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P.A-R,T I.

W H I T E H E A D  T O R P E D O E S .

I
Penrnnws rw Sunvrcr.

There are four different patterns of Whitehead torpedoes in
use in the Victorian navy, whi.ch are distinguished by the
foilowing names:-

R.L., Mark II.*-A torpedo manufactured at Woolwich.
Tiume, Mark IY.-A torpedo manufactured at tr'iume.
Fiume, Mark Y.-A torpedo manufactured at X'iume,
The 19-ft. Torrredo.-Two of which were manufactured

at Woolwich and one at X'iume.
Theso toroedoes are aII alike in principle, but vary slightly in

manufacturb and details,

GsweRal Dnsenrprrox, 
I

They may be aII described as consisting of a steel cigar-shaped I
vessel, containing machinery for driving two screw propellers, I

3f;*a:"$?"JxTfJ""f:"#r?:ti:%:i,'"*t""l"is"S1, J,t*}"'l# |
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R,I], MAR,K II.*

The R.L. Mark II.* is divided into the following compart-
algnfs, in the ortler named :-

' 
The Head.
The Air Chamber.
The Balance Chamber.
The Ensine-room.
The Buovancv Chamber.
The Tail.

THE HEAD.

The head is made of steel, 1l-inch thick, and contains the
charge of wet gun-cotton hermetically sealed in a copper case.'Ihe practice and war heads are the same for this pattern of
torpedo. In the fore end of the copper case is a recess to take
ttre primer charge of dry gun-cotton, consisting of six 1 oz. discs,
in a copper cylinder. The method of ignition is bv means of a
detonai6r, wirich consists of a small m"etal cylinddr, containing
34 grains of fuhninate of mercury. trYhen the torpedo comes in
contact rvith any hard substance, a striker, rphich is contained in
the pistol (see page 16), is driven home against the detonator,
thns exploding-th1 debonator, which in it-s turn detonates the
cnarqe,

The after end of the head is closed by a watertight door,
secured in its place by means oI nuts, the head being secured to
the fore end of the air chamber by means of a bayonet joint and
{our keep"screws.
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The balance chamber is secured_permalentJy to the after end
of the air chamber, and contains the mechanijm for keenino theot tne arr cnamrlerr. and-contarns the-mecbanism for keeping the
torpedo atthe required depth-; this adjusturentbeingnrade a"t tbe
oottom ot the batance chamber bv means of a snanner- whinhbottom of the balance chamber. by rneans of a spi,nner, which
revolves a small wheel marked in ieet, the requireid -u"i. buirrE

I

Tsn Ber,aNcn Cseusnn.

being

Tsr Xnerxr.noon,

st4lrt speed for the whole of iis"run.

to the horizontal rudders.

the torpedo, or to the reduci-ng valve

, Tie engine-room, whiclr forms the fore. pa_rt,of the buoyancv
chamtler, ls secured to the aftcr end of the halance chamder bv
means of screws. It contains the engines, which areof the threJ-
cylinder Brotherhood tvpe.'l 'he reducing valve, i'hich admits the air to the engines at a
reducecl pressure, thus .allowing the turpedo to maintiin a con-

brought,in,a l]pe wlth a .pointer. Oir ttirio'pi ifr" ,i"-eJ""p?
valve, whrch allows the ar. to- escape a,s the water enters, wh6n
the.torpedo is set to sink. A n]qS, -wtrictr, when removed, 

'allows

of the mechani:qm, being workeci by hand, ind a brass screr.i which
secures some of the internal par$. - The after end is closed by
means of a watertight door. _ln the door is the sinking valvi
closed lry a spiral spiing, but which_is open"<i fy.tte-ii;{]";;;;
tn the engrne-room) when the torpedc is set to sink, and allows
the water to flow into the balance charnber, fn tLe bottom of
the balance chamber is a drain screw, which on being removed
allows any rvater which may have teajied in during e"xercise to
oraln out.

When the.torpedo is being transported the drain screw is
removed, a "tjlg screw" wtth-r projectirg head being inserted
rn rls place. r'ne " tong screw " secures the mechanism.

servo-motor, which is a smalj air engine, bv means of
l& motion. of_ the mechanism of the balance chamber is

n tunntnE,

1s the valves of the valve box.

, con
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The link, wlrich works the air lever by means of the counter
eear in the tail.

The sinking rod, which works the sinkins valve.
The sinking lever (outside), by means ot;hich the sinkins rod

is put.in or.out of gear, - When the sinking lever is forward] the
torpedo will float; to sink the torpedo thelever must be mirved
aft, a,nd the,cap,of air-escapevalvemustbe removed from the top
oI balaDce cnamber.

. Tnt BuoyaNcr Cnelrnnn,
The- byoyancv clamber_and_llre engine-room are in one, the fore

en(l ot the tornrer llerng closed by a watertight door. ft contains
notiing but three-ffrbff, in which rvork the iight wire, divingrod,
and propeller shaft. The first connects the"counter gear i"n taii
with the link which rvorks the air lever, and the second'the servo-
motor to the horizontal rudders.

--:

The after end of the buoyancy cha
mn which the tail piece iJ screwed.

ancy chamber forms a steel cylinder,
rrpon which the tail piece is screwe.l.-There 

is one drain screw in the bottom of the buoyancy
chamber.

The tail contains-
Tna Terl,

. The mitre whe,els, by means of which opposite motion is given
EO f,ne two DroDel lels.

The nropilleirs.
The iouirter, by means of which the air is shut off from the

*

ng is released. The right wire is
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and. when the spring is released the right wire is drawn aft,
lhus workine th; linl and air iever. and closing the supply of
ri". X"o*ing the distance the torpedo will run for every revolu-
tion of the small wheel of counter, or, in other words, tor ev,ery
to, th of the large rvheel, it, is easy to- adjust. the large wheel so
that the stud uill iust bear on th'e trigger wLen the torpedo has
run its required distance.

In cockiirs the tail and setting tbe counter for range, always
ascertain-(i) that the cam on small wheels is clear of teeth on
ia ieewheel ' ; ' i f  i t isengaged,turn the propel lers by hand unt i l
tt"i". tZ) That the stud"is not bearing on the trigger; if it is,
turn the larse wheel backwatds until clenr.- 

lhe horiintal ruclders are contained in tfe tail frame, fixed
before the propellers, and are connectedby one crank-head, to

" 
hictr i= att'u"liea the'diving rod. The upp-er and lower- vertical

fins .f the tail piece contritr the vertical rudders' These are
caprble of adjusiment either way, to give port or starboard helm
to the torpedo as recluired'

Pantlcurens ol' R.I/. Menr II'*

Particul,ars.

This torpedo can be used from the dropping gear only.

of air ner tooth-60lbs.
&.air chamber-5'25 cubic feet'

bions-750.
work at 330 lbs.

Nit.
without pistol-80 lbs.
pressure-26 lbs.



1. When charging.-The air lever beinE forward.
argtngnozzle *nd valve box direct to air charnl,er.

^"i.__]ii9l 9lurgrng.-rhe air. reyer beinE forward, throughcnarg_rngnozzle &nd valve box direct to air charnl,er.
- z. When running.-The air lever beine aft. from air chamber

l 0

Lead, of Air.
The lead of air is as follows :-

ng aft, from air chamber
lhrough , valv. e, bg{ T"o"l latue Uox tl%r" 

-ir* 
t*" llra., tfr"firsr r"o rhe oit botrte._ the -bject r:eing-t;'d.iuJ ti" iir a"#i ri,tl

D n e  w o l k l n g  p a r t s  :  t h e  s e c r ) n d  t o  l , h p r p d r r n i n o  w o t v o  o n ; l  + h - ^ , , - h!|".y:"|ilgprrts ; the u"c,,nd to rh""Jr;i;s;;J""i'*,lir"tu"""gn
I t  to Teduced Dresslrre rcservoir  L r^m F^d;.- ,1 - ;^.- , , -^ -^-^-i!.fl11fu"gd eressure reservoil. lr.om 

""dfic".I 
pi."..u"" .".""_

voir  there are- two leads;  the f t rst  th.ough ; , , in t6rv. t la"  u" f r"
:9-"39h. cJtrnder in rurn, exhausring through maiir shaft; the
secono rs to f,ne servo-motor.

TEE N'{AR,K I\r. n'IUMT TORPEDo.

__The p_osition of the compartments is the same as in the lVIark
II.* R.L.

Tan lln.to,

. The head is bluffer, contains a larger charge, and is secured
Eo lne tore end ot the alr chamber by means of a bayonet joint
and four d_iagonal screws, A copp6r war treaa is .sirpptied for
each.torpedo. wlth the charge permrnently stowed in id.- A pro-
porEron_or steet heads wibh a dummy wooden charge being
supplied for exercise,

Tan Arn Crrelrnsn.
The air chamber is similar tri that alreadv described.
The side legs are $-inch wide, .but longer ihan ihe d.L, II.*

-7

-t

*

The balance chamber is similar in construction.
air inlet g,nd gtop valveis in this compartment, 

'

constructed that when chargins the toipedo the
it direct to the air chambei a-nd when charEet

.pcrewed down by means of a, spanner, t
leakage when mdking a passase. 

' 
The ahi,

made from the top initead of the bottom..r&l

Tsn Ber,eNcn Crreurnn.

ve. The balance charnber is fi

Tan Arn Crrelrnsn,

^
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Tsn ENcrNu-nooat.
The arrangement of the engine-roour is sliqhtlv difierenr ro

that  of  the R.L. ,  the enginel  themsel*es bi ins" the same in
principle. but each cylinder has a sepamDe slide vilve.

Thereducing valre is the same in principl", Lut of different
construction. there beinq two springs in eitension, the adjust-
ment being made from fhe side of thi enEine-roonr.'

The servo-motor and oil bottle are neailv the same as in the
R.L., with the exception that $rhen the siide rod of the former
is central-relative to -tbe qiston-the suppiy of air is cut ofi,
inus pTevenilng w&ste trom leakagp.
. The oil bottle is zr, good deal larfier, and is situated on the afier

stoe or  Duovancv chamber door.
The couiter 

-gear 
is entirelv of a different pattern. and is

pla,ceil in the engine-room, being-worked directly f rum the'engines,
and-is adjusted from the ou_tside of engine-room. The slpring
pawl, which_ is also worked from outiide engine-room,'musT
be always left at " Outr" except when torpedo is actually ready
IOr SeTVlCe.

., The.arrangement for l inking the_ torpedo is the same, except
t1.at sinking,valve is in buoyancy chamber door, anel there is l"
alr-escape valve,

Buorercy Cqarrrsrn.

.  The.bu-oyancy.chamber_is s imi lar  to that  in the R.L. ,  exeept
that the fore entl is closed by a removeble bulkhead. and thoie
1,1e o;.rly two tubes ,in it-oie for.the screw-shafi, ti; 

"tir;" 
i";

'.

b the diving rod. (The cou_nter_being in the engine,room, the
right wire is not required,) The c-hamber is strencfhened bvright wire is not required,) The clamber is stie
steel rings inside. and contains balla"t for keeping

stiengthened
rins the torr

:ned by
torpedosteel rings inside,

is in a recesn on the top of the buovancv
uates _the star_ting valve by a long conn6cting

ver is fitted with a "water-trippei,,,the action
gthe,torped-o is dischargei with a high velocity

the air lever is not thrown bacli until thi
ripper, thus preventins the enEines
frilS fron dropping geir, _the trr"pedoa

the ordinarv tiippe"r is'alwavs rised.
aft draws back ihe iong rod, tbqg
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o-pening. the. starting _valve and adrnitting air to the engines.
When the air lever is thr.rirn back, it falls ciear of. and disencascs
itself from, lhe connecLing rod, soihat rvhen the i,orpedu ha"s fun
its distance, and the counter works. it ha-* oniv to clraw forv-ard
the lgng rod, apd thus close the starting valve. If it rvere not
f-or this_fitting the air lever and rvater-tiipper u.ould have to be
drawn forryard against the lull pre"sure of the water.

In- adjusting this toqpedo foi runnilg, care must be taken to
see thq,t the air ]ever I'as engaged the long rod. Several .,Iost
shots" have occurred through rieglect of this precaution.

. 'l'nn T-.rrr,.

" The.tail is of different constructiun, the propellers being insirle
the tail frame and before tlg: horizontal r-udders. The iertical
rudders are fixed above and below each horizontal side fin. An
oil screw is at fore end of tail frame. This must be removetl
when oiling mitre ivheels, and replaced when oil bottle is full.
The-gqneral construction of this toipedo is weaker than the Il.L.,
so that special -care is necessary in handling it, especially at the
tail frame, v'hich is easily bent,-and thus st-iils thd running,

.:..:1, Panrtculens o!. }-rutrE Manx IY,
Pctt'ticulo,rs,

. This torpedo is fitted with a vrater-tripper and used from the
dropprng gear and the ( auttless of Honetoun's tubes. but the
side-lugs_ must be reduced to j i,n in'ch, the vertical fin on
air chamber removed., and, if reqiired for the after tubes, a steei
air lever substituted in place of [he phosphor bronze one, ind the

G

, " {

'*
rod iBwater-tripper removed. When.the end of the co

connqcted to the air levpr the point of it must be
to the dhelli of the tori-redo,

Length-14ft. 9in. 
'

Speed-23'5 knots.
Number df yards per tooth-60.
Pressure in air.chi,mbei-Flxercise, 250 lbs.
Pressure-Elgines rvork at 410 lbs.
Rcdrqtion'of air per tooth-75 lbs,
Type of reducing valve-X'our
tension,
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T51r of slile ralve,.-Three slides-each with relief valve.
\Veieht  c ' .ml ' le te,  n i th a i r  660 ibs.  I
Tr '1c . ' f  c , ,ntro l l ing *ear-Disr ,ance,
Ca1'aai15'  of  a i r  chaurber-5 '2 cubic feet .
Horse power-20.
\umbdr of  revolut ions-790, I

Buoyancy, fully charged-2.1bs.
Weight of dry gun.cotton-58 lbs.
\Yei;ht of air at 1,0i0 lbs. pressure-26.1 lbs.
\Yeight of war head compl;te, without-pistol or l{olmes'lighf

-11{ i  1bs.
\Veight of dummy complete, without pistol or Holnres'light-

112'{  1bs.
Lead, oJ Air.

The lead of  a i r  iu as lo l lows : -
.1..\\'ihen charging.-Tlrrough "charging and stop valve,' to

alf cna m oer,
2. Whel running..-From air chamber through sfop valve and

starting valve (rvhen air lever is tlrrown back), and from here
branches (a) to oil bottle, and (0) reducing valve. There i! no
reduced pres.sure reservoir,-the a_ir after prsiing through redricing
valre goes directly to each slide valve in turn, bv an annulai
:l'ace |oill!1 engine casting. the air passage to servo-motor bein€f
forrr red in the c lst ing of  the valve i lsel f . "  An auxi l iarv valve is
fitted, which can be rvorked bv No, 26 box spanner from outside
the torp-edo, by means of which a small sirpply of air can be
admitted [o gngiaes or servo-urotor witho,rt-wor,kins the air
lever, the object being to save the counter eear, which i iof ratherlever, the object-bei tlle counter gear, which ii of rather

thg ' .p1lg.p.uyl" having been frequently
dl tnE. Ihe&lr levermust : leyerbe throwl
no i ; .d  i c  a . f , . . .  Tn  : '  { . .  . t

tion, the "spring pawl" havirg been
ys handlinE. Thdair lever musi reve:
e spring pawl is.at-,"In."

li

i
I

I

li

spring pawl is,4,!," In."

E I\TAR,K Y. X'IUME:
PenrrculanFr "a
identical with Mark IY.. but is manu-

(with the exeeption of the air
liable to ru'st. The ,buoyancy
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the same as the

consequently, engines slowly, the air-inlet plug must
be reniovedi ihebe removed, the stop-valve spanner screwed hard down, and the
air lever thrown.Uu"_t, .thg:r, by opening the stop valve gradually,
air is admitted slowlyto the engines, servo-motor, &c.

The tail of this torpedo is very easily damaged, and great care
i,i required in handling it, and therefore is only used from the
dropping gear, It is not suitable for exerciso,

chamber has a finer run, thus giving increased speed to the
torpedo., and the air levg!;ird " w;ter_-t-rip_per" _are phced outsidelorDeoo. ano [ne atr lev(*ar
the engine-room. Ihe-.ia"

rpeoo, ano [ne atr lev(f,4n(l -'waEer-[rrpper a,repraceooulslqe
dengine-room. Thy'siae lugs are l-inih wide and longer, d.e.,
e Bame as the 4sw pattern adopted in the home service,
The auxiliaS;f'valve fitted in the Mark IV. is here omitted,
nseouentlv. to ll'ork the ensines slowlv. the air-inlet olug must

TH]X 19-FT, TORPEDO.

There are three of these torpedoes in the service. Two havine
been manufactured at Woolwich and the other at Fiunre. As
its name implies, it is 19 feet long, and greatest diameter 15 inches.
The prlnciples of construction"are t[e same as in any 14-inch
tolpedo, but the arrangernent of the parts is different. The hearl
contains the charge of 74 lbs. of dry gun-cotton, contained in a
coDDer case.

Next to the head comes the balance chamber, the mechanism
of which is the same as in the 14.inch, but to adjust this
torpedo for any required depth the head must be removed, being
r6placed when the adjustrnent is made. Next to the b.4la.nge
chamber is the air chamber. which has one tube in i
which rurn a rud connectins the mechanism of
chamber to the servo-motor. "tltre 

eneine-roomidachambiir dii the servo-motor, ilAe engi
after end of the air chambor-bv qertic-al
spme as iu the R,L.spme as iu the Ii,L. torpedo, except that
peparate siide valve, The reducing valvepeparate siide valve, The reducing valve
i,iso similar to those 6t{ecl in R.L. The
in principle, but the drrl.everr inst
triangular link, is worke,l bv an ordi
in principle, but the drrl.everr instead

also connected. the.p{nking rod, the
Isopprn€lsear rn tfre tall,
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.t'Tff l*"T3l"it,i*li:: contains royr tubes-.ne ror main

;xr*is::ilt'r#s:idfi *ti'i:$+*"r.:fi :'i:lqi,"$'rf;,8"-.";;tr,";;";;;:;;'J.ill'j&T"f;:r"jl1,*'*:i3L,f ,1';for the first.Z0 yards of rhe run. By 
"dj;;tt# th3 stiae in

!iill'i:?qi'tt"*'h;#'":":";'"x",H,;_'ltt"*f,,*r',rt"::tl:
H;lf""nf i'"":""91$'f *i,l*lr:",:,,a'_*:i*1":1l.jx*x?di:
d i stance, _t his f rees thd servo-m"t"" iu aL, 

""a 
"tri"' 

ri J"i'a,"oi.", orbalance chamber comes into play in the rirdinary *"i,--."'
., The arrangement.of the.tail,is simili.r to ttrat-of tne R.L,, witbthe exception that the horizor;;;";";i,jii#_''fJilH;;'.'#:'if, '""T:$"i:ffi""ib3:'l*",fl 

T"f llil';

pllrrculeas or 19_Fr.

. These.torpedoes are fitted with,water_trippers and used fromste*..trles-€f Chi,lderst *r";'*.r."'';t;;";;' -"^1".*":g f:fJ,; *.,ffi
L*tc.

valve-Three slides.
ing gear-Iiisi*1rce.
-Three nrws of Forts.
per tooth-80 lbs.

,mber-7'6 cubis feet.
works at 325 lbs.

-5 lbs. ;{
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TryE PTSTOT,.
The method of ignidrt'the charge in all these torpedoes is by

mealg _of an arrangement which screws into the head, called
; a pistol It consists princip_aliv of a striker contained in a

. cylinder. Tcthe striker are atl,Cched vhiskers, so that in case
of, the torpedo striking obliquely it will. still be driven home.

_ .|nere are tnTee saletv arrangements to prev€nt premature'- 
exblosions.

i. The safety pin, which is of steel, passes throuEh a hole in
the outer end of the striker and close jn iontrct with the body of

. -lhe pistol, so preventing the striker being driven honre accid6nt-
ally, This pin nrust belemoved before the torpedo is dischareed.ally.- This pin rnust beiemoved before thle torpedo is discharged.

,2,  A fan which screws on to ihe orrtcr cnd nf +.ha cr#I ' . 'A fan which screws on to the outer end of the striker
(which is threaded for this purpose), close up to the body oi
pistol. When thc torpedo is discharged, rhe piessure of water -
as the torpedo goes ahead-causes the Frn to revolve. thus

.--- unscrewlng lt_ untll the tan has run oti the threacled portion.
- This occurs when the torpedo has travelleri 28 vards, L small

stud is screwed into pistol bocly, to prevent the:fan from beingstucl N screw€d tnto,oistol bocly, to prevent the fan from being
screwe(l naro up and Jammrng.

.-3_. { gqnner she.aring pln which. screls down through pistol
body into,the_striker. This pin is sheared when the"toipedo
strikes a, hard, object, but pievents an explosion on toriedo

;-'passing throygh sea-weed, &c-. 
' 

o..
, 

, 
BgJg{" the pistol, is fitted for seruice,. the. following. points

unscrewing it until the fan has run off the threaded

should be atteided to. The strlker shoulh be half-an-inEh inei
cylinder when fan is screwed up and safety-oin in
should _protrude half-an-inch when-satety-pinshould protrude half-an-inch when-safetv-p
removed and fan unscrewed-L\e striker is-dii

The dry primers are
1-oz, discs of dry sur

fan should work freely, and Searing pin mr
The d1y primers are stowed in copper-cvlind

-{a\e striker i
dhearing pin

1.q2. diiei of dry zun.cottow One ind 6f
"3$crew on to the- pistol,dnd has a recess
;ftonator, consisting of 34'grains of fulminar
'@ton6,tors are stowed ctween slabs of ce
6lhese cylinders musl .t on any accdl

ri+:

any
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pREC-\r rro\s BEFor; rrRJrNG ToRpEDOns.

".:-'s:.:"-'jl'"1#:*"i:d"tT-,*"ffi '*::rX""in',iii:i,ff 
::

,.,];rllllS ltl?ll:i'"'.,:":1'"",;}1ii1i*1.g |.L.),.pornrer"serdo,' thre.e
-r'r. j rr: ar' I "i'$ n"- ;r'" ; i',,:X,i"l,iit;ff"::" 

that the counler. tai l-

r I ) : jjl;,:i;"iii;:i ;;,,l.1iff " l:ltl :tf I n.il:i."1j*J,,fl:'' I $j , I i',? I -,1; ll'; il $.lt i'";*tii{:ii tj,i nT.i'ii,j'
.  ' .  r r  Lrnre pernr j ts .  t l r t  the. tc i r l ,edo. is  , .unk' to at lepth of  20' ;:'ii; JJ,IT lXlli':.i li,: i T,:"u;,l; Lj ; ;.;; d il\i; #;i

ArR-coMpRrssrNG puMps. I

t,f,li*1i;";,ft oi'ii,'i'g;fl:Hl3:f 
il.""t""Jr"i.*#.servicearerhe

Ilpscriptiou ol
Purnp. \ Ihcre placed.

Dep0t .. t, 16 c. ft.

8 c. ft.lVauA t tet 75
60

60

C01lt l t tSs
Ifoltttoin

| fitted l
p 0  l a c . f i . l  l

rr,oirs are 2 c. ft. each in addition to thc 4 c. ft. .

6 0  
f  

6 0  
i 3 2 c . f t . l  :
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. THE .A.D]IIRALTY PUilP

Consists of four cvlinders or barrels of diflerent diameters, A
plulger wrrks in'each, the plungers being all driven from the
ianrJshaft, The diarneters Jf the barreis are-No. 1, 6 in.; No,
2. 3 in,: t{o. 3, 2P in.; No. 4, 1} in. The cranl< shaft r,r'orks at
200 revo&rtions pir minrrbe, the. air being sucked dol'n into large
balrel on dorvn stroke of plunger thruugh a non-return valve, and
is foreecl into the second on up strokefand so on until it reaches
the fourth barrel, n'here it is clrir'en through a convolution of
copper p ip ing in a rvr ter  tanl<,  t l re *  atet  in tarrk keeping the ai l
c , , i r l - .  1- 'h"  t 'unr l '  u i l l  chelge a reset lo i t 'o f  l0 cubic {eet  to a
pressure of 1,500 ibs in 75 minutes.

BnorsnnEooo's Puup

Is srlpplied lo llte Chtlders and Srvan Isiand Depdt. The air
goes l ,hrough three cunr l r ressions,  one plunger only being used,
ivhich is of ornrller dirmeter thai the Larrel. Lut ii fitted-rvitb r
coilar fitting the barrei exacbly. On tlie first dorvu stroke air is
sucked dorvn into the barrel: on the up stroke it is forced into an
annular space between plunger and barrel, through non-return
valves in-the plunger itself.- On the second dorm stroke it is
forced into a small chanrber at the side of the barrel, and,so into
the convolution of piping in water tank, and therce to separator
column,

This cornprcssor rvorks rt 350 revolutiuno, being driven by-an
errgine of l5lhorse purver. The cornplersor is testel to a preslbre
of "2, 240 lbs. per sqriare inch, and wilicharge a reservoir of 10 cubic
feet.to a pressure of 1,500 lbs. in 60 minuies. The *'eight of the
whole apparatus is 5 cwt.

In both-pumps air arrangement is fitted by rvhich a small amount!
of water and oil is made to pass.through the internal parJlgdiEfhg:of water and oil is made to pass.through the internal
air, thus lubricating them and keeping them cool
worked frorpthe shaft, which keeps up a circulatig;

l
fi
{

I
j

I

-+

round the copper piping in the tank.

Snranaron aND CrraRcrNG

In both cases the air, after leaving the
means of an ordinary stop valve, intotht
consists of a steel t;be r3;-inch .thickiil



7

1 9

i r.: r.rn rl1 diarneter, the. ends being clo,secl bv rnetal caps. Tire ripper
r ', ir -_rl o 11i1,c, il it. The pipe l:ry ri,liich the ai'r enters rs col_i r -,rr1 , l(,9 l] tur a distrnce of 18 inches ; the other one ]:v tr4ticlr' - : .  r . i r  

' ,  
i r \ e .  i .  t i t l " d  r r i t l r  a  r r on , r . e t u r i r  r a ) re ,  on . t  i . , , i _  i , , i t r .

cl;ru3ilg columr. In the base ,f the separaioi:lrl*-'i* a a"al"r r  l ie :  n ler  the l i r  and oiJy naterentei , iG."p.r* io" . i i rn, rna. ,
r  . -  lw i l i ,  r ,u l toru Ri ld ts h lo\vn out  rv l ren the r  r i l r  e is  opeued, t l re' 1 r r  ; 111 , ; , ; . . . i 1 ' g6 r r . t , ,  t l e  cha rg i ng  cu )u rnn .  t t , " , l t , , , i s ] i l i . , , 1 , r n . , ,
r i  r r  i t , . L l nps r rue rn  cn r r . t r ucL ionas i l r o "e ! , a i l r o r . . l , e i r r g  f i i t ed  r r i t l r;  r ' r r i c t e r rd .u r r t l e t  r  r r l ve ,  and  c l r a l n  \  a t  r e rL  bu l t nn r .  Bo th  cu l r L r r r  us
1l  

. ,  nr ]  
i ,  

t . : r  I  L l r  l , r 'ersure gauges,  each gauge bcing f i  l teLl  \ \  i t l r  a . tu l ,
l r l  t  e \ l r i r u . L  \  r l \  p .  bV  n reans  o f " t r l r i ch  t l r e . g r r r 3 .e  gsn  be  1_ .1e j .' l - l . r  

. t , '1 '  rah,e nLut- : "o l I  t l re arr  t rurn Ltre colu l r rn,  anLl  on
tlie erhiust tL" i'ali;a;.;hould retur' to zero. o" 

"l"."il;"ntilgerhaust an,i opening.the stop vrlre, tL; ;;"e.ashoJJ* i.i;l ;ii;,rane ple.qsrlre as it did before testing. The"gauges ,",i!t ol*"y*I  ' ,  tc- t rd r t l ter .  chalg ing r  tor [ ,e.1o.

. The reserr.oirs consist of a rrurlber of steel tubes of the samesl , r  pc n rd.  s ize rb.  the- tsef  a l r  rur .  cr lur , ,n,  ; ; ; ; ; ; ; ; i  t "ur" t  l re"  l r ,o l ' l  e |  pt f , i l rg,  eac.h.  tut ,c having r  capaci ty of  I , rh of  r  c i r l , ic  foot" .
. i  l l l l -^r j :  . . ,1, ' i t lC: , t  rn sui tabte f ranres,  t l rc  lo\ver rube Leing f i r , ted\ \  r r t r  I  dratn cncl ; .  I ' l te  a i r  may be 1,1a11,u6 ei ther in l ,o t l re re_er_r oils -and from there admitted thr;"th';h";Ai"s 

";f.i; 
tn il."torpedo, or, in case of necessity, it is;;ssi6l;'to",,po"il, ai"."t,,frurn tLe purnps through charging colu'i,in i.-iorr.el[]'-' '

Test  the gauge rnd drain the colun,n.
J lemore.ai r . - in let  p lug.  and scr .ery i r r  charging nozzle.  The

lr&ilF,f ilH:i:l:""'$,""1i:il:"il':fl,,[:ll,$i"T];:"-*:gul;u,r,:" ; = " p""l'."t r' ; "' ; ;. ; iiii:,1si:i#"' Ti] ;" iii"t f,i I
rarge torpedu-,' and the nran stationed at inlit valre

ff Uf; 1l;:::.ii:jiI;,y,li",lii,1ll?,fl Lt*."'ril;1"*_11?::r'"*:'ii,;';;..'L'iJii-."*ri"''t""""p?a"l"bl;::'it:

ffi 
^il'?,, 

"T,h: f,'fil -;#Xi ;:'iS :lI#;

To Cnaneu a Tonpnno,

, t l
t l a
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I the no.zzl c j. rrnocrerved, and air-inl et pL rg replaced. Ai r pipes are
I  to be l : lorrn th i 'ough before use and good na"]rer .s put  in.  

'Great

I carc, rrrr r "t be taken that the I,roper pittern ch argin] nozzle lor the

I 
mark ot torpedo ts used,

l_
I
I
I  THE CO\TROLLING GEAR.
I

I  The corr t ro) l ing gear lar ' ies i r r  the di f fererr t  pat terns of  tor-
I  ped"e".  f r r  _th_e- H.[ .  i t  is  in thc br ]urLce charrr l rer ,  and the
i .rudders.are.held in the required position until the torpedo
I has reached its set depth.

I The amount of " up " or " dorvn " helm required varies rvith
I the, speed of th,e boat.and type of torpedo, and can only be esti-
i  mated by acluxl  exper lence.

I In the Mark IY. Fiume the rudders commence to release at 95
I and clear at 115 yards if set for the full distance, but can be
I  

adjusted for  rny distance np to C.]  yards.

! " 
M^qk Y. Fiume torpedoes can only be locked for 3 teeth, ri.e,,

I lor 5U y:rrds and under.

I fne 19-ft. 15' torpeclo commences to release at r15 yards and
! clears at 90 yrrds if set for the full distance, but can be adjusted
I  for  any di" t i lce r r i th in the l inr i t  of  g0 vardi ,

I In the R,L. II.* the actual hehn given due to the controlling
i gear is a fixed arnount, rvhilst in thle Mark IV. and V. l'ium6
I and 19-ft_. 15" torpedo_es the helm given clue to the controlling
I gear can be varied ri'ithin certain limits.

-!
I

''

a

1 gea" crn bc vrr iedl i th in certa in l i i r i ts .

I fle llolme-' light, rhich is usecl rvhen running torpedoes for

l','}i;;F",'}il":ff ri:xll;:#i:i'ili:J'${f *{*lii:tffiii
I holes bv rvhich the rvater, :ii;,:ffi*,r{ffiil'1fi;q*trn
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Avrlacr Dnrltcrtor*.
The founttts^oJ Eopctottn,s rer rom zu ro B0 before, 

"i["]"'il*.:]?l=r  ronr abeam to 20.  bcfr , re" to 10. ; ; ; i ; , , ;1 l "* . i .  per knor.' 
iil *'" li:l', J;:?',,11: J,; l{": ;,. r'.''k" 

w 
rr IJe r K r

DEF,LECTIONS

ill],.y.{ in Chitdtrs ancl second.class boats.
,.,,',i )|i,,*i,:t,;T"%fff,: otn 1t'' i'""i""it' "positinn. rs in rhe
for.all,speeds abo*'a"i ni.L""ttt 

towrrds the t"r1'ecio io r,"'ril"a

" ":i i f.::3*1?LT %fff.. jil *11"*t lf ". g,o*1tion3n bo ar cr .r ft ; ri t r 6t"rpedo to rr. n*li# 
"ff#;:;".""#Jtlfl'rector 

arvrv fronr the

"ff:iiyf,fssfiBBs".r$$s;'#b|?Rr**'Lfl "
At. the order-

AcTIoN.
-Yenos
RaNen.

-n'rul Darl.
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| 1 then a,,4iusts for range, depth ancl reducinE
I \atve.  \Vhen the torpedo i r  charsed.  2 d isconl
I nects the c-h:rrglng pipe frorn nozzlii L remoles
I  nozzte, ,and replaces.  a i r  in let  p lug;  1 adjusts
I conrrot tlng gear and sees it engaqefl : 2 fitc arrtl
I  screws in p isto l  or  Holmes, 

- l ight  
:  I  orde rs

|  
*  Launch.forward: . ' '  2 ]aunchesfrr rvard:  1 kevs

I dorvn vertical {in clutch, sees sinking lever in iis
I place, spri ns prrr I en gaged, engage*.ii r Iever ancl

|. fli:,|'ffi' *:'Jffi:;.''n"0"" 
blori'ing charge' close*

Norn.-Care must be taken to see that no cardboard discsfronrprevious blo.ving charges are left in blowing bo", 
'_- *

Peerrurxany Dnur.

_ Tnrrr  f  1 mrns af ter  rv inch handle,  and rcmoves davi t -
Tonreoors. ! securing pin; 2 mans foremoiirvi""n"L""al" ,rla-\t'tlst 

-o), { rem_oves tlavit-seculing pin. When out, I order; .
5ec, ncl I 

,,Well, , 1 and 2 scrd# in securirrg piir", do*,
Posi t ion,)  Lpawls: '2 inserts Cun po;nt--"""*"  

' ' "

Rnaor. ( .L otr clips; 2,take out *ir Iever, firing bar, and-.(Por( or. ! pistol_safety pins, giving rh"r" i;-i:-"*il;' i i;;
nr(rboard, < attends the firing gear, pluEging- up for torpedo

^!::'*:":l:: , | :B:l',t], and turns the chrch"to fire': 2 aftenhlngqfil,r Iot,p(do,) \tlrrng [ever.

-1

"s
1l

I
I
I
I
I

I
l

I
I

\-

Frnn.  { .^1 press^eskey andretu4nsthecatch to, ,safe, ,
t rr a mlsstlre occurs ; 2 pulls the lever.

IF AR,NIED WITII R.L. II.* TORPEDOTS.
Tt'e sarne, efgept 1 provides wrench for air-inlet_ rue $arrre, excepE I provrdes wrench lor air.

tor clep-th, cock.ing tail, _reducing vr l i  e and ch
2 provides pin-screw'driver, 

-ordi larEtng I
wdrivi,

5n:i1,"""* $;!: Jiii h&"Ll,lf i r;r#"l1i"dT:y"T1"d"",'" fl
pipes.rargrng prpcs.

The toipi:does qil l  be charged in the follow
board aftei, port after, starboird fore
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PICKING UP TORPTDOES.
At the order * l leeover torpedo ,,_

,. il?:;ii_illk?. 
of opposite crer.y tend nose and tait tines or

N:. ]  - l  rhe tai l  ;  No. 2 at the nnse.
-au ,  I  o r  c rew kevs  un  f in  c lu tch ,  ra ioes  t l ipper ,  and romor .es

li 
rf 

{"1".r,t";lf.r ; 
t hen piaces ton g" ; n pl"it i on,"i, j'pliil in ri,i u g-

. -t:o- 2 iemoves foremo,t chandre, working ora"" airu"?itjff"fK;T 
tends. foremosf rvi.ch

."ilii;*to?1i"1 
then trim torpedo into first position, bnd pur

tfrili;frt 
then puts counter sl,ring parvl to ,,Out,.. and blorvs

U"*;.r"J$_:"se 
tine, breaks ofi Holmes, light and rakes our

".'Y#lrlg"n"Uo 
is drained, he repiaces th.em and reports ,,Drain

.l,lf;i.1 
then orders ,,T,aunch in,,,and keys down vertical fin

-A.t the order,,( Secure,,. I on clips.a\o.s. I and Z out secur.ing piiis, trim torpedo into securingposltron, and ease 
"prings.

DRIIi FOR REVOI.VING TUBES
IN N6-T'T, TORPEDO B(
.. r,ruME ro##oudJilG n'rART( rv.

fi$lfpdn{,{"#rft ;H{iT:'}5,1:i,{{i{"'-}itr

t'l

&*"*r?:?ti$'ffi 
-,3i%f, '*tecr as a pair
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F
;
T . AcrroN. .f At this order aII numbers down raiis and

-T-\RDS I clear arvay on deck, 1 and 3 the Starboard side,' 
_Rariq4. I 2 and,4 tlie Port; the numbers then clear away

-leer flrne I securinpJ chain, 1.and 2 the after chains, B and "4
-Tn,rr r t rc.  I the for"rnosL.

- No. 1 the_n orders " Loading Position," naming the side recluired ;
1 at t -ends the sLop; , t r  the t ra in ing rv inch:  arrd l  when jn pcis i t , ion,
1  o rde rs  "S top : ' - 2  and  3  sh ip  l o i d i r r g  t i , , r r gh .

The Nos. then provide tools ancl gear as follo.lvs :-

{rt

.G
1, Chargi

and takes out pis

against

up handholder,

) l ra rg in3  nnzz le  and s l ra  n  nprs ,  rv rench fo r  a i r  i  n le f  p luq .
s lo l -vN l re  key ,  spanner  lo r .de1, l [ ,  pu in ted  p in ,  smal lrtop-valve key, spanner for.depth, pointed pin, s:r
screwclriver for range, and then ships the diiector.scretyqrtfer 10| runge, rlld tnen snlps tne dlrector.

2. Scrervdriver', oil feedei, spanner foi reducer, anil oil'
^ ^screrv in tail and cartridges.-screlY rn tall and cartrlclges.
3. Charging pipes,_strop, rammer, nose and tail l ines, and

recoYerlnE nooKS.
4, S-parner_fo-r screwing in pistol, and see everything ready

below for fitting plstol (if f,)r exercise). sprn-ner for
Holmes' l ight  hold i r ,  and a screwdr iver, '  

-

No.1 then orders "Launch Back;" 1 and 2 open the door; 1 on
clips and attaches the"tail line; 2 attends the stop; 3 supplies the
tai l  l ine;  I  prrshes "n torpedo f rom af ter  end of  t r ibe:1 and 3 nran
the taiI. lin. : rnd the rorpedo is launchetl brck on l,he tr"ugb and
charged and, adju.*ted under the direction of 1 in the"usual
mf,nne-r, special _care _being talcen lo see the controlling gear
propcr)y a, l j r r " t "d.  and the t r ipper comec[.

2_attends the stop,
When all the adjustments are made, 1 orders ,, Launch In,,,
rttends the stoti, 3 the rammer. and 4 the tail iine: and whenant l  4  the  ta i l  i i ne ;  and rvhen

.?
the nose of the torpedo has entered the tube. 1 ordeis'., WeIl.',
and takes out pistol safety-pin (EivinE it to the officer in eharo6)and takes out pi-tol safety-pin (giving it to the officer in charge)
as qoon as the qide luqs reach the door, 1 sees the torpedo sQtii l t i?s Egon as the slde lugs reach the door, 1 sees the torpedo scir
in the tube, and when the swelI of the torpedo has'passed
rear stop. 1 gives the orcler " In Stoo ": and when the, torner

No. 1 then orders " LoadinE Position "
nunrbers perform the same,duties as befo

t
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The engine-room or torpeclo artificer attends

27

?

.l

.  - r -o. , l  then orde.rs " t r ' ight ing-Posi t ion,"  and the t r t . *  o""  
'  

.
r lAtnerr  i rs  prevlousty orderer l .  underr  the d:rect ion of  1.  - l  at  the.-
t ra in ing rv inch,2and 3 at tending on deck to ree ereryth ing c lear;
and assisting to train the tubes.

Pnrp-rnr ) -,
Si;.u_r;;; !. I'he torpedo for the srem tube is then prepared
TOR.ecoO. J 

ln a srmlrar  manlrer '

I  1 and 4 at tend at the af ter  t t rbcs:  1 the di recfor .
R r rn r - .  . l  4 , t he  t r e i n i ng  u i neh :  2  ona -s -  J  i l . " ' . i ; ; ; i l ;

)  2 opens bow capl .3 opens di rector ,  ,cut t les and
\ Sees rlt Ctear ahead.

Sr . r : lo  By .  {  
I  remove^s .a fe ty -ca tches .  f ro_m f i r ing  levers ;  B

t lemoves Satety.prn lrom hrlng bftr.
561s.-;tp.m-tube director is afiended by the l

man at the wheel,

Frnc .  J  _  Th"  tu r fedoes  are . f i r 'ed :  sa fe ty -p ins  rep laced ;  r
| 2 closes how capl and creu.s arvait next order,
(  S l rou ld  a  mts f i re  occur ,  s r {e t1 . -ca tches  and p ins

llssprn':s- J are replaced-!l 1 or 3, handholders removed- by
) 2 o,r 4. ca.rtridge, chamber cleared out, by 2 or i,
\anc |  a  new car in r lge  tnser ted .

( rca*c  (  Tube a t  thc  ready ;  sa fe tv ,c r tcheq and n ins
pii,.:-" { repleced bv I and B; handholders removed by 2r  r n r r \ u '  ( a n d  4 :  2  c l o s e s  t h e  b o *  c a p .

f Tuhes are trailred into position and loading_
t  NLoAD.  {  t rouqhs  sh ipped s ide  requ i red ;  and the  Nos.  the"n

Lperform the saue duties as in ,,Launch Back,,,

^ ( The tnbes are trained into the securing position
SEoURE. 

1 anil even'thing replaced by the same Nos, as in
\  c leanng lo r  ae t lon .

Ao"rusrlmrr f , For after .tubes-water-tripper removecl, anil
oF_TRrp-pEB-  l rune- r r lpper  1n  proper  lqs i t ion ._  to r  s t ,em- tube*

. ( Waier-trlpppr to be uqed and trrbe-tripper raised.
Elorsrn;cfr.i. { .} i or steni-tube-hoist in with tai] f orward. For

compressors, and renders general assistancs
re01ured.

6tr
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Prepare for actiun in 136.ft. Tolpedo l,r,rt-_
r,oxstvfl;n ln eonnlng_ to\\.pr *teet,jr r j..
4 meri preptre torpedoes-
1  Nava l  B i igae le  l r ;an-  a l r tu r r l r i t iu t r  s r rpLr l \ - .
2  Nava l  Br . foade men ro  each - f  o rJ . " i l i t 'E i , r .
z pass up arms ancl look.ott, I forvard nn'el i aftattencling

o n  t h e  c u n r r n a n d i n g  r , f l 1 q " 1 . ,
2  N-ava l  Br i3 -ade nre i -  e le . .n . i c  l igh t .
t  L \  a \  a l  l j t  tHxdp man _s ig . t r i r  lma l i

DRII,I FOR THE 15" 19.FT. TORPEDO
WIITN T'IRED FROM THE AIR, GUNS ON BOARD

THI ,,CHILDIRS,,TORPEDO 
BOAT, 1sr CLASS.

The^crew will consist of 6 men, rvho
room facing in-board in the folloiv\g p .fall in in the torpedo

tons : -

os, in succession from No. 1.

ar^id_4 hook on the foremost
{ogrjng_ and place-ii'oi
d 4 hook on the forcmr,ct €

6 the af ter ;  3,r  l r  the  a t te r ;  3 ,  4 ,  and 5man
cnarn ;  1 ,  2 ,  and 6  the  a f te r .shoots are'high'""*gn, I '  Ira Zafter-Iugsl S and? ttiip-i.i

t

6

2

Nuulnn.

AcrroN.

Nore.-The fo require keying in bad weather.

lifted first,
Ifnless otherwise\ q!9fed, the rtarboarcl shoot *ill ulruo, L"

rreinost lugi. 
- --'''

gs onlS'require kevir

I
l"fil ;ifi ilJ iH:",x,ru rr.t li':#"*-,@&lryiand
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The \os. then provide the follotr.ing tools :_
t Cl*:g:l.l_ nqzzle,..rvrerch lor air -intet, spanners foi

:liiil!.i Jil ",. cre pth a nd coni ;r ; i ; ;c",s J,ii.,'i;iii iii
i-.^Y"^9]ti"it't,li l bottle. r.nd gauge for redrrcer.
N-ose and"ta i l  l ines anr l  

"L;" ; iu, : ; iSpannor for  .cren ing i ; , ; ; , ; : i ; '? . olmes'light holder,and a scrervdriver. "

F*tTT;,1*':j**ff5xd
.  

T) 'e. \os.  then c lose up on the orr
r i , i i . , \ \ l l l g  p o s l t l u n s :  _  |

L On the right I Abreast
l .  0n the lef t  I  engines.

5. Between 1 and B.

eck-1ine.
tor,

either shoot in'the

right I Abreast
left f head.
2 and 4.
4 becomes 6
t i " 2

2-,oj]s tir,e SKinH ; y'.turno rl,e icre\vs. then 4on c l ips ;  1 he air.inlet 1rlug, sc.ews
_-*r.vos_ I on theLjl;" ?f li"*i#ffiY'/f; i'l fl H:: .:rlf !r.9 bv 3r
pnnnr:'s I wuu Lr

rupur,sl. I cnarges
_w n _^" I an(l red

ll\ :l;;iffi : ;?.,11 li" l,'nru ir.;,;" g;:
r. JTtif*Lt# "#J ;ik# :ffit e, 1 ati end s inn er troor an d

pH ERE'q i :"1i^ ]-nl$ {\?Fd,s /t!e. charsirg colunrn and

l\li ;;'i ] ff I :ffi 11,",$\1,""v; l.ll,:i t' l i. l= n'iiff oo i,lf t-r t;I*B?," l,N3"ffi;:Jfi?iTfj r'#li,!3 itiliuil

L.run c,., t.-, {",*L'o il!'i h";':i::k1r rH: rt U:l li: iXllf ii;ll in  second posir iun and pi i . '1" . . fJy"_pi" . ' ,

#.]tlJ*"?iI"'J"'lf ff "*.,1$it,:,i:'f,".1:,Xi}:"-,,lJ,,i;.i",1:
rzii
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second to the first position, and puts in safetv-pin, As soon as
the tail-frame of the torpedo reaches the door of the tube, 1
orders "Well," sees the torpedo squere in the ttbe, cocks the
tail, and orders "Launch in," T[e torperlo is forced slorvly
home I when nearly to the stop, 1 orders " trVell; " 5 rvithdranis
the  rammer l  1  removes check- l ine  andp l ips ;  l  and  2  c lose  the
door ,  fo rc ing  the  to rpedo o l r r r  l y  J ' . r r ie . rhnd scre l  up :  I  goes  to
t h e w h e e l .  

"  
\  I

o"f IoPo'J'^{-"i.^#i;?1i''iW"T,"#ffi ;li"JiJ","}i1g
f z. anct B op.{tnQjp"/ pr and auxitiary vatves,

When t l te swel l  of  the torpedo ha" passed the rear sto1r,  1 g i les
e order " In stop," on whlch 2 shi-fts the firins eearfrorl thethe order " In stop," on which 2 th-e firing gearlronr the

y-pins of firing gear;

see the locking-gear
open inner doors; 2 and 3
shut .-the stand-by and

board tube. )
and tnbe at the ready, 2
-pins, shut ofi stand-bv and
and 5 close the outer doors ;
w cap on the outside,
r inner doors I 1 secures the
th_e tail of the torpedo; 2 +

1firir/g gear,and rear stop; 1. srrper-
leping friction-break free, all spare
the check-Iine. L eives the order
Back." and when the tail of the

IIwr,oao. tor \ l fs  c lear of , lhe gun,  "Wel l , "  easesup
the taT-spring. and puts on the clips; 1 then
orders "Launih Bacik,"  and,  when dhe nose is

I clear of the gun, puts in the pistol safety-pi
I and 5 hitchei up the check-lin6, 2 easing rip't
I reducer ; 4 rembves the pistolr'and 6 relur:ns
t to the masazme. _*- -_i



l r r
- t -  

Crose I -e.  The No. r i ,a-  - r^^^. . . ,  ,  _,
! r,lTitjll.e:l:,*rbrfie order of 1as before"

Sncuno.

I shoot ,into
I  Wheu the
I floorino lf

+ [falls in

TORPTDO IN.

NAMES OX'PRINCIPA;-
Da,vt. GriilRTS oF DRoPPTNG

Curyed arm of clavit,
o rowrng box ,'long 

tube.

Blll,lu* 
and spur wheel.



7
32

Fir ing lever,
Studs fot. u.orking firing tube by ler-er.

tfrj::ttfT"f,::sing 
tJrrough tons tube rnd firing rube).

Air lever t

Inclined

Coal per houf, Zt'cwt. Revolu

Air lever trippers.
Tongs lor h"lding the torpedu,
Handle for  adiusi inc a i r  leter , .l -Jan-dle{or  ar l ju i ing r io t . i " " .
Eccertric sheaves l ivhich have to be shiftecl to suit each
_ pa t te ln  o t  to l , l ,edo) ,
St-eaclving hooks'.
Stay tub-e 1ro,l insiCe connects ivinch handle*).Stav fubd (rod insi
Enii of firing tube.
I  nc l ined  p lanes ,
T!1:ag.9d bar{attached to.fir ing tube for adjusting andueaded bar (attached to

worhilg air-lever tripper),
umber block-

Bearins tube.
There are is .o descr ipt ions,  l ight  and l reavv,

" f i l : r l ; l : I  
l 'a t tern i \  f 'L ted i iAhir r t , rs ,  anl  take* aI  pat terns

Plumber block,

The-liglrt pattern is fitted
kes l4-in. torpedoes,

in a1l second-class boats, and only
takes 14-in. tbrpedoes,

In the second-class-class bo*ts it is fitted to secure in tr,vo positions
for firing, one for fine rveather r"cl o"e fo"'.o"eh.

DETAILS ON' THE " COUNTTSS OX' HOPETOUN."
Crerr-

Lieuten-ants or sub-lieutenalts, 21,rvarrant officer, 11 engine-

ffi iJliost" : G; lllf; I I ?:'j[:l"i,o$, I'o u"'", 6 . i; r# .'tri"";;;,

H':lfl','i#ldif :"!;i;ii,,,?J1iff l,ti,J:-"F';B"Jlii"i'Ji,iti.' ionnage, 80tol rs.  Draught foruarJ,  3f l .  J i i r .  
-

Uolti ln bunkers, Ll lons. Disg2nc,s at full speed, 2Ig knots.
,t u[ speed. 20 knuts per hour, Coal per hodr, 30 cwt.
Revolut ions,  413 per minute.
Economical speed, 10 knots. -Distance at 10 knots,1,200_knots.

-



I)is1,lac,pn,p^1 ra'qes frorr 

3"1

I tf'.:i' ; ;'* ;t f i; il: i"'T:hT- !:-:i i"#ilf :l'$:y, :: til: j"lf ;
,  The burt  is  d i r . i< led into,"ifltl*.*#:"1{Tj,,i*!4:?"::T3ft 'f; if i:ryeighrwhore

t n\e d .l,cnr trLire a rrci 2

*,f l:r; l;:Hi-,rx j?ir,i :rils +li::.: 
* "'"1 "' as a pai r,

19:-r!."1, ;i;h il;;;i;;$"j: it?T' 
with e6 ro.nds per sun.

r6 i,rijli;J,r" bu rounds per pisrur.
Air punrps-2 13r.otherh ooc.l

,"con,r,oui,ia!*d;'ii'dlb6ii?.i:;* j:j;f i;6fi1,?iTf ,T,r1,i:"'_tJf ;

crew_ 
DITAILS on,TrrE,,CHIIDIRS.,,
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1o cuttasses. J
. 5 pistols; 50 rounds per pistol. I

_ .Air ._pumps- l  Brotherho, ,d,  10 cubic feet  in 60 minutes I
1,500 lbs.

_.Dynamo series. 2,000 c.p., and projector fitted with a
drvergent lens.

SWAN ISIAND DEP6T.
Air.,at 1,500 lbs. pre"sure, 32 cuL,ic feet in

columns tor cnargr.tE,
6,000 gallons oI wa[er,-{0 tons o.f coal.
One Brutherhuod pump, for  charging,

reservoirs I threg 
=

.,N'AWKNER.''

One admiralty air pump.
One i 'eservoir,  capacityt0 cubic feet; I ,b00 Ibs. pressure. I

l

N E P E A N "  O R  " L O N S D A L E . "  {Crew - I

,"ilffftrlr"rTf i,lil.T,jf;T''-h'i";*lt1 stoker and stoker, 2; 4
Lengbh,63 feet .  Draught,4t t .  Bin.  

'  
I

Beam, 7ft. 6in. 2 tons"of coal-7 crvt. ner horrr r.f frr'll cnoarl . j

\
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Ammunition supply:_

1 Iilg.; Z0 rounds per rifle.
D Cuilasses.
5 pistols; 50 rounds per pistol.

, .GORDON.' '

t

Warra,nt officer, I ; artif r

"'"1'Jd,fljTFh;tli.b*,,wi'$l1111stor<erandstoker,2;
-f 

":ifi*J:qtt,,,.;r?;ri.ll*i;"id,iti;;,$1",i:;perhourar
i:..",,F id -fl {i"lt l' #::l:il 5ai s ne e4 8 k n ots.
i i;.",i*'Jit' ; 31!, 3'"=" :1" 1'ii 9 

" 
R ;; ;i ; ;' ;; -, 21 0 per m i n u 1 c.

torpedoes, and-d';;;;:'b;;ir:; r:if f{"$:;ii,ilg 
gear Jor r+.in,

Ammunition supply_
3 N^ordenfelts; 96 rour

; :l{iiij"d,ft "?r'. []i,4; g* *",
5 pistols; 50 rounds per pistol.

. DrBrcroR.
Names of prineipal parts_

Radius bar.
Iaemy's speed bar,
a ne arc,
Blocks antl belel edges.

ill;.:"du" 
bar represent-s the path a-ni ;;"T;;" rorpedo

Crew-

always.

tion in which

Backsieht.
Clamplng screws.
r Orestght,
line oT sight bar.

. pnemV's speed bal renrese

;il",ll*ll1_rd$ii;1"#li.:i?i1;ili#%,:T3,,",'_.,1:3;"::
*,
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Readings are tzr,ken at the bevel edges of the blocks.'lhe deflection of the torpedo and speed of your own
allowed for on the arc bv the radius bar.

Ships'direciors are generally a complete senricircle,
is a smaller pattern for right-ahead fire and in boats.

The followinE are the circumstances under one of
must be placed-when using the torpedo director:-

1. Ship and eneruy stationary. No tide.
2 .  S l r i p  m o r i r r g .  e n e r u y  s L a t i o n r r ) - .  \ , ,  t i d e .
3 .  Sh ip  s ia t ionery ,  cnerny  tno \  i l ,g .  No t ide .
4. Strip and enerlv nrovirrg. No tir le.
5. Ship under wpigh, enetny at anchor in a tidervay.
t i .  S h i p  i n  a  t i , i "  a n d  e n e r n y  r r n ' l o r  w e i g h .
7. Both under l 'eigh in a tide.
8. Both at anchor in a tideu'av.

1. Get a bearing of the enemy by means of the sights on the
torDedo cauiase ind tire direct.

2l l-"r the torpedo to leave the ship ol the beam-supposing
yonr own ship to be going 10 knots-train the tube 15o before
the beam, prrt the radius bar of the director on the beam, and
f i re  rvhen the  s igh ts  c i , r re  on .

Norn.-If your carriage happens to be trainetl 30o before the
beam, and there is no time to alter, put the director 15'
b"fore, antl f ire aq 1,he sights come on.

3. Set the enemy's course and speed and speed of the torpedo
on the director;_put th,e;adius bai and carri ige on the dire6tion
you re lu r fe ,  and f i re  wnen on .

4. Td get-a shot right forrvard train the carriage to its forward
nrt (sa.y 30" before), put the radius bar at 15' (allowine 10

ship are

but there

lvhich you

-r<

l
I
I
I. l

fl
I

-

I\

lrmlb (say 30" before). put the radius bar ar, 15" (allowing l0
knots as speed of ship), put the enemy's cuurse and speeai of
borpedo onlhe director, then fire when 

"ights 
con)c on.

. 5. Suppos_e th^e tide to_ run 5 knots, ship steaming 18 knots,

Iimir (say 30" before). put the radius bar ar, 15" 1

torpedo on the director, thin fire when 
"iqhts 

con)c on.
5. Suppose the tide to run 5 knots, ship steaming 18 knots,
-rpedo to be fired on the beam, train the carriage 2T'before,to-rpedo to be fired on the beam, train the carriage

allow for speed.of torpedo, and put the ererny's couise as against
the cumenf and hcr sfeed 5 knots, then fire u". befo"e.e cutrent and her speed 5 knots, then tire as before.

6. Allow for the tide as if it were your owr speecl and courso
the opposite direction to the curient, and adjust the radiusin thein the opposite directiun to the curient, and

0ar accordlnE.lv.,r accordingly.
7, Make the usual corrections and al for tide.



t
L

I
I

.-

37

, . S .  
S e t  i l : e . . d i r e c t o r  r i - i t h  t h c , e n e m ; ' s  c o r r i r p  n j , p , , s i t e  t { ,  1 t er l r rec l ion .o l  the  t ide  and speed r , l re  s rme ;  th "n  r ra i r i  theso as to allow fo" tide as yiu, o-o" .p"ud;".n[;;i.c';[."J;:t-9"

lfarrlie r,oii A SHrp soun wAy oFF,
To steer to mee-t her as soon as possible, put vour sTreed ancl

: ilil;,: i.'l :J Il'H.* "(#1;';^ "r u:"S#,:fli ra " i',' a t r' "rnelt steer to l(eep ].orr sights on rvith the enemy,s shrp.

Arr,tcrirle e Snrr,,

, . , I f^yT: ib l : . lme dorvn wi th t l re t i r le.  as y, ,1 r re r  ehor{er  t . rel r r loer hre,  tnd you are Anirb le i l  to r le l i r  er  ; :our on n f i re ssoner.
No'rn.....'-The Ca,untess oJ ̂Ho11-ctonn,t director l,as three fore-sights, the centre one t,," it"l"g Urtt t"i".iog"it 

""; 
onathe 616p" t rvo for  f i r ing . "" t  t iG; ; ; ;^ ; " r" i r ;  " " '



Electricity can be put to many uses, and mav be produced in
var ious ways.  I ts  use in the serr icp is  corr f ined almbst  ent i re ly
to,,fitllg to.rpedoes,_gu_ns,..&c,, and also for producing what ii
called the " Search Lisht."

That used for firing guns, &c., is called Yoltaic Electricity,
and is produc_ed by the chemical action of certain liquids 6ri
difierent metals-

That used for " Search Lights " is called Magneto llectricitv.
and is produced by the motion of coils of wire in a maEnetic field. 

'

Magneto and Voltaic Electricity have exactli the same
properIres.

38

PA.E,T IT-

THE SII{PLE CELL,

the air, andir,'ceriain amount of heat is prqtbhhElf we biinlhe

A combination of two different metals, immersed in the
sameliquid,iscalled a_Simple Cell. Supposewe take a glass
jar contailingweak sulphuric_acid, and in it place a pieci of
c-qmmerci-?i zing, lve-observe that aviolent action ta,ke-s place.
n'irst of all we find the zinc is disappearing, or is beinE disJolved
by the acid i secondly, the liquid 6egins td bubble violentlv. eas
comes free'ly ofi the zinc plate ; thirdly, the liquid gets hol, " tf
we now place a sheet o[ copper into the same jar, taking care
that the two metals do not iouch, no change is ipparent i-nside.
But if we connect thetop of the two plates"bya c6fper wire, the
action inside the jar wili be altered-and th"e wir-elwill become
endowed with wonderf ul properties.
. First, insi,l-e the- jar the bubLles will be seen to be rising from

the copper plate instead of the zinc; secondlv. the zinc iiil be
_dissolving faster than ever I and thirdly, the tenperature of the
liquid will cease to rise almost entirelv, This is the explanation
of the so-called electric current. By putting in a copier plate,
and joining both piates bv a wire, rre 51u" ciueht this'heat and
made.it appear in the form of work outside. 

"This 
heat is pro-

duced by what is called " chernical combination.', To takd an
example-When coal is burnt chemical cornbination is going on,
that is to say, a portion of the-c-oal is uniting with the o**ygEn of

-
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coal in the open air the heat produced by the chemical combination
simplv radiates throtrgh the ai r  and we gct  no resul t .  but  i f  we
burn the coal in the closed furnace of a buller, the rvate+is turned
ijrto steam, and ve_can- get workdone by it. So in tlie Sinrple
Cel l  the z inc is  being burned arvav bv iombining wi t l r  a pur-
tion of the acid. The force which rvas holdirg t[e partic]ei of
zinc-together is set free, and appears either as [eat in the liquid
or, if we join a rvire between the plates, we can dorvork with-the
wire, Amongst other things we find the wire rvill deflect a
magnet,_by which_rn_eansweian get mution. The rvire will pick
up iron llings, and the rvire itselfbecomes hot, by which means
we can, if ue please, boilwater and use the ste6,m to drive an
engine. 

'We 
now see that if we place two metals in a vessel con-

ta in ing an acid,  the metals being so chosen rhat  one is  more
acted-upon than. the otber,  and we ju in the plates by a wire,  we
can obtain certa in resul ts f rom that  wire.  Now to 

'examine 
the

chemical action which takes place in a Simple Celi. n'or this we
must use the chenrical names-of the plates 

-and 
the acid.

Z.inc., Zn, I SuI4inc., Zn, I Sulphur, S.
Coppcl, gq. I Sulihuric Acid, II"SO,.
Carbon, C.  I  Snlphate of  Copper,  Cu.. '
Manganese, Mn. I  Su".
f;;l;;;ft;;;'k. I ai',ii"";* sas. NH".
Uxygen gas, (J. I Peroride oI Manganese.
Ch lor ine  gas ,  C l .  I  n lnO, .
Nitrogen gad, N. I Sa1-amriioniac, NH*CI.

Tlre o,rdinary Simple Cell consists of a plate of zinc and a
plate of colfer immersed in dilute sulphuric acid. which
expressed chemically is as follows :-

Zinc,

Zt,
Sulphurio Acid.

H2S01.

eopper.
Cu,

\,2\
I
I



The action being that the zinc is dissolved, forming I zinc
.ulptate. llydrogen gas is set free and the copper plate is
unalIereG.

This a?tion shows the defects of the Simule Cell. rvhich is
that the- hydrogen gas being set free deposits itself ur tle

ln

what vie want is a celi that will remain constant and go onfiring

copper plate, and eventuallv stops the action of the cell. fn
Electrical langu_age this_ is caltred P-olarization bf the passive plate,Hlectrical language this is caltrbd Polarization bf the passive plate,
and at once condemns the Simple Cell for use in the service, sirc.,
what vie want is a celi that will remain constant and so on firinq
guns for an indefinite period rvithout much attention. The
terminals which are attached to the nlates are called noles of the
battery, and the names of the plates and poles in all 6ells are as
follow :-

The plate which i-s rnost acted upon by the acid-Active
DlaIe.

' l 'he plate which is unaltered by tire acid-Passive plate.
T e r m i r r a l  r t t a c h e d  t o  a c l i \ e  p l a t e - N e g a t i v e  U o l e ,
Termina l  a t tnched to  pas" ivs -p |11s-  Pos i t i ve  !o le ,

A Simp1e CelI is called " inconstant " because, as already
explained, the hydrogen being deposited on the passive plate
stops the action of t6e cell. aid the currerit obtai-ned becorues
less and less, and eventuallv ceases altogether.

JMe have seen that the force rvhich Eiv'bs rise to the current is
produced by  the  consuur r r t ion  o f  z ine  ln  the  ce l l .  Th is  i s  ca l led
lhe electro niotive force oi the cell, and depencls entirely on the
nature of the piates and the acid used,

The greater the difierence of the action of the acid on the two
plates the greater will be the available force. To take a familiar
instance-Suppose lve have two zinc plates in the ce1l, the acicl
wil l act upon both plates, and we shall have the force set freewill act upon both plates, and we shall have the force set free
acting inopposite,ways, like two men pulling. opposite ways on an opposite wavs, like two men pulling opposite ways on a

Al th i rugh theie 'wi l l  be a heaiv str ; in ' , in  the ro"pe,  the
sult wilt be nothine. ff u'e hav6 two ulates. one of-which

rope_. .Al.though there will be a heavy strain on the rope, the
total result will be nothins. ff v'e hav6 two plates. one of-whichtotal result will be nothins. ff v'e have two plates. one of which
is acted upon more than the other, the simiie rvould be a man

we have a simile of a man pulling against nothing, ald we get
the maximum result, The-Ienet[ oi the rone would make'iro
difierence in the total result. and.

-l

--.5,

, the size of
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the nlates anil their distance apart do not afiect- the. electro
t"rtii""t.t"" il.lf.f.i ot tr1s, icll, ard l'e,*1,v t.ltli .It M'F'
, i " r " nO"  . o i . f y  on  t he  na t r t t c  u f  t he  1 ' l r t es  r r r r l  t l r e . l i qu i d  used '
' i " i j " .  ; l ; " . i ; ;A ' " r  uni t  ot  e lectro mot ive l " r 'ce is  c i r l led one vol t ;
in ottte" worcls, E.II.F' is measured it 1'611s, in t-he sane way as
rveieht  is  -ea* i t rcd in pourrd- ,  ot 'd isblnce i t t  vrrds.

TLe ef f "ct  nro4uce' l  bv the rv i le u- l i ic l r  jo in* t l re p ' les of  the
." t t  i - , i .u*1l l - ' " . l le ' l  the i 'current" ' thp or ig i r r lL srr l rpn5i f i6n [ -s iag
ih . t  ' ; . . i h i " g  ae tua l l ypas .ed  r l ong  t l r c  r v i r c .  ' 1 ' h i sh r s - l ong

tr""" al.rrt*"ii. but th6 
-name 

"current" still rernains' What
actual lv '1af tss p)ace is  thnt  +hc l i t t le-  pal t ic les o- f  coppcr com-

i , " . i "s  ih;  i " i * 'are .et  in r  s tate of  t ib iat ' . ion '  and thus prod.uce
; J"rlili; tlre strrouncling atrnosphere. Curlent is rneasuretl in
ampdre-*, just as JX.trI.!" is in volts.

It rvill be easil)- seen that-tak-e a-given length^of rvire-the
effslt lroclucecl #iU ioct"a*" with the nnmber of particles or
r"nt"" t t ' t "*  r t  which t l r i -  r r i re is  comp' ,*od-:  that- is  to srv,  that  i f
*" a""t t" the area of the wire we shrll get double the effect
t"or" tt 

" 
*o-" cell; if we halve the area, ri;e shal1 get.oniy.half

il" 
"ti""t- 

This is'expressed by the tern "re-sist-ance, " and we

"*"ihrUit 
we double ihe tteaoi a given lerrgth of l' ire rve halve

ih"e resistance.  and i f  rve halve t l te r rea rve t lot tb le t l le  Iesistance'
siithat. with any siven cell. the electro rnotive force being co-n-

" toni .  
i t  

"  " t t r r " i t "ot  
"ef fect  p lndac"d 

' r ' r l ies 
inversely as t l te

resistance. This is called Ohms Larv, anJ is erpressed thus:-

c  =  - E - -

*n'" g i: il"" :tJ:;l"t'*oti'" rn""".'
-B is all the resistance in the circuit.

The siandard of resistance is one ohrn, and the terln resistance
{.R) i*i"d"s all the resistance in the circuit, both-between the
i"lmiorls externally and between the plates internally.

Ohms Law is better exPressed as-
E

f l -

" -  I l + r
rnal resistance and r is all the internalwhen.i? is all the

resistance,
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We har.e seen that the principal defbct of the Simple Cell
is that, rvhen the cell is in action, hvdrogen is depojitbd on
the passive'plate. This gas having been-turned out of thethe passive 'p late.  This gas having
l iquid is  natural lv  anr ious i ,  re-comb' iliquid is naturally anxious Io re-comb-ine with it, and so tencls to
set up a force in the cell in the rer.erse direction. The nrore sas

g€-ts weat<er. 1o_ get a constant cell tt becomes necessary to get
rid of this gas, before it reaches the passive plate, eiiher 

"by

absorption or other means. Several methods fiare 
-been 

tried,
r id  o f  th iq  gas ,  be fore  i t  reaches  the  pass ive  p la te .  e i iher "by
absorption or othe_r means. Several methods fiare 

-been 
tried,

the most successful of rvhich has been that of immersins the
l ,assive plate in another l iquid contained in a porous not .  s , ; t l la t
the hydrogen is absorLed by this second liquid befure-the passir.e
Dtare rs reacneo.

The zinc is immersed, as before, in sulphuric acid, the copper
ate is immersed in sultrhate of copper. 6oth beiilq containe'cl'in

gas
set free the greater. becomes this.,opposing force, and the dell
ge-ts weaker. To- get a c,)nstaht cell_ii becJmes necessary to

plate is immersed in sulphate of copp la te  rs  immersec l  : 'n  su lphateo f  copper , .bo th  be i r rg  conta ined in
a .porous .pu t .  __  [o  expreDs chemica l l y  the  ac t ions  wh ich  take
place in this cell*

Zinc. Sulphuric Acid. Copper Sulphate.

, Zn. I{rSO4. CuSOr.

-

uopper

.  Cu.

\/\i\
_ 

'We 
have zinc sulphate formed as before, but the hydrogen

forms a chemical combination rvith the copper sulphir,te, the
copper being, turned out .and.  the hydrogen taking' i ts  p lace.'I'he.copper whrch rs set free ts deposited on the copper plare,
leaving it practically unaltercd, except that the deposit'ed cbppei
is glean dnd briglit, and thris tenhs to slightlv improve the
cel l .

Cells of this description are called two-fluid or Constant Cells,
,cause no matter how long we keep the cell workinE thelong we keep the cell working the

st as it is made, and the copper plateLydrogen is_absorbed as.fast ai it is maile, and the cop

Zinc Sulphate. Sulphuric Acid.

ZnSOr. HrSO'

because no matter

Coppsr

Cu,

tlydrogen rs absorbed as tast as it is m:
is unafiected,'thus keeping the electro

pper plate
of the cell
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unaltered. The ceil described is called a Daniell Celi, after the
name of the inventor. There are others of the same description.
such as Grove's, Bunsen's, &c., but in which dillerent plates and
liquids areused. 'Ihese cells, horvever, are not adapted to the ser-
vice, because it is found that although the porous pot is of such a
density as to prevent the ready mixing of the licluids, still, after
standing 24 hours, they do creep through, and the cell has to be
taken to pieces and rebuilt, I{or the service rve require a cell
rvhich, when oncg built, can be placed in its position and then
left for a long.period of time, probably the whole of the ship's
commission, without being disturbed.

The Le Clanchd answers this purpose admirablv. since the
passive plate, instead of being imineised in a seconrl liquid, is
surrounded with a powder which is rich in oxygen, witli which
the hydrogen combines before it can reach the plate.

The Le Clanchi Cell is sup*plied to the service in one size,
called the Boat's CeIl; it consists of-

(a) An ebonite containing vessel.
(b) A zinc plate.
(c) The carbon element,

The carbon element consists of a nlate of carbon. surrounded
l ,y.  peroxide,  of  manganese .ard gr inu)ate. l  carbon,  the whole
being encased in a fearnought brg.

To build up a Le Clanchd Cell, first fill the ebonite containing
vessel v'ith water to see that it is rvatertight, then pour the
water out again and pack in the bottom of the cell about half-
an-inch of sal-ammoniac; then put in the zinc plate and carbon
element, and pack r.ore sal-ammoniac round the sides of the
latter; lastlv, pour in a saturated solution of sal-ammoniac to
within 2 inches o{ the top of the cell, and allow the cell to stand
for one hour before use.

Great care must be taken that none of the licruid is soilt over
the connexions, otherwise they become corroded,;nd it is difficulL
to get a good electrical connexion.

<r

The saturated
crushed salt in
solution must be

ution
rint of

sol
I 1

is prepared by dissolving 6 ozs, of the
hot water for each boat's cell. The

cool down before use.
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The action of the cell is as follolvs :-

Zinc.

Zn.
Zn.

Sal Amrnoniac. Per Oxide cf )Ianganese.
2 (NH4CI) .  2 ( l [nO,) .
NrHsCi2.  I InrOo.

Carbon.

C.

-t

*

\ \_./

\,/\
ZnClo.  NzH6He. MnnO..  C.

2 (NIIa) . H"O.

I
ZincChloride. Ammonia. l,Yater. sfi"ql'.1.::;{3.of c,,r,on.

ZnCi" .

I
I

c.
I
E

I
By tracing this action it lvill be seen that when the ceil is in

aclron ammol l ia gas is  formed, and also rvater .  The former is
{Ili 9n4r:d, escapes into the air.; the latt_er dis_solves the dryr' crvstals n'hrch have bel
solution up to its full st

tals *hich.havb..been packed_iir th";;1i; ;;i; t;;; ;h:
solutron- up to. i ts  fu l l  s t rength.  No act ion takes place uni i l  the
€xternal.crrcuit--is_completed, but when this js don6 the hvdroEen€xternat.crrcult--rs_completed, but when this js done the hvdroEen
gas rs gilen otf. freely and does not leadily combjne wittr itegas rs glren -ofl freely and does not readilv combine wittr ito
oxygen.out ot -the peroxide of manganese to form water; for this
reason ulrs cell must never be put on circuit for any Iength of
time, 

,.But, since Jor all service fr,,"pnr"., *u"h *- h.i"{g""E, t".:i"l:,-,r""", .rur.e rrur aI servlce pluposes, sucn-as nrlngguns, &c.,
Il-." p,9lon requrrecl is onty nromentary, the cell is admiib,bly siriteci
ror rhrs work, and has the great advantffCEhglL when once built

Mn rO" .

when oncp built
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r r l ' .  r ' i l l  i r q t  f o r . y e s 1 . . , v i t l . r o u t  r r r r i c h  l t t p n r i , , n .  h e c l u s e  t h e  z i n ct ' ^ n r . j  ; n L m c r . c , l  i n .  I  l i l u i , t . i r n t l  t h c  
" a r l r r , ,  

i l  a  J , o w J i i ,  t h e  r  u ,
:it i l :t--"]-r: 1* is the c.aie.ryrrrr nlust cr)l ist. lrrt cel.ls, and all thatrr l lecess&ry.rs to replenish.the s|111fi,,1 

"t 
*lt_r."i_i,"lac ott",

1;tir"-tl l,t*?tlrtr*':i;:4: *o;i|l'in#''r"',;L:.*
i{i;li'"'J,"'xir}.T,;"iiiiii"":*i:i.lt j,i',.l"l,,ulhi?.:".t"il*
lnefcur,y.

' Ji,.';,l""tll* Ll*i,'},li nS ft ?:l?: lll:.::'1; ill {}. u r r, is r, . "
.  

, ,  L o , . r l  A c t i . , n  
.  

i r  d r l g  1 o  i i , r l , r r r i t i e s  i r r  t h e  z i r r c  l r l u i e ,  . 1 1 p 1 1  , 1 1

i;"li#;;'Jni f::ii;l;i ":ln L'"i "i l""ii "i"ii'i".i1i. -.' ';,;
u.uuv 

"i'",. 
;'r'li-t ir." ;Jii;iT:i'*"i"'i j:Jj.the zinc l'lrtte is eateu

, ^ l l  . h l : . , b " * , ' . r l r " r dy  cxn la i ncd  r , l r r l  t l r c  _ re - i s t l r r . o , , f  a  u i yo

"11'ill3i,i$il,lii i;i!l,i;,'" H, )l ;;t fr : I,Jl";.u pun ir, ",,, o,',1

,r31ru,t#x*l:t;:,'"T:ix.f ;iliji""it:,,i:'li,;]"Jf,;.rdchiscalred
The size of tbe plates,
Their distance r,part.
The conductirity of tlie existing liquids.

o{he 
greater the area of the plates the less will be their resist_

The greater their distance
ance of the liquids betrveen ,f,lrl1t 

t"" greater rviil be the resisi-

^rB;s j ' t9s , the Boat 's  Cel l  there.ale sereraI  o[ ] rer  types of  Leu lanc l r c ,  t he  l I us f  comroun  o f - r r  h i ch  ; *  r t r r r  t  n , , * n l i i l "  po . t

"r"T*- 
oj,l]l^.,_1-:n_t.t,"i,r" 

"1 * gi,". 
"-il,r"i"g' vi.lser, the

orm of a
I?*^..{lli:,fo,or of ceil is most rrsofui to, .lllglns"'b.ff.]*". ,q*arrnouglr the porgruot raires the inrernaT iEsiiianie 

"f 
tt,c

'l



46

:.r1,.1, ,the same tim.e jt resists the fr.ee passage o[
t. gas t:0 tle carbr_rn plate, ano so preyents the cell
i. polarized.

hydrogen
oecolnlng

Another form of trvo-fluid cell employed in the service is knownas the Xlenotti Test Battcrv
sdhd a currenr throngh 

" r""-;,^A:.l',jh;:?"#,i"jit. that it witl
' fhe 

con"truct ion is  as fo l lorr  s : -

TEST BATTTR,Y,

ggppgr:" .Above rhis is placed ;l;;;"i;di;;
this 3 inches ot pine *o,iJu*i, ..iitr:.r'iLii'?,reo tn tresh water, Above

, And, on the t_op of all,!l: _ll "!hSl i"#"ou gi, t 
-diui,h;#;.'",il.ii 

H ;fJ"ti, :
::: 

,]:g 
llltll 4". insrrlated wiie is connec"a to il 6 .,i.1?trSi";ilx":xi"'":*::*i{""::liiieirl*l-'l"y"lli"',?lj-ne \prg trom the copper cup is co_nnected to, t"rminuio-niir"etop of the cell, and tlie wire from ttre ,ini ii^t" i-"'"".".i*-, *^top of the cell, and tl ie wir

the nipple of the fir ing key.
ttre zinc plate is connecied-[o

The requirements of a Test Battery are_
1. It should be portable.
2. It should be constant.
3. It should not under any conditions be possible to fire. a fuse with it,

These conditions are obtained as {ollow:_
1. The excitinq liouid (water). is ?lso_rbecl in the pinesawdusr, and s6 is 

"bt "u*ity "piiiui,-url"""*r.lilo ti,"cell be capsized.
2, The cell is so constructeil that it remaing constant.
S. 

lh^e^,1j19 saqaust being a bad conductor, rhe internal

il:1.blXi;._:h'1,:ff i',H".,iif fl *:iili;irij",.iijiJ

,_*^"j1_","]1. ebonite containing v-essel. At the bottom of thisrs placed the coDDer nlate in f,he fnrm nf . ^,,^ :;; :^^,,-, ,,

i
I
t'

l
+

=
rs p-taced the copper plate in thle.form of ; cup, i"a""uff"a tfr"uopper,Cup. In the.cup are placed crvstals 'of  ; ; . . , i i . t " t " . rare plaeed crystals-of  . ,sulphaie-oi

.ced a fearnought diaphragm.- Above
rst, saturated in fresi waler, Above

ll

j

I
,J

-I;

-
-
-

,-C...



The action is as follows :_
Zint:

Zn. 13,"" Copper Suiphate Uoppel
Ero. cusor. cu.\ \ / \1/

\ / \
\ . , /  

\ / \ /uio' r'fo" i';
l t l$ll

Zi i , , .Oxi . te.  Srr l t rhur ic Aci , l .  Cojpo,
- ,  The E. t r I .F.  of  th is cel l  i i

iil1i?#*#.'"TtJ#1fl xTr,;ir:*,iiillf;fi i,i;;t'"';",::
frxi*,f :rTi***rihil;*"iiiljiil:ijti"riti:":{'"*ii
, A galvanometer is alva.vq

:a{.*rzui[lx;T;':,ff nf i'Jt,-tf; ],J",1_1?,1f.""#"#,,13

I
I

{

fiTfl itT"{fi#L}3lf LT;ii,",f,*rd"{rJiliitr"r".*;$

pi##ffi*ffi
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rlanufactru'ed so as to offer any required resistance. The strips
are also so constructed that they can be joined together electrically
Ly inserting blass plugs betrveen thern,

The platinun silr.er rvire is held betr-een two clips, one quarter-
of an inch apart,placed at one extremity of tlieseries of brass strips.' 

The instrurnent is also provided with a {iring key.
To test a birtter'\'

1. See that the cells are correctly joined up, connexions
well rnade, and terrnilals clean.

2 Test three short lensths of irsulated l'ire.
3,  Joinoneenclof  one pie, :e to one terminal  uf  a f i r ing key,

and tlre other end to the negative pole of the battery.
4. Join ole end of the second piege to positive pole of

the battery, and the other 
-enF\o 

the uutel st'andard
of firinc resistance coil.

5. Join one eird of the third piece to the free terminal of
the liring key, and the- oUrer end to the wandering
Iead of the resistance coil.

tlnplug a resistance less than lhat laid down for the test,- 
ind notice how much of the wire fuses; v-ork the
resistances up gradually (inserting a fresh piece of
P.S. rvire each time) until the wire is fused through
the reouired resistance,

It is obvious thtt, directty the wire is fused, the circuit is
broken at that point, and the action of the battery ceases. If,
on the other hand, the P,S. wire is not fused when the l<eys are
pressed tLe action of the battery continues; it is for this reason
that it is necessarl' to colilmence the test with a small resistance
to'insure the ftsing of the wire, and thus prevent the batter.y
from becoming polarized.

'Ihe following are the tests laid dor,vn
batteries:-

One boat's cell - To fuse or redden
one part o{ P.S.
wile

Three boats'cells - To fuse one part
of  P.S.  wire

Ten boats'cells . To fuse one part -

One P.O. cel}, pat-
tern large size

45'on a 1,000 Through
ms.

for the dillerent

On short circuit.

Through 3'5 ohms.

Through 18 ohms
tesrstance.

g^7
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One P. O. cell, pat- 45" on a 1,000 ohm Throush 20.000
tern srnall size galvanometer ohm's.

Test battery - To give a swing of On short circuit.
80'

Norn,-All batteries should have sufficient porver to work
their respective instruments throtrgh abo-ut double the
resisLance of the external circuit.

SorNrNe up BATTERTES.
, There are two rnethocls of joining,irp cells so as to form a
battery, an9 they are called.respectii:ely-

Join ins uD in sprres,
i ; i l i ;E 

"6 "U*. t  
or  in ouant i tv .

. To j^oiir up in sirie-s, the carbon of'one cdll is connected to the
anc ol thc next, and so on in succession, the carbon and zinc of
the two extreme cei ls  forming the posi l ies and negat ive poles of
the battery. ,.ij

pV jo in ing up in th is way we ger a h igh E. I I .F, ,  because the
celrs are.  so to speak.  backing each other up,  and the E. I l . I ' .  , , f
the whole_batterywi l l  be equal  to the E.M-. t r .  of  one cel l  nrul t i -
plled bv the number of cells in series,
. At the same time we increase the length of the conductor in

the battery, since the current passes froin one cell to another in
succession, or, to-speak, correctly, the length of the chain of
molecu.tes to be liolarizcd is increrse_d, so that ihe internal resist_
ance oi the battery is incrersed and becomes equal to the internal
re*stance of.one cell tuultiplied by the numbei of cells in series.

I'o Jorn_ cells up in quantity (or abreast), all the carbous are
conn,ecfed .to one terminal,_which becomes the positive terminal
or Ene llattery, and all the zincs are connected to the other
termrnal. u hich becomes the negative terminal of the battery.
- By joining up this lvay the'E.M.F. of the bai,teiv is" not
increased, sinc,e the cells do not back each other upl and it
remains equal to the I.M,n', of one cell.

But sinci the area of the conductor inside the cells is increased
proportion to the number of cells employed" the internal

iistance of the battery becomes very small in"clee6, and is equai
the internal resistance of one celi divided by the numbei of

, , : - f,  . ,

in quantity.
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- '" ; -- l- -l- -l-'-l- -! * o : ve
lrrfll

Cetls joiled. up in series'

,"tri\
/ \/ i\-"" i--Ll----) +Ye

\ t /
\ /

' . ru- | , /
i- l

Ce11s joiD€cl rtitr quantiiY. -

JOln
To set the best result but otE'giie" 

"umber 
of cells-, always

i" ti.- 
"o 

* thrt th" interna"I resistance is equal to the
trG"""i-"uri5t"""u; i'tlatl. to say, if the external resistance is
hi ;h,  j ; j "  up in ser ies;  i f  i t  is  ]ow, jo in up in quant i ty ;  or  e lse
-it i"uoo" tatterv up of a combination of'cells-in series and in
quantiiy, so as to bbtain the requited internal resistance'

DrnncrroNs ron Jotrvrrce up a Betrnnr loR l'rR'rNG e Cnenes.
firsi.-lVhen a complete wire circuit is used:-
1. The charge is Stted.and tes-ted, ,and the batterv 

"p9: $J1-:

up so that the i

"otrdo"ti"e 
wires insulated with tirbing; provide'a firing key

which has been oreviouslv tested.which hashich has been previously tested.
2. See that the battery cells2. See that the baiteiy cells are correctly joined up,

nexions well made. and terminals clean.
3, Test three short lengths of insulated wire.
4. Join one end of a sh"ort piece of wire to one terminal of

of the battery.
j

4. Joln one end oi a sn6r[ ptece

firing key and tlp other end tb the
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- 5. Join one end of a secon_d pie_ce of wire to the positive pole of
the battery and the other end to the lring resistande (or tes't) coil.

6. Join one end of a third piece of wifo. to the firing resisiance
(or test) coil and the other.end to the unoccupied ter'frinal of the
nnng kev,

7. Test the batterv and connexions.
-8. Hemoye the firing resistance (or test) coil, insulate tlre end

of the_wire joined to the positive pole of tlie bartery, and di"con-
nect the Ioose wire from the firing kev,
. 9. Take care to see the firing k6_y. ai hatf-cock, and the charge
in a_safe position : remove rh; tu6ing from, anh ioin the main
conducting wire from the charge to the 6rins kev, 

-

.l0..Remove the tubing- from, and join th1 reiurn connecting
wlre trom the charge to the wire from the positive pole of the
Dattery, wlth a temporary junction,

)

//

l i
I  ! ,o

9
,

Second,-When an earth circuit is used :-
the
key

1. The charge is fitfed and tested, and the batterv ends of

i_tr#f;"1T.%y#*ro#irh 
tubing ; provide "a nring



I
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;
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2. See that the battery ceils are correctly joined up, connexions
n ell made. and terminals clean.

3. Test dwo short lenEbhs of insulatecl wire, and two earth plates'
4. Join one end of i, short piece of wire to ono terminal of a

firins kev. and the other end to the negative pole of the battery"
5. "Joiir'one earth plate to the positi ve pole of the battery, and

nut it overboard^ 
6. Join the other earth plate to the firilg resi,otalce (or test) coil.
7, Join one end of the second short piece of wire to,the firing

resistance (or test) coil, antl the other to the unoccupied torminal
of the firine key.

8. Test t"he b'atterv and connexions'
9. Remove thefiriirgresistance (or test) coiland disconnect the

loose wire from tbe firing keY.
10, Take care to see t6e fiiing key at half-cock, when required

for immediate use. and the charge in a safe position; remove
tubins from and join l,he mrrin conducting wire from the charge
to the firing key'

i
I
I
I
i

I

lrhhlilililrhhlx*
5 / l l l l l l l l l l  \ , 2'I "I
rTI

-  ' / 7
4/

I'r"..-n,<\ e- r n

'rlr- - lrt-
A

all mining work the half
keys. ..Ji

n'or
firing
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The ends of the wires. are insulated by slipping a piece of
india-rubber tubing over the end, bending it back and sepuring it
to the wire firmlv with twine.

To calculate the number of cells requirecl to fire a tube through
anv resistance-

Ev Ohms law-
Tire current in any circuit is equal to the electro motive force

of the batterv, divided by the total resistance in the circuit,
which mav be"dxpressed thus-

n x E

oT-

" 
- 

n + n ?, rI Ine Cells are tn SeIIeS,

E
C =-:- r iI the cells are in quantity,

R +
n

when- C = Current in circuit.
.E = Electro naotive force of one cell.
.R : External resistance,

. c, = Internal resistance of one cell.
er = Number of cells employed.

Sxamule-
To find the least number of boats' cells. joined up in'series.

which will fire a tube through a resist-ance of i0 ohms-
The current required to fire a tube is I ampires.
The E.M. F. of a boat's ce]] is 1'5 volti.
The internal resistance of a boat,s cell is .2 ohms.
The resistance of a tube is 1.6 ohms.

n x L ' 5
a _ _

1 0 + 1 ' 6 + m x , 2
1 0 + 1 ' 6 * n ' 2 = 4 ' 5 n

or- Ll '6 = 4,3 n
q . v - B

IherBforo the least number is 3 cells,
fn th_e saTe way, having given the number of cells and the
ternal resistance, we can find the total current.

'exte.rnal 
resistalc6, we cai filnd the total c"tie"i.

- Inree trmes the batterypower required is alwa.
firing circuits,

required is always to be used on
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GA.LVANO}IETERS,

A ealvanometer is an instrument for detecting tho passage of
a cufient through any circuit' the princil'le of its.action being
i l ,J ; i  .  wire in which a current- is  f lowing b-e.held in c lose

"ro*iinitv 
to a freelv suspended ntagnetic needle, that needle

ivilt Le deBected out iif the magnetic meridian.

Two deseriptions of galvanometers are used in the service, one

"f 
.uh;clr is'called th"e single needle galvanometer, and the

other (in which two needles are used) an astatic galvanometer'

The single neeclle galvanometer consists of -a. single needle
suspended'ot a pivot"in a brass case. The need-le, is- surrounded
bv L coil of insullated wire, the entls of the coil being taken to
two terninal screws outside the case'

The instrument is fitted with a dial face marked in degrees'
Alieht pointer is secured to the needlepivot, so that as tbe

""ual" 
-lro"" thc pointer also moves, and the number of degrees

of rleflection can Ee easily read off.

-*

TIre coil of wire is wound on the line passing through the two

""* 
iul"t.,.o that if the instruruent be turned round until the

""l"t'i," 
ii,it zero the needle underneath must necessarily be in

lhe line of the coils'
If a batterv be joined up to the galvanomet-er, it wii,r,be found

tt ot itt" 
"."tii" 

ii"deflected to the-right or left, according to the
direction of the current, and by adding on b-at^!e1f' power the
n."ai" tUtt tt" gradualiy deflected- to an ang:le oj. 90" ;  ̂ or, 

jn other
.";;,G,; a p8sition ai right angJes tq the line.of coils' No
increase of b'atterv power ivill de.flect the needle to any greater

"""r" 
ihm tni., itis thus evident that, before using a galvano'

mter. it is necessary to see the poiriter -pointing at zero;

"]t."r'ti... 
sopposine it to b" pointirig at 90", the pissage of a'

current will have ns further effect upon it.

To cletermine which way a needle will be deflectecl, the
following rule is employed:-

Place-vourself inihe conductor; swim with the current; face
tt 

" ""eaiul 
a"a the north end wili alw-ays-be deflected toyards

-

;;il i;ft d";A: 
-r;up;iyilt 

this ruld the current is alwav-s
iripp"r"a td il"tt rtomihdpoiitive pole of the battery, through
th6 external circuit, aud back to the
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The sensibility of a galvanometer depends on three things-
(1) The strength of the magnetism of the needle.
(2) The number of coils of rvire passing round the needle.
igi Th"i. distance from the needle,

A single needle galvanometer is supplied with each Menotti
Test Battery. The resistauceof tbe coil is 20 ohms; andforthis
reason this instrument is usuallv hnorvn as the 20-ohm Galvano-
meter. . A srnall ba,r magrret _is supplied ̂ wi.ih this.instrlrmentr. its
use being to tliminish the deflection of the needie when using
strong currents. ft has already been shnwn that before using a
galvanometer the instrument must be turned round until the
rreedle is at zero, or, in other words, until the line of the coils is
in the magnetic meridian. If we now lDass a current through the
coils the needle will be deflected to a certain angle, and will
remain in that position so long ns the current is passing.

It is evident-that there aritwo forces acting-on the-needle in
directions at right angles to orre another, namely-

(1) The magnet-ic attraction of th6 earth irying to pull the
needie back into the meridian.

(2) The force due to the current trying to turn the needle
in a direction at risht aneles to the meridian.

And when the needie is steaidv the"efiect of these two forces
on the needle ale exrcrlv balance"d,

If we wjsh to make a galvanometer more sensitive, zi.e., to show
a large deflection for a small current, rl'e must diminish the force
due to the earth.

A magnet is supplied for the purpose of steadying the needle
when there is motion or reducinE the deflection when it is too
great ;  when not  required foruse i t is  kept in a pocket  in the
itrap of the leatlrer cbntaining vessel.

Tire other method used is to emr:lov trvo needles on the same
spindle, the upper needle being oulsibe the dial face and acting
rs a pointer. the coil beins round the lower needle.

f, T[" tr"..i].s are mouited rvith the opposite poles over one
u,nother.

{lhe instrument so constructed is called an astatic galvanometer.
By this arrangement the earfh's force attracfs and repels

the corresponding ends of the two needles rvith aln.rost equal
force, and-is thui almost neutralized, and a vcry small curient
will give a large defleetion.
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The coil is wound of thinner wire, and ofiers a resistance of
1.000 ohms. This iustrument is usually called the 1,000-ohm
galvanometer.

Althougl the coil ij onl_y wound round the lower rieedle, the
qpper needle is also afiecteci by the current, and it willbe f6und
that, suppose for a moment ive neglect tde effect of the earJh
upon the,needles,  the.def lect ion due to_any current  passing
through the instrument is greater than that due to the same
current passing through a single needle instrument.

WIRES.
The rvire ing-eneral.use in this servite is named Naval Service

wrre {pattern 6rJ0J; it is r.lsed for gun circuits, torpedo_boats firing
crrcxrrs, fiung charges laid out to be fired at once, and al-l
O t L l l l l a r V  l e a d s .' l 'he cbnductor consists of Bti tinned copper wires,

The insulation of this and ali-wires'6,nd cables usecl under
water consists of what is termed Hopper,s 

"o.i,- 
u* .io*" i"

I lst .

Plaited twine, outside.
tr'elt tape.
Yulcanized india-rubber.
fndia-rubber prepared with zinc oxide.
Pure india-rubber.
Copper inside.

The _cab-les in connexion with_ submarine mining are similar
to the N,S. wire internallv, but- have jute yarns in"place of the
1.rarrco. lwtne, _ancl on Lhe outside (to prevent chafe against the
buttom) galvanized irsn wires which is called the armorirrng.
. lvre with only one single wire for a core are sripplied fdr bell

crrcurts. drc.
'- The- in_sulatiou of this wire and all other wires suppliod for
electric lighting, as.they are- not used under water, con'sists ot_

uotlon bratdrDg. outsrde.
Paper felt.
fndia.rubLer tane.
Cotton.
Copper wire inside.

I
t
t

-l
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Juncrrous,.
When it is necessary to join trvo or more insulated wires

together, the trvo difieient methods of making the junctions in
c-omglqn use are called respectively the German junction and
the Britannia iunction.

The first of these is used rvhen soft and pliable wires have to be
joined to rvires of a similar nature.

The second is used when a single thick wire has to be joined
to a strand of finer wires, or to another single thick rvire.

These junctions may be made either "permanent" or "tem-
polary,'r the latter plin being adopted when it has to be rrade
qrrickly, and is not e-rpected tb Iast-a long time,

The essential point in all junctions is perfect cleanliness; the
wires must be quite clean aid bright to- insure a good melallic
contact,_ and there must be a periictly clean suriace of india-
rubber for the tape to adhere to. The smallest trace of Erease or
dilt is sure to ectablish a leak sooner or later.

fn all cases the outside covering must first be strinued back
and the surface of the india-rubbe"r thoroughlv cleaneil. This is
\,ery ecsent,ial to a good ju"ti"", 

"r,-[v "?gi6.iing 
it'i. rr,="r"-

tiorr, the rvater will ireepirp the tiue to"the 
-bare 

wires. and formtiorr.,the rvater will ireep up the tape to-the 
-bare 

wlres, and formIne water wllt creep up tne tape to the bare w1res, and form
k in the insrlation.- This done. scrape the wires clean with

nife. being careful not to nick them.

India-rubber solution consists of

The materials used in the service for permanently insulating a
junction are india-rubber tape. i--inch wide. and a solirtion of ind"ia-
rubber dissolved in nat ,hthal 

.iVhen 
requi-red for use. it is usual to

cut the tape into S-inch lengths.

..j-)b. tins, which are hermeticallv closed. When u.inir'it care
should be taken to_keep the lid'of the cylinder on as lnuch as
possible, as if it is left off the naphtha evaporates. ler,r'ine the
india-rubber hard and of little use.- It is desirable to use srialler
containing cylinders for present use than those in which the
solution is iszued ; .suitable ones can easily be made in the ship out
of any avaiiable pieces of rii.
- phguld the-supply of india-rubber solution for torpedo purposes
fail, it is useftl to iecollect that the india-rubber s;lutio; idlued
for repair of diviltg*Uesses can be used instead,

/
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The materjals used for temporarily insulating a junction are
india-rubtr'.er tubing '35 inch rn uramerer ano rwlne, rt is usual
to cut the tubing into 4-inch lengths, as this is the msst suitable
srze to employ.

,To make a.temporary G,ermal. junction, remove the cross
whipping and felt tipe firr ahout 2{inches flom each end of the
wires to be jni1s6, and bare the wires for a little over an inch.wues to be ;n11s6, and bare the wires for a l itt le over an inch.
S i ip  a  p iece  o f  ind ia - r rLbber  tub ing  over  o r re  o f  the  ends ,  then lay
the ends across each other and trvist them toEether^ tali.o .o.".
Shp a piece of ind.ia-rubber tu_bing. over orre of the ends, then lay
the ends across each other and, trvist t1lem"toge-ther, taling careuuriEr a[u lwrsu ulerrr  LoEje[I IeT, traKrng cale
that each wire is trvisted round the other, for-if thii is not* done
the wire which remains straight is liable'to be drarvn out of the
spiral formed by the other. After fir'e or six turns have been
taken, make a iound tnrn wiih each end, press the wires close
dorvn and cover tho bare part with twine:- t-hen drarv the tubingdo l  n  and cover .  t l i o  hare  par t  w i th  tw i re ;  then d  ra rv  the  lub ing
o\er  the  junc t ion  and se ize  the  ends  rv i rh  a  rves t -count rv  wh in- -
ping, cornmencilg fl,om th_e inside on each side of the junctionping, cormencilg fl.om thg inside on each side of the junction
and woTl{rnq out to the ends.

To make-a perman-ent German junction, prepare the wires as
r a temporary junction, being verv careful thal the felt tape isfor a tenporary junction,

entirelvrerloved, Point
l Lnc l ion ,  be ing  re rv  care fu l  tha t  the  fe l t  taue is
, Point ofi thl insulation with a pair of scis'sors

to show a clean surface to the tape, twist them togither, as in the
" temporary junction."

The junction is then insulated bv serving it with india-rubber
tape, which should be stretched rvhile puitins ii on until it is
half it usual breadth, and should alwalvs be'used with clean
hands. Too much solution should not b6 used. and rvhen made
the junction .hould be q.uite hard and-stiff.

entirely

wire so as to secure it, insulate it as

lfo make:l Britannia-junction, rvhich is used eitherrvhen stout
rvires,have to be joined together, or one stout wire to be joined
to  a  s t rand o l  smal le r  wt res .

Proceed as follon's,-R*ov" the outer coverinss down to the
sula!_ing- material, point ofi the insulation with scissors, andinsulat i r rg nrater ia l ,  point  of i  the insulat ion w

clean the bare wires as in other iunctions- Novas in other junctions, Now bend up i,bout
rf _the conductors at right angles, pl-ace thef-inch of each end of _the conductors at right angles, piace the

two,parts together and secure them betrve6n the"upii$hts with

s

t

t\vo parts tugether and secure them Letrveen the rrpriEhts with
binding wire, and press the uprights. down on top ot the binding
wlre so fl,s to secure lt, lnslllate rt as belore.

The junctions are 
.made 

in the followins manner :-Make a
slit in the insulation of the fore and after it the recuired nlace
of a,bout l-j.inches in length.,_car_efully cleaq the wires, and;trip
back the felt tape on each side abbut 1+ indsr*
of about 1* inches in
b,ack the felt tape on
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. Pre.pare.the end of the branch as fbr rnaking an ordinary
junoion, being very palticular to scrape eacn i,iaiuidual-iuirir
quite bnEnt.

Twist t-he conductor of the branch rvire rouncl the conductor of
the, fore and af ter ,  n ipping the turnsteut  rv i th a pair  o i  p l iers.

l \ .extsolder,  usiug resin ins l ,ead of  acid,  then'par.e theindia_
rubher close to the wires, and it is also a good ihing to use a,
sm,I l  qualr t l ty .ot-  naphtha Lo insule aI I  greaoe Leing renroved,

|  len caretui . ly  insutate the junct ion iv i th tape and so]ut ion.
.  Io make a j rnct ion in e lec_tr ic  l ight  cablds,  renrove al l  the
lnsural lon f r r  t j  lnches l rom the ends,  and remo\.e the outs ide
covering for anotber inch._ Straightelout and clean Lach of the
mneteen $'lr'es ot the conductor, and cut ofi 2$ inches from the
end,s of the seven centre rvires. Bring. th" t#o p-^"* togeif."",
,allorving the ends of tbe seven centre riires to budi'aEainEt eacli
:llr:: 1-1" 191].ining,.twelve, overla^pping 5 inche.s ind taying
arong one anof iLer.  b ind emh end of  the over. lapl , ing parts iv i r i i
sbme annealed No, 16 B.W.G. copper wire, from i'n'out for a
distan_ce o{ | | inches, and file off ani'sharp rrbint. 

-

, ,Solder the junct ion thoronghly,  a l ior  ing t i re solder to run wel l
rlrougn tne wlrote, uslnE reriin as a flu,\.

Insul l te as usual  r r i th india-r .ubber ta1,g 21r l  solut ion,  and
parcel the.junction rvith rvhite tape to makb it the same'a;ameter
as the main cable.
. When it is required to-fork a branch cable into a main cable at

r lg l r t  arrgtes to l t ,  the fo l lorv ing methud is adonted :_
.  J{emove 6 inches of  t l re i r rsular ion,  and thb outs ide covel ins
for anotlLer inch, from.the e^nd o[_ the_cab]e t, t 

" 
iplic.a i", o"E

srnl lar lv  rent , )vc t i  inches of  the insulat ion f rom the other cable
n-here the sp) ice is  to,be made. .put  a uhipf ing oi  l inai"g * i r "
on tne conductor  ot  the cable to be spl iced in,  c lose to the insula_
tion, rnd straighten out and clean ajl the wirei, cui ofi S inches
Irom the seven centre rvires, and divide the short ends into a
fork, rvhieh place over the ceritre of the strippeJ pa.t oi-the *uin
callle, and grlp the core-of the main cable rlih these sev.n rvires.
cuttrng them so that they just meet around the core. Divid<i
ttre remarn^lng twelve lsires into two parts, and lay them round
ll:,"91i:l,lr.rq mall c?blg, six to ttle right anrl six ro the lefr,
Raqq wue srde by srdeJ taking car.e th.at ilrerp are no riding turns.
Dotder well through the junction and inrulate as before.

, 'lLdftnr**"

A

;
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MAKING A PUDDING IN ARMOUR,ED CABLE.

rnif",iifi*tffiu"li 
everv ar'oured cable a puclding is formed in

;ii',"""f,,1':1,1";,"f :'.111fi,,",,1;;##lh?il"i..,*;lu"#%nJ#i;
,'i;#;f irlt::l ?'"r:1"', r:',g:';ll;::. 

n exibre sreer wire, and
. r,. bcrale each -tvire of f lre armo_uring clean rnd bright for 2

#,11T#1n:i3,;:"Lfojig#lo startin g riomon 
" *i"""iol" u ro.n;ti#';HT^:#'"*JNq':{{ j{'tij#,!}ii!lrJ?l;.i1h1""

*-unpoaa;ni,-il;i;d;;i;"":"f i:f :Tff f ":iiry;'n9".""X*t?n?;i::l ltifii,djtr |l'f"'l"H;' I e r t he nex t arm oririn g 
- 
ivire, d ra w

:iH:xlilgx"Ti'*tl"?L"JaiT:'xl:1J=''ff":"'1*lHn:
5. Place each wire of the armouring.neatly on the cable, and

fi"5 ;i; lixi 6 li i ?"'# #],"?,i, ?h il"t*l J;t ; ;h;" #d "i ; h ;

".u"iu.il,T 3".rt""Xr"?T,ffif 
over rhe end of the uudding, and

cu,uas do*n oe.ily 
";;;Htfl, 

""XT::i?: J*l"l;,lil ,fda 
,n.

spyln yarn io" 
"u6"i-t io"r,es., After makin-g a praaifi{fi"l

iiGll{,ll#'fiilnq"f J!ffi"J?x"tril:l'ulti'nn*.}""xr'*x
tl3::]qf i a fautr.in the continuiiy''.i';; ;;;;;;:,h cabte is

iiil"::ifi t'?151x!'.H;?:":!A j,iX*?,_,,1 j;*Til,if.f,1J
rs then gauged rvith the guage suppliecl t"itni.-p""pi.". 

,

Splrctwc AalrouRto Celr,r.

_^11*$^rl,l"rio1; l.raveto be made when connectinE boxes are
;:1f#'',ii'ibi;li1*" Ji J "?* "eni ent to use th e m' thi! rollowin g
rg'uires"on.i'd""*.nie;"-T,"r:;';flIf itr,?i*"#o#J?1;"Bi:"*ot cabte to be joined, about one t"oi i.o* t-lr.-*a..'"iu"n Uactthe armouring to this seizing, *."upJiiu .tri"i'*"trigti aua, if

-{
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ffgiir itfti TUHift:4"*, i?lri.il *,.H, iii"-,#: It_hem round each other, l

ili"tfr r;^1li*a"x".'l.*rfufu'3l"xri1,Fi,""{qxl
iilfJ]ili",'*!'ii, ff ," f 1il ;? 1"" f i * H :?. :: ;;i, *:lnx :i t li I
;ip;f3tj#Li*'#""$,i,ffi le;ig*:::i.#'1,,'J,-#r_Hilt
3,.fj"1_*$_ti'i;l;i3;i11s."ilii?1ffi i,l,:T'ffi ;i,iru,:$

:"fi li'i!r*T*:#"""'#:l*$:.Iii,,,'1",t,1";"0,,I"":r.#"ff :
li{4!iisli,T{1?'l;11,1"-:ir:*:',:-;".+;iil\,iii{lHffi ttest battery and gah:anom

*1*-:l+i+l;l*;#ffi U ji{i$:,r'1,f1*';;'J[:.*t'::"."+
::xt'ii+ii1; i:.:ii",}i"1ffi rur,ii:nili:.s",,:?,,r9

Lrcut 'srNu Co*nrarora ( tor  f  u l ler  del* i ls  -qee r , .  lR7 .

""u rf"irt:T:,1??it'*'" P' 187' vor' r',

*qt*i]:#:ii:r'[ffi ,l,tffi i'n?,t"t'i1ff f "gmi*l;':r
;;i?:i"lT'":",TR#,1?iJi",r"ih;-:A.L:lF[:[l,i,':l]*,i*iS
i!."*f i:|,ttl'}ft d $lil;".' " "' or r he c on ducto"-' ;;"i'd

Before testing electrica.l ly

ii,+":t? Tra"r;:iilt]:ffi ""Ir;,x ft: Iftlti 'fi{'*{f il"f
H+';+Hdf 3':itfi ",?,*,lJ&",T1fi ,rt";:,*Lli*:*1T#i

I"gfre-*",."
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l' TESTING WIRES, N'ITTING CIRCUITS, TTC.

_^)Y_l^".":I*" 5!a,ree, is,to, be^fired electrically, the wires, deto-
narors, dc., must be testecl before use.

Whenever two wires are lying alongside one anoLher, as in tbe_
our r tgger  c t rcu l t ,  they  nrus t  be  tes ted_

(1) For non-coirtact-

I. Find highest resistance through which the battery rvill fuse
9n.", p,r.rt of.P.S. wire, through the piece of rrnarmoilred wire.rJau [nrs resrsfance .{.

II. Find highest resistance,through which battery nuill f,,.u noupart of P.S. ivire, throuqh
and both earth p)ates. culifh"irtbT" 

plece ol trnarmoured rvire

I_IL Now take one end of the-ularmoured rvire up to masthead
and make it fast to the metai of the spintlle,-.i-i"g:Ui"ai"g iii""to insure ? perfect metallic c-onnexion.' ni"it iiigfie.i';esistance
Il:llgl,y,li* lhe ba,ttery wilt. f'"" o," p*io} i;.31,ii,", il.""rsi
tt)e.trgntnllg conductor, the piece of unar.moured wire a,nd eaZh
earth .plate sep-arately. Cjlll these two resistances C and Drespectivelv, Then resistance of conductor : (A + t)__(C + D[
It should l ie less than 1 ohm.

(2)  For conr inui tv,
(3) For insulatiori.

To test for non-contact-
Join one end of either wire to the terminals of the Menotti ;see the other ends insulated in the air. If tieLo"es-tf te *rr"*

ar.e.norvhere _in contact, Lhen, on pressing the key,-no current
wi l l  pass,  a l r , i  the needle wi l l  remain stat i r inary,

To test for continuitv-
. Join the trvo free ends together, press kev, and the needleshould su ing. Refore_testing fo" 

".i"tiouity 
uii*n"* 

"ir"t"f, 
tn"wrres alongthc deck.  b-ecarrse i f  coi led in a smal l "coi l ,  a l thoueh

:1:,_"o:.r 
-"y be parted,.the.tno. bare ends ar.e liable to butt upagarnst unc anubhcr and the break rvould not be detected.

To test  for  innulat ion-
. Disconlect orre encl from the positive pole of the Menotti andinsulate. it ; ]91", up ? previousiy tested' earth piniu'i"'l* pfu."
,,nct ,pul rc ovel'lloard or into a tub of salt water; coil the'wire
sro\ \ ry rnto the tub,  keeping the key pressed. I f  the core is
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anTs'here e\posed_the current will pass through the ieak, by the
sir rer ,  to- . t fe earDh plate,  thus comp)et ing thb c i rcrr i t ,  ind the
needle will srving. The position of [he Ieak rvilt probibly be in
that  port ion of  the wire which has iust  been passed i r r to the tub.
When the. test , is  completed dip tbe f ree end into the tub;  i f  the
needle swings it shou's that the leads are properly joined up.
, Tf testing.armuur-ed cabJe, the hrmoufing raliei the p)ice of

the earth 1 i late and is  jo ined up to the posi t ive pu)e of  the
i \ renol l l -

Tf .  f t r ing  a  charge^ through an  ear th  c j rcu i t ,  . ,never  pu t  the
'  r rbh  p ln te  . ,n  the .6r ing  l ie_y , "_or  an  acc ident  i s  very  l i ke ly  to
, .  nur .  s ince  i t  i s  qu i te  poss ib le  tha t  a  sea break ing  over  the  6oat
r , i4ht complete the circuit from the other terminaj to the hull of
tire boat, thus fir ing the charge without pressing the fir ing
\ fy .

When fitt ing a tube or detonator to the end of a circuit
alrvays take care tbat the other ends are insulated and in vour
siglrt. so that no one can ioin them up to a batterv bv mistate.

. I f  Jay ing  ou t  a  charge. f rom a  sh ip  o r  boat ,  [he-charge and
circuj.l are elrvays to be in the same boat, The charsehavins
been droppdd, the ends of the circuit are brousht Sack and' joined up to the batterv. A charge u-hen onci f itted must
rever be tested unti l i t has been dropped in the required
pos i t ion .

%a!*;a!,,-_",:=;G=..-. -

GLTN CIRCUITS.
An electric circuit is fitteC in the Certterus, bv means of which

the turret guns.can"be fired either from the bonning tower or
rrom Lne turret  t tsel t .

The lirst is called the ('Conning Tower,, or ,(l)irector
Circuit," and the second the "Local Circuit.',

In each case an "  Earrh Cireui t ' ,  is  useLl ,  that  is  lo sa5. ,  a rv i re
is led from the negative pole oI the batterv, tlrouEh tirL firins
kevs and rubbing c-ontact_s, to_one_leg of the tuhe; ihe other le"g
is i.n contact with the Iull of the ship, as also is 1le positive pol6
of the batt€ry, the hull thus taking the place of the leturn wire.

r ne Iead ot tne wlres ls as tollows :-
I lrom_th_ernegati^ve pole of the-battery a wire is led to one

terminal o
termin

I

X'rom
firing keys, each side of the conninq tower.
minal of the starboard after key a; rviie is led



I

64 
r:

down untler the *aterline to the starboaril half of the rutfif,,
contact ring, this half being insulated from the port half of th"e
f lng oy a prece ol  eDontte

I'he whole ring is mounted on ebonite, and is attached to the
turret spindle, so that it is incapable of movement. Attached.
to the turret itself is a brass spring-cor,rtact, r.vhich is always
bearing on the ring and moves iound with tire tunet, If tfie
guns are Lroaring ,'n the starboard side, the sprinE contact is
bearing on tlre stalbor,rd half of the ring; if on'the-port side, it
oears on tne Dort nall.

, Fro:n the spring.eontact a wii e is led r1p into the turret, and
Drancnes ln two drrectlons to the gun branch boxes secured
over each gun. The current then passes down one qun branch
to one gun poirrt..throuqh the tube and back by the" other gun
branch to the hull of the ship, and so back to the positive polti of
the batterr'.

To prevent the gun being prematurelv fired from the conninE
tower a slnt and L,rlt is fitted in the rnain eun branch. so thai
the circuit is broken until the order ,,Re"adv,, is eiven. In
order that  t l re of f icer  in Lhe conning torver mal iknow j r l , . , ,  anv
gun is at  t l re ready,  an instrument cal led a , ,Di : tector ' '  is  f i t ted ih
the conning.tower. - It consists of a 1,000-ohm galvanometer,
the.tvo_terminals being joined up, one to the baltery terminai
ol  Lhe f i r rng kev and the other to the t lo rv i res leading to e i ther
turret, ancl is fitted with a small srvitch so that iI may be
srvitched on to either turret at will. The galranometer havins a
resistance of I,000 ohms, it is evident thal the tube in the E"m
wi l l  not  f t1e,  s ince we hnow that  a lO_cel l  bat terv wi l l  onlv f i ie  a
tr rbe throrrg l r  a resisrance of  18 ohms; but  t l ie  of f icer in the
conling tol'er knows that a gun is ready by the deflection of the
needle.

The circuit to each half ring of either turret is sinrilar to the
one alreadv described.

't

The several rvires are distinguished by coloured bunting, as
follorvs :-

From batterv to firing keys-red.
Ilrom firing ke;ns -to gun branc'\ boxes-blue.Irom firing keys,to gr
lrocal clrcurB-yeltos'.
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TESTING GfIN CIRCTTITS.

,  
I I r  tes t i r rg ; r  g l ln  c i rc l t . i t  i t  / , :  no t  on ly  r recessary  to  see tha t  theleads  a le  i r r  gord  coud i t ion ,  bu t ,a lso"  tha t  t l re " f i r ing- t  

"5 : "  
una

i:H&::T :iii:Hl" *l"L'"t " 
go "a o'a ""1 

* rl i' t p' & "a 
"r'v ir"

,b:,'Ijl i.". 
Ilenotti on shirt circuit, and note the deflection of

"n'i"1ifffrti""trtre 
batterv wires lrom the batterv and join them

To test for continuitv-

^,  f lo" .1,n1"; , , io, rs ly tesied gun tubes on al l  gun points;  see al l

;iliiiil -?.?,tJti::?:H:lli'er""n* 
on right {un iir arter turret :

\:;, :." pressi n s. r r e nor r i r.:f ,i,?f"lii:=,it"1",Tii1 $tli: :l,l gdeflactlon as on short circuit.
Disconnect slot and bolt of,right gun.anil join up left gun, andp l r e e d a S b e t i ' l . c i  t l B F t t r t  r r c s r r r I  t  . .

b";f ?i;::,t, fl.iTt 
fore 

.turret 
in same way, and af tbrwards resr

To test for insulation-
. See a.11 .qlots ancl bolts disconnicted, and test after turret

!j]*j. t :' pressing.beth af ter key *a-.n *n-t 
"y 

j'the needleshould renrr in stat ionnr\  .
. The_Ieads to fore tuiret a.re testecl in a similar manner, theturret being afterrvards tested on the other t 

""",j-iael-"To set the dead points-
Make both_gnns-reacly in after turret, and press the after keyseach side. _Note tbe tiaining of th; ft;;;; fi,fre" tir"ti"c"it i,broken, and also rvhen agairr  iurnplete i l
LJo the srme wi th the Tore turret .

F

To test_ihe firing keys-r . r  l E n u  u ! e  r l t I t g  K g v s -
1."4" it e-i"r""i"#"tirut rouasicle, and switch the ((Detector,,

l"-^'j^_-O_".,' i, th""tr."edle of th.e .dete"ti," *t o"la g1"u *"totfiring onv! ; lue reeule fr rne-detector should give a full swing onpressing _the firing key, the rletector 
"""at3--f,""ij '""i"r" t,,zero,  and should-show' or j r i r ia l  don.nt i*** i . " i * i l ; - i ' , -^ . , ,^l3ilf iid 

should-sho# origirial deflection-*he"*hliris t"y l_
e a s e d u p ,  

-  " - v r !  ' r 1 ! 5  ^ e J  r '

*11i.:l::*,ryy_llg teBieq for conrinuity, 1nd rh9 dead poinrsmay be tested bj.rneans of the 
-n-ii;6;;;;,;'i";;;;?h:"1iri",;
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baitery ioined up, but this should only be done in exceptional
circunisiances, as it is at all times unadvisable to keep a Le
Clanchd battery on circuit for any length of time.

The local circuit is fitted for firing the guns frorn the ttrret.
The lead is as follows:-
An independent brass ring, similar to that used for the

" Director " circuit, is connected to the huli of the ship ; a s'pring
contact rubbing on this ring is in connexion with the positive
pole oI the babierv; from the negative pole a rvire is ied to one
ierminal of each bi these firing Leys, tiie other terminals being
all in connexion rvith both gun branches I on either key being
preised,  t l re current  passes Lhrough Loth tube< to the hul l  o[  the
ihip, atia so back to the posit,ive po)e of the battery,

Tlie brtter-y and circuit are tested in the same way as the
director circuit.

In cutting o{I the lengths of the branches care must be taken
that they aie long enough to reach the vent easily, lvith the gun
extreme trained to the risht.

To the end of the branch rvires solder on the gun points, then
insert thern through the hand holders No. 1, and having hauled
thern taut through, solder a brass rvasher on to each, close down
to the hancl holders, and put a turk's head on the wires the other
side of them.

Then cut the return branch ri'ire about 3 feet from the end. and
attach the slot and bolt as follows :-

Clear the ends as for a junction, and reeve them through their
holders. knorvn as hand holders No. 2. Solder on the slot to the
prrb rvibh the gun point on it, and the bolt to the other part.
insulate rvith ti|e eird solution, and haul the rvire bnck so-that
the shoulders on the slot and bolt take against tlie lnlder, Seize
a turk's head on the rvire the other side of the holder. Then
seize the two parbs of the branches together.

lYhen this i! done the slot and bolt should be sufficiently sepa-
r , r ted to preverr t  their  lcc idental ly  l ,ouching on'  anobhel ' .

The other ends rre then soldered to brass terminal plates,
ieady for placing on the terminals in the small compartment of
gun br*nc-h Lox." Bechebs are then fitted for hooking the branch
iLp to the port  : rnJ the fore s ight  of  the gun,-When 

jbined up, the.n'ires a,re seize.d t-o a metal eye plate to
irrevent any strain coming on the terminals.
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- A)1 junctions are rnade as described on page bZ, but rdHn must
be used instead of acid; this applies to junltions in all perma-
nenf, cllclllis.

In consequence of the junctions of the branches.lvith the fore
a,nd after being inside rhe casing, and therefore hidden from
view (except at lhe periodical examination of the cun circuit).
great care must be taken to insure, firstlv, that t[e resistand6
shall not increase in time by the_form:ition of oxidesl ancl,
second.ly, that the insulation is perfect, as rvater may po..sibly
roo*e ln tne caslncs.
, O;nlyone h_oldei is used.for the gun points, Tu,o holes are'
lrore-d tlrrouglr- 1t tor the wtres to reeve through, and it is fitted
a. alreaclv esulained.

\\'hele-nror'e than one n-ire has to be joined to a terminal of a
firing key or,battery.. they must be soldered to a terminal plate, .
t,,.prerent thenr accidentally being joined up to difierent ter-
minals.

N'USTS AND DETONATORS.
The principle on vhich all electrical fuses and detonators are

c, 'n; tnrcted is  that  r  crr r rent  of  e lectr ic i ty  passing aiong n wire
ui l l  hpat  i t ,  the temperal ,ure to wlr ich a wi ie wi l l "be ra ised de-
pending upon the natirre, Iength, and thickness of the wire.
.,The rerult of v:rriors erpefiments has shown that an alloy of

silver and platinum is raised to a red heat by the passage 
-of 

a
small current-

It is found that a quarter of an inch of this allov will be raised
to a bright-red heat by passing a current of one-thircl of an
amplre thro_ugL it, and ihtt the wire itselt will fuse by parsing a
current of five-ninths of an ampLre tlrrough it, the-w:ire itilf
beine '0014 inches thick.
^ Thie tubes and cletonators employed in the service are of valious
forms and dimensions, but rnari b6 brieflv describecl as consistinE
of two_ insulated copper ri-ires passing through ar eborrite oi
rnetal head, the wirel-being a quarter.-of an inch aoai't. The
ends of these wires are cilled ihe poles of the fus6. and thc
platinum silver wire or bridEe is sold6red across the poles. The
bridge is surrounded by fuse composition, which cbnsists of a
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nli\ture of gun-cotton dust and mealed polvder, contained in
a c:rse of suitable shape, the bottom being closed by a paper
disc .co as to keep the composition close round the bridge, the
remainder of the fuse being filled with rnealed powder; or, in the
case of a detonator, it is filled with 25 grains of fulminate of
Dlerctuy,

Nori', supposing it is reqrrired to fire a gun, the tube is con-
nected to the gun points and inserted in the vent; on the firing
kev being prersed, the current passes through the tube and heats
tlre brjdee to a sufficient temperature to ignite the fuse composi-
tion; this in its turn ignites the rncaled powder, and the gun is
Dleo.

The tubes, detonators, primers, blowing-charges, and cartridges
used in the service are-

No.10 tube, electric, for lI.L. guns are supplied, 25 in a,
cyl inder painted black.

No. 11 tube, electric durnmy, for M.L. are supplied, 25 in a
. Iong tin cylinder painted black and yellow.

No. 19 disconnector, used for fitting charges for exercise, are
supplied, 15 in a short tin cylinder painted black and
vel10w.

Tdbes (V.S.E.), P. electric, for use with B.L. guns.
Tubes (V.S.E.), P. electric drill, for use with B.L. guns.
AII_vent sealing. tubes are supplied in flat tin boxes painted

hlack. 10 in a box.
Primers, electric, for 4'l guns, are snpplied in drab cylinders,

10 in each.
Blowing-charges, electric, for dropping gear, are made

10ca1tv as re0ulreo.
Cartridges, rviieless impulse, 4oz. and 4!o2,, lot discharging

Whitehead torpedoes from tubes, are supplied 20 in
quarter-metal Iined casesl theprimers for these are supplied
separarely.

Detonators, electric, No, 9, for exploding gun-cotton charges,
are supplied, 25 in a tin cylinder painted red and yellow.

Detonators, No, 15, non-electric, for exploding gun-cotton
charges i'ith Bickford's fuse are supilied, ?5- in a tin
cyiinder painted red.

Detonators for Whitehead torpedoes are supplied, five in
small flat rouncl tins painted black,

[ : -
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thirtl of an ampbre to fire thern both; but if it should.happen
thrrt the brielge of one detonator is broken, the whole circuit is
br,rken. and neither detonator rvill fire.

If the detonators are fitteil in fork, so that the current passes
throLrgh both at the same tirne, then, although one detotrator rna)'
l,e deiective, still the other rvill be fired. and the charge rvill be
cletonated. In this case, the total current in the whole circuit
rnust be trvo-thirds of an ampbre, so that one-third rnay pass
tlironsh each detonator.

The" latter methorl is ahvays employed in fitting outrigger
charges, when the charge carried on the spar being' small must
r l rve-ys bo c lo.e in contrct  to the ship s bot tom before being ex-
p1od6d, and the shock causeil by the contact is liable to break the
bridee of one detona'tor.

T[e lenqbh of the bridge in a]] fuses and detonntors is the same,
nlmely, oie quarter of an inch; and the resistance is 1'6 ohms.

Red sisnilies a detonator.
Yel lor i  s igni f ies for  sea setv ice.
White s iqni f ies for  land serr ice.
Black s jgni  f ies h igh resistance br idge.
The explosive forie o[ a detonator is considernble, and in using

them cert-ain precautions are therefore necessar-v.
1. Before jbining up wires to a detonator, the opposite ends

should be insulated.
2. Before testing they are ahvays to be put in a place of safety,

such as an empty100-Ib. case or the muzzle of a gun, and while
solderirE the iurictions, thev should be held in a similar place of
safetv rvitL a pair of piieis, and the operatio! should only be
perforrned by an armourer or other trained artificer.- 

3. On no account must a detonator be firec1 unless it is so
placed that no person can be injured by the pieces, which often
ily to considerable distances, a man having been baclly cut by a
riece of the tin at a distance of 70 feet.- 

4. No force should be used in inserting the detonator into the
gurr-cotton l'r'inrer. Tf necessftrv. before inserting the detonator,
t-he rectifier' supplied for the purpose sh"uld be pushed into the
hole up to the dhoulder, and with-drawn by screwing.

5. Alnrys handle detonatols with thc greatest care; never
br ing eny"stra in ou the wires,  especia l l f in  wi thdrawing tho
nrouthpiece from a primer tin.

{
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6. No. I detonators are supplied in labelled tin cylinders,
painted yellorv and red, each containing 25 detonators ald d
wooden rectifier, These cvlinders should not be opened until the
det-onators are required firr use. Should a cylinder be opened,
and all the contents not be expended, it shoulcl be again rendered
air-tiEht.

_ Deionat ' , rs  are on no account to be place, l  in  any nregazine;
t_hey sliould be kept in the gunrrer's stbreroom, or in a-speciai

l)efective detonators should be invariably reported on, and
when practicablc samples should be transmitteri home foi ex-
amination. unless the failure can be clearlv accorrnter'l for- as- for
when practicablc samples should be transmitted home for ex-
amination,_ulless the failure can be clearly accounted. for', as, forue l tad la f  ru r ,  as ,  ru f
instance, if the detonator has become unmistakably damigeil by
moisture.

Whe! placing a No 10. tube in the vent, care must be taken
to see that it is inserted as far as the seizinc. and the insulatecl
wires bent  a '  requis i te just  above i t .

ii,"ri"r-t""L"" il4";l;;i,"ia t"u.
No attempt is to be rnade to open a detonator.
Defective detonators should be invariablv rr

detonator locker under lock and kev.

Defective detonators should be invariably re

Electric gun tubes are alwavs to be tested before use,
Should the supplv of Eun tubes be in danEer of fallShorr l t l  the suppl l '  of  gun tubes be in drnger of  fa lL ingshort ,
ey-may be re6t ted by f ix ing a neu- br idgiof  p lat inum si lveithey may be ref ittd by 

-fixing 
a neu' bridge-of platinuri silver

wrre rn the same mnnner as for a drill tube: the head of a frictionbe ;  thehead o f  a f r i c t ion
tube is then cut off, and the mealed powder cleared out of the
up-per qtill; this quill is shipped over the ebonite head of the old
tube, which is coiered rvitli-a little shellac varnish, Care mnst
be taker to select a.cluill that fits it accurately. Iill the quitl
with priming compo..idion, tal<ing care.that it is completely filled
try pourrng rn a smal. [  qr lant i ty  at  a t i rne.  and tapuine the tube
head gent lyon i ts  s ide,  then-plusthe er id of  the eu" i l l  wi th n
sma.ll piece of solid gun-cottun 

-io 
prevent the piiming com-

posrrlon reavrng ilte ttrtdge.
.Next replace. the iorver part of the friction tube, stickin;.it

wrtn a l lL l , te bhel lac varnlsh,  and Eire the rvhole an extel ior
coat .of  any.k ind.  of  varnish that  miy be at  hand, , , rvhi tc  hard
varnrsn ' belnE tne best.

To refit a dri1l tube proceed as follows:-
Ifnscrew the plug from the head of the tube. scraue off the olcl

paper disc from the outside of the head, wipe 6ut and thoroughly
ory Ene lnsrde.
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Esamine the piug a,nd terminai wires, anci test the tenninals
for non-contract; t[e wires shou]d be quit-e rigid !n the. plug;
anclshoulrl eitheror both of thern be loosb, thev can be tightened
tv, l r iv ing a smal l  i ron or  cop|el  wedge intu t l re eboni te phg by
t l , e  s i de  o f  Lhe  t en r , i na l s .  T l r i s  wedge  can  be  eas i l ymrde .bX
tr ' , in t ing thp end of  a p iece of  rv i re wi th a l tammer,  and cut t ing
ofi abc,ut *-inch of it.

Sct*rie ihe terminai wires with a knife, ancl rvith a fine fiIe
clean the extrerne ends.

On a scrap of tin spreatl a few drops of soldering solution,
tonch the so.'lutiot ivith the ends of the terminal rvires, and tin
them with a soldering iron thrt has been preriously.tinnedl
touch the solut ion again rv i th the norv i inncd ends of  the wire,
stretch the plabinurn "silver rvire actoss from one terminal to the
other,  resL ihe sold"r ing i ron and tor tch tLe po. int  of- i t  rgain rv i th
the terminal and platilnum silver rvire, keiping the rvire that
forrns the bridge above the point to b6 soldered to prevent the
solder runriing along the bridge

All the aci<ior -5isto"e reiraining on the wire should then be
removed by carefully wiping or evalnrating by heat, and tlre tube
should be"tested f6r co-ntinuitv, ihen sCierithe plug into the
head. and close the holes with the prpel dircs, and {ill the head
thror leh the bot tom wi th the pr i tn ing-composi t ion.  nrrd screw in
the stlm, cate being taken to see thrt the plug and -stem are
screwed iro*", us oihers'ise they are liable to blow ofi and do
considerable da*age; the tube'should then be tested for con-
trlnultv.

It i-s of the utmost importance that no acid or moisture be
left on the 'wire forming'the bridge, or inside the edge of the
f,ube.

Care should be taken to keep the priming composition
thorouehlv drv.  and to put  i t  in  a *afe p laci  rvhi ls t  ref i l l ing tbe
tubes."an6 tot'to tr" more than is necessaryl 1 ounce being
sufrcient to fi]I 40 No. 11 tubes.

These fuses will be refitted in a similar manner to that de-
tailed for a No. 11 drill tube, but after soldering and testing the
bridse. nlace a smali ouantitv of lnting on the thread cut routrt.[
the 6ody, scre\v on thb cap, htt wii,n firiming compusition,.then
gom a pup"" disc over the hule, and laslly, coat the cap and lower
part  ofbody wi th shel lac varnish.

{5
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The weighf of the bodies of all the vent sealing tubes being so
great in propoltion to ttre strength of the conducting rrires, gieat
care must be taken in handling thern, so that no undue strain
maybe giren to.the rviies, anclthus affect, ancl, perhaps, break
ilre t]ne wue Dndse_

Ilnscrel the oirter and centre part of the bodv and see the
grs  escrpe  Lo lo"  c lear l  exanr ine- rnd  tes t  the  \ \ i res  fu r  non-
conta_ct_ and continuity, solder on and test the bridge as already
detailed for other tubes; place a plng of luting in each escape
hole, screw on centre part of body,-fi1l with pri i l ing composi.t io-n,
and then screl on.orter part of body and test. Veut sealing
d l  l l - t  tuLres  are  s r r ; ,P l ie , l  empty .

It is not rdvisable bo fire tiese tubes outside the breech block.
in consequence of their l iabil i ty to btrst if the escape holes get,
blocked.

.. A11 vent.sealing tubes should be handled bytheir bodyand not
DV f,nelr \rrfes,"These 

tubes wil i be refitted as follows:'-
I lnscrorv the rnetal cap, solder the bight of a piece of P.S.

wire to the centre spindle, and the trvo ends to theitandards on
casing, takirrg care io leave the rvires a l itt le slack; then fix a
snra l l  p iece .o f  cork  under  the  \ \  i res ,  anr l  f i l l  I  he  body  w i th  p r im-
ing  compo" i t ion .  1 , lece  a  smal l  q r ran t i t v  o f  d rv  Eun-co t tu r r  over
the  w i rp . .  sc re \ r  on  Lhe cap,  an ; i  f i t l  up  the  tu fe  w i th  p r im ing
cornpos i t ion  th rur rgh  rhe  ho le  in  the  cap.  uh ich  is  then c losed b i
a , l i i c  o l  .o r l t .  andrn : rde  iva le r t igh t  rv i ih  varn ish .

These tubes screw into the base of the metal cartridge case.
As every electric tube or fuse contains sufficient composition

to  ' lo  ser ious  in ju ry  i f  f i red  c lose  to  the  person,  spec ia l  care  is  to
]re takerr l 'hen fir ins them-

Electric tubds, &cl, may fail from the follou'ing cau.qes :*
1. I i the bridge is broken, it is evident the current rvii l  not

then pass, as the circuit through it rri l l  be incompleie; this can
I 'e  g r ra rde , l  aga ins t  by  care fu l  hand l ing ,  and t l re  cnnt inu i ty  o f
th^  b r i ' l se  can be  ascn i ta ined bv  tes l , ing" ind  ba lanc inq . .
_  2 .  T f  the  pr im ingconrpos i t ion  does  r r , , t  sur ru rLndr ,hebr idge, the
Ia t te r  may l te  fu .ed  rv i tJ iou t  ign i t ing  t l re  conrpos i t ion  ;  th is "can be
gr ta rd .ed ,aga ins t  un ly  by  p rup i r l y  f i I ) ing  iu  the  manufac ture :  i t  i s
one oi the chief reasons that two detonators are used irr every
chtrge, so that chance of failure is thereby much reduced,

e,
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3. Shoutd the priming composition be damp it rvill not ignite,
and therefore cause failure; this is gnarded against in the mamr'
facture, and by keeping thenr iir [ermetically c]osed cvlinders
when in ships and in store,

Fuse comiosition consists of trvo parts of gun-cotton dust mixeel
with three parts of mealed powder, ancl is supplietl r'n 2-oz. bottles
which are supplied six in a rvooden box.

Gun-cotton is manufactured from ordinary cotton rvaste, treated
with nitric and sulphuric acid; b; this means the nature of the
cotton is entirely changed. lYhen all the excess of acir:l has
been washed oui by boiling an-d being washed in alkaiies,the

EXPLOSIVES,

gunaotton_is. reduc6d to a iery, finely p6r'dered pulp; it is thenEun-cotton ts reduced to a verv 1]nely po\roereo pulp; 1[ ]
Iompressed into conrenient shapes and sizes, and is su
either in a rvet or drv state ; the cl

r, and is supplied
bton is wetted byelther rn a wet or dry stale i rne ory gun-co[[on ls we[!€o Py

adding 17 per_ce-nt. of its weight of fresh ^rvater to it for use,in, the

I
fl
:t

rvar hEacl'of \Yhitehead torfedoes and 20 per cent. for ail other

"nf"8rl**ur-"otton is suppliecl in tin cvlinclers, each containing
four '9- , "2.  d iscs,  the 16[2t  lveight  being 2l  lbs. ,  a l .o in cupper
cvlinders for Whitehead priners, each containing six 1-oz.
tliscs.

Wct st rn-cut ton is  a lso sr . rppl ied in d isc* of  the sanre s ize,  but
stowed in a tin cvlinder, th-e-total weight of gun-cotton being
16{ lbs, The 16}-16. tins are supplied in wooden boxes two in a
box.

The primer tins both full and spare are suppliecl in rrooden
cases of 10 in each.

The Whitehead primers are supplied in rvooden boxes' six in a
box. with extractor and screrv-driver.

AII eun-cobtbn must be tested-the wet yearly and all plugs
remouih. the drv during the fir'st six weeks in each half year. /
The drr'-to s,'.ihat no-decomposition (due to the presence-of I

1X{.iff"?,t"'.01":'r"tihtq 
p)ace-; and the rvet-tu see that the 

!
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The drv is tested bY means of biue liinius paper, rrhich has
the uecrt l iar  p leper lv bf  turning led rvhen in cut ,Lact  r r i t l r  at ry
acid.  The t i i r  b i ' i lg inpened, ihe tuo rr ; ,pot '  6 l i "c '  are taker l  orr t  ;
d.op t*'o or three diopsof fresh water (rvhich must be previously
test 'ed wi th the l i tnnrs pr l ler)  on ono d. i "c:  on th is p lace a piece
of  th"  r ron." ,  an, l  ther i  i loss r t r 'o  t in d i -cs toget l rcr '  I f  t l re
colour of  ihe puper retnain.  unr l te led the gr ln-cut ton is  cotrec- t ,
i l  th"  p"p""  iu ins red t l re gun cot ton mrtst  hp immediatel .v
ivet tod. '  

'The 
t ins contain in!  the rvet  gr tn-c-otron cannot be

opened, but a plug is screrved-in at one end, which musi be un-
screwed to a l low any gas to e 'cal  'e '

The tin is therr 
"rviiglred, rnil shouid correspond rvitlt the

weight marked un the hL,el : if rmder rveight, I.re^sh rvnter nrtrst
be 

"aclc led;  i f  urer  weight ,  the plug mtrst  be lef t  otLt  rnd the
water allorved to evaporate.

The ex-plosive forc6 of gun-cotton is six to eight tirnes that of
Eun-liowder.' 

It'cannot be exploded by means of an ordinary gun tube, blt
must be detonat6d by means of fuiminate of mercury.; de-
ionat iun is  s imply r" rerv rapiJ -extr los ion,  rn ' l  by r rs ing.a
detonator  the rv-ho" le of  a chalge is  imrnediately turnet l  i : r ro i ts
corlponent gases. .It iguites aC a low temperature, bnt then will
onl r  burn verv ra l , id ly wi thorr t  exl , lo" iot t ' -

Wet gun-cot ton rv j l l  n"b Lurn.  but  mry Lp dPtontLed bv usln-g
a large"amount of fulminate of mercur:y, o-r [,y using' a small
detonatr l  i t r  a charae of  drv gun-cot ton in c lo.c cuntaci  \ i th i t '
This is  the means 

-usual lv  
employed, an, l  the t inr  of  wet gun-

cotton are fitted u'ith trvo holes through thell. the centre one
b" ine to take the sprt  rvhen f i r ' in-1 outr igget  charges.  and the
one a"t the side i" to !al(e Lhe tin of dry qrtn-cotton, the r'liscs
surrounding the hole being cut away so as to fit closely ronnd

The end of the wet tirr rvhich is fiited rvith the screrv is thinner
than the other. and rvhen using trro tins they rnust be placed
with the scre# ends together,lo as to insure tle contents of
both t ins being detonated

The advantiiges of gun-cotton or any explosive tb-at.requires
detonation is it"does n"ot require a strong c-ase for its fuil force to
develop in, and in the case 6f g-un-cotton does not require keep
ing dry if used at once, except for the primer.

^-,.-

\

.F
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DYNAMITE,

_ Dynamite consists of an earth ca11ed Kieselguhr .r.vhich has
been. saturaled in n i t ro-gl .vcer ine.  This l iquid is  formed bv
treat ing orc i tnat .y g lycer ine ui th n i t r ic  and sulphrr : . ic  rc id,  much
rn tne same \yay as gun-cotton is treated. It is a highly
dangerous exploclve, and,-if_used in its natural state, w6u1il
e\plode ri shaken in a bottle, but if carried about in the form of
dynamite is uoderately safe: fts explosive force is about the
sanreasgun.cuLton.  I t  issuppl ied in2_oz,  and 6_oz.  ro l ls ,wrappecl
uprn water-proof  l ,nper.  l t  should never be hanr l led 'wi th the
trngers,  as the niLro-{ ]ycer ine penetra{ ,es into the blood,  causing
vlo.tent headaches. It is not suitable for submerged charee"s
unless -enclosed in a rvatertight case, as the ,""ter"rv"shes'-Ehe
nitro-glycerine out oI the Kieielguhr. 

'

,  Dynamite can he detonated.6v detonat ing a smal l  charge of
dry gun-cot ton i r  c lose proximity to i t ,  but  t l tev need not  [e in
actual  contact  wi th one another.  Dynamite cannot be used for
detonating gun-cotton.
- _If watei hrs been in contact with dynamite, it must be care-
fuliy handled and thrown arvay, as.it is probatly 

"hurged*ithni t ro-glycer ine,  rvhich wi l l  f loar  on rne surrace.

N'ULMINATE ON'MERCURY
fs rnanufactured by d_issolving mercury in nitric acid, Alcohol
rs then ad'1ed, _and lulminate of mercury rvill be cieposited in
nne cr)sta ls.  l t  rs  one of  the most v io lent  explosives known,
-a.nd must be treaterl ivith the utmost care, u. * uilolurt shake has
been known to .explode it, It is supplie,l in N., S ,"4 No. 1b
detunators., and is uoed solely for d6tonrting gun_cotton and
Qynamltre charEes.

ft
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SPAR TORPEDOES.

\

.\
F

INSTRUCTIONS FOR X' ITTING.

1. Join up an earth-plate, and lead to single-test battery and
galvanometer, and test through; the deflection should not be
liss than 80o. Ascertain that the conducting wires are of such a
l"ngt i r  a"  easi ly  to reach the bat tery rvhen the torpedo i .  in  t l re
firinE position; a doul,le length of 40 feet will be found sufficient.

2. 
-Test 

the conitucbing wiies Jor non-contact, continuity, anil
insulation I then insulate the battery ends.

3, Test tn'o No. 9 detonators singly, putting them in a place
of safety before doing so.

4. Reeve tlie legs of the tlvo detonators up through the mouth-
piece, with their ]reads on the same side as the heads of the bolts,
and jo in thenr t t ; r  in  f , ' rk  by crossing their  Jegs, 'uts ide.

5,  Join t le l (gs uf  tbe debonator Lo the conduct ing wires,
keeping the insulated battery-ends of conducting wires in sight
during the operation.

6. Place the mouth-piece in an empt-v primer-tin, in a lirre with
the strengthening band, and scren'up the nuts u'ith the spanner
supplied for this purpose, taking care that it is done uniformly,
soiLat the iron 1jlat6 does not"touch the tin anvu.here, or tire
india-rubber disc rvill not bear evenly against it. Submerge the
primer-tin for one hour to a depth of at least 20 feet, and, rvhilst
submerged, test the junctions of detonators for insulation; then
re-insulate the battery ends of rvires; if the tin is dry when
opened it is reldv for fill inl.

N.lJ.-In removing the mouth-piece no strain must be brought
on the leEs of the detonators.

7. Remove the lid of the filled primer-tin, take out the rvad
and gun-cotton, transferring the gun-cotton to the primer-tin
rvhicE has beeri tested, excEpt ond disc; into rvhich carefullv
insert the detonators. Then place this disc and the mouth-piece

\ 
* 

+'H tT::,'".:;l-t'=f""t}rr' *"*f "d;i"Ti"d i,,to th" sun - corr on.

I Ii-:Ht;:-ii"$*";i1"*-iltfii#l- 
them' the rectine; srrould be

- 8. Secure the shif?ing iron end to the spar with the bolt and

Z "", *nnry"llru"verit, and then the two
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ces€s of damp gun-cotton, with the ends fitted with screw plugs
together, taking care that the holes for the primer-tins are not
in one line, Insert the primer in the inner case, put on the iron
cone, and'screw up the nut; then stop the rvires t-o the pole, and
reeve them through the groove,

C. Test the thrce-cell b-oat's tilinghattery by fusing four parts of
P. S.'rvire through the resistance of fhe test-"cuii, or, if rio coil is avail-
able, by firing four drill-tubes in fork through an ouirigger circuit,

SPAR TORPHDO ATTACK
To insure everything lceing correct, as soon as the boat has

been rigged, shore off without the firing battery, and, having
rigged out tLe spar,-the circuit should b6 tested for continuit!
and insulat ion,  and the spar again r igged in.

The boat should then receire the fiins batterv. which should
be joined up in its place by No. 1, and ihe maniule door to the
after compattnent of boat screwed up,

No. 1 then takes the wheel. .
No. 2 attends the slip lanvard,
No. I presses firine irev. 

-

Lengti of spar-+2 feei.
Least horizontal distance of charge*33 feet.
Dept l r  of  chargc- lQ fgcf .
Anele of contact-10" before and 15" abaft.
trleight of gun-cotton (rvet)-Tvo 16]Jb. tins.
Weisht  of  dry pr inrer  -2[  lbs.
Deto:ratols-Tiyo lr.. o. 9 deurnalrr".
N.B.-The test battery, test coiIl and a torpedo work-box

should be taken arvay in the boat to iepair darnagls.
A 2+-1b. tin is as much gun-cotton as shoulcl be used for

exercise from a second-class boat.

T'ITTING CI{ARGES.
The routine for fittine all charses is to be observed as laitl

dorvn to the end of $aralraph 7 fir spar torpeddes; the deto-
niltors beinE fitted in fork or series as reotired.

If using armoured cable the test for noi-contact is omitted, and
in paragraph 5 the armouring connexion takes the place of one
of che conduct ins wires.

In this case it aino""* to 
:ry:tt.
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Pnrc.rrrross ro sn Olsrnrrn.
l l- i .aji [,.t]/; i t/ oLrt cle.{cistte,rnines or clt,urltes o-f ()rA sort,

1. \fhen l irvins r defensive rnine, see that the end of the
elrctric cable'is insulatetl l ' i th tubing' and in charge of some
r!.s1)oDSible l lersoD,

J .  ; .ee  th r t  lhe ie  i *  r to  f i r ' i ng  La t le rv  in  the  boat .
: j .  - \ l r vavs .  i v l ren  1 '6 "5 i1 ; l s , -d rop  t Ie  mine ,  a : rd  then pry  the

cr[,]e baci, to the slri l , or station, never leaving the end in the
.-i, ir, or statiun rvhilst the mine is in the boat unless absolutely
,,e,i 'r- lry to rlo so. i l  rvhich case the enil of t]re cable sltould be
.:crired io G flag, and tricdd up in a position visible from the
irurt lavinE the rnine and cable.

h anv Jase ihe end of the cable should remain insulated with
tlLing, ind not be juined to a test battery, test table, or f ir ing
1 . r r t . i : r  t i l l  evervL l i l s  i s  rve l l  c lear  o I  Lhe loaded nr ine .

4. \Vh€n blori, ine dharEe. have to be attached to a lrine after
tire rl ine has been jaid ou"t, the precautions in paragraph 3 are
ahvirvs to be carried out. and the u'ire from the mine to which
the clarge is to be attached shoutd be long enough to reach the
s,rrface of the rvater. Whel required, the charge is laid at a
safe clistance and then joined up to the mine.

5. On no account allorv a loaded tnine to be tested unless in a
place of safetl ' ; this caution also refers to testing a mine field
g.hen there are boats about.

6. After n charge or rnine is laid it should never be hanc]led or
licked up. rvhether it has f:r, iIed to explode or not, unti l the end of
ihe cable is insulated, and either in the boat which is handling
the charge, or tricecl up in vierv as rlentioned in caution 3,

7. If i t be rerluired to pick up a mine u'ith a blos'ing charge
nttached, this should first be crept for, picked up, or cub adrift
frorrr the mine, and the ends instlatecl, before attempting to pick
up the.rnine.. This cautior applies strongly to the electro-
n)cc Ian ]ea t  mi l tes .

8. When the mine is laid, if intended for exercise and loadecl,
its position should be shown by a conspicrious ied flag secured to
a buov which is securely attached to the loaCed mine,

f. if the mine is intelrded to be i ired by brrurl, ing r cletached
circuit closer, at least 500 feet uf cuurlucting rvire sltoti ld be used
to connect m'ine with circuit closer, and 100 yards shoulcl be the
Ieast admissible distance of mine from circuit closer,
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10. The boat detailed for bumping should be in charEe of some
responsible person, who should-ne-ver bump the cirduit closer
unless proceeding in a direction alay from the loaded nine.

11. A mine should always be tested before attempting to fire
it, and if it misses fire it should aglin be tested if trructicable in
order to assist in deterrrining the cause of the failure, the same
safetv precautions being taken as if the mine had not been
attemoied io be f i red.

12. Mechanical or electro-mechanical mines must be l<elt
upright and handled gently, the latter being as far as possible
kent drv.

Where the withdrawal of a safety-pin or the joining up a wire
circuit renders the mine dangeroui ihe operators mist-be at a,
safe distance.

13. A11 batteries and wires should be tested before use. and
a record kept of their state.

Information required lespecting batteries and wires to be em-
ployed when laving out clrrrges.

' {

TJrpe of Cell or
Batter.y.

E.M.F. Internal

lin 
Volts. Resistance.

i;t .
l l

Tests for

1 boat's cell

3-ceII hattery

10-cell battery

Menotti test

To fuse orredden onepart
of Pt, Ag. wire on
short circuit

To fuse one part througtr
3 '5 ohms

To fuse one part through
13 ohms

To give a swing of 80" on
short circuit

15'0

1 ' 0

'6

2'0

30 to 100

I

.l*
q

Current required to redden or fire a fuse, $rd ampbre.
Current reciuired to fpse a 25-inch briclg6"of Pt. Ag. wire, f,ths*;alnpere.
Conductivity resistance of a 25-inch bridge of Pt. Ag. wire,

1'65 ohms.
Conductivity resistance of one mile of N.S. wire: 10 ohms.
Resistance of,all bridges^to Iuses, detonators, primels, &c,,

useo rn tne n&val selvlce. I'bD onms,

. A
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DYNAMOS.

i i

-. In order to produce the current required to burn a search
l ight ,_a machi i re cat let l  a, ,Dy;u; ;1f l ; ; -pt"y" i .  Before
describirg the machine it -will- be necessarv 

^to"describe 
theplopert ies of  soure of  the pr incipal  parts.

A lurgnet  is .  a bar of  i lon or  steel  rv l ich hrs the O"opu"r ,  otat t t  act ingsmal l  p ieces sf  the sanre-metals,  and al"o. i f 'su.penaed
freel l ' ,  r  i l . l  l ie  ina ccr ta in l ine cal led i t  

"  
- "g.- l i "  i l . " i . | ; r " .

. It is found_that this attracting force is not"equat ui utt parts of
!l:^::lgl"l: but is stlongest ct'ose to irr"i"irlr,'l.a di",pp"*r,
alrogei l let '  rn the ceLtre.

The p-ositio-ns o{ the two points rvhere the force is greatest arecal led th"  l ,o lcs uf  the nragrret ;  fnat  
"na 

*nicn-pJi i i . "  to,uo"d*
!.hg nolt[ heing calte.t the".,N6rrEFore], ;;d;i;;;ilr end the
"  So r r t h  P , , l e . "  

-

. To ascertain whether a bar has been magnetized or not. brinsi t  c lo 'p to asust ,cndcd nragnet:  th. r ,  i f  o; ;?;A; td" ; ;=; ; ; ; i . i f i
tT:i#""5i:"i:l,Ti_*illtn" other en'l 'hould repel it.

L iko  t 'o le .  re l ,e l  one another .  r rn l i kp  lo les  a t t rac t .  The l ine
n l r ' t \ r y  b e t \ r e e n  t h e  t r v o  I , o l e s  i s  c a l l e d  t h e  ' , N e u t m l  L i n e , . .
_  lhp  : l ' r ce . r r r r ' , , r rnd in r  t l ^ .e  magnet  in  l  h ich  i t s  e f fec ts  can be
fe l t  i "c r l le  I  t l re  "  N Iagne- t i c  F ie lJ " ro l  r t  o t ,no ; ; " ;  A ; ; ; ; , , * -ug .

i"'JriT"i"iit&llag'etic 
field' and a \veak mignet a 

"o"'"*'poofi'
The attractin-g force is supposed to act along certain l ines of

:i';TJ "#l?f#e 
poles ; these lines are called the-" Lines of n'orce"

, For,purpuses of -description and to enable certain definite rules
[o De lard down, the.lines of force are alwavs srronosed to sisriare alrvays supposed to staru

the-south  po l i ' i so  tha t  i f  rve

!u uc rhru qown, [ l le  t lnes oI  lorce are always supposed to star tr rom the north pole-and run into thesouth pol i , isothat  i f  rvespeak ot  Iacrng the l ines of  furce tve f lce the-north r ro le of  thcspeak of facing [he lines of force *" io"u it 
"-"o"ih"pol 

of themrgnet. . ,  Tn the-same way,  i f  t rvo magnets are lv inEiaral le l  tooneranorner, wlth ul,nobite poles opposite k, one an"t-hei., the linesone anof,ner, wrth upposite poles oppositerkr one anot-her. thelines
or rorce are ,supposeal to flow from the north pole of one into theur r0rqe are supl losed t(
south pole of tle other.

;:fir""i**in*i#"x,Txllf E:J.i$ilft f $ri,l+Tffi ft":.$J!.t
.
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-rrtl_v the same prolierties as an ordinary magnct, the end which
L ibe nurth pole being determined by. th l  lo l l i ,wi ig ru le :_L ibe nurth pole being determined by thb lot t?,wir ie Lule :_
^.Place 

youls,Etf in thi conduc.tor; sit i 'n tuitt., ftiu-co.r-uot; fu""
tbe l ,a1; 'a16 t l re north pole rv i l l  t  

"  
o"  u"r ,  iut i  hun. I

I l )  t l re case of  the steel  bnr i t  wi l l  become nern,r ,nIn the case of the stiel bar it will 6."otne p.in.*"ently mag.
tizerl, but_a soft.iron bar will only Lrecome o'-ug"oiio%"g *.!.€tizpd, but_a soft.iron bar will only Lrecome o'*ug"of .o%"9i.

tL r  cur ren t  i s  f fow inE.
Faraclay^ discovered that if a concluctor were revolved in a

n:agnetic f ield so as t,r cut the l ines of force, then a cirrrent would
Eor rn tbat Cul{tuctor.

Th is  i s  the  rvh" le  p r inc ip )e  o f  a -dynrmo nr rc l r ine .
. l , t re ,nng i re t rc  he l r l  i s  p roduced !y  t rvo  or  n rore  e lec t ro  magnets

r ln . r  tne l r_poteq  uranged round the  arc  o f  a  c i rc le .  Ins ide  thc
e l rc le  re \o i \es  the  cunducLor ,  wh ich  is  ca l l cd  the  a lmature ,  anr i
ccn-ists usually,of,many turns of insulated copper rvire rv'ound
on a oruD! r€\'o1red l ly means oI a steam-engine. AII that is
nu \ \ -  re , l r l r red  )s  to  conduct  Lhe cur ren t  w l r i ch  j s  p roduced in  the
ar ru t tn re  an-ay  to . l , le  search  l igh t  o r  incandescent  lamps.

l r r  r , roer  to  do  th ts  the  ends  o f  the  serera l  co i l s  o r  sec t ions  o f
coils are connected to a corresponding -number oi coppLr strips,,
in : r r la ted  f rom uneanother .  bd i l t  r "u id  the  sn in , i I Jo? '1Le anna_
Ll:l 

e,i tbisarrangementis called the,,Cornrnutator.,, Two copper
tJ rn<t res  l lear  o l r  Lhe commuta tor ,  and are  bo  a i r r rnged tha t  ihey
are irlways bearing on tv-o strips opposite to one i.rothlr. The
c:l:ductmg rvlles are connecbecl to these brusbes_the one bv
r ' l . i . ch  tLe  c i l . renb.  passes  or r t  o I  t ] re  mach ine  t re ins  cu t i "J  th l ,
l ' . l t l r c  b rush .  and_th : rb  by  wh ich  i t  pa .ses  brc i r  aT ter  pass ine
tbru [g I  t i re  e \ te rna l  c t rcu i t  be i i lg  ca l ]e , l  the  n , .ga t i re  l r ru ih .

Iu  rL l  dynamos a  por t ion  o f  thp  cur ren t  r , ro , . l i i ce , j  i r  i l r "  , r ,uu_
t : : re  i s  n tade to  l ,ass  ro ,und. the  f ie ld  l ragnet  c " i l s :  these be ing
ulr(le or, lron^are onty s_t_tghily magnetizecl lvhen the machine is
aj rest, Dut atter'r, small number of revolutions of the armature
the.curlent produced py^l,assing ro_und the field magn;ts mag-
n::rzes them up to their full strength, anrl the machinie rvorl<s it
l l i  r [ l l  u o \ v c f .

-_Jire nrachines in theVictoria and Albert are calleil ,, Compouncl
\\ 'r ' .rnd.Machines." The current produced in-ihe a"mature tras
tn-o paths open to it.

- 1rt. I 'romthe + ve. brush round the field magnets by a moclerately
tb h rvire and back to the - ve. brush. This is Ealled tie shunt wird.
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2nd. From the * vabrush round the field magnets by a thick
wire to an independent terminal; from this a wire leads to the
search light, and the current returns bva similar wire to another
terminal in connexion with the - ve' brush. This is called the
series wire.

These machines are so constructed that, with a given number
of revolutions there ryil1 ahvavs be acertain E,M.F. or difierence
of potential between the brushes.

These machines are wound to qive an E.M.F, of 55 volts. The
current flowing through the ciicuit depends solelv upon the
resistance in the circuit; if the carbons of the search lisht are in
contact rvith one another l;he resistance is verv 1ory. and conse-
t l le l r t ly  t l re current  bec0mes a strong one.

Now, the series rvire is only thick enough to take a current of
50 amlri:res; anything over this tends to heat the wire, melt the
in_sulaiion, and io dairage the machine, so that care is'necessary
rvhen burning the I ight  io prevent th is.

The search light is produced by the heating of tu'o carbon rods
(by the passegdof th6 current) tb an intensE rvhite heat; these
rods rre cont i ined in an a; ,par:atus cal ler l  the band lemp.

The current from the dynarno is ied by means of a u'ile to a
lpring stud on the pedestal; the projectoi has a corresponding
brass ring on its underneath side, so that as the projector is
turned round the stud is ahvays i:earing on the ring; the ring is
in connexion by means of ar insulated lvir.e rviih a 

-brass 
rubbing

piece inside the projector. There is a similar arranqement for
the ot l rer  iv i re,  lVhen t l re hrnd Inmp is p laced inside the prg-
jector a contact piece on either side bears up against the rub6irfu
pigce, One contlct piece is connected by means of an insulat6d
rvire to the holder of the los'er carbon,'the other one being in
connexion with the r:pper carbon holder, So that rvhen"the
machine is workinq the current startinE from the * ve. brush
passes round the field magnbts to the I ye. terminal, passes up
b; 'one wire to the spr ing s1ud, on to bhe brass r ing,  io the rub-
bing connexion between projector and hand .lamp, p-asses through
upper carbon to the lorvei cail,ronf and back by oiriiilar connexions
to the - ve. pole of the machrne.
- The upper carbon is called the + ye. carbon, the lower one
beinE called the - ve.

:  - .  .u ' t t t '



7
l ' 8 4
I

-
I ../ PAn,T Trr-
l t /
I .//
f // EI.ECTRIG LIGHTING.
f / /
f z

- -----Y

-+

6
Teg.rrnc DlNalro Macnrxrs,

The principles of testing ma.y be applied to anv type of
rr.rachinF wh"n they are once ihoroughly understood. "Thi'prin-
cr l )a l  tesLs arc non-conta( t ,  conl ;nui l !1,  lnsulat iot t ,  'nd polar i ty .
l ' i rs t ,  test  the bat tery and two short  iengths of  wire.

Disconnect leads from machine terminals,
Non- contact.-This test is only necessary in the case of " com-

pound " machines, to ascertain if there is any contact between
the " shunt " and " series " maEnet coils. Disconnect both ends
of the " shunt " and " series " magnet coils (unless it can.be done,
as in the Yictoria dynamo, rvithout actually interfering with the
wires), and juin up the battery terrninals" to one end of each,
leaving the others insulated in the air, test, If there is a contact,
t-hich would be shown by the deflection of the needle, localize
the fauit by testing separately betrveen each pair of coils on the
sane cole,
.y,Continuit-u.-T. Series Machine. Join up baitery to machine

terminals, put switch to " on " and brushes on commutator; resr.
If tliere is a break, Iocalize the fault by testing separately the
armature and magnet coils.

If. Shunt and Compound Machines, Disconnect shunt mag-
net coils, and test main and shunt circuits separately.

Ittsulati,on.-7)isconnect the batterv from one terminal of the
urachine, and connect it to the iron frame. and jn the case of
" shunt " and " compound " machines rejoin up the shunt coils ;
test, If there is a-Ieak, localize it by testing separatelv the
annlture and the magnet coils, both-('shunt-" aid '.seiies,,'
accordinE to the type of machine.

I
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Crr:.rPc,f \D \l'cuxn Drxlrio,
Y

6

P,tltr.t'ittt of trIuhincs,-In oriler to ascertain whether the
narliins Lf the terminals of the machine agrees with the direc-
ti,,D irl"Nhich the current flows, or, in o.ther rvor,ls, to test the
" nt,laritv of the macliine," join one end of a length of wire to the
-'DL,le oi the Nlenotti test battery and the other end to the free
ter i l i r ra l  oI  the galvanome[er,  press thsronbact  key. ,and nol-e the
direct ion in rvhi i l r  the noeJle moves.  lJ isconnpct  the wire f rom
rLe * lole and clnnect it to the terminal of the machine marked
P or *'. the other end being still connected to the galvanometer.
Corr l ect one encl of a nu j h er iength of u iro.1,o th e n rrch-ine^ terminal
nrllied N or -. rnd Lhe othei en'1 to the terminal of the gal-
rftnumeter. Pu't the brushes on to the commutator, put the srvitch
(if litted) of the machine to "on, " and turn the machine by hand in
ilr" urorrer directiun. and note if the needle of the galvanometer
deflects-as before; if it does, the rrrachine is properly marFed,
but if not. the rioles have become reversed, and the machine
sll(Juld be Dt'oDerlv magnetized at the first convenient opportunity,
lrr seDdini the current from another dvnamo or a battery through
the field iragnet coils in the tight direction, viz', in the case of a

* -
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^".n,,..1iseries machine by connecting the -F terminal of the other r

fl :13*".:{u':*:d:J"',?Hitli"l,'n.'lts*:Hl:i"'?ff "ff]'?'{,'if :l
switch to ' 'on" and prr t  the brushes on the conlmutator ,  On I
rvolk ing the ot l rer  maihine or  complet ing the bat ter-y c i rcui t  tho I
eurrent"genentcd will flow througlr the fi"ld magnet coils of the I

ni"l1:en"t".J;:rrecte4, 
and will magnetize the lield magnets in 

I
In thi case of a shunt machine, bv connecting the * ternrinal I

of the other dynamo or battery to the positive terminal of tho
machine rvhose polaritv is to be reversed, and similarly joining
the trvo negatives, and proceeding as before.

Tn the case of a compound machine it is advisable to disconnect
the ends of the shunt coil, and proceetl to correct as for a series
machine, or it can be done with the shunt coil by proceeding as
in the case of a shunt machine, by connecting up to the detached
ends of shunt coil, instead of to terminals of machine.

When the nolaritv of a machine has once been ascertained
to agree with [he maikings of the terminals, the pole pieces should
have their polarity marked on them, as then it can always be
checked bv anv compass needle.

Until cdnveiiient tio correct the polaritv. the rnachine can be
used.for search lights as it is, by altering the leads from the
f ,eImlnats.

TRsrrxe au lxcr,rxno HeNn Llup,
Join np the test battery to the lamp terminals.
Non-contact.-Separate carbons; test. If there is a contact,

which rvould be shc,rvn bv the defiection of the needle, the lamp
must be examined, and, if necessarv, taken to piecer.

Cont; r tu; t ! . -  Br ingcarbonqtogether;  test .  I f  thereisabreal<,
local ize rhe faulb by test ing sepirate ly the di f ferent  parts of  the
ranrp.

finrlation,-As the frame of the lamp forms parb of the circuit,
there can be no no insulation resr.

Trsrrxe Sn.rncn Lrenr Crncurrs.
1, One proiector onlv.
Place th'e limp in prbjector, disconnect the leads from machine

terminals, and join them up to test battery,
Jiitftb

.* -G-
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I .trrotr-contact.-Put switch to " on," and separate tbe carbons;
I trst If there is contact betrveen the leadi, which would b6
I sborvn bv the deflection of the needle, it can be localized-
I  f , ' t t t i r tu[ t ! t . -Br ing'uhe carbonstogeiher;  test .  . l f  there is  a
I  I  re lk,  test  separately each lead and projector .

I  l t t ; tL lot iot t .  Disconnect thebatteryfromonelead,  andconnect
I ir t', hull or ea_rth; test., If there is a leak, localizeit by testing
I  selrarateh each lead and project . r ,
I  i  Tuo l , ru jectors in d iv i r led c i rcui t .  \

Place lamp in each projector, disconnect the leads from I
urachine terminals and join them up to test battery. I

Not t -cot t tqr t .  -Put  swi tches of  both proiecturs to . r  on. , '  and I
ip l ,aratecrrLonsl  test .  l f  there is  contact  betrveenthe le lds,  /
local ize as above.  I

rut t t i t tu i tg. -Leave swi tch of  No. I  proiector  at  , ,  on."  and I
l , r ' ing carbons together,  put t ing swi tch of-No. 2 nroiector  to l .z
" , , f l : ' '  test .  Nei t  br ing swi tch-of  No. 2 projector  to , " 'on" ant l  I  X
calLons together,  put t ing srv iLch of  No, I  p io. iector  to . 'o f f : ' ,  test .  |  "
l r r  e i l ,ber case.  i f  there is  m cont inrr i tv ,  i l re break niust  be I
l , ,cr l ize.d Lrytry ing separate. l ,ar ts of  the ieads,  ob.erv ing i t  wi l l  Iprobably be at some connexion, 

- 
I

I  t ,  s ,  r l  s  I  i  on.-D'sconnect  t l  re bat te ly f rom one lend,  and connect  I
i t  to hul l  or  err th,  br ing carbons of  iach larnp toqeiher.  and nut  I
l ,oth sui tc l ren to "  on i "  test .  I f  there is  a ' lea"k,  loc i , l iz .  i f  as I
before. I

Where a ss'itch-board is fitted, the necessarv connexions to I
these circuits must be made before testing. I

-t-'
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\Yhen not running the brushes should be removed from the
commutator, and the switch pub to ('off,,,

\\rhen required to burn a search light the engines are started
at a slow speed, and the brushes put on to tihe commuraror:
the speed should then be increased to the normal speed, th6

,_ \ h1*
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tbrottle-valv_q being opened_ wide and the speed controlled by the
governor, 'Ihe srvitch is then put to ,'on^,', ancl the machine is
leady for  burning the l ight .

I f  r io lent  spar l l ing ocirLr*  at  the cornmutator  i t  i r rav l ,e c iue to
t l re brushesrot  being in thpir  r ig l r t  po" i t ion ur  rot  1,c111i11o f in161
enough_on the cornmutator, or fiom ioughness of the colnmutator
or brush, or from an excess bf current caused by short circuitinE,
or,  i f  , i t  oenrt rs at ,one st l ' ip  of-  conrrnutat , , r  

"n ly.  
that  - t r ip h i i

proDan lV Daeon)F drsconnpcted  l ru rn  the  Cu l ls .
The electro+agnet coils nnd armature shogld not be allorved

to get hotter than the hand can easilv bear when touched. Re
d n c i r r g  t h e  s p e p d  w i l l  r e n r , ' d y  t l r i s .

.I j inythin'g. radicll ly.trnng occurs electrically, such as very
v,iolent sparking,. shori circuiting, or heating, iinmediately put
the  swi tch  to  " r r t i . "

If anything radically \rrong occul.r mechanically, stop the
engrne.

_ " Sho_rt_circuiting" the machine may be caused by any con-
ductor fall i lg acros trv. prrts of the circuit or by k"eepirig the
Iamp carbons closeLl. Its effect is to increase th6 loari oi the
engine, aud unduly heat the coils of the field magnets and arma-
ture, rvhich in time would carse the insulation to be melted and
burned _ofi the wires. Special care should therefore be always
taken that this does not occur, the proiect,rr bernE the most
l i ke lv  p iace ,  as  sn  nrany  pr r tc  o f  Lhe c i rcu i i ,  a re  there  esposed.

ph"n  t l rc  l ig l r t  i *  f in ished rv i th .  i t  s l ro r r l , {  l i e  nuL ou t  bvI  Yh "n  t l r c  l i c l r t  i s
| -F{,1""1y stoppirg tl

Y iii,'?:':"i::J :lli"^";
|hen the l ight is f inished rvith, it shotld be put out by

g6clually stoppirg the enqine instearl of srvitching 1'n rto6,'r , i
tne  lab ter  \vay  t ln  o \v r  a  g l  eaLer  s t ra in  on  l l re  eng ine  :  and aga in ,
i f  i t  i s  nece;sarv  to  pu t -ou t  thc  l iqhb  r rh i le  r t inn in r .  e i thJ r  to
inser t  r rew carbonq or  f ronr  o ther laus .s ,  i t  i s  be t t i r  to  c lo  so
hyo graduttly separating the carbons instead of srvitching io

Never remove a brush from thl commutator ryhilst the current
is flowing, unless the brushes are'fitted in halves, when one,half
may be lifted and the whole current sent throuEh the othei.

The engine should ahvays be c,,ntrolled 
-by 

the governor
va1ve.

It is adv_isable not to approach a dynamo when runnin3 with
one's watch on, as it is tiable to be magnetized and so put-out of
oroer,

^-.
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lfr-srcnrrxr or Pno"rEcron AND DIriEcr cLiRRENT Snancn.
Lrcnr l'rrn Ixcr,rxro IIeNrr Lamp.

T['hen not in use the switch on the projector should be at
" off," and the carbons of lamp separated. Before burning the
liglit the nirror shoulcl be cleaned from dust and moisture to
prerent loss of light, using a feather duster, and a chamois
leather only,  for  th is purpose.

The carbons should be properly secured in the holders in such
a mann€r that they are in line and the points in focus. The
lol-er or negativFcarbon should be pointed before fixing it in the
holder.

The carbons should never. be left touching each other, as it
might short circuit the machrne.

\Yhen the machine is reported ready, and is running at its
proper speed, put the srritch to " on," bring the carbons together
incl immediatily separate them. This sho"uld establish tli-e arc,
I f  t l re arc is  not  establ ished.  or  i f  i t  fa i ls  at  any t ime. Lrr ing the
carbuns together and separate thenr as befure.  

'

The goodness of the light depends to a great extent on the
purity "f the carbons and on their proper management; to the
latter point too much importance cannot be attached.

Io obta'in a steady search light, it is first of all essential that
the positive or upper carbon should have a rvell-formed crater,
and that the negative, or lorver carbon, should have a sym-
rnetrical and somervhat pointed end, the actual degree of
pointedness being dependent chiefly on the nature of the carbon
emploved.

The necessity of a symmetrical negative is of primary import-
ance, for on it depends the formation of the positive crater, for
althoush it is eenerallv assumed ihat the current flows from the
l ,osi t i \ :e carboi  to thehegat ive,r the ul , l lp t ron( of  a good vol ta ic
arc, rvhen observed through a coloured glass shade, distinctly
points to a florv of current streaming off from the point of the
iregative to the crater of the positive, 'which it see,,ns to embrace,
and this apDearance bears a striking analoqv to the flame of a
L, l , ,u -1, i1 'q i l i rectod on a piece of  chaicoal ,  which ra ises the Iat ter
t" a sta-te of incandescence, in a crater-like formatiop, rvhich the
flglne embraces as in the arc light.

^. ,
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The greater part of the light enitted in a serrch light is that
due to the crater, and a good crater nust therefore be aintecL at
to obtain the same result,

lYith regard to the relative positions of the carbons, as a rule,
rvith a good pointed forrrration of the negative, they should be in
line ri'ith one another. It.was for some time considered that the
upper carbon should be somervhat behind the lorver, in order to
bring the crater rve1l to the front, and this was necessary if the
carbons rvere vertical, but rvith the inclined hand lanrp, the crater
is all.ay-s formed on the front, due both to the inclination and to
the tendencv for the flame to rise and scour it out,

Again, it is found undesirable to bring the crater too far to the
front, for although a temporary advantage is gained, yet it wiil
be found that a good crater cannot be maintained n'hen the
front of the carbon becomes scoured out too much, the result
being in the end unsteadiness, flaring, and possibly extinction of
the arc, and it will be then necessarv to re-form the carbon to
produce the normal crater, a process taking some tirne, duling
which the ]isht is inefficient.

As a rule the stream of current xhich appears to flow from the
negative should jrist strike the lorrer edge o1 the upper carbon at
the back, and the upper edge at the front.

Again, to obtain the above results, it is necessarv that the
carbons should be a definite distance apart, this distance varying
with the particular nrachine used, ilith the reseri,e of"th6
I.NLF., with the ctrrent employed, and rvith the particular
carbons used, but in each case it is well defined.

The actual distance apart in any case is determined by that
position which, r'ith the above conditions of carbons, produces a
"silent" arc. If the arc be shorter there rvill be hissing,
excessive flame, badly maintained crater, a button formation on
negative carbon, excessive current, lorver E.II.I'., unsteady and
inferior liEht.

If the arc is too long its strength gets uealr, it is easily
extinguished, the light fr-om the craier i.-s lot so gieet, and the
current is reduced.

The actual distance between the centre of the crater of the
positive carbon and the point of the negative n'ill be found
!9.vary betrveen Lo'anrl,i" in the case of our ordinary search
hshts.

I
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t
f The effects of bad carbons, and of wind playing on the pro-
I Fctors, considerably interfere with the successful production of
! a good light, and at times gir.e great trouble, rendering frequent
I adjustment of the upp.r carbon holder necessary.
f In the case of a bad positive carbon it is difficult to form a
f s1'mnetrical crater; it becomes pitted and irregular. In the
I c,r.e of a bad negatir e carbon it is difficult to maintain a pointed
I f,,rmation, and the apparent flow of current often streams off
'  f ror l  around the s ides insLead o[  the noint .

To rnaintain a steady light the carbons require careful atten-
tion, and shoukl be watched through the red glass spy-holes at

6 the 
'back 

and side. looking thrc'ugh the former shows the
crater, and through the latter that the points of the carbons are
in locus vertically.

'1'o keep them in focus horizontally, work the scrervs beneath
iire projectors and observe the beam; the rays should not cross
one another when the carbons a,re in focus, but project an almost
pg.rallelbeamoflight, To keep them in ('focuevertically" in
ca^se the carbons do not burn away proportionately it is necessary
to raise or lower them toeether bv means of the handle at the
side of the hand lamp; if-the carbbns are out of focus vertically
the secr ion of  the beam oi  l ight  is  i r re3ulrr .

Ry these precautions, with the help of the adjusting motion
or.the.upper carbon, a proper arc and focus should be qasily

Inalnf,a1ned.

If the leads are joined up to the machine incorrectly, that is
so that the positive carbon would be the lower one, the light
would burn loadly, and if this is suspected put out the light by
separating the carbons, and the hottest carbon will be the
positi ve one. '

If either of the carbons break and the pieces fall in the pro-
jector and short circuit the lamp, imnrediatelv put the switch tor'oft-," remove the broken piecei, and replace the carbon in the
l a m D .

_ Nothing rvhatever should ever be left in the projector whilst
the Light is being burnt.

The ventilation of the projector case should not be impede{.
du^ring ihe working of the-light by any covering used to piotecd
rt lrom the weather.

-t- ;-
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AMMETEn:

- This instrument is made to fix against a wall or bulkhead with
its b.ase in_a vertical position. X'rim the terml*f.-*t""t *"trf
bands are led to a sol-enoid of. thick itsrl?t"d;;;;; *ir" ptr"ua
with its axis horizontal. A light steel 

"ti;al;i*';i""t"d 
so as tolie parallel to, ald a tittle to the left of, ihe ari*ii'ifr""*""if. ftnas at tached to l t  a th in curved plate.of- -sof t  i ron;  th is p iece ofi ron, is  near ly^equal  in length to dhespindle,-a"a" l ioni*  t t "ounn

}ne ,rgbgln ot.th.e sotcnoid. A light aluminium pointer is alsonKeo to rhe splndte at rieht angles,,and the spindle.is so weighted
that , in theabse^nceof a 'curre i t  ihepointei , is  held in t r rezeroposl [ ron by the lorce of  graviLy.
,, Aation.-When a piece-oI iron is placecl in a solenoid. but out ofIne centre. 1ne enect of a current is to bring the iron toi.liards the
centre.. Thereforca current passingthrougfi the 

"oil 
oiiii"i".t"""

n)enf,, ln endeavourmg to rotate the curved piece of iron into thec-enf,re,_ralses lb against the force of gravirv through a distance
depend ing upon th-e strength ot the cuiieni. "The p6ini"i utt"cn"a
!o,L.ne, sprndte travels,-therpfot e, over the scale which is placed
p"":t:g,,tj,u".,i thus indicates the strength of the current passing
rnrougn tne lnstrument,

This instrument requires to be cal ibrated,

" 
Delfct! l3r s!!O'q use.- Tt gives nnreliab.le readinss. due to theracr rnar lnc shlp rs_not alrvays upright, and the grciter the list

or more tne shlp rolls the more unreliable will belhe readings.
yolruntsn.

f. s colstructed on exactly the same plan, except that the
::lgl9ig 1. 

repiaced by a torig spindle of in.rir"t"a i,i," J rr;i"ri
resrsf,ance,

1



I**:l"i:*"l1l*"i ql"ii"t?^.rhe back wfth the. rim hotilingthe,mirror_ is secured to'rhl cvti;;f..b;;:i?i;ti, j jidi"jrii?i#
studs, so that it can be easi
ro nro'orr. +L6 -^""ir-;r;+-- ̂" il^:i:llpP:q', 

rt thought ne-cessalv'

93

iornt over foursluos, so !11&r rt can be easily unshipped,- if thought necessary,

3? fl ::l?t,ll:,'sf:*l'*".il'"1;:l\l*"1t"*:^"",1:-::.1"".tr;+ 4i;:i#*;',r-li; ;l#*;', l,'*l"u;' ; :i,',"#XT# J tl:";::**i{{lluint .bf g, s.pring catch or er 
"n; 

;f ;h'".nLovr l  o i  t l re [ ront  Elass d, ,nr  f^ .  +t  ̂studs. To faciliiate removal,"of tl'," ii""i-g1^*'a,]o"i"to" tt,
iflT?::*3:,.1h-? til, _tl:":q!, !h: hinge is _?J" .oitr."'i,, uy" utlli.::i, ":l "rili:,''."{i:E"'i !iT"nffi;d':" fi:" i;' !: ll.;{3,i:l*:::{i!*'lf 'Lt"ti:li'i"'$d::H;T"";"*'"r"*91}*r
!1", qlT it rvir.r nor *,."i^il ;;;i;i;;; ft"Tttf filllr*ililX

I
I

I
I

L

and glass door in piace.

"' 3.'i3i?:l?"1:T,i?;, -: #'lfl : i,L lh-"-ry- q19 vio u.srv suppri ed. but

l$;ir"W$i#fl'#rdi"hf :*ji3i'#":Tx#..M
yards.  .  In addi t ion to th is-eqclr  nrg(hip , " ; 'd" i l i " t i r ,  .urr t " ,

*J:iil gilTg,s.divergence of 30" whlch g;;"' 
" g6*i i;*',h6;';;

Elactntc.tl l l l .qsunrxe fNsrtturlENTS.

::Ql!ir:rq';:i::;,'r,Htr":*HlHHi,T:i*:l_::iii"f;
!:il}*iixH:i:ti:ff :3##3'_::rti:",tlilyjf, -;k),*
current to florv.

:fr!i::.{&!!?,,rydfi ,"r":"*nii"il,ili,"iiliii,fd',:T:
ili?"^, r, I ;.iii','""',ll'?t€ illiT,; 1xl"li;* l.' ".il:Ti:1"*imi lj
ef n*Tr*i"ff i?ff :iJ*;""'ifltl"-;':nf ;;i"''rto'-"o*'''u

-The ro l tmeter is  p laced in c i rcuib by connect inr  one ternr inal

;j ll3 
ji"rlXi" to one rerminal of the instrumenr, and the orher

The wires used for  these connexions,do not  require to be large,Naval Service u ire being suiranre ror the purpose.

^ ., '- i: ih :
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DrNA.uo on I{.M.V.S. "Cnmnnus"'

Compound wound.
Current  capaci tv,  90 amPbres.  /  .  ̂ ,
Electro-n,olive force, 60 volts.2 / / 0 t'OCfJ
Number of revolutions, 350 per minute.
Pressure of steam, 60 lbs'
Candle power, 18,500.
n'o""*oit lighl riquired. X'oremost switch down, after switch

I p .
AftLr fisht required. After srtitch dovrn, foremost switch up'
Eoth aio-eteis are in circuit on each occasion. Centre

switch down in both cases.

.* Dr*orro oF GtrNsoers "AlsnRT" aND "YrcroRrA."

tr ong-shunt compound rvound dynamo, by the Australian
Elecbric Light ComPanY.

Current capacity, 60 anrPi'res.
Hlectro-moti ve force, 55 volts.
Number of revolutions, 800 per minute'
Pressure of steam, 60 lbs.
Candle power, 13,000.

Dvsrr.uo o!' ToRPEDo Bo.at "Tnr CouNross oF IloPETouN."

Long-shunt compound I ound machine.
Currenf  capaci tv,  50 amP]res.
Electro-motive iorce, 80 r olts'
Number of revolutions, 690 per minute.
Pressure of st,eam. 100 lbs.
Candle power, 3,000.
Art i f ic i i l  res istance,  '25 ohmq'

DYNAMo Tonrnno BoAT "CHTLDERS."
Series wound machine'
Current crpacitv. l0 amPbres'
Electro-moiive iorce, tiO volts.
Number of revolutions, 1,600 per minute.
Pressure of steam, 90 lbs.
Candle puwer. 2.000.
Armatuie ring, AII the other armatures are drum.

I-.i
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Tonpnno Pn-Lcrrcn, ETc., To r:u cr-\RRrrD our,

Triennially

]iature

Test r11 circuits, batteries,
and instrunients.

To be tested the first
lveek in each month,
ancl also before use-

\Yrrrii each search light,
liig net defcnce.
Eramirre india - rubber

cliscs, &c., of White-
head torpedoes,

Run Wliiteheads from
boats

Tcst lightning conductori
t ^ -  - ^ - + ; - . . i + , ,

Test dry gun-cotton
Re-charge test batteries.
Exarnine ai1 \Yhitehead

discharging apparatus,
Balance lightning con-

ductors.
I)ropping gears parted

and c leaned.

\Yeigh vet gun-cotton,
and retLove scren-plugs.

trYeigh warhearls of Whiie-
head torpedoes, and re-
move screw-pluEs.

Renew all indii-rubher
rings, discs, &c., of
\Yhitehead torpeCoes.

Internal examination of
air charnbers of White-
head torpedoes.

At least 12 runs.

To be carried out the
first -week in each
half.year.
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NAVIGATION FOR TORPEDO BOATS.
Noro,--Red Buoys have to be left on starboard hand bound in,

South Channel and Arthur's Seat in line

Cole's
South

West

Buoys Red in line S. .1 W.
Starboard side. Buovi Nc

port side, Buovs No, 1 to 15_
No. 11_being a"gui U"oy,-e""i

Buovs No. 2 ts 8. Red:
ys No. 1 to 1b, illack!; ib,'br.;;;i

Green; No.l \0,  I  r .Derrg_a_gas buoy,  Ureen;
1J.gas buo.y, W}ite occuiting.
arboard side, No. 2 to 16. Eed:Stmboard side, No. 2 to 16, f,ed; No.

Sri'ln rshiia Depdt...

12 beins a sas buov. Whit6.
rrt side, Nol 1 to Z, Black.Port sidef Noi 1 to Z. Black.

Turn .off ^at No... 1Q, .West Channol,

Pope's Iye Shoal

Queensclifi Piers
Sorrento Channel

on port  hand; pass c lose bv Red Buoi ,
of f . the,Sjsters on r ight  land;  keeirof f . the.S. is ters on r ight  land;  keei ;
wolte ctrffs on port bow, and make

Chanuel to Rve Pier
(Red light)'

coming from Pile Lisht.
Striped. 

- 
B. and W." Buoy S.ly. of

annulus.
Shallow water to the northward,
Coming from _Queelscli{, \eep B Buoy

on starboard hand and close to; stedr
doryn for R.Buoy off pier, passing it
on starboard, hand; then learc B S"uoy

und
1

) t o

ring
)y.
ran.
[nce

lan-
. and
lose

ting

and

in-

ntil
rads

B Buoy ofi Canlerbuiv pier, ie;vi;;
i t  on porthand; keep-South pi le o i
port ,bow, and make No. J3 Buoy,
South Channel.

From No. 5.B Buov (Sonth Channel).
rhrough pinnance-Chan"""T;nuO(r"i 

V.il_
frmiles 

(Sorrento Pier on

utos, 
T;..tf*Buov 

(south channel)

C]€aring l larks, &c.

^d.ff.
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From Swan fsland round Pope's Eye through South Channel
and back through West Channel, 29 miles,

From Swan Island round Pope's Ive through Capei Souricl
and back by West Channel, 31 miles. 

"N,B.-I-n going through
Sorrento Channel, boat must go at recluced speed'

Pope's Eye to South Pi1e, 8 miles'

Swan Spit to Pope's Eye, 2 miles'

TNTRANCE TO GEELONG.

Buovs.

Red Oone Buoy, ofi Kirk Point, in 18 feet'

Red Cone Buoy, with perch (steam-boat buoy), ofi Wilson
Point, in 18 feet.

Red Cone Buoy, yith perch, end of Wilson Spit.

Striped B and W Buoy, on 20 feet perch, W.S.W. of Wilson,
Spit Buoy.

Black Buoy (2), Bellarine, south of Wilson Spit Buoy, in 20
feet.

Red Cone Buoy, with perch, at entrance to artificial cut.

Reel B.B, on northern side of artificial cut,

Black Barrel Buoys (2) on southern side of artificial cut.

ENrn,rlcns ro GrEr,oNe.

New Ship Channel.*After rounding steam-boat buoy, steer
up te+'li*l*arhirr until beacorrs in channel are in line, tben steer
t6rough-keeping beacons on starboard hand.

South Channel.-Steer up for Red Cone Buoy artificial clt,-anct
keen it and Red buov on slarboar,l hand till beacons are in line'
then haul through frdm thence straight course to piers.

rft.
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I,IGHT, N,ANGE, AND YISIBILITY.
Name of-

'West 
Pile

South Pile

Arthur's Seat

High Light

Low Light

o Lonsdale Light ...

a

Lightship. Geelone
Lisht, South Chanl

ne1, Geelong

Drysdale Light ...

ShowsRedonleft-hand sideof WestChannel
rounJ .bL St. J,eonards up to prince
Lreorge S Sank lJUoV.

Shows \Yhite the remrintler.
\Yhite Sector from Beacon, north encl of

pfyaqd s ̂ Qfqnnel, round westerly nearly
to \Yhite Cliff.

Rcd Sector, from elo*eon White Cliff, round
soutnerlv to _L\o. I5 buov.

\ \ 'h i te  Sec tor  over  No.  l5 "buov  (Eas) .
White SecLor oler No. f5 6ub'v (sas) to

c lose  r lonq ohorc  l y  Rve l ie r .  
'  "  '

Red Sectnr  
" l ro r rs  

io  io r thuard ,  coming
from Geliibrand, and clearrvr,;t"' n"y' "".".ilil";;"Sils"fl;i'df{;-
il."'ti?,tl *,f 

toi 
i.ll. 

I t c h a n n el a n d ent ranc e
Red-S_ector up t6 entrance of lYest Chan-eo Decrrx up to ent l

nel, \Yhite Hay clerrineJ, \Vtlte R_r; -clerring nra r k on left_hand
stdg ( ' l  Sorr th Chrnnel ,  a i ld passing c losepassing close
!o Pgpe.'1 lye Buoy.ro rope s l lye lJuov,

Wlgl,] lgi*. lb"ng"" i , ,  pu4 Secror, reading
mark out throuq'h l{.*ds.

Red Se-ctor  t l ighr  red) over Corsair  and.
Lonsdale Roc]<.

Red,S"ctor ' (deen red) c lcars a l l  dangers iu-
s10e oI rornt -l\eDein.

Green Sector, leading in fromsearvard until
lorv light Red, and-high tisht Whit", I""a;
YOU Un,

Wh ibe  I i 3h t .  t { " d ,  v i s i L l c  a l l  r ound .
ne0 [nrougn Uhannel.
White^Sector betrveen steam-boat and WiI_

son Spit Buov.
White, 

-fixed. '

ByAuthority: nffit.""

^

Melbourna





CARE OX'TOR,PTDONS,

.(a). A,_pressrre of air should always be kept in tolpedoes which
will indicate if the different joints ire.tight,_ihe p;dp;ilers lr;i;;
clamped, the engi nes run rvifh air periociicailv, 

'

.1b) If possible, the different parts of the torperlo should be
orled and propellers turned by hand once a week. This must be
done every day after a torpedo has been in the water until it is
parted.

f i . (c) Attention. must be paid to the state of the indiarubber
I \ r'ings,and discs in use I the discs should be examined every three

. months, and at shorter periods when torpedoes are exposed to
1 great heat.

-i t 
_ 

(a) 
Indiallbler gear must.be kept free from oil or grease, antl

.  f  r re l rcnchark,snoutd beused toprevent i t  f romst ick ing when
i  I  makmgaJo ln t .

; S, (e) Spare discs and rings are supplied, packed in X'rench chalk.

_ _ I
at' i

i .

{
' . ;

il ; , 
(,f) Care to be taken that none of the oil used to clean the tor_

,rl, pedo gets on the indiarubber rings or gear of the torpedo.

Il fu) Alt springs to be kept eased when not in use. When
tt turning propellers by air, pressure must be reduced to below
|il 5001bs. 

-

$f (lz) I-t iq most- important that the buoyancv and balanco are
il properly drained, as any water or moistuie teti ln ttre cf."*Ue*
I ,soon sets up Ealvanic action.
4 t

| .1 . the drain.screws cannot pr-op-erly get rid of the rvater, there.
# ture,tn I t,* the cap.on top of balance should be removed i put, in

f i:ii""",i'""J*":ffi 
uf,:1?i1"*:.#"+-xi*1?lTT;lii5xxtil"j

Fi be worked about to try and gel lid of tho rvater,

t 
\Yater in no case shoulal be allowed to lodge on the brazing.

,C

ntr
rL -*



Aovanrrrens or ARovn-warnn Mnrnop oF Drgcgancx'

(1) It can be fitted to any ship or boat at comparatively snra1l

expense,
(Z) ft tt u case of tubes they can easily be fitted to train and

elevate,
Drgeovllrecns'

(a) Exposure to hostile fire, which i.s an incrersing disadvan-

ta|'e'owing tu t he development of the Q'-r ' gun'

ia) Th" blo* of the torpedo on strilting the water. strains- it'

-l"tl 
"itiiJ"i"itv 

ttt" tuit'and f i"pellets'"and therefore renderg

;#;"fi;;li;t,i" io t' put' out'uf a'ljustrrrent'

The forc" of the blow increrses with the height,of"the tube

above the water, tlre u"u'"t"y li-ai'"har^ge, the slieed of the ship'

liX'"tii t.ar";ron in. the. iilclinniion ot" tire axis of th.e.torPedo

takins the w&ter' I hls otsadvantage is overcome in later torpe-

l?,""i:'f;ii i;;i;;-=i"oog"' tails, and also an air-delav valve'

A
A
ir
NC
cs
rh
bi
iu

F

I
I

I

Sron SusPnNsroN DTScHAEGE'

!,

I
tlrl

Above-w-atertut^e--,i:,1::"*$^t*:ii*"-il:g?'fi:,""fiT#li:
:::$:J:i*i{t,-"t**lgA-'+";tf ii!-'iS;"'rl1'i:t[g:i{i!:it'i: ilf#Wlft!: il;1y"h%'ti'""a i""w" 't';illi:ii5tl':ii'\::"'L:-.ii"*3";*;':'"r""'"T:.:'"ry':;:gi3:;::
".iJ"a 

-dti" 
*tt"1e length of the tube'

", ?ii.'lf , J:""fi:,Til--li:?tilfl""u#1"":' Tf"i3..:ql"!:i ql'f'?' Jii
of the ouler end ot tne grooves f,rrc lrusc ur Lrre I

X;.p,".*i" ;; ;;"' "1i 1i'9 t lil, !"ll'q..9iT.ig."d,

;he srde lugs slroe outr
the torpedo begins to
.sed. the underneatn

;;;;;i th.;i"r end of the tube is cut awaY'

A suffrcient impulse must be used to make the tail go clear of

the lip.
2



UNtvnns.u Tnrppnn.

Tbr [ - r : i  er ' :a l  Tr ipper (see plate)  consists of  t l ,c  t r ipper
t r . i r rnp'  l ror  B.  a snr ine- andthe lever C for  ra is ine the-\, triJ,per L,"r B, a sPring, a

\ .  I t  i s  f i t t ed  on  t he  l e f t  u
lever C for raising the

f. fi ls fitted on th-e left upper side. of the. tube, the centr.e
ir being i of a. i.ch f."- th;".;;;;;ii#pj'iniiirit";'ir.'" r,"rt i
notched isee  F ie .  I I . )  to  c lear  the  ta i l  o f  l ' i ume to rpedoes.  Il ' ig. II.) to clear the tail of.l' iume torpedoes. A
colhr D i. forrrierl on the bolt, against s,hich the spring l)resses;
r l  "  c , ,1 . , , r  . l ro r r l  l  be  a  loose f i t  i r r  the  box  to  p tever t  the  poss i -
l, i i i tr of the bolL being kept momentarily up bythe pressnre of
i l l rn lse .

i ' irere is a slot in the head of the- bolt A to prevent it being
r ,:: in ihe wrong ltay; the other end of the slot is closed'

C.rnn rx Tlsrrxc.

It is iulortant that the spring should be a strong one; it
. irould. thdrefore, be carefully trie-d before fir ing; it should be 3{
: r . ,  l i i s  long  be fore  compres i ion ,  and w i th  a  

-we igh t  
o f  40  lbs .

-1 .  ' : r l J  L ,e  iompresoed 1$  inches ,

Epnncr ol A WEAK SPnrxc,

l f  thc  s t , r ing  is  weak and does  no t  ac t  qu ick ly ,  there  is  a
cirrnce c,f ihe alir-lever of the torpedo not being thrown aft, as
ri i.en the tail of the torpedo is against the stop the part of the
lr,rpedo aLreirst the air-iever is oT less diarnete-r than it is under
: :€  t r l l ) t )e r .

-Tleiice of the tripper in 14-in, torpedo is 6 feet from the face
: tne c100r.
The bolt should stand down u8u of an inch below the l iner for

\Irrk VIII. R,L, and n'iume torpedo.

AovArcrecn o!' PowDER ovER AlR Iupur,sn.

7i1 i

:
I

I

i r

I
Great saving in weight and simplicity in the fitting and

q.rkine of thJtubes. It is independent Af the air serviCe and
pr-p."*hich may be shot-away or.break down without putting



' fail'unless carefullv attended to, especially in wet weather;
being able to vary fhe velocity of discharge to the same ex-

tent as can be done by air ; the pressure on the torpedo is greater
rvith ouwder than air for the sarne velocitv, and the velocitv ofvpuwder than aif for [he- salne velocity, and
discharge is not quite so uniform I also the torpedo tubes need
careful'-cleaning after practice to prevent corrosion from the
oroducts of the combustion.

b
S]

t)
it

F
ll

ArvaNreen on' PoNDER ovER ArR furulsn.

In the pattern of .powder impulse used in C- of H-, called
rorvder-impulse, wiih rvireless-certridge, the defects just men-
troned have been overcome, viz., the liability of the charge to be
drorvned, and with uratertight battery and contacts the chance
of failure is reduced to a minirnum,

Doon non lVtnnlnss Canrntoens.

The new pattern potvder impulse door (see plate) consists of a
breech blocl< B caJt on the door A, and the rear end of the
breech C is closed by a ffap X'hineed on one side and worked to
and fro bv a handle II. fhe breech C is closed at the fore end,
except foi eight holes D which are mado in it for the escape of
t.he forvder gas into the torpedo tube'

Tsn Canrnroen'

The cartridee E of the base on an empty 3-pdr, Q.X'. cartridge
case. containi"ne 4 or 4L ozs' of pebble powder closed at the front

t end bv means of a rvater-proof iardboard disc, ivith a brass tube
running up the centre to hold the electric tube G, wbich ignites
the po';der from the frorrt through the gas escape holes.

How pa.crpo.
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;
I

Tus \ \ ' rRsrE,.s Erecrrrc Tr l i : .
The tube G, s'hich fits tigiitlf in tbe cerit;l i 'rrs: tube of

cart r idse contain:  snue nl in i l
bV  a  f . 5 .  l i l r ! l i e  o l  t l r e  usua Thi: Lr
cartridge contains sone prinin;; coni-,rsiti. n rhich is
by a P.S.  br ic lge of  tb i  usual  desir ipt ion. .  rThi , .  I
soldered betweel trro rrires. oue of s'hich is attacheso-tdered bets'eeD trro rrires, oue ol s'hich is attached to
metal case of the tube, thus forning an earth, and the btber
is attachecl to an insulated rvire"rvhich passes tlrrough an
plug in the brass end of the tube, terrninating in a coppcr k
insi lated but  project ing f rorn the end of  the tube.

IIow strpplrno,
These tubes are supplied in the cartridge, and 50 per cent,

additional are supplie-d in tin boxes, 10'in'each, foi testing
purposes.

Tun Ifi,rP,
The flap n' rvliich closes the breech is prevented {rqm being

accidentally opened by the spring catch J. Ib contains a spring
plunger K (carefully insulated from the flap), the point of vhich
bears against the knob of the eleotric tube, completitrg the cir-
cuit fromthe handholder L when it is insertecl in the slot of the
cap II. To insure a sood contact betrveen the face of the hand-
ho- lder and the plunge-r  K,  af ter  inscr l ion i t  is  jnnrbed by giv ing
it about one-cighth of a turn to the left; this revolves tire screw
cap 1I, pressing. tlre face- harcl up agairrst the plunger, and
prevents it from being shaken "ut by ribratiun.

\Ye'rnnrrcnr CoNrecr Box,
The rvaterticht contact box fitted on tubes for the rvireless

cartridge (see plate) consisls of a spring contact B worked by
the firins rod. and are anansecl so thlat when the lever is nulleiln tl.re lerer is pullthe  6r ing  iod ,  in . l  r re  enange ' l  ro  t
the contacts B comes LeLrreen tLe n,the contacts B comes ]:etn'een the metal strips C. This completes
the circuit to the tube rvhich ignites the caitridge. The battery
r-nd wires are also in a rvalertigLt box and casing.' 

The lto:er nzust om no account be eosed up before the torpeilo starts,
otherQtTe the stop tuill. be replaced, and, uhen tlrc i,mptLlse acts it uiil
breuk the tctitr off"

Cenn oF Ti;sr-q.
-{fter using porvder inpulse, and after using three or fonr

rounds, the torpedo tube ihould be carefully niashed out rvith
fresh rrater, and tl.roroughly cleanecl.



It insures,the torpedo dropping.into the rater lprighr
ver neer f,ne ooaJf, may nate, rt belng arranged that the
[o always hangs verticilly, whethor the gear is'turned in or

,),The.tongs are close together, tlrus one pattern is sufficieot
all 14-in. torpedoes; this always allows tfie tongs to grip tbe

ADVANTAGES OX' DANN'S DROPPING GEAR.

in a stronger part.

PorNts ro BE LooKrD To lvrrg Dnopprxc Gnen

(c) It insures the. tongs opening out together, and thus to drop
e torpeoo flat rn tne water.
(d) Certain and easy method of adjustment of the tripper.

(a) That the torpedo is held so as to lie exactlv parallel rvith
the l ine o[  keel  when turned out  to the 6r i rq posi t im,

(b)  That  the incl i led planes do not  l i i t  rhe spreaders unt i l  the
tr ipper has tbruwn the ai r  lerer  baek.

(c) That the spreaders cannot lift while thev are in place.
(d) That the tongs grip the torpedo lightiy and ailow of no

upward motlon,- 
PosrrroN oF Gxen rN Boer.

The position of the gear in the boat is important, as if it is too
far forward the torpedo will deflect considerably outwards, and
i{ too far aft it may deflect inwards, and possibly endanger the
boat.

In most cases, however, there is a small deflection outwards
rvhich must be allowed for on the director-it is verv constant for
ths"same boat.

' OurwARD Datlncrrorv.
This deflection has the disadvantage of preventing both

torpedoes being fired at the same time,ls if two torped-oes are
4ropped togethir from a boat, one will go on each side of a ma.k.

PnecA,urroNs oN I'rRrNe.
For accurate practice, it is necessary that the torpedo is I

, dropped flat in tht water, so as to prevenl an abnormal dive, I
If a torpedo isdropped tail first,ihere is more tendencvtodive I

than by dropping it rery slightly by the nose. I
This-(i,e. diop"ped flat) caioniv ble insured by the tongs fitting I

accurately, and ihe spreaders being set up equilly tightl but noi J
t

i  
undul l  so.

l \  { i

\.:]- i.-.:-.-, -- --.s{&E*



ITANAGI]}IENT OX' TORPEDO tsOATS

stores, ammunition,
On torpedo boats being mobi l jzed i t  is  mosr inrportant
Ores, amnrunlilOn. and torpedoes are Dlaced on l]oarrpedoes are placed o-n board

rats coaled. steam raised. allrnost rapid manner. The boats coaled, steam raised, all
t r ied ,  to r l ,edoes  charged and tes ted ,  a r rd  everv  p recar iL j i , l
so  as  to  h"  ro r . l y  f ^ r  in rn rcd ia te  ser r i ce .

Pnppen,rrrows BElolln LDAvING HaRBoR.

Boats on leaving to make an attack should be prepared in
every way to meet an enemy's shif f l ,t anv rlunenl. The
torpedoes should be charged for action, adjusted for longest
rarrge, cnntroll ir)g gerr (if used) locked and adjusted, Depth
ad jn" ted  rneord i r ig  io  t l re  sh ips  l i ke l r .  to  rnee i , ;  i I  mav be  adv i . -
able to adjust one.torpedo for'a shallorv run, in crse of meeting
a torpedo catcher, Torpedoes set to sink. Pistol f itted anii
screwicl in, Circuit tested by fir ing a tube. Directors shipped.
and adiu.s-ied for speed of torpedo.

PRxtcAUTroNs FoR KEtsprNG Tonroto nsrloy.

-The to rpedo_shor r ld  Le  toppcd uprv i th  f resh  a i r  e rerv  r lay ,  and
of tener  i f  requ i - i te .  to  ins r r fe  to rpeJ ' ,es  runn jng  t l re i r  i r r l I  iange.' lhe pres"ure uf air in the torpedues can be gr-uged bv screrving
the -gauge ilto the discharging nozzle, and th-en sciewing thi
nozzle into charging socket.

CARE oF SMer,r, Anxs.

Particular attention should l,e paid to the cleaning and pre-
servation of- small arms, hatteiies, electrical cont-acts, 

-and

torpedoes, which are l iable t,, be seriouslv iniured bv salt 'water
and the  damp f r , 'n t  the  s rvcn ; lng  o f  the  i ion  iu r face  6 f  thb  boat ;
and the tuhes in C. of H. should be frequently sponged out.

GnNpnel Rulns pon lvfrrN@uvRrNe BoATs.
(1) The rule of the road is to be observecl to avoid coll isions,

oxcept that boats always get oui of the way of ships. No shif
ever glYes way to a torpedo hoaL

ft;:, . - 'a



ti3ili;" anv boat be unable to. keep proper,s.tation she is

Siifi iT'*i?i"#"H#;",T""'t'J*iltg"::i:;r"$'";'Jiff'":

) -A, look-out'is to belrept.on the leading Po*l'.'II :h:,fl"ko
;;';"' "" 

t ;' iih "ut 
sigir.ai t F e otf !.r.! i?:: -" | #: ilt:'jt il:movemerlL wtlrruuu -rr5'or ""i 

otdtt to keep th-eir 'appointed
eeulate themselves thereily. .r
i3ir. 

'ir," 
.rr"tv of the boats c"*ll?:i'q-i^1*'ll'"i"P:lg :l

.tliil'ffi!li,ri'g,'""'.l"lr'l g'"'it"'t dare is to be taken on

oll

bc
1e
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bt
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rI
t (

ll

f
S

f
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I
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Test.'"irl 
t" a fog or at night to l<eep touch !l'" lg+d,:l will sound

his fieet number on 'n" *i*ii"o"- *outh rvhistle' each boat

f  o l lowing in succession'
(5) Boats altering course together are to preserve their 

-compass
bearing and distance, o-"g-gt'ii"i 'r'yif," -ouu*"ttt* oI the

il;il'i" iuiti.tt tt 
"v 

turn to"rriid fouling'

( 6 ) B o ats al te rin g 9" "1" 1",i [T;l"ii"l iJfi il, rHl"i?',lt l?lHi;
tion. When a large turn.ha
ile ca"etoi not to tirnr inside of the next ahead'

(7) No boat to pass through a column or between the lines'

In close order, length apart, distance between column to be

nurnber of boats \ 2'

' In oo"o ortler, boats to be four lengths apart'
t 

l.B.-Fot boat's )ength read 136 feet'

ArrAcKrNG SRrPs uNosn Worcn'

Boats attacking a ship under weigh should always attack from

r"lTl ;;i;;iil b3am ;, tiv. this mean"s the time under tire rs com-

narativelv short, ancl tn"'ft""ti"g uiia ai'tutt""u of-the boat

i'hangos so rapidly*= to.ttiiiu-irt" 
"hu;r"" 

of,being hitvery

considerably, as compareo il--it' i"uC ircm'abaf t,-the beam'

The disadv-ani,age ls.tnaE 
"'il"[t"ilook?'o"t 

will be kept before

the beam than abatt lt''+ 
og+, on beins. +::xf,l l*fi:T5t3Jll8rtffifft"fi1!:?

iX'8.:thT:'"dl?"ffi 
'fJ.l,".HifJ:n#Hiii"Ji"*m**notu'

t

*
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the
the
the

Low

;

, 'n  : r  l , r 'e . r r r ;nge, l  ' ignal ,  scat tet '  e i thet  1,5 '  d. i r i - i , , r r .  or  s inglE
Lo&tc,  r l re bol ts oper ing out  t rv, '  points , , l r  e i ther. ide of  t i re l
leader. This rvill neces.qitate the enemy's ,ships opening ou!
also, ancl thris one ship will be required foi each b-oat.' Anlibsaf,
being then overtaken should, directly _the en-emy gets withid
2,000 vards range, turn round and attack her, first seeing every-
thing ready for firing, the speed of the boat giving a good guide
to the enemy's speed.

Cenr ro aE oBSERvED wHHN ArrAcr(rNG.

l'or ail night attacks invisibility ancl noiselessness are of the
rnost vital irnportance to insure success. Boats should there-
fore approach, particularly lvhen near the enemy, at a dead slow
speed until discovered I careful stoking is most necessary I the
fan must never be used, as the mere sign of sparks from the
funnel wonld probably put the ships on the alert. Even with
gond stuhing, if the coal supplieci is not <if the best quality
iiarncs rre aioncc shown froni the funnel.

Lanterns and lamps belorv should be very cautiouslv used,
A11 hatches should be kept shut, and painted dead black inside.

The enernv's guaril boats should be avoided as much as possible;
and, as it is-imlortant to keep the boats well in hand, the rear
boa[s only shouid attack therriand try and run them d6wn.

l joats l ie l r tpduD bvthe search l iEht  oucht  torpnrain in the
b":rur. to i,rererrt it being thrown aioutrd 

"and othpr buats dis-
covered 11. if,

As a rule it rvould be univise to continue an attack if discovered
at some distance fronr the ship.

A rendezvous in any case is mosb necessary, as perhaps one or
more attachs might be attempted the same night.

Singie line ahead is probably the best formation for attack,
boat turning and firing her torpedoes at the beam of
g[ip, and then turning out to clear the other boats,

passing her and firing at the next ship.

are of very little use as scouts, as from their
their range of vision is so limited

q
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Trsrs ,r:qo PnsclultoNs BEroRr RUNNTNc a Toplrno.

Before a torpedo is run it is necessary that the follorring
noints should be Iooked to:-' 

No water in anv of the chambers, also that there are rro leaks.
No air leak in balance chamber. or from the enqine-lo,rn.
(2)  Tl r r t  t l re hor izontr l  rudderc are bqrr iue wl th each nt ,her,

and tlrat the rudder adjustments are correct by the history
sheet, that the servo-motor is working correctlS', and there rs no
l,acklaslr in tbe rudders.

(3) See the adjustment of the vertical rudder is correct.
(1)  That  the ta i l  has been gauged.
(5) Air lever examined,
(6) Test the counter to see that it rvorks correctly, and that the

controlling gear is released at the proper distance.
(7) Oil every place marked "Oi1," also the counter stcpping

arrangements and controlling gear,
(8) Propellers have been blocked and are the correct diameter.
(9) Turn the propellers by hand to see that the connecting rods

or shafts are not bent.
(10) If for exercise, see the sinking gear is properly disengaged

and the valve on its seating.

Ceusns or Farr,usts ro RUN,

Tripper not standing down the coruect distance,
Triiber wedEed up 6v nristake.
Tribi,ei.spriiE weik,
Coliir on r,rifper bolt too gooil a fit in box, and the spring

thereby failirrg to act quick enough to push it dorvn before the
air lever has passed it.

Ston not witl.rdra,wn,
lliss-fire due to a defective cartridge.
Circuits not correctly joined uP.
l,'irinE kev or lever eased up too soon.
Air  lJver bent ,  e i ther down, s idewal  s,  or  broken.
Air lever shaking folward, due to a weak friction spring.

iiii"i"r-'i:t"i'9.''?li.'l:r:#l8li'lll"T;ro+,'".r'1,"'.'"'f Jr$1,'.oflJ{*::,:i#:**:5lfiffi *,n.tF
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.{tll;::l::lll*, ,!';1,1 nut compressed; or trrirrs ,*-""'il
*"Engin"s 

not  I iee io revolve ol ing to a bent  connect inS roa, I

'"ir+lqnlltkfu **r"."#"#iilf#3iii{i"";*,**'';'
Stop vrlve closed. 

'

Reducing valve jambed ,,up ,, so that the ports are elosed

Ceusps wurcn aFr.ECT. rrrE Doprn Knpprs* ou Toi"uoo.
The acljustment of the t

""$:::'*llrlr'll'-"rm: filS"iiiil#'?*31'3n u " it ra's to

"rjf;$f":,"i1:;tT:or, 
slide valve, or pisron; rhe packins of

Ten,peraLure of tlre water.
t{ala.nce chamber mechanism not corrcct.

ff ; ;T il'i ff J i ?",",iPHl?,li",.,
l r rv rng , rod  bent  o r  b roken.

rd;il"T ii't u?'tT:lirfl -*"9" t$* i 
e cro ss- h e acr ror the

LiaD rod drsconnected.
Indiarubber discs perforated.

6C-ruses 
or, .l Tonpeno cuRvlNc,

'fll[ffi".:*": .J#-"#;l];;: n" pr'per'Iv
Injurios f tail frame.
Air lil*iJailgd

e not wdF<inE eyenlv

ii'lLl'*F
roSr-.



Caupns on Tonproo RuNNrNe altAY.

Rust or dirt under stgriing valve..
Eaihrre of stopping gear-

1st, With Counter Gear ctt tke Toil,

Weak pawl for counter rvheel'
Stud on worm or crunter wheel broken,
'l'eeth on worm wheel striPPed.
TrigEer bent.
Rig-h1 wire broken or disconnected"

2nd, With Counter'i'n Engi'ne'roont'

Weak spiral spring of ratchet.
lYeak back pawl,
Burr on teeth of ratchet or on teeth of wheel.

" Air lever bent or jambed under the shell of torpedo
lVlark IV, n'iume. IMater tripper not disengaged
from connecting rod when aft.

Counter broken,

I
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PLANS,

' The plans and figure spoken of
j found iir \Vhitehead Rorm,
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