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Plate 1. 

DETECTOR. 

A Detector has two coils, called the " Quantity " 
and " Intensity," or (for shortness) the Q and I 
coils. 

Resistance of I coil is about I OOw 
" Q " 0. 2"" 

'TBSTING. 
a. For a Disconnection : 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. 

b. Fo1· an Ea1'th fault,: Similar connections to 
a, but Line disconnectefl st further end. A 
deflection indicates an earth fault. 

c. 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). 

4. 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 
earth. So long as a deflection is obtained 
the fault has not been passed . 

.e. To test a Battery: Each cell -0f a Battery 
joined through the Quantity coil of the 
Detector should give, approximately, the 
1mme deflection as the ·whole .Battery. 



There is a Shunt upon the " Quantity " coil to 
reduce the deflection to -}th ; 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 iths of the current. 

The stock description is :

" Detector, Q and I " 

DETECTOR. 
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Plate 2. 

DETECTOR WITH Two SHUNTS. 

For General Notes, see p. 2. 

To meet special requirements in Ireln.d, e1pe
cially in connection with the Webb and Thompson 
Railway Staff System (Plate 62, p. 146), a -foth 
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 -{-0 Shunt. 



UETEOTOR WITH i\; SHUNT. 
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Plate a. 

TANGENT GALVANOMETER. 

For full description, see Technical Instructions 
IV., 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 8 are joined 
the Coils are in series between terminals 1 and (4\. 

The Shunt Coils, givingvalues·of-A-th, y10th, i;th, 
·/0th, 8\th, 1-·hrth, :md 3�0th, 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 ampere) ct1in be measured with 
fair accuracy. 

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

The depressinn of the key short·circuit8 only 

one Coil, ·� ( 4 ·�. 

The sensitiveness of the needle is greater when 
the similar poles of the controllin g magnet and 
the needle magnet point in the same direction, and 
less when they point 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 come
quently the position is the less sensitive. In this 
case lowering the magnet 1teduces 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 magnE:t, and in this case the lower the 
magnet the greater the sensitiveness, 

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

One segment ·of the dial is en graved with 
degrees, and the opposite segment with tangent 
divisions with an outer and inner scale. 

The oitter scale with the '' skew " zero gives a. 
greater range, and in some cases increased sensi
tiveness (T. I., IV., p. 23). The normal adjust· 
men t should be such that. a " sealed standard 
cell" in g()od condition will give about 80· 
divisions on the outer scale with no shunt. (The 
actual deflection is marked upon each standard 
cell.) This will ena:ble exact values of current 
to be deduced by taking 80--divisions to repre
sent one milliampere. Thus, 120 divisions with 
the l0th shunt would in<Jicnte a current of 
l�O X 10 ·u· , 

. 80 = 15 mi 1amperes. 
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Plate 3-cont. 

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

Milliamperes. 
Resistance of Divisions 

Shunts. Galvanometer per 

I _

_ 

L

in Ohms. 

-

Milliam�::_l _ _ni��fon. Dfv�;i��. 

1 
To 

l 
1rn 

1 
Tifo 

320 

64 

32 
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8 
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2 

80 

16 
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4 

2 

]_ 
4 

-· -----·-------�--·-- ----
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Tlf 

l 
8 

]_ 
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]_ 
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4 

12t 

25 

50 

100 

200 

400 

800 
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Plate 

TEST-BOX DETECTORS. 

10 

The positions of the plugi; for ordinary require
ments are shown by the separate diagrams :-

., To SEND A ZINC CURRl<�NT ,, and " TO RECEIVE. 

A CURRENT
" : The Line must be connacted to the 

right-hand front terminal. 
NoTE.- To Receive a Current when the Offece· 

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 insei'ted. 

''To Tll�ST 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 
constructed for insertion into a panel of the Test
Box. The description does not include a Switch, 
which is 11 sepa.rate part, namely, ''Test-Box 
Detector Switch." 

A pattern now frequently used .consists of-
A " Differential Galvanometer " with coils 

joined in series (lOOw) 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 increased to 100 volte .. 



TEST�BOX DETIGCTCIT:� ".A." 

(Same connections for "C.") 

TO SEND TO TEST FOR TO RECEiVE 
A NEGATIVE CURRrNT CONTACT A CURRENT 

11 
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Plate 5. 

TEST-BOX DETECTOR "B." 

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

It is fitted with three Coils. of which that con

nected to the side terminals
. 

has a resistance of 
lOOeci, 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."' 
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Plate 6. 
WHEATSTONE BRIDGE COILS. 

The connections in the diagr&m 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 both 
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 AO, divided by 
the resistance in CB, apd multiplied by that in 
BD, gives t,11e resis�11nce under test. AC and CB 
are known as the "ratios " and · BD as the 
" rheostat." 

Example:-
If, in �he conditions shown in the diagram. 

a balance is obt�ined, then.the (insulation: 
resistance of �he Line is known to be 
1000 x :Z350 . • 

---·------· - =2.35,000. ohms. 
10 •.· ; 

The Heversing Switch enables the currents in 
the Line to be reversed quickly. The two plugs 
removed for the "ratios" (AC and BC) serve for 
the purpose. When the plugs are horizontal (as 
shown) a negative ,current p�ses to line, whereas, 
if the plugs be place(} .one above the other a 

positive current passes fo line. 
These positions are marked respectively 

" Straight " and " Reve:rsed " (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. 



WH.EATSTON"M BRIDGE uorr:;s. 

LINE 
..-----------
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Plate 7 . 

.MORNING TEST APPARATUS. 

For full information , see Technical Instructions IV. 
Morning Test Switch Tablet (wired complete 

with 8 -termiual 4-position bwitch; 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 GaJvanometer. 
Test ing Batteries:-

42 Dry Cells. Where Secondary Cells are 
available (50 volts) only 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 

-0f the cells employed in order to get a deflection of 
llO 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 

.an d any required number not exceeding 5 dry cells 
should lie added in order to bring the Testing 
Power to the required E.M.F. of 55 · 5 volts, one of 
the celle to be retained for use with the tablet link 
�s above explained. 

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

(Continued on p. 18.) 
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PART TI. 

ABO A.ND SINGLE NEEDLE SYS'I1EMS 
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W HE.\TSTONE ABC. 

Resistance of Communieator 
,, Iudicator 
" ,, (Magnt-to) 

22 

Plate 9. 

800w 
25ow 
.500"' 

These mstrurnents will work through a resist
ance of 7,000w. 

Every Lineman rcsporn�ible for the maintenance 
of these instruments should have an "ARC Test· 

ing Coil." 

Detailc<l information regarding the removal of 
faults, &c., is given in Technical Instructions XI. 
(pp. 12-18). 

ABC Co::.\IB!NED IXDICATO"R AND BELL 

is now the standarel type of Indicator. The
coils are double wound so that they can be joined in 
multiple (250w) for ordi!!ary use or in serim; 
(IOOOw) when" leak" working is resorted to. See 
Circufar Memo. relating to conditions of use. 

If it be required to work on the "leak " principJe, 
disconnect the left-hand terminal of the Communi
cator from th<=\ contact-maker (that is, have it 
connected to the coils only) ; j oin the left-hand 
terminals of both Communicator and Combined 
Indicator an<l Bell to Line, and the two correspond
ing right-hand terminals to earth . The Indicator 
'-�oils must be joined in series. All Offices on a 

circuit connected alike. 



WHEATSTONE ABC. 

T 

DOWN LINE OR E 

lJ P l.l N t GR E 
��-_ _  -. ·-,-
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Plate 10. 

· ABC INTERMEDIATE SWITCH. 

This Switch enables a,n Intermediate Office-to 
communicate with either Terminal @ffi.ee without 
disturbing the other. 

"13ells, ABC Indicating" should be used where 
two� (as for this pnrpos.e» or more Bells- are 

required . 

• , 13ELLS" is . the normal position of this Switch. 
When the lever is at '' THROUGH " the Bells are 
short-circuited, 



ABC INTERMEDIATE SWITCH . 

.,POWN LINE UP l E 

0 o, 

"LIP" 6THROUOH" 

25 



Plate 11. 

LINE AND BELL 8\YITCHES. 

\Vhere two or more ABC circu its in an Office are 
necessarily attended to by one operator the appli

eation 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 imd Bell Switch" is shown by 
Plate 11. Other sizes are for two, four, and six 
Lines. 

" Bells, ABC Indicating" mm:t be used. 

"Up" �nd ''Down" lines cannot be worked from 
the same lnstrumPnt. 

The Switches are now rarely used. 



LINE AND BELL SWITCHES. 

2 
DOWN 

LINES 
3 

27 



Plate 12. 

SINGLE NEEDLE. 

Slwwin,rJ standm·d connections of Cmnmutator. 

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 Factory have these 
connections; and on circuits worked by Universal. 
Batteries (Plate 45 ), Commutators with the old 
connections must not he used. The old eonnec
tions are retained in Plate 13. 

Apparatus required:-
Single Needle, which includes�

SN. Case. 
SN. Coil (induced). 
Commutator. 

2 Sounding Pieces (if required). 

Neale's Difl.ls may be used exceptionally in place 

of the Induced Coil. 

Resi::-;tanc� of Coils, 200w. 
Fonh of Battery, Leclanche (Porous Pot 

�o. 3). 
Current required, 15 to 20 milliamperes. 



SINGLE, N.hlEDLE. 

OWN LIN):.oR.E , 

UP LINE 

ORE 

?9 
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Plate ia, 

BRIGHT'S BELL. 

8ltowing old connections of Commuiato1·. 

These are now issued fitted wjth Standard 
Relays (neutral). 

Apparatus required:
Commutator. 
Cover for Commutator 
Bright'sBeU (which includes Standard Hel::ty 

'' A " or "B " Neutral and two .Plate 
Sounders) . 

SO. Galvanometer. 

Resistance of Relay " A " IOOw 
200co 
200"' 

" " " 
,, B " -

�) ,, Bright's Relay 
,, ,, Sounder, 20w 
,, ,, Shunt (R.) 500w 
,, ,, Sounder (Old 

without Shunt) 

}- J9·2c.• 

Form, 
40w 

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

Form of Bai,tery, Lecianche (Porous Pot No. 3). 
Current require<l9 15 to 20 milliamperes. 
Local Battery-3-cell Large Daniell Battery for 

20w Sounders. 
" " 

" 

5-cell Large Daniell Battery for 
40w Sounders. 

2-cell Bichromate may be used. 



BRIGHT'S BELL. 

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

DOWN LINE.ORE OJ-�-·· ____ · 
;----=.JI r - - • -ii- -- .;. ., 

��-���"�·=�-· ·�,�� 

61�l51i-1_r8 

UP LINE 
ORE 

31 



Plate 14. 

DOUBLE SOUNDER. 

WITH SEPARATE SC. GALVANOMETER. 

Apparatus required :

Commutator. 

Cover for Commutator. 

Double Soun1ler with Relay. 
SC. Galvanometer. 

A "Standard Relay (neutral)" is the form 
used. 

Uombined resi�1tance of Sounders, with 500<.i 
shunts, 19 · 2w each. 

The connectjng hook between the two "Bell" 

terminals of the Commuttttor must be releDsed. 

Form of Battery, Lec1anche (Porous Pot No. 3). 

Current required, 14 to 17 milliamperes. 

Local Battery-3-cell Large Daniell Battery. 

NoTE.-This is not now i�sued, ha,-ing been 

superseded by that shown in Plate 15. 



DOUBLE SOUNDER. 

WITH SEPARATE SC. GALVANOMETER. 

DOWN LINE ORE 

UP LINE 

ORE 

u 9562. ., . - ' :a:· ,, . ' 



DOUBLE SOUNDER. 

WITH SEPARATE RELAY. 

Apparatus required:
Commutator. 
Cover for Commutator. 

Plate 15. 

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

Standard Relay A or B (neutral). 

Sef! Notes to Plate 14. 



00WN LINE 

OR E 

DOUBLE SOUNDER. 

WITH SEPARATE RELAY. 

UP LINlf 
OA E 

35 





PART .IIJ. 

SINGLE CURRENT. 

{lneluding also 6- and 7-terminal 2-position 
· · · Switches.) · 
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Plate 16. 

ii-TERMINAL 2-POSITION SWITCH. 

(" DUPT,EX AND SINGLE." ) 

The upper figure shows the standard pattern 
(both SP,gmental and spring cam forms), and indi
cates the relative positions of the terminal� as 

corn pared with the older pattern with dead con
tacts, which is shown beneath. The lattP,r is now 
.<{l)solete. · 

7 -TERMINAL 2-POSITION SWITCH. 

("DUPLEX AND SINGLE.") 

This is used in connection with the " Bridge " 

method of cable workin� on the Duplex Automatic 
·System (Plates 28 and 53), also as a Counter Com
munication Switch (Plates 78 and 79). 



6-TERMINAL 2-POSlTION SWITCH. 

Pos1T10N i. 
· ·�or "Duplex:.") 

POSITION 2 .� 
(or "Single.") 

NEw Fmm .. 

7-TERMINAL 2-POSITION SWITCH. 
1; 

. 
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Plate 17. 

SINGLE CURRENT. 

DIREPT SOUNDER OR INKER. 
Apparatus required :

SC. Kev. 

80. Gai vanometer, 30w. 

Resistance €oil (various) 5"' (to be fitted as a 
shunt upon the GaJvanometer Coils). 

Sounder { Coils 20"'. } I 9·'J"' 
Shunt 500"'. 

... · 

or 
Local { Coils 40"'. } 3 7 
Inker. Shunt 500"'. 

"'· 

Form of Battery, Small Daniell. 
Current required, .90 to 100. millian.�peres. 

DIRECT WRITER. 
This is complete in one pie.ce. 
Resistance of Coil, 300"'. 

,, of Galvanometer,. 30<.,. 

Form of Battery, Small Daniell. 
Current required, 15 to 20 milliamperes .. · 
The speed of Slip for Inkers should be between 

6 and 7 feet per minute.· 



SINGLE CURRENT. 

DIRECT SOUNDER (OR INKER) . 

DOWN LINE ORE 

UP LINE OR'� 

DIRECT WRITER. 
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Plate 18. 

SINGLR CURRENT. 

SOUNDER (OR IN KER) WITH RELAY. 

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

E orm of Battery, Small Daniell. 
Current required, 15 to 20 milliamperes. 
Local Battery, 5c. Large Daniell. 

The Relay Coils should be joined in multiple 
if the Line resistance does not exceed I ,OOO,.,. If 
above that resistance the Relay coils should be in 
series. 

The Speed of Slip for Inkf;!rs should be between 
6 and 7 fe�t-per mi�ute. 



SINGLE CURRENT. 

SOUNDER (OR INKER) WITH RELAY. 

UPLiNE OR E 

I 

r::::::QI� �-
-
: c.::.:QI I I 

J � ; �----+---' r----. -----...J 
I 

I I 
�-----------·----J 

DOWN LINE OR E 
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Plate 19 .. 

SINGLE CURR"E}NT. 

DIRECT WRITER DUPLEX. 
Apparatus required :---

1 Hrect Writer Duplex with Switch (200ao 
each coil). 

Differential Ga)- { 50t11 each coil } 42• 9"' 
vanometer 300c.i ,, shunt 

, Rheostat "C" or" Metropolitan." 
Resistance Coil (various) (approximately 

equal to the resistance of the Bat.tery). 
Form of Battery, Large Daniell. 
Current required, 15 to 20 mi.lliamperes. 

The " Metropolitan " Rheostat has a maximum 
resh:;tance of l,l 75t11 by grada,tions of 25(». 

Rheostat "C" has a maximum of 8430(&1 by 
gradations of l<P. 

The use of single current for Duplex Circuits 
is not to be encouraged ; double current should be 
adopted for all new Circuits. 



.If 5 
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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." 
Resi�tance Coil (various) ( appr0ximatety 

equal to the resistance of the B attery). 
Form of Battery, Large Daniell. 
Current required, 15 to 20 milliamperes. 
Local Battery 5c. Large Daniell. 

All new Duplex Circuits should be Douhl& 
Current. 



SINGLE CURRENT. 

DUPLEX. 

DOWN LINE OR E 

UP LINE OR E 
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PART IV. 

DOUBLE CURRENT. 

u 9562. D 
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Plate 21. 

DOVBLE CURRENT. 

SOUNDER (OR INKER) WITH RELAY. 

Apparatus required: 
DO. Key .. 
Relay. 
SC. Galvai1ometer. 
Sounder (or Local Inker). 

Form of Battery, Small Daniell. 
Current required, 14 to 17 milliamperes. 
Local Battery-5c. Largo Damell. 



DOUBLE CURRENT. 

SOUNDER WITH RELAY. 

DOWN LINE OR E 
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Plate 22. 

DOUBLE CUR.RENT. 

DUPLEX. 

Apparatus required:
DC. Key. 
Differential Galvanometer. 
Relay . 
6-terminal 2-position Switch. 
Rheostat "C." 
Condenser, 7! mf. (for Circuits o�er 10(, 

miles, or when on raihvay lines, over 120 
miles). 

Retardation Coils (for Circuits over 150 
mile::;) . 

Resistance Coil (various) 2,000C'O (for Cir
cuits over 120 miles) . 

Sounder. 

NoTEs.-The Resistance Coil is to be placed 
across the divided plate of the Condenser. 

For Circuits over 200 miles '' Condenser 
Coils " should be used im.tead of the 
" Resistance Coil (various) 2,000w." 

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 mi11iamperes. 
Local Battery, 5c. Large Daniell. 
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PART V. 

AurroMATIC SYSTEM 
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Plate 23 . 

.A UTOM.AT IC SYSl/EM. 

COMPLETE, FOR TRANSMITTING AND RECEIVING • 

.Apparatus required :

DO. Key. 
Wheatstone Transmitter. 
Receiver Motor. 

,, Train. 
2 .Auto. Weights. 
Differential Galvanometer. 
Condenser, 7 ! mf. (Reading). 
Rheostat '' C." 
Sounder. 

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

chromate. 
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Plate 24. 

AUTOMATIC SYSTEM. 

4' NEWS 
'' 

ARRANGEMENT, FOR TRANSMITTING 

ONLY. 

Apparatus required:
DC. Key. 
Wheatstone Transmitter. 
Auto. Weight. 
Differential Galvanometer. 
Relay. 
Sounder. 

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

chromate. 
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Plate 25 . 

.AUTOMATIC SYSTEM. 

"NEWS" ARRANGEMENT, FOR RECEIVING ONI.Y 
(INTERMEDIATE STATION). 

Apparatus required :

DC. Key. 
Differential Galvanometer. 
Receiver Motor. 

,, Train. 
Auto. Weight. 
Sounder .. 

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

Form of Battery, Leclanche No. I with 
Circular Zincs. 

Current required, 11 to 17 milliamperes. 
Local Battery, 5c. Large Daniell, or 2c. Bi

chromate. 



AUTOMATIC SYSTEM. 
" NEWS 

" 
ARRANGEMENT, FOR. RECEIVING ONLY 

( INTERMEOIATE STATION) . 

DOWN LINE OR E 

UPLINEoRE . Q.1�-1 

'l�! 
lsoUNDE��; l___�,-_-_] '--: 
�---1� -- � -� 

I 

&. - _,, - - .. - - - - - - - - - - - - - - - - - - - - - - -...J 
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Plate 26. 

AUTOMATIC SYSTEM. 

" NEWS 
" 

ARRANGEMENT, FOR RECEIVING ONLY 

(TERMINAL STATION) . 

Apparatus required:
DO. Key. 
Differential Galvanometer. 
Receiver Motor. 

,, Train. 
Auto. Weight. 
Condenser, 7! mf. (Reading). 
Rheostat ,. C." 
Sounder. 

As a general rule, the Receiver coils i::hould be 
joined in multiple. 

:Form of Battery, Leclanche No. 1 with 
Circular Zincs. 

Current required, 14 to 17 milliamperes. 
I...iocal Battery, 5c. Large Daniell, or .2c. Bi-

chromate. 
· 



AUTOMATIC SYSTEM. 

'� NEWS 
" 

ARRANGEMENT, FOR RECEIVING ONLY 

(TERMINAL STATION) . 

DOWN LINE OR E 

READING C.ONDR 

� 
UP LINEoRE 

S3 



AUTOMATIC SYSTK.\1. 
DUPLEX. 

Apparatus required:
DO. Key. 
Wheatstone Transmitter. 
Differential Galvanometer. 
Receiver Motor. 

,, Train. 
2 Auto. Weights. 
6-terminal 2-position Switch. 
2-way Switch. 
Rheostat "C." 
Condenser, 7f mf. or 10� mf. 
Retardation Coils (8 plugs). 
Battery Resistance Coils. 

64 

Plate 27. 

Condenser Coils (to be pla.ced acros� tlic 
divided plate of the Condern:;er). 

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 between the Up 
Terminal of the Receiver and the junction of the 
two wires connected to that terminal in the diagram. 
·where the line is 1,000 ohms or less, two Resistance 
Coils (rnrious) 1,000 ohms should be inserted. 

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

The capacities of the 7-! mf. Oondemer are 3! mf. 
by gradation of ! mf. plus 3! mf. by gradation 
oft mf. The corresponding values of the 10� mf. 
Condenser are 6£ mf. plus 3£ mf. each by grada

tions of t mf. 
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Plate 28. 
AUTOMATIC SYSTEM. 

"BIUDGE " DUPLEX: FOR CAULE CIRCUITS. 
As diff(:ront arrangerrHmts arc made to suit 

various rcquirt>monts, Autonfotic Duplex Circuits 
sl1ould Le fitted only after direct communicatio1t 
with the Oilico of the Engineer-in-Chief. 

Apparatns required :
DC. Key. 
"\Vheatstone Trammitter. 
Differentfal Galvanometer. 
Recei vcr M oto1·. 

�' Train. 
2 Auto. vVeight;;:. 
7-trrminal 2-po�'ition Switch. 
2-\vny Svv-itch. 
Rheostat "C." 
Triple Condenser. 
Signalling Condenser. 
Read ing Condenser ( adj nstable). 
Retardation Coils (8 plugs). 
Battery Resistance Colli". 
2 Condenser Coils (U2 and R3 on diagram). 
Duplex Resistance Coil:-. 
Shunt Coil 14,000 (on Reading Condenser, 

marked " Rheo ") . 
Sou 111ler. 

Battery, Bichromate, 100 Volts required. 
Local Battery, 5c. Large Daniell, or 2c. 

Bichromate. 
The connections of the Switch are such as to 

admit of the Headii..'g Comlemer being used in 
" Single" working. 

For inV:rnal cormections of the Swit<'h in position 
2 (" Single ") see Plate 16, p. 09. 
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REPEATERS. 
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Plate 29 .. 

REPEATERS. 

(1.) LlNB AND BATTERY BOX CONNECTIONS. 

The external connections of Repeater Boards of 
all forms should be made on the principle shcwn 
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 
Line Box. The centres of the Main Batteries are 

also to be connected from the Instrument Room 
Battery Box to the same t-WO termimils, the centre 

of the Up Main being connected to the Down 

Hcturn Instrument Terminal :md the centre of the 
Down 1\fain to the Up R(•turn Instrument Termiirnl. 
The "Earth " connection is then made only ut the 
LinP Box. 

To " LOOP " : disconnrct the " Earth '' at the· 

Line Box and join the Up Return wire to the Up· 
Heturn I nstrnment Terminal, and the Down 

Return wire to the Down Return Instrument 

Terminal. 

The coils of the Non-polarised Indicators are 
joined in " multiple" (25w) and have a shunt of 

3 · 4"', so thnt the resistance in the Battery lead is. 
j ncreased by 3w. The Indicators are actuated by 
the short-circuiting of the Main Batteries, and 
being of the shutter local-circuit form, the Be1l 

(Continued on p. i2.) 



REPEATERS. 

LINE AND BATTERY BOX . CONNEm'IBXS. 
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Plate 29-cont. 

rings until tJ.1e. fault is r-emoved and the shutter 
replaced. 

· 

A.pparatqs required:-
2 Non-polarised Indicators {old form). 

These will he required for each new Repeater. 
1 Trembler BelJ. 

1 Indicator � fitted with N 3�4(.c) 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 corn;ists of- · 

• . { 200ai coil } 1 Silencer Magnet 
200CA! shunt 

. · lOOcu • 

1 Press-Button "E." 
· 

The Silencer Battery should consist of Bichro
mate (3-pint) or Secondary Cells sufficient to 
give about 100 milliamperes through each Magnet 
(1001'd), 
. 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. 

N OTE.-The Silencer Mngnet is adjusted not to 
act at 14 seconds, and. t.o brfog. the Sounder into 
circuit at 18 seconds. 



REPEATERS. 

EXTERNAL CONNECTIONS WHERE A SOUNDER 

SILENCER IS USED. 

r· 

' i 
. 

I 

REPEATE.R 

SOUNQER 
SILENCER. 

DOUBLE 
PRESS 6UTTOlll 
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KEY REPEATER. 

/DUPLEX {AND SINGLE), 
Apparatus required :-

Plate 31. 

2 Relays" B" ordinary. 
2 . ,, '' B " neutral. 
2 Relaying Sounders " A" (60w coils · nnd 

60"' shunts)� 
2 Pole Changers. · · · 

2 DC. Keys with 6 tenpinals. 
1 8�bar Switch. 
2 Differential Galvanometers. 
2 Rheostats ''C." 
2 Resistance Coils (various) 2,000r.c.. 
2 Itetardation Coils O.F. 

· 

2 Quad. Batt.ery Resistance· Coils lOO'"'. 
2 7 ! rnf. Condensers. 
1 Board, with 14 Terminals. 
2 Non-polarised Indicators) OF. 

Form of Battery; Bichromate. 
Current required, 14 to 17 n1illiamperes. 
Local Batteries, Large Daniell; ten cells being 

used for each (that is, thfrty cells in all). 
The Switch is shown in position for Duplex 

working. . 
For full external connections, see Plate 29 or 30. 
When the apparatus i� not fo circuit the Switch 

·must. be turned to Single. 
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Plate 32. 

FAST REPEATER. 
SINGLE. 

Apparatus required :-
1 Receiver Motor. 
1 Receiver Train. 
1 .Auto. Weight. 
2 Relays "B" ordinary. 
2 ,, "B" neutral. 
2 Electro-magnetic Switches. 
2 SC. Keys with Switch. 
2 Differential Galvanometers. 
1 Leak Coil (20,000ai). 
2 Rheostats "C." 
1 Resistance Coil (various), 2,000w. 
2 7 ! mf. Condensers. 
I Spark (1 mf.) Condenser. 
2 On and Off Switches. 
1 Board, with 12 Terminals. 

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

Battery, Bichromate ; 100 volts required. 
Local Batteries, La1·ge 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 leYers of the corresponding '' On 
and Off" Switches to " Off." 





FAST R�PEATER. 

DUPLEX (AND SINGLE). 

Apparatus required:-
1 Receiver Motor. 
1 Receiver Train. 
1 An to. Weight. 
2 Relays "B" ordinary. 
2 ,, " B " neutrnJ. 
2 Electro-magnetic Swit�hes . 
2 SC. Keys, with Switch. 

Plate 33. 

2 6-terminal 2-position Switches. 
I 8-bar Switch. 
2 Differential Galvanometers(see page 79). 
1 Leak Coil (40,000!:d). 
2 Battery-Resistance Coils. 
2 Retardation Coils (8 plugs) . 
2 Rheostats "U." 
2 Condenser Coils. 
2 Resistance Coils (various), 2,000w. 
2 7 i mf. Condensers . 
2 Spark (1 mf.) Condensers. 
1 Leak Switch and Peg. 
1 Board with 14 Terminals. 

1 Relay "B" ordin�ry. 
2 Soun<lers. 
2 Non-polarised Indicators, O.F. 

Battery, Bichromate, 100 volts requireti. 

J...1ocal Batteries, Large Daniell ; 10 cells being 
·u�ed for the Autmnatic Switches, and t) cells for 
the Sounder local. 

(Continued on p. 79.) 





Plate aa ...... -cont. 

If the resistance of the Line he between i,OOOw 
anti 2,000w, one-l{1:�sistance Coil (various) I,OOOw: 
If the line b� 1,0{)0w or less two Resistance C<1il� .,, 
(various) 1,000"' mu;,t be inserted Between the line 
terrninal,0£ the Transmitting Relay,aml the 8-bar 
Hwitch .. This applies to t.he Line side only in 
regard to. Pfotes 34 and 35 (that is, the rule applies 
to "differential'' but riot to "bridge,, duplex
working). 

vVhere authorised_, and in all new Fast Duplex 
Uepeatei�s, a Ditfei:e11tfal Galvanometer (with coib 
in series) ia inserte<l in the Receiver Leak circni t 

between the Leak Coils and the connection which 
is shown as passing direet to the lleceiver Ter
minal D. 

:B,or full external connections, see Plate 29 or 30. 
The Switch is shown· in position for Duple,v 

working. 

The left-hand portion of the Leak Coils is 

permanently connected to the H.eeeiver, and the 
right-hand portion to the Relo.y. 

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

It will be seen that in thi,:,i east=.' 1he Rrn�istance
Battery Switches· can be utili�e<i as On and Off 
Switches (Plute 32� p. 76) . 

. Leak S"vitch. For explazrntion nnd connections 
in all positions· see Note" on p. S l. · , ., · 

A i:;light re-arrangement in the order of the 
terminals is shown in thes"3 diagl'llms (Plates 33, 
34-, and 35 ) . 

The lak::;t pattern Fast. DuplPx (and Smgle) He
peater is arranged with the whole of the tipptttatu:s 
on the Board, and the upper tier of apparatus is 
fitted npon a remonah1e shelf. 
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Plates 34 �nd 35. 

FAST RE+1EATER. 
' 

DUPL�X (AND SIN�LE), ON ·CA:BLE CIRCUITS_,, 
F.or general notes, see pp. 78 and 79. 

Apparatus req11ired :-
. 1 Receiver Motor • .  

l Receiver Traiu. 
1 Auto. Weight. 
2 Relays "B" ordinary. 
2 ,, "B" neutral. 
2 Electro-magnetic Switches. 
2 SO. Keys with Switch. 
2 6-terminal 2-position Switches. 
I 8-bar Switch, . . . . 

3 Differential Galva1�ometers (p. 79). 
·LLeak Coil (40,000w). . 

· 

2 · Battery Resistance C9ils • 

. l Shunt C.oil(14,000w). 
2 Hetardation Coils (8.,plugs). 
2 Rheost,.i.ts '�C." 
3 Condenser Coils.' 
2 Resistance Coils ( varioµs), 2,000w. 
1 7! mf. Condenser. 
1 Condense!' (*mf. ). 
l Signalling CQnd<.mser (*mf.). 
1 Triple Co.ndenser (*mf. ).. 

. . . . 

,l Duplex Resistance (foils (3,000w+ .?,-OOOr.i). 
2 Spark;( l mf.) CoudensE>rs. . . .  

*Resistance and Capacity according t� r��uireriientq Gf 
Circuit. 

(Con#riued-9n p. 81.) 
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:b�AST H�JPEATER. 

DUPLEX (AND SINGLE) CABLE ON "UP'' SIDE. 

OOWH DOWM...,. 
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Plate 34. 
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FORKED 0-NEWS" REP f:iJATER (WITH REVERSIBI,E I�RAK). 

LEAK SWITCH IS SHOWN IN POSITION }--CONNECTING LEAK 'ro NO. 1 DOWN RELAY. 
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Plate 36a. 
FORKED "NEWS REl�EATIDR 

WITH REVERSIBLE LEAK (Standard Pattern). 

For general notes see page 76. 
Apparatus required:-

1 Receiver Motor. 
l Receiver Train. 
l Auto. Weight. 
3 Relays" B" ordinary. 
3 ,, " B " neutral. 
:3 Electro-magnetic Switcl�es. 
2 Relaying Sounders "A" (60w coils an<l 60:..i 

shunts). 
1 DC. Key, 10-termiual. 
1 Switch, 6-bar. 
1 ,, 6-terminal, 2-po8ition. 
2 ,, On and Off. 
a Differential Galvanometers. 
I Resistance Coil, Leak, 20,000w. 
l ,, ,, various, 2,000"'. 
� Rheostats " C." 
2 Condensers, 7 !- mf. 
2 " 1 " 
I Board, with 13 Terminals. 
I Sounder. 
2 Non-polarised Indicators, O.F. 

The 6-terminal, 2-position Switch is introduced 
in order to allow of the Receiver Leak being 
conne\!ted 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," anrl both 
Return Down Line:5 connected in place of the Earth 
on the Down Return Instrument Terminal at the 
Line Box. 

The Return Up Line "vill, of course, be corre
spondingly connected to the Up Return Instrument 
Terminal instead of Earth. 
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Plate 3?. 

HUGHES REPEA'fER, 

SINGLE, CABLE ON "DOWN'' SIDE. 

For general not�s, see page 76. 

Apparatus required : -

5 Relays " B " ordinary. 
2 SC. Keys. 
2 Differential Galvanometers. 
1 Leak Coil ( 40,000w ) . 
l Resistance Coil (various) 1,000111. 
I On and Off Switch (3-position)· 
1 6-terminal 2-pooitl.on Switch (engraved 

"D.1:!1" and " IQ ") . 

1 2-way Swit{;h (special). 
I Board with 12 terminals. 

I Sounder. 
I Relaying Sounder " B." 
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Plate 38. 

HUGHES REPEATER. 

DUPLEX {AND SINGLE) , CABLE ON "DOWN
'' 

SIDI'. 

For general notes, see page 76. 

Apparatus required :-
1 Receiver, Spring. 
3 Relays '' R." 
2 SC. Keys with Switch. 
l 6-terminal  2-position Switch (engraved 

"DF" and "IQ"). 
1 8-bar Switch. 
2 Differeutial Galvanometers. 
l Leak Coil ( 40,000co ). 
2 Battery Resistance Coils. 
2 Retardation Coils (d plugs). 
2 Rheostats "C." 
3 Condern.;;er Coils. 
1 On and Off Switch (3-position). 
l 7 i mf. Condenser. 
l Triple Condenser, 
1 Reading Condenser (if required). 
1 Leak Switch and Peg. 
1 Short-circuit Piece. 
1 Board with 13 terminals. 

l Sounder. 
1 Rel aying Sounder " B." 
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Plate 38. 





PART VII. 

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 ,£.ull def3cription, see 'J'4tclmi£al Instructions, 
VI. 

The Line is now usually 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. 
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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. · 

I Slide Resistance. 
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Plate 41. 

HUGHES INSTRUMENT. 

ELECTRIC FOR RECEIVING. 

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

As there is an advantage in employing a com
plete Instrument so that the sending and receiving 
in::;truments 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. 
l Differential Galvanometer. 
1 6-terminal 2-position Switch. 
I 6 bar Switch. 
1 Retardation Coils (8 plugs). 
l Rheostat "C." 
1 Condenser Coil. 
1 Battery Resistance Coil. 
1 7 ! mf. Condenser. 
1 Duplex Resistance Coil (1,000(A)+ l,OOO(A)). 
1 Sounder. 

For International Lines (relayed to Cable) a 
Spring Receiver is used instead of Relay " B " and 
a Triple Coudenser 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. 



HUGHES INSTRUMENT. 

DUPLEX, FOR INLAND CIRCUITS. 

OowM L1NE oR E 

UP LINE OR E.' 

Plate 42'. 
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PART VIII. 

QUADRUPLEX 

MULTIPLEX. 
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Plate 43. 
QUADRUPLRX • 

.Apparatus required :

Reversing Key. 
Increment Key. 
Differential Galvanometer. 
Relay, "B" (ordinary). 
Non-polarised Relay " B." 
Rheostat " C." 
Condenser, 7} mf. 
Retardation Coils (8 plugs). 
Condenser Coils. 
Relaying Sounder, B (40"' and 500"' shunt). 
2 Sounders. 
2-way Switch. 
3 Quad: Resistance Blocks-one (the 

"Spark" Coil, A) of 100"' resistance, 
another (B) approx1.mately equal to the 
reRistance: of . the B ·side battery and the 
Spark Coil, and the third (C) approxi
mately eqnal tu Hie •total resil'ltance of the 
whole Battery and the Spark Coil. 

The diagram show� the conn�etions at an Up 
Office. At a Down -OfB�e, re'Verse the wires on the 
two upper terminals of the Galvanometer and also 
the Battery wires on the Reversing Key. 

The J,ine wire must in all cases be on the 
Galvanometer. 

Form of Battery, Bichromate. 
Current required-

" A" side, 10 to 15 milliamperes. 
" B " side, 20 to 30 milliamperes. 

(The full current is thus 30 to 45 milliamperes.) 
Relaying Sounder Local. } each 5c. Large 
2 Sounder Locals. Daniell. 
Technical Instructions VII. deal with the 

Quadruplex System. 
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Plate 44. 

MULTIPLEX SYSTEM. 

CONNECTIONS FOR HEXODE (UP OFFICE). 

Technical Instructions IX. deal fully with this 
subject. 

�'or a Down Office reverse the Coil connections 
on each relay and the Main Battery connections on 
the 8-bar 8witch. Of course the three " tap " 
wires on the Main Battery must be properly placed 
to give the right proportions for '' marking,, and 
"spacing" (."ee below). 

The 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. 

}'or tetrode, Groups 1, 2, and 3 on the Distri· 
butor are used for the first arm, 4, 5, and 6 for the 
second, and so on. Tbe " Receiving Correction " 
(RO.) terminal, to which the wire from the 
Uorrecting Relay (below Distributor in Plate 44) 
is connected, depends upon the retardativn of the 
line. 

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

Apparatus required:
Distributor . 

. Reed. 
Reed Stand. 
4- Hubber Rings for Reeds. 

(Continued on p. 103.) 



Reed CoilR ( 4 plugs). 
Relaving- SouTlder ''B." 
2-way Switch. 
R-ba� Switch. 
Re�istance Coil (variouci) 50(.d. 
l " Quad. Batt. 7 w. 
� ,. ,, lOOw. 
2 Condem;ers , 5 mf. 

.• . 10 mf. (one for each arm). 
Relavs " C " (one for each arm and one for 

co1·re<>ting). 
Differential Gtt1vanonH�ters. 

7 or 10 terminal SC. Keys ( one for ea.eh 
arm). 

Sounders (one for each arm). 
For tet1·ode and triode workinir '' 10-terrninitl 

SO. KP.ys " are ernnloyed, but £or hP.xode 
"7-terminal S.C. Keys" are u�ed, as shown in the 
dia!?rarn. 

· 

ThP. starred circles and thick line show the 
" earth" connection. 

B�TTERIES. 

Bichromate or sPcondarv cells are used £nr all 
batteriP.s but the No. l Local, which is Large 
Daniell. 

The Main Battery usually consists of 80 cells 
for " spacin� " and 140 cells £or "mnrking-," hut 
if the length of the line is onlv from .�o to 60 miles 
50 and 80 CPlh; respPctively n�e sufficient. 

The Reed and Motor Batter.11 com�ists of 30 
�-µint Bichrom ate cells; No. 1Local0£ 2 f'>-c. 'Larg'e 
D1tniP.lls ioined in multiple and the Sounder Locals 
o£H Bichromate cells. 
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PART IX. 

UNIVERSAL BATTERY SYSTEM. 

SECONDARY CELLS. 

COMPRISING DIAGRAMS FOR WOUKING 'FROM. 

l05 
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UNIVERSAL BATTERY SYSTEM. 

For details as to the principle of the Universal 
B�ttery, see Technical Instructions IA.. 

Bichromate Batteries or �econdarv Cells to be 
used except when, for special reason

°
1', authority is 

given for the use of Iieclanche Batteries. 

When Primary Batteries are employed the re
sistance of the different circuits must be approxi
mately eQualised by the insertion of Resisrnnce 

Blocks <§> in the Battery leads as shown. These 

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

&L . : 

A double set of Batteries is required for SN. or 
similar syl"temi;i, and for Double Current. 

SECONDARY CELL WORKING. 

When an office is worked throughout by means 
of Secondary OellF- the whole system must be care
fully planne°d on a ba�is, full details of which wiJl 
be supplie<l from the Office of the Engineer··in
Chief for each partieular case. 

A I-ampere Fuse is placed in each Battery 
lead itt every Circuit. 

As stated above, equalising Resistance Blocks are 
not needed in the Battery leadb of the Circuits, 
but Line equalising Coils must be employed at 
Intermediate Offices as usual (see page ll6). 

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



volts, which is not sufficient for Multiplex and some 
other Cfrcuits, (the ordinary connect10ns for Mul
tiplex, page 10�, are. correct for this system). ..At 
�ttices having !Such Circuits, therefore, two sets of 
S:iipplementary Bichromate Cells must be provided, 
and these must. be sufficient to increase the 100 
volts of Secondary Cells to the higher value re
quired� "Spares" for maintenance purposes must 
also be provided. . . 

On �N ., Double Current or Automatic Circuits 
where the Office is intermediate, as well as on each 
Multiplex Circuit and for each Repeater the .short
eircuiting of the Cells must be provided against by 
the insertion in the Battery leads to such Circuits 
of two special Resii;;tances (called "Vacuum 
Resistances " ) . l!'or (�uadruplex Circuits four 
such Resistances are required. 

Similar provision must be made for each ,. spare " 
or other set that is liable to be used Intermediate. 

Spare sets . liable to be used as " Up," " Down," 
or "Intermediate" need to be connected accord
illgly. The necessary chai;iges. are effeeted by 
means of a Spare Set Reversing. Switch in the 
cu.se of Duplex or Automatic apparatus, but for 
more simple sets the changes must be made as 
required at the Terminals. 

Single Current Duplex 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 12. 
These connections are so arranged that the Battery 
cannot be short-circuited when both tappers are 
depressed at the same time. 

The connection� for'' Up," "Intermediate," and 
"Down" offices are shown . 

. for intermediate offlces I}O alteration of the 
C.QJll.muta1or is 1·equired,. but for. up and down offic�s 
ihe following alterations are. necess�ry :-

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

(2.) Put� plug 1;1n�er the· right-hand portion of 
the back spring to pre.vent the right-hand 
tapper from making contact w1th it when the 
tapper is depressed. , 

The up and down sections of line from an ipter, 
�diate office must not be very unequal·� regards 
resistance. The resistance of the down line in
cludes the coil (200"')· 

For full connections, see page 28 and Plate 12, 
and for notes on details as to universal workiug, 

see pages 106 and l 07. 

B�IQIIT' S BELL. 

J)()UIJLE SOUNDER. 

These are, of conrse, dealt with o� the ·same 
principle as Single Needle. 
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Plate 46. 

UNIVERSAL BATTERY SYSTEM .. 

SINGLE CURRENT SOUNDER (OR INKER) : UP 

OFFICES. 
For general notes, see pages 106 and 10'7. 
Apparatus reqnired :-

SC. Key. 
Relay. 
SC. Galvanometer. 
Sounder or Local Inker. 

Current required, 15 to 20 milliamperes. See 
also page 42. . 

"Down " Instruments which are worked by 
Relays cannot be worked from the sam� Battery 
as "Up" Instruments; but, by reversing th� 
battery wires, Direct Writer "Down" Instru
ments can be worked from an ''Up" Universal 
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. 
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Plate 47. 

UNIVERSAL BATTERY SYSTEM. 

SINGLE , CURRENT SOUN;DER (OR INKER) 
DOWN OFFICES. 

For genernl notes, see pages 106 and lOi. 
Apparatus required :-

SC. Key. 
Relay. 
SC. Galvanometer. 
Sounder or Local Inker. 

Cw-rent required, 15 to 20 milliamperes. 
"Up" Instruments which are worked by J:l.elay� 

cannot . be worked from the same Bat�;ry llS. 
"Down" lnstruments; but, by reversing tu 
Battery wires, Direct Writer " Up " Instrt¥Tien� 
can be worked from a" Down" Univei;sal Battery. 

"Intermediate" Instruments on a Single Qurre� 
circuit cannot be worked from U nivers�\ Batteries. 

SINGLE CURRENT : Dµt�. 
The same as; Single Carr�nt with Relay, except 

that the Sounder takes the place of the Relay. 
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Plate 48. 

U:KIVEHSAL BATTEHY' SYST�l\I. 

DOUBLE CURRENT : UP AKD :COWN OFFICES. 

For general notes, see pages 106 un<l 107. 
The Diagram shows the connections for both 

" Up" and " lJown" Offices. 
Apparatus required:

SC. Key with Switch. 
Relay. 
80. Galvanometer. 
Sounder (or Local Inker). 

Current rcq uired, 14 to 17 miliimnperes. 
" Interrnc<liate" Offices cnn be worked from the 

same Battery as "Up" and " Down " Offices, see 

Plate 49. 



U
N

IV
E

R
SA

L
 B

A
T

T
E

R
Y

 SY
RT

E
M

. 

DOUBLE CURR
ENT

: 
U

P
 

A
N

D
 

DOW
N OFFICES. 

D
O

W
N

 O
F

F
IC

E
S. 

U
P

 
LI

 N
E

 

�
 

· U:
P

 
O

F
F

IO
F.S. 

D
OW

N
 U

i r�E
· m

] 
t

A
R

T
H

 
r-

M
 

�
 

O
: :· t

t f 1+
" " 

� -r= =- � � P�� - =� �� � = '. �
1f - - 0 h __

 
_ 

r--fL
 _

_
_

 ; 
i 

. 
I 

I 
.

 _
..,

 -
9"

·
-

-
·

·
·

·
' 

--==-
-. 

�:t-:
-0-

·,t,p
 

..
.. 



116 

Plate 49. 

UNlV}.:RSAL BATTERY SYSTEM. 

DOUBI. .. E CURRENT: INTERMEDIATE OFFICER. 

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 " 
Ofliees, hut a D0uble 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 hy n. resistance R1, 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 B�ttery lead. (See note on 
..:'Vacuum R0sistance" p. 107.) 

If the two sections be approx:m:;.tely equal, then 
R1 is not required, and the terminals of the Key 
and Helay mu;,t he joined direct. . 

If, on the other hand, the resistance· of the 
" Up " section he greater than that of the '' Do'Y'n/' 
the connections must be as shown in the left-hand 
set; and R1 must be equal to the difference be
tween the re�istance of the" Up " section, including 
the Galvanometer (30"') und the" Down" section. 

When the "Intermediate" Office Circuits are 
grouped with "Terminal" Offices it must be re
membered that the resistance of eacli section of the 
former must ap}Jroximately equal that of the whole 
Circuit from a " Terminal" Station. 

Of course two " line" terminal groups must be 
.appropriated to eucb intermediate circuit in the 
p1oper positio:r..s on the Test Board for the two line 
wires. 



To prevent misunderstanding when circuits are 
to be looped, the Terminal Office should instruct 
the Intermediat� to ''loop by connecting the centre 
" of battery to the through return wire instead of 
" to earth." 
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Plate 50� 

UNIVEHSAL ·BATTERY SYSTEM. 

DOUBLE CUR.RENT DUPLEX : UP OFFICE. 

For genera] notes, see pages 106 and 1 Oi. 
Apparatus required :-

SO. Key with Switch. 

Differential Galvanometer. 
Relay. 
6-terminal 2-position Switch. 
Rheostat " C." 
Conden ser, 7 ! mf. (for Circuits over 100:1niles 

or, when on Railway line�, over 120 miles)'. 
Retardation Coils (for.Circuits over 150 miles). 
Resistance Coil (various) 2,000w (for Circuits 

over 120 miles). 
Sounder. 

NoTE.-lfor Circuits over 200 miles use" Con
denser Coil s " instead of the 2,000ai Coil. 

Current required, 14 to l7 milliamperes. 
Local Battery, 5 c. Large Daniell. 

For a DowN Office the connections OD ru� and D 
of the Relay� and the Battery connections on the 
Key, mn:;;t be r.ever.sed. 
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Plate 51. 

UNIVERSAI, BATTERY SYSTEM. 

AUTOMA�IC : COMPLETE. 
For general not�s, see pages 106 and 107. 
Apparatus required:-

SC. Key with Switch. 
'Wheatstone Transmitter. 
Receiver Motor. 

,, Train. 
2 Auto. Weights. 
Differential Galvanometer. 
Condenser, 7! mf. (Reading) . 

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 co:pnections on the 
Key must be reversed, 

" News" for transmitting only and "News " 
for receiv ing only v,re similar, except that for the 
former a Relay is substituted for Receiver Motor 
and Tmin and one Auto. Weight and for the latter 
the Transmitter is omitted. (See pages 58 to 63.) 

The Notes re Intermediate Offices at page li6 
rtre generally applicable here, and reference should 

;also be made to page 126. 
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Plate 52. 

UNIVERSAL :BATTERY SYSTEM. 

AUTOMATIC : 'DUPLEX. 

For general notes, see pages 106 and 107. 
Apparatus required:-

SO. Key with Switch. 
Wheatstone T11ansmitter. 

·Receiver Motor. 
,, Train. 

2 Auto. Weights. 
Differential Galvanometer. 
2 6-termmal 2 position Switches. 
Rheostat '' C," 
Condeflser, 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 l,OOOw and 

:.2,000w one "Re3istance Coil (various) l,OOOw" and 
if the resistance of the line be l,OOOCcl or less, two 
"Resistance Coils (rnrious) l,OOOw" shoul d be 
Finserted between the " line '' terminal of the 
Receiver an d the Duplex and Single Switch. 

'I'he connections of the Switch are such as to 
· admit of ihe Condenser being used in "Single" 
·working. 



The upper conttict.screws of the Transmitter· 
lever must be withdrawn (see page 120). 

The connections shown are· for. an Up Office ; 

for a Down Office reverse the ccrinectfons on @ 
and D of the Receiver and the Battery connections 
on the Key� 
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Plate 53. 

UNIVERSAL BATTERY SYSTEM . 

.AUTOMATIC " BRIDGE '' DUPLEX. 

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

.As different arrangements are made to suit 
varioufl requirements, Automatic Dllplex Circuits 
should be fitted only after direct �mmunication 
with the Office of the Engineer-in-Ctiief. 

Apparatus required:-
SC. Key with Switch. 
W heatstone Transmitter. 
Recefrer Motor. 

,, Train. 
2 Auto. Weights. 
Differflntial Galvanometer. 
7-terminal 2-position S�itch, 
6 terminal 2-position Switch . 
Rheostat " C." 
Triple Condens2r. 
Signalling Condenser. 
Reading Condenser (adjustable). 
Retardation Coils (8 plugs). 
Battery Resistance Coils. 
2 Condenser Coils ( H,2 and R3 on diagram) . 
Duplex Resistance Coils. 
Shunt Coil 14,000w (on Reading Condenser). 
Sounder. 
2 Vacuum Resistances. 
Stand for 2 Vacuum Resistances. 

For internal connections of the Switch in position 
2 ("Single ") se� Plate 16, page 39. 
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Plate 54. 

UNIVERSAL BATTERY SYSTEl\'l. 

AUTOMATIC', COMPLETE, fo'r Special Sets. 

For general notes, see pag<'s 106 and 107 ; see 

;also not� as to '"News " Circuits on page 120. 

Apparatus rEquired :

DC. Key. 
"'\Vheatstone Transmitter. 
Receiver Motor. 

,, Train. 

2 Auto. Weights. 
Differential Galvanometer. 
Condel}ser, 7! mf. (Reading). 
Rheostat "C." 
' Sounder. 

·Condenser Coil. 
·Spare-set Reversing Switch and Peg. 
2. Vacuum Resistances: 
Stand for 2,Vacuum Resistances. 

'B attery power (Secondary) accorditig to require
·wents put on at Distributing Box at end of 
Instrument Table. 

The Condenser Coil is for equalising the resist

�nce of the two sections of Line when the apparatu s  

is Intermediate. Together 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. 

The Peg of the Spare-set Heversing Switch must 
be turued to left or right to suit the Line upon 
1:which tlw apparatus is to be used. 
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Plate 55. 

UNIVEHSAL BATTERY SYSTEM. 

AUTOMATIC, DUPLEX, for Special Sets. 

For general notes, see pages l OG a1lC1 107 ; set 

also notes as to Battery power and use of second 
Condenser Coil (adjusting Resistance), &c. en 

page 126. 

Apparatus required:
DC. Key. 
Wheatstone Trausmitter. 
Receiver Motor .. 

,, Train. 
2 Auto. Weights. 
Differential Galvanometer. 
2 6-terminal 2 ·position Switches. 
Rheostat '' C ." 

Condenser� 7 !- mf. or 10-k mf. 
Retardation Coils (8 plugs). 
Battery Resistance Coils. 
2 Condenser Coils. 
Sounder .. 
Spare set Re�ersing Switch and Peg. 
2 Vacuum Resistances. 
Stand for 2 Vacuum Resistances. 
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Plate 56. 

UNIVERSAL BA TTERY SYSTEM. 

QUADRUPLEX, UP OFFICE. 

For general notes, see pages 106 and 107; 
Apparatus required :-

H.evArsing Key, whh 6 terminals. 
Increment Key. 
Differential Galvanometer . 

. Relay, "B" (ordinary). 
Non-polarised Relay " B." 

Rheostat "C." 
' 

C�ndenser, 7-! mf. or'IO! mf. 
Retardation Coils (8 plug�). 
CunJenser Coils. 
Relaying Sounder " B." 
2 Sounders. 

· 

2-way Switch. 
l Quad : Resistance Block (A) of 1 OOw 

resistance. 
4 Vacuum Resistances. 
2 Stands for 2 Vacuum ltesistance�. 

The diagram shows the connections at an Up 
Office. At a Down Office, reverse the wires on the 
twn lower Terminals of the Galvanometer and also 
the �tte:ry wires on the " A " Key. 

It· ·may be remarked that on this System cihe 
"IMrement" Key is used for reversing the c.urrent 
and the ''Reversing" Key is used for increasirJg 
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. 



I'll 
> 
:u 
-i 
x 

(b) Omit the Uprighting Sounder. 
(c) Put the contact pointed screw of the Non

polarised Rolay to marking instead of to 
spacing, and connect the Sounder in the 
Relay Local Circuit in the us�al way. 

� rn . 
L-----...1 L------J 
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PA.R'r X. 

RAILWAY BLOCK INSTRUMENTS. 





Plate.57. 

PRE·ECE)S SINGLE WIRE (4·TERMINA.L) 
BLOCK INSTRUMENT. 

·· For.m ofBattery---I.eclanche (No. I Porous Pot),. 
····with Circular Zincs. · · ' 

· Current required for-
. Old.Form 60 to 70 milliamperes. 
·New Form 45 to 50 do. 

Resistance of Coils .of-

. M1 Old Form 10"' New Form .,50,,, 

1 M2 ,, 10"' ,, 50"' 
M3 , , .. 50"'. ,, 120(11 

The levers are all pivotted upon thtj·bra.Ssiplate 
··of the instrument, and are electrically conne·cted 

to the left'-'hand terminal. 

(continued.) 
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Plate 57-cont. 

Normal Position. Line Bloched. 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 M3 at the distant station, closing the local 
bell-circuit and moving over the polarised armature 
of M3, thus unlocking the semaphore arm and 
breaking the short-circuit of the coils of M2• The 
arm at the distant station is now held up only by 
the detent fixed on the arlnature axle of M2• The 
sending of the acknowledgment signal by the 
depression of the Plunger of K at the · distant 
station causes a current to pass to linetbrough M2• 
This (positive) · current releases the semaphore arm 
at the station sending th,e acknowledgment and at 
the home station actuate� only the non-polarised 
armature of M3, which closes the local bell-circuit 
and (as the switch is to " o

.
FF ") moves over the 

Indicator to ''OFF," so that the Indicator of the 
station at which the call originates shows the 
same as the Arm of the distant station. 

· '.i'o 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 · polari�tl armature of 
M3 to the left, short-circuits M2, and raises tne 
8emaphore, which is again caught by the detent. 
"''hen the distant station acknowledges the signal, 
the local (positive) current which passes through 
M1 of the home instrument restores the Indicator 
to " DN ." The line is now blocked. 



PREECE'S 

SINGLE WIRE (4-TERMINAL) BLOCK. 

[FROM THE FRONT.] 
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Plate 58. 

PREECE'S SINGJ,J;� WIRE (5-TERMIN.AL) 
BLOCK INSTRCMENT. 

Form of Battery .-Leclanche (No. 1 
Pot), with Circular Zincs. 

Current required 45 to 50 milliamperes. 

Resistance of Coils ofM1 
Do. ·do. M2 

Porous 

50"' 
5oru 

Do. do. M3 
Do. do. I 

120"' 
11"' to 18ru 

The swinging armature, N, of M3 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-terrninal 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 distingui�h, for his own information, 
whether the Jine is merely Blocked (normal), or 

whether there is actually a Train on Line. The 
electrical connections are the same for these two 
positions. 



PREECE'8 

SINGLE WIRE (Q-TERMINAL) BLOCK. 

[Fl-lOM, THI<�. FRONT.] 
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Plate 59. 

HARPER'S SINGLE-PLUNGER BLOCK 
INSTRUMENT. 

Form of Battery.-Leclanche (No. 1 Porous 
Pot), with Circular Zincs. 

Current required, 60 to 70 milliamperes. 
RPsistance of each Electro-magnet, 1461 tu J 561. 

When the Indicator shows "ALL CLEAR" the 
depression· of the Plunger actuates the right-hand 
springi;:; when as. shown in the diagram, or to 
" TRAIN ON LINE," the Plunger actuates the left
hand springs. Normally, 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 sprin�s 
are connected together by the insulated cross-piece 
:fixed on the long spring. 

All outgoing currents pass through the lower 
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. 

'!' N OTE.-The Three-Plunger Block Instrument is 
electrically the same; 



HARPER'S 

SINGLE PLUNGE"R BLOCK. 

LINE: 
--------

�--··n u rf-��-!01 .....--11-;.-.---1� � lol---------·1 
11 r - ....... .., ...................................... -....... ......... -..... .-...... ----
r ... �: .. :J:�:::::,:::::, __ �----' 

�------ ---------- - ____ . ___ .,. ------ --- .. _____ ; 
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Plate 60. 

TYER'S SEMAPHORE BLOCK 
INSTRUMENT. 

Form of Battery.-Leclanche (No. l Porous 
Pot), with Circtdar Zincs. 

Current required 100-110 milliampP.1'.'e:'!. 

Resistance of Coils of each Semaphore-c&bout 15"' 
,, ,, Relay ,, 18(<) 
,, " Magnetising coils ,, 3-' 

In the normal position of the Plunger the 
right-hand �pring is connected to the contact-piece 
A and the other springs are disconnected. 

The incoming currents pass through the upper 
electro-magnets and the Relay eoils. The magne
tising coils M1 M2 and the Bell coils are brought 
i'nto circuit by the Relay. 

When the Indicator shows "LINE CLI<jAR" the 
depression of . the Plunger connects the two left
hand springs and the two right-hand springs, 
sending to Line :!t 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 
M1, Mz. 



'l'YEWS SEMAPHORE BLOCK. 
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Plate 62. 

WEBB AND TUO:\fPSON'S ELECTRJCA.L 
TRAIN STAF]1 APPARAT�S FOR 
"\YORK ING SING LE LINES. 

Approximate Hesistance of •' Line " Coils 90"' 
Do. . do. " Locnl '' Coils - 60e.i 
Do. do. Gaivanorneter Coils 6(,) 
Do. · do. Bell Coils - 1:0� 

Form of Batterv.--Leclanche (No. 1 Porous 
Pot), with Circula1� Zincs. 

Local Battery 7 cells. 

The Batteries are to be kept nnder lock nnd key 
the key being in the charge of the Lineman. 

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

The several Signal Stations are provided as USl.lnl 
with an instrunwnt for .each ;;,:ectioh; · terminal 
stations having one instrument and intermediate 
�tations two. The instruments and sets of staffs 
ar0 of two different form8, and are arranged in 
pair,.; for alternate sections, so that on a line with 
1'ltations .A, B, C, D, &c., a staff sent by A ca11not 
be used by B in the instrument for the B-C 
section. 

l\IETHOD OF WORK.ING. 

As�ume that a. t:rninjs ready to start from A. 

A calls B by depressing the key K once. This· 
aetuates the "Bell" switch-lever and causes a 
current to pass through the Galvanometer to I .. !ne 
and through the Galvanometer nnd Bell at B. 



B acknowletlges with one stroke nf the bell . 

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

A then gi vf's the . code signal and turns the 
right-hand pointer to "FOR STAJ"F ." This actuates 
the '' Loeal Lock" and the "Line Lock" switch
le\·ers as shown in t.he diagram, so that a current 
·passes th1·ough the " Local " coils of. the electt·o� 
magnet from the local battery, while the "Line,, 
coils are connected through the galvanometer to 
Line. 

B per�nits the withdrawal of a staff by depres
sing hi's key and keeping it depressed. until he gets 
the signal showing that a staff has been withdrawn. 
The eurrent thus sent by B deflects his galvano
meter needle and passes through the " J_.ine" coils 
at A in a direction to assist the "Local" coils. 
As soon as A observes the deflection of th� · galva-
11orneter, he lifts a staff up the channel· C so rai'::!ing 
the lever E upon whieh the electro-magnet is fixed. 
The currents in the ''Line,,. and "Local'' coils 
impart suftk·ient 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 IJ and leaves it and three other 
-dises free to be turned thrqugh a· qu,adrant by the 
completiou Qf the \vithdrawal of the. staff� . A 
then at onee turns the left-hand pointer to " UP 
STAFF OUT" or "DOWN STAFF OUT," as the case 
may be, pre:::sing it ha'rd down until (by breaking 
the circuit at a), the galvanometer needles at both 
stations return to zero. A Rlso restores the right
hand pointer to "BELL." B on seeing. his gal va
nometer needle go to zero, releases K arid sets his 
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Plate 62-cont. 

left-hand poin ter to •. UP $TAFF OUT" 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 o�e of the locking 
disc's actuates the two "Reverser" switch-levers 
through a lever indicated by R. This reverses 
the UNR 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 Line Clear code and turns 
his left�hancl pointer to ''STAFF IN." 

A · ac 1rnovdedges the signal, and turns his left
hand pointer to '' S'l'AFF IN." Both instruments are 
now again in normal position, and a train may be 
despatched from either end as dEtsired. 

Replacing a staff in the instrument from .which 
it has been taken will also restore the two instru
ments to unison. 
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Plate 62--contr 

EQUALISATION OF SUPPLY OF TRAIN 
STAFFS. 

In the event of the supyly of Staffs at one end: 
of the sectiori ·becoming so reduced as to leave two· 
only, owing t'o more Trains having been despatched 
in one direction than the other, the following Regu
lations must be carried out :-

(a.) The key which opens the lid of the instru-
ment is in all case� to be kept in charge of the 
Telegraph Lineman, and no one else, aiid he alone 

is to open the same when required for any 
purpo:::;e. 

(b.) If, on a section worked by Signal Boxes: 
A and B, Staffs accu111ulate at B, the Station�:.. 
master, or other Office!· named by the lfailway 
Company as in charge of A, shall communicat�: 
by telegraph or in . writing with the lnspecto:t:' 
and Lineman, requesting that the Lineman may 
proceed to A, who on his arrival shall accompany 
him 1 o B, where ( aftf·r 1 he Train Staff of their
Truin has been handed to the Stationmaster at B 
and restored to the Train Stftff Instrument there· 
in t]rn usual way) the Lineman will be requested! 
by the Stationmaster of A (in the presence of the 
Stationmaster of B) 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 
nnmber must always be even (2, 4, 6, 8, &c.) to 
leave the apparatus in its normal electrical con
<lition. An entry must then be mnde iu the diary 



at B to the effect that so many Staffs have beeu 
withdrawn by the :-':tat1onmaster of B, and this 
entry must be signetl by the Stationmasters of A 

.and B respectively, by the L1neman, and by the 
Signalman at B. 

(c.) The Staffs withdrawn by the Station

master of B should be tied together, and be 
handed by him to the Stationmaster of A, who 
with the l.iineman will then return to A by the 
next Train (which will, of course, be sent 0:1 in 
the usual way with a S:.aff withdrawn at B by 

,electrical permissior;. ot A, and given by the 
Signalman of B to the Eng:ine--driver, as in other 

·cases). 

(d.) On arrival of ::h>? S:,ationmaster (of A) 
.and the Lineman at A. and after the Slaff which 
has brought on the Tr�in 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.) \Vhen this is done, im .<Jntry 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 t,hen complete, and a 

'special Report thereof mmt he sent by the Station
:master at each end to rhe Manager's Office. 

llH 
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TELEPHONES. 
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15.4 

There are now two s�,rrndard forms issued from 
::he Factory,.namely :-

(a.) Post Office TelEphone for Single Receiver. 
[Plate 63a. J 

(b.) " 
[Plate 63b. l 

" Two Receivers. 

/(a.) requires two �·BelJ Receivers"; (b.). re

quires only one ReceivooT. The Receivers are a 

separate item. 'Vhen :ssued the Telephones are 
fitted with flexible cords for Receivers. 

The Gower type of pencil Transmitter is em

ployed in these Telephones, but if "for Granular 
Transmitter" be added the cover provides for the 
attachment of a " Deckert Tra.nsmitter," wl1ich 
,constitutes a separak stock :it€m. · 

(c.) "Post.Office Telephone with Silence Cover" 
is a Single Receivei· :fostrnment for Granular 
Transmitter. 

Recognised forms that will remain in full use 
1until the Instrument needs to be returned to thl;' 
Factory are- . 

(d.) Gower-Bell Tel•'phone (with flexible tt1he:;;). 
(e.) ,, ., (incomplete). 
In all these cases the internal connections are so 

arranged as to provide fol' any ordinary conditions 
under which it is desired to use this Instrument. 

No alteration of internal connections is required, 
but when a relay is pla(:ed 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 iR also con-



nected, and the contact block to the disconnected: 

wire. When no Reluy is used the two pillars .s() 

marked must be connected across by a wire. 

BATTERIES. 

Speaking Battery.-For ordinary circuits two
No. 1 Leclanche cells with circu1ar zincs . 

. For circuits communicating with a Public 
Exchange two six-block Agglomerate Leclanche· 

cells are to be employed. 
For ordinary circuits which are exceptfohally 

long aµd underground, or which. are in continu011s· 
use, authority will be given for the use of six-block 
.t\.gglomernte eells. (See Circular E., 137 IX.) 

In the diagrams the speaking battery is marked 
" two cells." 

Ringin,q Battery.-Tbis includes the two cell& 
for speaking ... The remainder of the battery at 
offices w:her�.a total of not more than nine ce11s i& 
needed shoul<l. consist of No. I Lecln.nche cells ; 
where more than nine ce1ls are required all but 
the speaking cells should be No. 3 LecJanche. · 

If on an Excha11ge circuit, the whole remainder 
of the .perm�uent current battery mu�t consist of 
No. 1 Leclanche cells with circular zincs. 

No. 1 · size cells are· issued in boxes for 2, 3, 4 
and 5; No. 3 size 6, s; and 10. 

I ;'55 
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TELEPHONES-cont •. 

Boxes required to contain cells of different forms 
are to be described as " combination," for 
example:-· 

1 5c. Combination Lee. Battery No. 1 and CZ., and 
· 1 4c. ,, ,, ,, Agg. and CZ. 

mean a Battery' Box of the size described, containing-
respectively-

2 No. 1 Cells with circular zincs, uud 3 No. 1 
Cells, ordinary, 

and 
2 6-blqck Agg. Cells, a�d 2 No. 1 Cells with 

circular zin�s. 
For purpo8es of estimating battery power the 

electromotive force of a 1'eclanche cell may be 
taken as l ·08 volt and its 'resistance as 4 ohms. 
(See Table VIII., page 224.) 

Local Battery.-The local ringing battery 
where a :B,elay is used must '�onsist of two cells. 
Ordinarily the connections provide for the use of 
the speaki\1g bf1ttery for the purpose. 

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

INDUCTION COILS. 

Primary 
Secondary 

I Post Office Telephone. 
Gower-Bell ______ _ 
Telephone. / 

(a} (b) (c) 
---,---�-

ohmfl. •' 
·5 

250 

ohms. 
•5 

150 

\ 
ohms. i ohms. 

l I 1 
25 

I 
2so 



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

Telephones fitted with granu1ar transmitters are 

to ha-ve (b) coils; otherwise (a) and (b) forms are 
to be used interchangeably. (c) is for Trnnk LinP 
working. 

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

TREMBLER BELLS • 

. Bells are fitted with small plates for joining the 
coils either in "multiple " or in "series." The 
coils should invariabfy be joined in series for 
direct working; and in multiple when the Bell is 
used in connection with a Relay. 

Current required with coils in series ( IOO'-') 25 
milliamperes. 

Circular E. 130 deal.s fully with the authorised 
arrangement of reiephone lii_Jes, inclnding 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 i::pecial telephonic apparatus, including their 
treatment for stock purposes. 

In cases where a Table Telephone is r�quired either 
form of Post Office Telephone may be us£:d fitted 
upon a '' Stnncl for Telephone." The Telephone 
may be fitted upon one side of the stand, �nd,the 
Trembler Bell upon the other. The flexible con
J1ection between the table and the wall .ur other 
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TELEPHONES- cont. 

(point to whicl: the rigid connections are to be 
brought should be used with-· { l. Ebonite Strip for flexible co1·d, with Base. 

1 " " " ' 

-- yards 7 - wire flexibfo cord. 
If bracketted (a� shown) on. requisitions the two 

·strips will be sent propedy connected. The strip 
without ba�e is for the stand. 

Separate instructions will be issued rE'specting a 

stand3rd type of TABLE TELEPHONE. 

RELAYS. 
Th� conditions of the use of ReJays are indicated 

iu the :Notes to subsequent Plates.· lf Relays are 
required to be fi�ted under the Telephone �over 
<the two items should be bracketted thus :� 

{ 3 Telephuue.s, P.O: for .2
.
Receivers. 

3 Telephone Relays, u.nmounted . 
. Current required:..:._ 

Relay�, lOOc..• 
H 1,000w 

TNTER:MEDB.TES. 

16 milliamperes. 
7 " 

At. an Intermediate Office both ''A" lines are 
connected to one line terminal and both " B " Jines 
to the other line terminal. 1£ it be a single wire 

·circuit· 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 connected 
direct to earth. 

· 

:LIGHT�ISG PROTECTORS • 

. AH telephone circuits must be fitted with 
Protectors. 

A Protec tor " .!. C" should be used at each office 1 ' . 2 
·on a single-·wire circuit; and a Protector " -- C " 

2 



at etd1 oMce on it double-wire cit·ctiit. At Inter�. 
mediate Offices whe1·e a switch is used two Protectors�· 
are required on each side of the Office (" � 0 '') . ' . 4 

INSIJ'RUCTIONS FOR WORKING. 
1 

:· 

The . following Cards ere printed an<l will be 
supplied to Superintending Engineers on application · 

to the ]1ngineer-in-Chief. 

INSTRUCTIONS. FOR WORKING TELEPHONES. 

(a ) .. Telephone Interco:m:munication System. : 
(b.) .'l'elephone Intercommunication System;. 

Open-circuit Working. 
(�.) Private Wires. 
(cl.} Single Receiver Telephone on Public or 

Private Wires . 
.,.�(�'.) TransmittingTelegrams. 

{ff Coui1ter.:.communication Switch. 
A suitable C&rd must be placed at every Instru

m�nt wherever there is a possibility of Instructions 
being required and Sectional Engineers should· 
ensure that such Cards are kept in good condition..: 
and renewed when necessary. ' 
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Plate 64;. 

'l'ELEPHON.E. 

CONNECTIONS FOR "SIMPLE." 

For general notes, •see. pages 154-159. 
Note.-Connect relay-coil. pillars inside the 

Telephone. 

Join;Bell coils in serieii. 

Apparatus required :

Telephone. 
2 (or l} BelliReceivers. 
Trembler.Bell. 

To be used-
(a.) On direct circuits which have a line resis

tance of less than 200 ohms. 
(b.) On circuits with three offices, provided that 

the joint resistance of the ringing circuit from 
any telephone does not exceed 150&1. 

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

Where,a balancing resistance is required it must 
be inserted between terminal 1 and the right hand 
t�rmin�Lof .the Bell. (See Circular E. 130, fig. l .) 
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Plate ·65. 

TEL'EPHONE. 

'WITH RELAY INSIDE . ..CASE. 

For general notes, see.pages 154-U9. 

Apparatus required·:-
Telephone. . 
Telephone RelayIOOr.o or l,OOOcotunmouiiteii}. 
2 (or 1) Hell Receivers. · . .  . 

Trembler Bell. '· · 

F9r lower limits for the use of a Relay (tOQtir) 
see Notes (a), (b) and (c) , pf:tge 162. 

When . there are more than three · offices -0n . a 
·circuit and. the resistance in the section between the 
second offices from each end is more than 50•. then. 
1,0001111 Relays should be u8ed. They should. also 
be 1used upon circuits connected with Exchanges 
nsed for message traffic· where any one or more of 
the ·circuits concern�d 'has more than one office. 

If a balancing resistance be required it must be 
inserted between terminals 1 and 2 of the 

Telephone. 

Full� details are given in Circular E. 130. 
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Plate�66. 

TELEPHONE. 

WITH NON-POLARISED INDICATOR RELAY. 

For general notes, see pages 154-159. 

Apparatus required:
Telephone. 
Non-polarised Indicator Relay B. lOOw or 

l,OOOw. 
. 

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 js to be considered an exceptional requirew 
ment. A preferable arrangement is to have a 
Telephone with Relay (Plate 65) and a'' Telephone 
Galvanometer " placed in " bridge " or in " leak ,,. 
direct on the line (see Circular E. 134, p. 2 and 
added !llip). 
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Plate 67. 

TELEPHONE. 

FOR " EXCHANGE " WORKING. 

For general notes, see pages 154-159. 

Apparatus required:-
Telephone. 
Telephone Relay 1,000w unmounted. 
2 Bell Receivers. 
Trembler Bell. 

The Relay is adjusted with a "bias" sufficient 
to prevent its responcli ng to the permanent current 
from the Battery. 

Permanent current 4 milliamperes. 

To call the Exchange, repeatedly depress the 
press-button; then remove the Receivers and speak. 
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Plate 68. 

TELEPHONE. 

FOR '' EXCHANGE '' WORKING WITH AUGMENT

IXG BATTERY. 

For general notes, see pages 154-·159. 
Apparatus required:-

Telephone. 
Telephone Relay l,OOOc.o (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 -0nly 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 
milliamperes. 

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

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

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

NoTE.-Tbe press button must hav-e a prolong
ing spring to prevent breakinµ: the circuit when 
it is depressed. All P.O. Telephones are so 
arranged. 
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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-button "' C." 
Polarised Indicator Relay ''B." (Coils in 

"multiple.") 
Trembler Bell with Indicator. 

The Exchange is called by repeated depression 
of the Telephone Press-button. The Intermediate 
Office is called by twice 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 connections at the Intermediate Office, see 
page 186. 
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Plate 70. 

GOWER-BELL TELEPHONE. 
\ S1X-TERMIN.AL p ATTERN.) 

A.s 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. 
Leclanche Batteries (Porous pot No. 1) must · be 

used. 
Two cells must be used for speaking and these 

must be fitted with circular zincs. 

For general notes, see pag-es 154-159. 
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Plate 71. 

GOWER-BELL TELEPHO�E. 

(SIX-TERlIINAL p ATTERN.) 

WITH RELAY. 

For general notes, see pages 154-,159. 

These instruments must be usell only
� on unim

portant circuits. (See notes, page 164.) 
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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 
hells by earth currents, which, in some districts, 
is of frequent occurrence, will thus be avoided. 
If, d uring the prevalence of earth currents, the 
attpntion of any Office cannot be secured, oppor· 
tnnity 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· 
tion;tl cases where the ringing circuit:; are very 
disproportionate. 

Formal application for authority to use this 
apparatus must at present be made to the Engineer
in-Chief in all c11ses where less than sh: Leclanche 
cells would be required for ringing under the 
bat.tery system. 

Not �nore than six offices may be placed upon a 

circuit without special authority. (See Circular 
E. liJ7. � xi.) 

,Apparatus required:
Telephone. 
Telephone Galvanometer. 
:Vlagneto Generator or Bracket Generator. 
:Vlagneto Bell. 

(Continued on p. 180.) 



TELEPHONB. 

WI'l'H MAGNETO GENERATOR AND BELL� 
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Plate 72-cont. 

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
t>utton. Jerking the handle of the Generator is 
Hable to damage the gearing. 

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



PART XII. 

TELEPHONE SWITCHES. 
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Plates 73a andb. 

BRIDGE INTERMEDIATE SWITCH 
(T.B.I.). 

For general notes, see pages 154-159. 

Apparatus required:-
Bridge Intermediate Switch. 
Telephone. 
Telephone Relay, IOOw or l,OOOw (un-

mounted). 
2 (or 1) Bell Receivers. 
2 Trembler Bells with Indicator. 
Resistance Coil ( variom1) 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 resiRfance 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 mm::t 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.) 



Plate 73a. 
BRIDGE INTERMEDIATE SWITCH. 

(OLD PATTERN.) 
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.Plates 73a and b-cont. 
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." In 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.I.) . 
(NEW PATTERN.) 

The Notes to )?late 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 coITesponding terminals are similarly lettered, 
will provide for cas6s where it becomes necessary 
to exchange one pattern for the other. 

OLD p ATTERN. NEW PATTERN. 



Plate 73b. 

BRIDGE INTERMEDIATE SWITCH. 

(NEW PATTERN.) 
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Plates 74a and b. 

EXCHANG]J INTERMEDIATE SWITCH 
(K l.). 

Apparatus required :-
Exchange Intermediate Switch. 
Telephone. 
2 Bell Recr-ivers. 
Telephone Relay 100� 
Polarised Indicator Relay l,OOOcu. 
T:rem bler Bell. 

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

''Exchange" is tile normal position. 

The Intermediate Office gains the attention of� 
the Exchange by re}Jeated depression of the Tele
phom� Press-button, and calls the Down Office by 
turning the Switeh 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. 



Plate 74a. 

EXCHANGE INTERMEDIATE SWITCH (E. 1.). 

(OLD P.A'fTERN.) 
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Plate 74b. 

EXCHANGE INTERMEDIATE SWITCH 
(E. I.) 

(NEw PATTI<JRN.) 

The Notes to Plate 74a 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 
positions of the connections on the two patterns do 
not eorresponJ, but the following figures, in which 
corresponding terminals are similarly lettered, will 
provide for cases where it beromes necessary to 
exchange one pnttern. for the other. 

OLD p ATTERN. NEW PATTERN. 

Two terminals (marked "E" above, and "2 " 
and "8" in Plate 74b) 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 pa.ttern 
Switch requires special alteration for this purpose. 



A 

Plate 74b. 

EXCHANGE INTERMEDIATE SWITCH. 
(NEW PATTERN.) 

-------
�
----- -----. ,-·------- -------- ....... 

RELAY 
: : 

DOWN E:XCHAN.GE 

A 
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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 eonneeted 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 rpspec
ti vely, thus:-

- hole Telephone Switch, 
and 

or 

No. of Indicator. - Polarised Indicator '' B " N'o-:ofs:Paces ori Ta.biet:' 

No of Indicatvr. - :Non-polarised Indicators 
No. of Spaces on Tablet. 

Thus-
3 Polarised Indfoators '' B " t� 

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 are 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 both 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 l,OOOco Telephone Relays; 
and I,OOOwNon-polarised Indicators should be fitted 
at the Exchange. 

See also Circular E. 130, page 6. 
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WALL BOARDR 
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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 isrned 
from the Inst.rument Factory . 

(a.) The stock description i�
'' 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. 

(b.) and (c.) The stock description is
" Wall Board (fitted)." 

Eight screw-bead terJ?linals are fitted as shown. 

The diagrams will serve a� a guide for arranging 
the apparatus, not only for the two actual cases 
shown (that is, the " Down " an<l " J ntermediate" 
offices on an Exchange circuit), but also fer ordinary 
Intermediate offices and for special cases. 

In some cir::mmstances it is de�irable to fix Wall 
Boards when the apparatus cannot he grouped ; for 
such cases-

(d.) "Wall Board (Small)" �nd 
(e.) ''Wall Board (for Bell)," 

provide respectively for fixing a Telephone (of 
either form) and a Bell. 

Requisitions should include 4 2f' No. 12 Brass 
Screws for fixing ench Board or a supply should be 
kept. 
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Plate '17b. 

ARRANGEl\il�NT OF APPARATUS ON 
W ALI-1 BOARD (FITTED) AT A 

''DOWN" OFFICE. (See Plate 69.) 

® 
0 

� 
0 

B 

© 
� 

@ 0 

R�LAY PROTECTOR 

PRESS BUTTON 

t:;::::::=::===========J 
TE:LE:F'HONE. 

0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 0 0 



Plate 77c. 
ARRANGEMENT 01!"' APPARATUS ON 

WALL BOARD (FITTED) AT AN 
"INTERMEDIATE" OFFICE. (See 
Plate 74.) 

TELEPHONE 

0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 0 0 
@ 0 

199 
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Plate '78. 

CALL OFFICE SYSTEM. 

WITH TWO TELEPHONES. 

For full explanation of the conditions of use, see 

Circular E. 1:37, § X.-" Counter Communication 
Switch<;,s.'' 

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

Apparatus required :-
PO. Telephone for S.inglo Receiver. 

l Bell Receiver. 
Non-polarised Indicator Relay l,OOOr.o. 

\.. 7 �terminal 2-position Switch. r 
Trembler Bell. J 
Resistance Coil (various )0 100w. J 
Wall Board (fitte<l). J 

The above will be supplied from Iu strument 
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 Granufor Transmitter.} 
Deckert Transmitter. 
Telephone Relay lOOw (unmounted) . 
2 Bell Receivers. 
Trembler Bell. 

These to be fitted within the Silence Cabinet. 
(Continued on p. 204.) 



CAI� I� OFFICE SYSTEM. 

WITH TWO TELEPHONES, 

MON•PO\.A R't'SEO 

INOICAfOR ··RE\:AY 
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CABINET : : 
SEAT : I 

�

·I 

)J- - - - - - _j � 
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EXCHANGE LINES 
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Plate 77--cont. 

The lGOai Resistance in connection with the 
Counter Telephone is introduced into the Battery 
circuit when (in Position. " l ") the coil� of the 
Ctt.binet Telephone Relay tire net in ; otherwise the 
Battery alone would practically shorf-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 I,O'JO<AJ (un
mounted)" in the Cabinet Teleph one, and to join 
the coils in multiple (250"'). Tle Resistance 
Coil (various) must then be correspondingly 
increased to 250w. Also the Pe1manent-current 
Eattery, which is normally 4 cells, .must be 
increased to 7 cells. 

When the Switch is at position 2, the Switch 
Clerk is able in ca8e of need to call the subEcriber 
direct. 

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

The Cabinet seat (as to the use of. which see 

Circular E. 137, §II.) 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 CQllYer

sation is to be raised and to secure the replace
ment of the Switeh to its normal pvsition (" l ") . 



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

As the Indicator Relay is permanently in 
4' bridge" across the lines the attention of the 
Counter Clerk can always be obtained from the 
Exchange irrespective of al l conditions at the Call 
Office. The Indicator is normally deflected to the 
right. 

The Black Peg and corresponding Ringing Key 
must be w::ed at t he 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 Offiee. 

205 
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Plate 79. 

CALL OFFICE SYSTEl\:1. 

WITH ONE TELEPHONE. 

For general Notes, see pages 202 to 205. 

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

At Call Offices whern 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 whil�, ,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 position inacces
sible t� the public. 

Apparatus required-
P .O .. Telephone for Granular Tr1,1.nsmitter. 
Deckert Transmitter. 
2 Bell Receivers.· 
Non-polarised Indicator.Relay, 11000co. 
11-terminal 2-position Switch. 

·Trembler. Be11. 
Resistance Coil (various), 100"'. 
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PART XV. 

MISCELLANEOUS. 

GREENWICH TIME CURRENT• 

ARI-tANGEMENT. OF APPARATUS. 

u !'562, 

209 
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Plate 80. 

GREENWICH TIME CURRENT. 

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

Apparatus required :-
2-bar Switr.h (3 positions). 

_ SieTJJens' Relay. 
2 SC. Galvanometers. 

The current to Renter's Instrument must alwavs 
he sent from 10 cells J,eclanche (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 width of Instrument Tables is 
2 feet. 

Length required : 

ABC. 
S.N. 
BRIGHT's BELL or DounLE 

SOUNDER 
.SIMPLEX (including writing 

space) -
DuPLEx (including writing 

space) 
AUTOMATIC (excluding writing 

space) -
REPEA.',rERS (excluding writing 

space) 
HUGHES INSTRUMENT 

" DUPLEX 
QUADRUPLEX 
MULTIPJ,EX :

Distributor, &c. 
Each A.rm (additional) 

CONCENTRATOR SYSTEM:� 
SWITCI-I 
Apparatus, each set • 

2 ft. 0 ins. 

2 ,, 0 " 

3 " 0 ,, 

3 " 0 " 

5 " 0 " 

4 " 0 -,, 

5 " 0 ,, 

5 " 4 " 
10 " 8 " 

9 " 0 " 

4 ,, 6 " 

2 " 3 " 

3 " 0 " 

2 " 3 " 

Each Puncher, also, should be allowed 2 feet 
1length of Table space, and for Automatic,'' News," 
and Repeaters an udditional length of 2 ft. 3 ins. 
:should be allowed for each Writer. 



ARRANGEMENT OF APPARATUS ON 

INSTRUMENT TABLES. 

SOUNDf.R 

SCREEN 

I 

SOUNDER\ 
SCREiN 

KEY DUPLEX. 

a: 

e 

w. 
Cl) z Ill Q z 0 e 
(.) 

e 
WRITING SPACE !KEY I 

AUTOMATIC DUPLEX. 

��; 

3ffi 
co �z 
c;;8 

RECEIVER 

IGALVAH3 

�· 
8i 

� 

z: 
. 8 

� @ 
I
RETARDATIONI 

,\ ilCH COILS 

...----

KEY TRAN SM lTTER 
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SPEED TABLE. 

216 
Table I. 

TABLE for ascertaining the ACTUAL SPEED of 
TRANSMISSION on AUTOMATIC CIRCUITS. 

Directions.-Pass 10 feet of Perforated Slip (representing 
50 anrage words) through the Transmitter, and observe the 
time occupied. 

NoTE.-3,000 divided by the time in seconds, will give 
the number of words per minute .. 

·•-T-im_e_._c_l _:_r_�:_�:_:_. •-'l-'1-·m_e_.__:_j _:_iP_ :�-r�_:_. 1 __ T_i_m_e·__ j :.¥::. 
seconds. 

5 ...... . . . . 600 . Sj ..... .. ... 545 
6 •••••••••• 500 
6t .......... 462 
7 .......... 429 
7t •••••• • • •• 400 
8 •••••••••• 375 
8} .......... 353 
9 ... . . . .... 338 
9j .......... 316 

10 •••. • . • . • • 300 
lot • • • • • • . . . .  285 

-11 .......... 273 
nt ......... 262 
12 · ••••. • •. • .  250 
12! ••••••• . . •  240 
13 .......... 231 
Iaj .... ..... 222 
14 .......... 214 
14t ... . .. .... 207 
15 .......... 200 
15] .......... 195 
16 •••. . . • • •• 188 
16j .......... 182 
17 .......... 177 
17t .......... 172 
18 ••••• . • • . • 167 
18t .......... 162 
19 •••••••••• 158 
19} .... .. ... . 154 
20 • • • • • • • • • •  150 2ot .......... 146 
21 • • • • . • • • • •  143 
211 .......... 140 
22 .......... 136 
22t . .... . . .. . 133 23 .. . ... . . . . 130 

seconds. 23! .. . ... .... 127 
24 • • • • • • • • •  ,lt5 
24! .......... 122 
25 •••••••••• 120 
25t .......... 117 
26 •••••••• . •  115 
2!Ji .......... 113 
27 .......... 111 
27f .......... 109 
28 ••••••. • • .  107 
28t • • • • • • • • • .  105 
29 . •••••• • • • • 103 
29t . • .•.. . . . .  101 
so . .... .. .. . 100 
31 ..... . ... . 97 
32 .......... 94 
33 • • • • • • • • • •  91 
34 . .... . . . .. 88 
35 • • • • • • • . • • . 86. 
36 .......... 83 
37 • • • • • • • • . • 81 
38 ·, .... . . .. . . 79 
39 • • • • • •·• • · •  77 
40 • . • • • • • • . . 75 
41 • • .  • • • • ·  . • 73 
42 • • • . • . • . • .  71 
43 • • •  · •• • • • •  70 
44 ....... .. . 68 
45 ••• • • . •••• 66 
46 • • • • • • •• • •  65 
47 • • • • . • • • •  ' 64 
48 ...... . . . . 62 
49 • • • • •••••• 61 

<-O • • • • • • • • • •  eo 
51 • • • • • • •  : •• 59 
52 • . • . • • . • . •  58 
53 • • • • • • . • • •  57 

min. 0 
0 
0 
0 
0 
0 
0 
1 

• 1 
l 
1 
1 
1 
1 

. 1 
1 
1 
1 
1 
1 
1 
·1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 

sec. 
54 •••••••••• 56 
55" • • • • • • • •  :.55 
56 .... . ..... 54 
57 •••••••••• 53 
58.· .... . . ... 52 
59 • • • . • • • • • •  51 
60. •1• ••••• -.50 . 

1 •••••••••• 49 
3: . • ••••• ;.48 
5 ........... 47 
6 • • • • • • • • • •  46 
7 .. ........ 45 
!;1 .......... 44 

10 . .. .. .. . .. 43 .. 
12 ••••• • . ••• 42 
l:� . • . . . . •• • . 41 
lii . . .• . .• . . .  40 
17 • • • • • . • • • •  39 
20 • • • • • • • • • •  38 
21. • • ••••••. 37 
23 .......... 36 
25 • • • • • • • • • •  35 
28 . • • . •• • • • •  34 
30 • • • • • • • • • •  33 
a5 • • • • • • • • • •  3::1 
37 • . • • • • . • •• 31 
4() • • • • • • • • • •  30 
43 • • • • • • • • • .  ::?9 
47 • • • • •• • • • •  28 
51 • • •• • . • • • •  27 
55 • • • • • • • • •  ,jj() o ...... ... . 25 

5 • • • •• • • •• •  24 
10 • • • • • . • • • •  23 
16 • • • • • • • • • •  22 
23 • • • • . ••••• 21 
30 • • • • • • • • • •  20. 
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Table III. 

TABLE III.-STANDARD WIRE GAUGE, 

showing Areas of Circular \Vires in square inches. 

No. 
s. 

w. 
G. 

Diametei'. 

l\!\18• I l\T illi-. ( ( Ol 
I 

metres mch.) · 
-- _ _  c, __ 

7/0 500' 12'70 
6,'0 464" 11·1s 
5/0 432· 10·97 
4/0 400· 10"16 
3/0 ,372· 9"4ii 
210 348' 8"84 

0 324· 8'23 
1 ::100· ' 7·r,2 
2 276" 7·01 
3 252" i 6"40 
4 232" I 5·rn 
5 212 · I 5"38 
6 192" 4"88 
7, 176' 4·47 
81 160" 4"06 
9 144" 3 " 66 

10 128" 3·25 
11 116" 2·95 
12 104' 2"64 
13 ·92· 

I 
2·34 

14 so· 2'03 
15 ' 72· 1·ss 
]'6 (i4' l '63 
17 56' I 1"42 
H! 48' I 1'22 
19 . 40' l "016 
20 oo· '914 
21 I 

82' '813 
22 23· · 711 

Area in 
square 
inches. 

------
'1!)6:! 
·rnti1 

I "1466 
" 1256 
' 11187 

: •,0951 
"0824 

' · 0707 
"0598 
·0499 
' 0423 
·0353 

' "0290 
·0243 
·0201 
·orn:3 
'0129 
'0106 
"0085 
"00665 
'00503 
'00407 
·00322 
"00246 
"00181 
"00126 
·00102 
"000804 

'"000616 

I 

I 
Diamet°', 

No. Area in s. square "\L Mils. 
G. (·001 

Miili- inches. 
metres. 

I 
inch.) 

23 24 · "610 "000452 
24 i 22· · 559 "000380 
25 ! 20 · "508 "000314 

�� I is · ·457 '000254 
16'4 ·417 ·000211 

2s I 14"8 "376 ·000172 
w, 13"6 ·345 "000145 
30 i 12'4 '315 ·000121 :n I 11"6 · 295 ·000106 
32 10'8 ·274 "0000916 
33 10·0 ·254 ·0000785 
34 9 ·2 ·234 '0000665 
35 8"4 ·213 '0000555 
36 7"6 '193 '0000454 
37 6"8 ·173 '0000363 
38 6"0 '152 '0000282 
39 5'2 '132 ·0000212 
4ll 4·3 ·122 '0000181 
41 4·4 ·112 '0000152 
42 4·0 ·102 '0000126 
43 3'6' '0914 ·0000102 
44 �·2 1 '0813 '00000804 
45 2·s '0711 "00000616 
46 2'4 '0610 '00000452 
47 2·0 "0508 ·00000314 
48 1"6 ' ·o��6 ·00000201 
49 1"2 I ·03 5 '00000118 
50 l"O '0254 ·000000785 

i 



TA:aLE IV.-STANDARD SCREW GAUGE. 

I 

sandths of an Inch. I 
Nominal Dimensiens in Thou-

No., 

Diameter. J 
! 

I 

Pitch. I Threads 
per Inch. 

I 
-

I I 25 10. 2·s I 353 
24 11 . .._. 3° l 

I 
317 

23 13 3•5 �85 
22 15 3•9 259 
21 17 4'3 231 
20 19 4•7 I 212 
19 21 5'5 

I 
181 

18 24 5'9 169 
17 27 6•7 149 
16 31 7•5 I 134 
15 35 8·3 I 121 
14 39 9• 1 

I 
110 i 

13 44 9•8 I 1.01 
12 51 11 ·0 90• 7 
11 5\l 12·2 81 • 9 
10 67 1 3•8 7:.l.·6 

9 75 15'4 65·1 
8 86 16'9 59•1 
7 98 1 8•9 52•9 
6 110 20•9 47·9 

,__5 _ 12G 23•2 43•0 
4 142 26'0 38·5 
3 161 28•7 �14•8 
� 185 31 '9 31'4 
1 209 35•4 28'2 
0 236 39• 4 25•4 

Absolute Dimensions 
in Millimetres. 

Diameter. I 
-·- ··· I 

I 

0·25 
--0·29 

o·33 

0°37 
·0"-42 
o·48 
o · 54 
0 · 62 
o·7o 

o·79 

o·9o 

l ·O 
1·2 
1°3 
1•5 
1•7 
1•9 
2·2 

�·5 
2·8 
3•2 
3•6 

4•1 
4·7 

5'3 

6•0 

Pitch. 

----

0·012 
0·080 
0•089 
0'098 
O• ll 
0·12 
o·a 
0•15 
0·17 
0•19 
0·21 
u·n 
0·2 5 
0•28 
0•31 
0•35 
0•39 

0·43 
0•48 

(}•53 
0°59 
0•66 
O•i3 
0 • 81 
0'90 
1·00 

Table IV. 
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NOTES O� TABLES VI-IX. 

NUMBER OF CELLS of various forms of Battery re

quired to give specified,, WORKING CURRENTS,, 

through various EXTERNAL RESISTANCES. 

The Tables are calculated upon the basis of the 
ltlinimum E.M.F. and the Maximum Re.sistance 
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 a�ainst. the nearest (higher) Resistance 
to that concerned. For instance, for a Hingle 
Needle circuit with a line resistance of 240(t} and 
.fitted.with three Instruments (that is600(t}), consult 
Table VIII. The range of current allowed (page 
28) is 15 to 20 milliamperes and the total external 
Resiritance is 840(t}. It is seen that 11 cells will 
give barely 15 milliamperes, so that 12 cells (which 
will give 16 milliamperes through 852(t}) should be 
used. 

Although the resistances of different forms of 
Leclanche Cells vary very considerably, for purposes 
of calculating the Battery power to be fixed it is 
permissible to assume them all to be the maximun:i. 
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