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OITAPTEP" XITI.

SEARCI{ AND ARC I,IGIITS.

Anc Lrenrs.

fr  trvo pointecl picces of eartton be jcined to a circuit  in
connection u' i th a source of l  I) .1' . ,  and thc trvo points be placed
very close together', rro currcnt rvill flow bctn'een thent. Ilut if
thev be made to touch, t l re circuit  rvi l l  be compleled, ancl they
rvi l l  become rvhite hot. I i  norv the source ol '  D.P. be about
45 r.olts, the..e points may be slowly separatecl to -qonre hali' or
even three-quarter: of an inclt ,  and the current s' i l l  -qt i l l  f low in
the circuit ,  the carbons remuining rvhite hot nnd emitt ing l ight.

Although a D.P. of,  sry, 8o volts is quite urrable to f tx 'cc a
current thiough the r-ely' l i igl t  l tsist:rneJ of hal i  an inch of nir '
space, yet rvhen the points of thc carbons \Yel'e rnade to touch, tlre
circuit'was completetl aud the current commenced to flow, anal the
resistance at the point of contaot being high, considerable heat
rvas developed at tliat point. If the carbons were kept together,
the sulface,s in contact n'orrid become more or less incantlescent,
but the amount of light emitted would be 'rery small, as the ends
of the calbons would screen each other. If, however, $'e separate
the carbons, the ail space between them will be f lled with a great
quantity of rninute particles of carbon, r'entlered iucandescent by
rne heat produced by the current; antl these palticles form a
bridge by whoie rueans the current contintres to pas-q from one
carbon to the other. This bridge is called the arc, and separating
the carbons antl  establ ishing thJarc betrveen them in this manner
is calletl strihing tlre arc.

l f  the carbons be examinecl t f ter the l igl i t  has bcen l luruing
for some time it will be seen that tjre one attoched to the positire
source of D.[t .  has a crater formeil  in i t"  tvhi lst tbe other carbon
has becorne pointed. Both carbons will have been burnt awav,
but airout twice as much of the positive rvill have been con-sumed
as rif the negative.

'Ihe amount of light emittetl by a substance depends greatly
on i ts temperature, and on the atrount of sut ' face rvir icir  is i lc this
ternpelrture. I t  l ' i l l  be seerr that in the case of the arc l ight
t l le cr ir ter contl t ins t lre l l r : Iest amottnt of sur ' face ai rr high
tempelature, and i t  is therefore the state and condit iou of t 'he
cratel rvhicLr urust cliiefly tie studt,eil rvith a view to obtaining ns
rnuch light ls possiLrle. 

-By 
rtreastu'c'ment it has been found that

nbout 85 per r:elt. of the total light emittetl by an atc light is
obtained frorn the crater', l0 per cettt. is obtained fi'om the negative
carbon, and 5 per cent. only {i"orn the arc.

The action t.hat tokes piace duling the burning of an electric
arc has becn rnacle the subject of tnuch tliscussion' It is apparcnt
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that the resistrtnce offrrred to trre pa,ssagc of n current frori ore
carbon to tlre othe' tloes not sh'ictJy folrow ohm's lan', intlsrnuch
as lhis resistance does not. vary proportiorrately to ttre length of
the are. ' rhe 

rno.t recent r l ,reory is trrrt  truring"tbe burning'arva.t '
of the ca'bons, a f i)m of c:rrbon \.apo.r of tr i lh,. . .1rtn""" ' io 'J.
betrveen the ca.bons, and thrt the resi.stance of"this film va.ies n,,t
so much rvith the length of the nrc as rr. ibh the st 'enErh of rhe
current' 'r'o overcome this resi-.trnce a c'nsiderable voiiage must
be applied to the carbo's, antl in practicc this !.aries from i0 volts
to 60 yoits{and i '  enclosed_a.ts t , ,  f iO r.olrs), depending on tvhat
c u n ' c t r l .  a n r l  l o n g t l r  o l  . . r l t . i t  i s  r r , ,  1 r r i r , , , , l  l o  r r s e .

_ ArttJicial l lesistd,nce.-_l l ' l re gtrcrl  l rulning of an arc l ighl
delr"nrls glel l l l  ou rLe suplr 'h- ci  l  constrnt r: i i l rer i t  to the lamp.
t, ; ,  

f  
n:,  htnrp.rr 'rre . i  _r i  rret l  r l i lel t l .r  to a s,:rur.ce of constant D.p., io

t l r r t  the  res is t . i r t re  o f  the  a .c  r 'e 'e  thc  o r l r . rc -q is tance in  ihe
cit 'cuit ,  t tre cu.r 'ent thro'gh thc lanrp rroul l  i 'ar1'r-erv rn'ch, a'r l
a gleat straju rvould bc. ln'ougirt  ou_-the , i1,nrmo. ] ]y inselt ing a
resistance i' the circuit in seri-es rvitrr the iamp, a'd incr.casine [,he
voltage su-pplied, a very rnuch more constir,nt culrent can be
obt i r iuer l  ;  . [o r ,  the .s lea , ly . iug  res is tance l ra l i r rg  o  cons ta t r t  I .u lue ,
t l te  'n . i r t ions  o f  thc  a rc  res is ta .c t '  r l ,  ' o t  n iw a f fecb  l l r c  to ta i
t 'esisfzrnce of the ci 'c. i t  to.suclr an extent, ancl the strength o{ '
c r r r rcn t  t l r r 'oug l r  r - l re  c i ' cu i t  o I  eou.se  depends no t  on  t i ie  a rc
resrstance but on i l re totrr l  resistancc of t l re circuit .'l'here 

are also the less important oonsideratic,ns that. by usine
this,resistance, the n'c. Iamp_ c,,rn be fcr l  fr .om the ,rui; , i in;; ; ; :
ot '  the ship, the surplus voltage of tha dynamo above wh"t i ,
reqnrrerl  Jor the arc l igl t  bciug absorbecl in the resistance; and
that the 'se of this "e. i i*trnce- pr". ' .  ou inrportant part in the
working of the automatic gear foi' fec,ling thd carbons'together as
they burn awav.

., The greatei th-e .value of the artificial resistance, the greater
yjjl. ,b", 

the steadying cffect; for, gooil burning, tf,. ?"ii:l*
aDsorbed f iy the resistanee sbould be not less"than half t6e
voltage applied to the lamp tcrminals,

Arc -Lights in, series.-Proridecl that the voltage is lrigh
enougb, lamps can easilv be.burut in thie manner, t,frt tn"y.,,,,-itt
rrer.er have rhe same steadiuess as when joined in parallei ancl
unless special^arrangeruents are macle for 

"ehunting^, 
lrrp'li ;t

goes o-rit, the failure of one iamp will mean trre extinction or ott.
For t lr is reascn i t  is not r-ecomrnended that senrch l ight lamps
sho'-rld be joined in series.

IYhen lanps- are burnt in paral lel,  however, one lesistance
cannot be usecl for two lantps, :is in this case the fluctuations of
one l ight *,o. ld affect the burning of the other, and the amo'nt
of-r 'esistance 'equircd woult i  di f fe"r acco.r l ing to whether both or
olly one_lamp were being- use^d. 'Iire 

sam"e pair of leacls clru,
however, be rrscrl ltrr a piir of lamps up to thc poi't where the
resistances ale joined in.
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Co t t s t t ttct i on' oJ' C' arbons'

On thc  n r t t t rc  ; tu , l  ,1u : r l i t . t '  o f  the  carbons  dcpent ls  to  I  q t  ea l

ex ten t  l l i , '  g i ,o , l  l , t t rn ing  o l ' t l re  l igh t '  
' f  he  ca l 'bons  gre  nr i tdc  u t

;; ; ;" ; ,  , 'ni ' i rr , ,  t lnst ruTxt 'd rr i th"tar ant ' [  sool atrd contplecsetl

into t lro leqrr i lctt  slrrt ; le '  Ou lccount of the Ligher 
""1'u : l

burning of the positive carbon it is. alrvays Dade ot lnlger

,lio*et8. than the negativo; ancl to-assist irr 
-tlie 

formatiol ol a

oouil-"tut"" it is mad"e with a central core of softer carbon'
---r* iu 

tones of sei lr .ch l ight cnrbons.rvere cover.ed rvith a copper

.U**trr t 'o i i t^pt 'ot" the conductivrty of lhe carbon aud to pt 'event

the sheddinq-away of the outsides due to tLe l iertt '  rhe preces or

i ; ;J;; ;p"? t lropping into thc mechanism of '  the.lamp' 
! : :-1":;

n"o" .o itiuctt troitUt6 that later tyPes are only liglttly coppered

1'or nolt iorrs of thei l  lcugt, lrs.^"' 
il;^;;;.;in-or .o?."ot to be usetl rvith a-lamp is generally

f ixei l  ei ther hv" thc pou'el the Iarnp is designed to trsc' or (as. in

l  l re cuse of a sear,. ir  I iglrt)  Lry t lre I iur i t  ot '  helt  l l lc { l l rrottndlng

h i i i "n=  
- .uo  

, r "od '  OJ t t i i s  s t lengrh  o [  c t t t t c t r t  de l ren i l s  the

"r"tt i"  " ir iehi git ." off ,  but, in i i re case of an alc l igl t t ' l rot

irr" 
'r*.*lr"'of 

?L" ligl,t. I.lie temperzrture rt rvhich carbon

;;;",;;;;;t 
-i" 

irt"' rtlsn.'t, obt*inable iernperatn.e,.and thereflore

iirJ"i"i.".r,y .ii"""t 
o6s 

increased ltyolil a certain 'alue' An

inc,rease of cttrt 'cnt sinl l ly results in-a larger sul ' f l ice of carbon

being brought to ttris terrrperature.

fiizes of Carbons.

Elery carbott of a palt iculal diumete-r has a st length, o[

""r."oi'ito* i"it.a fot it. lf this be exceedetl the carbon will be

""".i,.*i"a, antl if uncoppered will shecl its.outside eonsiderably'

if 1.*, than this ontoo^,,i Le usecl, 1he rvhole of the encl of the

cariron will not be burniug:rt the same rrrte,-trnd the arc will have

io truo"t round. the outsicLe of the mil'orr rtnri burn a'wjly tr,pof il9n
al a time. .[n a searclt light lrr'urp it is- essential thrrt the light

.f,*lJ.n'unute from as near"tl,e ceutre of the carbon -as possible,

.rO it it tfi..efore a t'lisativantage to have the carbcn- l*rger than

ii.....".v; for the outside of i large carbon is farther from ttre

centre tlian is that of a small one'-""A!; i lde 
negatire crrbon is gereral lyso placed i .n 

ala.mp

that ii is acting i,-* :r, screen to thtlight.coming from the c-rater'

arxl it is there{'ore impoltant to keep it as small as posslole'

ia.t l r ' .  rnost c;t t  bons a'rc constluctct l i f  such diameters that the

*'" ;"a - '"  wi l l  
' t rurn 

at apploximately equal rates'

'Inr Sr:e,rtcri Lrcsr.

In the search iight projector, as--it is-commonly known' the

l iqht from a powerful arc lamp is col lccted by a^eoncave.mtffor

afrtl is reflectcd from ir in a nearlyparallel beam ot grea-t rntenslrl'

I 'o enable this to bc done t lre rnirror mugt be of Pareboltc lorm &no
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the arc light must be at a point called lhe focus, situated at a

definite di"stance called the foeal length fi:om the centre of the

mirror. It is not proposed to deal with ihe theory or construc-

tion of mirrors in this chapter ; some remarks on the subject 'rvill

be found, horvever, in Cliapter XIV', page 247 and onwards.

Searck Li gltt Proir:ctots.

'Ihere are three principal sizc,; of 1'r'ojectors in the Sorvice,

namely, those takirg 36-inch, !1-inch,. rr 'nd 20-inch diameter

mirroi's. We wrll now proceecl to tlescl'ibe the ?4-inch plojector

fitteil to take the inciined hand lamp.

2'I- inch Froiector,

The mirror is held by clip-s 1s 2l lrrass ring t'hich fits inside a

steel barrel, closerl at the bacli lty r steel cover, and at ihe front

bv a qlass door." 
Tie lamp is flttcd on slides in a lan.rp box attachet[ to t]re lcrver

nalt of the'barrel, and is securecl in place by a spring stop on a

iravel l ing nut. This nut may be moreti  i r t  and out by a scretr ' ,

and the"lamp thus movetl ton'artls or away Ji'om the mirrt'r to

enable the light to be nccuratel-v focussetl'- 
Ttrc barril is suppcrted in Lolizontal truntriott's b1' arms bolted

to a tulntable, rvhich revolres on loi lers, securetl- to t ire top ofa

coned peclestai. A central bolt passes tl['ough the porlt'stal rrr.rtl

turntable to ireep it in position. 
'I'oot.hed gcaring is littcrl t,o the

barrel and peclestal to ennble tiltirrg. or training mot'ions to be

giverr to the l ight l l r .  rneai,s of lr l rr i t l  tYl iecls. - 
' fhese gel lrs c: i l r

f ie readi lv disconnecie. l  so t lrat r( free " trai l ing or t i l t ing cau

be obtained, Clamps are also {itted to lock the iight il an.1'

desiled position.
Siehiinc holes are litt,ecl irr the ban el and lamp box to allorv

u.."r."to t i ie lamp, and coppe. lroo' ls aref i t ted o' fhe to'  n'hiclr

afford the necessary vr:ntilalion' but pre,vcrtt the escape of iight'
'Ihe electrical connections between t'he fixerl and moving parts

o f  thc  p lo iec to r  a re  n rn , le  b ) -  spr ing  l r lung t ' t ' s  and t iug  cou lac ls  '

thc  t i l t i nE nro t ion  be ing  a l lo* ' c r l  fo .  hy  * rLnder i r rg  lea t ls  l rom the

ring contacts to the lamp lerminrls, A su' i tci t  is f i t tet l  ort t l tc sir le

of ?fr" pedestal through which the positir-e leacl is takcn' 'Ihe

soring plungers rre conl lecte,I eitLer to pel ' lnrnonl" leads coming

l- i,.,?o'ttr" ietlestal direct from the srvitchboard ol to two terminals

fi'*.6 u" the petlestal, these terminals being connecterl by flcxible

leacls to a t-erminal box near by' 
'lhis lattcr method is usetl

o r r t i cu la r . l y  when lhe  p lo jec to r  i s  mounte , l  on  ro l l c rs  anr l  ra i l .  lo

6na l , le  i t  to  be  run  in  tb  a  spec ia l  s tou ' ins  pos i t io r r '
'Ihese projectols can be easily alteled to take the automatic

horizontal lamP.
'I'he alteratlon consisis of removing the lamp box ancl focussing

qear, ancl fitting the special slides aud focussing screrv supplied

i ' i th the l"*p.
AII nerv projectors are being fitted to take this lamp.
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Sliehb aiterations iu tlre ballel have also to br: matle rvlten
using n l2-inch focal length rnirrol in these projectors, to enablg
the arc to be brought to rvithin 12 inches oftbe mirror.

2}-inch' Proiector.

All torpetio boat destroyers and torpetlo boats arc supplied

witli a prolector of this size, rvhich is identical in desigu with
the 2-t-inch just described. It can be tittecl to take either a
horizontal or inclinetl lamp. -A nerv 20-incb projector has been
titteci to the latest toruedo boats. lt is specially tlesigned I'or
l ightne..s and has impiovetl  training aucl eltvating gears', .  No
switch or contact l ings zrre l i t ted, tho lends being irrought direcb
from a terminal box to the lcnrp. Special cl ips ale f i t ted to the
turntable to hold the cables aud prevent any stt 'aiu comilg on
the lamp terminals.

36-inclt, .Projector.

' l 'here ale t ivo types of this pr.ojector ' .  On,' is intentletI  to be
control led by hanri only, and the other' ,  j rr  at l t l i t i , ln to t l ie hlnt l

control,  is f i t ted with electf ict l  control Eear so th.rt  i l ,  can be
trainecl or elevateci frour tr distaut palt of the ship by rneans of
rnotot's antl controllels.

'I'lvo of the iatter at'e being fit,ted to some bnttleships and first'
class crnisers. I'he latest battleships rrnd armottretl cruisers have

36-inch plojectols orily (except fot' one 2{-irtch lbr sigualiing
purposes), a lalge proportion of theur beilg fittecl for hantl
eonirol only. Both types a,re sirni lal  in pri lciple to the 2' l- inch

1'rroiector, but, in consequencc of thei l  size, they ttre I 'ery hcary
and unrvielly, the total u'eight of thc ele<rtlically controlled plo-

. jector heing l t)  cwt. Arrangernents ale made for balancing
ihe barrel in the trunnion beatings, by securiug the t lunniorts to
two holizontal rods on eaclt side of the t,arrel, so that the
trunnions can be shif tet l  in posit ion horizontt l l l ' ,  r trrLl t l ie barrel
thus accurately balancetl. 'fhis arltngettrent ivrll be fitted to
nerv projectors of all sizes. The turntable calries _16 rollers,
wtricli travel round a path on the top of the pedestal. In addition
to the contact rings and plungers for supplying the cun'ent to
the lanrp, there are two smaller rings and plungers for supplying
trvo indicatol lamps to i l luminate a graduated training arc placed
rt t l re centre of the turntable. A fulther t lescript iou of the
electr ical ly control leci projector is given on page 235.

Core ancl Jfctintenance of Projectors.

Al l  the rvolkiug 1r:rrts ol ' t i re projer:tors shoult l  be kept
thoroughly rvel l  oi let l  aud in gootl  r :cirair.  I f  the plojectors are
much exposed, it is adr-isable to lieep the rnit'rors, if possible,
unshipped in barl rveti.her, so as to prevent tltem being d:rnraged
by the rvet. 

'I'his can errsily l-rc tlone in the lcrv pattelu projector,
the mirrol beirg septilate from '"hc back.
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' Ihe mirrols should never be cleaned exceDt n' i th tho I 'eather
brush srrppl ied fol that purpose.

Diuergitt,g Lenses qnrJ oth.er 0ittings.

Dirergent lenses are supplied to ships to diverge the beam iu
a horizontal clirection, onIy. A certnin trmount of divergerr<:e is
r-rbtained, fi'om the fact that the crater has a definite djameter.
wbich allows IuJs 19 diverge at a snrall angle instead of ft'llorving
a t lue paral lei direct iol.  Should i t  be furthel requirecl to
i l luminate a lalger space lateral ly, a lens of pecul iar ccnstruction
is placecl in front of tlie projector'; this lens consists of vertica,l
strips of glass of convex section, 'rvhich act in a holizontal plane
precisely as a convex iens -would do, trut rvir ich t lo not disperso
the lays, except latet'aliy. 'Ihe illumination is much greater. than
would be the case if the light lvere dispersed in a cone iustentl of
in a thn shroe.

' I ' rvo kinds of lenses of this descript ion are supplied to I I is
I lajesty's ships, viz. :  ( l )  lenses with an augle of dispei.sion oft6o,
and (2) Ienses rvith an angle of rlispersion of 30o; thc latter are
oniy supplied to flagsliips. No etlective rrnge cnn be defiritely laicl
dorvn for t l reir ust, a,s the purposcr of their employrnerrt as vel l
as atmospheric condit ions vlry.

' Ihey are easi ly shippetl  nnd unshippctl ,  rncl ale trseful for
sholt ranges. lYhen there is lo t ime to ship these lenses the
larn1ts nray be put out of ' I i rcus.

Orr r iccorirrt  of t l re rvcight ' l f  t l rese lenses. and 1hc amount of
l ight t l tey abscrb, divergiD.g rni lrols l tuve l ,pcrr introt lucerl  lately.' fLese are, shtppetl  i rr to the l i loicctor irr  the pLacr of t lc lralal lol ic
lrr i l rol rvhen rcrlLri let l ,  Nc, uioLtr t , f  these are Lei lg procurerl
Irorvevcr, as i t  is colsidelr,rI  ur] i l t t-1v that, i r  rvi l l  evei in future
be rerpired to tliverge tLe bcarrr of light of a naval search light.

Signol Flashing Shutter.-These are supplied in trvo sizes
for signalling purposes and can be iittetl in front of the front
glass of 24.inch or 36-ineh sealch l iglrts ancl be held t irere either
by hooks or clil-rs"

Sl ' .rRcrr Lrerl l  Larrrs.

Inclinecl tfancl Lanp.
'Ihe inclineil hancl lamp, s,s 6hown in Plate XXVI., consists of

two holders, rvhich are capable of motion torvards or away from
one anothel in a straight l ine, at nn angle of 20o to the vert ical.
1'h" .s1|rons l;"e claurpecl into tlre hoklers by sclew ltolts, rvliich
bear agtirst l i l l ing pieces. A r ight antl  left-handetl  screrv,
moved br the irand wheel at B in the plate, cause the motion o1'
the carLons in the plane'of their iuel inatiou.

' I tre up1rcr carbon is t i re posit ive one, antl  is cnpnblc ol 'motion
either foru'aitl or backward, and also side.rvays, over tlie lorver. or
negative carbon, ' Ihese 

motions are irnpartecl by meals of two
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screws ss at the eide of the top carbon holder, which are turnecl

by a special keY.' 
Sdtn earbdns may be moved up and down together Py ttte

ebonite star rvheel oi. the side of 
-the 

lamp (not shown in tho

elevation), anal the crater thus raised or loweretl without disturbinil

the burning, so as to adjust it accurately to the focus of tho mirror.

A shield A-is placed in front of the carbon poiDts to cut ofi any

direct rays, whlch would otherwi-ce diverge and spoil the beam'.

The llectrical connectiong are simple' The positive terminal

on the lamp box is in connection with the metal of the lamp, aud

bv ihis with the posit ive earbon bolder.' 
Th" negative terminal N is insulated, andthe currentis lecl by

insulated s?rips C C inside tlie llmp to-the b-ottom of the lower'

carbon holder, which is insulated from the bgdy o^f the lamp with

an asbestos or mica n-asher, and il'ory bushes for the securing

scr'€ws. A cover, D in the Plate' goes over the j-oint, to. prevent

melted copper faliing and short-circuiting across the insulation,- 
tn. . l i tot" lani i"  supported otr a bottom plate with. spi lal

sprirrgs E E betrveen i t  , ,n,1 the lam|, to rniniruise the l ial ' i l i ty

t;  l r i l " tu from concussion of gttu t i le '  .  Ihe s.pring stop for

tbcussinf the lamp passes througl 6 hnle-in this plate, but is

insulatei from it  b.v means of :rn ebonite bush'-- 
i inL lan'rp can be uretl  i rr  a 21-iuch ora 20-inchprojector '-  In

:r,11 torpetlo l,oats, ercept those of the latest types, the lamps have

smallei calbons taking less current.

The Autontatic ffori :ontal Latnpt'

All search light lamps of recent nrnufacture ar€ of this type'

ao.t ult  new proleetors are constt 'ucted to take this lamp' The

obinct of the lamp is automaticallv to " strike the arc " aild auto-

-iii.rffv to close the carbons togbther as thcy burn away' -. The

nJ.oot,,ge of such a mecha' ism is ,suff iciently obvio.s. In at ldit ion,

i tu t*- i ' i ,  m'ch easier to burn by hantl  tban is thc old incl ined

tv  pe .-" 
lt *ill be seen I'rom the rliaglam of the circuit that

there is a series coil in series witti the maiu circuit .throuqh
tfr" f"tp, cailed the " arc striking coil"' and a shunt coil across

it ,u tur 'r t i ioutt t-rf  the Irmp. Wlen-a- current pas.ses through.the

..rl.s "oit, it drags a so?s iron rod into the coil, and this pie-ce

oi i""",  being cJnnectetl  to the * '" carbon holder, draws the

{'" carbon l l 'ay from the - 'o calbon'' 
When the D"NI.F. across the lamp terminals exceetls a certain

ralue the shunu coil attracts an armature, and as it is fitted with

a make and break arrangement like il, trembler beil, the armature

olt rut... This vibratiori is nrade to .rvork a ratchet which feeds

the calbons together.
'fhe action is therefore as follorvs:-
\Yhen the current is srvitched on, if the carbons are separated,

100 volts D.P. will be put across the lamp^ te-rminals' .The
vibrating armaturo comDl;nces to 'work and feeds the carbons

toletherl Directly ths carbons touch, the D.P' across the lamp
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terminals lalls and the feeding armature stops. At the same time
" 

,fl",Sg 
current passes rhrough, the carboni ancl the *e"ie, coil,

whrch iatter is energised and draws bnck tbe f .'u carbon abou[
ha  l f  an  in< 'h ,  t l ru i  ( (  s t r i k ing  l .he  arc . ' ,

TLre arc continues to burn, and as tlre ctrbons waste arvay. tbe
arc gets longer a-nd the automatic feed u'orked by the shunf coils
recommences and feecls the cnrbons togrther. If the arc is blown
out, or the current is taken off for a fcw rnornents from any ca.use,
the series coi l  -r i l l  lose i ls nragnetism, antl  t i re * '"  carbon holder
rvi l lae lbreed back by a spring so that r lre two carbons touch one
another. On switching on again the lamp wil l  theu str ike the arc
as before.

Pla.te XXVII.  -shorls a detai ler l  sketch of the Serr- ice lamp,
manufac turcd  l ry  l less ls .  Crompt r in .' Ihe  

ca lbons  are  I ro r izon t r , l  , , r , ,1  , r le  car l i c r l  in  ho l r le rs .  the
*"0 holder beirrg a, l justable, so t lrat the carbons mlr. be pronellv
: r l igner i .  These ho lders  a re  l r rount r  r I  nn  sm: r l l  t i .o l le j . . ,  

' . r . t

having four rol lels, running on paths in the body of the c;r;p.
A proieeting lug on the bottour of each hoit ier attach.. i t  to

the longitudinal screwed shaft.  This shafi  has a left-hanclcd
screrv thread on the -'" car,bon end and a right-hantletl screw
threatl on the -F"e end. The rod is connected" iu the rnidtlle by
a sleeve', and a set screw wor.king in a grco.se, so as to allorv of
t l ie f  "e eud mor. ' ing in a longitudinnl di i 'cct ion, rvhi le both shafts
rerolve toEether.

Uuder- t l re f  'e carbon holder is the alc str iking sel ies
arrangement. l 'his consists of four coi ls in patal iel ,  rvound t I
forn.r two solenoid,*, into wli ich trvo irorr rot ls iaA) r ire sucked.
f 'he rods are conrlectecl by a iever (B) to t l te .c str iking and
l 'eeci ing scre\\-," aud v, 'ben thcl rrre <lr lryn into the soienoid,s, the
lever t . l rrrys the screw, and uith i t  the +.. carbon bokler. awav
from the -"e. A spring (C) keeps the carbons tocether whe;r
no current is passing through the series coil.

ilhe automatic feeding device is under the -oe lrolder'. A
ratchet wheel is fitteil ou the feeding scre.lv shaft, and is revolved
by a feeding parvl rvorked by tlre viblating armarure. This
&rmature is attracted by the shunt coil rvhen the voltage across rhe
latter is suflicient, and it has attached to it a make and br.eak iike
a trembler bell. so that as it is attlactecl to the magrretic coil it
b rea l i s  the  c i rcu i t  o f  t l re  r .o i l ,  an , l  i s  h roug l r t  back  6y  the  spr ing
(D), when thc circuit of the coil is matle again and ttre operarioi
is repeated.

On each retztrn stroke of the armature, the feeding parvl pulls
lbe ratchet I 'heel round one tooth, and ir is then held fr. .rnr cating
back by the fixed holding pau'l. 'Ihe rotation of the latchei
wheel thus rer-olves the feeding screw shaft and closes the carbons
together'.

The r.esistrrrce of the shunt coi l  is about 700 ohnrs. A
sliding block (E) is fit1ed on a sbaft (tr') worked from outside
the case. 'Ihis bl,rck bears against the arnature spring and alters
its tensiou. By rhis rrteans tbe toltage at which the feerl ing gear
works can be regtilated. Thcrc is alsc an adjustable stop against

E 50053.  D
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wbich the armature bears, antl which thcrefore limits the traYel

of the almature.
The fee.lirrg screrv shaft is gerred irrt-o a hand wheel outside

tl. 1ut., in. i'orking tbe ir,mi bv hrrrrd ifl necessrrry' Befortr

; ; ;" l t i" ;  
- t i r is 

uheel '  LolYe'er '  ihe'pawls nrust be l i f tei l  ciear of

il;;;t l"*ti;leel bv'the cam s'haft which can bervorked from t1e

n,riri,tu- bv a srnall' Iever anil hantlle marked t3 On " antl 'r Off'"

in ,J,t i t iJo, t l r is hantl le also brerks the shunt circui i  when lrut to

hr,n,l (OtI'l 
'bv 

fblcing the shunt rrinature alvav from the makc antl

i;,:;;i.';;;";' 
lrhis i.*uitts b'oken the whoie time thr: iever is

to Off.
Correot ente's tl're lan,p at the f "e terminal, insulateC fro.r

the  bo i l y  o f  the  lnmp bv  rn ica .  nn t l  i s  le ' l  by  a : luu i  copper  s t r tp '

; ; ;r i lJd t i i i r- '  rnp. r ind'r-arrr i 'h, to a " 5usl ' 'ur," l"  u' l t ic l t  t le fuur

"rra, or the se|ies coils are attached. 
'fhe 

other entls of lhe series

""fi. ,r",lt"r.h.a to tLre blass block frorn rvhich a lead of flexible

rvire. t lai terl  uDin asLestcs insulat ion, is t l iken to t l ic f  " carbqn

holdei, rvbich is insulatet l  from its trol ley b'r trr icrr sttcets'

l ' l ie circuit ,  after passing throrrglL.. t l ' ' -  <' ' r i i ' i ' r t ' ,  I t ' , i ls clolvu tho

neqati le holder to the - '"  tct ' t l r i t rrr l  uf l l . te l l tLr l t '-- ' f i .  
t t t"nt circuit ,  is f i 'or l  1Le copper ' t l ip joiuct l  to t l ie *"

lamp telmintl ,  to an i t lsrt l l let l  pl l t inum-ti l lpet i  scterv'-'--'iir;;,;ti, 
t1'u ru,,i.,, a,tt Lrieak urt'angcn'rent on tlte ribrati'g

ormut,r. , i l , rong^h rhe shunt coi l ,  al ld &wlry 10 the -- '"  terminal of

;];;^i;;lr: a'tl poi'ts in the circirit are iniulatetl {'r'o'i the b.dy of

the larnp.- - 
flt "'""rfron holders are c.rveLl back so as to get thc arc at thq

proper focal ilistance frorn tlie ntirrot"

36-inch' Auto-I{ori:ontal -Lunp'-The latrp, olthou-glr con'

s i , le lab lv  la rge t '  i r r  e \c i ' y  \ r [ l J ' r  r l i f fe ls  o r r l y  in  o t rc  l ro i t r t  f r " t r t  t l t r '

24_iuclr"design. 
' l 'o or-eK.onre lhe ef l 'ecl ol 'gravi l .r 'on the Pus.i trv( j)

""rt o,, holde-r when the projector is elelated, the cal'bon l:roldeirr

a.e conn."ted together l iy an endlcss chlt ir ,  rvor 'kci l  by the nrc

. ir i t inn tan.r.  I 'he ncgrt ire cir.L,or-r lrr-r lder is 'ot co' 'ected to

t l ie feJoing shaft,  but is- l 'olkc' I  el] t i relv b1- the -f 'e car-bon by

-..".  oi, f i"  cnain (Fig. i++). By this i 'ea's t1e * 'eights of the

t'wo calbon holtlers balance eacll othcr'

A flexible cormgatetl copper strip connects th.e Lody of the

l''" carbon holtlcrrv-ith thc eirlbon clanrps to aloitl heating, due

tc blt l  contl tet in the at l j trst irrg gei lr '

l ire. 1.1{.

Arc Deflectoi'.-\\rhen l-rurning an arc light the hot gases

given off from .tlre ,burning carbons tend to t'jse and so cause a
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draught which drarvs the arc upl':u'tls. As rvill be seen iutcr', irr
the in: l ined Land larnp tLis tcndenc.y is made use of, sual is in
fact the cause of the carbons beirrg' incl ined at this augle; but
in all horizontal lamps a special fittirg, namod the arc dcflector, is
placed so as to encircle the arc and to blow or force the arc down.
I t consists of an irorr sector A in I'ig. I 15 open at the top and held
on a standard so as to embrace the ccrrtre of the arc.

l 'rc. l- i,5

An electric alc has rnagnetic fropettios, exacil_y as has any
other condrrctol carryi4g a curlent.^ ' I l re l incs of force rountl  th6
arc, are concontrated. in the irou soctor A, anil 1,he tendency of
any conduotol to place itself so that the greatesr number of lines
are iuduced ct luses the arc to be r lrarvn clorvn into the i lecior,

20 -i nclt A tt o- flor i :ontctl lunt1ts,-'I'he ).roL1;. of tLt,se lnmps
is of the sarne size arrd design ai thr ?4.inclr ' laur1,, but the' ir
carbou holclers are ruade sholter, to euable tlie car.l-rons to be placed
in the ceutre of the srnallc'r barrel.

llhere are two patterls of these larnps designed for 80 and.
60 ampercs respectively; the series ecil of the lattel is speciall.y
rvound so as to strike the aro and hold the positive carbon with
this reduced current.

fnclinecl Latnp 1frtted for Auto Bm'n,ing.-A, modification is
being rnatle to existing inclined hand lamps rvhich rvill enable
thern to buln automatically. 'l'hey are beilg supplied to a numbrrr
of old classes of ships arrd 1o sonre torpedo craft, ifhe arc is
struch by a series corl lvhich drarvs the neg:rtive carbon down
against a spring. The shunt coil revolves fl, lrrorilt tvlich drivcs
a worrn rvheel connected to the same sbat't as is the hantl-feedins
n'heel. 

' .1'his 
rvorm can be throrvn out of gear u'hen rcquired to

l 'olk b.t 'bar:d..  ' Ihe at l j rrstnrcut of the shunt coi l  is ef l i ,cted b.y
a mil led headetl  screw on the outside of the lamp bodv rvhiclr
altels t i re tension on a s1., i .ral spring rhat controJs the sl iuut-coi l
arm:iture.

It is not pos-*ible to l-rreak the shunt-coil circuit 1r1 rneans of
the lrand ler-cr; t l re coi l ,  therefore, drives the t lolnr, eveu i I
rvorking b,v hand, rvi th the y, oim cl iscounecteql.

o O

\-r--:

l t
i l
h".l
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The larnp box of the proiector has to have special i loors cut in

i t  to give accc-\s to the adjusting screws,

Pnixcrrr-n oF Auroi lATIc FEEDTNG'

Thc urtornatic feeding of a lamp tlepends on the fact that

althoush the dyrramo *""y be generit ing a constant voltage, yet

i ' - l  i , ,- i t i in* t i rJ art i f ic ial ' r 'esist"ance in series 'rvi th the lnmp, rhe

rtrltage ob?aine.l nt the lamp terminals is diferent for every

value- of currcnt passing throu.qh the cireuit' The voltage

absorbed by the artifici"l leristance- deportis on its resistance

multiplied [y the current passing tbrough it at the time, or

C " h; so tlat if a h'rqe cirlrent- is flowilg through the circuit,

t l re art i{ ieirr l  resistance wil l  alrsorb a l ,r ,rqe proport ion of the

voltage supplied by the d1 namo, let lving- a lorv voltage at.ths

lampie.m1'o'uls. 
'l'"his occui's when t5e carbons z-r,re close.together.

Otritu other hand, if the arc is brol<en, antl no current is flo-rving

throueh the circuit, the resistance l'ill ab-"orb none of the loltlr'ge,

un,l  t ie ful l  voltage of the t lvnamo rvi l l  Le^applied to the lamp

terminals. I l re sEunt magr' tet must be of a certain strength

before i t  can clo i ts l ior l i  lg, i i rrst the spring.op-posing i t ' .  In other

woLds, the rolta.g^e rcross thc Innrp iermincls must lise above a

,:ertaiir vrlue he{ire lirc shnut torgnet n'ill l'eed. lty varf ing the

strength of the opposing spring i t  is possible to alter this valuo

rvhicfi tho voltage mus'l rlaci,, ald it is thelefore possible to

ailjust the coil to feed at any reqlrired voltage.
'Ihe voltage clepenils on rvhat lcngth of, arc it is intended to

use. Ioery irc length has clef inite E.M.l ' .  and current values

most suitabie for it, and the artificial resistance must be adjusted

so that'rvith the required Iength o1' arc these values aro obtaineil'
'Iihen, if rhe arc lerigthens tlue to tbe carbons burning arval', tho

current through the circrilt decre:rses, tbe - artificial resistance

absorbs less vi i tage a'4 the I i . I I .F. at the la'rp tertt t inals r ises,

tlrus causing rhe ibunt coil to commence feeding in lhc earbons

untii the ar"c is of the con'ect lengtir again. The voltage at the

lamp terminale rvill tben again be ot its correct value and the

shuirt corl shoultl -"top feediug. As it is impossible to ndjust

the shunt coil so thatlt will work at exaetly the correct voltage,

it is usual to allorv it a range of 4 volts, that is to s:ry, it must be

adiustet l  to comrtrence feo,l ing before the voltage has r isen 2 r 'ol ts

ab"ove irs correct relue, rn, l  i f  nrust strrp feedirrg before tho voltage

has fal len 2 rolts belorv that value.

Arc Lengths.

Referring to page 220, ir can errsily lle seen that 1,he screening

due to the negltive car-bou rvill be rnuch ret'luced if the length of

the arc can be incrcased'

For many years the lcngth ot' arc used in 24-ilch lamps has

been about liali an irch, this lengtl] retluiring Lt)0 arnPeres ,lrtd a/



t22g

pfessure of 50 volts {rcross thc irrmp. ft has lately been found,
however', that an arc ler:gih of I incl-r clur be well nraintained in
these lamps i f  a curront of I I0 anrpeles:rrrd a pre-ssure of 60 volts
be used.

To obtain these values 01' t.rLessur',. :urtl rturlent it is nece.sslrv
to  ledr rce  the  amount  o f  les is t i r r rc^  r r : , , r1  i r r  thc  c i rcu i t ,  u r r  t  i l r i s
can easi ly be doue in al l  t1'pes of ult i f i rr ial  resistances. I f ,  is r ir . t
possible to increzrse the are length rLnl rlr)l'e, fls if this were rlore
the amount of artificial resistrrnce irr tLe r:ilcuit l-oulcl be retlureti
1,o such an extent that it woultl rrot hate suilicient steadyius
efect.

tr 'or this reason i t  is not consi, lered lr lr- isable at Dresent to use
a lonq arc unless the roltagc of -"rrppl.v i ,* 95 ol abov-e.

'I'he ibllori-ing table gives the collect stlengths ancl voltages
requiled for vtu' ious sealch l igLt-s rrsing hri l izontal carbol lamps r-

Srzc  o l L0r*G Snorir Anc.

80  43

50 to 48
ti0.+

Projector.

30

30

: : )

l r

Q

I n .

+ 120 50

1 loo  52

)-l

T -

l 1

1

3 6-inch

24.inch

20-inch T.Il.I).

. I r  t r

lllm.

35
mtn.

25

90

21-)

1 S

* According to capacity of dynamo.

Art ifici al Re si st anc e s.

Thete nre a number of different resistances lbr t,he various
search lights in the Service. The various patterns are made oI
Eureka, platinoid, or uranganinwilc, generaliy wotnd on porcelairl
rollers oi drums and hel-d in an ilon frame well ventilatetl by
perforared sheets of zinc. Ihe resistances consist of tlo or rrore
circuits in parailel, the totai values of the resistances varying
according to what lamp they ale clesigned for. 'Ihe old patterr
1OO-ampere r-esista,nce for the 24-inch projector has trvo circuits
of '4 ohms each, capable of carrying 50 amper:el;  so that i ts
total resistance is '2 ohms. In 8o-volt ships one of these is rised
for each projectof, and in -100-volt ships trvo of thern are joined

in series. Spnre 'lvire is issued to ships for re-rvindigg these
resistances. 

-The 
36-jnclt resistance consists of spirals hulg

vertically betlveen connecting blocks, eight spirals bcing joiled

in parallel.

. f
d ! o " n
L J ; 5
a - o

F l O r
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Fig. 146 siro*'s a dragram of the new pattern of adjustatr le

resista'nce fot 2[- i leh plo. iectols'  
' fhc resistances consist of coi ls

o{' Eulelia rvilt' u'onrirl rln porceitr,in dt'ums enclosed in an ilou

case. ' I 'he t lrrrms are arr,rnge,l  in pl ir 's, there being nine prr irs

joinlr l  in ser. ics $ith each othcr, enC.h pair being in palal ler l  and

Fre.  116.

, l(ovab/e' LtnK
r'':lcr,'nt n a I

t i
> (< )

i l
) (

f ),*,*
t-j*:c

having a branch connection to an iusulatcd bloc-k placetl on the

ton oi the framo. Runniug palal lel  to these Llocl<s is a long bar

io ine . l  to  o0e o I  t l re  ma in l  r rnd  to  o r re  e r r r l  o f  t l re  re . . i s t : r r rces ."The 
other nrain rvire is joinerl to the opposite cntl of the rc-cist'ancer

so thnt there is ahvayi one path for the ctu'rctrt through. all. the

resistance. By plnci irg x -str i l r  of copper across,from.the. long

bar to any.eqri.-ed contact '  bloch i t  is possibl ' :  to sitort 'ci t 'ct l i t  zrr iy

numbcr of tire resistatrce clr'uurs ancl scr r-rily llrc value of tlrr:

resistauce from '1.3 to '57 ohms.
\Yith aa adjustable resistance of this description it is possilile

to arJjust accurutely tire total steadying resistance of the-circuit,

takiris into consiileration the resistance of the search light leails.

l{ine of these artificial resistances must be placerl near to

inflamnable material, as they become cxcessilel,v hot rvhen the

i isLt is bl l l ing. They are al l  in futule to tre placed in posit ions

bElr in, l  " . , ,r"oi in ships. ' Ihey must be kept clean and r lr l- ,

otherrrisc the rvire will tleteriorate. The resistances in rvhich

the wire is not vountl ou drums rnuBt be so placecl that the

wires hang rertically, othelwise the lvires wiil sag. and short-

circuit eacii other, or-earth themselr'es on the ilon casing. -
Search l ieht 'cables consist of lead'corerei i  cable fcrr the

permanent p.rits and special flexible cable for the portable leads

to the projector.
Referring to page 22I, tte see that in some cases the permancnt

leads are leO into the pedestal, and sornetimes to a terrninal bor
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close to the projector. TIie latest rnethotl is to take the permanent
leads to a terminal box plaeed under armour ancl to rin flexibre
cable frorn thar box to the projector. 'I'hese leads a.e i,, .or'e
cases led di 'ect to the lanrp rvithout going through the pedest. l
slvitch aud contact rings.

- {u.h sea.rch liglit shourd have a separnte switcrr at the switch-
boarti, but in sorne cases. t$'o ligrrts a'e feri from o". .*ri.tr.
The artiflcial rcsistance is |laue,i iu the positive lead ;f d;
permanent circuit.

The ends of the flexible learls are fit,teil with spills of two
different sizes to prer-ent lhem f.om b,: ing cross connectetr by
accit lent.

Tt.;,. rrxc; -.r.r-o Ar,,tr:strxc.

1'o test an nrrtorrraric ho.izontr l  lamP. lrrrt  the lever to Hauil
o. ' ,9q" Qh1s b-reaks shunt circuit).  ,Joi, ,  up a l lenott i  to ;h;
terrninals of ' ' -he-lamp and test for nor-contaci rvi th the carbons
separated, aqd thel for continuity with the crrLons closetl .  Dis_
connect one lcari  of the lrenott i  

-and 
to.eh i t  to earth; no orirrg

sho.Ll be obtained. ' I 'his-tests 
al l  parts of rhe iamp for- insulat ionl

Put the ie'e. to automatic and separate the carbons. 'rest {br
ser t inu i ty  o f  the  shunt  co i l .

,  
Sea.ch ,  I ig l r t  c i t cu i ts -  shou ld  be  f r .equent l . v  t rs te r l  w i rh  the

r;url)s_rn ptaee an(l cveryi lr ing _colrecth. joined up. The Menott i
should be.joined to the searcf, Ughr m;in; at the switchb";.,f, ;;d
the complete circuit  tested in 

"a 
sirrr irar wa.y to thrt desc;ibeJ

above, except that in adrl i t ion, a.y srr. irch i '  thc circuit ,  . ,r .n u.
the pedesial s*i tcb, sh.ul i l  be testerr to see thai i t  breaks the
ci.cuit  co'rcct lr ' ,  and that also i t  nrust be remembered that there
nrc  r requent$ '  

. t * 'o . .s ra .c l r  l i q r r ts  jo i r red  up  1o  or re  c i rcu i t  bar .
i \nouro  a  ta l l l t  r re  r r rsc . r ' c 'e ( l  i t  i s  a r lv is rh le  to  commence look ing
f,r' jt f'om th. lamp end, first c.tting out rhe ru,op on,r-tn"" inE
pro j l c t6 l ' ,  and  no t ing  whcr l re r . t l re  fa l l t  i s  lhereby  cu t  ou t  a lso .  

-

,  .  I  nclrned. lrarrd lamps ean Le sirni lar ly testej,  part icultr c.are
berng taken 1o see t lrat these rurnps rre wel insrr iaterr fr .om the
Larrel of. the.projector on account oi tlre botiy of the lamp f";i;g
pal i  of the circuit .

fnr: l incd autoniat ic lamps nrust have their shunt coi l  dis-
connected, as the hand lever does rrot b.eak the shuut coi l  ci lcuit
in these lamps,

' l 'o ad.jusl a horizontal automatic larnlr:-
( l)  nxamine a' l i  vrorkiug.p: lr ts 

-to see that they are free,
part iculal ly the str iking rnd feeding mechanisnr, See
that the flexible,leadJ are clelr, incl rfrat tfre Urrip
termin:r ls are not loosc.

(2) I t ,st the l tmp as descr. ibcd al_rove.
(3 )  Ad jus t  thc  s t r . i k i lg  gear  spr ing  so  t l r l t  i r  i s  ius t  F t rong

enough to thforv the poJi l i r ;  curbon forrva,. i  rvlrc,,  th?
cur.lerrt q<les off.

(a) Put the. ler-er t. automatic. lyork the shu't coii armature
wirh rhe finger. and adjust its travel until th. t";-j;;;
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d:i,tuhes a tootlr ever',v time. See tle voltage screrv .,ased
weil  back whilst duing this, so ts tc tesi the st length
of the spring.

(5) Join up the larnp, inclu. l ing a voltmetcr. Sepalate t lre
carlrons lnd switch on. Adjust the mnke and breal i
screrv unti l  t i re alma:ure vibrates and the lamo feeds.

(6) Stl ike. the arc. Separrte the car.b,us by hand careful l ; ,
unti l  the volrage is 70. Put the level to aufomatic and
allorv the shunt coil to feetl in. Note at lvhat volt:lqe
it st,ops fee,ling, ald edjust the voltage screrv accoldingl-y.
I iepeat ihe operation unti l  i t  stops fecding at the required
voltage. ' Ihe larnp is uow in adjustment.

Notes an the ubote Adjusttnent,r.

I t  must be cieal lr :  undcrstood that i f  correctly adjustet l  to stop
feeding at the proper loltage, the lamp must'rheh alsu be in
adjustrnent for cornmencing to feed. l f  one is in adjusrrnent, tbe
other must also be sr-r.  I [ '  lhere is t inre, Lorvever, i t  muy f(rrnr
an addit ional test to al low the carlrons io burn arvar' ,uucl tonatclr
a[ what voltage they comnrelce { 'cett iuq togcther.

Great care must be takcl not to rnal ic the str iking gear spr. ing
too str-ong,,or the series coil rvill lot be able to hold the positive
carbon back.

The shunt coi i  arrnature must not be given too much trar.el
or i l  rvi l l  rvor ' l i  too slowl.v, and urlv malie tarth on t, l le frame of
the lamo.

Woiking the arrnature lvitL tLe lingcr tvill tcst rvhether the
pawls are in rvorkiug ortler. If the geal tloes rrot fced, the pan'ls
rnust be looked to, or thr:re rna,v be sotne dirt  or bult .s oir the
toothed rvheels.

Wlien making tbe l ine adjustment in 6, i t ;  wi l l  nrobably be
Dec,essary to malie a sl ight alterat iorr to tbe ari justr lrent of '  t l re
malie antl  bleak scrcl ryhich is onl_v ptrt  into rough ari justurerr i
in  5 .

. .Ahvays stalt adiusting_ with the toltrqe screrv eased back (i.e.,
rvirh small  pressure on the spr. ing), rnd therr graduall l ' raise'the
adjustnrent.

_ Alrvays-screw up the set nuts of the two atl just ing scle\\ ,s
rvhen ihe adjustment is correct.

l \rhen the shunt coi l  h:rs rvarmed up antl  i ts resistance has
become !!Sher., it v"'ill not l'et:d quite sood enough, anil the voliage
screw ' lvi l l  have to be lolvered sl ightly.

7-o u'ijust an fnchned Autotintic Lamp.

The principle to be foi lorret l  is similar to that for rhe horizorrtal
lamp. ' I 'hcre is, hon'er-er. no aci jrr ,r trnent possible fo the str iLiug
rnagnet spring. I'Le e'xlct omount of tlavei of the ar.marrrre is
not of such inrportnnce as in the hot. izcntal lamp, as the armature
vibrates r-ery quickl"v wliater-er may btt the trarel. Gr.eai c:,rre
must be taken to sei up the check uut of the mtke aud break
adjusting screw.
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To adjust a Search Ligltt fr,esistance.

ioin up a larnp in thc 1-rrojector for rvhich the lesistairce i ' r
intended, risilg tlie ploper l,-.o,"1" fc," that projector. Inser.t irrr
ammeter iu the ci lcuit  arid join rrp a voitnreter across ttre luur;r
terminals. Ii,un tLe dynamo at er-ractlr. the voltatre rt rvhich it
rtuts rvhen burning search lights. ilurn the lanip by hanil antl
get a gotrd stead; urc befole taliiue any rcnthngs. Alter thc
length of the alc until thr: r.etluirerl current value is obtained,
then note the voltage and the length of tle arc. If the voltage
is too low, t l-re rc'sistance is toolrelt ,  anrl  some must be taken
out. Take another reit , i ing, f i rst a;-rr iu briuging the current to
the re.quircd value b1'alter. ing thc r ic length. By repeating this
o|€l 'at iun scr "r 'ul  t i rnes an adiuslmr:nt rvi l l  be obtairred rvhich qives
1he requ i ru , l  ( . r rn ' ( . l t  n ' iLh  t l , , l  cor r r ,e  t  vu l l r tg r ,  u t  thc  lamp,  I iw i l l
the;r be lbuld that the alc is of corrcct length.

NorE.- ' l 'o obtain corlect l- ,urnirrg of . iurch l igl i ts ancl feecl ing
of the lanps i t  is es-cential that the d.1'namos shouli l  be " lwals
run at exactly the voltage for .which the lamps were adjusted.

Burning Search Lights and Practical lTorhing,

- To prepare a Seat'ch, Iight for Burning.-If ttrere is time
rlrva;'s test the circuits, anrl the adjustment of the lamps before-
hand. 'Ihe greatest care n)ust be taken in fixing the carbons in
their holders so that they ale perfectly in line both rvhen lacing
the I'ront and side of the lanrp. Unless tLis is done. tlre cratei
rvill not form evenly antl an'unsteacly iietrt rvill be obtained,
Ne-r'er put in a car-l.ion tvhicli is nc,t"absolutely siraight. The
carbous shoult l  alrvuvs hare the cr.ater. nncl lroiut formetl on thern
beforehand. ' I 'his cun Le dorre Ly bur.ung iheru io the <lay t irnc,
but in the case of horizoutal carborrs i t  can best tre done i-ry
turning them out in a lathe. The cr.ater should havc a depth df
thrce-eighths of the cliuuetel of the carbon; the point should be
of one diameter's lenst,h.

'I-he 
gear for adjusting tire positive carbon should ah,l'ays be

tested to see that i t  is l iee enough to enable i t  to be worhed
easily, but that it is not so loosc iLut the carbon iirops down by
its orvn rveight rrleri the set scre\v is eased up.'I'hc position of the carbous rnust be a.liusled so lbat the crater
is^opposite the centre ot '  tbc rnirror tvheu-the vert ical adjustrnent
ofthe posit ive carbon is irr  i ts centlal posit iou. Io the-incl ined
ia r r rp  t l r i s_  can e ts i l y  be  dor re  L ry  t l re  s ta r  rvhee l ,  tLc  c ra te r  be i r rg
lr lacetl  2I{ inchcs above the base platc. Irr the horizontal lamp!
the leg-ative carbon hoider must lie clam.pecl at the con'ect height
by careful rreasut 'ement when iu the proj lctor; ,halt 'an iuch erior
is suflicient to spoil the beam.

. No rags or Eear should be stowed inside the pedestal or in
the barrel on account of the dauger of fre, ancl of tie liability of
iheir jambint tbe rnechanism.

. . Always join up the leads and er'erything ready' for burriing
befole it gets dark.



2i1.\

To bm'n the Light,--Put t l te srvi ich irr the perlestrt l  to , ,  On "

and make any o[her srvitches that may l-re in thc ci lcuit .  Then
close the carbons.

Inclinetl l{untl Lantp.--\s soon ns the points appetr iucan-
descent, .separirte them slowl,v, ald keep them within about a
qrrartel of an iuch from one anothcr, as the ctater besins to heat.
When the carbons are lvel l  hot and a crater is beginnlng to fornr,
sepalate the carbons to atrout half 'an inch, and keep thern at that
distance by closing them in slight\'cs they burn away. \Yatch
carefully to see it' the erater is forrning in the lorver carbon. If
the alc appears beaten down, this probablv rvi l l  occur, and the
polarity of the mu,chine is reverserl, or the leads are incorrectly
joinecl up, I(eep o look out to sce th:rt the crater burns evenly.
lf any portion of it does not burn away sufficiently, alter the
position of the f "u carbon, so that rhe arc will plrry against that
prrt, taking care to leplace the carbon in line as soon as the
clater is propelly reformed.

The arc, when burning properly, 'will remain quite silent, but
i f  the carbons ale bacl otres or the cr,atel i - .  batl lv lbtrned. the arc
v, i l l  f l icker about from one polt ion ofthe sutfacc, to the oiher,arrr l
rr  grc.at deal of hissing and l lrrming * ' i11 occur. 

' lhe 
only curc fbr

this is to clo-*e the calborr-.  . . i ight ly to heat them up well .  and to
altr.r '  the po," i t ion of the posit iv"-ca.1,on unti l  the crater is r.e-f, trrned.' I 'he hissing ln<l Lad l ight rvi l l  be probably incrcasetl  whi lst tbis
is being r lonc, but i t  cannob be avoided.

If r bLrtton forms on the negative carbon, it shows they have
been kept too ciose togcther. In this case separate the curbons
nnd chip off the button rvith a knife, since while the button is
there the I ight wi l l  ner.er buln steadi ly.

Il/itlt, an, Autont,atic f,anzp the alc shculd alrvars be etruck
by lrrr,nd, iol  the auionlrt ic gcni t ,rkes too long to close the carbons
i,.r .  The instant that t l te carbons touch eirch other.,  the series
magret of the lamp rvi i l  scoarate . i ,hem, anrl  i t  is thcrefore lot
necessary to separate them lry l iand.

Great care must be tukeu nevel to wor.k t ire hand wheel unless
the  lever  i s  f i r s t  pu t  to  . ' f l and"  (o r ' ,Of f " ; ,  o the lw ise the  pawls
ryill st.iorr be damaged.

\Yhen t,he crater is propelly formed, and the arc hap become
.ri lcnt, thc lanip rnay be put to burn attomatic:r l ly.

Shoult l  the lamp not feed in w]ren i t  is sccn that i t  shculd be
doing so, do not at once alter the adju:turent ofl the roltage scrcrv,
as this adjustnrent has br:en c:r leful ly nlde l ' i th a voltnreter, and
it is very possible tbat i t  ig nor the cause of the fai lure. l ' i rst
work the sirunt armature with one finger, and see tlrat the pawls
are working. Secoldly, make sure that the make and break icrew
is in gooil olcler. If the armature is beartl to be .r.ibrating but no
feeding is occurriug, tliere is probably some lricrion in the"gear, or
the parvls are at fault. Put lever to hand and n'ork hand wheel
io see if the gear is free, A hurr on a tooth or a particle of
carbon may jamb the mechanisur. If (, pumping " of the positive
carbon occurs, it; mav be clue to ari). oilc of tlrr: follorving causes:
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spring acting ngrlirrst stliking coil too. stlong ; str:ikiug coil frrulti.;
rnsufl icicnt currcnt 1r:rssing thronglr t l re lamp.

General Retnarhs on Rurning antl ,ilfunugenent.-Keeyt tbe
tloors of tbe barrel closed. as nuult as possible whilst bulning. so
as  to  l (eep t l re  w in , I  away f ronr  t ] rc  : r l c . '

'I'o put the light out, allva,]'s separ.ate the carbons and so brea,k
the alc before breahing any srvitch. If a larup will not burn
rvhor in the prcjector, test fol a break rvith an iricanrlescent lamp
bctrveen varioug poiuts on thc mains. I f  the lrrrnp burns in oue
position o1' the projector only, the spring corrtacts rnust be at
trault.

Ahvays ket:p the bearn catefullv focussed; tle bearn should be
as narroir^ as possitrle, provicling that the ra1 s do not cross. If
or:e half'of the bea,m is brighter than the othei. hall it rnoy be iiue
to the bad burning of the crater, or bectuse tlie crate.r is not in
lirre rvith the centre of the mirror.

- Allorv the plojector to cool slowly after usr., antl do not expose
the milror to a cold drauglrt of air.

36.inch Electrically Controlled Projector,

A bl iefreference is made to this projector on page 222, and
Ir iate XXVIII .  shorvs a cl ia,arammatic vlerv of t tre i i rcuit .

The i;rojector is fitted rvith trro smrll sirunt wountl rnotors in
its pedeslal which can bo ltacle t;o tr,ain and eievate the projector
at. l'arling speecls by means of a controller, generaily placed aloft,
which ha.s separate srvitches for elc','ating and training, but rvhich
makes use of tlie saurc lcsistaucc anrl fcerlin,g mains for both
l  u o l  u f  r .

' I 'Lc corrtrcl ler is f i rr l i i  l ' i r i r  a srvitch antl  terminal box at i ts
bnse, anrl  crblos are lc 'r l  f l r ini  herre to each i lrmature and to the
field:i. 'Ihe box is Ii:tl Ll'a lcacl brought direct from the mains
<rn the dynanro sicle of tile altificial I'esistance, thereby supplying
the f'uil it-'ltnge of tLe ship to ttre motors. Iri tlic eoity r,pen oi
these mountings the main Lrnrp lcads wele brought u1t 

' to 
this

slvi tch, to enable the l igl i t  to be s.n' i tclrct l  orr ol off  Jrom this
l ,os i t io r r  To  save the  

- rve ig l r t  
o f  c ; tL lc  rL is  r rcces : i ta tes ,  a  re la .y

sivitch has J..reen inl.ri-rduced rvhicir is nlaced rvith ttre resi.stances
clowl below behind armour. Snall  ieacls now only have to be
brought from the srvitch-to the controller, and the latter su'itch
rrorv only operates an electro-utagnet rrbich lruts the rnain srvitch
on. A srnall srvitch is also placcd at the projector for operating
tbc lelry sivitch.

ltre speccl of the motors is variecl by aliering the voltage
applied to their blushes, the fields havinq been prrt on when the
main D.P. sl ' i lch 

' is . ,  Olr " and ketrt  constant the ryhole t ime.
(Fol sinrpl ici t l '  thr:se are not shown in the plrrte.) The resistance
is wound on two cyl inders, pne of wir ich l i ts inside t l ie other, but
wliich are joincd in series with each otler and permanently joined
acloss tle mairrs, so that a culrent is florvi;rg through the resistance
the whole t imc that the main switch is on. The ful l  voltaEe of
the mains is thelefot'e being absorbed by this resistance, anI by



236

tapping off leads f lom ral ious points along the lesistance i t  is
possible to ol)ta,in rru.y lequiletl voltnge up to thrt of the nrains,
In the plate i t  rvi l l  be st-.en that the two half segurents of each
conirol lel  supnll '  t l re. :Llmatuies, tnd the contacts round the out-
sides of the contlol iers are joinetl  to various points on the resisttuce.
l-he innel l i rs of each control lel  is ioined to one eni l  of the
resistrnce so tiiat by moving tbe cont,r'olier wheel the inner liug is
conneeted to one armature brush, and the other brush is connected
to sonre poiut on the resistance which has a certain D.P. betrveen
it ard the errd of the resistance. 'Ihe I'ull speed is olrtained rvhen
the maximum amount of resistance is betrveen the blushes and tbe
L).1'. between them is therefore the greatest. 'fhe reversal is
obtained by ruoving the controller the other"lvay round.

The lelay srvitch consists of an electro-rnaqnet joinecl across
the mains with a resistance which can he joined in series rvith the
rnagnet rvhen the slvi tch is on. Tbis resistance is throrvn in or
out-of the circuit bv rrreans of a smrrll sholt-ciluuiting contacr, on
the rnain shaft of ihe switch. \YLen the switch soes on ihis
coDtact is bloken aud tlre lesistanee is tlrorvn il sei'ies rvith the
magnet. By this rDeans a full lield is obtaiued for actually puiling
the switch on, but rvhcn once 1rn, the lesistance al iolvs ouly
suff icient current thr 'oush tLc coi ls to hold the switch on and
preYents overheating.

Coaling Arc Lights.

In nddition to those for use in the search lights, arc lamps are
supplied for coaling and oihel purposes. 'I'hey are four times as
efiective as the old tt yard-arm groupr" with the consrrnptiolt of
less than half the curlent.

Small  arc larnps (except the ((f lame arcs " describei l  later) r l l
have theil calbons vertictrl antl are of course autornatic. llheir
Ieed arrangemelts are a combination of gravity with either-

( l  )  A shunt nnd n sel ies <.oi l .
(2) A series coi l  only.
(3) A hot rvire in selies 'u'ith the arc.

As an ex:unple of the first type, a iarnp mucir usecl in the
Sellice ruanufactured by Messrs. Crornpton rvill be describerl.

It is knorvn as the coaling arc lamp ,, S " type, and is sho.wn
in  P ia te  XXIX.

I'he larlir corrsists o[ a framervolk. contairring tire feeding
an'angemeuti in i ts uppel tra[1'antt the c:r lbons in t l ie lower half .'Ihe 

f '" cat'bon is thc rrpper one, and is snpportetl by a wire
n'hich passt:s u1t through an insulatetl hole to the drum, whieh it
is rvound round. ' lhe rvit 'e suppor.t inp; the -v" carbon is wound
rould rhe druur tlie opposite w&y, so ttrat if the dlum turns, the
carbons mutLraily lecede or apploach oue another. The f "e
carbon and its hoider are matie heavier than the -uu, so that if
the drum is unrestrained, the carbons run together. This is their
normal position when no cur.rent is flowing. Wheu the lamp is
switchecl on, howeveL, the core of the series solenoid is sucked
dolvl. 'Ihis pulls don'n on the large lever (L) and nulls up on
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the brake chain, This movement ffrst tautens the chain on the
brake lrheel antl then, contiruing to pull up, it revolves the brake
wheel and drum, pulling tbe cariions^apnrt, and striking the arc.
f.'he carbons burn till the arc begins to get too long, when the
yoltage across it rises, arrcl ihe shunt solenoiri overcomes the
series and pul ls the other end of the lever (L) down. This
slackens the brake chain, which allows the drum tri rotate till the
carbons havc approachetl one another sulficiently far for the
sel'ies solenoid again to take cbarge of the brrike drum.

A dashpot isttted to prer-ent the rnechanism front pumping or('chatteringr" by delaying the movements of the lever. I'hc
shunt end of the lever is heavier than the series end, so that
when the lamp is switched off, the lever falls at the shunt end,
and the carbons run together. 'Ihe current enters at the -f.o.
terminal of the lamp ani l  passes through t lre series coi ls, the end
of the series coils being leil to a bearing of the brake drum and
thence to the rigbt hand part of the drum, both this drum and
irs bearing being insulated fi'om the frame. From the drum the
current passes dorvn the suspending wire to the fou carbon,
carefully insulate<i from its guides. From the -'u earbon the
eurrent passes np the -'" suspension wire to the other half of
the drum and fbence to the - '"  terminal of the lamp,

The points at rvhich insulation is required and which shoul-l
be examined i f  slrort. .circuits occur

{ou lamp terminal-brush and washers each end.
{u" side of dmm-insulated fronr -"e side b,r '  sheet mica.
- '"  side of drum*scr,ews connecting to f  rc side brrshed,
-f ' 'e suspension u' ire insulate, l  f t .om fr. lnte b1. porcelain bush.
{ '"  calbon hci l t ler insuluiet l  f lon i t ."  guit l"es't ' i th sheet rnica

lnu  ar r r I  bo t tom.
- '" lerrninal insulatei i  at ( '  seLies " end.

Guides to carbon holders insulafed at, the upper ends with
bushes and rvashers above ald below frame.

Globe rods bushed at lower ends.
The lamp takes l0 amperes and requires about 45 volts at i ts

terrninals, hence with lO0-volt mains, a resistance of b.i to
6 ohms is required in series.

An artificial resistance is snpplierl with each lamp, It r's in
two p-arts, and each part^ is - capable of adjustment np to
3 '75  ohms,  mak ing  a  to ta l  o f  7 '5  ohrns .'fivo ntrts are fitted to cornect the spring to tlre jorver encl of
the L,rake chain, and to allow of adjusturent of the lcngth of the
cha,in. ' I 'he bt.ake chain should be adjustecl,  so that when the
shunt end of the rocking levef is about { inch above t ire tou
flange of the shunt former lhe carbons are f i . ie to rrn together.

'-fhe lantern (not shown) is lorvererl on the lauteru r"o,ls rhn,un
at the side of the sicle tube.s,. these rods being first of all sprung
into the cl ips at iached to the upper part oft f ie lanrern spinning. 

"

Small  f lexible ccnnections are atrached to each halfof. the
brake wheel so as not to r.cly^on.sl idiug contacts alone, and as f irr
as possible, micanite is used for insulat ion.
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The resistance o[ '  l ] re scl ies coi l  is '2 ohms and of the sirunt
a'trout 170 ohns.

The carbons are 8 iuches long, the f uu being 0'72 inch and
the - ' ' "  0'48 inch in t l iamr: ler.

Gilbert'-s corling nlc lamps, some of rvliich are in use in the
Service, nle examples of the seoond type-zl.e., grar-i1y fcecl
contlolled by o selies coil only.

A tliagrammatic sketch is given in Fig. 147.
'Ihe carbous are, as '-rsual, vertical, connected over a puiley (F)

by a flexible wire. 'Ihe positive carbon ancl holdcr are heavier
than the negative, so if unrestlained the carbons run together.

lYhen the lanp is sri'itclied on, the current throug[ the series
coi l  sucks up the core (A), raising the lerer pivoted ai iU;. This
puts down the clutch (B),which { i lst grips the -,e suspension bar
1D), and then pu.ils it dorvn. "l'his 

causes tLe carbons to recede
and strikes the arc. 'lYhen the curleut decreascs suficieltlr'. due
to the lengthening of the arc, the core (A) falls rlorvn, reltasing
the clutch (B), aud alloiving the r'<id (1)) to slip tlu'ough it, so that
the calbons :rgain l,pproach one lLnot}er, arrtl so the feerl is
maintaiued.

. The sl iding block of t l ie clutch ( l i )  r 'eqni l t 's very carcful
at l justmerrt,  so thxt 1hc lrnr ( i))  sl ips throLrgir i t  rvhen t lre core is
t lorvn:rni- l  is grippcd t l i icct l .r  t l rc cole r ises.

' l ' l te conntcl l ,alaucc ireight (C) is aiso adju,st, ir tr le, so ls to
legulate t i ie aurount of current which rr i l l  suek rrp t l ie colc (A).

' Ihe culrnt enters at t l re posit ive telruinal of the lamp, and
pa-sses t lrrough the series coiL on to thc -"uspension rvir.c bf t le
ca,rbon holders. Frorn this point i t  is entrrely nninsulated f lom
tire body of the lnmp, ro +l-" current rnar be saitl to florv tlrrough
the series coi l  on to the body of the lamp rl{  to the fte c,ar,bou.
I,'r'om the -'n (:arbon and Loldcr, .,vlric'h are u,-ell i'-sulaterl flo,t
the suspension bar, the curuent pas-:es lhrough a f le:r i i r le corlnec-
t ion to the rod (H), crLref ul iy insLrl l ter i  f lorn the frarnt-. ,  and thtnce
to the - 'u lamp terminal.

-Both Crrimpton's- and Gilbert 's Li,np can be burned in series,
and tt 'o i l  sel ies do not requi le an"y r ir t i f ic ial resisiance, the
leacls absorbing su{ficient D.P. to leavt about 4i volts on each
ranip,

If  tJrese lanps at e burned in ser. ies t ire r ' la,shpots rr-rust be
e11i,; icnt, c-rr thery rvi l l  "  chrLtter " and thc l ight wi l l  f l icker' ;  al ,so
the bt ' l l ie chains in t l ie Clonptorr l lm1,s, ancl tbe clutch in the
Gilbr,r't litmps, mu-st ie carefully aciiusteil so thrt each lamp takes
about l l re same voltage. Jn Crornptorr 's l1mps, i f  one lar,,1,
b c c o m e .  s l r o . t e , l .  r . r ' t l r o  c l l . b , n s  r ' e ' , , , i i , r  t o : l o t h , . , i  f , . n a , , , , . , , a , , , , . , 1 ,
80  or  90  vo l ts  I ) . I ' .  rv i l l  l ,e  s t 'b  r rp  ' , c . r , - *  the  shunt  co i i  o f  t l ,e
other lar lp, aurl  thc corl  l ' i l l ,  i f  left  in this corrdit i , tn, get \ .cl . .y
hot, f inal ly buruing orrt (scr lr ig. l l t i ) .  ' l 'o ar-oid the chani of this
the shunt coi is nial 'be joi led in sel ies rvith one anothel. aclcss t |e
trvo . lanrps, irut they. t lo not l i rel burn quite so steadi ly and
requ i re  an  add i t iona i  lea t l . . ,G i l l ,e r l 'o  lanps ,  har ing  no  sbunt  co i l ,
a re  no l .  ex l roser l  1o  t i r i s  acc i r l ,  r r l , ,
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.As a leprc-senfatire of the thircl  type, r. iz.,  gravity feerl  con-
trolleci by -a bot t'ire, a :hort clescripfion of i fl:rnre arc hmp
is given, the lanrp t lescribed being also fair ly represcntative of
the gencral tr .pe oi f lanle arcs non' c'ornirrg into use.

[ , ' rc .  1{8,

Bfvcltc-4- - 5vc/te

.-<_

k- - -- - 90 ro/ts

I t  has been f,runti  thrt a longer and more luminots ar.c of
rvarm pleusant l ight is forned 

-between 
carbous t leate, l  rvi th

f luor sptir  anc[ cet tain other substances, At the same t ime
incrensed economy is secured. 'I'he 

carbons for' flame arc lamps
are incl inei l  tolvards one another a,s in tr ' ig. 1.t9, and the arc is

Frc. I tr9.

forn-red betrveen their elcls, I f  in the open air the arc would
l re  c r l r ie r l  r rp  i r r to  an  uprv r rd  buw l r .y  ihe  l ru t  a i l  ascenr l ing .
but in thesc larnps the arc is made to horv downrvards, in soml
r- 'ases bv placing t lre Irole oi an electro-magnet in series with
the n-rain clrrrent, over the arc to blorv i t  d5wn, in other cases
lty having an i lverterl  cup of nietal or some infusible substarrce
over the arc, stoppine the ascent, oi hot air-. I'ig. IJO shorvs a
t1'pical f lame ar.c lanrp rvi lh hot rvire feeding antl  str ikins
an'ang{lment.

'Ihe trvo carbons are suppor.ted at their upper encls in a
holder (K), which keeps them at the same lerrel. 'Ihe -'"
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rc. 150. -%

calbon rests on a sma,ll s9p3o1l (E), whic'h pr.events it falling
right down. The hold:r (t{1 keefs the encl o? tl," *o" carboi
level rvith it. lfhe arra_ngement to regulate the length ;i ;;;
nrc consists of the lever D, pivoted at il.- The rower'end of this
lever holcls the f '" carbon ii a fork,

_,Y.!.l rh: ll ip is nor in use,rhe meral strip A keeps the
rrelghfed end ot the lever -un, and the forked end down-, tbus
allowing the carbons to touch.

>
=

=

t4

W'hen c-urrent is passed through
expands and allows the weighted 6nd

E 50953.

the lamp, the metal strip
of the lever to fall. The

a

D r  l r \
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forkerl heail rises ancl, since it revolve3 about C, it forces the

*ou carbon away frorn tltc -oo, thus striking- the arc' As the
-"" carbon burris arvay, it slips down so ts to keep.its lowcr entl

on the support E, the holtler keeping lh-" +"" opp.osite to it..

There 
-are 

trvo atljustments of this lamp. 'lhe tirst is tlre

screw B, for regulatin-q the tension of -the metal strip- S. ^The
second is the s;r'erv G, for adjusting the amount of fall of the

weigirted end of the iever'aua thus arl just ing the length of

the arc.
'I'here is an adjustable steadying resisttnce in series rvith

the * 'e circuit ,  w6und on two columns inside the-lamp'. An

additional seriei resistance is, however, required outside the lamp

when usins i t  on 100-volt mains.
The crip F is placed rourrd antl over the arcr- as. before

mentioned,io prevent the uprvard ctlrreDt of hot air blorving the

arc upwards.
Tiris cup also performs the office of a leflector, throwing aly

rays rvhich^str ike upwards, t lorrn into the i l luminated area' I t  is

fui,ther assisted in fhis duty by the depo-.itio' ou its.curiarre tlf a

brilliantly white po'lvder, given o1T in the decompositiol of tlte

ealts contained in the cnrl-rontg.
A number of fltrme lantirs lre now on trial in the Service and

are pioving sati-sfactorf ; se-.'eral of the types have a shunt anrl

serie's coii'fee,-l mechanisrl similar to the open &r'c lamp first

describecl.  
' lhe hot rvire system of str iking the arc has the

disadvantage of taking a long t ime to str ike agtin slroult l  thc al 'c

suddenly b-e blown o" sltakeo outr-as tle hot rvire has first to croi

to allow the carbons 1,o close together'.
A type of lamp, of rvhich there are come on tlial in the Serviee,

has the arc enclosed in a globe to rvhich the access of air is iirrrited"

This is found so to retartl-ihe combustion of the carbons that they

rvi l l  last at least f ive t iues as long as irr t 'he opcu type lamp.

Irr sorne types oi larnps tu'o globes are usetl to pre.r'ent.the

access of air.-  
^ ' Ihe 

i igl t t  givert by these ianps is gerrert i ly rvhite

ancl tliliused; the buriring is ve|y ste:rrly ou .rccount of the slorv

burning art l  absence of dt 'aught '
ThJ enclosed type of l:rnrp requiles about 80 volts across the

arc, ancl is therefoi'e nol; so ecotrornicai electrically as the open

type; but when burning the lamp on a 100-volt circuit  through.a
rtii.iuo". it must be iernembertd thut an equivalent saving in

oower is obtainetl by usiug the smallel resistance. The automatic

gerr of tlie enclosei lami' generally c-onsists of shunt arid series

coils similar to the type lirst described.

Laup.
Watts Cantlle \Yatts Per

absorbed. Power. Candle.

Open arc lamp

Enclosetl arc lanp

Blame arc lamp -

: ; l

So i i  1 , 365  i  0 ' 368

i l l. l  b r o  I  z t o  I  o ' r t a
t l l- l  5 r 5  |  2 , r 2 t  I  0 ' 2 1 2

__l_--__l__--
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This table, tLougir ii probal,ly €xag€tertttes thc ilisath'arrtages
b[ the enclose,l lamf clearly shows the increased economy of' tlitr
fltrtte a,r'c.

l'or siqnalling l)urpo-ces a smtll ,lrc lampr knowu as the ct'uiser
alc flashing lrrmp, is in use. It is u, hrurd-{'ed. laurp and talies about
1.0 amperes; a shutterrvorked ln'  t  lever is f i t ted on the front of
t l ie lamp.

Al art i f ic ial resistrnce sinri lnr to that for the coal ing crc
lamp is suppliecl with each larrp,; i ts lesisttr.uce i t  alrout ' [  olms.

When f l t t ing nety carbons ir i to thrtse larnps open out the cirrbon
holders to the f: i r l l  extent, :urr l  st 'c thrt,  the eni l  of the carbon is
11ush rvith the end of the crr l l ; ,rr i  i r , . , l t lcr ' .
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CIIAPTITIR XIY.

SolnCtr frrGHrs-rol, t i'n u e d.

It  wi l l  be as woll  before entering on t lre tnore t l teoretical
portion of the study of tho sealeh light to trace briefly the

element'ary relations betwcen light a,ncl heat.

We must imacine the molccules of al l  boCies 1o be in a s1;ate cf

incessartt  viblat ion, and t lrat t l l is r ibrat ion i trcreases as the tem-
perature of t,he bol'l' I'ises, and decrea-ces as its tellrperrr,t[re {i,r,ll:r.
'Ihese ribrations o['- tlre molecules c&uss wilYes to be formecl and

travel in the sulrourrding ether; these r ia,Yes are usrlal ly cal lecl

heat wilves, becattse it is tirrough thern th:r,t heat is conlelcLl
from one body to anothel through t 'he ct lrel of slrrLcc.

l 'hese waves are not al i  r- isi i r i tr ;  l . l r t t  is, 111111'rrrgh t[-re; 'str ikc
the eye. they are not al l  ol l  tht:  I ipi l i l  i t i ! . t : / t  to:r{Iet: t  t l te nelr-es

of the r. : t ina. Liglrt  wrr\. 'cs. orr t l r t '  ot lrer han11, are in lel l i ty only
thosc lieat rvarcs ivirit'h irtrliirct"t to be so timetl ns regartls 'wave

lengtir and rapir l i tv o{ r- iblat ion that they can alTect t l ie eve and
ploduce the seusation of l igl i t '

Light l 'aves oecupy ol ly a smli l  port ion of the rvhole range

of heai wayes, and of-therl each different rvave length affects the

eye in i ts own part icular rrranner, prot i trcing the sensation of a

dlf fereut colour.- I iut,  what for the present concerns us rnost, is

the fact that light uu,res are but Jteut rcrtes of special leng-tlt,
ani l  that thc m"ore rte rai;e the tempei 'ature c,f  a bod.y the quicl;er
'rvi l i  be the vibrtrt iort oi 1he molcetr les ani l  t l le morc rapit l  the
vihrat iori  folnred in t lre et lrer. 1[ ' l r is t : l rrr e:Lsi ly l ie -t l to* ' i t  i ry

tni i ine a bnl of ir-on irr io a t lar i i  t ' rronl rr l t trre I ' t  : is qnite inl isi l i let

and i ieatirg i t  grrrt l tal l ;  ;  r ts i ts ' i t ' l t tpt: t ' iLt ' , i re l i :cs. rve ft 'e1 i t

gett ing holter : ind hotter, r 'aditrt ing i ts lrc 'r t t  to-us thlough .space,
i iut i t lcrnains invisi l i le t i i l  i ts ternperatut e reaches about 1,q00c F.,
r.vhcn i t  gladually al) l)eals to l ,re giving out _a dul l-rec1 l ight. As
its tempcrature is i t i l l  f tr ther incretsed, the l ight i t  .gives out
becones rel low, t trd, nt hst, at a ver' f  i r igh telnPeft l turer i t  beconles
almost rvir i te. At the same t iue, the nore i t  is herrted thc greater
rvi l l  bc t ire qnanti ty of l iqht ench l i t t le are:r of the i lon gives out;
or if rve ure the tei'm intensittt to erPress quantity given out by
each unit aler, tlte rnoteir,ten'rc tlie light rvilI bccome. Evidently,
there nrust bc a l ini t  to t lre intensity of l ight anv part icular bo'Jy
is capable of gir ing out, since nl l  l rorl i r :s, i1'  rrr isecl teyond a certain
l imit ing ternpctature, vrtpouri:e or i l  sot le rvay alter their state.

'Ibe higher tiie tetupeiature to which t lody can ire raised
without clrarge of state, tle gt'ettcr wiil be the _intensity of
light that can be obtained flom it by the applic-atiorr of heat.

Carbon, for instancc, can be laised to a, very high tcnrperatule
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trefore it rolatilises, anil consequently, at its temperatrrr.e of
rolrt i l isat ion, gives out a vcr,y intense l ight. The intensity is
constant fol any size or shape of carbol that Ir:ay be use,i, pro-
vjded its tenrperature is kept eonstzut. Of couree, the larger
the area of the piece of cnrbcn so heateti, the grt ater will be the
total qua,ntity of light given out by the whole surface; but tho
quantity given out by each little unit rrea, or, as we have chosen
to call it, the intensity of that soulce of ligirt, will remain the
same provirled the temperature is the san,.l in eacL case.

Gases cliffer from solids in that thoy emit but little light
although raised to a very high temperature, but glrses so heaied
may be made to play upon solid bodies, raisin;1 them to a very
high temperature, rrhen they in their iurn .rvill emit & very
intense light, "llhe gaseous portion of the electric arc lamp,
although at a lery high temperature, gives only about 5 per cent.
of the totr l  l ight of the lanrp.

In dealing with light tve shall for the future assume that the
liglrt issucs in straight lines in all directions from tire source of
light; these lines ale termecl rays of light.

It rvill not be out oi place here to explain the various terms
that will be subserluently used in tlealing rvith the phenourena
of l ight.

Reflection of light is the bentling of rays of light that stril<e
a perfectly smooth surface. 'I'hcy arc berrt bach at an equal
a,ngle to the surface to that at n'hich they strike. This produces
an image of the i l luminatiug object in the direct ion at which the
reflected rays afe pi 'ocec,r l ing * 'Lctr tLr:y st l i l ie the e1.s"

Dif ihsiott  of l igl t t  is the rt . i lcct ion of l i rys of l ight f lom the
i lregult l  srrrt 'aces of rorrgh l . io, l i , ,s, No irnage of the sour.ce of
l iglrt  is prc,ducecl, but rhe surl irce i tself  becomes uisible by the
djffused light which its surface reflects.

No'rn.--A mirror is, comparatively speaking, invisible, from
the fact that all rays of Jighr are reflected, antl reprocluce the
image of objects from which they emanate ; but l, rough surface
is vieible, since ir, diffuses lielit, iliffererrt irr colour or brightness
to that which ot l iel  surrourrding sur.I 'nces ci i l f  use.

Absorlt t ion.-IVhen rays oi '  l igl i t ,  str. ike a dif fu"ing substance
some of the ra;'s rtlay be atrsorbetl turtl nor cliffuserl ; hence the
rerraindcr, traveJl ing to tLe e1t ' ,  rro longer proriuce the sensation
ol 'rvhite l isht but that of a , lc,{ ini te cciour, rvhich cojour depends
on thc qual i iy of the di l l i rsed ra; 's.

I?.eft 'act ion.*A ray of l ighr is bent at t l ic point nhere i t  passes
obliqrrely frorn any one substarce to another; for instance, frour
air,  i l to latcr ol glass. Ihisbending is in such a t i i rect ion that
the ray is ahla; 's more neully pelpendicular to the snrf i lce of the
denser subslance. The amount through which the lay is bent is
termerl t l re angle of lefract ion.

_ Intensitg of a source of t ight is t le quarrt i iy of l ight emittgd
by each unit area of the source.
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Candle gtou.:er ol a soui'cc of light in a giren clilection, is the
intensity with rvhich it radintes light in that directiol. Lrlit
candlc power is given by a standard spcrrnaceti candle burnirg
120 grains of rvax per hour"

filunination of a surfaae is tlio quautity of light falling on it
per unit area.

Briglttnessof a dif,'usin.q surfrcemaybest be deff.ne.l by saying
that a surf'ace has a brightness of one candle po'lver per squore
foot, t'hen an Bre& of one square foot acts like a lamp of otre
candle power, normal to the surface.

Reflecting .power of. a cliffusing surface is the ratio of the
amount of light reflecteil to the total amount of light falling
upon it.

fn the case of a source of light dispersing rays in every
direction, the illumination. or light per unit area, at trvo different
places, varies inversely as the square of their disl,ance frour the
source of liEht.

Frc.  151.

Thiscan l;e seen to be true b;'supposing the lightL (Fig. 151)
1o be ai thc centre of two glass globes A ancl B o1' differeni sizes.
The same amount of light passes through each globe, but as there
is more surface on the larger one, the liglrt is more spread out.
The illurnination of the globes, thereforc, varies inversely as their
areas, that is, as the stluare of theil distances from the centre.

If norv, instead of allorving the light to disperse over these
large areas, the light be collecteil and nrade to travel in a parallel
beam, then it rvill be seen ihai the same amount of light will
illuminate the sume alea, botvever far oti, so, if no other losses
to the light occurred, an object in the beam woukl be equally
illuminated, borvevel far it rvls off.

This is clone in the search light by means of the mirror
refelred to on page 221, u'hich is placed so as to repeive as Tnuch
light as possible from the search light lamp.
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rheorericauy,"" ::::::' 1?""":';"rcquired r.r such a
mirror: is a palabola, since it has the particular property of
reflecting all rays incitlent on its sulfhce in parallel directions,
pror- ided the scurce of l ight is pl:rced jn a certain posit ion, cal ler l
the focus. Fig. 152 shorvs t l ie r ' i rrve ki iown as a parabola. F is
the fbcus, O F is telmr.cl the focal distance.

l "Lc .  l i2 .

A utirror of such a shape is extlemely diflicrrlt to grind, and
rvould give inuch trouble, on account of lreating, &e. In practico,
t irercfoie, oul l  a srnl l l  l , rort iorr of t \e curve i ,q made use of, the
arc l igLt bcir ig )r lorrshias close as possible to the rni lror '  so that,
the angle subtendeti b)' it shall be ns lalge as po."sible,

As the crater bau [een shorvn to be-by fat the most efiective
portion of the source of light, rve nced only consider how we
can throrv the greutes[ amount of light from t]re ctater on to
the mirlor. By ionsidering how much"of the surfnce orea of the
cratet' is showilg tl)wards any part of the mirror, we can calculate
how much light each parl; of the mirror receives.

I'or instance, if th1 {'" carbon he pla.ced horizontal, \Yith the
crater at the focus, viewed fron-r the points A or A1, the edge of
the crater onl.y would be visible, and the light falling on iliat part
of the mimoi wouid be very small. Viewecl {'rom O, although
the full surface of the crnter is showiug in that directiou, no
portion of the cnrter would be visible on account of its being
screened by the negative carbon.

l'ig. 153 shows the relative quantity of' light emittetl by the
crater-of an inclined lamp in any dir-ection, the amount being
proportional to the distance of the curve ft'om the crater in that
tlirection. It can now be seen wby tbe rising of the hot gases of
the arc, mentionetl on pagtj 227, may assist materially in the liglt
giving. In rising they ientl to eat away the front lip of the
crater:, thus operring out tlie crater tol'ards tLc rlitlor, aud
shswiug a large surface towards the centre, With this lamp
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then, the mirror need only .spLlgnd an arrgle of about 40o each
way to col lect r lmost r l l  the useful la1s.

Frc.  153"

I
t ^

I 
to"--='

t 1
t /

7?" 8?" I Iso' \

Plate XXX. shows a similal light curve for a horizontal lamp
ancl includes the various mirrors used in the Service, placed at
their respective focal distanees from the crater. I'he maximum
quanti ty of l lght is no*'  emitted iu the direct ion, rnaking an angle
of 30" to the centre line, rvhilsi; at an angle less tharr l0o ncarly
all light is screened by the negative carborr.

The portion of the curve sbown in rcd indicates the additioual
amount of light obtained by the use of a lorg arc, as describerl ou
page 229, Chapter XIII.

It can norv be seen that the 24-inch mirror, with a focal length
of 17 irches, intercepts but a small  aniount of the l ight; and in
cons€quence of this, the nerv 24-inch and 20-inch mirrors aro
constructeri  r '" i th a {bcal lc.rgth of l2 inche s. By this rr.eans they
col lect practical ly rhe srirnc plopclt ion r- ' l ' l ight as does the 36=ipph
pirrsr witf  i lp local length of l7$ inchep, o
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.  I t .ap-pears f.om this consideration that i t  is ofgr.e*t iurPortance
that the focrl  lengtL of a mi'ror should be rnacre as srnalt a-. possible.
Ihere- are, holever, other p-oints.to Le weighed u,i th regards to
th is ,  the  f i rs t .o r re  be ing  t l ra t  tbe  rn i r ro i .mr ry  j , c  ,hm, ,ged l i .  ex"e* -
s l  yc  he : l t rng  t f  rhe  c l .a te r  be  brought  too  c lose  to  i r .  For  th is
rt ' rson i t^is proposed.to reduce the iurrent to be used in thc lanip
rvit IL a l2-i 'ch focai le'gth mirror to g0 arrrperes. ' l ' l i is n.. .rr i-
t l tes the use of smaller car.bons, anrl  re. luces the totai aniount of
l ight emitte'd.

-.-- Se'condly, we ntust consider the t l ivelgence of the rat.s of
lrgLt due to their enrauatinE frorn t lre crarer of the posi l ive carbon
instead of from a poirrt ,  The parabolic rnir.r .or wi l l  only ref lect
r i lys in a p:rrul lol  beeur rvir ich come f lom 1.he focus; but as tbe
crater lras an appr pci:rLle r l iameler a large I)ropot. l  ion'r_rl  t . l rc rays
do no[ corne frou t l-rrs poiut, and are therefore rel lccted is
divergirrg rays.

ftc. 154.

A

n t

. .  .Fig._l54 shows,t lre lr f l ,ssage of the rays from such a source of
I ight. I lere i t  rvi l l  be seen that the l ieht str ikire each ooiut
of the mirror A A is real ly composed of : i 'cone of rays lraving the
crater- as i ts base; these are I 'cf lected at cqual angles 1o" the
normal, anrl  consetlrre' t ly leave the surface of t lc mir ior in a cone
of  d ispers ion  ins te r , l  o f  i r r  hor izun t : t l  l i r res .

l leference to the dotteel po't iorr of n' ig. l i4 sh'rvs tLat rvhen
tle lbcal di-stance of the mirror is increa--setl from tr O to !' O,1
tLe angle 

,ut 
t i : .  apex of. th.e cone, or r lre &ngle of . l ivelgence,

rs  reo i l cc ( r .  L  I t rs  smt l l  d lvergenCe l , la ) .s  an  in rpo I t l rn t  par t
i '  thrr p'act ical-use of the beanL. rf  in ieal i ty al l  iLe 'ays'tr id
lralel in a 1 c r fctt) ;  

_ prral lel  berm, a space orlv just tde size
-o f  _ tLe  lpcJ tu le  o f  tLe  pro jec lo r  r ,cu ld  L ,e  i l l t rb ina tec l  o r i  the
l,orizon ; t l r is <rf , ' r ,nr ' :e r '<iulci  be uselrss, as i t  r loult l  aplrezu." ,r . ,ar*
point, so t lat a sl igbt divergence is lecessary for t l re pi,act ical uso
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of the tight. 'Ihe anrount of this divergence should be alrout 30.
A slight r:alculation will shorv that at 2,000 yards, the area illumi'
nated wil l  be a circle of about 100 yards diametet; this is perfect ly
sufRcierrt for searching pnrposes, atrcl an.y further dirergence ha'tl
better be obtained in a horizontal direction only. ff the divergence
was increased to 3o 30' the arca i l luminated wouid be about
120 yards diameter, and the illuminaiion, therefore, in this case

I  n j
would be as i l, or 100: 144, or nearly 50 per cent. in i l lumina-

t 2 '
tion rvould be sacrificed. On the other hancl, a clirninution in
divergence to belorv 2o rvoultl light up too small a circle.

lYe now have the follorving facts established:-

l. An increase of focal length reduces the divergencc.

2. An increase of the tliameter of the crater increases the
quantity of light thrown on the mirror, and also increases the
orvergence.

3, An increase in the diameter of the rnirror may or may not
materially increase the amount of light reflected. llhis depends on
the shape of the light curve, and on the angle subtencled by the
mirror at the focus. If, as in tlre 24-inch l2-inch focal length
mirror, the greater portion of the liglrt from the cral;er,is afr9.a$
being collected by the mirror', an increase in tliameter is of little
use. Brrt with 

-the 
same sized mirror of l7-inch focal length,

only a small proportion of the light is cauglit bv the mirror, aurl
a great increase is obtainecl by u-sing a largel mit'ror.

In connection with this it rvill be seen tliat although a small
alea of crater only may be showing torvartls the outer edge of
a mirror, and that a srnll quantit.y of tigl t per square iuch is in
eonsequence throrvn on this poltion of the mirror, yet a small
increase in diameter of the millor results in I considerable
increase of surface, ancl that therefore an appreciable arnount of
light may be reflectecl by the outer etlges.

We sec from this that the 36-inch projector has not necessari lv
any great superiority oler thc 24-inr:h plojector" in intensity of
i l lumination. 

- 
Cornparing i t  rvi lh a 24-inch milror of l7- inch

focal length, it receives about double the amount of light, and the
intensity is considerably increased. Compared wibh a 24-inch
min'or of l2-inch focal length, the 36-inch rnirror produces
a slightly irrcreased intensity,

4. 'Ihe diverqence of the rays rvhich strike the central oortion
of' l,he milror is greater than that of' the rays striking the otrter
circumference, and this, together rvith the screening of the centre
of the rnirror by the regative calbon. tends to make the intensity
of the beam not uniforno throughout its section.

Mirrors,

Xl 'en to gi i l t l  a t lue pamboiic rnirror of tbis small  arc is a
vcry dif fcul i  and expensi i 'e lrr t ter, antl  i t  is only of late years
t irat sucL a thiug lras bcrrr pcssiblc, nhcrers a spherical mirror
rvas a far easier apd clrea|ex fol'm fo nrflnut'acture,
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The dotted l ine, ! ' ig, I55, shorvs horv the arc of a circle
depalts from the parabolic form, auti the ravs of' light there gir-en
shor,v horv their r l i lect ion cleriaies f i 'om the tt 'ue parai lel beam,
consiclernble divelgeuce beirrg obtainecl f lorn str iking the surface
at more tiran 20o to the axis.

! 're, 155.

- ,Llarglin llirror.-'lo get over this, J\fnngiu usecl a clever
device, ut i l is ing the fact that lays of l isht trarei l ing through slass
lrave their course alteled .or. refractecL . $frllyi',g tbis piinc:iple.
be made a milror whose iusit le lnd outside-sui ' foces rucr^.e or.ci  of
spheres of dif fercl0 radi i ,  the irrrrer sur.faccs having the smaller.
radius; by this means the t lr ickrress of the gl:rss u,us gradually
increased flom the ceutle iorvards the edge, so that a rai of lighi
str iking- the glass, n'as berrt towards tbe innel sur.fuce, and thel le-
Iore. r'eflected at a less angle than if it had continuccl on its old
cour6e.

. O: emerging, the rzr1. rvas bent again atvay froru the lormal,
but the rret result *'as tliat the path of tho iny rvirs fai. rr.u,="
the horizorrtal th*n rvould lrrrve b, 'cn t lre case lra,I  t l re gLrss lrr,en
thin.

- fig. 156 shorvs thc pat,h of such a ray, the ttottctl linc A
th.91']ng i ts prLth.ha,l  t l ie glass 1r1'as1io,r l l1.had no thickness, the
ful l  Jine sLorvirrg i ts irath in a nlrrngin rnir i .or,
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l ' rc.  156.

t\

Parabolic -Lf i*ors have noiv lhnost c' i i rcly supor.sedetl  rhc
Marrgin mirror in the Se.vice. rrre urirrors c'rr"be eitber g"uuriJ
or cast to the correct sh*pe. ' rhe ones supptietr to the Service
are cast r l i . ro's a'd h'vc thc g'eat ad'a' tage oI '  clreapness over
the .I\{arrgi' n.d the g'ountl iarabolic mi'ior. Tl,ey a." ,,1.o
mucb l ighter than t l ie forner, 

-

tlfefuilic .Dlinors.-'Ihe advantage of a metirllic rnin.or over
one.of glass is that of not, being liable to fracture by a bullet ol
during transport. Experirneati have beel couductetl rvith ttrem

1g.., .noy 
years, but in al l .cases up to the present the great heat

or lne alc has soon reduced their r.cflecting powers.
Ciold-plated mirlors are now un.:ler ir.ial antl have the very

.q1:* 
",1:uuluge.of not. giving a rvhite rvoolly beam. Ihe ;.eilorirrg-l l [  ref lected trom them.anpea"rs to hate greatet, penetrat ing

power than-the present 1ight, anct although aiout 40 per.cent. o-f
the lrght ot- the arc is Jost by ref lect ion in these mil ,r .ors, they
appear to,compare very frrourabJ;, rr i th rhe giass mir.rols whicir
oDiy absorb about . [  per cent. oi ' l ight i i l  rcf lcct i(Jn.

Ilhtnination bg a Searclt Ligltt.

j\ll obje^cts, which do not themsehcs eurit iight, becolre r.isible
,t9,the eye- from_the fact that t lel-,  or lheir suircirnt i ings, dif iuse
lj$rt: and in doing so reflect ilis tlifiusetl fight e;fner ;iih
(trtrerent ultensit ies or .rvi t l r  di f fcrcnt coluurs.

To be able to sce an object, trvo things are recessary. Fi lst,
there must be suff icient r ighi ref lectctr to' traver buck io the eyJ
and affect it; aud secontiiy, the body must differ opricnlly flJm
its_surroundjngs, th:rt  is, must ref lect a dif ferent anounf or a
d l f le ren t  sor t  o t ' ) ig l r t  ro  t l ru r  ' r v l r i c l r  i s  'e f lec red  by  i t s  sur round ines .
so t lruC,a. corrtrasc is p|oducrd on t lre e).e. ' ihis 

neccssiry ior
cont ras t  i s  so  impor . ra r rL  fo r  the  < l r f in i r ion-c f  ob j tc ts  tha t  wd w i l
consrder more closely its relariou to their visibiliiy.
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While light, such as sunlight or the electric light of an arc
lamp, is composed of waves of light of different lengths, each
tl i f ferent wave length as i t  str ikes the eye proJuces the sensation
of a cle{inite colour, the exact colour depeniling on the n'.rve
length. If waves of all lengths simultaneously strike the eye all
colours are produced at the same time, ancl the result of this
mixture is what rve call white light. We may, therefore, look
upon white light as a mixluro of rays (sec page 245) of every
different colour.

If these rays now strike an object and are all reflected to the
eye, the object appears white, since the l ieht coming from the
object produces the sensation of all ihe rays, or that of white
l ight, on the eye. I f ,  however, an)'ray or rays aro stopped and
absorLed b.v the body and not re{lected, the lemainder will stiil
t ravel on to the eye, but since sone of the rays are missing the
sensa,t ion of wlr i tr :  l ight is no longer produced, but that of some
definite colour, the exact nature of the colour depending on the
rays that are not destroyed. If a body doers not reflect aly rays
of light but absorbs thern all, then no rays stril<e the eye, a blank
is produeed, and the object appears black.

A very common example of this is to be seen .lvith sunlight
shining on the black hull of a ship if 'rvell polished. If the light
strikes neally at right angies to the ship the light is all absorbed
and the bull appenrs black, but from portions where the light can
glance off, :u a large angle to the eye, much of the light rvill bo
reflecteil rvithout being absorbed, ancl that part of the hull appeers
white and shining. Again, blacks difTer rnuch in t tre amouut of
light ther n'ill reflect. A, cleud lrlrrclrr that is, one whose surface
is quite t lul l  and rrot at al l  glossr ' ,  r 'ef lects l ight bldlv, whereas a
blnck varnisir,  n,s rye have seen, at t i i les rcf lects l ight thir ly well .

Another point to remember, is that the amount of light
reflected from different portions of an object to the eye depends
on the angle that those different portions make with the directiou
of the ray"s, so that an object, soc:lr as a boat, does not appear of a
uniform intensity of colour all over since shade (that is, less
reflected light) is produced in some places, such as the hollow of
the bou's or under the quarter,

We may, therefore, say that the visibility of an obiect depends
on the dif ference, either in quanti ty or qual i ty, of l ight ref leeted
bv i t ,  compared, with that ref lected by i ts in, mediate surroundings.
A rvhite disc ireld against a white screen is hardly distinguishable
fi.om it a few fee0 away from the screen, but a black disc woulcl
ire distinguishable as long as it were visible. The rnore nearll'
the quantity of light returning to the eye approlches that returned
in ordinarv da.ylight (the intensity to which the eye is most
accustomed), the r:rore clearly rviil small differences in shade and
colour be detected ; 'rvith a weak )ight such difforences wiil
be hardly rroticeable, and w.ith a yery strong light the eye is
bl inded,

The surface of nearly all objects is rough, not smooth end
polished like a mirror, consequently they do not refleet light in
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the same mannei as a perfeci surlhce would, but diffuse it, that lse
the rays, striking the small roughnesses, are reflecte(l olf in all
directioni to thc dycs of observers situated in different positions
as regards the object.

We are nolv in a position to discuss the use of the sealch liglrt
for iliuminating objects on the lvater, and tlte various occasions
orr which a search light may be required, ancl in doing so we
must dist inguish between detection and i l lumination.

Use of a Search Light.

A search light may be intended to deiect the npproach of
on enemy, ol orily to illuminate nnd follow n rnoving object rrhen
it has been cliscoveretl by other means.

Detection of an object feebly illuminatecl deiiends, to a large,
extent, on the eye adapting itself to the particulnr quantitl of
light it is receiving, and also to the vision being clirected exactly
on that particular object. It is a matter of common hnorvledge
that it is easier to heep an object in sight, n4ren once seen, than
to detect one, and th.at an object mal' be follorvcd with the eve
with ease to a far greater tliotance than at rvhich it can be picked
up. I f ,  again, a rnoving l ight be user1, unless the beam is mt,ved
very slowli', thc e1'e cannot accustom itself to quick changes in
r-itt int.ir.ities of ligLt, consequently an object will often iot be
noticeci by a beam srveeping orer it, though ii mighi easily bave
been cieteLted in passing through B stationary beam to rvhich the
obselver's e; 'e had become ful ly accrrstomed.

Jf a seaich light be kept burning from a ship with the view of
cletecting a,n enemy, it must be remembered that the light rvill
r"eveai the plesence of the sbip, and attract every tolpeilo boat to
her fol rniles around, particularly if the light be a moving one.
Considering the uncertainty of detection of boats from a ship elen
rvhen burning search lights, and the difliculty of clestroying the
boats if they are sighted, it lvoull probat'ly be f'atal to show any
l ight from the ship, whe1hel in harbour or rt t  sea, unti l  tLe boat
is actually discolered and llred npon, lntl rery possibly it rvor-rltl
be unwise to do so even then.

In view of the above we may conclude that maximum range ls
not the primary consideration in the choice of positions for search
lights. The more important duties of a search light are to enable
the gunlayer to see the target, and the control officer to observe
the fall of shot.

Pontiotts for Search Lights.-Ihe visibility of an object mly
be due to one of two causes. The rars rnay be striking the object
ancl l.hen rcllecting back into the observer's eye, or the rays mav
be l ighting up the backgronnd, and the object is forrning & screen
to the rays going to the observer's eye. In this case the object
looks dark agninst a bright backglound.

A search light br:am, in travellingl through the air, lights up
innumerable small pnrticles of dust and water; each one of these
reflects a small ar)lount of light. so that tbe beam appears mitky
and opaque,
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- The visibility of an object rlcpor,l. gr',ratly on rhe distlnce thnt
the fa,r's leflecibtl from iho object hi'e to travel, ttrrrough this
woollv beam, beflorc reachinq the observer's eye.

F rc .  157 .
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In lr ig" 157, i I  S be a search l ight throwing a beam on to
a. target T' the rays reflectecl from 'I, have to pass through a
distance 'Ir, A, before reaching [he observer O,, but the rays foirrg
to the observer O, only have to pass through 'I, 

A, of th6 siarcii
l ight beam.

t).  t i rerefole can t i ist ingri ish tLe object rnuch better t l ian
c ln  O, .

l 'or.  the strnc rcasolr i t  can be seen that i f  the obiect be
situated.i l  t l re edge of the bearn nearest the observer t t ' i r .  sa;.,
tiiele rvill be practically no n'oolly beam for thc reflected rays to
pass tlirough.

It may be stated then that the obser:vet' should be removed as
fal as possible from Jhe light, eithel verticall.y or horizontally, and
that tire beam of iight should be so directed tirat the objecf is in
tbat part of the beam which is nearest the observer.

'lle selection of positions for search ligtrts is govertecl by
these considerations, but there are several ot)ier poiutirvbich harie
to be taken into account. At least two observers have to be
considered, the gunlayel and the controlling officer. A searclr
light placed in the b,est position for one gun may seriouslyhamper
anothcr gun. 'I'he final position, therefore, must be a compromise
rvhich as nearly as possibie fulfils all the requirements.

A search light placed high up willilluminate a small area only,
and the laying o{'ttre projector must be very exact. If placed vei.y
lolv dolvn, the search light is only available in absolutely smootir
weather, as eyery roll and sea would occult the beam and light
the strip up greatly by refleciion; also the low position of i,he
projector would cause light to be reflected from the .water, and
Iargely increase the haziness of the bear:.r.
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Searehing Beams.-lt mny be necessary on some occasion to
Use the search l i .ght for detecting t lre sngmy-and i t  is as tel l  to
consider l iow i t  can best be done, I t  has 

-been 
pointet l  out that

a fixecl beatr is of gr.eater value than a -oving one for this
prlr[)osc, brr l  al t l rouglr I  f i re, l  l_rcam cr,ul, l  l -el l  be used rvlren
deft-rrding_the entrance to a har.bour, yet i f  a ship has to maintain
a search al l  rountl  the horizon, ir  is obvious thaf wit ir  the l imited
numbel of -qearch lights on board, the lights must be made to
sealch through small arcs of tbe horizon, each one having its
o\\'n arc. There are seteral methcds r'hich can be employ6d in
searching this arc, the object of thern atl being to cnsure ihai each
point of the horizon l:ras the bc.lrn passerl or-ei it at cqual intervals
of time. It is essential thrt a s=ulee{t€g heam shoukl be moled
slowly ancl regularly through its ar.c, otJrerrvi:e the object rvill be
passed over by the beam wit lrout being seen. Look-outs must Jre
placed to keep a constant $'utch orr rhe b:am with binoculars. as
il is most unlilicly that the beam rvill illurninate the object for
longer than_tu'o_ or three-seconcls, and the nran workinq tlie light
oannot possibly keep a look-out.

Control of Search Liglltts.--I:rour the above it can be seen
that the man rvor'hing tlre. scalc_h liqht crr.rrnot be expecteti to keep
the beanr_cn rrn obiect l ' i r ich he frobably cannot sce unless h-e
reccives tiefirrite ortlc,r's c.utinunlly as to th-e training and elevation
of '  the berrn. ' Ihese or. i lers should be instantly carr iei l  out. the
lequiled motionii being- given to the projector by means of tvheel
gearing rvolking at a slow speed, so as lo obtair-a srnooth motion.
If the gearing is of the correct speed, it wi[ be found to Eive a
superior contrcl over the projector to that obt:rined by free rvoikine.' Ihe only trnre.rvhen_fleelvorking may be found advant"g"ourT,'rvhen.thc. ship is lol l ing or-pitclr ing; in this case i t  rnay b"e easier
to hold tlre, projector steady at the required eler-ation, provitlinE
that,the object or the_ hor. izon can be secn from the pr.ojector. l i
is sclr lorn, Irole'cr, that this ean be done, but i i  i t  tar i  i t  rvi l l  be
easiei ' to use t lre gearei l  elci-a1,ing rr lreel.

lvi th c' lcctr icrr l iy co.t.ul lr t l  p'o. i t ' t . to.r,  t lLe rr i i i ic ' l t ies of co'trol
are hrgely tliminished, a-q -tlie rnan rvorliing tbc light ctrn now see
rvhat he is doing,.but in spite of thisgrcat a-rlr-ant.gla consitlerable
nunrber of 'object ions to the system l iave beerr rai id.

_ . ' f  r tr .n spot.t  i  n o P roj ertors..-\ f  i t l r  a vieu. to prer.cnting damaEe
being.r lone. to projectors t lnr ing a ,. lal  agtiorr,  t l re.v s[ould 5e
stoweil  bcir irr i l  .rmo'rr d.uri .g the art ibn, aud'replacetl  in their
pr(rper pc,sir ions before nightfal l .

Posit ions must be selecterl  for the plojectors betrveen decks,
and every carc should be taken in trausforrins them.

All  small  { i i t ings_, l iable to be broken in i lansport,  should be
removed, and stol'crl separatelr'.

The mir.or shoulcl bi carefirlrv t'elted and neve. be ailowecr to
rest on its back.

The horizontal lamp should never be lifted by its carbon
holders, as the-"e parts ale rr_ade as ligfit as possible, Lp4 tachlasli
wi l l  soon apl,ear i l ' the gear is strained.
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Brrrnirt,g Search Ligh* a,t a J)isttur.ee.

The l,,est nrethod of de{ending ships at anchor against hostiie
torpedo boats is to land one ol' lrors projectols near the moutlt of
the harbour; the nrost suitable 1-rosit ions in wir ich they cal bc
placed depencl on thc configuration of the land.- 

The ship ma1' then be lcft in dalkness so that the attacking
.l-ro'rts 

rvill not discover her position.
In sorne cases rvhen t l te crrf  tuut ' '  to ire proteetecl is wide, i t

may be fouucl advi.sable to place l)r-oiecfors tn iaunches tnooretl in
selected posit ions; i f  this is r lorrr i rrr\ye\-cr ' ,  i t ,  should J. ie borne in
nrind lhat a very sl ight sca is : .ul l ic icut to cause considcrable l 'ol l ing
of ' the boats, x'hich l i l l  l )rovent t l rc l ietms being of any pl 'act ioal
u tilitr' .

Ihe usual plan 1i-, l lorverl  is 1ol the plojcctors laid out for this
plrrpose to shorv l ixed beatrts exteutl ing tcross the eutrance to bc
plotected, diverging lenses being uscrl  ol ' r tot nccolding to circutu-
st i inces, armed guald boats beiug sfat iot l t ' t l  to observe and signrr l
the approach of the errerny.

Altel the attacking borLts irave been detectetl in passing these
fixetl beams, opinions differ as to rvhcthet' use slroulcl tlten l.re nratle
of thc projectors of the ships, to follorv them up, or not. 'I'lis

rvould a,ppear to depend largelv on the nature of the backgroultl,
rrrrt l  the cordit ions of weather and dalkness.

7'o burn the light the current must be supplied to the pro-
ject<rr tiom a ship. tr'or this purpose 1,000 yards of cable,
Patt.  1,100, is issued to al l  "  A " <; lass ships, lvhich inclut les batt le-
ships arid f ir 'st.clnss cruisers; f lagships carr,ving an nt ldit ional
1,00O 1.alds. 

' fhis crLble is intcndett to be userl rvi th a single
rlvnarro. aurl  thert, fblt ," since i t  rvr l l  have t() carry 100 arnpEres of
currLrnt, i ts t 'esistrrncc tt t t t-ct be hept lorv.

A 1,000 1'ard reel of Patt.  I , lO0 has a resistance of '136 ohnr;
hence, uith the fuil current flo'rving ttrlough it, the I).P. absorbed
rvi l l  be '36 x l0O, or 36 \ 'ol ts; thus i f  an ear' lh leturn is trsed,
the light can be wolked up to a distance of 1,000 yards florn the
sir ip.

lt is evidently necessary that, the resistance ofthe earbh leturn
shouid be as small as possible. Experirnents have proved that by
using suitable eu'thplates, rvLich rvili plesently be described, it
nray be reduced as lorv as '0I5 or '02 oi lrns, and so ab-*orbing
about 2 r 'ol ts mole. T'his, i f  an E0-volt dynamo is being used,
will leave ttO - 38, or 42 volts at the lamp ; n I'erv more revolutions
of the machile rvill produce 4i or 48 r-olts, which is quite sullicient
to nraintain a good light. In ships supplied rvith l()O-r'olt dynamo-.,
it can be seen that the voltage wilt be auply suficient rvithout
any increase of speed of the rnachine.

It  is udr. isable to put the posit ive telminal of '  the rnncLine to
ealth, siuce the posit ive ca.r 'bou is connected tr-r thc body ol '  tLe
lantp, antl anv leali belrveen I.he lamp an(l pl'oject,or rviLl be of
l i t t le consequerrce; r lso, lry so doirrg, t l te operarot rvi l{  Lre 1r 'ee
frorn shociis.

E 5{J9 i ;3 .  h
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Earth Plate.-The best form of earth plate to be used at the
projector has bet,rr f i ,rrnt l  l r ; '  numerous cxperirnents to be made
as follorvs :-'J'rl(e fi r'e--I-firthonr lengths of 2-inch .steel wire rope,
tnrl arrange them irr the for.m of a star by crossing them in the
cenire. 'fhcv shoulrl be securely seizerl togetheitvith a rvire
rueking .eizirrg. ro arrnrrgcd ns io keep thei i f fereut p;; ,r ; i
sprerrd out. Ihe core of a piece of Patt. 820,r leah-covered
wite, or other cable capable of carrying I00 ampbres, should be
soldcre<l to the centre, and iecl to the-posit ive-terminal of the
projector. Tbe earth plate thus formed shoulcl be placecl under
ivater, caro being taken. to .keerp^ the legs letl sprcad apart b).
rneans of & spuDvarn tr icing l ine i f  required.

Latlitt,g otzt the Cable.-�The Patt. i,100 cable should be
hoisterl  out on i ls reel,  nrrt l  placed in a pirrnlce or launch, supportet l
orr an iron bar so th:r,t the reel may revolve freely. Ihe inboard
errd shoulcl be led in through the ha*'se pipe ot' over the bows of
tlie.ship, anrl sufficient, slack allowed for ile ship srvinging. It is
desilable,.however, u'hen placticable, to lay out n stern arichor., as
if the ship rloes s'wing and the cable fouls, the htter mrry qer
damaged, ancl mav be di{ficult to clear'. 'ihe cal,le is tLen laid iut
l lorn the boat and unreeled us r.e<1uir.ed, t l re shole enrl  being joiue<l
to the negative termiual on tbe projector pedestal. For landing,
the proiectol shorrlcl  previouslv ber taken to pieces; this wi l l
ino'euse i ts |ortabi l i t-1' ,  tnr l  the mirror.wi l l  noi be so l ikely to
s:rffer, clnmage. Tiro prrlts can then be easily taken on shorein a
srnall boat, :ind thc projector set up again in ihe tlesiretl position.

A separate dynamo, rvhen available, should be usetl lbr burning
l ights at a distance, since i t  is inadvisable to introduce an earth oi
the incandescent lighting of tire ship.

It rvili generally be found convenient to connect the cable to
the negatir,-e l,etrninrrl of one of the folemost search lights, thus
putting it in clirect, comrnunication rvith the negative b]rr of that
search iight on the srvirchltoard. Should the aitificial resistouce
be iri the negative lend, it must of course be shor.t-circuited.

'Ihe earth connection sironltl ire rnarler li'om the positive bar
of ^the same search lighr to tire hull of the sLip, by a piece of
100 anrpere rvire litted rvith aiat metal eye soldered at iis end. Aoy
convenient nut in an iron bulkhead or beam can be on.ctewe,i.
the surfaces rhoroughly cleaned. llnd the nut then sererved harri
dorvn .on the eye; or connection can be rna,le to a coplrer pipe,
In cithcr casc this earth plate.will havc an "re, represen^tea Uyt't e
rvhole of the sbi1"s bottoul.  I f  t l re cabie is connectetl  to the
srvjtchboai 'd. t l re srvitchboar.t l  cut-outs rvi l l  sul l ice; but i f  con-
nections aLc iiritrle direct to tlre dynamo. a 2O0-arnpere cut-out
s l rou ld  l - , c  i t : r , ' t ' l l r l  I )e t \ \ ' ccn  f l rc  ncgu i ivc  te rmina l  lnd  the  m, r in
lerd.

. 
' Ihe question of earth plates is of gleat importance in con-

sidering the bulning of sear.cL lights a=t a distince, since theil
resistance shoulcl be as.lorv as possible, and every superfluous
resistance carefully avoiderl. ft is experimentally forind that
so Iong as the surfhces of the earth plltes ale large, thus providing
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"-",,e?ry passage {rom the mertal into the .rvater, their resistance
wrrr De very srnall ancl q.uitc irrespc,ctive of their distance apart.
Trvo methods of mer,surifg the risistarrce of an earth pfatJ are
given in Chapter XXII.  (page 388).

-_,^,^.{]]" 
ftbwing regulations are ro }_re observed in laying out anrl

\ \ 'erglrrng a search l igbt clblc. :_
(1) The cable islhvays to be kelrt storved on the wooden reels

on rvhich it is supplir,.tl.
(2) The cnble is to brr '* '  l r '  iL, i i t inq the wooden reel into

the 
.runnirrg l)c)rr l  aui l  suirport ing i t  suitably on a

_"pindle,

(3 )  The cab lc  i s  1o  l rc  r i - , , ig i re , i_1r . r . . r .e r l ing  i t  s t ra igh i  up  on  to
the lcel,  t i i i r i rrg orrt  rrrr.r ,  l i inl is as i i  comes in.

(4) ' fhe 
catr le, s 'herr.uru'el.r i  f 'or. lrr ipg o1 r,epair on board, is

to be st letchetl  our or eoi lrr i  t i rrrvir i rr  taige bights.
(5) Al l  d?Tlg" to the Lrait l inr l  jv to J,u r.cpair.ct l  as soon after

lveighinq as possille. l\-hcr.t the bra,icliro has beeu
onl,irely r.ctnovetl for short <listances, ,rortL"rpo,., yun
rvhippings, not rnore than 3 inches apart, shoulti bo
l )u t  0n .

(t i1 Jf the br ' ;r idir ig.beconres 'ery bad the'cable should be
rtett ,cted. uuri1 i [  11 ot lr t ,r ' rvise gourJ condir ion leturned to
siore to be serrt to t le rnakers to be re_braided.

(7) fn the vc:rrir- repo"r.ts of i.or.pcrlo e_.icrcises of ships, the
pi:Lcr ' ,  rnelLi.r , l  of storvrgr,, i tret|6rl  eut,I  r .esult  of , 'onnios
ti icr cir.hlr,  i rs r,-el l  ,s r lefrr i ls .s to i ts co't l i t ib ' , .L;;A
Irc ful l-1. -st:rt t t l .

Ilu,rning Lights u:itlr I,uo Dynamos in Series.
ft bas been seen that rvith an g0"r.olt rnachine :r lieht mav be

burn t  up  ro  a , l i s l r rnco  o l . l ,o ( )0  f . i t r t l s  l .om;  J l ; ;  tF ; ; " ; r "b l ;
be acai lable rvith a 100--vort mac' iue, i ' is distrnce can teincreasetl
!o trgQO y-ard_.. If itis desiretl ro.hur' rr light ar . gi.earer distance
it rviil be fr'rntl nccessar;- to cuulrle tvo mJchines in series so as toobtain the required D.l'.,,a'd tlieir speed shoukl f,u .o na;uJJ ui1,o get about 60 volts rrt the Jamp, arid to maintain u .,ir"urt oiabout I l0 amperes in the circuit.

The ruethorl of couuling t.no dynamos in series is described inChnptcr IX., p. i61 ancl onwards.

Signctllhg with Search Ligltt.s.
Referenco is rr:rrle to a flashing shutter on p, 223. This ismade somervhat or t'e princi'le of the Venetia'rr blin.r;;,fu;;

on to the froui of t i re projector.

. .The. projectol is kept.sten,r ly, point ing in the direct ion inrvirich the signlrl is req'ir.etl io lrc currr-eya"l, *'ri i""; ;;;";";

R 2
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f lasires made by openine lnrl  closing the-shuttcls rvi th I  lcrcf

f i t ted for the pur'1rosc. 
'Goo,l  

lesults have been obtaiued Llp t() a
(listance of 25 or"30 rniles. An advantage cl;r,imerl for this s)'stenr
is that the signals ma,de are only visible in the tlirection desircrl'

This methoil is used bv dav and by night. \Yhen nsing it br'

day, if the ship being signalleit to is-low duwn on t.he horizcn,

great cate -oti b" talken-to Iay the P,r'ojectorcorrectly. !'or this

lulpose carriers are being fittid to ihe bc-rlels to taice atelescope,

wt ictt catt be aligned to t-he centre lile of tlie bc'arn. Care lrtust

be taken that thJlarnp is at its coflect focal clistance.

As an alternative rnethoci bv niglr l ,  the beara ma1'be movctl

up and down il a vertical arc in the skv, making long antl sholt
flashes.

Aiso great distances can be signalled acloss if tl're bearn be

used to light tp some low cloud frorn whicL the light rlay be'

ref lected to the other slr ip.

The onerator shouJd considet t le strte of the clouds alt l

atmospltere before deciding inlvhich tiirr:ction to fl:rsh. A bca'nr

when^no cloucls are presettt  is of lruc l i t t lc goori for ' lorrg distarrces;
everything depends ou lhc strte of the air'

For lighting up boats embarking lDcn, or on othet' occasions rt

night, if possibln uie n rlivt'rgent lens. lt is not r-equired, as a rule,

to"give ir, brilliaut illuurinition ; this ortly clazzles the tnen antl

intelnsifies the shatlorvs. Rernember also, t,itat ftn al'c?l, llllvays

appears more intensely lighted to peop'le in thlrt area than to tltose

oi'board, fo" ,'easons'ahiady drscusseLl. A good' evenly diffused

tight is n"hut i t  requi led, rvi thout t le bl int l i r ig glare of the ful l

l ight.

I f  t l re disttnce is too far for the divergent l1'n-s, the paral lel

beam will probablv not be too strong' if thc bearn is slightl.r'

spreatl  by putt ing the lnmp out of fbcus'

llhe use of guarti boats when defentling t harboltr reqrlires l)ut

few temalks. 
* 

Such boats woultl usutrlly Lrc cnrltlo;'etl at con-

siilerable distances from the iight, antl thcir outlook rvoultl be in

a direction arvay from the light, ltencc, tirc tlirect rays -would have.

but little blincliirg effect on t,hem. Thc vhoie sun'ounding area-of

watel worrld be-iiglrted rvith an even diffused light and rentlel

objects easily visible.

To the aclvancing torpedo boats the guu'd boats rvill form con-

spicuous objects if iying- L,etrveen thern antl the beam, since thcy

firm a shaip si lhouelte' lgainst the l ighted hackground' and-this,

in a weli-ligirtcd alea, it is"tlilficult to avc,i.l, hence the guard boats

should remimbel that thel rvill probrltlly be firsb seen, and that t"he

enemy wil l  hlve t lrc advattt t tge ir t  this respect '

Boats attrtcltiny Ships l,tirnittq .\parch f ights.--'lo the boats
atlvancinE to rn at incl< i t  is <rf thc t i t tnost intport: tnce that they

shoull  study the cl istr i l . rut iorr of l ight, atrd try, ns frtr  as Possibie,
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to keep out of t l re bean. 
' Iho ruomcnt t lcy enter a l ighterl  area

they are certuin to be observetl by the guartl hoats, rllcl if tbc'v are

disJoverod, a. straight, course foi the .ship is probtbly tlroit'Le'"l'
pt'ocedure. Thevivill, wlten approachirrg a ship in a bo:rm, rneet
'rvith trvo diificulties :-

lst. ' Ihe bl inding efect clue to the t l i rect rays f i 'orn the

projector.

2nC. 'Ihe light cliffusect florn tirc u'tttcr antl particles in the air'

l fhese t l 'o act in total iy cl i iTcrent l l r l l l l lcr i .
' f l ic ir l i i lc l i rrg e{Tect of thc r l i |ect r.a1,s is r iazzl ing arrt l  i rr jnr ' ious

t '  t l t '  c1't ,s. l l rei ' t ' r l t i 'g e'en l t  strai- lr t  cc,ursc leing- steerct l  lbr

t l rc  s l r i l i .  ' i l ' i .  n , , , . "1 ,oss i l ' l v  l , t '  o \ ' . rconrc  l i v  merc ly - . -sc leer r ing

th,r sorrrcc of l iglrt  ul i t i r  a lrrrrr, l  slr . . ,1,,  t ,r .  snrrr l i  ureta] r i isc, rvhich

rel ieles t l te s'es, lrv cutt ing off thc i t l t r- ' t rse rrr-s.

Srreeit ir t t l  cattsei l tu t l te Setrrc/� t  J ' iql t t- : lhe l iglrt  t l i f l i rsed

l 'r .onr thc rvaier is far mole serious in i ts effects. since i t  retrt lers

obiects behincl the i l luminatcrl  u'ater invisi lr le. 
' Ihe visiLi l i ty of

a iirip depentls on thc difference betwecn the light reflee.ttd bv it

arrcl the' l ight rc{ lectet l  from its sut 'roundings. At night this

tlillercnce is very small and carlnot br: appreciatecl when a sereen

o{ lrrminotr: i  oi l i i "}e* of dust and rvaterls throrvn up in front of

thr: olrscrvcr. '  I t  is irnpossible to mit igate this effect by the-use

of colouretl shades, since all the sources of light will have their

intensity reduced by equal amounts, hence lbe-rays from the hul l ,

its su|r"ouncliug r",ri".,-ancl background will lre obliteratett lortg

lrcfot'e tlie ligiit dilTused ft'orn thc floating prrticles in thc air

hrrs been a|prcci ir l t . ly lcducctl .  Such considelt t ions teach truo

t l r i ; igs .  l ' h i iL  l r l t  {u l l v  l ro rne  o t t t  in  p rac t i t r r : : -

lst.  Ihat i t  is lhe fact o[ the bean playing on the wa'ter in

frout of the boat tbat scl 'eeus the ship'

2ncl. That ths in5tant the boat leaves the illuminatetl water

the hull of the ship may probably become visible'
'Ilhe direct light frorn the projector b-eing .diffused bv the

rrrtrcles in t tre i i r ,  can have but l i t t le effecf in screeni.g the

i l , i l . , .  sincc thc qreater port ion ofthe l ight is th' .orvn in a dircct ion

o,rjorite to thrit of the advanoing boat, '*'Iie'eas th:rt reflected

ti.o* tt e surface of the lvater may be throrvtt towards tlre boat'

Colclusion.-Thus i t  rvi l l  plobably be found that the moment'

l,hr: ltonts leave the illurninated wctef the hull will becorne iailly

visilrlc, Ttre obiect of the advancing boat should be, thereftrrc,

1o cclse or dart to one side of the beam to otltain a vierv of the

hull .  judge hel distance, and so determine the interval of t ime

befole tulning to attack'

B lrttinr/ Sr:rtrclt' I'iglis au, 220-rclt Cirnt'itt'

l'hc use of altificial resistances to I'educe tLre voltnge frour

22(r to tiO tvould l,.e too l,asteful of electrictrl powe| attd $'ould add
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too greatly to the l'eight of mttelial. lt iras also been shorvn on
page 2I9 that it is inadr-iseble to burn the lamps in series. A
ipecial motor generatol is, thelefore, beins introduced.lvhich acts
as a negative 

'llooster, 
so ns to supply the necessary voltage to

the lamp, and at the same time automatically regulates this
voltage so irs to enable the automatic t'eeding gear of tho lamp
to worl<. 

'Ihe e{frciency of these machines, that is to say, the
ratio of the output obtained to the input, varies from about 50
to 70 per cent. Comparecl with 27 per cent., whic*r rvould be
the. efficiency if artificial resistances u'ere.'uieclr this is a great
saYlng 1Ir po\Yer,

There are at present two t)'pes of these machines, the mal<ers
being the British Thomson Ilouston Co. and l\[essrs. Mather and
Platt.

Both typos ha,r'e the motor ancl genelatol armatures joined in
series across the 220-volt tnains, and the searchlight lamp joinecl

across the genelator terminals.

Fig. 158 gives a diagramrnatic vietv of the connections, antl
shows ho'!v the 220-volts pressure is rlistr'ibutetl through the
circuit.

The back U.IVI.F. of the rnotol und thc voltage of the generator
are rcpresenterl by brttr:ries. ald the arro\r's shorv the direction of
the culrent.

! 're. 1,58.

( - - o  v c l - ! s - - _ - _ .

The self-regulation is obtained by entirely different methods
in the trvo types.

In the B.T.H. machine, Fig. l59,the motor anil thc generator
are compound r,r'ound, the selies rvindings being joioed in series
with the lamp circuit in such a rvay that the motor winding is
accumulative (zi.e., series and shunt rvindings generating the same
field) ; whereas the generatorn'intling is di-fferential (or in oppo-
sition to the shunt). As the lamp current falls therefore due to
the carbons burning arva;', tLe m.rtor ircreases its speed, ancl the
generator feld is increasetl in stlelgth, both actions combining to
increase the volt:rge across tlic arc.

' i  s
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'Iho shuni lields of the nrotor' :r,ntl th. gcncr.to. arc b,tlr

l : l :1 
with.,  r . t .guiut irrg srvitchc,r,  the rrraxiruunr ourl)uL Lcirrq

obtaruc([ wit l t  no resisf iurce in eitLer r.egulator.

l'ro. 1ili.

l ]nrrrsrr'I 'rroxsox l louseos Jloror GuNrnl,ron.

d
I

I
I
I
I

n.,a-/\-J

'Ihe llatirer a,ad Piatt machinc, Fig. I60, has shunt fields only
lbrbotlr  motor an' l  generator ' .  Tlre gencrator has trvo pores rvit i r
l  nrS-n, reluctanee maguetie eircuit .  so that a weak magnetic f iel l
rs proctuced, glving a lon' voltage at the bruslies A A, which are
short-circuited' The current.which in r.onseq.ence f lows througlr
the armature and the short<ircuit procluces a strong feki antl'a
high voltage ar the brushes B B which feed lhe errc.
. Ihis arrangement prodnces a constant cul,rent machine, that
rs to say, a, constant current is sent through the carbons whatever.
may _ be their resistanee and at rvhatever speed the mcjtor is
running at, This is best explairret l  by saying that the ",rrr*t
through the, armature and 6rushe, B IJ ,""tr"up a fiel.l which
opposes the field due to the current through the bruslres A A, ;;;
so reduces the voitage tcross B B. Supfose the culrent in the
lamp to fal l  sl ightly ' .  the f ield due to i t ' tui l l  also falr,  anrr tho 6eLr
due to cur-rent through A A will rise. This will increase thc
voltage at, Ii B, and so restore the current through the lamp to its
proper value.

Dilficr:ltv.is experienced on account of the heavy current that
passes through the short-circuited brushes when th6 ramp circuit
is broken, when there is iu consequence no opposing field. Also
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the brushes A A. nnd l i  B are col lect ing current {rom conrntutator
str ips which ale generating X.M.l ' . ,  and therc is thercfore
considerable spat 'king.

Frc. 160.

lI-rrrrnn aND PLATT Moiorl Gnnrn-rrort.
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INC,TN oEscEx I Lrt;rrrrNri.

I nca,ntle sc utt Lu in ps.

I lnstnr,;s t l ic r lrc larnps, arrother ntethorl  of oirtai l ing I ight f lom
olectr ical energv is br. Lrsing tht current to hett a f ine f i larnent
ofcarborr. \ \ 'e irave prcviouslv seerr tLtt  tLe heat generated b.1'
l l tc Irasslgc c,f  , ,  cut i 'c,rrt  L'  t i iuugh a I esrstruce i l ,  i .  p.opu. '-
t ional to C2 x It  r  so t lrat i f  thc culrent lre ketrt  constant tbe
Leat g.ns121.d rvi l l  be jncreased Ns the resl 'stance of the circuit
is incleased.

Io obtain l ight rve h*re seen that a substonce rnust be heated
10 a very high temperature indeed. Il' conductors be heated to
this hiqh temperature in air, the air will combine t'ith r,hem and
they r.ill o-ridise. Two things are therefore neces-sil,r'y in a lamp
constructet l  on this principle, namely, ( l)  rr conductor that wi l l
strrnd a rerv high temperature without melting ol disintegrating,
aud (2) tbe exclusiorr of all air frorn contact with .l;he heaied
conductor', Ctlbon has, until quite latel;', been found the best
conductor that can be used under these conditions, owirg chiefly
to the very high temperatures to which it can be he&ted witlrout
cliangc of state. A fiLimcnt or thlt:ad of carbon, inside a glass
globe fi'orrr rvhich all the :ril ha-. been excluclecl, foi'ns t,he incan-
t lescent lamp used irr eleol ic l ighting.

' Ihe ends ot ' the calLrorr f i lament are f ixed to plat inum wires
which are fuse'l into the qlass and protmde thrbugh it. 'Itrc

connection from the circuit is made to these wires. 'Ihe reason
for using platinum is that its coefficient of expansion is nearly the
same as tlrat ofglass, so that the heating of the laurp ploduces no
tendency fbr the rvire to crack the glass.

- 
'Ihe canrlle-powet of such a lamp depends on the surface area

of carbon tlrat is heated, ancl the temperature to rvhich r't is
heated.

Carbon behaves differently to metal rvhen heated, 'Ibe

resistance of neally all substances increases as rhe.y are herted,
lxrt the resistance of carbon decreases; so that a larnp rvben
inctntlescerrt has less resistance than rvhen cold. Ttrc resistance
of an 80-volt, I6 candle-power lamp rvhen cold is about 160 ohms;
rvhen bulning, about 100 ohms.

It is rnost essential that these thin carbon filanrents should
never be heated above a certain tempet.ature, otherwise they rvill
rapidly go to pieces, _so t lst the only way of gett ing more' l ight
is lo inclease the sulfnce at 'ea of t l re f i lament. 

-

Norv thg area of a filament can be jncreased in tn o rvavs. either
by in-creasing its diameter or by increasing its length.- in one
case the resistapce is decreased and in the oiher incrcasecl. At
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the same time, if the diameter. be increased, more cuneut can be
safely passed through since the conduetor is made larger.

_ X'or efficient lighting it is essential that all the lamps on tbe
circuit should have rnaintained at their terminals the voltage at
wlich they are inrended to be burnt. The length and diaietel
of the filament are so arranged that its area will give the
lequired candle-power rvhen heated to a certain temperaiure, and
'rhis teml-rerature depends on the correct voltage being applied,

The efficienc_y of a larnp is the amount of electrical enelgy (in
rvatts) consumed per candle-power. This efficiency varies ii'om
I rvatt per candle-poryer in the most efficient, 1o 4 watts per
candle-power in the least ellicient lamps; tho power consunied
depending on the temperature to rvbich the filament is raised.
Iramps mav be used har.ing any efficiency bet.rveen these two
limits.

'Iaking as an example a i6 c.p. S0-volt lamp of 2$ watts

efficieucy, it rvill require to be suppiietl with It# *
'5 amperes of current; whereas a 4-l'att lamp fol the same

purpose would requir. .�turJ 4 
n" .s amperes.

._.T!rr, -the ferver. tLe. rvntts usetl per candle-power the greater
will be the econoniv in tho current consumid. In piacfice,
horveve-r', lve had to cbn."ider tliat rhe lasting power of th; ia*p;
generally known as irs., lifer" is much shor"tei rvheu it is burntid
at a hieh temperature; as, first, the filament is more easily broken
by an accidental shock orvibration; and, secondly, the gllssglobe
of the lamp_ becomes quir:kly blackenecl by the cleposition oi--fine
carbon partic.les on its itterior surf'ace.

In decidirrg on the eifi.ciency of lamps to be use<l rve must be
guidcd, therefore, by two consideration-s,1he cost of electric eucrsv
on thc one han,l ,  antl  the pr. ir .c of laml's on t jre otLrer..

. 
'rhere^is 

a tendency. as the price of iar'ps has bee. very mnch
reduced of late ye:irs, to introduce lamps of-hiqher cfflcieuuy.

. Low -efficiency iamps of 4 watts ler canr[e-powel ilre used in
the Service.

.The follorving table shows the cundle-ltower (written c.p.)
rasi.stance tolnn burningl. and current, conJumed iri each oi. tire
various sizes of fi0-volt lamps :-

C.p.
R. (hot)
Current -

- 8
- 200

a

16 50 r00
100 32 16' 8  2 . 5  5

'Ihe ar-erage life of the above lamps is from 1,000 to 2,000 hours
or rnore. Ali la,rnps are markcd on the glass with the number of
volts at rvhich tLey are intended io be burnt, and the candlc-
power.

8 c.p. lamps rre used in pl:rces where not much lieht is
required. f^or iiclhting up of engine-room telegraphs. 

" 
helm

indicators, &c.; and a spocial forur lbr rnasthead flaJhing lamps.
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_ jG ".p. Iamps are used for general iliurninat,iorr about tirc
decks-

32 c.p,lanrps are used in starboard borv lishts.
5O c.p. lamps are fitted in the yar.rl-arm refldctors, auci as bunker

ligtrts.

1,00 
..p. larnps are supplied to fl-agships for use in the apprratus

t.)r lhc examinatir.rn of t l re bores of :Juns,

. .It is irnportant that thc currelt shoulcl be supplied to lamps at
their correct voltage, as it is itrunLl that * o"ry'small reclu'ction
rn tne vo_tf,age produces a very mtrrlit,rl rliurinution in the candlc_
po\:r'. 

^ 
'Ihis is clearl.v shorvn irr thr., f,llo*,ing table, *4rich is tlie

I 'esult  of expel iurents cu,r 'r iei l  ouI i1 t |c ,6 JI l iJst ic ' , :-

I ' ropcr
\ -o l t rge,

I  i r l L , , t  C ; r n ' l l e

\ ' , ' l r r r g . .  I o t l - t t ,' J tlftllIe(l.

\ - r ,1 t r r - t
s  upp l i  cd .

80
80
80
80
80
80
80
60
,\ (,
80

rt0
/ 5 ' J

78
1 '

7 0 , 5
68

{ ,
I ' j
2
;t
+

rj

9 ' 5
l 2

1 ( ;
I 3 . E
l i l ' 5

I 1 ' 8
1 0 ' 6
9 . 0
i ' 6
6 ' 6

Otlter tr-orrtt.s of Incrntdescent J,utn.ps.

lleta,llic Ftlanrcttt Lonps.-pl)t late vcars rnucll llrogless has
been madein the man'facture of incrrn.iescent lamps, in .,ihi.h tlre
filaments are of substances other than carbon, ,ortty the rarer
me1,als, such as tantallum_, osmium, &c, The only oie of these
thal h.a,1 as yet been tried in the Service is the iantallum lamp,
and .this has given ver.y good results, but has not ;.et bee'n
definitely adopted.

Tantallum is an intensely hard rnetal, and is ver.r. nearly
infusible, so that it crn be heated to u r'"ry frgf, t*ip".utorl
without any f'ear of its melting. The resistancc 

"of 
a trintalrum

filament is very-mu^ch-less rhan that of a simila*flament of car.bon,

1-3d,cols,e,Cuentlyrforlamps that have fo burn on the same"oltuge,
the tantsllum filament must be either. very mnch longer o, o&y
much thinner. It is usual to make them looger, sine"e a filameni
is easiiy !1ok-en if made too thin, and the n"c"..rary lengttr is eor
into r bulb of about rhe usual size by wint l ing the dlameit "p f i ,A
down over a numbel of .yiT" supporis, that piotrutle radiaily'from
a glass column in the middle of 

-the 
bulb. bhu t otb is exh'aust.cl

of air as is the bulb of a carbon flament lamn.'Ihe .esista'cc of tantailgm, like that of most othcr rnetals,
rises -rvith it-q ternper.ture, a'd the resistance of the filzrmeut ruhen
glowing is :rbout six firnt's its resistance rvhen coll.



2 6 8

' Iho clf icicncv of l  t l tntal lum larrrp is very rnttr:h bettcl  thau
lhat of a calborr LLm1r, rvho,*e l i fe is thc; same, beiug aLorrt l ' -1
rvatts per c.p..  as against 4 tvrrt ts per c,p. I 'hat is to sa.r i  a
tantallurn ltrnrp trkes only :r little oyer one-thil'd of the culrent of
a calbou filtnrent larnp of the same eandle-porver, so thnt it is
consiri.elublv utot'e economical.

\rentst Lamp.-In the Nernst lamp the filament is made of
85 pcr ccut. of oxide of zi t 'coniurn, and 15 per cent. of oxide of
vttlium. two of the rarel rnetals, \Yhen this rnixture is heateil
io such a tcmperature ihat it glorvs antl gives out light, the
zirconiurn is deposited out of the oxicle, and unless oxygcn is
plesent to combine with it zrgtin, the fiiament wili deteriolate.
It is conscquently trecessary that air iihoultl have access to the
filamcnt when it is glowing, and it is therefore not ent:losed in atr
air-tight bulb, but is open to the air, bcing ruerely covcred rvith tr,
globe to protect, it from rnechanicrll injury. 'lhe resislauce of
thc filarnent, rvhich, rvhen it is cold, is so high thnt sctrrcely an.Y
culrent flovrs, falls vely rapitlly as the telitpertrtttrtl ri-scs.

Certain f i t t ings, therefore, rvhiclr alt '  rrot fourtt l  ott  carlrott
filament lamps, are requiretl ott Nelrtst laurps, alcl thcsc zrre:-'

( l )  A ireating coi l ,  rvhich, l 'hen the larnp is l i lst srvitchetl  on,
Ir ' rrr ls up thc f l iarncnt unl i l  i ts re.crst i tnce is low cnough
1:o corrt luct t l te t tecessary <lulrent; at ld

(2) A cornpensating resistance, made of iron or some other
snbstance, whose resistance rises with the tempet':ttttrt',
to prevent the current rising to Ioo high a value. I'his
resistance is in series rvith the f i lament'

'Ihe heating coil consisls of an open spil'al of copper or iron
rvile. coatcd wlth porcelairr to protect it flom the heat oi'thc
glowing filament. It surrounils the filamenr, and is connectetl
iicross the terminals of the lamp, so as to receive the rvtrole
voltage of thc -*upply rvhen thc lanrp is fir'st sn'itchctl orr. A
smali-magnetic sl'itch, rvhose coil is iu serics rvith the filaurent,
breaks tlrc circuit of the heating coil rvhcn tlte cttrrent through

thc filament reaches a certaitr lalue'
I'hc eompensnting resistance, which is nrade of thin irou wire'

is in series with tlte lilament, and is enclosed in a glass bulb, from
rvhich the air is exhausted. so that it shall lot oxidise l'hen it
lcaches a high temperature. As the current rises, the resistallcc
of the lilament falls, while that of the iron rvire rises, so thai the
currenl n'ill go on incleasing unt'il the rise in the resistance of
the iron balzrnces the fall in the resistance of the lilarnent, ancl
will then remain steady.

The compensating resistance in i ts bulb is rnacle exactly l ike
an incandescent lanp, with a bayonet joint f i t t ing. so that i t  cxn
ba easrly replacetl bv a sparc one if tlnmaged.

If the feating coil gives out. thc lamp can be made to light

uD by heoting up the filament with a flame until it begins to glorv'' 'I'h"ru lampi give a very powerful white light, antl iircir'

efficiency is gobd,-beir-rg about 2 wltls-per'^c'p ahcy are u-scrrl in

the Service i i  the rninirrture seurclt  l ights for dcf lcel ion teachet'",
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, l ler. tur.u , ITnpottr Lanps.-There is another forn.r of lenrp
lvlrrcb, though not used_in.the Service, is ihteresting un o."o,rr,- t
of j{s. extr lordirrar.y eff iciency-aborrt .3 of a rv:1i l  l ,er e. l) .
I t  ts knol ' l  cs the Coopor-I-Iewitt  Jnmp, und consisls oi a luig
giass tube, exhaustecl of air,  l rul containing n snal l  quanti t"-J.
mercury,._the remainder of the tubc being: Iittea with ,u,"rJrrr,],

I'apour. I'here is a platinurn elec'"roile lt eaih entl of the iutre, "nit
i1'rr, currert is estaiiishetl i-ret*eon thtr,se crect.ocles, the ,,"r1,,.rr.,.
\  apo'r '  glo,* 's b. iglrt l -v, rnrl  gi-ves (, .1 ir  : l  r .otg l ialrt .  The clra'actel.
o r  In rs  l rg l i l . ' \ vh lch  rs  r - r f  r . l t l r c r  t r  L I r r t , r . , , ig r r r . ,  l ) l .e re l l l s  t l r i s  l l r r r t r
f ro t r r  bo i r rg  le ry  e \ teus i te l .v  r r . , , ,1 .  r . \ r , r . l ) l  i l l  " , ' . r . ra in  , ,a r " , ; . r " i , " , i ,
the  co lon l  i s  r ro t  o f  rnucL i r r rno l t l rnc ( , .

A rrrtnqtmettt  o. l '  Li  ( t l t t i t t  q Circrt i t .s.

.  
T r r  r r  l l r l g , ,  . | 1 j 1 ,  1 1 r , .  1 1 1 1 1 , 1 1 , " , .  r , t  i r r c r r r r r ! r , : t , r . r r t  l i g l r f : r  r e q u i r e t l

o t t e r l  i r r r l o u l r r r  t o  1 . 0 0 0  u r ' _ l r l u f t s ,  ; r r r r l  1 l r t s , , l t a r r , : r l l  L o  l , , . l r r . t . r r r r g e t l
i rr  paral lel  with o.e anotirer. I t  rvoult l  Jrc olr ' i r ,r isl-y , ; , , i . . id;;
to rurr separnte rvires fi'orn the slvitclibotrrl to ,
metlotl ,,lo1t",l i.-io ai";an tlre slip t,,ro -"..ril,i.1,"'*'l,tli;,ii J,Xf
: rn r l  

, r  
o  s r rpp ly  r l l  the  I igL . ts  in  enc l r  s r , r . t io r r  l ry .epo, " l , ' 1 , ; .g , . . - . , , i ; :

r( .o rtom i l le swlt(. l tboat.t l  to sectlou bojes, fn t lrr ,st,  the*t.ul.r t .rr t
is,, l i r . i , l "r I  up, passirrq ]ry rncrins uf sub-mains to a;str l l t i ] i i - ; ; ; ; ,

i l: i lrl;j;,,i,,lfl:]" 
sPrrt up :'Inons smrrllerrvires rvhich feeri. rlit:

_r,,',^{1". 
geneiai arrangemeirt of'tlre cilcuits is usually aslol lows :-

( l)  I ingine loonr arrt l  stol ieirolt ls.
(2) l l rrgazirrt 's. l ic lu.ulr l  r trrt l  l f t .
( l i )  Stole I 'oonrs. i , 'oy11'nrrI  l rr t ]  a[t .
(4  ;  t r 'o l rv :u  r l  r rp l , * r .  r . i r . , . r r i t .
( i . l1  ( 'eu t ra l  r ,1 ,per  c i l r .u i l .
(6) Afrer upper circuit.

" 
f 'he, ntost im.pottant of ihe abo_ve, are Nos. l ,  2, S,lrnt l  b. asr failure of.rhe lights i' any-pa't,s of ti,e sl,i1, i"f,f "i,lf*l" .,.",lfr,su l tS l l  ryo- r l ld  g le ; r r l y  imna i i  l re r  f igh t ing  c l t i c ie r rc ; .
Lord-co\-crcd cltr lcs lr .c f ixerl  lo t l rc lrulklr-c:r, . ls u. i l .h br.assr: l ips. Brass is chosen so that t 'e chemica,r uct ion ruit t  rro, i , , ; , ,r . ithe learl covcring.

{,heJeve1' wires posr"op through tlre deak. tleck pipes arepr.oridecl; _they_consist, of- c,ipper tirbes about Z f."l f.llf, nti.arvith an india-rubber gland. They should ahvays b. pi";"?;#;.;
_a bul l<lrearl  for support, ,an,l  t i re glan. ' ls-sl,Jul, i  r j"  .rm.?.. i f  t lh igh . ro  be  above fbb  ord innry  amo"unt  o f  water . r i kery  to  l ,e  o i ra r leck.

Wherever. a rvire leads through a b-ulklicad it passes through a.warertight glaud. Tbese are r:ery simple in construction, antlconsist ol a lrrass stufrng box, through' *[i"rt thu ""bil';]".;
secure. into tLe hoie in _tlie bulkhead #itt u "ea feoa l;i;;..'T;;packi.g is spun'a.n,. rvell satur.ateil rvith red icacl, anli ii L r."uii 'place b'n irr:rss gla.r l ,  whicl scf(, \ \ ,s i ' t ,  the st ir f l i rrJ l-*.- ' ' ""
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Plate XXXI. rvill enable the rearler to understand more clearly
tbe method of distr ibution above describecl.  Ihe posir ire antl
negativc main conductorsof elclr circuit  are led to a, iuncticn box
(J.I}.) rvlrele the;r divitle into tu.o branclr mains, runiing forward
and aft r$pectively alorig the deck, care being takeu to'keep the
rnain cables undel armour protection as much as possible. 

- 
On

these branch mains are placed a series of section l-,oxes (S.B.),
these being so arranged that tbe current passes through one
section box anrl on by n, continuation of the nrain to the next,
there being olten as ruany rrs five ol six o1'these boxes to each
main. triach section L.ox supplies current to lbur distributor
boxcs ; fir,c rnay be supplied {r'om the end section box on the
main, as shorvn (S.8.) B, From each of the di.qtriburor boxes
eighf pairs of positir.e anrl negative singie lamp leacls branch out,
and convey curl'cnt to the various lamps.

Sometimes i t  may be necessaty to fced two lamps from one
pair of wires, when a small  cut-out box (C.B.) is usetl  for
branching the le:r,ds. Switches (SS) ale . [ t ted to control single
la,rnps rvhere requi lerl .  Sl ' i tches arrd cut-outs are also l i t tert in
ti:e tii-.tributoL boxes, anrl l'trcn ,, O1I " ull tlit: Iamps supplierl from
:r,ly palticulat distrilrutor irox n'i1l be out, except thelamps IrrP,
cnlledpol'ite iurnps. ILese latter are supplied independently of
the switches, and consequently ar.e not affected by them; such
police lights are placed in darh corners, or where a light is
requilerl rvhen the other lamps are o1f. Sonre djstributor boxes
such as those for officers' cabins have no srvitch, every lamp being
fitecl l'ith an irclividual one instead. Iach section box also
contains a srvitch as well rrs cut outs to each sub.main. so that
a gloup of nltogetber 32 lamps nay be turnetl o1f at one
section box.

Sometinres one of the pairs of sub-mains from a section box is
takcn to a telrninal box specially frtted fbr' the rLttachment of
tempolarv learls to a yurcl--arnr grottlt, rr.liich rvill be tlescribed
later on.

All the crlbles usecl in this Drethorl of distribution are fitted
rvith fianges rvhere they errter the vtrrious boxes; these fletnges are
soldered to the leail she.atliing of^tiro cable, arrd a rvatertigirt joint
is rnade by red lead to the side of tlie box. Tire larup fitr-ings are
also made rvatertight, as rvill be preseutll. described; thris the
*'hole of the circuit from the sr-itchboarti should be proof against
danrp, of rvhich exllet'ience has sholvn the absolute necessity.-

Ligltting tVains.
Ihe l'ir.es of the lighting rnains of ships are all macle of stlanded

copper rvire t,able, insulated rvith iniiia.r.ubber antl vulcanised
lubber, ard covercd rvith a lead casing.

- Th9 patt€rn- numbersr, sizes, and current carrying ea,pacities of
the valious lead-cased cables in use in the Service, are given in
lfable A. in Appendix Y.

The current capacity assigned to the various cables in this
table is calculated at a loss of 2 volts per 100 yards main and
return. It rrill be seen th:rt a cer.tain loss of voltage rnust ahvays
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take .piace in the mains o'rving ro their resistance, antl that this
loss is converted ilto heat and tv;tsterl l'rr lvarltitrg the cables.
Althou.gh a_ considerably great-er curl.erlt might bc., in,t i" "o"y
cases is uqed, without danger of over.lreating il," coppu", still rvitir
such the D.P. at lamps. in r l ist lnr l iu.rs ui. the sl i ip i ;  . ;  ; ; ; i ,
reducet l  t l ra t  rhe i r  l ig l r i  i s  se . io r rs l r - i i r r1 , r i r . , . , l ,  r * .un 'b .  seeu l l .m
ure t lble on page 267.

, L'ut-outs.--To prevent t l le possi ir i l i t . r .  of a rvi le car.rying a
o&ngerous crrrreni,  cut-olrt  rvi lcs i i le inscltrr l  i t i  t l rc r. i lcuit .  

-  
Sich

i :",1.:1 
might rrr ise. in i-ru.\ .  pt lr .  ot '  thc cir.crr i ts, through the

itcctr lental short-ci .cuit i 'g . i  ar lrrsi t i ' t ,  i rr i r l  'eg*t i \ .c mairr,  sub-

l l l in:, : . .J.", ,1. 
rvlr iclr  uiL. i i t  be ,:rrr.c, l  1.,-, .  , l , rrr,rge' iro," ao "" i- f .

I l t 'e.,  t , l le l lo,t l rDo of tr  , . ,ur| :Ll tnle!t .  () t  i r , . l r l i ; tge to el l th frOm bOtlf
I n l t i r r . .

rhe  cu t -ou t  r r i re .  a re  n la r i , ,  r r r '  c l - i l l  fu - i r , l , , rne ta l ,  anc l  a , re  o f
such a diarueter as to heut iulr[  rrt t l r  l ,eft ,r .e t lre crr lr .ent cari  r . ise to

1,,_l i , ] lg*.ul* 
si length. I 'he' cut-outs .uppl ierl  {or the .,r l t . l l t ,ourar,

lrglrturg_ clrcuits, of later-ships consist of l l  colrper. ,ui les, ench
errclosed in a wrapping of ajbestos, str.etciret l  bet\veen trvo blocks
\r l l r( ' l l  f tre securetl  to the terrrr inals. ' l l rey 

ar.t ,  knu.vn As p:rt t .  : l  100,
A l i t t le t l rou.glrt  * ' i l l  shorv that rvhe'cve' r lre rvires lr*u"i , ,  tr , , , i
t i . , t - the-pr i r r ts r 'hure  t ,he  cur ren t  i s  d iv idec l .p  in  ihe  sec t ion
:r,rrr l  r ' l1111lL,rror. ) ,s11-5. &c., smaller cut-outs must bc inserted in
l l lc r ' l rcrrf  *- i th tL.se b'anches, to fuse at a dt 'rgerous current
frx them.

For instar.rce. if a sub-main of 25-ampere capacity be joined in
a section bor to a mtin of 6()-amltelc " ipo"; lv, the cut-out in the
60-ampere rvi.e corr l t l  iu ro r i 'a.y.ct us a'snfeg.ald to trre srnai ler
rvi.e bc'o^'r l :  .s tbe latter. rvori l i  be r.d hot, iui t l  perhaps.; i ; ;
* f i re, befo'e the crrt-out fuscrl .  Agar_n, the ,no.e tt ,e' t igtrts ar?
suL-dividerl  

,bl ' ,rreuns of cu[-^outs, t i ie le.ss numbcr. * i l l  ;r ."b*; i iI ' e  es t iugu is l re r l  t ry  u  c l r t -ou t  fus i r rg .

, For these reas(,ns, therefor.e, tut-ou.is of a suitable size are
placerl at every point .rvhere the circuit is clividocj.

I f  leaks occur r 'n mains and sub-mains, then the l ights on rhose
particular r:ircuits wiil be put out; but if, as is moie lik;iy: il;
lcak occtrrs in the lamp leads, then, as therie are never mo.e than
1u'o larnps (as wil l  be seerr rrhen rve de:,,r ibe a r l istr. ibutor. bo.x)
or 

. a cut-out, only these two rvill be extinguishcti by the cut_oui
ruslng.

, {no.tlel inportant use of cut-outs, is that they afford converient
hreaks rn the circuit for locating fa.rts, and foi this reaso' thev
are fi_tted in-both positire and nelative ivires.

" ,,,11-i.u 
of three sizes is suppliecl for making cut-outs, as

Iollo\vs :-

l"'l*:-- :':111"":"- l''q'!!t1-current t. Fuse'

100 anps,
25 anps.
8j- amps.
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These are intended for n-qe in the junction, stct ion, ond
clistributor boxes respectively.

The amount of current given in the table that the cut-outs cal
carry must lrc takcrr as lppioximate.

The fusing of a cut-out depends on the r ise in temperatule of
the cut.oLrt rvire. The heat is generated by the passage of tire
currert. 

'l'he rate at 'which i,his heat is matle, compared 'lvith the
rate the wire is able to dissipate i t ,determines the r ise of l tempera-
ture ofl the rvile. Il, as soon as the bcat is gcnerated, the rvile is
able to get lid of it, naturally no extra heat rvill renrain in tlre
rvire to raise its tempetature, but, it' heat is generrited at a rnucit
rpricker rate than the r,r'ire can get rid of ir, then the heat remairing
is emplovetl in raising the temperature of the wire, rvhich at
a certain point fuscs. 'Ihe rvire can get lid of the ]reat in trvo
ways-by ladiating it to surrounding objects, antl by dissipl,tiug it
along i ts length to the blocks at the ends, or conducting i t  to the
surrounding air. Air is a bad conductor of heat, tlrat is, it rvill
not easily allorv one layer of heateJ air to pass its heat, on t<-r the
next, and so on; but a rnotion of the air. such ls a drriught.
rernoves tbe heated layers frorn nelr the rvires, rt tr , l  substi tutes
cool ones ready to be heated. ' Ihis is rvirv a dlaught ot '  air cools
heated bodies. ' I 'he most inrpot ' tarrt  effect fbr us to considet ' ,
horvever, is the conrluct iou of t tre hetrt  along the rvire i tself .
'Ihe late of conductiug the heai from the eentre to the ends of the
wires nrtural ly t iepentls on the length of the rvire. -fhe result is,
the longer a cut-out wire, the more the centre rvill be heated antl
the higher its temperature will rise, until at last the wire fuses.
this is the reason for cut-out wires, as a rule,fusing in tbe ccntre.
If they fuse at one end it will show that excessive heating took
place at that part, probabl,v owing to bad contact or dilt.

From this it may readily be seen that in enilosed places, such
as ser:tion and distributot boxes, the culrclt lequiletl to fuse
any given cut-out wi l l  be rnuch smaller than i f  i t  l 'ele irr  t l r tr
open alr.

The cut-outs on the Portsrnouth antl Clarkc Chapmtn srvitch-
boards are made of 1lrr,t plates of fusible metal shapetl so that
they can be easily placed underneath tire screrv terminals, rr'hi<rh
are specinlly provided for the purpose. Plates of this meta,l ale
supplied in trvo thicknesses (]" and 1ro") for rnaking Iresh ones
rvhen recluired.

Cnt-outs are f i 'equentiy terrneri  ( 'safety fuses " on shore, but
tbc lbrrner telm has been retainetl in the Serr.ice to rlistinguish
therl {i'orn tlie fuses used for firing guns an,l mirres.

Main, Jtutction Bores.-'lhese, as befole stated, are placetl in
circuits betu'een tLer mairrs from the swilchboard and lhe various
section boxes, rvhcre tire nutnber of section boxes is iarge. 'l)lrey

consist essentially of a rvateriight gun-metal box inro rvhich the
positive ancl negative nrain leads are introduced through rvater-
t ight glands ; thc ends of tLese conductors having htr, l  t l rcir
strands well slveated together, ale tucked into holes irr stout metal
blocks, themselves secured to a slate base, aud tbey nre then



273

:Sl:Y.,t dorvn tiglit in the holes so as to form a gootl councction.
ane.rrrancl l  marrrs going to the various section 6oxes euter the
Junctrou lroK rrr u similar rvay arrd irre also conrrectct l  to srnal ler
rnetal blocks olr t,he same sl,rte base. large flat cut_outs bctrveen
ttre blor:hs f.rm l,he co'nections rlct.os" ri'orlu the switchboar.,l mainsto  t l re  sec t ion  branc l r  ma ins .

l i ' r t i ,  l ( i  ]  .

* ' . . ,

- h ^ -
y-_!-__t) F. =:_=.1

I

+!!

_:o

. tn Fig. l t ; I ,  A A are tho tnetal blocl<s, ts B the slate base, Caslate separ'.ltor. bottvcen the positir.e arrd'negative i.rdE D D ;;
c 'ut-outs.

I t  w i l l  be  scc t r  t l r i r t  i f  t l r , :  n r : r ins  f r .o r ' t i t .  . i r r r re t io '  box  o f .anv( ' l f cu l t  t0  tJ re  r |c t i r r r r  l , J - \ { r i  \ vc le  t . r rL  ( l r " l .  l r , t s t i l c  gur , I  f i fe ,  o . "
accidelt) rrcur the . juuctiorr l , tr-r,  t l ie . ,r1,1i1.1: of cur.rerrt  t ,  sevoral
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section boxes rryoulcl be cut olf, thus plunging a large poltion of

the ship into darkness.
In itrips built since 1900 a ring.system has been adoptecl in

fitting the-'ir liEhting circuits. In_this-system- the two mains form

two Eorlrplete-"ingi, on which the section boxes are placed, all

nl,rts of 
'the 

ring'being of cable sutficiently L'rrge to carly the

iotal curlent requ'ired by all the section boxes (see Fig' lti2)'., .'l'bus in the event'of the mains being broken at A A all the

liehts wiil still buru rvithout undue current in auy part of the

"ibl.t, 
'Ihis system has the fulther ndvantage.tLat,-rs largcr

mains are ,,.."r-.r,ty, the fall of Yoltngc irr thenr is reduced, ilnd

consequeutly a bettet light obtainecl.

Sectiort lJores.-�'Ihes-c are circular brass boxes with slate bases

and a brass covel' sct'ew on to tlte box. In the earlier pttterns

the box is divided ciiarnetl'ically inside into two parts by a slate

oartition, one haif Leing used for all rvires connectetl to the

ioritiu",'un,1 the other Ibr: all 'wires connectetl to the negati'e

L.*i t tof i  (see Plate \X\II .) .  
' - lhe rrt :r irr  rvires (one on euctr si ' lo

of the ceitral partitiou) ar,-' letl into tlLe l'ox through. yi'te.l-

r,iEht qlanals, to.l *r" connectetl to t\\'o uretal strips ivhich - lir:

.,u'rail"li to the uartition :rnrl untlc| the slate base. 'I'o the other

["a. uf these stiips itle c()Dnccte(l tLe main rviresleading 9" -ftnP
ihe se.ctional box to tlie rerr one, tbe size of these main leads

bcinE retlucer-l as necessary, except rvhere they are fitted on the
tt rirf systemr" as preliously explained'

pluot.a on the centre of each of the metal strips is a srvitch

bu" which tt makes " or tt bre:iks " connection betrveen each main,

and a metal terminal block on each sido of it'

The srvitches ate double-pole srvitches, and the switch bats

ate connected by a central link insulated from botb bars' The

liDk enables the circuit on both mailr and letu|n sides to be closed ot

op"".a simultaut-ouslv by means of a key lvorhed in thc cover' On

e'ach sitle of thc partiiion therc are 1bu' tcrminals, and.to thesc are

connected the sub-main rvi|es, letl in through rvate|tight glantls,

"u"1, of these terminals being connected by a cut-otrt wi|e to one

oi the two brass blocks rvhich lie on each srde of ihe main, two

crrt-outs soing to each block. tt rvill be seen thal, by this

u..uog.rnJot, iie maius are tapped by {our sub-mains (on f " and
-'" s'ide), each sull-main having its orvn sepalate cut-out'

Sever,rl rnodifications htr,ve been introilucetl in a latel type of

bo*, P"tto. I5t9 antl 1520. The former of tht'se is rnade of

alu-iniulr blonze and the lattel of gun-metal, othelwise their

coo.t.u"t ioo is similar (see Plate X\xtn.).  TLe base and screen

are r-uicanite instead of slate, the maius enter and leave the box

."1 tf." -*ame entl. n*ch rrrcouring main is connected to one block,-""a 
tt" outgoirig rurLiil to tnother block alongside. it, ancl. these

tlo.l., u." j,iine,f togetlier by a uretal link, secured to- each Sy a

*a".r. T.hlse li'lis'ca. 5c 
-remot,:.,, 

rvhen necessaly for testing,

as .le-rc|ibed irr Cliaptc| XVI. l'he sub-nrains are so arranged tlia,t

the i l  p . , . i t iuc  : r r l l  ncg l r t i rc  l ' ' i t ' l s  c ' r t r ' r ' ou t  t ' l , se  togr ' l l r l l  i r r  l r r i l s '
iilr" ,l'oubl"-pol, orvirch is on a urueh improved prirrciple, cuiled the
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"knife " or,,  chopper' ' ,  type. Ihe srvitch bars r lre pivotet l  at one
end, antl are actuated by trrearrs of' a vertical spindlb fitted with a
key or hantlle, ancl cut 

-rvith 
a square thread ivhich revolves o*

turning,the key. This spinclle is connected by means of a travellinq
nut to the centre of the srvitch bars, antl ,o",oor,", their free endi
rapidly u.p or ^down, thu.1 ,. bleakiug ,' or ,(-rt i"g;l ,,h" ;;tt"
The actiol of ,, break,' is assisteii by a spring" to ensurs its
rapidity.

Distriltutor -Bo.res.-rhese ulso are circ'lar i. shape and
watertight. 'Ihe sul.r ruaiu rv.ires ale lrlought into thc box tiiroueh
lvatcrt ight giarrds, al l , l  c{r1n(,(. t( ,r l  to sep-rrratc lrr .ass plates. O;
each sir le of t l rer lr .x :r  r .r ' . r . , . ,1 1l iece of n,ctal is f ixerl  on a
slatc irast ' ,  urrt l  is :r  rr.rrrrrgcrl- t l i : r t  i t  cirn be co'nectccl to, or
disc.urr:ctet l  f 'oru. t l re sub--ruai.  PLrte of i ts sir le t ,y a srvi i ,ch.
T I re t ' c . :L r ' , ' s r . \ ' r . t i l l  p i r t t ( , l . l r s  o l ' ,1 i .11 i I ,p1o,  l ,oxe . ,  rvL i t . l r  r . : r rv  n rc in ly
t n  r l r e t I  l . l n s  o i  s r v i l t : l r .  p : r l t .  l  l 2 d  l r a s  i r s  - r r . ! t c l r e c "  l r i v o t e ia t . th - - i r  cer r t res  ( . r re  P la te  I \X IV, ,1 ,  a r rd  rv l re r r  ac tu ; r re i [  l r y  a
swl tc l r  baud lc  ou ts idc  t l re  [61 ,  they  . ,  ru i tk , . , '  . l r r l  , .  l r1s4 [ ' , "  ng
four points. Patts. lJlZ aud' ibId (sec plate XXXY.), whici i
co.'esponrl to the latest r)r,ttern section boxes, ure iittccl rike trrem
to 6t rnakc " and (r l.,re:rk'l nt tu'o points only; rnoreover, they hitve
t ' r r L , ; r r r i t e  f i t t i n g s  i r r s l e a r l  u f  s l a l e . -

l iound r lr t-  dist. ibuto' box .ere eight watert isht glnntls, four. on
t 'aclr si , l t ,  rrrrt l  i ' throrrgh each a.e ic.r the main ai 'd return wires
lor ooe lamp ; oue .rvire being connected ro a terminal rrnt l  the
othe' to & screw. Ea.h terrninal is littedrvith a spring co,.rn"crion
for_ a crrt-out r ' i .e i  learl ing to the curved picce of rrctaTof i ts siaei.

: i l ] l l i - : ,1,-,1 [ ,Fr ' i r . .rrprrr l , \ 'e ' i i rrectcrl  to t lrc sc'r. , ,ry of t l re cor.r.esp", iJi ; ;
J ' ; t t r  ( , i  l r . : t ' l s  u l r  l b e  r , l l r r r . s i , l C  o l  l l r , ,  I r L r _ x .

I l .v t l r is rur- ' i r .s al l  the cut-out rvirt ' -s t ,  the 'rain br.ancries are
on one side of the box, and thosc for returu rvires on the other.

l1: i :!" ]rt"ps.l.rurning 
in pairs, lvith one cut-out in the positive

lead and one in rbe Degative lead for the nair.'Ihe number of lamps fed off urry llro leads on one side.
however,,frequently exceed.q one, thus tausing , pui"1f 

-""t_ootJ

to control more rhan tlvo lamps; the genenrl"principle of .o"l.oi
by prtir.s of leails of course remains the'same. 

'

.  Slrould pol ice l ights be requiret l ,  the cut-outs at p p (see
plates) are shifteit inio the positions shown by thn aoti"Jhnus)"-"

Suitches.-The requirements of a good. switch are as
follows :-

(i) That the conuection should be made as rapitlly as possiblo
when i t  is , ,switchei l  on"; and, what 

" is 
f , i ,  *ore

important, should be broken'instantaneousl,v rvt en il"
srvitch is tur.ned to ., Off.,'

(9) That r-hen ..On,'  the surfaces shoult l  be kept in int imate
cont:rct, in spite of vibration, wear, anrl <r-the" carser.

(3) Th,at the surfaces, and al_l palts of the switch, should be
la,rge encxr;1li to stand the current fo" irfrl.n i, i,
desigrLed. without heating.

S 2
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To fulfil these reclllirernents mltuy different fortns of swite]res

hnve beert tr iet l ,  atrt l i t 'e in u-te in the Sel 'vice and on shol 'e'

I t  has previorrslr- been explairred [hat on ' '  breaking " a cut rent

of elcct l i , : i i ,v a -"paik is fot i ,et l ,  due to the self  induction of t l re

curreut. rvhich srrarh is ofthe narure of an arc, and i f  not quickly

b|c,lien |csults in'the f using of the metal at the points whcre the

ar.c lbrms. lilie r.apidity 6f the bret,k by han,t catnot be relietl on

to nroriuce the neccisary quiel<ness of rr iot ion. In most switches,

tht,refore, rr, spring is inierled to assist tlre hantl.
In thl Portsmouth switchboard, the switches are in the form

o[ phingers rvhich are forced in cont&ct with the tlyn-amo.ba'r,, and

th; heid there by a spring hook rvhich is aftert'ards " harclencd

upr" incl inetl  .o.fn""t being used' In-breakirrg, a sprir 'g.forces

rhc plunEer rrrpit l ly bat 'k. 
.-The 

ob.iect ion to this nrethod is l l rat

the ivhole t ime t lurt the circuit  i i  "  On " t i r is spring rernains

compressed, and consequentlv i ts tcndency,is to then reduce the

closeness of the contait ,  or 
- in 

other rvolds r.o push the plunger

away frorn the dynamo bar.
irr  t le switdhes in t le ne'rv putter. sectio'  and.i istr ibutor

boxes above describecl,  a spri lg to ensrtte a ' luicl i  "  bl 'el ik " of the

circuit  is usei l ;  bnt the grtr, t"r lr l r- , ' . rr tdgr in t lr is tb|ur of srvitch

lies in tlre c::cellctrt c'onta-ct that is rDrde between the parts of the

srvitch rrlien it is srvitchetl on, orving to the fact that the switch

buls arc gtaspetl Lretween 
' 
flat iprings. - Ihis " knife " or

" cho'per' ;  typ-e of switch is largely trsed iu shore instal lat ions'

Singte Suitclrcs.-^lhe Service watertight -srvitch, I'att' 1086

(.rce Pfirtu XXXVI.), consisls of a gun-rnetal case with littings

mounted on r.r-rlctrnite- I'he srvitch bar is actuatetl by a spindle

fitted lvith a J hnnclle. Tbe older patterns hatl a mill-headed

sclew, r'hich was Iiot so easil,y turled.
Ir i  srvit<'1iuq t '  on, tut 'ning the spincl le 5r- l teans of t1e han4le

t c t ' o l r t s  t l r , ' s s l i t , ' l r  l r ; r r  r t t r t i l  i t  i :  f i l r r i l y  g l a s l t ' ' t l  l r v  t l t c  c o n l r r c t

spring-..  On switc:hirrg to oi},  i rorvei 'et,  si t tce the srr i tch lrantl l ' r

iS c,nlv in connection l l i th tbe srvitch |al by neens o1' a stud

traveliing in a slotf,ed groove ; as scon as the li'iction betrveen

the surfa"ce of the bar antl the springs of the contact box becomes

snrall, a spring causes the switc[ bai to revolve indepentl.ently of

tiu, handle, n"-hilo the slotted groove allorvs it to do so. Thus the

rnotion of il'itching off canno.b be checkeil by a slow motion of

tLe  i ra r r t l .
A. largcr size of sirrgle 'srvitch, Patt, I l'10, on a .sornervhat

sinilar pii'ciple. rvitb siate fitti'gs, is sorrretir'es lbuncl i' connec.

tiol rviih y"id-ut- groups' &c. 
- 

It is. fitted rvith a key rvhich,

when reve,setl. forrirs-a rt'atertight cap in the centre of the cover

in the same nanner as tlie keys fitted to section boxes.

Lam,pltolders.-The Selvice lamphokler for incandescent

Ianrps isirnorrn as tlre buyortet ,ioint lampholtler, anil is identical

* i t l i  those usetl  rr lmost univelsal ly on shore'
'lhe base of the bulb is eurbetltled in pLrstcl of Pa.ris cappetl

*'it,h vitqite, antl surrountled lr; a blass collnl rvhich cart'ies trvo

Iugs, -f  r to f lat contirct pieces'are el irbedded in t l ie vi trrtc, f lush
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rvi th t ire f lat elr1, aud conlecterl  !o the ends of the f ih, inent lrv
the plt t intrm rvires rnentioned airor-e, lvhich Lrir is turougir t l re
glass.

. Ihe lampholder consists of a l i r . l rss tubc in rvhich trvo spring
plungers ale rnounted on r l)ofc{,Lrr in Li lsc. Ihcse nlurgerJbe,ir
n g l r i r r s t  t h e  c o r r t l c t  p i c t . t ' ,  s j r  t l r , , t , r l { ( ,  o l ' f l r , .  l a m l t ,  a r r t l  l L e  e r r , l s
of the 'rvires of the circuir ar,e , . t ' r i rrerl  to the plungers by small
sclews. ' l 'he lamp is kept irr  posit iorr lrv the luqs orr the brass
col lar locking intoh bavonet joi irr  i rr  the tnLss tLrb-e, lut l  rvhen in
posit ion the springs of the pluuter.r :rrc rorlpr.esscti  so as to rnake
goo{t coltact.

These lan tpho ldc l r i  i r r . r :1 i t t , , r l  cve l lu ' l re rc  i l ,  sh ips  exccpt  in
ce l ta i r t  l . r lac r :s .  s r rc l r  : t s  gur r l ruu- r - .  \ : c .  i v l r " r ' , .  t l r , '  r ' i l r l r i t io r r  i s i i r t , le
to  l re  excess ive .  u - l r t , r , - ' t l r , , l r , ' i , k  iu r r l  l ( j ( ) i )  l i t t i r rg  i s  r r .e , l .

-  I I r t '  l too l i  r r r r I  l r rop  l : r r r r [ , ] r , , l , l c r .  (s r -e  [ '1 : r re  \ - \ \ \ ' 1 . )  rvh ic l r
befole the irrt lor lrrct iorr r, t '  t l r ,r  l ,ar-onet . joiut l i t t i rrg rva-: r irr ir-ersal
in thc Sclvico, consists or" a srn:r, i l  br.trss tui. l r '  r :onl ir i rr irrg l t ,  t i late
insulator rvi th trvo ht-r les boretl  through i t .  ' I ln.,rrrgh th,,sr. l roles
the ends of tbe circuit rvires alc passetl, hnvirg bcen lirst -rtlippetl
of their insulation and kinkeil to preveirt tlrerir drir,rving tlilirirlh,
arrtl hoolis are for.med at their ends.

'I'lre platinum wires that are crlrne<rted to the eutls of tlre
fil:r,rnent uI ilre lrLrup nncl pass tin'ough the glass, are forrned into
loolrs el1 t lrc outsidr, :rnd these loops are hooked on 1o the circuit
wircs. 1['o lieep f,he hooks taut in the loops, n, spiral spring of
Gertuan silvel is rised, ole enc'l of lvhicl-r beals agir,inst the bilss
tube of tLe lrolder and the other lgn,inst the lrulb of the lamp.

- 
-I 'he 

irdvurtage clainerl  for.tLi-r s_\ 'stem i:r  111"1 t lr , ,  l : rurp, being
he ld  in  Pos i t . io ; r  i , , r '  thc  l le r ib le  s1 , r ' ing , , r r l_v .  u ' i l l  no t  l ,e  j .n tagc i i
b1- concu.siort ol vi l t l rr t ion. On t lrc othel hanrl,  the loops of m,urv
lamps becomo brokerr, thus rentlering t lrem useless, as thev c,rnnot
be repairecl. It is for this rc.ason that, as mentioned above, ihcse
fi.ttings ftr'e now only used in gunhouses and othersirnilar positions,
rvhere viblation *uy be expeitetl to be excessive.

The ends and sockets of all broken incandescent larnps are
to be taken on ciralge in the Torpedo \\rarrant Oliicer's srole
accounts, and returned to the dockyald on occasions of 'replenish-
ing -s16gk5 of lamps. The number of entls antl socliets returncd
should equal the number of nerv lnrnps draln frorn store and, in
cases where there is a diffbrence, tire reason shoultl be statecl on
the re-tuln notes. Any case'rvlrere flie dill-erence is large, e.g,,
exceeds 25 per cent., thc loss is to be ilvesbigated by tlie Coir-
manding Oflicer, antl the return notes accornpanied by a special
report stating the cause of ditlbrencc.

Larnp Fittings, $c.-'Ihele are rnrnv folms of lamp fttings in
use in the Service, such as tbose fur lruikhead, overhead, penJant,
and brmker lights, &c. 'Ihe larnps enclosecl in thern are made
rvatertiglrt by .means of gilss slrrrtles screwecl dorvn by bmss
collars on to india-rubber rvashi:rs. A watertight joint- is also
made where the rvires enter tlre l:rrnp fitting, by-means of glands
antl india-rubber rvasher.s.
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Before these u'atertight fittings were introducecl into the
Service, it x'as foLrnd that oving to rain anil soray on deck, tnd
drippings of rvater fiom steam pipes, &c., in engine rooms antl
other places below, the iamp leads quict ly deteriorat;ed.

Section, di-.tributolr aml cut-out boxes should be kept carefulll'
screweci up so as to be rvateltight in case of &n emelgency.
Spanners suitable fbr the various boxes are supplitrd.

Mess I)eclt Lights.-Tbe lighting of a mess deck is-generally
arrangerl as follolrs:-Lamps are fittecl one fbr each messr of' the
pendant or bulkheail type as convenient; thcse are coutrolled by
thc <iistributor boxes. The lamps in the passages being fittecl as
ttpolice" lights, rernain burning when the boxes are switched off.
Slated times shorrld be arranged, summer and rvinter, for switching
on antl off thesc boxcs,

Fighting La,ntps.-These ale fitteri in the casemate-c, ancl in
lear of the upper decl< gurrs. 'llher- are supplietl rvith n, cone
shade which can be laised or loweretl as desiretl ; rvhen clol'n,
the shacle prevent,s the light from the lnnrps -shorving outborrd
through the port-r, &c.

Naxigatiotz Li.ghts.-{.)re oL tl'o section boxes are generally
f i t ted to supply tbe l ights on the f,r lc bridge, including bow anrl
steam )ights, binnacle l ights, l ights for telegraphs and indicators,
and Jights for the conning torver'and chart-house.

I'iiese rre inrportant. and at, the same time exposed circuits,
and thc'refble require great attention ; since the fusing of a
cut-out in the stcam or bow light circrrits is a great incon-
vcnience, as also is a sudden lcss of }ight in |fie binnacles ancl
chart-house, particularly at a critical poiut in the pilotage of a
channe l .

Similar arrangements ale made for supplying the aftcr bridge
and conning torver.

Position Ligltts,-Thcsc are fitted on the ensign Btaff. the
lower one someti lnes being used rs l  ,qtenr l ight rs rvel l .  A special
shade is con-sequently litted to the lon'er hmp fol use at sea, to
prevent its shorving forrvard of 2 points nl.raft tl,e beam. Switches
are fltiecl on thc fole bridge to controi the position lights.

Speed Lights.--Electric specd ligbts are now being fittetl to
ships, and tirey cousist o{ 8 candle-powel lamps in portable larnp
Jittings rvlrich can be secured to the halylrds. and flexiblc circuits.
'Ihe1: are not burnt at fuil Lrrilliancl', l.,irt are either tlouble filament,
lanp-s, with trvo filtr,ments in selies, ol else ordinarv larnps burnt in
ser ies  rv i t l r  r  res is tance.

" Not Lindct' Control" Lights.-'Ihese are also beinE; fitf,eal as
electric liglrt-*, the lanterls being the somc cs those for the speed
lights, but rvith led glasses, and the larnps being li2 candle-pr-rwer
bulnt at l'ull brilliancv.

Magazine Lantps.--Electlic light circuits are not generally
to be led inlo or througlr magazines or shell rooms, but the lights
are fitted irr lieht boxes rvhich are onlv accessible from outside.
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No n'atertight {ittings are necessary in these light boxes, as thev
are_ thernselles rvltertight, and are alrvays to be kept closerl and
locketl.

In celt :r in trrst, ,* r \-hcr.r l  i t  is not possible to l ight the rnagazines
satisfrrrrtorih'  l r l  rnei lns of l igbt bo,rcs, cir<:uits are permitted to
bc ierl  in. 1, i , , t i l . . l  that the leads are made as short^as possible,
are cr)mplet(, lv encloserl in steel pipi lg, antl  so anangecl by
coverinq in ol ot lrcrryi, .e that notLing ean be suspended from
them.

_ I 'or thi:  l )urposir.  l i , ,r}r ' .r '  rvel i i lcss st(,el tube rvith screwed joints
is eurlr iole,[ ,  sl lclr  as is specirr l l r-  rurrt le for this purpose, and cure
shoul,I  l ,r  t trkerr to rnake i t  elect l icrr l ly continuous and to see that
i t  is eff icientlr '  earthct l .  

' f  
l rr .  l , .r i t l  r ' , iv"r ing ,, f  t lLe cables and the

ruuterirr l  useci-for l .ovcring in l l re tut,r, : ,  i f  inctul i ic, should also be
in electr ical connection s-i th t lre tubes.

A srvitch is to l-re fitte(l in each lcntl of the circuit of each'Iamp, 
aud botlr  the-re srvitches ale to be 1'pen before roything is

done to tJrc lamp in the u-ly of disconnecting, rtpair ing,-or
repraclng r[.

Engine rtnd, Boiler Rooms.-'lhe enginc and i-ioiler room
circui ls are those u'hich l ,re l i lble to give most trouble. I 'he
'r-ibr:rtion of thr: englines, the constant condenration of moisture,
rrrrt l  t}e large varint ions of temperature, al l  cornbine to t lamaqe
circruits antl  f i t t ings.

Portoble lurnd l.unps are fitted where required. 'Ihey are
eonrrecterl  bv rr lerrn,s of '  f lexi lr ic. steel-brnit led, trvi l .core wires.
Prrtt .  L j . tSt. 

' to 
\ . i l tel  t ight piug l iorcs. From t l ience coni lec-

t ion is tuurle to t lrr :  posit ir-e :rrtr l  rr .glt i re lsrds nrnrr ing to &
d is t r ibu to l  l ,o - r .

Portablc leads ale a fi'uitful sorrrce of trouble unless carefully
looked after. 'fhe braiclinq sLoulcl be srveated at the ends to thl
bo<ly of the lamp fitting, otherwise the wire rvill soon be br,rken
at the nip.

Boru a,nd, steant, lights are fitted in tire same manner as
portable lamps, a- speciai form of lanrp f l t t ing being srrppl icd to
enrbleit  to be shipped inside the ordinary lanteln; 16 candle-
power lamps should be userl in the port and, stea,r,ing lights, tnd
32 candle-porver lamps in the stcu.bori,rd lantern, iinc6 in the
latter case it hns been {bund that more rfl,ys are absor.bed by the
green glass.

. 
'I'o plevent the possibility of a mistake in shipping these lights

the iucandesceut_lamps^are orderetl to be tipped ivitl green p"aint
fol starboard, and red for port lamps.

Runher- Lights.-The general sysrem of lighting bunkers
consists of one fixed bunke-r light o{' the ordinary pattern,
50 candle-pcl'er for large'bunkers, and l6 candle.-powei for smali
ones, antl  urre I t i  candle-porver portable lanrlr rvi t i r  a rvandering
leed, rvhose ei lcuit  i .  control led from a r l ist i ibutine box outsid"e
the bunker.
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The following instructions ale 10 be strictly complietl rvith
in using the poltable bunker lamps, in order to eliminate any
chance of short-circuiting and sparking inside a coal bunker:-

( l)  ' Ihe lamp, when not in use, shoull  be hooked up insit i t :
its box, s'lvitcherl to tt Ofr," and the box closed.

(2) \\:hen required for use, the lamp can be taken out and
slvitched to " On."

(3) On no account is tlre lamp to be left rvhere it can lie
covered by falling coal.

(a) ff by any accident the lam"p or cit'curt is buriecl so tlrat
it canrrot be cleared until the bunker is being ernptied,
the holder should be disconnected fron the socket, thc
box closed, arrd the cut-outs lemoved from the feeding
distr ibutor box.

fioiler Tube Lamp.-A special form of lamp is supplied fol the
internal examination of boiler tubes. It consists of a telescopic
lod, at the cnd of rvhich is fitted trn 8 candle-porvcr tul-rulrr lamp
with an inclinecl mirror. It is fitted n'ith r lead of flexible braided
wire, and a port,able plug connection,

Dioet's' Lantp.-A' lamp fittecl rvith a stt'ong guarcl is supplied
in a box for usc untlel u'ater lrl' divers, to ships with " A " pro'
portion of stores, alcl all flagships. 'Ihe box is fitted rvith a
ivatertight s*'itch and a reel contaiuing 30 fathoms oi flexible rvile'
llatt. 902, Care slioukl be taken that the lamp is rtot srvitcired
on until after it is under water, olherl'ise the glass rvill be
crached.

W"hiteheatl Lam,p.-A" l0-volt lamp, fitted lvith a guard and
mounted on a flexible holder, is supplied for viewing ihe intelior'
of the engine room or bal*nce chambers of lYhitehead torlteiloes.
ft is connected by means of a srnall steel-braided 'wire to a special
plug, rvlrich is placeil in series rvith a 16 canclle-porvcl la.mp ; one
of these is supplied to cach Whitehcad storr) roorn.

Yard-cu'nt, Grou7ts,

It is very converient to possess a means of quicklyand brightly
illumin:rting some portion of the upper der:k for coaling, anchor
work, &c. ; and for this purpose groups of larnps fitted insicle
a reflector have been suppliecl, itnt'l are knorvl as " yat'd-arrn
groups."- 

They are, moreover, exceedingly useftrl fol temporerily lighting
up any portion of the ship belorv rvhich s'oulti otherrvise be plunqetl
into darkne-.s by the lighting circttits fuilingr in the case ot'fire, or
in act ion, &c.

A yard-alm group consists essentially of a circular concave
reflector made of sheet brass 2'4 inchcs in diarleter and 6f inches
deep. It is painted insitle rvith white enamel, and has long
hooded slots fitted for ventilation. A centre-piece is connecterl
to the leflector b1' ureans of six scrervs ; it carlies eight lamphoiders
fitted with 5O candle-porver lrimps, au(l connectiott is ur,ltlt-' frottt
'these to tlvo gurr-metal terminals rvith ebonite bushing, fixetl on
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the outside of tlre reflector by means of wire. Patt. 104" It is
sometimes convenierrt,  i f  the l ights are being used in f ine rveatlrcr,
for instlrnce', tlulirrg coalilg, to take out this centre-piece, lrnd fix
i t  outsir l l  orr t l rc tol) of ' the ref lector turnetl  upside do.rvrr antl  rvhite-
r l 'ashcrl .  I .-srt l  in this rva;- yirr, l -rnn gloupr give rnore l ight, but
t l ic lurrps ure rrecessari lv unprotcctei l .

L;rr.gs ships are al lol 'cd six groups, and grtnboats one, other
slr ips in pfolnrt ion, according to their size,

Tlrt' lcads of t,irch rcflector are of trlin lvire. Patt. 546. ancl
are 50 r.ards in lengtir.  l ' i f ty valds of spare l . i re is also supplied.
Tht- ends oi ' the trr in rr ires furt lrest f i 'orn the l ights ar.e connected
to corrr-t :nient sectiolr boxes bv means of t turcl-arm suitch botes.' I ' l rcst,  

l le oblorrg u'atert iglrt  rnetal { i t t i igs .rvi th a hingetl  l id.
I ' l rr :y arc f i t ted insidr wirh srvirches on t l ie spr. ing ..  break "

principlc, an(l  cur-outs ol Loth posit irc and negntir-e iea,ds, t l re
trvin r ' , ' i les going inro the Lox throLrgh a rvatert iglrt  glani l  and
tht' cables ieading rLrva't' to the sectir-rn bor, prLssirrg oul t'hrough
similar glands on t l ie opposirc sidc ot ' i l re lrox.

. Fraslring *,itrr :rn 

t::":::'::^:"::;'r"pro<ruce<r 

in trrree
r l i f l i r t ln t  r l l , \ ' s -

( i)  ) lcchrrnical l ,r 'by means of a shtrt ter rvorked by a str ing.
(2) I ly elcctro-nragncts, actuating a screen,
( 3 t  I ; _ v  i s ' i t , . l r i r r 1 1  o u  t r r r l  o H ' t l r e  c i r c u i t s .
' i 'he 

l i lst rnttho(l  is use,l  in the .6 Gruvity " urd dcstroyers'
d ; r .h i r rg  la ru l>s .

- Equil ibr iuirt ,r ,r  Grari ty f lushing Lanp.-The lower port ion
of the hntcrn of this lamp consi,sts of astout mctal cyl indeiwhich
is f i t ted over. the top of 'a pole or small  mast, in ihe centre of
which is fixed a bayonet joint lampholder, into which is lockecl a
50 candle porver lamp.

Four vertical metal stantlards are screwed at equal distances
apart around the flanged. circumfcrence of the cylindrical base,
ancl form a support for the metal top of the lantern, and also act
as guides to an invertecl melal cup inside them. Ihis cup when
dorryn_covers-the lamp; when i t  is laisecl to i ts I 'ul l  heightthelamp
will show all rouud the horizcn. The r:uir is pulled up by htrnd,
by means of a chain passin.q over rollers on the top of ihe lantern.
W_hen the chain is let go, the cup lalls, due to its own weight, and
ecl ipses the l ight.

ln some of these lamps a spring is fitted to assist in bringing
the shade back over dre liglrt qnickly rvhen the string is ler go. 

-

An anrngement is also fitted so thai the light may only show
in l  given direct ion. This is clone by means of a circulari  shade
rvliich is irnnretiintely outside the stantiards ; the sbade itseii has
an openiug rvliich can be increased. or reduced in size as necessaLy
by means of u si i t lc, thus regulat ing the arc through whicir t l ie
l ight rvi l l  be visi ir le. I f  i t  is recluired to makc au . 'al l  round',
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signal, the eireular shade is simply pushed up clear of the lamp,
and held there bv rneans of r pin. t

Si(tnal Luntlt for 
" 1)estroyers."-This consists essentitll,r' of'

a melal cylinder fittecl 'rvith apcrtures. in which is placed I ir ol
l0 canrlle-porver S0-r'olt lamp. Ihe lamp can be made to show
a 'white or red light, by surrountling it rvith a clear or ruby
glass cylinder. The incaudescent lamp is of special form and is
rnounrctl orr an ebonite base fitted with two contact holes, to
which tbe ends of the fiiament ftre connected by rneans of platinum
rvires. The lamp socliet, also o[ ebonite, has two plugs mounted
on it rvhich are attached to the ends of two short leads of insulated
wire, tbe plugs being intended to fit into the holes irr ttre bnse of
the lamp. Leatlrer rvashers at each end of the glass shades render
the fitting watertight.

I'he flashing shutter is similrr,r to that fitted in the gravity
flashing lamp.

Ihe second methotl has been adoptetl in '( Sr;ott's Flashine
Lamp," in which a rmmber of r ertical -shuttet's lre arr:rnged
lound the circunference of the l lmp. Ll ' rrcler ordinrrr,r 'cottt l i t ions,
they al l  touch one another r ight t 'otutd,so thrLttLe lr tr irp is errt i lely
shut in and obscurerl ,  l rut.  rvhen the l ier- is pt 'essed, t l te.y al l  trrrn
round edgervise to t lre lamp so irs not to obscule j t  at al l .  ' Ihis

.larnp has not been atloptecl in tLe Service as yet.
The thirtl methott i,. rrtlouted in the Service mastheacl flashing

lamp. 'Ihe lnnteln is fit,tcd or1 top ot' the ttuck, rvith a small
derr:ick above it to assist in unshipping. Iight 6 candle'powel'
larnps are rnountecl in srnall bayonet joint lampholders in a circle on
the base o1'the lautern, and eight tnore in a sirtrilar circle on the
loof of the lantern. 

'Ihcse l,rtter arc upside doq'n, so that all
16 lamps are close together.

'f he lamps are carbon filarnent Ll,nps of high eiliciency,
2| rvatts per canrlle-power, antl to get this eiliciency tl're filamcnts
mist be nrade vert'fine, 'Ihe reason fbr the use of these l',rrnps !s tbat
afine filanrent lights up yery quickly rvlrt'n tite ettrt'ent is sl'itchetl
on, a,s {,hcre is not vell rnrtch catLrou to be lterrtetl up, untl also ctlois
rlown at once rvhen sr'vitcherl off, so th:it the ligirt follorvs the
motion of the flrshing key at once, rvithout any delay. llhis is
important, in ordel that signalling may be earried on at n fair
pace without the signals runnilg into ole another.

A switch is fitteil in one of the learls of the circuit to the
lamp, and in the other are trvo or more flashing keys in parallel,
one-ireing fitted on the fore, and the other on the after, blidge.
In parallel rvith the keys is a contlenset', rvbich serves to absorb
the spalk rrhich rvould otherrvisc take place at _the key when'
euer ihe cir,:uit ryas broken. 'l'he capacity of the contlenser is
2'4 microfarads.

-\ lamp similar to the abore has lately been fittecl a-s a yard-arm
flashirrg lamp, in pltrce of the gravity flashing lamps hitherto fitted-
It consists of four of the small lamps that are used in the ma-sthead
lamp arranged in a circle at the base o{'a small lantern, and worked
by an orcliuary flashing key. The condenser across the hey is not
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absolutely necessar)', as the current taken by the fcrrr larnps is so
srnall.

Non-taatertight Su:i,tches nnrl Lantp .Fittings,-These are
used in cabins. o{ficels' rnesses, ancl other places rvhere such
fittings are not liable to be exposed to damp. Therron-watertight
switches are very similar to the watertight pattern in their actionr
lrut their covers are merely fitted for protection from mechanical
injurl', rrnd rre not waterrtight. Thc.r6 are many diffelent forms
ol 'olren lamp f i t t ing in use, but i t  is not necessary to describe
thcnr htre.

220-t ol t I nsta I lati ons.
' Ihe 

2lt)-rolt  inslal ir t t ions t lr t  :rre brirrs { i t ted in the tt  Invin-
cibler" " I)efence." unrl  1,rtr l , ;r l , l .y ' r . t1n1, 1116,1 ships, alc arranged
on a dif felrnt principlc to ther i00 antl  SO-r 'olt  instal lat ions
hit irelto dcscribcd. l 'he ,,  r ' i lg nrairr " svstL'r l  hus been
inlrorluced, and a r lescript ion of t l r is wi l l  rrorv l , t ,  gir-cn.

- _' Ihree r ing mains, posit ir-e, negative, arrd o, luul iser, are run
right, round the interior of the ihip, undcr and behind the
heaviest plotecl,ion. All the dynamos supply tbeir current in
parallel into these mains by the shortest path- Every important
ivatertight compaltrneni is supplied by on'e or more tappings from
these _rings, the distribuiion being effected vertically as far as
possiblc, so a^q to avoid piercing watertight bulkheads ; at the
ends of the ship a certain amount of horizontal distribution is
unavoidable. Cun'ent requir.ed a,bovc thc protective cieck is
, lcr ived 

_frr,ur trrppinss scpar. ir t t '  f i 'orn those supplying compartments
i , , ' 1 ,  'n '  l l te  I lo t .c ' t i l t  r l r ' ck .

Erch dvnlnro is lr lovir lc, l  rvi th an clectr ical lv eontrol ied
circuit breaker in :r rvaicrtight case, arranged to break the circuit
(a) if an overload is rnaintalned fbr a certain time on the positive,
negative, and equaliser -leads, and (D) instantaneously if tbe
currenf is revcrsecl through any dynamo. This circuit breaker is
fittedas neal the dynamo as poisible, and isr:ontrolled by rneans of
tw_o push_buttons, one to put it ,, Onr" and the other to put it
" (\ff:' Thcre is a similar pair of push buttons for each dynamo
at the central control position. l'his cilcuit breaker is i<nown
:rs a " Supply Circuit  Breuker.."

_ At every point where the ring main is tapped, ryhether for
tlynamo,s - or out-going eircuits, ihe whole oi'- the tapping is
erclosed in a watertight box, l<nown as a .. Service Roxr,t wl ich
is lilled cornpletely with an insulating comporrnd.

Bra.nrlt Circuit Breahers.-.Lt eaeh point where cun'ent
emerges from the ring main is placed a circuit breaker, which
rvill open tlre circuit, (a) if the current exceeds a predeterrlined
amount, for a certain time, or (ir) if the pressure is wholly rvith-
rJrawn.from, ol gleatlv reduced on, thc ring mains for one iecoud.'-llhis circuit, breaker is controlled bv a pair'of push buttons, fixed

9"^ lb9 appa,ratus, one to put, it .i On,,, and. tire other fo put it
'5 Off." There is also a single push button at tlre central cbntrol
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position, rvhich puts it " On " orrly. ' . l lhis circuit brcalier is known
as a (' I} 'anch Cilcuit Rleaker."

Central (.'ontrol Position.-*Lt tlre centlal coltrol po,.iti,,rr
t lele is f i t tet l  fol  each dynamo:-

(1 ) 
'I'he pair of puiih buttc,ns u,h'eacly referred to for controlling

the supply bleaker.
(2) A voltmeter connected tc' the tlynamo side of the supply

breaker.
(3) A pilot larnp, connectetl in pnrallel with the voitmeter,

fitted behind a perforatecl brass plate -*howing the wortl
t t  Running."

(a) An amrneter, showing thr: culrent in the t ' return " learl
to the clynrmo.

(5) The field regulzrtor of the rl"1'nnmo, Ihis is of the vertical
pattern, consisting of a single movable coniact moving
over a straigl:t rorv o{ flxetl contrcts.

The apparatus enumerat,ccl for each tlynamo is rr,ll alranged on
a single dynamo panel.

Eesidos the gear for thc r l .vulruos. :r l l  t l rc push buttons frr l
putt ing on the r.arions brancl i  i , rclr l iol 's irrd u'r:ruse,l  orr a sitrgle
panel at the central con!,rol position. Iiach button is labelled rvith
the name, or nnlrbr,r.  of t l ie lrnrnch brcaker that i t  controls, and
has u srlal l  laurp ol int l icutor lreside i t  to show u'hether the trrerr, l ier
is 5' On " or' tt 01I." (.rn tlris saure panel are tr,r'o ammeters, showing
tire culrent in the starboard and port sidcs of the rinq ruains
respectively.-This 

"'circuit panel " is placecl in tire rniddle, ancl tlie tlynamo

lianels are arranged on eithel side of it.
A pair of earth lamps is fltted on the circuit pancl, one lnbcllecl

" Positive " and the other '6 NeEative." 'Ilrev nre connected
lespcet ivc l r -  to  t l re  r rcs i l i ve  and n{a t ivc  l iug  mnins ,  n r ,d  t l rencc
each through & sepalate stvitch to earth.

This centnrl  contlol l l l rsi t i () l l  trr l<ts t lrc placc of thc ruain
srvitchboard fittcd in earlier ships.

Generol Systen, r, f  Distr ibution.

I)r'ery motor rvhose full loati curlent exceetls 60 anrperes is
connected clirectly to the ring main through a sepamte branch
blcrlicr. Motors of exceptional irnpcrt:r,nce, even thotrgh they
trlic le-ss than 60 amperes, lre llso suppliecl 1'rom separate branch
brerk trls.

Jrrcandescent lamps are arrangccl in circuits, the current in
each of rvhich rnust not exceed. 2] amperes, so thnt there can be
eigLt l6 carrtlle-porver larnps on each circuit.

Ihe l ightiug mains are nrranged as fol los's :-
A junction box, tlesigned for the reception of :r current of 250

amperes at 220 r'olts and its clistribution over' five circuits, is fed
directly from a branch brcakcr' <-rIr the ring mains. Ihis junction
irox contains tlvo bus bars, to rvhicL rlhe feeders are connected, and
fir'e separate contilcts facing eaclt of thenr, to rvhich the srttallcr
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eircuits are Connectetl .  I 'hrSe conlacts are connectetl  to t lrc l ]rrs

bars by means of fusible cut-outs, eich-of rvhi<rh l i l l  st:r lrd a

"u".eni of 60 ampercs, though. if tl're total cunerlt to the junction

box exceerls 250 arnpcrcs, the circuitrvi l l  be broken l , t  the branch

brc:rker. No srvitch is fittc:l in the j unction box, as it is

connectetl dilcct to the bralch bretrktrr.

Each circuit frorn the ilrnctiol bos ftlctls either a motor or a

section box for: lighting, lvhich is designecl. for the leception of a

currei l t  of 60 amperes, and i ts t l i rr t l ibut iot l  oYer f ive circuits.

Inside the section. irox is lr tloulrle-|cle srvitch, rvhich is rvot'ked

by a lrandle cutsicle the lro:t .  t l t t , iugh rvLich the 60-arnpere ci lcuit

fr :ecls t tre two bns lrars of t l te :ect lon l lox. ' fhe section hox is

s i rn i ln r  to  the  j l t l t c t i ( )n  l )ox ,  i ' x ( 'ep t  th i r t  i t  i s  smal le r  and is  f i t ted

rvit l r  t l ro r loLrl , le polt '  srvit t ' l r .  
' I ' l r t  

fr tst.- .  at 'c capahle of carrying

l3O amlrr-r ' r ,s e,rch. lrLrt , .horr l , l  t l r t  tot lr ]  cut 'rent thl 'ongh the section

l ,ox  e lceer i  60  t r lpc res ,  t l l e  cu t 'o l l t  in  the . iunc t ionbor ,  o f  course t

u' i l l  g,, .
- fhe circuits f i 'om the scction lroses i 'cecl sttral l  motot 's tni l

distributor Lroxes. The distributor boxes ale <lt:-'ignctl for the

reception of a curlent of 20 arnperes, and i ts distrr lnrt ion over

ei{hi circuits, each trrking 2! ampeles. l fhcy rre similar to the

seZtion Loxes, Lrut ,rre, of Coutse, smaller. and there are eight

seuarate contucts on each side in:;tead of five. Seven of' the

cii'cuits are connecte'l by fusible cut-outs to the bus bals, but the

cut-outs of the eighth can bc connectecl either to the bus bars or

to the inconinq lelds sbort oi the clouble-pole switch, so that, if

no(.os: irr i- .  tht ci{ lr th circuit  crt t  bc usecl for poi ice l ights.

, \ l l  r l r , , . , :  l r , , r t , s  r t t ' r ' n r l r t le  s ' l t t t ' t i gh t ,  an t l  the  l ids  a re  secured
l , -v  l  . i r rg l . '  t i , t t  i r t  t l re  r r r l , l t l l e .  * 'h ich  is -  t igL tencd r tp  by .  means

o i  t  .1 ,ee ia l  ker ' .  I ' l re  i r rs r r l l t io l r  i r r  a l l  cases  is  mican i te ,  and

nothirrg else i , .  al lol 'et l  to lr , : l  use,l .  ' I ' l re boxes are subjected
to the follo$'ing tests rvlten received {i'om the makers :-

(l) An alternating pressru'e of 2,000 .volts is applietl. fol
10 minutes between earth antl all parts designed to
carry current, all cut-cruts being in place, and the
swit'ch to tt On." 

'Ihe same prcssure is then applied
for the same time bctlveen earth and all parts connected
to the positive pole, tlie remainder of the insulatecl
pa,rts being connectetl to earth.

(2) The insulation resistancc must not be less_than 2o-megohms,
both between the trvo sides of ihe bor, and between
either sicle and earth.

(3) Ten per cent. ofthe boxes are tested for rvatertightness' 
l-n lreine immersed in not less than 3 feet o{'lvater for
one nour.

Ctrt-outs,-T'he cut-outs fol the t l istr ibuior boxes are 2 inchcs
long or,el all; those for the section boxes are 5 iuches lirng, rvhiie
thoie lbr the junction boxes are 5} inches lorrg. I t  is thus
impossible ro pt l t  a cut-out larger than thc plolrcl  size into
anv box.
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Size of Mains.-�Tlte size of the conductors is so calculated

that the drop in voltage between any [oint in t]re ring mains antl

any other p-oint does not exoeed 2{ volts when all motors irlttl

la,mps which could be in use in any Service conditions are con-

necied ancl suppiied. Tire drop of voltage i" l"y circuit tapped

off the rine main. measured between the farthest lamp or the

farthest moior, and the internal terminals of the branch breaker

from rvhich it is supplied, must not exceed 2 volts for lamps anil

8 volts lbr motors, ivhen all lamps and motors supplied' frorn that

branch breaker are rvorking at their normal full load.
'I'ho cables used for the ling mnins ale made of stranded

copper, insulated rvith layers of paper impregnated u'ith sorne
iniulatilg compound of a resinous nature. Outside the prpcr
there is a leadtasing covereC with a layer of jute yarn, and the

whole is then armotlred with galvanised steel rvires.

This paper insulated cable is used instcud of lubber insulated

cable, as it itands heat better, and parts of the ring mains are in
posit ions in which the Lerrt is ver.v great.' 

For the remaining circuits in the ship' Patts. 2'11 to 255 cables

are used (see Appendix), accot'iling to tlle ctllrent tlrai ettcli has

to carry.

lOo-uolt Ring n'Iain, S'7s1cars.-Some o{' the later ships aro

being fitted rvith 100-r-olt ring main .systems,-and these are exactly

lhe same ls thc 220-rolt system described above, except that

there can only be four lamps on any single circuit insteacl of

eicht. Tlre samc f i t t ings are used' but thc maximum drop of

oo-ltug" allowed is only f and 3 volts for distant lamp-and-motors

respe"ctively, as against 2 and 8 Yolts allowed on the 22o-volt

systems.
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C}IAPTER XYI.

Ilrrx,lcnrrnxl' oF CrncLrlrs .\ND Ts:tPtlR.rnv LrcnrrNc.

)funagent'e nt oJ' Circuit s.

l. Alrrnge a routirlc for the stl1l in large sLips, and alrvays
huve c,nt,L. ' f  .O. lr t  letst Joing duty ott t l te t : i rcuits, ald respon-
siLle I ' r ,r ' ( ' \ ' rr ' \ ' thirtg t 'ottr tectet l  rvi t l t  f l tent '  I Ic shonld su' i tcl l  on
antl  of i  t i re niess l ight.,  l rr t l  for l i trLl i tur l  aftcl  l iglr ts l ,bove' lvatcr ' ,
tus oct ' i tsiort t 'ct lui t 'es, accot ' t l i rrg to the t lalkuess of the deck. He
shoull rrlke all sruall repairs. replace llmps, anrl irr ships rvith the
old srvitchboartls, where there is lo srvitchlloat'd rvatch keeper, he
should attend at the boaltl l'hetr changing ovet' fron one dynarno
to another. He should al',vays be readv to makc good anv dauage
as ir occurs, anri should always have rvith him a scrervdriver, p:rir
of pliers, and several sizes of cut-out rvire. He shoulcl hnorv thc
cireuits thoroughly.

2. ]Ien shoultl be tolil off fol cleaning electric light fittings,
2.c,, globes, lamps, reflectors, and should rvork gradually ttrrough
the slrip, otlterrvise everythirtg rvill ]..,c dirty anil give a bad light.
Dirty lamps rrntl globes nray be easily and efficiently cleanetl 'rvith

soda.
3. Cerrairr parts of the ship cln sturd rvorse l ighting than

otLcrs, so tbut olt l  lamlrs may be plncetl  thcre to I 'urr the cncl
r, f  thei l  t imt,.  aud l lc\\-  orlcs sbippcd in thc urorc i tnportunt
posit ions.^ 

.1. All section and distributor boxes should be overhauled at
intervals and cleaned ; at the same time look out for signs of
beating, and have the cause rectified. Whenev-er.specially good

and colistant lights are required (e.g.,in action, &c.), see the main

cut-outs in good condition.
f If the lights go out suddenly a cut-out has probably fuseti,

in which c:,se ihe first thing to be ascertained is whether all or

only a portion of the circuii is iu darkness. This will give an
indication of the position of the cut-out rvhich has failecl. If the
liglrts flicker and fade out, it is probably the dynanro that is ar
fault.

6. X'lickeling of the light is probrbl; caused by the govcrnor

not rvorhing 'n'ell and wanting lubrication.

7. A sudden flicl<er is probably a cut-out gone on some
port ion . ' f  the circuit .^ 

8. Tht' faihrre of hook-joint lamps is very often tlue to their
be ing  l rad lv  Looked on .

9. ^\. . t*, ' leave lantps in important places, such as birt lacles,
siqnal, borv, ar:cl rn:rstbenil lantcrns, chart'hotrse, sign:r'l-house,
Calttain's :rnt l  Adnrir ' :r l 's cabius, _ rnagazines, _engine-r 'oorns, &c.,
.roiil 'nuo.t out, but change thenr aftcr buruing for some
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1,000 hours, ol oil any sign of thd fii:rment becoming utreven in
its resistance, (This rnry be tlied by srvitching off tutl secing
that all parts of the filament lose theit briqhtness at equal rates-
discard any rhat appear to have bright spots.) - Lamps so
changed ca,ir be used. in other unimpoltant parts ot' the ship, but
failure of irlportant lamps means conf'usion.

10. AII deck tubes, bulkhea,d glalds, and similar' fittings
through 'lvhich cables pass, should be frequently inspe,ctetl to
see tbat they ai'e 'rvatertight and 'lvell screwed up. 'Ihey are
a f'ruitful source oi trouble if this is not done.

11. 'Ihe electric light party should frequently make sure tlrat
thete are no earth leaks anywhere in the ship.

12. If earth leaks are fount[ tirey should be lernove,l at once
if possible, but it 'rvill be founcl most con\tenient to do this at some
peiiod cluring the day, when the lossof light due to takirrg off the
circuits rr i l l  be least felt .

C lt'anging oae'r D y ttctttttts,

I f  i i  is necessal 'y at any t ime to stari  r tnotl ler dvnlmo either
to take over the work tha,; the lunning rna,clt i t t t t  is t loirrg, ol lor
some other work, such as holtt  hoi-stsr &c.. i t  is r l lost inrportrnt
thnt the extra macliiue shoultl be started in plenty of' time. lt is
very injulious to the engine. e-spccially if it is of -large power' as
are the nrachines fitted in latcr ships, to put a load on it beibre it
is propcrly wrrrncd through.

"Ihe instrrrct ions laici-down in Chapter IX. are alrva-vs to
be strictly adhered to.

trfanagentent of Cirarits itt' cuse of ltire or Collisiott.

On the alarm of fire the first consideration of thc ligLtiug partl'
is (( lYhat circuits are in t langer 

' /  "  The circuits and ship shoult l
be so rvei l  knorvn that there sbould not be an irrstant ot '  doubt.
Suppose the worst place-a stol 'e room throrrgh r" 'hich t lre r lvuamo
mains of the machine t ' r tnning ale led Shot| l  these be t lestroyed
the lvhole ship rvill be plurrgetl into datkness. A second machine
should therefore be started at once, and the safe circuits shifted to
it. Means should be taken for lighting the purnps'with yarcl-nrm
reflectors, if a.ny o[ those pumps are lighted by the endangeretl
cilcurts. If tire mains of any circuit pass through a compartmeut
whicir is on fre it may be neecssary to run ternporary leads
betrverrn the section boxes on either side of this cornpartment, so
as to maintain the supply of current to parts of tlre ship beyond.
'Ihe circuit mains rvhere they leacl into. and out of the compart-
ment on flre, shoulcl be disconnected fi'om the section boxes, ot'
cut if necessart"

If the fire iiurply threatens the particular circuit at the seat of
the fire, then yard-arm reflectors should be got ready to replace
those lights, their lea.ls treing jc'inecl up to the nearest or most
convenieut section bor.es. Thc officer must use his rliscretion
as to srvitching off and tlisconnecting a portion of a threatenetl
circuit to save the maiu cut-outs anrl prevent the loss of light to
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t l re  who le  c i .cu i t  Bu t  the ' ,v t ,o lc  ques t ion  is  o r re r  rv r r i ch  i 'e rLc 'ship should be well thought ."t, tf,.'i".fr*i" ,*ff being irrstructeclas necessary.

*r"i :: . r., *:t:.:ff :';.#i,,,1; ll', " t'jilfl "' - " co mpar t me n,

llllt :ry'g-":; T"1J-Jtr;,ili ld 1$, - H i n' :"f i :!:
r,nrr,rr"ua, il;?. 

"tf.ur,.ryrhiog 
ii ar t rrd lith;i"#1?1::l,T

i: r;i ;l jfl iffi'"i;;.''lf m: *m; * g:,:* ih;{;r:
,,,, 1 l: ;1 l'p ; J i l .1,J::,,1 ;i il "i j, ""'" ,];?l', ;:,,i,l;:l;; J:1ll:l i:iliili: r r r r i .  i r r  a , l , l i t i , , r r .  r l r , . r . , .  i .  t i , , ,  ,1 , , , , , , ,g , , - r1 , , , , ; ; ' r i ; ;  cne ' i r . , s  f i ' e ,, n "l' ;':'ii: ;" : l;,:," i,l ;'ii;], ll t :;1,; l; : Ii*iili li i:i.:*Xl
;l: :ii' il i, ;llri:,::t' tiili, lT:. .:l i i* ;:l;;li:',i,';,1;,:, :;, llii:iH
:' : :! I ft , li'il, ; ",r.x ;l;' "*;f in in;;*;; I ;i j'i;x lil,,il {, "
lill:iiif #Ti,,; ;ll'Ji if;tf n;i:, Xl*l;j.l;''L,ii"'ri."ii:scrrt lr  1' ;111[1,, ] ' r i t ts. 

,gl6,r^ to g25r, i" i i rr '  t i  "  lead covcr. ing

*l i i:,ii;'' [, li ilif.il,'1',1;'" Iru:i ti f tu',ll ;:4[il ;jiI ' ig. l t i ; i ,  uc l lso suppliet l  for. this ; , i ,  n;; : . .  
^ '

Tcsting Cirt:uits.

u",'lili,:";.f:i!::';I,1"1ii,1,:':';ili;l;i*'l;jl,,t':,, ,i{rerr u|,.gii r.
thenr al ril ;';#;; i.,;:: :""T:1":lll 'u11" 0" t',rrre,10 r;L'p11
ci rcu i t s,r, ", r,r' ;u ;;;l;,[io :,,1'.#;:,i1";.. Ti ;x"ll, *::"jr'
uliii;I,i,u,,;:,,:?y"dff iiiff :1.:.,r,,1T;^Ijtj::mil.x,Til;
thc l iehts cannot be burnt.

,*.,"f'li{'l;::";:,:l#,J"ii:,'T,."?:";,,Ti""?T.,:.t_,?,,T:Ii,,:iilliil;thororrgir ly untl t ' r .-stciot l  try p".*or- ir '  " i r",g.", ,r  cir .cnits. T. ire

i:t*?:,iiTi:U[li';*ing aucr t"'ti"s" ib?'i':aks *'iI I ir,"..ii"'"
.fi i09J3.

I r r r ; .  I  U , l .
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Frc. 164.

Ianrn Lrups.

Jf,vae.:o
Y
l" s,

L4- f2

&_--
Suppose Fig. 164 to represent a port ion-of 'an incandescent

cileuit] rvitlr eaiih irr,rnps fitied as described in fJhapt-er lX." one

tclminl,l of each being- colnectetl throrrgh switches, Sr -and Sr, to

the trvo bus bars, ancl'the otJrer tclminals each connected to earth.

If thele ale no earth leaks on the circuits, l'hen either switch is

pul, on alone, the iamps will not burn ; but if both are closed

iogether, each lamp rvijl burn at half briiliancy, sirce tliey arc in

series across the mains.
Suppose now arl  earth leak L exists ol l  ole of tLr: trains. t l te

negatii.-e, say. il-lten, rvhen tle srvittrlt S, is closed, the lanrp rl

wi l l  burn. 
- 
I f  i t  is r l  "  r lcat l  ertrtht" that is, a good r:ontact

lretu,eel the trt in ztnd elr l t l t ,  A r i i l l  bum at fui i  br i l l iancy; but i f

i t  is r,nly t  stul l l  lertk, so tLat t l rere is considerable resistance in

scries liitlr A, the larnp rvill only burn dully' fn the strnc lvsrv:

if thcrc \\'cre. a lerli on the positive main, the lamp R lvorrltl
burn rnoLe ol lcss briiliantly iiccording to the resistance of the

lr:ali, as soon as its srvitch S, rvcre closetl.
'I.'he udr-a,ntase o{' this method is that ieaks can be fouutl by it

rrithout stopping- the tl,vnamo.

?-inding Earth Lcnhs.

Supposc a leal i  at L (Plrt te XXX\II I .)  is sl t<,r l 'n to exist by

{hc cal ' t i r  laurps. 
' f l te l lcrcedurr '  to locrte i t  is as fbl lor i 's:-

lzi'sf. I)eierrniue rvhether it is on the lxtsitive or negative

main ; let us :lssume that we finr.l it to be on the positive main.

Secondly. Determine on 'rvhich of the circuits the leak is.

nach circuit must be disconnected from, and then teconnecied

to, the bus bals in t ,urDr one at a t ime ; t l re -earth lamps lreing

carefullr. N'atchetl, If the leak is seen b.y tlre lanrps io disappear,

r,his rrili shorv that it is on the circuit which is discorrnected at

that moment. Having thus llound lvhich circuit +"he leak is on,

the next tLiug to do is to locate i t .
''1'hircll'y. -See the corinections are well made at the swit'ch-

boarcl altl "s'witch off the earth lamps; this is important. Take a

testing lamp (consisting ol rr, htrp and holder, and two.{lexible

Ieads lLbout-2 icet long *acL) rnd proceed along the circuit  to tLe

nearest section box. Renove tlte coverr and test the earth lamp

by seeing that it burns correctl,r' when its rvires are in cont'rct
'rvith tlre mains.
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Jlake sure which main the -leak l, or, fy joining one wire oft'e test la.rp to earth, anri touching the otlter fir.st o1 one '.i.i; ;irne suppry aild thcn on the other. \yhen the opposite side tothat ou lvhich the leak is, is touchetl, the lanrp will'durn. It;iilburrr in t,his casc rvhen the lamp is counected betrveen tilr; ;i;;arrd eart'. Switch olf rhe boies ancl see if t l ie i"_p;l l i ;";;,
i i  i t t loes not, the'trre reak is on one of the circ' itr ' f"d fr;;;;;lror : but if i t-does, then we rnust go on to the nexr box.
. . , ,Go t l r rorrgh the sarne proeeduie in  tb is  case.  l f  the lanrnsrtlt r)ur':ts wlth tlre seconrl l_rox srvitched off, l lren proceed to thLthird, a'd so on all rountl the ring. Wt,,eir tire io" tiruii.u,i*the leaky main is reached, the Iamp rvil l  ";u.; to burn when tlratlrrix is srvitched off. If i t sti i l  burns in *u..y "nru lvhen theirox is switched off, then the ieak must be oo ttJc -uio, tnuir""i

I,1,,:t l l lS,nnd we can proceed to find the iar,ity section of main rrs
I t t l l 9 1 Y 5 ; -

Jlake a bleak in the l ing by renroving the l inks that connecl,t) ie irrcorning lnd outgoi.g n,aini in oo* of ?nu section boxes rrearestto tbc junction box. Th"e rvhole " ir"r i i  -"J" be iaken off at the,su'itchboard rvhile this is being done, as iLese lirrks mav be.a.r''rirg a corrsiderable amount o'f "u...nt. ffrl", fr#rg;;1 ,i;. i . t 'ui t  ,rn r iq' in, go to the section bo* ne*t to the one frornrr lr .clL t l i , :  l i r l<s *.Jr.e. l i rst.cr 'ovetl ,  orra ,"" rvhether the lamo- i : : r  r , r i i t r _  \ \  l t i l  l l r , ,  l r u k s  i r r  r l r i s  h o x  r . e m o v e d . .  I f  i t  t l o e s  n o d ,r ircrr thc ir*k i :  on rhat poi: t ion ol the mains t letween the f irst:r trd . t ,eond- lro-\es i  l ,ut i f  l t  t loes, replaceif. .- f i" t ,  i l ; ; . ; ; ;  ; ; ;arrd g' i  r ' i  r l re'  thi .rr '  L'ar^'o.t  trre samt: r 'ut ine ,r[  ," i*a t i*1 ' '1 ,g  r l r . l : i  th r  r ' r tu i t r '  l t .ng t l . r - r , i  l r ru in  i s  , l i r . :u r -e rer l .  fV f r r "  t f r i .  i ru ,l * - rn  , lo r r . . . .  tLe  acrua l  1 i : - i1 i , , y1  , , i  r l , "  f , ,u i t , - l t  " " t  " f l i " . " ; ; ,  ; ;Lst be tbund b_r nreani of tire teltph,rle r,,rt. ,lescr.ibed later.
I.er us ornsider the c?se, holrJr."r., orj'tn6 i*1, Uui"g foroa tube ou & circuit fed frcm one of tbe sectiou boxes. Vle can thenproceetl  to locate i t  further as fbi lows:_

., Iiowt-hly, \4re norv wish to ascertain on which of the dis-t l ibutor. boxes fed bv this section fro, t fr"" ieak ir .  i l : i l  ; ; ;t'e c.t-outs_leading to tt u po.itiu; .;;_,;;l;;f t'ese distr.ib'torl,o\ei must be rerioved 
_orie at , ti;". 

.-iir; 
resting lamp used:rlrc. each is disconnected will shorv tire fo"ity Jiui.lL_;;i ffi.ti.elrt care should be taken to switch the bo* ,, ott',, r,vhilst trrecut-orlts_ are being removed or replaccd, anti to slyi6ch i6 rr.f-D

ifl:l:,.y]i:l,,g:liis. ,Note rhar ir';s urioeclrsary to remove the(.uL-ours rt;adlng to tbe negative sub_mains, as we have "ssumedt'at our earth lamp, in the?rst t""t "iiA-r"t'otln, indicate. a leakirr ther positive rnaii. H,ad rhe l."k b;;;;;iie oegatt'e main itl'oultl of coulse have been necessary to "*roue the negativosub-r'ai' cut-outs instead of the positivc. fr* f*lifiil;i;;;;;bor having been thus d.iocovered, go to it ;na swiicrrlf-iil,i:;
114 ]ake out the police l igbt_cut.ouis ""A iuriuguio ar t lre secrionbox to see if the leak is in the sul.r_main between the section anidistributor box; if nor, rhe cut_outs ;h";il";" replacecl in thesection Lox ancl its eover screwed on.

T 2
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Fifthtu, Take out the cut-outs in the distributor box leading

to the"positive ltml; leads, one at a time. 'I'he testing lanrp beiug

use.l aJ before. ."viil locate the fault dot'n to rr, particular pair of

lamos. The leak urust therefore be either on one of these lamps,

or irl the wires supplying it. The lamp leacls of one lam-p Tay i'r.e

disconnectecl, tnus' ihciiing which of the [rvo is at fault' A

caleful inspection of the lEads and larnp' an-tl disconnecting the

latter from'the ltoltler', rvill generally show the bad place ; or if

in the lead, i t  rnay be tnostre"adi ly found b1'the "telephone test"

described later.

Siathly, Now let us suppose that when. disconnecting the

circuits siigly f''om the tlynarno bar at tLrc srvitchboard, ttre earth

lamps continried to i'tlicale a ]eah all t]re time. In this ease there

*r,u b* a leali on r,he positive mains of t\';t) or more circuits, antl

to ho,l them the circuiis must be broken two at a tine, until the

two faulty ones &re <liscovered, ol tbe follcrving rnethod mav

be adooteit '-(' Blsnli " all tite circuits iu succession without
, , rnak i ig , ,  aga in ,  in  t |e  fo l low ing  r - i r r i c r ' :  1 , .2 , .3 r - '1 ,  i ' t ,6 " ,  un t i l

the fauli disfr pears. Let us supp.,se tLitt tlre ieak is rto longet

shown when Xb. + is irrokeu' I'hel No. '! tuust bt' orre of tlie

faulty circuitso and Nos. 5 anti  6 mrtst l)c col 'rect '  f t  lemains to

discoier rvhether tle othr:r' lanlty circuit is No. l, 2, r:y 3, Put
t 'on " No. I  l i rstr a.d theu No' d, a'd tbe' No' 3 ;  the ft* l tv..ne

rvill bc at once tlltected, by rvatching the errrtii lamps, rvhen it is

conneeted. This methotl i.vol'es k"eepiug the cir:cuit t' offr" irntl

consequently the ship in darkness, sbnervhat. ionger tharr the

other,'but generally gives m.rle satis{'actol'y results'

setsenthly. If rvhen all the circuits afe toge[]rer disconnected

the Ieak still"sho'ws, it, must lre either on che 
"srvitchboard, 

in the

mains leatling to the dynaDo, o| in the dynamo itself ot its rolt-

meter and piTot larup ionueeliuns. 
' fhc circrr i ts may"be 3ui 9n

uguin ut th6 srvitchboard, and rrn endeilvout' rnade to locrli-qe the

iJuU ty tliscorrnecting the leads to the voltlreters, pilot 1u'ps, &t'

Shouli  the leak not 5e discoveretl  in a'y of ' t i resrt i t ,  is presnmably

"itt ." i" the dynamo itselt or rts [rlirs.- \\ hich of the tlvo coultl

bc tletermined-by means of the telephone test; but since the leak

can,rot be repair"ed whilst the machine is mnning the lights' tlis.

is of little rise. A {resh dyuano should theletble bc startc(l rl

i,racticable anC the circuits lshifted to it, so as t, proceetl' rvith the

iesti lg rvi thout lear- ing the ship iu t iatkuess' As sootr as thrs

Iur,s bten do'e, disco'riect t6e i1.nun,o mlitrs ft'ot* tire mlchintr

terrnirrals, and ivi tLr a tcst [ratter.1:see i f  t l ie rnaiI I  leads r i le,fr lui t ; ' .

If so, they shoultl be crr,refrrlly examined alonS thrlir rvholc lcngth,

or ttie leJk discoi'elctl by ureans of the tulephone test'

I 'he 
' t l1 'rramo 

cln be easi ly testet l  {ol i rLsulat ion rvithout

st.r,rpinq i t .  i f  desired, rt 'al l  t1e ci.c ' i ts a'e off i t .  IJse ateit  l ;rmlr

iittll lr]tfr trvo sho't leads; co'rrect one of the leads to ea.blt, antl

with ihe other touch the negative telmiual of the machine' Tf

the lamp burns, there i-" a l"eak flom the positire terminal to

errth. to iocate the leuk the tlYnamo urust [e stopped and tested

as pleviously exPlaiued,
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Telephone Tesi.
A tclephonc ancl inductior-r coil are supplied for the purpose of

locating, in leatl-coatecl or armourea wiri., a fault '"tiich'e"isls
:rL., ,some 

,rrnknown place hetvreen t ire cor.e and sheathirrq. l t
will nlso loeate a fanlt in Patt. 600 if earthed. Ihe induction
coi l  consists essential ly of a f ine.lvire No. 2Z Ir.S.G., of 2b.b ohms
t'esi:;tance, 'wound in a groove cut in tire edge oi' a fat oblong
tr:r,hogany reel, about ll inches long by 2* lnches rvide, Th;
trvo ends of tbe wire are secured to irvo-gui-metal terminals let
into the rvoothvork of the reel, and from them connectiou is made
to tLe telephone bv means of trvo f lexible leads.' fo 

use tLc teleyrhonc test on an incandescent circuit .  . Iake a
irt  c:rrr, l l t ' -porv.r '  l rrurp f i t tei l  rvi th t tvo leads, to the srvitchboarcl;
t t ' s t  i r .  au t l  rher r  cor rnec , t . i t  to  the  sor rn t l  n ra i 'on  one s i t le .  and to' ' r .ar lh " ou t lre c,thcr ' ;  i t  sLonld lrrrr l .  Ihe e-xt la cun.ent f lows
rrlong the fault .y wire as far as t lre thult  1., . f .  the shortest route.
Keep " nraking " anrl  , ,  l rreaking , '  the conuection of the lamp to
earth, making br- this means ple-ar.ranged signals such as t^hree
sharp taps ar f t  r ime, so that fhe noise i i , ; t t  n5t be confusei l  with
other--q. 

_Tlolding the. induetion coil edgervays against the faulty
.ircuit, follorv the 'oise along by lisiening iir thi telephone, until
it (..ses. This will occ'r imrn.diately the leak has 6een passecl.
l) ,  l rot be'r isled at a fork in,the cable-; here the noise, of io.r"s",
rr i l l  not be healcl in t i re -countl  wire.

. All. numbel of leaks. rnav be fountl by this system without
irrterf 'el ing rvith the I iglrr irrr of the sLip, "nd should a 50 candle^
l,()\ \ ' r .r  l i ln) l)  l lot proyide sufl icir 'nt curreut, one or trvo yard-arm
' ' r , , u l , s  t ' , , t : l , l  b t  s u b s t i t u t e , [  1 o l  i t ,- I-her,.  

i .  a theoretical olr jr .ct ion, rvhi<: lr  is that tLe iead casing
or the el-r le is nor alrvar-s rn:rkius t:?uth .rvi th the Lul l ,  antl  mieh?
possibly _onll' be making good contact beyoud the' Ieak. ao
obliate tlris it mav be necessary to join the ieacl wire to the iron
of the liul.l at intervals.

Ielephone testing may also be done b.v using oldinary cells to
l"plly.ilg necessarJ/ current. The methbd is Trilly expiained in
thc Dri l l  Book.

Trrduetion coi l  tclepircnes, esl lecial l '1 '  of thc old , ,  ponv ,,  tvnp-
shoultt  bc l iept arvay.-from rLe'r- icinity of l  a dynamo iuhi. f  i*
running, as they are liable to develop consequent poles.

'Inuponeny 
Lrcnrrxe.

. 
It is often necessaly to run up teurporary lighting circuits for

pnblic. functions or entertainments as rveli as-for 
"�oaling, 

pro_
vi-siorring, lbc. 'l'he best arrangements to be adopted aepEr,d o"
the size of thrl space on boartl the ship or tire rooris to be
ill'mi.ated : and a caref*l estimate should therefore be made of
the.amount of light required, and plans drawn of the circuits and
fittings to be u.secl.' ILe 

ordirary l iglrt ing mains should not be disturbed. but
arir,y be used for * portion ol ghe light, any exfr.ir lamps requipfl
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being put on temporary citcuits. 'Ihese extra circuits shoultl lre

fitted us completily as possible, with culouts and srvitchcs of

suitable sizes plnced in aicessible positions. In important plates
it is as well, wiren practicablo, to lrnve the eircuits halved antl fe'l
from trvo separate mains, so that the failure of one will only

reduce the light, and not Ieave the place irr total darkness.
'Ihe method of extemporising lighting circuits most used in

the Service is as follows,-'I"t e trvo lengths of Patt. 600 wire

and stop them together; shott leads of Patt. 733 should then

be forked in at stich intervals apart as the lamps are requirecl,
the junctions being insulated witli tape and solotior'.

'Ihe junctions shoultl not be exactlv opposite one another in

the two leads, but shoultl be about half an inch apart.

A good extempore lampholder fol loop larnps may be marle of

cork, grooved at the sides and base, cat'e being taken that the

groouei are of such a depth as (o) to hold the glass n-eck. of

ihe lamp firmly, and (6) to allow the wires to be slightlyfurthe-r
apart th-an theioops of the lamp. A taut'rvltippilg of twine rvill

dake this a very firm holder ; ii is even Lcttcr tltan the Service
loop lampholder when exposed to the rvind, :rnd tlc,es not take
tong to fit. It is occasionuily ditticutt tc rig circuits rvith the
lam-ps in place without lrreakiges ; rvhen thls is likely to .be,the
case short leneths of Patt. 733 should be fitted as described to

the lamps, aud thort blanch wires at the proper intervals in the

cirruits. 'Ihe lamps can then be quickly joined up and insulated

after the circuits are in place.

n'or bayonet joint lamps, small lampholclers of wood, fitted

with a bayonet joint lamp fitting, are ."upplieal together with the
other stores fbr illuminating ship.

Precautions should be taken to recluce the loss in D.P. at the
furthest lamlrs as much as po:sible, so as to l<eep all tho lights

burning at an equal brilliartcy.

Fif teer S0-volt or twenty 100-r 'ol t  16 candle-pos'el lamps is thc

most that shouli l  be placed on oue circuit  of Patt.  600, as i ls oulrerrt

capacity is only 12 ampeles. anil if rnore than this ntrrnber are

coinected, it will be found that the voltage of the end llmps will

be so reduced as to iliminish their brilliancy appreciably.

I f  moro than 15 lamps are t 'eqti led on one circuit ,  rr ,  good l t lan
is to supply the current to the ceirtre of the citcuit, instead of tr,i,
onlv one end. (,S'ee Fiss. 166 anrl 167.)

6

In  F ig .  165 i t  w i l l  be  seer r  tha t
two leads (Fatt. 600), the en<is C D

L5 lamps ate connectetl  trp to
on the light being insulated,

Frc. l6i.
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arrd_-tlrose a,t A ts.i.irred by trvrl Iearls, *r,lleil .t'ct:,lers, to a so'l.c()
of D.P. I ' this ca,sc rhe current at A andBivit l be't,] ,,,,.,1r.r:.r,
i, l l l i l l ,b. 

graduaily reduced in tirepircuft, unril at C D (l);:o;j
the l:rsl lamp) ir is nothing.

-FiS. 166 shows how 30 lamps cau be put on one circuit, the
199d_91s being connccted to its centre. Herle the current at A R
Ar Br rvill- be l2 arnperes in eacrr case, and therefore trre feeders
rnust be of 24-ampere capacity,

Fro.  166.

li 're. 167. (b),

Fff'ER5

t/E

,  .- .  
[ t '  , ,  splce, such .As, :r ,  I 'ootn or uuartcr r lcck, is to be l i t  byt*mps .trnrr ing .ound the walls or r i i {ge ropes, the cnds U O, *,r, i

j l  l ,  ^ - r , . : l ,u . t ry " ly  
mly  b r l  jo ined_togc the1. ,  r r ruk ing  a  cor r rp le re

t  t , ' l t  o r  1 '1 ,111 , rL  i l l e  c1 | .gu i t .  (S"ce  F ig .  l t i7 . , )

(o)

D D '

ILe_6111y advantage gainetl  by i i r is, is, thaf i f  a breai< occurrerl
s:y trt  - \  (Lig. 167 (),  the lanrps betureen O,, anrl  X rvoult l  be 1l.r l
t l r louih ^\ U. Although these lamps rvoukl 

' l te 
prevcnted frorl

gorng out rr l tug.ether, the circuit  rvould be ovel loa.jecl.

. .  
I ,n f i t t ing up_ teuporary circuits, lnoreover, a, considerablr:

cl lsa(l \ ' .ent:rge utt lclrr:s to this_method, as . lrhen joining up thc f 'zrr.
enrls the greatest care rrust be tali.en 'ot to ci<rss tlir: leatls. i.e..
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joirr C to I)r rrnrl Cl to I), for should this be don,-. tlrc rr'suli rvill
lre a sl:olt-circuit bctweeu the positire ancl negative nains aud
the irumedinte fusing of cut-outs. For this reason, in litting
citeuits antl f'eetlels all the ends should be carefully marketl 1-'o
oi' -ve ailI tallied, and the main wires of circuits should bc
marl<ed at intenals rvith buuting.

I'ig. 167 (6) shorvs a fulther development of this system where
the " r'ing " (of Patt. 600) is fed at two opposite points, and
rnri)' coneequently be fi+.ted u'ith G0 lemps rvitLout overloadirrg
lnl ' l iol t ion of the circrr i t ,  In such a case the cut-outs shoulcl be
lrllanged as ,shown, nntl no separate cut.outs cau be lrtted to the
ring or f'eeders, sirlce their fusing would bring a dangerously
large cunent on the renraining cut-outs.

Patt. 546, the flexible twin wire supplied 1'or usc with yartl-
trm groups, rvill be found rnost convenient for use as feeders, but
i t  must not carry more than l8 amperes.

i l lutnit tnt inlT Ship.
' l ' l rc gcnelt l  i r lerr rvlren i l l rrrnirrat i lg ship is 1o outl ine the

l ir l tcastl t : ,  sl l l )erstr lr( ' tur i : ,  l r1j1lup5, quarter r leck, antl  lv: l ter-I ine;
r :  \ \ ' t : l l : l r  th ( . i l l i l : t s .  r ' r r r r l s ,  a t t t l  fu r tne ls .

' l l r t ' c i l cu i ts  s l rc , r r ld  bc  r l i v ided i r r to  sec t ions  o f  no t  more  than
.lS I:rrr lrrr ( ' ()rucctc(l  b1'rnoans of feeders to search l ight terminlr, ls
( l l th alt i l ic ial resistnuce cut out);  or to yard-arm terminals.
' I ' l ; t  lblurcr shoult i  not be loaded to rnore tbal 120 amperes, r lor
tlrc latter to more Lban 42 amperes.

Lnrnps slioultl be 5 feet apart on the hull, 6 feet apart up and
rlol'n rnasts ancl funnels, 4 I'ect apart along yards. antl I'ottnd
bridgcs aud chalt-houses. After joining lamps into ci icnits, they
sLoulr l  l re stoppeil  up to thc ci lcuit  i tself  to prevent ihem blox' ing
rr lrorrt  i l  t l r ,r  s inr l ,  aud to insrrre theni bcing at thetr lopt 'r  t l istance
:r l)rr '1. Srrral i  ships rvith onlv 100 anrpele d'\ 'urtrnos or less, are
rt,urirult , t l  t l rat 1t)0 arnpeles l imits thenr to 125 1(i  candle-pou'er
larnlrs, or '  150 f i  crnt l le-porvel lanrps.

\\ e rvill norv procced to describe the nrt'angements made for
i l l rrrrr inatins slr ip in a batt ieship of the " Majestic " class.

'l'hc-"c sbips are fittcd rvith six search-lights: two in the tops
r';lrii'ir selve lbr the mast circuits, and one at each entl of tlte fore
:rrrrl a{ir,r blirlgc's respecl,ively, between w}rich shoultl be divided
thc circuits lirr hull, superstructures, &o., so as to bring, as nearly
:rs l)ossi l) le, un equal load on each. I f  there at 'e no search

ll;l'jiJl,"tt, 
special I'eeders will have to be fitteal for the mast

Sholt lcrrgtlis o{' rvire, Pati. 1200, should be fitte<l for
bridging l,he trrtificial resistances of the search lights, and for
joining the distributing boards shown in Fig. 168 to the search
light terminals.

'l'hese boards can be casily improvisecl in the ship, They
shoull be made of lecttngular shape, about 15" by 24", of stouf
tleal. 'I'wo brass plates are screwcd ott to thep, eaclr fitted with
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-F'rc. 168.

a  l a rg r .  t e rm ina l  f c r  t l r e  I r l t t .  l 2 t )O :  a r t d
fo r  ( ' u t - uu t s ,  l e t d i r r g  t o  r b t ,  s i - r  l c r . r n i na l s  t o
r'onnccted.

If there is
scrcrvs, rvith
rrsed.

Ptrr. t/? 1200

Parr. tV? 546

six smallcr termin:r ls
which the feeders are

insufficient time to_fir, propel' ternrinals, large wood
waslrers scrctving dowrr on to the wires, may be

Plate XXX\,-lIf. -*horvs the disiribution of the various cir.cuits.
I{ull Ciradls.-Tlre plate sholvs clearly the circuits and

larr;ps required_ {br ono -side of the hull, thl circuits being of
Patt. 600, and the feeders of Patt. 546. 'Ihe circuits aiono
the.fbrecastle and quarter.deck are stopped to the centrc berthin!
chain. 'rhe rvater-line ci'cuits sho.ltl^be acc'ra,telv parallel tE
tlre sulface of the rvater, and _never given a sheer, tlirey 

should
lre lr lar.ed high enough to be clear of ihe wash of tbe watlr.  Six
feet abor e the waterrline will keep them clear oI'boats in ordinary
l\'cathor. A good plan is to stop these circuits to a stout; wirL
jackstay rsith irs bight o-ver the i terrr,  set up under both quarters
\ut ir .a In(.kle, lr  lcop under the bow keeping t lre fore en,l  at the
rcqri irerl  l reight.

Both decl< cir.cuits should be stopped to a jackstar, pa.ssing
0utside davits, t tc.
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i fhere shriuld Le u stcur:ruc[ stcrn ci lcuit  on either sir lr '  of t l rc
ship, and great care is nccessary to pleserve the corrccf oufl i i re
of these parts.

Xfast and Yu'd Circuizs.-All feetlers anti circuits are ofl
Patt. 600, the fonner being cloubled in places to reliere pres-
sure. A 100 candle-power lamp is placed at each masthead antl
fitted rvith :r, separate trvin lead. 'Ihe 16 crnclle-porver lights at
the nasthead are placed outside the semaphore rrrm-c. 'Ihc

100 candle-power la,mps are rnourrred on broonr bardlcs, s,r ts
to stzrntl well above the top 16 candle-po'rver larirp, Lamps ort
the after sidc of tl-re rnast should interspacc thorc on thl: {bre sidc.

No. of Lamps. IIow fed.Circuit.

Topmast
Uncler Topsail Yarrl
Iipper Top Rim
Ilnrler Lower Yard -
Retween Tops -
Lorver'Iop Rim
Under Lo rver Top

2 6 -
1 3  -
1 l  and 2 under
l 8  -
t 0
ll zrncl 2 untii,r
D .

- IJoth ends,
- Ccrttre.
- Clcntre.
-  Cerr t re.
-  ( l rnfrc.
-  f lentre.
- lttached to lSridge Circuit.

.Ftnt,nels.-Ote circuit for each funnel with a ring encircling
its top is lcquired. Ihese should be hung from " outriggers "

project ing about 18 inches from the funnel. A third circuit  is
usetl for the funnel casinE. 'Ihe feeders are ofl Patt. 5.16.
Sometimes four upright lines of Llmp are usecl for funneis, one
on eaclr bow and quflr ' ter.

Britlges o,nd, Shelter Dechs.-.-The anangernent of these
circuits ca,n be seen in the plate. Feerlcrs arc o{' Prltt, 5trti,
except t l rr t  for the compass lrr i t lge (Pntt.  t j00).

'Iotal nuurber t,f lamps rettnirctl :-
- \  [as ts
-L'u n ucls
Blidge..,  &c.
Hull

Iota!

General Amtutgements.

I ( l ' )

i- r)

- 205
- 354

- 803

llen shoultl he told off in pairs for the vlrious sections, such
as port quarter, mainnast, { 'unnels, &c. 

' l ' l iey 
shoult l  be provided

rvith st icks fol measuriug the distance apalt of larnps, and fbl
the height of rratcr-line circuit :rbcivo tlte rvtter'. Ilook laups
should be seculet l  on the ci lcuits be{bre t}rey ale placed, lhe
circuits being then carefullv coiled into baskets, l'lrich are tlrawn
with the other illuurinating' storcs. 'I'hey ctrn thus be easily
transported to the placc lequiled, or strrrved away belo'lv when not
ln use.
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, Experience shorvs that the largest numtrer of lantps irre
disabled by their loops-being broken ivhe' they are bei.g rrookcrl
to, or unhooketl  frorn, the ci icuits.

,  Ba,yonet joint lamps should not be put into the holders urrt i l
the ci lcuits are in place.

ft is most desilable to rrim the lights of any circuit 1,o the
same angle, so that the rvhole of anv line rvill be obscured or
revealed simultaneously when the si ip srvings. Car,e is also
necessilry to pla,ce all lamps clear of obstructiorx rvhi.h at certain
angles rvoulcl eclipse them, and thus ilestloy the continuity of an
othelrvise perf 'ect l inc.

Al l  s* ' i ichinq '6 or" antl  ". f f  "  srroLri , l  l ,e t lone t iom the srvitch-
l r r ra r , i .  I l r '  ' '  r r i k ing  "  u l l  t l re  noEut i \ .o  ma ins  be forc l rand,  a l l  the
(' l l  r ' r t t ts r 'aD 1r|trct ictr l l ,v l te lrut 

. ;  , lu , '  l l l l t l  , ,  off ' ,  toget,her at a
J)re-,rrr: tr lgrr l  signal. such as u lrrr: . l l t , .

. .T,]  *t"- the lrr:st effect. th,.  i l lsr i lut i l rrr jous l iglrt i rrg up a,nd
t ' t l ipsing of the n'Lol* i l lur ' ination canuot l le too 

' ' "o."ful ly

studied.
All the stores that are allorvetl to bir dr.rrvrr rry tliffcre't sized

slr ips fo. i l lurniuating, wi l l  be fo.nt l  in the ,(Estrbi isl iue't  of
Gunner 's  Navu l  S tores ' ,

7'rophies.

, . 
\Yhel trophics rre u.sed they sho_ultl be simple in tlesigl ; any_

thirrg very elaborate rvill iose its cffect at a rlely short"distanle
1ro.m t lre ship, mole e,.pecial ly i f  i t  consists of a nuurber of '
, l i l l i r tn t  c . l , ru rs .

.  Sinr1, l , . . , le: igrrs ( ' . '  be m..t  ef l ict i 'el-v t .nce<l out .rr a rvoode'
t ranre  jU  f r ,e t . : ' l u8rc ,  in tc l l : rce , l  l , y  s l ,u rn . : t r . t r .  An  Ar l r r r i ru l .s
nry or un--:.o.. tgo-. c.an easi ly lre orrt l i rred in l :rrrrps of '  t l i f fertrrt
cr i lo.rrrs. White,^l ights ie this case should be 2'feet apart,  red
ls inches, and i f  blue or grcen l ights are useri they shouli  be
closer st i l l .

. 
'Ihelights.may-be 

coloured as desired by dipping them in the
paint, which should ahvrr,ys be allowed to har<ieri tet6re the lamps
are userl,

-  .Aooth:r.  
very el lect ive wcy of l ighting up masthead f lags anrl

e l l s tgns ,  wh lc l r  was  used by  the  A l re r icans  i r r  t l r c  lgg7  Frv iew,
is to throw :r steacly beam f1'om a search lieht on each of thern.

O ther Tenrytorary Iighting.

Liqhting under Wate1.-The divers' lamp supplied for the
p'rr)os( '  * ' i l l  Heueral ly be found srrt f icient, u,, i  ;r  in" oper,rt ions
clr, .  l l ,kr. tv to, last long. thc 

.btst tv_:ry is to r i l {  up a. temporary
r .s t ; r l l i r t ro r  be lo rv  wa ler . ,  as  t l i ve rs  do  no t  "a re- io  be  hampeie , l  hy
hav ing  l r r  g ;11 ' ; '1 '  I io [1s .

.In :hal low -vater, ordi-nary rvatert ight Jamp f i t t ings .rvi l l  t lo as
rvel l  as.cl ivers' larrp-s; aud f. l r  ""r"nr[oro..y l 'ar,rps r i i : ry be l i t ied
by putt irg pl imer t in l .rungs irr ordinary pendart iarop ja, les, 

-
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Temporary Lightino whcn in DocA.-tr 'or l igLting . lr i1r* i1
dock 'rvi thout steam up, dock; 'ards are supplied with lalge nrolor-
generators, supplieC from the power stat ion of the docklarr l ,
rvbich are portalr ls and can be placed alongsidc. the ship t irai
requires to bc lit. The leads frorn these generators should bc
connected to the bus bars of the ship's swiiclrboard, and al l  tbe
dynamos cl isconnected,
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CHAP' |ER XVII ,

Sncclxo,lny Beru:nrns.

SccorcoA,nr: brtteries, as dist inguishecl from primary batteries,
at'e those volLaic cells rvhich can only he usccl as ir, source of
electric porver if they trave ah,eady been ,, chargcd up " b) having
ru ( 'nfr(. i r t  strrt  tLrouglt thern in the opposite t l i lect ion to the
t  l l l  | r , r r I  t l r i r t  t l r t , ' , .  s . i i ve  ou t .' l ' l rr , .v 

1rr ' ,rr- i , l i .  7, r, , , ' , ,r ' .  of stol ing up electr ical cner.g.y, 1o be
g i lc r r  r r l r  a -1 l i r r  r r r r r I  r r : t ' r I  r i ' l r r , r r  i t  i s  re r ln i le r l ,  an t l  a le  the lo {br .e
l r l .o  c l r l le t l  "  : rcc r r i t ru l l t lo ls . ' '

' l ' hc  e le lg .v  l c r l lu le ( l  fo ; ' l i gh t ing  rL r r r l  rvor ' l i i ng  t l te  u r r i l i a ry
nlchiuery irr tLe Service is obtairrt ,r i  l , r '  bur.nirrq thc coal i i r
rvlr ich i t-  is storet l ,  antl  couver' t i rrg thc irrech,r,r icai enelg,r '  thus
olrt t i rreri  i rr to electr ior l  energ1., b"y nreans of , [yu;tmos. As irn
t:xanrPlc i t  nray be stated thnt the arnount of energy to be obtaited
in this nurrrnel f ionr, -say. 200 lbs. of coal, rvould burn about L5
St,r lrr .e larrr;r.  tol  ten hours, rvi th al errgine using 5 lbs. of con,l
1u- r ' I . l l .P .  l r r l  hour ;  rvhc leas  thc  we igh t  o f  a  se t  o f  secont la ry
r- 'el ls of t l rc luttst t , \ 'pe to do the same wotk, rvould amount to
l lrorrt  7.000 lbs., that is,3i t i rnes the rveigl i t  of the coal.

l : |esi, lc: t l t t  oir jeetion of t l ieir  gre:r. t  weight, secondary r:el ls
:u \ .  , - \ l ) . r )s i \ ' ' . .  a r , l  the i l  l i [ ' e  i s  l in r i te t l  to  a  f 'eu .  yeru .s ;  n ror .eover ,
t lr ,  : t ,  ' r :r  j r  in lr tr ' - t , :  r luiurt i t i rs O1' the a,.: i r l  they recluir.e is
t t r r , l . , - i r : r l r l t .  r  r t t  l r ,  r : t r r l  s l t i t r .

' I 'hus, unti l  . 'u.y couri, l"r 'nble irrtplovernents have been inf,ro-
drrcerl  in s(,colrdarr '  brttcl ies, especi:r l ly in t lre direct ion of
lct lucing t,heir weigl i t ,  they are not l ikelvio come irrto extensive
usc in the Service.

ln submari lc boats, since the burning of coal is irnpracticable
rvhen_submelged, t i rese cel ls lrre usetl  :rs & ir leans o1' obtaining
plol iulsion, by supplyirg cnrrerrt  to a motor.

'lllre nrrmc sr:conda,r'yccll.s ot: ucctun,ukftors is given to cells in
which thc euergy ol '  cl iemical change can be storel l  up, antl
givcn out again rvhen reclui led in the fornr of an electr ic current.
In rcal i ty i t  is lot electr ici ty ' rvhiclr is stoleel or accumulated
rvhen charging, but rathel a rluantitv of tlre active constituents
of the ccll, and it is the srrbsequent chemical tction betrveen
thcse coustituents which causes the current to flow rvhen
dischalging.

_lior cxarlple, supp-ose a rerersed current to be urged through
a Danicll ccll, in rvhich the cl)pper sulphate has been exluruste-rl,
t l re coppel plLte rvi l l  be palt ial ly dissolved and copper sulphate
lc-fornetl ,  rvhi le zinc rvi l l  bc deposited on whab remains of thc
zinc platc. 

'I'lrr 
ce'll ri.oul<l then be able to again gcnerate er

cufreut ot ' i ts orvtr.  l r t  pracl ice the arnount of energy restOred tO
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a Daniel l  eel l  in this manner rvould be very small ,  so t l iat i { '  we
wish to have such a r.evelsi l i lc battery we must use other com-
binations of plates and liquids, which adrnit of a reverse action
tahing place ou the passage of a current.

- Lead plates in-sulph,uric acid are capabie of such action, ciriefly
in cousequence of the fact that if a current be passed througlr
such a cel l ,  one plate is altered from lead to an oxide ot '  lead,
which combination in sulphuric acid gives a D.P. of about
2 volts. On using the cell, part of the oxygen leaves the oxidised
plate and goes over to attack the opposite one, till both are
leduced to the same substancc and the J).P. becomes nothing.
On passing the curreut again the oxygen all accumulates ou on-e
plate, and the D,P. is again produced, ancl so on for every charge
nnd discharge.

'l'his is a general outline of the action ofa lead secontlary cell.
Before going more fully into its details and action it dill be
necessarv to consider the different combinations which lead is
capable bf forming rvith oxygen.

Lead combines with oxygen in mnnv tliffercnt proportions
The only ones'!ve need consider ate-

- I'bo
- Pb3O4
- pbo2

All tlrese tirree sribsfances are absolutely tiifferent fron lead.
and f i 'om one another in colour, ph1'sica,l  rLui l  chemical propert ies.
Ihey are as difl'elent as iron is {rom bnss, or lead fi.our coppel'.
ilihey are all formed frorn lead aud oxvgen onlr', brrt since. 

-the

proportions of'the consl,ituents of the molecules are differept, the
substances made are also ditferent from eirch othet'.

Litharge is almost cream coloured.

Red leo,d is a r ich bright red.

Pero;ride is a dalk plum colour.

Str, lphuric,ncit l  is a thicl i  oi lv l iqrr i t l  rvi th r.er,v con'osir.e
propert ies. f t ,  is heavier than water' .  I ts chemical syrnlrol is
H2SOd.

It is easy to see tLat if sulphulic acid be heavi,er than water
the nrole water that is mixed with it the lighter tlre rnixturc rviil
become, so that a-good melhod oitel l ing the str.cngth of the acid,
is by comparins i_tl rveight rvith rhat bf wurer.. 

-A 
ver,v sinrple

rnethod ofdoing this is avri lable, by f loating an instrum-ent in i t
cal led a hytlrometer, and seeing horv far i t  srnks.

- 
' I 'he principle^ of , the h1'drometer. depends simply on the fact

tlra.t -any^ bcdl' floating irr- a liquid diiltlates uia.tty its olrr
weight of that I iquid.

_ Tig f 69 sho'ws nrr ot.tlirrlrv glass hyclrometet', rvhich consists
of an air-tight bulb ballasted rvith slot and sui:mounted by rr
gracluated glass stern. TLe instrurncnt works as follows :-
Suppose-the acid to be fairll. strorrg and the hyclrometer floating
in it; all the bulb and part of the stem are immersed, and it floais

Oxide of lead, ol iithur.ge
Red oxir le of ' lead, ol l i iniuur
Puce. or peroxidt: ot ' leatt
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: t t  a pl lce, say, rnarked 1250 on the stem. Norv t l i lul ;e the aeicl
bi '  adding more $.aler ' .  I l rr ,ch cubic inch of t .his mixture wil i  be
l ighter than a cubic inch ofthe old, therefore to displace rn equal
rveigl i t  of the ncrv rnixture, the hydrometer must sink and imrnirse
lnore of i l ,s stem, anrl  the lerel of the l iqui, l  must r ise to a mark,
sav, of 1100 on the stern-. 3y this rnethod a.r,ery simpleluuy of
comparing the r,veights of equal volumes of differbnt strengths of
l , . id ,  i s  avu i l r tb le .

" f i rc.specif iu gr:rvi l1.of r l  l iquid is the weighr of a qiven volume
of  t l ra t  l iqu i , l  cor r rp r r rc r I  t v i lh  the  samc vo lume o f  rva ter .  ' t ' h is  i s

I r rc ,  I6 ! ) .

I

nlso crllcrl its dei.rsitu. -'Iihe-gracluations on the stem of tire hyrJro-
lneter show various densi l , ies, the <lensity of pure rvater 6eing
tal<t 'rr  rrs I000.

-._.St.ortg sulphtr ic acit i  has a specif ic gravity or density of
1S,10.

l l ' i re lesistancs of a 1250 specif ic gravity solut ion is the
lorvest, alt l  tLat t i re resistance 

-r. ises 
ai the- dc,nsitr- is ci ther

incleased ol tlirninishetl, till practically, fol very itrong ancl
conccntrated solut ions i t  isscven t imes as great. The bearing of
this on 1he action of the cel l  wi l l  be discussecl later on.
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Actiott, of ct. Secondnrll Cell.

I f  we take trvo lead plates and pla,ce them in ditute sul l , i rul ic
acid, ioirr t l iem to a suitable roulce of D.P., and al low a sttrrett t
to pass, tlie plate attached to the positive source of D.1'. rvill
gratlually assume a bro'wnish colour', rvhiie the other will remnirr
as befbre. 'Ihis colouring is due to the surface of the lead plate
being changed from leacl to PbO,, rvhich ma-y be explained as
follorvs :-It' the rvaler, FI'O, of the dilrrte acid be broken up by
the curent of elecricity, the oxvgen rvill come off tbe plate
rvhere the eulleltt enters. and the irydrogen where the curreut
lea,ves. 'Ihe oxygen in contact rvith the lead attacks it and
folrns PbO, antl the hydlogen streams o{f t}re lcugh surface of
the opposite piate rvithout alfecting it.

So far this action is very simple. If norv the cha,rgiug source
l)e di:connected, rve have a, voltaic cell of trlo plal,es, one of PtrOr,
the other of Pb, in di lute sulphul ic acid. l l i  rve rneasule t lrc
I).P. wc will {iutl it to be about 2 volts, rvith tlic plate rvith the
peroxitlc formerl on it 1"" to thc le:ld plrte.

l f  r iow this cel l  be disr:hargetl  thr: +" '  l r i r t te r l ' i l l  lose i ts l i t 'olut i
coiour and a-qsui le a dar* grc.v, r iut l  l l te - ' '  piat ir  l ' i l l  s lrshtl"v
darken in colour; this latter chltuge, l t t tr t 'et-et,  tnal be scalcely
noticeablc. ' I 'hc actiou thrLt lras becn soing otr r iur ins discharge
hus rcsnltct l  in botlr  l r latcs becoming plates of PbO, antl  therefore
no I).1' .  cxists betrveeu therl .  Such is the elcrnentary idea of:r
lead revclsiblc ccl i ,  but severir l  i rnportant poirrts lequi lc specit l
attention before such a cel l  can be ofany prLrct ical use.

Efir'iency.-By this 1ye me:in the proporr,ion ot' the energy
st(,re(t uD which crrn be reclairnctl from the cell. '1'o obtain
a high efiicien"',', celts shoultl be nnde l:lrge, so tirat but little
elrergy is ' lvasteC in overcotning their lcsistuncc.

Culttcity, or the arnount of energv the cc'li rvill stolc up,
nrerrrrrletl irt tullme hou'rs.

Hy utnpere /torn's rve rnerrt i  t l t t '  t tutnt 'er ol lmllr , t 'cs x thc
number of hours t l te cttrtent is { lorvirrq. 11' 1(- l  anrpclcs lun for
orre lrour, this is cal led l0 arnpelt:  Lout 's; i f  100 for three hours,
30o arnpere honls, It is l Incasure of ttre quantity of electricity
that can bc obtainetl lrom tlre cells; and fion n knorvlerlge of tire
cal i :rci fr '1ve cirn calculate how rnany hours the celts rvi l l  Jischrr lge
at ury giverr I 'ate.

On rvhat tlocs this capacitv depentl ?-Hvide ntl,v on the
&rnouDt of leacl that is converteJ into I'bO,, for it is frorn tlre
energy given up by the PbO, in changing to PbO that the
electlicrii cnerqy of the cell is derived. If, thel, rr.e rvant a cell
which rvill be abic to give a certain numbcr of ampere hours of
currerlt, we nust llrle sufficient lead convelted into PbO, to be
able ttr supply thc requisite electlical erergy, 'Io do this is not
so simple a mrrtter as it rnight at lirst seen, rvithout cumixously
iucrensing the weight o1'the piates.

The nrain thing to be attained, i f  a lrr ,rgc capacity is rerluir:ed.
is tlre exposure of a large surface of leld to the rrction of ttre
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i#fu ltf i:;i#j*, l,' : tl,'?o "" Ll'; " r" :: "::,: ;;,:i, ; li IJ,i
surr_a,ce i* "o*"J ;i;ji;t tiltr",,(:,:;n;d,r.rs 

soon as trre rvirole

:,,,r,,:,,"rft *Tf'#il,-"i'l*'L{i':;:,1*}lifl l#tr?"1",;;'
ff { :'ilii ;:*' t*i : l: i JJ;l:, :-,",ti:;:,' S* # "","$:jpr*r:t ical lyr l ivide cel ls into rrvo ;).p;; , ;L; ' i ; rmer cai led plant6
tr '1re. unri  the latter l .anre f i ,De.

\ \ ' '  r l i l l  l r r ' . r  c r rns i r lo r : ' t l r c  p l r r , t t i  t vpe ,

; ::llil' *:;l i ; iJ i ri:;*t ll,t Jl,: ilf :ii :r"l"::l !1fi:
{ ) : t i  t "  l r , , n e t " O t U t ,

;;i;ii: i*:1 I sr i i I i,lt' :il i,:1,-:ii i,' i,j]#ilf;
)rll:ft L :Tfi :.;;:, ;iiir",,,],,u; 1*il' :,1;" ;ll, :i, I ;:H':::?1, 1i;
:iil;;,";'1,,..i:',lr,.n'u,.. I'o clo tri' r,. 1,,,,i;,,u"iiy.",-",.r,,,r'r,i*

' l 'hc 
crontin uation of this. 

.orrenrt iorr ci lusetl  each pl:rtc to

i,:.,', 11., .!i,l;;6,'i;T'i,,,1'i'' ui:,',,,1 il;,fit* ;iX" rufrt i )( ,n i l ,{  Ji t  r  nr:t l .

iTrrrrc s;rn- t l r :r t  l  clrl,c r,r; i,r, r r,,',",,,.,;1,,,1'lil,l :lJ]i,li:,il:j,li,lil,l,",ll,ii'i,ll,nl]"*l'j
.  :  ;  i , , ,  o r : , 1 . . -  , , :  1 , , ; r  l .  : , )  i i i  l o  ( 1 , )  : i \ \ . i t \ ,  \ \ - i t

i,: ; ;H, l;'..l,.,) l::;;i';,il:l l:il ii l:llll ;i llliil:,,,;i;r:,{l fi
] l : l : :*.":  

anrl  ' l rrcerl  'or.o.s f i , l t  i l . i* ,*, ," ' t l ,nn "n, l  s 'bjectet l

liii:ig,Irg1..;*I;J;":i lii: n:r :*ti' *i3
!.,, a ooir y pl;;. "f ; ff [1 1T:: ',11i f .f" H.],",1. ;! j,.".l.-t,i,1 J# ]li1; rvas most dif f icult  t

*Jlf#ffi ffi-,Tii,,'$,*J.il',,,1,*rril:ll*"*",,m
the lcid to circulate.

n,',#o,iitl?triri"i,l.,l]i" 
ma'uf'act't'e o' separate anti distinct

,,,,." r"o iuf i.r* " i," i rli"1 .'*":i:i,"'.'": 
x,;.'ii. l n,l"" t :illi:. j

l,iii,,ilirt'" 
surface, l,trilst reduciog rr,; iu.i.ghr ; il;il.;

- 
1\'e rvill noi,v assume a cell of either type fully charged_that

n*i;ls-i$T"#'1":J",:il'J",J"*i'i',t11*:'inlpr'i&v-"""iJi,.. " r, ;',; ;;t,,: t; j:i;' :"i, :i,:'{::T#r? lil:l*,:lTs "ri#il::
[,1..T]iitt,"*'ll,,,lu""on" 

the part that sulpl.ric acitl (rT.*so;i

E 509 i3 .
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As the cell is tiischarged the PbO, gradually gcts reduced to

PrrO, uoJ the leacl plr i .-r is"rfrom Pb'to Pbb'" As this PbO

f";; , ;h; sulphuric'acid attacks i t  ancl converts i t  into PbSO"

ieal sulpl,atn, 'so that the act of i l ischarging is to produce a mirttr t  o

of PbO'tnt l  PbSO,. The formation of this sulphate would bc

much as shorrn below:-

P b O + H , S O , - P b S O i * H ' O .
Bv this we see fhat the acid gets graduaily reduced in streng-tb,

anrl a-certain portion of it is tuined-into water, because the S,Oa

leaYes the acid and is replu,ced by H"{-1. 
'l'he hydrome-tcr for thrs

reason is a gootl  guide as to the'state of charge.ofa cel l '

A cell siroulJ never be tlischarged to its full aTount, fol if

this is tione the .weakenttl acid ai tlc plates attaeks them a'd

ior-t "" insoluble form of lead sulplratc [artl to get rid of which

"i""rf" damages anrl shortens the life of the cell-. Cells should

il"u"rl'U" discfrarged below the point.r'r'hen the D.P. has fatle' to

l '9  per  ce l l .
inO futt of D.P. on the discLarge of the cell is tluc to two

"uu*,. The f irst is thatJlre i l r . t i r ' t .  t l t l t t tr ' j : t l  oI t ]re posit ir-e plate

i_-;; i ;S reducetl  to p5Stf,  r trr, l  fbr ).  ' I l r t^-: t ' , .oDdr t lat the ' ,cid

"ou" tfr% s.rfac. of errclr l,irrtc i' g('ttil)l-t rvelker, au4 htrs not til'€

tu aiti.t" a.tl spt'errtl it.,''lf a'not,g^st the strr'r'ger acid of the cell,

." ti*t altl,t,trgir tirc hytLornctei in the bgdy of the liquid fay

.fr-" f,n a smnli.litl'ere'nce ir specific gravity, stiil at each plate,

iir"." tttuy l-ro a tilur of very dilu1e acid in contaot rvith it'

Frc. I70.

ie t3 t4

FiE. 170 shows a curve of the discharge of a cell, where it will

be seeir thai at first tne D.P. falls rapitlly, then very slowly for

;;;;il;;;oiit urr., .rt"i't r'9 voltis is"reachetl th'e D'P'"faus
"o.v laoi.llv inileeil. A cell, horver-er, lefc to itself for a short

t i iut rr i i l  pi :ol, . , i , ly, orviug fo.thc r l i lTusion of the acid b. inging.a

,*rg"t l'r,yer irr" co*ttrci ',vitli the plate, show a marked rise in

voltage.
firc action going on in chorging a -cell is the exact reversc ;

the culrctrt  trrr i is t f ,o PhSOr iuio l t l rOr, and the SO, is : tgairr

driven bacli ilto tLc nrrirl iu the lollorving nanner :-

PbSOr+I t  j0 . . . I f ,O f  PbSO, :PbOj+  I I ,SOr . . .  *  H 'SO,+Pb,

so that a portioD of tlie l'atei' is convcrted into [frSO, antl the

.l"nritv of ihe *'lrolc rises, .,s is shorvn 1y the hydrorneter' As

the eh'argirrg cotttiuues thtl r'r-rltagc slol'ly rises' aud rvhen nearly
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"\1.q"9-gasc-s arc given off at the positive and ncgzrtivc plates
rvhich,'by ther bubbles formed, give rbe acid a boilin! ancl milkv
look. At the same t ime the volrage c<-rnt inues r isingunti l ,  rvhen
the cel lsj 'are ful ly charged, i t  often srands as l i ieh;rs 2.4 volts.
but rfter a sholt rest gradualJy falls to 2.1 .r'olts. fhe r.eason fori
this high voltage at t,he end of ti're proccss of charging is plobablv
that the acid becomes concentr.ated near the actiue sur.face of
the, pla,tes ; -ttre difiusiol oc-curring {rs soon as chalging ceases,
accounts forlthe subsequent f'nli,

'Ihre.c phenomena, therefore, point to the cell being chargetl :
{) Th9 boilitt,li, due to there being more cunent florving

tirrri cnn be usefully em-ployed in tr::,nsforming thc
lr i l : t f , .  :uir l  u' i r i r :h therefore merely breaks up the

'  t l

\ \ - l l  1 , , t ' .

The ri ' ,  iu sirr.r i f ic glt l i tv, t lue to the sulphtr, te being
t ' l l ne , l  uu t  o f  the  l ras tc  in to  thc  ac i t l .

The roltuge, t lus to lh,.  trau-sforrrrat ion of th<: pastc
i lr lu acl(.

( u l )

These three taken togetler {or.m iLtr excel lenr guide. ' Iakcn

separrtely as r sign of tbe cLi l .ge they rrre usel.ss, foi thc fol lorviuq
reirsDus :-lVhen cells are Ieft discharged ibr arry lengtlr cf tirnel
t,r *-ht.rr dischalged too much, a gradual forrnation of-sulphate of
It ' rrr l  t : tLt.s pl:rce t. in t i re grid aud surface of rhc pastJ. This
s, i l [ , lutr , l i l ler '-* f lonr t l rat foruerl during nornral . l iscl iarge in t lr t
i t  i s  f : r r  l r : l r le l  to  re , i r rce  rnd  is  ruos t  in . iu r ions  to  t l re  p la le  s ince
it 1r 'cverrts t l r t .  chalging current being able to nttack and cont,ert
th,.  1ru-tr. .  r l , l  thclefore rLl lorr-.  l i rr t l rer formrution of the same
s ' l l i , : . a t t  t r ,  ( . . , n t i r , l l c .  l t ' t L i s . u l p i r t t e f o r . i n s . t h c i t c i < l  m u s t s l i g h t l y
i , : ,r .  in, i i - .1.:r-r ' .  : i l rr .e l l rr t  , , i ' t l re sul lrLratc r.cur;r i trs in t lre plate.s
afict cbar3.,.  in.rt :r t l  t , t  Lrn-ing rerur.nerl  to the l i ,1uid. l i r i t  the
lroi l ing and butbl ing l- i l l  go orr us befole, sirce the current has
no usefnl rvolk of paste-conletting to do, and thcrefore, were this
only t:rken as a sign of the cells being fully charged, withoui
consuLting the hydromercr, nuch sulphate might stilt be lefb ot
the plates to .sot'k their ruin. Ahvays, therefore, consuit the
irydrometer after charging cells.

Agairr, the hydrometer itseli cannot be looked on soleiy as a
guide, since the evaporation of the watel is constantly cauiinq 1
slight increase in the density o1' the acid, and thc ceil u,isLt"be
considered chargetl befole the paste was :rll converted.

- Ihe_voltage of the cells is_sirrrply a lough guide in cletecting
a bad cell among-a, group, and of itlentifying t6e one at fault, b]
ureasrrr ing tbe voltage of eaclr separutely.

'['he internal resistance of the cell varies during charge, in_
creasing rapidlv towards the end, ' Ihis increase-is proba'uly
orving t,r thc rise in resistance of'a dense acid film near tle nlate.s
and must vary in every type of cell accolding to the size of
plates aml disrurce they are apart, and the facilitv for. difiusion
tncl circu]trtion o{ the acid. It does not aiter rlucir in r)rosi tvDes
durirg tlre rlischarge of the cell between the linits oi voltaed o1'
2 ' I  a r , t l  l ' 9 5 ,

v 2
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I ' ig. I7l sholvs t lrc errrvc of the clrarge of a <:el l  ;  i t  is vet 'v
much t,he snme ir i  char:reter as that lbr discharge, excel)t  t l rat t l re
voltage is l.risher a,1l through.

X ' re ,  171.

A rapid rise irr I).P. takes place at the beginning antl again
tolvards the end r j f the charge,

'Ihe p.rer.ious sketch of-the internal action in secondary cells
is necessaril;' vcly incornplel,e. Very little is hnorvn about the
nrore complex actions tl1r,t go on bet'weorr rlic leatl anrl acid,
and many of the theories' irrc srr l ' ic.ct to nruclr doulrt .  As f:rr as
poss;ible, only those facts rvhiclr t lc plact icalJv untl isputed lrrrve
been touched on, and orrlv -sullitrient of' those to enable a rnan to
understancl practically tlre l ur.kirg of the batteries under his
cnal 'ge.

Settiitg u.1t crnd Chtn'girt,g Large Battet'ies for thelfirst tinte,

Batteries fol lighting purposes ale not suppliecl to sea-going
ships, but the follorving hints are given on the Lrest rvay oI' setting
them up, should ir be necessrrv to do so : -

'I'hcy should be rnounted on a wooclen shelf, tvhitelr,ashed
over' (to t'letect leakage of'aciil) and plnced on glass or oil insula,tors,
l 'he posit ion ehosen should ire niry tnrl  rrot near un)' t i r ing that is
Jikely to be injulet l  by the acit l  throl.n off.  I ' rvo ol t l rree irrches
clcalancc shorrl t l  br lel i  bctr-rerr each cel l ,  and the connecting
str ips should be lalge. Glass platcs slroult l  l ie cut having un ,, .ei,
o{ '  about three-quarters of the surface nr,ea of the l iquid; these
should be mounted on rvooden blocks on the edge of the cell,
to prelent the ascendilg gas carrying ofI a sprar;'of acid. 'Ihe

gl:rs-r must not overlap the edge of the cell, othertvise the acid wilt
r l r  i l r  ou ts ide  i t  r ,a  1e  the  l renc l i .

On beins received ou board, the plates should be unpackcd
rrrrr l  cr lrcful l l  cleaned b,v blowing any straw, &c. from betweeu
thern rvith t'pail of beliows. 'If,e 

rvoorlen fi.arne shoultl then be
piaecd in tl'rc. bottour of the <:ell and the plates placed centrally
on i t .

'fhe 
ac:itl shoukl lre ruixerl ready fol charging the cells and

allo-rved to cool, tlre lerdino of the hydrometer beiog taken lvhen
cold.__ 'Ihe specific gravitv required depends on the type of battery.

\Yhen all arrrrugenlenrs are ready tlre cells should be filled as
quickly as pos-sibie, aricl tireir cliarging should be started ut ortce,
according to the iu,qt luct ions receivcd tvi th them,

lNc AT 9 AMqEFES,
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.. , ff too-large a cul'renr is used wheu char;4irrg, the plrttts ilrr:
lirrble_ to buch,le, rvhich causes the pasfe to fall ouil'plates to touch,
and the gricls to be destloyerl,

l i r s t  c l r r r rg i r rg^wi l l  occrpy  $  very  long t i rue ,  ns  r r r r r r . l r  : rs
vu lrortrs ln ilre case 't- a submarine boat,s battery. It shoulti L,c
co'tin'erl u'til the specific gravity antl voltrge liave.isen to the
rurnounts specified in the maker.'s iostructiJns, and should be
conti luous without any interruptious,

lVhen this has been done a moilerate discharge is a gootl
thiug for the cells. Ihey should te ilischarged at a lair.*orii,,g
ratc to about half their total capacity, and ttrdn re-chargetl.
.  .  Sr,;elal r l ischarges and cl iarges rvi l l  probably bi required
, i ' , ,1g g|1g r.el ls st, t t le r l t ,ryn into a uniforrn specihc gravity a' t l
I  ' , ,  l : . J r - .

-{rr.r '  Lackr'ar., l  ct i l .  : l r ,rr l , l  l rL,, : l .et 'ul i1, examir-ret l  to see that
n-.,  f1n:igr.r luatter ha. 1,, ,1I, . ,1 r, ,  rrr.r .r .rr t l r i  l r lates, as such short_
circrr i t ing rroult l  tenrl  to prr.vt. t) t  that l , ; , . i icula. r: tr l l  " tr ,n.r i i rg
:.nd de-la.v irs boi l i rrg ,rn. l  r ise ol : l r , , , . i r i , .  rr . ;r \  i l \ . .  I f  ou. , ,*Tt ,r i .
mor r  l r rg  pur t i cu la r ly  b4h in t_ t  r l re  o r l r , . r . - ,  r l r . .  lLu l t r .  r ,n t ,s  s l ro r r l , l
I ro t  he  , l i sc l rn rge , l  b r r t  s l Iu l , l  L re  e r r t  o r r t  r l r r l i r rg  t l r , r t , ' ,1 , * r . ,L r io l , .  : i r r , i
r t ters' ;u.ds I 'e-eh:r lged rvir lr  thc reruaint ler..

I)urirg the seco'r l  charge given to a nerv set . f  ce[s i t  mav be
Ir, .cc:: i !r ' , \ ' to .r ld di l ' te, ncid to the l iquid, but this should only ire
t-l,,ric i. accor.dance r,vith the manufacturer,s instructions. dftu,
this, rrater onl"v rvill be required to replace that los[ by evapora.
t ion. In ai i  cases the extr. :u l iquid shoi ld ; . ; ; . I . ; ; ;h;r; i l ' ; ; i l . ;'arv 

./:oiliyt-g, so iis to crrsure itj mixing qniclily ivirh tiiat alreadv
; r r  t l r , . c , . l l .

\ \ -h . . : ,  r . , . l l .  i r r r  in  I 'e {u l : r r  r ro . i i .  t ) r i , r .h ' r ,ge  Iu t  i , to  t i re r '
:bou.r i  r- \cra{l  t l t , ,  nutrtr, , l r .  r , t  i111ps1,1,-[ ,  ,Lrt,s taien Out by Ib Or;
2tl per ceor.

, Exeessive chnrgiug has been found to ruin the negative
ulatt.s.

-, lYngo 
fulil,charged the positives siroulcl be a good dark piurr,

co.tour, rn sone cases almost a blue_black; rvhen dischl,rEed, a
tli1k-r1d The negarives shoultl vary from a dull gr.ey,";:i;,,i.
gl'ev colout.

Specks of white on eithe.r plates shi.rultl be treated with

:*:-:111"i".,,; 
if ttrey cnn be syringeit off or r.emoved with u g,,rrtt"

touclr oI a str. ip of cbonire, r lrey may be r l isr.egar.ded, as urerely rt( tust t l rat otte'  sett lcs orr lhe ;r lates, especial ly i f  much t. l rul l i  is
present in the water. If hard and noi easiiy movetl, they are
probably sulphate.

. 
.{ltlp.hotiteg.-SuJphate is the bugbear ola bacily icoketl after

r I r : t l i l :L t i ln .  o l  o f  o ld  ce l l s ;  i t  i s  cau . * , I  r rsuar ly  t ry  le t t ins  i l re
c r . l l . , l i s ,  lu t lg , ,  too  rn r rch ,  o l  leav iug  t l re r r r  iu  , ,  

" lod  
r tn ta .  

- , l i hn

t)e:t r .ul ' ! .rs lr ; ' repeated overcharging, rvi th a iorv rate of cunr: l t
J l l : l  . s l r l l r { ' l ( .n t  to  p reren t  excess ive  bubb l ing .  I f  the  s r r lp l ru r t .
r ' tsr i l l r i l r{  orr}t l i l i l te, rernove the u,cid from t lrc ccn anrl f i l l  up-with
tt t .slr  t :r Icr ' .  Thrr.c . .vi l l  bc. enonglr acid a,,! l rering to the plates
to rcutlet '  the warer couductive, uod i f  tho cel l  is then gi ion a
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long charge at a very slon' rale, the sulphato will be glrrdrrally
dissolved.

This oroccss i-s long and troublesoure, and consequently everv
care should be tnken to prevent the plates from sulphating. A
battery shoulrl never be left for any length of time unless fully
charged np, antl when not in use it should be chargetl up at
intervals, sav once a rveek, ."ince the cells ahvays run themselves
clol'n slightly througli local action, which can never be entirely
eliminated.

Tire orclinaly loutine of chargc ancl discharge should, in a
battery of good contlition. cause the specific glavity to rise and
fall bet'rveen certain definite limits. -t"or E.P.S. cells, as a rule, it
runs between 1200 and 1175; for chloride cel ls, between l2l5
and 1180, I'he exact range raries in differenf' types of cells,
tleoending on tLe ratio of the amount of acid to active material
of'tbe plnte.. 'Ihe discharge should be stopped rvhen the acid
rcaches the lo'lver lirnit in either case.

The specific gravity of each cell should he always talien aftel
charge, ut i , . I  uoy varialon noted antl  thc c,t i t ' rrr l ing' cel l  ovet 'hart lcr l
I t  wi lL be.found at t imes thlt  pl ir tcs lncl i lc ;  tbis is alrnost,
entirelv coif ined to the Pusi i i r-" plnte, aud i t .  cause is usually due
cither io too lnpitl chllge or discharge, to short-circuiting, of the
pirrt t .s l ,v 1,:r. t ,  fr11irrg out al ld l i r idging across, or to foreign'sl l ,strrrt les 

l i r , l ing their rvay into the cel l .  ' I 'his buckl ing, i f  not
ron'e'ctctl, s'iil speedily clestroy the batterr. Immediately it is
tlctected ebonite lbrks. or glass rods, should be passed betwecn I'he
tositive arrl neg:ltive plates until the cell can be thoroughiy over-
iruuled, rvhich shoulcl be done at the earliest opportunity ; for the
very I'act of one side of a plate being nearer- a negative than the
oth-er, will cau-qe a mole rapid alteration in the prste on tlre side
closest to thc negativc and tend to continue the buckling.

\Yl ien opportunitv occurs t l ie t :el l  shouli l  be trnlrt t i i f ,  Lroart1s

t|e exact size of t i re slt lce betr i 'een t l ie posit ive plrLtcs sl ioult l  be

crlrefulif iuser'lctl betrveen tliern, tutl t qentlv iticrr:asillg plessure

rppiied'until all tlie plates appear flat. Ihe bollds uny then lre
tr iken out, the negatives inselted, al i l  the cel l  rebui l t '

It will be fbuncl that a certain amount of mud will collect at
the bottorn of the celis, o$'ing to faking and wastage from both

ulntes. l'his <ioes not matter, provicled it does not comc up to the
lcvel of the irottorns of the plates and sholt-circuit them, in
rvhich c:rse tbe prhtes should be removed trnd the acitl strained
and replrrcecl '

l'ilall,r', rhe foilowing important facts should be borne iu
urind:-

(f) Cells siioukl ueret' be charged or discharged nbove their
proper late.. rvhich is laid dotvn by the makels. If these
rates are exceeciecl r'lie plates wilt probably buchle.

(2) The discharge shoultl be stoppedwhen the D.P. has ftrllen
to i '9, or tire density of tLe acid has reached tlte lorvest
limit all':,wed by the mnkers.
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(3) If anytliing goes lvronq with an1' celi, it shouid br.r attendecl
to irnrnedi:rtely, arrd thc defect lerneriied, If it is left
alone it rvill rapidly get worse, and tha cell rvill probably
be ruined.

Circuits Jor clmrsin,g Secondary Cells.

Frc+. 172.

+ i :  l r l l
\?/ - l l l ---- ' . .

t
I
I-s5-^---- --------J I I l-----,'i l t l

Supposc A B a sorrtce ot I l . lLF.. srrr:h lrs : l  r l ' , -namo, rvith i ts
+ *  t e r n r i n a l  . i o i n c , l  t o ^ t l r r .  { '  u l '  1 1 , , .  c , . l l s  ; r r r , l  -  t o  - ' "  o l '
t v l l s  ( ' r r t -o r r ts  s l r , ' r r l ,F l ,n  p l : reor l  i11  t l rc  t , i r ,  r r i t .  In { , . t l r ( , l . .u , i t i r  r r ,
srr i tch arrr l  l l ruureter ' .  Evit lentlr .A I]  must be at a glcntcr D.P.
th:rrr t l i r ,  cel l  t t l rninnl-. ,  otherrvise t l ie cel ls rvi l l  dischi lge through
i i r , .n i rc l r i r r r , .  ' l ' i r r ,  

l i r s t  qLres t ion  is ,  howmuch grea ter  shor r l r l  t l r i s
lr . l ' .  le. ' l - l r is 

rnust natural lv depcnd on the cun.ent requirei l  to
cbargr t l re r: t . l ls. Supposc t lr is to be 6O :rmperes.

l iorv to get ( i()  antpcrcs u-tt  nrttst hlye sr.r{ l ic ient I) .P. between
A 13 tr '  .r \ ' {rrcr) l l t r ,  t l te bttcl t  I '1.. \ i .F. oI l l r ' :  r :r : l ls. lut l  L- lvc a balance
'  I ) ( r l l . . :h  Io  l , ' t c r , i r  r f t l t t ' ( ' l ) l  r r l  ( i ( l  r t t r t l r t i ' r ' s  l i t t ' o r t : ' , l l  : l l l  I .h r t  I f ' s i s tanCes
. i  r i , . '  c ; r , ' r r i : .  s ' 1 , i . : l t  l r t r r r ' 1 i 1 ' ; 1 1 1 , 1 .  i r r  l l r i s  ( , ; r i ( , ,  c { ) n s i : { t s  o f  t i r e
iotetul rei. lantr:  ol t i1,.  i ' ;11rgl \ ' .

I f ,  theo ,  t :  be  l r . l ' .  r , l  r r r i r t l r i r r , .  .  l . r t . l ) .1 ' .  o f  ce l l s .  r  the i r
intr,rad resistnnee, lhlrr

E - e - 6 ( l a 1 ' .

To take a unmelicrl exarr4rle, r,vhere it is rlesired to charge
!0 cel ls, whose I),P. is 40 r 'ol ts antl  internal resistarce (r) ' is
' t)03 pel cel l .

Then
tr - 40 -- 60 x ( '008 x 20)

E  -  4 0  +  3 . 6
E : 43'6 volr,s,

so that 43'6 volts rvill be requirerl ro ibrce the cument of 60
irDrt-reres through the cells. It rvill be seen that in such a case.
ir \-r.rv srn,rll fall in speed of the dynamo t'ill cause the D.p. of
the cells to be above that of the machine, and the celis rvill dis-
r:liarge tiirotgh_it; this is objectionable, although, as will be
presentlv seerr, it depencis greatly on the tvpe of machine used
rvhether the rlisadvantage. is grert or not, but the clrances of
this hrppening are greatly leduced by ilserting a resistance in
series with the cells. 

'fhis- 
is not econonrieal, but is extremely

eonvenient, ts tlre sneed lrf the ma,chine cau be kept constani
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throughout the chargc, .orl the .esistauce grnclually r.erlucerl bv
a srvitch as the cel ls cl iarge. Such:r, circuit  ls sborvri  iu l . ig. l?; i .
where 11, is the adjustr:r,ble resisi*nce

F r c .  173 .

Cur.our f r  l r l rdo----o- 1&F. 
\.--"6i^6rrrnt6rnrr--illl- - - -.

I

B+ l l l l - - ' � . . '
culrou,  l l l l

'Ihe amount of the resistance dillers accordins to circum-
stanccs. If S0-r'olt lanrps are being burued at the ,talre tinre o{1
the machine charqing tire cells, thel trrking the same ligules as
before

I i  _N0 -  4 ;1 . ( ;

t ,,, ln
:  

, ; , . , .  
:  ' u  ( l l l l l l s '

I3y watchilg the fttlirrL,tcl' an)' increase or decrease of the
current ruay b-e not,iccd, antl the r.esistarrce altered to keep the
curlent r]o|mai.

Befolc srvitching on, care shoultl be taken that the nrachine r's
at the right voltage, and joined up ploperly.

The shunt machine is the best tvpe of machine for use with
secondary batteries, since it carinot po,ssibly I'overse itself while
the cells are being charged.

1'ro. l7-1.

I f  l ' ig. 174 be a diaglanrmrtic vierv of a slrunt machiue clralging
cel ls, and the:rrrows -shorv the di lect ion of tht.  clralging'culrerrt ,
i t ' rvi i l  btr seen that the current f lolvs frotn - l- '"  to -"" round the
shurt coi l .

Fig. 175 sirol.s the state of t i r ings i f  the cel ls discharge
throueh the uracirine. 'I'hc cnlrent il the shunt coil florvs lloru
are 1o -ve st i l l , :urd tLelefore t l ie pol l l i ty of '  the machine rvi l l
not be rel'ersed, and i-r,u increase irt speed of the dynamo 'lvill be
all tbat is needed to corrtiuue tLe clttu'ge.

It  \ \ ' i l l  be seerr {rorn thcse consrt lcrat iorts that a shunt r lvnrinro
is very suitable for chargi lg g, l l l -s, bur t l r is is not the c: l ,sc ivi tL a
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serir.s, rnlt . l r i  r  r  o, si  r  rco : l  n. l ,  I ,evprsl l  oI cu rr.e r r I
o I  po la l ' l t y  Ar r r l  l r r r t  t l r t ,  rn l rch ina  i r r  s , , l . i r . s
oppo.slt lon lo, the cel ls.

rvi l l  plot lrrcc r.eversai
rv i th ,  ins t i ' :L r l  o l '  in

Frc .  l7 i r .

.  . I  
r ' , tn i { , . r r r , l  r l . r l j i tn } , r  ( . i rn  l r t ,  r rs ld  f i_ i r  d rarg ing  ce l i s ,  bu t  i f

: . , - t_ - , ] , . -n :  
r t t t r : t  l ^ .  1 , . r r r r i , l r . , l  .o1  1r1evc ' t ing  t l ie  i , l l s  f i .o rn  d is -

;^fy;I tnS 
thrcuglr tht,  t l"r .narrro irr : ,rr l-  ci t ,crr irstances, since, i f  a

uuge rc'er 'sc c' l . l .ent were to |ass thr.orrgL t ire serj i t ,s coi ls, the,
rt t :rdt irr t :  might be leverled notrvirhshnrl ir iq t i tr ,  slrunt coi ls.

lrr  large inetr l l lat ioni,  a. auto'at ic cut-.uI is rrserl  fot this
l) ' r ' i )c,sc, -coulr ' \ \ .1*rt simila,r to that l i t ted orr a ua.ul lel  switch_I 'or,r ' ,1. l rrrr i r  cl l l rqing small  batteries on boa,rd ship this is not
l . '  ( ,  - - t l l  \ .

, 
'I'hr'r 

c,ltl!,, of tllt: d),D,rlto is r-cr.y nruch larger than that of
l l r ' '  , ' ( . l is, i rnd tLe rrsual rrtethotl  of cl iar.ging is through a resist_
:r i- 'c t l r i r t  :r l r>t)f lrs t i re cxtra I).p. This-rei ista'ce i i  'ery high( i ' rD [ )  r ] r . r l  N i r l r  t l t , .  E . l I . ] ' .  o i  t l r r - ,  c , , l j _ " ,  an t l  consequent lv  even
. l  l : , . , , l l r . l r r , r  \ \ . ( . r1 ,  t ( )  s toP :L l to1 . r t l re r . ,  tLe  ce l l  i - r -u i ld  o r r i y  g iu*
r . '  l :  i r  \ , . f \  : i l . ; . , 1  t , U t . l r . t t t .

I  t  
- i :  

ruo:t i rnlrc,r. tarrt .  l rcft ,r . t  stvi tcLiug on the cirarging
currt 'ol  to:r set or 'cel ls, esl 'r ,L. i tr l l - \ '  i t r  i l rgu instal lat ions, to.-see
tjrat t l rev are, joined up the r. ight rvrr-r, . '  

. f i re 
polari ty of t l ie

rJ.r'nrtruo c:rn be ascertaineti in arry oi the wajs described iu
t -haprer  1 r I I .

,  
' l ' l re 

Sffelal. l11y*cment of r r . l r lor ir le lg plure R type eel l  is
: lrorvn in Plute XX\TX. 

_ Ir is propcsed lo give'r l  short d'ei, .r , ipt i , ln
r,f  this form.of. cel l ,  which rrray be taken ai 'embodying the l 'ate-st
rrrrp.overnents i' accumulators. although of co.rse lher"e "re n-,urry
otle. types in exisrence. l'he battei'ies in sub'ra'ine boats ar.ir
composed of Clilor.ide cells, though thev are of course much larger
than the R type, and the contairirs are tlilierent.'flre.positive. 

pl:wes ar.e joineti together at their atljacent
, '"nrlrs b1'a, Iearl  brir lge..- Ihose plrr ie! consisl ot.  lead g,: id. , , , .
:rSI l l rrg\,  ' rvrt lr  circulur coi ls of (sgimped,'  

lead r iblron drir]en into
tL,.gri , l  l roles, thus gi ' ing a iarge active surfhce. 1l.he 'egarive
I)t i( t*s :rr,  r , l ;rce([ alternately bctu'een the posit i 'e plates, aud t lre'e
is o'e rrurt of the formet'.iharr_of the l.tt^er, so tha't "uu'ry pu.it,uo
has u .cguti 'e. ,n either.side of i t .  The negative, ,r"e " irJ 3oio", ltogeth.r ' l r_v rr le.t l .b. ir !ge. and are also for.nied of ' leatl  gr idi.  Irr
t l rr :s. gr ' ;r ls ur{,  . l l lbe{i( le( l  PaMil le.y of s;.ru'gy le:rt l .  , l . lhc fact ol
tLe Iust i l l rs l ,r : i rr .r '  maile f i 'orrr lyari  cLlor. i t l -e'- thtr cl lolrre bejng
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remor.ed in manlrfircture by an eiectrical ploccss-liirs given the
name to the cells.

Both the positire and the negative plates have lrooks cut in
their siiles near the uppel edges, anil by these hooks they are
suspenderl from two vertical glass plates resting on a wooden base
in the glass container or from porcelain ledges in the top of r,lie
cell. The plates are kept seperated to their right distance apart
(about ;[" to $") by glass or ebonite lod insulators.

This method of suspensiorr is a great improvement on tbe okler
forms of cells, rvhele the plates stood upright on the bottom ofthe
container, and tended to bucl<le to a greater extent in consequence.
l\loreoverr the deposit of particles of dirt at the bottorn of the cell
rvas apt to short-circuit the plates, unless ihe cells were frequently
cleaned out.

tr'irst Ch.arge of the Battery.-'Ihe batteries are supplied dry,
ancl must be charged as follorvs :-The sulphuric acid suppliecl for
the purpose should be mixed tc a specific gravity of I2l5; this
mrry be done in a wooden tub or an eulhenrvare vessel. In
'rnixing acid it is important to remember that the rvntcr should be
fir-st pl:rced in ihe vessel 21pr,$Le lcid gradualll' addetl to it, until
the tlesired strength rs lear:hed. Ihe rriixture should then be
allowed to cool, :rntl its specific gravity again carefuliy checked.
l)istilled watcl shoulcl be used.

ifhe acitl rnust on rro account be poured into the cells unless
thc charging cru be started immediately uftcrrvartls.

Ihe charging must be conti lued unti l  the fol lorving incl icat ions
sirorv tlrat the cells :rre fullv chzr,rged :-

ii) The average voltage shoultl be 2'2 volts per ce.ll.
tii) Iihe cells should boil freely, gas lreing disengaged from

both a'" and - 'e lr l r tes.
( i i i )  ' I 'hc density of the acit l  should be over 1215.

,\ltcr the lirst charge, ar:irl should ncvt'r be t,-ltletl to t,hc cells,
trut thc plrtes shoult i  be kept, corirpletelv covet 'erl  bv ttre l t lc i i t ion
of pule l iesL l-atel as lequinrd.

Sccontlary batteries luc rt present onlr supplied to sea-griing
sirips lbr working the smali portable hrnd lamps for use in
tDagazlnes.-'l'he 

batteries consist of from two to four eells in a box, joined
in selir:s to the lamp which is calrietl on the cutsirle. 'Ihe tops of
the cclls are closed with some sort of sezrling rnaterial of the
nature of pitch, a hole bcing lefi in the top of'each for filling and
to allo'rv ga,s ro eseape while chatging.

l'hey are best chalged b1 being connected across the tighting
rnains, as nranv incandescent lamps in parallel as are necessary to
give the lequisite current being inclucied in the circuit.

As it is irnpos,sible to get at tire acid to test its deusity, they
must be charged until the voltage rises to the proper value ar-rtl the
cells are gassine freelr'.
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