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CT{APTER XYIII.

Bwr,s.

()rn of thc orclinary forms of communication in a ship is by
mr.:\Ds of' bells, lvith or withoui voice pipes and telephones.
1'hese beils crrn be either single stroke or trembler beils.

.\ingle-:trohe Bell.-'lhe single-stroke bell is the simplest form.
It i. rrot rnrr,'h usetl, horverer, as it is not always sufrciently loud
' : , ,  11:i laci r t t tentior).  arrr l  i ts cal l  is apt to be overlooked amongst
.  : :e i  : . , ,1s .  - :  € I l11 in t - t ln t l l  lP l '11  qongs l re  o f  th ls  type .

Tbc r irr s soun,i  r" l i l1,1 ;r r l : ignet, us:rr l ly of horseshoe form,
tc tro codr bdog secured to t\vi) terrnintls. The armatru'e,
cJtti; ft hrrrs', feces rbe y'1,, piect,s. On passing r cull'ent
&r!f flc coib the magnet ber'onps active an(l attrrcts the
rfrt, Ous causing tbe hammer to stlike the gong; irr this
pcition tbe armature will remairr until the barterv circuit is
LroLen b.r easing up t ire cal l  push, rvhen the spring. wi l l  lsselt
ir- , .1f.  und t lr i rs '  the a,rn)ature back to i ts original posit ion. ' l 'he

e, ' :15 p1,,. . '  br joined eithel in series or in paral lel.
'freniLltr 

li,,ll.-h the tremblins bell the wire from the
terurinrl I aftt,r' prrssing lourtl the magrrets is securerl to their
roetrl framervork at B, and is thus electrieally eonnected througir
r lre spring L'to the almuture i tsclf  D. The latter rests normslly
:rsain.! the insulrrte ,  L stop l l ,  which is conncctecl to t ire other
1 . . : : : - l r : : ,1  l j .

t)n Fr-*- iog a culrent t l rrorrglr t l re 1x' i l .  t le armature f l ies
fotrrrrt lrrd crarrses rbe hanrrrer to stlike the gonpJ, but as in so
doiog it breaks the circuit at E. it i". at once putled back to its oltt
position by the epring C; the circuit being now again completed,
the action desclibed will continue as long as the battery citcuit is
kept closed by pressing the push. The adiusting screw G
regulates the distance of the armature from the pole pieces, giving
considerable le'ritude in tiris respect ; and, as these adjusting scl'ews
u'e liable to slack back with continual vibration, they require
sorne attention, especiallv in watertight bells. 'Ihe magnet coils
are usually joined in parallel, il older to obtain ttre most powerful
field. The two bells described abovc are shown in Plate XL.

Watertight. Trenzbler Bell.-ln the watertight tremblilg bell,
Plate XLI., the legs of the magnets ale screwed into the siile of
the rvatertight casing, the armature A makirg and breaking the
circuit in the usual way; it does not, however, cany the hammer,
rvhich scrervs into another armature facing the pole pieces outside
the crrse. 'fhis armature B is pivoted at C, ancl is adjustaltle by a
sclew. 'Ihe 

coils and the electrical make-and-break are conse-
quently rvateltight, whil-"f the hammer and armature B are not.
ifhese bells will often be found to ring better. with their coils in
series (.see page 320), Each bobbin cariies 2'8 ohms of 25 I/.S.G.
wlre.
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Alternate Cnrrent Bel. l .^Oneolherforrn of bel l  is occasional iy
nret rvi th (,"ee Piate XLIX.), viz., that for use *. i th alte.natini
currents. fn this case trvo atliustable gongs are neccsslr.r., the
hammer rockirrg between thern. I.he mag"net is wouutl iri the
usual way,.but th-e armature, which c*rries ihe harnrn,:r., is pivr.rterl
between the pole pieces. It js so ruagnetised by'perrlanelt
nagnets that its extremities faeing each pole piecb of the
electro-magnet are of the same poiariiy.

I t tu. l ts.-Tbe faults l ikely to be found in bel ls are:_
(1) Spindle carryingtire harurner l.rent. .lhis may jambthe

hammer forwarrl agaiust the gorrg and so plevent the
armature frorr moving, or. throlv the hamrncr._out of line,
witir the result that ir, ner.er strikes the gong, Undei.
the secontl condition the armaturc wiil o-nty rattle.'I'he 

arrnatore anrl. spindle also stick occasionally in
their metal covers (watcltight bcllsy.

(2) Make-and-break_ out of aJjustmenl, contact dirty, or
spl ing weak. I f  the spring is .rvcal i  t l re defect carr be
tcmporarily rectified by nltcirrs tLe bell in snch a
posit ion that tLe rveight ot '  t l rc lraurnrer t t  rest as-r ists
in.teeping the arrnaiure spring a_qairrsr the adjusting

(13) Ar.nrrturt rouching the pole pieces and st icking to thcrl
b.r- tirc pull of the rr,sidual magrretism. 'llhis can be
culed b,r 'gurnnrirrEJ a thin piece of '  paper to t lrc pole
pieces, a,:rcl.applies especially to the so-crLlled r.elay. 

- 
In

some belis ivor.y stops are emplo;.ed as a guarcl agrinst
this. It must be remernbereil that in belis, as in :r,ll
other electrical instruments, absoiute cleanliness of
contacts is essential, ancl that thele must be no loose
contacts or bad mechanical fittings.

Shutters.-'-io avoirl using a large nurnber.of bells, n slnrtter
instnrrnent, colt l ining two or rnore ihutter.s, is usul, Lr1' rnetns of
rvhich the stt t ioD cal led is enrbled to dist inguist i  the ca,i ler ' .

Each shuttet' consists of rr, smail electro-magnet, the rvire
lrroun<i round it being connectetl at one end to the calling line and

rrt t l re other to the bel l .  ' ,1 ' l re cal l ing cur.r.enr, on arr ir . i rrg, pa.sses
through the shutter and Lei[ in serici .  r inging the bel l ,  arra rt  t t  "
sarne t ime naking -the shutter lnagnet act iye; t l r is pul ls uu a
srnall armatulc in front of it and allrlrvs a shutter r.vith a I'etl
disc plinted on it to fall forrvard, the arntature acting as a
nechanical cl tch lbr the shutter. (See Plate XLII. ,  f  ig. 2.)'I'he slruttet's arc placerl two or more in a box, rvat6rtigttt or
non-rvatertight, fittccl tvith a glass fi.ont. 'Ihele is rlso a lotl
projecting through the side of ihe box for mechanicall,v rsD1r.lr*
any shuttels thrrt nrav lurve fir,llen.

Each shuttel offersa lesistance of about I  ohru. (25 L,S.G.).

-Faults.--(i) 'l'he leatls of all shuttels ale rnade (, coulmon "

ol one side by a bar, consequently an earth 1'a,ult irr orre shuttel
rvill affect the rvhole group.
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(2) The slirings gradually become weak, allowing shurters to
fal l  by concussiorr (rvi thout auv passrge of current)rarrd uo means
tre providetl lbr adjusting the distance of the arnatule from thc
pole pieces.

Pushes.--The pushes for bell ancl reply gong systems are noyr
usually made watertighr., and it is irnportan[ to remember that,
if the covers a,re not properly screrverl up, or if l;he glands are
rlcfective, the push 'rvili not make contact, or nlay shori,-circuit ;
tLev therefore retluile occasionrr,l attention.

C ombinecl Si n g I e -p n s h anrl S hutt er.-A combi ned si n gle-push
iurd slruttcr. Fig. l ,  Plate XLIL, is employecl in conjunction I ' i th
t  l r , .  _  l ' i  ) l t1 )  sYs tern  o f  be l l s .

I l ' . l l  r . i l r . i r i t .  carr lre'  joined up in several l \ 'ays. (See
I ' : e r . . \ I . l l l  ,

I .rr t i r  r '  I  rr . t i l l r i  rr  i le t . i rn lre used in cach case, but carth
n , i l r rns  a r { .  n rver  u .c ' l  rv i t l r  h , , l l  t . i l cn ' t r  on  board  sh ip ,

I ig. I  .hows thret, bel ls in ibrk o1f oue lruslr,  wit lr  a switch
l i t t t t l  to  each l re l l .  (Re l r l v  gong t r '1 re . )

I)eJinit iott ' ferms.-spcaking gt 'ur,,r .al lr- ,  ont l ine uu'e is
requi led i f  orre strt ion is ler luired to cal l  auotirer, autl  trvo i I '  the
l lr ter is to cal l  bacir.  I 'he 1'" pol.e of the batrery is connectetl
ro:r l i  t l re.pusltes, antl  the - ' .  pola to t l te bel ls, the ]atter wire
lreirrg otten c:r, l ler l  the (.olul lon ,eturn. I 'hese two leads arc
calierI tlre batterll ntttins ot chr.r.rging leads.

In  F is .2  S ta t ion  I  ca l l s  S ta t ion  2  on ly .  an t l  i f  au  n l te lna t ive
t,;r l l  posit ion is ler lui le d another push must be forhed i tr  Letwecn
t i L r  l i r r , , s ' i l t , r r n t l  t i i c  f  ' "  r n a i l .

> r - , , : l  L  l l  r t ' i - l r  1o  c ; r l l  l ' ' r r r . l i  (F ig .  : i )  ru -o  l i r rc  rv i r .e -s  rv i l l  be
:  . r . , . . : - i l r .1  .  :u r  I  i .u t i r  , : i r r lg in {  l t ,u r l :  o t ' the  l ra t tu r . - l '  i v i i i  l re  r .e r lu i red
s t  r€ ( 'h  - t : r l i , , r r :  u r  l r  l r : r t i r . t r  l r r r1 , l r , - r 'e r l  : r l  lac l r  i ta t iu r r ,  w i re  l re in l
ecoaomised b-r using u crl lunloi l  retunL (us shotvn in Fig, 4), i f
nreferrerl,
I Contnton ilettrrn Systent.-'Ihis system extentle{ .,vas employe4
iu rrranr- ships, in conjunction with voice pipes, as the cornruon
letrrrn system, every station being able to send and recr:ive calls.'I'he stations are connected by line rvires, laid up as t.wo or four
cor': cables, and several batteries are employed, all conuectetl on
rhe ncgative (return) side. It should be nored that in this system
t*'o l ine wires only rvi l l 'be required berween two stat ions i f ' thev
rrrc fed off dislant batteries, or b.y the same battely af trvo distan't
places, rvhilst tu'o line .wrros and tlvo charging leatls will be
r erl'rilcd if the baftery porver of orre is supplied from the other.

.rrr.?:tp _1y1tetn.-'!!e co_mmon return system is norv trbsolete,
an,l rvill onl.y be touncl in a few of the older; ships. fts place has
heen rtken by -lvhat is known as the Group System, eocl, groop
lraring i ts ou'u batterv ancl return.

Plate \LIV., l- i i .2, shows an exchange group complete, and
two errension lroxes t and y have been p"i in to shor iiow cable
is :omr:t inres st i l l  further economised. The connections of two
stat ions of _srrch a grol ip system are f l led in complete iD $iq. l ,
and tbe g'ilc-. coloured to assist in tracing the circuits. l.,he
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colou|s ghown hereiri at'c rrot, horvever, thoso ern|lo1'cd in the

Selvice dra$'ings supplied to ships, rvhich show line wires in blue,

* "u leatls in ied, aird retutn,in 1'ellow' 
'-lhe two line l'ires

between tlvo stations rsere also fr:equently r:epresented by one blue

l ine in the older r lrawings'
The shuttet retuln 

-bar 
il the terninal boxes has been found

rrccess$ry orving to thc large number of stat ions cal l iug by the

.r.mc beil. Th"e thre'c bars are marke'l S ll' P B, and B B,

reoresentinE " shuttel teturnr" 6t push (battery positive)"' and
., iell (batt"ery negative)," resp€ctiveiy. The line terminals nt

the toD u.e "tooe"ct"d l_,y metal strips to the corresponding ontrs,

immed"iatelv beneath them. This aloids tire inconvenience of

olaciue tw6 wires under one termi*al, which was necessat'y in the

6ldu. 
'io*.., 

manv of rvhich still exist in the Service, fitted with

terminals and two-bars, or terminals only'

The new boxes are macle of aluminium or gun-metal, and are

"oooli"d in three sizes. The base plates are made o[ vulcanisec

tib'ri. iustead of slate, and are f*r.ther i'sulatecl rvith mica and

paraffin wax.

Re7tty (lonos.-llattl XL\t. shorvs rL conrpletc ̂ set -of r^el'll

gongs ; as tney l'equrre ronsitlerable currentr and ate fitted in fork,

Snly"lho-"e ectltallv le,l'rilcd -'houltl be liepl switched on' -They
o,='uro.Uu liept .li"tirict flom the main bell circuits, and have a

special b,riterl of their orvn.

,Fizalfs.-SLouid a gong gtr ike on srvitching on,. examine .the
o,,.1,.  u..  bi: i ,g iu the i 'gine room, i t  is apt to be short-circtr i te' l

t ;"d;-; .  Ti ie springs also sometimes become rather weak,

airmittitrg of interftittent contacts' anil. the fammery are. apt to

,f"* ,.ooia on their spinclles. 
'Ihe coils are joined in series and

offer '  3' I  ohrns resistance (20 L'S'{ j ' ) '
rfB.s7211r1 .-�ID testing bell circuits a little cornmon sensc will

save a lot ol trouble.* 
ilo not be irr a hul'r,v to cliscoltlec[ things, as t]re fault may bc

an irtcitlental onc.

E a t ' t h . L e u k s . _ S l r o u ] d a n e a r t l t l e a k l r e f o u r r d t o e x i s t o r r t h e
"ir"o1i. ilisconnect each lead iil turn from the te'minal box, and

t"., *irr, an earthecl f,Ienoiti nntil the leaks are located in the

ali""ti,* of the bells, shutters, antl line rvires. It sho'kl lrtr

"a^"r"U..".f that if an earth leak exists eacL sicle of a battery the

ir,,rt"*- *itt run dolvn, a bell ring eontinuo.sly, or a shuttcr

persisiently I'eiuain dolvrr.

I.ai[ures trt ring. -Failures due to loose ot' tlisconnected

leads, breaks, bad a'djusturent of bells, &c'--- 
r" tr," ",,se ,,f ,i b.1 foiliug to ring, lhe lbii,rving list .f

questions rvi l l  l re lbnncl useful:-- 
(1) Has it n srvitch i
i2i Is thete anolher 6e1l in fo'k with it? If so, rviil eithet'

r ing rvith I  Le ot lr t ' r  srvitehed otf 
' /

(3) Is theie anol,lrer lrush iri fork ? I

iii Wlt it ling lvitli'tlte ltttsh cover removetl ?



wL./. Pla-teruN

v

Frc.  l .

F r c . 2 .

4

J

c

4

f

,mr

t l

t - - l
J i
i i

Y:
, , |

L--rl.'
I  j l

B

E;]
l:

U D

faze page 3/8



P
za-k',n;f.Itl 

16

=
z

(,o
z

O
u

J
d

7,0.t,oU
J

u
l

d
=

F
(

' ;
z

 
A

z
O

u
J

u
 

F
x

F
p

:
3

t
r

-
r

J
r

n

o
[

t
-

r
ii

0
-

o
 d

:
 

E
'

i
 

n
;

P
H

 'H
 F;

i,i"
;;

r4ozo(,JILrd
t,:o

.
ofr,ldz6zhl

(,=zz(J

LIoe(



3 1 9

(5) rf the be' is in connection with a srrutter-'ox. c.n it rreIUn{I-
( ") ot;"'#'"?,:' 

*" :1, f *,ir,'n ","0 :l*:{ v o* o u g h t
thu ilr;" ";; ̂ ,;ffi 

;ffi ; j.i,i?;Jilli" fJ,,llil;them are correct ;
(6) through.another of these shuttels when calleil by

*i'.ff ,'".1'tiift L"J:i";"lt:'$iSihlli
liL,ii. 

,O* bauery ind the various ";ililfi

-r.'il";';i::':iJ,tii:,itii':n'11';:illilru{:r,il'""".":,ff ,l;5 blucd rirtr 8 ]terr,,,,i ii '.i,.rjii,,lir+-rd;; @nDe(. r i oo.. r rr r r r1 x { ry ;r3::ii. 
til.',lj 

XilHl-Ffcrr*kd-

fup Sydetn. Obtait t ing Detai ls._>nlrpr,si lg ;r largegtoop of lxlls on the new s"\.sleru to i,lr_, un:anslilctor-\.. lurrl theu-;iff;:l:H: 
il::i 

or misrair,
p Lr. r s :, r,.' i, i. r, .Ll.t.' r.]::i.r.!l*i" l;1\jiillll jl_: iiil;H l"iif
;t$$;r, r''j: t*:il*'ixT Tr:#*.'l!.u]# *x{
!:: rb.. rat,.r'atrern :ilJl]]iii"l::o',*.il;,il: "6:i*:::iii
.. '-.rauen:l-r ! c ',, di[i,.ri]t.v irr rrraki.g ,iri--.' i*l ' i",.,I1,:i"r"i:qlnniarigu. ou:i.: r,, lrt, 't.t 

, ,,l ,uLr,l---; ;tt d;il nurn ter, r. : r, 5 i 1,11. .,,; i,r'il.o' rill..,": "rlt::
SE ffiilo"'J".1i:,,nm:.a,F nor propu,rv
fi;;;ffi'.,;; turu unrir tre rigrrr "J'lrT*:;:;;1;tt'b

Procedure._First testr- locate, tind mark, the battery rviles,
:.".1^::".^rl: 

potes of the 
'battery'jot-ola'1o 

?ourn, rhen, as ir isuieless to atteml)t fo trace the foui_core cablrr..-.all rvires rrr"l:o *i insutation; leave oou hu,r.i 
at att^exchange,

ili : i ?: ;" #il"" t: : ; i!::q"*lF i' 
" i ;+'";iil f,'"':;il "J" ?fl 3

il*:iri ii,'t " H" {il# i:{'# :fi,ifi i,i ::ffiTr?
I lll#:i;#l','il,*xl #, "iffi 

"loi"?.fi'l3".T,Ilii

".,,',:,.i;llll'::'"',,XTill'l;:lti,ll*rl{";",f ruos,rhesewires
eirl,.* r,,-il,i;qo*: lar :r,nd thr: otler. r,. ',,t],1.,!:]jr.lyt"
I il " i,l: i;, " 

t# 
J,1ll; "t :f :''i 

- gi';"" "i' *"!1 Ji' J'i,'li' l-Til" l' :;r r,,;, ^i e:rr,., -,,,,,i' 
: "i.' ",1 jl! l! jll #'Jrr"J.it :: J:lfi H.],,,.',":'f{

i-l"ii'51,L",,"?"1;i:y idt" up the erchafr"'t'ott""v tud ber, and
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Proceed in thc sanrc r)rrnrler with the other stat ions.
' lhe onlv trouble l i l iely to al ise is rvhere tn'o b:rt tel ies are

natle comrnon lrv joining their negatives. Tra,ce out t i r is lcrrt l
antl  see i t  disconuected at both enrls unti l  required,

Elliciency uncl Wind,ing of Bells.-A, bell will be at its besi
for ringing purposes when its resisl,ance is equal to that of the
line; conse{luently, you m!}y find yourselt' with a bell *hich is
quite unsuitable lbr the purpose to which you wish to apply it.
'I'his could generally be remedied by altering its wincling. Ihe
field is proportional to the arnpere turns, consequently, rvith a
horseshoe magnet, the field <lan be largely increased by placing
the coils in quantity if they rvere previously joined in series.
Supposing each bobbin to carry N'tulns, and to offer a resistauce
of a ohms, the field with the coils in series will denend upon

E 
r  ( I {  +  N)  o .  4 I  ;  an( l  w i th  the  co i l s  in  q r ran t i t y  upon

x: + ,c , t '

(T- t  On) x 2 or T-{, arid t lre t 'csistancc wil i  change corle-
\ " r '  /  , l

spondingly from 2 r to 
r.  ' f  i r is t 'hrtrrge mrv Le srr l l ie ient ;  i t ' i t  is

not, anotl ter i*# rurr. t  l rc rr lr tai l ted. ol the bel l  can be re-wound

n.oi'i,l.,l the clesree of saturltion of the iron is allowed for.^ 
Ihis nar- be- stated urofe plainty by saving that wich a' lorv

resistance ciicuit rvhere the number of ampcres is fairiy la'rge, the

number of turns can be low; whilst with a high resistance circtr i l

rvhere the amperes are few. t lre turns must be more numeroltst

and therefore of finer u'irc, -since the effect of coils whose distance

from the core exceetls the diameter of the core itself rnay be

neglected."It  
is intcresting in ihis respect to note tho bohavioul of the

watelt ight br ' l l  ( l 'ut. t .  121)T) I  i ts coi l-s - ol irr  a lesistattcc of

2 '8  o l tms eac l t ,  an , l  a re  jo i r re , l  in  p t r l r t l l t : l  (P l r r t r '  \L I . .  l ' ' tS .? ) .
' fhe armature calrying t l te lrr tmtttet '  is opl,osite two rrnl ike poles

screwetl into the nietai of the case, nnrl  rvi l l  therelbre alwal 's be

attractetl whenever a current is passed through the coils (provitled
it  is properly adjrrsted), the strength of the-blow deperrding,-of

.or"r. ,  uporthe"strength of the f iald; tbe- other two unl ike poles

ale joined by a thin yoke, anil in their st'ray fieltl lies the
electl ical rnake-and-break.

i ' l r is rvorks in thc ort l ina! 'y ma,nncr. lrut is very l iable orving

to the strength of the t ield to l ,e pul led forward against the ,1'oke
a,nrl  held there by thc' residual magnetisrn. in spite of '  tho ivory

stops and ot ' the fact that the circuit  is broken.

To ad.just u tkttertight Bell (Patt- 12C7)'

l .  Ta.ke off the coler antl  disconnect the leads. Connect a

Menotti in their pllce anrl tc:"rt lbr continuity and insulation Jiom

rnetd of the box. Examine and clean connections i l  necessarY;
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se€ tliat^ armature spring is not bent or broken, and tirat the
f:H.rj"ffilly. 

secured on" irs pedes., ; Tas a-leartre,. ;;.;.i;;;
2. Secure the bell 

i" ? )_.Ili.lf .position, gong rlorvnwarJs; taketrro. tested-cells (patt. ladA) joiired in sEr.iei, urrd .oon..i ll:.a,. froru the free terminal of doe ..ll Jo"iilu oppu, terminal irrbrl l, joiu anorher lea<i to tbe lower t;; ir; iof bell bnr .o not@onect it to battery vet. Ease back outside ua;urii"g"r..;;illnDature, and unscrew capstan headed.a."* of make-and-breakti l l  i t is *.cll cle.r of rhe.armaturu.p;;;: '-8"r. tt;;;;;;";; i l ;:err.$.s:rn I shift ebonite base ti l l  ioory s-tofrs or armature are-�r",,rrorn pcit-. lbe:r s,.t trrut, securing ,a.ta*."jg"i".
3, Toch $e :bort l!.rd to ifr. "tfro" fi"ttelv terminal, screiv

;1bny o $e $pstan leatled niut._una"-t*a,f. tl,ij".t,"e
-Qdced-rrys'iLratt,s .ttr"" i l . rvire is touched3.?*f,LT fiffi ;i i; : :"1" l*rs :it "::::rl
ff ?r,{'ff 3Tr:H ;r ik"iirttd, #l; i n,i:* v ni
te  ing  p lace , l  iu  ser ies  l . i t l r  the  two cc l l s .

I l -  i t  x i l l  not, ; ;ro'a'^. pra.t of t fr" l" i fs are s'ort-ci tcuite' ,  aui ltlc bobt in. sbout,t be baianced ""Jif ;;;;.; rewound.
{ Replrce the bell, conDcct up.i.".rit, ooartry it in position.
l(orr.-All conne,ctions aurl scl.e\rs shoulcl 

. be carefullyenur!ne.l  to : : , '  t | r t t  t5c,re arr,  , ,o i-_a aol
rDtrr&-!.r.  I t '  : ,1. Lel l--rr.rrisb,r,h., **r ; J; "; li: ::ii ll;; llxljl i :* juiril
|r di orUirrt cirrunrsrrrrrees. If u b.ll g.;;";;.;;";;
-a re rqrteri i oo.-e.

To atljust a Shutter (patt.1800).

,l ,,,1i,t]1.'f:lil,,ljll 
antl the shutter does nor rvork, actjusr the

I. '['lke 
off the coler u,ith _push attached and riisconnect Uteline rvires from.the- sriutter icrmiii,l-..""*., .rvork the

1!utt.er 
disc by. hancl,.and lo"L-il;;."hanical faults inarrrature ancl sh_utter disc ; if the sbutter does not roorefreely ir will pr6[51]y be d.e toli"-io'iio*ing c&u_ses ;_(a) Pivot iclew bint l iug tt .  , f i r t t ." . ' '

(Zr) Armature 
--touching- ""J p.l".nting the shutterfrom falling *hdo "eleasid.

_ Ju 
,1,:. (rz) take. off the shutter by taking out pivotscrr$' aud countersink 

-the hole a litile urore until thesbutter rvorks l.reely on the pivo-i .aa**"run"o screwed har.tlup; to adiust (6) unscrew arm:r,ture spring "";-;;;;ar.mature back a little (it may also be necessary to makethe holes in the sro t.., r oio vu,o;#nJill,i:?n:" #.:":, l:i;"# 1'Jf : ; ii: li :off the fronr parr of u",out,,""'i"iJil"n".liiotr, rue.
E 509 j J .  

X



2. Join upper en'l "f tn"'t;- i l  1". tqqt:. lYsh tclrninnl with

a short lr iece ot cut-oufwire, join aiestedcell (Patt ' f153)

;.#;;; 
^1.*". 

putlt anil loi'er shutter te'rninals; I)ress

tir."o"tt , ""t1 
'the 

shutter shoultl fall ; if it iloes not'

t,r'oceed as follows ;'-'" 
Ibk; Jf ,hott., ancl ex:rmine armature spring ; if this

is too strong rvc'aken it by beudirrg uprvariis' pl'^tt: tll'

push antl t."' ii 1it" arilature ii atiracted; if it is'

t 'ontinue th. "; i jn;t;;oi of rl '" spling l i l l  T ,*ot\;
cot'rectl;- (ptrtt iug in a nerv spring tI l leeessarv'l '  ",

in" ..r^ri ' ," is n"ot attlacted ivhen rhe push is pressed

ancl the continuity is correct'.-the shutter coll rs

ptotofrf y rttott'"it"f it"il, and wili -require rewincling'

If'the armature is attracied and other adiustments are

correct, p"t ;-i;;;l;it"t al*c n"a.press the push;

th;;t;i"t should now work correctlY'

3. If the
rocl is

(")

shutter disc wiil not lemlin rrp ^lvhen.the 
replacing

forced in, i t  mly be t luc to t lrc ibttorving c:tuses:*

f.*rr"* not l i ' -r  enough lrack to catch project ion

on thc  d isc .

(Zl) Pin irr le it lrrcing rod bent'

EirLel of t l,e'e crn easily be.repaired by bentling cr

u erli ening t r'r"'pt'i"gl * ty' ttt"i ght gnin S oi.1! ift :"^f^ihi
pl" of t"fru.ingioalitl th-e toe of the almatute c&lcnes

iit;;;"j;il;t'"t"in" t*t of shutter tlisc and holds it

correctlY.

4. I)isconnect the cell and the short-piece of cut-otlt .tvire i

I 
'. 

l;;;;il;.J;;;"i';'1anil u'o'k the sh'rtter a fe'r times'

Nor,*.-If the shutter ir propelly adjlsfe{, to. tlrop rrith one

cclt, it witt rvoll i  col'r ' :ctly t l lro'rgh l inq rttt l  b"l l 1\' lrcs'

.E lcct r ic  Bu ' ' "c t '

In the l2-inch shell rooms of the'r l i ing'l ldwarcl VI[ '" clasB1

a.#i.l"rr"i= u." fiueA l; pi*. of call l-'ills. The onll ditre1;

;;;^ 1l'"; the ordinary type of lqll t.s that the hammer rs

;;;;h"il" 
"lrt. 

"r*otiJut 
-fiake-anil-break' 

and is consequently

inside the brass cover J;"T;;;"' again"st,which it atrikes when

il;;;; ;;;;J tr"ougu the coilf of the buzzet' the.rezult

beine that a buzzing J;;d'G emitted instead of tho usual ringing

;i;"b.ll,- 
'j'r,lt uorl.t is fitte'l on a lound base'

ilish vbitage Beli.

On the inirodirction of dyn;tmo {tlt-g.!.oto shlps' it rvas founil

rhat although the or;ir;;r;'in1'" oe W"'T' treml'rler bell 'rvould

;#;i;h;h-" higher voltfte,-l l te sparkins at t]re contactsvas

;'";':Ji;;, ;;; tffi these rv"ere soon worn out' It *'as therefore

recessary to clesign u iltif f* the higher voltage' 
'Ihis bell is
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rir-nilar to Patt. 1297, but the coirs irave a resistance of lJ olims.
r nc englne-r'oom reulv gong for higher voltage has a resistance
ol' l ir ) qi;ms.

Irr addition to the above there are other bells for use in( oltDection with 6re control.

.,^I ':S_irC.Bells uith an Alternator.-ft is posnible to ring
rhe lierrice trerr,bler belr by means of a small motor fitted witfi
slip rin-gs as an alternator. 

"Tire 
rour.-u"a-ituut is screwed hard

op, and the rariations of the current eause the armature to bealterrratel.v attracted and released, This methoa has the advan_
:-': l  

" i ' lr ' ins :rrray 
^rvith the electrical make-and-br.eak, whichrr t!. clos€ ol most uf rhe tloulrle with this type of bell,

I
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C}IAPTER .\IX.

Trr,r:pgoxus.

Telephones.-The instruments describetl in the last chapter

u." 
-or"i 

for calling ult"oiioo or conveying signals' In the

telepirone the actuil worcls spoken into one instrument are

reproduced in the oiher.

Transmitter and Receiaer.-The simplest original forru of

telephone is the ( 'Bel l  "  (Plate \LVI') .  -  l t  consists essential ly oI

a permanent magnet rn thc tbrm of 
'a 

Lrar. (single-pole t{!^u)' ot

, ilorssshoe (dou"ble-pole t1'pc), the latter being more etlicient'

Roooa or\e pole 1"t,-iJ itt6'case of a horJcshoe, each pole) is

wound a coil if in'sulated wire, mounted otr a wooden sleeve'
'fft" *ogoat and coil ore monntctl in an ebonite flame, -across thc

too  o f  inh i " l ,  i ,  c lampet l  a  v ib ra t i r rg  d i rp l r r rg rn  o i  sheet . i ron '

I l r is actspart ial i .v as a kcelrer to t lre rnagnet, but serves prlnclpatly

to intensily the sburrds producecl.
The iliscs ale tinneti, t,' vatnished, to prevent oxidation' and

are clamped lounrl their edges onl;'.

t

i
rit

Action.-Sur:Dose two such in-struments connectcil togethet'

r , r '  i , r io ' t in " . , - ; i  " ; "  i i nc  n r r t l  ea l th  (F ig '  I76) '  . -  On speak ing

irito onc c,f tirer' the iron disc is thrown into ribratron by the

.�o,*,t .o"o.t f,rrmed by the voice ; it therefore oscillates to and

i io ' ' " , t , i " .  r r ' " i .  i , t f luLu" . ,  and,  w l r i l s t  so  ,do ing '  a l te lna te iy

&nlrro:rclres and recedes from the pole piece of the magnel '  uy

.J'i"itio i, llters the distribution of ihe magnetic field due to

ir.lt"s".; "tJ-nt Jol"tory or periodic cutreois are consequently

indoc.f,  in the coi l  louncl- thc p.r le piece' These currenJs pasr

to line an4 so to tire coil of the'obher instrument ; here the field

beinq altered by these currents in precisely the same manner ag

;; th?;;; ; ; i t i ing st, t t ion, the disc; in cor' forming to t lre altera-

iions, vibrates to ind fro and, actiog as an air beatel', reproduces

the sound w&ves."'*il1;;;; 
ue lookea on, broadly, as the action of a t'Bell"

telephorte, t.,rit the actu:rl phenomena are not really thoroughlv

und'brstord, Musical gounds transLnitted at one statton cau 9tl l l

f I ( i .  L t l .
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tc heard at the other if the iron iliaphragm is removed and the

;;-; i ; ;  "a the -agoel- held to i i ' tu 
"tut,  

whi lst the mrttt tal

[-""t i [ . t  " f  
- t f t"  

"uriort i  po'ts of the inslruments rre ut. l<' t tbtet l lv

--." "o.nf i"ut.rf  .  Tlt" 
tout*o 

I t l  ist l ibution . of ,  t  l r tr  nragnetic f t l { l

a "J ro  u  i ing le .po le  magnet  and d iaphragm is  showu rn  r rg '  r ' l '

Frc.  177.

\NS
\\

.I-izr it.-lle-'sages sent betn'een two such instruments n iil

oUrio".f"'fr""o*e o''."k." as the tlistance increases, owing- tol1h,e

;L<�J; ;;; linu .,i""t, leakage fanlts., &c'' and the Bell

instrument is now orf' ,. ia n, t itu "ecui"e. (or.l istcner) of

i"i-. i"". .r*uits, its pl, ice as n transmitter being taken by more

r ic ieut  t r  1xs.

r#fi'x ;il:",i*':":il :, oi li: ui';:'i;:'1"1il:, ;:ll
n rl iLt.b@ldth".l;; i ;;;g'r ue' '1i) For a fi iedthickness

f d.rrrh#-l-"".ni" 'diameter wil l gire the greatest effect.

iit SI"" in" action depenJs on two fi-el'ls, the permanent and

ihit induce,l by the coils' i t might appear lhat rncreasrng rne

t'".,tt""."t f ield'should always inc-rease-ihe eft 'ect; this-is nnt eo'

t;;;;;;;;" not only does the disc lose its elasticitv undor strons

magnetic attraction, b;; ih; variations due to the coils would

ff;1; t"-"pp...i"tle if the permanent.field was greatly in

;;t. 
- 

TU. hilo st outa be clampetl as close as possible to the

oole pieces. but should "*.t t""tn'them ; the thickness of a gheet

5i'#i;tt*' pap". wil sufrce; and paper or brass washers are

;it.;-;;;,.T ,ioi"" the etlges of the disc to secure the necessary

;i;;;,;;;. W'ith contin"ual use, however, the discs sometimes

acouit'e a Dermanent set, If ihis occurst the disc shor"rlil be

."t.r..'a. ?t''ih; "Jative positions of the coils' discs' and

;;;;;;i.-t"t:i'be deter,r,ioed by the consideration that tho gre&ter

;h 
";;;;;t';f 

lines of force dutting the coil, and the gleater the

valintion in these caused by the inclucecl currents, lhe greater wllt

tro ttto rnotu"lents of rhe disc and cort's,e-quent effects'" 
l; ,h. recei,r.er. show' in plate XLVI. is rather la'ge and clqmsy

for man,v prrrPoses for whicf telephonp receivels are requrreo' a
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smaller pattern, known as tho .. watch patteln,', h&s been intro-
duced. Manyvarieties of thie are used in the Service for different
purposes, and one of them is shorvn in Plate XLVII. The long
horseshoe magnet is replaced by one ofl small size, so that it wiii
go into a case which is of about the same diarneter as tlie
diaphragm, and so shaped that its poles are in the centre, and
the whole inst'rrmerit is enclosed in a s,.nall cnse not much larger.
than a watch.

Microphone.-'l'he ., Bell ,' receivel as trnnsmitter is rtolr
replaeed by a microphone, whic\ is essentially a loose coutact
in a circuit_calrying a ste-ady current. For this purpose carbon
is empltryed, as it is fracticaily infusible, inoxitlisaLle,'and a poor
conductor. Its resistance, also, decreases as the 

'tempereiure

rises, and this serves to intensify tbe ellect of the loose contact.
since increasecl looseness of contact means hiEher resistancc and
thereforo less current, ei,e., less heat and, cinsequently, a still
further increase of resisr:rnee.

The calbon is usually emplol'cr,l in the form of cnilron dust
or glanules bctween t lvu car.bon pl:r1rs.

_-. Sllnple .Fornt t,f illiuopltont.-1'hc simple-.t forrn is shown in
tr ' ig. 178, and. corrsists rneri , ly of a carbon pcnci l  rest ing between
two calbon blocks attauhrt l  to a sounding board. Ti 'e circuit ,
batter.r ' ,  rrnt l  relei ' r-er lre joined up as showi.

.U'rc. I7tl.

t

. Action,-So long-as the sounding board remains stationary
the current in the circuif remains steacly. but as soon as thb
sounding Loard is thrown into a state ofvibration the contacts
betl'een the carbon rods and the blocks become variable. nro-
ducing the so-callecl .. phenomenon of loose contact,,, and cairiing
alterations in the resistance of the transmitter. The correspondini
alterations of current in the total circuit act on the receiveii
causing the disc to reproduce as previously described, but with
much greater effect. It is, in faci, a relay actuated by the voice,
and is.- exceedirgly sensitive, the' slightdst displacedent of the
carbon bei.ng audible in tbe receivei. Other systemg of loose'contacts wil l act as transmitters, but carbon is undoubtedly the
most efficient, for the rea€ons stated above.

Limits.-Tlte sensitireuess of such a transmitter depentls on
ils range of contact and on the total resistance of th6 circuit,
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Supposing the total circuib to offer a resistarice of 10 ohml. ancl
tbe transmitter to be varying I oirm each way., i.e., through

2 olrms, thc curlent wil l vary fro- 
f; 

," 
rt i r whercac if the

resistaloe had been 100 ohms in the first placo, the variaiicn

would only have been rro* 
f;n 

* 
#; henco the advantage of

kee;ring the circuit of low resistance.
Granular Transmitters.-Thr: efficiency of the valying

contact is- very- greatly improved bv employing carbon ausi ii
contact with a thin disc, nsuallv made of-carbon also. fn theee
granular microph-ones groater effi"ieocy is obtained owing to the
greater number of carbon points of contact, but they are subject
to the great disativantage of being very susceptible-to moisture,
the carbon clust caking anrl collecting-(prcltiig) at the bottom,
ernd very greatly reducing the sensitivencss,

I[unninq's Cone Transnitters.-Of thcse the most efficient
!1p^e ;9 the Efunning's cone transmitter, in rvhich the " pacl<ing "
difficulty is-largely overcome. (,See Piate XLVII.) l'ire carb"on
dust is helil between the car.bon tlir"phr.agnr antl the carbon plate.
Thc latter is cut into a number of l i tt le pyramiils, arranged alter-
n-ately in ro-rls, so that the clust in eacli partition is conffned by
the edges of those around it, ancl uniformity of contact is assureri.
The fcltring.preven_ts damp penetrating, and gites the diaphragrn
an elien bearing surface, ancl the centr.a cones, which ale siightly
tmnr:etecl, Irnve tults of sil l< gummecl to them to act as dampers
t  '  t l r . '  , l i r p l r r i r g t r t .  l n ( l  * t a rn1 ,1 r r t  L l t j '  l ) { , 1 ' s i c l en t  v i i , r ' a t i o r r_

Ilre lratter,r 'I)r 'esrrlre used rvit l i  i lr is transmitter shoukl not
ereeal three rolts, orherwise hissing noises wil l commence, due
protfrly to the-formation of minute 

-spalks 
and (6 arcing', at tbe

carbon points of contact. This appliei to all such transmitters,
and its actual cause is not yet thoioughly undelstood.

.Eange.-With a carbon transmitter, battery, and receiver in
series, as lho distance between the transmitter and receiver
increases, -an increase of battery power becomes necessary to-
overcome the reeistance of the line. 

^This, 
however, is limitecl, as

not only-does it tend to set up hissirrg in the nricrophone, but the
increased line-resistance, faulfs, &c. teud to impail the sensitiveness
of the whole syslem.

fnducecl Worhing.*To get ovel this difficulty incluction coils
are used, as shown in Fjq. l?9.

A primary coil of a ferv turns of wire of low resistance is
joined in.series with the microphone antl battery (thus retaining
a low reii:.tanee circuit, and consequently the gieaiest sensitive"-
ness),. 1'hilst a secondary coil of many tuins of ?ne wire is joinecl
in series rvith the receivers ancl the line wires.

,Ac.l inn._�Orr sperrking into the prirnary circuit at ore end,
vanatroDE tn ttrc crrlrcrri f lowing in it are produced. 1I'he sccondary
eoils and receivels at the two stations being all iu series and forming
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a complete closed circuit, the variations of the primarv ale repro-
duced jn the secorrdary coil at the speaking station, thus prorlucing
speecl in the listeners at both stations. As the variations in the
plimarl circuit are transfolmetl from large current and low voltage
in thc primary coil to small current and high voltage in the
secondary coil, these induced currents are carriecl over long and
even faulty lines, the high voltage rendering the line resistance
of small importance.

Frc. 179.

The re ceivers, horvever, must be so wound that these intluceil
cuu'cnls rre capable of providing sufrcient variat ions of f ield for
their discs.

Speaking generally, for clilect working, use low resistance
receiverc uound with medium gauge wire; antl, for intluced
working, high resistance ones wound with ffne gauge wire.

lA bell is also requirecl to call attention at either end.

Requirements.-The requiremenls for such a telephone are
therefore as follorvs :-

( l)  Primary (speaking) circuit  bloken when not in use'
(2) Line n-ire joincd normailv to bel l ,  but t l l rnsferret l  to

secondarl coi l  ancl receirer drt l i lg conversation.
(3) A r inging'key antl  batter ') ' ,  , . ' , ,1,"b1" -of sentl ing r inging' 

currents direct to line clear of your own bell'
listeners, &o.

Automatic Switch.--These eau be met in a variety of ways.
An automatic switch (see Fig. f80) is usually employed, on which
the leceiver is hooked rvhen not in use; its weight hanging on
ihe switch bar keeps the line wire on the contact connected to
the bell circuit, and, on unhooking it, a spring asserls itself,
causing the le'r'er to rise ; this joine the line wire to the contact
conneeled to the seconclary ccil antl receiver. aotl at l,he same
time establishes the microphone circuit. It is not necessary that
the microphone circuit should be eltirely insulateil from the
secondary, that is to say, they may have one commoD point of
contact, e.g, S,

In Fie. 180 tbe line wire is connected to the heel of the
rinsirrg kev, und the centre oi the latter makes contact with the
rqcliin[ Iev6i n on which tlte receiver hangs, its weight keepiqg
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6e lever R against 1bs --cpring B, vhich is conriccted to rhe belrtad so to earth. On unhookiig- ihe receive" ,.p.;"g 1""1.;;;;;h.".: { down, _causing it to 
"britlge 

acro.cs the trvo springs p
-end 

S,  t l  us er tabl ish in[  rhe n icrop 'hone c i r .cu i t ,  un, t  , t i t , *  !u . -eun:e (onnecllng the l ire to the receivers and secondary coil.

. v a  , /

Frc. 180,

I f 
"-\oi."-

, : ,  I
I ,

aocx/Nc \**__l l_-._lt  -
-s  a fy fa  l r  : r  L -

tRttAnl

t*;

. Tr. telepbones userl in the Service may be divided irto t*,o
irrud drces:-

, l l  Those sbich are used for  communicat ion in  the ship.
r:l"t Tbe'e u.eti rtr rsc,rk n*-ay fi'om tlre srrip, s'ch u, r'ioiog,

_ ri drc for us€ st rcnges.

- e (.t) rl -of rbe Grabao's loud-speaking t;,pe, in lvhich
Cr t-;tirr rod rrceirer arc l,laced io ie"ies ;itfrinu trtt*u.
. Cb6r.(2).u. lepresented by ihe Wentworth ;;; ;;r1""';;il-

pDoneq tD shreh an induction coil is emplol.ed to enable com-muoicarion to be carried on at consiclerable'distan";;;;;; 
-;L*

or-c.r faulty line wiles.

llining Telephone (patt. 163+) ot, T[entuotttt, .felepltone.

, tVining ?'elepltone.-�This tolephone is contained in a brass-cl: 'nrpert rvooden box dividcd into three comparfments. The frontconrlartment is closed by a l id and spring ciip, and contains_
i I ) Transmitter of llunning,s 9on-e, Deckert type (post Office

. pattern), a description of which is giveu on irage 827.(2) -{ -rloubt_.,-pql"_ . Bell's receiver. (See pagj EZ+ ao,i
I , la te XLVL)

(:i) Rcrcking srvitch for. completing t!," primary eircuit,
^. i lcrrnte(l,by the weight of the ieceiver on the'hook. 

'

[{, J!.sr)allrDg keJ-, affanged_so that n,hen pressed it short_
circuits transmitteian4 r0eking switch anti luorf,, if."er-i irrator.

/.?<*_.-*=_*f
i^n7
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'Ihe large back compaltment contains three Dclrlbn or'lrans.
port cel ls, forming the battery; the smaller one coutr ins bhe
induction coi l  ancl a 6'tornmy " for adjusting i t .  Ihis coi l
consists of a horseshoe rnaEnet ancl make-ancl-break similal to
that in an electric bell, arril is wound rvith a primary autl a
secondary coil having resistances of I and 25 ohms respectively.

Frc.  181.

l l l ["rs:" i

5 w  l r c I

L lN €

l - ig. 1S1 slrory-r t l ie r: i lcuit ,  1l"o cal l  up, the I i l i .  is pressotl
rnrl  thc. crulcnt then f los's froni t l re po-. i t i lc of the bttter,v
thlouslr l l r t  kev, thlough thc prinrary of thc induction coi l  back
to  neg l t i v r  o f  b r t t t c r r .

' l ' l r is 
cnrsc'-c the nrake-arrr l- l rrcak to vibrate rapicl ly, producing

arr lr l tcrrrrt i rrg cul lerrt  in tbe " secondary " rvhich goes to l ino
antl  rrrvrv to the t l istant stat ion's receiver and int luct ion coi l ,  anrl
Lack b-r j  earth leturn to home stat ion's receiver antl  sccondary
coi l .  ' I ' l r is crauses the receivers at both stat ions to 4l lozz" ot
" sing " lourliv enough to be honrd a considerable distance, antl
tbe lact of t l re brrzzing being heard in your own receiver, wheu

)our o\yn l iev is pressed, tcsts the "cal l  up."

\Yben speaking. tlie receiver being unhooked, the prinary
circuit is completed ; rulil the current then florvs from the positive
pole of the batterr ' ,  t lnougli  the transmitter, through the locki lE
switch, apd throuqh the pl imarycoi l  back to negative of battcry.
The current in this crse rvi l l  not be strong en.ough to rvork the
vibrator, orvirg to thc lcsistancrc of the transmitter. The
variations iu tlre primary coil cluse (roll'esponding variations tn
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the ser:ondary of highcr voltage, rvhich go to lirre antl so to ihe
receiver ofthe i l istant station.

Plrrte XLYfIJ" shou's the general ar.r.angernent.

Bisley Telephone,
Range Telephone.-The teiephone enrployed for range pur-

po-res is- called_ the .. Fisley ' l 'elepirone " (Plaie XLIX.). I i js
fitted with a Ilunning's cone transmitter, induction coil, ancl trvo
dry cells in the primary cilcuit. 'fhe call-up is a,ffected by a triple
rnagneto generator. This consists of three strong permanent
nrrrgnet-r rviih an H,-qhapec'l soft iron armature bctlveen their poles.
()nc en,l of thl rvile ri.ounrl rountl it is connec[ed to an insnllted
t r 'rrtact on tlre sl, irrrl le, arirJ the other to the spindle it.seif, Ihe
: t r l i r i r t l : : , -  , ' f  t l r , .  {e t rc r r r to I  i s  t ro rmal l ; '  Shor t -C i rCu i tec l ,  tO enOble
t i . , . r : . toming eur ren ts  ! ( '  l ) rss  d i r .ec i  to  be l l "  i fh is  shor t -c i rcu i t
: .  r , ,<'hanical!v broken irv the l i r : t  Dto\-ement of the htndle of the
geocrrtor when calling rrp.

.  On-.revolr ing the handle. alternntirrq cun'crts ar.e g-cner.aterl  in
th..  coi l  antl  sent to l ine, consequentl . l ;  an alt i ,r l i r te curlerrt  bel l
is emplo; 'ed, but i t  should not be forgotten that i f  the uragueto
instmment was l i t ted rvith a t lvo-parf commutator an ori l inary
Lrel l  could L,e uscd.

. Tlf recciver, which norrnally hangs on the automatic switch,
i .of 

. thc Adcr _type, tnd presents t lre ipecial feature of a r ing of
.o l t  i l on .  cn l l c , I  t l re  ovcr -exc i l c r ,  le t  in fo  t i re  cor .e r  anr l  so  l y inq
,l i rcct ly olel the pole picccs on 1he far si t le of the t l isc. ' Ihi ;
, , , ,nc , ,n t fa tes  the  i je l t t  in  n 'h ich  t l re  d isc  l jg_r ,  rnd  the  var ia t ions
r , : , , , lL t le , l  l r . \ '  t l l c  cur l r :  r r ts  l ta re  c r i t rser lueut l * , ,  the  n tax i t r tum e f lec t
uJx'oqp.. ,i i-,:.

. . .O-n comparing the ci lcuir with that shorvn on page l)2g, i t
.rvi l l  be seen tbat the rocking lever is connectcd 

^tJ 
one i ine

terlriral. To the othcr tcrmiiral arc connectecl in fork (l) the
rnagneto, bell, and bell contac$; (2) the receiver, seconclai.n and
telephone contact.

.  Diuer's .Telephone.* ' l 'his is a pol laLle (elephont,,  but as i t  l ras
ort ly to wor.k tr 'er.short distances. the inrlrrct ion coi l  is not necessar.), ,
a,nd i t ,  is of the direct , .nrorl<inq t.yPc, the trarsmitter ald r.eceiveri
being in series with the battery. tr ' ig. l8? sborvs a cl iagrarn of the

Frc. 182.

Eoar

clrcuit ,  and Plate L. the instrument i tself ,
and is lairt up iu tirc brea_si rope.

OlyERs Httmtr

The cable is tlrree-core,
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The transmitter and receiver are fixerl in the helmet, the
connections to the breast rope cable being made by a l'atertight
sland, and the upper enils of the unarmourod cable conuectetl to
the gland nut on the battely box. 'Ihe latter contaitis eiglit celis,
Pati .  1451. or dry cel ls.

A sprine srviich is arrangecl in the handle, so that when ths
telephone is glasped by the hantl the circuit through both
transmitters and leceivers is completed.

If the Civer requires to cali up the boat, ho can do so by
signalling on the breast rope.

New Diaer's Telepthone,-This is intenriecl for the use of trvo
divers at once. A switch in ihe box allows the boat to com-
municate with either or borh divers. or oue diver to communicate
with the other.

trfetutpltone.

This instrument consists of a small transmi[ter and receiver
in series with one anotber, ff:ecl at the encls of a handle, so that
the transmitter is near the rnouth lvheu the leceiver is placed to
the ear, It is intentled to be u-*cd on nny electric bell circuit
r,vhich is 'worketl off n butter,vr orio rnetaphone being put in
parallei with the push antl another with the bell. It is titted
rvith a srnall srvitcli attached to the lug by rvhich it is hung up
rvhen not in usc.. rrhich breaks the circuit when the rveight of the
instnrment colres on the ius. The bel l  circuit  is- thus not
intelfered rvith uutil the instruurent is unhooked for use.

It  is not dcsigued for use in co.r-r junction with a gcnerator, and
so can orrly be used on a circuit fed from a battery.

I Grohanis [,oud-Speahing Teleltlrones.

These teleplrrrnes. as menlioned abr)ve, are used only for
commuuicati ,rn betrveen dif lelent patts of the ship, and are al l  of
the direct rvorking t 'pe, t l te t lan,snri t ter antl  receiver being irr
, .eries with the battery. There are various dif felent fortrs of
tlieur in use in the Service, whicir rvill be describecl in turn.

Ihe earliest form nowin use in the Service is the Patt. 1639'
in which the transmitter and receirer are placed alongside one
runother in an oval gun-metal case, with an openine over each closed
bv a single shutter pivoted between them. When the shutter is
closcd t i ie lrel l  and push are connected each to their own l ine, and
the transnrit ter and receiver disconnectei l .  lVhen t lre shutter is
resolverl  to uncover the openings, the transmitter and receiver are
t.ach conrrected to their own l ines, the bel l  cut out, and at the
samr-' t i rue the t lansrnit ter is revoh'ecl by means of gearing, so as
to shake up tht,  turborr granules and ensure proper working.

The transmitter anrl  receiver are both shown on Plate LI.,  as
is also lL t l i rrgfam of the circuit .  ' Ihe transmitter nnd t 'eceiver
:rrc both -,rdl flat !o tbat they take only a small space in .the

instrument, arrd Jeave room for thp tcrminal bloqks altd pwitch
g r.ar.
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The transmitter is of the grarrular. carbon t;,pe, the crr[oir
disc being p'otectcd by a urici, disc placed in f"',rot of it 

-o'J

painted o'er so as to make the instruilent watertigbt. I" f;;;;
of th.e.mir:a disc is-a grating of metal, usually f ixed'to tf,. ."r,,,"
or whlclr the tuDctlon ls to pfotect the transmitter fr.om damage.

Thc receivcr cousisrs of a rarge rud powerfully nraEuerisctl
horseslroe. rnagnet, havirg soft ir.ori 1.,ole pieees nrua"intorqi, ;o),
and standrng up at right angles,- on which the coils are wound.
there lr generally some means of adjusting the rl istance of the
{pphragm ltonr the ends of the pole pieces, either by moving tbe
diaphragm or by screwing the pol-e pieces in'or out.

The transmitter an<l receiver srrolvn in the prnte are of trre
earliest rype,. but the larer ones oniy differ from tnur" i"-r-oii
:ii_:11:.,liy""l 

details, and tliese may be taken as ttre type of ati
ut' i lnanr s rustrumerrts.

The cliagram of the circuii shows trvo in
toget'er for orclinary -working with trvo oJ:;it?.t"i:J"#":r:fl
en(I. It is ruorc usrral nowadays, horvevcr, to usc one battery
only, arrd i[ ir pluced in the'(corrrmo'returu" .r 't;ro iurt.". l Ji"i i , '-
positions shown.

Plate LII. shows paft. 1689 with the cover removecl.'Ilhe ,, out line,, is co'uected to the block marked I and thc', in l ine " to the bloclr ma-rked 2, and the positive ""a ,*"ti""leads I'r'om rhe bartely, if two batteries ui" or.j ;; fi;?;b';
9nd f, E " blocks respectively. If oniy one battery is used, .. C ,,is ioined to (,X " and the_bittery put in ifr. .o**uo retur.n. .I.he
Lr,' l i  is joined in betl 'cen 61,o r, g,iar,, l ,, n', blocks.

rt 1\'ili be seen tirat the 2 block is ordinarily connected to tliebell by rnea's of t'e sp'i'g extending across the ir,.1";;;rrt, ;l;;lvhen tho shutter is levo"lved u "",i on its spindle p;;;; fii;sprinE arvay from ihe ,,8 ,, block ancl trp against ti,. ti;.;rvhic[lthe"recei'er is co'nected. 'rhe t'ransmrtter is ordinari],.
disconnected, but when it is revorved a pr.ojection, i"r,tt t .r,,"lrlidotted onlhe plate, conres into contact witt., th. .p,.rng. "ttu.h;,r ' i ,
the I block.

The ,, in l ire,, of one instrument is, of course, connected totlrc '; out iine " of thc other, anrl aice oeisd.
I'ig. 2 of- Plate LTf. sh<.,ws patt. 1613 teiephone rvith thecor'er removed' lt is trre sd,rre as tlie patt. roa'v, e"..prin iirilbl loling details : -
'Ihe bell push is in a different position as shorvn.'l'he shutter, instead of covering both openings, only covcrstlre tlansnritter, and the covcr "ur,. i-", u l,roja.rrng rrumpet oyel.tLe recei'er', * 'hirh hrrs rr,n india-rubber ri i '  igainsi .,oui"ti i t,""".crtl bl: p.essed. There is al.so another simiiar ea' piece orr iiruend of a llesible tube coming out of the cover besitle tfr. ,.."i".r,lvhich can be pressed agar111t the other "u"r.o that all .";;;;;inoises ca' be ixclucled." rnr" puti""ti-oll;;;on,.nt is usod ineugine rooms ancl irr guu positiois of some ear.lier ships.
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N,rr-yrtt0Nr:s.

All tire Graham's telephones intlocluced into tlre Service sirtce
the Patt. l6{i} have been of the type linown as navyphoues.
In tliese instruments the receiver is piaced at the back of ihe case,
with its diaphragm facing the back of the instrument, and the
transmitter is carried by the front of the iustlument, rvhich is
removable, the connection to the circuit beine made by two flat
springs which press agtinst contlct piecos o-n the back of the
transnritter r,vhen it is in place. Thcre is a stvitch at the side,
rnirrked ('Press n'hilst speaking," which performs the same duties
as did revolving the shutter in the earlier patterns. . A trumpet is
fittetl, starting frorn fhe back of the instr,umeut opposite the centr.e
of the receiver diaphragm, and having its mouth out at the side.'l'he transmitter is not revolved b1- gearine, but is fitted
so tirat it can be revolved by hancl, aorl*is mo"tea .. Rcvolve
before speaking." .It is most importrnt that this should always
be done, as other\Tise the carhon grauules ar.e liable to cakc and
l,he instruments will not work l'ell.

' Ihe dif ferent pattel 'n navvphoues ju 11re -cerr ice r,r ' i l l  nc,rv be
described in turn.

. . P.utt. I8'o5_ Lrnt'.r;p/rr.,rie.-This was tlte 6rst navyphoue, arril
it is shorvn iu Plate LIII.

I'he switch is ol the right side, and this when pressed revolres
a cylindrical eboirite- shaft through an angle of a'bout 4do; along
the top of tiris shaft are two studs X anil Y, Y being about 45o
in advance of X. 'lYhen this shaft is in its norrnal position the
stuil Y briciges the trvo contacts Y, and thus rna[es the bell
circuit ; rvben speaking, tlrc sr,vitcL is pressed and the $haft
revoll'ed ; this breaks the contact at V, ancl the stutl X now
bridges the trvo contacts I ' ,  thus breaking the bei l  circuit  and
mafing the receiver circur't ; at tire same time a strip on the
lower palt of the shaft bridgcrs across two coutacts K, thereby
connecting the transmitter to line I. lViren the srvitch is released
a spring brings the shaft back ro irs nor,rual posit ion.

There is an ordinary prrsh on the left lbr calling up, r'hich
joins C to line I rvhen preised.

'I'he transmitter is secured to ths front by three scrervs. an
I R rvashel rnrrking a'rvatertight joint. 'fhc cbnnect,iorrs through
the tran.qmitter afe made by tlvo bent springs [r, rvhich bear
agailst t,ryo concentric metal contacts at the back.

'Ihcse ir:.strurnents are joined up in pair.s in the same way
as the older patiern telephones, as shot"'lt in the diagran on
Plate LI.

Patt. L856 mot:yphone.:This nas introduced at the same
time as the Patt,  1855 lbl use in engine rooms rnrl  other ulaces
rvhere thcre is muclr rrois,, .  [ t  is 

.sbown 
on Phte LY. 

'  
I t  is

exactly the sarne irr prirciple as thc Patt. 1855, but differ,s in
ttre arrangement of the internal par.ts. 'l'rvo rubber-rimmed
eal pieces are 6tted on the ends of tubes, rvhich cau be pressed
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lo the eats to exclude noise. l 'he tubc at tho left  hand -qir le is
llexible, but that at the right is stiff, and rvheri liftett to I horizontal
positiorr tr placc it to the ear, rvorks rbe switch which puts the
transmittel and receiver to l ine and cuts out rhe bel l .

Nauyphones for llire. Contral

When t lrc system of control l ing al l  the guns in a ship from
;r central station was introduced, it rvas found neccsslu.y to rnodify
thc exist ing navyphone fol use in this corrner:t ion. In older to
avoit l  al l  l is l i  of closs.talking, t l re instrumeirts rtrc :r l l  ioinecl up
in pairs, entirely separate frour t iuch othcr ' ,  crre. instrument in
each pair l . ieing in the coutlol po-sit ion, anrl  l , l re otLcr at the gun.
Also the fol lorving coldit iols rverc Lri t l  doln ts hrtviug tr i  be
satisf ied :-

1'o avoicl confusion, tirere rrust be lo call-up bells in tire
central control stalion, but tliere must be a call-rip bell at each
gun position.

Each statiorr must be able to calt up tire other b;- I'oice. The
receivers, therefore, rnust be zrlways connected to the incoming
l ine, with no switch in t lre ci lcuit .

'Io rrvoiri runling the battet.y dorTn, there must be a srvitch in
the circuit of tl:e trlnsmitter, rvhich only completes this circuit
ryhen the instrument is being spohen into,

It wiil be seen that, to t'ulfil these conditions, a foulth lvire
is lequircd; since the trvo l ines are to be nlu'ays joined to the
lcf ir i l rrs. nlr e-*:trn l ' i rc wi l l  be r.vantci l  for the bel i .  tr t is. 183
. l l ( ) \ \ ' :  l l  d i r rg t ' l l t t t  o t ' t [ i t  c i rcLr i t  o f  t r  1 r : r i l  o l  n tv ) - l ,bor r , . "  ; , r inc t l  u I
for l i re contlol.

Frc.  183.

Patts. 2108 and. 2109 Naoyphones.-These patterns were
introduced for use as fire control telephones onlv. Patt. 2l0B
is the telephone Ibr tl'ie control station, and is fitted rvith a trush
but not 'with a bel l .  P,aft.  2lOg is the telepbone for the guu
positior, and it is fitted with a bell but not tyith a Dush. 

.'Ir

both telep-hones the change-over s.rvitclr is abolisherl arti repllcecl
by a simple break switch in the circuit of the ttansmitter.
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Piate T,IV. sirows a Patt,  2108 joinei l  up to a Pntt '  2l0t i  for

ffre control purposes..

Patt. 2I4O Naayphone'*Ihis pattern was intloducetl as a

universal nar.yphone which could be used for all purposes,.either

for ordinary ivbrking or for fir'e control. It is substantialiy.the

same as ttrd Patt. 1855, except that it has the push on the right

hanil side instead of the left, and the transmitter and receiver are

more efficient, being of later manufacture' Also, instead-of

havins a flrrt contact-on the lower side of the ebonite cylinder for

closin"q the circuit of the transmitter, it has a brass- spill .similar
to those on tire upper side. It is shown on PLrte LV. joined up

to a Patt. 1856 navyphone.
In order to use- it for fire control, the internal connection

must be altered so as to be like those of the Patts. 2108 antl ?109,

and it is lhen joined up in the same way as those patterns.

Batteries for Naayphones.-A ptlit of- nav-yphones--is rvo-rlgtt

off a battery of six 
-l'att. 

I1i3 cells placecl in a Patt' 170tr

battery box.

ITorking Nar:yplnnes oif tt '1lotor Generator'

Ou' ing to thc gleat nuntbel of telephones.in later ships, and

the lalge'amount 6t' -*pace antl weight occupied by their batteriest

the queition wa* moc,ted of replacing-all the sep^arate batteries by

a single central notor-generator. Several difficultiis, however,

maniflsted themselves rvhen this was first tried. fn the first

place, when l pair o{' telephones is fed from a generatol instead

i,f tio. a batlery, the variations in the current produced by

commutation causc such a buzzing noise in the receil'ers as

rrlmost entirely to drown the noise of^speech. Yarious devices

rvele trie<l foi stopping this noise of con:'mutation, consisting

rnosthlof sol-r.e sori 'of '" inductance place<1 in t l le circuit ,  l lut i t

u'as tlo-nrr,l tLat eitlrel thcl' lrlr,tl no effect, ol' else, then -they
stoppecl the noise of commuiation, tirel' also stoppeti all speech'

'.Lnother 
ditliculty that 'tlas experieirced rvas tlrat, n'hen several

uairs of telephones ivere fed from one source, any conversation in

lr," uairruai heard in all the other pairs as well' This pheno-

lrenin is known as 5r ctoss talkingr" aud it was the fact that this

<J illiculty rvas experienced, when- more than, one pair'.of telephones

nns feii"off one battery, that letl to navyphones being joined uu

irr scpat 'ale pairs, each uith i ts orvlr buttery.
Tliese difficulties have been sutmounted in the latest patterns

of Grahant's rtavypltones as follolvs :-

Tire noise of cbrumutation bas been reducecl to a minimum try

sper:ial constt'uction of the generator, rvhich, rvhile only developing

2b volts. has I50 stlips in ihe comrnutator', so that the fluctuation

of voltage is vely irnall indeed. -f'f" gen-erator runs in ball

bearingslw-hich sliould never be oiled, as the;' ale inJended to

run dr'"y.' It is shunt wourtd, antl should be rul at such a speed

that it gives 20 volts. Jf it gives- mole the lelephones will be

heated, 'ard i f  less, specch wil l  not be clear.
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- The diEculty of cross-taikrng is surmounted by putting a eorlof large induc-tance,in seri_es with'ca.h;;;;;;"r ir.t.d'ri. il"generator. I 'he effect of this inducfance is to dr;t;o;"un"i
variations in the current through it, ,o tlrui these variations,which are intended to reproduce"rpu.-.t in I'fr" receiver, are noltransrnittcd through the glneraior tb the other circuits.

Frc. liJ.t.

This inrlucfance is known as the (( l ine coi l , , ,  and Fig. lg, l  shorvstrr.  telr '1.,111111e) ci. t ' ' i ts r irrr fro'r the gcnerator Li,  eacrr i , i t r i  i t -  1.,"l i .e coi l .  I t  rr i l l  'e : .en 1htt,  sincc the t ine coit  tunds io ; ; ; ; ;any variat ions in the currenr t i i rough i t ,  j t  wi l l  stop not only cross_talking, but all speech, unless some ottr"" O"ui.u i, il;;;;;ral 
-i;i;

other,alrangement takes the.shape of a non_indo.t iu" "usirt ; . ;joiued bctrvecn iLe p,* ' l r  
+ and.B an.l  the point" X ani l  ) . .The spe,clt  ploducing vhriat ious of currerrt  can now take Place inthe circ.it AI]RT. 'rvhile the curre-nt_-coming--r.o^ tn" gJ""."t",

through the l ine coi l  remains praoical lv co,j i , , , l t .
. Tliig m.ay be explained as foilow. ,_-lrhu resistance of the shuntis pract. ical ly equal to the re_sislrneu o[ the l i rre, and consequentlv.
under orr l inrry condit io*s. the slme cur.r.cnt i ,  n"*jr f  r1" """ i ,1
L-et us_supp.ose, for an example, that tliis cur.rent is I ampele.
Now rvhcn the transmil,ter is spoken into, its..ri.iun." uitJrr;;;
variat ions in the current are produced. Let us suppose that theresistance th'ops-to such a vrrlue that lI amperes niio, i"rt.rrd"t
the I amper^e that rvas flowi'g before." Nors the "a"""t ti'-ir.,uinductance of the l ine coir is tJresist any change in the st; ; l ;
o,[  the,curr.ent f lowing through i t ,  but t l r is io.r" l , .u in , fr .  .*.?,, itnl .ough the telephone circuit_crn st i l l  tal<e place i f  the currc,, ithrough the non-irrductive srrunt at the slame t ime a"oor-tu
uL an aupere. IMhat is spoken iuto the trur,rriito.-iii[;lr# ;;

E  Jo9b3.  y

line coi/
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reprorlucecl in the receiver, rvhile lhe. current supplierl frour the

!e'oe.uto. through the.line coil rvili :till be conetent'
'  

Ihi, expllnit!, ion is lot absolutely scientif iczl[v ncculx{o' but

it wil l help the stutlent to untlolstautl the action of the l ine coil

anr'l non-iirducti ve shunt'*' 
i\; line coil, tirrolgL plirnarily introilucetl for the purpose of

pr.ri.ffi".t"ti t.ff.l"-g,'"tso ttot the ei}g^ct of uririimising the

noise of commut$tron ?n the receiver' 
'Ihe lesistance of the

I ine coi l  is  about  3 '5 o l rms.'-*'rioir, 
tir*se devices are ernboclicd in the latest patterns ot'

CtJ"Jt navyphones, rvhich will now be ilescribetl'- - 'Ihe actuai i,rlangement ol' tho circuit of trvo of these navy-

phon". joineil up tog"cthel is as showr in F'ig' 185'

I-rci. 185.

A oosttive and a negatire feeder is takeu up to each telephone'

""fi1i;;;;-i;;;tit" it'uut is connected between thcm in the

;;i;"h;;;;b.ing switcheil on at the same time as the tralsnrilter"

i jo6 tin. coil iJused for cach prir of teieploncs'

Patt. 2LiI'- I{auypltotte' - ILis ^rrrr^)'Phone' showl in
pr"Liil., i- ior or.li#i'1' rrse onl.r', rrot for fire corrtroi' Seletal

i*lrt"**"itts are embodleci irr it, L'esiries the fittings rlecessary

i"ir"frf" jt to be lvorked off a gcnerator' 
' Ihe-trumpet.of the

;;;it;;r-;"oourrt", and can be filxed at any angle that is con-

i;; i;; Tire leceiver is placetl rrt the back of the case' rttt l  in

i.r""i "i itT " U"o* platc'w'ich 'as ir shutter in the middle that

;;;';;;p;t;d rc give access to -the pole pieces r-'f the receiver'

ift.". pirf. piecei are adjustable as to tileir. distance from the

,d;h;^^g*, ,ind ale fltte(irvitlt lock luts' AII the rest of the

,""ri'll-3"rrl.cl on the cover, l'hich is hinsecl. lYhen the cover

t"""."ri l t 
^..." '*a 

r-" three scrervs equally -speced round the

;;hf;;";., ao,l rvlietr t lrcse scrervs arc taken out ir can be

;;;';p;; Lu its hinge. 'r\e screrrs are litted with a collar

r" lit?t ih"y "*n uot be' entirelv lemoverl when unsclerved' but

..-"i" i" tileir holes r,' t1e co"r"er. 'I'he wires are brought in

;;;;qh;;i"",1 -t the botto;n of the case, a'tl are sccu'etl to
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ilolated terminals fixed to the brass plate which corei's tire

receiver. The connections to the gear on the c'or-er are macle by
means of brass sp'ills carrietl on thc col'er, u'hich make contact
rvith the terr'ninals insicle when the cover is sccutetl irl place.
'l'he lcvr:r' tirat wolks the spenking sr','itclre q'lrir:h is ttrrtrketl
" I ' r t 'ss whiist speaking," also revclvcs the transmitter by gearing
rsben it is moved and so shakes up?re car'Lron grauules, as in tire

esrlr- forms of telephones. 
'Ilhe nou-inclucti\-e resistance sholtr

in l'ig. 185 is pla-cccl behind ttre brass plate ihat covers the
recerr--r,  rorrnd ihe outside of the casc.

' l ' l ie transmitter is of a uerv pattei 'n, being smnller than the

ol, lcr.orl€sr and of higher resistai lCrer rbout 4j ohus. ' l ' l re carbon
granu lcs ,  ins tear i  o f  he ing : rng t t l t t r ,  r t s  i i r  l l re  o l t l c r  re lcp l ronesr  a rc
i r l l  l ounded I i l<c  peb l ' r les , ind  thc  r ' ' i t t ' c l r rbo t t  l r ia te  i s  1 ' la i r r  ins te r r t l

of bcing coeugated.
-fhJ fi'ont-of tle tt'anstlitter', as in the earlier pattorns, is

covered with a metal grrLting, but au opening is le{c nt the

llotrom of the cover thab carrier; this grating, in order to aLlorv

any rvrter or dirt that gets through-the glrr,l.ing to c-scape' 'l'here

is i lso r sural l  hole in the back of the casc to l l lorv aDI'  lv*ter
t irrrt  , :r- ts irr to the trumpet tr) egcape. ' Ihe receiver diaphlagrn is
' . i - : i . - : ' . i { l l t ,  : , i  t l r tr t  rrater that gets iuto the trtrnrpet clulot get
iotr tbt ir i trr ' :c 'r 'of the instrument.

f l;c gcrrr requiled fol a pair of th-ese tclepbottes is as

fc, l l , ,rvs , j frvo telephones' orle l ine coi l ,  and one tcrminal box.

I lrt' line coil is suJrplicd in 'a brass bo-x, nrxl it ltas a

rvatcrt iclr t  gl;r l t l  l r t  t l re sit le trbt the l ' i res.
- l  

h :  t , : r i l i u , , l  l ro - . r  i s  t l r l t  sho  n : r  i t r  l ) i r r t c  LYI I .  J t  eonta i l rs
r i r : t : :u j : r : r l : ,  r r : . t - ' i r r  t ' r i t l t  1 :o l 'n ( ' l '  t - t i r {  tu -o  i t r  the  ur i t ld le ,  be tween
rhich is a :u--: : , lc cLtt-()r l t .  attr l  l r  r :  l l  wlrtert ight gl lrul in eacl l

ide. Tbe trro tertttinal. in tlre lelt hntttl colucrs are malkecl I
and 9 respectirely, r.nd those in the rfuht hand corners are marked

+ and - .
The rvires are joined 1p as irt Plate LVII. Since the

non-inductive shunt has to-be joined. between the posit ive and
neg:rtive leads from the gmerator, it lis necessary that both a

1,o-.-itit'e anil a negative lead shonld be taken into.each^insttlu-mentr'
arrrl these, rvith the two line wires, rnake ^four wires fol each pail'
of telephones, as against three for_t'he ol.der types.of- navypliones.
'Ihe tirminals are marked as sirorvn, the non-iuductivc' shunt
beine ioineil betrveen the terminals r$,alke'd Z n and E. 'l'he

ln-goirry I iue of one instrument is, o{ '  ccurse, joined to the out '
going line of the other, anrJ aice aersi'.

Patt. 1856t nuan^ypkone.-'I'lais 1,&ttcrn is suprlied for use
iu thc errgine loom. It  is exactly the same as the Putt.  2110,r, '
except t l rat i t  lns rubber ear pieces on the entl  of hitrged tubes'
irr . teir, l  c,t '  thc ordirtary tmnr1rct. ' Ihe speaking srviteh, insteod'
of beirrg actuuted by a lever on thc'fronL o1'the instrument, is pur
,r 'er.t i i . -u the r ight hand tube is raisetl  to a horizontal posit ion.
Pl l te LYII.  shoris a Patt,  21404 joined. up to a Patt.  1856.r for

ord i r r r r ' . r ' r v , ' r ' l t i r r . j .  
r .  c )
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Pattt. 2108.t. an'r,l 2LO9t Nauyplutnes for Fire Control.-
Patt. 2 [404. cannot be used for fire control, as can Patt. 214O,
w'ithout intloclucing an e::tra n'irc for the bell, anil, as thcre ate
already fonr rvires required for this patteru, this would ber iricon-
venicnt, as al l  tclepltone cable in t lre Service is four-scorei l .
Patts. 21081 anti 2109,s. rvele therefore introduced. In these
telephorre-. the s*me l irre rvire is used for r inging t l ie bel l  thal,
the grrrr strrt ion uses for taihing to the control stat iott ,  and the
push r thc c rrtrol stat ion is matle into a trvo.r 'ay srvitch, l ike a
mors* i<ey Thus the gun stt t ion can always be cal led L; ' the
bell  unless he is actual lr talking at the t ime and has his speaking
switch ple.sed.

' fh'  r 'eceivcr at the gun stat ion is airvays to l i rre, and that at
the conrrol strrt i ,rn is also ahvays to l ine unless the bel l  push is
being trr,  s,serl .

Ptrite LVIIt. shows these trvo telephones joined up for fire
contlol.  

' l 'he 
srrne l inc coi l  and terminal box is u-qed for these

as fol t l re I 'atts. 21401 rnd I856,r. I t  rvi l l  be scert that these

l)atterLlr i  require lerver spi l ls ancl tet 'ur inals insit le the telephone
t i ran  t lo  t t re  Pat rs  21 .10 . r  and 18o6- l .

Tatie Naryphones.*'l\e-cs at'e fittetl itr some cabins in the
" Dleatl . , , ,ugl i t  "  anrl  later str ips. nach stat, ion consists of trvo
pal'ts) ?l wall fitting lnrl a 1al;le fitting. 'I'he four-cole cahle fron
the other station is le,i irrto the lvali fitting, rvhich contains the
bell ,  lon-inductive t 'esistance, an,, l  terminals, antl  is connected to
tlie table trtring by a lcad of -.ix-core lvire. The trble fitting
contains the recciver, bell push, aucl speaking srvitch, and the
transmitter is counected to it by a length of twiu-core wire.
W'hen the telephone is not in use the transmitter is placecl face
downrvards on a resr, provided for it on the table fitting. Its
rveight plesses down tiris test, rlnd lieeps tbe sperking srvitch iu
the posit iotr for l inS;irrg up. \ \rherr i t  is rernovetl  fol  speali ine.
the spetl i ing -*rvitch conres intc act ion, and lruts t lre lr t trsmitter
an,J. r 'ecciver to l inc. On thc 1op o1i t l rr  tablc l i t t ing. ju.; t  olel the
receiyer, is a shol i t lumpet, rvhich trt l r ts t 'onnd orL Jni i  LcrLi i trgs,
and c:rn be turr iet l  to anl 'posit i , ;D'rvhich is tno-qI cottvenielt t .

It is rlost irrportant, rvhcn usin;1 these telepiioncs, to hold the
tlansrnitter' 'rvith its diaphragm rer"tical and close to the mouth
rvhen speaking, as otheln'ise thr:y do noi give good lcsults.

The same line coil and terminai box are uscd rvith these as
rvith t.he Patt. 21401. Plate LIX. shows two of these table
rravlphones joinecl up together f,rr rvorliing off a geuera,tor.'\\'hen 

any of the above tel.ephones. whicir are designetl for
rvolking of1 gclerators, ale usecl in single pairs off a batteryr it is
only necessar'1' to leale out the line cor'I, and disconnect one end
of the non-incluct ive slrnnt,

Su,itcltcs for use witlt Natgpltones.

Two-wag Sa^itch.-Iu some sirips in which a navypirone is
fitted lbr communication betrvccn fhe bridge and engine roosr, a
two-way switch is put in tlre circuit to connect the errgine loom
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e i tb .e r  rv i t l r  . thc  b r . i t lge  or .  conn ing  towcr ,  teeot . , l i r rg  to  uh ich
Pr. ' . i r iou is l .- ,eirrg used. f t  is an-or,I inary fOur-rvire. trr.o-rrav
sn' i tch, and does not require auy special descript ion.

. 
('/taitrle-o"*-er 

.Suitclt. for trtire Control Naugytlrcnes._llost
ships urc titted rvith two control positio's, one fo"rivard antl one
ir lr .  anrl  this srvitch is required for t l ie fol lorving purposes:_

(l) To put the forward guns in communieitioo'witl, tho fore
cgntlo_l positiorr, and the after guns in cornmrrnication
with the after control position. 

-

(:) To uut all euns in communication rvith the fore control
position, and insulate the after control position.

(3) To prrt al l  guns in communication with t jro after control
position, antl insulate the fore control position,

l 'ht lc are two prttcms of srvitch for this iur lrose. anclthev
r i ' e  s l r o \ q n , , t r  I ) i r t l r , L X ,  T l r , . e a r l i c r  p a t t e r '  ( l ' k .  i )  i s ' o n l v  u s e f
i r r  v ,  r ' ; ' f , , w . l r i 1 , s ,  r i l o s [ ; l i i l ] s  L , . i u , l  t i i t e , l  * . i r l i  t [ e  l i r t t e . o  

" r l , o * n

i r '  [ " r o  9

.  l r i  thc plate-the contact piece for onc n, i le only is shorvn, but
.f  t .ourse there is one of these co'tacts fcr euch *, i ie, mcli ing'four
1',  ' r ' r . ;rch st l t ion. l fhey are al l  f ixed olr or ' le spindle, so ns to"folqr
, r  . . :  -  l l u r r r ,  a r r r l  insu . la ted  f rom onc  ar ro ther ,  i ln { l  a l .e  a l l  u roved
a! , .  : . ,  ,  1., .v rr hanrl]e f ixed on the spindle.

Etchange Suitch,-TLis srvitch is used in some ,uf the olcler
. lLips rvhich hnve st i l l  the r)atts. 1639 and 1648 telephrnes. rt
is r lesig'et l  to enable a central stnt ion to courmu'icatb rvith a.v
orlc or Inore of sevelal outl ; . ing stat ions. Plate LXI. sborvs a .u,rt . , i l
- t ; r t i r ,11  . j . i1 , .p , l  u l )  ro : rn  t : ; c1 :nn , tc .  s rv i r r , l i  f r i r  t r i ,o  on t l . r . i t rg  s t lL t i ,ns ,
:  . '  : .  ( ,1 ' , -  t t r i t r r  t \ \ ' ( '  Car r  b i '  jC , i l tL I  gp ,  i t  r rCCe: . r l r1 r - ,  in  i l ,e - r , , ruc  rvay
o-  tL t , : t . l tu r t - t t .

A  r lou l ' le . r '  r ion  swi tc i r  fo r  e .e r r  o . t l f  ing  s ta t ion  is  f i t ted  so  as .
rvhcn ervitched !u . .  on," to crlnnect, l ines f and 2 of the exchnncc
teleplrorre to l ines 2 to I  of r lre pr 'r icular orrt lying stat ion ryirh
rvhich communication irdesired. 

-
'Ihis 

srvitch when .;ofi', breaks these connections. If both
' irvi tches are. 'on," i trvi l l  be seen that both the outlying tef"1rfror".
are joined up in fork .lvith the exchange telcr.rhone.

I f  the  exeb: rnsc  w is l res  to  ca l l  up  6ne or 'bo th  o f l  t l ro  ou t l l i ns
€ i la t rons ,  o r re  o r  bo th  o f  t l re  sw i tchcs  i l ' e  puL to  . ,on , "  and the"be i i
push of the exchange telophone used in t ire ort l i lary manner.

.Ihe 
ringirg currcnt- from the outlying station passes flom thr:

outl)'rng battery through the bell push to one of ihe othr:r. cores
ot the four.core.cab-le, and so to i is orun shutter in the exclrange.
a'd the other wire from each shutter is connected to the .6 shutt-*
I'eturr " block in tho exe,hange srvitch, betrveen wh;"U aoJ ttie
comuion return $ ihe exchange bell is joinetl up.

Naaggthone Emhange.

There are trvo forms of navyphone exchange in the Servico_.
that fittetl in the ..Dreadnlught,,' and thar fit"ted in tfr. 

-,i 
iird.

$elsonr" " Inviucible," and ,,Sci lerophon', classes of sbips. 
-- '*
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The t'I)readnought's" exchango, as it rvas ffttcil .befo-r'e navy'

r,honcs tlrr,t could bi rforl<ed o{T gonerators werc ilesigned, was so

i,rr"ng, ' , . l  thrt l l re crl l -up l iel ls were rung and the, exchange lanps

l,urnf by cu''e't .ler:ivecl fron a gcnerat.r, rvlrilc a battely rvas

useil forthe speaking circuits.
'Ihis neceseitate.cl two separate sources of electrioity, and

maile the eschange very complicated. , It is not proposed to

clesclibc this exchange 
'hel'e, 

as it is only fitted in ^one ship,-but

a full description and-cliagram o[ it t'ill be found, if required, in

the Annual ileport of 'Iorpedo Schoolo -1006'
In the latt6r form nav'lphone exehonge, the current for all

onerations-r irrging, speali ing, and lamps, is supplied from a

nrotor genela tor- oflh e'form al ready. described'

e,ll'lhe tulephones in the ship, with thl-exception of tho.se for

fire control and'a few other special pairs of instrumonts, are joinetl

up to the exchange, so that any one station can ooumunicate witlt

anv other'." 
The exchange with two stations joined up is shown in

Plate LXII.
Beside the exchange there are one of rlore of tire following,

according to the number of outl,t'ins stations r-

2l-wav fuze L.,ox. This is fed fi'om tho positive of the

eeuclatorl rnil from it arc fed' through the fuzen, thc line coils

ior thc s, ipnrate orrt l .ving stat ions, which are placetl  iu a 2l-wny

l ine coi l  box.
Tcsting terminal box. Tir is contains ihrce long blocks'

marked i, -, ancl R, respectivel;',, each- hnving -a number of

terminals'on it, which are joined to sinilnrly marked terminals in

the top of the'exchange. 
tlhu 

a and - tlocks are fed from the

g.ou.utor, ancl the "tihunge bell is. joinett between the * and B

blocks, and has a ssi lch jn i ts circuit .
'Ihe feeders to the testing terminal blocks p:rss thl'ongh n

two-way fuze box,
From each outlying station ̂  th-ere are foul rvires to the

excbange-positive ind"negative feedcrs and two line rvires'

For"eachiutlying stati6n, there sre in the exchange-

(I) Tbree terminals, marked f , l, ancl 2'

(2) An "element."

(3) A plug on the end of a rvandering lead of twin wire'

There are also, in the upper parb of the oxchange, several

terminal lr locks eaeh common io si i  stat ions' They ale for (a)

positive feeclers for elements, (6) negafive feeders, both for

ilements and telephones, (c) leadsfor ringing the.exch-nlge bell'
'Ihe bloeks for the negntivb feeders are trvice the size of the other

blocks, as they have ti, feed both eiemettts anil telephones, and so

require twice the numl,'ei' of telnrilals.

Referring to (1).
The block markerl * is feti fronl the genet'ator through its own

line coil, of rvhich thcre is one for each-station, and tho positive

feecler to the outlying telephone is joined to it.



P U
'

.| l o z

C
)

T r = @ = ! I o z r4 rn x io lr lP lz to

I z F
I

u = 6)

o

F
!

x z o ftl o F
I

F r

o € ;

cp rf
l

F

F
I

-x :o F
4 i.
D

'
2 o F

I 7 fil r f{ 3 ftl z 4

o -l ttl = z r x

I

N € n o F
I o x

& { o 3 o -l o o fl
l z tl F I o

ffi
 

-r
]fl

 
-r

T
_l

li
l 

| 
-L

lL
l 

,r
1

1
 |

+
- 

c#
 

E
fi

ffi
 

'rr
. 

-f
ll.

.l

a I z o m D It

tr (n { 1 o z

x c) :E 2 6|

a rr
l

T m o 2 F
I

N
 

o
p p

!O
H

 
N

F
5

F
r

 l
l 

t

= c ? - i' o - o

*



r )  l r r
J+, )

The blocks rnarked I antl 2 are joined to similarly. malketl
blocks in the element, and also to l ines t and 2 from the outlying
station.

The negative feetler from the outlying station is joined to one
of the negative blocks lvhich are colrmou to six stat ion-q, rn(l
these are al l  jorned to the negativo block in tho test ing terrninal
box.

Referr ing to (2).
Srch element consists of *

(a )  S ix  te rmina ls  ma lhcc l  lespec i i re l l '  1 ,2 , :J ,  * ,  - ,  B .
(6) Two relays, a (t  speahing rela.\" ' l ,nd i l  i ' r inging r-clay."
(c )  Two g lon ' i *mps,  a  6 'spen l i ing  l l r rnp  "  anr l  : l  r s r ing ing

lamp. "
(d) Four spring contai: t  f fngels rvhich rrrc nroved when a

1,lug is put into the clcment, ' l ' l re hole into rvl i ich
the plugs aro put is betrvcen -f anrl  -  terrninals,
and the spring contact f ingers ale behind i t .

(a) The telnrinals l ,  2, *,  - ,  antl  I l  are joined to the
similarl l 'marl ied tcrminals in the upper prrrt  of thc exchange
mentioned abor.e, R being for the exchange bell.

(D) Xach relay lrvorks ihrec spring finger contacts. ln the
clse of the 3'speaking relay" in the nolmal posit ion of thcsc
t,hree fingeln', hereafter refen'ed to as the S fingers, they are all
making contact with one anothero but l'hen the relay is excited
tley are seq-a,rated, fn the case of tho t( ringing relay " in the
n ormai pn.ltoo of tlr e fi n gers, hereaf{.cl refer'r.ii'to-us tho R fi n gers,
they lre separate fLour one lnotlrcr, but l 'hcn the lelay is excited
t l re r -  n l l  n r i t ke  coutar '1  r r i th  o i re  : lno ther ' .

(c  l  
' - l  l r c  g lo r r  l r r r r r l ' s  sho* '  th lc , t tg l i  t rvo  ho lcs  jus t  above lha

ho le  in to  r rh ich  the  p lus  i s  pn t .  I ' he  "  r ing iug  laurp"  g io rvs
when the outl f  ing stat iorr is r inging up the excbange. The
" speaking lanrp" glows rvhen, a plug being in position in the
elemerit ,  tho outlying stat ion has f inished sperking.

(d) Of the four spring contactfingers, tn'o are uscd for nraking
contact with any plug that is put into the element. One is longer
than the other, the long one maliing contact rvith the bocly of the
plug, and the sholt one 'rvith t,he point of the plug. \\rhen no
phrg is in they make no corrtact l'ith anything. lllre long ffnger
is joined to No. 3 ternrinal,  anrl  the short one to No. 2, ani l  rvi l l
be referrecl to by tlresc numbers.

The other two spling f.ngers a,re normally separate from one
another, but when Nos. 2 and 3 fingers are I'orced apart by a plug
being put into the element, an ebonite cam oD No. 3 finger pl'esses
them together, and they make contact lvith one anotber', They
aro inclutled in the circuit of the { feeder to the (( speairing
lalnp," antl  wi l l  be referret l  to as Nos, 4 and 5 f ingers.

Refer r ing  to  (3 ) .
The pirg is in two parts, which are insulated from one nnother,

the '(  point " :urd the " body." The point is connectetl ,  through
one core of l  thc rvandeling lead, to No. 3 telnrinal in the elemeut,
and t lre bod; ' ,  tbloueh thc othcr corc to No. 2 terminal"
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The connections in the element are ae follows ::' Ihe 65 speaking relay , ' is connected between Nos. I  antl  B
tcrminals.

The_('r irrgi lg relrr,r ,  "  is connected between No, I  terrninal anrl
one ot the s fiDqers.

The,'(spe-aking lamp,, is joined up betrveen No. . l  i inger ancl
one ot the S fingers.

,The 
. ' r i -nging lamp,, is joinecl up between the - l= terminal

&nd one of the R finsers,
No, 5 f inger is joined to rhe * tci :nrinal.

" r'irrging"relalr" and the - terminal, respectively, 
"

. Tbu, R, fingers are join-etl to the ,tringing lamp," the B
terminal, and the - termintr l ,  respeccivelv.

The exchange has a telephone, wtose lines I arrcl 2 are
connected to a plug, l ine I 1o t i_re point, and l ine 2 to the
oo0y.

The action of the exchange is as follorvs:--The stantl by
posit ion i .o, o.f  cotrrse, wit lr  al l  the pirrgs orrt.  l t  rvi l l  be nori"cl l
that,.as_the. " speaking relay , '  is joineri  up l ietrveen Nos. I  and S
ternlDals, rt  cannot be excited unless either a plug is in i ts
element, or. i ts own plug is in some other element, as'otherwise
No.  3  te r r r r ina l  i s  in iu } i t c , l .

,  Slppose A orrt lying starion to r ing up the cxchange. When
1ne nngrug push rs pressed at A, the posit ive fceder iJconuecterl
to No. I  l lne w{e, rvhich is connected to No. I  terminal in A's
eletnent.

From No. 1 lermir:al there is no circuit  through the (6 speaking
r-elr1i' t,ut there is a circuit through the ., rinqin? relay,,. tlrrougfi
the S lingers,_ to the - terminal. 

" 
So tho ,, i:infing ;j"y ', ;:ii

be excited when A r ings up. This presses the 
"R 

f ingers al l

LoS.r*� .1 
antl  so jorns the - t 'erminal to the ,,r . inging lam-p',  anrl

the lJ telminl l .  TLe effect of rhis rvi l l  be tt i  i4-ht up A's" r inging Iarnp " and r ing the exchange bel i .

-The operator rhen puts the excl i ,nge plug irrto ,A's element,
and so connects ttre lines I and 2 of th*e "*cii"oge relephone td
A's lines 2 and l. He can then ring up A and taik to him in the
usual way.

. If A asks to Le connected to B, the operator can either put
A's plug into B's element, or he can put B's'plug into A's "t .-Jot.
Let us suppose he does the former. 

-This 
wil lconnect A,s Nos.2

and 3 terminals to B's No. B anil 2, anil l.ill make contaet between
Nos. 4 and 5 fingers in B's elemeni.

_- 
ff 

,+ now presses his ringilg push, there is a circuit from his

1)9 .  
tJ t1" , . , ,n loug l r  h is  i lnqak ing  re lay , ' io  i r i s  No.  B ,  th rough

tne pornc oI hrs plug to B's No, 2, and so rhrough B's bel l  to t lro
neEatlVe.

, _- Tlrt .  
' r ' ings B's bel l  and excires A,s..speaking relay,,,  thus

breaklng the contact Letrveen A's S fngers. Sio"u thii contact
istroken, A's (.r inging 

relay,, is not eici ted, andthe ur"nuoge
bell is not rung.
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Similarly B can ring A's bell
bell.

While conversation is going
" speaking relal s " are excited, as

without r inging the excbange

on between A and 13, both
each is in series with one of

the l ine rvi les.
As soon as they have finished, thc speaking relays -a-re

clemagnetised, and ihe S f ingeI 's al l  make. contact -agair.  - . I 'he
effect of tliis is that the " speaking larnp " iu B's element lights

up, since its circuitis ah'eady cornplete,l ,,s far as tbe S fingers by

Nos, 4 antl  5 f ingers mrking contirct togt ' t l rcr.
This shorvs tf,e operator- that conversation is finished, ancl he

can Lhen rernove A's plug {rom B's elemetit.
Should the telepiroie motor f]enerator break dorvn, the line

coil box can be fed fiom a batter;', while the testing terminal btx,

which supplies cutrent fc,r the exclrange beli nrrd larnps only, can

be fed fr,rm one of the ortlinary motor generltors that supply the

belis and f ire control inslruments.
In this case, howevcr, provision rvi l l  hare to be rnade ior

jt-'ining tire uegative pole of the battery to the exchange termitral
board.
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CHAPTETI, XX.

I)r-rl InsrnulrENrs.

h is proposed to tlescribe in tir is chapter such dial instruments
as are in use in the Scrvice for prrrposes othcr than fire conilol.

Eaersherl's Electric Eehn Indicator. OId. Pattern-Ttris
instrument is of the type known as (. ratio coil ,, instruments
The principle of it is as follorvs :-

!  ig .  186.

The transmittelhas a contact pieee, represented by the arrorv
heacl in Fig. 186, which can swe-ep ou""-,  number of contacts
rvhich have resistance coils betrveen t.hcm, thoreby cutting out
resistance from one side of :r  divided ci lcuit  and adding i t  to tho
other. From each end of the resistance in the transmitter is led
a wire which is joincd to a coil in ttre rcceiver. 'Ihese coils,
L'  and Q, are placetl  at r ight rngles to one another, as shown in
tlre figure, anrl the wires from their other ends alc joinerl
together. One leaci from i,hc source of electricity is connecterl
to the contact piece of thc transmitter, and the other to thc
junction of the coi ls in the receivor.

lYhen the cireuit is corupleted, if the contact piece in tht:
trlnsmitter is eentral, the resistances in the two circuit T a Q B
anri T b P B are equal. i['he current will consequently be the
same in eaeh, and the strcngths of the magnetic fields produced
by tlie trvo coils P and Q rvill be equal. The direction of the
resultant fiekl in the receiver rvill therefole be half-way betrveen
rhe di lect ions of the i ields of lhe two coi ls.

Now, suppose tlre contact piece in the transmitter to be movetl
over half'-rvay to the right, so that thcre is three times as much
resistance in the circuit lf a Q B as in the circuit 'I b P B. 'Ihr:

current of the coi l  Q, and consequently the magnetic f fel i l
protlucetl by Q, will no.;v be nruch stronger than tho current antl
magnetic freld of P. The resultant fieltt rvill then be rnuch ucarer
tlre directiou of the fielrl due to Q than to the direction of tho
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f ield due to P, So rre see that, as the contacb piece in the trans-
mitter is moveri ove. it"s contacts, the resuitant nragnetic fielcl
in the receiver alters its direction, moving rounrl throulir a certain
an c le .

,tl. lo*,..1 
n-,rgnet is pivoted in the eentre of the trvo coils p

nn,. l  (J:, l t  rvi l l  r lways take up- rhe posit ion of the resultant f iel t l ,
nnrI n'r l l  oo reproduce the motions of t ]re transmitter,

. .lo 
,b^u old pnttern helm indicator, shorvn in plate f,XIII., one

ot the l'eeder 'r'i'es is tallen into the trrnsmitter and connected,
through trvo lesistances in parallel, to the conta,cf, arm. The
r€slstance contacts are arranged on the ai,c of a circle, ond the
contact arm rurns on a pir.ot in the middle rvriich is rvorked off
the rudder 

' l rcad 
by sonre sot ' t  of gearing.

The two l irre rvi 'es f i 'orrr the 
-ends 

of tho r.esisto'na are taken
each through an cxtra re,sistance coil, to thc ratio coils in rhe
rer:eiver. There :rro trvo pair.s of' ratio coils, orre of ryhieh acts on

:l : l  
"". ]  of the srvinging-magnet, ani i  the corrtsponrl ing coi ls in

each pair are in series, 'r'he ret'r'n rvires frorn the ratio"coils a.e
joined together thr.ough an adjustair le resistancc,, nn<l thc oornmon
returl goes round the ^exciting coils of the moving mrgnet, anrl
so back to the other feeder.- ' Ihe srvinging mag'net ; i  of t tru
shaPe sho*'n, and it r:rrrrics a brass .i"g"t"iit teeirr on it, rvhich
gurl into the spinrl le of l  pointer rvorking over a dial on t le face
o l  t l r c  i r rs t luu ten t .

;\ trvo-lvrr,y switch is fltted as shorvn,,as there is generally one
receivor on the bridge_and one on ihe conning' iower. 

'  ' I .he
iustlriments arc .rvor'licil lff ttre lighting rnains.

,  ,T { '  the  ins t ' . r ren i  g . ts  ' r r t .  o ( t ru l ju i i ru , , r r t  e i t r re .  r r r rough lca ,ks ,
1 ' �11 ,1  1 '1 r111;11 ' r r .  r , r ' r l i s t . r ' t iou  o t '  i t s  se i -c* r l  Pa . ts ,  i t  c . 'be  t ig , , iu iu , i
i,_r. rakirrg o.ff a small trra,is t.P o' top of ilre .L,:eir"" u"a ioriiiog.
the trr-o switch arms either tb the r[ht or ]eft  os necesrur-y, "nd
so srvitching out resistances on thatlide till the "..riu.r'utoi*
the same as transmitter. The instrument should be kept switched
off wher not in use. lvhen ffrst switcheal on (and'freouentlv
rvhen in _use) the indications of transmitte, uoa ".oniuu.-;il;ld;';
compared, and corrected if necessary.

Eaers lterJ's lfclm IncLicator, Neu p att ert t,_,Ihis instrument
embodies the same electrical principle as the old one, bub the
rario of the trvo currentg is alte;ed iri a ilifferent ,r.r*nrr"., and the
g1a"C?191!__of the receivel is also different. Ii will be seen(Plate L-XIV.) that the- transmitter has two contaet pi..ur, orr. "t
cach end of an arm that is pivoted in the middle, 'each moving
over ita own se[ of resistance steps, and tbe trvo lin. *i"., u.E
taken arvay fr.orn the ends of ihese two resistanees. Io ;j,;
receiver. the trvo pnirs of rat io _coi ls-are set upright, ooa piooi. . i
in the nriddle of' 6ach is a small ,oit' i"* 

-trui. 
'Ihese t*,o bars

&re  connecte{ l  together  by  I  l i nk ,  wb ich  is  a lso  ronncc ted  to  rhc
pornter, so t lrat the b:r ls arrt l  pointer are al lays pat.al lel  to one
another.

Tbe common return is taken first round a small contpass
correcting cqi l  which is desigrted to rreutral ise any stray extei.nal
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fieltl from the ratio coils, antl rhen round the magnet of a locking
device. 

. This lockirg arraDgement keeps tho pointer out of sighT
when the magner is not energised, but frees it .lvhen the current
is on.

The corlespondiug rat io coi ls on opposito sideg of the instru-
ment_ale in sel ies, as in the okl pattein, but the current f lows
round them in opposite directions, so ag to produce as little
external,f ield-as 

-possible, but any stray f iel i l  that there is
rs neutrahsed by lhe comp&ss co|rector,

.-  Only-few resistance-steps are shown in the i l iaglam on each
sitle of the transmitter, but there are, of course. as ioanl, on each
side as there are indications on the dial of the recciver. 

' 
There is

no adjusting alrangement, as it is not needed.

Kilroy's Stohing fnilicator..- This is an instrumenf for
facilitating the uniform firing of boiler furnaces. Each of thc
boiler-furnace doors is given i nnmber, rrrtl a stoliing indicator is
provided in each stokehold which signals these nurnbeis in rotation
at regula-r' intervals, ringine l, loutl-gong to call attention to each
change of signal. The length of the iiterval betlveen successive
signals is controlled from tiie enginc room by means of a regulator
placed there, and both regulator and indicatbrs are rvorkerl'off the
I igh t i r rg  e i rc r r i t s .

The.r'egulator, or. timing apparatus, consi-sts of a special switch
mccLanisnr, whicb, at uni lbrmly recurring intelv: i ls oi t inre, closes
electrical circuits qlich actuate the stokehold inclicators.

A diagrammatic view of the circuit of tlie whole system is
sho'wn in Fiq. I87, while Plates LXV. ancl LXYI. qive"viervs of
the inst lument i tself  and the actual arranEements df rhe circuit
respectively.

I r rc ,  187.

+-.

l ' l  gr3ks Magnel
C  A u l o m a l r c  5 w r T c h

X  R h e o s T a T

E.B 0r ivrnj  Hi jnel5

' j

5lo*ehold /n&calori



1BozFr!c

=dzFt-Do4Fa2

q
o

]
Fo
E

l

e
i

rrl
>

l
-

t
L

J
I

u
l

rd
l

E
l

E
ll

o
ll

F
- ll

4
ll

O
il

o
ll

z
ll

-tl
o

ll
z

ll
E

tl
o

ll
F

ll
n

ilil
(n

ll
illo

ll
c

ll
J

ll
vil f;t-F=az4.(rF



W
'.7

A
a

;
<e
d

P
=

il<
o

o
z

t,

o2;
i

F
y

a
z

.(,)9
>

o
o

z
tr-
J;

Gl{lFF=caz.trFEoFJ5(,bl.

5tLonj=otrC
)

td=z,aC
)lro=E
,

(.'

a
UzF6tdE

W
e

il.r&
G

.d
h

6
h

 Ll! L
ith

o
,L

o
n

d
c

i. /5
/J

 
. . .0

7
T

o
 fa

ce
'p

a
g

e
 

3
4

9
.



349

Referrilg to the Plates LXV. and LXVI., the path of the
current is, flrstly, froin. the positive terminal of the reg'ulator to the
block marked f wLich carries the two small srvitcf,es S ancl Sr.
One of these switches is -always made, and the other broken, anil
the current goes through the one that is mrde to the tlrivinq masnet
lJ on the oppositc side, and so to the negative thrjugh"the
conract X. 'Ihese driving magnets act on i pivoted soit iron
armature A, r,vhich wo'hs a train of gear wheeli. An automatic
srvitch G is.worked by the armature-l, and is so arranged that,
when A gets r ig.ht 9r_.". to one sicie, the circuit  of thi t l r iving
Dlagxelr on that side is broken, and the other magnet enerqised, si
that the almrrture starts t-o srving back aguin. 

" 
The saie thlng

happens at the other enrl of A's tr-ar-el,anilio A goes on swinsinl
backrvards and for.rvards as long as the curreut is'srvitched onl 

a

_Thespeed rt wlich A -qlvings is regulatecl as foliorvs:-At the
end of the,t lain of gcar lvheels drirer] bv A is & copper r i isc K,
rvDlch rc\-oh'es bcIu.ecn the polcs o{ '  an elcct lo-Dagrei}I .  antl  so
acts as an eddy-curre-rrt  brake, as expiainecl i l  Cbrrpter I I i .  . Ihe
arnount.of the breaking effect, anrl  conscquc.t l ,r .  r l ie spced of the
disc a.d train of gerr irrg, depentls on the str.errgt l  of t l re matrret
1\t,  and the arirount of '  curr.ent f lowing throui ih i ts coi l  cn, i  Lc
reg.l ' t . i l  hy t te ad,iustable resistanc-e x, 

"I f  
there is i i t t le

resistauce in the circuit l'f. will be strong, and the disc I{, a'il
consequently therl lrruture A, wi l l  move slowly. I f  more resist-
ance is put in Lry ruoving the re^gulat ing srvitcl i  M rvi lr  be weaker,
and the mechanism will move faster, 

'it 
will be seen that M is

fed dir.ect from the posilire block at the bottom, and the rerurn
goes through the adjustab-ie resistance to the negative.

Tbe t* 'o snral i  s*- i tches s and 51, besides r l i rect ing the current
alternately.. to the t lr iving magnets, also switch off"and on the
stoking indicutor circuits,-half6f * 'hich are fed rrom one and harf
lrom lhe otLer. S arrr l  Sr rrre actuated by the automatic switch G,
wLich is always right over one way or the other. In phte LX\,.
i t  is shown *' i th i ts lower end otei to therigrrt ,  thus b'enkingihe
contact at S1, rvhi le the contact at S is kipt 

' ' tade 
b'a sui ino.

Sirrce. S is nra, le, rhe r ight hand driving m&gnet " i f  i  U'."e,e-- irei.
i r ' , I  rhc  a .n . { r l ro  A  ' rv i l l  be  rnov ing  over  to  the  r . igh t .  I r i x i t l  r "
the. spirrdle ̂ oI' A, and rnoving .".it-E lt, is a srnall'metal plate H,
which hrs circulai' errtis rvith i'aiscd edges, and carries t""'.p.l"gr,
one et each side, the other ends of wlrich are sccured io ;h;
corresponding sides of G. As A swings oyer to the right, the left
hand sprirrg. is t ightened, anti  tenrls t ipul l  G over, but G cannot
rnove unti [  A gets to the.e,nt l .  of i ts tr lvel,  as i t  has a pin on the
ho.n rt  r ts upper end which is held outside the raisecl end of I{
until H has revolved far enough to clear it. As soon as it does
ciear,.G flies over,-bleaking the contact at S antl allowing th;;i
Sr to be madq und the armat_ure A begins to swing i" fir;;ir;;
di 'cct iorr.  

,  
' l 'hisl . ,rgins 

to t ighten the r: ight ha'd i i r ing f,o,u].. , ,
L* an.r H,-U't t l  ls ke;rt  in the extreme posit ion fur t l_re u.hole of
the.t_ravel o1.A.l_,y.the pin on i ts other. horn, rvLrich is caught
outsrde the rarscd edge at the r ight hand end of H.
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A condenser anil resistance arii corlnectecl in series bctweed
the two blocks on which S airtl SL make contact, to prevent
sparking when the contaets are broken.

'Ihe receir,crs, rvhich are in two gl'oups in parallel with oncr
another, the groups rvorking alternately, consist sinrply of instru-
ments u'ith single stroke gougs, with a window in the face of each,
through which a different number is shorvn every tirne tbe gong
is stluck. 'Ihe numbers correspond to the numbers assigned tcr
the boiler furnace doors.

The electrical part of the instrument is enclosetl in a water-
tight brass case rvhich is placetl inside the gong. It consists of
two soft iron cores fixed in one side of the brass case, each rvith
one end protrucling through tlre side of the case, antl wound in
selies with one another, the resistance of each coil beins about
50 ohms. Across the ends that are outside the case is the
armature that carries l,he hammer for str.iking the gong, and
tcross the other ends, inside ihe case, is anotheri armature whiclr
revolves the disc on which the numbers :u.e printeil. 'Ihis secold
atmatttre, when i t  is attractet i  b; '  t Ie r l i rgtrr-. t  bei lg excited,
revoh'es the disc through one step so thtrt a diflerett number is
shown through rhe lvindor', by rneans of a link antl speciu,lly
shaped pawl, When the circuit is bloken, the armature ii
re[urnecl to its fonner position by a spling, while the disc is held
stationary by thc pu,u'i, aud it is tiren read,v to pelform the same,
opelatiorr again. I'he tlisc and the gear that rvorlis it are inside
the lvatcltight case, 3d the circuit is leil in through a gltntl.

The rvhole instrument requires very iittle attention. It shouicl
ahvays be kept switched off rvhen not in use, and care shoultl be
taken that larger cut-out wire than ihat supplied is never used.

Electric Ship log,

This is an instrument by means of rvhich the indications olt  rhe
Cherub log on the quarter are reproduccd <.rrr a dial placed in the
chart housc. The mechanisur is sholl in Plate LXYII. 'l'he

action of tlre transmitter is as follorvs :*.The gear wheel B, which
is part of ttre lecording mechanism, carries a spring box A on its
spindle. A contains a coiled spring, one end of which is secured
to itself and the other 1,o B, aud this spring keeps the cam on r\
pressing up against 1he stud on Il. As B revol-ges in the clir.ection
of tire alrorv, the cam on A is caught by thc pan'I, and A is hekl
stationaly rvhile B goes orr ler-olving altl coiling up the spring
still further'. When Il has nrade nearly a complete revolution,
the stud comes up agrrinst the palvl and pushes it out, thus
releasing A, rvhich flies round urrdel the influence of' the spling
until it is brought up b;' the carn coming up against the stud, As
A flies round, a contact piece on its spindle makes a rnoruentary
contact bet'ween trvo Gelmau silver firreers rvhich are inclucled
in the electrical circnit. 'Ihe saue stdcession of events tnlies
place on each revolutiol of 13, so thtt the electricul cir.cuit is.
momentari ly completei l  ottce in cach revolut ion of B^
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fhe resistance! a, b, c, anl d are those that are aete-tl on by

the 
-heat 

of the glow Iamp in the trrnsmit[ext antl they at'e

arranged as shorvn in the upper diagram'-- .-'^T?r 
...uiver (Plates LXIX. and LXX'; consists of a circular

"t.. l*l*gnet rvirh_poles projecting towards the centrs. Between

itt. r"f --. Ts pivoted an armtture' 'rvhich is similar to that in a

-""i1* ""ii rilltnieter, except that it carries trvo coils at' rigbt

anqles"to one anotirer'. The spintlle^of the armature carrles &

"ria""t thrtop which has t1e pnints of Che compars marked on it,,

The ends of the wires of the two coils are brought out to sprrat

conneetions on the spindle just below the oard''--il;;i;t 
that the aror"ature may be able to make complete

"uuolutiurr. without beoonring jammed by win'l ing rr1.r. the soiral

connections, these latter at'e secttre' ' l , not to ths s{andlng patit '  ol

the instrument, but to a part which can be revolverl by.means.ot

u Uu*ff" uittr" ri,t". Froin this thc connections are made to the

li;;i.;t from the transmitter by four blushes b-earing ')n fixed

"""trti ti"e.. 'llhis revolving part must be k-epj in such a

"orit lon. by- means of the handle, that 1he cald does not get

inmmed'by win i l ing up t l re  spi ra l  connecl ions ''-*fh; 
i iorking 

"or 
in" initrument is as follorvs:-SLrppn-sc

"urt-t,Jto be flJwing in the bolometer'ttut the glow lan-rp to be

rrli"n"a off, so thai tbe |esistances ar..b, crand d are all at the

.r*.I.t*tit,it". The atljustable lesistanees in series with e

ilj""';"T;;'urt"..,r until thele is no current in either coil of

;h. rY.;;;;t; 
'Iire instrun'rerrt is then in ailjustment and ready

for use.^"^ 
ii;;t suppose tb cornP-ass card to bc in such a position th.at

trr" 
tu"ao#io 

it is ovcr ihe resistance a of the bolometer, w1ile

;:;. ' ;;J;are shieldctl by the tin foil '  If now tbe giow lamp is

; ; ; ; " i l  " " l i r t "  res is laJce a 'n ' i l l  be heat t 'd ,whi le  6 ' t l3od.{

re*uio a,t the same temperlture as before' The effect of this wili

l" ir*t the resistance'of a wil l i lcrease, and consequeilt ly t ire

;;^;;;of the left hand bri ' lge wil i b.e rl istu|bul l lnd I cutrerrt

; ift;; i .";A to l l thr"'ug"h one cr' i l  "f .t ire receiver" T here

;i i i  
' i ; ; 

oo- corr.ot in rhc orSer curl of rLe r.ece ir.er, since rlre

;;r.";; of the right-hand bridge is.not t'listurbed'"*'i;; 
etrect of-this wilt be tiat the ar.mrtureof the receiver will

torJ*u"a until the magnetic field of t5e A B coil coincides rvit5

that of the fixed electro-magnet' -" ' ' , l i ; ;;;p;otu 
tu" .o,iputt card to turn, tSro'g'h.4lio with

,uni"iio iiti'roto^eter, so that the win-dow. is now half ol'er a

;"J;ii ;i; ". Since orly one hatf of -a is now heat-ed-by^tle',

;;p;';lr. ,li.t,rtlr,rnce of the"left hand bridge rvill be onlv half of'

rvhat it rvas betore, o,t,l the cunenc from d" to B rvill only be half

i" *i_ir 'r, r i i"-.. '  s-t-"i irr. ,u*., t ime, since one haif o[ c is

fr.tl",Jl tir. bol"n.e of the |ight hanil bridge will be disturhecl to

the same extent, ano rhere i,iil tre the same c[rrent frorn c to l)

as from A to B.'" 'in""* 
*iflih"r.for" be tlie same current in each coil of the

""..i*t, ,"a the direction of resultant field due to the trvo coils

;il*;;i;;?totn tne direction of the fleld due to the All coil
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alone. The almature of the receiver u,ill turn so that its resultant
field coincides with the field of the electro-mtgnet, that is to say,
it will turn throuEh 45o.

ff norv thc c6mpass carcl turns throuqh another 4bu. c oniv
will be heated, so tbat there will be a cuilent irom C t6 l. trit
rrone in the A B coil. The receit'er will therefore turn through
another 45o, until the field of the C D coil coincides with thatif
the field magnet.

Anottrer 45o of revolution of the compass card will expose
half c and half 6 to the lamp, so that; the cun.ents wili florv from
C to D and from B to A.

,."S: {al 
we,have.ouly instanced the turning of the card through

J5", but it rvill easily be seen that any smalier motion of the ca-rd
rs, rn the same way, reproduccrl  i rr  tLre reeeivcr.

fn order that the receir-er rlrav foilorv the motions of the
transmitter at oirce .rvithout sJu,ggiihness, the resistances u,, b, c,
and d, are made of verr. thi'.1 tin-lbil, and rre mounterl on, thouEh
insulaterl flom, a thick'slab of coplter', so that, .ut .o tt "'".;";
rrot shining_on them, their heat is all conilucte,i u,"av at once, ind
they immediately return to their originai temperaiui.e. The coi ls
in the receiver ar.e wound on metal f iames, as are those in nroving
coil voltmeters, so that the receivers are absolutely dc.ad.beat.
- A speciai switchboard is supplied for this apparatus and onlv

,t !c,re1e.f i l  
tetrrai ly in use is switched on, the^bthers ul l  bein!

Kepr swrtctlecl oft.



354

CTIAP'IER XXI.

Trr,oena.psv.

IN this chapter ir is proposed to des-crib-e the telegraph instru-

ments suppli'ed to ships and the methods of joining them up,-and
also to g'ive a few hints as to the wolking of military and lantl

telegraphs, and their maintenance and repair-.'- -Pru,i 
rriuj"ct of wireless telegraphy is healt wiih in the Manual

of Wireless TelegraphY.

Morse System.

The instruments supplieil to the Service for telegraphy are

intenclecl for sencling m^eisuges on the well-known Morse system,

i;;ili;hln. t.tt..riut the ilphabet, nnmerals, ancl oiher-signals

;;.';;; ny co^rrioatlons of iong and. short 'lg":, ?: dashes and

aoi" I'ot'this purpose, when working at short distances, two

instruments are rbquirecl at each station'-- - 
i Mo,rrc key io send the signals, and- a tl[orse sounder to

,"..in'" th.. ; t"hese instrumerits *ill oow be cleseribed, together

vith the method of using them.

Mor.se Key.-Plate LXXIL, Fig' -1, shows the l\{orse key'

It ";;;i; J"a metal lever with an"ebonite handle at one end"

and pivoted near the centre of its length'---ftr. 
movement in either directibn is arrested- by- stops or

contacts F ancl B, usually known as the- front and' bach contacts'

fnr.u t."*ioals are fitteh-F connecled io the front contact' B to

;; ' ;;. i l ; i ,,.r, un,l P to lhe pivot' A spring T boltls th.e,levcr

when in i ts  normal  condi t ion,  so that  i t  mlkes contact  wr tD tnc

stop at B."""tl in.. 
the knob is plessed, contact lvi l l  be brokeD at B' arrd

*"il ;;F; ilre teo*iott of the spring ald the " travel " of the key-irli.ts;tg"tted 
by the screws e and rt as r-equired'----fn"?outuct 
pieces which project from. the lever and from the

corresponding poiott oo the base are terminated with short pieees

;;;il;;;;"1 
'plutiooto 

wire, the lower contact being hammered

tt"t .o u. to giv^e a good surface for the upper ones to strike upol'

This is necessary on account of' the grbat oxidisjng property of

th",p*rt, "uor.,i by self-induction when the circuit is broken'

Xforse Sr.tuntler.-.Platre LXXII't Fig' 2, shows the Mol'se

*o""a"". It consists of a horse-shoe sh-apecl electr-o-magnet l['

"'"t"a-*itfi trvo bobbiils, each haring a resistance of I0 ohms''e 'u"" tco i lhavingaresis tanceof-500ohmsisplacet lbetween

the two tetminals of the instrument'""" 
A ;"ii crank lever L is pivoted at Z, and' the horizontal patt

"rii. r""grn'is capable of a small motion up .or dorvn between the

ua;o*toUtE'rtop s6rews S and T' To this is fixed a soft iron
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armature A, which is pulled downwards by the magnet I\I
whenever a curuent is sent through the coils. 

"Wh"o 
the"cu.reoi

ceases, the spring P causes the lever to rise, drawing the armature
away from the magnet.

' fhe tensicn of-P can be regulated by the screw R,
The motions of rhe level L gire rjse to a series of sharn( clicks-," on the current being maiie and broken, ny *uuo, of it i

Morse ley at the sending station; and the time intlrvals between
these cl icks form the,, longs,, and 6,shorts" of the cotle. I lence.
the name, Morse sounder.

. The stop T should be adjusted so tlar daylight is just visible
b-et'rveen the poles antlthe armarure. If the latti. be t"oo close to
the poles i t  has a tendency to st ick, and wil l  not r ise on the.
current being broken. The stop S regulates the distance of'
travel-of tbe lever ; the longer the ,listance tlie grenter the blo.v,
and, therefore, the loude. the sound antl the sl"ower the rate oi
u'orking.

Direct. -Worh,in.g.-The metho_d of joining up, say, three
stations with these instruments, is shorvn in f,ie.*tSg.

!'rc. 188, L)rtec'r W'onxrxe.

OO%Y ///YE. OOWV /./rVE.

AP 3n7/OA/. //yT€R'yED/tf€ SrArlotv. DOry t STAr/Oty-

. Telegraph Rattery.-.The battery is supp'lied in a wooden
box, described in chapter rv, rtwil l be seen thatif the operator
at the up statio-n presses his key, he will send the current from
the J "" pole of hilbattery, along the lile, to the intermediate
rntl dorvn.stations, lhe current finally going to earth at the end
down station. and so back to the -'"-p-ole o"f the sending battery.

This merhod of joining up ii telmecl airect'worhiiri.
Ev ident ly ,wi r .h th is  s js tenr 'only  onu srat i ; ;  "u"  , igooi"u; ' ,
t lme' and the distance is l imited by the lesistance of th"e l ine.aud
the baltery porrel used.

.Relqq trlTorhing. -Ilenee on Iong circuits loca.l currents.
actrratetl by.reluys. nre made use o[. This principle is bri"dv al
rotlows :-A smnll current js used to work a delicately pir.oted
magnet, which current would be quite unable to ilui," tt "
armatur:e of a sounder. This small tnagnet is arranged by its

Z 2
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motion to (( make " or t' break " a local circuit, in which a local

battery aucl sounder are joinetl.

Fra. 189. RPr,n'Y'lYouotNc.

ool/// oorvrv
//t{f l/lvE

--qt+s :
a '

u)

(/P STA|/O/I/' //yTERltlfD/ATE SfAf/Oil' DOMV srAnON'

Fie. f 89 shows such a circuit, rvhich will be seen only to difrer

from !:ig. l8E in thnt the relay is inserted in the place ot the

r"""a"tl "ita frorn the relay an entirely.tlifferent circuit is put in

*ilil tni local battery and'sounr-[er', tlieir circuit remaining open

ai the relay with no curlent running in the line wire'

Batteru Power t'equi.reil.-Three of the cells of-trhe telegraph

b-til-;;; qenerally'used for working the local circuit, the

rernaininq cells forming the maiu battery'^"-ii;;i'-;;-station-.I.p'""t* 
his kev, the culrent flows from

tl" nuJiu.v, ifrt""gn F, ind down line-to l'he intermedir.rte and

J;;;;r';;., purfing ihro"gh their relnys so long as tlreir kcys

;;;  ; ;  p;.-. ;d'  Th"c curre"nt passing through the-rclays.cotn-

"i i r* lui  io.ui . i . .oi t .  ani l  works t l te sountiet 's '  In a similar

;;;il; **y r" seen rhar any sration -wili work nll rbe relays

;;;;;;"d.;-6r, ttt" line, whenei'er signals arc ntatle with its key'

httermittent and Continuous Cument Systems'-The methocl .

whiclr has heen described is called the intermitten't current sy-,tem,,

;;;;;;h" current is only flowing along the line when the kev is

;;;.*,i to. lo"e or sh<.,ri signalsl Erlidently a con'erse system

i" ' i f l "-"rr"rr- iy t , .  used, in" rvhich the cu..cnt is aln'a's kept

ifo*i"s, and is interuupted for long or short. periodst as necessary

;;il; dashes and do^ts. This is termed th'e continuous current

;;;tt*. The aclvantages cl3imed for this.-methocl are that-

iii'& nr*f. i" the'line Ys ar once notified to all stations ;
(ii) mor.e starloDs carr be worked on a single line; (iii) there is

oo o"""=. i tv for a battely at,every stat ion'

The disaclvantages of the continuous cun'ent sYstem,are,as

fol lorvs:-(r) I t  rrrore quickl; '  exhausts the batterie'E ; ( l)  tne

i"rn """r i i ,1aoc" of the cur.rLnt in one direct ion intensif ies the

;;;ft""1-;;;;;tism in the magnets; (iii) it is injurious to sub-
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marine cables, owing to the increased-length of time during which
electrolytic action takes place.

The former method, that of using intermittent currents, is the
one always used in the Navy. The latter is sometimes employed
bv the Royal Engineers.

Post Qffice Relay.
P.O. Relay.-The relay supplied to the Service for use with

the Morse sounder is the Post Office standaril relay shown on
Plate LXXIII.

It consists of a curved steel horse-sh oe per'rnanent mctg et, near
the poles of which are mounted two vertical electro.magnets.
Between the poles of the latter are placed two soft iron vanes
YV mounted on a spintlle D. A tongue R is mounted on the
same spindle as the vanes. Supposing ihat the upper portion of
the steel magnet shown in Fig. 2 is a north pole, south magnetism
will be induceil in the upper ends of both electro-magnets. In
the upper vane, south poiarity will be induced in the end nearest
to the permanent magnet, and. therefore north in the moving end,
which lies between the poles of the electro-magnets.

In the lower vane and poles, the reverse will take place.
Ilach pole therefore exerts an attractive force on the vane;

consequently, whichever side of the line miclway between the
pole pieces the vane happens to be. that pole piece will exert a
superior attraction on the vane, ancl rvill keep the tongue R over
to the contact (n' or K) on that side. These two contacts are in
connection with the terminals M (marking) and S (spacing),
whilst the tonEue is in connection with the terminal T. (See
Ftg. 1e0.)

By turning the screw B, the trvo stops F ancl K can be moved
so tirat the vanes can be approached to eitber pole piece; anil
adjusling screws are fitted to regulate the travel of the tongue.
The coils of the electro-magnet each consist of two separate coils,
one pair running between the terminals D and {J, and the other

pair between the terminal. O urd @, each pair having a

resistance of 100 ohms.

X'rc. I90. P.O. Rnr,ay.

T M

O I A G R A M  O F  C I R C U I T WINOING OF MAGNETS,
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As shown in Fig. 190, half of each is wcuncl in opposite direc'
tions, on each magnet ieg, Hence if a {u" current eniers at {J
and ieaves at D, iirecluees the south magnetism in the pole piece
Er, and increasei the south magnetism in the poE piece 82. L-et
uJ-suppose that the screw B has been so adjusted that- the
armature rests against the stop I(, then th-e tongrre will be
repelled aud clriv6n over againsf the stop F,thus completing the
lo6al circuit ; it will lemain there so long as the current flows.

When the current ceases, it will return to its former position
against the stop K, breaking the local circuit, the ends of the
local circuit being joinecl to M and T.

Similarly if a f "u current be sent fro- fg--', to 
@ 

the sante

action takes place. Ilence by joining tlte terminals

O (?),U @ 
ot the copper straps as shorvn in Fig. 2

Ptad I,XI., the two coils are put in parallel, the resistance is

halved, and the magnetising effect doubled, p-rovided the current
is the same in each-coil as-it was in one. If, instead of joining

D aDt, U (9., both straps are turnecl round so as to join

tgi U as sbown irr Fig. 190, the two coils ale jo_ln1d ti:*tt:

anda positive curlent enteriug at U will pass Ot 
€,, 

to IJ, and

so through the second coil to D, doubling the effect of a single

coil, but 
"also 

doubling the resistance' On short lines the coils

"ftoi,fa be placed in larallel so as to keep the resistance low; in

iottE lines. howeverr-where l,he instrument resistance is unim'
poitant. the coils should be placed in series, giving thc same
iffect with half the current in the main wire that would be obtained
with the coils in Parallel'

Adiustinq tlrc Belay.-The siops F and I{ should ire sclewed
un eoiallv tIIl they iuit touch the platinum conta'ct tongue a'd

tfren eaclieuted u1i about one turn. and finully clamped -l'-y.11'."
set screws in the-standards tbrough lvhich they pass' If it is

desirecl that the tongue should rcst against or have a bias towalds
S. turn the milletl lieail B until the tongue rests against M, and
th.r ."""r." the motion till the tongue just reverts to S' 'lYhen

once the stops F and K ale adjustqd, all further acljustmelts
should be urade bY means of B' '

Local Relay Worhing.-Plate LXXIV'-shows three stations

ioined up for vn':orking relays on this plan. It will be noticed that
'.,u"tr 

rtuiio" is joi'ed up in exactly the same way,3r-nil that all are

"ooo..tud in sei'ies. One entl station is called the Up station, atd

@@ i* put to earth; the other end station is calletl tbo Down

siition,' and there, the pivot of the kev is put to earth'
A switch and a 2o-ohm galvanometer may be plttced at any

station, between 
9) 

* the relay and the contact B of the key
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so that if any signal does not coucern the station. that station
can be cut out by the switch, the galvanometer shorving when the
signal is finished.

When the line resistance exceecls 1.000 ohms (or the line is over
50 miles long), the relay coils shoultl' Lie prrt in series; if belorv
1,000 ohms they should be put in palallel, by shif'ting rhe copper
straps between the terminals of ihe lelay.

puplet Working.-When only tt'o stations are used and quick
working is required, ir is sometimes desirrrlrle to send messages
ft'om both ends at the same time. Plate I,XXY., l'ig. l, shows
the method of connecting up that, should be used for this
purpose.

In duplee worhing, as this is caliecl, the relay coils tnust be in

series, The back of the key is connectcd to D , and an extra

lead joined betrveen t l ie key pirot and D, having in i t  a1
adjustable resist:rnce (\Yheatstone's brir tge). I t  rr , i l l  be seen on
reference to Plate LXX\I. that if & curr.ent entels at D. it wiil

clir.ide, part lvill circulate thrcugh one coil to .tI', antl the other
part will traverse the other coil in the I'everse direction. to It. fi
the culrent he equrl ly dir. ided, the relay wil l  be uuaffecied ; i f ,  on
thc contrary, onc current is stronger than the other., the r.elay will
wolk as_ usual. Suppose the [ey at ,, Down ,, 

'station 
io be

depressed. 
. The,positive current from that main battery divides at

the.pivot of the key, orLe poltion flows through the comnensating
resistance, and througlr the coi l  D U, binding rhe toneu^e againsi
th t '  s iop  S1_the  o t l re r 'por f  io r r  passes  to  e r r th ,  l l r ro r rgh  the  i i s t ru -
ments af ,'U-p_" station, back by the line wire, and through the
c o i l s , [  . D ,  a t . 6 D o w n "  s t a t i o n .

If 
'the 

cdpensating resistance has been properly adjusted, the
two currents at ., Down,, -station bei'g equal and oppositer' the
down-relay will not respond to its own key.

.,,The,- positile _curlent,-arriving at the .; Up,, station by earth,
wiii flncl the hey in one of three positions as fo-llows :-_

(a) I{ey zrp.--Tlre current arriving at If passes li.om U

to , D and back by the ,. Dorvn,, line. ,l.his attracts
the'iingue over to M.

(b) Key in interm,ediate position,---:lihe cunent passes through

the coils in series from .Urr to [D-, attractirg the

torlgue to M, through ttre compensati-g resistance, ancl
so back by ,.  Dorvnt '  l ine.

(c) Key down,-'Ihe positive current after passing througlr

the coil g 
3,, 

is reinforced by rhe main battery

at .. Up " station, thr.ough rvhich it passes on the way
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to " Down " line ; the compensating circuit at ,, IJp',
sxation is ai the same time established as alreacly
describetl for " Dorvn " station.

Under the last conditions, the keys at both stations being
depressed, both main batteries are in series through the lile witE

and the two coils 
{ @

Consequently, the compensaiion of each is destroyecl, and each
will receive a signal.

Adjustment for Dultlea W'orking.

Adjustment for Dupler Working.-Lfter joining up in lbe
manner described, the resistance (Wheatstone's bridge) should be
adjusted by each station in turn, as follows:-A large resigtance
must be unplugge<l in the box, aud then gratlually decreased
until the relay at the adjusting station ceases to respond to its
own key.

The resistance unplugged at each station rvill be equal to the
resistance of the line added to the lesistance of one pair of coils
of a relay (100 ohms). Duplex working necessitates about two
ancl a half times the battery power used for single working.

fnstruments ioined up on a Board.-On Plate ITXXVI. is
sholvn a convcnient and compact way of mounting anil joining up
sets of Service telegraph instruments, so that by merely follorving the
directjons stamped on the tallies, commuuication can rapidly and
with certainty be established between two stations, by anyone
with the most elementary knowledge of wiring.

The keys are made portable, so that for duplex working they
can be removed to a little distance from the sounder.

In ships that are supplied with the Patt. 1870 telegraph
battery box, the instruments are already secured in place inside
the lid of the box.

Buzzers.

Buzzers,-By joining up two relays and telephone receivers,
as sholvn in Fig. l, Plate LXXV.. signals can be made by causing
tho sending relay to {'make" and ttbreak" the circuit very
rapidly, so that a musical note or buzz can be heard in a telephone
receiver at the receiving station.

The signals are made by long and short contacts of sonding
key, causing long and short buzzes in both receivers, antl the
relays are adjusted with the tongues leaning against the M stops.

The advantages of this system for mining and field work may
be summed up as follows:-

(i) No local or relay battery is lequired.
(ii) Ihe extreme sensitiveness of the receivers enables the

system to be used, and communication maintained,
through faulty and badly insulated wires laid on the
bare ground.
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(iiD A great saving of battery power.; further, the current
being intermittent, the battery does not polarise so
rauidlv.

(iv) The-receiving telephones rarely require adjustment, and
signals are easily read.

Practical Limits.-The disadvantage of this system is that
siglals on one circuit are liable to becode confused (by induction)
with those on neighbouring circuits, orving to the great sensitive-
ness of the telephone,

The system is, therefore, most suitable for isolated lines,
especially where (as in advancecl military lines), owing to diffi-
culties of transport or great haste in erection, the insulation is
defective.

The system has worked well througli 27 miles of bare wire
laid on the glouncl in the Soudan, rvhere the grouncl was, of
course, tlry, autl tLrough lT miles sirnilarly laitl in very wet
rveather in England.

. Tr.anslatiott.

In very long or imperfectly insulated lines, to get a sulficient
current at a distant station to work a relay with certainty, rvould
necessitatc the use of a very large battery

This difEculty can be obviatecl by dividing the line up into
sections, and transmitting by hand from one section to the next.
Such transmission by hand involves time, labour, and inaccuracy;
and so it is usual to cause the relay on one section to automatically
work the sending apparatus of the next station, It would b-e
impracticable to mal<e the relay work the Morse key, and conse-
quently the device is adopted of converting the local sounders
into automatic keys, by insulating the stops rvhich limit the play
of the armature ieve.iand connei:ting them up as the back'an"d
front contacts of the key.

A simpler way, hbwever, is to use two relays and two
batteries only at the translation station, the tongue of each relay,
working between the UI and S stops, being used as the Morse
keY' 

n'rc. lgr.
up slaf/oil

-kt r
Y T
Y
I
I

A diagram" of a translation station joined up in this way is
given in Fig. IOt.



362

The relay coils are shown in series, as this method would onlv
be. used ou high resistance .lines. The relays must be adjusteh
with the tongues resting against the S stops.'

The Printer.

The Printer.-This instrument consisis of an electro-magnet
ygrfed in_exactly the sl,me way as that of the ordinary .ooo?u",
but insteacl of the signals having to be interpreted. by sound, the
armature causes an inkjng^wheel to press on a travelfing strip of
paper', and by the length of its contact to register dots o-r dasires.
Plate LXXVIf. shows a vierv of the instru-meut; a rvheel I, re-
volved.by clo^ckn'orh, is attached to one enil of a lever I G F, wlose
pivot is at O. To the other end the armature b. is fxed. The
magnet is able to attract the arma, ure against the spring S, ancl pull
the lever down as far as the stop B will allow it to traiel. On the
stoppage of.current the spring S pulls the lever back against the
stop A. This motion of the lever causes the wheel I t6 rise ancl
t_o-be. pressed against the travelling strip of paper p, and then to
tall .back- away Jrom contact witb it, 'I'he clockwork not only
revolves ttris inking rolier, but also causes tlre paper ro be dragged
by the friction rollers R. Rr pasr it. This clockwork is reguiaiecl
by an air beater., rvhich is capable of adjustment, so as to-qet an
increase or decrease of speed if required. 'Ihe lever L piesses
agairst the beater, and so stops the clockwork when the printer is
not being usetl. The clockrvork is wound up by the kev-K.

An ink-rvell \\r and reselvoir V are fiited. The"ink roller
rerolving in the well keeps its edge always covered rvit,h inl<.
The electlo,-magnets are- capable of being-raised or loweletl by
the,screl D,. so that the pole pieces are brought nearer to o'r
Iurt,ner lrom the armatule.

Ihe paper is slightly coloured, and is about half an inch wide.
The^ink used is printer's ink, of good quality, diluted rvith olive
oil, frorn rvl,ich tfe stearine has bJen.enroue,i'by freezing. ]t is
supplied reatly for use.

,. Adjustment of the Printer.-This instrument has three
adJ ustmenis :-

(1) Screws A and B, which regulate the play rrp ancl down of
the armature F, and therefore of the iirkei.

(2) Screrv Q, wlich regulates the tension of the spring S.
(3) Screw D, which regulates the distance between iie poles

of the electro-magnet and the armature tr', by raising
and lorvering the former so as to increase or 

-diminisE

iis attractive force,
It is regulated for working as follows :-

{.-(") The screw B is first adjusted so that disc I gently
touches_ the paper rvithout pressing too hartl when the"brass
stop X' is placecl in contact rvith the siud B.
. _.If_ the disc presses the papor too hard, it makes thick arrd
indistinct signals; if it presses too lightly, it causes the disc to
jump ancl signals to split; thus r may become . r or, - ..
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(6) The eleetro-magnet is then raised by turning the sclerv
D to the right, so that when tho brass lever F rests upou the
.already adjusted stud B the poles .,just clear the armature
rvithout actual ly touching i t .

A thin streak of lig[t should be seen between the armtrture
and the pcles of the electro-magnet.

(c) The screw A is next adjusted so that the brass lever tr'
is allowecl to move through a spnce of about ,'.th of an inch ;
A an<l B, together, so regulate the play of the inker that, while
it just dips into the ink-weil, lt also gently presses against the
paper so as to mark it elearly.

I I .  The screw C is norv adiustecl go that the'tension of the
spiral spring is just sufficient to bring back the armature to its
upper position cf rest, when the curreni ceases to act, aud also
tc overcorne the eilbcts of rcsidual magrretisrl. if anv exists.
The amount of tension required varies i . ' i th er:ery insirument.
The letter V generally should be scnt by the distant station,
using very low power', and the spring gently tightenecl until
the marks are clear and distinct. The ear is usually the best
judge in this acljustmont.

'-'he instrumert is thus regulated to work .with the nrost
<lelicate currents.

III. The electro-maEnet is lorvered by means of the screw D
until a space of |th of"an inch separates the armature from its
poles ; the nearest slation sbould then send V's with full power,
the electro.magnet being raised until the mar.ks on the-paper
tape are distinct and clear.

The instrument is thus placecl in a position to work rvith
every current sent, viz., the strongest current from the nearesf
station. ancl the weal<est current from the most clistant station.
supposing there are more than trvo stations upon the f-ame wil'e.

IV. The intermediate adjustments are made by the screw D,
and as the currents yary, so must the distance between the
armature and electro-magnet be varied ; hence the only adjust-
ment necessary to meet cun'ents o{' different streugths from
different stations, or from the same station during different states
.of the atmosphere, when once the instrument has been placed in
working order, is that effectecl by the screw D.

(a) If, whcn a station is working, a continuous mark is madeuponthepaix?J,i,;i1""'i'..11,""iT"r"?:irl'Hli"l;:
the electro-magnet should be lowered by means of D
untii the marks are clear and distinct.

fI'malks shoukl still run together when the coils rle
as low as they can be, the spiing S must be tighteneri
up.

(D) If marks fail (dots are lost and letters become illegible,
faults alising from some weakness in the currents). the
electlo-magnet should be raised until the signals become
dist inct.
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ff this shoulil fail to obtain the desirecl result, then
the spring S must be weakened; as a rule the screw D
is found sufficient to meet all the reonirements of,
acljustment; and when orce A, B, and C have been
fixed, they rarely require alteration.-

_D, however, requires to be frequently altered, ancl
where several stations exist on the same circuit, a
different adjustment is often required for each.

V.-(") The ink reselvoir shouid nevel be too full, otherwise
the apparatus is apt to become clogged with ink.

(6) The communication betrveen the ink reservoir and well
b-ecom- -e9 fre-quently choked with coagulated ink after disuse. This
should be cleared with a piece of wiie.

(c) The ink reservoir must be frequently cleaned out and the
ink never left in for any length of time. When the day's wor.k
is over the paper should be taken out, ancl the instrument sLrould
be allowed to run down to prevent the weakening of the main
spring.

Double Current Ll'orh,ing.

Double Current Worhing.-We havc, hitherto, only considerecl
cjrcuits in which the current is sent in one direction; the cessa-
tion of the current releasinq the armature of the receiver and
allowing the spring in the ca"se of the sounder or printer to pull
it into the position of rest; or in the case of relays, to allow the
armature to return to the nearer pole piece.

- When working long lines, especially if using insulated cables,
the speed of working is greatly diminished, since the cable bas a
tenclency to collect a certain portion of'the current on its surface.'Ihe currenl; must, therefore, be kept running sufficiently long to
allow this charging effect to take place and ihe current-to re-ach
the magnet coils of the relay at the far end. On breaking the
circuit the exact reverse takes place and the cable has lo disc[arge
itselfl through the receiving instrument, which prolongs the tiie
of stopping the current. 

.-If, 
then, we work with iny of the

methods already described on long lines, the pauses on make and
break will have to be increased to prevent the signals from
overlapping at the far encl.

I'o niinimise this evil the system of clouble current working is
introduced, by rvhich the eurrent is revorsed in direction, instiad
oj Eiog melely.stopped; this not only i,ends quickly to destroy
the lingerint eflects of the previous current, but it'allows of i
more sensitire adjristment of the relay.

Plate LXXVIII. shows the double current key usecl inEngland"
I, and L, are levels connecred on the same pivoi P, but ilsilated
from one another. \Yhen the key is pressed they rest respectively
on the contacts K ancl A,; when the key is released t[ey leavb
these and rest against A antl K,. K and K, are connected to the
termiual C, which is in connection with the f "e of battery, and
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A, and A are connecred to the negativ-e of-tle. battery by the

terminal Z. Ilence, wlren the key is released L is in connection

with the -u" pole and L' rvith t[e *u" pole of the hattery, ancl

iice aerrl,. If, therefore, L and Lr be connecteil to line and earth,

the upt and. doun positions of the key will send positia-e and

orooiiw currents to line respectively, or in other words, the

*.itiott of the kev will reverie the direction of the current in

the circuit.
L antl Ir' however, cannot be directly connected to line and

earth, as the'key must be used for either sencl ing ol receiving'

To eiTect this a small switch \{ rvith trvo positions, " send " and
" receive," is fiiied to the same base plate. \\rhen to t'send " S

ancl S, are s'lvitched over by this srvitch lf, so-as to be in t:ontact

with o ancl g, respectivelr', b i. .oot't.ctecl to L alrl-gr to.Lt' . S is

connected t'o (3i terninal ; a'rl 51 to (7) tertninal, 'vhich latter

is joined to the'r'einv and to etrrtb' With key " up " :rntl-'-srvitch

to"'6 send " the culrent rurrs frotu ziuc to A. to L, to o, to S, to 3,

to line, through the far instrunent to eartb, to 7 terminal on

home key, 1,o'S1, to qrto Ttr, tol(r, to fl, to battery. If the key

be depreJsecl the'car6on of the batlery is put to line and the zinc

to earth,
If the small s'n'itch is put to t' receive," S is switched ovet'

to p. anrl  S, as-aY I 'ronr g. The current then ett lers at 3, to S to

n.io 4lerminal.-to relaf,  to 7, to earth, and back to far brttery'
' '  

TI '"  objcct ion advanced against this systeT is that a message

cannot be interrupted and the attention of the sending operator

attracted while transmittinE. Sometimes a galvanometer is used,
"wound with tlvo separale.i'i.es, one in thc sending the.other in

tho receiving cireult. In sending, tle receiving coil- i's out. ot

circuit, but ihe sending coil is affected by outgoing and in.coming

signals. and tbe breaks of the reeeir- ing str l iott  are readl l) ' lel t '

Piactically the objection mentioned is very slight'.
fn addition to the above, there are two other m':thods of

telegraphy, but as tlrey require special keys and relays, it is not

orooosecl to describe them here.' }Ih" first of these is known as " Diplex," and bv it trvo

messages in the sarne clirection can be sent simultaneously over

the same l ine wire.
The cthel is kuorvn as tt Quadluplexr" anil is a combination

of Duplex and Diplex. By this methocl four messages,.two in

each clilection, caobe sent simultaneously over the same line'

Battery Power.-"lhe cur.rent. -required for rvorking the

rlifferent f5rms of instruments in milliamperes (thousariilths of an

arnpere) is given below :-

Needle
Direct printe)' -

D i rec t  sounder
Re la l  s

- 15 mill iamperes.
- 2 o , '
- 3 5 r )
-  7 t o I 0 , ,

hence the number of cells required. to rvork a line is deterurined

from the necessarv current aod the resistance of ihe line.
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The approximate resistances of the different instruments usertr
in the Service are- \,

Needle
Printer
Sounder
Post O{fice standaral relay

- 200 ohms.
- 300 ,,
- 2 0 ) )
- 100 ,, each coil.

Sinyle Areedle fnsbuments.

Receioing fnslyumsnfs.-In these instruments Morse signals
are made by small movements of a vertical indicator needle to the

Fro. I92. Fre.  193.

right or left, against ivory stops on a dial. Movernents to the
light correspond to " longs," aud those to tho left to 65 shorts."
The principle and construction of these instruments in their
eallier form was the same as that of a 20-ohm galvanometer,
whose needle swings either to the right or left acsording to the
direction of the curient passing throulh its coils.

The dial itself is capable of being turned, to cornpensate for
earth currents in tbe coils altering the zero of the needle.

Permanent magnets were lirst employed, but owing to their
small size they rvere frequently demagnetised, or even reversed,
during thunderstorms, owing to the passage of strong currents
through the coils. Consequently it has been found better to
attacli'a smail soft iron magnet to the spindle ol' the indicatoc
needle, and to induce magnetism in it by means of strong
permanent magnets lixed in the vicinity.

Varley Instruments.-In the Varley instrument, n'igs. 192 and
193, trvo large vertical steel magnets ale fixed with their north
poles downwarcl ; the moving needle is of soft iron, horseshoe
shaped, ancl pivotecl at the bend; thus south poiarity rvill be
incluced at the bend, and. north in both legs.
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On a current being sent through the bobbins, the horseshoe
magnet will be deflected to the right or left (according to the
direction of the curr.nent), carrying rvith it the indicatoi needle.
At the same time the effect of a lightning curr.ent on the
permanent magnets will be insufficient to destroy their magnetism,
partly owing to their large size, and also to their not being inside
the bobbins.

Spagnoletti's Instrument,-In Spagnoletti's instrument, t.wo
permanent nragnets of horseshoe form are useri, one placed above
and the other below the spindle on which the needle is mounted.
with their like poles adjacent (see Fig. i94).

Frc. 194.

The moveable soft iron magnet is in two sections of the form
shown, separated magnetically-from each other by being brazed
together diagonally with a layer of speiter bel,rveen them. The
axle on which they are mounted is also in two parts, the front
part being joined to the lower end of the needle and the back
part to the upper end.

It will be seen from the figule that the upper enti of the
centrul needle will be inducecl with south polarity.

'fhe coils llre wound as shorvn in the diagram, ard the action
of the current is t l re s:rme as in the Varley initrunient.

This form of induced needle gives a rather {irmer impact of
the neerlle than the Varley with the sanre strength of current.

lleading by Sound,.-In recent instrnments two tin drums
take the place of l,he ivory stops, each giving a distitct note, and.
thus enabling the operator to read signals by sound.

Sending Keys.-There are two forms of key in common uset
one called the d,rop ltand,le, and the other the pedal key.

Drop llandle Key.-The former consists of a handle pro-
jecting dorvnwards, mourrted on a shalt having on it contact strips
with springs (in connection with terminals) bearing against them.
These are so arranged that a positive or negative current from the
battery will be sent to " line " according as the liandle is moved to
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the left or right. When the handle is central the contact springs
are short-circuited, so as to receive signals.

Fig. 195 shows the connections diaglammatically. 
'Ihe key is

mountll on the base of the receiving instrument, the whole
being contained in a wooden box with a desk in front, on which
messaEes received can be written.

Atetal bar is supplied, which when bridged across between
the terminals T T in the figure, cuts the receiving instrument out
of the circuit .

rl
Pedal I{ey.-�'lirie other, or pecta!, key type,.corrsists of trvo

flat wooden k6ys side by side, the various c-o^nnections being .made
by rnean-* of metal spring contacts. l'ig. f gii shows the action of

tfie key tliagr',immaticallt. A and B t'epresent the two keys

rvhich,'in their normal position, rcst rvith their upper surfaces

Lrealing against the strip l' in connection rvith the -'"-pole of

the baiier!, and clear of- the lo',r'el stlip G attachetl to ihe +'e'
In this posirion, therefore, the {'" of the battery-is totally dis-

connectei from the circuit, arrd no current can flow, and the

line and. earth are connected together; but if either key. is

depressecl it is brought in contact with G, while the other remains

Frc.  135.
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means either ear' th or i ine are l trouqht jnto
positive and negatir-e poles of the l..rLlter,r, ar

tr'rc, 196.

wii l ,  and a current passed in either { irect iotr through the coi ls ofthe instrurnents in the circuit .

,.-^J, :y!! :::l {luy rl;-,Ihe earlier insrruments were protecrerl
l l :n- t  

l rgJ ' tn tng b; -har ing.  the t ivo wires lea, I i r rg to ihe bobt , i r rs  o i .r,ne,recerver woun(l -together rvith several turui round a wootlenre€l; thls was fou'd insufrftcierrt, as it only protected trre receiver.fnstruftents are now *ty3{: guarti.etl by'rr ' l ightning protector inthe l ine rvice (scc page B7i;, 
"*hi. l, 

is plrce,,%orri.c thc office orh ouse.

Naaal S,ubmarine Lines.
The naval suhmarine. teiegraph cable, patt. 1207, is suppliedin reels of 1,000 yartls to.ai ' l 'rt ip, .urrying telegraptr i;;;;"men_ts, but P:irt.84l, if avail lble, is.p;L;{bi:.

, It is _possibie, arul ruqle ,,.r.y'.oor;u,,iu.ri, to ;.oin a ship ofthe squadron to the Ilost 6ffice or i,tt,.r rt", irou on shore. whenit is desired to establish- conrmunication between the strlps ofitreFleer:, the besr rnethod of.joining ,,rp tfre-.nipu necessarily depenclson the formation irr which theyl,"" "o..ho,., l i . 
-

^,_^?:T,:r*,::y Ships of a Srluadron,by T'eleoraplt Cab!e.-I[in
:t",CJ: l i ::, l t Tr{,b. convenielr_to join rire flagslip ro rhe cenrleor-r,De lrne, or to ilrc repeatirrg ship if one is so staiioncrl. Wifilships mooretl in two olr -r,ror'e liies, it is bet"ter to join up nsfollows :-Each shio should run her cutt" to 

-n.r 
next ar-reacr, th.sformiug a complete l ine. t lrro'gh .".r,- ai"ir i"". r 'he divisi.rrarIeaders"should i r rer  be jo ine l  

-by; ; ; ; . " ; ; ' i io" . ,  
* , , , t  i r isr r . r r r r r , . r r rs .lMheu a nurnlrer o.f shipi are joiire,r'up in it; rnrnnilr it rvri l lreround n€cesstly (_r) to lr; 'r lol.n a speciai t i inc daily for lr lerLkiur"

connec[ron and cleariog tlre l ines; (i i) tu ",..,rugu for succi,i i
. 0  5 0 9 5 3 .  

'  \ ' - l  v v
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gisnals to intlicate the position of a break; anrl (iii) for the
"Earthing" of the instru^ments at either side oflthe broak'

For the " sltip
talien anil laiil out
r . ig .  107.)

I t  is joinecl to the
stlr ight jrrnct ion box

end" a 200-yards length of Patt. 841 is
taut in the direction of open ltax'se. (See

Fra. 197.

end of the Patt.  1207 or '  841 tLrough a
rvhich i ;  secured to a I J t 'wt. si t t l ; .er ' ,  rLt l t i

8y4t 'w

.,1"\
f:-r,, SlNKEP

l,,4Tf " ;'i:i,/ oe E4f
3. N,<tfi H\7-*

I
R  ! -i l s
o i .
o t l \\ l +

t \

t
#-------{

'S>=-J 
----

,sy'

tA

4

\1"
a
i
F\

t ! ,

E
(]

bnoyecl.
iYlre.e rl istartccs s:'e shot't the sttrplrrs lr:rrglL t, l I)att. l l07

shoultl bc calefrrl l .v stop|ed rtp in coils, its s)to'i ' t t i lr f iglrer. tt-r
l)r ' .rr 'eut fouls rrhich &ic *'cIl: l i i i t l i  to c'r 'ctt l $' i i lr a slack cllr le
in r ticlervav.

\Yhenci-er the ship slings compietely lountl, the ( ship end "

nrust, of collrse, be cleared. For ease in clearing' the inboard end
of the Patt. 811 is secured to the {'oremost awniug stanclrion, the
circuit bcring lert aft by securing a ttvin leacl of Patt. 600 to a light
n'ire jachstay.

Land Lines.

Torpedo depots arrd. torpedo depot ship:r- a,re eech supplied
with 10,000 yards of cable, Patt. 1049. Thil ig a very light
armoured cabie, having a core of three No. 27 I-r'S.G. wiree. It
weighs 50 lbs. per 1,000 Ialds. (See iable in Appeudix.)

It is intended. to be used with the trIorse instruments suppliecl
to ships for telegraph work on shoro' Should this wire aot bs
obtrrinable, Patt. 600 unarmoured cable may be used.
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. These wires can be laid along the grounrl, as their insnla-
tion._is_ good, or they rnay be b"uried, ir atrlrchet to 1,rtt, i tavailable.

R,E. Telegrupth, Iines,

^ ry.E. . l lethod of 
.Quick f,aying.-Fof guick laying, rhe Royat

H,ngrnee's *re provided wirh two.wheeled carts,- en-ch carrvinq
eight- miles of l iglrt ty- insulrrted steel crrble. 

' I ' rr is 
wire is o.r iE

out lroru a drurn as t lre crrt  advlnces, an(l  rr ferv poles'and
i'sulators are csrried to lift the cable over .oatls. &c. l'here
necessary.

.  A ,w ind ing .  au 'a lgcmcr ) t  i s  l i t l cd  Ly  r r l r i c i r  the  cab le  can be
q lucr ly  ree le , t  u ; r  ugr r i r r ,  r r r r . l  t : l cg r i rph  i l l s t ru rxe l ) ts  o f  the' i  bszz.er ".  t .vpe are cruiet l ,  so that coinmuuication can alrvays
be maintaiue t l .  \Yith , ,  l i rst t l r i l l  , ,  .  cabie ca' be lait l  up, to t f ,e
rate-of aboui eight mitcs tn honr. in i i  gootl  couurrl .

Moro permanent air littes a,re Lrid from
about seven miles of cable and the necesszr.r; ,Jt1i""Tr:il:tli
insulators, the speed_of laying greatly depei,r l i , ,g on the nature of
[ne countr]' trayel'sed.

Eints on Land Li,nes,

. IIints on eilenpot'isecl Lancl Lines.-A.s occasious may arise
iu the Selviee where a l ine hts to be erected with the'shlp,s
appliances, a few hints on the subject are iucluded in this chapt"er.

Iilsuldtot's,-,\:r;'.ir,on, stecl, or col,per. wirc may be usetl for
rurrnirrg rr telcgraph l inc rtrrd should l , , i -supportcd well  above t 'ne
ground and orit of harm's. \yay o-n poles, 

-tle 
wire itself being

attached to an insulator which, ' in i ts tuln,. ie attached to the pole-,
Extenrporary insulators nray be made out of the necks of boittles
utouuted 

,ol a spike, dl iveu irrto the pole or ot l ier suppolt.  rhe
rlne wrre Oerng secure(t lnto t i le gl,ooYe in the necl< Lr.v a bint l ing
of ' rvire; but on no account should the l ine l , i t ,e 6e bent o"r

tr're . 198.

kinked at the insulators on account of the increased. tentlencv
produce breaks. 'ILe mctlrod of binding on a n,ile is showl
Fig. 198.

to
in

A A 2
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Junctions.-The best wire {br bincling purposes is No. 16 or
18 L.S.G., iron binding wire being usecl for iron l ines, ancl copper
wire for copper lines. '.fhe best roethod of jointin.g iron rvires is
showr below in I ' ig. I90. Clean the wires lbr about 2$ irrches;

Frc.  199

M
then,about 2] inches from t l ,e encl of one, take 6 turns ofbindirrg
wit'e, nert bring the two parts together and bind them as shown,
f inishiug off with 6 turns round lhe secord tvire. Final ly, tbe
joint should be soldered, using candle as a flux. lu the case of'
copper wire use r Bri tannia juncfion.

I 'he fol lowirg table gives the wires most oiten met . lvi th, and
from it the tension for each span may be obtained, which will he
a guide in stretctring the wires. 'Ihe maxirnum strain put on a
wile shouli l  not exceed I i ts breahing strain, consequently, in
erecting a l ine in hot weather, considerably less str l in is put oi l
the 'wire tharr the maximum allolredr to provide for the increase
rvhen the wire cootra.cts frorn cold :-

\{eight
per I Diameter.

Mi le.  l

Besistance 13reaking
per Mile. Strerrgth.

Stress on
each Spal

L . S . G . . .  l t  R c m a r k s ,r \  |  ax l  mum
Tempetr-

ture.

Lbs,
800
ri00
400
200
400
20i)
- t J { t

101)
50

Mi ls.

209
t i l
1 9 r
I  J O

I  t z
9 7

a t

(Jhrtrs.

9 ' 0
1 3 . 5 0
2' i  .00

4 .  5 3
6  ' 05

l i . 1 0

IJrs.
2, i r00
1 . 8 6 0
1.: .1()

f i  2()
1 ,500

650
,190
330
17 ( )

Ll's.
6 1 5
,t 6i
3 1 0
I  i tD

325
1 6 0
t t 0

F { '

.10

3 ;
5: ,
f tt t

I  ( ) 1
e !

I  l . j
l 3
l4o !

I 
Stlrlon uscd,

I 
lron rvire.

)
I
I
l, Copper rrire,
I
)

'llhe rviles can be s'"retcl-ied by means of .lrarv-tongs and a small
handy-bi l ly, 1 -opri lg balalce being joined in as shown in l- ig. 200,
to give the strain.

Frc .200 .

2% CKI,E

FullrtlJJll^p=q
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The ends of the line shoulil be secured to the last insulator.
and small, f lexible leads of insulated wire led from there to tho
instrumetrl s.

J) oles.

_Erectin,.r1 Telegraph Poles.-h erectiug the line, good stout
p_oles shoul,l l-re employed, and the hole in which the p=ole is set
should- be d-ug as . shorvn below, in orcler tbat it may bave solial
ground on eirher side of it (I ' ig.20l).

Fre. 20t.

- T!" depth of the hole shoukl be from 4 t,r 8 feet, accordiDg to
the size of tlie polc. \Yhenever polesl have to bear any lateral
st less the.y shonld be incl ined, in the f ir 'st place, sl ightly against
their n'ork, and i t  wi l l  thcn be found by t l ie t inrc ihe ] ine wire
is^atlachetl ,  thc pole r, ; i l l  be upr. ight. Poles at the anglcs or end
of sections sbonld be stat'ed rvith a wire stal secured-as shown

io the pole-antl the other end to a log of rvood about 3 feet long
Lrurieti in the grounfl, thc lroJc l-.oir1g urr'Jslgui to iake the log (se-

!'re, 202.
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I ' ig.202), fn som,c cases i t  may be more convenient to employ a
strut to supporl the polc. Ai ever.t .  300 or 400 r.alds i  ontu
sboult l  be stayeJ orr hoth sides in tbe t i i rect ion of t i re l ine-ihis
p.events poles beiug p. l lec' l  dorvn srrould the l ine wi 'e break.
Spans sbould bc 60 to 80 ; ' r lds, according to the country ancl the
wire used.

Lightning protectars.

Wherever ihe l ine rvir.e is led into a bui l t l ing a l ightning
protector or.grald slrould be inserted; r l i is can easi iy be macle o-f
t l .o sheets ol brass about 6 inchco by .1, seprlaterl  by a piece of
thin mica o' parafrnetl_pap9r, tLe line 

'*'ir.e 
being s6c.,.e',1 to tl,e

upper plate as shorvn (Fig. 208); the lou,er platJshould be rvel l

Fra.203.

P A M F r r { & o  P 4 . E i

E & x r - F  E A < a

earthed. Buth piates shoukl l-re clampetl on to an ebonite base,
care being taken that no connection is established between the
two. I t  is nlso well  in countr ies subiecteal to thundelstorms to
connect the spindle of the insulator oi each pole to earth, as this
forms a l ightning contl ' rrctor, and also avoids disturbances in the
l ine due to electr ic storms. &e.

Earth Plates,

Darth Plates.-Earth plates are generally nat'le of gah'anised
iron about 3 feet squale, and rre, if possible, buried velticali,v
at a sufl icicnt depth to ensrrre the soi l  being always moist,  An
insulated wire shoulcl be solclered to the enrth pJate, the joint
beins well  covered lvi th vrtnish.

\Yater artl ga-e pipes of ilon, or a coil of wile, rvill also form
goocl earth plates.

Tor temporary lines, an iron pipc rvith a solid pointed enil is
tsefui;  the pipe should have holes dri l lecl thnrugh i t ,  antl  should
be I'orced into the grouncl. If the soil is dry, water poured into
the pipe rvill lower the resistance of the " earth."

Submarine Telegraphy.

A special slide usecl to be suppliecl rvith Sullivan's galvano-
meter for use in connection with submarine telegrapby, tbe idea
being that a ship that, wished to get into communication with a
shore cable station should grapple the cable at sea, weigh and cut
it, dropping it again when she had sent her message, It is con-
sidered, hower.er, that in view of the development of wireless
telegraphy, i t  woult l  never bc worth while to spend t jme over
tbis, and the gear is consequently no longer supplied.
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CHAP'}trR XXIT.

E t,ccrntc-tr. llu.sunn,rrnxrs.

Tnr following chapter deals rvith tire theory of a ferv of the
ptactical measurements rvliich are likely to bo of use on boartl
snrp .

' Io perform the cl i f ferent opetrtt ious, a knorvlcdge of manipu-
lat ing ancl joining up electr ical circuits is requi 'r 'ed, rvhich can
on ly  bo  lca lner l  f ro t r r  1 ' t ' r t c t i ce ,"Since 

in rnost oi sucl i  detenninntions the lVhe' l tstone bridge ir
usecl,  and nearly al l  derl  rvi th currentc thtt  r l iv ir le thlough trvo
or more circuits joinerl  in paral lr l ,  i t  wi l l  bc advisable to cal l
attention to some simple laws, eommonlv knor..'n as Jiirchoff's
la,wg.

Kirclrof's Laws.

(t) states t l inb i f  a current divides at a point, the aigebraio
sum of the two result ing currents is equal in anount to the
original cnrrent.- ' Ihe 

truth of this is obvious.

(2) states that lvhcn thcre are sereral I l ,M.F. 's act ing at
dif ferent poiuts of * ci lcnit ,  the total tr i . f I .F" r 'otrnt l  t l re wLolo
ci lcuit  is ci iur l  to thc suur oi the l i rsistances of i ts separate
pnrts nruit ipl ied eacl i  into the strength of the current that f lows
throueh i i .

Ihis is merely another way of stating that Ohm's Law can be
applied to any part of a circuit that has current florving in it,
and that the total E.M.F. in a circuit is equal to the surn of the
E.M.I'.'s in the separate palts that are in series with one another.

\Ye have in plevious chapters spoken of the actual measure-
ment of clrrrent, voltage, and resistance, but have not hitherto
shorvn Iiow this is rlone, except is clses whet'e instmments such
as the arnmeter rLrrt l  voltmeter ccult l  be employetl .  We wil l  now
proceetl to describe n {'ew methotls by means of which such
ineasurements can be mlde on bo:rr.l sliip. Generally sperhing,
there are tlro broad elasses of measurement, viz., sbsolute and by
compalison. Absolute measurements, or those from which values
of :r current cr voltage may be obtained from fundamental
propelties of matter ald carefully calibratod insttuments, al'e not
practicable in sea-going ships, being more fitly undertaken in
laboiatories, but methods of compariron, although not so ttccurate,
since they &dmit oi errors in the comparing standar'<l, are quite
accurate enough for practical work, and are often exceedingly
useful. Theee may be classed untlel threo heads, viz,, measur€-
uent pf resistance, of current, anil of voltage.
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(L) The Measurement of Resistance.

Principle of lI;'heatstt'ne's Brirlge.-Resistances of between
t',rth r J rn ohur rnd 100,000 ohms mry be convenientlv measured
1-,y nreans of \\ 'hcatstone's bridge, a means of comparing an
unknoun resistance rvith a rcsistance of knolvn value.

Suppose two pointc A, J3, at different potentials, be joined hy
a nire offering a resistance, a curreut'rvil l  f low iIr the wire,

Fre, 204,
A

ry u d_b>_
"  0 d - > ." o-b.o*r_

"  rJ - ' t '

nntl there rvill be a gr:adual {all of potential nll along the wiro
tretween A and B. Now supposc A anrl B joined by two rvires
A F t s a n d A G 1 3 : -

Frc,  205.

Aq.-"5]-nrh_ , c
\ " " d-lx-.-'? " " d-d>-

Y*! ,, 
" dA,

- 1 + . . . \-Yi,t-q-,'n 
Q,-^-,x s

'I'lrcle is a certain D.P. betn'een A and 13, and therefore a
gradua,l fali of potential along each rvite, in eaeh case equal in
arnount to the total D.P, betrveen A and B.

S irppor^e now we fix upon sorne point F in A !' B. Betrveen A
nnd Ii' t.here lviil be a certain fall o{'J.rotentiai dne to tire resistance
A F. Suppose the fnl l  to be 2 r 'ol ts. Norv t lret 'c rnust bc somc
point G in -4. G I] l']rere the fall of pore:rrtial between A oucl G is
also 2 volts, tlue to tlie resistance of A Cl.

Now if the Iali I'rom A to F' is ? r'ults anii frorn A to G
! vo)ts, then -0 and G nust be ai the same potential, and a wire
joining T and G rvill have uo current flowing in it, siuce there is
uo D.P. bet'lveen its trvo entls.

IfF and Q be at the same potential, & very convenient relation
exists betrveen the resistances of the wires AG; Atr ' ;  GB;
F B; namely, that-

resistance of A G _ resistance of G B
ieii s a r; a;-of. A I.{' 

- - -re 
s i s t a n c e o f F B'

Proof of' 'l'lteory of Ilrlrecttstone's Bridge.-Tlris we will
proceefl to pfoYe.

Suppose the fal l  of potential in A F and in A G to be 8,.

L"t"rh" resisrailces of e G, " i I iii.ti,t"".il*1,?,:, ""n
R, rcspectively.

Let 0, be the cun'errt  f lowing in the rvires A I l  and ! '  B, antl
(,1., tLe cur'r'crt tlorviris irr rl [i aud G B.
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Fre. 206.
A

Ohm's Larv the fol lowine is true-
TI

r r  
-  \  l '

rzl
t ' :  

_  ( ,
p  - " 1 '

Frc. 207.
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- C u',,t

fi' : t' "ou
Hence

E ,  _  R .  ̂ _ . ,  E ,  R ,
8,, 

: 
R, 

"nu 
n, 

: 
n,

R;_ tr; R, _ R,
or lr,- ll,; or 

E 
- 

Ir;
which is as be{bre stated--

lesistalce of A G _ resistancc of l  GR
reiisttuce o-f -L F 

- 
iesistl,n""- ofB B'

No\a' from the abover if r.r'e know thrae of these resistances,
\Ye crn easil"y calculate the fourth.

lVlteatstone's Brid(te,-yheatstone's bridge consists of three
resistances R,, Rr, and R' arranged as sbown in Fig. 207 ; the
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points F and G aro joined by a galvanonreter ald contact key,
and the points A anii Il to the terminals of a battery and key.

Now suppose R,, R,, and Il,, to be knorvn resistances, and
Ii, to be unknown ; then rve may keep R, and R, constant, a,n:l
alter R, until no crirrent passes through the galvanometer when
both the keys arc pressetl. When this ig the case Il, can be

calculatet l  f i 'om the forr 
R' R'

nura  
d  

_  
R. .

Arrns of the Rridge.*fn instruments used for bnlancirrq on
this principle, i t  is cusionary to make t lre '(  arms of the bridge,"
as A F and A G are cal led, adiustable in muibiples of 10; so
tlrat either A G or A tr' can be of 10" 100, or 1,000 ohms
resistance.

Obta,ining a Balcmce.-Now suppose that A F antl r\ G
ale eqnal, that is to sa1',  each 10, each 100, or etch 1,000; then
if we adjust R, unti l  ru ( 'balance " is obtained, that is unti l  the
galvanomcter needle ceases to deflect when the key is pressed,
R, wil l  be equal to Rr. I f .  however, we use t3 uncqual &rms,"
the value of R. 'when the balance is obtained rvi l l  hlve to bc
multip)ied or dividecl by 10 or 100 as tLc case may be.

Agalvanometer is an especiai lv suitable instrument for use
in thirvire G F, since i t  not oniy sborvs the presence of the
current but inr l icttes by the t l i rect icn of i ts swing rvhether thc
current is florring floni G to X' ol from Il to {i. So that rve
can tel l  rvireihel to increlse or ret i trce the adjusiable resistnnce
l l" accordingl; ' .

If R is 10 or 100 tirnes R,,, we must tlivide R, by l0 or 100 to
obtain I lr ;  on the other hand, i f  R, is l0 or t00 t imes l l ,r ,  R,
musf be mult ipl ied by l0 or J.00 to obtr in l l , .

The numbers 10, 100, and 1,000 ate speeial ly chosen for tbe
arms becau,oe they are easy to mult ipl ,v ol divide by. Usually
the resistance R., can be adjusted to any r.alue betrveen 1 ohnr
antl  l () ,000 ohms, so that by using unequal at 'r i rs a total rangc
is obtained from ore hundredth of rn ohrn to one mil l ion ohms.

Post Office Bridse,-Plate LXXIX. -qhows lhc trvo forms of
bri t lge at present used in the Service.'I'he 

Post O{fice bridge, which is now obsolescent, will be
described ffrst.

The plate sbowc the-arrangement of the resistances and kels.
A G. A F are the arms of the bridge, each capable of adjust-
ment to 10, 100, or 1,000 ohms. I , ' rom the junction of l these trvo
arms A, a permanent leatl is taken to the key Kr, rvhich is in
counection wit l i  the terminal Z. The end of the left-hand arm
is in connection rvith t lre lesistance box by meaus of t le plug L,
rvhich can be taken out anrl ar extra r€sistance inserted betrveen
G and M should i t  be necessary: from G a permanent lead
goes to  thc  key  ) ( ,  i r r  conuecr ion  w i t l r  t l re  le ln r inn i  N .

' I 'he end of the arl justable resistarrce has a lerminal B, and
the end of the r ight-hand arm a terminal I t .  The rdjustable
rcsistance is bloker at- thelpoint I ,  the two parts beitg courrected
by a plug knorvn as ttre r ip?nity plug."
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All the lesistance coi ls are wound .6 on the biglrt ' ,  as shorvn
in .  F ig .  35 ,  pagc-  52 ,  th is  p r .cver r ts  them f ron i  a$er . i ing  the
galvanometr,r needlc by irrr luetiorr.

Iieferring to tr'ig. 207,it u'ill be easy to seo how to rnake the
connection for balancing a resistance.

-  fnse l t  the  bu t te ry  be t r reer r  the  te r r r r ina ls  Z  and l | ,  a r r r l  t l re
galvanonreter between F and N, and the lesistance io be balancccl
betrveen F and B.

To commence to balance, tal ie ont equal r,esistances in the
trvo arms A G. A F; these resistances should be as nearly as
possible equal to the resistance that is being l , :r l lnced. I t  is not
aiways possible to arrange this at fir.st. since the resistance
being measured may be totally unl<non'n, but as the balancing
proceeds, the arms shoulr i  bc altererl  to set the best effect.

. N_oting-the clirectirtn qf (npttry.-Iiey 1 shouicl be pressed,
then Key 2, and the needle rvi l l  be'found-to srving. Xbte ttre
direetion of swing, lncl c:rll this the direction of unplug, fbr since
none of the -at l justablc lesistance has yet been unplugged the
lesrstance untler neasuremcnt must be grenter than t lre adiustable
resistance. Norv take out the inl ini ty-1rlrrs. ' fhe reedlt i  shoulr l
srving in the opposite r l i rect ion, becrise thc lrd iustable resistrnce
is row iuf inity, and therefbre nothing short of a very higb
resistance in the object Leinq measured can procluce a balance.
Judging. by the larger of the trvo ,. swings,, in the previous
cases, take out a tlial resistance and see which way the needle
swings ,  and p lug  tp  o r  unp lng  accord iug ly  un t i l  a  b r ianee is
ob tn incr l  Wher i  th is  i s  { . lone '  a r l i r rs t  the  

"a rms 
to  the  mos i

ser rs i t i ve  [ rn ]our ] t  r tnd  ob ta in  n  c losc  ba ln r rce ,

_If no swing is obtainetl  rvi th the inf inity plue out the resistance
under measurement is very large or i ts ci icuit  is brokcn. ' fhe

connection of the leads,.( is,. ,  uray be veri f ied by joining I 'B by
a piece of wire, when a swing should be obtaiued.

-If -the needle swings thelame way with the infinitv plug out
and also with no resislance out, thc brirlge is at faulti tne"ptog,
are not making gootl contact with the blocks, anti in reality ihele
is a resistance greater than that being balauced in tlie iurface
contact of plugs and blocks, or the connections are rvrongly made.
If tbe former is the case, carefullv clean the plugs antl pldg holes
l.ith rouqe. The brass blocks holding the plugs-are underiut for
this purpose.

- . lia-l Bridge.-Siemens Dial lridge.-fhis fonn o[ balancing
briclge has now been adopted as the Serr.ice pattern.

Plate LXXIX. shows this form of dial bridge. It is so shaperl
as to be elsi ly f i t led in the noval test table.

- 
'lhe galvanometer, rvhich is very sensitive, and bas a resistanee

of about 1,000 ohns, is mounted on the centre of the briclge. antl
conuected  up  as  shown,

The needle of this gah'auometer is controlled by means of n
magnet plnced across the glass face, and i t  mny niro Lp l6c,ks,1
dur ing . t ra l rFpo l . t  h .v  a  spec ia l  ca tch .  \ \  hen u" i lg  t l re  ga lvano-
meter- i t  is r,ecessary that the box should be lercl,  apd turueal
upti l  the needle is at zero.
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The dial is graduatecl to 40o on either eide of zero, and a
mirtor placerl under the needle assists the observer to greater
accuracy  in  read i r rg .

Aclaantage orer tlrc Post O.lfice-Rridge.-The resistances aro
lrut in b; '  "pirrgging :up" one hole in each set of blocks, t ,hus
tioirrg arvrry t . i th the large number of plugs ncceslary in the oid
bridge, and so greatl;' minimising the chance of errols r.iue to bad
contacts in the plug holes.

Balancing uit h Sullil'an's Gnba,nometcr,

_ Connect the galvanometer and shunt, in plrrce of the l ,000.ohm
galvanometer. Insert the plug,o1uo f irst,  to prevent too large a
cunl,nt prssing through the instrurnent. I f  using r-r,  i :rrge battery
irtset'i a disconnector fuze in the battery le:rd 

-'as 
rvell. Their

balqnce. If the min'or srvings very violbntiy alter the arms to
make them less sensitive, and when-an approximate balance has
been obtained. make thern again sensitire. 

- 
As successive balances

are obtained increase rhe current, through the galvanometer bv
pluggi lg successively rhe ,]6, t l re ,ru, ani l  f i rral lr i  the.l  plugs.

I4rhen ttre unknown resistance is r.ery high ihe b.*Gry power
may be increased, care being taken not to pass an excissive
current through any of'the coils. 'Ihe resistances that can bo
measured with a single br. idge l ie Letween .01 and 1,110,000 ohms.
Should a los.er lei istance-be requirecl,  join a f i i ing'resistance
coil  -betrveerr G and II ,  ur,plug L, aurl  r 'aiy the knorvn resistance
by tlre ulo ohm coils of the firinq r.esistance coil.

-  ^K, -prtssed bcfore -K".-Tlre rea"orr Kl shorrld he presse.l
he fo le  K ,  i c  to  obr : iu tc  lhe  t  f fec ts  o f  se l f - inducr ion  in  t l re  c i r .c r r i t s ,
wirich woulcl give a spurious deflection of the galvanourcter needle ,

Balancing u.ith a Seo CelI.

Sea Cell.-'Ihe sea cell is a term rrsuallv applied to tbc D.P.
set u1i in the unl<norvn resistance (Ro), rvhen it corrsists of trvo
cl i l lerent metals. In the ca:e of l  a i .able, t l rese i ivo nietuls are
copper ( in the core), autl  i ron (the steel armouring), thich, rvhcn
acted upon by salt l'ater, caused o, currerrt to florv from iron to
copper inside the cell and from copper to iron outside the cell:-

n r /

-L- * --t-
I

\--J

x \

Fre. 208.

,/";,r' ,/

\. ,l)/aq,',tcut,,a,:\  . . , /

ii'

:cit
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fhe figure shows tliagrammaticftlly an at'mouretl cable, joirie,I

Up for balancing to a Whei,tstone's bridge.'  
I f  K2, the galvanometcr kev, is pressed, the current due to the

tt sea cell " rvill florv from l' to G, or in the direction rve shoulcl

cal i  "unplug" when balancing.
Fatse zio.-'Ihis curtentf and consequently the st'ing of the

needle, rvill gradunlly decrease owing to polarisation; and, in addi-

tion. the false zero-as the position oto the neeille rvith I(, only
pressed is termeil-will alier witir ei'ery acljustrnent of the

resistance Ii".
lf the battery is put onlvith zinc to liw anii copper to earth

in the usual rvay, hydrogen rvill be evolved on the core and

oxygen on the iron artuourirtg, t le forincr tencl ing to keep the
leat- clean. i fhis rvi i l  lowel the resistance of the cablc (I l r)  so

long as the h1'drogerr c&lr escirpe.
i f ,  on the ot ler hand, a posit ive current were sen+, to l ine

instead, rhen salts of copper oxide t 'ould be formed on the

copper, ruising the resistauce lalgcl i ' ,  and irerhi l ,ps rnaking a high
re.iitaoce type of " fault," which it would be difficult to bleak
dor,vn afterwards with tLe negative cul 'r 'ent. For t l i is reasotr the
IYheatstone's bridge is so arrangetl thrt negtrtive is put to line al:,d
positive to ecn'tlt 

-rvlten 
joinecl up as marked. In practice I(,

ihould be pressetl  f i rst,  aud kepf preoserl whilst the gaivanomeier
is al lowed-to steady i tself  to rest; i l ' the deflect iorr is large i t

may be reduced by means of a magnel. t 'Snap " contacts should

thet be made rvith K1, alrd Ri oltere, l  uni i l  t l te needle just
t( kicks" tolvards pltr'g, a,nd tben swings b:rck torvards ttnptlug.

llhis will give the lo'west reacling, and consequently the truo
resistance of ' I l4.

( Salting it!t" a Leah,-\\hen a very accurate result is

recluired a ieveisiug key may be connected to the bettery-terrni'
rrals. antl whilst balarcing, the positive current occasionally put

to line for at most a coufle of seconds, to free the copper florn
the hydrogeu collected ol it, an.l yet not to allow time for the
formation of a sufiicierrt Ceposit of salts to " seal " lhe leak. Tire
" balance," however, shotrltl be obtained rvith the negative currerlt
to line as rdzlrked on the bridge.

)feann'etnent of Sm'all Besistttnces.

Small  resistances canuot be conveniently measured with a Post
Oilice bridge, since small erlors due to resistance of' leads, con'
tacts, plugi, &c., all tend to leduce the accuracy of the result,
In such cases, where anything beiow tro ohm is to be balanced,
rucl which at the same rime rvill stand a lair sized cunent, the

following meihod is ailvised. It is especially useful for balancing
the armatures or series coils of dynamos and rnotors, or large

earth plates.
Aiy current C flowing tlrrough a resistance R, proiluces a loss

i n D . l r . o f  
X _ C R v o ] t s .

If, therefore, we cen measltre E and C, R may be cslculated"
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If a sufficiently ilelicrte ammeter ancl voltmeter are available,
the tLing is simple; bul if not, a grr,lvatrometer and resistance
coil rvill haye to be used in lieu, 'Ihis may be done as follows
(Fig.  20s) : -

Frc. 209.

Suppose M R N the resistance to bc rneasured. Pass a current
ol'C amperes tlrrough it from a tlynrrnn or sorne other source of
D.P. ; the current should be such as to produce a fall of roughly
2 voits in D.P. betl'een M antl N; adjust R1 so thal; the neeille
of the 1,000-ohm galvanorneter G deflects to 40o.

'lVe 
then linorv that if Ct be the current in the galvanometer

circuit-

t , = n , l *  ( l )

Norv take arvay M I l  N and substi tute a l lenott i- l )aniel l  ce)l ;
readjust l l . i  t , i l l  the deflect ion of 40o is again obtained ; let this
resist. ince be Rr. (,See l ' ig. 210.) Ihe current rvi l l  no*'  be the
same rs before.

! ' l c .  2 lCt ,

-=41,-[-"1---"
/ 

" i_________r 
\

{ )
\_{l

Then f ' ,  :  
û

From (l) and (2) 'we LaveO
q
f

E,
+ ri;

(2)

E1-  
R r + G

R , f
R r +

G

G
G

o r E = E r  x
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ftre n.p. of the Daniell may bo taken as 1 r'olt ; R'' G,
ancl R, are ull knoarn; therefore E rnay be calculatecl. 'Ihe

original culrent C, in M R, t\ can be read from the amrneter, an(l
the unknorvu lesigttrnce R found frorn the equation-

Il : 
It.
(-)

It is best to get the result (2) with more thau one source of D.P.,
such as a Daniell, J\lenotti, or Gt'ove cell; or any other sour-ce
of low D.P., tahing the mean of the lesults.

'Ihe larger the crrrent ernpioyed thc less rvill be the error due
to a small mista.ke in the voltage,

ft is rvell, therefore, to employ es large a current as the con-
ductor to be balanced rvill staud, provided sufficicnt rcsista,nce is
available for li, and 11,,. I'tre Sullivan galvanoureter having a
high resistance is eslrecially -suitable {br this work, pro'r'ided it
can be suitably lixeti up, 'I'he r:esistance in the galvanometer
circuit is so large that le-"istances of leads, &c. may be neglected.

Measuring tlte Resistance of Searchlight Earth. Plates,
(,see Fig. 2l I .) 

I,ra. 3 i I .

|^R0 AR,^a
Rtfacra&S

PAl l . i /00

An accur.r. ie voltmel,er is lequircrl .  Join up t lre arlrnetcl an
trvo yrrr ' , lnrtn gronl)s as shol 'n i l  X' ig,2l l ,  tnd close the carlrorrs
of the plojccf i . , t ' ,  arrd put the sl ' i tch t"o t ton."

! ' i lst .  rneasure 'rvi th a voitmeter t tre total D.P. n, betlveen the
mains when culrent C is f lorvine.

Second, rrL,l,snre ihe I).tr),-}tr, between the terntinals of thc
yardarm group rvith the same current C florving. 'lhen the total
D.P. E1 must be equai to the sum of al l  the D.t ' . 's in the various
parts of the circuit .  -  

' Ihat is, I , :  n2 + (C x .36) 1- a.
Where s is the D.1'.  of the earth I 'eturn, and .36 is the resistance
of t,be searchlight catile in ohnrs.

H e n c e ,  r :  E ,  -  I t 2 -  ( C  x ' 3 6 ) ,

.llleasuring the filernal llesistance of Cells or Bo.tteries.
If no cel.l tester is.availablc a useful practical rnetbod is by

fusing platinum silver rvire.
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The method is based on the assumption that a defini le length
of P S wire requires a certairr current to fitse it, in which c*ase
two parts rvill require double this cuuent to fuse them, lience
the P S wire takes the place of the galvrrnomcter, and gives us a
tnethocl of ascertaining when once, twice, three times, &c., a
certnin current is flowing in the circuit.

A '6 iiring resistance coil " is required. This consists of a
number of resistance coils in a box. connected to blocks as in the
Post Office bridge. At one end of the row of blocks is a pair
of clips l.retween which one or rlore parts of P S wire can be
held, and there are terminals so tbat the resistances and P S wire
can be connecteil to an outsidc circuit. 'Ihe resistances are
normally short-cilcuited by phrgs between the blocks, but can
be put inlo the trircuit by reruoving the plugs. There is a key
between the P S uire and the end olthe resisiances.

Join up the btr.ttery to the firing resistance coil and insert one
piece of P S wire,-unplug a resistance, and gr.adually increase i t
till the rvire just fuses. Call tire fnal resistcnce thiough which
the wire just fused I l , .

Then referring to tr'ig. 212.

Fre. 212.

I f  f  be the resistance of t l re P S rvire, r ' the internrr i  resistanee
of the brttely, I t)  i ts l) .P., arrr l  dl  t i re current) we get

t : o ,  + t ' + f  ( t ) '
Now iusert ftoo pieces of I'� S $ile and worh as before, let R,

be the resistance taken out so that they just fuse. The resistance

of the t'n'o parts of I' S wire rvill norv l,e {, nud since both parts

have fuset ' l  the curreni wi l l  be 2 C; rve therefore get
Ir

q f 1  - -" " - l l , - l r * J '
o

2 E
{ l  , '  + / :  n ,  - i

2 R , : * Z r * f - R ' * r * - f

r ' - = R r - 2 R t

( 2 )

U
;+i

2

,'n*''

I
r-l.*: *--r
i R ' I
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from rvhich r"crn easi ly be calculated. Thc resul[ shou-s that the
trial lesistunce to bo taken out for l'using two p&rfs should be less
than half the fusing resistance of one part rvhen tlie internal
resistance beinE measured is small.

Mance's .lfethod.

Ihis may be of use in findilg
constant cell, and is in I'act a case of
resistance containing a D.P., or in
cel l .

To join up to balance by this tnethod, connect the cel l  to be
balanced lvhere the unknown resistauee (;r) is usually placed,
remove the test battery and keep tiie key in circuit, Press key 2,
bring the dcflection of the galvanometer to 40r, and adjust the
knorin resistance until pressiig key I mal<es no difference in the
salvanomeLer defleotion.

the inrernal resistance of a
the problem of balaneing a
other words balancing n sea

! 're . 2 i3.

Exactiy the same ratio holds good as in ordinary balancing
with a test battery in as well as the key, supposing 1,000 to 100
('arms" of the balance to be used, as in Fig. 213; i f  B, be the
resistance unplugged anil R, the internal resistance of the cell,

R .  -  R ' .
'  100

llrhen this particular balance is obtaine.l the gnlvanometer is
unaffected by the test battery, so that the ratio still holds good if
a test battery be inserted in the key circuit as well &s a soucce
of D.P. in the unknown resistance. The oldinary rnethod of
balanuing a sea cell therefore holcls good.

If preferred, the galvanonreter may be inserted between Il and
Z, and t" short lead joined beiween G and F, thus necessit:rting
the use of K, ouly.

Cell Tester Method.-Much the quickest ancl easiest rncthod
of f indiug the internal resisiance of a- cel l  is, however' ,  by me*rrs
of a celi testel and loty-1s:r,riin9 voltmeter.

First take the voltage of the cell on open circuit, ancl call
this E,.

E  50953.  B  B

t

K
T

I
I

K
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'Iihen, keeping the voltmeter joined up across tlie termirrais c'f'

the celi, join irp the cell to a celi tester, and atljust tlie rheostat so

that any-convenient ctrrrent C flows on pressing t\9 k..)'. Ileatl

the voliage rvhen this current is flowing, and call this secorrtl
voltaee X".

Tire ,lifference betrveen thes: trvo readings, Er - E,, rvill bc

the drop of loitage in the cell when the current C is flowing'

This rlrop, by Ohi's Larv, is equal to the curlent multiplied by

the resiitance of the cell.
If then R is the internal resistrnce of the ceil, we have the

equation -01 - Ej - C R, from u,irich the value of Ii' may lre

calculated.

fntern'al Resistance o-f Secondary Batteries'

As the infernal resistance (.r') cf seconclary batteries is r.ely

lorv antl  the I),P. very high, the best niethoi- is to determine the

internai resistance by mea"ns of a voitmetet and an arDmeter'
'Ihe metbod is similar to that dcscribetl atrove.

Whitst Dischargino.-Join up er suitable lesistartce, such as

two yard-arm group"s i"n parallel, and a s'witch to lhe cells; and

connLct a voltmlter-between their lerrninals.
(i) Take rendings of the roltmeter and arnmeter lviren tlie

current is.-flowing through this resistance, and call

these readings I '  al t l  C respectivel; ' .
( i i )  Switch of l  the 

-culrent 
anJ tr ie a f iesh rcadinq of the

voltmeter ; call this I'etding n.
Then (D - n,) rvill be the D.P. required to Ibrce the current

C tbrough the internal resistance (.r) of the battery.
'Iherefore-

I  -  E ' : f '_  
, ,

o t ) z :

ll'hi tst Char g ing .- t^he internal lesistance rvh ilst -charging
may be similall"y ite"suted, since in this case an cxtra D'P' rvill

be i'equiled at t"he battery telminals to folce tlie current O through

the cells.

To find the Place of Contact between Core and Leurl Co'-ering

of a Cable uith Reflectin'g Gnluanoneter'

F r c . 2 1 4 .

\--,1 ---l
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Earth, ltetrtectt Core and Sheathinrl of f,eurl-corr:rerl
aable.-Let A be posir ion of contact, B ani l  F' the ends of t l ie
catle, G the ref lect ing gah'anometer. Join lamps ir i  circuit  rvi th
w^ire and dynamo so as to get a current (c) up to the full capucitv
o f  the  rv i r r .

Join one rvile fr:om tire galvanometer anyrvhere to the lead
covering, rvhich rvi l l  be th1 sanle as i f  joined to A, sincc
the resistance ofl the lead is .nrall conipar.ed to that of the
grrlvanometer

Let ri : r'€sistance, and E1 - D.P. of core betrveen A antl B.
t s  7 2 :  , ,  , ,  t r j . : :  ) )  ) ,  , ,  A  , ,  F "

'I'heu--

E , _ r ' ,  _ l c n g t h A B
E . : - r . r - i e i r g t h A F '

_ I et D, bc: the t lef lect ion of galvanometer, rvhen joined betrvees
the learl  colerinE nlcl _the core at B, and D, the r ief lect ion rvhen
joined betrveerr the lead covering and the cor.e at F.

We have-
I ) , _ l e n g t h A B
D" 

- 
iengtl i  A-F'

I fence rve can f ind t l ie posit ion of the leak.

T'estintl C'ables for Eigh Inmlation.

,. .4;Sh htsulation Testing.-.Lll armourecl uining, electric
Iightirg, an,l 

.telegraph cables in store shoulcl, at ilie ;;;,;"i
insprct ion, Le bala,nced for.continuit ; ,-and testeri  ior bigh inrr iu_
tion, an,l  i r  recorr l  j rept in order ihat the best cable-s may be
knorvn ,  i lD \  ia i l ing  r le toc tc r l ,  an , l r ; ;1  fo r . r . ig r r  r lepo ts ,  an  in t l i c i t ion
as  to  l l r ( , c rb les  lo  bc  sent  Lomc obt r ine t l . "

lVhen cables lre in_ gootl orrler the insulation of rnoderate
lengths sirould be several lundred megohms.

. ^{h" specif ied insulat ion resistarrce of patrern g4l 'vlre. 'erv
ij.?,0.00 mcgohms per I,000 yards at a pressure of ;Orj ..olts.

A-bj.  
r . , tno, hrgh a lesistrnce to ,be bal: ineed by the ordinary post

\/mce Dl ' toge and l .ef lect ln;{.galranometer $.herr joined up as a
lVheatstone's bridge, but resistances up to about ?,d00 -&;_;
ma1 bg measured,-reacling_to one.degree of strale, ly'tfre filffii"i"g
method, if a suppl.y of 100 .r'olts is available :_
. ^l"t  up t le sul l ivan's galranometer a'cl  i ts srrunt as described
in Chapter Y. pon-ngct rhe source of electr ici tv to the reversins
\uy. Join up the bridge as. shown (Fig. 2r5), "o"r."; i"g B-;;
the  ga l ranonre ter  shur t  rnd  K,  to  t l r i  revers i r rg  k*u .  

-K . ,  
i *

connected to the end of the cable in the cal_rle t:rnk. 
"

.. I'he sirunt is also joined ro the reversing key trr.o'grr a No. rt)
t ' l isconnect.r 1o prevent jnj .r .v to th" gi lvano, 'eter: ' rhrough a'wrong conlrect ion being rnade.

'Io take the tcst:-Put clown oue bal of l,eversing key_
lst. L]nplug 12,000 ohm.s in the body and left arnr of the

bridge. Plug t lre 
1fr, ,0 

shunt and press K,. Note rhe

B e 2
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de{lection. Ease up Kr, and disconnect the lead from

K, ancl join it to an earth plate in the cable tank.
Oiherwise if Kr were accidentally pressed during the
next operation, the exeessive culrent would lire the

disconnector fuze.

2nd. Plug up the 12,000 ohms in the bridge and press Kr.

Note the-cleflection. If the deflection is too small,

increase it by plugging tn. 
iJo, i1,,, 

"t 
i 

shunt until a

suitable tleflection is obtained.

Reverse battely and repeat test. Take the means-
Ihen, if D, is the deflection with Kr pressed,

D2
S

,, ), ), K2
,, mtltiplying power of tte shunt with

K, pressed.

Fro.  215.

G2

SHUflT

N9 t9
otscutNe cfatl

fuze

REVERSIN6 KEY

| ,oo ,ort'- I

i ' . - - " - - - - ' r
12000 x 1000 xD'

The insulation resistance of the cable : D, x S

If it is ilesiled to express tire insulatiou resistance per

l,OO0 yards at 600 Fahrenheit, the expression becomes

1 2 0 0 0 x 1 0 0 q x P r x Y I  I
t l r x S  '

,rvhere Y is the length in thousands of yards, and T is the

temperatdre coefficient taken fronr the following table :-
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7'entperat ure C oefi ci en t,

'Iemperaturc 
in

I)egrees
X'ahrenheit.

Coellicient.

'Iemperature in
Degrees

Fahreubeit.
Cor: i f ic icnt .

30

4t)
+o
50

60

.4629

. 5 2 6 3

. 5 9 8 4
'6802

' 8 ? 9 5

I  ' 0 0 0

1 . 1 3 7
1 . 2 9 3
t ' 4 7 0
l ' 6 ? I
1 ' 9 0 0
2 . 1 6 0

The readings should ahvays be taken lvhen the key has been
pressed fov one ntinute, and'rvitir a sensitive galvanometer such as
a Sullivan's, it will be found advantageous io arrange :r kcy so
that the Ealvanometer can be short-circuited until the cable is
charged, as otherwise a violeut swing may bc experienced on K,
being prcssed, owing to the sudden rush of electricitl- thlough the
galvanometcr to cJralge the cal,rie.

In the later uattern univer-*al shunt a t'sholt-circuit " block
and plug is introduced for this purpose.

Prccautions when Testing for lfigh Insulation,-It is most
intportant that the lead to the cable tank should be perfect fol
iniulation; and that the ends of the cable should be ihoroughly
dry, clean, and well insulated, as the slightest damp will cause a
leak antl rnake the cable appear bad for insulation.

Before the lead is ioined to the cable it is necessary that it
shoulil be testerl for lea[age. 'I'he lead being iu place 

'ald 
the

end cleaned a deflection is takerr-which shoultl be deducted from
the deflectiou D" taken rvhen lead and cable are in circuit.

'Ihe enrls of the cables sh<luld be triced up at least 2 feet
above the surface of the s'ater and always kept well insulated
rvith parafrn wax or tape and solution; as otherwise rnoisture
rvill condense on the cnds ancl ;4radually creep aiong the conductor,
seriousl;' impairing lhe insulation resistance and causing the core
to colrocle and perish.

Erantples.-Ilxample f. lYith a Sullir.an's galvanometer and

r D.P. of 100 volts, on pressing K1, the deflect ion Dr with 
,-*,

shunt plugged, n'as 250 divisions. On pressing Key 2 and leducing

the shunt to -l tle cleflection Do was 1wo divisions.

Insulation resistance of cable :

:

:

1 2 0 0 0 x 1 0 0 0 x 2 5 0
2 x l -  

-

6 0 0 0 x 1 0 0 0 x 2 5 0
1500000000 olim,..
1500 megohms.
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Example II. D, was, as before, 250 clivisions rvith the

plugged; D,, with ,l^ shoot plugged, was d0 divisions.
1 0  " -

Insulation resistance of cabre : 
tz99 !1!90 

* 
911i1-o

-  12000 x 100 x 5
: 6000000 olims.
- [r megohms.

I
1000

Example III. In this case D, rvas 250 divisions rvith the ,l-1000

shunt plugged as before; and D,, lvith the 
*05 

shunt plugged,

rvas 300 <iivisions.

rnsulation resistance of the cable : 
i:10001 1000 x 250

800 x  i000
- 4 0 x 2 5 0

: 10000 ohmr.
\Yhen using the dial bridge the connections shoultl be made as

shown in Fig. 2lt i ,  connecting terninal C to galvanometer shunt
and Z to reversing key. See infinity plug in.

'Io take the test :-Olanp down one bar of reversing key.
1st. Plug up 12,000 ohms in the body and lefc arm of the

bridge. Plug the ,,1= shunt anrl  pless l l .  i iey. Note deflect ion.
IU(X)

F)ase up R. key.
2nd. Disconnect the leacl from terminal Z ancl join it to an

ear[h plete in the cable trnk, or if storved clry to the armouring.
Connect one end of the balancing lead to terminal G, see the lead
calefully laid along aud the other end l-ell cleaned and insulated.
Remove lhe pfug from the lef't alor of the bridge. plug blocks
narked O. Plug block of shunt marked " short-crrcuit  " and
press G. key (this charges the lead shorr, of the ga,lvanometer
ancl the charge shoulcl be continuerl fbr one r l inute). After Ib or
!0 seconds, rernove the plug from the 5, short-circuit " block, and,
moving the other plug into a suitabie shunt, note the deflection
at the end of one minute's electrification, and ease up G. key at
the same instant.

Discharge the leacl for two minutes. llevelse the battery and
lepeat the test. 'Iake a monn of the two readings and this
sboulcl be declucted from D., obtoinecl when the leacl and cabie are
i ; r  c i rcu i t .

3rd. Discharge the lead for two miriutes ancl join thc outer
end to the cable to be tested, careful ly insulat irrg the junction.
Repeat the plevious opelation ivith lead and cable in the circuit,
being careful the cable irt riischarged before reversing the curr.ent
to l ine.

The f inal eauation.
1 2 0 0 0 x 1 0 0 0 x D ,

c a b l e :  i J . x S  
' r e l n a r n sInsulation resistance of

the same.



Norr.-In taking
shoulr l  be rvithin 5- '
cor'rect.

Both plrrgs should

i i9 r

deflect ions rvith - anti  -1- to l ine, they
per cent, of each other i f '  everything i 's

not be out of the shunt at the sarne t ime.

] i ' r c .  216,

r5lGtttEttJ
LJ i-J'JI,J LJ
I  r  € N s  O ' 0 1 -  -

f - l l - l r ' lmlY r
l 4 l l r l l 2 l  '  l l o h  I

Gu.nr, l  l l / i res.-I t  is. of great iurportance rvhen test ing for
insulat ion to.pre'ert any leak:rge t lrat ivi l l  affect the galvanorieter
readlngs, anrl  is not duc to the stare of the c:rble. . I \ i ie places at
r r -h ich  th is  i s  rnos t  l ihe ly  to  occur  r re : -

( t)  ' I l ic test irrq lcaci-".
(?) i l r .  inst luments, such as keys, galvanometers, shunts, &c.
(3) The end of thr: clble lair-l bare fir restiils.'Lhese errors can bc el iminated by the use of i ,  guar. l  wires., '

G ALVI

t

t f*  _.  _- ]  _t-
i ffl;,;jiitTifittLr -ri -
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In Fig. 217, the bate copper s'ire A is the guard wire, the end
of which is wound round the tapered portion of the insulation C,
and clear of the core B of the cable under test. If X is the
point 'w'here the insulation comrnences, Y the point rvhelo tlre
guaril wire is placed, anil Z earthed. Y will ahvayt be at fhe
same potential as the batter.y, Zbeing earthecl there will probably
be a certain amount of leakase betl'een Y and, Z, This current
does nol, pass through'the galvanometer, nnd is too small to affect
the battery voltage. On the key being pressed to take the
gah'anometer readingq the point X is raiseil to praet,icallv the
same potential as the point Y. tberefore there is no tenclelcy for
leakage between X and Y. Thus the current passirrg through
the galvanometer is a true measure of the insulation resistance
betwien the core B and earth, alJ leakage current passing to earlh
through the guard wire A.

In practice the guarcl wirc is taken from the battery, rvorrncl
round the ebonite stands of all 1,he inslruments, and finally round
the tapered poltion of the insuiation of the cable, thus preventing
leakage from the instruments and the exposed end of the
insulation.

Balancing for Continuity Resistance.-'When it is required
to balance more than one cable for continuity resistancc, it is
usually convenient to use the same lear'ls. llluch time will be
saved by using the follo'wing methocl of eliminating the resistance
of the leads. ,See Fig. 2IB.

Frc.2r7.

Fra. 2lE.
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Join the test irg leads trrgether, to the bri t lge. Plug up R to
zero, and bnlauce- the leads b\, means of tbe-F R, coi l .  

-When

testing the cable, leave t lre F R coi l  in the circuit  as shorvn, and
the actual resistanceof the cable is obtained from R. I t  is obvious
that the arms of the bridge must be the same when baiancing the
leaCs as when test ing the cable.

Variation in Lenqth of Core oJ Multipte Ca6le.-When
balancing the continuity resistance of 7 and 4 core cables, it must
be rememberecl that, with the exceDtion of the centre core of the
7 core, the length ofthe cores is l , f t l5 f i rrr ls 1e every 1,000 yards
of eable. The continuity resistance now sholr'rr on the labeis
attachecl to the cable rv6en nassec'l into the Service ale for the
actual iengtbs of core on the i l r . , .rms, corrected to 60o F., and the
insulation resistances are for rhe actual lengths on the dnrms
at 60o F., after one minute's electrificatioi rvith -Ye to line.
With mult iple ca,bles the mean continuity and insulat ion resistance
of the number of cores is shown.

Statical Charrle det:eloped. in Cables.-It has been found
that cables coileci on dlums, although unused for long periods,
develop a siatical chalge. Ilefore tesl,ing, therefore, the core and
armouring sl iould ba jr t inetl  logether, ol fhe core earthed for a
few seconds.

Precautiorts ttt Le obsercetl in, Testin,q for lIigh Insulntion,-
( i)  The voltage rrsed jn test ing for high insulat ion is to Lre
100 volts, anii the batteries usecl for testing are not to be used for
an) ot l)er plrrpose.

( i i )  The readings are to be tahen after one minute of electr i-
f icat ion; i .e.,  rvhen K., has been pressed for one minute.

( i i i )  The galvanorleter should alrvnys be sLort-ci i 'cuited unti l
the cable is charsed (about 15 to 20 seconds). as otherwise a
violent srving is expcrienced on K, being presserl.

(ir') Shoukl the cabie be put in water for testing, it sbould
remain immelsetl lbl at least 24 hours before tlie test is laker.

(v) AII cables with a lorver resistancc than 100.000 ohms
should be balanced by IVheatstone's bridEe in the oldinarv 1ya\,.

(vi) The *oo and -re current shoult l  both be seut to l ine in
turn, and the mean of the two deflect ions taken.

Belbre applying the l-  ie current, i t  is most important to ensure
the dis-elcctrification of the cable. For this DurDose the core of'
the  c rb le  sbcr r ld  bc  e r t ' thed  fo r  a t  leas t  two minuter  be fore : i
current of' the opposite sign to that used in the first test is
npplied.

It should be clearly understood that for complete dis-electrifi-
cation a period of fbrty-five minutes should be allowed, but this
is unnecessarilv long 1br practical purpo€es. In high irrsulation
testing, when it is necessary to discharge either leacls or cablc r
period cf trvo minutes is al. los'ed.

(vi i)  Ai i  instruments and batteries used should stand c-,n
int i ia-rubber sheathing, the outer covering of t i re lead," should be
str ipped bnck for 6 inches and al l  tape careful l l '  removed fron
the insulation.

The guard wire descl ibed on previous page should be nsed,
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(vi i i )  TI 'e cable ends sl iculd have their armouringturnedback
about one foot, ali tape removed {rom the insulation, and the core
then cut back for about 3 inches to ensure any moistule rvhich
might have crept along the conductor being removed.

(ix) The spot of light will sometimes " creep " on the seale on
. Iplugging the , sirunt before K2 is pressed. I f  this should happen

remove the c^over of the galvanometer and carefully wipe the
elronite stand. If the instruments ere not insulated, see (vii) ;
this creeping of the epot will frequentlv occur.

The fbreqoing instructions are to be observe<l at all annual
inspections oT electr icul stotes, and the report made out as shown
on the form:-

'polsal olB([

'*;t"""" "*t

'^rc[ "ro +ar!\'p,)Jo1! ,r\0I{
: t

L =

; o

3
<l

.a

|l

L.

?

t-!

3

z

z

F

z

/

3

q

tn.

t

=
a,)

= .

' rrorJ
.BcuiJlJalI

'af,llluJodui.J

- '+sql r"-
pasn a.Hul l0\

, -' 7  
: I

a =
1 ' :

.r i lrtkc Jo
a+?{I puu d'c

iq
p3.r111OBJnu3J\[

'urru(I 
Jo 

'oN

' . i l r l r r u n U

'o,v ura+]?d



Y
o

L
.].

p
1

a
h

.T
,X

X
X

.

7o faaep4e 
395

W
e

fl?
r! G

r6
h

6
p

p
. 

u
! 

'.irh
o

,',"n
6

o
a

 /,9
J



395

' Ihe curves given on Piate LXXX. shorv the necessity, f i rst iy,
for ar, appreciable timo being given for electrification; antl, secondly,
the nccissity fol ahvays taking the galvanometer reatiings after
exactlv the sarne iLrterval has elapsed rvhen test ing by t lLe
comparison method.

I'he culves are taken from the lests of four lenqths of Pzrttern
1207 cable, two being of the usual type, and the othel two being
an erperimental cable with a iaver of'tinfoil underneath the tape.

I'he galvlnometer cleflections are plotted for every half minute
duri lg the ten minutes' electr i f icnt ion, antl  i t  wi l l  be seen that the
curves are still falling slorvly at the cnd of the ten minutes,
-qhowing that electrification is not complete even after this
interval,

Locatinq .Fuults in Crfiles.

[,-or/ey's Loop Test.-This test can be usecl to ]ocate a fault
in a cable eithel by bringing both its ends, if practicable, to one

Frc.  219.
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te-sting station; or, if the cable is laicl out, it can bc useti, if there
is another sound core or cable available, to .join to the far encl of
tbe irultv eable.

In the first case tire trvo cable ends worild be joined respectively
to n' and B of the bridEe.

Fig. 219 shows an example of the second case, F S being the
good core and B S the bad one, whose leak it is required to
Iocate, the far ends of the two cores beinE joinecl together at S.

Let ;lr be the continuity resistance from R to the fault,
t r U t r ) r r r F ) ,
, ,  L ,) , ,  of the rvhole loop, Fountl

by previous balancing if unknown.
Adjust R, unti l  a balance is obtained :
- r ^ _  R , _ R r * r _ R r a a 'I n e n - J =  : '- " " " ' R i -  

u  L - a "
Ilence a"can be?oood, which locates the fault il the cable.
An earth fault o1' high resistance requires strong battery

power, since the leak forms part of the battery circuit.
Remember that a positive current seals tlie leak and raises

its resistance by the deposit of copper oxides. A negative
current cleans the leak, and then aftellvards begins to increase
its resistance by polarisation, due to hydrogen being occludeti on
the copper. Therelble when balancing, a positive current should
be first put to line fbr aLout 2 seconds, to free the leak of
hyclrogen, and then the culrent shouki be reversed, and the true
result obtainecl just before the resistance begins to inerease, due
to polarisation.

Earth Oaerlap.- Supposing both ends of a faulty cable can
be balanced, this metbod rvill locate the fault. It is important,
that tlre same testing condi'uions, i.e,, battery pon'er, proportion of
t 'erms" of the bridge, &c., should- be used at each cnd,

iL 1/

Balance from A with B " earthed."

r ' t : : t  +  ! :
Y + 2

Balauce from B with .{ (t earthed."

r t : ! * : ; z  ( i i l

Let L be the resisiance of the l ine.

E l e n c e :  * _ r , ( L - r . , \  / ,  / r . f i , : r ' , ) )  _  G )r t  -  t ' :  t  ( '  
-  

U , ' '  (L  - ' , ) /

Simirarry y : t, ' l  _- ;,,, (t - \r/;",=i]!,) G)
The reatlings r, ancl r, rvill probabty differ consirlerably ; the

cnd nearest the fault giving the lowest reading.

ttI
rn

A

( i)
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At this end adtl a resistance ri equll to the rliilel'ence between
ri and rr, and balance from both ends aEain.

The readings r., antl r, will be nearer but perhaps still
lljquut. Increase or decrease the ailded resistance r., by the
difference of the two second readings, and lepeat this piocess
until, rvhen balancing, r, and r., become equal.- Ihe aclditional
resistance r, has phcJd the fauli electricaily in the centre of the
l ine.

Call this finnl resistance R, an.l suppose it added at A we
have :

I l + a r : ! / : I t - � n : ;

o r . t : L ; R

This saves working out tire iong equations a and. p.

.. ._ Fo." finding h-igh-resistance faults in short lengths of cable, the
fbllowing rnethod of joining up will be found uselul:-

Frc.22O.

6 t o o o  A  t a  '

: x + y _  r g
r0 

- 
iooo

{r lr-,
Let rr, rs, r, be the resistances unpluggetl when a balance is

obtained in the three follorving cu,ses reipeitively :-

.First : \\'hen joineil up as in figule we have-

z - r l

I O + Y - 1 0 0 0  ( l i

Second : Reverse the ends of the cable at B ancl F. and balance
again, we get-

y  _ 1 ' "
to ,1u:  mi [  ( i i )

Third.: Disconnect the battery from earth, and join its positi.ve
pole to F, rve get-

(i i i)

(i) and_ (il) the posibion of the earth may be located, and
(iii) may be used to check the result.

Blaaier's Tesf.-Suppose only one end of the cable is accessible
ancl no loop line is available, and that signals can be made as to
what is to be done with the clistant encl.



Suppose A B in
Ieak:-
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figure 221 represents the cable, ancl E the

Fre. 221.

I tel  a :  continuity resistance of A E.

Y -  t !  "  E B '
z : resistance of the leak.

Join up a bridge and gah'anometer to A, anil lct r, antl r'" be
tbe resistances unpluggecl in the t'wo follorving cases, wiien a
balance is obtainecl:-

First.-tsakrnce with B insulatecl, rt: n * z.

Second.-Ralance rvith B to earth, ,',: a: + 
g:

Y + z
Let fhe resigtance of the line be L: z I !/.

Ihen a' -  r . :  / tr ,  -  r ' rXt- - r"f

anc l  z  : ' t ' 1  -  t ' t * { ( t ' t -  r ' " )  (L  -  r t ) ,

From which a: aod z can be calculated.
This method is Irot of much I'alue with short lines and

high resistance earth lg1[-s, but it is used for long telegraph cables.

The Bridge-Megger.

An instrument known as the bridge-megger has been supplied
to ships lately completed in place of the dial bridge, sirc--cell test
battery, and Sullivan's galvanorneter. It can be used either as a
megger, for measuring dilectly resistances between 1,000 ohms
antl 20 megohms, or, in conjunction rvith a resistance box, 1br all
operations in which a Wheatstone's bridge was forluelly useci for'
balancinE.

The galvanometer is of spet:ial construction, and consists of an
astatic needle pivoted in the middle of two coils uound at right
angles to one another. Ono of these coils is called the " pressure
coi l  "  and the other the {( current coi l ,"  for reasons that wi l l
appear later.

'Ihe instrument contains two small direct-cut'rent generators'
driren by eearing from a hardle at the side of the box'

On theilont-of th" bo* are two terminals, called the megger

terminals, and urarked " line " and tt earth " respectively. On the

end. opposite to that rvhele the handle for driving tbe generator
is. arc^fbul terminals, cailed the bridge terrninals, two of rvhich
are marked t''Io resistance box," while the othel two are marked
" To resistance under test."

On the top of the box, besides the wiudorv thlough which the
pointer of the galranometer is seen, are two switches, called the
i chanqe-over 

"-srvitch and the " t'atio " switch. The change-oler

v
I
m

A B
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srvitch ha,s trvo posit ions, oue marked ,6nregger" ard the other
marked " briclge." ' Ihe rnt io srvitch is maike I on the hancl le
rr[ :  ]1, - " and has three posit ions, mar. l ie:d l ,  10, untl  100
respectir-el1'.

' Ihe resistence box supplied with the bridge-rnesger cont:r ins
trvo termirals ani l  four switches. The srvitches" are marherl
t !  thousands," ( 'huntlreds," . ,  tens," and ,6 units , ,  resl.rgct ivel.r, .
ancl each has ten posit ions. In each posit ion of each srvitch'a
nurnber, from 0 to 9, shows t lrrougl i  a hole heside the srvitch.

To uss the instrunrent rs a ntegger, for nreasuring high
resistances, the change-orer srvitch is put to,.rnegger, ' ,  and the
resistance to be measured is joined up between t l id , ,  megrer , ,
terminals.'Wi tb_  

the  change-ove l  s$ ' i t ch  a t ,6 rnegger r , '  the  genera tors
are put in series, nnd the internal connections are 

-as 
shown

in  F ie ,  222.

CuPPenf
coi/

) 
r*o"^,,,

Resistdnce unden tesl

X'or the sake of clearness, the pressure coil is shown in trvo
halves, one on each side of the curient coil.

It will be seen that the plessure coil is colnected directlv
across tho generators, in series wifh a resistance inside thu boi.
rvhile the culrent coil is connected in series l-ith the unknorvn
resistanr:e across Jhe generators. The resistance in series .with
the pressure coil is merely to prevent too much current ft.om
passing through it.

If norv the resistauce under test is infinity, rvhen the generators
are hols round by the handle there wil i 'be r lo crrr"nt in the
current coil, but there 'rvili be a current in the pressure coil.
The neeri ie n' i l l  consequently set i lself  in l ine with t te axis of tbe
l)resrlrre coil, and in this position the pointer. rvill be at the end of
the -qcale marked " infinity."

I f  the resistance under test is under 1,000 ohms, thele ivi l l  be
scr  r r ru r .h  cu l ' ren I  in  the  cur reu t  co i l  t l ra t  t l re  need le  r r i l l  se t  i t se l f
in line rvith the axis of the current eoil, and in that yrosition the
pointer will be nt tire other entl of the scale.

If the value of the re-qistatrce under test is somewhere betrveen
these two, tiie needle rrill take up an interrnediate position, and

Frc. 222.
Pnessure
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the value of the urlknown resistance cau be read dilectly from the

nosit ion of the poiuter ou the ( l ial .
t-- i"  

ota..  rhit  the generatols may give a constf lnt.  volfage, the

nooil"-i, u"tungecl to Erive the'r thiough a-1'rjction clutch. This

;il;it- Jip* t"fi." the generators are revoh'ing at a':P"t| lllil
corresponils to 100 revolut ions per minute oI -the han(t le, so tnat

i t ."  iuonot be driven above this speed' In order to get- f t

"""lt-"t t"f,ager therefore, it is only' necessa.ry to 
,increase, 

the

speed of the handle unti l  the clutch is { i- l t '  to sl ip'  an(t at anytlrrDg

o'"er this speeil the speed of the generritors will be constant'" -if 
n-is- r"qoi"eil to measuie resistance under 10,000 obms

with sreater accuracy than is possible with the instrurrent when

u.e.l is a megger'r it-must be used as a bridge'

To do th-iI, turn the change-over srvii-ch to,('bridge," and

connect the resistance box intl unknown resistance to the

terminals marked for them.
Wlren r he cbange-over switch is put to '6 bridge," the generators

are ptrt  in palal lel fand the internal connections are alLerecl so tbat

;;; 
';;;";Ji"rs 

tate the place of tbe battery in a Whertstone's

;;i.l;", while the current 
-coil 

-is 
joircd up in the .galvarometer

nosiiion. The pressure coil still r6mains connected directlv-across

ifr" *""a""to.tr'*hila the resistance box and unknown 'esistance

takJthe places of R, and It'r.'"'Fil. 
{t;-;rto*t tli., uo,l' al,o the position of the latio switch'

whichlit rvill be seen, alters Rr and R,'

Ftt+. 223.

Diagram of Circuits as used in Bridge Testing'

C U R R E N T  C O I L  U S E O
A S  G A L V A N O M E T E R

c o  l L .

R E S I S T A N C E  T O  8 E
M E A S U R E O ,

R A T I O  S W I T C H .

P R E S S U R €  C O I L  U S E D
A S  C O N T R O L  C O I L ,

The pressure coil becomes the control coil, and, when a balance

has been'obtained ancl there is no current in the current coil, the
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neetlle will be in li'e with the alis of the pressure coil, and the
pointer will be at the ((infinity,'end of the scale. Ti,i;;"i";
is marked G.

ff the resietance in.the.-box is toolargefor a balance,the
current in the current coil will be in one diiection. whil; if i;l;
too small, the current rvill be in the opposite direction- ihe
pointe-r will therefore swing _to one side or the other of G,
according as the resistence in-the box requires to te lncreasea o.
decreased. On one siile of tbe line G, therefore, i, pri"tui'( fncrease R," and on the other. .. Decrease Tr.

The proceilure in bridge tesiing is ae follows :_
Set the ratio switch tJ l, and-all the lesisfance box dials to

zero_. . 
'Iurn the generator handle slowly clockwi.", ,o ., ,roi iosend too much crrrrent through the cu*ent coil before a balance

is obteined.
'Ihe needle will tak-e gp g position off the scale, and on the

side of the line G, marked-rr Inciease R,.,,
While tu_rning slowly with the right hand, with the lefb hand

fuln the,,thousands,, dial in the iesistance box step bv sten
until the needle crosses tbe line G and points to ,, Dec'i."u-J" R.I'rhen turn the thousands dial back one step, ancl do trru uilu
wi th the hrrndreds d ia l .

Thus if the unknowr resistance is between 3,000 and 4,000
oh^mq the_ pointer will show .. Increase R,,, when tire Ji-f l. *i
3,000, ancl ,i Decrease R,, when it is at 4,000. The thousanJs
d,irl is. thereforo put to 3, and the same procedure followed with
tne otner dlt ls in succession, unti l an exact balance is obtained.

IYhen the pointer rests nccurately on the line G, increase the
generator.- to full speed, to secure 

-maximuur 
.eoiibil i ty. The

value ot the unknown resistance is then read offdirectly fiom the
figures iu the resistance box.

If the resistance is found to be under 1,000 ohme, the ratio
switch, may_pe turned to 10, and the same operations gone
through. The value of the unknown resistancb is then-the
registailce r.ead off from the box diviiled by 10.

,The 
sarne thing can be done with the ratio switch at 100, anil

a strll more accurnte value obtained.

, If it is, requiletl to _ measure a large lesistance, over 10,000
onms, by the brrdge method, it may be done as follows:_
. . Change- the positions of the unknown resistanee and the box.
Jorntng each up to the terminals marked for the otber.

The rosistance of the r-rknown, when a balance is obtai'ecl,
will-then be equal to that shown in the resistance box urultinlied
by the-number to which the ratio switch is pointing, iustead of
divided bv it.

.\Yhen meaeuring the resistance of fielil coils of d;namos and
motors' and otber circuits of _large inductance, the gerlerator musi
be driven at above the speecl ai which the ciutch-slipr, i;;;d.;
to obtsin a steady current.

It tvill be seen that any balancing operation that can be
carried out with a wheatstonc's briclge 

"can-also 
be done with a

E 50953.
C C



megger. A diagram of
here givenr.in I'ig. 224.
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Varley's LooP Test with

Brc.224.

the megger is

A iliaeram of the internal connections of the bridge-megger is

siven inFriE. 225. 'Ihe change-over srvitch works five smrll tu'o-

iry ,roit"h"e., which al'e here shown in the '{ bridge " posit'ion'

Frc. 225.
E X T E R \ A L  T € R M i N A ! S

O F  B R i O G €

C U F i A E N i  P R E S S U F E
c o r L  c o l L

t , -

l o c , , r ; r o l
L:::':-d-

R E 9 I S T A N C E
U N O E R  T E S ]

"1"^ I " '  swr rcs

The instruments are supplieil sealetl by the ttiakers, llessrs.

Evershed and Vignoles, and, if the seals are -rlnbroken, tbey

unrlertake to make-good, free of charge. any defect of workman'

ship or material dlscovereal rvithin five years from the date of
purchase of the instrumerts.^ 

It is as well, therefore, not to part the instruments if it can be

avoided.

Tofind. the Resistance of a Lightning Condu'etor and its Eartlt'.

Gear require d t - Lo-cell battery ; Ie-ad, Pattern 600- (of

sufficient leneth to go from tleck to truck spinclle) : tuo large

earth plates lwith leads reaching from deck to the water); and

a cell tester,
L e t : -

r : internd resistance of the t0-cell hattery.

I: : resistance of long lead.

t ,

P :  , ,
Q :  , ,

.. l iehtning couductor nnd its earth.
,, oie larg6 earth plate'
,, the other large earth Plate.
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It is evident thlt, provided the saure battery is used, rvhenever
the ammeter of the cell tester shows the samo current the total
resistauce in the circuit will allvays bo the same,

Let R,,, R,, Rr, and Iir, be the resistances lespectively inserteil
in the rheostat of the cell tester to obtain the same reading on
the ammeter in the four fol lorvins cases:-

lst.  Join battery and lead to cel l  tester:
To ta l res is tauce: r '+  L  +R,  ( i )

2nd. Join battery, lead, cell tester, and both earth plates:
T o t a l r e s i s t a n c o : r + L + R r +  P  + Q  -  ( i i )

3rd. Join bnttery, lead, celi tester, lightning conductor,
a n d  P :

T o t a l r e s i s t a n c e : r + L r + R r + a + P  -  ( i i i )
4th. Join battery, lead, cell tester, lightning coniluctor,

a n d  Q :
T o t a l r e s i s t a n c e : r + L  + R n *  a r  * Q  -  ( i " )

Tt.e total resistance being the same in each case :-
(i) + (ii): (ii i) + (iv).

o r , R r f  R : : R s  + l \ + 2 2 .
Hencer-

z : { ( R , * R , - R r - R , ) .
In the 3rd and 4th cases, to join the long lead to the lightning

conductor, one of the ends of the folmer will have to be taken up
to the truck and a good connection made there with the metal
spindle. Care must bo taken not to polarise the battery.

(II.) The Measurement of Voltage or D.P.

Measurement of D.P.-Ior large D.P.'s use the voltmeter as
being by far the most accurate, as small inacculacies in estimation
of the D.P. of a standartl cell form a considerable error when
ueed to measure 80 or 100 volts. l-or instance, suppose the D.P.
of the staudarcl cell to be estimated 'I volt wrongr ancl supposing
by any comparigon method the D.P. to be measured is found to
UL SOiimes the D.P. of the cell. The D.P. to be measured will
be wrongly estimatetl by 80 x 't 

9f 8 oolt-s. IJnle,ss- U veJI
accurate-cell, such as a standard Clark cell, is available, the
ordinary voltmeter is far preferable.

Cases, however, maJr ariso in practice when the voltmeter
itself after repail may require reealibrating. In such an event, it
is necessary to hare a ready and practical methocl of re-marking
it which is'sufficiently &ccur,a,te for orclinary work, without resorting
to laboratory refinements.

Recalibration of I'oltm'eters. - The dynamo on board
run at iis proper number of revolutions 'lvill, on open circuit,
be a very good standard. If not exactly 8O volts it rvill be
rvell knorvn what the voltmeter uncler such circumstances used
to show, anit this can be used as the starting point for'
recalibrating. To get other readings, join 'p resistance_s- in
series with-the machine ae shown, Fig. 226. t"our sealch ligbt
resistances will answer the purpose' Each having a resistance of
'2, tbe total rvill be ' 8, and therefore a current of 100 amperes
will be ol,'tained. If only two are available split them so as to get

c c 2



404

two resistances of '8 each, in which case !qt* * 50 amperes will

flow through them' 
rre. 226.

This gives 5 points, namely, A, B, E, F, and G, joined by
equal resistances. The loss of voltage in each resistance is
100 x '2 : 20volts. Jointhevoltmeter in successionbetween
A B; B E; E F ; l '  G: anal marL the mean position of the
needle 20 volts. Then join between .q' E ; .E G ; antl B F; and
mark the mean position 4O volts. Then between A antl F,
B an<I G, and mark the mean position 60 volts, and gradunte
the intermediate position by measurement. A voltmeter, so
calibrated, will be iufficiently'accurate for all practical purposes.
The resistances used shoukl be very small compared to that of the
voltmeter, otherwise the current flowing through the latter woultl
render the results obtained untrue.

Fig.227 shorvs a r:ase in point. Eight 16 c.p. 80-r'olt lamps
are joined between the terminals of a dynamo giving 80 volts.
The resistance of each lamp will be about 150 ohms, antl the D.P.
in each lamp 10 volis.

\{hen the voltmeter Vr having, say, 300 ohms resistance, is
joined up as shown in the figure, the fall ofvoltage in the lamp F
will be altered.

For the joint resistance between C and B will now be 233 ohms,

and, therefore, the D.P. in F will O. 
#h 

X 80: 3t .3 voltg.

Ifence, we see that the resistance of the voltmeter mugt bo
large in comparison to the resistance used in the circuit, so as not
appreciably to alier the current through F.

Poggendorf's Method.
To compare the D.P. of an inconstant cell with that of 4

constant ono, Poggendorfs methotl is most suitablg, since wheq
near a balance no current flows through the inconstant coll, and
therefore it does not polarise. The principlo of the method is
as follows. Ii a circuit be taken and resistances inrerted, there
will be a fall of potential fron one pole of the battery to the

Erc.227.
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other. Suppose Fig. 228 ,quch a circuit, and the D.P. of the two
eonstant cells at A to be X.

Tro. 228.
---1-:

"5
r r l

r ,  l e l

eh'-_-*T
I  t t  I

l l '

The relative value of the two resistances R, and R" can be
adjrrstedso astomake the D.P. in R, of any valuefrom Eio zero.

Suppose E, to be tho unknown D.P. of an inconstant cell.
_ Th9o, if we join up, as shown in Fig. 229, and adjust R, until

the D.P. caused by E in R, is equal to ihe D.P. E,.

Fre. 229.

/-- \
( r ! , )
{  I / i " l  - r
\  r  r  L ' r  

-t---ill+T,"<b\)
' l ' l

'When 
this is the case no current will flow through the galvano-

meter G. Since the current C is flowins throuEh t[e main
circuit R,, Ii, we have E, - C x Rr.

AIso that  C:  4- 
Rr .1u grt

since r, the internal resistance of the two constsnt cells. is so
smrll compared with R, and R, that it may be neglected: hence,

. E , -  E  v R . . .

^ Jig^. 23-0 shows rh" n;rl'#.*r,l*r,".u up to compare tho
D.P. of a Leclanch6 cell with that of iwd Danielli cells. 

'

Fre. 230.

STANDA,?D
CELLS.

LTCLANCHE CELL
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The iwo 1,000-ohm plugs in the arms are taken our to form the
resistance Rr. - A large resistance in the main body of the bridge
should then also be taken out to form R,. anil ieduced until'a
balance is obtained when key 2 is pressed.

Another Method, of calibrating a Voltmeter.

An application_.of Poggendorf,s method of comparing cells
may_bg used for calibreting or checking a voltmeter.

Join up the circuit as showu in Fig-. 23I.

Fre. 231.

The followlng is a diagrammatic vierc of the same circuit, and
is clearer to fol low:-

['ro. 232.

D is the dynanro. C is a standard cel l .  G isthe galvanonete r
V tbe voltmeter to be calibratetl. R. a resistance eoual to
100 times the D.P. of tl e standard cell, in volts. 

' 
Rl a

re,sistance arranged so tbat R, * R, is l0O times tbe voltage
which the voltmeter is required to show. R" a resistance of
1,000 ohms as a precaution against sending an dxccssive current
through the galvanometer circuii.
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Supposo the standard cell in use to be a Standard l)aniell,

having i  n.p. of 1'0? r 'ol ts :  and tbat i t  is required to mark the

voltmeter for rJO volts :-

I lnplug 107 ohms in Rr.
7,893 , ,  Rt '

1,000 ,,  Rr.

Alter the D.P. at the terminais of the voltmeter until thele is

no swing of the galvanometer needle, Kr being pressed first, and

K, when the needle is nearlY steedY.
The D.P. can be aitereileither by increasing or decreasing the

revolubions of the clynamo, or by inserting a ffring-resistance coil
(or two in series, if 

-available) 
next to the terminal of the clynamo

(as shown by dotted lile ln Fig. 232), rintl unplugging resistances

as necessary.
When ihe needle is steailv there will be no current in the

salvanometer circuit. and it' is 
-evident 

that the fall in potential in

ihe main circuit, due to R', must be equal to the D.P' of the cell

(1'07)' that is to eay, in t[e main circuit there is a fall of I volt

do" ev6rv I00 ohms, ancl therefore, at the terminals of the volt-

meler there is e fall of 80 volts. The reading on the voltmeter

rnay, therefore, be marked as 80 voirs."Proceed 
in a similar manner for 70, 60, &c., or any other

reading, by altering R1 to 6,8931 5r893r- &c.
A 

"gooii 
1,000-6hm galvanopeter is- accurate, but a Sullivan

calv*nometer is more suitable, if available." 
This methotl depends on the D.P. of t\e stanllard c-ell- being

accurately known.- Any error in the computeil I).P. of tho cell

will causl an errol in th'e calibration of the voltmeter, in the same

proportion as the D.P. of the cell is to the D.P' at the ternrinals
tf ihe voltmeter. Thus in the case quoted above, an error of
'05 in tlie D.P. of standard Daniell woultl prorluce an error of

Q ( l

i# x '05 or 3'7 volts in the reading of the voltmeter. 
_-

(IIL) The ]feasurement of Cument.

The ammeter is the only practical methoil of measuring a large

current on board ship. Should it be required to recalibrate an

ammeter, or rather to ieadjust it after repair, the best method is

bv comparison with another similar instrument. If none are

ai'ailable, then it maybe roughly adjusted by placing it in series

rvith fixetl resistancei of knoivn-value, such as search light resis'

tances, and mt:a,suring the D.P. at the ends of the circuit; but

owing to such resist-ances heating and altering their resistance,

this iethod can only be looked on as approximate'

Small culrents mav be measured by means of a reflecting
galvanometer. 'l'he diflection of tbis galvanometet rvill be pro-

iortional to tbe culrent flowing through it rvhen the scale is at

ih" orop"t distance t'rom the mirror; and therefore if the "con'

stln't " of the galnanometer is known, tho strength ot' the currpnt

will be obtaine-d from the number of degrees of deflection and rhe

multiplying power of the shunt used.
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Comparing lhe Capacitiee of two Condensers.

Frc .233.

Sutttylttr
CtttYAltOuf

i

,,-^-.lojo 
up a Sullivan's galvanometer, a battery of three cells,

ll1.^"^,51{r: 
"ne switch, and the rwo condense"s whose capacity ii

rs dcsrred to compare, as ehown in trie. 233.
_ Switch on the ewitch S, press key"A to eharge both conrlensers.
for g_fery seconds, then release key A and ;t#; ;fi'S. 

".-""-"'^''

(Ist.) Press key B and note diflection of Sullivan Dr.
(2nd.) ,, 

' 
C ,, ,, D.

Then-
cspacity of No. I _ D,.
capacity of IIo. z: O,
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APPENDIX I.

Glass

Glazeboartl

fndia-rubber

frrdia-rubber solntion

Linen -

Mica

Mieanite

Vlmous INsur,arons nxp tgprn UsBs'

Ambroin Non-absorbent ancl not affectetl by hezrt'
very tough ; cannot be machined, must
be mouldetl or Pressed.

Asbestos Absorbent, but useful where heating is
Iikely to occur. Useil for washers in
incliired hand laInPs'

Ebonite - - - l.Teither pliable nor elastic, but - brittle'
Useful where it is unlikely to be sub'
iected to strain. Used foi the bushes"of 

tu-p fittings, antl the base plates of
instruments.

A good insulator, but brittle. Used for
Ireyden jars.

Somewhat absorbent. Used for insulating
the conductors in armature slots.

Pliable and elastic, but will not stand
much heat, antl is therefore never used
in dynamos. Largely rrsed for cables.

IIsetl in conjunction with india-rubber
tape for iiraking .iunctions. Should
not be employed anywhere whele heat
is generateil.

Saturatecl with varnish, is used between
the layers of the shunt wintlings of
dynamos.

In thin sheets is pliable and elaetic;
antl will also stand compression end
is non-abgorbent. TJsed between com-
mutator strips, under the binding b-anils
of armatures, and in many other plaees
where thin dursble insulation is
required.

Consistrs of thin sheets of mica stuck
toqether with shellac, so as to form a
faiilv thick slab. If heated until the
sheliac softens, it can be bent into any
ilesireil form. Non-absorbent'andstands
compression. It is useil for insulating
com-mutators of ilynamos end motors.
fts use is being largely exteniled in the
Service, and it is now used in all plac-es,
such as section boxes, switches, &c,
where it is suitable.

Ilsed in condensers, choking coilc,
transformors, and other'Wirelem Tele'
graphy instruments.

oil



Parchment tape

Paraffin wax

Porcelain

Press-pahn

Shellac

Slate

Tape (cotton)

Tape (silk)

Thread (cotton
silk.1.

v ulcaDrte

Vulcanised fibrc

Willesden paper

Wood

410

StronE but absorbeut. Sometimes used
as a covering for ring armature cores
before winding.

A very good insulator but easily melted.
Soaked into sheets of paper, it is used
to insulate the tin foil plates in con-
densers; also in many electrical instru-
ments.

Non-absorbent but brittle. Used on
shore in switches, &c., and also for
the insulators of land telegraph wires.
Ilsed in the Service in the artifical
resistances for searchlights.

Very similar to glazeboard and is used in
the same places ; is somewhal absorbent.

I]sed as a varnish on cotton covered wire
or linen, which will not be subjected
to friction.

Iasily worked bur liable to split. Used
for the bases of switch-boards, and in
the older pattern section and distributor
boxes.

Is absorbent, Usetl for junctions in
electricr light cables, and for insulating
flr'rnlture bars ancl einrl connections. It
shoultl ahvays be rvell varnished.

The sarne as cotton tape, is nore expen-
sive but occupies less space.

Ilsed for insulating the rvires of magnet
coils 'lvhere fine insultation is required.
'fbc latter is lightel but more expensive.

Similar to ebonite but not brittle, and is
sliEhtlv absorbent. I]sed fol the bases
of"coolact blocks in dynamos, anct the
insulating flanges of magnets.

Pliabie but not elastic, is slightly absor-
bent. Used for the ba"ses and some
other parts of the later pattern section
and distributor boxes.

Is absorbent; rrsecl for coverings of atma-
ture cores or the insulation flanges of
rnagnets. Should be well varnished
over.

Can be used temporarily for the same
purposes as slate or vulcanite when the
latter are not procurable. Should bo
boiletl iu paraffin wax, or well varnished
over, to prevent the absorPtion of
moisture.



Substance.

Si lver ,  pure.  : rn lesle i l
Copper, pure, anuealed
Go l l .  u9 ' 9  pc r  een t .  pu re  -

'  
Alurrr i r i r rm, 39 per cext ,

pore.
Aluminium, con:mereia l ,

97 '5 per cent .  pure.
Cast copper - -
Zinc, pure

,, compresseci
I ' la t iuum, anrcaled -  -
I  ron,  pure
l) l r t inunr,  l rure
Nickel
Tin, pure
Wrought iron
Lead, pure
Mercrrry
Manganin (Cu. 80'5 pcr

eent . ,  I ' In .  l6 '5 [ )er  cent . ,
Ni .  3 per cent . ) .

Dist i l led water (orr l iuar l  )
Mica
Glass (ordinary) -
Paralfin rvax, eolid
Shellac
Vulcanised fbre, red
trlbonite
Micariite
Wood. (ordinary)

,, (paraffined)
India-rubber

,, (high insula-
t ion).

Asbestos (very variable) -
Press-pahu
Air -
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APPENDIX II.

C<lnsr"a,Nrs eNp Er,ncrnrcAr, PROPERTIES ox' YARrous
SunsraNcps.

Specific
Gravity.

1 0 . 5
8 . 9 1

r  9 ' 3
2 ' 6

2 , 6

f . l

7 . 1
t l . t

/ ' 6
9 1  . q

8 . 9
7 . 3
7 ' 8

I  l ' 4
l 3 ' 6
8 . 9

:

Specific Resistance. I Per Cent. In-
Microhms at oo C. lcrease of lle-
per

r ' 1 7
1  ' 5 6

2 ' 0 +
2 . 5 6

2 . 6 7

4 .  6 5
t ' / o
5 . 8
8 ' 9 8
9 .  07

l l . o
1 2 . 3
I 3 . l
1 3  . 8

20 '1
9 { .  3
, 19 ' 0

7 x 1018
4 x l01E
g x l()18

3000 x 10rE
1500 x 10tE

10 x 1016
4000 x l0rE
2490 x l0r8

50  x  l 0 r8
300 x l0r8
800 x l0I8

1400 x l0 l8

16 x 1016
l l  x  1 0 r 5

Practicaily iriiritr:.

. 400

.428
' 3 8 E
'423

. 4 3 5

.406
' 3 6 5

'625

'62
. 1 4

. 4 1 I

0

=

Cubic Centi- | sistauce per
metre. I Degree C.
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APPENDIX III.

AppnoxrlrArn FuzrNc CunnnNrs on W'tnns.

Current in

Ampbres,

I
2
3

a

l o
I 5
20
25
e0

J C

40
45
50
60

70
80
90

100
120

I40
t60
180
200
250

rin wire. 
l_ 

Leaa lYire' 
I 
Copper Wire. Iron Wire.

Approximate I app"o*i-ut. 
I 
"ot","r-.;*" 

ionoi5bT""L.S.G. L.S'G, 
]  t

30

2 J
2 3

3 l
28
26
25

A a

43
4 l
39
38

30
28
26
25

o l

22
22
2 I

40
36
33
31
29

l 0
9 . 5
I
8
6 . 5

2 l
l 9
t l

l 6
l o

l 4 ' 5
1 3 .  5

t 2 ' 5
t l

l 0
a . <
I
8 . 5
a

()
o
4
3 . 5
t ' a

20
t 8
17
l 5

1 3  . 5

l 3
t 2
r  1 . 5
l0

9 ' 5

I J ' J

8

6

24
9 '

20.5
l 9
r 8 . 5

l 8
r 7
1 6 . 5
l 6
l 5

t 4
1 3 .  5

t 2
I I

4

2
o

2ll

l 9
1 8 . 5
l 8
1 7 . 5

1 7

l c

l 6
l 5
t  3 ' 5
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APPENDIX IV.

Wrnp Gl.ucrs.

There are three lvire gauges in general use, to rvit:-

(t) Ttre Legal Standard WireGauge, inrpartially referred to
as I: .S.W.G., S.W.G., or L.S.G., the last ramed.
heing the most usual denomination.

(2) The Birmingham Wir:e Gauge, referred to as B.W.G.

(3) Whitworth's Decimal Gauge, ref'elreil to as W.D.G.

Thc follorving table gives these threc gauges side by sitle with
tlrc diameter irr inches, area of cross section, and weight and
resistance of a yaril of copper wire of each size,

In the 
'Whitworth 

Decimal Gauge each wire is called by a
number that represents its diameter ii thousandttrs of an inclr,"so
that the size of a W.D.G. 'lvire is immediately Bpparent from'its
denomination. Only those W.D.G, wires that correspond exactly
to a wire irr one of the other gaugcs have been inserted in th-e
table, though several intermediate sizes exist.

The proper denomination of the first wire given in the table is
0000000 L.S.G,, but, for the sake of brevity, this has been
written 7/0. -This applies also to all the wires of the Legal and
Birmingham Gauges above size 0 B.W.G.



7 I.o
6lo

1'
4lo

3lo
2lo

3

;

b

1

8

I

;

l t

t 2

1.3

r4

t 6

'

rh

B

I
I

. i  1 , 9
; I F
. i  |  ;
H l *

6

;

o

I
I t

1 2

. -
I D

;

l 5
l 6

1 l

;

500
464

432
425

400

372
348

324
300

276

,i
220
2t2

I 60

t44

t ^

120
1 1 6

to4
95

192
t80
l ? 6
I  b J

92

8 0

65

64

a o

;

o

d

fnches.
, 5
.464
,454
.432
.425

. 4

.38

.372

.348
'34

.324

. 3

.284

.276

.259

.252

. 2 3 8

.  t a q

. 2 2

.212

.203
' 1 9 2
' 1 8
' r 7 6
. 1 6 5

. 1 6
' 1 4 8
. t44
. l t /

' 1 2 8

' 1 2
.  1 1 6
'  109
. r 0 4
.095

.092
'083
. 0 8
.072
'065

.064

.058

. 056

.049

.048

414

Wrnr Ga.ucns.

io"ur o, ""or.l

I 
section. 

I
Square Inches,

. 1 9 6 3

.  l 69 I

.  l 6 l 9

. 1466
' l 4 l 9

.  L Z J I
' 1 I 3 4
.1087
.0951  I
. 09079

'08245
.07069
.06335
.05983
.052 69

.04988
'044'19
.01227
.0380  I
. 0353

.0s237
'02895
. 02545
.02433
.02188

.020  t  I
' 0 1 7 2
.  r )  I629
. 0 1 4 1
.01287

. 0 1  l 3 l

. 01057

.009331

.008495

.007088

'006648
'00541  I
.005027
.oo4Q72
.003318

.003217

.002642
-002462
.00  l  886
.00 I810

Lbs.
, . 1 7

I  . 9 5 5
1  .  a ? t

I  . 695

I  . 6 4 1

7 . 4 5 3
l ' 3 1 1
r . 257
I  . 099

I  . 05

.9534

. 8 1 7 6

.7 324

. 6 9 2 I

. 6091

.5767

.5 t44

. 4 8 8 8

.4395

.4082

.37  43

.3347

.2913

. 2 8 1 3
'217 )

. 2325
' 1 9 8 9
. 1 8 8 4
. t 6 3
.  l48E

.1308
- t222
.  r 079
.09824
.08193

.07688
-06256
'058  I  3
.04709
.03836

.0372
'03055
.02848
.0218
.02093

Per Yarcl of Copper Wire:

Weight. 
I 

neristoo"e.

Ohms.
.0001225
'0001422
.000 I  485
.000164
.0001 694

.0001913

. 0002 12

.ooo22t2

.0002528

.000265

.0002917

.0003402

.0003795

.000401 I
'0004563

.0004821

.0005403

.0005688

.0006325

.0006813

.oooi 427

.0008307

.0009446

.000988 t

. 001  124

. 0 0 1 1 9 5
'  00I  398
.001476
. 001 705
.001868

.002t26

.002275
'OO2'r76
'002831
'003392

.003617
'004443
'00478.1
.005904
. 007245

'o07478
'009099
.oo9762
. ot27 5
.01328



.A

;
20

22

23

26
27

28

to

30

3 i

33
3|4

J J

l l6

38

39
-
{ o
4 l
42

14
45
4 0

48
49
50

.;

I
20
2 l

22
23

24
25

2 6

28

29

;

;

*

o a

o o

;

*
36

O R

;
22
20

t 6

;

;

l z

;

:,

8

ry

;

:

,t

-

Inches.
. 042
' 0 4
' 036
.  c35
' 032

'028
.095
'024
.022
'02

. 0 1 8

.0164

. 0 1 6

.0148
'074

.01  36
'  0 1 3
'{J124
'ol2
' 0 1  l 6

' 0108
. 0 1

0092
.009
.0084

'008
.0076
.007
.0068
.006

.0052

.005

.00.18

.0044

.004

I
I  

.0036
'0032

|  
. 0028

-  
I  

' 0024

2 |  
.002

--  i  .oor6
|  . o o i z

r  I  
'oor

I
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Sqoa"e Incl,es.l
001 385

. 0 0 1 2 5 7

.0010 r8

.000962 I

.0008042

.0006r58
'0004909
. ooo4524
.000380I
.0003142

.0002545

.0002 I  I  2

.000201 I

. 000 I72

.000 I  539

.0001,153
'0001327
.0001208
,0001 I  3 I
' 000 I057

.000091 6l

.00007 u5 4

.00006648
'00006362
.00005542

.00005027

.00004586

.00003848
'00003632
.00002827

'00000201 I

. 00002124

.00001963
'00001 8i
. 0000152  I
.00001 257

.0000101 8

.000008042

.000006 r58

.000004524

.000003 I  4 I

.ooooonar I,00000078541

I Area of Cross I
I  sec t ion .  |  |

1  l w e i g h t '  l R e s i s t a n c c '

Lbs.
. 0 1 6 0 1
.o145,?
- otl77
. 0 1  I  1 3
.009301

. 0 0 7 1 ?

.005676

. 00523 I

.004395

.003633

.002943
-002442
.002325
.001989
. 0 0 1 7 8

'001  68
'00r534
.001397
.001308
-301222

.001059
'000908
,0007688
.000735
.0006409

'00058r
. o005245
'000445
.00042
'0003269

.0002456

. ooo227

.0002093

. o00t  759

.000r453

.000 r  r 77

.00009301

. 00007 l2

.00005231

.0000363

Ohms.
.01736
. 0 1  9 1 3
.02362
,02199
.0299

.03905
'04897
'053  I  6
.06324
.07654

.09449

.  l l 39

. t 1 9 5

.  l 39E

. 1 5 6 2

' 1 6 5 5
. 1 8 1 2
.  r 99
.2t26
'2275

.2625

.306 1
-3617
.3878
.433 9

'47 t '5
. 5301
.6215
'662
'8506

l . 1 3 2

1  . 328

r . 5 8 1
I  . 9 1 3

2 ,362
2 . 9 9
3 .  905
5  . 3 1 6

7 . 6 5 4

n . 9 5
.00001308 i21  . 26
' 00000908 .30 ' 61
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APPENDIX \TI.

U Nrrs.

Fuitdanental Units.

Unit  of  Engl ish System. C,G.S. System. Connection.

l . -Length.
2.-Time.
3.- MLr,ss.

The foot .  i  Cent imetre (cm.) .
l'he second. , .secorrtl.
I'ound avoirilu- Griimne (gu.).

p o is.

l  f o o t : 3 0 ' , 1 7 9 7 c m .

I  lb.  ar- .  :  453'59 grn.

Deriaed Units,

A.-l'ronr Lcngth

Unit of I Erglish System.

1,- .Areu,  Square fo<t t .

2.- \ r : - ' lunc.  ( 'nbic 1 'o,r t ,

C.G.S. Systern.

Stluare centimetre.

Crrbic crrr t inretrc,

C)onlect ion.

I  s q u a l e { o o t : 9 1 9 ' 0 1
s( i .  crn.

I  c u i r i * l i r r t ' : : i i 1 5 ' d i
c u .  c l l l .

j i .-From Lensth and'Iiuro.

Urrir of English S,vstem. C.G.S. SJ'stem, Oonnection.
I

l . -Yeloci ty .  I  f ( )ot  iD 1 srcond. I  cn,  in I  second.
I

Chlngc of velocity
I  crn.  pet  second
rn I scconcl.

l .-Accelera-
tion.

Change ot' r'elo-
city of I foot
per seconr.I. il
1 second.

I foot per second :
30'1797 cm. per
second.

Acceleration due to
gravity in England
32'2 feet per seconcl
per seconci :981 cm.
per second. per se-
cond.



{ 2 1

C.-From Length, Time, and Mass.

Unit  of

l . -Force.

2.-\Yolk.

3.- Energ-r.
4.-Porver :

rate of
rloing
work,

] Thc fo.ce actiog The force actiog I I lb. av. - 4'45 x 105

I for I second on for I secontl .on ] clynes.
I lb., giving it I srLrmme, giving i

Connection,

a velrrcit,v of it a velocit5' of r
I  foot  per se- 1 cn.  pcr  second,
cond. cr l led the dt 'ne.

The l 'ork done The work doue in I  foot  lb. :  l '356 x 10?
in overconing overconing one el 'gs,
I lb. weight dyne through
through I folt, I c.m., called the
ca,lled the foot- ] erg.
l b .

(Same as Work.) Joule : 107 ergs. i (Same as Work.)
tLP.:33,000foot-  \Yat t :  l0Tergsper,  I  H.P. :  746;watts.

Ibs. per minute, ] secoud: I joule tr'orce tle cheval :7.86

] ] per second. watts.

I  I  H .P . :  I  ' 01385  f o r r : e
i  

'  
I  deeheva l .

L l r
I{inetic enerou is the work a bodv can ilo in virtue of its motion,
Potenti.ul eniigy is the work a botly can clo in virtue of its position.

Er,rcrmcl.r, Unrrg.

There are two separate systems of electrical units, botb ilerived from
the C.G.S. sy6iem, one set based on the lbrce exerfed between two quantities of
electricity ai rest, called the electro-static system, and the other basert on the
force ererted between two magnetic poles, called the electro-magnetic system.
The practical units that are usecl in orclinary work are derivetl from the
electrb-rnagnetic units. For the counectiou between the two systems, the
stuilent ie ieferrecl to any of the more advanced text-booke of electricity.

E I e ctro st utic Unit s (ab s olut e).

Quantity.-lJnit qurntity of electricity is that quantity which, when
placecl at a distance of one centimetre in air from a similar and equal
quantity, repels it with a force of one d.yne.

Potential.-Potential is measureal ty the amount of worh done againsi
electric force. A point is saiil to be at unit potential when it requires an
expentliture of one erg to moYe a unit quantity of el:ctricity from an infinite
distance up to tLet Point.

Unit difference bf potential is saial to exist between two points when it
requires an expenditure of one erg to move a unit quantity of electricity
from one poitrt to the other.

Ekctrlcfiekl.-Unit electric fielil ig saiit to exist at a point when a unit
quantity of electricity place<I at that point is actetl upon with a force of one
dyne.

Capadty.-TJnit capacity is the capacity of a bocly which requires a
chargdof one unit of electricit-v to bring it up to unit potential.

Electro- Magnetic Units (absolute),

t fi[aqnetic pole,-A. unit magnetic pole is such that, when placecl at
a tlistan-ce of one centimetre in air from a similar aIrcl equal magnetic pole,
it repels it lvith a force of one clyne'

E E  2
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Magnetic fuld,.-The strength of a magrr6tic ffeltl ir mcasured by the forde
that it 6xerts 

-on 
a magnetic poie.

Unit magnetic ffekl is saicl to exist at a poiut wben a unit magnetic pole
placetl at that point is aeted upou with a force of one dyne. Unit magnetic
fiekl thereforo exists at a rlistance of one centimetre from a nnit magnetic pole,
as will be seen from the first definition.

, n'lux density is another namo for the strength of a magnetic fielil, anrl the
flux.density in a unit Dagnetic fielcl is raid to-bc oneliue of force per square
centtmetre.

lllagnetic flua:,*Tb" magnetic flut over an alea is tbe flux rlensity
multiplied by the area. The unit of flux is the line of force. ff an area of
one square centimetre is taken in a unit magnetic fielcl, the total flux over
that area rvili be one line of force,

Current,-A current has unit strength rlhen one cerrtimetre lenetir of its
circuit bent into a circular arc of one cEntimetre radius exerts a for"ce of one
dyne on a unit rnagnetic pole placed at the centre of the arc.

Quantity.*The unit quantity of electricity is the quantity that passes
lvhen unit current flows for one second.

Potential.-Tto points are saicl to be at unit ilifierence of rrotential when
it requires an e"peoiliture of one erg to move a unit quantity of eleetricity
from one point to the other.

Resistance.-The unit of resistance is that resistance through which unit
cliferencc of potential will cause unit current to flow.

_ Cap.acity,-\ bocly has unit capaciry when it requires A unit quantity of
electricit; to charge it to unit potential.

fnductance,-A circuit is sairl to have unit iirductahce wherr, if the
current in it is cbanging at the rate of one unit per seconrl, a clifference of
potential of one unit is produced at its encls,

Pou.er.-Since potentinl is measured by the work done in moving unit
quantity of electricity, and current by the rate of movement of electlicity,
therefore ifthe current in a circuit is multiplied bythe clifrerence of potentiil
at its encls, the result will be the rate of tloing work, that is, the power
exerted.

Tbe unit of power is therefore the power exertcrl by the unit of current
moved by unit tlifrerence of potential, antl tbis is one erg per second.

Pnactrc,Lr, Ulvtrc.

Cunent,-*The smpere = 116 of an absolute unit.

Quantity,-The coulomb - 
r.; of an absolute unit,

Potential,-The volt : 106 absolute units.
Pou'er,-The watt = 10i absolute units.
Resistanee.-The ohm : 100 absolute unitg.
Capacity.-The farad - 10-s absolute unit. The nlicrofaratl, *bich is

otte millionth of a fararl, is more generally userl.
fnd.uctance,--The henry - l0s nbsolute units.
These practical units are all relatecl to one anothet in the same way that

the abeolute units are. Tbat is to say, rr volt prorluces a current of one
trmpbre.through one ohm, a farail ic the capacity that requires a coulomb to
charge it to a potenti4l of one volt, anrl so on.

Ifurt Uxrrs.
The calorie is the nmount ofheat that is required to faise one gramme of

wdter ffom 0o C. to l" C.
The British Thermal Unit is the amount of heat that is requiretl to raise

one pound ofwater from 60o F, to 61" X',
f  B.T.U, -  9,968 Calor ies.
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Joule's.Equiualeal is the amount of energy'equivaleDt to a heat unit.
I calorie - 4.? jooles.
f B.T.U. : 728 foot-pouncls.

Lrcnr Uxrrs.

-. The British L'andle power is,the light of a spermaceti carille f inch iu
diameter,  burning 120 grains per nour.

The Frc.rch ri.it, ihe Bei (urce!, is tbe rigrrt of a carcer rarnrr burninc
li q.u-T.:l of puro colza oil pcr 

'hour 
rvith'a flame 40 mm. nigf, rloae?

EXed condltrons.

Cannection,--.llec Carcel : g.i British standard candle-power.
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INDEX TO VOL. I .

A.

Adjusting scarchlight lamps
Amalgamation of zinc plate

Page
231

Jt)

409
90
2ti
52

127

100
r0l
105
12+
r07
102
134

Ambroin
Ammeters, moving coil
Ampcrc

,, turns
Angle of lead
An<de
Arc deflector ...

,, lamp, coaling
,, ,, Crompton s

227
2't6
236
2+3
2+2
2+O
238
229
218

219
409

,, ,, crulser
enclosecl

, ,  l ights
Armatures

. ,  laminat i .n of  . . :  :  : .  . .  :  : :  .  : .  .

., slotted
, ,  teact ion . . .
r ting
,, veutilation of
,, windings

Artificial resistanoi for arc lights
Ai l )eStos

B (symbol for magnetic flux)
Batter:ies, test

Astorr 2-speed rnotor controllcr ... 779
Automatic arc lamps, prilciple of ... 228
Auxiliary polss 129

B.

,, ,, use of
Battery, voliaic ..:

,, boxes

c c

J I

78
J l o

317
319
J I D

316
3 1 9
2 $ a

78
270
275
272
274

Bell, alterrate cLrrrerrt
, ,  c r r cu r t s . . .
,r ,, managemcnt of
,, single-stroke ...
,, shutters for

Lromhler

Bl:rrier's test .,.

Boxes, battery
,, cuf,-oul;

Boosters

,, distlibutor
,, junction

,, sectiop



.,1 :) 1
1 - ,  '

P l i l e

Rrirlgc megg,:r' 398
. ,  1\ 'heats i , , t tc  s,  r l i r r l  , . .  3;9
,)  , ,  Post  [ ) f ] lce , , .  ; l7R

p r i nc i p l c  o f . . .  37 i i
Bru-"hes anr l  br tsh ho1ders. . ,  11o
Buzzcr s'orliins, tr:legtaphy 360

c.

Cal:rlcs. clectlic light zrrd arrrroulor'l
Ca l i b l r t i o r r  u f  Vu l t  t ne t  c l
Capacity

,1 lrei]sul'clrlent of ...
Carbor blusLcs
Carlxins for arc lanrps
{ ' l | n  o f  , l J  t , l m , ' i  l i l r , l  m o l o T s
Ccl l ,  chlor i r lc  . . .  31 3

. ,  Dc la fon . . .  73
,, Leclanch6

t t  : ,  ' r  1+ ;1
. .  ] Ienot t i  . . .
, ,  O b a c h , . .
j ,  t ra l l spor t

,, testcl,, testcl 95

Ce11s. f ir i lg, care of ... 79

., mcasurement of internal rcsistance., mcasurement of internal rcsistance il84
Century test set 9+
Charge, electt'ic 1

,: ), clistlibution of ti
situnticm cif Isitunticm cif I

Chcmical action 28

: ,  j r  of  currer t . . ,  68
chl.ritle cell "' 313
Clarhe-0hapmarfs switchboard I50

l t ( i
.103

l 2
J OfJ
1 1 ( l

9 ' ) O ' i . ) . 1
t o ;

Patterrr 1,153

Coil, induction
., shunt protecting

Coils. non-inductire ...
(lombined testing -se1
Commutatot, grincling
COmmutators...

,, sParliirg of
Compass, electric
Compound clyn:rmos.,.

, ,  motors , . .
Conrlensers ...
Conrluctors, clefi nilion
Contlciller', Aston 2-specd ...

., Clar'Iie-Chapmatt, boat hoist ..'
fol lir complessol motor
( i ic l re l  ancl  Lartge
Sco t t ' s  2 ' sPccd  . . .

. ,  i j 'spcc,1 . . .
r .  c t l ) ,s tan motor , . .

Sicnrcrr,r' capstail
s te l l i te 2-s l rcet l  , , .
trrin 6 inch turrct
'Iirarnes E,E. lVr,rrks
Ward - l eona rd , . .

l ) l )

I  D '

R '

9+
200
109
I 9 ;

n i )  I

+
1 7 9
1 8 4
1 8 5

r 1 3
17!
t 2

i ,

11.9
t79
180
182
182
t79
186
180
1 8 8
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Co;liscrcg'tulc
Cotiomb
Clurreni .  e lcctr ic

Page

2G
26
26
ri8
2 7
D I

68

,,  , ,  a l tcrnai iug
. circ.rnic:1l actiorr oi
.. discoyetr- of
,. eilects l)rullucell bJ
, hcli. i lg rl ir:r-,t of

,r meir:Jnlcm€rDt Ot
.. nlrqnctic action of
. .  1 , 1 ' ) ' s i " t o ; i c r l l  e f f c c l s  o f
., porver ofr t  y v t r v !  v r

,, production of
Crrrrent-r  et l , l r ' ,  in  armtturcs
Cr r l l u  o f  magne l  i s r i i on
Cut"outs

D.

Defccts in dy1s1p6s ...
Delafon cells ...

lemq,gnetising turns in dynamo

2 0 , 4 0 7
+ n

129
379
l 4

2t5

2+9
223
38

o()+
J O +
3 5 9
r21

105
204
l 1 2

290
396
258
383
37+

1 q

+0c
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