 Condensers, 5 mf.
10 mf. (one for each arm).
Relavs «q» (one for each arm and one for
correcting).
Differential Galvanometers.
7 or 10 terminal SC. Keys (one for each
arm).
Sounders (one for each arm).

TFor tetrode and triode working ¢ 10-termninal
SC. Keys” are emvloved, but for hexode
“'7-terminal S.C. Xeys” are used, as shown in the
diagram.

The starred circles and thick line show the
¢ earth > connection.

BATTERIES.

Bichromate or secondarv cells are used for all
batteries but the No. 1 Local, which is Large
Daniell.

The Main Battery usually consists of 80 cells
for ¢ spacing ” and 140 cells for “ marking,” but
if the Jength of the line is only from 50 to 60 miles
50 and 80 cells respectively are sufficient.

The Reed and Motor Battery consists of 30
3-pint Bichromate cells ; No. 1 Local of 2 5-¢. Targe
Daniells joined in multiple and the Sounder Locals
off4 Bichromate cells.

103 .



MULTIPLEX ' SYSTEM.
CONNECTIONS FOR HEXODE (UP OFFICE).
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PART IX.
UNIVERSAL BATTERY SYSTEM.
SECONDARY (ELLS.

COMPRISING DIAGRAMS FOR WORKING FROM,
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UNIVERSAL BATTERY SYSTEM.

For details as to the principle of the Universal
Battery, see Technical Instructions 1a.

Bichromate Batteries or Secondary Cells to be
used except when, for special reasons, authority is
given for the use of Leclanché Batteries.

When Primary Batteries are employed the re-
sistance of the different circuits must be approxi-
mately equalised by the insertion of Resistance

Blocks @ in the Battery leadsas shown. These

-

are not needed when Secondary Cells are used.-
The Battery should be put to earth at the Battery

Box. . .

A. double set of Batteries is required for SN. or

similar systems and for Double Current.

SECONDARY CELL WORKING.

When an office is worked throughout by means
of Secondary Cells the whole system must be care-
fully planned on a basis, full details of which will
be supplied from the Office of the Engineer-in-
Chief for each particular case.

A l-ampére Fuse is placed in each Battery
lead at every Circuit.

As stated above, equalising Resistance Blocks are
not needed in the Battery leads of the Circuits,
but Zire equalising Coils must be employed at
Intermediate Offices as usual (see page 116).

The maximum electromotive force ordinarily
available from Secondary Cells at any office is 100



volts, which is not sufficient for Multiplex and some
other Circuits, (the ordinary connections for Mul-
tiplex, page 102, are correct for this system). At
offices having such Circuits, therefore, two sets of
bupplementarv Bichromate Cells must be provided,
and these must be sufficient to increase the 100
volts of Secondary Celis to the higher value re-
quired. . “Spares” for maintenance purposes must
also be provided. .

On SN., Pouble Current or Automatic Clrcmts
where the Oﬂlce is intermediate, as well as on each
Multiplex Circuit and fer each Repeater the short-
circuiting of the Cells must be provided against by
the insertion in the Battery leads to:-such Circuits
of two special Resistances (called ¢ Vacuum
Resistances ”).  For Quadruplex Circuits four
such Resistances are required.

Similar provision must be made for each “spare
or other set that is liable 1o be used Intermediate.

Spare sets liable to be used as “ Up,” ¢ Bown,”
or “ Intermediate’’ need to be connected accord-
ingly. The necessary changes are eflected by
means of a Spare Set Reversing Switch in the
case of Buplex or Automatic apparatus, but for
‘more simple sets the changes must be made as
required at the Terminals.

Single Current Buplex Circuits should not be
fitted.
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Plate 45.
UNIVERSAL BATTERY SYSTEM.

SINGLE NEEDLE.

Commutators used with Universal Batteries
must have the connections shown in Plate 2.
These connections are so arranged that the Batiery
cannot be short-circuited when both tappers are
depressed at the same time.

The connections for ¢ Up,” ¢ Intermediate,” and
“Town ” offices are shown.

For intermediate offices no alteration of the
commutator is required, but for.up and down oﬁices
the following alterations are necessary :—

(1.) Raise the contact-screw from the left-hand

tapper.

(2.) Puta pluu under the right-hand portion of
the back spring to prevent the right-hand
tapper from making contact with it when the
tapper is depresaed ’

-The up and down sections of line from an mter~
mgdiate office must not be very unequal as regarda
resistance. The resistance of the down line in-
cludes the coil (200w).

For full connections, see. page 28 and Plate 12,
snd for notes on details as to universal Workmg,
see pages 106 and 107.

BRIGHT’S BELL.
DOUBLE SOUNDER.

These are, of course, dealt with on the ‘same
principle as Single Needle.



UNIVERSAL BATTERY SYSTEM.

SINGLE NEEDLE.
Up OFFICES: INTERMEDIATE OFFICES. Down Orricks.

DOWN LINE-

m
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Plate 46.

UNIVERSAL BATTERY SYSTEM.

SINGLE OURRENT SOUNDER (OR INKER): UP
OFFICES.

For general notes, see pages 106 and 107.
Apparatus required ;—
SC. Key-
Relay.
SC. Galvanometer.
Sounder or Local Inker. Lo
Current required, 15 to 20 milliampéres. See
also page 42. :
“Down ” Instruments which are worked by
Relays canunot be worked from the same Battery
as “Up” Instruments; but, by reversing the
battery wires, Direct Writer ¢ Down” Instru-
ments can be worked from an % Up” TUniversal
Battery.
¢ Intermediate ” Instruments on a Single Current
Circuit cannot be worked from Universal Batteries.

SINGLE CURRENT : DIRECT. ‘

The same as Single Current with Relay, except
that the Sounder takes the place of the Relay.



‘UNIVERSAL- BATTERY SYSTEM.

SINGLE CURRENT : UP OFFICES.

111

DowN LINE =~ DOWN LINE

EARTH EARTH

o9 -

O~ L. Of

R S S N H -rllln*tll,.

S © B N
m_rmw: ,_E:_E




112

Plate 47.

UNIVERSAL BATTERY SYSTEM.

SINGLE CURRENT SOUNDER (OR INKER)
DOWN OFFICES.

For genersl notes, see pages 106 and 107.
Apparatus required :—

SC. Key.

Relay.

SC. Galvanometer.

Sounder or Local Inker,

Current required, 15 to 20 milliampéres.

¢ Up” Instruments which are worked by Relays
cannot . be worked from the same Battery as
“Down” Ilnstruments; but, by reversing the
Battery wires, Direct Writer * Up ” Instruments
cen be worked from a “ Down » Universal Battery.

¢ Intermediate ” Instruments on a Single Gurrent
circuit cannot be worked from Universal Batteries.

SINGLE CURRENT : DIBE(:'I'

The same as Single Cuarrent with Relay, except
that the Sounder takes the place of the Relay.



UNIVERSAL BATTERY STSTEM.

SINGLE CURRENT : DOWN OFFICES. -
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Plate 48.

UNIVERSAL BATTERY SYSTEM.

DOUBLE CURRENT: UP AND LGWN OFFICES.

For general notes, see pages 106 and 107.
The Diagram shows the connections for both
“Up” and “ I2own” Offices,
Apparatus required :—
SC. Key with Switch.
Relay.
SC. Galvanometer.
Sounder (or Local Inker).

Current required, 14 to 17 milliampéres.

“ Intermediate” Offices can e worked from the
same Battery as “Up” and “ Down » Officcs, see
Plﬂte 49o



UNIVERSAL BATTERY SYSTEM.
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Plate 49.
UN1VERSAIL BATTERY SYSTEM.

DOUBLE CURRENT : INTERMEDIATE OFFICES.

For general notes, see page 106 and 107.

The Diagram shows the connections for ¢ Inter-
mediate ” Offices. These can be worked from the
same set of Batteries as “Up” and *“Down’
Offices, but a Double Current Key is required
instead of a Single Current Key with Switch.

If the resistance of the “ Up” section of the
line should be less than that of the ¢ Down”
section (including the Galvanom:ter) it may he
balanced by a resistance R;, placed as shown in
the right-hand set. This is, of course, quite inde-
pendent of the balancing-up resistance coil (if such
be needed) in each Battery lead. (See note on
“ Vacuum Resistance” p. 107.)

If the two sectious be approximastely equal, then
R, is not required, and the terminals of the Key
and Relay must be joined direct.

If, on” the other hand, the resistance of the
“ Up ” section be greater than that of the « Down,”
the connections must be as shown in the left-hand
set; and R, must be equal to the difference. be-
tween the resistance of the ¢ Up ” section, including.
the Galvanometer (80«) and the ¢ Down ” section.

When the “Intermediate” Office Circuits are
grouped with ¢ Terminal ” Offices it must be re-
membered that the resistance of each section of the
former must approximately equal that of the whole
Circuit from a “ Terminal”’ Station.

Of course two ‘“line” terminal groups must be
appropriated to each intermediate circuit in the
proper positions on the Test Board for the two line
wires.



gh return wire instead of

To prevent misunderstanding when circuits are
to be looped, the Terminal Office should instruct

the Intermediatg to ‘‘ loop by conneeting the centre

“ of battery to the thron

“ {0 earth.”
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Plate 50.

UNIVERSAL BATTERY SYSTEM.

DOUBLE CURRENT DUPLEX: UP OFFICE.

For general notes, see pages 106 and 107.
Apparatus required :—
SC. Key with Switch.
Differential Galvanometer.
Relay.
6-terminal 2-position Switch.
Rheostat « C.” )
Condenser, 71 mf. (for Circuits over 100miles.
or, when on Railway lines, over 120 miles).
Retardation Coils (for.Circuits over 150 miles).
Resistance Coil (various) 2,000 (for Circuits
over 120 miles). ‘
.. Sounder.
Nore.—For Circuits over 200 miles use ¢ Con-
denser Coils ” instead of the 2,000« Coil.
Current required, 14 to 17 milliampéres.
Local Battery, 5 c. Large Daniell.

For a Down Office the connections on ‘U’ and D-
of the Relay, and the Battery connections on the
Key, must be reversed.



UNIVERSAL BATTERY SYSTEM.
Uocuhm CURRENT DUPLEX : UP OFFICE.
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Plate 51.
UNIVERSAL BATTERY SYSTEM.

AUTOMATIC : COMPLETE.

For general notes, see pages 106 and 107
Apparatus xequlred t—
SC. Key with Switch.
‘Wheatstone Transmitter.
Receiver Motor.
’ Train.
2 Auto. Weights.
Differertial Galvanometer.
Condenser, 7} mf. (Readmg)
Rheostat ¢ C.”>
Sounder.
2 Vacuum Resistances.
Stand for 2 Vacuum Resistances.

The upper contact screws of the Transmitter
-contact-lever must be withdrawn sufficiently to be -
quite clear of the lever. ‘

The connections shown are for an Up Office;

for a Down Office the connections on @ and D of

the Receiver and the Battery connections on the
Key must be reversed,

“News” for transmitting only and “ News”
for receiving only are s:mllar, except that for the
former a Relay is substituted for Receiver Motor
and Train and one Auto. Weight and for the latter
the Transmitter is omitted. (See pages 58 to 63.)

The Notes 7e Intermediate Offices at page 116
are generally applicable here, and reference should
:also be made to page 126.



UNIVERSAL BATTERY SYSTEM.

AUTOMATIC : COMPLETE.
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Plate 52.
UNIVERSAL BATTERY SYSTEM.

AUTOMATIC : DUPLEX.

For general notes, see pages 106 and 107.
Apparatus required :—
SC. Key with Switch.
‘Wheatstone Transmitter.
Receiver Motor.
' Train.
‘2 Auto. Weights.
Differential Galvanemeter.
.2 6-termmal 2 position Switches.
Rheostat « C,”
Condenser, 7} mf. or 10} mf.
Retardation Coils (8 plugs).
Battery Resistance Coils.
«Condenser Coils (to be placed across the divided
plate of the Condenser).
Sounder. }
2 Vacuum' Resistances.
Stand for 2 Vacuum Resistances.
~ If the resistance of the line be between 1,000w and
2,000 one ¢ Resistance Coil (various) 1,000« and
if the resistance of the line be 1,000@ or less, two
¢ Resistance Coils (various) 1,000« should be
inserted between the ‘‘line” terminul of the
Receiver and the Duplex and Single Switch.
The connections of the Switch are such as to
‘admit of the Cendenser being used in “ Single”
working.



The upper contsact-serews of the Transmitter
lever must be withdrawn (see page 120).

The conuections shown are- for.an Up Office;
for a Down Officé reverse the ccnnections on @
and D of the Receiver and the Battery connections
on the Keys, '
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Plate 53.
UNIVERSAL BATTERY SYSTEM.

AUTOMATIC “‘ BRIDGE ’ DUPLEX.

See general notes, pages 106 and 107 ; also netes
on page 124.

As different arrangements are made to suit
various requirements, Automatic Duplex Circuits
should be fitted only after direct gommunication
with the Office of the Engineer-in-Chief.

Apparatus required :—
SC. Key with Switch.
‘Wheatstone Transmitter.
Receiver Motor.
. Train.
2 Auto. Weights.
Differential Galvanometer.
-terminal 2-position Switch.

6 terminal 2-position Switch.
Rhbeostat « C.”
Triple Condensar.

_ Signalling Condenser.
Reading Condenser-(adjustable).
Retardation Coils (8 plugs).
Battery Resistance Coils.
2 Condenser Coils (R? and R? on diagram).
Duplex Resistance Coils. h
Shunt Coil 14,000« (on Reading Condenser).
Sounder.
2 Vacuum Resistances.

- Stand for 2 Vacuum Resistances.

For internal ¢onnections of the Switch in position
2 (“ Single ”) see Plate 16, page 39. °



UNIVERSAL BATTERY SYSTEM. AUTOMATIC “BRIDGE’ DUPLEX.
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Plate 54.

UNIVERSAL BATTERY SYSTEM.

AUTOMATIC, COMPLETE, for Special Sets.:

For general notes, see pages 106 and 107 ; see
-also note as to “ News *” Circuits on page 120.
Apparatus required :—
DC. Key.
Wheatstone Transmitter.
Receiver Motor.
Train.
2 Auto Weights.
Differential Galvanometer.
Condenser, 71 mf. (Reading).
Rheostat ¢« C.”
‘Sounder.
‘Condenser Coil.
‘Spare-set Reversing Switch and Peg
‘2. Vacuum Resmtanceb
Stand for 2;Vacuum Resistances.

Rattery power (Secondary) according to require-
‘ments put on at Distributing Box at end of
" Instrument Table.

"The Condenser Coil is for equalising the resist-
ance of the two sections of Line when the appuaratus
_visIntermediate. Tegether with the pair of terminals
and the link it should be placed at the Line Box
-adjacent to the Terminals of the Special Instrument
set.

Tle Peg of the Spare-set Reversing Switch must
be turned to left or right to suit the Line upon
avhich the apparatus is to be used.

'
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UNIVERSAL BATTERY SYSTEM.

AUTOMATIC, COMPLETE, for ,n.wmsSN Sets.
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Plate 55,

UNIVERSAL BATTERY SYSTEM.

AUTOMATIC, DUPLEX; for Special Sets.

For general notes, see pages 106 and 107 ; see
also notes as to Battery power and use of sccond
Condenser Coil {adjusting Resistance), &c. on
page 126.

Apparatus required :—
DC. Key.
‘Wheatstone Transmitter.
Receiver Motor.
5 'Train.
2 Auto. Weights.
Differential Galvanometer.
2 6-terminal 2 position Switches.
Rheostat «C.”
Condenser, 71 mf. or 104 mf.
Retardation Coils (8 plugs).
Battery Resistance Coils.
2 Condeniser Coils.
Sounder.
Spare set Reversing Switch and Peg.
2 Vacuum Resistances.
Stand for 2 Vacuum Resistances.



UNIVERSAL BATTERY SYSTEM.

 AUTOMATIC, DUPLEX, for Special Sets.
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Plate 56.
UNIVERSAL BATTERY SYSTEM.

QUADRUPLEX, UP OFFICE.
For general notes, see pages 106 and 107.

Apparatus required : —
Reversing Key, with 6 terminals.
Increment Key.
Differential Galvanometer.

- Relay, “B?” (ordinary).
Non-polarised Relay « B.”
Rheostat «“C.”

Condenser, 7% mf. or IO% mf,
Retardation CoiIs (8 pluge).
Coundeuser Coils.
- Relaying Sounder “ B.”
2 Sounders.
2-way Switch.
1 Quad: Resistance Block (A) of 100w
resistance.
4 Vacuum Resistances.
2 Stands for 2 Vacuum Resistances.

The diagram shows the connections at an Up
Office. At a Down Office, reverse the wires on the
two lower Terminals of the Galvanometer and also
the Battery wires on the ¢ A ” Key. :

It ‘may be remarked that on this System ‘the
¢ Inc¢rement’ Key is used for reversing the current
and the :* Reversing” Key is used for increasing
only...

- For working on the DECREMENT System——
(a) Reverse the connections on the two left-
hand back Terminals B side (Reversing)
Key and the two right-hand back
Terminals.



(b) Omit the Uprighting Sounder.

(¢) Put the contact pointed screw of the Non-
polarised Relay to marking instead of to
spacing, and connect the Sounder in the
Relay Local Circuit in the usual way.
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PART X.

RAILWAY BLOCK INSTRUMENTS.
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Plate .57.

PREECE’S SINGLE ' WIRE (4- TERMIN&L)
BLOCK INSTRUMENT

‘Form of Battery —Leclanche (No 1 Porous Pot),
+with Cireular Zines.
‘ Current required for—
" Old Form 60 to 70 mllllamperes
"New Form 45 to 50 do.
Re51stance of Coils of—
- M; Old Form-10#2 New Form 50w
My ” -10@ H) 500
Mg -, 80w, oy 120w -
The levers are all pivotted upon th¥: braSs'plate
of the inmstrument, and are electrically connected
‘to the left-hand terminal.

(continued.)
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Plate 5'7—cont.

Normal Position. Line Blocked. Switches to
“oN” ; Discs to “oN”; Semaphore Arms Up.

To get Line Clear. Move Switch to “ OFF,”
and depress the Plunger of K. 'This sends a
negative current to line, which passes through the
coils of Mg at the distant station, closing the local
bell-circuitand moving over the polarised armature
of Mg, thus unlocking the semaphore arm and
breaking the short-circuit of the coils of M,. The
arm at the distant station is now held up only by
the detent fixed on the armature axle of M,. The
serding of the acknowledgment signal by the
depression of the Plunger of K at the - distant
station causes a current to pass to line through M.
This (positive) current releases the semaphore arm
at the station sending the acknowledgment and at
the home station actuates only the non-polarised
armature of Mz, which closes the local bell-circuit
and (as the switch is to “OFF”) moves over the
Indicator to “ oFF,” so thatthe Indicator of the
station at which the call originates shows the
same as-the Arm of the distant station.

To restore to Line Blocked. Put the Switch:
to ‘“ON” and depress Plunger. The positive
current which then passes to line rings the distant
bell and, by attracting’ the polarised armature of
Mg to the left, short-circuits M,, and raises tne
semaphore, which is again caught by the detent.
When the distant station acknowledges the signal,
the local (positive) current which passes through
M, of the home instrument restores the Indicator
to “oN.” The line is now blocked.



PREECE’S
SINGLE WIRE (4-TERMINAL) BLOCK.
[From THE FRONT.]
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Plate 58.

PREECE’S SINGLE WIRE (5-TERMINAL)
BLOCK INSTRUMENT.

Form of B‘ittery .—Leclanché (No. 1 Porous
Pot), with Circular Zincs.

Current required 45 to 50 mxllxampereq

Resistance of Coils of M, - - 50%
Do. --do. ~ M, - 50¢
Do. do.” My, - - 120¢
Do. do. I - 11% to 18¢

The swinging armature, N, of M, is polarised
by the Inducing Electro-magnet, I, whenever the
" unpolarised armature is attracted. This Inducing
Electro-magnet takes the place of the permanent
magnet, I, in the 4-terminal instrument, and con-
stitutes the difference between the two forms.

The method of working is the same as for the
4-terminal Instrument (see Notes).

The three-position Switch enables the Signal-
man to distinguish, for his own mformatlon,
whether the lire is merely Blocked (normal), or
whether there is actually a 7rain on Line. The
electrical connections are the same for these two
positions.



PREECE’S
SINGLE WIRE (§-TERMINAL) BLOCK.
[From. THE Erost.]
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Plate 59.

HARPER’S SINGLE-PLUNGER BLOCK
INSTRUMENT.

Form of Battery.—Leclanché (No. 1 Porous
Pot), with Circular Zincs.

Current required, 60 to 70 milliamperes.

Resistance of each Electro-magnet, 14% to 15%-

When the Indicator shows “ALL CLEAR” the
depression of the Plunger actuates the right-hand
springs; when as. shown in the diagram, or to
“TRAIN ON LINE,” the Plunger actuates the left-
hand springs. Normeally, the long springs are
joined to the contact-blocks, but; when the Plunger
is depressed one Iong spring is joined to the
short spring beneath it and the two other springs
are connected together by the insulated cross-piece
fixed on the long spring.

All outgoing currents pass through the Jower
electro-magnet, and all incoming currents pass
through the upper.

Pressing the Plunger in all cases rings the
Bell at the distant station.

Three cells only are required for the Bell circuit.

# NoTeE.—The Three-Plunger Block Instrument is
electrically the samej



HARPER’S
SINGLE PLUNGER BLOCK.
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Plate 60.

TYER'S SEMAPHORE BLOCK
INSTRUMENT.

Form of Battery.—Leclanché (No. 1 Porous
Pot), with Circuiar Zines.

Current required 100-110 milliampére:,

Resistance of Coils of each Semaphore—about 15*

» ” Relay s 18%

» - Magnetising coils , 3¢

In the normal position of the Plunger the

right-hand spring is connected to the contact-piece
A and the other springs are disconnected. :

The incoming currents pass through the wupper

electro-magnets and the Relay coils. The magne-

tising coils M; M, and the Bell coils are” brought
into circuit by the Relay. ‘

When the Indicator shows “ LINE CLEAR” the
depression of the Plunger connects the two left-
hand springs and the two right-hand .springs,
sending to Line a positive current through the
lower Semaphore coils. When the Indicator 1s,
as shown, to ‘“ TRAIN ON LINE” a negative cur-
‘rent passes. These outgoing currents pass through
the lower electro-magnets and the magnetising coils
M,, M,.



TYER'S SEMAPHORE BLOCK.

TANTHY
SR A
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Plate 61.

FLETCHER'S COMBINED BLOCK
INSTRUMENT (3-WIRE).

Form of Battery.—Leclanché (No. 1 Porous
Pot), with Circular Zincs.
Current required 16 to 20 milliampeéres
Resistance of each Indicator 16C#-
do. Bell Coils 40%-

Three Lines are used with each Instrument—
one for incoming signals, which actuate the upper
Semaphore; one for outgoing signals, which
actuate the lower Semaphore and one for Bell
signals.

The connections are as follows :—
Ur Lane Down Instrument A ; Up dnstrument C.
Down Lixe do. B; do. D.
EArTH do. C&D; do. A&B.

The Bern-Line and XArTH connections are
always as shown in the Diagram.

The Diagram shows a Dowx Instrument: in
an Up Instrument the dials are printed for the
upper part to be for Up signals and the lower part
for Down signals. In later Instruments the dials
are fitted with movable plates in slides, so that any
Instrument can be made UP or DOWN.



FLETCHER'S COMBINED BLOCK
(3-WIRE)

DOWN TRAIN
ON LINE ’

a1t
A — I

DOWN LINE
CLOSED
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Plate 62.

WEBB AND THOMPSON’S ELECTRICAL
TRAIN STAFF APPARATTS FOR
WORKING SINGLE LINES.

Approximate Resistance of * Line ” Coils 90
Do. . do. “Local” Coils =~ - 60¢
Do. do. Galvanometer Coils 6%
Do. " do. Bell Coils - 407

Form of Battery.—Leclanché (No. 1 Porous
Pot), with Circular Zines. ‘
Local Battery 7 cells.

The Batteries are to be kept under lock and key
the key being in the charge of the Lineman.

Current required with the Line Coils and Gal-
vanometer in circuit 130 to 150 milliampeéres.

The several Signal Stations are provided as usual
with an’ instrument for each sectioir;  terminal
stations having one instrument and intermediate
stations two. The instruments and sets of staffs
are of two different forms, and are arranged in
pairs for alternate sections, so that on a line with
stations A, B, C, D, &e., a staff’ sent by A cannot
be unsed by B in the instrument for the B-C
section.

METHOD OF WORKING.

Assume that a train is ready to start from A.

A calls B by depressing the key K once. This
actuates the ¢ Bell ¥ switch-lever and causes a

current to pass through the Galvanometer to Line
and through the Galvanometer and Bell at B.



B acknowledges with one stroke of the bell.

A gives (by code) description of train to be sent,
which B acknowledges.

A then gives the code signal and turns the
right-hand pomter to “ ForR sTAFF.” Thisactuates
the « Local Lock ” and ‘the “TLine Lock” switch-
levers as shown in the diagram, so that a carrent
passes through the ¢ Local ”’ coils of the electro-
magnet from the local battery, while the ¢ Line
coxls are connected tthllO'h the galvanometer to
Line. - ‘

B per:nits the withdrawal of a staff by depres-
sing his key and keeping it depressed until he gets
the signal showing that a staff has been withdrawn.
‘The current thus sent by B deflects. his galvano-
meter needle and passes through the ¢ Line” coils
at A in a direction to assist the ¢ Local ” coils.
As soon as A observes the deflection of the galva-
nometer, he lifts a staff up the channel C so raising
the leverL upon which the electro- magnet is fixed.
The currents in the ¢ Line” and * Local " coils
impart sufficient attractive force to the central
pole-piece to ensure that the detent-lever D shall
follow 'the electro-magnet lever E. This releases
the detent.disc I. and leaves it and three other
-discs free to be turned through a: quadrant by the
completion of the withdrawal of the. staff. , A
then at once turns the left-hand pointer to “up
STAFF OUT ” or “DOWN STAFF OUT,” as the case
may be, pressing it kard down until (by breaking
the circuit at @), the galvanometer needles at both
stations return to zero. A also restores the right-
hand pointer to “BELL.” B on seeing his galva-
nometer needie go to zero, releases K and sets his
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Plate 82—cont.

left-hand pomter to ' UP STAFF QUT” or “DOWN
STAFF OUT,” as the case may be.

It may be observed that even a very excessive
current passing through only one pair of coils—
either the “ Local” or “Line” coils—will not
permit of the lever D being raised by the lifting
of a staff,

The staff withdrawn by A is given to the engine-
driver, who is to pass it on to B.

The quarter revolution of one of the Jocking
discs actuates the two “ Reverser” switch-levers
through a lever indicated by R. 'This reverses
the rINE and EARTH, so as to throw the A
instrument out of unison with the B instrument,
and consequently no staff can be obtained from
either instrument until that originally taken from
A is received and placed in the instrument at B.
As placing the staff in the instrument effects a
quarter revolution of the discs at B the two
instruments are again in unison. On inserting
the staff, B gives the Lire Clear code and turns
his left-hand pointer to ‘ STAFF IN.”

A ‘acknowledges the signal, and turns his left-
hand pointer to  sTAFF IN.” Both instruments are
now again in normal position, and a train may be
despatehed from either end as desired.

Replacing a staff in the instrument from which
it has been taken will also restore the two instru-
ments to unison.



WEBB AND THOMPSON’S
ELECTRICAL TRAIN STAFF SYSTEM.

CAL LOCK
LINE LOCK

7c. N2,
LECLANGHE
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Plate 62--cont.

EQUALISATION OF SUPPLY OF TRAIN
-+ STAFFS.

In the event of the supply of Staffs at one end
of the section becoming so reduced as to leave two-
only, owing to more 'I'rains having been despatched
in one direction than the other, the following Regu-
lations must be carried out :—

(a.) The Ley which opens the lid of the instru-
ment is in all cases to be kept in charge of the
Telegraph Lineman, and no one else, and he alone
is to open the same when required for any
purpose.

(b) If, on a section worked by Signal Boxes
A and B, Staffs accumulate at B, the Station-
master, or other Otfficer named by the Railway
Company as in charge of A, shall communicate:
by telegraph or in writing with the Inspector
and Lineman, requesting that the Lineman may
proceed to A, who on his arrival shall accompany
him to B, where (after the Train Staff of their
Train has been hamded to the ‘Stationmaster at B
and restored to the Train Staff Instrument there
in the usual way) the Lineman will be requested
by the Stationmaster of A (in the presence of the
Stationmaster of 1) to unlock the cover of the
instrument and permit the Stationmaster of B to
withdraw, mechanically, the requisite number of
Staffs. It is to be specially noted here that this
number must always be even (2, 4, 6, 8, &c.) to
leave the apparatus in its normal electrical con-
dition. An entry must then be made in the diary



:at B to the effect that so many Staffs have been
withdrawn by the Stationmaster of B, and this
entry must be signed by the Stationmasters of A
-and B respectively, by the Lineman, and by the
Signalman at B.

(c.) The Staffs withdrawn by the Station-
master of B should be tied togeilier, and he
handed by him to the Staticnmaster of A, who
with the Lineman will then return to A Dby the
next Train (which will, of course, be sent on in
the usual way with a Staff withdrawn at B by
-electrical permission of A, and given by the
Signalman of B to the Engine-driver, as in other
‘cases).

(d.) On warrival of the S:ationmaster (of A)
.and the Lineman at A, and after the Siaff which
has brought on the Train by which they travelled
has been placed in the Instrument at A, the
Stationmaster at A should then, in the presence
-cf the Signalman at A and of the Lineman, put
in the number of Staffs he brought from B.

(e.) When this is done, an entry of the trans-
.action must be made in the diary at A, and signed
by the Stationmaster of A, the Lineman, and the
Signalmar of A.

(f.) The transaction s then complete, and a
-special Report thereof must be sent by the Station-
master at each end to the Manager’s Oftice.
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PART XI.

TELEPHONES.
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TELEYHGONES.

There are now two siasdard forms issued from
zhe Factory, namely :—

(a.) Post Office Telephone for Single Receiver.

[Plate 63a.]

(b.) ' ’ Two Receivers.

[Plate 63b.] ;
- (@) requires two * Bell Receivers”; (&.) re-
quires only one Receiver. The Receivers are a
separate item. When Issued the Telephones are
fitted with flexible cords for Receivers.

The Gower type of penecil Transmitter is em-
ployed in these Telephones, but if “ for Granular
‘Transmitter ” be added the cover provides for the
attachment of a ¢ Deckert Transmitter,” which
‘constitutes a separate stock item.

(e.) “ Post.Office Teleptione with Silence Cover
is a Singie Receiver Insurnment for Granular
Transmitter.

Recognised forms that will remair in full use
quntil the Instrument needs to be returned to the
Factory are— .

(d.) Gower-Bell Telophane (with flexible tubes).

(e.) v . (incomplete).

In all these cases th2 internal connections are so
arranged as to provide for any ordinary conditions
aunder which it is desired to use this Instrument.

No alteration of internal connections is required,
but when a relay is placed in the Telephone case
the coil ends must be connected to the two pillars
marked ‘Relay,” the base-plate to the pillar to
which one end of the Receiver coils is also con-



nected, and the contact block to the disconnected
wire. When no Reluy is used the two pillars so
marked must be connected across by a wire,

BATTERIES.

Speaking Battery.—For ordinary circuits two
No. 1 Leclanché cells with circular zines.

For circuits communicating with a Pablic
Exchange two six-block Agglomerate Leclanché
cells are to be employed.

‘For ordinary circuits which are exceptionally
long and underground, or which are in continuous
use, authority will be given for the use of six-block
Agglomerate cells, . (See Circular E., 137 IX.)

In the dlagrams the speakmg battery is marked
“two cells.”

Ringing Batterg/.—This includes the two cells
for speaking. . The remainder of the battery at
offices where a total of not more than nine cells is
needed should consist of No. 1 Leclanché cells ;
where more than nine celis are required all but
the speaking cells should be No. 3 Leclanché.’

If on an Exchange circuit, the whole remainder
of the permanent current,battery must consist of
No. 1 Leclanché cells with circular zines.

No. 1 sizé cells are issued in boxes for2 3,4
and 5; No. 3 51ze 6, 8, and 10. :
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T ELEPHONES—cont.

Boxes required to contain cells of different forms
are to be described as ¢ combination,” for
example :—

1 5e. Combmatlon Lec. Battery No. land CZ., and

lde. ., »  Agg.and CZ.
mean a Battery Box of the size described, containing:
respectively— '

2 No. 1 Cells with circular zincs, and 3 No. 1

Cells, ordinary,
and ’

2 6-black Agg Cells, aud 2 No. 1 Cells W’lth

' c1rcular zines.

For purposes of estimating battery power the
electromotive force of a Leclanche cell may be
taken as 108 volt and its resistance as 4 ohms.
(See Table VIII., page 224.)

Leocal Batlery.—The local ringing battery
where a Relay is used must consist of two cells.
Ordinarily the connections provide for the use of
the speaking battery for the purpose. h

If the user of a.'Telephone can hear well and
cannot be heard (indicating a fault in the micro-
phone circuit) he should endeavour to speak through
the receiver.

INDUCTION COILS.

Gower-Beli ‘ Post Office Telephone. °

Telephone. ’ (@) l ) ! ©
| ' o
- | ohms. ohms. | ohms:. | ohms.
Primary -0 5 5 1 ‘ 1
Secondary - 250 150 25 ‘ 250




The coils (b) are the standard pattern for Post
Oftice Telephones ; they may be identified by the
fact that their resistance will be stamped upon one
coil-cheek.

Telephones fitted with granular transmitters are
to have (&) coils ; otherwise (a) and (b) forms are
to beused interchaungeably. (c) is for Trunk Line
working.

In most of the following diagrams the Gower-
Bell Telephone is shown. "It will be understood
that the connections are precisely similar for the
other recognised forms of Telephone.

TREMBLER BELLS.

. Bells are titted with small plates for joining the
coils either in ‘“multiple” or in “series.” The
coils should invariably be joined in series for
direct working ; and in multiple when the Bell is
used in connection with a Relay.

Current required with coﬂs in series (100w) 25
milliamperes.

Circular E. 130 deals fully wlth the aathorised
arrangement of Telephone lines, including the uses
of the various forms of Relay, the recognised
symbols for circuit plans ; the method of calculating
battery power for the ¢“bridge” and “leak”
systems, &c.

Circulars E. 134 and 137 deal more particularly
with special telephenic apparatus, mcludmg their
treatment for stock purposes.

In cases where a Table Telephone is required elther
form of Post Office Telephone May be used fitted
upon a ‘““Stand for Telephone.” The Telcphone
may be fitted upon one side of the stand, and,the
Trembler Bell upon the other. The flexible con-
nection between the table and the wall or other
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TELEPHONES— cont.

point to whicl: the rigid connections are to be
brought should be used with—-

1 Ebonite Strip for flexible cord, with Base.

1 9’ ; 12} ” .
-— yards 7-wire flexible cord.

If bracketted (as shown) on requisitions the twe
strips will be sent- properly connected. The strip
without base is for the stand.

Separate instructions will be issued respectlng a
standard type of TABLE TE LEPHONE

RELAYS.

The conditions of the use of Relays are indicated
in the Notes to subsequent Plates. - If Relays are
required to be fitted under the Telephone cover
the two items should be bracketted thus :—

3 Telephones, P.O. for 2 Receivers.
3 Telephone Rela) s, unmounted
Lurrent required :—

Relays, 100w - 16 milliampéres.
* 1 000‘" . 7 ”
TINTERMEDIATES.

At an Intermediate Office both A > lines are
connected to one line terminal and both “ B ” Jines
to. the other line terminal. =~ If it be a single wire
»¢ircuit then the lines on each side are connected to
the. terminal marked for the “ A ” line, and the
terminal marked for the “B” line is conneected
direct to earth.

LIGHTNING PROTECTORS.
. All telephone -circuits must be fitted - with
Protectors.

A Plotector «l O ” should be used at each office

-on a single-wire clrcult and a Protector “3 c»



at each office on a double-wire circuit. At Inters.
medlate Offices where a switch is used two Protectors.

are 1equ1red on each side of the Office (“ ‘0 ”).

NQTRUCTIONS FOR WOBKING

J.‘he following Cards ere printed and will be
supplied to Supermtendmg Engineerson appllcatlon
to the Engineer-in- Chlef

INSTRUCTIONS FOR WORKING TELEPHONES.
(@) “Telephone Intercommunication Systexjn. I
%) Telephone Interccmmunication System ;.

Open-circuit Working.
(c ) Pricate Wires.

(rl) Single Receiver Telephone on Public - or.
Private Wires.

(e.) Transmitting Telegrams,

() Counter-communication Switch:

A suitable Card must be placed at every Instru-
ment wherever there is a possibility of Instructions
being rvequired and Sectional Engineers should’
ensure that such Cards are kept-in goeod condmon
and renewed when necessary.

-
o
o
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Plate 63a.

POST OEE.QH TELEPHONE FOR SINGLE RECEIVER.
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POST OFFICE TELEPHONE FOR TWO RECEIVERS.

Plate 63Db.
L
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Plate 64.

TELEPHONE.

CONNECTIONS FOR ¢ SIMPLE.”

For general notes, see pages 154-159.

Note.—Connect relay-coil pillars inside the
Telephone. :

Join Bell coils in series.

Apparatus required :—
Telephone. -
2 (or 1) Bell Recelvers
Trembler Bell.

To be used—

(a.) On direct circuits which have a line resis-
tance of less than 200 ohms.

(6.) On circuits with three offices, provided: that
the joint resistance of the ringing circuit from
any telephone does not exceed 150w.

(c.) On circuits with more than three offices,
provided that the line resistances between the
offices be fairly uniform and do not exceed
(say) 20w in each section.

Where: a balaneing resistance is required it must k
be inserted between terminal 1 and the right hand
terminal.of the Bell. (See Circular E. 130, fig. 1.}



TELEPHONE.
CONNECTIONS FOR ‘¢ SIMPLE.”’
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Plate 65.

TELEPHONE.

WITH RELAY INSIDE CASE.
For general notes, see. pages 154-159.

Apparatus required :—
Telephone.
- Telephone Relay 100« or 1,000w (unmounted)
2 (or 1) Bell Recelvers. o
Trembler Bell. -

For lower limits for the use of & Relay (100*;
.see Notes (a), (b) and (c), page 162,

When there are more than three" offices »on ) g.
circuit and the resistance in the section between the
second offices from each end is more than 50@.then
1,000« Relays should be wused.. They should. also
be used upon circuits connected with Exchanges
used for message traffic where any one or more of
the circuits concerned has more than one office.

Ifa balancmg resistance be required it must be
inserted between terminals 1 and 2 of the
‘Telephone.

Fuller details are given in Circular E. 130.
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TELEPHONE.
WITH RELAY (UNMOUNTED).
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Plate 66.

TELEPHONE.

WITH NON-POLARISED INDICATOR RELAY.
For general notes, see pages 1564-159.
Apparatus required :—
Telephone.
Non-polarised Indicator Relay B. 100« or
1,000w.

2 (or 1) Bell Receivers.
Trembler Bell.

For conditions of use, &c. see notes to Plate 65.

If a balancing resistance be required it must be
inserted between terminal 1 of Telephone and the
Relay.

This is to be considered an exceptional require-
ment. A preferable arrangement is to have a
Telephone with Relay (Plate 65) and a “ Telephone
Galvanometer ” placed in “bridge ” or in “leak ”

dircct on the line (see Circular E. 134, p. 2 and
added slip).



TELEPHONE.
WITH 1IN EQ.».,How. RELAY,

wc

o

ECEIVERY

—
i

—® G

56 |

2¢euy

i

™

167



168

Plate 67.

TELEPHONE.

.

FOR “ EXCHANGE~’ WORKING.
For general notes, see pages 154-159.
Apparatus required :—

Telephone.

Telephone Relay 1,000# unmounted.
2 Bell Receivers.

Trembler Bell.

The Relay is adjusted with a “bias” sufficient
to prevent its respending to the permanent current
from the Battery.

Permauent current 4 milliampéres.

To call the Exchange, repeatedly depress the
press-button ; then remove the Receivers and speak.



TELEPHONE.
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Plate 68.
TELEPHONE.

FOR ““ EXCHANGE >’ WORKING WITH AUGMENT-
ING BATTERY.

For general notes, see pages 154-159.
Apparatus required :—
Telephone.
Telephone Relay 1,0000 (unmounted).
2 Bell Receivers.
Trembler Bell.

The Relay is adjusted with a “bias” sufficient
to prevent its respouding to the permanent current
from the Battery.

This system is required only when two Sub-
scribers desire to be connected (through the
Exchange) for communication independent of the
Exchange. The Augmenting Battery, which is
provided for each Office, enables each to gain the
attention of the other without calling the Exchange.
This is principally applicable to cases where a
Subscriber having two distinct lines, wishes them to
be connected through at night.

Current required for permanent current, 7 to 8
milliampéres.

Current required for augmenting (whole battery),
14 to 16 milliampéres.

To call the Exchange, repeatedly depress the
press-button ; then remove the Receivers and speak.

To call distant Office (when through), depress
the button.

Norte.—The press button must have a prolong-
ing spring to prevent breaking the circuit when
it is depressed. All P.O. Telephones are se
arranged.



TELEPHONE, -
“ EXCHANGE” WORKING WITH AUGMENTING BATTERY.
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Plate 69.

TELEPHONE.

CONNECTIONS AT DOWN OFFICE (EXCHANGE
INTERMEDIATE).

For general notes, see pages 154-159.

Apparatus required :—
Telephone.
2 Bell Receivers.
Press-buttor: * C.”
Polarised Indicator Relay “B.” (Coils in
““ multiple.”
Trembler Bell with Indicator,

The Exchange is called by repeated depression
of the Telephone Press-buttou. The Intermediate
Office is ealled by zwice depressing the press-button
¢ C.” This indicates to the * Intermediate ” Office
that the call is from the “ Down > side.

The permanent current for the whole circuit is
put on at the Down Office.

For eonnections at the Intermediate Oiﬁce, see
page 186.
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Plate 70.

GOWER-BELL TELEPHONE.
(S1X-TERMINAL PATTERN.)

As there are a few of these instruments still in
use this diagram and Plate 71 are given to avoid
confusion. It should, however, be understood
that this pattern of G.B. Telephone must be used
only on unimportant circuits.

SIMPLE.

For instructions as to conditions of use, see
page 162.

Leclanché Batteries (Porous pot No. 1) must be
used.

Two cells must be used for speaking and these
must te fitted with circular zincs. .

For general notes, see pages 154-159.
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Plate 71.

GOWER-BELL TELEPHONE.
(S1x-TERMINAL PATTERN.)

WITH RELAY.
For general notes, see pages 154-159.

These instruments must be used only on unim-
portant circuits. (See notes, page 164.)
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(S1x-TERMINAL PATTERN.)
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Plate 72.

TELEPHONE.

WITH MAGNETO GENERATOR AND BELL.

Magneto calling apparatus may be used upon
Coastguard and Public Office (Message) single
wire circuits.

The continuons ringing of ordinary trembler
bells by earth currents, which, in some districts,
is of frequent occurrence, will thus be avoided.
If, during the prevalence of earth currents, the
attention of any Office cannot be secured, oppor-
tunity should be taken to call when the Telephone
Galvanometer (which will still be used) shows
that the conditions are temporarily normal.

Magneto apparatus is also authorised in excep-
tional cases where the ringing circuits are very
dispropsertionste.

Yormal application for authority to use this
apparatus must at present be made to the Engineer-
in-Chief in all cases where less than six Leclanché
cells would be required for ringing under the
battery system.

Not more than six offices may be placed upon a
circuit without special authority. (See Cireular
E. 137. § xi.)

Apparatus required :—
Telephone.
‘Telephone Galvanometer.
MMagneto Generator or Bracket Generator.
Magneto Bell. .
(Continued on p.180.)
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Plate 72—conz.

When used, the Telephone Galvanometer is
connected between terminals 4 and 5, that is, in
“bridge ” (or leak) direct on the line.

To ring, depress the Telephone Press-button,and
turn the crank handle of Generator continuously.
If intermittent signals be required, turn the handle
continuously and regulate signals by the Press-
button. Jerking the handle of the Generator is
liable to damage the gearing.

Magneto apparatus is not suitable for circuits
connected with permanent current Exchanges.



PART XIIL

TELEPHONE SWITCHES.
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Plates 73a andb.

BRIDGE INTERMEDIATE SWITCH
(T.B.L).

For general notes, see pages 154-159.

Apparatus required :—
Bridge Intermediate Switch.
Telephone.
Telephone Relay, 100« or 1,000 (un-
mounted).
2 (or 1) Bell Receivers.
2 Trembler Bells with Indicator.
Resistance Coil (various) R.

The use of a Balancing Resistance Coil R. and -
of a Relay must be determined by the conditions
laid down by Circular E. 130, §§ 7, 8, and 9.

This resistance is placed between terminals
1 and 3 of the Telephone, so that it may be in
the call-receiving circuit only, and not in circuit
for either ringing or speaking. If a Resistance
Block is not required the two terminals must be
joined direct. .

When a Switch is used, if the Intermediate Office
is off the main line, and has to be reached by a
branch, the branch line must be a loop ; that is, it
must consist of two wires for a single-wire circuit,
and of four wires for a double-wire circuit. The
same rule applies to leading-in wires in every such
case. (See Circular E. 130, § 6.)

In the through position the Telephone is placed:
in the circuit in ¢ bridge.”

(Continued on p. 184.)
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Plates 73a and b—conz.

The same form of Switch is used for single
wire circuits.

It is sometimes desired that the intermediate
office Telephone may for purposes of privacy not
be in circuit when the line is * through.” In such
case the Telephone and the left-hand Bell connec-
tions on the Switch may be interchanged so that
the Bell may be in circuit when the Switch is at
“through.” 1In this case the Relay (mounted)
should be used in the Bell instead of in the Tele-
phone circuit. The balancing resistance R. (if any)
must also be placed in the Bell Relay circuit
instead of in the position shown.

Plate 73b.

BRIDGE INTERMEDIATE SWITCH
(T.B.L).

(NEw PATTERN.)

The Notes to Plate '73a apply in every re-
spect in this case. The two patterns of Switch
are to be used indifferently.

It must be noted, however, that the relative
positions of the connections on the two patterns
do not correspond, but the following figures, in
which corresponding terminals are similarly lettered,
will provide for cases where it becomes necessary
to exchange one pattern for the other.

OLD PATTERN. NEw PATTERN.
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Plates 74a and b.

EXCHANGE INTERMEDIATE SWITCH
(E. 1.).

Apparatus required :—
Exchange Intermediate Switch.
Telephone.
2 Bell Recvivers.
Teiephone Relay 100«
Polarised Indicator Relay 1,000
Trembler Bell.

Four leading-in wires (or branch wires) are
required for an Intermediate Office where a Switch
is used.

 BExchange ” is tiie normal pesition.

The Intermediate Office gains the attention of;
the Exchange by repeated depression of the Tele-
phone Press-button, and calls the Down Office by
turning the Switch to ¢ Down >’ and also depressing
the Press-button.

The internal connections of the Switch in the
two positions are shown at the lower part of the
figure.
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Plate 74b.

EXCHANGE INTERMEDIATE SWITCH
(E. 1)

(NEwW PATTERN.)

The Notes to Plate 744 apply in every respect
in this case. The two patterns of Switch are to
be used indifferently. .

It must be noted, however, that the relative
pusitions ol the connections on the two patterns do
not correspond, but the following figures, in which
corresponding terminals are similarly lettered, will
provide for cases where it becomes necessary to
exchange one pattern for the other.

OLp PATTERN. NEW PATTERN.

Two terminals (marked “E ” above, and ¢ 2 ”
and “8” in Plate 74Db) are connected together
direct. This is necessitated by the fact that in the
new pattern Switch provision is made for the special
requirements of the Multiple Switch System
adopted for Newcastle-on-Tyne. The old pattern
Switch requires special alteration for this purpose.



Plate 74b.
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Plate 75.

TELEPHONE EXCHANGE SWITCH.

ORDINARY CONNECTIONS FOR PERMANENT
CURRENT OR FOR PRIVATE EXCHANGE.

The several positions of the Switch are shown.

The Polarised Indicators used on the permanent
current system should be so connected that the
needles normally deflect to the right.

The ordinary sizes of Switches and of Indicator
Tablets are for 2, 4, 6, 9, 12, 16, 20 and 25
circuits.

For Stock purposes they are described respec-
tively, thus :—
— hole Telephone Switch,

and

. . No. of Indicator.

3 11 ” e T, R

— Polarised Indicator “ B” gs—; Spaces on Tabist,
or

- . . No of Indicator.
— Non-polarised Indicators “No. of Spaces on Tablet,
Thus—

3 Polarised Indicators “ B ” —}—%
would mean 3 Indicator Tablets for 16 Indicators
each fitted with 12 Polarised Indicators ¢ B.”

Either form of Indicator can be fitted on the
Tablets.

Separate Indicators are described as such, for
instance :—
12 Polarised Indicators ¢ B.”
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Plate 76.

TELEPHONE EXCHANGE SWITCH.

CONNECTIONS FOR (SINGLE WIRE) TELEGRAPH
CIRCUITS.

See notes, page 190.

In some cases where several Telephone Circuits
used for public messages aré connected to one
Office it is convenient to group them on a Switch or
an Exchange, so that they can intercommunicate
as well as speak direct to the Transmitting Office.
When this is so the connections shown arrange
that only one Indicator is left in “leak.” This is
effected by the connection of botk conductors to
the upper side of one of each pair of pegs.

Whenever any circuit on the Exchange has an
Intermediate Office upon it, the whole system
should be fitted with 1,000@ Telephone Relays ;
and 1,000« Non-polarised Indicators should be fitted
at the Exchange.

See also Circular E. 130, page 6.
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PART XIII.

WALL BOARDS.
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Plates 77a, b, and c.

WALL BOARDS.
For fuller details, see Circular E. 138, § XV.

Wall Boards of four standard forms are iszued
from the Instrument Factory.
(a.) The stock description is—
¢ Wall Board.”

Such boards may be used where necessary on
ordinary Telephone circuits, but it is not intended
that ¢ Desks ” shall be supplied to any but Depart-
mental (Message) circuits. If a Desk be required
it must appear as a separate item on the Requisition
as—

Desk, Writing with Paper Clip.

(3.) and (e.) The stock deseription is—
“ Wall Board (fitted).”

Eight screw-head terminals are fitted as shown.

The diagrams will serve as a guide for arranging
the apparatus, not only for the two actual cases
shown (that is, the ¢ Down > and “ Intermediate
offices on an Exchange circuit), but alsc fer ordinary
Intermediate offices and for special cases.

In some circumstances it is desirable to fix Wall
Boards when the apparatus cannot be grouped ; for
such cases—

(d.) “ Wall Board (Small) ” and

(e.) “ Wall Board (for Bell),”
provide respectively for fixing a Telephone (of
either form) and a Bell.

Requisitions should include 4 24" No. 12 Brass

Screws for fixing each Board or a supply shauld be
kept.
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Plate 77b.
ARRANGEMENT OF APPARATUS ON

WALIL BOARD (FITTED) AT A
“DOWN > OFFICE. (See Plate 69.)
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Plate 77c.

ARRANGEMENT OF APPARATUS ON
WALL BOARD (FITTED) AT AN
“INTERMEDIATE” OFFICE. (See
Plate 74.)
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PART XIV.
CALL OFFICES.
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Plate 78.

CALL OFFICE SYSTEM.
WITH TWO TELEPHONES.

For full explanation of the conditions of use, see
Circular E. 137, § X.—*“Counter Communication
Switches.”

At each Call Office one or more Silence Cabinets
are required, into which callers are aditted for the
purpose of communicating with their correspondents.

Apparatus required :—
PO. Telephone for Single Receiver.
Bell Receiver.
Non-polarised Indicator Relay 1,000w.
7-terminal 2-position Switch.
Trembler Bell.
Resistance Coil (v a,rxous) 100w, {
Wall Board (fitted).

The above will be supplied from Instrument
Factory fully connected under the stock description
of :—

“ Counter Communication Switch for One
Cabinet.”
It is to be fixed in some position convenient for
use by the Counter Clerk alone.
P.O Telephone for Granular Transmitter.
Deckert Transmitter.
Telephone Relay 100« (unmounted).
2 Bell Receivers.
Trembler Bell.
These to be fitted within the Silence Cabinet.

(Continued on p. 204.)
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Plate 77--cont.

The 160s Resistance in connection with the
Counter Telephone is introduced into the Buttery
circuit when (in Position “ 1) the coile of the
Cubinet Telephone Relay are nct in; otherwise the
Buttery alone would practically shori-circuit the
coils of the Indicator Relay.

In cases where the Call Office is not in the same
building as the Telephone Exchange, it is generally
necessary to use a ‘“ Telephone Relay 1,070« (un-
mounted)” in the Cabinet Telephone, and to join
the coils in multiple (250«). TLe TResistance
Coil (various) must then be correspondingly
increased to 250w. Also the Permanent-current
Battery, which is normally 4 cells, must be
increased to 7 cells.

When the Switeh is at position 2, the Switch
Clerk is able in case of need to call the subecriber
direct.

Normally the Telephcne in the Silence Cubinet is
disconnected, so that unauthorised persons obtain-
ing access to the instrument unobserved are unable
to effect commuuication with the Exchange.

The Cabinet seat (as to the use of. which see
Circular E. 137, § I1.) is arranged to disconnect the
circuit of the Counter Bell when the seat is in
use. This bell circuit is complete only when the
switch is turned to “2” and the seat is not de-
pressed. The Counter Clerk by this device secures
a signal when a caller rises to leave the Cabinet,
in case any question as to the length of conver-
sation is to be raised amd to secure the replace-
ment of the Switeh to its normal position (“17).



Both Counter and Cabinet Relays must be
adjusted against the permanent current.

As the Indicator Relay is permanently in
*bridge” across the lines the attention of the
Counter Clerk can always be obtained from the
Exchange irrespective of all conditions at the Call
Office. The Indicator is nmormally deflected to the
right. : :

The Black Peg and corresponding Ringing Key
must be used at the Exchange, two rings being
given for the Counter and one > for the Cabinet.

A Card of Instructions for working the Counter
Communication Switch should be posted at each
Switch by the local Engineering Officer. These
Cards are supplied on application to the Engineer-
in-Chief.

Special instructions will be given as to the
Switch to be used when two or more Silence
Cabinets are in use at a Call Office.
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Plate 79.

CALL OFFICE SYSTEM.

WITH ONE TELEPHONE.
For general Notes, sce pages 202 to 205.

For fuller explanation of the conditions of use,
see Circular E. 137, § X.

At Call Offices where there is not sufficient space
for the Counter Communication Switch shown in
Plate 78, in addition to the Silence Cabinet pro-
vided for public use, the Counter Clerk has to use
the Cabinet Telephone. In such cases the Silence
Cabinet must be so placed that while the. public
are not admitted behind the Counter the Clerk
does not leave the Counter unprotected when using
the Telephone.

The Switch must be fitted in a posmon macces—
sible to the public.

Apparatus required—
P.O. Telephone for Granular Transmitter.
Deckert Transmitter.
2 Bell Receivers.
Non-polarised Indicator Relay, ,OOOw.
7-terminal 2-position SW1tch
“Trembler. Bell.
Resistance Coil (various), 100w.



CALL OFFICE SYSTEM.
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PART XV,
MISCELLANEOUS.

GREENWICH TIME CURRENT,
ARRANGEMENT. OF APPARATUS.

U 562,
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Plate 80.

GREENWICH TIME CURRENT.

This represents the ordinary requirements for
sending Greenwich Time Signals to one subgcriber
in a provincial town.

Apparatus required :—
2-bar Switch (8 positions).
_Siemens’ Relay.
2 SC. Galvanometers.

The current to Renter’s Iustrument must always
be sent from 10 cells Leclanché (Porous Pot
No. 3).

The resistance of the Renter’s Instrument should
in all cases be approximately 200«
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Plate 81.

APPARATUS ON INSTRUMENT TABLES.
The standard w1dth of Instrument Tables is
2 feet.

Length required :
ABC. - - -

2 ft. 0 ins.
S.N. - - - - 2, 0,
BricET’S BELL or DoOUBLE
SouNDER - - - 84, 0
SiMPLEX (1nclud1ng wrltmg ‘
space) = 3 ” 0 2
DurLEx (mcludmg writing
space) - - - 5, 0y,
Avtomatic (excluding ertmg :
space) - - - 4, 0y
RerEaTERS (excluding writing ‘
space) - - - D8, 0,
HuGcHEs INSTRUMENT - S8, 4y,
oy DueLEx - - 10, 8
*~ QQUADRUPLEX - - -9, 0,
MuULTIPLEX :— B
Distributor, &e. - T 4,6,
Each Arm (additional) - 2,8,
CONCENTRATOR SYSTEM :— ‘
Swircu - - - 38,0,
Apparatus, each set - - 2 » 3

Each Puncher, also, should be allowed 2 feet
length of Table space, and for Automatic, ¢ News,”
and Repeaters an additional length of 2 ft. 3 ins.
:should be allowed for each Writer.



ARRANGEMENT OF APPARATUS ON
INSTRUMENT TABLES.
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Table 1.
SPEED TABLE.

TaBLE for ascertaining the AcTuaL SPEED of
TrANSMISSION on AUTOMATIC CIRCUITS.
Directions.—Pass 10 feet of Perforated Slip (representing
50 average words) through the Transmitter, and observe the
time occupied.
Nore.—3,000 divided by the time in seconds, will give
the number of words per minute..

Words Words ‘Words
Time. per Time. per Time.

per
Minute. Minute. l Minute.

g
8
3
@

) .
ceeesdd8
ceeeeddl
ceieeddf
Qivernreend
1000000000048
12..........42
3 .41

37..0000000081
40..000000.4.30
43,0 0000000029
47..........28

7

cesses. 68
46 coiiiia.. 66
46 L.iivuiil. 66

1O DO DO 1O DO DO 1 1 bk b i i bk ko e bk ek b e b e e e el e e H O O OO O O O .




'TABLE IL.—Wo00D-ScREWS suitable for fixing various forms of Instraments.

Screws, Screws.
Instruments. Instruments.
Number.|Length,| Nuwber.|Length,
inches. | inches.

Lugs of most current Apparatus 5 3 | Relays, Standard, “C” and 8 13
Automatic Transmitters and Siemens - -

Receivers, corner Emomm »S Relays, other current wm:mwsm - 8 13

(round headed) - 9 2 | Resistance Coils, 2,000« - - 6 13
Bells, Trembler 10 13 » »  various . 7 1
Block Instruments, ?_o::EEo - 8 13 » . DEE Batt, - 10 2}
Cut-outs, P.O. 6 2 | Rheostats - - - 6 12
Ebonite Strips for nmu:_u_a ooa - 8 1 Em?ouo_;a: - 6 1z
Galvanometers,SC.and Bo_mvgzo 8 13 mEm_m Needle 0o35=93~. - 8 13
Keys, SC. - 10 13} ,» Case - 10 2

' with Switch - 190 .2 Sounders - - - 8 13
" other Stan %sd Switches, Two-way - - 6 13

Patterns - - 10 23 ™ 6 and 7 terml. 2 posn. - 8 13
Magneto Generators Ea Bells - 10 13 Telephonelnteriediate 10 2
Numbering Machines = - 12 1 e&aE_ozawu P.O. - . 8 2
Press Buttons . - - 7 1 G.B. - - - 10 2
Protectors “C” " - 6 & Turntables - - - 10

Table II.

217
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Table III.

TABLE IIT.—STANDARD WIRE GAUGE,
showing Areas of Circular Wires in square inches.

f
Diameter. * | Diameter.

. .
I\SO' —————| Area in I\SO‘ , Area in
; : square : e | square
| Mis |t | inches. | 4r | MBS Milli- | inches.
inch.) metres. 1 linch.) | metres.
|
7/0 | 5000 12°70 1 °1963 23 240 610 | "000452
6/0 | 464 11°7S . *1691 24t 220 *559 | 000380
5/0 | 432° 10°97 | ‘1466 | 25| 20° *508 | *000314
4/0 | 400" 10716 | 1256 26| 18 *457 | 000254
3/0| 872 9°45 ‘1087 | 27 1674 | 417 | *000211
2/0 | 348° ' 884 | *0951 o8 | 14'8 | 376 | -000172
0| 324' 823 '-os24 | 29: 136 345 | ‘000145
1| 300", 7°62 , "0707 30| 12°4 ' 815 | ‘000121
2l 976° ) 701 . -u598 a1 l 11°6 | ‘295 | "000106
3| 252° | 640 <0499 | 82| 108! -274 | *0000916
4l 2321 589 '-0423 | 83| 100 254 | *0000785
5] 212° 1 538  "0353 341 9'2| -234 | 0000665
677 192°  4'88 | 0200 35 84| 218 | 0000555
70 176° 1 4'47 0243 | 86| 76| °193 | *0000454
81 160" = 4°06 | "0201 87 6°8| 173 | "00003a3
9| 144- | 366 |-0163 | 38| 60| -152 | *0000282
10| 128° 8'25 | 0129 39| 52 °132 | *0000212
11| 116" | 2°95 | 0106 40 4'8\ *122 | *0000181
12 | 104* 2°64 | 0085 | 41| 4'4| 112 | -0000152
33| 92° | 234 | '00665 | 42| 4°0 '102 | ‘0000126
14| 80°) 2°03 | -00503 | 43| 3'6! 0914 | *0000102
15 |-, 72° . 1S3 ; ‘00407 | 44| 3°2| 0813 | *00000804
16| 64 1°63 00322 | 45| 28 0711 | ‘00000816
17| 56° ! 1°42 | 00246 | 46| 24  -0610 | *00000452
8| 48 1°22 ' “00181 | 47| 2°0  *0508 | *00000314
19| ©40° © 1°016 | 00126 | 48 | 1°6' -0406 | *00000201
a0 | 96| 914 | 00102 | 49| 12! 0305 | 00000118
o1 | 82+ ! °813 | 000814 | 50| 10 0254 | ‘000000785
22 | 28" 711 | 000616 ;




TABLE 1V.—STANDARD SCREW GAUGE.

Nominal Dimensions in Thou- |Absolute Dimensions
sandths of an Inch. in Millimetres.
No. - —]— .
Diameter.‘ Pitch. I;I;I;rficdﬁ. Diameter.| Pitch.
‘ ‘ I
25 10 . . 28 ! 353 0'25 | 0-072
24 11 ... 8.1 | 317 -—0°29 0°080
23 13 3'5 285 0°33 0089
22 15 39 259 0°37 0°098
21 17 4-3 231 --0+42 0-11
20 19 47 212 0°48 0°12
19 21 55 181 0°54 0-14
18 24 5:'9 | 169 062 | 015
17 27 67 149 070 017
16 31 7°5 | 134 0°79 0°19
15 35 83 E 121 ‘0°90 0-°21
14 | 39 91 i 110 10 0°23
13 44 9-8 | 101 12 025
12 51 11°0 90°7 1°3 0-28
11 59 12-2 81-9 1-5 0-31
10 67 138 7246 17 0°35
9 75 154 65°1 19 0-39
8 86 169 591 2-2 0°43
7 98 18:9 | 529 25 0-48
6| 110 209 | 479 2:8 0-53
.5 | _ 126 232 | 43°0 3:2 0°59
4 142 26:0 | 385 3:6 0°66
3 161 28:7 | 84-8 4-1 073
2 185 319 ‘ 31°4 47 0-81
1 209 354 | 28-2 53 0°90
0 236 39-4 l 25°4 6°0 100
Table IV.
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ELECTRICAL AND MECHANICAL QUALITIES OF LINE
WIRES USED BY THE DEPARTMENT.

Table V,

IroN Wikg.
. X Approxi- . Resistance in
‘Weight per Mile (1bs.) m%;m Diameter (inches). Standard | Minimum
mgmgya ohms, per Breaking
_ Wire mile at 60° F.| Stress.
Standard. \ Max. \ Min. ; Gauge. | Standard. | Max, | Min. | of mmwsz%sun Tos.
_ . size.
800 833 767 3% ‘242 247 ‘237 | 6°66 2,480
600 629 571 b ‘209 ‘214 204 8°'88 1,860
450 477 424 6% - ‘181 186 °176 11'84 1,390
400 424 377 73 ‘171 *176 | °166 13°'32 1,240
200 213 190 10% 121 *125 ‘118 | 2664 620
60 65 55 16 ‘066 *063 _ *069 i 88°'8 .
Harp Drawn Coerer WIRE.
800 820 780 4% _ ‘224 | 226 2206 1098 2,400
600 615 585 6 194 °196 °191 1464 | 1800
400 410 390 8 ‘158 *16025 °15566 2°195 1,250
200 206 195 114 ‘112 *11325 | °1105 4°391 6560
150 163% 1461 13 ‘097 *098 *0956 5:'855 - 490
100 1023 97% 14 ‘079 080 °078 8'782 330
*37 —_ — 18 ‘048 | 049 *047 23'790 | . 120
*28 - - 19 *0%2 | 043 ‘041 34340 -
1198 212 184 7/19 — — - 4°'866 630
111 115 108 318 — — - 7:870 350

* Single Conductor for Strand Wire. + Strand,




NOTES ON TABLES VI-IX.

NomBer or CELLS of various forms of Battery re-
quired to give specified ¢ WORKING CURRENTS ”
through various EXTERNAL RESISTANCES.

The Tables are calcalated upon the basis of the
Minimum E.M.F. and the Mazimum Reésistance.
allowed for the various forms of Cell. Therefore
no further margin is necessary.

To use the Tables the ‘ Working Current”
required and the total Resistance of the Circuit
external to the Battery being known, consult the
Table referring to the form of Battery authorised
for that particular use, and take the number of Cells
indicated against the nearest (higher) Resistance
to that concerned. For instance, for a Single
Needle circuit with a line resistance. of 240» and
fitted with three Instruments (that is 600w), consult
Table VIII. The range of current allowed (page
28) is 15 to 20 mllllamperes and the total external
Resistance is 840w. It is seen that 11 cells will
give barely 15 milliampéres, so that 12 cells (which
will give 16 milliampéres through 852«) should be
used.

Although the resistances of different forms of
Leclanché Cells vary very considerably, for purposes
of calculating the Battery power to be fixed it is
permissible to assume them all to be the maximum.
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TABLE VI.—DANIELL (SuaLr).

The EXTERNAL RESISTANCE in the Table throngh which the various Numbers of Cells
will give the specified CuRrENT in Milliampéres is calculated on the basis of each
Cell having an ELECTROMOTIVE FORCE of * 96 volts and a RESISTANCE of § ohms.

Table VI.

_ Specified Current in Specified Current in
! Milliampéres through External Milliampéres through External
No. of | Resistance in Ohms. No. of Resistance in Ohms,
Cells, +_ ~ 7 ] Cels. . B
_ | ; ] _,
| 14 15 | 17 20 “ 4o 1 20
e N S ,
6 363 336 | 291 240 30 | 1817 1680 1454 1200
8 484 448 388 ; 320 32 | 1938 1792 1551 . 1280
10 606 560 484 ' 400 34 | 2059 1904 1648 1360
12 727 672 581 480 36 | 2180 ;| 2016 1745 1440
14 848 784 678 560 38 | 2301 2128 -1842 1520
16 969 896 775 640 40 | 24923 2240 1939 1600
18 1n90 1008 872 720 42 | 2544 2353 2035 1680
20 1211 1120 969 800 44 m 2665 2463 2132 1760
22 | 1332 1232 1066 880 46 | 2786 2573 2229 1840
24 1454 1344 1163 | 960 48 w 2907 2684 2326 1920
26 1574 1456 - 1260 R 1040 50 | 3028 ~2795 2423 2000
28 » 1696 “ 1568 | 1357 | 1120 60 ﬁ 3634 | 3356 | 2908 | 2400




TABLE VIIL—BICHROMATE. DANIELL (Larce).

Ewmr., 66 ; REs., 4.
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| Specified |
No. A ?omﬁw&»ﬁ. Specified Current in Milliamptres Ummwﬂm MWWO-. %M_W.m.wwﬁ MMW_Q ! No.
of rough External Resistance in Ohms. Resistence [ of
* .
Celts. | ———— e e 1“|1|¢7 Cells.
_ 10 _ 14 _ 15 | 17 - 20 || _

5 | 890 630 586 515 ; 435 300 ‘ 262 5
10 1780| 1260 1173 | 1030 870 600 524 10
15 2670 | 1890 1760 | 1546 i 1303 900 787 15
20 3560 | 2520 2346 | 2061 | 1740 1200 | 1049 20
25 4450 #3150 2933 | 2576 | 2175 1500 7 1311 4 25
30 5340} 3780| 3520 : 3091 | 2610 1800 , 1574 | 30
35 6230 ! 4410, 4106 | 3607 ; 3045 2100 | 1836 | 35
40 7120, 5040 4693 ' 4122 | 3480 2400 | 2098 40
45 £010| 5670 | 5280 | 4637 | 3915 2700 . 2361 45
50 8900 | 6300' 5866 ' 5152 | 4350 3000 | 2623 i 0
55 9790 | 6930 6453 ' 5668 | 4785 3300 & 2885 55
60 |10680| 7560| 7040 6183 | 5220 3600 4 3148 i 60
65 |11570| 8190 7626 6698 | 5655, 3900 | 3410 ;. 65
70 {12460 | 8820/ 8213 | 7213 | 6090 4200 | 3672 70
75 |13350| 9450| 8800 ' 7729 | 6525 4500 | 3935 75
80 |[14240/10080| 9386 8246 : 6360 4800 | 4197 m 80

Table VII
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Table VIII.

TABLE VIILE—LECLANCHE. o
The EXTERNAL ResisTance in the Table through which the various Numbers of

Cells will give the specified CURRENT in Milliampdres is calculated on the basis
of each Cell having an ELEcTROMOTIVE FORCE of 1°08 volts and a RESISTANCE

of 4 ohms.
Specified Current in Milliamperes through Specified Current in Milliampéres through
Zﬁm. External Resistance in Ohms. “Zw. External Resistance in Ohms,
[ . ) —
Cells. ! . _ _ Cells.
* 7 10 14 15 16 ‘ 20 25 7 10 14 15 16 20 26
| |
|

2 300 | 208 | 146 | 136 ( 127 | 100 78 14 2104 | 1456 | 1024 | 952 | 889 [ 700 548

3 451 | 312 | 219} 204 (- 191 | 150 118 15 2254 | 1560 { 1096 | 1020 52 | 750 588

4 601 | 416 291 272 254 | 200 156 16 2405 1664 | 1170 | 1088 | 1016 | 800 628

5 751 520 365 340 | 317 250 196 17 2554 1768 | 1243 | 1156 { 1079 | 850 666

6 | 902 624 | 439 408 381 300 236 18 2105 1873 | 1317 | 1224 | 1143 [ 900 716

7 1052 728 511 476 444 | 351 274 19 2855 1976 | 1389 | 1292 | 1205 | 950 744

8 1212 832 585 | 54t 508 400 314 20 3005 2080 | 1463 | 1360 | 1270 | 1000 784

9 1352 936 657 612 571 450 353 21 3155 2184 | 1536 | 1428 | 1334 | 1050 824
10 | 1503 { 1040 | 731 | 680 [ 635 | 500 392 22 3306 | 2288 [ 1609 | 1496 | 1397 | 1100 862
11 1654 | 1144 | 804 748 699 550 432 23 3456 | 2392 | 1682 | 1597 | 1461 | 1150 902
12 {1803 | 1248 | 877 | 816 | 762 [ 600 472 24 3606 | 2496 | 1755 | 1632 | 1524 | 1200 940
13 | 1954 | 1352 | 918 | 884 | 826 | 650 uuw..w 26 3908 | 2704 | 1902 | 1768 | 1651 | 1300 | 1020




TABLE VIII. (continved)—LECLANCHE.

Svecified Current in Milliamperes through

mvan_mmn Current in Milliamperes through

External Resistance in Ohms. No. External Resistance in Ohms.
S of |

; ! | : _ Cells _ _
N,S_;,qua 20 | 25 ! A,S 14 | 15 | 16 | 20 | 25

1 H : | i

1208 2012 1004 | 1778 1400 1098 | 52 i :: 5408 3803 . 3536 3302 2600

508 | 5120 | 2040 | 1905 1500 1176 | 54 | 8114 | 5616 3849 & 3672 3429 . 2700 |

4803 ¢ 3328 2176 | 2032 < 1537 1254 | 56 | 8415 | 5%24 4096 | 3808 3556 280C -

5109 ‘ 3536 2312 | 2139 1700~ 1832 58 | 871G 6032 4242 ¢ 3ui4 3683 2900

5410 | 8744 2448 | 228G 1800 1412 | GO | 9016 | 6240 | 4389 | 4080 5810 3000

5711 _ 3052 2584 | 2413 1900 1490 § 62 | 9817 | 6448 . 4534 4216 3937 3100 |

6011 | 4160 2720 | 2540 1 2000 1568 | 64 9617 | 6656 4681 | 5352 406k 3200

6312 ‘ 4368 ; 1646 | 66 ' 9919 | 6864 , 4828 | 4433 4191 3300

, 1724 11357 | 7072 4973 | 4624 4318 - 3400 .

,, 1804 70 10519 ; 7280 5120 | 4760 1445 - 3500

1882 S0 12023 8320 AS51 | 5440 5080 - 4660

3656 1 300 | 3275 2500 1960 | 00 13525 9360 6583 ' 6120 5715 4500

Table VIIL.—cont
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Table IX,

TABLE IX.—SECONDARY CELLS.
The * Number of Volts” is the Nominul ELrcrromorive Force.
Specified Cuarrent in Milliampeéres through Resistance in Ohms. i
No. of |_ e
Volts. , ! f !
10 14 15 17 20 k 25| 30 * 160
L , S~ i
i i

2 200 143 133 117 100 | 80 66 | 20
4 400 285 266 235 200 ' 160 | 183 40
6 600 428 399 | 353 300 | 240 = 200 ° 60
10 1000 714 666 | 588 500 = 400 383 100
14 1400 | 1000 933 823 700 | 560 466 . 140
24 2400 | 1714 1600 1411 1200 ° 960 800 | 240
30 3000 | 2142 2000 1764 1500 | 1200 1000 300
40 4000 | 2857 2666 2352 2000 | 1600 1333 400
50 5000 | 3571 3333 2941 2500 | 2000 1666 500
60 ' 6000 | 4285 4000 3530 3000 | 2400 2000 600
70 | 7000 | 5000 4666 4117 3500 2800 2333 700
76 7600 | 5428 5066 4470 3800 3040 2533 . 760
86 8600 | 6142 5733 5059 4300 3440 2866 . 860

|
|
10000 7143 6666 5882 5000 M 4000 3333 1000

No. of
Volts.

2

10
14
24
30

160
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Forked < News” Repeater -
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(6-terminal)

3
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Hexode (Multiplex) - -
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,» Repeaters - -

Inker, Direct
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Instrument Tables, Apparatus on -

Intermediate Double Current (Universai;

» - Exchange (Down @ffice)

. “ News ” for Receiving
. Switch, ABC -

» B Bridge

. - Exchange

Key Repeater, Duplex and Single

Line and Battery Box Repeater
,»  Bell Switches

Magneto, Telephone with -
Morning Test Apparatus -
Multiplex System - -

Needle, Single
“ News ” Repeater (Forked) -

o

(Telegraph ercmt i) -
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