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ELECTRICITY
IN HIE SERVICK Ol' MAN H

PART II

The rechnolojiy of l^lcctncity

( iiAi'ri;k \iv

I IICIRU' IR.UIlo.X

IN lK(i!)l( i|ii\"

The pr.iMnn of the .iiiiiluatiuii nt cKriiu ["iw. i \.> thr ti.i. ti.Mi nj v. !iir

wlirtliil- tlirV li'' r.ift-., (

fa>-tin.itiiii,' >>{ tlif ]M

of man ^ni'^cnts in li

:iiiLiL,'r^. tranicai"-- m iail\v,i\' train-. i-> imt tin' Irast

)l)lrni> whicli tiif liarn(-.~niL: !•! rli rli ii il\- in llii- srrvicr

Wli.tluT w r niii-idt 1 the aih-rlU'c (i| iV(l\'lhil!L

hiiii fi'Mii tlic I'ailK'-; dawn .u iivili-~alion ha- br,

n

ml. a- a \-i~iii

sourre

to til-'

.f 1. nnoticn, or tli.' nu'-lciioii- tiirilii il '>\ 1 \ niu '111- rill 1 .:\

,tnal driving,' niotm- .niil the inarvrllou- tiaii-lciiination- win, h it

tli(T<- tindi'ii;-"--. we cannnt Imt \n- l.i-t in wniidn- :\\ thr iiaiadoxc which

iirvcv till

ar to iiiiTt on r\Ti\- -i(h lloi-,.- and nthti .iiiiinals, and even thf

.f the sti-ain (II i>niiitl\'r. ,l|l|li al til u- as alini'sl \'i- il

)[ rnci,i,'\- or pnwiT, howrvi i littlr wr tna\- iindnstand thr ini.dcN of opcia-

tiDii cvtn

on

Ihrn I'.ut thai a told hatttrv nr a tm u !la( t -.Jidi

a rail ir an o\'ri luad wire -liMild bi' an impoitant iinurtiiiL; link it

the rhain of traii-iiii >siiin iiinst fxcitr thf wmi hr 111 i\'rr\' thou','!ittiii d.

iiul the woiidir i> not diinini -hcd Ii\- thr iiniiiatnir lit^htnin.t,' tlasln- wlml:

,in' Mill if thr ion

the sliding miitart-.

Tlr

lavin:.

tinuit\- of thr riri nit hr inoiiuiitanh- Inikiii at oiii vt

itaiK o( thr i;rni Mat inn and l;i rial handlniL,' ot clriiiir pi.wrr

brrn dralt with ill thr pirrri linu p inl\' IlrrrssalA' IinW

to coiisidrr thr vanon- inrthods of siiiiplvnm thr rnni^y ! thr iinivrnt;

vrhiclcs, br tlirv tiamcai-, 1. ooniotivr- m railwav tram-, and thr inntni;

and utilisation ut thr riieit,'V -n -niiplinl. I'.nt thr -nbjrri, thmi-h -iiiniiird

thus vrrv

141

bnrt1\, i- b\- no mraiis a -mall onr. It \»ill br dralt will

I )bi
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.

thf order naiiud- that is, the methods ot supply tl

(i ^ltlh^ati^^l.

le ciui,''. will III-

n-idered fust, and altenv.uds its nmUol mm

First, tlun, as to the jMactieal iiiethcuU li\ wliiih <iuil stippili.d

to UK ivint; veliirles, the j>robleins iiivnlvxl ,iiv ohviou-lv \>x\ diftmnt

iliielo wliii h ii.iv.' no n -< rvi- il 1 IK rL;\- I nthe two (,l>(S of (i.) thoM' VtllUll;

lioaid, .ind wlii(h have thrreiore to ])i<k wy .ill iIh n. .
.
- , i\ .n.rijv whi^t

iuovin^, and (ii.) tlioM- \( ]ii. 1. s w]n<h. a- \.t. an- n.'t -n w:d< 1\ n-id l.ut

wlii(]i (.luy eiKif,'v >toi>d ni -k'W.v ii'nviiiKnt tuini tor tiai'^li'Wnatu ii

into rlii-tiie ' niTf^v a- and wIkii ninund. Attain, in ea.-c (i.\ wliii II \\e

;.ro|M-r to dial with liirt, wc imk t at mi., with two m t> i'!
. . i ilitims.

lun.ianieiitallv (hlttont lomi on.' aiKithn. wlmli pH.l.mii.iK ilfr.t tlic

-.lutions arrived at. I'lic v.hi. l.-. to hv jnopdlrd may be nqiiired t" nui

..II the oidinaiy M.i.N and ^to.t-. whieh tht \- mu-t use in ..>iniuon willi

all s.-.ts and eonditions (.1 Ivallic, or tluv ni.iv in- ..mtiiud t.. piivati' load-

(lailwa'.-, rtc), fioni wiiieh such oth.T tiain. i-. ni'irc nv h -~ ni;.>iiin-l\
.

exrln.l.d. In tli lli-t . a-r, it i> ..b\i..ii> iliat the niitii'..K a.l..;>'((l lim-t

br --virli a- n.'l 1u ciulaHL;.! llir hv. ^ .'1 ..lli.i umi--..1 the l..ad: whilst ai

tlif ^.-..iikI ( a~. thi- ...n(lm..n i- al-. lit, and ,L;ieat.r l\...!..n; ..1 .li..!..

1. -lilts, riii.u-h -..111.' ..! ill.' in. ih...l- 111 th.' twn . a-i- hav.' r. t.iin p.>inl-

»lii' wh.il.. 1)1' 111.. 11' iiinV.llKllt to (leal V.l.l. till III
iniiiioii. It will, on t!ir w

n-r |..|- -ni

voted to the nulhods

hiiiL' .111 lii.' .iHmv' tli ti.mi. ai-- ..ml \.liiel."~ moxin-.; ..n pul.

-. l.,iiatrly, and tlii- ehapt.i will. th.i. I.Hi'. h.' (l

THI': >rpi'J .^ (

a-' ixi-.K' \\ T( • ikamcar^ and k* >a]) M-Hicli-s

I. SIMMAKV 111- MI. ill. IDS

I he t'iuii;y i.i|uu

i.xiil.un. .1 .ili..\ 1 ,

1

r the jiidpnhi.iii .' th.' iii.i\inc \.lii.l.' ma\",

in>.iiK nt, ,1- 1. .jiiii. (1. Iiy . -tahii

nil

1. li

pi. k. d i:]i hy tli.it \. Ir. 1.' ti.iii ni.iii.iit to

iita. t with -t.itunaiN I (i.ductii.-^-hill

.i.nv. 111. nth ]il,i...l l.T till' ]>ni|n.M'. ..i it iri.i\ U ..niud in tli. x.huli

tM'li aii.l 1. 11. w. .1 .It int. iN'.il. . mil. li in tli. way tli.it .i st. ,iiii K ninctivi

t,ik.> in -t.'i. - . i i..al i:il w.it. I In in tilii.' t.. t:iii.
.

In the loinar cate,

'.t iii,i\- 111 1. i. ill il I'

111 ill).; <i:i'i '..'/ I '1' . ."' " ..'

r /;;,,•( cr / ;. / d-iib .nrn;\. .iii.l in iIk' latter us

1. \ .11 lull- nil tlii.il- iiia\ 0. Iin th. iMili.lix 1.1. .1 aiidtalnilat. .l.i-f. ill.

(.\t. [\iun;v cxtii-rjl or f^iikiii-:'./^ : -

(i.) .An insiilat. d ov.ihtad eoiuhi.t.ir (..r e. .'idiutoi-) is earri.d

•ihiiv.' .ir at th.' ^i.l.' ol th.' lia. k, aii.l ..nit.i.t is iiMiK- l.y

a i..llm;; ti..il.\- wlu'.l, .11 a -Ii.Iiiil; b.iw .u -..in.' .itliir

11.(1 .111 till' ..II. Till- 1!|. lll.lll I- l.lllll llfl'Mclill \lr.' . .11

to .1.- I l.L Overhead Trollev. in.l ni.i\ I..' n.-..l urx. Inrl.

(till 1 Il..,ill tl..|i:i .il>. .1- 111 th. K.rli. .-^ 'J'l.ii 11 11 s\>te]ll

ti.:iii\\i\ liiii .11. I.ixl 111 till n-ad



SrrrL\- E.XKKl T 1 TsAMi -R-: 158:

(11 .) liiMiLitiil comliictdis arc I'lxo.l in a londiut, usually jilacal

raiU, the tnp <i! tlif conduit beinglulwotn tin- nniiun;;

rliiMil txct'pt Im a n.ti low -lot tlii<>Uf;h wliidi tin' >liaft

,( a " plinii,'h
" p.i— 1 > and niako the iiicf>-saiy rontat t.

Tin- iii.tluMi IS iisiiallvi. 1.11.(1 1.. a- flic Open or Slotted-

conduit tiKiliod.

(iii.) C.iitai I IS made by a slidm- >katr .t sliof, niul.rncath tlif

car. with a s.rics of surface contacts plucd at short

mtiivals, usually between tiie laiU, ami connected as

leiiuiied to live condvut.ns in dos-d conduits in tli--

neighbourhood of the trade.

(h). --Kncri^x internal, or cirricd :—

<i.) Secondary Battery eam.d on th.- vehirl,- ..• car to b.-

j)ro])ell.'.l.

(ii.) Fuel-driven Engine ..hm..! . h th,- v.ln. !.- ur .ar and

u-.(l to dii\' .1 .!\ii.iin.> '.\ln. h -nj.plie- (iiueiit (lirectlv

to the ear niotor>.

As regards th.' relative advania.:;.-. aiul .li-a.lv.i;ua^.- of the " .xternal "

and " inU-rnal " methods of supplying <iieigy. it niav b<' pointed out that

the latter, the " int.'rnal," does not rcinir.' the .i.rtion and niaintcnancp

of expensive conduct. .is along tiie whol.' ..I th- r. ute, and is independent

of the lengtii of that r.>iit.', an.l . vn. when' lails are not u>ed. is not

re-tricted to any particular rout.'. Moreover, tiiere is no ohinic l..-s of

power on the line and id elerti..lyti.- tr..ubl.- thr..Ui:h usin- the rails and

earth for the return circuit, dn tli.' otlur han.l. th.' hi-t o-t and the

depreciation charg.~ for batt.ri.^ ar.' liigh, the ineiti. 1. 11. y ..f the battery l.'ads

t.) a loss of energy, an.l th.- batt. ri.s at pi.'-eiit a\ ,til,d.l.' .ir.- lu.ivy and add

apprecialjly to the d.a.i and unieinuiierative w. .-lit i.. b. earri. .1. In ad.li

U. .11, valuable tinu'i-lo-t in changing tiie batt. ru- as th. v beroni.'
.
xhauste.i,

.nul the co-t of tli.- e.|nii)ni.nt f..r sii. li .hang.'s lui- t., b,' in. lur. .!.

\V.' prupu-' now t.. .1. .il. .1- Ml. >.ii.th- :- t!i.- Mil.j..t .ill.w-, with

th.- m.thod^ of . on V. villi; .1. .ir.. -i.. ig\ iu'i): .1 ..ntul ^. 11. i.it ,r,i: -tation

to til'- moving \-. hicle-, and w.' -hall tak.- th. inetli.-'il> -iimniari-ed

.,l.o\.' Ill ihe . id.r nam. d, wlii. L :- the .'uLr .! importance a- -Ii..wn In

th. ir pn— "t utili-.it'.oii.

II. - riU': .>vi:uiii:ai) tk.'MKV svsti;m

Tins sy-tem i- \>la. . d th-t b-.m-.', i<<v i.a-..n- whi.h v.;'! .\\]y.:\y ni

th,- sei!U.-i. 11 e.i-iiv .li-taiic'- all u- iiv.il- m tl;.- . xt. lit an.l mip.iil.inec

of its appli.ati.in- to sti.-.t tiamwav w "i k .nul t.i int. rm ban .
. 'i'!;ininica-

,i.,,, bv m.-.m- ..f li,'!it il.-.Iii.- iailw,i\- laid .iloii- oidinai\- ..ai-itis i..ai!-

ir ..Iheiwisi-.

,th.-r sy-tem-

In tin- .-onnti\ iln- . \'. nt ..t it- adopti.m with 1. : 1. r

nl

I

'

t r1

is ov.-rwh. iinin;- ( inl .'t l.'^ii -It'll im.l.-itakniu- -.h'.iuled
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f

ti>^^ I :.F.:TK!a rv i\ rin Siriici- .'/ .)/ rv

at the bci^'iimin- nf i.,ii by //•:• lAcdruian .i> i.wnrd m tin- ...iiiiliv hv
uniiii(:i|>,iliiir- and |iiiv,itr (oinjMiii.-, ..nlv .i-lit w.iv whi.lly ,.• i.,uii.illv

laid (Hit CM) .ii-.y nt t!i.' ..tln-i -vMrtU'. jii>l i.l.nvd t.i.

The Overhead Line, -in lUr (.v.iii.ad ticllcv svstim the |)r..l)lrni i-

t'> -u-jHiid .in ni-nl.il.d
, .p;, i ( Mndnilur |ur Kpndit(t.pi>) nl -.iiltii-icnt >.i/i'

to ( ,iri\-. Wlthuul ( .IIIMII.' Im, -r.Mt .l l^^s l.\ <.lninc lrM>I,lll(r, the cnirrnt-.

i''l"""'> '!"' '" I'i'ivicle th.' iii( ,-s.iiv ,ip|ili.in( ('> 1,11 i,in\cvniL; tlir-f

<uriinN ml.
I

llir nr.\nit^ v.hi.H-,. A- ,i ml.-. lliMU-h n.>l ii.c-^.n i|\
. the

\'lii(^> .II- iinniiii- Mil i.iiN, .nid |,.r li.nnw.iv «..ik llic in.i'-t .ciin vniiiil

|"'~il Ii'i Ihr in-nl.ilcd . ..n-

'In. iMi I- o\-,i 111, nnd.jli- d
111- I'. I, k, I'lil 11 N |ius,il)|,. I,,

\.ii\ llns p,>-ili,in il (If-iial)li .

In Ihr -,,, .tllnl •liaiki.--
11m|1,\ " -\-I,iil-. wllrli \\\v

\ , 111, Ic- 1 nil Willi ,. liiiai \-

\\ !i,, N I'll i,i,|in,n \ i,m,U. ihr

ii"ll, \ wnr. .1- h 1. , ,ill,-,l, I-,

ii-n.illv 1 n'l h ,1 .It 111,- -1,1,- ni

'Ii, iiMil. I lit- ( ,111, In, 1,11--

' nipl,",. .1 1„ iii::, ,i~ .1 ml,', , i

I "Pj.rl . li,.ni ' !,, n,-,ii i\ \ ;,ii

J
t m, )i 111 lii.nn, !, 1 . ,,; Hi, ir

, ,{ i']ni\,il, 111 111,- u,-iL-lii 1,1 li,'

' -yfe
I

-n|ip,,i!,,i 1- 11111,1, l,,-a\-i(-r

?.';.. i^Xj" 5 r-^ ''''" '" '!"
'
-' "I '"-ilir.id

ii'l'-^r.ipii ,,; I. l,-p!i,,r,,- wn,-.
.ni,| III,- ,i.l,lin,.ii,il ,,niditi,,ii

"1 pi,i\ i,liii^ ,1 : ,intiiiu,ins (-i,n-

-• ''*'" ^ •'-' - v-..--w****iS5^
. .till Imihrr jiii,.. ,i„.

ni'tli,',!- ..| -n-p.-i!-!,,!:,

I'll' IIM111 -npp, .It- ii-(-.l fi,:- tin- ,.\-( ill, .1.1 , i.n.ln. l,.i- in.iw t.,1 i,.n\-,iii-

< n.''-. li . I,l--!ll--,l .1- l..|i,,\\, ;

n.) /.V.(. -V, .'s . .11 11,-, I .,11 p'i-i- ,,r p, .|.-N ,-:.-.t, .1 , i!li,-i
( n 111 tlif , . nli.-

el til. M.iil\v,i\-. ,.• (/ii ,it th, -i.l- ..! tli.- i..,i.i.

:il.1 S'.'iK ;, ivrv, -liTtrli. ,1 .i. ;,,-- llii- i.miI, an. I -npp.iitt'l cithrr i,\-

[i\ -\'\- p--N. ,.r i/m ti.-i;; i,,Mltts flXrd l!i tin- wa'K ,,f ti,,

^:.!j.i I nl b-iiliinc^

'I'll,' bi.i. k,t I..riti ,.; -ii-p.ii-i,.ii i~ tin- iii,.-t -i-litlw aii,l l,-ii,|-. iN.-Ji,

il .li--ir,'.i ill ir-i 1, -1111,11 d:-iri, t-. t,, -,,inr .itt.-iiipt at derdr.itivi- (It,-, t.

i 111- i>'.,i. i^ 1- .I'-,- ii-'i,iiiy -~npp,.rt(--l ,.n p,,l,--, wlii, li iii,i\- In- ,,1 w.iu,! or ,,1

Hilnil.ii^r,in._i itii, r . .i-t ,-: v\i, .ucht. ill,- ii,.n i- tin- iicatL-l of iIlC tun, but
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III ]\\i'-t I .1-1^ i-i tlir 111(11 1' ( ii-ll\ 111 imii.i! . i!tl.i\ I ':i >r- til. Ill . Iij. 1 I :. II '.<<

I 111 will lie --N -til II 111. If it tiiiii- till' .mil lilt i( ~ I I till : ,'1 li\ t I'.i- • ii t:. ii 1

uii-if,'lillv ^U)'|>||| l~ 1- ]i.iitl\- lint li\ ill -iciiuil; tin- Mipju.ii- with mii

iiL^.iril III .iiti-ti(

> "ii-iili i.itii'ii-. .1-

.1 ji |i • .1 r - III I'll

'li'nll-|ilr. .-. Till-

\ li W Ii |Hi -1 lit- .1

iilmi li.iii I. ..ill. lull

i- II pli'ilui I il llii'll

//;, /.,'.,.';.. h\nl-

,. .ly /":ii ltd! lil Xi w
\'i'ik. Aiiuiln r i •.

.Illlplr III . 1 lltM

pi'li' I I'li-tnii til III I-

u.xiii ill Tic 1
. 1 1'.

w liii li npii -1 III- ,1

I'Mll ill :ill .\rl|l 1 il .III

I ItV, till- |l' 'li- ll-i ll

Ihiiil; till- luliiiLir

1".K- iii till- l-;lr. till

lv.iil\\M\' l^iiiiiiniii III ("iiiiiiMii\ ,
I'l ( nil iim.iti. Ill I'l- I ,|,r ill, 1.1.1, kii^

lie n l.iti\-il\' iiiiuli Iiiiil;iI tli.iii in tli'- !i,iii:-| i||, i,.i-.,ii h, in;^

lll.it. a- will In- -nil nil ili)-r iii-]M,n'ii. i.hIi hiaiki! vii|i]Hiil- Iwip

tnilliN' will- in-tr.lil nt I'lli-, rill • will- r.lll\- tW'i el ill, ]>ii,i-. . ii| .1

I iiiii I'll,
I-,- --\"--

!> Ill Ill-ti .111 111

til'- -iiil:!'' I "11

ilii. I'll l.'i .1,11

llllll' III- rill

ll III- Willi I .111

I' till II . II. Hit . It

lll.l\ 111 ll, 'llllll

lil.lt till
"

li.tlli;.

' t- ll-i li .111- lit

ill.' t\!" ilhi--

I i.itt ll I. ill r 111

I'll' II., li.iii-

ir.ilK' 111 I (.--.
I r\' I'.iit^ (if >ill -111 ll 111. 1 1 kit- all- -ii' \\ n in .i iinn li i iiul. i I'm in

!!! Fii:.-. 1.44- ''•'-''- -•44'- "' ^-''l!'' !'• 'I'-'' f"!tH'i i- f' i
n-i' it thi- "-i'li >>\ ilii-

Iliad or traik ainl the l.itttf i- tnr u-i- in tlii- i ntii- ni ilu- mail whcrr tW'P

tracks, one on cither siile, luue lu In- prnMili '1 with m I'arati- trolley wiii s.

i i

t ii

Hi



I iHft I'.i rcniriiy ..\- r. v Seriice ^'

Onlv the tops nf the |k>1.-. aro shown, lor the s])an' .iv.iilahlc ilocs in't

allow the (litaiis ot im thud- o| en Ttiiif; tln' polt.s to he (icM rihid.

Ill lii;. i,44J a tubular arm a a. of \vr<mt;ht-iron or !-tiil, ij or 2 in< In -

in (lianictor ami of a i onv.-im iit 1. ii-tli tlif -taiiilanl IciiKth Ixinf,' 9 feet, In-

into a socket in a .lamp, wIik h ( an li, itta. lit .1 tightly to the pole. At llir

outer end of the arm tin i.- i> a im tai ntiii.nl, win. h r.i eive> oiif end of tin

tie rod T, the other end ..| uiii. h h ti\ed t.i .1 . I.niiii .ittaeli.il to the pole at

a eonvenient distann- ahove tli.- .11 in-i l.nn|). A -I.fve i, sliilinj,' on the ami,
carries the njiper end ..t th.- hollow stint >, wlm-.' lower end is carried
by a third . lanii) ,ilt,i. h,d t.. tlv pole. Hi.' .ipp.iratns, t.) Ik- d<s. rihed
pre>entl\', wlii(h i> to

.'arryan.l in-iilate tin-

trollev wire, is siip-

[Mirfed Ixtween the

tw(p --liort \-erti.-.d

arms k,, ,/_.. wlii. h are

in one ].ifi e with the

stmt slee\c and tlu' end !iliii.nt i. -|.. . ti\. K'.

The similir . (Mistnu tioii foi .1 . . ntr.il pol.- i-

shown 111 I'i^. 1.44;, wlii. h will h.- i. i.lilv uii.K 1

stooil without further <li>. riplioii.

The above method ot eonstni. tioii. eonsi-tiii:,' of a limi

/ontal arm, a tie ro.l and ,t -tnit. in.li.ato the in., haiiieal

iieeessities, tliouf,di where e.-.>iioiny 1- .limed at tiie .-tnit mav
be dispensed with at the sacrifice of >ouii<l me. hanical design,

A straij,;ht tie and a straight strut li.ive been shown, but th.-.-

may be rejilaced by ornamental devices, wliich, ii(iw.\ti.

should alwa>s be desif,'ned to fullil the ncces.siry me. hani. al

function, Tlius the strut may be replaced b\ sm h a bracket

as is shown in big. 1,444, wliidi. it will be noticed, carri. - ' - ,',o<
,

'''

two sleeve? for tl;e insertion of t lie horizontal arm. Similarly '

the strai,iilit tie rod can be broken up into curved shap.s. (in all these
points further reference may be made to the fiontispitcc and Pii;, 1,441.

In the side-post ,;nd pan-wire method of support the necessarv and
properl\- desii^'iied insulators are either hunj,' from a stranded steel cable or
wire, (itlur insulated or iinin-ul,it< d. win. li is made fast tu .a.- bolts
inserted in the walls of buil(hnt;s on tlie -ide- of the read, or otherwise
supjuirtid. s,\y, from two posts opjiosite to on.' an..t]ier I'li either side
of the roadw.iy, the lucessaiy dt vu . - b. iiii,' sinijih' stniiig across the
roadway b.twi.ii the sup].uits at tli. -id.. Theoretically, support mi{;ht
be provided, as 111. iitiomd, by wall-, hou.-.s, or oth.r erections at the
sidi>s of the road ; but it i- •litli- ult and often impossible to obtain the
necessary permission of the own.is and there is always the contingcmy

k
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tli.it .1 •it.ilili' p.iir of support-- iiiav .t 1. \i>tmi; wlith tlnA .1!

I

iiti. iil.irly niniiu'l. It iii.ikc- for <i!in>lii it\ .in.l < oiucni.ii' >' to .n t

til' iicic>-iary i">li-> .i- I'.nt of tlir pl.m ot . oii-iin. tion.

An 1 x.iiiii'lt of tli<' -iMii will - 1.1 iiif,' -ii-|ii 111!. <l lioiii |.o-t- 111 . iilii r ul.'

oi tin- io.mI 1- uiviii 111 l•i^;. i.4»3. wlm li a^;,iiii i^ .i vu \v ' i tin um- <i th.

iiihiil.ir I'o-t- oi till' Kin till- K.iilw. \ Imiihiuiu ii; '.'< iii]'.iii\ m ,iii Aiiniii.ui

.it\-. 111 n.j> Ml Tl^;. 1.4)1, tin 1 1 .III two tulli\ win-- o\ir.,i. h li.i I,

dm it thi ,iilv,int.i,i,'r> ol till- iiictlioil i- tli.it it Kmm - tin- -iiit.i. • of

till- ro,..t .\r:n of olwtnii-ti..ii . ulii. Ii iiiii;lit iiiti iliiv \Mtli otlni ti.itfir. .ml

is niort- adajJtable to varyiiif,' < oiiditiuiis than tlir -idi-polc and hiaikit

metlioil.lH-iidos boing mn hanirally prolVrabk' to thr lattrr when tlif di-tanci-

of the trac k from tlu' kerb would nivessitatt- an abnonnallv loni,' ovnliaiitiiim

brai ktt. The n-lative Mt;htlin.'-- "f thr two n.. tlioiK. or tlir a. tu.il >mhtli-

ni--.s of I itlur is a subject wi- do not feel i alli d ujkjh to (IIm iiss lun-.

ilii- luro.-ary support- liaviiiK hvcn proviilid by oiu' of tho foriiiomi;

nnthud-. thire still remains a (.lioirc of iiuthoil- by wliiili flu- artii.i!

(onductor itself may Ix^ supiMjrted and insulated. The wires m.iv !'.

j,rippod bv rars." as thev aie i uHcd. wliirh are atta-'hevl t-- ni-'ibt-

tors. or theV mav bt- i,'rippt>d by "dips' earned bv flexible wire-, wlm li
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'lliilh Inr. 111.
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"I'l''"" I"' ni.i—.iiiU ,,t -..111. ih-t. ,,!.. ,i|.,,ii ,,11.1 th.it
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U"ik l.,i. k

kiiit^. Iiiiiiiiil; ii..\v In. in tli.' iii.'tli...ls nt

n. \i t.. i,'i\.' -..111,. .|.t,iil- .,! th. . ..mill, tl.: .iii.l t..

".II. I- li..in It '.. t

•ll\ I. .11-1', ill

II iip|..ii I - «. ! ,iv

,

il-.l.

ifitor. ill ' 111. -I iniii..ii,iiit 1... |..i 111 III. \\|,..l,. ,1,

"111- It -.If, ,,i„l

"'I 111 II. A wii.' witl

-un IS

111 II - '!' I'l' I li'iiii r '^ i> < I 1 ill iil,ir

1 -li. Il ,1 -l.!l..|l ,,111. 1, \v, M I iHt 1., -,, I,.,<lll\ .ll-

"'I' 'i' 'I I" t'l' -ii-p. mhii- , ,,i ,,- 1,, lull, I

ilili
I I'll -iliIll,:.' ,1 -iii,...tli ,111.1 lihiii!

Ill'- 111. .— ,.1 \'

1 i-

I'M''"! iiii'l* I -nil,!. ,• I., til.' ti..||.\- \\li, . 1 ,,i;.l. ,,||

'•" "llii r Imii.I, . ,i]m1,1,' ,11 1 ..| Im III- ,l;iiiiim .1 tiiiii\-

li\ III' ii-|..'iii|iii- .,,r ..| ..11.- ..I til,. j,.,tt,:ii- ,11,,-.

«' n "•''"' '"'' l''i--- '
I 17 iii'l !.4"-'l. I., liii.'il till-

«
l.itl.r ...ii.!iti..ii u.ll ,t 1- .,I,M.„,, III,,! ii„ ,„i,., ,,)

^^ 111.- 1 .11- -li,,iil.| i,,i-, |„ 1,,,,^ ,|„. l„,n/.,|,,,,| ,i, ,,„,.,, , ,,|^^ 111' I.'lllbl Wll,', -,, ,,- t,, 1^,1], ,„, ,,, 1,,,,^, , j, ,,, ,,| ,1,,,

,,,..,.„ iiii'l. r -nil,,. , ..| III, , v,i,,,,|,|, „,,,.^ T.. . !.!,i!ii tlii-

iiir. Ii.iiii.'.il -ii|ip.,it th. . II, 111,11 , I.. ^,-1 t;.,n I- -..ni.'-
tiiiii- nii.,liri,.|. ,in,i tliiv.- oi -11. h iii,.,hli..l -.-. tiiHi- ,11. -h.iuii I,, \v^, i,.j.,,,,

'~" '!" II' "I" -" 'i"ii I- -li"\\n ,it .\. ||„- -,, til. 11 H I- ih.i ..! „

I ... . 44'' -I'.
.. I.,., I l,„,i, X V\ rt...

Ull. 1.

"iii'l". I..1 ii.MiK ,11, iil.ir, l.ui will, tu.. Ii.i,-itn.|iii.il -r....- . - ,,i t|:, uppiT
I'.nl, iiiti. uhi. h till- -i,l,-i.| tin- i,n-.,,n i iiti r \Mtli ,i niin -iij,],,.,!.,,.. .^i,j,.

.\t 1 th,' -..tii.ii 1- ,111 .|. .11^, It.. I lii;iii,- ,s. till- ii).ii-|- i.,iit 1.1 th' -, .ni.ii
h.lMh- III,. i;l-...,\,.. |,.,t -,, ,|,-,],ly un.1,-1-, ,lt .1- 111 H til. U.li'Mi .i!,.t ..t

till- 1II..UI-. iittiii- 1.1-in- thi--,iin,-: \vl,i,-t ,it n ;i,. , ntir.-K .hii.i.nt n;,th...|
i- ;iiii.i'ti.|. t,.r 1,1 th,- Ml tii.ii tin- u].].,-r -iiri.i,.- ..i a .vim. I .,,1 uii.- h.,- .,

'i.-VI..|l,,ll,„.I inil,,,,,^ ,,|,,„g ,t-\vh,,l,. I,.,,,;,!,. li„.,l„„„„-| h,„,.\..,|;.,|,g|„g
•lip- .1- -li..\Mi, .111,1 tl,.-,- -iipj„,.-t th,- \Mn- l,v 1111,11;- .,1 ,, ,„,,„.,- ,, ,?„!,.

IlLltKlll (1-1-. I ,T,) ,,| th,. -1,,|„ ,,.1,,,^ ,.,,,

Tlu> ni.it.-ri,,! .,i th,- ,i„„lu, t,„- ,- ,i-,i.,iK li.inl-.liaui, ...j.imi ..; iu.'h
coii.lui tivity ,111.1 1,1 MiifaM.. ,

,-,,<- -,.. ti,.„ |.„ till- iMiti. ulai wi.ik. U ii, -ui
•''"iii'iii'iin .iii'l "1 '"I'lM-i with .1 -t,,| ,,,i,. ,,,,. .,!.,, „„,i -j-j,,, „,,,, ,,j ,,|j.

iriis>-.-i tK.ii, i.f ,-oui>,-, .|i-i.-nninis the . nndiiitu iiy, ,ni,| th. ri-tm.- th, ( -K
h.-at il.-, .,- \M-I1 ;w thv \Mii;lit ]..r iiiilf. ami tlin.ii.i^h it the Lipit..! .,,^t.
i'lii iin .1 I li.-t h-ii,ili\ ,iii.,|.u ,i 111 tin- . i.iiiiti >• 1- that whirii i-, lu'.uly .-'lui \a-

_*^
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- i-jii 11-11.11 1- ti 1 liiiii .ilK' kiiuwii ,1- .111
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then- i- ,i!i ;i(l<liiiuii,il lu;,' . ,im on ihr uiiixi w.h, tn ],n,vi.l( .1 c l.mip l.\- wlii. li

a. > (iiidii. iMi
. ,111 lir

. l,iiii|» .1 tn III,. ,
,11- anil llin- -upplv . uinnt t.i On- imlK \-

win- wlii. h 11 -iippnii-. ilir ,l,,uMr ,in, Iimi-' ,.:,r. -Imwii m l-ii;. 1,4.(11. li.i-

two rvr, "
, ,i>I on It- n|.|.. 1 wvl), t li.' oI,|,-, t 1,,-in^'to pioM.lr an att;H hinrnt

X-^ '"' -'iv wn. - till -! ,|.lvn^ the Ii<ilir\- wnc in .xno-r.]

I'o^ition^ an.l in uoin- loini.l c ur\t- ; in tln-c > a-<~ i!

7,J
1- "i, Moll- that till' iMnUol till- >ta\- attai In il to till

/ I
'\''- "f till- I Ml- inn-t 1)1 null jn nd, nth in.-nlati il,

I 111' inrtlioil of attai linnnt ot tlir \mic to tiir ii

.// I- ol ^nat iinpoitaiiri'. l-oi" roiin.l uiir the ^ioo\.-

/*? ni thr .Ml 1- -upiilir^i 1, i,l\- tlllllr.l, .in.l till- wife 1-

^ I

-uiatiil in; liiii ~oiii,. nioiv ilnv.t support than i-

I

-iM 11 I'V till -oliji 1 1- oliiain.-.l hy li.iiiliiiL; tlif -iil,- o'

^ 'li'' ^loiixo so a^ to iiir\,> loiiiiil |iart ot thr utiilii

-nilaif ol thf will'. A -iilc nIcwoI' an car, pattiv

,,,_';,;:„,„';'; .IV r'','

' '"
"''''"' -'^ ''"' ''"'' •!"!'. i> shown m 1ml;. i,.)=,o

;;;;';"'-'•'-""' I ""•^ with a -ntion o| thr tiolli-v wii. m po>itiuii, l.u'

W-ltil thr Imttoiii ,,k'r- ol till i^movr Hot Vt 1

pn .- (! iiiw.iiil-.. Till -I . ,1-1 . ail iini-h, ,1 n, a kiiii. -i .li^r ..that whni iiirnt.I

111 til. > shall lall-Cth,- li.!-t po-Hl.lr lllti I |. li n. i W It h I li,- ivHinlii. suila. i-

of th.; wnv ami . mi-i .pinitlv witli thr nmin ninnin-; o| tin- tiollcv whoei.

A pci>pri five vi.'w of this , ar, whii h i- inannfa. tiir, i| I.v thr Wr^trni l-.l,.. ti i

Coinpanv. is -ivon in \-)i:. 1,451. Thr u.xaii.pli.' shown h 15 im h,-. Ion-.
In -oin.' ilrsigii-. a- -h.iwii in V'n:. i..(5J, tlir cl-r- ol thr Lrro.ivr .11.

/,
ii'-i'l'' -till Iiin-rr. -o III, It 111, lip, , ,1,1 .ipproMin.it. I\

f" /^ ^ inn I 1). Mr, nil thr v, llr. Ill

z I

^""-
'•

w hii h . a-r th.A I .111 I),' ii-,-il

\Mthoiit Mildi'i. J
I'of L;roo\(.l wir.s III,-
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I

i
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J
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I
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I

I irof tins t\-p,-. with thr wiir
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pill r, i>il.piitrd 111 I 1- 1,4s,;. i
1 hrsr r.irs ,iiv spnni- .,n tin-

V.ilr, will. Ii |||,\ ..: M-.i «



Srsr^y.'/\i: /.'ia-,- I V'l

i,,i.l\ , .111.1 arc th.Mi tiMnUy -.>M. iv,l. Thr ,liinrn-i..n~ mv.Mi ni l-'m-. i. i^".

I. )5J ,111(1 !.45.> shiiulil be iiotr,!,
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c'( ( iitivM'. ni-(lili, ,1 witli :iii r\|i,iii,Iiim iMii-ur, will, ii . ,111 -li.l. in tlir , li;mn.>l

"t thr wile. riir iii(i-~,ii\- iii." 1 ] ii, ,i t M 'II I- ol.\i.iii~, .n„| i~ 1 1 h i-i r, 1 1, , 1 in

I'ii,'. 1.45-4- "'"' 1' ~ivr~,inrn.l \ nw ..| ihc ,mi .m.i -Imu- ,i1-.j tli.' ini.|. i
\\.-- -wv^

ti>>lli\- wii. . 1 \> h. II |.,i"ini; tin i .ii ; a -nl, \ i, w ;
. :.-\ mi ii I"'-. 1 15; Tli.-

Ii:,;iiii - -lii'W 111 .\v til, , nt.H t ul

" In ' 1 .111(1 will- .il \]'i 1 ,11 1

• '''-"lull 1\ 111' mil .1! w :lli ill, It

Il .II1\ I'll!''! I'.ii; |,| 111, \M|, ,

I Iiii- 1 11-111 iiii^ ,111 .ili~i 11. I III

I'IIIiiiuiil; ,iiii| ,iii m-, \\\\ h .,

' i 1 lr.-])l lliilll:; ,1, I I, ,1 , 111 l!i,

' 1 '-I I'l ni.illlt' 11,1111 r.

I illii r ill A i, I ~ ai,' .iNiiiiii- i ,
-. 1 ...i. , 1 ,; :.iii!.„ ir.
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I'li'Mil I'l Cll-lllr tllr tillll

' '
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•llt.ii lllll. lit I'f II . Win I" lllr (,11. ( lllr I'f til, -I i- -li, WII ill |ii rv|„ , li\, m
1'i.l: i.-tS'' It !-.i\\'i iiiii l-;ititiii < 1 iii]i.iii\ - (l(M,-ii. ,111(1 I , ii-i-i- <'l iwii

.licp I1.1-, ,1 -Il 1 1 liw- Ir.n-.d Ici:' 111' I Willi ,1 -ti ( I ].ii:. Tin |,.wc! , nd- 1 t

111'' l'i\v- A\r ii.i, 1(1 tcw.iiiL- (111 ,111' I In I l.\ III'' 1 l.iinpin- nut, -I' tli.ir the

tiiinniL; , 1 tin hi \,ii;i 'ii.il nut -1111 111 lin i;-iiir ti-!]!! n- tin 1 liiti li i.i iji,

' '11 I'll I'll " ii' Tin 1 .11 1- ,; nil in - !i'iii4 .iiid _' iih In - Iiil;1i, .iml tin' lii'll,.w

• ' 1- t.ipi" ,1 I" l.ilsc ,1 ;;-in,ii |.,'|!. 'I'll, 111, (lUii ,ituii uMlii- I ,11 will 11 It i>

"Mlliil \\llll .1 -"1 ki I 111 Hi'lM ,1 !,l(lin^ \MIi I- -lu-Wll ill V\i.. 1.4S7-

f 1^*- J l''llt el lllc I'lltllt (I'll-l-l- 1. 1 ,1 -iimmI (k'lll.Ji.'

-liaiiiHi, wlmii 111- tin two In s ';,..ii.,i :/,> r,t

In- Il 1 ill I I ,11.

r nil till"! I'l 1 '.iiiii'iu- ill, j.iw- ,'t

,111 1,11 I'll Ilia cii'i'V'i .1 will' 1- -li"',\ 11 111 [ 1-. I . It'^,

whi'li icjui -lilt- iMilK- 111 -r, iii'ii ,1 li.iii! ,,| , ,ir

r^.:!^ /
111, 1, Ic l.v III,' .\. ,111,1 i. M. Aiiili r-"ii M.iniiLi. imni,:^

/ \~^ / u '"iiilMiix. "I i!'i-t"ii. Ill, ,|i.,\\iim 1- I'.iitK in

-'' tli'll. aii'l -lii'W- 1 1( ,ill\' till' li, t,ill- iif tin- iloi-n.

r>i i"!' Il ,i\ ii'LT ilir -iihii ' I "I 1 .11 - ,1 w "I 'I may
I'l -li'l "11 III' iiirili"'l "I -pin 111- til,' ( 1,1 "1 "lie

li iiL^ili "1 will' t" tin I'.Liiiiiiii:: I'l ill' 11, \t. This

j

1- iiic ti'l li\- ii-irm 1 iil,,r ,i -pin in;; -Inv,- cr a

• i- -pri iall\ niii'lilii i| -ph' ill- ,,ii. Ih,' |,'ini,'r ii,is

ihr ili>,iil\,iiit,ii,:, tli,ii It iii,i\ iii,,ti ii.ilh !in iia^'

I ,.. 1.4,h-i i., ',,,'- K.n (c, ill'' (ll.ilin 11 1 d tin will ,it ill, -].lhi'. ,>i;(l thus
'""""'^^'"''

iiiliiliic with ihr -iiiiii'lh Mimiiiii; I't ihi' Ii('lli\-

wluil. 'I'll' Litti r ill \ii < 1- iiicrc lH(|ii( iiii\ ii-i d. , -j , , i,ill\ a.-- it i.m !>•

(lr-i,i;iii (1 III .-null ,1 iiii'ii hImIiK' iiici li.iiii. al ii-ult.

A " -I'hi 111- -l,'\i ' ,i "-plnd." a- n.,,iii 1,\ ih, (ihn, J',1.1-- ( ( m-
l',iii\,i> ^-Jiiwii :ii l"i-, I -)3i,, ill. \ii\v I'liiij; |'aiil\ in -1 an n U' ^l;^lu• the

^ j
"^ mil- ii-i([ 111 11

--> f I

Mill ,iiii'thi
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•n„. ,n„l.r M.l.ul tl,r ~,.1...T ,- l,kr 11. MHi,, -,.1. .'t .... ... l-ul vvlul-t

,|„. 1,,„ ,„ tl. .n.l .... ^..."H.l t.. ,, ki..i. ..k. tl.'N "• 'l'"'-" '•'^^'"~

,|„, , ,,„„. -, .,- tn uiv, .. Ini.M UMl', ..r.l tn. ,. i~ .: ,1, yu --:.•.. mi.l. r .... h
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I if

If

i

I

ih. 1.

-1.1-..
wli.ii th. wnv i.- in~. ii.-l to tli. pioi'. • .li-t..ii..

.

j„vv.ui n 1.. mi; 111-. M..1 I.-. I. II. Tl.' 1'"-'''
'

'

,,,„i tl..- w. .;;ht .- -.. ,!i-tv.l.ut.,l tl,.,t n .- ...I t. i'l.. ..NV

Al..,n,. -1^.1... . ^^l.:.^u:^-'^•M..^,l,. ....!-. .th. u :,. n. . l,,.,n. .. K

1„,„, „ -l„,Nvn 11. ^..t...n in T.u ,
1"" Im.m .IK. .1- -;•'.". ^ - 'I''

Liini ,,f i\v,. . < 11. - ..l' l'v.kI.i.iI tl] „, ,,l,!,..l 1m-. t.. 1... . .
.1..1 ll:. 11. '11. '-

V,-,,,
-

i i.'H . 1 into .1 I . n. <1 ii.t' 'ti.'i -T'
Ill will, ll 111. \ • i;Mi.;...l l.\

.,1, -i:,l 11 ihi. "- ll .. • . iiti..l

\,. -,.1,!. fv'^ .- li.. ' - ..!.

,l;i, i, 1,.,\. I.. . .1 <!. -1,11. .1.
h, ir .l!t. 1 ill.- \\1I. - -ll"' 11'

(»t til.- iiuni.n-i.- • -pli. i.i-4 ''.- '.^1

.iiilv .ill.'V.- I'l' t'-ii' > t.. t\^.' "1.1' 1'

,,r,. -h..v.ii in 1-ii;-. 1- C'l .n"! i. )'-'

v.hi.li .i.-l'i. t . .ir~ ii'.iiint... till.'!

1... 111,. l;nti-li lii-ui,it..l .ii.'i

|l,M,v-( ,,m1,- l.iniii..l. 111-. 1-1.. .M.;l,..-... ,-.1. -luii..!:.. i.-ni;.! v. u-- ^.n--

,l„.,„..tl....l...l..i.t...l..m!. i..i.lilviu,i.l.-....t H.-iiiMi. lu.K.- I" l/^-i I'"-

,tli.-.-ii.l..i til.' wii. ..!!. rl..i.:~ ."i'.'-: ''- -"""

;, ,1 x.iti. .i!l\ iij \s....'.- ..n-l 1'.;.' ''-" 'k\\..i-I-

|...M/.i|-.t,til'.' I'll tl... -imil

\ 111. h ~1...\\~ a I.S-li.. li ' ...

I,,,,. h,-..iitii..l..\\..i .;i.".\. i-tiiil;..i \. Hi- ..ii\ .i|

1,,,- ^,.„,N,. .„, th.- t..l. ..t til. \M..- tl,. Nvh.-I.- li.in--:

tll,..l, il..!illl\ ~..l.l..l...i,

^ It will ll. ....1..1 til 11

r '^
I lllllaf tl..- t.lH t.r.-i..li ..! til-

I-,,.- . !....; hii, 1,.,- t.. 1... . ..llllt.-l

_, ,, ,1 !,>- ill.. -,,l.l..r...i i,....k thii- lii.i.l.- .. I' -i.il v.li;. li .
.imi. ,. i.uii.l.-l ..

.,.th, 1 uli.iM.-. v|,l„ inu ...i', sMtli mill. 1 . i.inii'iiu- "1 th. .-11.1 .'1 ll.'

v.^,^ h.ixr tli.i. i..n- b.'«it 'l-i^i.-l. iH'l '"" "' ''" -' '- -'"'^^" '" '
'' '''''

v.hi. h ,,-ani.-.nt.-.!.l.-ll.'rf..iin:l wii-.-, aii.l i^ ..!-. It m 1". - 1. .., A ll....k.-.l-

-l,.^p, .1 -n.,,v>. 1....... .1 .1. tl.r iii.it.-n.il ..1 th.- . .11 1- 1..-. .1 I'V th.
.
l....ii.,i,-

,,1 It.- -.rn on ih.- tiJ.t. \vhi. 1. p.-.-Miit- th.- u.n- i...iii -iii.j.ni.: .n..l .- I.. M

,;.h,is M. 1...-U...1, 1.M..-1.VV.. !h..n in. ..^^ . A:. -th. r ...H .-.t i tin-
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design is that tin' -nrfarc tiiKkr the car, when the work has been properly
finished, jncsents j^'natcr ((jntiniiity to the trolley wlieel than that resulting

from the ii-e of the i ar shown in l'"ic. 1,461. I'rojier heinlinK tools are
supplied to bend the wire so that it shall lit the f^roove aceuratelv.

Ear Bolls.-^ Tin- l)(ilt> fn.in wlii. li thr ( ar> jtist dci-tribtd arc sn-pindid
are u>nally iiiMilaiirl Imu,; tji,- iiil„i paits ol tli> liUni nt vliidi -uiiporls

them, thf'Ugh that liini. nt a> a whole 1-, as a rule, it-rll iiiMilat< d Two
.general methods are in w-r. In one tlu- stem and Iu.kI of the bolt are

<overed wifji Mi-ul.itini^ niatMid, and it i> tlun slipped into it> I'laee in

ihe litnieiil, but (.01 bi t.iki 11 otit 'igain and replari d b\ ,inotli( r insulated

bolt if AUfX wl'Mi iMj-aiod. hi the otlur, the >t. 111 .md Juad of ihe bult

U- -M

I

I

t-p-

^_-f^vH

^-

i

W^

lu .,ie
OillM, :.l I'lif.'.-. .1 1 n 1:. !l.

ki-H

cannot be dei,i.!i.,l n. ,,1 the niiueiit, lor they are i>eiinaneiitly iiiib, ud. d
in in-Ill. itiiii,' in.iteij.d i iinin.i,' jLirl of iiie fitment. Three leinox.ibi' bolt-,

a-niade b\ tii.- lliili-li In-lll.iled and Ilel-bv ("able-. Ltd., .ire- -h"\Mi in

b'ii,'-. l..|o; to Ljo^, ill,. >l[,i,l.,l p.iit in eaeh ligiire deiiotiiif^ llie iii-ul.iliim

materi.d. Dmun-ion^ t.ir a part;, ul.ir -i/i- are t^iveii in e.ieh ,.,-,• Imi

sever, d -i/e- .ii.' lii.iinil.ietmed.

rile iii-ul.itiiiL; material ii-ed iiuist fullil .several eonditioii-. \\ mu-t '

( .ip.lble ot beillL,' niouliled ell tli.- holt to tile reqillK d >li.ipe, but ii.'uld net

snb.-uiueiiily -oiieii ,ippn( i,iM\- ,it ,iiiy ti nijier.itnie lll^el\ tube n.ieindin
j)r,ietiLe. Ji -honld A^^> h. ,1 ,i,'( 1 d iiiruhitor, and i.i],ililei,f >i,i!:(lii>,i; .n
eleetrie pii--uo if (.o()\.li> witlu iil .q.pi. 1 i.ible 1. ,dv.iy<\ Tin ii.ildi.il-

avail.ible wliii Ii liil!il tin m and eili, 1 ( eiidituns an n;n li.init.ilK ip. .ip.ibj.

of >u-t.iii,in,L; .1 t. e~;eri,d sth .->. ,uiil tin u foie il the ajip.ii.itus m \\\-:a ii ilu \

I
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iir ^l^ed i> to l)c c.ilKd uinm to sti-t.iin li.avy t.n-icmal (i«u. -. tin- .ippar.itu.s

luist bcH. il.sigii.d that thr ln^ulaIl^J,' matcnal xslulM traiiMuittllig tiioo

uiccs is put un(l< r a ((.inpirvsiv. and lu.t a t. nnlr -ti.>s. Th.it tin- n-iilt

.^ attained iti 1h.- holt- -hnwii in 1^. i.4<'.^ !<• i .4*'5 ^^'H I" ! ;li~'d "U

inspection ..f Vv^. i, .}<>". whidi >ho\vs a " MniiKht Imr hanper " int, niUd to

i„.ld on.- of thr.-. l...lt-. Hv takin.L,' oft tli. -.i.w. .1 -ip th. l...lt .au h.

:i;m itcd. -o tliat

;lir com d oi

honldind oiitti

-nrfacc of the in-

-nlatiiii,' material

'. -t-lninlyai^ain-t

I lie inner snrfa. >

..( th.- metal .'I

the h.ni,L;er. Thn-

\\\f ^houlder iFiK

1 .(.14 1 or I . 'n. -

I'il;-. i.4i>.; ami

I 4ti5) at <( if ai.-

upni.rt. .1 li.in 1» 1' \v

,.t the tr.ill.-v wire .an-.- a coinpres>ive stre- .11 th.- m-.ilatui;; material

.„ Its tran-mi>-i..n t.. the snspemliiiu 'h-vu .• "hi. h Mipp..it-. th.- haii-.-r.

ll,,w thi> ami oth.r haii-.-t-> are supp..rt.-.l 1- .l.alt uith cl>e%vli.-i.-.

, .,b..v.- will !>. mad.' . 1. arer bv an in-p..ti..n ..f l-i.i:. i .4'.7, wliiei,

, and the veilKal j'till on tla lu ll (hi. I.' tin- w. i-iit

-I1..W-, partlv 111 -e. tion, a -1111 liar haim.r, a- iiia.le by the Western 1-.

n ;,, ,.l,i,,l 1., • n- '.la. ti. al!\- id.nt;...l with
Ml r ..lllpan\-. 1 11.- lll-'ilat. .1 I" u .

1, 14.,,. ih.- ..liter -uila.e .•! th.- ni-. i.-,%.-..ll t,,.-' - andtl,.

n.i.T snrla,,- ..f th.- ..;M.-r -huM. •'..- b Jitlv ta, ..„-,!.
,

m, ..t a

•h.- ,hameb-r i> 1,, ni, an.l at '<
I m. Ih.-wav n -.Im.I, th- b..H h,a.i

i>earsnp.m a d,..ul.i.r r, tl v.-r-ii^aild W m.t. 1. 1
h. m-tal 1, -

d .-

:aal!eable . a-t-ii..n. an.l tli. in-ulatm- mat. nil 1" tvs.
. .. tl. -lir. ..j.

i-',i

f if

: I f.
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of til-' l)i)It ami tlir hii'lv ( M^tiii^' will -t;m.l a <lrai| lo.nl "i iiiarlv () tuns

wiiliiiiit ni-liiiiL,'. An i\tirn,il \uw i>( tip li.ii)t,'iT h i;ivtn in I'ii;. 1,411s

Till' iitliiT fiirin 111 -ii-prn-i"ii. in win i tlic h^lt ami 1 ap witli tin

in^ulatini,' niatiriai In turcn aii- all ni unc jiirc c an.:

ti'MM wliii h tlir 1) lit i.mniit l>" ivni i\iil, 1- ^Imwn

:n 1 I-. I.j'Hi. wliiili. al'tiT wlial iia^ hrm aliiaih

-ai'l. - all il\- nml- ,in\' Initli.r ili^i ription. Tin

• larl<. ~li hlc'l pall |. plr-nil- llii- ill-ulat in:,' lliatrlia!

win' ii iia> linii iiiMnl'Ir'l ;;; 'i/n.

4^ .\- aiiMilirr (Aain|ilc ni iln> Inrni (.[ iian^^i i

.

,",' I-'Il:. 1.(711 -ll.iW- tlir patlrin lAiiKiil ll\' til.

A. anil j. M. Anil'T-i'ii Manilla, iniiiiu (tmipanv

In tln~ pittrni tlir unln- --liiHwnli lli. .nnrl i.ntriu;c.i car- 1- al-i i mail.'

1,1 nialliMlilr inin ainl I- in mu' pici c. Ihr -|.r| -tii.i. whi'li I- in-iila|.-.i

li.an the -li'll \<\' will! i- InMiiwii a- " A' tiia " ni-nlalniu mat. rial, i- ill..;.

Iiii^'.il. ami tin- uNil

ii.in.mii-: -knt nii tin

-lull I- .l.-l:;ii.ii til

-liicl.i tin in-ulitnm

m.il. I lai I: I HI 111. . 11. Hi-

ll .il iiinil'. .1- Will .1-

a. tin^' .1- a 1 .iin-uii.ti !.

.\n lilt' Mill .li.il.' I. ! in

11! ll.Iti;;. I '.1! will. Il : III

. \t( I . .ill I.- na nl.i( il

, , , , ,
I

1 ....,,. I 1.-
•' S. -;-> -I ,11.

l.Ulili til. II. Il ill ..ll I

-iii.wn HI I'll,'. i..}7l. will, ll 1- a .-i.liiui.il .1 li.irt,'!! uf tin- dlii.. IJia— Cuiii-

|,,iii\. I'lir iiiLiililrd in-nl.itiiiii mi tlir In ni ..f tlir imlt i- (\iiiiil. (1 (Icwi!

Ilir I mi! -ii.ill. In-nlatini; matrrial i- al-. ii.- nld. d ml., a . . m -li.i| . il tm lai

ill cl\ with laniii;:;. d

< .11-, whi.'ii ll I iiiS till

I. i\vi I" jiarl 1 I tin ii.iii-

i;. a, and tiii-- in-iilatli n

K Cnl inL,.l1i d nil th.

lowi I Mil larr til dimili-

i-ii till- 111 iai 1 il .il^aLii .

A \\,.-ii. r ., i- ill dd. t.

Ill il , and til. tw.i p.,it-

aii 1 iaiiipi (1 t. 1;. til. I

ll\- till- ill. Is litlt //.

'I'll. Ii.iii.i;ii- •^11 lai shiiwii liav. niitiii^i;.!! ii> -iv^'^- ^n'>\i- Ln Mi-pcli-

,i, ,1 ill 111 a >p,in wii,'. .ir- -liMwn in Fi^;. i.C-', ! iiatli.d uf Mi-p. 11-1.11

will, il i- \. i\ i.'iiM ninit li'i -tiaiL;li! lim ;-. a- tli.' liaiiL;u.- laii in- Kijndix

V. It!: l!,.!l Kml.e il.-' in 1 aj..

II .-«-i i . y»^-^—gggaMg^^^
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yUciil oil tin- >ni)|>i'rtiiii,' win s.

Tlir Ii.iiii;' r -li.v.-ii is -imilar In

Inu lint .jiiitr li,' <.mif MS til. It

ju-t ilhi-tr.itnl in Tii;. I 471.

I'm I nivi's, siiiu'i' "i (Iniililc.

till- iiiiliic^< il 'ii^ 'ii'' ii ]'l.ii I '1

|.\' ( HI \i il ,iim- willi " i\i~

.It till ir iMit<i (11(1- to whii h

-t.I\' w ilr^ 1 an 111- .itl.K lie (1,

till -r wii'- liiiiii; tnadf l.i--t

:;t tli<ii otliir iiiiK to siip-

].oit~ -o [iladd tliat thr nrr(~-aiy nin hanic a! l'<'irr~ on the troIli\- win-

.an I>.- iciniti I'oalaiK ( il. Tin-'' aiv illu-tratnl m tin " -mil;!" |iiiI1 i.ft "

or "-iiij^Ic .uivf -u-| ru- ol I'il;. i.(7.''- Ani'th. 1 l.nni is tin-

'(louMi- iiiillaft '•! ' il.'iiMr . uiM -n-iii n-iMii ' -Ihavii in I'li;. i.);.}-

-n .u.-r .. ! I-

,' sJn.i^lf imli-iift sii-jit n>ioii with tlir liaii,i;i 1 and lh<' < :n loi tin liolli \-

nv in jiositioli is shown 111 Fit:. l 475. Jlif p.ittt in 1- in. di >i!;n( il liy tin-

1 iirr.il l-;itctnc Coini>an\, ol >( lu nn i,id\ . .iiid ilir li.iiii.;. 1 1- sli^wn in

M( tion lii'iii wliicli It

will 111' srill til, it till'

tliirkii'-- of in-iilation

111 twc 1 II tin- 111 .1(1 ot

till linlt .mil tlir CI))

w not ,i;irat. 'J'lii' 111-

sul.ilor ii^td at tlii-.;

Jll.Uf, luiWlMI, IS

- h ( r t 111 i ( a , t li V

motildt d Ill-Ill. ition ur-

I n]i\ in.L; .i niiii ii >afir

]ii'-ltloli nildi r tllr

1 ,i|i. Till- toini of

thr (iii]io.-(d -nrfac « s

at thr top of the bolt

should lie nolfd, as

t liii\' .1 1 1 spii i.ill\'

I

! :

.1

Ml,

6 •

'iPl

J Si
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(l.'-ii^iii ,1 t.. 1. iiuivr ihc 111! (li.iiiK.il ^tniin fuin tlir iihii1(!mI :r liLdiiii;

All I mil. 1\ 'lilt. I. ! [ I..I11M.1 ll.lllf,'. I," in will, ll tllr mMll.llli:, li.il. ll.ll

i. l„,i, , 1,1111. 1- ll. 1.1. !. il in I'll;-. :. (7'> ^inil ' ITT' "'"' '' ^'"'" ''" " !'""'

,,,ii. .l-iu. i,|;.. .111.1 til.' ...1111.1. I. ll. 111-. I :1"il;. i 177 VM'litii. -tMii.l.il

-11 p. n-i..ii . .tl.l. Ill |..-MIi..|i. Ilii. i..in. Ill ..| Imil;. I 1- ni.i.l. 1>\ lli- I'.'.

Willi, i:!. .111. ii Mipph ( Miii|.,iii\\ .'f r^t. 1 . ill-, .111.1 . ..n-i-i- ..1 il,i..' i...ii~,

(,., Ill, |„.!,, I, '11 1....U A. tlh' (1. t.iil-- ..f th. .1. -imi ..I win. !i ' 111 1'. 1..1.I1K

in. id.' ..Ill ,
'1 111. -1.. r.i.li-. .1 111, ,11.. .1.1. 11. r, \.k. ^. win. li. wli. n tin-

[Mil- ,.|, ,i~-.ihM,(l .,iiil 111. li.inu.i -11-1.. ml. .1, 1- liniiK li. M 111 M- |.l.i.

I.v 111. imM- ,
whi.li i~ in i.ii-i..n; .nul m. tli. L.-lt n. wnli it~ m|.i,iic

li.,i.l, win. h lit- mt.i til. 1..." in th. iipp. r I'.nt 'l' ill' l".i"l.nn .iii'l l>

tliu- pr.A-. nt..l fi.'in I'.l.itinL; wli, 11 tli. nut .in.l .,ir l..r th.- tr.ll.A wiir

air -.r.w.il li..in.-. It i- 'l.iiin.il tli, it tin- I. .1111 ..l' Imiil;. r :- ..1-1. i t..

li.ui- ,iii'l .illi-'ii til. Ill th.' in. 'I.' ii-n.il |..|in, ,111. 1 tli.it it li.i- .. l..in,'.r III.'.

( )ii th.' ..tli. r li.m.l it i- ..l)Vi.)ti~ tli.it uliil-t til.- 111-11I.1I1..11 r.-i-t.ui. . tlii>>n;,'li

,1,,. 111,,!, nil i~ \.i\- lii^'li. th.' 1. -i-t.iii. . in w. t w. .ilh.i t.. -tii l.i. . l.-aka^;.'

|.,lw,', 11 til, \,.k.- .111.1 th.- li.M.l..t til.' ii.'lt nni-t Im- 1..W. It W..11I.I tlfiv-

j,,,,. ,!,,,. .,1 I., b. -)>. . i.ilK 11.-. . -.i> V. in n-in,u ill,-.' Ii.ini,'. 1 -. t.. ni-iilat..

th.. Mi-i..n.lin:,' ..'ill. liv -"ill'- T\l"'"l -"'I'll in-..'..it..r 'I'-.iih.il l.it.i.

/•/..-v ,;.' r),,-.s,.i;;,"- tiiiil J million-.- 'Vhi- i ai-. - nl ii..--iii,i: i.'iit.- and

iim.ti..n- li.iv -till t" h. .'.n-id'n.l. Win n i,.m.- ii"- m i.N.iii.ad

tr.'ll. A >\ -t. in- th' -.iin. (li.tii. ,1 ditlu iilti' >- tl" ii'.t an-< a- in -Inttid-

...iidilit -\-t.in-, wli.i' th'i. an l».tli + '"'' — "IkIh''"'^ l-'"

'Hi.- ,.\. ih.'.i'l ti.'llcv will's ,.| aiu' >in,!,'l.' infill., t.d cim-

n. i-..t.nti;! -.vA n.'.dn . - * .1
[ml;.'- i^J'i .'. ''7.

duct.'i" sV'-t.'in .11. .it . 1.

not 1..' iii-iilat.d li'.in nti' an.. tli. r. All th.it 1- t. iinmd 1- t.. .n-im that

till' tn.U.'V wh. . ! -hall I..11..W tlu pi..!'.'! i.ait.
,
and 11. 't h. d. ll. . t.d int.. thr

-IP^
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til, ir, I, ,!;ll:. lilt tip tl'>i. .• ill. tl'. ,ili-l<

Wl,.i,- .•Iir. I In- 1-, 'I '
111

, . , ,

,, „,„., ,1„ ,,,-,n. .,.K. ]!.-. ..iW t. ,llu-t,.,t, tl: ,i:ll,.u!tv t!;. >

iwii I' ;iti -

IP
N -li.^un. Ill Ti^- I C^ ""' ' tr" ' ''^ '^^

„„,,.,,. ,,,,ll.il. riH II. c .i- M.n 11. 1.1 ^'^^^ I' li"Wi- HI 1

,^,,, , J-,,. l,.nv. It .,--..1.11.111 1m l,.w. II. ii.'ll. ^ NMi.-M tl

,,,,-, (.V. 1

ill.' fi.i-

w 1 r li >• II 1

1.. Ill-; .111.

.1 11 .1 II V''

, I ,1 111 ).r .1

|.\ ill. iiul-

,,t lln- f.iiir

. . . V n ! r ~ .

Win i.lhrv

1 Mil lllt.itll.'

i.Miv. ~ th.'

1,,,,, ,,,. i,,,„i,,l t.. ., knil.' ..1^.- 1.. .i.-tif 'li'- Mii.-tli ir.iiMii-; .! 'Ii'

,,,,11, ^ vsl,,., i. Ilw 111- ..n i1m> .111.1.1 -u.l.i... .11.- ......i.i.i..! -iitli. 1.
11'

i:,.t _,. ,i-ti,i\ . .ii;.! It -l.'.iiM !"

^1,. tiiiu t!.iiu;.s 1.. k. . !' il" ^"'li" '

,>!, Ill 1 lll.llilli: 1 1^1. 1

.1,

, , ii-iuv tli.it th.' ti.^ili \ wli. . i

,|, ,1 ih.it ill' IV .iiv .!..\\iiv..ii'l I'l.'l.

!l ,it till' a. tii.il . 1..--1!.-., ..V. I p.-u;!- \- ''''•'•

ti..li.il I'l.'-

i.lUli..ll It

1- ll-U.lllx -.1

1 1 I II '. 'I

«»-
1 1, 1 1 t h.'

1 , I ,1 I I \ .'

j,,,. 111'. 11- .1

1 I-
.. 1 I

. V

\\ll. .1 .lli'l

. r ,11 . -tl. !i

I !l ,1 t ill r

1... 111. I I
-

1. .
1 11 -;

piill.-l ..-.v

.,, ,,. th.- iin-ivr r.Hit.-. Hl' uli-k' I'"--; I'- "' ""- '" '"' -"~i" "''

!
I'.i ii.-.il.il. .1 win- .ii 111-1.1. it. .1-.

Wli.t.. til. IV i- A )Uii.ii..ii ..1 i."i'- 'I-- ..n-'n-"''
1
•" "• -'"

.,,::.v.,li,nn.iplr.,,.,l....l.-iCii..l Willi 'I-' iini"'n-l =
t m. •

lili ..t ...ii 1
1,

.t
^
n-

,.| ill,. W.I.- nm-t II. ..-,ini\ i" t. i iiiih..i. >i •' >'• ^^ - i-iv^". •

... ;,,1, -, u.nn ..I 11..:^ I..1 .1 lull. tl.. 11 1- tli.il -Ii.'wn in Ti.-
!
-p^.n..! i -pi.

.,v;,-,l, i. ,, li,. 111., mil... tun. l^^ tl;.- W. -tliidl..u-. ( . ii.l...i.\ .
\'.' il>

. Ii

1 |l
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c.i-r I"i^. I .(.^11 -hi'W- ill' iimii 1 -ml. 111. .iiiil llh I'l^'ji i tii::,' -i nii-

i\liin|i i> nil wliii li ihi 111 III \ will. K, III li' I II |i.i~-inL; (»ih nutf i>

^n.iii,'lil lliiiiiit;li, .111(1 111! it III I
II ir.i - 1 I! .,1 .III ,11 nil .iiif^li . .m«l it i> < I a imii

tli.r III |>.l- IIIl: IllilH tllr -ll.l ^llt lii till -.ill ijli whirl ll.ll-t In ]illllt(i

Will ii\ii. I'il;. i,,}.'^! ~Iii'W- till iijipi I 111 I. Ill .111(1 till- .iii.iiit;( liK 111- tcr

il.iiiipiii^; till' -li.iiylittliiiiii,L;li will
,
.111(1 111 I Liiiiiimu .111(1 ti I iiiiiiiililii,' tin-

Mill lulltr will .

Il I- j;riii Lilly I ii|i>i(li ii (I ^.l^l 1
|i. 1 iii|i|i.\ ,1 tirt; w nil ,1 ini'\ .ilili imi^uc

ciiliii.ii ily Ml I'M tlir niii-tliii'ii,L;li w liii li i» ii.c^l ii-i d. liiit ( .iimMi I'l Ix iiijj

111 Id ii\( I fcr till ntiii r luuti uliil>i iIh trnlliy win il p.i>-( -. >ii( li a
" inn lianii :il iK ;,'

'

i- -linwii in I is;-. I,("^-' .md I ("^
',. Ill' ti p li^HK sIk.w-

iiil; till' iip|iii ^i;i 1. It r .mil tllr Imttdin liijnii tin nndi i -tiil.ni. I In di t.ill;-

n f t h (

.1 I I ,1 n ['t -

Hunt will

III' .IplLII-

I lit !: ill-

si" •
I mil.

.ilul It tic d

1"1" 1'''"

1111,' iivir |nillry> and atfai In d ti' tin- "i\i ' in tin .iiin i| ih, WW-
iiaiik li \i r. In wliii h tlir >]r iiil; ^ i~ lU't .itt.i. In d. In tir , ,i-, il,, -j.niic

IS air.iiif,'i (1 and -it In Iinld tin -witili li.iid i'\ii Ini tin -'i,iii;iii ihimigli

])u-.itniii, ill wliii II it is -n n in tin tup li^im . With ihi- Ihy tin wires

liif i.ich of tin- tlirrc " w,i\> .iir ti I iniii.ilrd .il tin Ir. u

InsuLiti-d r;(.sM',i)s. Aiiiitlnr i .i-i wlii'li iii|iiiii-- .i ^piij.ilK kmi-

stimtcd littiii^ i^ win ir mii- iiniii 11.1--1- .nintliii .md n 1- niii--.ii\ ti'i

I !ii tiiiMl II a-nii~ lli.it tin iwi' til 'la A will- -In ii!d int 1 liiin into 1 ! 1 tiiial

(oiit.nt. It Would, oli\-ion-l\. 111 ]iii--ililr to ili-ii;n ,1 1:11111:; in uhiih.

till' two tiolliv will- 1)1 ini; lilt, tin iio!li\ lim iii 1 .1. ji -idr -Inmld tii-

iiiiii.itc at tlir imiiii; .mkI hi iii.idr l,i-t to it. Ii In.w.Aii ,1 littiny hf
(lc-i^iir(l for wliii !i the tiolli \- will- inid not In lut, tin nn 1 li.iiiii al (dii-

ditiiii- will lir li— i\ai tint.', .111(1 a lii.;litri 1 oii.-lr," liiii will -iilln,.,-.

^lRh a littiii.c. disii^iud and m.iniif.K tiiiid li\ tlio ( ijiio IJia—. Loiii-

l)aii\', IS shown a- slcu from Ixlow m |k 1 -i>(i tui in l''i^', 1.4S4 The
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IR>llrV will- ilr I.iilV.(l .11 Ml. t.p 1. 1 titr .llis.il |i|..|l/f tij)- tt. wlliill

,,if .|Uit' -li"ii. rill "tin r -I . tiiii- I'l till' . iiiii" 1- .iliii;,' wliii li ili<- ii'H' \

wlutl tl.l\ii- .111 i.l wllllr lii'Ilr lltil'\ .111(1 til. II' 1- .1 -lli'It liM.ik .it till-

. i(i.-nniK p"iiit \vli. ). ihii i> i.|il\ .1 ii'iii' ini.jii tii'ii. rill ti.H'N will'

limn lilt ti> i\n\\\. .illi I iM--iiif,' iimli I • lii' s^iiidt-. mn- .ili'iii; tli.- ti'i' ..(

till- \V.M.(1(1I 111. l-.TV Iir.llll. Wlllill ~ the ll..ll\' I I til. lltllllU'. .mil will, li

h.i-, linii iiiipi.uii.it.il \Mili in-ui.iliiiL; \.mii-li W williili.wiiii,' .1 I'.'lt

tin- I'lhi r iimw.iv li.'iu lioni t.. l>.i. k .1 th. .li.mi.nu . ni li. d t.ii In d. whiKt

tlic .till r ti.>!l. \ will i- inn .a. 1 il .'i;.l . l.mii'. il. .ill- 1 wlin Ii ill. ini w.iy

, III Ih 1. pll. I ll ill

fh. litlini,'. til' iw..

wins h. iiiK' ^ij'.ii-
^, .^S-'^^B-^^SKBi^dSlih. (

,1 1 1 ll 1 1
I' 111 " 11

'
"^ ^* —

.iiiotli. r ll- 'll''

hi('kiir\ hr.iiii.

;, -Oil).-- i".nit- .It w'hiili -p. . i.il -ii-i'i ii-ii>n '.n- iH' iiijhukI h.' it

ihr I'liiU ui th" v'.iiii'U^ .1. .tii.,i! -..til. II- .'1 til' tU'll. \ wMi'. i! will

I.- I. mIiIv uiuli-l'iil ihii wli. 1. ill !. ii'.^tli I'l' 111'' -\-t.lu nil!- in'ii

; ,;t,.^ it ,- VI !\ (I. -;i lilll' I" 1" ll'I'' I" lli-l'Illl^'l .1!,- ]...ll!|.Il .1 111''

ir.'lli'V w'ii.' II' in .111' ill' r, hIh r li 1 t.-t'ii^,' I'liii'i-i-. .1 in iln ,
\,iii ..f

.1 hn.il.; wn.i .-'ti'i 111. IK' 11' ^^ I'l"' '.n"iinit\ I'l' ili'' I'.illi i"i 'Ii''

tri'll'A' wliii'l Ktii'^i ln.w.v.r, 1.'' Ill riiit.iiii.tl. Tli' n'Tuliti'ii- .iH' -.ili-l'id

i,v pi,!' in;,' .11 ii.'i' 1 .li-t.iii"> .ip.iil .1 li'iin I'i -n-pui-:. 11 lluwn 1- a

.nn.-\ I'l M.--1-. W.itliii.u''. 11 .mil '". "'

|..-u'.ili ^^ ,.f I. I li-.r. y Wiif-

vK-n.'ii iii-nl.ii 111.

*^?^

-=^^J^^

\

I...1KI..11, tlu' .uitlu'i- i- iii.ilil. ll 1.1 !lhi-ti;i; • in Tiu ' 4''^.t •' '" '"" in-nl'''"!

I- ii-.il ill Am. li. .1. A- .1. . Ili. .ll ' I'l'liiiiiiiv i . In luck. 11 iln- ti
.

M. y

will' mu-t il.' . lit .iii'l 111'' lilting 111 11^1 !' t •' ' ' iiiii'i'il
' " i''i '!" ^^'i''-

nmniiii^ 11. b.'th din-.tiinw li"ni it. In il'-:r,'n. tli. rii-'ir. llv ;ii-ul.it..r

,:oii-i-N ..1 twM Muh t.nnin.il . .11 - \ .nul 1;. 1. . ti i. .illv iii-iil.!.,L Inin

OH" .iiiotli'i- hut nu.h.uiic.illy li. il tif^.tlin witli th.- tw.. tivll. \

win. in ,ili:,iinu'iit, .mil with .1 -li'Tt pi...' I'l in-nkitiii- lu.ii.ii.il in. in

thi- i:,i~.' ni.i'li- .'1 h.iiilw.iii.l, iiiMrt.'.l Ii.tw..ii tin' ..H'> I" j.i"\i.li' iIh!

nil', h.ini. allv . i.ntinii..ii- pJlli !"r tli'' uilIi 1 -i nniniiL; ti.'li.\- wii..i, ii.i'

pi... -, by whi. h till' whck' ..pi'.iiitu- i~ -u-piml.'i ilhi hi 'V. iIi. i

in

} I

TST^frSST" y^^^^'iT
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t;il I. (ir .1 III. 1. kit, I- .'1-1. ill-Ill. it<. I li.iiii III. t\ . 1 .tr-.. .iii.i till iiitirii.ii.

nr. tiiiL; l>..lt- will, h L;i\r Ilir m < 1--.1U 111. • li,iiii. .il -tlriii;tli |..-- lliriiii;;li

ill -111 iIiiil; l.ii-hiii.;- .m-l .11. ...mi.. I uitli iii>ul,itliiy -.'.iAi- s s. | hi-

ni. I 111 1.1 "I ^i'. Ul 111',: ill. .Ill tliilli A \MI( -JM.lll.l \\v lluti l|. I 111 will 1 1 III. 1 111;

Ir. .Ill till- riL;li|.|i.iii.| -i.|i |..i^-.'- iin.li 1 tin 1.".-.- Lm-ui' /, wliii li hr.n- .i;4.iii,^t

tl|. -till 1. 111:^111 I .111.1 1- llil.l tirillK' III [ill. 1 |i\ the ihiic Ih.U- /./;/., tin-

I. AM I III.I- I'l will. Il 111 .11 .111 tin- llppi I -llll.l. r ..| / .lllil Mill ilill-i tly oil

til.- \Mir : III. III'.' .11.1 111 thf win- |i.i--. - ..111 .ii tin- jnil A .m.l . .m In-

I', lit iiV.i III ihr l.illll 111 .1 lio.ik, will, h will ti 11.1 111 IHiAl'llf -llli,

.\ii..lli' 1 |.. III. Ill i.| ^i.tiuii iii-iil.ii.,i
,

.1- 111, I, I, 1,\- ill,- Mnii-li Ill-Ill, III .1

.111. I lliMiv ( ,il.l. -. I.I.I.. 1- -li.iwii 111 Iml'-, I.4M. t.i I. j.^.S. ni uhi. h 1 il;. I,.4M>

I- .1 -ill.- \ 1. W, llu. 1.4^7 .1 Villi, .ll sn tl.iil .111 till' llllr A 11 (I'ic. I. J.'M.). .111.1

I 1-:. I..}^.^ .1 \1. W l|..ni llllil. III. .lltl III llll- r.l-c tllr . itl.ll lll-lll.ltii| N N

ll.l- ill.- ]ir. llll.il . I..--.-.1 I li..n -liiAVh 111 I-IL'. l,-(^-. till 1. \\. 1 |>.ll t |.|,Ai(lill!,'

i
'

." T'- '<<* 'Tt. %..l ^' ..-^

^ri. ,. .t"il.
i^__

IC :...:"iT. UW:
Lfn.^.„A

! >

!• . I.. -. >
i|. - .1 1 I

.\ I;mi. h r

-.-. 1. ...

li.;.

til,- lllr(-ll,llli(Ml nnil-Cl.lKlu.-liiii,' liii.li,., |i 111 . I --,ii\- t.. I ,11IA tll< tl..I]. V wili-fl
.1.1..-- li.iiii i.i!,- trnuiii.il i.ir 1,1 III, Hill, 1. Til.- in.-itii.ii i-l tli,' L.-iif;!-

ti!.l:n,i! I...I1- .1- th.A- lu--; tlir..ii,i;li tli.- 111-11!. .tin;.; iii.it, ri;il ..m !„- i, .„lily
'""'' '"" •"'I li'<'~' l'"lt- .nv. Ill i.mr-.. luMvilv Im-h,-,! witli m-iil.itioii

wh.T, tli.A- |..i- ,11 , , fl,n,ii:;|, till- iii.t.il .if til.' i-;ir>. Tlu- wiiv u w i-

'" 'i'l-- ''-' I'liit 'luiti- nmn.l ..ilI ,1.iiii|„.| h\ nu-.m-. ,.| tliu - r.-w.- !• i-

1., tw,,-ii tw., xv,-ll-,l,.Mg,u.,l j;ri|.|)iii.- >iiil,., ,-. Tli.' <,v,-r,,ll l.njjtl, ,,1 the
ill-Ill. ii.ir 1- j| iii.li.-,-, ,111,1 th.' v.-rti,;il li.-iyht .j in, h.-s.

S'nnii Ill-Ill. it.n-^. -Aiiutli.-r tN-p,- ..1 iii-iil.it,,r ix nnuli iiK.n li,-r|uintly
r, ,|uii..l in . ,v, 1 ll. ,.„-I w.iik, nun. ly. on,- wlii, Ii ,.111 h,- int, ip,.-, <1 in ii

Mi-|>. iHliiif,' ...'il,- ,,r ,1 st.iv win- mi tii.it lii,- nut.il ii,-.u, 1 tli,- live
tn)ll,A wir,- 111. IV h,- f.iirly w, II iii-iil,it. <l ;ilr< .idv, wli;it»v.-i liirtli.r
in-iil.iii.in lu.iv I.,- 11-,. 1 i,,r tl,,- .-n-],, n.ling h,,lt>, . tr. Tin- i>r..l.l, 111

ii-u.illv i- t.i iii-ii' • ir.iiii ,,11.- .in,itli,-i two rini; I».lt> pl.i, ,-,1 in lino
-" ''''' >li'' '"iiilii M.iv ll,- ..ipabl.- ,,1 tr.iii-niittiiij,' a , ,iii-i,l.-r,ilile
f,).',-li (in, ll 1...-. .. ,, 1. ;.. - 1- , J., 1 11 . ,

' -•• 1,!^ -li-iiriti- i ,11 iiniKiii: It nui-t .,1-. L.-

c-.ip..|>l,- ,.| h,-in- L-\p,,.-..i I., til,- w,,itlu-|- withiiiit ,l(t,ri,)iMti,iii, ,iii-l iiiu>t
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J nut It I -Il\ I lit..ltilii.il( l\ III. .iV.iiI.iM. in-ul itiii., i;, it. il.il-, .IS

|,i, .ill, I U I... 11 |...ml.'l ..lit h.iv. \'\\ l'\^ l.ii-it. -ii.iulh I li. -lu-

;i,,ti I, |.i..\i.|. .! l.\ \, 111. .11- ]. lit. Ill- ..| -ti.in ni-ulit..t> wliN li \'A\>-

|„,ll .I.-UI1..I. nil ulihli |..I|..N^ lii. ml. ,i|..|it..| l-i :i.-ulilinj tli. l-lt*

,,t . II- n.iiii.h thit ill.' iii.itiii.il 1- -iil.|. • t. il. uli.ii ill. ,11 iilit..|
!

in

II , I., ,1 . . <in|.ii -i\ 1- .111. I II. 't .1 t. li-il. -11. •-

i)ii, ,.| tl,.-., -ti.iin iiiMil.ii.ii -, .1- ni.i.l.- I.\- til. Aii'l'i "11 M.iiiuf.i. tiiiini:

I (.in|..iii\ . 1 -l".\\ 11 111

I 1.: I )^.) ml 111 ~.' li.'ii

III 1 1^. I. }.) ' 1 1"' '""

till- I'.ilt- 11, I'l I'...

iii.i.l.' ..I .!i.i| I.tl:.'!

t. .1 will- h 1
'\' til. II

ir!~.Aj. .--A iiil" 1
»"

.|i.iii.' -h i|i. '1 .!i-' - I'l

.111 1 h,. - -hiiuii .111-

pi V .
1 111 llll. -111'! -HI

,,,1111. 1. -.1 ;,\ .1 -I..-1 -li.li 1.1 iin^ ^ ^. tliin -li..!- ..I iiii. i L. nu pl-n "I

l„t\\i.ii i!;.- -It-. -. --'.It i;i-iil,ittii-; 111. It. II. il. wlii.li .lit. lu., 1,1- liii.lfii- is

,„,„il.|, •! Ill l..iwi-.n ill.- iiirt.il ii.iit-, .111-1 .\. nlii-ill\ ul,.>i li .|,!.-ii.-,l li..|.!s

111, 111 11! th.- i.lili\.' |i..-iti..ii- h'.wu. III.- tin: l."ii- .1' .I.M"ii-K' in-

fill, It,, 1 ii.,iii ..11, .mutlii-f. .iii'l 11 .1 ...ii~i.li-r.il.li- t.ii-il. I.'i- I. ii'l- l.. I'lill

ih,iii ,i|,irt, ill.- -til-- 111 til.- m -ill, It ill:,' 111. It. 11. il 1- ' 111. iK I ik. II lip .1-- .1

, ,,i,i],,, ,,i\.. -tr,-> iM-tw.'.-ii th. .1..I1I.- M, -iii'l i>j -'ill il,' -li'll • llie

.i. tii.il -ill. I I, ii-i!.' -Ill ->

''"-^' "'••' •

l.,t\\. . 11 I'l .:i ! i.j .1. 1.'--'

ill.- ml. IA . niiu. -]..!- I' I'- 111.,'

J^-j^k . .'1111' ii.itiX' 1\ -mill- I liii-

i,i
I' B I.J I ^p ,1 . ,111-1.!. i.i!i|\ ..ii-.iti-i I'ull

thill . ..nil !.. Il m-liiill'-'l

-111, , tU li-'iu |.| !'. \'< with

..lit . ith. 1 1 u|it iiriiu; tilt.'

Ill, it, till . 'I piiilm -: ill. .li-. -;

,I\S,|V 111 .111 It 1 -111 111' -.it. Iv

It iii-miti,-l Ir.iin th.- niu Hi t" 'h.' iiim v-.. Iii.- mi-
.

-h.-.t i- t"

iii-uliI. tin- twi. ill-'- l!"iii I'll.- .iii.'th.r II hv ,m\ .iiiii'i th-' ni-iil.ii'.i

1- -.. ill-ti.n.',| th.it lhi\ wmilil I..' ill 'liilU' 1 "I llliklli-; iii.t-illi' •.llti-t

u nil ,111,- ,iii,irli,-i

.Xii.ith.r j>.itt.iii 1.1 -ti.iiii iii-ul.it..r. .1- mill. l.\ I h- Hiui-h Iii-iiLit.-d

.ml 11, 1-1>\ ( .il>l. - 1 1 1.. ..t ri.'-i..l.i- -li.iuii . ,im|.l. 1.- m 1 i-: I ,.}.,!. .lU'l

ill -.- ti.m ill 1m-. i.4.|_v lu 1 1.;, r. ^i- th.- l.-hiK -ii.id. .1 i..iit- iilIi- it.' m-
I 1 ,, 1 ,-.. .11. I. . ... ii 1 .1 ... .1... i...it 1

1
tin- -tii-ii-.;tluiiiii4 iiiiu . ..ir.--p<.ii'lim; ti. •- s ..! li:;. I.}'!"- Th'' pi m. iph-s

in

«i



M04 l-'.i.'iiKiciTV :\ :iii S^A-r/c/. ,/ .J/,.v

litili-;c.| .nr III,- ~,mi, ,,. in th, |.i,.,-,lin^ . .,„. ,i„. ,li||,.|rn. .- |„ ,11- :n llir

a-tual in.itMi.tl- iiH.I. ,ni.| 111 th,- ^l,,,,„. ,ni,| ,1h|„,.,i„„i ,,| t)„. ,,,,11^ to
*"'"' "" nir, i,,M,i, ,1 ,,,„| ,l,,tn. al iv,|iiin mml-, I h,- :, „i,r .l„:ul,l
cdniiKiiv 1 i-~. i,|.r.ni.i 1.4.UM ,,i, inlK

. .m,! , „.i, ., v..,ir t.. ,|,. i.l, vvl,,. 1, l.,-t

^^^^^^^ inlli'- III,- , ..iMili,i|i~ apart

oBQDo '"''"'-
'

^^^^^^^^
"iil\ ni-nliriii- iiial,-iiii

'' ''"^'' ""•"•^ '"-"'•'
l-ll-l niH-ii I,.,- ,l,-,,,i,,,l

?i-parati,.n 1- -Ii.
, 1 mi, a ,-: miraiiit,-. i1i,mil;1i -nn,- !i,..iil,l. ,1 ;iiailari,ai iiia\-

aKo 1.,- 11 -, ,1 ni p. -III,.,,- xvlv ,, il„ ,,. j. ii„i, ,, ,,|, ,„ , ,,,,1,,, ,
.

, , ,,,|,,^ ,,.^^|_

A '-<rt;,.ii .,1 ,,,1. ..| til, M-. ill wli;, Ii -],, ,1

$
13"

1111, a ;. ,i-.,-,l .- ,1. ,,;, t,,i in

"- '" -' '
'i' 11 ''" " •iatil Miain iii-n!.,t, i mad,-

I'i;,'. I. \n ;. wlii, li -Ih

l'\ Ih, <i, 11, ral II, ,

U ic ("inpaiu
,

.-;

S,'lu'Il, , ta,l\-. 'J'li,-

liuurc >li,'\\-^ ill.

l.>\,-r ,-!" mi, a 1, in ,1

lipi'tl 1,, in-ulat,

a;^aill-t ,!li, , 1 , ,,11-

ilil<'ti,'ii. I li. , \

IMl-Cll jMlt !-, Ill tin

lllli>ll,-il ili~iila!.ii-, I -^ '
- - ^ I I- I -;-.-.

1

l"""l"'"l l'""ii "" \v--ill:,r l.\ a iii.iil,l,d -pli.n.id ,,|" i-„.i;-a1,-, ah, nt
)nHilatiii-,,.iiip,aiii,l will, li al-,, iliiiiim-Ii, ~ i]i, t,ii,l,-i„ \ t,, vm !a, . I, akak',
l>,lw,,n 111. ,\p. -,,1 iihial i-ail- ,.11 th, tw,, -1,1,-. Th,-. ii,-iilal,.r^

•ii,' m.i,i,- 111 tw,, -1/,- ,,| _ in. ami _'^ in. diaiii, t, r i, -)., . in , K-. tl,,.

-iiiali, r -I/,- 1„ 111.1, i. -I, ,1 h\ a

pull ,.f j.s,.,. Ih. .,n,l til, l.i!-,-i-

^ h\ ,.11,- ,>l .(,,.,..: 11,.
: I. . ,-.K-ll

) III.- , I, , ni, .il I-. -nil- pi, --nil- i^

.T.iiiii, \',.h-.

An I mil, h ,liit. 1, iit i\ p.- ,,|

-ti.iin Ill-Ill. t,,i I- -li,.\\n 111

l"i , I CM. will, h ,1. pi. i- tw..
su,]; iii-iilat<i- -iipp,.i;;n,i: aii<l in-iilatiiiK .. tr,.ll, \ \v:i, haliij.i, 'I h,

IMitiuilai ], alt, 111 -liiwii 1- iiiad, h\ ill, \\", .-1 in-lii 11-, (.iiip!iii>. Ih,-
h,,dv ..fill,-, iii-ul,,!. I- i. mail, o[ lii, k..i\ ci -,-ii,, ij,, , ,l,i,,,i,l, l..,,,d

wiH-d wliali Iia^ I..,ii w,ll iiiipi,,i.:iia'i, ,1 with a '•uitai,',- iii-iilat iii;.,'

rv

11.- --(I
. h --il,,!.-. xiil.M. ..I ,



.S".-.v "v /\<r- !/ vv- >l

v.iriii-li. l'"i' Ii ''M' "''1 ^' ''' ''"" l'-'"'i" i- "I 111. ill. .iM' -t.'l U:^"[

i„ ,,|ir jMi..' .iinl tli.n ].T.--.,1 ..,14 ,.n t.' til. w.'.'l \\lii.l! :! ,ii|-

.ftiitn.K. I'll' N\."il. 11 iii-ul,it!i.:,' in.it.iMJ i- ,ilu,i\- in t.n-!..n \\1:. :i

III iiM, ,111(1 . .Ill -t,ii;.l .1 l.iiiK l.ii-.- |. nil, 1.111 li.ini..iil\ tli. I'.i'. •- in t

,,, i;,,, .1 .1- ili.il PI- \ 1..I1-K il. .111.' .1

ta=^.
^_^

1 1^. 1.1.4. ^i" ' 1" '
'
' ""

~ ' '

v,,i| .,11. 'til. 1 \\]»- .'I -ii.iiii iii-MJit..! ,
iMiil' .iii'i.K I'l i.'i.'Liiii III-

iimli-v.ili.1,1,'.' -. i\i"-. ;- -li'iWii 111 1';;: i |'o. win. li .[']; t~ .1 I'li; :ii .t

tliw *\]>r iii.ul'' l.\ ill. Xii.l.i-'ii M.iiiui.i. iniiii'-; 1 . .iii',' .;i\ ,

..'
!'.. -ti'ii.

|i,,. |,,ini l~ .1 1I1II..I .\l;I;.|.r I'lil'..! tl. !!•-•..!- I\ !'\ .1 il.'l. 1.' 11 '.I'll

, ml til'' Iw.. li"l. - 1.. ihl;- ..I ii- In .ni-l. ~ ni'l

!i,i\-mi; lli.ir . lul^ . li..iiif. i' .1 "It. Hi' ^ti.iii.t' '1

, ,M, .- win. h .Hv !,i II,. lii-ul 111 il fi.'iii ..i,.

..n.'lli' 1 .11. till. .1.1. il liii.'iii;li t!i' ' !!"1. - ni'I

l:ii!-li. .1 .'It .1- -li.'Wii III I':.:. I \u". 1:1 will' li

.1 W. -Ill Ili'U-r pi'l. ' I 1111 -tl I'l: ll.-lll.lt.'l .-

,i, |,:i t. .1 rill' I iii. I' .'I'l' '
'

'' i''i--iii-; 'I''

, .ilil. till. 'lull li.'li - ill th'
I

1' . 1 nil :n-i. .Ill
'

i, ,1111.1 :;i".'\' - in II- . ml-. 1
- i" n 1. 1-' tl;.

-inl.H 1 -li'.ik.ii;.' .li-l,iii.. Ii,i\v. ,11 til' '.il'!'-.

tli..iij'i it .•li\ii.ii-l\ 11 1-' - ill.' ilitiii 'ili\
'

'

ni.iiinl 1' nil.'. Ill' t. n-il.' -tr. ii'.;tli .'I tli. iwn

-1/1 ~ I'l '
1 .1111 in-ul.ii.i - "t tin l\ !'. ,1- ill. .!'

1,\- !ii, W. -liiiuli"ii-. ( ,,iii|i.!n\ 1- "\, I

1'. ,1,1.1 il). .iiiil _• ;,.'."i 11'. 1, -jii , !i\' h . I il' \
'

will -t. 111. 1 .1 lllA' Il -I ''I - ' \i'lt- i'l" ll'l'll 'A'l .'' ^'' ^' 1,."'" 1"

;. 1,1, 111. vi'li- 111 til.' i.iiii.

r-.'s rf >hj:i: /),'s';.''.?,'.'i V Tin , Im t n-' !"i wlii' Il lli' -It.i'ii 'i. iii.it.'l-^

il,-(ii'', (1 .ihcM' .iiv il. -mn.il i~ t.i i'ii'\!il' Ill-Ill. itii'ii. . 1 .
.[.l;!;. I .'1 m-

'i

'
I



M: J:: IX i Kiuirv i\ nn S/-, .!/•

<1'."K -'1. in r;u. i.4'C,\vlii<Ii ;-'.rM.lu,,,I m^ni ., i.i,.,t,,i;,„,,l, ol a,.,i
M,.i.,i;, v,,i,l m Ain.nci, I.ik, n l.v tin >t,,,i.l.,!,l In-l. ; i;i,,un,l (.,!,!, (,„n-
I'.ms, .„ I'ltt-lMuc^ A. th. , It., 1. ,.1 ,„ ,.,„, tiv,.. .„j,„ „. ,l„ ,„,.„i,,„ „i
th. ..,m.i,, wl.,n takuii,' ih,- ,.i„,,,,^a.ii.l,. .,!, ~,.n.,ul,,,t n,i^!, ,„li„u- it u-Jll
'" '"•""-""^ ' th. n.nl.r i,,,li-.nt,n,ul, tl,,!,,,]:, ^ ,,,,,1 -i,,s wiiv^ and
"" ""' "" '!" """'\ "'"- I'" th, ,1.11. I. lit tia, k-. H, .i„ ul.l al<u
<!'!. .i\. an I., al. ni;l\ th, ditt, i, iit ,.\-, ili.a.l littiii--.

'I" " l"''' alia, km, lit ,.| strain iuMilal,.!- 1.. a (k.uM, .mi.]., iiH,.n
litt.i:. I- inula: illiiMiat, .1 in ri-. i .j.iS. wlii, li -.|i,.n\. tw,,-ii, h iii-nlai.-i-
'"il "I •' 'klLMit pall, in 11, .in Hi,.-, .|,M,il„,l ak: .\ ,, atta, la ,1 I..alitliiiJ
l"i -n~p, n,i;i'_ tu,. ti,,ll, y wii,^ win, i, niav k, ii- ,| I,,! an iiji an.l a .kAvA
l;ii'i-l'-nv, !\. M„h a lilKiii; is ,1s, Inl m .yuidiii^ ll„ ti.,11, \ win - i.aui.l
' ""'' ''" '1'" 'i"^- "I til, niMllat,.;- k.iili,' alia, ,1 1., si,,v „ir,s

ki-1, la d I,, supih.n. ,,1 til. -1(1, ,,t

ill, l,.adua\
, ill s,,|,|,. ,,,.,., ,,| .,,,11,.

distaiii , .i\\\\\.

It is int. I. -tiiu; 1 in|.,ii. ki-,

I. )i> \Mlli lu I .(.|.| will, h als.,

-la.u a "(kaihl, stl- pciisi. .n,

""''- l)Ht wlii. h may li. n-.,l \Mtli an

K.- .,, I. wiiii lii-ii;,ti

fsniaJi^'^'Sr

I



EKrr:i.\ ;.v .1/ i/.^ ,/ .•..!.^^ / < / Tr : \ ll'.':,i > 1°:

uhin-ul.tt' '1 -u-j" tiilin- I al'K . -iihr ili. I'.'li- . ,im \ in- tii. ti.'ll.v wii.-

,111 -.]Mi.ilil\ iii-iilili.l. It i- i>.--iMi-, Iii'\\i\.r, ill .i.liliti'ii, {< pl.K .
,

.,. ,,i!i ],< ~i.li ;i) Fi- I,|'i7. -ti.nii ii!-ul,it"i - .it 111. ill- iii-t,iiit I'.iit-

,.| till- -Mpi"'itiiii,' ..iM., .111.1 llii~ :- !i..|iiintK .i.'ii.',

111. -. ni-'ilit..! - .11.' .il-.i u-.'l "11 til. -I'l. In.i' k. t- "
.iii'l . nli.il p.'li -.

. t. . ~i.. AMI III Iml:-. I .

I (j .111.1 I .

I 1 ;. \ . . 'Ui'l.' i.| iii-iil.it..i - witli ill. lit I in_'

..iiisiiu t''.- -ii-i'i n.iii.;; Ii.'lt- I'llw.'ii til. Ill w.'iiM 1'.' Ill-lit. 'I l..l\\.'.ii

li

ill.' ji..int- ', .1, ill the-.' Imuir-. til.' wti.'l' I'. 1114 -ti.iin.-l iii' l.niK tuhl.

Til.' iii-iit.it.'! - . .Ill N. -II II ;;; v'.'(( . n tli. . i
. .-- ,ii in- . .1 t !i. . .uti. p. !. - iii

I'l:;. I MI
Ili.': ,: .i::/ Miiirl.ii.niir d li":;.v 11;/. >].,i.. il'..- n-t j it

11- t.. il. - nil.' in il. t.iil tlir pii.i .
-- .'i I II . ti..n I'l tli. ti..'l. \ wii.- .iinl th.

iii.iiA int. ; ' -iiiil; liiviii- iiiviiitiil t.. i.\iii.'iiii ditii. iiltii - in ...nniiti.n

tili'lrwilll

.\- i.u I'l- 111, lint. n. 111. . It I- i.li\i..ii- til. it ill. ti.illi\ wii. iiml. i tin

-i\.|.- i,.iii.l;li.ii:^ >'. .iilii.il Mi^iii- will ii.'i l.i-t li'i iVii, .iinl ili't i"n-

:,!

I I

I

1
; Si



I40.S
I 'TKi,! / y j\ fill Si Ki :cj-: At

_t..nt Nv,.M,iMln,~. .m,i r.,,„.l ,,,,,,„ ..| Unit. :- n,,,-„„v ,1 ,t~ !,t, w t,,
l>'J':''l..n,.,|. Il„. u,,.. I,„xv,v,,,

, m.^j.,,,,!,,! „, ,, v,,n.,l.l,. h, „l„ „,

t

J
. .

,l,na, V l.,ld, ,. wlnlM
,
muu,, „.p,.a,o„ ln,nMl,. ,n,,„,,i i, V, 1

'^ iin|M,~Hi.lr. 11„. rr,,„i,,-,nrnts .iiv a.lnnr.l.lv nirt l>v ^|.,-,,,,llv -i.^ioi.W

1.

ni<.t..r-,lnv,n iiKunt, n..n. , I,.ni,.. ,,f uhirl, ,. st,,P,l,,nl \
"M<1<' \>\ tlir Wliitc C.inp.inv

rrir. ,,„. l,„v ,,,„,„,,,, ,., ,,„.,.^. ,^ ^„„,,, ^^^ ,.,,,i.n.,N l.„ ., i,,„lv

'•''1''' '''>'' l'-"!---, M>,I, ,,. h,,uln„.,lM,u,.in,„„it,i„. „..k Ih.v";"''''""''"'"^' '""" '^- 1"""' --"iH-r ,„„„„.. ,,. „ ,,i,:„, „,„,
-I'-ctnc ,M,„vr ..,nn,:t iv drawn 1,,„„ ,1„. tmll.v vvnv ,ni,l. r ,1„ ,. , ,p,,o„,
;''P"''"1 ni I'lK'. i,5u,,, f>„- „.1,„1, ,i,„ ,,„,^ ,;,„., |,„ ..,, ,

.. •

The Trolley Wheel and its Supports. WI„ n ,l„. p„j.,„^, ,„, ..f

!.K,.1,M,„- aUurn .N-.:tMnalln,lh.,-,., u-h.,.l, nmn,,,^ „„,!„. .-.^..f,. „.

•^'"•""ll'nll..Ial.>n^'lAa f :nl,ng ll, a,|,1,. .,na, lu ,1 ,., , I,. ,
, „ :.

, ,„
Mm,^n-..i,pn,iMi,hi.,,a,M.nM,-.Mn),iunv. >.M,a.i,'v,;.;,:'.„^';;;
,'

""'' '" ' "«;';' "'"^ ..,.„„ n,latu,v, appn,,,uat, Iv rail, .1 a /;,/' v
'

M
,'

,_
I'.w. v.r, ,in:,klv l,,nn,l ,„ 1„. ,,„, , ,,1.1.. i.„- ,i„. ,.,p,„, „„„,, .„•.„,,„ , ,,„;
"-rk. ..n.. ,l„nnil,v 1,,,,,^ t., .I.m^,, M,pp.„t. f.„- ,1„. „v.,l„a.l ^^;u u;, .h..nl.M,,. ,,.a.l, V pa^Md hv ,!,.. ov..r.unnn>g ,a,ll.v uh,...l an,! ,1,.. na,l-
.".-, II.MhI... ||„. .hang.. I,, an und, i -nininng wh, , 1 v ,. ,„,; !,,,.,, ,,,•-n^: n ,u„klv H,pp!an,,.l ,!,. .n.ll.-v pn,.,,, i,,,^ ,•,;,„: d^ri;..-nini.. Iln. .liang,. pr,.|,,nn.llv n,.„liju,l ,1„. uh..l, ,l,..i.'n .. tli. , n^.'t,ng Imk.. nulnd.ng th,- ul,..,l „.,|,-, ]„,,,,,„ „„, ,._.,;,, ,,^;j ,,,^^ ^

^^

•I..1 uv haw n,w t., d,M-,,i„. ni.Ml.in i\p.> ,,i th.-c link-
'

'
'

A- .ih. Hlv .splam...!, tl,.- nnr.nt .an in- pirk.,1 up frcni ,h,. ,-v.,h.a,lw.n- In
.
:,,„, a ,„lhng .„ a -luhng ni, .alhr cnta. ,. Tiu- ina:n a.lvan. ,..,•

;;'
"'" ""„., ,, that, ,1 ,val n.iling ..nta, t .an I,,, at, a 1, „ ,-,du... th,""""•> •'">' ;l'- «'•" '" th- ..^p,nM^.iv .n.t.d ..v.tlua.i un, ,„ ,"""•""""

^
-'"'-t ">• i.n.,r,a. u,llapp,a, ,„ ,h, ..p,,]. ,. .„„,.,,, ,;',

'n.."«el,..niain,vhani,al p.,in, .,f v,. w. In „„,.!,,„ pia.ti, ,,:„,, ,il„, ,

'"''•" t „i- ,,,.!,. vwh,.,.l ,s n„.,v l,,.,|,„„,ivuM.,l ,,„ „an„aran,l ,,.„! u,„ir
-•I..M "'''t'" " ^l.<i.ngn,..,all„. h„ul.^u.l,.lvn..df,.,,a.iu,^ v,.!k'
In !i... p„..uu ..,„.„, „ ,. p,.,p,.,,i, ,h,.,.h.,.., t,. d.al uuh ,1a ,;,,|l,.v
^vli-l. .nul .on.e.,, th.. vanu,,. n,,.,],.,!. a.l.,p„d ,., Inlid ,h. ., .n.ini.,,,-,
u:.l ^, h.. !,,. i>n,|.!..,„, p,v,.„„.,l,,,hiM lat.T.m th.. ,a,lwav m,,„.,. ,,
.'- 'Mi.t u-ili l„. g,v, n ui l,..u- ,„ll.c„.,-.. J-h,. „., „f ,, ,|„ii,;j, .,„„ ,„,.,^,^,,i



Tkoi : /A IVi'ihi I4-1')

\ A wli' ' 1 i-. ho\\i\ I r, ii"W 111 mi; ,i(l\in ,(ti d l^i Ii.nnw.iv wcil., avA - •!!

- II tirurn - .Hr i,'l\i l\ I, It,

\'\v liiilliA" will I I It-, ll 1- .1 i;ii"'\icl wliii! ( 1,1 I. in, li, - n; di.

!1. Ill nil 1.
1'

pli,i-.j.lii,r lunii/, or -,iiii, I, till r |i,ii,l .ill, \ n, 't I 1 ,1 ii'( l.iM.

mill, i , ,111111. iiv 1 iiiidilii'ii- I'l i\]><,-iil I'liidi'i'i wi'ik. .Mini, -I ininiK

,i!i|, p.ittiin- li.i\, 111 III ili\i-iil whiili in,i\ In

i,n:^liK I l.i-^-Uii (I .1 ili-i will I U ,iii(l will I 1-

witli -p ilHMl t\i

illn -li.ili il III I'lc- I .^,11 .nil I I will!

IM, -11 t wliiil- 111. nil' li\ till' .\nilir-i ,11 (

|,iii\ In 1)1, ill 1,1-1- till iiHt.il I- I .1-1 111 till

•111 -h, ,w"n : .1 til, 11 lit .1 w ii I I -mill. 11 t,

lu L.^'iJ 1- ,;.;i\'i 11 I. Ill Pi^'. i.S"t, . 11

lll-t |,l,,illilll 1- ],lr-illti(l 111 til, -ll.ipi nl til,

^Ii„,\i. .lllll till pi,,\l-h,ll 1,1 lll.ltill.il -Illt.liiK

,1.1, , il 1,1 ' IlL'tll, I! tllr lllr I, I ill,- wll, I 1 III

il. III r I'l t 1|,' 111, \ It.lt.lhl,- .ltllltl,,|l lllll ti

lii, iuMihil; i,f III, will,! i,|i tli,- wiii, -iiii, tlii iniiLut in p.i.nti,, i-.

-, I,liitii .1 ]iiiii ri'lliiiL; 1 1, III. II t.

Will I 1- ll l\i' 111 I 11 <li\l-,il 111 wlllill till lllll 111 I, I -t.iinp, il -li

nil i.il. till- liiittum ,,t Ilir i.;ri,i,\i b, ini; lilhil in with i.i-i m, t.il ulnil.

iii.iv br nil, Will witliiiiit -ii.ippilii; til,' ulii'ii win I I ('111 .! til, -I 1-

-li,iwii III -1 rtimi in I'lj, I It I- .1 W 111 , I 111. nil ll\ t I

illl\ Wllirl ( >HI]l.lll\
,

,| Xiiitli.iiiiiitiiii. .M. iii-i It-, .lllll

nl I ,itl-llll. tli.ll I .111 1,1 I, iiliK 1,1.1,1, ,llt

111 till ll'MUi If '
'
iiti.il iillm- i,| tl

II l» li III Will ,it -,l;|ii,i\ r I .1

till 1 1,-1 I,! .1 111 W W ll'i

Allntlli I (lllll, llit\ i

pi
I , I lit. (.1

1,1 inpli". 1,1, I III, Kill

:t. lllll liil'iii .III, 11, rill win , 1 , nil

lllll- Willi ,1 lill-liliii; I,

I

1 .1 i!\, i; .1 \i,
.

ill

III,' .l\li m,l\ till! I r lli;l,ll\ Jl\, li, liiit 11

(Ml>,ilili III Iiiiniiii; III till -iippi'i tiiiL; 1 ; ,|,

iii!^-
;

till' w 111

llri'U 1,11 til, ,

I ml, iiiii-

In jiMi til .il

I .i-\
, I ,1 tl

inti.

111 tin- plnMi 111 1- 111,1

lllll- al .1 l.iuU hi-h .Ill-Ill. 11 :.|„ , .1
, i,„

lil' I'l'l -lip i,|' til,' \ ilA 111^ J, \, 1 I, I III,1 111-!, nil (', il' 111, ,ill,.W.IIU r 1)1 111

-S ii"ll,\ will' a whirl iii.ikinL,' .i .S
iiii li ili.iiiiriri ii,iit.ii, wh, n il i, (.11 1^,

Miiiniiii; ,it ID iiiili'< an IliUl! 11111>I lll.lki tiTJ ii \ • ,|ir , n- pel inniuti

I'ul I Ifi'Illi .ll Icl-'ill- tllrtr lllll-I, ill I 1,111-1', 11,' III, lulu II .itlull ,ll ihi intl'l-

lii I 111' tllr will I 1 l;iii(i\i' ,illd till will,

I'ili' plnVl-'nll 111 .1 gli'.l^t- J)iiil<rl lul -iilldllli d ml 111 till lillL lb
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i ' 1

il \

ill-;-tiat(.l in Fi^;. i S'l,;, ili • Im-liin!,' Ixint,- -|..tt,(l with h'^l.- Ir.nl

_^ III:; I.. -l.M-r p.Mkrt, 111 thr ll\.(l .l\lr It.r lixlillg

\0fnl ''"' liilnii lilt. (ii.ipliilc liu-Ii'.iu.; .Mill ir.Mix .>tliiT

.'] tliAJ..-,, -i. nil- III tlhiii \v\\ int^'i iiK.u-, Im\i' li .11 \i-t(l

^Tj\^, t(i ilnnlliwil tllr l.l.tii'll Iir1\\<(ll ill- will I 1 .11,(1 It- .l\lr.

^^^^^^ .\ L;r.i|iliil.' liii-hiiii; iii.nli- li\ ili.- <,i.i|iliitr l.iil 1 1. .itiii;;

ifl
^^^^^

• l>.iii\-.'i| \i \v jn-i \-. 1- -Ii..\vii in l"i-. i,S"4. wir.l-t

HflMHW .1 \\'ll< rl Willi ,{ l.llu,'!' >>ll W< I! Ill till llllli. uMltlMll

kk^^^K^ Ici .1 L,'I,l|>]|itr litl-llllli,'. i> -Ih'WIl III 1"!C~, i.^ilS .111(1

l.3ii(>. the l.itt(r i^'iMiii.,' .1 K'lii^itiuliii.'l -.(!:. II i!iiini:,'li

tile ,i\lc. \\'o 1,111111 111 till- (|Ui-lhli HI 'li -I lihiiii;

the mnuiitini,' i>l till' \\ 111 iK.

I lie lliAl |)iiillt 1- tc lll"llllt the wlliil ill .; -Illt.ll'h

'Cv!„.|-'l'«iil, K.-iK-aa'.u """li(\' ' he. Ill "
i Ic-l^lH '(

1 luf .ill.n llllKlIt tn .! tMillt'V

"'" '
'

'^"' ''"
1

11 lie III tlir 111', (— ,||\ |i|lL;tll. IWii WliiiK 1
1-1 .1 lllrlhoil-.

,is Will ;i- dtlicis, WW riinilii\cl, kiKiwn !'( -Jill ti\ I l\ :i- the -wixc'
liciil "

.iii'l tlic "ii.iii)." .\ ii.ittcin 111 -wi\il

IickI .1-- iii,iiiul,i<tiii( (1 1)\ the j'.ri;i-li Ihi.iii-dii-

ildii-lnii ( iiiii|i,iii\
, Limited, i- -hi.wii in lii;.

1,5(17. ' '" ^\\ i^'lliiii; .111 .iiiL;cm(nt . \\liii|i .it

tir-t - it liii.k- 1 iiinpliiMiiil. I- i|(-iL;nc.l I«>

r,ii(t ti.,' ( (.nijitiiin-. nl -ri\iir in whi, li the

iiKivin- \(liii|r may nut ,ilw,i\- In- (iiilr,ill\ '

'''
'

'"••'i'^"' '•"*"''-•

1111(1(1111, ith tlif tnillcy wire. iK.tw itli-t.iiiiliiiL; wliiili it i- i --mlLil that

the .l\Ic (if the tldllcV wheel -li.lll ,ilw,l\^ lie .it I '^llt .llicle- !• tile phulc

(il tile wire, riif

111 II II II t in ^ s e-

1 nil - tll.lt till'

whi 1 1 .iiiil it->

littiii-- -hall he

tree til turn

iininil .1 xeiticil

.i\i-. thii-. M) tar

,1^ til! ,ihii\-e

I nildltiiin is Cdll-

1 eriH d. tellderillfi

the pd-ltidll (it

the wheel rela-

tl\-e til the wire

indenendellt df

the -Idjie dl the

lis. 1.5"^. Fix. ,,-,«-. 1'"''' '" ' "'•'"^-

Ir.illry Wl,r.-1 „ iih 1 i.l W. 11 ,Ti,! (M,,|,hiie l;„,hi ,:, Vt'lSC I lllVl't ioil

.

—*-(--l^—•" ^mmJ^mmm



T.\-,'l: /-y Hi A!' \\\\

:. Ir :-> Hi ,.',,

riic "iwivtHiiiL.' ul>'l"- I. nv'ilvi- in li.iid mm iiht.ii iviitw.ii'!-- I'\!-1r- /,

,M.l I .irrif^ tlir wliiil .111.1 \\- l>r iriiiL,'-.

AiiMtliiT iiirthoM (it iiiumitiii:: 11-.. 1 wi.l.Iw .-li.'i.illv vluii til.- ..m-

ilitiuii-. .in- -iiniiltT i- III. liiUp " ni..iiiitiiiL,'. .i -im|.l.' I'lin .'1 "l-i'li i-

-h.iwii II' Im. 1,3...*^ ; the .i\l.'

:- -liiv.u m ]i..-itii.ii. .ni.l tli.- />>-^r"~\\ . rt-'-ii

..iKi-.il .l.-i;4ii i- ..livi'ii-.

Hir ,i\lc' i~ pr.\iiit<<l ti.'iii

Tiiniiii.i; tnr!\- 1)\- -i>lit-pii!~

.!n\Tii tlii.'iii,'!! (li.iiii(t;Ml

•i.lr^ in it- ciiil-, :iiiil ..r..-

if tlif uitiii-m- .'t tlii-

-llllplc (lc\icr. wliicli, il will

li.i i.b-crvi-d, i- ii-i<l ill '!''

;:. \t illii^tf.iticn, i- tli.it til.'

].;il> Ill.iy ^ll.lk^ li.(>-(; ,111(1

.!i..]i iiut, whiih will I'.iii-r

ii,.nhl.'. .\ iiirtlind ..! -.if.i^'ii.ipliiii.' thi- p.iiiit 1- il!n-ti.:t. .1 l..t.

:

I'l;-'- 1.51.;)-

Th.' iu\t imiM.in wlii.li .mH- f"!' -.'luti..ii 1- t.. ir.m-!.r tii.' .iinvnt

ir..ni thf rolling; wliri'l t.. -.ni.' tiN.d ii..iiit (.r p..iiil- in tli. -iipii.'i tiim 1mm. i.

X,,\v it i- (.Ini.iii- that tins ruiTfiit, uhi. li 1- >.!I.n .1 \.i\-

I.iil;.' i.uc, c.iiiuot n-.iilily p.i-s tliiuu,L;li a .iil-lulu 1. .iImI

l)ii-h t(i the .i.\lf. 'riie ii(r(--ity I'l.r >lu'i t-iii.hum;- mi. h

.III (li( tiic.iUv bad joint has h.rn p..intril ..ut .iIl.kIv in

-cvrf.il ]ian^ <i[ this houk. .\ VI rv u u,il 111. llL-d "t

lui.xidiiiL; tlii.- >h(in-( if. t;il era In- -. , n :ii I'lc. I.S"'^. .md

h.ttrr -till in I'i,;;. i.^m. wliidi -li..w- th.- ti..ll.\ h. ,id

nianiifaitnnd hv thr I'liivn-.d rr..ll. \- Wh. 1 1 1 ..iii].aii\,

with, in thi- la •<, a ditai liahlr .<.iit,i.t -pniii;, win. Ii 1-

,i!-.i -hewn -iparatcly in I'l.t,'. I,5i'i. I h'' ni'th.iil cii-i-t-

m .ittaihiiif,' to the " h.irp " a tl.it llr .iM. ...nt.ut -j.inii;

• •xpandid at tin; i-nd iiitu .111 annul, ir cli-. wlu.ii iinii. h-

thf axil' and prcs-<-. ag.iin-t tlii' lial 111. 1. iim.<l l.i. . i.l tin-

hull lit the wliifl. Si>tii.il pircautii'ii- -I1..11I.I h. taki n 111

the dc-it;n to prevent an\- mlv hilm. ,iiit L^.ttiii.i; iietwieii

tlie-i' twn nihbinf^ suriaeo. In Fit;. 1.5. ..s ih--e -imni;-

J,. , , s_|,,,|. ap|)ear tu W -imply hra/ed or -ohleird to tile iniie:- -mlaee
•y""!'-

,,t the "harp," but in Tit;, i.^oi), m whieli tin- iif^ht-li.ind

: ilk i'- re!>re-enied a- seini-tran-parent . the miur >urt,iie ..t tin h.ni.

.ni.l ll;e bend at the bottom ol the -prints are -n li.rnud .md l.u ed ih.it

th' latter lit- into the ft'rnier, and bv the pro-ui.' i.l tin (..mpi.—ed

-piral -prni!,' at the bottom the nibbinf^ -urfates are pre—
. :1 Imiily .if^am-t

m

'li
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'li' I'lil'- Hii -i.itii'.i,'- .irc ki |>l ( Ir.m .md in i;.i..(l im t.illii i niit.ii l by tin

cuiitniu.il \ iln.iiii^ii. Ill ihi, \v.i\- till (iniiiit I- tr.iii^h 11.(1 fmiii tin

iiiiivini; linlii \ wluil t<i tin iin t,il i.t tin li\i.l ti"llr\

Ih ,m

rip- ,iliii\c --.ilii lit i"'!iit- all lintlii 1 iilii-ti.iti il II

I'll,'-, i.su II' 1. 51.;. wliii h ([ |i|. t till- \-K til. II, \ wlucl
]

.111(1 li.ini 111 llif .Mull |iiiii - I'.i.i-- and Metal ( uiiip.iiix',

111 St. I.mil-. I'-il;. 1.511 i~ .1 -uli \ I, w and 1'il; 1.51

.1 -11 tidii I'l till wliirj Till lull) 1- iii.kIi- with .1 l)u--liiiig

nl l>riiii/.t L;aii/r ai.d ,t;i .i|iliili wliii li ]iiii\uli> a giajiliitii

Inhiiiaiit liii lunn ml ci ,i,'ii .i^c. wliiih -limild I

h |uiii' nil iiiilliri" attiiiti'ii win 11 miir piniicilv

in~t.illi il. Miiiiii\ii, .1- ,i.;r.i]iliiii i~ ,1 1 niidm tor

iv, '{'.ilili \\ .
\.il. I.. ]),!!,', 75_". tlir ( nrrcnt

i.iii ]>.i-~ ilii.it I., till -tatimiaiv ,i\li- i.l tlic

harp a- Will .1- till. .ii_i,'li til.' u>u.d ii.ntiKt

-pnai;-- iri;.;. I 51 ;. wlm h in thi- tax- ])r^.^-

.ii;aiii-t tin aiiinil.ir iiid-; of the f,'i.ipliitic

im-liiiiL;. In tli. \\.i\ it i- iI.iiiukI th.it tin-

1 niiilii. li\it\ lii.iu whirl 111 lL\i d liaip i> iiiucli

'"^"
i;';'.'',.."'","'

'-"''*'' "' inipiii\id. i~iiriiall\ a- tliii- 1- ii(» ijiia-i' aiiv-

•A'lu 11 Illicit iiiidri- till- (Xiiitai t ^l)Iint,^-. Another
nil. ill 111 iiutlind ill ili-ijeii-niL; wit.'i nil liiLiii atimi i- in the ii'-e i.t rolje,

111 ai 111;;-. and trulle\- wli..!- to wliuh tin- deviie ha- lieeii ajjplied

lM\e 111 111 ebtaill.dile

li.i -..nil ;;nie. i.ai k

1.1 >p.|. e, llnwev el ,

pre\i r.t- u- Ir. Ill juii-

Mlili,;,' tin- iiiteie-tiiii;

^uhji it Ini till r. •

Aiiethe: jiniiit i-

tiie linn lixint;. a- •.«

>lii.\\n 111 Tie. 1.51,;.
1

(.1 th. ( etti 1- ( (
,

\\ lili li li.ld the a.\)e

and whieli .ne held

111 iiiK li.i ki d In pa---

in,L; thii.n,:;h lii(k-liilt-

.\. a 1 t 1 1 p a - > i 11 g
tliiuUL:,li the axle it.

T!„.--. !...!; •.'.•.V.-. have

light and lelt adjusting m'.vw- at then end-, liy uhii h tin nuts ji h.xed

in the >heet tiietal id the >ide llaiige laii he diaun ti.g. tlur nr -Ln ked

"II,, i.k (i;i;,... r .rii. \ ui.iti.

1.* LiiH ,1- ^ !.>'*>.
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,,ft Winn ilniwn t<>K<tli<'r tlnv tnid to <lii-i> tlir -l.it k. ami tliii- i! i<

uMiiixil niorr and nion- tightly and Inld Imkid at;ain-t \il)iatinii. Tin-,

It H clunird, f^rcatly diinini-lu"^ aniiiK, wliirli i- uft. n rauv<l l>\- lno-c nv

ludlv fittint; axil-. N'otsvith-taiidinf,' tlii'^ ri!,'idit\ .
the ,i\l. . in l<c (|niik!\-

i,;u<ivr(l and a m-w" wlu'ti nionnti'd wlicn nir(--ar\-.

The truilfV luad, of wliatcvor pattiiii. i- nttadnil to tin- >ml oi a

ll. Aililr iioli . which in nuxlcin work i- a -ted tnl>f tiotn \i to 17 fn t r'ni:.

iikI tapering from 2 iiulics in diainc trr at tin' lowir 1 Tid to i nu li in dia-

lurti r at the np])<r md. Tlir poh' i- ])roti'ct((l Ironi tin- wi.itlnr, anil

tidiii accidental fltctrical rtintact, ^lionld it litconii' " ahv.,' I>\- liaMiii;

It- external surface carefully insulated. The Briti-h I'lu lu-on-HiMi-ton

t'oni]xiny serve their jiole- with a double l.i\er

1,1 in-ulating tape, and then with a i^'ood to, it

,it 1)1, ick varni-h, as well a- with an insul.itini,'

-l,(Vt; at the Imtt end.

After the use for many y<ars of rollinj,'

wheels as contact makers for overhe.id

wires in trannvay work, the (piestion

,.f their superiority to sliding contacts

>„.^,in to be discussed, especiallv in

\ 1, w of the success of well-designed

i tg, T.^ic. The v.tc 1 rttiiey Hur['
sh.>.Mn.; [:.r I-o'-keil Cotter.

hding contacts in railway work

in lunope and elsewhere. It w.is

pointed out that the trolley wheel

doe- not give a true rolling

lontact, but that, depend-

ing chiellv on the pressure

b.-tween the wheel and tlu>

wire, the contact is a mix-

ture of slipping and rolling,

,,u,l that the wear during

the slipping stages is heavy, because of the small cont.nt suri.n .. Me,i-ure-

liiints have shown that, at moderate speeds, the -lip m.u' be as mm h a-

)
pi r cent. If it be sought to reduce this wear by lii,'ht' r ])ressure- de-

tive arcing occurs, leading to tlie rapid deterinr.it ion of wliei 1 and wir.-.

iL was contended that, with the use of a simple sliding eoiitaet onlv, the

pri--ure on the wire, and conscqm'nfly ihe wiir, could be reduced.

In I0i<> these arguments were brought to a ])ractical i-sue by Th>'

Miller Trolley Shoe Company, of South Ko-ton, ]il,iring on the market a

irollev shoe" as distinct from a " troiley wheel." whi.h could be used on

. \i-tiiig trollev i>ole5 1)\ ihaiigirig the troliiv hiad only. It wa- rnogni.-ni

ili.it, with the hundreds of thousands of trolley jiohs with rolling wheels m
u-.', it would be impracticable to propose eiitiiel\ mw gi ,ir from the car

143
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'4'4 ELfCTKlCITV l\ Til, SkRIICF. of il/.^.i

>iim-.n.l,. ,,,,,1 ih.a il,.. I,,,.. „f I,,,., r.^.M.m.v w... t„ „,o<l,fv ,x,.„„. ^,,.,rIM

I'lK- I.i

|«i>^ll

till- .Ktii.il tmllcv Ih-.kI, ])|.|(,,| on t

Kv 1,514 .111,1 1,515. In |.',i, 1:5,^ „.|,i, 1, ,,,,

II' 111. 11 kit arr vjnnvM ui

till l.iiiitli,ir .i|)]

If of till' <iiilii r X\\M
>i .11.111, r 1,1 111, linllcv llr.ul i- llttll' l ll.llipd. l),lt till-

'
1

.1-- ill-.lpl" .llril, Illi ^|j(„-
I Mif,' -ui>;>i.iti(l iiitiiii.ilh I

'I'

f
,•

,
^ ..|-,-.-, ,, ., iiiK iii.iiM i)v ,in lAtiii-ii'ii

fi""> til- i...lr MKk.t. Till.,. 1 Mill .1 s, Mihlaiuv of .. wli... I, |„„ „ ,.
M. I.lnuntr(' tll.lt It C.m.lnt lut.it.' I„lt nnlv um lll.it.. .

-^^I, ., „,.„1,, ,|..

aiiL,'!.' 1.11 .Mill M.lr ni ;, onti.ii poMtiM,,. Tlir luiul. :
. .,.!. ,,l.,t.., .„.•

I'i'lt<<l lui^rlllir, .111,1 f,r,i|, l„.tw,-,ii flltll .1

li.nil >tn 1 mill. lit ],i,,r ,, uliidi l;im^ ^
I'l-.iiiiit; -uif.iir i.| alH.iit I. iiiiji,., 11, liiiMt),

I'll till Wllr, .111,1 wilj, h , ,111 |„. c.i^ilv I, II, Will
Wllrll U..I11 ,.,i|. Tli,.,,. ,-. ,1 f^i.ipli,;,. |,|,,l|,,|f^

"nil h rii>iii,-. laiilv (,'"i'il ilntniai r..iit,ut

llt'lWi.n Whril .mil .1X1,, hut tin- n.nt.irt
i- -"'lltKl IlV .1 lllXlhll- ,,,|l]l,l vliUiU s,

Imnlv att.i.liiil tn tlif fix,,! and iimv.,!)!,.

p.iit-. Till' aiif,'iil.ii '
f,'ivi-

'
nf thr wild I

•n-iiiis tli.it th,- c. lit, lit ])i,,-,. >li.ill ni.ik,.

i,"ii.,l ami , xtriiiKii iiiiitatt with tin- <n-.-

pi'iiilid Wllr .It .ill tlir varyint,' .iiii;!.^ -.f

till- >ii.iii.

I'lir otliir li;,'iirc (l-i;;. 1,515) illn^r.it,-. a

iiii'ililRatiiui l)nnij,'lit cut in Kji;. Jin-

p.ut-- liavf l),.in -iniplilicd. ami .1^ .1

sntur (if a wliiil is actu.illy .ill tli.it 1-

niri^sary, >w\\ a sirtnr imly is iimunti

d

witii till' nqiiind arc of jxisMbl,. ,,,11-

t.iit. Tli llangfs of till- working
gioovi- whi h take up tin- <i.iit.nt on
-luirp ciirns havi- hiin made i.t^ily

n-niwabl', as wtll a- tin- -tcl contact
Piccr at tlir bottom of the gmov,-. A g,,,,,! sli.ling iiutal spring at ^
•ippi'.ii-, to 1, 1)^101' the llexible ,op]),r band.

At th,- tiiiii- <,f wilting (Kiij) the mw device iiui.st still b, ng.inlrd
as oil it> tri.tl, but It lias been given extensive pr.utical test-> on iiu.iiv
'"iP"".'nt lines in the r„if,,l States, and lias cum,- out w,ll With
a working pr,..Mire of the or.l.r of 25 per cent, less than th.it um.I
with trolley wlu-.l., the lif,- of a trollev shoe with it. elu-ai.lv n-
new.il)le contacts is saul to be considerably long.r. One teM shoe
r.iii i.^.oou nui . „„ a certain line, and was still goo.l, a^.iin^ an
aver.ig,. of 5,„„o ,,,11,., p,,r UvlKy wheel on tin- same line. Wh.it the

MiU.-r r,,,||,.v

Shoi-



/ r Ca mi
1 f'l. , t i- (Ml tlic wi .11 III tlir wiic ,111 <.uly l>( . 1-. lit, line il |.\ mu, |i l..n:;ii

I \j" I'll 111 !,

L.- ('lll:\l-\. \ 1 ii|l(lllinll wllii 11 I|i,|\' 1 ,|~||\ ( .lu-r inti IlUl'tlut I't iMllli.

.mil ti> wliii il .ill (AjH.-iil iuiit,.it iniidm tin- ,iii li.ililf. i^ tln' luiiii.itit.n nl

.1 iii.itini,' el iiT nil tin vim iluiiiii,' \Miitr\- wiMtlni, .iml i-prt i.illv ihnm;^
-111 I -liiiiii--, liilt-- till 111 11, iiMii.\((l It liiiniN .1 ]ii.u IK ,ilK in-nlitiiiL;

.-viriiif,; ,mil -tnji- tin -iimh, TI,,- .n tinii el' ilir jM^iiit: tiiilliA u In i I

. t -liiT ti iiiK 111 kii|> tin wirr ill. II. l)Ut i>,iitli iil,iil\ winn tin -i i mi i i,

:ii:ii i|in lit tin iniM hii ( iu.i\ In ilmn ,it ,iii\ |m.iii| lnt\\iiii tin |i.i"iiii,'

.1 liin 1,11 ,111(1 the ,im\Ml nl tin

I'M. tin ill' iiMtiiii; Iminrd Ihiiil;

!-«i tliii k tir ti n,ii iiiu> fm tin- tinlliA'

\\ In 1 1 to n iii(i\i It. Tin- IiiMtin.i.;

• ;i' 1 t "\ the cinrtiit ii,i-~iiiy ,ilii|ii;

i!.' \Mii til dtln I 1 ,ii~ In l]i~. Imt in

Ml w I'f tlir hii^Ii Litciit In, it nt wMtir

II Ili.iV
, ,li:il (! iiH 111 |i|,n tn r. nltrll

l.iil t.i im It tlir i(c.

IV tnlr tllJ- >t.lf;i' i- Ic ,11 In il I'llr

-"llltii'll I- til Irpl,ni' tllr trnlllA-

ulliil l'\ ,111 111- 1 llttrr --til 11 ,1- I-,

-li'iwn ,it 1 in I'li,'. l,=il(). uliii II ,iUu -.liiiW- -i

i.innl initiunl nl iiKikini: tlir iiitrii li,ini;i

i!i\i~iil 1)\- till' H.iynint linllrv lialj) Ciiiu

l'iii\.ul >i>rinf;liil(l, Oliiii, In tin- iiL'ht-lniini

-nl. I'f tin- fif,'iiic tlir tinlli V wln.l .mil li.irji w .nr

-ili'WIl lirillf; (lit.iilnd llnlll tlir pulr 1', tu wlllill lhi\

11' lixril liy .1 l);iycinrt jniiit, wliuh i- (luiiln ,iti il m tin

liup C 111 tlw ice (llttrr, wliiiii is sl„,\\ii uitli tin i in!

1 1 tlir tnilliy JMlIc lllsrrtill, Nn timl- illc lllli--.II\

III the ti.iii>t\r, and the ( li.inf.;c ma W- made in

iuint\ second-. In actii.d wnrkiii^' tlu^ dccRas(d \vi i^lit
i ,.;,,,,= -i^T,.,,,,,

I'l tin- In.id allows tile -pring- ut tlic Imsc to iMit a
^'"'i" '>"'! v

"
-t'

*

:,'ii,it.r iirosuic on the wia', tliii- iiicrci-ing the i lluicncx- of tiie

111' 1 Uttcl.

Pole Conductors.—The next pioldcm i- to tran-fcr the ( urn nt Iroin

thi liiijliy head to the- lower end oi the pole under >.lfe el((:tli(.ll ((inditii'Il-.

Winn the j)oIe i> inotintcd on a -inf^'le-dei k car and out of n .n Ii of the
pii'iln ihe Mili-t.ince of the pol- itxlf can he iimd .1- a conductor, tin loui r

1 11 I iieini,' properly insulated from the c.ir mof. Where, however, the jmle is

iin'iiiiteil on a cir with an upper ii. — i-ntTer deck ureater nrecautiiin- niu-t he
I IK' 11. .\ lefennce to I'lj.;. 1.50- will >how tint the tnilley he. id thin 1-

1m !ull\ iii-ul,iti(l Inuu tin.' nietal of the pole. Tliu>, m \t tu the poh
. there

•'^

; \

il
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H an in>ul..liiii,' vl.vw. s s, nv.r wliic Ii -li,,. the ...nt.Kt ~lr, w < of tl„-
tiull.v li.M.I

:
,m in-iilattn- l.u>li i, pi,,...! .,t , u, iiiMiI.itr .il-.. ., ...>,

till Id mill. il .111(1 nut, to wliiili .i tK \il»lr

in-ul.ili (I ..ilil," j)a>~ji,{,' lip tliiimf;li fin' li.i||i,w

I'mIi- 1, inatlc l.i-t. \Vli.it 1.(1. ,mc^ .,: tlir

iM-uI.iti-il c.iMf at till \u\Kvr iiiil ,A tlu- pulr
Will .ij>|)c.ir i)ri>iiiil\ .

Bases for Trolley Poles. -Hi'- p.!,

-npl'oitiiiL; tli< imJUy wh.rj li.,«, k., Il tn I...

-iippuitnl >(i IS to Loiiipiv with cert. nil

:H<(liaiiical and eloctrii .il loiiditmns. Oi
tlic^f tlio inircip.il ,irr f^ovtin.d li\ the ni i

d

Uir fulliiwiii;,' up n.idily tlic varying relative

di>l.iil((- liitweili the nvcrlii'.id (niidiictiir

ind till- I ir, \vliil>t ni.iintaininy a firm inntait
Ittwidi the conductur and tlic tro!ln\- wind,
riic pole iiiit>-t tlKTclore ho .^o nioiintedas It'

li,i\e lutdoni nf inntidii (i.i in ,i vertic.il

<lire(tiuii, hee.iiiM' i.f the varyiiig vertical

distaneo hetweeii the top of the car .iiid tln'

irdiex hue, and lii.l ni a direction transverse
to tile tr.ick. -line, on account of the dis-

I>i.ieenient-i due t.. the v.iiyill^ loi.il (..nditlolH. the ])osition of the troIle\
line 1- Ire.inentlv f.ir n iiiov.d Iroiii heiMf; vertically over the icntre line
ot tile track of the tr.imw.iy. Tluro iiiu-t, in

addition, .IS we h.ive pointed out ahovo, he
arningeineiit- for condiKtint; the current fiuni
the trolley he.id to the li\(.l (ircuits in-ide
the (ai.

J"\v<) chief eases h.ive to 1.1

considered, their dilferonces iHiiiq

• hie to the ditfereiit

l\|>es of I ar in

ordin.ir\- use. In

clos(>ci sini;ie-ili I k

i.irs or in doul.le-

deck c.irs in whiih

the iipjHT dec k i-

roofed over, the top

of the c.tr oilers .i

l..in,;iii^ \VI„-,.|

4n(l I. e I iittci

l-'i*. i.ii- -Schrncti.vly li^.Hey Base iForin Dl.

elear space ina.eessibie to the pul.lie. up„„ which the ncvcssarv littinr^
can iH- iiu:;:i!ted. In tin i . '

le-(leck c.ir-

However, ot cars whicli have ;.n ,.pen
upi^T deck c.invin;,' pa-sen,i,'ers, or in ' ' " 'sun; whii Il arc not

S^^^^f^TMi^^i^^EC
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r.r,.|i,l tivif tli<' l>.i-f larrviiii,' tlif i><i|i i-i ai < i ~- ihli- i.i |i,i— < iil'i i- .iikI

iiiu-t bt' ^11 lit •'liincil as, oti tlie niu li.iiul, t.i In- tii--iiuil .tcaiii^i iiijMiv

|i\- till! ptaitii.il iiKiiiisitixt'iii'ss of (idiiiarv ii i\iii ni.ilii ic.ii- pa^-Mi,^. i>

ili'l, oil tlif otiicr liallil, ti) make ll irillMi>-lMc In tin pa^-tiif, 11 iiiiii

Mito niiil.ict Willi aiiv 'Oil- ,

iliii lur^ alivi with lln faiilv

':!.;li-viiltai;f jiri --iii. i.l llit

;i'illi \ wilt .

1 ln' I a-i' (it IimiIciIm 'N (T

' ii- Imuik Miiiii'wiiat ill!'

iini'li r. \mII I>i- takfn first,

nil III lit'. I. SI 7 fluTe IS

h"'All t lldlliV Imx' fur

11. ii a • ar, as licsimioil \<\

till- 1 1> 111 ral IJci trir I nmpaiiy,

t •^ litiu*< fady. A plan and

1 si'lc elfvatiiin ol the Im'^i

"U whii ll tlu' jirini ipal diiiifn-

I'li- ,iii' marked arr gi\(n

' lii;- 1,518 and i.,tI(). I'lic

Im- is -upportt d l)y a i-ineli

plitc r li'iltcd til ttiu roof of

I In 1 .11 . and provid'i! with

Mitial ho-si s (Fig. 1.519) on

h til sidi--. The 11JI]HT !)o>-,

t'liiis a hi'arniK ('n|> with

ihi ia(<' for till' steel rollers. wlii< li are in-, rti d In tweeti th. iiiiur surf.ne

t the IimIIhw 1)1,^., and the onti i ^nrf.iei' ot the iiiiii 1 projeetien of the

|-r central vind r, upon wliu h tlu' wli. le ol the ni<>\al)le ]iart~ 1! the

faeep W-Uvi *
,

1*^—- /»" *
!*>«:. I ^iQ.- Siilc Elevation

iip|.

I'l-e are mounted. The central stud is a kind of in\(rtid ni]> whieh.

,
Willi the bianng 1 up in the

;VT|''J! ''|0_ y™*-'*^ '- ^1 hi^e Jil.ite. fi'rni- a vvatil- and

'
''ir^'^

' dusl'iireof chaiiilier for the

3L "'"' f'l'er-. will, h tan lie Will

-.T-^i£? hihrieatcd ; and i!ie '
. nir.il tnd.

nniniiii,' on tln--e inlhi- an

-i..t..ii ,.f tvmrai stu; ..ud Cap u.it, K,.iv> turiiiii^' rouiid a vcrtii.d a\i-.
""*""*'

f,Mve- the n(ii--.ary hori/ont.il

1.. l.M'

^l\'~ lil' ll\V> ^,II> llirilAI'lil.ll

: lMn-Vlr^e niotiun t<i the pule. The deta'K of this (eiitial -tnd. wliuh

!!' iin]K)rtant, are >hown nioie eUarh- e, .; largi r scd,- uj Y\\:,. i.^jo.

ru,. ... .11 1, ; . ,.1....,,,, ,1 ;„ ,^.,4.;.;.,,. 1... ...... .') ;,,. I. 1.. 1> ..« .. .p.,. . -,_

'
' part, liroa.lened out and riblxd as >-hown, pa--t- downward- ainl can

. :\' I til the Vertical plane .ihiiut the a.xle .\ niuunted on the ;n of tlie

•{

i ;.

: I

I*

r

ti
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the stmont

t4i8

ciiitral stud, tlius securing
ti<>ii of tlu' tn.lluy head.

TI.e .H-ccssarv upwanl iKxililc pressure of tlie trollev wlieel airainst
the un.ler surface uf the nverhea,! conduetur is obtained bv the action
of the lour heavv eyhndri, spring,- s s, the near en.is of which are carriedby a he.ivlv-nbbe,!

. ro,s-arm and slide „ n, which can be set ui. and
a'ljuste, at N, so as to vary the tension of ,he springs to anv desired extent.
I he en.ls .,f the spnngs are attache,! at .• C the broaden,.! part of the
plate carryn,.; th,- trolley p.jle, and when the top ..,,,1 „f the latter is
<I,pr,.ssed the springs are ext..nded. hol.ling the wheel Jirnilv against
th.' w,re xv.th a force v,ar>ing from jo lb. to 45 lb. The whole base is- d,.s,g„,.d that the pole , an be ,lepr,.>s,.,l, as shown I

^- the ,!ott,,!
l.ne. m I'.g. 1,31,), to the h. ri/ontal position, as nuv be n.juire.! in
,go,ng under low br.,lg,.s or wh,.n use,! on high cars.' When in this
lior.zontal p,.s>tion the total height a!>ove the toj, of the roof of the
.Mr >s only 5 mdu-s. The ba.e whi, h w.ighs r..,, lb. without a pole,

i> ibj indio wide, and
has an over-all radius of

I«S inches from the cen-
tral axis to the end of the
xrew .V

; it can ilureforc

be tunii'd omipletely roun,l

\vitliin the limits ,,! a
> in li' 5 fct in diameter.
It IS <l,-igtieil t" larrv a

Ml dianu'ter and m)t exc,.,.,li„ir j j f,.,,, j„ ],,|,^,j,

Ji.IliA Ha

l'"N' i^. iii, h,':

.Viiiither examj

>ingl,-deiked c.ii

bv tl am
I- 111 tile

l.|. M. .\

't a frolKv base wlii,h can be pjai <d ,)n the roof of
' 'wn in Fig. I.5JI, whi, I, depicts a l)ase i.ro.lu,,,!

.XIlijerM Ml .M

iiecfding, the whole ,if the I

pill, will, 1, ,,,,.-. from a b.is.'-iilate bolted m tl

jiro

amif.icturing Comjiany. of ]5o>ton, Jn tl

illlliTelli 111 geller.ll d,'>ii ;ii. a>

lase IS supported bv a fixed
le roof of the car. The chief

lli.it tin- movable p.irt of tii

in-te,id (.1 -uridiindmg it. Tl
iMMlill'',

compared with the ])recedlin

hase he:

!g exami)le. is

II' hxed 11

ciitirelv on one side of this 1

-iib-t,niti,d re, t,iiii.;iilar weblieil tr

pin carries. b\- iiuaiis of ,1 >uit.d)le , ap

nioiim,,! the traiisv.T-e axle wl
pi',—,1 up\\.in!~ and hel.l

:im e. at ,)ne ,"nd of whidi is

I-

loiir -troiii.

iicli ,arries the troll,'y-pole . liji. Th
ill position against the trollev wire b'

ti,iii i- iimi,'ce>-,uv in \i

to ih,. t

piiiig. mount.d a- >li,,\M, : h„l further .letail.d
'I "li.it li,i< .iln.iilv I

oreijoMu
leeii lid will

rip-

I relereiice

x lllll(li)U> ,>tln I'

suflicient 1,

pattellK ,if trollev 1'ni-e

ir our j)mp,,M' to illusti.ue two others

:ire in u>f, but it \m1I

not yet alluiUd to. In 1-ig. 1 c..g. i,3J-'. which show
iinl\- as embodying f,atm,
a " Xuttall "

troll, A-
1Da-e
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in.iiuifaiturt'd in tlic I'nitcd States, the spiral >]>riiif,' which prt--scs the

wh'il afjainst tlu' wire is in Cdinprcssidii iiist(a(l of in ttiisinn. Tlif hottntn

(n<l I'f th<' li.isi-pok' fittin),' is attachol nuchanii allv to a shivc, aijainst

wliit h thr far end of tiic sprint,' presses and whicli is drawn nearer to the

h.\-f wlirn tile j)ole is depressed.

In Fi;,'. 1,3-'.;, wliirli sliows -^ Ki^ ,... -Thr • Nuiui:

thr standard trolley base of the ™^ rroiiry lus,

I'm \i met Trollev Harj) Contpanv,

wiiil-t other details are interesting

and should l)e examined, attention

I- directed to the method at I' ol

iii-irtiiif,' the end of the pole in

till ha~e littinp. It will lie noticed that the ])ole 1 lul works against a

-l>n,il -])rinf,', and ha-- a certain amount iif l>Ia\. No tools an' reijiiired

to I liange ]M)Ies, and it is claimed that sixty second^ i> -uthcimt to

111. ike the change.

t'lirrott Conduction.— In all the hase^ ^hown. the jiole, which is of lurtal.

ci'iichicts the current to the hase, and it is a^-nnied that. ii"twitli-t.inding

the loose contacts iie((ssar\- to gi\t freedom of

motion to the ju'le, tlie bearing siirfaci s are sutlici-

eiitlv large and the metallic conlai i> sultici<nt for

electrical (diiiluctixitv to he iiiamt.lined. ('oii-.e-

(|uentlv. tile end of the llexii)le from the car ciicint

i- -•imi)l\ inserted into a ^nit.ihle sot k^ t or lunding

jio^t wliii h is ^hown at c m I'lgs. 1.5 17 and 1.5.:.;.

When the base supportir,. the jiole h.i-- to be

ai ed on an ojien deck to which ]ia'->eiiL;(r>

have .iccess an entirely ditlere't t\pe of

sujiport has to be U'-ed. An out-'lde \ lew of

^iich a support, as in.ide b\- the l-iritisti

Thom^on-Iloiiston ' Ompany. ltd.. 1^ Liuen in

l-'ig. 1,3^4. and a section showiiii,' d^iaiU

m Fig. 1.3-5. I be outer \ii\\ -hows

bttle be\'ond the ii.i-e n, the outrr tiibi'

T, and the revohin:; he, id 11, tii>' l.itiir

c.irr\ing the sot ket K for the trojliv

jioie. It show- al-o the ~iili-t.int i.il b,i-i

pi. lie by whi(h the whole is bolted to the dn k ol the I. II. .iiiij .il-o

thr h.inddiole /(, providing acce-s to the (iiiit.e t- .it the lower end

of the ( olumn.

I'lill details can be made out in the sei tiolial ch'awiiiL;. lig. 1.3J3. in

\\lii'h nl-o the end of tlie trollev pole i- shown in it- pku r m tiie iik lined

>'"kil. This pole is a steel tube taperiiiL; from .1 di.muter ot J iiiilu- at

li- ..: I he H^y Tirl I roil, y Ii.,«

i:l:

r I
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the socket to i inch at tlie u|)i)er eiul ; tlie sttel is of such a thickness

as to give the necess.iry llexibihty without acquiring any permanent
set under the usual working conditions. The pole is protected with

A double layer o( insulating tape well varnished on the outside, and at the

socket is slipped into an insulating sleeve. The socket is of the shape

shown in Fig. 1,525; it is pivoted on the pin />, and makes a watertight

joint with the movable head with freedom to move in

a vertical plane round />. An e.xtension a engages with

the truiHiion at the top of the tension rod rr, which,

when the trolley pole is depressed, compresses, through

the washer •». and the guide nut «, the strong --piral

spring seen in section. This spring, when uncompressed,

is over 4 feet long and is made of i;-inch steel ro<i lor

short poles and J,',-inch rod for pol.^s over 16 feet long.

The movable head » revolves on ball bearings in hard

gunmetal bushes, which can be renewed without renewing

the whole head, thus reducing the cost of maintenance.

.\ weather cap c, which can be removed by withdrawing

a screw, closes the top of the column, and allows

inspection of the interior wlun de>ired.

An insulated cable conducts the current from the

trolley head down the interior of the hollow pole to the

top of the cohr w, within which the circuit is continued

to an insulateil .evolving contact c (Fig. 1,525) at the lower

end, so designed as to allow the head and pole to revolve

continuously in either direction without twisting up and

damaging the cable.

The over-all height of the standard to the top

of the weather cap is 5 feet (> inches, and it should

be noted that the design is such that the trolley

pole can be lowered to a horizontal position so that

the above gives the minimum clearance recpiired as

measured from the deck of the car in passing

under low bridges.

to meet the conditions xt forth, have been dc>igiud

by other firni>, but the above example is sufficient to show generally the

nutliods of solution ado])t((l.

The Return Circuit.—One of the outstanding features of the ovi r-

luad trolley system, as used for the transmission of continuous cnrniits

to a niiAing tramcar, is that it only provides a single insulated conductor,

and that therefore the circuit back to the generating station or the sub-

station, a'- tlie case max be. lia^ to be provided by what is technically known
as the " earth." As a matter of fact, the rails on which the cars run are

"In.ll.y 1>,.1,. ,.1, Opth-dttk
C.u.

Similar standard-^
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• .in^.lvcs conductor^;, and are mccliani.ally continuous for the wholr

^t.ince traversed by the cars. It is not surpri-inj,', tin r.fou-, that m

.1. r to save the cost of trx tint; and ni;iintainin^' a Mxond insulaiul

-luhutor, cnfjincers, from prac-

ii^illvthe earliest days of traui-

\', i\ electric traction, should have

;::ilisi-d the rails for their return

. ir.nit. The general idea is

•ill the current, having passed

ti.ii.ugh the car motors, should

;ii. n pass to the under frame of

'J- tar. whence, fimling its way

t' the running wheels, it passes

int.. till' running rails through

til. metallic contact between the

ulieel and the rails. At the

1;. iierating or sub-station, as the

i-e may be, proper arrange-

nii iits are, of c>)urse, made to

. Hiinect up th<^ rails so as to

. .iiiplcte the circuit.

riiis solution of the problem

I 'I lOmpleting the circuit, though

-.. -imple and obvious, is not

without (htTieulties and draw-

ii.k-. In the first place, the

MiK, though mechanically con-

tiiinuus, are not necessarily elec-

iilmHv continuous. The joint

1 It ween one rail and the ne.xt is

: we.ik spot in the required

'luhicting circuit, for the rails

ii. u.-ually laid in concrete,

uhich is lOt a good con-

(lui tor. It is true that, for

111' ' lianiral reason

;- iiuilged by fish

I'l iti^ or otht r

1 I' ' lianieal de-

... - which are electrical conductors ; but the (ontaet 1m \\\,< n the diltc rent

' .t.dlic pieces mav be, and often i~, electrically h.id .m<l m.iy offer a

.. iiMilerable resistance to the pas-age of the <urrent. llie diftKultv i-

r.iiiimiMd either (i.l by bonding the rails together with copp<'r bonds, or

I y

lig. i,»J5. — Stetion

1 roll«y-i."le Clumii.

ill:

'
»

.i'. ..^I'ja PSE



1432 Elkctkic/tv r.v the Seri-jce of Max

II Hi

I.

(ii.) by solidly welding them together in situ. It \nll be convenient,
however, to postpone further consideration of the sid>iect until wi
h.ive described the methods in use for conveying energv to moving
railway trains {sec page 1513).

Another difficulty is caused by the fact that the rails, not being insu-
lated, but in electriial contact at places with the earth, leakage currents
flow into the earth, which is made jiart of the circuit. At fir-t, sigiit this
may appear to bi' an advantage, for tiie conductivity of the whole circuit
IS thereby increased, the earth and th rails being electrically in parallel.

Mecause the currents are heavy on( .. however, and may jiass cit rout,-

into all kinds of conductors buried n: :he ground, electrolytic corrosion
may take place to a serious extent in these other conductors, and this may
give rise to serious trouble, to which also we refer later when dealing

with rail returns.

Railless Trac-

tion. —It will be

(onvtnii'iit to inter-

jiolate here a brief

description of a

ithod I'h

-ociated with the

forel

ing ene:

a 1 1 V t .

ing. of >uj>ply-

elect ric-

miiviu!,'

\ihich-. (itlnr than

those tramc.us. etc.,

which

r.iil-. Th,

run on sUecM

r.iils, It

K..111.

convenient, He nut nect

w lii.h

"'" •" li'-i'ir-ri. is obvhiu-, tliough

ily a pan of the overhead trnlK\' s\-teni,

1. planily, can be utili-ed to supi)ly energ\ to an\' whitle within
nig di-taiice of the overhead conductors. The distinctive features of

lie rails are

rii.it tlie\- ])i(ivide a pirfectly definite route for the vehicK
(ii.) Tli.it thi- nuite oftns nni. li Ic

Hull 111. Ill tile ouhliaiA-

'S resistance in the lurm ot fnc-

.i\ does to \tliiclrs with oidinaiA'

W hecl- d
(iii.i Tli.it the r.ui-, win 11 b.>ii(l(il, i)rovidle a conducting patii lor tli

lurreiit, and tii.it lluri lore it is uiiK' necessarv to insulate oni

if the iniidiicti

Kails

Is collVe\illg the electric energy.

Iiowrvrr, are co-tl\- to l.iv (1 t. intain, and moreover their

as return coiidiutois for the current is not without its disail\-,uitagei

which ate pointed out el-ewhele [see page I3*)7). As usual, theleloii

I'JBBggltiE.,
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in rni»t iinutic.il rngini'oring pruhlcm-;, the solution now t.iiily widi ly

.ulojitiil is a roniproinise iinl)r;uiiif,' disadvaiitaf^i's as wtll a^ advaiitast-.

:ind it inav hv that under (crtaui conditions otlur conij)ioiniM> will prove

\n l)t' more ((onouiical or (.oiiviniint, or both.

One ot the (ifher possiblo solutions of tlie yeiur.d tiiqiiuiriui; proM>in

nil Icr (dnsidcratioii is ti> Ix" found in the " railk- > KroUi'V." t\ani(.k's of

will, h were inaus;urat<'<l as recently as mil simultaneously in the neii;!!-

li.iurinf,' towns of Leids and Bradford. A f,'eneral idea of the method can

he obtained from Fi,L;s. i S-'" to l.5:;8, the two tirst of whit h are illustrations

I iki II from the Bradford s\stem. and the la^t from I.ei'ds.

4\'

''^^f

111 l-ic. i.^J') thi iile troll. A- vehi. le, in the ^1 p1 ,1 l.n-

krd (.'ft
" slilr, otJH r ll.ltlu- on .111

btaini'd b\- .i double under-runiiiiii; tioli. \ iKmii two

'niiiilMi~. Is s' ,\vii ])assini,'. mi tin

"nIiIIiI \ lo.ld. I'oWi I

' \ ' liir.id wires, tile tro|le\' .ind tlie wire- brini,' similar and siniil.ii ly iiU'iiiiti d

1" tiiosf Used in till ordiiiar\- oxerliead sjni;!,. triille\- s\..tiin ali<,;(i\ fiiii\

ibi.l. T verhtwo overntad w ires.l loWe\er, are neeessa r\- 1). ise tl le Iitllin

Hot a\,lll.ll)li Thlis also II IHlel - lle( ( ssal\I'.illi li\ till rails is, of ( oi

ill' ii~r of two trollev iioles, the lu ads of which must Ix iiisiiiiti d tioiii on
1

'tiiei and wliii h comiilicate the details of the trolKy 1

iliuK Tlie lrolle\- poles are -o nu>iiiH( ( I as to all

i.isc 111 the II I I I 'f

ow liic \t hli |i to

Mill ti.WMids either side of the road to the full e.Xtellt of tlieil lilij,'lh.
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A'a/zlkss Tkacti(\v '4-'5

[«>\v. r Ii.is to coast past thi-sf " di-.ul " ])i>lnts. This pives rise somctinu - ti)

iwkw.ird Mocks whcro tlu; trallic is ciowdi il, and the car is roiiip. ll.d to

|..ill up lu'fore it lias quite covered the reijuired (hsfance. The diltirulties

«-..iilil lie still more awkward if the railUss vehicle became " dead "
at a

. i.wdrd tratlic point, and though similar solutions were suggottd it was
-.11 tliat the principle of interrupted mnductors for so long a distance
wa- wrong. The solution actually adopted in the end was a simple one.
It H ^hown diagrammatically in Fig. 1.5J0. and as actually meted in

I"i~ I .S>|- Solid cro.ss-ovcrs and frogs are emploxed at the crossing jx.int-
ni ih. M.iiductors. but at the points .\ (Fig. i, 5^1)1 their ends are built uj)
'•.\ "' I tion-insulator

•!.i;; 1 > {see Fig.

I p4. page 1401).

' lh.it the trolh'y

\\h>'\ only loses

!iv. ccntact whilst

lummig on fibre for

.1 \' r\ -liort leiitjth

>' the conductor

:"in.

I iiiur towns and
• ::-ni.t-, have later

1 ii'Iitrd tailless

r.i. tii'U to solve

1" i.il problems.
I '

! iiistaine, at

linJiti'ii a routr

I 1
'
feet long was

1' 1 "Ut by the

• :i" 'ration in the
•'•' of the town, and on this route was run a railless trollev doiibl.-

K bus, which was the tirst of its kind. Other developments ir.' m
I
I'li-TrsS.

III.—THK OI'I-N OK SLOI n-D-rONDIIT SVSlliM
\\' iMw pass to the second of the g.neral nietliods schedul,.! ,.ii p,:-e

: :^- winch are in use for supplying electric power from a generatiiiL: 01
- ili--tation to a moving tramcar.

li" i^'eiieral idea of the method is to iilace insulated con. iiu tors m an
• ! KTound conduit running tiie whole length of the track, and to pn.vid,

- 11,. m, thod by which the current can be conveyed from these condii, t..i ^

!•' th. moving vehicles. For this purpose a '• plough suspeiid.<l from th.^
V. hi. !. jiasses through a narrow slot on a level with the general surface

load, suitable contacts on the plough being arranged to >liile

id

i

t!,r

H
1*.



MJ

)ii till'

Et.F.CTRICITV /.V THE StKI/Cl (•/' Ma.\

liv.

(luit

(ondiu ti

I'i. . I,5,)I. in wliicli the slut s i-

aiid tin- (ondiii'tnrs ( <
' .ire ^wyy

rnitrc lin

ill the .-oixhiit. Till- K'.mral Mli.nir of tlw

tniitcd i- -linsvn (juitc diaKr:iinii..itirall.v in

luif

.

ivcr tin- cfntif liiif <'l tin 'unc

rt.d I'illii r df I'l this vtrtiial

riK' diai;iam >lio\vs pnttv rl.ailv tlit- (.m.litioii> wliidi iiuiM l.r lulfiU.d

in the (lt-.i,i;ii .1 tl IC (OIK hlit. Till- ll'i>t iinixMtalit incrliaiut al roiw lltlull

lliat, w liilst kccpmi,' till' CI.'

\\v iduit must be C'in>

II

t h'

til' liii' V V, (|(iiiiti •ar li'i tlif i)a»af,'<

.tni.tcd III >mh stniif^Ui a> ti> ro-'ist

till' rill

lallrd ll|>i

•hiiiU ttfict 111 tlic litavii>t uidiiuiiv tratlii- tl dway niav 1>

"til hrar. It i> ulivicii- that it the whi .1 of a luavilv-lMaiUd

linevchuli- >ii>mld haiipin tn lun almi;; tin- i| thf -lot. till' slut, it th

( iin>tnu tmn be tl ik, iiuiv bi

paitiallv 1(1-1(1, and the iiixt

liliiUi^h wiiiih idiiics alnii!;

^iipp (1 V)V the (l(i>fd-in

may b

A^ no suppiiit can

acin>s the

ditiiin is n-

alidWfd

i'litit tlu

mcchanica'

it an ta>\ inic tn satistv

1\'. It i;in"- witiiiiut >a\ -

nil. that, apart (nun tiic --liit. tiic

cuiuli

(lanf;tr c

lit itsrlf mid III it 1)

f 1)1 ru~hi (1 in by tl

htiroad tratlic, but thi- coiulition (an

bo readily ^ati^l"l(d.

hoiiif o thci niiiioi iiiiiilitiiiii>

arc that airaiiKcinciit'- niii-'t be

made (nr drainint,' and clean^-ini;

to it
tl le coin liiit, aiu 1 1. access

lor repair it the insulators aiu

diictors ith sp' x\ airanL'emell t> tor the pi(ibleiii> which lia\(' to bi

lived at CKissinj^'s and turnouts.

The tii>t line to be laid down i

li li about two miles m hn ;tl

ill thi'- >y>tem in

1, whidi was con:

this count r\- was a -hori

far back as iSS.s by M

.tructed at Hlackpool as

Holrovd Smith. The details ol this line are now

i( historiial interest, aiu 1 it will Mittice ll we .Cive li 1-1 .i^- 1.5.

itidll ot the coiv luit at one ot the poMtioiis wtu re the

',1 a cross-

luctoi> 1 1- are '>iii>porti(l by the in:
COlK

construct ion

ilati i; i: Ih

aiM

(tails (

an be siilluiently well matle out Irom the illustration. le

coin luit .\ was a l)out 12 inches deep, the slot was A inch wi iiid a su

Tl

itabU

(le th'
plou.i^li. or (oUector, suspended hoiii llie car made

with the conihictors i 1-.

Theie is a loiiy period in point ol time between the

nitacts

lbo\e and the l)e.\l

mm



The OrESccsDvir SvsrF^^t M-'7

•'^

f-x.iini'lis, .»iu! (ImiiiM this luiio.l mucli .•xpfiim.ntal an.l Htlur woik w.is

il'iH m v,iii'>u> l>.irts <>t till- wnild.

A lu.tabli- ixamplo of tMs system is giviii in the London County

(..iniril liani-

w.ivs, \\\ ( nnnii-

ii.'ii with which

,,\,i iiHi milo

,• d.inliK' ti.nk'

j,,i\c lici'u l.ud

• liwii with sli't-

1, ,1 ' Miuhiits. In

.i.MitH'ii. theif

w .1 ^ .1 ni u r li

-!l..ltrl Ifliutll nt

-;iuiKii ti.iik at

r, ..111 iirinout h.

s.;iiiil.ir --v-tfnis

l..i\ 1- aUolu'i'ii in-

-i.iilrd at I'aiis.

l',in~Ml-. IViHii.

Niu \'"ik .iiid

, ! ^ 1 \\ li r 1 !• in

I u 1 .>i>i' a II d

Anuio.i. Not ^
lllV hnaUM- ot

fiK. , -,5.- -Smi.. Ikiail. .if !..- 1!'.-"M'<»'1 l-3!< "Jii.t.

:'.- iiniMiitamo,

i,„t al-. b.raii>.' "t it. intfr.-t to Kimh-h loadns ni..-t ,.| the .Irt.iil- 1..

!„ i;iv,n lul.nv will Ik- drawn fiom the London s\st.ni.

In ni.HKin nu'tlio.ls ol o.n-tnuti.m tin- sl<it, u,...n tlir a.rur.it.- lavm;:

.,! NvhK-li ^.. nimh .IqH'nds is l-onnd.'d on .ith.i -,dr by sp..i,illv n.ll.<l

, ^ and 'iuUtaiitial >tt>! i.nl-. A diriii'n--i.'ni(l

(Tiiss-siTtion of tiur I'f tlirsc laiN, di'siuiicd

22lb«.p«r »«ftf for the London ( ountv ( oiiiu il tianiw,i\s_

_ i^ 1,'ivfn in Fi.u'- i 5.'..'. ""' '•" *' "f ''" -'"t

4^^ is at A, and tlif s,, tiDii shows two holi-,

oni', II, for 'loltiiii,' to a cast-iron \(iko. and

thf oilur. 11'. for .1 tii-iod. wtii. h will be

Scale of Inchei n ft rn d to latt 1 . I'hr-c r.ill- .If -up-

L \ 1—-1 ' poiti'd bv cast-iioii \ok(s jilai id Miti. .lUv

«0 lb.. ()»r ytrd in a tn lull, thf di^^iiiK of whiih form- tin-

iT*, f,,,t stas.;c of till work, jirovidtd in

1.1^

.1 anil I .jiiductjr K.iili.

ibstnu tioiis .\r to |)f Cl( .Ul (I out ol till

wav. Ill' j^iiii ral nirtho<l of ron-tiuc-
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lion. a> folluw.rl 111 tlic .aili.r MCtion^ l.iifl il«.\vn, will be nadily

f^.itlicriil frciii a ran till iii>iK(tiuii of l'i«-. lo.'.4 •»""' ' ;i;.5- •" ""' f"";"^

uf th.sf (liu i.5,;4i the >l(it rails and yok.- aiv >li(.\vn in i«)sition in

tliu trt'tirh, bring tiniporarily >iii)p(irtid by wocdtn bounis until tli<'

concntf conduit has bt-.n l)iiilt up round tin in in situ. The way in

which tlu' rails rest on and arc -icured to the yok.s is shown in Fig- 1. 5.55.

wliic h K'^'S full details, with dimension-., of the yoki> >howii in Tig. i,3.'.4-

i"i\e i>.ittern i>

<.*•>. < that used in the

i-.irlier M'ction> of

the work on the

~initli >i<le t)f the

Thaiiies; for mm h

of the later work

It was replaced by

a more elaborate

yoke, which will

be referri'd to sub-

stqiuntly. It will

be noticed ill Til,'.

i,5.;5 that the -lot

rail rests on. and

I- Inilted with two

bolts (st-e rig.

1.3,;.'.' to, a siat-

itii,' '/ <>n the yoke,

which overliangs

till' conduit, and

tii.it it is stifffiied

.ii,'ain-t clo-int; the

^lot by an iron

tie 1 , which drops

into a special lug

/ on the \i>ke, and

l),is>(> through a

hole H' (Fit;. 1,5:3) n <'»' ''•I'l ^ t'"' "'*'""! "f tightening up the

tie-rod with nuts ran ea-ilv 1)0 madf out. In Fig. I,5J4 •» bw ot

tlu-e tir-iod-, but nut all, arc shown in position. The yok.'- were

heavv, weighing Vh> lb. each, and were placed .; feet (| inches ai>art,

centre to centre.

The width ol tiie -h'l "U these first-laid lines is 2 iinii. which i- much

more convenieiil tiiaii tlie \ inch which was ,<11 the road authoriiie> would

allow Mr. llolroyd >niith to u-e at Blackpool. In the liius laid down

BKrvr«VK3mV7Ev^



nf.TMis Oh Orts Ci'XDtiis !»»'»

njf U.U of toeM*

T ..- '^- t I f f f »'?«>'« '»

t» i^' -m

latir en tlir iiortli of the Tli.iim-;, tlu- r.>triiti(>ns were -till fiirtli. r r.-

laxfd. and thoc more n-cint slots arc laid a lull iiuh wide.

Thf coinpKtod comluit of the earlier type, as shown in Fik i,5,;|'. i^

( ast in concrete around wooden formers which are fixed between .iflj.K ent

vokes and withdrawn after the eonen-te is set. The roncreti w.ill of the

conduit so constructed is alxiut h inches tliick, with an extra » int in - it

the vdkis. These formers are shown in place rea<ly tor the Idling in ui

the ((>n(rete in l-ig. 1, 5.};, whicli repnsents a stap' in the con-tru. tmii

of the Hournemouth tramways, which in in,my res|Hcth resembleil tiie

1.' iidon ones,

and were con-

>tMU'ted about

tiie same date

f 1
902 -.5). The

conduit so

formed is 14J

inches wide at

Its greatest
width inside,

and its bottom

surface is 24

incins lieiow

the surface of

the road.

The Con-
ductor Sup-
ports. - The

methods of Uip-

purting and in-

sulating the

conductors are

important d

ILEVtTKM UCTION

-ff i;^
::r"v:

ucTiM oa &a
>hiirl \ okr u^r,) on (lie l,"iui •

tails in the open-conduit s>-stom of suppl>ing energy to the moving ear,

lor it IS evident that the consequences of any breakdown of in>ulatioii ..r

.if mechanical rigidity, due either to faulty design or construction, would

he serious and repairs difficult, because of the general iii.icceoibilitv of

tliese conductors.

The methcKl adopted in the earlier London 1 uii>truction> >.f -iipiHTt-

ing the conducting rail .n, 1 provi(hng access for inspection and repaii

to the insulators are shown in detail in Fig. I,5JN. fhe holes at the side-

,.l the rails seen in the foreground of Fig. 1,5.57 are at the i>ositions of the

usvUators, wiiicli are i5 feel apart, and an Ixilt* il i" the ^lot rails a- showii

in Fig. I,5jS, which gives a cross-section through the insulator in its

144
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ft

tiim. ;i- lolli.\\..l in tin ..iili. i -. .imn- l.ii.! .l..wn. will r. .i. i

;,MtlMi.-.l It. .Ill ,1 ..ii.lui iii-jH' lU'ii o\ VK' I i'.t .mm! 1 S.;5- i 'I"' f"-'

..f til.-.- dm I V. t 'li'' >l"t ''"l^ 'i"l .^'•'•- •'"
'

"^" '" I"'-'*'""
'"

iIk- tr.ii.li, l-iiiL- tniiiM.i.illly il|'i...n«.l b.w il.li l".ii.i- milll iIm-

iiiUKt.- .Miidiiit In- 1m, n l.niit ui> iniii: 1 ilniii III v;,'.. Hi.- \\.i\ m

whicli tlir r.iil< I. M i.ii .iml ii. -. c un .1 t.. tli. .k.- i- -li-'wii n Fir IS ;t.

whjrli i;iv. - full il.t.iiN, \Mth <li-.ih n-i.^n-. "I tli. \ -k.- -Ii-.un 'n I'l^- ' =)'.«•

I'll. iMtt.rii 1-

•ii.it n-,il 111 111.'

, .irli. • .< tiiiii~ .'f

till' v.Mik 1.11 til'

-'Util -111'- I'f til'

111. nil, -; l.ir II 1' li

I the l.iti r wnrk

-^^-^^-— .,__^ i' \^'i' 'I !'ki''-<l l'>

^^*^*»- "" '-~^,T^*««»*--.—

^

-,([11. utiv. It will

I.. iuitin-(l III Fit-

iSkS tli.il Ili' -I"'

i,i:l rr-t^ (111. .ii'.il

1- l.iilt, .1 with lu"

!•• it
.- l|^

I
5;,.',i I .i I .it-

M'^ ,( nil tli' \i'ki

w ill ii i'\-i iliiillS.',-

{'[: i-omluit. .iiui

th.il i' 1- >tlftfii(-<l

• li^.iiii ! ' l"-lii;' till-

l..t i'V .III irmi

tie I ,

-,- ' h illiij)^

llltn .1 ll lllS

.' I'll til' ..' . ami
I . ..-, , -• : K..:;...v! \ ,t., i', I'.-iu 1,.

Jl,l>-r- ihrMlli,'!) ,1

ti.- iihI Willi nut- r.ui r.i-ily l>i- ni.nii out. In Fi,. i.5,',4 •' ^^ "'

tlii-i- tii-M'il- I'Ut imt all, all' -linwii in pu-ni"ii. I'li' \"k. 'u r.

Im.iW. w. iL;liMi- f" 11' '.I'll, and \v, iv i.l.urd .. I"' 'i iii' In : .qiait.

I iiiti'- ti) ( < iitii .

[[,,- \\..li!! ,,! til' -l"i "U til, -I' fir-t-kiid lin,- i-
'I

iin k. wlml: i- iniu h

in, 111- I "iivi 111,111 tli.m til,- \ m, ll whii-li wa- .''! liii- ii'ad autli'-nn, wculd

.ill.'w Mr. ll,'li"V,l r-iuith t" ut .it F.ki. kj 1, In tin- liii- ianl ik^ u

3



/>/ / I//.V 'A On r.'\;/.

J I,.,. ,,„ tlic 111 Ml Ml i! rh.iii'. ^ til -liiiti-.n w. -nil !
I iMi

l.iNi .1. iii'l tlii'-c irini. t cut l(it> .iif l.ii. I lull iiu ii \t n-.

riu ( ..inpl' t.il i.'iiiliiit I'l ilif r.iilnt t^\>\\ .1- '.htm,: m Fii; i

• .ft iiin'iuitl' ,iroiifi(l uihmIi II Inrnn r- wlin li .IF ; v.ni i

v..k.- aiitl withili.iwn .iltrr tli<- .nii. r.lf is - t. I. u

.mliiit •> mi. tiMil.'l w .iliuiit t> liulii-^ til vMti .111 11.
1 )

j|i, I,.- I'lioi' |i.iin<rs .iir >liu\\ 111 1'! N.iiiv n nil

th, ,,Mfti- 111 Ik 1.5 w. "•ii'l! Pj'; -rlU \.IK

,i the liiiiriu-iiiomli ti iw.n^. hi' in n i' il u 't

I- '"!' '""-• rT'j uttedfiMMt

~tni'''i .lUiiit («-.:•,•;-'" "'.-•^r'? 1
till- -,ilili' il.itr •-

•T, '

I M 'Ml > 'I

ti.inud I '.)

iivi-.^ - wiiU- .11

II t; I 1 .1 t f t

unit h iii'-it! .

.iiiil ll- l'"lt'' >i

-uri.i..- 1- J)

,11, lir- ImIcw

the ^llll.K<. "I

till' lo.iil.

The Con-
ductor Sup-
ports. II"'

, tiiod- "t -lip

tui^; .i!i(l 111-

;;itll! tlir

dint..- .Ill-

•lilt (II--

,ii, -,:: tli. upt-n- n<i

r 'T js «-vid'-iit til ' tl

i.jcchaiii' ;
lit,'!'

-triou •'\ ri'j>.n

.i-sc -
' '-

Tl. '.. ' i'U

l^ I mi lal

tllf 1:

Til.

K'll

Ik

pu» siCTioN oa CD.

.. N,.k. .i,^.! . li..- I • • I. ..•..> .^

of suppIyiiiL' onrrj;v t'> tli> iiKA-ini; 1 .ir,

iiccs i)f .iiiv lin-akilowti . t iii-ul.iti..ii >i

: t" f.lllltV ll. -i^ll iif 1 lill-llUl tU'll. WiMllil

ln-i/.m-i- I'l till- ijiiiir.d 111.1. '
I -il'ilil^ .'I

-11;

. l-'i

.-.irii. I- l.iiid.>ii . 'iii-liuctiuii- ! -iii'jH.rt-

.ividiiiL; .u.i-- lot in-pi-ition .iiid n-p.in

diuwi .l.-tail in l-"if,'. I ,i.;> Tin' lioli- at tin- -id.

-

iK (on,. ;ound id PiK- 1. 5.17 -""i- .it the pu-it; 11- of tli.

15 till apart, and an l...ltiii ti. tiir >lot tail- a- -Ikami

1 ^ivi- a cf.— M'Ctii.n tlii.'U,i;li tin- iii-ulat"!' in it-

I

f

1?"^ ii
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position on the mil to which it is bolted by two bolts b. The insulator

itself consists of a cast-iron cap f, with a side flange / for atta'chment to

the rail, and a lip / to shed water. The insulating material is a cup of

jwrcelain, p p, which is cemented into the iron cap, and has, in its turn,

cemented into it a wrought-iron l)olt h. Cap, porcelain, and bolt are all

<orrug;ited to enable the cement to get a good grip upon them. A cast-

iron clip ( projects horizontally from the lower end of the bolt, to which

it is securely bolted, eccentric washers being used for the final adjust-

ment. This clip carries

tlie conductor rail, which

is of T-section and is

securely bolted to it.

The cross-sectional di-

mensions of this con-

ductor rail are given in

F'K- I.5J.?. and each rail

is 50 feet long, the

weight being 22 lb. per

yard. The vertical faces

of the conductors are

fi.xed (> inches apart,

each being 3 inches from

the vertical plane pass-

ing tiinmgh the centre

line of the slot. The

method of supporting the

conductor and -lot rails

is shown in- pei^pntive

in Fig. 1,5.50, which will

iielp to make the above

descriptions clearer.

The hand - IidU- and

its cover, by removing

which access tan be obtained to the insulator for inspection and

repair, must not be overlooked. As constructed in the earlier sections,

a framing is let into tiie surface of the street, as shown at a. Fig. 1,540,

which gives a jilan ol a short length of single track ; whilst a vertical

cross-section at the insulating |)it is given in Fig. 1.541. Tliesc illustra-

tions explain the whole arrangement, and reference can be further made
to Figs. i.53() and 1.5.};, in whicii the bo.xes for these hand-holes can be

seen in the unpaved street. The appearance of the ])aved street at one

of the insulating jK)ints is sliowii in Fig. 1.540.

For comj)arison, >;ome details of the methods adojited in Paris and in

I-'*;- »>5jf^- ^ "iidiiit Cumplt-lt-.l.

! I

'

(

ms"
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Details oi- Ixsclatoks m;"

Wi.hinRton for the -^ame purposes are given, parti v in section, in Fir>.

-4> and I 54 5 I" both the meth.Hl of insuhitinj,' and earryiiiK the eon-

d'mtor riilis verv similar to the Londoi, method, the .lifferene.s beiiif;

chieflv in the metlunl of support of the insulator cap winch directly sup-

ports the porcelain inMilat.^r. The Paris methcnl (Fifj. i.54^) ^li^'Ts ron.

the London one onlv in supporting the cap by means of a lug at the level

of th.- top of the cap instead of nearly half way down. In Washington

(Fig. I. .54.5 1
th^' cap i^

made part of a more

complicated fitting,

:ind is brought much

nearer the surface of

the n>ad. It is con-

tained in a box which

provides a seat for an

extension of the top

of the cap. The box

i~ closed by a siiallow

.over let into the sur-

t.i.-e of the road and

.il)Utting on ttie slot

rail.

Further Conduit

Details. - The slot

rails so laid are. on

the London tramways,

placed in the <entre

of the track, as shown

in Fig. 1..544. which

is a view of a ))ortion

of the unfinished track

at a switching point

before the surface

pavement of the road

i> laid down. Cross-ections of the track at a yokerand between the

yokes are given in Fig. 1,545, and siiow to scale the relative position^ of

conduit, tlie slot rails and the running rails. The sketch also shows the

rods whicii are fi.xed at intervals between the sh.t rails and the running

rails for the purpose of keeping the slot from being 1 loscd bv heavv

tr.ithc (H)ming on to its rails. Similar lies were sometimes plated

between the Iul'^ on the yokes and the running laiN. this extra tii'

btiiig made fast to the bolt of the >lot-iail tie already ref.rred to.

In til. Houriiemouth tramways, although the Kciier.d priiuiple uf the

Kii;. 1,5,7. n!uit in C ,iiiM

f f
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roust riK't ion of tlie conduit was tlic same, tlif slot rails wtrc niodifitd in

section and usi'd for one of the rnnninf; rails, except at crossings and

switdiing jjoints, where they were l)rouj;ht to 'he ci'iitre of the track as in

London. A cross-section of the Hoitrneniouth track at a yoke is given in

Fig. I,.'54'>, and another cross-section hetwein yokes in Fig. 1,547. '"l"'

difterence between the slot rails heri' sjiown and tlio>e illustrated in Fig.

i,5J5 can be easily made out
;
the other <let.iil> do not call for further

notice. It may, however, be pointed out that the gauge is ; feet <> inches

as against the luigiish

standard railway gauge

of 4 feet SJ inches,

whicii is used on the

i.ondon tramways.

The construction of

the London County

Council Tramways, < n

account of the magni-

tude of the undertaking,

which up to the begin-

ning of 1913 had cost

over eleven millions

sterling, was necessarily

spread over ;i long

])eriod of years, and, as

might be expected, im-

l)rovements were made

in various details of

construction as the

work ])rogressed. Only

one or two of these,

however, need be noticed

i here. One ot them is

the gradual replacement of th. \<ike sliown in Fig. 1.5.1.5 I'.v •'»" 'xtinded

yoke (Fig. I.54H), designed not only to (any the slot rails, but also tl;e

nmning rails. The side webs ot the short yoke ha\e been extended

horizontally to beyond the position of the rui\ning rails, and terminate

in bilting-up faces, on which the running rails lesi, and ate bolted up

with suitable ])a( king jneces inserted. The tie-rods •:A the slot rails

.uv made fast I0 the running rails, instead of to lugs in the yokes.

On some routes these extended vokes weio used in the jiioportion of

one to every two ^hort yokes, on others tiny aic used alternately

with the >hort ones, whilst in >onie s)K'cial jx siti'>ns all the yokes are

extended yokes. Their use gives greater s >liitity to the svhole structure,

l-ili. Hi8.— Scilii.ii ..f SU.l K.ii-

InMi'l.it.ii .11"! T Coi.JuclM

Kail
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tin- i)<p>itiiiii of tlif

I u n II i II fj rails.
Otlier minor diffcr-

tiuts will al>i> lie

<>l)scrvt(l. InriiKnt

a!l;>-, tiu'fit;iirt'piv(s

.
, ,

-'i^' ill tlir plan

partly in section, soin. furtluT details of a short In,,,!, li the' ra.k '

nwhich attention may Indrawn
'nuK, ,„

to the different rross-Mrtion
of tile slot rails. The covers
o( the insnlator boxes are
siiown at A n. These i)o.\es, as
in London, are 15 ti • aiiart

-onie details ot tiiein have been
ilnadv Kiven in Fifj. 1,34;.
I'lie vertical depth from th.'

-tivrt level to tile bottom of
tli< conduit is .'5 inches, as k,«. ,,.4. ^..
against _'4 imlies in London. ""h" M.,h«is „f s.„>|,or,inci,i.ui.,.or."''

'''''

Another clMiiKe in London, and one which has made a niarke.l diff,,-

ence in the ap
pea ranee of the

finished track, i-

tlie rei)lacenieiit

of tlie cast-iron

box (overs of

•he in-nlator
hand - iiohs, as

shown at n. Fij;.

1,540. l)y vh.d-

low cover plates,

over which the

ordinary jiaviiif;

of the road is

laid. Hand-hole
covers, at about

I.S feet apart,

showinj; on the
surface of f!,.-

roaiL are objec-

tionable, not
4.1 lnl,nl>hrd I..C.C Iraa l«-l„rr llii- I'.„ inj;

A 'vOIS '
'

ir^'m/s9^'
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only Inrause of tlirir un^if,'litliius>, l>iit for

"thtr nasoiis. Tlnir rhiif advantaKf^ arc

tliat the jMisitions of tlic insulators an
ri-adily indicated, and that when iiispcrtion

or repairs are necessary the permanent sur

lace of the road need not l)e intirfer<<l witli.

Halanciii},' ad\ ,int.i{,'>- and (h-.idvantaps in

other (hrertions, it was decided to construct
mane of tlie I-ondon hues on the north sid.

<'l tli<' Thames with the insulators snpiiorted
and (i)ven<l up as shown in Fif,'. 1,351,

wincli should be compared witii Fi(,'. i.s.i.s.

The jKisitiuns of tiie insul.ttors are now indi-

<ated to the initiated l>y a slif^-ht modilication
in the i)avinf;. wliidi <l(.i s not attract ohser-
\ation. riiey cm also he ascertained hv
direct oi)scr\ation l)y lowerinj,' do\Mi a jilane

mirror susjiendod by cords into the conduit
;

tile hfjht coming down through tiie slot ,ind
rellected from the mirror not onlv enables
the observer to sec the insulator, but also
I>artially to inspect it and at least to deter-
mine whether it is seriously dainag.d.
It will be seen th.it the method of attaching
the iiisuhitor cap to the slot rail is practically
the same in both cases, but that in the later
loini iFig. 1,5511 the cap is protected bv ,1

simple sheet of iron proj)erIy siippuited, and
tli.it directly over this there is phucd ,t

I>a\ing block somewhat shallower than the
othci !)locks used, s„ that the block pave-
ment nt the ro.id ,ip|)ears to be .ontinuotis
> \<ept. as already e\; liiied. to the initiated

Cix)ssing-s and Junctions. One of the
serious objectiuns to th<> open-conduit svslem
•IS

( oni].are.i with the overhead tn.llev system
Is the complication which arises at crossings
md junctions. In the tirst i)Iace, for ,Kc-
tn(,il n.isons, since both -|- and — - (on-
'lii' t"rs an in the conduit, it is necess.iry.
IT! tlii- metliod of Cu!:>lnictir.n aU.Ke de
-liiud. to interrupt the T-rails altogether
'lid to trust to the car being carrid on

U.VS

^

'•?:;

i^t*'
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p.i^t till' iiitiriii|)ti»m hy it< mtimtiiitini. ;ind without tlu' assistance of

till' ( iiin nt. At ri^lit-angltd i rossiiigs tlie break need only bo 2 or .5 feet

lonf,'. and at otlier places it is not usually longer than 8 feet ; at the
woKt ( rn<sinf,'<, however, win re tlie angle is very acute, the break may
1>« .!< nuieii as 12 feet lung. Tiius at eomplicatvl junctions repeated
intciiuptions ok iir. and at iiif,'lit time tiie lamps in the car go out at

i.u li i>t thiM-, to the anni.vanre of some of the passengers. A more
s<ri(.u- dithculty is that, (vwing to some unusual circumstance, it mav
o<ia--ionally happen that tlie cars momentum is not suflicient to carry
it i.vcr the interrupted section, or through an emcrgenc.i ai)plication of
tiir l.raK. > the car stops in a position in whicli it is impossible for it to
nbtain aiiv .lectii. , mrgy. In >uch cases tiiere is nothing for it but 1u

1 1^ i.:.4-- hM.-ii.i.,i \ .1..- thc I .C < li:iii,«.i\.

push til' .11 |i,ist tile dead jxiint or to wait for another car to come to

its ,is.-i~taii<X'.

Ill tin- M'cond placi'. ,ii imtv switching point very carefully desii^ned

mechanism must lu const 1 iicted. and maintained in a state of efhciency, to

1 lisiire that when the wlu'el switches are thrown over the plough switch
also k'oes over without f.iil. It l>y any chance the car wheels were switched
on to one ti.e k wliilsl the ploUL;h continued its course along the slot ..i

«B
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tlio ntluT track, the

plouKli and tl>e lar

would have to part

coinpaiiy in a way

whidi may lH-di>a.--

tidus to Ixith. Iln'

-witiiiinK' problem

is not, therefore, so

easy ius with tln'

overhead trolle>-.

where at J pinch

the motorman can

lean over the front

of his car and push

a sin^'le switch rail

over with a hand

rod. Some idea of

the nicreasi'd lom-

plication will he

fomufl by an in-

>peitliiu of Fi^'s.

I 55.i and 1.55.?.

reproduced fron

/{ni^inci-hfij;, which

^;ive details in plan

.iiul vertical cr«)ss-

sections of the

switchint; fivar tised

on the early South

I.'indon tramways.

In the plan (Fif,'-

1.55.;) we sie that

tlie wheel switiiifs

, I.-, which dete

nii'.ie the direction

,i| path open for thi' w

ir-

— 4'»%"

he.-l-^

ti; hk" 1. Co"! of In

must move in the oppii>ite diiiction to the

pio\ic;h switdi p, whicli detcnniiie- liie

dilution ol tiavil of the plough. I'ti.it

tlun- may be ii" eiroi, the iiu • li.iiii^iii>

whicii loiitni'. tlie-~i' iiioviiiients mir-I be

interloiked -o that the switdies mii>t all

move tou'i tiicr .wul lie moved tiom a sumlc

iwiinl ; mort'oxii , aii\ connecting lod- wl,:. h

l^- !

l *l

w
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pass under the slot must i>ass at a Ii\el suflicu-iitlv low to rk-ar the ploH(,'h.
The metlianisTB are shown in plan in Fij,'. 1.552, but their mcxle of action
can lK>st 1). studied in Fij:. 1.555, which is a vertical cross-section through
A B in Fip. 1,55-', The mochanisms are operati-d bv a lever inserted at L
{w U.th futures), (.r by a more -iisfant lever, placed within the kerb of
the roadway and operating the lu)nz<mtal rod r (Fif,'. I.5j.l). To assist
the Tt'ad;'r in in;i>.tei ini» tlio <l»«iil< it 1...,^ I ..\ .1 . »i

J)perati..f^ mi itMi/.wnini nm r \v\fi. 1.3J.1). 10 assist
the TeadtT in masteiinf,' the details, it has l>een ass'inu"<l that the ro<l r,

or the ronnectuif,' link k, are Ikmur moved from left to riKht, the diaKram
showini,' them just at the end of this movement. Small arrows (I a a.

*ti l.-ij.-l'la.> .11 Wli,.| .11, J I'l Swill liiri' r. ml

ii.ivc l„.,.n plared near the hori/..M,tal parls of the mechanism to show
ihe inuiltaneous direction of motion of these parts. Numerous dimen-
Mons arc inserted on Ix.th fif^'ures. :ind K'ive mterestini,' .letails of actual
sizos.

It has b.rii m.ntion.d alK.ve that one ,,f the oNcntial details in the
design of the lotuluu is the pro>, ..jo,, f„r .Irainii.); and cleansing. Sumps
or dram pits an- c.nstnicted for diainaf^-e at all special points and -n
convenient p;.siti,.ns alon^ the oniinaiy track. They are connected to both
conduits of the double track, as shown in Fit'. i.=iv(. by a ij-ind- j.i-K^ aii:!
to the sewers by a simj-le trap. It is possii)le to cleanse the condi'iits by
car.Mul tluslung towards (lu-se sumi>s. It would carrv us too far from om
main subject to .hscuss the various methods adoj.ted foi the draining and

mmmmma^F^



1 1f.m^inj; of tlic mn-
iluitr.. Tlifsr tlflail^

IxlnllL,' latht'I to till

(i'liii.iiii <it civil til

L:in>i'tiiit.'. 'iiiil ini'.

^I'lt i.itions 111 spat'i'

IimImiI >is to <'nlaTf;c

11)1 'II ilicm. Tin- ni

-

( i-^ity l'>r making Midi

liiii\i-iiiii is what ««•

il.-iir to in>i-l tijxiii

The Travelling'
Plough. - AltlioiiRli

ill' iiloiijs'li wiiicli

III iki^ <~()nnc<tiiiii l)i'-

t\M 1 n the moving car

iiiil tlif condiictiir

I. Ill- i- a part of tlu-

,11 I (luipmfiit, it is

-.1 1 ~~ri)lialtya feature

.I till slotted ((iniliiit

-v-tt!ii, aiul indi't'd.

li -1 .lusf it is line o!

till wiakcst links of

til, it -y-tcm, i» '! !.<•

Iii'ttrr to d>- .
•• it

hiTi
, rather tl, in

I'Minectiiiii with the

' 'I'liimieiit of tile car-.

Ill lining Ml, we ar fol-

I wing (he precedent

it the preceding -i c-

tiiiii. in wliiili the

ti.illt V wheel iind it-

nii.iiiiting, which are

iKii part of the lar

• luilinient, were dealt

Mtli in coiiiu'ctioii

A nil ihi' trolley wire

1 d not ill connection

vitli the car.

The problem is to

U.?*)

% f

I

h
;
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!'•- fr..n, ,1... ...r ,w.. i„M.l..,...l ,.,n.lu.„.r. ..f M.rtin.nt , n.s..,..,i..„ ,..

Arr;in(E..imi,i. f, ,r Itrai„,i.- ihr
Coiithiitc

wkK'. Tlif design must Ix- -ul>>t..mi,il .nnn.-i, i . . .
.'f onlinarv tra.n. ar work, and ,1, ,

• ' '

: f^'
""' ^'""^"' -^«''

-asily i„ „,.. .lot w.thont anv ...nd.,.. v
'

,„ vT'"' r"''
n'' '""'^ ^""

">'.st pn.son tl.o .-ondurtoVs i„ „.,; ^ „ ,
1 -^7' '"' rubbing surfaces

.' UK coiulint witli a somewhat clastic
pr.ssurc, to alow for incqiiali'it.s in
construction and miming. The pro-
blem is, indeed, more a mechanical
tlian an electrical one, fhonRh sound
electrical design is vital.

As examples of the solutions whicli
have been worked out, Fig. 1,355
shows in })erspective the plough used
in the early days of the Bournemouth
tramways, and Figs. 1,556 and 1,55;
f,'i\e a Vertical side view (Fig. 1,55-),
paitiy in section, and a vertical cross-

• ctioii (Fig. i,55»,i, ,,f a plough, sub-
>equently deVeloix^d fur the J.ondon
-crvice. The general .ppeat.nce of
such a plough c:m bevx, .1 realis. d from
I''h- I..').').^- The plough IS su|.iM),i,.,l hy
the lugs L t, on bars pa.ssmg acnss the

„,^'!^''^'"f
:'.''•'•• l'-'-^'^ ''•^^" tl..<'"«h the slot, alter !.a.ssin,MU.i..i,

^^s". ;; , "f "'; ""—-''V-pivrt lorthe rtex!blv„u.„n;ed
l'l.'>- .. ^^l.uh are to nib agamst the U..a ccnducto.s m the a nduh

\ i
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In l-iK. I.5.V>, in whirh (lu- s.inu- Iittors ar,- u>.il In in,|i, ,r. il,,- si,n,|.,r
pirts, th.' cr..ss.sccti.>n is taken throuKh one <>( the .-mlMd.l.d ...n,l,„ t.-is
wl.ich IS m the form -f a strip of rop,vi. s.vn only in s,. ti.-u, |.:.s,i„^. ,|..„„'

tlirounh tl.f shank s. Hk- .htails of the InMilalion of th,. ,. ii,!u. |.„ .,n,l
• he ni.thods l.y whi.1i it is l.ro.m'ht ...it at tti,- iw.. rn.ls , an !..• ,aMly nia.l.

>« >.556.

I 'ft*

I
*- Si *»--

" - -» <-x .-

I.oiulon ( .uniy . ou!iul i'Iuu£h. '*

5*

out „ he tiKt.re. The relative iK.sitior,. of ,1,.. „vo ron,lur!,n« stri... (.„c
a., alt. are shown at . c and c' c', in Fi^. 1,557. At their louer en.ls ..,„ne. -

'•on .s niade to the rubhing plates P r hy tiex.hje om.h.rtors / (Iml' i 55,,)ami sun. arly, at the top ends, cnnecion .s n.a.le ... terminals on the ear
y heanly .nsuiat,.! tl.x.hlc f r. the end. of wh.eh can be .een ccied up

"11 IK. I,,,,. In h.g, 1.550 the slot rails r r and the fixed eon,h..t eon.iu. to.s
'. .i.c shown m p,s.tion relatively to ihe plough. Both this h^i.te an.l



I44» HiKcrKiciTv i.v r/tf: Skki/cf <•/> 1/^ v

'i I

! I

II

*'»(• l.SS;. whiili are ci.jwU from Enguieeritig, liavc all the principal dim. n-
sim< in in he, marktil on iliein. anil from thisf the actual sizes, Ixuh
over-all and in th- ilotuils. can he ascertained. The total height is alii.iit

24 inches, and the overall width U) inchts, tlir width of the shank s s
hinK 10 inihes.

Very full details of tlu UfnH pattern of the plough usetl by the Loiulnn
County Council art' Kiv.n in Fi/,'v j.s^H to i.s'.i In tiu-se drawings. Fii;

'^ulc j:,il Knd Klr>ali..r,5 „f Loii.lji. Couiil> Cun. il Pl,.ii^h (i9u£).

1.338 i> .1 side view of the plough. Fig. i.55(). .1 vertical end view, Fig. i.5»«>

a horizontal view or plan, as seen from al)o\e, and Fig. i.5()i, a hori-
zontal cross-section in two halves at different levels, the right-hand half
through the terniiii.i! o (Figs. 1,558, i.ss(, ..iid 1.5001 of the conductor,
passing through the shank, and the 1. a-haiid h.dl' at the lower level of
the line .\ in Fig. 1,558. It will be worth while for the reader to compare
carefully this >,t of drawings with the preceding set (Figs. i,55() and
1.557), '"r tl"' puri)ose ot noting iX)ints of difterence as well as points of
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r«'*«'nihlaiu'«'. It mhiiiIiI Ih' ti-diuus for iir* to <lraw ;ittt'nti<i" > tn li ol

tlu-M- sojwratfly, l>ut oiif nr two of the innn- iin|>ort;iiit m.iv i iiulii .itr<l

in |Ms«>iiig.

The ov«T-.ill 'i/.f ;ui(l tlif principal tlinic!tNioii> an- pr.iituall\ tli"

"iaitif for Ixitli ploughs, but in tin- l.itiT plough tlie shank is, .i< it \\.r>.

iinnourtd whtn- it jwss«'> throufjh tin- *lot hv ^ht-ft-iron plates t i , iir

minuting in a wt><lgfd-slia|M' prow V y fori- and aft, which will t'nabh- tin

plough to intrr thf slot with nioff urtainty at i ritical jntints wlun run

PUli aiKl Hori/'ttifal S'-ctioii af I..C-C'. IM fiul:

ning in Mther din-ction. Another ifnj»rtant differi iw i' is thf greater

care taken in ilie later ])lough with the lower terniin.i.K of the vertical

Conductors in the ,^hank. To appreciate this, conipuf the terniiiM' u in

I'lK i.53'> witli tile binding jwst tenninal seen at d in each of the i.i t four

tit,'ures, to which the flexible leading to the rubbing surface can In- leadi'v

att.iched. and from whiih it can be ;ts readily detached. This flexible is.

also at the other end attached to a well-designed binding jx si .11 the back

of the rubbing surface, on Mie of its holding-on Ix'lts. The differt nee in

the details of the rubbing siirfacts ami of their attachment to the flexible

^upp)rting springs should aix) he noted. Finally, a wide weather guard w,

> t
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i» "I .iK 'lit til.

4 iiir|i<- l.iiij,',.| in vtitual liriylit.

-. Ikx.l.l.- l,-..tl,.r.,r in,li,,.n,l,lM.r 1,.. 1,,,,, a.l.U.l t.. tlir l.t.T pln„Kh n-
pl.>M,i.. nil..), ,nor,..tl.rt,v.lv tl.,- ..v.-rl.aiigi,,!,. .,ut,.l rav. ,.f the .arlu-r
"".. Oth.r .lill.nn... will .,,.,„,,r ,m fiirtlur .xaminati.m

A iiui.h Minpl.r lutt.m o| ,,l„uKh iKt.l nn the New York n.nduit. i.
>.l.- view an.l ,iul .l.vation in Fjks. i.v,.- and !.=;(,.. Tl.i. i.lou^'l.

imr width. I4.J incho, as tlir Kni^lish ;,l.nigli. l.iit alxmt
Tlu- shank i> s-liidded at the slot k-vvl

I'v plates 1- r, and
after the forefioing de-

scriptions, the reader

will have no dithrnlty

in nnderstandiiiK its

details. The main
id( a in the desif,'n \va>

eluapness, with th.'

delilnrate inf.ntion of

scrapping any ploughs
which (h-veloped de-

fects in practiral use.

instead of troiiMing

to npair them. The
simplicity (and crnde-
iiess) of the method
of snpjxirt l)y rods

passing throiigii holes

in the shank i.s jiai-

ticnlarly iiutiicahle.

A much inoie

caietully designed

plough, siiliseqnelitly

maile lor n.se in

XN'ashi ng t on, i.-,

>liouii in I'igs. 1.5(14

(o i,3(i<,, which give

three s,ej)arate views,
s needed as the drawings are stlt-ixpiana-

liawii t.( the sulislantiid (h.iracter ol the

jucii

H.n
lol\

aiiaili;i lueiits

a.t;.im, vci\ littli diMiiplion
I'll .iiiiiiiiori m.i\-

Ill.ldc, 111.H.anpme.U. ,„,„1.. „, ,|„s . .„e, ,0 support the pl,.ngl. l.y „,.,„,. o|
Miong iKMig...,, ...uielv att.uiied to ,t. and hanging-over rods ot i-,n,|,
iron. 4i iiu he, d.. p, iix.mI to the tni-k of the car

Phnu^h //.,/c//,v .T|„. n,,der will now have a f.iir id.a ef tl,.. vaiiou.
lorms ot plongh whu li hav.- been used 111 actual practice, hut an exan'ma-
tion ot the diawuig, given «ill at once suggest that the apnaratii.s illnstr it, .1
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i.innut be iiitriMliiitil ii.t'i llii- nniiliiit or. wliif i- .1- iiiipiif .ir»t with-

ilrawn from it iii ca^c <'f ,ii > uli-iit tliii>iit;li tlu' utclniir v -l,it. ainl tlpTi f.iti

xiine spciial .irrati),'''"*"'"*'^ ^^f ip. r<-;,ii v i..r tlu' (mipi^'. .it not ton t,'iiMt

"iistancis apart. TIk' iwiial iiiitlioil j., ti> \Am<- ,il itiifatili iiit.i \ .il-.

f>loiiffh All^/|(^, a^ thfv .itf 1 alliil. >tiii' nf wliu II I .111 !>•• -i.ii, i|inli' •|hi,

in Fig. I.t4| At Xhr^r poiiit'i tin- ^Int i,''V<> \'\a'i- t.i .1 tnut h will. I

rcct.itiKular iUH'uiiiK l>itw>in tlic fixed nil-; I'lii- i.|i. unit; li.i^ l.ili;.

-

jip iji( tini,' iir.vard-i finiii ToKator l.lnf^i

It. Lotton. cdgf>, aiul ,.1. jf
Jibeoon « i^ noo. /;ij ^t^

Its Dottolll cdg

tlu'Sf ri'St till- twi) hi'avv

li.itihos \vlii<li close tilt'

I'priiiii),' wlii'ii it is Hot

ii(|uirid, and li.ivr 1m -

twfcn tliitn at the road

-ur f.K the ( liar vpaic of

the ordinary slut. Tin-

liati'lu'S are, of roiir^c. so

dr~if,'tii(l th.it tilt V ari

II it liki'ly to l)f djstiirlu li

liv till' ordinary tr.iitu .

Minli tullcr (Ut.iils oi

a plovii;h Inx or h.itiK

ail' >liown III li;,'s, I 51,-

to I. =171, wliii li al- I -how

the IhimU ill tin' loll-

diutor rails ac thr i-iid ot

.1 Working; jciii"n. aii.l

how the " lii'dci " li'.iil-

.111' hloll),'ht to thr . .11

ilii. t..r r.iiU oil f,i. h ^id.

.•1 iIm^ 1m. .ik.

l''ii,'. 1.5'>i| i- .1 h..ii

/..iit.il -It ti..ii ,it lilt It \t 1

t.f till- I ..iiili:. t-.i- in tilt'

I^n
im

L_J

' liii'
: P'K l.5;i> Kiv- th. ii.iii r.il i; i.l pl.in w!iil-l {"ly 1 v.,' i- .1

\titii ,il -1. tit.ii .doiii,' til. l)r..ki 11 liii.- \ 11 in I-'il;- 1 s'"i tnd i STo Ihi' pit

•,o in. h.'- with- ,iiid 3- in- l;,- dr. p fr. .11, th.- i..,i.l I. \. i -h-un 111 I'li,'- I,i».^

.111.1 1,571, IS to fat ilif.itf till iu,inipiil.it:..ii ol th.- f...!.i-. .iii.l i..i t.-t

lilt; piirj) iM's
;
thi-rf 1 • ii'..l..il.lv .i f, , .1, r , ,,1miuii . 1..- ,<! h.iii! I":, m ihi- pit

l'.\;l.lf t,ililt'--J- ,111,1 — ,,,1. J. .1 tlii..iu;h pip.- (-li..wn liv d.iltci! liiif-

'' I'l' li of llu: t.iur iii-ul.ii':,ii |...\c- \ X .\ \ on tin- up .unl di.wii liiif. ..n

. ith. I -id" of tlif hit .,k, Th. p|,,ii-h h.it. !i i- -itiiat. il ii.'ht ..v. r th. Lr. ik

in Ilif t_.indii. tor-, -.1 th.it wli. n th. [ L.imh 1- di.i.m;. d !. Inr li.it. h it -uiiii;,

145
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,'i

'•I

I

tlf:ir 111 tlif (iin.liKti.i- .unl w. nf KnirM', il<;iti. and mav !>< safely liandhil.

Til.' litc.ik H J4 in. Ik- .1, .11. iml tl .ml- <>t the rondiu tors an- si)luy<(l

nulwanl-. -" tli.it tlu^ nili!)n:K' -iii(a«t< "I tlif plouph may. as it niovt-s

al"ii^'. <ii^'.«p' NM'li 'li'iii witlmnt -In, k. l-.xtmdtil yokt- ^ Y an- u-.d

.it citli.i iiid <il the |il.iin..li-li,itili, .ind .1 -jH'dal yoke at it- i.iitral I'.nt.

OtluT intiti-tmi,' ditails can U- made <nit Ircmi tlif lij;iin- wliiili f;ivi imst

.it. it nut alt. till- inijiMt.int diinin-i<'ns.

IW<:-Si(CIUiiS'f^><>«'a'"»w'^> IW«:-NetK>>iH' l»Jafint^*\>l

1 1; i.'.'i'^

1

Uui' 1 CI

Chang^'ini^ Over, it Im- .ili.-.i.K' l>i'< u lApl.im.'l Hmi th. .inlun

-\ -tl 111, oil ..I . .'Uiil .'1 II - . o-tiin. -- I- nut -..uiilrK u-i 'i .1- tin .Ailh. ,iil

!,..iii\. Ii'. III. "ii 111 ill \. l..i>iiu nl- till liiiiliiiix I- tl. cAti|i>l ill-, tiii tl.iiii-

\',.i\- lli'iii ti.uii- .111.1 -uliulli.in ili'i;. I- .iIiiiil; tin innl-. . niuii tiiii.; <<\\r

|i \M1 with .111'. till I .111. I lllll- Ul.uhialh III iiiMf till \vl '1 .iir.t i.! .1 l.ll-i

iii.ln-tii.il ..i-tii t ll ihiib h.ipi'i'.- thit I .11- whiih .11. I'll'-, 1 .1 with

|.|«iui;li- liir ii.:i.hiii w.ikiim ui-iili- it\ .ii<- ii>|i.iii.l tn iiin 1. .:,i\ imIo

..iil-iili', wlitu till i.v.iii. 1. 1 ti..lir\ ..i.K- i- .i\ ;il.i!>li It I- tliiiili.]-.-

,„.. , --,i,\- ll. I'l. . i.li' -..im- until, ll iif . Ii.iiii;nii,' Liindlv fi,.iu mir -v-t. in t.

T'JiMLV.V ^ ; E>*VHi'- '-ilXJUf^ A , <iU



C'/ i\i:!.Yi; ^<l^K Ph/cf.^ N47

tin- utlitr without ili^tiirliiiit: the I),i^n<iij;<t-. tur .my m-ii-^-^it v lui \\w l.ittrr

I

t(»
"

I'll.lH),'!' I'.ll- • ! kill

i.a« li lar ^lioiilil In- fully t (piipp -il "ii t

1 Kf'-i' I'.irt of ll,<- trittic rill- rii|iuri-- lli.it

In- nllC ll.ltl (1 With at l.a~t MM.' tr..ll«

, WAA-^^ *vl7*r
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\\

11-1(1 i-. iiiit -II -implc. Twii /^. ?i. r.il ini'tlicid- ,irc iil>\iiin-l\- jMi-sililf : i,^w

tiriiif,' to nii.M' tlic |)li.ii.i,'li out ..f till' roiuliiit. canvuif; it :il«,iv- un tli.'

«.ii, wlictlur ill ii>c iir imt
: ami the other i- to itiiio\.- the ])loiif,'li from

tlic lar at tlir tiid oi tlic (undiiit line and \<\<.\ it ii]) ai^aiii on tin- n Inin

jonriit V.

At lil-l the tonmr I tlic-c niitliod- wa- .iil"]i!ii|. a- it Wa- tlioiiL.lit

tllat till' latli r lii'i "•— 1-

tatt d ail cxix'ii-ivi and

riKiniy iiiaiiholi- Im -

lucfil llif rail- at tin

tiaii-itioii |MPint, with

a man in atttndam c

to ntiiox (• .ind rcjilai \-

the i>loiiuh-. l)rvi( I-

wrri' ihtrilUr- in-

\rntid tor ral-ili:; the

jiloiiLih ra|>idl\ to .1

|>o-itii>ii undi-r ihf

!iod\ o| thi-. . ar and

Icar o| tlir r<.ad. Ill

Iti-rliii tin' jilou^h \\a-

iilUlpliid « itii a whcil

at II- l.'wrr 1 nd \\lii< li

I all n|> an iiii lin< .1

I'laiH- al till ' liani;ini;

-|iot until It 1, p lied

111.' I.wl nt Ihr uIi.tI

rail aloiu; win. Ii it laii

and 111. pi. .null \\,i-

tht'i; liirllii I rai-i .1 |i\

Ihf .irixar -u nm a

-ini,'Ii' turn t.. a i rank.

I III Mill. I, t -h.n - wci.'

Il\.d .111 lion/.. III. d

i\.-. ili.l \\. If a!.|.

I -. '" - ' •' - l.i-^.'.c .1^ r :.:i.
,,, j,,,, t|ii,„|t;|, til.'

slot !)> I., ih : .Icpri^-c.l '.. a \irti. al n ntrd |io-iti.iii I h. d. \ i. c ha- llii'

oliMoii- di-ad\antaj;. ..I iii iiiii. li (•omi>li. atiiif; tlir d. -i^n of tin jilouf^li.

In I'. Ill- .111.1 in I'.ni >•!- tli.' |i|iiiiuli u.i- lilt.d l'\ iiif. hani-iii on the

.ir thr.nii;li .iii ..|.|iii.ii\ jilniich h.iti h pla. .'d at tin- (Oiidnit ti rininii-

wh.ii' -mil a liai. Ii w iild •idmaiily In' jilacfd for oil n r piirpo-i -. Tlic-r

di\i. .- Will' U-. d ..11 th. r,,iiliii, lit liiloi. tilt .1.-1 I't' the l,i-t .iiitni'..

lii.l -iniil.ii ",, M ii . iiijiN \ . d 111 i.iida 11.1 -till iiinn i. .iiitl;.' lli' in. I In .d
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tli.u w.i^ .iili)|iticl .It ISiitiriu luiiulli. lot ili-t.iii'' 1- -hiiwii in I'li; 1 ^"J.

Ill uliii h the J)|iiiii;li i-; sect) liiwirnl iiitu .l pit Ik twit li I In- i.iiK ( ln-r f tin-

I 111 'if tli<- I niullllt, wllicll. llciWi Vif. 1^ licit >liii\Ml. rill- l«|.Ml:;ii 1^ I il-i .1 iml
i vviir.! |i\ ( li.iin> I'. i>.i^->iiiu ii\<r pulliA-. .iii'l ctt.ii Inil tn .i -IiiIiiil; \>l» k.

I'll, III'. I 1)\- till- li.iiiilli' II wnrkiiii; .1 ~i ri \\ .iiiil tr.i\i Hint; irit \W tin--

im .111^ till' I .ir li.ivini; hrcii liMiii:;ht iiMi tiir pit, tlif iilmi:.;!! • .m In r,ii-i.|

"I Ii'wrrcil .i~ in.i\' 1m' ir(|iiiri-il with nn imiti' ilil.iv tli.m i- m\i'l\. I in

liini:;nm tlir tti'tliA' wlinl 'Ml t" tin "\ i-rluMi 1 WUi-. ' ! T' in"\ In.; It lli'l'

ll'"lu ,111. 1 .nil li'il'liu

It. In it^ lii\M-t

|M'-ltln|l tlir llli;^ I I'l

till pi..!) h ri'^t iipmi

II iii~\ I I - li.ir- li h

I'll will' ll till p|iiiiL;|i

' .ih -ii'li- Ii.in^\ ll -il\

I"! tin- wliuli- wiiltli

"I till' nmniiiL; r.iil~

I liiiitliir |)nii< ipl.

iiniuK', tli.it iif ill

' H IiIiil: tlir ii|i».ij;li

intiii l\ fiiiiii till- ( .n

.'t till- 1 h.iimc - ii\ii

U.l^ Slll)>ri|lli niK

I'li'pti ll III I nllili II

.iml 1 it'll ts ,1 mill ll

ni"i' -inipli' '.^(iliitidii

l""i till- piirjxisr till'

pl"Ut;h w Inn in ii-f in

till 1
. niliiit, ii'^t-,

Mipp ,iti ll liv it~ IU(4-.

'•n ti.in^v ri--i- l>.ii~

-nnil.ii t'l tlin-i -li,.\\ li

it H i; Ml I'i;: l.STJ

I'll til.-.' |.,1|.- It , .ill tl.lMl fli.ni -iijr t,, -111. i.i til.' '11 .1.1.." 1!^ uli..l.'

wiiltli, .1- iii.iv 111- ii ndciiil iiri r^^.it V liv .in\ \.ii\nii; )«.~iti..n i.f thi' >li.t,

.111 .111.1 nt;i nil nt uliii li li.i- .iil\ .int.it;r-. ,i- .ili. .i.h in. iiti..iii il l..i |.in|H.-i -

till r th.iii th.if iii.w Imiiil; n.ii-iil.ii ll At tin pl.i. r w li. i. Ih. . li.iiii,'. li.i-

t" 111- in.nl,' fh,' I iiiuliiit .mil tin- -l..t .m- .|. ll. |. .1 .i- -li..uii in I'l^v i ^7 ;,

"ll' !' 'll' ll ft li.inil tr.i. k i- till- nil. f..i utu..inL; . .11 liuiii w liii h .1 i>l..iii;li

1- t.i h, ill>. li.ut;, ,1, .iilil till 111,'llt-ll.lllil tl.li k i- fi.I .111 III. i.llllllf; . u I..! W llli ll

1 pl.iiij,'li lini-t |.i- pii,\iil. ll. A 1 .11 i;i.iii« mitu.ird- i.ii tin- li ft liiinl ti.u k.

-iMim lil-t bull I. .limited to the nvriln.id ti..l!i v, will. l.\ tin dill.-,

ti..ii (ll till' (..iidiiit, li.i\'c it-^ ]>liiiit;li liriiiiclif .111..-^ ti. till' iif;lit, .iit-idi

*.

:^'»'

4
i
f t I
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thr ruiinitiK tr.h k wh. 1, if wuul.l di..]) ..tt tin . ii-l^ ,.| tli.- Imi- i: 11 iFi-
I,37-'i MI) to ill. >lut Mil- w.if It ii.it tliat a littl' i,,nr whirled tmll. v

seen s..m.wlMt diinly.it ,/ m V\^. r.i;;, i- phu »d i ,i<lv t.. i., , i\r it Tii.

littir tn.il.v rc.tiviiiti tlif i.|,,iii;ti i- <1i..\mi dr.nlv ui I'l^- i s:^. ai\ •-

.if;aiii sli..\Mi witli'Mit .1 i>l.ini;li and ..n an <iilar«rd -.ah at \ m FJ^; i.=^-s
It will 111 a., IK id that il it Ix- pln< i-d a little in In.nt <<i t!;. dr..pj>inj,'-..lt

l>Miiit ./ (Kip 1.57;) the -t.iii ul th.' jiinnKli will ,ni-ai;. «itii th,- liori^nnta!

U "f tli<- tn.ll. X and piisli ihr latt.i licfnrr it until it di. p- up ,n it Fii:

I sr.s •''"" --iiiiw--, oil

an i-nlaitifd si ah tli.

|uiii timi liiiwi'i'ii till

d iwn and ' nj)

('indiiit- \Mtli liMii

pliiiifilis on III' i| tii>l

li'v- waitint; t'l 111

traii-tirnd ti> im 1 111

iin,'iai> it aUiishdW-
- nil -pail plnin;l;-

li-tiiiL.' aijain-t tin

lift -liaiid ( uliiiun ami
.'"Miild llii lunrtiuii

in till -.jioit 1 \tfi!<iiiii

I't ih. • iidin' tliiii

will -

p|..tif^|i

liat. !: i iiaMi-

dalilat;. il y. u;;ii- tu

1m willidiaw n and u-
pla.. .

.' I.\ (,'„ ,1 .mr-.

TIh ,>l..'iyli- a:. i,|,

\iiHi-|v li.iiilrd aliaic

till- li'Mt !. n,i;tli ,.t

'"'
'
'

' < '" I"-"- '!
' '^ "-"

. . i.iiiKt l.\ liaiid. In
niian- <it a l;i...k insert.d in tlie eve-li..lt -.<n^ th. -i.i. It 1^ ililtuult
tu iinagiiie aiiytliiiif,' >.im]il. i than thi- >y-tri] '-f -j-ttint; rid .1 tin ploiii^l,

111. in.th.iil nt pirkiiiK lip the pli.n,L;li h .11 :ii. ^kuu; . ,,i 1- aliin.-l

eqiiallv -inipl,- l„r thi- piirp.i-e ih.- . ai i~ '..pji,.! -^ tliaf the tr.in-
\el-e l.al- Hit (ll;^ 1.5;.'! al.- uppu-it. -mne [H.int .m tt«' ^ti.-lt parall. 1

-trip..! iniidnil > lit;. 1.57;, ti.uhiih al-u a -par. pl.rucJi Iw- In-en drawn
.\n .itl.ndant than ln-rt^ th.- Ii.rk 1

,
1 1-. 137. i,nd.-r iW .wtt.r liif;>, <,;

the ^>1..iil;1i. aii.l r.-i- th.- end- <.l tlu- lurk mi ipj^.n- t«.rt njr.- ..jn Ih.
ear. Ilie . ar tli.ii ti.iv.l- (..iward with p.,\\. 1 ,i.-nv>-<3 m«m ti»- over-
iiea.l iiiHV and the pimiKli 1- drawn inw.i: I- a- -e.n :ii ^IK I..f7f» (* j»-i« h-
Mi!^ thelr.iine.it tliei.irtla'i.lnii^hi- rai-e.li.|| th.' li!'!r |,,iu wh-^U^\ \i.Mf-\
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!•• tiif i,ri.|« I l.v.-l tiv tli«' .i«ti-n<l int. .in.I ^lip- mt,. u- p'.i. , ..ii the- -iiii-

1" ttini,' b.ir- Miniilt,iiit-..ii.slv in.ikini,' ,li,linc ...m.Mi uiih ti\r,| . ..n,lii. t.pt-

II tlir ..II .111.1 .iltr..-f mmi.-.li,it<lv < nu:ai,'iii;: witi, ili.ir . miuIu. !.i i hN
Ml till- •"inlllH The < ll.lllS.- -ViT -vviltli HI! tlir ,.1! I- ill. II tlil-.\\!i ..Vtl.

M.iu-fi rriii^; tip . omifi ti.iii-' (p'ln tfu- ti"ll>» j. 1. i.. i: jiiium!' ,;iil th,-

ti in>t-r fniiii lr..ll.v Ijn. . ...n.lnit r.iiN i- . cinpl. t. <l

l\
,

-^IKI .\i I I
. >N 1 \. I .iK

!
.isl I> • .i\I.I II ^\ -1 ! M-.

In thr snmin.irv >4 iiii tliml-
'

Ui fill- IMiIIhuI III wlili ll "i. .lit, III

u;..ii 111' ,itli Ih.' ( .it, with a -i in-- .

,iit.r\.i!- ii-u.ijlv liitw.iii till' t.ii!~ ,,hil

'.lldll. till- III ,l,<s,-:l iotiduit^ 111 tl;.' ll. Itrhli.iiirli 1

i'-~i rilxs (|!iu. >Karly tho (.jcnnal in. tli(i<i win.]; ii.i

ti ji.ii;.' I '.s
;. th. tl

1- ir:.nli- li\ ,1 -,|i,;.i,.

1 surface contacts

Utd [il.i. .' I-, i;i\'.l;

-KM I.

.It -I

'Mill . 111! ;uii..| I . \\\-

M.i. k." riii-

ll I' .i.i\ .iiit.ii.;.

..(Mil-, n.-liiif >y-trin jii-t (1.-mii1m,1 t.'i.it tl,, ...ii.juit i- ii,,t ..|-.ii t.

11. ii liii'l th. 11 u.i\- 11,' . ill,

li-.i(l\ int. It,'!-, ^,,n|,

r..,!\-.- Ii.,in till -tit.t th,' Wat, I aiul dirt w
("iidiut tl,i"iii,'li th. .j.f (III th. ..tli.T liaii.l It I,

I'f «hii ll will ajijcir ill th.' st.|in'!.

Ill till 1.1 •
it thr nil!, til n*

I'l.-int. iii.iiv ~v-i,iii^ uii.- in\,nt.d ii

ntiiiv .11.. I t!i, ii,-,| dc .id.- ,.l ll

t.i. t- ~iiital.li I'

• I'ti.al -iirl.i

ui idiii.iiN tia!ii«.i\ ti.ittii

1' tii.illv I,ml du«ii lii , (in

Hllii r- \v,r<- adv.ui. .

nil. .,( tl II ^.' >\-^tfIllN \\. I,

whil-t (.th.T- 11,-v, I ^;,,t h, yond fh' .h.iwin:,' ,)lti

.\t th' j.i.'-..iit .[.

iiii-r. lallv (ijH'tat.'.l ,l,,iii t:ain\vav >. htiiics

..11 ^h.>i( . -p.iiiii, -t.d tiac k-
> f.ir a^ to ll.' tn 'd

l\' liXll. iif tlli-^i' I- 11

.111.1 |i.i(, lit ulti' ,• -t.ii;.

iil>\iilt; !h. liiiiit.,1 -j.... at uiir <li-.|... ,.l

II ll-r ti> .1 -llltl. 1. lit 1 \t. lit t. )ll~tlt\

tii'l:^ (if It- 1. t.ill

an.! tut 111.- d.M liiMii

:t \'i !i<>«;'\, I l„ ,,| lilt. I. - tl

piili llt^ III -11111111.111-. .III. I .i.i--ilv t!

"i. h. .1 .! -Ii!l ... .iij.v a i..iMti..n ti, ,„,,k,- t|,..„ «,i,ih, ,,( ,,1,1, .,,,..,„','

"itf: !.'-, liptlKli- .Hid lliil-tt,i

.> ..t I, -I '.I.

u- -. -I.ni - \\ 111. !

> >niivi'. II, it , l.mu. d ti:.(t tl

l!il.

1. ^iiiiiiii.ii \ I- . \li.,'i-ti\ .

^mtlian-in).;, h.iwiMf n „,|1 |.

i.M.l. 1 t.> I..I1,

'ii\.ni. Ill 1

" 111.11.' ( I, .iih t IM l.I.i. t!' .ll

.in. t. d t.i ,111,' III t\M, 1,1 ii,

I'-Mlt- 1I1\.,1\ . ll lit. Iltl..,l

!ti-lii ll if thr -\ vt, ,11 iiiid. I . .'h-idit.it

piiii' ii.,il ..iil-t i.i.ii,,- , ..ii,hti..ii- will, h -h.'ii! !

all. I |..a.l-1- "IM ll tl. L-,ii. I.ll ti.itti. II

lati.iii 1- 1. •n lii;;ti «.i;

If , "iita. i^ "11 t

in..-! U,l|...H,i|;t 1- th.it th. -tl

(..

" ""' -'i,;,..
. ..i tl., 1.1,1.1 iiui-t iii.t ii\

nil-, h.mu .illv il.iiii... |..||- t.i ,,t|

ri..ii HI ,,tl

I'
ti.'h ti, I i:->iii

111 ti.illi. Thn- th. 11

'lit,!. • with th. -IhI.i .,, ll

linininnni
. .d-.. th. i.i.id n.nti, t pi...-, .(...iihi ti..t

'.iif^i that ir.in -j,...! h-'i^. - u-uh! h, hk.lv f -In ..n tii, n;

H I .It mil I In I. ill].

ll I-' ! III. I.

ll i.r.li r th.il tl "' " I'I'i in.i\ und.r^tan-l ti.

:iit, .in.i h, ^l\, ,, ., k, ,,

Uil|>.i| I. Hi.

-V-ti 111, It |.|. -. lit- it-i ll r ih

'1 'hi- .ijip, .,,,,,„ , ,.( ., ,iiihi.

.m 111 th. -ti..t, r

nt.i. t

I,
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M.w ul till' H1I.111I..111 t,.iiniiu> ..! a ti.miw.iv iiiM.tll.d 011 tli,- |)i,,tt..
-NM.in 1,1 r.,ii:v Similar iii-tallatjnt,s w.iv ma.l.- in Pari- an<l otii. r
l-i.i„li tuwiiv Till- o.ntait >(ii<ls «!,!, 1, „,Tr of ..iM-wuii, ..111 1.. m. n
l"twr,n tl..- ninnin;,' lail-, ^vh. ., tli. _v aj.].. an .1 as m.tal plat,- al.uut
IS f< I t apall.

riii- 11.
V. v,i; iinpuii,,;,! jMiint 1. that .L.tiKallv th, r.M.l (unta, ts

muM only iHu.m.- • alnv «l„ii ihr rar is ov.t tlirni m- .„ , Iom- iIi.u
"flnr tratJk is n..t lik.ly t.. 1..- < lulancmd. Thr r-Milt- ..f ih,- inm sh-, ..f

•' '""^''' '>'"">'« I'll itart \Mtl, a -tiKl at 5..., v., It-, vvitli tl,.- ,.„Nv.r u| a
-.ii.ratinK stat t.. draw .li^on. haw |,il t„ highly iiiiaf,'iiMtiv, atti. I.-
.i the daily pn ->. Thr -v-tnii in-i-t th.r.fnrf h. -,, .h-if,.|i..l that the

V ill I r .r,c»-

- u.i- .mly lHr..„u- ,l.vtrifi..,l wlivi, an ,.„.,.minK .ai i> vv„i„n a ortain
-i.oit .h-tan.r, an.i al-u l,...u,n.- .ha-i a- -...,„ a- th. . ar l,a- ni-.,,!

Another .l.vtn.al r, .|uir. .,.. at uhich. ,1 n„t >atl>ru,| vu.iihl l.a.l to
'"'''''

'^ "'" "" -^" -l"i' • "">-' 'i^^:•v- Iv in n>.,ta. t with a "
livr

"

-tad unat.v.T thr ,.n-Hi„„ ,: ,1,.. ,ar. Thr lur.-sitv f„r this ,- ol.v -

">-. an.i th- pi.,,t,.al ..iit,-.,n„ ,- that th< m;i<1- nm^t !.,
, hw.r ...^.-th.-l

tlKu; th.. hu.Mh .,f a >l,d.r, -,. that ,1,.. Ia,„ r ,- p„-kM)f,' up - ...t.-v l,.,ni
I l..iu,ird .Tii.l l„.|,„, „ h„,,K-- .-..nt.. uith th, -tii.l h.hind. The hn^jth
..( t'., sh.l.r NNliuh has ,,|,vi.)iis hnni.tions lov >,tl„r r.^^-(lns thn- fix.s
a m,.Mm,:i,i an.i -onuuhat s!i..it limit t.. th.- <ii-taii. ,• apart ..f th.- st„ds"

Summary ofSystems. P.. ann^- th.-, an.t ..th.r r..,.nrrmfnt^ in mind'
tl- m..-t .. t.uii.nt

; „th...I ,,f d,-aln,K \Mth the syst.nis t,. !,.- 111, nti..n..i
is in .i.vi.l.. ,h.„: „,r,, ,u,. i.am .la-.-, which w.- -hall rail ,.) n,.,,.,,,,.,
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,111(1 f>) t!,ittii-miii;nftn. In tin- lir-t, tin- m.i^ii,!:- i l.i--, ilir -wiiilnni;

i|i\i. . di'iHiiil'' ii]>i>ii ll;i- rtti'i t ]iiiii'tli III 1>\ till- in.ii;iiili. Iii M i .i iii lil>

III 1" I iii.inriit or tin iiM-in,iKii"l> r.Hiiitl mi tlii- i ii "i mi ili' -Inl. \ iipiMi

iu.iL;iiitii iiMliii.il iimlir tin- ^iitf.ni- ><i llu- in.nl wlnii tin' i ii i- I>i.iiil;IiI

III .11 .1 I out. lit jiiri 1 III till- iliihti-nUDiritu >\.\-~ till' 'Will liiiiu: i- .|Mri.

|i\ ilri till 111. i^;iiil» III tin iiiiiiiiiit 111 !>• low till -ml. Ill .1 ill, ii.i.l, th,

1 111 ml- of tlii-i til 1 till 111. iL;t|iI- liiiii;.; i iiiil:iilli •! In .iI'Imi il n- i nihil

liv till' I .ir I'll!' Iiilliiwiiif; 1- till' -uimii.uv

./I Miii;iulu .''vv/i'dv

II A 1 ll.llll lOUlllHtuI Iviliy III .1 ilii-iil iiilllllllt jll-I li.j.iw ill.

-Ill 1.11 1- ill till- 1 11.11 1 .mil lilli-il mill I I ml, I. I with tin |i.\\. I ji.ii I,

of till' -tiiil- wliiii till- 1 .11 loiiii- uvii till 111. iMiilii'l- !:

i.iirMiit,' oi;t till- iiiiM li.ivi" 111 I II ii.itiiiti il iii.iiiv liiui-

(11.) >v-ti III- ii-iii^; liNii- tiltnl iiy till mii\ in;,' iii.ii;nitii lii M .iim!

I lo-iiit; riiiilai I- whili till' 1 .11 lu'iii- iiMi, tin luiil.iit- !» iii.

0|ii-iuil bv tlir .utioii of ^i.i\il\ Villi 11 till- 1 .11 hi- |i.i--ii|

1 rill- lilr.i li.i- ,il-ii I 111 II fiilllllll ol iMl.iitiil nniiilnm-

(III < I'llt.l' ' n.nli- In li.r llltllli; it .ill II ill pIllimiT lln.itiiiL; \ii

ti' illv
: 1 lulu I .int.iiiiiiii; III! II 111 \. ihi- |iliiiii;ii t.illinu .ii'l

liii.ikm, ..lilt. lit whiii till' I.I! Ii.i- |i.i— 111. >\-liiii- ihi

Jii.itii'. I'l;;. 1.S77, .mil othii- 1. 1 till- t\\'f h.i\i Ihih ii-nj

1 1'liiiiKri Lilly III r.iii- ami iitliri I'mik h tuwii-

IV ; Sv-tiiii- (till- Itiiltii, 11-1 il ;ii ll.i-iiiijj-, ill -iiml.ii ; iii

hit ili-r.inllii).; till- ni. ii.iM- .mil li.. ii.n ii1iiiil:i r lis i in.iilv

h.il. Ill' 'i| liiliL'.il ,11111. itiiir, .\luithii :iiiii|tli .itii.h ill' l.'ii.iiii

n.i- ii-iil in W'liKiih.iiriiitiiii nii ,i tMi k ili\iii mil'- i"ii^

:\ i'hi- "'.-H itirithtli- ,iiiit liiih II v-tiiii. ii-.il 111 jiiii'ilii

.mil I'll .1 -hurt tiiiir I. II .1 Ml, ill -iiii'ii 111 tl,i I It 1 Ii'l .!

l-'i|iiliiii. A liiK' • iiiiiliii ti'i •\ -ti.iriiivil Hull i.ihh \\,i' l,iii|

ri'.-tiiif^ lui in-Ill.ilm- ni -Imii w.ui ;ijii ., .i:, ,i |.i..i ni

l.il!iii..iti .1 iii'U ll-p' ml' il li\- -|ii'ni.;- .mil in i 'nilM. tin;,' . "ii

1111 ti. 'II \MtJi till i,.,i,l -inil w.' ili.iwii ihtii i"iil.i. ! v'.iMi thi

ll-i I ihlt whi-ii tl.i 1,11 .ijipi",!' hi li "! .in;.' i.\i
I tlr -til'!

v// l:uii'ri'-»l:ii:!.. !h- S\^i ii;v

Tlusi' -\-tiiii- iii.iki n-i- .il tl- . ti" ii; ii,'-i' t- u-ii.ilh ! th' •I'

lii'l'! ui |iimiL;ii t \pi', till 1 11. lilt- "I whi' h .III- • li-i I .ilnl I'pi hi li.

thiT iliii-i tlv III Miilliritly, liy tin- -li'lii .i- it rii.vi- i-v,.i tlii

^-,l'l,ll, • 'III - rill- iiiii\ i-im lit "I till .itii'iluii- "1 plmiC'

I

ii-;i.illy ilii-i- ,1 m.iui liiu- iiint.ut. \,hiili luiii).'- i p.iMu-ul.u

- ''.11 i)nt,.i t Hit' I 111 ml "I liH.ik- -II' Il 111' lilt \\!,ii, thi-

'•... h.i-. ji.i-'M-.' liii- mi'ii pii.miiii i t -\-tiip- uhi. h li.iM

h, n .1. \-i-!'ip,-ii I! thi h'lluwin^;, th.- t Jiii ! ,h!t<;'ii. i- Ik i:i.^'

Ill I hi (U-iyii -;ii'i p. .-I 111 HI 1 'I till I 111 1 1" ui.i^-.'i t- .Ui'l Ihi .iii.iii^:i -

i

i il
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Hunts of tlir (irniits, wliiiii make it ditficult without iliaKratn<i

to (ii> more than tal>iihit(' the systems.

(i.) Dr. S. P. Jhompson's s\-stcm, Mhuh was trietl on an experi
mt ntal track only

; a v\ell-<le>if;n<<l ile< tro niagnet with in-

K'eniotis details for ensuring the dosin),' and opening of tin

main ( iniiit and minimisinK -|iiirkin^' dithciiltij-s. A single
row of stmls was required.

(ii.) The Sdiiihi-rl system, laid down in Munirh in lS*)r). aixi re

(juired only a single row of studs, hut tlu' switdiinf; arrange
ments neress-itated tlie studs being plaeed so dose, or the
sli«l< r heiiiR of sudi a length, that the latter (ould \n- in eontart
with not fewer than two and usii.dly three studs simultane-
ously. i;,i.h eleetro-magiiet had forwan! 1.! backward rudut
(oiineetions with other magnets, so tli.ii m addition to the
main loii.lurtor, no few.r than si.v othi r i.isulated rondiKtors
li.id to In- run the whole length of the traek. There w. 1, two
elirtro-magnets aiul thne jiairs of contacts for eadi -tiid. and
the wiring was very compiiiated.

U"^ Other sy.stt-ms reijuire two rows of studs iM'twe^n the rails, ami
therefore two sliilers rigiillv connected together on the sl:at.

i>ut electrically insulated li.m one another. One example |s

the W'eslniglii'iisf, in which the two studs arc side by side on
« the track and th • eh ( tro-magnets are wound with series and

shunt coils. The jHiwir-current contacts and the magnets are
ciitained in a switch contact ho.x, with conductors to tin

still's and the live cable,

uv ) A very .similar system is the Htlic^, which, with other differ

eiices, h.i- as ni.iiiv ,is < ii;lil in.ignefs. f,.i cij^rht successive pairs
<( studs, galiiered together in one contad box.

'V) Another ex.imple is the Thomson-Houston, used at Monaxi. in

which the double .ontacts are staggere<l, the contacts of one
row being half v.a- betw. .n those of th»' other row. One row,
when energise«i. ., at the full voltage of the Mipply .onductor,
th.- ..ih I rou l>eing ci ,:.-it.d t^' the other pole of t!ie motor
in-arlN it eailh jiotenti..:

. 11 is iioni this low-voltage n'W that
the uil.lijng electro-magnets receive thiir cum nt. A three-
way (i.ntact is made whev .1 magnet is energised.

ivi ) Still anotli.r dass iiiak-s ine oi an almost continuous third
rail, b. tweeii the ruimiiit; taiK, instead of stud>. An <xam]i|e
0-. Ills 111 .1 system d.sHT,„.,l by l>r. John Hopkin^on. .\

(ontact m.ikn . uiis al-'iig the third rail and carries i ba. k-
ward and a forward loiitai t, insulated from one aiu>tli< r, and
so spared 111 relation to the length of the s^tious of the third

in [
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r.kil tliat ii'^ually one (unt.ict i-. on our ^trtion .uul tlic ntlirr

• 111 till' next, riif M'l tii>n> Im'coiiii- sii((f»i\ilv aluf |i\ < iiin nIs

frotii (imiit* rh.sxl m tin- riinta< t U.\i-i, ut wlnrli tli.r. i- <iii<-

for carh M<tii>n <i( the rail.

(vii ) A final example, the Johnsen-Lunddl. he a -iii-le row of -ti!.!-

Ih twei n tin rail> and a -e< tioned thiril rail oiit>i(le the niiinint;

rail>. I . ear iarri«s a loiifj >lu|ir tii make eontaet with the
>.linl-.. and a travelling,' brush ti> niak»' eonta. t with the thinl
rail, eaeh xetion of which is douMe the length of tii. di^tan.

.

Im tween the stuil* The switrhinf; magnets, one for eaeh ^tiul.

an- douhle-woiind. one coil beiiiK in series with a eoil of the
ntaf;net in front, and tin- other with a coil of the magix-t Uhiiid.

The alxne snmniary i- far Iroin exhaustive, but it is hojx-d that it will

t;ive the rea<hr some idea ol tin systems whi<h hav.- Uen «hvi>ed to
lepI.L e the overhead trollev and the ojun -conduit systems, as well as of thi'

yreat amount of inventive >kili which has lieen la%-ishe<l on this problem

V. IKirilKK.\(.I

An application of th.' mnveyance of electric energy to a moving syst.ni
I'v iiv.rhead .onductoiv wIik li dates hu W to the earlv 'liv- of electric

lityml* rrl(>hi?rB){e I.mc

fai tion, is not without intmst at the pre>. nt tiiin . In it- earliest roni-
m.rcial fonns it was elaln.rat.d by I'rof. ssors Fle-ming f-nkin. Avrion
.11 d IVrry, and was named t,:'/>furjf;r by Us fir-t projectors. The ov. r-

n

III
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lu'ad conductor convi yiiig the ilcitric iiu ifjv alr-o >nj)p(irttil the niuvinj,'

and wiif^lit-carrying dfvicts, tlms di>i)<n>ing witli the rails <if a tram-

way systrm an<l ftfcin : fi)r

otlur purposf^ tin' gioiii atlit\

occni)itd.

This early system wa- fully

descrilnd in tlu' 1X9,5 and 1 arlier

editions of this book, Iroin

which Fig. T.fil^ '^ rei)roductd

to give a gent ral idea of the

appearance of one of tlit se early

teljjher lines. A full description

will be found at pages 701 ct

fic.j. (iSo.] edition), including

details of several of the in-

genious devices imploycd dn

auteniati'ally controllii'!^ iln

s>i])j)ly of current to the nxitur

on the moving train I'f ^kips

and regiilatiiig the speed. The
overlu ad track, which was UMd
in connection with a ciment

manufacturing works. was

nearly a mile long, and the

overhead cuncluctors and car-

riers were steel rods \ ini h in

diameter.

The rapid development of

electric traetiim on load- at

about the period when tt'lplnr-

age was being introduced was

probably one of the caus< s of

it being neglectid for stiine

years, but of late it has been

revived in a modified form,

and there arc nowmimeruus in-

st illations in these islands and

abroad. We therefore ^-liali

refer briefly to this nujdern

apparatus and eijuipment.

In the presait-day s3Stems

the simple ai.d overhfad rail, acting .^s both sui'portcr and corductcr.

is n placed for svipporting puiposfs by a rigid monorail ovt rhead

1
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tr.i.k. tlie ert'Otiiin of wliiili is ^(lll^i(ll rahly iiioir cn-tly than tin-

ti.irk 4io\vii in Fig. 1.57'"*- 1"'''^ "'" '"' italiMcl liy an in>]><>titin nt

ric. i.57<). wliicli t;iv^^ a view nf a "coke tili>lii r " at tlw War-

rington gas works, in-ctitl l>y Mi->rs. Stiaiiian ami Hm-liaw of

Hn-tol.

In tlitsf " tflplu'is," as tiny .ire now callid. nnlik"' tlnir ])rntotypc,

all atttildint to (lircit and control tlir work i- > arrit-d with tin- tia\-illiiig M

1 !L. : fSo.— rr.i\t!lin,; Cabin ami M.i. lunery >! .i
'" jpli'hrr.

-kip or otlur load coutaiiiir. Tlii~ travilliiig ina(hiiirry, it' . whi< h laii

I'l- Mcn at the near pa: t of thf traik in Fig. i.57<». i> -ho.vn on an cnlarg.-d

-calf in Fig. L.^So, wliirc i t i> ])art of the monorail trai k -npiwrtrd a-

-liOivn in Fig '..t7i. >n this tr.uk tlurc run two fnM'--\viv'lliiig

l>ogii' tnii k-- K and K. i .k h i.irritd hv a j).ur oi in,iiigaiii~i' -tn 1

w lulls ux tand'in, thr avh's of thi' whi'i'ls IiiIiil; carriid on rolKr

I'l.irings. Tilt' d iving motor, lontrolling cabin, and any otlur gr.ir

ii|niri(l for thr ]),irtiinlar work in hand, art- >uiiportcd, holow tlu



1
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IixkI rail, from the fraimwork of tlie tnuk-i on a suitable platlonn.

which in Fig. i,5So is provided by a cotiple of H joists earned lion

/ontally Ixlow tin- traik.

Full details of a very similar »quipmeiit, drawn t<> Male, are given in

Figs. 1,5X1 and 1.5^-', the rhief difference betv;<en the two e(ini]>menls

illustrated being in the jxisition of one of the eleetrir motors. 1: both

there are two such motors, one n carried below tlu' for\vard bogie k and

driving it by chain gear as shown clearly in Figs, i.s.'u and i.s.'^i ;
this

is the telpher motor projnr, and corresponds to the motor ustd in the

early telpher (Fig. LS;'*^!- The partii ul.ir purpose for which the mod. rn

telpher illustrated is used is that of a travelling crane, and therefore a

second motor is install* d to act as a hoisting or lifting motor. This mof r

in Fig I.5S<) is carried in the cabin and is not shown in tlie figure, wlure.is

in Fig. 1,5X1 it i~ the motor .\ carried on the pl.itfonn above the cabin.

V4- ^,
.,^7--^

I M M

yig. I,--Hl.- Hl.l" ,il 111.- W.iriin^l 11 "l,,l,e Irliilur.

and <lrives the ->haft of the two hoi-ting drums thiough - .it.d)li' doubli-

n due t ion ge.irs.

Moth motors receive current from an overhead (ouduitor, uliiili (.in

i)e clearly seen in Fig. 1.5S0, by means of a trolley wheel or ,1 -lider c.irried

on ,1 suitable trolley pole mounted on the front bogie trm k. The return

( ircnit is through the runiiiiig r.ul, to the >upporting l>e,un of whii li the

— pole of the supplv leads is connected at a lonviiiient jioint. The

current from the insulated coiidm tor is carried to tlu' controller <

(Figs. 1.581 and 1.5X21, which is of the tirdinary cylindric tyjie describid

1 Isewhere in this book, and the attendant sitting or standing in front

of the controller li.is within rea< h of hand or foot all the m ce-saiy

controls.

Returning now to the view 01 the Wanington in-t.ill.itson (hpitttd

in Fig. I,57(». a plan of the pl.mt is gi\en in Fig. I,5X.'„ from whidi it will

be g.uhered that tiie r.iil form> .i < losed ii.ick, w'-ich at one p.irt p,i-- s

tiirouLTll the retort houses K K, 111 which til. ike 1.- t.iKi 11 (111. 1 1 irom
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the rttorts. and then over suitable quencliing tanks into which the hot

rokf can l)e lowered before being carried to the storage hoppers or loaded

direct into cprts or railway trucks in convenient positions. The whole

track is i. 500 fei t long, and arrangements are made by switches for addi-

tional lengths of track to be added .1 ,is to reach the other j)arts of the

work-. One of these off->iioots, not shown in 1' g. 1.5N,;, can be seen on

till' left-hand side of Fig. i.57<»- ICacJi of tiie notors used is a iJ-ir.i-,

( ontinuons-current motor, supplied with current at ijo volts : the nuxi-

nuun speed of travel is Ooo f<'et p;r miinite, or 6-8 miles per hour, the lift-

ing capadtv being ;s cwt., and the maximum hoi-ting speed 70 feet per

ininnte.

\',uiuu- jiatterns of telpher inadiines have been standardised for dif-

ferent I lasses of work by Messrs. Strachan and llenshaw, and by other

linn-, and their use is by no means confined to h^iudling the materials

in the mamifaclure of coal gas, th"tii;h up to the present the greatest jnirt

of the development seems to have been Iti that direction. It would be

intere>ting if some of the earlier applications could be revived with moilern

eleitric.il ai)pliances and with thi' experience of the ]).ist twenty-live years

as an additional guide.

!f

VI. si:coNi).\Kv liAiriKv svsn ms .\ni> miiiiods

riie tliirr first sections of this chapter dealt with the principal method-

adojjted for conveying elii trie energy from tiie generating or the sub-

station to the moving \iliicle by means of lixed (ondiictors. from which

tile energy is to be jiicked up i)y tin' vehicle a- it moves along the pre-

-cnbed route m irked out by the-e conductors. We turn no.v to the system-

referred to on pagi- 1.5^,;. in which the energy is carrit'd by the vehicle

in -oiiie lorm in which it cm le.nlily be made available as electric energy

for ii-e in the driving nintor oi' motor-.

To the electrical engineer the mo>t intere>ting form in which it cin

be carried is that of the chemical energy of a secondary battery, and some

.it the Fecondary cells described in Chaptir J.\ hav been sjHiially designed

or motlified for use in electric traction.

Tne 'ead Secondary Cell, which has played such an important part

ill more than one sphere nt electrical development, is sciiously liandi-

lapixd, when applied to tr.ictioti work, by its he.ivy weight per unit of

« lectric energv stored; and, as exjilaiiied lisewhere (sec page 1064 d scq.),

line of lidisun's chief objects in develop, ng the niikel-iron secondary cell

w,i- to oi)tain a lighter type ul cell for tractii'i. purpo-e. . It is obviou.-

that for ^uch ])urj)o-es dead \\ eight, which is c imparati\ely unimportant

in stationary batteries, becomes of vital importance, since it increases the

dead or unproductive weight of the vehicle, be it road vehicle or tramcar,

and pro tanl.^ diininishes the carrying >p.ice or tin.' maximum nselul weight

1, f

I
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wliii li cm Ix' r.irricd. The various C()n>idorati>iiis wliu li Im\'i' . niup. llc-.l

manufacturers to develop i-very method of reduiiug the w. it;ht ol

-iitioiiary lead cells are iutensitied when the i til i-- to l>e u-iil ,i- i

source of energv on a moving vch'rie, in which it ha> to ]>< cairiid .i> a

load which, as >uch, has no fre'ght-earning capacity.

Some of the lead secondary cells de'-crihed in Chapter I.\. n prtst nt

solutions of the problem of the adaptation of the li ad nil ii>\ ti.iitii^ii

work. More jiarticularly is this tlii' ea>e with the " Iionclad JiNid. " nil.

tile unusual form of the -^ of which is dcMiihid on pagr^ loj
; .md

10J4. The reduction of total weight, by rechicin^ the wi ii,'ht of tin iiidi

\ idual ]il.ites per unit of energy stored. \ui>

piobably been carried as far as desirable, or

r\i II i)r,ictic.illy pos>ible, with ; 'I types of lead

' rll> ; and in this connection it n\ii>t not be

o\irlooked that the conditions of service arc

in trai tion work much heaviir than in onliiiary

stationary work, and that therefore these

< onditions militate against the use of frail or

d.ingeri)u>Iy unsub^t.mti.d plates. The other

directions av.iilable for reduction of weight

Hi' in the V'tails of the nect5sary accosories,

-uch as cctainers, separators, connectors, etc.

.\s regards the arrangrment of tin- platis

and the size of the boxes or containers, ovei-

,iil dimensions which are not unimportant (or

other purposes are of paramount importance

when >pace lias to be fouii<l for the batti ry

on a moving vehicle, and great attention has

lieen paid to thcM- j)oints. Some of the cili?

illustrated on page>. io;8 to 1040 exliihit the

ri'Bu'ts attained where, for othei purposes,

similar conditions exist, and in Fig. i,5f^4 tlnre is shown the " Ironi !,el

ICxide " cell as di>igned for electric vehicles by the Chloridr Illreirical

Storage Co. I'art of the casing and part of the t iid — i)l.ite Ikim

been cut aw.iv to expose the internal plan of tlu- (tU, ,ind it will \>r

noticed that tlure is v.tv little lo-t spaic in any dilution. Tin' lOii-

t, liners are boxo of thin ebonitr of a hiif th, at nglit .iiif^l - to [\v

platen, depending on the iinmber of plate> in the pii 1 ii ul.ii I'li .nid

only just sutlieieiit to hold thesi' plates lOinloital'ly. Tlii pl.iti - an

supported on ebonite grids which form part of the liox, .iml .m d. ;gn,

d

'
'

'

-I

lit

ie(]i-i-ing to l)e cleanrd out. Ivu h cell is fitted witii an iboniti (ov.r,

I,c»,l S... ,-,.!.,tv 1.-II.

supported on el)onite grids which form part ol tlie box, .iml .m d. ;gn, (

sQ as 'o leave ample space below the plati'B for the ,ucuinti!,itiou "

sedin.ent, in order thit the cells mi\' be in use for long ptriods witlion

li I

III

u>

146
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ugh which til.' ilfctroili's pas- antl in \vlii<h thin
tliro

dostff 1)V a soft rubber phig. Tli. tovvr (an

a viiit-holt'

I foircmov.i

in^jifitioii or toting p -.

Tlic +' sliown iv. .-i<l in Fif,'- i..'S''<4

ari' of the special t.\-pc doscrilHil fully at

pago 1024, and it is claimed that these

Is have, for traction worl useful life

two to three time' that of an ordinary

tlat-plate accumulator that they are very

reliable, a

Moreover,

nd f;i

till can

1 reasonable mihage.

wheniv harg.'

irv at higliir r

plates. Tl lev ail' not.

ites than the Hat

howevir, paiticii-

larly liglit for their capacity ,1 if

lightc ill oc< iii)yiiiK the minimum ot

space for its output 1- nc]

shown in Fig. 1.5^3I.^St I-- USf( 1. r

<i. tl

lis i;

11

known

as tin

the

super- de ill. and h 1- ;<"

\-pe described on page TnjI (Imk

1,0411^! -V showing the difference between

the ;wo tvjHs. it may be meiitione.l that

the cells of Fig. l.9^A- having a capacity

of l<)o ampere-hours on a five-hour dis-

charge arc 5 in. long, whilst those of Fig. i..>\t ^t-' "'>1,^- 4i '" "'""K. -^

difference of 10 per cent., both celb being oi i". ^vi'ie. Al-o a battery

of forty cells of the first type weighs i,()So lb., whilst a

Super.Kxide c'ell.

the latter weighs only 1,470 lb., being tlm- i-',
\

imilar battery of

It r cent, lighter. The

\m

Fiji. uSh. - Ir.iy of Ir.-'nrlail K»iilc t <^ii'^
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3

h,t,r r.-tls, however, require iJ in. more he.i.l rootn. !«,.,« i.si m l"f,'t.

,.un-t 14 ill., the ov.r.ill heiRhf of the form.-
^

The eais of the .lu.pe ^hown re.iuue.l to fo.nl a lutterv
,

.-. nhv.nu.lv

,„. .ommetlv u-emhled in a Mutal.h- l>ox. with the ternnn,,N to 1.. .
.„.

,„,„.,, ',„ , „„„i„„„n .li^tanee apart. Such a l.ox or tMv, .
on,,.Mun.

„ „on,!aa-KM.le e-il. . ^hown n. F.«. I.^SO. The ee N a.e
1

plate

,,11 „avinK a eapa.ity of ,oo an>p,re-hours .,n a f.ve-hour -h^- h.-iK-

„,.,.hs -70 Ih. The eonneetor. n>ed ar- tlun strips '" <on->. l''"';'

.„h l...-;.! to avoid eo,n.,on; th.. en.L .,f the .
opp. r a,.

,
... n, ..

,llov tennnuil>. whieh form a rin^ f.tt.nK over th. p.ll.u -t th-

,,|,ii,- .onneetinK >trap into whieh the iin^' i-

b,„,„.l In tlii> way the reM>tanee of the lon^

n.rtinf,' hnk from rell to cell is reduee.l to a

iiuninnim,

Phe .Ateriial appearance of the si>eeial <ell fur

\,lii(l.' traeti'Mi, m.mufactured l>y »he Hart

\,vuinulat<>r Company, is sliown in \\K- ^.v^T

\'\u- Jil.ites

il. -irihi'd

tl.n tliUl. <..

|,,i. iiic^-- and

A , . 11 having

tlti- firm have l)e«n fnlly

l.\. The hatnre of the

.i ic
" tvjx- of cell, is its eoiti-

.Ml.iliiy, as well a^ its li),'litne>-.

Ill output of iqo ani])er.-lioMr> on

l-i< ...8;. -.V ' t .'" I i-'C

l.r.,.l >f :•!..! V C.ll.

., iivr-liour discharge is 4i i"- 'ong l>.v <>.;• '"• ^^"1''

i.v It;; in. hi{,'h. and weighs \i 11).

All had traction ells are necessirily w.ll

-r.ilrd. except for a vent carefully (leMgnrd to

,,|lo\\ of the release of the K-i-^-^ ^^l'" '' '"''>' '"'

Miurated if the cell be improperly luuKlled

riuring charf-e or discharge, and the pn-uir of whirl,, it tiirv ^^ru alluwcd

,o ...cumulate, would eventually hur-t the cont.niiin,i; v.-m 1 ,,nd put the

,,11 out of action.

riie Nickel-iron Secondary Cell, whu ii h,is I., ,n -p,-. .aliv deve

l.,|,ed for traction work, has been fully (hscrih.d at paf^, - Ki.j to 1,73.

.md therefore no further description is iiec<>sarv henv

In vuw of the unpromiMiig nature. i)oth plivM.al .nid ni,,lMni. ,d

,,t th.' principal matenal used, the manufacturers of l,.,d secon.l.uv ,,11-

hiv.' achieved ivmarkal.le results, which will b.ar ..)mi).,nM.n vm-', ,!„

.„rres,v.n.hng results obtained by tlf dcMgners of th.' nuk.l iron -,,.,n,l,iix

,,.1K The foUowing figures, supplud in each < .im- bv tli.- in..k, i-^ ..i-

'IV. n f..r a Hart - (an-Trac " cell an.l an l'..hs.,n ,,11 1, -p,
,
In

,

Iv. il.,

e,.lk select.-d having about th.' same .Mitput .d eiurgv iiiul, r Nv,.>kinK

londition?, :
—

'

i

I

r\
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PaIIIK Will. CoMlARISMN OK I.IAD AMIl NllKRI IKON Tk«i iiov Cri.i^

M.trl "< .in-Trac •' l-.ilixjn
' ^" k»l-(ron A li I

NiiiiilH'r cif pKiiis

Ani[H-ir li'Ur ilischarj^c c«|».irity

Avrra^^f voltaj^c

Wall li'iur caiiacily

Wri^lll 111 U^^.

< Ivrt- ill •-ire

lliiti/iiiii il MTtiim (s() ins.)

Kiicryy etlineiKy l|>fr ccni.)

•7
310
196
608
46

1 i

()ln

4«
6' >:f>'4(X n"44 7'i7 5"5" N'"

jH 6 40 5

74 (|1. 104!! do (|1 1072

It will h( notiitil tluit tlii' liad cell, whilst 12J per ctiit. liciviu lliiiii

il^ iiickil-iroii rival of i(|iial output, ocrupits less ^pace, liotli in the \ir-

tital ami the liori/.oiital dinctioii, and that it lias an iiurKy trticit lu v

t-,; tiiui> KrcatiT. Tlir t.ihlr docs not covtr all tlir points wliicli should

(><• taken into aci'ount. hut it sntticcs to show that the two tyvs run one

anotiiiT in some important respects very close. The cflicicncics (,'iven

however, are etliciencies dechieed from e.xjH'rimeuts on eells t)nly. I'nder

working londitions tlii' aitiial eft'u h ncie> will be appreciably lower. For

inst.uu r. in some recorded tests the eflkiency in electric aiit( mobile work

of an " Kxitle " battery was foimd to be 70 per cnit., and that of an lulixm

battery of ecpial output was 4(» per cent.

Vl(l, hattikv tkamcars

In the last decade of the nineteenth century and tiie bef,'inninK of the

present century there was a fair number of tramway systems in the Tnited

KiiiKtlom, and more e>|)ecially abroad, in which the energy \va> supplied to

the motors from secondary batteries carried on the car. The batteries

were u--u.dly placed in convenient receptacles under the lonf,'itudinal side

seats wiiich are common 1 thi:- t\-]><' of vehicle, and in this jwisitioii they

not only occupied span which was not reijuired for any other purpose,

but were accessible at a convenient level from the outside of the car with-

out distmbint; the passt'iigers. Chiefly owiiiR to the development of the

o\-erhead trolley system. ,i> well as to the development of non-electric

metluxls of haulage and locomotion, the battery tramcar has been, to a

great e.xtent superseded, but it is possible that it may be revived in the not

distant future. Whilst, therefore, it is not necessary to devote much space

to it at the prt sent time, it is considered desirable to give our readers a

general idea of tlie appearance of the cars and the methods of working.

Fhe appear.mce of a " battery " tramcar, as will be gathered from

Fig. 1.5SS. is not very different from that of an open or closed-conduit car,

inasmuch as there are no visible means of propulsion. The car shown in

the figure is ,1 light <ingle-deck, single-truck car, but it will be understood

that batteries have been used for propulsion with all the various tj-pes of
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t:ir 1)<m1h>. rill- .ijijH-araiu "• ol tlu' ro.id itxlf, nf rimi-t'. «lni -^ not ofti r,

.1^ ill iiiluT lit till- other (.i>.i-« nii'iitioiii'd. .inv cliir li> tin miuh. ol rin il:\.

iii.i-miu li ,c^ till' trai k i> an ordiii.irv two-r.til tr.innv.iy with th> i,iil> iiii«|i,iM\

-milt wliat hi ,1 . ii-r tlian thi'v ari' vhtii laiil l<»r hi>r>t-(hawri i .11^ I'hi ir .nr,

111 .i^lditiiiii. pii ilittitultK-. at ( ro-^in^^ it )uiirtii>ns nthrr than ihn-r whi.h

ari-r in mihiiary railway prai tliiv Tlir rust nt 1 (|ui]>i<iiiK tin- mad i- thin-

liHi vrry a|>]>r<'nahly li-> than in thr otluT tlir. r ^vstini- . and nnui nvi 1,

tlir Ills- in thi tran--tni»iiiii id tlir 1 li< trir iinif^y lliriiii^;h tin- hidi i> and

till- liiir I (iiidinturs i> noii-i\istiiit On tlir nthti hand, i-.n h lai lia~ lu

\n- iiii>\'idrd with a sunviwhat m-tly wnrkiliK I'.ittriy. and at Ka-t mir

-))aii hattrry, whii h >li<nild Im- uiuhrK<>injj iharKinf,' uhil-t tin "tlni i>

diMharfjing. Monovcr, against the iiu'ft'uiincy ut traii^nuttiiiK tin . in it^v

by fcidirs and line i niiducturs has to hv set tlir ln>s of ciuikv din' tn tin

iin llkiiiuy of till' siiondary hattiry, for wliiih figuns have Imn ^;i iii

in Cliaptii I.\. Also against tiie maintcnaiuf i hargis for thr iipkiii> nf

tho liiu- i-onductor and its arccssorii-s in tin- otlur sv-tiin> thin- niii-.t

hi' set in tlir hattiry-rar systtn? tin' avcrag.d i<»t of tin- ninwal> of tin

• ills, and also the ro^t, including capital charges, of handling the 1 1 ll> in

leinoving them from and replacing them in the cars and during the ixrind
111 charging. It will thus be seen that, as in mo>t eiigiin iriiig pruhlt ins,

there are advantages and disadvantages on hotli >i(h>. and that the ulti-

iii.itr choice of a particular system for a pa'ticular ca>e must depend upon
th^ 'stimaticn and careful cutoideratiuii of al! the circum.-taiii 1 ~.

Apart from th,- interest in the secondary batteries thein-elve>, one ot
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till 111"! mtii(-.tm^; iiiiitti r> tii Kinncction witli l>altiry tramiars !>; iIk-

(h -1^11 <ii till |>l,;iit ii(|iiinil for rt< harf;in« tin- l)atttrii>, ninoviTiH tluin

liDiii th. tiaiinar> vvinn dix liargi'l ami rcplaiint; Iho iliat«iil ha'.tiry

<iii liiiaid tlif <ar. Ill tlic sy«*tfms wln'li lui%v hoiii in i)ra(tital iim-. :mu Ii

iiifji unity \va^ slmwii in tlitx dini tiim- Tin- tjcniral practitf wa- fm tlic

> liar^niK ^tatmn tn 1m' trtrt(<l at thf must lonvtnitnt point on tlir roiiif

.mil, il' po^^ihlr, I lu>c to tlic jji-mTatin^ station, tin- latter obviously in

iiidi I to riMl(i( ( to a niiniimiiu the los> in transmitting tin- riitrfjy from llic

Ht luiatiii to tlir li.itlcrii -. In some ol the systems the appliances i)rovi<leil

1

#
r

J

U
HfBIM

{

Fiji. 1.^3^—Car alongside (.'harming l*i.itforiii&.

ui ic -1) \M 11 (l(->if,'ne<l that the average time for making a complete clianKe

111 hatit lus w.e. uu Mroiuls, and the change under favourable coii(htions has

bi'eii made in tlu' short period of -'8 seconds, an excellent record when the

weight of the batteries to be handled is regarded.

^Iikh I ould be written r( garding these systems ami appliances, but for

rea>ons already given we shall refer very briefly to one example only.

The c.ir (urrying the nearly exhausted battery is run into the charging-

rooiii, III ~oine c ,ises to a particular spot where all changes are mad<', or to

a special sidip.i: w'k re there arc unoccupied rh.-\rfjin.(; lienches on either

side of the tiack to receive the sections of the exhausted battery. In Fig.

t

Pf
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LS^'i III- l.illi I nil tliMil I- -lii.wn lu ol" I. ill. Ml. Il will I" 'I tli.lt lillignl

. ,.w 1^ .it tin -nil I'l till- . .11 li,iv«' Ih. II Lil-iil, ixiKiMiii; til"- j.iltt I V tr.ty> on

III. ~.iiii( liAil .1^ tin .id).!' tilt -.t.iiul- Tin- ir.iy^ < .iii llnlitoif Im' ..i-ily

-hil .111 111 III. -t.ili.l-.iiii uhi. il tin 11- .iir ~1 llii^; 1 1)1)1. 11 t> will' li
I'
Mil till 111 up

III ~c 111 - li>r I li,ii,;iiiK U In ii tin .xli.iii- I iMtt. i\ ii.i^ l>n ii i. iihimiI Iu-

iiiiw ilr.iil .11 h.i> tit 1m- li.iiili ., .n.i' l>y .III rill tin. illy ilnvi II i.iji^t.m

..i iMhit <liMi .'. .il(MiK-'il< I 1" II' il '"' •'" Il til' !' i' vs.iiliiij; .1 1 li.iiK'il I'.it

I, IV \\\ Il . Ill I" i.i]i:ill\ i>lniil I'll liii.inl rill' KiHi.itiuii of pii-li'iin till'

l.,itlii\ ii.i\- liiMiii' ii-u.illv 1 "iiipliti- llic iif. r-iry ill. till, il 11)1 Ii«)ii>.

r..|.>i. li.iMMi; till- -iil'iiii. -Ill'' I ' iliMil wiiKlil of till I'.iitiiy I-.

Ml. I'l tin ill.iul'.i' k- III tlir -\-ti 111 till ii.lilil 111.IV 1)1 mil li-^li il 111 klliiW

ull.ll |i|i'l>iM Hull. Ill .1 l\|Mi.ll lll-l.lllii
.

111!- ill. Ill \M li;lll l"Mi til till' ullnl

u. ii;lil~iii\iil\i il 111 tin I .1-1 III .1 I l.'iil ill 1 1 111 k 1 1,1 1m ,11 111 I '.III-, tin lit; ill' "

Ui II ,1- |l)llii\V-

\\i ii;lil III I u I'liilv I -• ii'ii-

»V , ii^lit III tin. \.-. miitiii~, rti . . . . .47.
\\r!i;lil i| li.lttirv ...... .; 7

Ii

liit.ll \M If^llt of lllllli.ull ll I .11

\\i if^ht III s.S i).i->iii.i;i i>. ilri\ir. .mil i oiidui tm 1-

I'.il.ll \M If^llt III lllll> llMll.ll i.ll

i-> t>

riir \mi,l;IiI 111 tin h 'tiriv I- tlill- -1 1 II to ' ^j j), I 1 , li. to tin' Wil^llt

III tin- r.il alln lt> ill . I n ,il npiiplllrhl ami to ilUTr.lM- tlir \M iL;llt of tin

liillv lii.iiliil 1,11 1)V J.S pi-r niil. I'llltiiii,' it otlnrwi^f, tin- vii^-lit of tin-

li.illn V 1- not 1,11' -lioit of tlir full p.iyliij; lo.nl of tin- i.ii. ,iiiil pioli,il)ly 111

I \, i^-- of tin- ,i\rr,iL'r p.iyini; lo.nl.

Vi II . l-I 1 1 IKlr VI till I.l s \M) .MIHMi'Hlt 1 S

(lilt- of till' oiit-t.iniliiiL,' fr.itiiic^ of tin- rli.inAinf< .i^pii t-- of ro.nl

ii,irtiou liming n-n-nt yi-.ii- li.i- hiiii tin' ilimimitioii of tin- nuiiilii-r of

InM-i -ili.iwii vi'liiili->. .mil tln-ir iipl.ui'iiu-iit hy motor-ilrivi n vi-linli-^ of

\ iiii-il tyjii -. Tlii^ ch.mf,'!' li.is Ikh-ii dm-, to .1 Kn-it fMi-iit, to tin- t.i]>iil

Irvi lo]iini-nt of tin iisi- of ])i ttol-drivi'U vi-liiili-^ .mil .ii' inioliili-^. I'lit -till

mull ri-n-ntlv liii> hii-n m.itt-i i.illy :'.^-i-ti-d by tin- .liiiio-t i-ipi.illy r.ipid

d, \. lopnnnt of rli-. trir.dly diivi-ii \iiiiili-s ,md .lUtomoliili-^, A-^ flii-

littir di-vi lopimiil i^ >till in piogn-— it i- not f.i->y to m-K-i t typir.il

I \,implr-, lint tin- followiiit,' m.iy l"- t.ikrii .1-- .1 biirf Mimin.iiy of tlii-

]iri--i ut liu-ilioii. illii--tl,iti d Ky ^ili 11 di t.iil^ .1^ ,ilr lui 1 -^.iry to -it fol tli the

iniinipli-- iuMilvrd. ,inil tin- i liii-f nnthod- of ,i])plyinh' tlnin in pi,u tin-.

In Sii tioii- I
, 11., .mil III. of till- I li.i]>t(-i \M- li.ivi' dcilt unlv with tin-

1 iMi\i-viii!; of tin- i-inif^v to tin' ino\iii)^ vrliirli', and li.ivi' po^tpoind. to hr

dc.ilt with in l.itiT ch.iptti>, the dotails ol il> ulili-.ition .iiid (oiitinl on ilu' 't|
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vi-liiclc. TliL' Siimt,' i)laii could be followed with rtR.ird to h.ittiry-drivin

mad vciiirlts, but it would sctiu to l)t' inori' convenient to treat tlie whole

subject at once, and to deal here and now not only with the !
' ning

of the battiiy on the velii( le but with details of the utili>atioii. etc.,

of the electric

energy. We
jiropose.tht ir-

fore, to deal

with the elec-

tric vehicle as

a whole, and

in such (htail

as may sccni

de>irable.

The usual
K,„. ,.-r^ - An Kl... ,ri, An...m„l,il..

^, ^^^^._. ^, ,
^^ j _

low id in ^\i( ii cases elsewhere in the book has been to K'^"', in the

first in-^tan(t', a few typical examples of the complete machine, and then

to de.il with the details of electric and other e(inii)nieiit. If this

(onr-c wire followed in the ))ri'sent < a-e it would be necessary to (,'ive

li;:. i.5yi. -An Klt-tiiiv Oiitnibu^.

illustrations of jiractically every type of road vehicle in e.\i>tence, and

this would M-rve no useful object. We give, therefore, just a few varied

exanii)les to iihi-ti.ite < hietly the slight difference which the moditic.ition

fm h.ittcTy wrking makes in the general appearance of a vehicle.

The Complete Vehicle.—The vihicUs conveniently fall into the two
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ludadi'l.i'^M-- for p.i>songor and goods si'rvii"t>respt'ctivrly. In t lie fonnirtlu ic

iirc nil t \ ]HS, (rum the nio>t luxurious jjlcasurc Vfliiclc to the strictly utiiitari.iii

" ruiialioul," tlif liarkiu y carriage, and tlic public oninihus, A convciiic nt

Ki|;. i,5vj Air Mei Inc Vetii*.l<.- for MuliKil'ai Woik.

F i

r M
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form for pleasure or j)rofes^ioiial work is shown in Y\^. i.SO". wlii<li, in ex-

ter* ! i)|ie.iriiiu(', lan s<'arcely be distingnislied from an ordinary petrol car.

I -sinK from private to public conveyances for passengers, there are,

as might be

expected, elec-

tric taxicabs
and omnibuses.
()f these wo
give an illus-

tration in Fig.

i,50iof agroii])

of three lu'.ison

o ni n i b 11 s e s

draw: up in

t h e earl y

morning ;it the

terminus in

Lancaster,
and loaded

Kig i.s;4.—A B.w<:rv-diiven Kletlric Truck. •., •,.
With munition

workirs. The battery box can be seen Ix'tween the steering and the rear

wlieeU on the left-hand vehicle. Each omnibus is a single-deck vehicle,

and carries twenty-two passengers, there being only one attendant, the

driver, who
also collects

the fares.

riie num-
ber of com-

mercial elec-

tric vehicles

in use is

now large,

and it is dilli-

cult to in,ike

a selection.

As a tyi)ic.il

example of a

standard type

Fig. i.5()2 is

an illustration of a .j('-^"wt. parcels delivery van supplied to thi'

^[idland Railway Company, by Messrs. Ransoines, sims and Jefferies,

of I])swich. The f.imiliar bonnet of the petrol vehicle has disajijieared,

but the l)ox un(hTneath the van containing the secondarv cells is

V '

g
5 «[—

.

Kin. i.'SQs. -An Electric Truck in Use at Kiisiun Siatit
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niii~l)ii iiou^. Till' iiiitliinl 'il 1 iiari,'iiif; tlifsr vrliiiUs i- illiotiali il in

I'li^. I.t'lS.

A ln-.i\i>i tvpi' of ( omiiuri ial vcliii'lc, nianulaitiind l)v tin- -aiiU' liiiii

for imnikipal i)urix)sts, is shown in Fig. 1.50.!- Htrc again tlic l«)x ton-

taiiiing tiu' haltiry is conspiinon^, and tiu- electric <iriving motors, wliicli

will Ik' described later, can also he seen. The body (an be tipped by

.mother elc( trie motor, not visible in the fignre, so that its contents ( ,in

bi' di-( '"arged at thi' rear end.

A b.itterv-driNeii \ehicle is also sjHHially adajitable for liglit work, -neh

,i~ the convev.uii e (^n trucks of goixls in |)r(K-ess of mamifactnre from one

iMit ol .1 f,ictor\ to another, and for --innlar s,i\ ices in transport sy>tem>-

• iiid eKi will ri ; in f.irt. electiic trucks are now being used in large r.umbers

tor .1 i^re.it \-.uirtv of wciik. .\n example of such a truck, .is made bv die

Hunt Conip.tny. i^ given in Fig. 1.31)4 •
''"' b.itlerv.

uhiili is shown with the lid raiseil, is c.triied on thi'

hont of the trui k o\er the driving wheels, which ,iie

intiiiiiouslv constructed motor wheels di'scribiil Liter

!

iV(' ]i.ii;e 1477'- "" •'"<'k is N fet t 10 ini lies long, and ; feet J inches

wide, c.iii cii ly .1 load of 4,000 lb,, am! can be driven up to a sjn cd of siacii

miles [,,1 hour. The power developed by the two motors is about J ll.f.

Most of tliesi- trucks have a driver's platform, from whi(h the tiiuk

c,ui be steered and (ontrolled. An ICdison l^lwell-I'arker truck in .ntri.il

iisi' .it I'.uston railway st.ition is shown in Fig. i.5<)5. In this c,isi> the

battery is carried below the lo.id platform, whii h is lett clear for goods,

t .\cei)t for the controlling i)anel at the end. It should be noted that there

is sulhci( nt power for the triuk to take diarge of a tr.iihr

The Chassis. l>etails of lonstrmtion of the ( hassis or ni.iiii fr.iine-

work. wheels, etc., upon which the Inxly of the vehicle, the batterv. and
the driving and controlling maciiiiury are mounted, scargelv f.ill within

the scojie of this book, hut it will be of interot to our leaders to undeist.md

tin- genei.il plan of this inipoitant part of the lomplete vehicle. W'l' then-

fore give in Fig. i,5<)'), a pliotograpliic view and in Figs. i.3()7 and i,^t]^

liiu" drawings of one of the standard " Orwell " electric chassis, ron-

#
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I

1 !

t ;

structfil l)y M«>>rs. li;iiisonu>, Siln^ ami Jf(t.ii>-. Tlif tyiu' scI.h ted i^

one in wliit li tlif driviiif,' motors m M arc iiiomitcu on the ^ttiriii^' wlicils

as (Km rilnd in detail on i>af,'<'s 1473 ct snj. A ])iaii, Fij,'- r.=i07' •""! ' "'•''
'
''V a-

tion.Fig. i.^i)''^. •i'«' >lio\vn,in\vIiiili (litaiK of tlio >tttrinf; hum liani-m ami of

9-4.
V\g. loQ-!.

Jl'l.m .iml SlJe Klcv.ili..ii of .111 " Orwell Kit. trie Ch..'.vi»

the hrakr nuthaiii-ni can be nuuU' out. Tlic fonntr is actuat.d from the

steering wheel by a bell-crank Icver I. I. ami in (oiimction with ii Plate

WII. should be (()ii>ultcd. Additional d.tails of the >tccrinf,' wheel and

the brake and cnitro! ]>cdals arc given m Fig. i.3i)<), which >carcely rcimres

explanation. The braki- are on tlu' lnib> of the back wheels, and are

controlled by both jicdal and hantl levers a- shown ; the |)cdal (ontrols
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I u '. .-< sternum
Whtrl anil llt^tp

.,ii,lC»iit">l IV.I.I.

•( .111 •l>r«rll

KIiLliic Vet-i. It.

thr s.rvi.T hniko. ;iu<l tlio luin.l-K'wr ooiitrds an .>mtTK<>ncy hr.ikc

lM)th ol tlie-c I'liiiR ..f tlic inttTiial i.xpaiuliiiK typt-.

On, o( the ino-t ilittn'Stiiig

(i.irts of the cliassi-<, for our i)nMiit

|iur]>oM\ is tilt: arr,m.i,'riii<nt for

..iirviiit,' tlio l)attiry wliicli -ui)!'!!!-

thi' rnir|.iy. Tin- b.itliry i> in two

Imim-. wliiili arc ~ii]ii>ortr(l l>y

111, .III- <'t aii,!,'i<' iron- K l)oltr(! to

the -i(l< - near tlic toj). Tliix' aiif;l>'

MDU- -li'lf on lif,'lit i;ir(li'iN i. i..

i.iiii.d l)y hiarkit- iimlrr tlic main

tiaiiuwork of tin- (li.i>-i-'; ami l>y a

-IHc ial arianf,'cm<iit \viii<ii i-^ ^llO\vn

111 l;i< at'-r ditail on l"if^~. i.'hio and

Mii'i, cadi i>ox can t>c -lid out

uaids for cxannnation without re-

moving it from the cha>>i-. Pig.

i.ooo siiow- tlic hattiry in tlic run

iiiiig ]io>ition. anil Fig i.'"ii show-

it pulled out and witii the lid of

ill. cor.taining l>o\ removed.

The cha>-i- illn-tiatid in Fig^.

l,Si)f) U' I.Si|^ is to carry a load

of J 5 ton>, and it>elt weigh- aji-

pidsimatclv ;5cwl., the additional

weight of the hattcrv being JJ iwt.

T! • -peed attainable on the level i- twelve mile- per hour, and the lead

b.ittcrv of 40 cells will run the vehicle \n to 40 miles without rci barging.

.1
1', *

i

rn

Hi

1

1

[

11

t 1;;, 1,600.—The Electric H.tllcry u

ihf kvmi'iiiK P.isilioii.
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Details ol till' motor and tlic clcitri.al ontro! aif Kivfii fl-cwlun- (scr

pact's i47() and 148 •)•

A standard Kdison-Lansdi-n rlia>>is is shown in i)laii in Fi^,'. i. ''<'-••

In tliis '.asf tlif riar wlicfls are drivi-n hy a single motor ivliirii is monntrd

with its a\l<' fore and aft Ixtwivii tlicsf whcrls. Tlii- motor drivi> the

toiintcr shafts by lu'Vcl-grar, thns giving a first >tri)-di\vn in the angular

s|).'td, which is still further n-dured hy the sprockets at the ends, each

driving one of the rear wheels by a roll-r chain. The batterv is in two

parts, carriwl underneath the main frame on rolU r su])])oited tr.ivs which

can be pulled out sivlewavs. The standard power etiuipmi iit is (lu-lCdison

A-iS cells (><•( page !()()()) giving about ',00 am]Hre-hour< at (m to 70 volts.

As .1 tinal examj)le a chassis is shown in Fig. i,'>o.'> with a singK-

motor driving the batk wheels by means of a prop<ller shaft, in much lie

saiTie way that the i)roi)eller shaft from the gear box of .1 petrol « ii.,ine

can be coupled \\\) to drive the b.ick wheils of a ])etrol .lUtomobilr This

\\^- I t-oZ.

chassis is manufactured bv Messrs. W. A. Steven-;, Limited, wliosi- prtrol-

eleclrii vehiclis .ire referi<<[ lo later. Tile motor .M. whicli is well dt signed

ac(or(liiig to good modern ])ractice. .nid is mounted longittldinaliy on tiie

chassis, ean be clearly seen in the figure, with its armature shaft

projeitiiig backwanls to tlu' rear axle, the enlarged centra! portion of

which contains the worm gear and differential bevel wheels by whii h the

power is transmitt<'d and the necessary sjned reduction made. The

chassis weighs jj tons without the battery, and is designed to be fitted

with a ,J- to 4-ton lorry body. The gross weight <f the vehicle, which

is dri\-en b\- a had b.itterv of ,So riiilcr cells. i>,
- tons loaded, and the

average s])eed on the level is IJ miles jht hour.

The Motors.—^The electric fe.ituresof a secondary ii II are its low voltage

and rel,iti\eK high am])e;age, bi't one of the condition- in it- iis, uii an

electric vehicle is tint it is ^o (h)se to the motor that losses in the Irails in

tr.nisinitting the power [mm the (tils to the motor, though not iiej;ligible,

.ire so small that tiie electric jniwer may be ecoiinniM illy snpjihed at a

W|:
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Ki<. 1,604. -DriviliK Wheel of ;i aMn Elti Iri.

Vehicle

Mmibr to tlKit .hown in Fit;. 1.50.1- Tlu- drawing i> takvn (ron. ,.11

••Orw.H" electric vehicle, manufactund by Messrs. R.tisom.-, Sim> aii.l

Jetferies. Tiie motor is Uitttd to

the swivel axle of the vehicle, and

is of the totally enclosed typ'

provided witii l)ra>-s end sliields, the

cover being watertight. One of

the front whe.K of a .'-ton vihide

!<* sliown in rig- l.<'<>4. without

the axles and motor, but witli the

crown wheel and its helieaily » lit

teeth, and the sni.ilier gear wlieel

c.in also be seen. I lie lielicilly i nt

pinion on the end \ of th<' motor

^haft and the helically cut spur

i^'earing into which it meshes .in'

>till more charly depicted cm a l.iigt-r

scale in I'ig, iMti- Referring to the

plate, it will be seen at A th.it a

pinion on the axle of the motor gears

into and drives the crown wheel; the sixed reduction is lij to i. In

its turn the open gear on the wheel is seen at H to dnvv the axle c with

an increase of speed of I to 4. so that the shaft c revolves atjboi.t one-

third of the six'cd of the motor armature.

The gears work in a dustproof and water-

proof casing fdled witii grease, giving excel-

lent lubrication which retpiires very little

attention. Shaft r drives a combined s]h( d<>-

meter and mik-meter by means of a flexible

cable running in a flexible tube.

The details of the motor, which is a four-

pole machine, will be understood from the

descriptions of somewhat similar motors in

Chapter IV. At top speed it runs .it 3,000

revolntidiis i>er minute, and has both shunt

and seri.s excitation, the latter being the

main excitation, and the other used for speed

control. The normal full load of the motor

is 2,' H.H.i'.. at which it takes 30 amperes .it

80 volts. riie ni.i.ximum sjued at full load

on the level is 1,350 k.pm., but the lu.ixi-

mum output of about 7 b.h.p. is obtained at

between 500 and 600 r.p.m.. and at this heavy
Fig. i,6os.— Helically cut Tt.inv

imssion^Gear.
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It ^liouM !«
V.lln.l.l tllf cttl.KllCV I- -till .1- l'>«l' •'- 7'* P" "'"'

,„t,.l that tlir Nvlu.l, til.- motor -.li.ift, .iii.l iUv >hM\ ( ..ir all >Mi.i»i.t..i

i,v ball l).aiiiiK>, and that as tlir wlu. 1 i- a >t..iiiif; wli.-l -(». iai

i„,,iinKs an- WM-d to ^ivr it tlu' iur.s-.ary ir.r.lum ..I ii...tM m
,

tli.-

,slr, v.v.v. romul wiii.h swiv.lliiif,' m.iirs, j)a-.> ll.i..iij;h lli. It..,.! ..(

:!,. wlit.'l on th<- Kroumi. thus avoiding thf traiiMni»i..n .'I >li.« k~ t..

the >t.crin(,' whitl. vvhi.h is, m i-on-.Mpi. ii'
• . - arv to m.niii.iiL.t.

A still mon ingenious mtthoil o( mounting the motor on lli. whcrl,

wliii h is i)os>il,U. wh.ii thr ix.w.T n .luin.l i- not larg.'. .- to pi...
.

ti.' motor

niM.U' tlu- wh.H-l itsilf as shown m Fig. lj»>i: Th.- n.otoi. whul. -an

.l.v.lop al)out on.' horsc-iww.r at i.ihki k.P.m., is s.rur.ly uDimtcl by

., --tub axl.' on tin- st.rring pivot or axl.-. It is a two-jH)!.- motor, an.!, a-

"
Kig. i.fcA—An Eleciri. M >..ir Wh«l

-hown at .\. drives bv means of bevel pinions on the .'n.! of it- sh,.ft th.-

revolving housing on which the rublwr tyre is mounte.l. Th.' front j>art

of the magn.tie cir.uit with brush gear and half bearings has b.en remove.l,

ind is shown at c ; it carries the stub uxK' a. on whi.h the .ov.r n with

Its crown wlu'.'l revolves. The shaft of the mot..r is Mt -om. what out of

.('litre erticallv so that the right-hand pinion .ngages with th.' .n.wn

wiieel in .\. Tlie hft-hand pinion clears that .town wh.. 1, - ngag.'-

with the crown wheel in the cov.T B when all the part- ar.' a~s,„,bl. .1.

and B is slipped on to the stub axh- and secur.d. lioth .iid- of th.' -haft

therefore driv.- the housing, giving a balanced gear with .i -t.adv turning

.'llort or torque having a minimum of friction and w.ar Th.' g. .ir

ratio i-, aliout 12 to I. One of th.'s.- wheels is -hown in u-.' on tl,.- tru. k

illustrated in Fig. i,304'

One method of driving where only a -ingle motor i- u-.d h,i- 1>. fii

147
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,6.,7.-K.li.. i!-.h,,fl M

.kscrilHd aiul iih.>trat.d m Fig. i,..u (s.v luge I474» Anotl.. r >u. tlu.<l

deMgne.! bv tl.r s.,„u- f.rtn. K.lison Accumulators, Lunitcl is >hoNS» m

PiKs i....7'aua i.'kkS. In tl>i> cim- tbc motor i. mount..! w.tlnn the roar

.xlc which is .xpand.Ml into a hollow tor,H.lo-haj.. .1 !.o.ly. This l.o.ly

is divid..l horizontally into two ,.;,rts whi. h are l.olt..l togct... an.l ..

shown opcmil up m
Fig. 1,007, cxpo^iiiR the

.ontaine.l motor whi. h

is vtrii to 1>.' a four-

pole motor very -imilar

in many n-pect^ to

the traction m.)tor> de-

scriheil in (^h.ii)ter l\',

(sv pngi- (11- '' '"'?)•

Two of the poles and th.'

brush g.ar are carried

by the upper part of

tl,.' .a-iuL' which is hing..l to the low.r part containing the rest of the

mctor Th.' armature shaft is hollow, and is directly <(.nn.cted to th.'

diff. nntial gear seen at 1>, from the .lift-rcntial >ock.ts of which th.' tw-

driving shafts extend. . ach one into 'h.' centre of .m- of th.' r.ar wW.'N,

fh.' w1k'.'1 en.l of the M.aft t.rminating in a pini.m. Tin- pnuon. as sl.own

in lig. i,<)oS. Hears into

two idle gear whf' 1-

which are motn.ted on

the a\l.' yok.'S. and

which .hiv.' the tyr.-

carrying housnig by

means of a crown-wheel

gear ; the drive is a

balanced one. being ap-

plied simultan.'ously at

two ends of a diamet.r

of the crown wheel.

The Speed Control.

One of the great ad- .

,

vantage- of the electric v.'hul.' as ,-on>pared with the petrnl-.lnv.n velncU'

•sth. sin.phcUv an.l ea-.' o> the control of the spe.d. The g.ar box.

which is nu'chanicallv bad. i- aboHsh.d, and its place tak.n by re-.s anas

and crcuit conn.'Ctions wh.ch can b.' op..r,.U'.l to nnet th.' --"";---

of the moment bv >bd.ng contact^ or .wUches of snnple p.Utern an

1 . ^ \.,,- n<.,v..is-,rv -oe.d can be obtaMunl from dead
oasdv manipulat.d. Any netessar\ >]>m(i .an

, „

slow" to top spcvd, though for running purposes th.' d.tail- are ^o

,6..8.— I'f.iiii'- "* K'''' sh.il'1 M 'hii
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,n.iiiKi<l tli.it II rl.iin sjh>c<1> ;ir.- inor.' .. oiii.iiik il tliiii mli.i- Hi. iv i-^

,„, •.MiikiiiK "I'" '•" •» ""'"< '"''' •'" '- ^"">'"""-^ -" ti<"il'l--"'i"- ""''

, thin.l .iiK'iii.'.

Wlhiv oil.' motor onlv >- .-inplov.-.l it i^ -.ti.'s woimd, tliii- nl.i.mmi^

tliii .ulv.uit.igi-. <l.>, ril).<l flMwIur.'. of tins tv|H. of motor lor ti.i.tion

-,rvic.-. Oil'- iiKtIuxl of oltt.iiniiiK tli.- ii..,».irv roritrol i, to low.r Ww

.,v.ul.il>l.' voltaK.- for MartiiiK puri>OMs .m.l lou s|m..U l.v imitinK tlir

\^^^, lulvv- of tin- lutttTV in i>.ir.ill.l, kivii.k half volt.ii;.', .m.l < ..mii-.Hue

,1 r.Kiil.itiiiK ri-si-.tiim-.' in sorii-s witli tlif motor. For tli.' ii.At -p,..! ih.

i,«iil.itinn r.M-tano' is nnunv.l. Foi ilir tliii.l s|„ra tli.' Xw" luU.- ot

tl„- h.itt.rv an- put in s,.n.-s. pvinn full volt.it;.', ati.l tli. r. KuLnniL; ir

/.M'/W.'^V
-,rtwtv5iC*ft*M|-

I,.; 1.6.,.,. -Dcl.iiK of ihe l...y ..vit .in.l (...intci;....N -I M..iM ..m I \u.il,.,ry C,..,., ,Uc., I ; 1
'. M •> "-

i> nintroducfd into the motor cirdnt ; wliils for tli.- fourtli or

,4) >iKrd tliis rt'sistanw i^ shoit-cir. uitr.l. K,v. rs.il (,in !..• ol.t.im.<I \>\

"Kt, wlndi, in (>rin< ipl.-, is thr s.iiii' .1- tli.ii

-i^t.mcf i>

'".

. I i>.irati' reversing controller

a.uict.d in Fif,'. i>55. and which can only W operatid when the muii

, .MitrolKr is in the
"'

of!
" i)osit.on. A pe.l.il >wit. h sui-ph' - .i . ..nveiii. iit

method of introdiKinK or short-cirniuin^' the reKul,itm>; resist, iiuv, and

tlius altering the sped tip or down.

Where two motors are employed the method .idopted is tint of th,

-, rirs-parallel control, which is fully d.s.rih.-d .Isewh.re (•.,<• paj^e Ki.U).

The motors are series wound, hut sometimes a shmit winding 1- d

I l.,r reKulatiiiR puriK)ses. This method of control r.nders it uuiu (
es-ai v

ft to parallel the two halves of the battery, which lias the di-.i.h ,iiU..s. ''!;•'!

.1 the voltages of these two halves differ slightly there will be a cuneni

\
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circulating in the battery which is very undesirable. Tlie multiple switch

employed in any of these methods is usually known as a controller, and a

diagram of the connections for a series- parallel controller, as adopted by

&-,
T-&©«-]

u »-nwwwwim>-

9 " 5

Off

Messrs. R a n -

somes, Sims and
Jeffcries, is given

in Fig. i,(hh).

There is a main
controller M on

the a.xle of the

steering wheel
witi) one off and
Inir forward run-

ning positions,

and one back-

ward or reverse

running jxisition.

In addition there

is a resistance

controller opi-r-

ated by a pedal,

the connections

of which are

shown at R, in

which the line

marked j " is

the jMjsition of

rest. In this

position all the

resistance is in

series with the

circuits estab-

lished by the

main controller.

When the pedal

is depressed it

takes up succes-

sively the [X>si-

tions " 2" " I
"

and " o

one after the other, thus intTeasing the voltage on the motors, but when

puslied home to position " o " tlie circuit is completely broken, and the

I>ower removed, a very useful result in a sudden emergency ; but what is

ik U5/niwrowww»^

4rFo3l^i^^WT^^^yg^

N",^

I
^^^^^^^^^r¥^^

5
«,• nl^iimUKm >>>>'-- 'oitsoeiiiiiiiotttH~Y \io ^

5 4
1

L
i

A bTO-
Hi;

TTP

—vnvi

5fc4>f^^^^^* ^

I ,f I

Reverse

Two-motor Controller.Itiant.im^ >if (he CirruiK of the "Orweir

in tile first two of which the two resistances are short-circuited

L-L
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iisiiallv of more imjiortauce is tlial it enabUs the main controlK-r to Ix-

iiiovvd from one jHJsitiou to tlu- next with the circuits oih'M, and therefore

without sparking-

Sketdi diai,'rams of tlie circuits for eacli jMJsition of tlie main controller

are j^iven in Fig. i.'ni), tlie pedal resistance controller just referred to U'ing

I'lace.l ill the gap a-h. which is normally closed by it. These diigranis

will make clear the operations of Iwth controllers. In the jK)-itim marked

"off" all the gaps are open except .\-n. which. Imwever. is shown oimii

in all the diagrams, as this is the "changeover" jxi-ition for the other

controller. In jw^ition " No. i," the starting jwMtioii, of the main

controller, it will Ik- found that the two motors and their series tields are

all in series ; in " No. 1 " the armatures are in series hut the series t'leld

colls are short-circuited; whilst in " \o. ,{
" only one motor is in circuit,

and gets the full voltage in its series field'coil and armature. In each of

these three positions the shunt field coils are excited with the full voltage

of the battery. In position " No. 4," the full jjower and maximum -ined

jKisjtion, the shunt circuit is broken at the gap IJ-IJ, and the two motors

are in full parallel,

A reference to Fig. i,()0()

will show that the "reverse"

position can only be reached

by passing back from No. 4

through .5, 1. and i, to the
" off " position. Tlie diagram " Reverse " in l-ig. i.hio shows that the

two motors are in series with the current flowing in the reverse direction

through their series fields, and with the shunt fields broken.

The reasons for these various changes, which give i)rogressively

increasing sjieids, and the principles underlying them have been fully

exi)lained in the chapter on the " ContinuousHurrent Motor," and need

not be repeated here.

The Controller usually is of the cylinder ty|M' described in the cliajfter

on continuous-current motors (see page (>45), and more fully referred to

later on pages ifi^j to l()4(). The rotating cylin<ler with its cont.ict

segments of appropriate lengths may either bi- arranged to rotate round

the axis of the steering column, or may be placed in a box so that it

can be rotated by a hand lever or a pedal within reach of the driver.

The main cylindric drum for the controller described alwve is shown in

Fig. I,On ; it is o])erated by a gate change lever mounted on the side of

the driver's seat.

A complete controller arranged for a somewhat different sequence of

operations is shown in Fig. i,U\x. It is of a pattern designed and manu-

factured by the Igranic Klectric Co., and is intended to be placed under

the driver's seat for left-hand operation, the front of the controller being at

lint fi" "Hr^
Kin- 1,61 r —Conlroller r\liiHler (nr an Klecinc Vehiile.

^l

i
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a Motor \>hicie.

the right-lumd .ide in the figure. There are an "
off

" and five working
positions of the lever, dr-igned to control a single sen s motor or two

such motors permanently in

series and with no shunt exeita-

tion. In the fonner case tiie

field winding is in two parts lor

series or parallel ti.nnection.

In positions i and 2 the motor
field coils are in series, and
there are resistanco on tiie

circuit ; in positions .;, 4, and 5
there are no resistances in the

circuit, but in 4 the fields are

in parallel, and in 5 tliev are
also shunted, and therefore

weakened for the top speid.

Magnetic blow-outs are jjro-

\'idcd where necessary. Tli(>

two resistances of the cast-iron

grid type used in the motor
circuit are shown outside the

1)0X containing the controller

drum and fingers. Behind the

operating lever L tiiere is

mounted a safety switch worked
by the rod s. I'ulling up this

rod cuts off the current, what-
ever be the position of L, but

the mechanisms are so inter-

locked that s when pulled up
cannot be depressed to restore

the current until L has been
brought to the " off " position.

s thus acts as a main switch.

Such a main switch can be also

interconnected with the foot-

operated brake so that it is

always moved to the open
circuit position when the brake
is applied. This prevents the

brakes being iipplml when the

power is on and working against

that power, a state of tilings

^^im»^m.mi'm]^^pQSi^..
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vvliich may l.a.l to the l.urini.g ,,„t ot ilu- n...t..is Im-,.,u-..' oI th.ir
UMiKqii.ito back i-.M.i.

ri.c .ontn.ll,-, ^lunvn u. Fi^. I,..IJ lu.> ,,l>o tin... ,K.Mtion~, ... tl..'
lurlluT .lot, tor ivv.r>.. ruiniitiK. tliesf com-i.o.uling to iHDsition. i

- uul
.5

for forw.u.1 rumiing. It is, howAvr, oft.n „,or.. ro.uvni.nt to'h.uv ,

-..panit.; nv.TMr.g .wit.l, o,Krat..,l l.y a ,.. ,lal. l.ut onlv inovahl.- wli, m tlu-
kvcr L IS in tlic " off "

i)o-itioii.

Sin.Uarly con-tru. t.d .ontroll.r. aro available for tl,.. .loubl.-voha...
method of control ,l...ailH,l on page 1479 a- being nsed when only a MnJle
motor lb (inj)loyeil.

^ "

Arrangrements for Rechargring:.- rh.^ commenial su.ress of -i
batt. ry-driven .leclrir vehicle will obx.ou^ly be depcnd.nt on th,. eir..ie,uv
and ronveni.n.e of th.^ arrang. m.iits for recharging the batt. rv when ex-
hauste,! or nearly exhan-t.-d, as well a. npon the number of mil.Mh.. v.-lnel..
can rnn on a s.ngle eharge, and the manner in which this mil.age m.vts
he requinments of the work whicli the vehicl.- is orduunlv call. . I npon
to do. '

The etlkiency of the recharging arrangeim as a whol.. ,l..p.,ul npon
(..) the provision an.l (ii.) ilu- ..piipnunt of .. convementlv .'..tnbutcl
iiunilHT of recharging stations and sub->tations.

With n.ganl to (,.), electric transmission ami .h^tnbution man,, a...now so nnm.ious m many parts of the rnit.,! Kmg.lom tha, on.-v.ntmvs to hope that a public supply of .l.-ctric en. rgv K.r su.h v.hu l.s
may, m the not .hstant fnture. be •' on tap •'

in so many places as to n.ln.e
uatenally th,- loss and inconveuienc,. „f having .ith.r ,., recharg.. b.foro
he batt.ry voltage has falKn sn.li,i.„tly or to run the n^k of b.-i„g'straiule,l

far from home with an exhaust,..! batt.ry on boar.l. To m.et soni.. of th..se
•lUlKultus, a system of gi%nng short <harg..>, known as '

b.u.sting
'
chaixv-s

to mu.xhanst.d batteries has b.-en employ.d, an.l wl r..f..rr..d to agMin

Th,. ...lu.pm.nt of a .lunging station or garag,. f.,llows geu.raliv tl„.Im.> ..1 th.| <..iu,pm..nt of the cont.m.on.-curivnt sub-stations alr.a.lv
-Icscnbed, the chiel modifications being (,.) ,hat the output voltage ^
I.'^^.r than is usual for or.hnary power or lighting puriK.s,-s. ami (ii ) thatan mgements >ho.il.l be avaihibi.. for suppU.ug tt^v.!nii..d pow.'r i;!;:imall^ at the particular v.,ltag.. suitable for auv electric v. ind.. whichmay ajijjly.

" "i."!!

MCollafT!;""
"r""",'' '^r'*-'""'

^'"' "'^' "^'"^t'-ng' of aut.,mob,le
stcou, aiy batteries has already be.n illustrated in Pig. r m ;„„1 ,1,

-

scnbe.1 at pag.. i„65. I„ ,his case m,rcury-a>c rcclijUrs w.r.. „s,.,l ,.
ransonners to reduce the ordinary supply voltage, and appear f, 1... well'apt,.

I
for this particular work. With what has alrea<h b...., -..,,1 i„other p.irts of this book on th. .j^Ct uf LU!iti!UiOU.>-Ulll.-||l Mli) M.ltl.Ml

:jt.i..
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working, oik^ or two additional illn-tnitions of sixcial stations (or tkctnc

\eliicli> will sullicf larc

Thi' main object is to obtain a supply of continuoiis-iurnnt ciHTf,'y at

a ranRc of vultago Miitablc for tlir particular battory, hanng r.'ganl to the

w.ll-kiiown iharging inrv.- alr.ady givin flsiwlirr.. If tlie main Mipjily

br A.L. auv of till' reUvant nutliotls dcscribrd in Cliaptcis \II1. and X.

can 1)1- UMil. Simplicity of control and working arc, howcvii
.
doir il)lr, and

probably for tlv kinetic transiormers an Aa . motor coupled to a ( .c

.

dynamo on the >ame bed-plate is tiie >imi)lest. Tlu nu nury-arc nctilRr

is available as ji.ist j)oiiited out.

With a c.c. siipplv on the mains the (piestion is n-duced to one of

voltage ivgulation. The usual voltages of jjiiblic -npply for p<nver i^ur-

pos,", in iu'.gi.ind are 500, 440 and 2-'o, all of which .iie too liigh for

o r di 11 a r v

•JMJ5L-- 4 battery ve-

hicles, the

voltage for

y wliich lies

-^WOT^ ^^^^-^ 1
-omewliere

,1 bout .So

volt>. To
aar

°"Q—wm—

Kis. i.'ii ;— Circllll^ I ( ihc '
l,.iii. .i^liiie Mn... I

(ieitcratiT lor t luriiiii.: llalit-Ty Whiles. I

•!St^

Hli!i|"lil'|il'r

reduce by

de.id nsi^t-

aiice i> ob\i-

4« if ou>lv w.l'-te-

•/ ful. "as, for

low volt-

agi s, more
e 11 e r g y

would lie used u]) ill tlie le-istaii' e tli.in in cii.irging thc> iiatt.ry. In

f.ict. the etticiency iiiiglit fall as low as id to 17 ])er cent. 011 500-volt

main-. .V < oupled c.< . motor and dynamo, with cpiite distinct electrical

cin uit-, would lie more economical, and could be worked at an overall

etlicieiM \ of 7i per cent. A still more econo'-"cal plan is o jilace the

armatiiies of tlie motor .iiid dynamo of a coupled plant in scrus as >hown

diagi.immatically in Kig. i.di;. which gives tlie connections of a " leducid
"

set maiiuf.utured by the Lancashire Dyii.uno and Motor fomp-iny. Both

m.iclniies ha\e ^iniut excitation, the shunt (ircuits being in ]i,ir,illel ,uross

the main-, .iiid the -hunt circuit of the dynamo having a regulating resist-

ance to atlju-t the voltage »\cross tlu' terminals of tlu' battery to be charged.

The starting and the .automatic -afetv dex'ico are in the UMial jio-itions,

whieh luivt 111 111 I \])laitied in Cliajiter IV. One of these -ets is -Jiown in

iMf;. 1,014, lo,;;ilint wilh .1 -will hlio.ild p.ilui coiuaillillg till lnCi-..-.,iiy

t h
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;,,,,„. ., vul. ^^..l. .h- volt.,,., of ,!,. M.pplv . una. .uM ,!„ lut... v,

,„„ ,.„a,.,- onl<narv .o.^luu.,,. i- no, 1, ~. tl„M> s- ,., r ,
n,

.

.nul nuv 1,.

,- hm'l, a^ ^7 iHi .vn,. rin. ,mn,.,u v i.uM not, ol .ou,-,.. 1.. coutn-,.l

,utl, ,h.' .llirUH. V ,.! tl.r l.attrry, svlu.l, .^ M'""' •""•";'•'' """-

If ,wo or ,u...v iMtt.nr. wlu.h .L no, .l,ft. r uul, Iv >n vol, .^r aiv to 1-

,,, .,-.,,,1 „ ,1,.. -an.- tnn.-. ,1.' lM„.nr- nuv W pa.all. l.-.l on tiu- ,lvnan>o ..,

1,;. nvon- ana .t will W n, o--a, v to jMovnl.- rh.oMatn- n.ulafo,, t-r .a.i,

hatlo! '. IMI A pani'l ((ins,inrt<il hy th. I.;i.inii

j.iMM.lr f,.r ;, . unn of thiv. /tnir- iMni.u Mnuiliai. "U

1- -hown in F.f,. x.oi5. H'O'i^l' ai-pauitn- tor onlv two batt, u.-

,!,.- liiiurf. TIk- niiptr part of tlu> pan.l rontani- tlir -witilu-.

,ator-, r,,-., fur a inotor-Kmrratur m , and the nu-a-unnf; m-tnnn

.,- explain. ,1 l.rlow. The .luui,'in« unit- a,v tliv two lion/ontal

.!,. iouvr part ol til. panrl, and it uill !»• notn •4 ,lia, ,h. n- w

,l..\vn for a third. Ono of tli.-' -.rtion- i- -liowii -rpaiat. Iv.

11!-. l"v II) m- . and 1-
. La:; . lu riii. i,<^!' liu-a-un-^ J4

till ( "

-ly I liar

appear-

fu-i-, r.

. nt- for

-I . iion

room 1'

oil a la

a (OMU

to

pd
. on

Kii-

llSr

~ oil

\\cl

ij^.r

I.,.-

:1

II

. r.: .^, W):£> .i:.-i.-.-'.w ^r-vr-^'-t' >-ji%. "k^T.
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unit in itsilf. ini-iiiUi li ,i^ it r.nrii-, <iii tlir back tin.' ncif-sary n-^iiLi-

tiiif,' irristaiur, tlir xrtioiis of svlin li arr liiotiLjlit to tln' --lidiiiK (oiitacts

-linwii on till' iront. Tliis adjuatahlf nsi-tame is

inttrj.o-.(l hitwocii tlie main battery switch and

tiic l)attiry, in Miiis with tlic latter. In addition

to the n-i-tance contacts and the sUiliny brush tlie

liont of the section carries at tlie left-liand side a

low-current < ircuit-breaker c, which aNo acts as

a battery switch, and on the right-hand side a

tliret -position in-tninient switch s; there are al-o

the nece-siry fuses, a pilot lamp, and a card-holiUr

to iiiduati- the circuit controlle<l. The circiit-

bi.ak-er i^ interlocked with the sliding brush, so

tiiat it cannot be closed unless the latter is in the

extreme left-haiul position in which all re>ista!ice

is in circuit. When closed c is held in iwisition by

.1 small magnet, but is released if either (i.) tlie

rliarging voltage f.iUs below the batterv voltage,

or (ii.) the Ml vice fuses " blow."

With all -witchis open, if a battery be comn'cted

to tlie (harging circuit of the section the pil' . lamp

will glow becau-e it is electrically across tiie battery

tiiminal>. It the switch s be now moved to the

"reading" po-ition, it will show on thi> voltmeter

oil the panel the voltage of the battery, and al-o,

bv the direction of ilie deflection, whether the

battery poles are on the proper leads. If all be

1 ight and thi' sliding contact brought to the extreme

left of its range, the circuit-lmaker c can be closed

and the battery placed on charge, the slidei being

tlun moved to the right until the charging durent, as shown on the

amimter, riMS to the deMr.-l v.itue. Tlie switch s is then to be released,

and will be forced by a spring

lulo its
" cloMil " po-itioii. Ill

which the iii>tniiuriit> an- dis-

connected but the battery left

on charge. Tiie volta^;e and

current on the battery on any

section ol till- p.ilirl cal' be

a~cert.iiiii d .it any time by i- i

moving the switch S of the section to the

the diargini,' i- to i>e (h-contimied the switch s is moved to its third

^. ,,. , .-•|,;,.u„c ' l'..n.

for ClLirnciiK Kkclji. V,

l.iclcs.

, Seclioli of iRraniL CharKinj; raiicl.

leading ' position. When

Ol Ollk II |»i~lll>ih, III' .il. uu upiiiiiig the circuit 1, 111 t.ik.

X \\\

m
t^lUM Wj-J^Mx !.,



CiiAK<.:.\o riv/vs- A.'A' r.!.F.cii;.c l'nllLl.K 11^7

,,„ niMlunv o_.ut.ut> i.rov..U-.l witl. a magnflu- blnw-uiit. A^ -...n .i^

,h,."ciiruiti^ tlui^ l.iuk.u tl..' .iivuit-lmak.r c ..|.nis ami .liMuiiiurts

„„. ,,,„.,v from l.otl, >i.l.s of XW- •'iM... a.ul by th. M.l.H.imxt

„,„„v,>l of tlu- .hart,'.,.K piny from tl.r v.lml.^ XW . harpiiR caM.-

l.r, (iiu< - iiitirily " drad."

Wli. r.- luiimrou- v.hirU's an- to bf cl.arK. .1 Mimiltanrou^ly, th.' arrai-g.-

„„„,, ,or mamtaiuinfl a Mipplv of cum nt at a -tau.lar.l volta^-- ar- tl>o-r

, „» ov.liuarv c.c. Mib-~tation a^ .U-.aibr.l in Chai.tn Mil., a.ul tlu-

'„,;„„,,n,M,t^ tor paralhliuK thr l>att.ni> on tlu- mam- .an br ma.l-- q.iif

cb-'luKt. Tlu- 1^'anu nnil jn-t ,1,>ui1m.I 1ki- b.vn d.Mgn.-,l m. a> to br

.i\ailabli- for

till- ca-f, and

.1 bnilt-up
-witchl'oard

Willi ^(i -ucli

unit- i> ^lio\Mi

m Fif,'. I.''I7-

\o fuitli'r

ili-:-<.ripiion i-

nnt-^ary. rx

c, pt to point

iiiit til. It thr

tiiiiiliiiu d am
iiuti-i and
\- 11 1 1 III f t rr .

w hu'h 1 an,

\v li 1- 11 r 1
-

ilUllid, br

u-iil for any

niif of the

twiiitv -I'C-

Mu. Si^nlllaTu.ill^ll Cliai^in,; luculy Klo In.. V, lii.l.-

„on-, 1- on ,. -NNinying brack.t at tlir >id.- and can bo read from ,inv

poMtiun. All the line and battery connections are on the back, and the

in-t,dlation of tiie -witchboard is a compar.itively -impl- matter.

To iUu-tr.ite tile other end of ihe charging proce>-^. Fig. i.'a.^ -liou-

ihe charging of electiic vehicles at tlie Mi.Uand liiiihvay ( i.mi..,n% '- di pot

,it M. I'ancras, London. All that is nece->arv i- a ping and a tl.Nible

1 imuection to .1 fitting sunk in the giouml, the energy t,d<en being nvordrd

on .1 -upplv meter on the viliicle.

Public electric suppiv undert.iking-. municip.il ,m<l other, ,ire men a-

i,;:;lv lecogiii-ing the advantage> of citiring f<.r tlu- -upp>y of .lectri.-

iii, r-v lor b.itterv vehick-s. as a me.ms not milv ol in.rea-ing their

,,i,ip.ii but n plnueiiv haiidl.-d, of imiiiovmg thur own pnuer f,u mr.

! i
-
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Kii;. i.6i5,^.Mi,|l,,n.l Railway', Lh.iri;iiii; Slati.in f,)r l.lccliic \ t-lu. I- s.

In .1 ntuiii piil)lislud in Kji; l)y the l-.l.ctri. \Mii, 1,. Coinmitt.v. ;ihout
i-o puhlk- cliaiKinK ^tatiniH wciv mIk',1u1c<1 a- Ixiiif; availal)!.' in Gri'at
Britain, of wlii.li .;<, w.ro in London itxlf or within tiif twtntx -fn.^ mile
circk' from Chaiinp; Cross.

An cKrtric vcliiilc (,'arag.' in ronncction witli tlu- municiiial .l.. tri( ity
works in r])swi(li issliown on Fif,r. i,(,i,,. u^.^,, ,„nni( tion is made to the
y.liidc to !). rhaii;.!! In- a lUxihlc ,.il)lr wliicii tirminatcs at a \Tall littiiif,'.

Tin- s\vit(lii)oar(l and < ontrolliiii,' ai)])aratns cin he seen a» one corn.r of
tlic garage.

hvin more (onv.nicnt niuUr ciTtain (iirumstanits is tlic arranj,'.-

nicnt siiowii ill

Fig. I ()_'(),

made hy tlic

Croydon Cor-

poration, 1)V

wliirii passing

vciiiclt's drawn
111) '" »"> kerb

on the road

outside the
generating sta-

tion can he

rapidly con-

lle( ted to a

"•i\y i-haig-

m^^ -r^



Ciiisc./yc FK.nr Piiu.c Svrriv Mmss I4S>)

iiiK flt'.\il)K' .iikI l)f 1,'ivcii .itlur ,i l>iii f
'

l)oo-t " or a lon^'.•l ,\\v\ (iilKr < li.irKf.

The flfxililf cil)!)- i> l)i()tii;lit out liuin tlif >l.itioii on a >\Mii^;ini,' luatkrt.
wliiiii, when not in iim\ .an !>.• folded Ikk k ,iKain-t tlir wall with tlio

liiav V cahlr drawn ni. out ol liann'> way l>v tlif >n-i«ii<lin,L; rop.- >liowii
in til.- piiturc. I'.rinan. lit (oiiiuHtion-< in>idi' tin' station can. ol i oiir-c.
!>( made alive at a moment's iioti.e, and the mi])jiIv of juue. " as it is

(ollo(iuially lall.'.l. tiuii. d on a^ il it wen- wat.r Idih a tank Mijiplied
throui^h a hose jup. .

As a final ilhistialioii in this dire, tioii. w.- i;i\.' in I'lj,-.. j.i.ji .,ii,l i.i.jj
two \iews of a kiil.M.I.- .haivini,' station win, h ...iiswis ,>| ., w.atlierpii-of
l>o\ snj)-

I'orti.l on

a more or

li'ss oriia-

m ( n t a I

]ie<lestal.

The l)o\

< .'lit ai lis.

iiioun t ed
on a slate

pan. I, a

ii-,i;iil.itiiif;

rheostat.

switches,

fii-es, am-
meter ])0-

larityindi-

< ator. etc.

< o 11 n e(-

tion with

t 1, ,. J. (-
'''^' '"'-'•leclri,: ri.orcni: :i! Cn.y.loi. Kltclntily W,.rl,.

siil)l)lv is mad., through a comlml pas^ins: mi.l.r tl,.' s,de walk \ pn-
!>-'.v"u lit met.r can he instalK.l, Init in vi.w of tl,. mim.n.Us s,/,s .....l
.viHs of iMtt.ri.s which mav n.p.ire a suppiv of ..„,„v. ,, t.. am, ,dlv
trained att.iilant shonl.l tisuallv W availabl.'.

In this c.>nn.cti,,n it may I.,' well to m.t.- that tlu- 111,, trie V. hi, !,
-nmutte,. has adoj.ted a •' stan.lar.l chaipn^ phi^ ,.n,l n. .pt,,, I,-' win, h

Is n.,wwi.l,lvmstall.d on xvhicles ami in .h.u^.int,' s,,„„,ns .,, ,|,.t tl„-
''''""'' '"nn.rti.,n f,,r , h.ir^'inK nin !,. m,.|,- without ,|, l.,v Th.
liitini^s „, .l,s,j,.u,.| t,. tak,- .nrnnts up t,, 15.. ,.inp,i,s ,,n,| .,rv l,„
""• '""I'l-iv -hoost as w.ll as f,,r the r.-^ular , llarKin^•

/.•'-s/,„.. - r:/,„.,vs. Th,. mi.l.lav •l..H,s, ,H,.ri,.l to ,„ tl,.- l..s,
IMLigiaph aii.l also .arli.r in th.. s.-.ti,,,, „ a m,,.l.-,i. .h-v, I,,,.,,,.,,,
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nndircd jM(»ibli- by tin- multiplit ation <if < harging fai iliticv. and liavmj;

an imiMirtant ifftrt on tin- «'ci)nnmiial working of nmlnr v<liicli'^.

especially -or commtTcial puriM)s<s. A "boosting" « barge i> a jiartiai

charge given in a rimparatively short time bv means of «nrreiits higher

than the nornial charging current of the particular l)attery. Circum-

stances often arise in ordinary working under whi< li the normal charge

may not be sufficient for thi' round trij). Thus, after a snow-storm,

the roads mav be heavy and re(]uire abnormal jxjwer to propt 1 the

vehicle, or luidir or-

dinarv conditions a

trip longer than the

Usual ma\' beKime ne-

ess,ir\-. If then, when

the batter\ hi- lieeu

|)artially disihargid

and the vehicle is for

other reaMiiis iit a

standstill, e.g. ihiring

the dinner-lionr. the

nei (ss.irv fa( ilitiis are

at hand, the battery

can bi- " refreshed

"

by a parti,d recharge

at as high a rate as

it can staml. llie i.ite

mu-t not I" s(i liigli

as to injure th. b.itterv

l)crmanently. but pro-

\ idid g.is^inj.; ind<ivei-

lie.iting do not ai)i)e.ii ,

th(> ])laii's are piohnhK-

absorl)ing useftdh the

energy suppliid.

It has been found that a one-hour boost jiroperly aj)plied to a had

battery which has been li.ilf-discliarged increases its capacity .IJ per

cent., and if it be fully discharged the mcrease of capacitv is 50 per

cent. The i)recautions necessary have been indicated in the ( h.ipter

on secondary batteries ; spa<-e does not permit us to re]>eat tlu m in

detail here.

Position and Prospects of Electric Vehicles. -As remarked abo\ ••.

it IS only within recent years that electric \ chicles have given signs of

coming into their own, and have established their position as distinctly com-

mercial propositions, whether used for the carriage of goods, lor public con-

I,f.2l.

A Kerl.-M.lr Ch

; i

wimfm
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v.v.in ,• . or for pl.-asun- purp.)>.>. In thr early day-, tli. y w. ir l.an.lu apix'.!

I.v.ltfect. in t!io scoii.larv batt.rus vNlii.l. I.avo b« n much nni.rov,.! (or

their puri>.MS since the heKinnit.n of the pre>ent cent.uy, but n.o,.. ~t.ll l.y

tinan.ial .liiruultirs an.l bad inanaKc-iuent. quit^' ii.d. i.m.l.ntly ot tlu-

..„L:m.rnn« poMtu-n. In addition to thr improv. nients in batt.-n.^. .Kvlru

motors I. .ve been improve.1 and .kveloped (or th.> p.rtu ular m rvue.

,nd bv the Use of ball-bearing's an<l car.ful att.ut.on to nnnor ,K..nt> ,n

.l.siKn", their e.mtribution to th-' inerea-e of ov.ral'. .tti.iency l,,is b.
.

:i

(luite appriviabh-. ,11
In the two or time veais before the outbreak of wai ..uu li K 1

Aoik

was done, and there enier^rd .1 prosp.'. t of rapid and luotilabl.' .1. v. Inpn.. nt,

wliich has however, been retanhtl bv the (htt.culties m. i.lental to w..i

.onditions. Steadv progre^s has, howev.r. b.en made, an.l the Kl.vtne

Vehi.le Conumttee wa^ able to reix.rt that on March .W-t. KH". there wer.

014 ekxtrie industrial vehicles in use or on ord.r. as ayaiii-t l.ho a y.ar

earlier, an increase of alx.ut .55 P»r -^-nt. But tluM- f.Ku.e, a.e much too

small in view of the (Wssibilities now in sj^ht. for it hasb.ui .Mimaled that

in a certain area on the outskirts of I.ondou l.JOo eUrtric v. hi. I,- wo.il.l

not be excessive for the trafTic re.iuirem.-iits. and that t!ii> n-.-nb. i «oul.l

requir.- practically as much electric eivrK) a- i* sup).li.<l to ,h. WA ti..m

cars Th.- imijortaiice of such a tlevelopment from .motli.r point of vi.w

h'e>-..ni.s ..bvio.H when it i'* furth.r ob-.rv.<l that this .n.iKV cul.l b.

-upplie.! bv th.' l.)cal generatiiif,' station by an imi.n.v.nunt o( its loa.l-

(actor. with.iut increasing the maximum deman.l on tli.' plant. Hi.' im-

pruv. ni.nt of tli.- load-factor would lea.l to the . heai>enin^ ..f tli.- i.i.Mlucti.in

of el.-ctric eii.r.ny for all purjM^es. Wli.n it is stated that a- tar b... k as

I(}I5 there wiVo over J.K'o el.ctric indu-trial v.-hi. 1.- m ;<> hn. .
.>f

buMiioss .)n service in New York alone, it will be rcaliM-.l that tlur.> is a

lar^e tield for deveh)pment in this country.

Performance.- -In consid.'rinK th.' p.'rf.MiuaiUf of .I.ctri. v. hi. 1.-

ones attention is more directed to th.' ov.r-all o-t ..I nimiiif and in.iiii-

tenance than to the engineering ellici.nc\ of the wh.-!. nia.liine. '111.

.'tVu-i.ncv of electric motors as motors only is well known, and the .rti. i.n. y

.)f lead secondary batteries, in this comi.cti.>ii. m.iy b.' t.ik. 11 to \n- alxnit

75 p- cent. The intermittent natur.' of the services d.inan.l.il, li.)wev, r,

pr.)f..u,..l!y affects the final cost, the rchution of wlii.li to a inniiinuni is

usually tlu' aim of the engineer. It is fi.jm thi- point ..f vi.w. th.i. foie.

that the problem is appr.xiched.

Th<^ curv. - \-'-n on Fig. 1.62.?, for which the writ.r 1- iii.l. bt.-.l t.)

Mr, A. J. Ma. vjwer, exhibit graphically the results obtained a- .ifte.t.d

bv th.! n.iturc of the service-, demanded. The absciss.L- are IIh number

of miles per annum run by an el.'ctnc commercial vehicle of the ' Orw.il

t\iie, which is fully <iescnbe<i in the preceding jiages (f.Y p.ii^e- 1470,

« >- -iMlft -"im %w

n i
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Thr r.iiit;.- t.iki 11 i^ fn.m ',.',i<i, mil.- jmi .immin, win. Ii i> ..iilv

t>7 inilf^ |.(i wiik, <<i .ilHuit I.' iiiilcN per workitif; d.iv, t" r.itlitT 111. >if

than thr..' tmi.-^ llusf di^taii. .•^, It may licrc lu- explain. .1 that < \p.n-
I'luc -hmv- til, it III l.omloii tlu' onliiiary . <in<litii)ii- .)| i|i-tiiliiitii>M I.m.I t.i a
p.)^Ml)li' a\.TaK.- iif .ilioiit ; ; iiiil.-^ |)(i .lav, .in.j that 1 1 ntlict Liil;.' .itu-

2<X)r

f ' f— I

**
I I

ISO

I
I

1

i

j
i ;

UepreciclPon"of venrcTe;ne"ss"BdClery S t'yres

2j
if

c

IfiteresC on capital (dverdsre 2%)
00 4 t- j r -|—f -f— f -

u 50
o
l-

(bdsedon 10 years life of vehicle or lao.ooo miles)

t -i i
-4-

inrnn£_co3t;_jier ^dr-mile

4-^r-^-

0-"
4,000 5,(HH> 6.000 7,000 e.ooo 9pcx) 10^000 uodo i2Jboo

HiU'? per (ititiu 111

hiu. !/•. —T.l.ll Annu.,! CI, »,„•,- ;,n,l ( .,1, ,kt Cir-luilc .1 l,r,^;1,„ Kl.-.l,,,- H.,iicri \',1h. 1. .

the nsult is very similar. Independently about _)=, miles i)er day has been
quoted as obtaiiiinL; in N.w York.

riie Dnliiiate-. -how tli.^ eosts of operation .md maint. 11,111. i- to two
S.-.lIe- Til.' Ii It llin.l '.rrile to wllich the fill! line i-.ltVl-; imit 1::- tifirrii'

Kive-, till' total c.i-t ]>er .innuin of the \-,iri.m- eliari;.-, lli. . .lix i.i.- int.)

two lat.i^.iries
, the Ur>t, ripie-inte.l by th.' .It-l.iiire-. betw. .11 lii.' liori/ontal
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ffls

liiu'-i (III, hh. c c, and ii/, ,irc tlif •>t.inilinK cliar^jc- ulm li .iic iiiiliin ii.lriu ut

the miles tic- car run^, an.l consist of wa^o (tK'.') of tla- diivtr. intcn st on
capital ((!)), taken at J jxr cent . tlejireciation of v.lncle ({201, >.\cltulim^

l>attery and tvTes. which i- taken at 10 jhi (cnt., .iiid in-niance. ^natje.
anil taxes ({I'l), also taki'n at j i>er cent. ilie total of (i,,.j \m\ .iiuinn)

IS represented by the heavy horizontal hne 1/1/.

The second category comprises the charKes which iUimiuI upon the
distance run: these are represented by the di-tan(e> between tlie sloping
hues (•<•,//, ;?A', and hh. The distam.- ./ is the charge for cum nt reckon, d
it id. per kilowatt-hour delivered t(» the Vi hide

; the ne\t disl.inc.-. . /.

which it will be noticed is the greatest of the four, is the (h.irt^e t<i| battery
upkeep, including rencw.d,. reckoned on a hie of i.s.i.,..) mil.--, wjii.h the
b.ittery • lakers guarantee for this service. I'he distaiu .•. /:, i, i|„. ,|,,,ii;.

for tv'.s reckoiii-d on a life "f i.'.im.d miles, which is low. .i> tlir lu.oco
miles guaranteed toi pct;ol vehicles m.iv well be mcre.iMil to i,S,.mio

miles for electri<- vehicles. The last distance, ^'/i, i, the rrjiair bill, whi. Ii is

ipiite an appieiiabh- item.

The right haiKl siale, to which the two doitnl niiv. s are to b, refeind.
gives ill penf-e the cost per car-mile ; the <ars dealt with h.ive .1 en vim,-

capacity of i\ tons, and a gross weight, loaded and includiiiL; the battuv,
of 40 tons. The ninning cost per car-mile, line n h, is .41 p. ni e, but
th.' tot.il cost v.iries from 7-5 pence to ib S pen.,- p,i .ar-imle, .i.toidiiig
to the distance run in the year. It is interesting to note th.it the rnnnDu;
co-t is 55 per cent, of the toLil cost when the c.ir run- ij.ooo miles m the
year, .md f.dls nearly to J4 per cent, if the nm is onlv ,;.5o,. ind, s thus
shewing the ililluen e of th.' st.nKhllg charges. It i, .till liiole int. rest, ni;

to note that the cost of the electric energy is only jj p, r ..lit. of th.

total running cost, and therefore that this charge isOnly ij =; per cent, ot

the total cost at 12,000 miles, and falls 35 per ivnt. .it \].=y iiU-s. Tlu-
be.iring on the price paid for the electric energy is obvi..u^.

Comparisons.—It being asstmicl th.it the t.)tal ti.ittic ..n th.- street-
and ro.ids is a definite quantity, the .pi.'sti,,,, niav b. ak..l .is to what
existing vehicles the electric vehii le is to ilNpl.ui-. Ihe .iiiswer is th.it

Its greatest opportunity lis in superseding liorsc-d)\,..}i r:/iu!,-s in th.-

short-distance piss-ng-r, go .ds and other trattic, whi. ii lornis s,, l.ui;. ,, pro-
portion of the urban and suburban tr.ilhc of our l.uge t.iwiis. Its snbstitu
tioii would contribute appreciably to the relief of th,> .ong.stu.n of th. r is

in the centr.il areas, the handling of wliich is a v.rv ditt'uult problem l..i

muiucipal engineers. An electric vehicle only occupies about h.ilf the :-pa. .,

and is quite as easily manipulated as a hers -drawn \ehi. le of tlie same
carr3-ing capacity. Many minor advantages of Mich a substitution an-
obvious, and need not be here referred to in detail, but one point of natK.iial
importance should not be overlooked, and that is its influence on the focd

148
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supply of tilt' iiiition. If tlu' foildi r necessary for the sustcnaitrf of tlio

liorsf-^ is no l()nf,'t'r rotpiirod, tlir land -<t fiTc can ho usod for the growtli

of lniiuan foixl, niidcring tla- country a-, a whole less (Upciulcnt on the

sui)|)ly of food from overseas, a !ie< i---il\- \vlii( li has hei n hrougiit lionu'

vividly to e\(iy inliahitant of tlii- cuuntix- l)v the f^ifat war, an<l the

liiratical ac ti\ities of U-boat-.

lilrctric I'chiclcs. -The other ad\ aiitaj,'e^ of ehi tric.iliy-dri\ en \.ins and
loiries ,1-. compared with similar lior-e-di.iwn \ 1 hi( les ha\i' heeii well

-luuiiu'd up * as follow-. ; -

(1) Co-t o! energy low, and no i)ower con-iniied whii-^t at re~t.

(-') (lean and sanitary.

(.5) Speed double or tiehle that of horses with eciual load-.

(4) Self-starting and easiiv controlled by seini-skill< d labour.

(5) Short wheel-base requiring minimum space on stnet- and in garages.

(')) Reliability due to simph- mechauisin, equal to ()5 per cent, of the

woiking hours.

(7) r])keep chaiges low.

Pctrol-drivcn Vehicles.- Tlie electric vehicle i- better adapttd for this

su])ersession than tin- j)etrol-dri\ eii vehi( le, who-e nhiin.ite spheiv ol

action appe.iis to lie more properly in the direction df interurl),iu and long-

ilistance high-speed traffic in compeiiti(jn with r,idw,i\-s th.in in de.ding

with the sliort-distauce tialfic with its numerous stoj)i)ages relericd to in

tile ])rec.-ding ]).ir.igraph. Tiie petrol-drixrn vehicle i- e-sentiallv a higli-

si)eeil vehicle, and low speeds can only lie olifaiurd al tlu' co-t ol

ethciency usually mvolving conqilicatious which .wv undesirable from
otln'r points of \iew.

The absence of noise and smell, so objectionable in ,1 petrol-driven
vehicle, is a distinct jwint in favour of the electric vehicle. Again, im-
portant commercial ad\-antages are obtained from the much lower stressts

of the working conditions in the eh'ctric \ehicle. In petrol-driven vehi( ks
the starting and speed-regulating stres-es .ire very Ik avy, and to these
must be attrd)nteii in great measuic the a-certaiiicd tact that the life ol

the rubber tyre- i- about 80 per cent, longer in elet trie vehicles, whilst
the chassis of the electric vehicle has a life double that of the chassis of

the petrol-driven .ehicli',

Passntacr Trulfic. -Where the tratlic between points i- surikieiit to
justify t!ie c.ipital e.\penditure there is no doubt but that the electrically

driven ti micar is the cheape-t method of dealing with the uibaii and
suburb.in tr.ilfic of latge cities. Next to tin' tramcir the trolKy omnibn-
has bee,i found to be cheaper than the petrol-driven omnibu-. but in -ome
large cities (.-.g. I.ond.m) the tramcars within tirban limits are -upplied
with energy irom tmdergrouud conduits, and the trolley omnibus is not

• /A,- Ele.ln.i.in, \o\. \.\\\\\\
. \, -.», Mucli i6tli. igi;.
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|>(>s>il)lc. In tlic^i' c;isis the flcctric omiiihii^ annv^ into .,ir,,t lom-
ptition with tlic iRtiol-oinnilm-;, ami tliorc n .hi iiiti rmcdi.itc , nmp.titoi
III the ])(tii)l ol.rtii. vdiiclo (lixiilnd in thr ii.\l -iiIimh ( (imi>.ii,(ti\c
111,'iiris for thrs.' (()mi)i'titoi> art- given cImwIick-.

I'oi taxi-cal) work in l.ugc ritifs, wlierc the a\ .lai,'.' spic.l i> <<(ntioll,il
to a Kr.al cxtiiif by otIuT trafhc. tlio ticrtric tal) In^ di-tind a<haiitaK«-
ov.T the p.trol cal). Mo>t of tlu--o arc included in Ihe >uniniary alreadv
?iven, hnt attention inav b. -peeially dinitcd to tin' .luiekne-- wit!i wliu h
!t i,Tt- under way a.i,Miii when stnppe<l by otiier tralh( , and to thr abveiue
of the eraiikin--ti]) nuismee

: also to tlie faet that duniii,- th(-e fr,,|Ui nf
and annoyini,' ^t(>pi)at;rx HuTe is no lo>s ot eneigv by the , nj^in.' b. in^
ki'pt niniiiiif,' idle. The sun<' niiiark-, of rour>e, ajii'lv to the el, rtru
automobii,' a- i onip.ired with tiie petrol automobile uhen iimd for ' run-
about " work in the (it v.

The rapiditv with wiiich an elee-

tiically propelled vclii. le can be gut
unil-r wav i> well illu-trated bv some
remarks made by l.icut. S. Sladen.

R.\., late Chief Officer of the London
I'ire Hrif^'aiie, in a discussion at the
Institution of I^Iectrieal Kngineers.
ile pointed out that when a < all is

reeei\eil. the electric veliicle starts in

the very best trim, and the maximum
speed is at onci" attained, whereas
with other forms of traction, nanielv
steam or petrol, a little tune has to
elapse before things become quite
normal. H.' further remarked " that
'he ra,.idity of turn-o„t ,s absolutely iine-iualled bv anv other form of
traction; it is not uncommon at an electric-motor 1^^- station umler
ordinary mtvicc conditions for a turn-out to be effected in 7 or S
seconds, vyhereas with other tonus of motor a f,ood tiirn-unt is p,,haps
15 seconds ..\s most ot our runs for life-savini; i,urposes arc fo,
distances of only about iulf a mile, the advantages certa.nlv he with
electricity.

Cos/,s-...TIie lel.t.ve eost of working horse drawn a.id electri. vehicles
a.v given graphically bv the Elearical World, in the curves shou a in l-ig.M, for vehicles of the different loading capacities marKed m i,ooo-lb.nm s on the absci.ss.e scale. The ord.nates give, i„ dollars, the working

The above ligures were pubUshed in 1916. but some years earlier the
I

RmnBBss gKT
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Massachusetts Institute of Technology conducted an investigation into

Jhe operating costs of electric, petrol, and horse veh.cles. use. for com-

mercial purpose, in the i:nited States. Tl>e results were nnbodud In

the SaenUfic Amcncan in .- diagram from which F.g. i.'.^S 1k.> l>-" l""^-

nared The data given refer only to urban traft.c o.dmanly handUx 1>

J:: vehicles, and'do not deal with the longer distance trafl.c for winch

the" petrol velude hol.ls the field, and in which the electnc vc.hule ,s a ,00

second Particulars of the cost p.-r car-mile are g.veu for four d.tUrent

Via. i.f«5

i/iton I ton 3^ ton 5 ton

\„alys.s ,.f Runnins Co,.. .1 Electric (E). Petrol (r) and Horse-dr..wn („) V.hKles,

load ratings of the vehicles used in each method, the results, electric
( ),

petrol (P). and horse (h), for each rating being placed sule by side. 1 h.

first section (a) of each column gives the standing overhead charges pe

mile including interest on capital, depreciation, and msurance
;

the n. xt

™tion ^hs Jc. the garage or stable charges together wnth the w^ges of

the d iver and. .f used, helper; the third section (c) g.ves the mam enance

hlrg including the tyres (or shoeing), repairs, battery -n. c^nce

(or v^'tennarv charges), and lubricants: whilst the founh or top section ,

gives the cost of the form of energy supplied, taking electnc energy at

lid. per kilowatt-hour, petrol at 8d. per gallon (which is very low as -c.w-

-.--''-OL- Iff &m
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pared with tliis country), .md foddtr at {jS jnr lu'nl ptT >v.ir. In the

ratings tin' ton i> t.iki'n at J.ooo Ih. and ni)t at .'.J40 lb. asm this country.

riio result^, which are quite jjcnt-ral, >li>)U that 'indi-r th>' cdiidition-^

a:id on the assumptions set forth, hor>c traction is clicaptr than petrol

for the lighter loads, the latter is cheaper for the htuvier loads, and that

electric-battery traction is cheaper than either for all the loads specihed.
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,„ ,1,, „il.,.r tv,H' of .Icctnc vvhicle. .n which th.' lucessary .n.rgv

i, carried on th. vehicle and not p. ked up at rouU.Xhc .nergy is taken

on IxKird in the form of fuel, so that the eciuipnu-nt takes the place ol th.^

^,j ,S,... -Chassis ..f e.irly I'etrolilectrii: flnii.itu-.

.eneratin,' >tati.,n and the transmission and .iistr.huting conductors of

the great tranxcar s^-sten.s. The prime nu.ver adopte.l .s usua ly but no

luces^arilv, an n.ternal-combustion engi.u- hur.iing petrol, and the great

tis. i,c;; -A Tilling 'i!.--r.-. b!-r !>lr.. t-tei trie Onll)lbu^.



Till- Ti.i'sc S:/i /.vs ().v.\/':rs I jii'i

a.h.mtML;.' .-( tin- clirtiir ^v^t.ui i-

1m<1 . haii^'.-p..<l i^.-.n- .in.l th.ir

,llltl)llH)l)i!i'.

I'll.' ^'i.n<'i.il nil tlmd .uiploy.il

i-, v.iy Minil.ir to tin- \vill-kii<.\\n

Wanl-I.ton^nl -y~t.in d. -iiil>.'l

in loniit'Ction with clu trie railway

work. Till' pt-tinl riininr driv.-

.1 dviiaino. t!ie (Unriit fioin

whicii i> ^applied to the motor

or inotors piopt-llin^ thf viliiil''.

riic n ,i(Mi~ wliv tin- roundabout

-.\>tiiii. witli It- -lAcral tran---

(onuations. ol conveying tin-

lIUTgV of tlu- tU.l to the V.lllll.'

•i- a good ingiuifring jMopo-ition

arc diMU-Md . ImwIuic. < >ii''

obvioiK advantagi'. in the prt-iut

:i].pliiaiion ot the method, h

that the petrol engine tan \w

k.pt I mining at itr- l)e>t and

nio>t eeoiioniiial -iHid. the out-

put ol the dynamo being con-

trolled by altering the lieW flux

and in (>th<r well-known ways.

tlnw Kiiitrolling the ^lHed at

whirli the Vehieli; is driven.

The Tilling:-Stevens Omni-

bus. —An excellent example of

the general method i> atforded

bv the petrol-electric oinnibuse>

UM'd by Messrs. Thos. Tilling,

Limited, the well-known oinnibu-

proijrietors in London. These

oimubases also exhibit some

interesting pMnts in the gradual

ivoliition of th • tyjjo. Thus, in

the early day-, as shown in Lig.

i.hM), the dynamo D. driven by

the petrol engine from its usual

jwsition in front of the dash-

board, was placed about level

with the driv. This dyinino

that It do.- .iw.iv with till meehanually

.uixiliarie, ol the or.lin.nv petroi-iliiveii

--4 i

4

_:?^'jMa. '^^mMiw.n
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1500 Ei.ECIRICITY IN THE SeRVIlE OF Ma.\

>iil>l>li((l current direct to two iiiotois M attaclu-<l to tlio outside of the frame of

tile cluis^is. aiiil eaili driving through a transmission shaft and wonn gearing,

tile rear wheel on its own sidi'. An outline plan of the chassis showing

tlie principal parts of the system is given in l-'ig. I,')_'7. The engine could

develop .',(( HP. with a minimum speed of 350 R.I'.M.. but was automatically

controlled to run up to 1,050 K.P.M. as a maximum, and the dynamo was

a Stevens four-jx)le enclosed shunt-wound dynamo, with interpoles. The
motors wire series motors, each of 12 H.P., and could be put eithei in series

or parallel by tl'.e controllers ; the field resistance of the dynamo was also

under control. Tlie first of these oniiii' use.- to be put on the road, alter

having run alwut 120,oou miles in regular service, was found to have effected

Hft. i,6jo.^A Tilling-Slevens Petrol-electric Fire Escape.

a net saving of i|d. per mile as compared with the petrol vehicles in the

same service.

From this early t\"pe the advance was rapid and continuous, and we
illustrate in Fig. 1.628 a Tilling-Stevens omnibus which, in 1911, some

four years later than the omnibus just referred to, was the first of a large

tleet of {xtrol-electric omnibuses which soon became familiar objects in

the streets of London, especially in the southern suburbs.

In these omnibuses, as will be gathered from an inspection of a plan

of the chassis shown in Fig. i.'iaQ, the dynamo and the single motor used

are nearly in alignment in th>; centre line of the chassis. The dvnamo
is driven through an ingenious spring coupling direct by the flj-Avheel of

the petrol-motor, which occupies the usual jwsition under a bonnet in

front of the driver. The shaft o;' the motor, which is a series-wound machine.



Tiif. Tit i.is>,Srn-FS!i Pi rsi'i. Ei.hCTKir I'liihi.h i;oi

is attachfd to the propilliT sbift by a iiiiivti>.il joint, and tin i)n)i)<ll(r

sliaft iliivcs the back axle witli a worm ami woini-wln'il and diltiti ntial

gear of tlif usual t>ix\

A >till mon' niodtrn cxanipli' of tlio nilMiK'-Stiv. iw i>.tinl~tl.>( trie

viliicl«> is shown in I'if^. i,'>,',i>. which illu-^tr.tto a t'liv .-(.ipf -.upi)liiil

to the London I'iro Biif,'ad.' in I<)i0. in which it i- intcrotinK' to not.- that

the i>owfr for ilivatinK and trainuiR tin- ladder whin the vehicK- ha- been

placid in ix)>.ition is supplied electncally from the dynaino to other motor-

Fig, i.fijr.— .\ Sleveiis j Ion W Office Subvention VehUic.

installed for this puqx)se. The method of controllmg the propuKion

motor is referred to later.

The Stevens Commercial Motor Vehicle.—lVrhai>> the most int. r-

oting ap])lication of the s\-stem was its adaptation for War OlVice purjiosi-

m vehicles which, although of the commercial motor tj-pc. had been de-igncd

chiefly for use in the great war. This necessitated that ev.rv part, down

to the minutc>st detail, should be standardiseii so as to facilitate repairs

in the event of any breakdown trifling or important.

The complete vehicle, known as the Stevens 3-ton War Oflftce subv. ..tion

Vehicle, is shown in Fig. i,'>.{i. as it wa- turned out by the Steven- I'.tml-

|i

•1:
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LIcctric Vcliiclfs. I.iii.ittd, of wi.i.l. Mr. W. A. St.v.ns. an original workerm this subject, is the nianaginf,' .hr.ct..r. In addition to being a smooth

running, reliable and economical three-toi. ...rry for transport purposes.
It could provide when stationary, that is svhen its power was not being used
for propulsi.jii, a supply of electric energy for arc-welding plant, electric

J i ^ 'i

If!

•#* - V (At



Till Srh\is^ W'.AH OmcF Pfiki^iiifctkii rniii.t i|i'^.;

linliliiiK- II" Itiiliii,, -iMicliiiglit-.. i-kttric lic.itiiig. iiiotui (ttivin^'. aucl >ri umlaiy

liatttTV cliarKiiiK- • lit' cuiTcnt available (or tln-c i)uii)t>>-c> w.f- fioiii .'jo

ti) .{5" aiii]xrt's at no to 70 volts, or aUmt j5 kilowatts. If the flcitric

power liail to tic (Iflivcrcd at a dist.iiice from tlif vcliicle. the exritatioii of

till' Hiiurator. which wa» lonnxjuiul wound. I'liilil W v.^ricd. ^o tiiat it

wa^ ovLr-iomiKjimdtd to deliver at tiie (h^taiit jxjiiit a con-taut Noltagc

l(.r all li ads uji to the in.ixiinuin.

Drawing-- of the clias^is in elevation and jilan are yiven 111 Imj;-. i.»i;-'

.ind I-''.;.; The store of energy is rarrietl in tiie petrol-tank 1 at the rear

f U^ t.''34-- * ytitrolx wf ;i siexcii^ War Ofiitc IV tro! elratii Vchicir.

ot ilu \rliicli, TIiIn tank has a -tor.iye c.ip.uily of ',0 {,'a!lc)u>. the fuel

heiiiK drawn from it through the pipe hv a punij) to a feed tank tittnl

on the dashtK)ard under the Iwnnet. The engine i- a four-ivliiider petrol

engine of excellent design, and has the usu.il acces-orie^. which l.u k ol

space prevents us from describing, as such det.iils obviuusK lie heVDiid

the scope of this book, which is concerned chiefly with the elL-ctii( al e(iui[(-

iiient. The generator G is coupled to the engine shaft by llexible driving

discs, which fulfil the functions of a fly-wheel and a clutch. The motor
M is mechanically quite separate from the gener.itor. but is 111 line with it.

and the two arc, of course, electrically conntcted through the controller Ikjx

, jifii 'm<f^»
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c. winch ran also be iiuulc out iiiuler the (!nvLi'> scat in I'lj,'. i.<).'>.;. Tlif

various controllinf,' Icvtrs. iKifli liand ami loot, ami the -tccrinfj f,"'i>r- niii

bf strn in fmnt of the tliivtr- seat in I'i;; i,t>.;4.

The motor shaft drives the propeller -haft r, thronnh a universal jimit (•

with which tlie foot brake is ingeniously (onibiiieil. tlii- brake aetinj; there-

fore directly on the motor -haft, wliil-t tlit: hand brakes are applied as i>

iiNtial to the nar or driving uiieel- of the vehiele. Heiwe. n tin- umv. i-al

! the worm gear and ditterential box 1>. tluie is iiiteqx)-ed a
" -plurieal tcinpu' and thru-t

tube joint "
r. which allows a

still more flexible connection

between the projK'ller shaft I'

and the motor shaft by the

introduction of the inter-

nieiliate shaft I. diiveii direct

by the universal joint.

The various hand and
pedal controls are shown nmch
more clearly on a larger scale

in Fig. 1,0,54. which givi>s a

lH.rspective view of the dash-

board with till' Hour of the

driving platform removed, e.x-

]>osing the top of the generator

.ind part of the top of the

motor. The figure exhibits

the whole of the contiols

within reach of the driver

when seated in the driving

position. I'urther details of

the mechanism of the steering

pillar and gear are given in

I'ig. i,t),{5, which i? to a great

extent self-explanatorv.

The Thomas Electro-mechanical Transmission. This is a still

more complicated petrol-electric method of propulsion, inasmuch as at
full load the electric transmission is entirely cut out. and the petrol engine
drives the vehicle direct. It therefore more directly fulfils the function
of taking the place of the ordinary, mecluinically bad, spec^d-changing gear.

As in the cases just considered there are two electrical machines, but
in the Thoni.is transmi.ssion these are mechanically as well as electrically

coupled, and each of thcni can act as a ginerator or as a motor as may
be required.

fi^. i.6;v Dcttf s ot the C'"nlr,)is of \ Steven^ Wai
rnrol-rlci.Inc VehlLlr.

1
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Tilt' j,"'»'''il ^I'liciiu- I'l till' tiMii-im-^ii'ii 1^ -li.i-.vti ill, 1^1.imm 111. illy

III I'lH- I'l.i''. t.ikeii from till- lli\truul A'li'iV.. tni M.iv ^tli. ntii Flif

iiiginc ilri\f^ a> ii> tlwiiti.1 tin- ( .i^mj; i> i)l .1 -uii .iiid i>l.iiitf t; 11 lxi\, ron-

t.uiiii'f,' t\v(i ^un jiinions. vv .nul w, .tiul liiii jil.iiii t jmimii^ in Iwn ]i.iii^

!• 1' Mini 1', l'|. cillc ol r.u ll JMJr.i 1' .111(1 .1 I'l III 111'; U|M>ll till' •-ailU' idle ,l\lr

f.^rricil l>y tin- l>ox. Ilic )>iiiii'ii \v j- nn tin lllivlll^,' A\.\\\ 11 11 uIih h pa— 1 -

tliH)U):h till hollow vji.itt K. .iinl illlVr^ till 10, 111 wIlr.K lliloii-ji tin umI.iI

u'i'.iriiii; on th' h.n k .i\lf. Ilu- ^li.itt 1111 i!-o r.iriii- tin- ,11111, iiiiir oi 1

1 (intiiiiioiw I 111 iiiit m.irliiii.' < 1 ,. wliil-t tin hollow iiiti iim (li,itc ~h,ilt K.

to whi.li thr pinion w, i~ ki ynl. i,iiiii-- tin ,11111, itiiii' oi tin t oiitiniioii-,

1 mil lit 111 H hiiK- 1! 1!,. rill tv.o 111.11 him s 1 i
, .m,! w \.^ .m' >;irii - vmhiihI,

,ini| thill I III till liriiiit- arc 1 oiiplitl t!iioiit;h ]>iop<r i ontrollinu ili\iii-.

Wh.ii .li ri'-t the -haft n 11 1- Inlil

-tatiiiii.iry liy tln' lo.nl wlnil-.. ami il tin

(•iiKiiii' I'l' ^taitiil till' -nil ,111(1 I'l.init j,;i,iiinf;

will (>l)Vi()ii~lv (lii\( till' -iiatt K K l),irkw,ii.k

.It .1 liii,'li ^jircil. ,111(1 :l tlii~ -li.ilt wiTi' 1111-

Kij* i.fti'^. -
1 "Ugramiiiali- -S, lirmr

of llie * iKunias Kie, li ,-

nif- ^i,inkjl I T4ii»iin«i,iii

lonli'il tlu' ciiKini' would laci' iiiili'^- throttled doxM,. Tlif inachini' n, how
>\:\. a(.t> a> a f,'<iu iMtor. -iippIyitiK tncrgy to i . wlin h .ut'< .i> .1 motoi. ,ind

1; tluw alKorhiiif,' tiicif^'y, aits .1- a braki on -luilt K. whi, h slow^ down.
.mil -o i()nii>l'~ the lly whcci D to exert a tor(pii' on -h.itt II. to whnli the
.iiiiiiturc (- adds .1 further toniue. and the vehicle -t.irt--. It slioiild Im

in.tnl that the -tartiiii,' torque rearlns fho road wlui Is jiirtly by im'thani. il

tini-niN^ion thrminh the box i> ,ind partly bv il( ctiii'.d tr.insmi»ion tliioiii;h

the two inachiiies. As 11 speeds up k slows down, till at .1 certain ^jh'cd
I'l ii.dejHtiding on the gear ratios in D. the -h.ift K come-, to rot.and tin'

whole traiismi-sioii is mechanical. From tlii> point onward-. ,1- the -pied
ol II increases further, c act.; as a generator, and B .1- ,1 nvUor rot.itiiii; tin-

-hift K in the sauK direction as 11, Th. -.pe.,1 of k an ie.i-e> luoie qiin kiv
111, ill the sjKvd of H, ,ind at top -p.d the coupling q \- thrown 111.

• oupling II and K together, .ind making the drive entirely mechannal, •<,

ill
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clfi trir.il Icc-M', Uiii),' t'liiuin.iti'l ^ino'. wliiUt \.\v ^[vid^ .ht .ipinn.ic-liinf,'

ii|ii,ilil V. till- I in iiI.itiiiK riirnnt will In- (liiiiiiii>.liiii),' \\\A will <li-.,ii)p<Mr at

r.|Mi -p. i-!~. Kif,'iil.iti<)n for ditftntit >p<'<<l-; is oht.iiii, .1 l>v ii-iiit,' fiiv.Ttcr

shunts on the h. id coik. aiid tiic tidd control is worked hv a Miii,'le l,\,r
havirif,' a mutral notch and ten sinvd notches.

I'or rcversinf,' the clutch s i- (lisenf,'a,i,'ed. and the coup'-tij,' y eiipiiies

K14. i.fiij.— Dcl.ills ..I ihe riiom,,, I ran-iin.,i.iii ruici
Clla^aiv

Miail K with tho. engine eiid ui if Til geneiutDr a, driven forward i)y the
engine, supplies curr-nt lo c. whos- fields for this operation arc reversed,

and acting as a motor c drives the car in the dirertion revetve to the normal.

^M
IdL



\\ 111 M ilii \iliiili I- iiiimiiii; it lull -I" 111 forwatil llir in,i(liiii<- ii Hi

.,111 Im I .iiini'i ti il ii|i a^ .1 iiiiiit Mi.ti liiht . Mill !> u-iil ,1^ I t;i iiri.iliii 111

1 li iiyi- .1 I -'Volt lutti I v w hii h I- ii~i ij till i.i! liL;litin^,'. nil I .III .iKo ^t.iii

ilir 1 nuiiii hv • : lyiiij; t ih igy tu n n, )niiii(l uj) .i-. .i ^nii - woiiiiil iimtui

\;i .ntuil 1 .~-iN lilliil witli till ' f I- ti iii-.nii>~liin i~ -huwn

III I Is' I.'' 1" 111 will, ll till- tU.i 1 111 II li ll in 1 111 1 11 . Ir II K III I ill' lilt

A -till !i. tl. 1 111. .1 ..t til.' \~liiii 1- i;i,. •! lit: I ' i^, will, h I- .1

-111. \ ii w lit 1 |i..iiii.ii 111 .1 cli.i--i- iif ,1 ;.i- 111 f.i II 1' Imiv iittiii with

ili^ -v~tiiii rill' ilntnr.il iiiaclillii'^ Hj iml < .ii. -i\ |hiI, ih.i. Imii - m|

till' tiil.ilh- 1 ill lo-iil iy]>> rill' ii>iif|iillii . uliiili I- .lUii t.'l.ilh 111. liiMil.

Im- I'.iii i.'iii.iviil. I>nt til.- liL;litiii;; .iml -t.iMiiii,' li.iitiiv i; i- -Imwii .i-

Wi-ll .1-. flif I ll.ill^;r >]H'ril l.\.l 1.. will; ll- imti llrij i jilii || .ilit 111.- niitil

I'.l-illi,' 111 tin' Mill .illil |)l.illi t t;i.il |iii\ 1- -iiil .It l>. .iiul -iiiiif iif till

ii-n il .
' .iili.iU cm bi-

ill. nil out. I'llt \\i- ^

li,i\r not --p.uc to

|)Ul-Ur the -lllijilt

fllltlul. I'lMl-lli-llt

lr-!ilt- ,1- lr;;.llll-

'..>noiiiv .mil \M.ii

Will' i)l>t,im(il III .111

Otlllill tllll ot III.

~v-ti-iii by till- K AC
111 IiJI ! Mill l.ili-l.

Ml 11)1 |. .1 l.iilnliUi

' ii-iii I .il I tniiiihii-

( olllp.lllV- llU- W.I--

liilcil uitli this tMii-mi>--ion --yr-tiiii. .iml .iltfi iiiiiiiin^; ',s.oon mil. -. in tin

1'1,'lll.M I oliiliil" -.(ivirr w.i- fniuiil li> li.iVr aV"l.i,!;i il l'.|wii II I" S .Mi'l II "

null'- ji. I i;. ill. .11 ,i- ,.i;aiii~t 8-5 iiulr- pri ,L;.illnii nlit,iiii..l iiinl. 1 -iniil.ii

. i.iiilniim- l>y tlii- Coiiiji.iiiy- i,'L-ai-iln\i-ii vdu. I1-.

ATiiiy ilt-\i-loj)iiii'iit^ of till- tiaii-nii— loll -\~t,iii li,i\. ,1-. ,1 iiuiitii ol

t.i. t. iilri'adv hirn work'-il out. but ui . , u unl' ii-tii to rnii Ini. in wlii. Ii

tin- I h.i— i-. bt-iiit; tittnl with .1 iiiin h hiuhiT jwiwi-iiil i-ii!.:iiir. 1- umiI .1, ,1

ti.i. till, t.ikiiif^ I li.iit,'!' ot Dill . two or ni.iii- tr.iilii-- .1- --liown 111 Iil; i .'> ;'i.

'i uiiiih .._• ton- ot Kiiii-nt arc In.iili.! mi tin 'liiii' \nhi. I. - l-..n li of tin

iiMili-r- carrii-> a motor -niiil.ir to the -ccon.! iln'rn.il in.nliiiii' 1 li-'ii;,

i.ti','|) u-r-d on tin- tiactoi. and tin -<- niotoi- .11. l. 1 tin .ilK' lonncil.d

till -MLjIi t1t-Nibli' I'.ibif coupli!it;A with tin- i.nhini- !;i.:i tin- ti.ictui. 1 in-

loiiliol ;•, oil tiu' tractor, and tlio powii 1- ^plit. -o tli.it tli.it \ilii.li

i i:ivi-:: ::;rchaiiu;,iliy .irid the tniiliT:.; licctru ally diiri;;^ the jxriod-

^^ll.•^ l,ui,'c tractive eft'nit i.^ requird. Whrm-ver the tr.u tivn cfiort 1-

K— than can b.- dc.i!' with bv tin- 1. idini,' vrhid. alon.-, th.it vi-hulf

t-iH . ' U.- I I * I h ... .- I ...'.M i.-Mu't ,.[ l-l r.l t I..U1'. I.'T'
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is used as a simple tractor, the electrical transmission to the trailers

being cut out.

Control of Petrol-electric Vehicles.—The principles of the control

of the output of the generator, which runs at a fairly constant speed,

and of the motor, which is to run at varying speeds, have been fully dis-

( ussed in other parts of this book, and it is therefore only necessary here

to indicate how they are applied in this particular case.

The general connections for sucli control are shown at the right-hand

side of the diagram in Fig. 1,640,* whirh gives the connections for tlie Tilling-

Stevens fire escape illustrated in Fig. i,6j(). The generator G driven by

the petrol engine is shunt-excited by the coil S;,, which is in series with the

live resistances r,, which can be succssivelv short-circuited bv the controller

Fif. 1,640. — Electrical Connections
ol the litliiig-Stevens Fire Escape.

{^yjmh

drum n, thus increasing tlie e.xciting current and the field flux and raising

the voltage of the motor circuit as the load increases. There is the usual

interpole magnet in scries with the armature to assist the commutation.

The voltage is further controlled by varving the speed of the engine, and

tlierefore of the armature, by means of the throttle pedal. By this means

the speed can be reduced from 1,400 to 350 R.P.M., and as, at tlie last-named

speed, the generator is practically unable to excite its shunt-wound field

magnets, the voltage falls to zero, and there is no current for the motor.

At full speed and excitation the pressure is 300 volts.

The motor draws current from the terminals /, /j, of the generator.

It is series-wound, .';„ representing the field-magnet coils, and there is an

interpole magnet, also in series, for commutating purposes. As the load

increases the contact drum D, if further revolved after it has removed all

* From the EUttrical Review.
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till- resistance from the generator field ein\iit, hriii},'-^ re>i-tances r. into

parallel with the motor lield-coil s
. .

diverting the current, weakening

the field and controlling the <peed as explained elsewhere.

For reversal of running the awkward arrangenit iit of an oidinary |)etri>l

vehicle is replaced by the simple reversing switch s, which has tliref posi-

tions. " for%vard." "neutral," and "reverse." In the neutral position the

circuit is broken and no current can reach the motor, lor " reverse
''

running the excitation current is sent in the reverse direction thiough the

magnet coils, thus reversing the direction nf motion of the mntor arma-

ture, as explained elsewhere.

The two-way change-over switch c in the gener.itor field circuit is

only re<piired because the gener.itor current is to be Used for i)urpo-,es

other than propulsion. l-"or ordinary running the lever is on the right-

hand contact, and the shunt circuit of the generator is broken when s is

in the " neutral " position, thus ensuring that no energy is u-ed even for

excitation purposes wlien the vehicle is stanchng still. It is in thi- ca~e,

however, that tlie generator current, if so desired, may be used for other

work, and therefore the field circuit of the generator cm be cIdmcI in-

dei)endently of s by moving the lever c on to tlie left-h.md nint.u t.

Current can tli<n be supplied from the terminals /,. /,, through the leads,

/,, l„. to aiiv stationary apjwratus such as a searchlight, electric welding

plant, etc., or as shown in I'ig. 1,630 for raising and training tlie telescopic

ladders of a lire escape. The usual instruments, fuses and switches are

indicated, and in addition there is a shunt-wound solenoid electrically

controlling the throttle-lever of the petrol engine and m.iintaiiiing the

voltage of tile generator at a predetermined \ .ilue independently of the lu.id.

Tlie same principles of controlling the propulsion circuits are u-ed in the

Stevens' War Office Subvention Vehicles, Figs. 1,6)1 to 1.653. but it i->

unnecessary for is to pursue the subject here, and we tlierelore dn iii)t

give illustrations of them. It may be explained, however, th.it linn

are, a- above, two controls (i.) a reversing switch operated in thi-- case

bv a side-lever (.stv Fig. 1,634), >""' (''•• •' speed-control switch oj)ei.itid by

the hand-lever shown in Fig, 1.635 as fitted to tlie steering coluimi.

I'

\ I

fi ft

f

1

VI(iv.) - -(iIUKK .MTLICATIONS

The preceding three subsections d<i not exhaust the ser\ ices whii h

modern secondary batteries can render to the vehicles running upon <iur

roads and streets. It is obvious that a secondary battery can be .1 useful

•iiixiliary for lii^htini^ purixises. When the car is lunning the necessary

current for tlie lamps can be obtained from a small dynamo drivi n by the

petrol engine, but if this only were available the lamps would go out when

the engine stopped. .\ battery of secondary cells overcomes the dillicnlty.

Such a battery can be charged by the lighting dynamo either during

I
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daylight hours when the lamps are not required, or in par all.Kvitli the lamps

and when the engine is not running can supply current to the lamp<.

A still further service can be rendered by such a battery, namely, to

act a^ an m^ine starter. It has been remarked more than once m the

preceding pages that one of the great d.fects of the pctrnl-driven vehicle

is the diffieultv of starting the engine by tlie ordinary method of " crank-

ing-up" bv hand. The hghting battery has a store of energy -^uttuient for

this purpose if properly utilised. What is necessary is to connect the battery

to a suitable motor so installed as to drive the engine f<M tlie few nvolu-

tions necessary for a good start.

We have not si)ace t describe fully all the

methods which ha\-e b' en devised for this pur-

pose, but one excellent .111 .ngi^nic nt. de-igned J>Mjfl^g^JfcK £
by the Daimler Company, ^-^^K^^^^B/- Of

is shown in Fig. i,f)4i

The long shaft d'-iven bv

ill. i.^'^i.—Tiie " h.iiiiiler" I'aneiy

the small motor m carries at

its far end a Iriction wheel

whicli can be pnssed against

till' riiu of the engine tly-

wlieel by depressing a pedal.

When it i- ag.iinst the wheel the plunger >witch s is depressed, closnig the

circuit of the battery and motor and starting the latter so that the shaft

rotates. The friction wheel is released as soon as the engine starts up.

The battery is a 12-volt (G-cell) battery, and can ijive a momentary i urreiit

of over 100 amperes, which would give i horseix)wer on the shaft, .luite

>uthcient for starting purjxjses if everything else is ready. Tlie ligliting

dviiamo is under the bonnet and is not >h(>wn.

Attention may also be called to the fact that a small secondary t>attery

can be used for ii{nitio» pnrjioses, although at present the well-known magneto

dynamoor "magneto" is much more widely useil. Battery ignition, however,

is a useful alternative in the event of anything going wrong with tlie magneto

ignition, and is quite cheaply installed if a lighting battery be carried.

-jrKaarBr.
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CHAPTER XV

ELECTRIC RAILWAYS

Tm- .iMiiKinR of tl,.- system of liauli-ge from stem lo.omotivos to .le. trir

I,i,om<.tives or proups of (iistrihuto.l motors is on.- of the mo>t int.restniR

enKineerinK problems of the present .lay. an.l xve are still in the mi.Kt of

the .l.-velopment. H.nv far it will pr... .-e.! no enj^-m.-.-r .an as yet .
on-

tidently pr.'.lirt. rommen.ing with the .-..'rtrie e.impmi-nt of some mw
an.l ^hort nrban lines in I.on.lon an.l l,iv.iiM.ol a> far l.a. k a> iS.,.. an.l

iS.H. su.h urban an.l snlmrban lines whi. h hav been bmlt miu.' h.ive.

almost witii.mt .x.-.'pti.m, been planne.l from the tii>t as <'le. tn. railways.

M.-anwhil.', -..me .>f the oMer suburban an.l int.rurban railways in tlii>

...imtrv liave, either wh.)lly or in pai; bc-n e.iuippe.l lor ,!e. tri. lianlai;e:

A salient example for I.on.l.)ners is the ,1.1 In.leri'.ronp.l, whi.h by the

.har.fie has be.Mi .<mv.>rte.l from a n.a.l whi.h one w.ml.l only use on .om-

.iilsion almost to a pleasant and enjoyable route. Up to the im>.nt, how-

.v.r. main-line electrification, as it is called, for oth.r than suburban tratlie.

has n.it made much pra.tiral progress, although it ha- be.ni th.' s„l,i,-, t

.if mil. h .liscu^sion. A start is being made by tlie I.on.lon, HriKliton and

S.iuth ('..ast Railway Company with its main line to HrighLm, an.l f..r

many y.ars tiie I.an.ashire and Yorkshire line betwe.-n Liverpool an.!

S.mthp.irt an.l the Heysham branch of the Mi.llan.l Railwav have

been run electricallv. The l.an.asliire and Yorkshire lin." nferre.l to i-

JDwever. strictly speaking a suburban line, ami tlie Mi.llan.l . ase i-; that

of a somewhat small branch line .)nlv. It ther.-fore nniai:is Keii.rallv true

that main-line .lectrification has scarcely commtiice.l in this couutrv,

though the more recent electrification of the metropolitan s.ctions .>f the

London and North Western Railway and of tlu- Lon.lon and South W.'st.rii

Railway have consi.ierably incri-as.'d tin- mileage for suburban or .piasi-

siiburban trattic.

Abroad, h.nvever. and especially in the I'nite.l States, tiiis dev.lopm.'iil

has gone forward more rapidly Following the lea.l of tlie Lon.joii an.l

Liverpool examples mentioned above, there . ame a perio.l ..f rapid .l.vcl.ip-

ment of electric traction on bul)nrban railways as .listin. t from tramw.iys

<»r street railways, as they are called in Amerii a. This was fi.liow.-il by a

serious grappling with the pnjblcm of main-line electriti.ation, the most

uotdblc. though not the only outcome of which was the ele.trilication

1511
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of the main line of the New York, New Haven and Hudson River Rail-

way, one of the trunk lines in the Eastern States. Simultaneously on the

Continent of Europe, and in other parts of the world, a great number of

lines, mostly short, have been projected and equipped for electric traction,

and there have been some cases of conversion of existing lines.

A great obstacle to the more rapid development of the change from

steam to electric traction on main-line railwa.s's is the amount of capital

sunk in steam locomotives and in the special equipment of large works

for their repair and the maintenance of the supply. Also there is the

degree of perfection to which these tractors ha\e been brought, and the

vast artisan army thoroughly familiar with them and all problems connected

with their working.

On the other hand the steam locomotive system is far behind the best

systems of electric traction in its efficiency in the ulilisation of our none

too large supplies of c 1 fuel, besides making no use of the water power

which is running to waste in so many i)laces. The necessity for conserving

our supplies of fuel has been insisted upon for many years since it was

realised that the quantity available is not inexhaustible and that in this

direction we are squandering capital.

The great war has driven home another asj)ect of the problem, the

necessity for obtaining the greatest output from the fuel which is being

expended. As shown elsewhere the output actually obtained under the

best conditions i.: ;io very bri"Mnt achievement. In connection with the

influence of railway electrification on both conservation and efficient

utilisation of our sources of energy, the President of the American Institution

of Electrical Engineers gave, early in 1918, some interesting figures. He

estimated the horse-power of the steam railway locomotives in the United

States at 25,000,000, as against 13,000,01)0, the horse-power of all the central

and private electric generating plant in the country. The coal consumption

of the locomotives was stated to be 150,000,000 tons ju-r annum, and of

this two-thirds could be saved by electrification, since, under aveiage

conditions, the steam locomotive reepiires 6 lb. of coal per horse-power

hour, whilst the same trains could be hauled electrically with a consumpti'>n

of 2 lb. per horse-power hour if the energy were supplied from large

central generating stations, account being taken in this estiiiiate of all the

losses in generation, in transmission, and in the motors on the trains.

The principles imderlying eUt trie traction on railwaxs are the same,

and the metho<ls adopted for the solution of the problems presented are

similar to those met with in electri< tramway working, and it will not

therefore Ix- necessary to restate them in full detail. The outstanding

differences between the two are due to the fimdamental change in the

external conditions, based on the fact iliat the track of a street tramway

is open 111 all and sundry, and tin. safety and lonvenience of those who

WP.4JiU.L'</»- JUi. JLUiiI
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liave a u^ht »it user of the roail liavi; to Ik; toii^iiltrcd, whilst, on tin- othi-r

liaiid, a railway runs, at any rate in this country, on private property from

which trespassers can be excluded, or must accept any risks inculental ti>

their trespass. This fund^imental difference leads to many chanjjes in the

consequent conditions. For instance, the sja-ed iinnt innnissihlc depends
only on engin^'ering and commercial considerations. Again, in addition

to the frequent stoppages of suburban traffic, long non-stop runs are jiossible,

the distances between the stopping places dep«^nding entirely on the traffic

available or which nuiy be induced. Other differences will readily occur to

the reader, many being directly traceable to the enclosure and pnv.ite

character of the track and stations.

Following the general plan adopted in the preceding chapter, the

present chapter will, on the whole, l)e devoted to a description of the

methcKls adoj)tLHl, and details of the equipment, for supplying eiiergv to

railway trains and of matters arising therefrom.

THK srpi'Lv OF kxp:r(;y to railway trains
I. -Sl'MM.\RY OI- MKTHonS

As in the cases already considered, the « lu'rgy re(|iiired for the pro-
pulsion of railway 'rains may either be picked up from nwment to moment,
as and when retpured by the moving train, or be carried on the train or
locomotive and renewed at convenient inter\als. We are, of course, con-
cerned only witli electrical i)rinciples and details, and, adopting the same
system as heretofore of classification, we may sunuuarise the methinls at
present in use as follows :

—

{.\) l.iiergy. external or picked up.

(i.) From a third, or a third and fourth, rail laid alongside
or between the running rails, the rails thems«lves being
the return circuit in the first case,

(ii.) From an overhead insulated conductor or conductors
suspenf'ed over the track.

(b) fiiiergy, uUerihU • carried.

A FUEL-DRIVEN ENGINE, Carried on a suitable truck, acts
as a prime mover tlriving an electric generator, from
which electric jwwer is convi ve<l to motors which drive the
train.

So far as the writer is aware, secondary batteries have not hitherto
been used for long-distance railway traffic, though e.xjH'riments have been
made with them on suburban lines. It will also be noticed that sections
.\ (ii) and .\ (iii.) of the tramway classification have, for obvious reasons,
also disappeared.

In the above classification, nothing has been said as to the type of
-lectric energy to be utilised. As a matter of fact, either (a) cont'muous

111
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currents, or (6) alternate currents can be used in each case, and for our

purposes it will as a rule be convenient to treat this as an additional and

partly as a cross classification, and to deal with the two types to some

extent separately. A few more detailed, but brief, historical and general

notes will be a fitting introduction to the technical sections which follow.

II.—EARLY ELECTRIC RAILWAYS

As mentioned in the introductory remarks, the first electric railways

built were the City and South London Railway and the Liverpool Over-

head. Both these used the third-rail system with return circuits through

the rails and earth. There was, however, one great physical difference

between them, namely, that the first was a deep-level underground line,

and that the other was a surface railway, meaning by that term a rail-

way which is laid on or close to the surface of tl.e ground, and including

in it the overhead and shallow underground railways which often at some

part of the system are also actually on the ground level. The distinction

forms a convenient sub-classification for our purpose.

Tube Railways. A brief description of the first tubt railway, the

City and South London Electric Railway, as built and originally

.quipped, will be of interest, both by way of contrast to and also of

similarity with its descendants. The completion of this line marked a (hs-

tinct advance in tlie application of electric locomotion to ordinary railway

passenger requirements, especially in large and densely populated districts.

It was formally inaugurated by Queen Alexandra, tlun Princess of Wales,

on November 4th, 1890, and opened for public use on December i8th 01

the same year.

The original hne, which was 3i miles long, and is still used, extended

from the Monument in the City of London to Stockweil, on the south side

of the Thames. There are two distinct tunnels, one for the up and the

other for the down hne, so that colhsions between traias travelling in

opposite directions are impossible. The tunnels consist of iron tubes follow-

ing the direction of the main thoroughfares above, but at a distance of 60 to

70 feet below the surface, so that all interference with gas or water pipes,

sewers and subwa)-s, etc., is avoided, as well as disturbance of the roadway

during the progress of the work. As a rule, the tunnels run side by side, but

where they pass under the Thames one is above the other, ihe railways

of which it is the forerunner antl the type are at present peculiar to London,

and are rendered possible by the geological features of the Thames valley,

which contains, under the area occupied by the modern town of London,

a thick bed of blue clay through which the engineer can easily bore at

any convenient depth. As water-bearing strata and other difl&culties, how-

ever, are met witli, the actual boring operations were made an engineer-

ing possibility and success by the invention of the Greathead shield, which.

w
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by tlie use of compressed air, keeps b;uk the water whilst tlie hore-hole

is hein^; lined witli a r;ist-iron tube built up from segnu'iital < .istiiiK^, <e. fion

by set tion, as the boring progresses. The description in detail of the nietliod

of boring i>elongs to ri%'il eiif,'ineering. and woulil take us too far from the

main oi)iect of this book. Incidentally, however, it m.iy be mentioned

tluit it gives a great choice of route to the projectors of the railway, wiio,

by carrying uniler m.iin roads at a suHiciently great depth to avoid other

works, can alstj avoid the neixssity for purchasing freeholds, wayleaves,

etc.. except at the actual stations. From the engineering point of view,

it also gives greater freedom in the choii e of gradients th.m a surface

railway.

The Citv an<l South London trai k lias many severe gradients and

curves, some of the former being as heavy as i in 25. 1 he ventil.ition,

a serious difficulty at su< h a depth, was iiitende<l to be automatic , sime

e.ich train nearb,' tills the < ross-section nf tiic tunnel and drives the air

before it as it advances, drawing in a fresli su()ply from the statiun which

it has just passed. .Mthough, however, the air is circulated by the movements

of the trains, as a method of viiiiihition tlie action i> not sulticieiit for

modern reii > lirements.

The gen rating station was at Stin kwell. and will be found descriln-d

in a previous editi(/n of this l)ook. There were three dynamos, constructed

by Messrs. Mather and Pl.itt, of the original Kdison-Ifopkinson type {see

\'ol. I., rig. 4()8, page 524), each capable of giving 450 amperes at 500

volts, or 300 liorse-power. Eadi dynamo was driven iiy a verticil < om-

pound engine capable of indicating .575 horse-power. Two of the>e engiiie->

and dynamos were sutliiient f<jr the ordinary requirements of the line,

tlie third being kept in reserve. l'"rom the dynamo-room the ( urrent was

led by four feeding mains to distubnting boards in tlie signal boxes. These

mains were Fowler-Warinu cables, each with a i ojiper 1 ondnctor of hi

strands of Xo. 14 wire insulated with patent insulating iii.iterial and lead

slieallieil. From the sigiial-bo.xes the current was ioiive\td to the feeding

points on the working conductor. Tlie latter (on>ist^ of a >[)eciall\' rolled

steel rail of good conduitivity tarried on glass in>ulators l)etween and

ahiiiit one inch below tiie level of the main rails. F^at h length was joined

to the succeeding length by a fishplate and bolts in the usual way, but

I'lei trical continuity was injured by bonds of laminated copper strips

riveted to the steel loiiductor, a ^y^tein which we cU'm ribe elsewhere (•.t-^

pages 157 J
to 15^51, and which has since been universdly adopted. It

was fi.>t ii>ed for heavy i.iilway work in this case. The working con-

ductor was divided into sections which could be isolated for testing or

other purposes. After the current liacl passed through the locomotive,

it returned by means of the ordinary running rails, which were like-

wise bonded together with copper -trips. Tli<^ methods of insulating the

f I
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amductors ana other details, which have Ix-en w.d.ly followed in more

r.T.ni oractice will be discribt d later.

"
nlS'lolives were, (ron. an ele. tneal point of view, tl.e -^^^^^^^

ing part of the railwav- One of these is .lep.cted m F'K-J.642 ^ >

'Motive was driven by two motors whose armatures were ^u It o

runnin« axles of the wheels, so that the complu at.on an.l loss Ut mlant

r he u^e of re.hu in,' «ear were avoided. The tield n>a«nets wh.ch we
"massive, were supporte.1 partly by the axles an.l partly suspen.U I

irom the frame of the locomotive, an.l thus had a eertam amount of fru-

,1. angular m.,tion about the axle, "n.e magnets were ser.es wound,

^„.;L.-^.Mh« a,^ .....>;•. 0:,„na. K.ecn. L0.0.0..V. .. ,h. Ci.y .nd Sou.h I.n...n R.U.V

and the .l.rection of the rotation of the armature was reversed by means

o a nona swit.h whi.h reversed the current in the arma ure w. ho t

^rn.Mug that in the hel.l magnets. When runnmg at .o m.les per hour,

h sS r.„.aion of the armature wa> ab.-ut .50 rev.. utu>ns per mumte

rhe current was puke.l up fn.n the u.sulate.l -rkm« conduct.,

.n.ans of three cast-.ron shoes sh.hng along .t (sev pages
'^^^^J'^_

these th.. current was carried to the main resistance ^wltch ^^ '"''; "•"

,U..l both n.otors. The regulating resistance, were "^-^ ^^
^J'^«

„i,„or>, and were gradually cut out as the ^P-^^'T u^^ 1 e runn nt
ti-., ,r,otors, the current r.-turne.! by means of the wheels to he runmig

latls. It IS of interest to note how many of these details have been doselv

(olh.wed in mo.l,rn tramway and railway practice.

l.-.,u,t..n .a these loc.nu.t.ves were on.mally supplied for the serx.ce



IUklv fu-txTK/c .SfMA.4.A K.u/ii.iys '5':

.,f tlu- li-u., iM.t oth-Ts w.r.- .oon a,l.led. K .u h I.k om-.tn .• ^^.•.^'h.M ,. t n

^

an.) wa. . ..pabK- .-{ ...Ttin, a tra.tivo pull ..( ^ooo h. ,„.l runn.n, t .

II..A ..( .^ .n,i..s per hour. A train .-..nMst.-l -f a 1,« o,n..,uv ..,,1 h

.arria«.s. ea. h . un^tru. t.,1 t.. . arrv th.rtv-f.mr p ..s.-,.u.p H..' 'r.

-

was li^l.toa bv «low lamps .uppluM with .
urront fn.n. ""'""''- '^

,he husv part ..f the .lav. in the m..rn.nK an.l evenu.^, >.xt.vn t- MA.„t..n

trains were run per h.mv ea. h Nvav, an.l in the t.r^t vear ..v.. S..-'"-

passengers were carrie.l. In the same vear the av.-ra.e m.l.ap- "t .'a.!.

L>m..t.vc in r..Knlar u was over 27.000. .huh wa~ .
..nM.Ural.K above

^ (I

Fie. 1.643. -Tht I.iv P^'l Ovrihead RaiU.iy in i

the averat;e ..( a weU-e<iuippe.l Mean, railwav. The M.r. .-^^ ..I tl,w in,.'

inf,' in 1900, of tin- t.ntral Loii.l.Mi K.ul
led to the projection, and the ojHiiing

wav. followed by the network of tub.' railways, ch.etly north .)f the 1
hame.,

whirl! were opene.l s..me vear- later an.l are refeir.-.l to bel..w.

Surface Railways. -Besi.l... lea.liuK to the .levL-pmc-nt. n. .lu-

,,mr-e ..f other tube railwavs. the success of the ( ity and Nmth

I„n.lon Kailwav bore m.jro immediate fruit in th.^ pr..),.tMn and op-n-

in^' i..r tratYK- in iS.n of the Live.pool Overhea.l K,..lw..v. lb.' >
«.lv\av

marked the c..mpleti..n of a scheme whi.h for mon- than h.rtv Nci.

ha.l been under the consideration of the M.r>ev D'nk li-anl. and th,'

.levelopinent .)f ele. trie trai tion in the

led t.) its practical a.coniplishment.

latter part ot the period undoubtedly



I5i8 EifATKici/y J.y Ti/K SiRricK Of Aft.v

Kig. ,,64«. ConJua.r .na Track R.il., Liverpool 0.trhc».l Railway.

•11,.. n.ilw:.v W.S originally about mx nul.s o.n;,

""V^'Vti^i
whole loMKth of tlu- famou. l.iv.Ti,.H.l .Lnks. It .s ronstru. tc. almost

iv of wrought iron, an.l consists goncrally of ,.lat.-.ron ..nU.. s,v,,.

ri upon .lumnd-iron c-ohnnns an.l carryinK an .Pm tlo..r.n, ,«.»

S^ 'th pennanent wav is laul .lire, t without the usual haHast. Hun.

:; several interesting engineenn, .leta.l. u, ...nne. t.on w^h > ^>tru. tion, will. II, now-

ever, s.ar.ely tome

within the s.ope of this

i)ook. The general ap-

jwarani-e of the railway.

wllh is of hi>tori.al interest, is shown in Fig. 1,643, wlii.h is from a

„hot..graph of a stati.-n, a.ul >hows a cross-over jun. t.o,.. A proniuKnt

'feature in the figure is the thir.l-ra.l conductor, which
--.'^-"fJ^;

tralh- between the r.inning rails on cross timbers, a^ shown in I ig. /.44.

and was very similar to that use.l on the Central London Ka.hvay. It

consisted of inverted channel st.el s support..! on porclain insulators P, as

shown on a larger scale m
I'ig. i,<>43. which is drawn

to scale and gives a good

idea of the dinieiisions

adopted. The line L indi-

cates a lead pad inserted to

deaden vibrati.)ns. Tlu. in-

sulators were -.'-l -o similar to

those use<l in London, but

had to be of porcelain in-

>tead of gla>s, because in

Livirpool they were exposed

to our damp climate. The

upper surface of the con-

ductor was raised seven-

eighths of an inch above

the upper surface of the

luiining rails to allow the

collecting shoe to pass over
iK. i,.,4S -CunJucIor Rj.l aiiJ lii^-ulalor.

ZSZ':::^^^^^^ a. the cr..ss.over., wlu.re for this purpose the

LSL were bent parallel to the running r.uls, as .h.,wn Ivy t .> Muck

Hack lines A in Fig. 1,646, where the rumung rails arc represented .,v the

"i^^eUnJ Ihe'shape of the collecting shoe. -'-^ -^';;>
^^"^

rossmg over t., be >alely accomplislu ,: is .hown m 1%'- 1.647 U w.h

o course iTe re.di>e.l that, as the running rails were use. for the retu n

nuit Tf the >hoe sh.-ul.l make contact with them wh.Ut touching the
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cli.astr..us results. 1 1'.' vertu a
.
la

,-,„, iallv as. -v^ "««

':tt:v^rz ::rr;' ". .-..
. -';;•

'»• «

the trali-it.aii.ltlui-tlir

main > ii> nil wa> ih'I

l.rokinan.ltheilanp'rof

,,n an- tla>liin).; (ivtr wa^

.,v.)i(lf.l. l<> iixrease

tlio K.ii.lU" tivity <>l till-

return <ir< uit the run-

ning rails were bomle.l

„.. ,r..n >tru. tuu^
^

, ,,,„,,,„,,„k. ...,„,,1...1 tu.Hh.r, ,.ml

A train eniisi>te.l of two nrr.at, i l.nnaun

„.,tea.l of a separate 1—'^'-^
-. ^^.c ^Hv^^ 1

-ate bo.ie t.iuk.

Hallway, the motors were eartied one on at
^^ ^^^^ ^^^^^ ^ ^^^^

r,.e.e tnuk. were placed one ^^^^^,:Zn from either . .ul, a^

,var eii.l of the train, so that thi tiain
^^ ^^_^^ ^^^^^^_

nion pr.Ktiit

Imt wa- an

iniii'\ation at

the lime. <*ne

iif tlux lio^le

t I 11 e k - 1
-

-howii witli

t li 1 m ') t " 1

inoimti il oil It

111 lit;, i.''!"^

l 111 niotol ,

\lk. ihe l.oll-

iloil one-. \va-

hipol.ir, hut

wa- i>! til.

(loiibli- ih.i.l;-

netie ^ ' n' i"t

t \ pe wiileU

on ('A- I'lK-.V'''.

,i>cu .-- ^... -
, .. „„'!,„, ..ere Iniilt on tln' niiinuii;,«a .„ ,h». tin.0 »..! luiiy .i«.,i.,..n,, ..«. i.-'"- 'i;;;;.',;:":,;;* '"" '

axles, thus >- c ^ -
, :,,,.„

a .peed ot one mile per hour; the r.Mxnu.in .peed was sp.'i itied t.> 1"

Ihe nioKT-

1)1

^ PI

' f



were =;enps wimn I

j-j kk IKK n .V r//A SeKi'i'E .'/ .Va.v

a w rurreiit <>f So iitniM-ret oAch i^ ive i tii' tivf

pull of I otM) lb lie lim v.>lt ii;.' w i> 5"" ^""^

The .l,-.tru-al v(iuipm.iii a,, i.n.vi 1...I l)v tin- KltMtn. Coii^lni. tiun

( ori..,rati..ii. I.imiir.l. t.. tl.r -i- -u i^ ..t Mr. lliomas I'lrkci The Mgnallinn

Wii> .lutonialii

(..ntimiiiiR in lii>toru .tl ntn . t.lat.i in the sani.' %ear (i.S'i.^) :»

tliat ill whuh tli, LivcrjxH.l Ovu wul Kaiiwa\ « . .ipt-n.-.l, a thir.l-rail

ovcilKM.l railwav was ere. t.-d .it the Chi. ago .'xlnhitidii ihw. l.owevi-r.

wa- rntinly intramural, an.l .Te. tcl fi.r .xhihili.-ii i.urp.>-.'s. It wa

followed by th. Mftn.politan Wo^t Side EUvat.-.! Kailwa\ ..( ( !
agiK

Hut !t was not till I-Vj that the .I., iritirafion ol '

'-' "*""'
il\\.i\x, as distinnuishe*'.

iroin tramway- was taken up in Amer

the stockholders of the Manhattan Elevat-

to thauKe <>vtr tl, --quipment to olci t^ ,

wliiih it had been i . i -inif its openinj:

the electritiiatioii Aas completed. an<l <>

to have entered i

i"'!'-
;s present sta^,''

is concerned. A> . some historic,

view of one of the Mai-hattan statio;

taken at il'c time of the ompletion o

Fig- I.<>}.1 't shows a cr<>s-,.over, and

pared. Ihe diief apparent difference i

rail outside tlic ruiining r;;'- ni'itea:

course, other dillerence^ in the (let,ui>.

In i.bruarv

V lilway in New
r from steaii

•s Iw" \ears

railwas wirrk

.1^ <-ont''ir 1S-. ui

-t, •

|)ro<i

if th.. ye. !

e!

t\\.

pi..

I-il;

1 ph
'imii

I be

condi .oi

(lert; are, of

let develop
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IS22 Electricity in the Seri-ice or Man

ments ami the <han«e in the conditions. Some of these will he referred
to in subswiuent pages.

HI. -THK third-rail" .VND " THIRD- AND FOURTH KAIL " SYSTK.MS
In designing the conducting rails and their insulating or other supports

for an enclosed railway, the conditions allow much more freedom th^.n
IS ,x,s„h e u.th stre..t or public-road systems, inasmuch as the safetv from
electric shock of anyone walking along the track is onl\ a secondary con-
s.d..ratu.n, and may sometimes he quite disregarded. In the luVtoricai
re ro^,H.cts ,t will b. noticed that the insulated conductors were to allmtents and purposes, practically exposed and unguarded, and were designe.l

t^ \r' '""'',
7iV''

"^ ^«"^^^"'^t*°" having n.gard to the electrical
lunction they were to fulfil.

Materials for Rails and Supports. The material use<l for theMor IS usuall> a low ,-arbon steel, the superior specific co.uluctivitv
.. copp,.r hemg much more than counterbalanced bv its high nricj
winch need not be faced, since there are now no special ditft.ulties i„'
si.pport.ng the .ncreased weight of the much cheaper iron ne.essarv toobtain the re.,uire,l total con.hutivity. In other words the hiduTspenhc resistan.e of iron .an be counteracted bv a mu. h larg., in.reas,.
u. tlu-

. ross-sectional area of the ronductor without approaching -.t -,11
"ear to the cost of the equivalent copper or aliin.iniunVcond.i.tor an
ti.e .hfhcnlty of supporting the increased weight per unit l.ngth ,nav Iv
disregarded, in act, the larger cro^s-section has an additional advanag
in increased stiffness.

•lovam.i^i

The examples already .,ven in the foregoing hi.tori, ,,1 notes aKo .how
{sec iMg. 1,643) that the in. nased weight has still anotlur advantage in-asmuch as the inverted clu.nnel .feel conductor was h^avv enough tobe carried on the insulators without any <levi, e to keep it' in its pi „ eoher than its own weight. The .nape of the cross-se. tion ad-Ipt..!
«" many more modern case>. However, does not allow this simpl,.
result to be attamed, and. as will appear in the sequel, ,t has Z,necessary to redesign the insulators with the view of prov„ling s.,n,emeans of bmdmg the rail either loosely or rigidly to its m'nlat lsupj)ort.

"'un u

Kxperiments show that a very low .arbon steel has a higher s„e, ilicconducfvity than the stcl used for traffic rails. Such ste.l would nobe s..niceabK. for the heavy wear of the running rails, but is quite goo^
he^ less strenuous ser^-ice of a conductor rail. The con,posftion

kS'Iv ;
'[' •'':''f"V"7";!'*^""""' ^"' '•" '"'"'"'^^- "^ »'- ManhattanRailway i. shown in the following tabl., to which there are added forc.nvenience of comparis..n. similar particulars of the conductors u.ed ,nsome typical subsequent cases :—



.\ft!KK/ALS /OR Coyni'CTi'K AN.V.V
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Tahi k WIV. —I iMlo^MloS c
1 MKKI V 1 ,n, 1 OK luM.I-. I 'R K A 1 1 ^

I'tr.ont.,. .-.

Consiitui-r Is. M.iiihatt,,,, ( .-i.lr.il l...i„i, II 1. S N W
K.iilu.iv K.iiU.iy K.I !w.iv(l.""'l -III

1. ,\ V K
dviV {l>'\ li.,.4l. ( 1 .1

r.ub.Mi

Ni.kfl

t) o_i<) 0,144
lj„

O-o.So

o'JJo

•^lliCnlJ _ 0-255
110 JO O'l '22

^iilpliiir

l'li.K|)li.,riN
007 .;

.1 f)*«( OOIJJ
•>OJI(

O'Oi I

OOJO
( ) . 1 ; 11 l;<M^t.^nCl• (Co|i(ier || So

7 3 05 " i 7

Iho romluctor of the Manhattan l^ailwav had about eight time, tlie siv.ii,,-
n-i.tance of copper, but was by 20 to .5,, p,.r cent . better con.ju.tor tl, u,
the steel of the ordinary traffic rail>.

The table also ,t;ivos the eompusitiou ..t ii„. m.vI uscnI f,.r the ..,n,!n. t..r
rill 01. the ( entral J.on.lon Kaiiwav (o].ene.l in 1, ,...,). |hw st,

'

, .mt niir.l
le^s carbon, an.l has a still higher < on.lucti\ itv. it. .jv. ili. re.i.t mc^
iTinj; 4,,, nil. rohms (inch nie.,>ure) at .'.. C. or abnut ;•

j time, th.t of

In the next column will be found the composition of the conductor
rail, .•mploy.d m tli,. much more nreiit (i.,r4) electnlication of the I on.lon
hne. of the I.on.lon and North Wot.rn Ra.lwav. Ihi. c luctor, w. iMh.n^-
i'>5 lb. prr yard, is al.o ma.le of a special low eaibon ste.l. Th.. specihc i. -

a ( o])pvr
M-taiice i> about U\ tim.s that of copp,T. and the rail is . .puvahnt t.
conductor of about r-4 .quare inch in cros>-se.tion. It

iiupare this (ompo-ition .inc

h ittan steel-, of iqoi and the Central London steel

i> intere-tiiig |(

conductivity with tho^e of the earlier Man

Milt is higher conductivity and probably
i-e of nickel. The la-t e.\ami)le is that
lid York-hire Rjiilwa

ha. .1 higher carbon content fl

given in the tabl.-. Th.-

greater hardness, owing to llic

of the steel used by the Laiuashire

ion in i')i5. It
y on it- Manchct.r and Hurv -e. t

but its re.i>tance is only from (> 5 t

lan anv of the otii.i- id allovrd nut,

.\not ler ailvant.i,L;e of steel a;

o 7 times that of copp.r.
idinpaici XMtl

n.luctivitx' is the much larger conla.t surfa.e olfcre<l f

Ih

i. cu-tnm.irv to ase a

< Mrr(>nt to the moving trair Mor.

I Kipjicr (i| ..iMi\.il( III

or tr.in-.|iiittiiig

over, as the material

ommen i.illv jio-.ibl,. with ((.pjicr, tl

tion of .till high.T condiKtivitv tl laii \Miu
Ills reiliK inc th

ip, it

Id W
^i lit the fidlcr

The

|ii-riiiii.

material u.ed fur nisiilatorf.

Ill' porcelain, or some f<

is either gla.., where tl

moulded to the desired shape in th

rm of artihii.d .1. iDe vvhii 1

le londitidii.

I < an In- nadih

vailing and even th

le process of mannfa< ture. The

wlure the in.ulator i. to b.

xceptional atnio.].luric londit
prr

ion. in the locahtv
used must obviously be carefully studied.

i !^

f I.
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Permanent Way. -Detailed descriptions of the construction of thr
permanent way of railways in general ob%'iously lie bevond the purvieNv
of this l)ook, and it is not our intention to deal with such a big subject
The tube railways in London, however, are so essentially electrical rail-
ways, and are so unique, that a very brief reference to some non-electrical
engineering details may be of interest to others than Londoners, and will
form a fitting prelude to the further consideration of "

third-rail " and
" third and fourth-rail " systems.

The general appearance, so famihar to Londoners, of the platfonii

Kif. 1,650—A Typic»l Tube Slation on the Cenlral London Railwiy

of one of these raiKva>-s is shown in I'ig. 1,650, which is a reproduction
from a photograph of the Queens Road Station on the Central London
Railway, and whidi may be taken as typical of many others in all parts
of London. The exit end of the tunnel between the stations, which i.
II feet 6 inches in diameter, is seen at the end of the platfor. : on the right
and the streak of light across it is caused by the headlight of an approaching
train.

The method of construction of this tunnel has already been e-xplained
(s,r ixiKC 1514). A clearer idea of the details of construction will be obtainetl
from lig. 1O51, which --hows the interior of the completed tube with the
track ;.iul third rail in place. The figure shows the successive tube rings
built up of segmental castings, the joi its between the segments beinj-
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Fig. i/=i - Il,e Inlei.or ..fa I oihI„ii 1»W K.iiU.iv

st..,«civ,l in adj.uciit rin;:-, tli,-.. :i,lj.umt rin-s l„int,' t.nlf.l t.ij^.tli.r
MS >lu.vv,i.

1 1,0 tlir.v r.iiK an^ Mii-pcrt,-,! I.v tr.msv.rM- sl.rp.r^, ,„i.| ,,>
Il.c il( pn-loii 111 tW. Ill thr IMll- (1,1.- t,, ^__ ^
til.- .iiixMiiirc .il tlh' tnlic is not lilK-.l

in 1.1, i-'^ ;irc l,ii,l .irno- tlic -l.-cprr- -.

''''f
' !t;intvr- .in>l ,ittoiiil,itii> ,,iii ,

^^ilk .; he tiiniul. Ill,' l..u-volt.i^;<' ,'

• I'Mtiii mrrt'iit I.T.l.r^ .tu- -uy^wtiM
on liMok- .in fli.. ii-!ii-li,in<l -i.|,', .m.l ..n

»M. Il -ill.' of tli<- tnniul til.' liiL;li.voli,iv'.'

(i \olts) finl.r- uhi.li -upplv tMiori,'v

t.) tlie ~nli--tati.in- .nv .,ini..,l ,,ii ih,.

•-ixvi.,! lir.i,kot> s|i,,.vn in li^;, i.h^j,
llitM. br.i. kcts art' li.i|t.-.l to tin- tl.ini^is

of tiic in.iin (•a>tinL;s an. I arc prot.-. t..|

In .111 ir.in -liicl.l. win, h . ,ui !..• um.IiIv
r. II1..V1.1 wlun n.io—aty. In tlii> tirnr.>

;«..
, ahlcs an- sli.nvn. ca. ii < oiitannni,'

tin., in-nlatcd lon.iintots tor tin' tlnvc-
pli.i-.' --npply. I.

'!
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A- (on-uli ratioii- cit -p.n r do not alli)\v >l- to (U-dilu' fully the iiit.T.>t-

ing iltt;iil> of traik. >tatioii <li>igii and ion-.trii. tioii of tlii>c uiiuiiu-

railwavs Wf Kivf li<i.'. in I'li;. i.i>5.;. a iro--f.tion of a -.tatiou ol ono of

til.' nioir nc.'nl txanii)!.-. tlir Hakn Stint and Wat.'iloo Railwav. inoi.'

lonnnouly known a- tli.- Hak.iloo inl.. .

'

It will he notictil that tin:

^tatn)n action i-, like th.> ruiiniiiL; -nt\ ni, a tiiln con-tructcd ^ciit rally

in thr >ainf wav, but ol ' lait^cr dianntt i of ratlur nion- than Ji I.ft,

thr vertical r.-iitr.' liiu- ot the two bcini; 5 tut .; mdifs apart. Thr lii^ur.-

Iia^ th<- ]iiin(i-

pal (limcii-ion-.

in.iikrd on it,

with additional

intiir^tinu 111^

loiin.ition ol

itit.iin drt.uU

ol lon^tiui lion.

.\ 1. ainrc ol

the jil,inning of

the tr.K k wiiii h

i-;i)()s>il)lennil<r

tin- spt-ri.d I oll-

dition^ ol it^

. on^t nut loii,

.Old w ))rol>.dilv

nni<|iii' in rail-

w IV work, i> thr

>\ -tiinof ^radi-

(iit~ hv nuMn>

ol whit h a \ii \'

,1 (I
i>

r ( 1 i a Idf

o ( o 11 o in V of

w o r k i 11 u; is

sc.ur.d. In all -ulnnliaii lailwav work a di-tnuth' important prrr. nui.;,-

of tin- iiuii^v -upplud I- w.i~trd owm,!.; to th<' >li<)rt di-t.in. < lutwecn

thr -tation- .ind th.' pv.i.ti.al iir.."itv for l.rini^iiiL; the train to a

-talld-tlll at .Ml h -l.itlon. .\t . a. h -lop nio-t of tll< flirrKV 11-' d 111

.ir.cK'iMlin.i; the tr.nii i- wa-tid ni tlir la.ik.-, .nid Inrtli.r .nrrt^x- ha- to

lir viipplii'd to ;:.! np -peed ,ii;a,ii. In the rarlv tnhc railway-, iinni.'.

di, it.lv aflir l.asiim .Mill -tati.'ii th. ti.iiii .l.-.a-nd- .ni in. Inir. win. h m

th.' (.iitral l...nd..n lin.- ha- ,i •,'
;
p.r ..nt. ciMduiit; thii- L'ra\ itathni to

the (Nt.iit ..1
.; ;

p.T .-.lit. .'1 ih.' wcii^ht ..1 th.' tr.iin ,i-i-l- the 1 m.itivf

ni piodn. iim rapid a.. .l.iMti..ii. It i- . ,il. ul.itcd that tlii- r.du.
.
- tho

.l.ni.ind f.ir pow.r dnrint; the period of a. tra.eltion l.y al>. iit om-lialf of

1 i^. 1,..-. 1. —Ct..-« -c. II.M •! . -t.ai n II t

jk.n
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„. C-.itr,,! IoilImh K.nlw.iv w uiv.-n n. li:;. i">». Hi'' li">i/ont.,l -,.!.•

••••I

V^

\

n| llic

whu-li H m.iiki.l Itiiil:. ,1- I- n~u,il m -u. h iim>Ii1. -.

on ,c liiu.li -mall. T -.ilr lli.in llir \.lti. al - al.

II,,' |M|.,uta,i- uracil. nt ImIwkii -111 m— i\o Mi-

ll, al In:.- 1- niaik.-.l ..^ in..i.' . ..ii\ .iii.iil than lli.

a. Ilia! li.-ii;Iit- n. kmu-.l tr.'iii a .latum liii.'. I li.

.l.partur.' cr.i.liiiits ri'lmiil !. al".\f <.in 1m' -'•n

.•11 til.' Il^ht-lialiil -nil- ..t .a. Ii -latl..li I. \
.

1.

( til til.' ..th. r lian.l, v.li. 11 a tiain i- a|.lir..a. li-

me a -lati..ii It lun- up a ri.ii p. r .int. L;ra.li.'iil

t..'- a ill-taii. « ..| I.'"' t."t, with the I.'-illt that a

i^.'-t..ii tram -t.'ia- up p..t. iitial ula\ itati.m iii. i^v

ai'.i.'iiiitiim t(. liiii 111', nimiit.'-, whi. h i~ i^iMii .'Ut \'^*t

111 .1,'-. .11. line th.' .lipaltlll.' Lla.ll. lit t.. thr ..Iielllal V )

iimnine l.\.l. A- tin- tun.' .'( tlii- .Ic-. mt i-
'''

ii-iiall\- li-~ than a .|iiarti I .'t . ininilti' th.- p..\\.i \ V
,,\.nla!.l. t.. a~-i-t ni.'t..r> i- ni..ii' than .("

.
ill'. «(^:"

Conductor Rails and Insulators. Aim thw ,^ \^
l.ii.'l r.'l.'i.'ii. .' t.i th.' sp. . lai l( aiiir.'- Ill thi' l.iinil.ni vL
til!..' lailwav-, \v.' pa~- t.> thi- la.n-iiliiatioti of th.' ^-
il.tail-ol thr t..iulllit..r- 11-1 ti in " thml-iail " aii.l .^ [

•

thii.l an. I l..iiitli-iail -\--t.ni-. tlu' tnat.iial-. ^f
_

1., me u-ii,',llv th,' !..\v .aibi.n -t..! a- .l.-iiih, •! m
'

laM. WIW
Ih.' ( iianiU'l -..ti..n ..I lail an.l i'- -iii.p..itmu \

in-'ilatm- ha\i' ah. a.ly li. . n i. I. mil I" an.l Imui. .1 \|

111 till' iii-ii'iual 11. .ti- ivi' I'ai^.' I.tI'"^ . Sil. h -. < \
tidli- wri. 'i-i.l .111 -..in.' .it till- I.. .11.1. .11 till.. 4

lailwav-. th. Ii\.ip....| ..\.ili.a.l. and <1-. \\h. i.. \,

I h. a. tual -. . tii.ii a.l..|.t. .1 I..! tli.'t.ntlal {...inliui '%

jvailuav 1- -li.i\Mi, with th. m-ulatmi,' -iii'p.>it .>!
*

ill. I, 111, 111 i le l.'i.SS; th. iliawme l- t.. -.al.', ami

th. . 111. I ilmi. Il-l.ill- ail el\i", 'h.' al.a ..1 th. \

111! i.tiiin i-
.'^J

.-.|Uai.' 111. h. -. Til.' in-nlat..!
,

will, h i- lliailr i.f -t. 111. wall', i- h.ilt .1 t.' till' . l..-

-l. . p. 1 w nil a ;^-iii. 1; l.i.lt
. w hn h i- a I-.. . i nii iit. il

int.. t hi iii-ulat..i .

/;(/'( A'.//;'., n V. • In tli.' m<.i.' i...ntl\- ...ii-

-Iiuitril till).' lailwar- thr "
t hii il-i all " -\-t.ni.

\\!tii till' tia. k lail- u-iil till .1 i.inin .ii.nit, hi- P.. n i.pla.cl i>\- ih.

' thiiil- ami Imiilh-iail " -\-t.iii, in wlii.h l'..th th.- -'- and — imi-

ihl. till all m-iilati.l. tliMiieh. a- tli. latt.i i- .L.tinalU .i.iiii. .l.d at

V.

I

t I



IS28

•f-

W
I

n.l
= . k.,1'. In-.il.ili.in

iilr.ll i,' ::il !; KaiN' j

tu -t'alc, ami -onir

V\'^. 1,(157 til'"' i~

ami of tlicoiitcr

tiMik rail, that

i--. till- rail \<-.

nn'ii- Innu till-

t (Igcof tlii'iilat-

form^ at thr

station-. Itui

he noticed that

Ulictricity /x thi Skki'ICf. !</ J/...V

intorvaK to tlie nmnin:.' rail--, it-; in-ulation

n'>istanc»" i> not liif,'!!- In iltcct tin- appli.a-

tion of the iluuble-eonductor method provide-;

a conductor of hijjher conductivity in parallel

with till' tr.ick rails, thus reducintr the lurrent-

_ ill the latter and tlie leakage currint> tlirough

the earth, as well as the fall of iioteiitial hack

to the fjemratiiit; or the --ul)—talion.

S<ctioii.il drawiiii,'s of the conduitor- and
their -iip])ort>. a-. in~tall<(l on the ' I'ui.idilh-

rube. ,ire !,'i\-en in Fii,'-. I,'i5<i .iml I.'157.

- The fir~t of thi-se (Fii; i.()-,fr ^how- tlie hlkI-

l>ed of the railway a- -e.ited on the hottoiii o!

the eiiclo-iiii: tube, and c.iirviiii; !ioth the 11111-

niiitj ami the conductor r.iiN. The drawing; 1-

jirincip.il diiiien-ions are marl.id on it. In

I l,iri,'er x-.ile di.iwini; of the -I- coiiductnr

.,1 s,„

'if th

.L;i\'en

K... ,>.,i -I. .«,:._ U.i, ,,,, .1.1,1 C.ri.!,!, t 1 !<..,;

ordinary Eii,i;li>h railway .i^auj^.

I IK. ..' .' -K.i.ul Ik.! .,f,, I,.'

the gauge of the running rails is tlie

4 feet SJ ins., that the — conductor i> nioiinti d h.ilfway between the niii-

niiig rails with it-^ iip])ii

urf.ice I J inches higher,

and 'hat the -j- con-

ductor is i(> inches out-

^ide the inner llange of

the outer running r.ul

with its upper surface

Z^iM\nH.m ; inches higher. DotaiN

of the concrete, wooden.

,ind other supports are

given, and it is interest-

ing to noti' til, it tile

chair- for the riinnnig

i.iil-. ,ire -iipporl, d on

a felt pad to (liiiiini-h

\ ihnitioii.



^.'.^Y'^^/|l/^ A'a.is I5»'»

Tlir ili.tiiiit I-iioii pattiin of coiKlmtor li.i- 1 <• n i< pl.n ( i!. in llio.- iikhc

rtTi lit r.iilw.iv-, l>v .1 (iiiuhiitor of n( t.iiiunl.ii -k tion. ;,, inrlic^ liif,'Ii liv

j\ inrlii'- widi- imdtniit .iloni; it- Inwi r »(lf:r-, Thi>r < dikIiu tot- .iii-

nioinittd on -jxcially ilc -icmd hut diltrrrntly -li.iixd iii-iiLitoi-. tli"

mutilator for tin- -|- (diidin tor li.ivint; a ]>i(iiliar -lojiinc Innld to lit tin

-lo])c of till- tiiilo-int; Iiilif and to iiiaMc tin- loniliutor to In- pluiil at

tilt' roiiuirtil di-taiKc ,

...
troin tlic ninnint; rail I

to ^;i\f till' ncci—-ary

-uacr for the tittiiij;- -•^^.^."''•'^'lA *""'"

o! the ti avillin),' -

lirii-li wliiili -lido Kic 1

o\iT it. rill- jmrpo-r

ol tlir nndcn lilting ol tin' rail i< not ohviou- ; it in.iv Iuim- 1>i( ii iiit> nd. d

to allow tlif r.iil to br claniiKil l>y \v(il;;c- or otlnr\v!-i- to tin- in-iil,itoi
.

l)iit no indication of siiili (l.niiiMiig i- L;ivin in tin drawiiiL,-.

Suiiiicc Nail ''^ - In tin ojuii. wlurf tin- (ciiitiiu d > ondition- ol tulu'

r.iilw.iv- arc rt i urtli rail taki- a tiioir n.itiii.d jio-ition. a will

th* r..sili.inx .i(„l \! miitini;* iif llii*
(' !u. t 'i KjlN.

UH..iNhirt .in.l \...tKhirt K..iU..y (i ,i I

A
d:i>"Uj.

h

O.I.;., 1.1 K..i: .,11 i li.N..i..l r. .\l.,n!,..M.,i. 1.. >..!.,! l;.,.U..v .I..1'

.ijijMar fr( 111 .in in-ptrtioii oi jii'. 1.05s, wIikIi r(]i!(-(ii!- a (I0-- -i(ti"n

'I tlif traik .mil i.i:l- ol tin L.iih i-liii- .md Voik-liin K,iii».i\ ImIu'.ii

M.iii'hi-trr .iiid l'>un-. wln.li w.i- iliitnliiil in lul^ in tin- i.i-r tin-

ti'iid. or in-ulati(|. tail 1- -onir i.s hk lu- oiil [:l- iih' ol tin' niiiniiiL; i.iii-.

and the fouitli Kill i- unin-nlat. d. hi ini; l.iid on tjir -lti]nr^ in tli< <iiitic

of til.' track .ind i'ondul ,it mtiival- ot loo vaiij- to tin- ninniiiL: miI- on

i ;'.;;( t it;i
. j,\, . ;.; at ir.iirt ;••!'.- .i;;.! till ii

l II

ti»



t \ I

• 5 .^^
/:'/./ 1 Tf/iwry /y ihf. Skki/i/ ,<i- Man

r.iil, wliuli 1- III M jMitintial nt i,.>i«i \ult-,is placid ui tlic -ix-f(pot w.iv.

I'liiiln r ii.ntu ul.ii-- ail' i;i\iii latt i (mi' pa).'!- I3i)4'.

It will 1)1 iiotiicd ill till ahiivf illil~tiatioil» tliat tlir iiiMTtiil iliaiiml-

IIiMI lollll u| rii)-~-^(i tinll liir Ilir i nlKllHti H tail ha- 1)1111 -ll])rlM ill il till

o|irii--iii l,'i r railway-, and. ,i- alii.iilv niiiai kiil. tm tlir lati r I.oiuIdh tub' -.

i)Vlltlll I liMlll-

1 (1 II - 1 il 1 I 111

iiiiiii' -iiitai)!'

Im the- ^iiu lal

jilaii III wiiik-

lllf,'. 1-iM uiilui-

ai\ -iiilair

rail \v a y - a

laMiiniti- liMlii

1)1 1 1 11 ^11'

tlDIl i- I'llr

-iiiiilar ti) that

aili>])tril till

tialti' rail-, a-

-II. h -ii'tinn-

1,111 hr pl'ii-

ilm 111 with ihr iiiilinai \ mil- ,i\ .iil.iMi- in tlir rnlliiii,' imll-. .\ii ix.inipir nl

-iiiui lii-tiiiir,il iiitiii -t 1- j;i\i 11 ill l'"ii-', i.'i.^i*, wliii li i- a no-— m-i timi, .iinl

ill jl- l.'i')'i, wlili h 1- .1 -iili \ il \v 1)1 tlir I'liiulll' I' I. Ill ll-ril ill IMhI nil till-

er iiili.itt, 111 l-'.li \ .iti il K.iilwMv. Till- III) ^ritinii 111 till' r.iil- w.i- 'it tin

-li,ipi -linwn ,iiiil 1).'^ -ipi.iir iiiilii- ill ail .1. luiii;,'. a- a ciiiului tnr. i ipiu.i-

M'xi. r.'fi. Kxp-ili^t u [,>ilil .iii'i \-M ( ontliicl' 1 K.ii!-

;^o 6o
I v.A ., . 1 I; !, ,,1. C..ii.!u. r.i k..i

lint til a riiiip.i rnnitiii tut IJ5 iiuli'- ill ili.mntii. I lif i ill- \m ir imIIiiI

111 iKi-li.i.i lriiL;tli- .iiitl \vri,i;liril i"ill). pii y.iiil. riir iii-iil,itiii- \v,i- raniril

on tlir I I ntl.ll pin I'l ,l i a-lllll^ Imlti il tn llii- wmiilrn l in— --Irrpt-r, ami h.nl .1

lUiiuliliil i;luiivi' III 11- -nil- til IrirlVi- till' liiUil pi ( iji 1 t il HI- nt tlir -llllplr

\ 1 1, 1, .1 -I.- * II 1.1..;..- .-•! •..--ifi. ;,. ..i.»..,.
1 Ian: j" i. •.

. : uiti v; lu^t ihv ; :'_\ a r\:\ :
;•••:!

•y-'-'-'A ''n ' '"i' '-'• ''•<- Hi-iikiI- !

,



C(i.\/iri. /vA' h' I I lv»l

.11"! with lli'ir Ujipti |>ii'jnti"n~ i l.iminni; tin ll.in^i nl tin uil Willi

III. -. 1 1. 1 111] i> till' I. Ill w,i- tirr 111 .\] Mini .ml 1 I lilt 1,11 t, .11 111 w.i- ilunl. (1 wy

iitn ;,'i.l'it -11 liiiii~ 1 .iii-.i-Iiiii.; Ill ti\i i.iii- I'Ulliil up ti'Uillii .nil!

.iliiliMiil .il till- llllililli r;\|>.lll-li'Il W.I- .illuurd lul .ll llli 1
III! I'l i.nli

-1 . Iiiiii I'V .1 Willi' < Apni-iun imiit .mil -pi t i,i| |i-lipl.ili- .i- -Ihami in 1 lu-

I !_. , , 1 ,1 1 I >r ka; • .1 I:- i-

I iii.i .111(1 I.'kpJ. cI uliich tin imini! i- I'luin .1 i>liiit(iL,'r.ipli nl tin' .i.tii.il

|,.nit mil IIP' l.ittii coii-i-l- ut ili.iwiim- ti' -r.ili- 111 .1 -iilr ill A.itii.n .mil

, iM - -11 tion. Til" iii.iNiiiiuiii .illnw.iii' 1- tiir . Np.iiwimi w.i- .5 iiuln-. .md

ill I'l'ili tii.!ii<'- till- lnM\ V nippii liiiiiil- tii|iiiiiil t'l I.my till- I mil lit

,1 1 1 1. •• - till

Im .lis 111- '111-

-Jill 11. .u-.

Willi.- II"

1 i.ii.liii till" I. Ill

nl 'i|,. Ill tin

I 1. 11 ll 11 1 t IT

I,.ll- 1- iiUt-l.lr

till tl.li k. pill

\ i-ii'ii :iiil-t lii-

lll.nl. li.l 1 1.11

Illi-.-.t V 111 1 llll-

t.h ; .it ( l(l--

ll \ I 1 - .1 11 ll

lUli' til. 11-. .\l

-111 I' pl.l 11 -

till ..'It.l r..i:

ilu. ! ..1 1 .1 1 1

iini-l ..l)\i..ii-l\ l.. lilt, mipli .1 t .lili'W til.- li.i. In Mil, ulii. ll mill L.

111. . !i.i:Ui-.illv I i.iiliiiiii.ii-. I.. I.iIIdu 1'.- ll. Mm, ll .. .111-1. ill.- ililli. lilt y 1

,, .,.11! Ii\ pl.l. mt; -li..it I. li^'tli- I'l 1 ,'ii,liii i,.i 1..1I ..11 ll.. ..tl.ii ;.!. ..I

;il, 1, ill! ,llld pt..\lillllf^ rulil.i. t 111.1k. 1- 111 |.in-li. - .It ii..lll -liii -, -1) tli.it

(.i.i.l.i. t 1-- 11. N. 1 1 ninpli-ti 1\- mil 1 1 iipti-il l''i- iiiiilii- ni.i--.ii\- -mn.'

.in.iimi liu'llt l>\-uiii, h tin- niiitnt -iim . .m i> l^uLIi.'. up 01 iluwu ,u tlu.

4 -!.\p.tn .on 1 I'.t »-,r. \\» .!' .1 . > .». !- m I' .i' '.'

W ^ I

! I

'

» - It

.
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I53» Flictkicity /.v the Si RiKE Of A/.A.v

ends of tlif conductor rail when a hn.ik is iiccosary. Tin- arraiiu'i nu lit

adopted ill tlic tally ila\> on tlif Manhatt.tn Kailway is slumii in 1 ii,'.

" Si

I. '»<•;. in which k k is th

(lid (fl a conductor rail at r
a liri'ak. It will be noticed

til, It the end is tapered ott •

-o that make or break *!'

with the contact shoes ;

iii.iy be ^r-.dual. In tli!>
;

case tliere were four ion

3L--'--^ii

rij^ iM.iiK ..f OrMiii.iry I'l-nl.it !.

Fij. I/*.!. -S«(ii„i, ,,f I .

>"i'u''ijTK*,ii

"*'"'*'' '"" ••""^ slioes on each motor

coach. Insulators sni)-

])ortin{^ the rail can be seen at I I, and tin-

flexible cables supi)lyiii{,' current to the

insulated tail arc vi^ibli' on the left.

Not wit list. indiiii,' the enclosed nature of

the track, wooden f^uard strips were provided

as shown in i-igs. i,(>3i) and i,(i<io. These

Hiiard strips, which are referred i,) more fully Liter on, were intended as

a saf<gii,ird against .iccideiital shocks to emjiloyees, and also to prexcnt

l.illen telegr.iph or telephone wires from cirthiiig the insulated rail ; they

projected 2 inches above the level of the

rail, and were bolted to it as shown. A per-

spective vii'W of the ^,'uarded r,iil at oiii- of

the (xpansion joints is given in l-'ig. I.ti'i4.

The conductor r,»il adopted in the mnic

ii (. lit electritication of the London lines of

the London ,iiid North Western H,iilw,iy is

shown in sietion. with fully tliineiisiomd

det.tils.in I'ig. 1,665. The coiidiu tor stands

4] inches high, and li.is a working l.ice

-'I inches wide. Its coni])osition h,is been

.ilii ady f;ivin in Table XXI\'. (page 15J.;',

iis spocitic resistance being about (>-3 tinu s

•vi3,J that of co])]>er. The working jircssuir of

tih system !~ about 600 volts, and the

]msiti\e coiKJiutor rail is l.iid outside the

niiinintr rail-, Ix twr<n nhich the net,'.iti\f

londintiM 1- ]il.n, '! ,1s iu the I'iccidilly

Tulie (vii p.it;. I5J> .md in the L.incashire
..f I. I.'.t' lllM.l.,t..

and Yorkshii. K.iilway electrification 'mc ])af,'( 15JU The ]iositive rails

a;t- ^ujjportet: by poic iliin i r. -ul.it (•! - oi ilu- p.itii ni -i„.vvii in ^ 1* -v-.itifiii and
pl.in in lig. i,(j60, which i.iise th. inner iiiuh r surla< e ot the .ondu. tor



/,vvi-i,ir. 'A-v i.v/> f:/:.M: >'('A' Ci>.v;>:v:-.v Km i5v;

iQl^ __.. ..@J

m., 1 . .1:1 \i,.l.. t r,.iil.,|...

sj imlio .ilMiVf tlif iipi'ii Mirl.i. • <.f ihf -1. . p.r, t.> win. li tlir iii-iiLitni

1- .Itt.lrlinl bv in.llllMMr IP.Ii ,111- ll,r . llH I ildili- ill 1m- lll.l'lr "III

witli till- ,i>-ist.iii<i' i)f tlio iliifi..| Inn-, ilu- iiii't.il 1 ,ii> I ulii'li ih.- r.iil

tr f- li.i- a rcntr.il jiin wliiili ilrnp- iiitu a lioii in tin -in-ii -In-il iii-ii-

l,it>>r, thf fodt nf wliirli i~ i l.imi'i ! iI.ami .i> -Imwii I -• pii \i lit c r<-<-iiiiu:.

.ill.- til I li-'tiKi'- "I

ti-ini'i-r.ituri' ami

vibration, " an-

(linr" ill-Ill. itiirs

III- U>Oll ,lt i'ltlT-

\,ii-. ( )iu-uf tlif-i'

i- -Imwn insertion

.iiiij il'.'V.itiun ill

I il;. i.(>t>7. The
h,i-i--|)latc (l.ini|>

..- - I

i- iniiru flahoratc tliaii tin- i.iiliii.irv i lip-, aiiil iiiiiiU- . inlir.i. i- tin- hi-. ..|

tlic iiiMil.itor on wliirli it i an he t'L;liti-iu-il liv hi. It- -i.iirni I.'. Im L nut-

On tli<"-t- insulators tlir roiuluitor is iiioro liriiiK KfM'l"''' 'li-m ' " 'li'

oriliiiarv iliMilator, tlic <U-t.iil- i.| tl;i- < li]i n-nl ln-inc -li..\\ii in lit; i.UUS.

At . r^.---

I iirii-

iiit-. it. ,
.1-

.1 il r.|ll\ I \-

pi.l! IK-.l. tli.

pli-ltl\ .-
I I .11-

.|ll- t.l il . t.'

i'.- I.ll.l 111 -I •
-

II. .11-. '.IIlll .it

.lilf.r. Ill -i.il -

I.I tli.- II.I. is.

iiii til. -.- -. •
-

Miin- iiiii-l. .'I

..III-, I., .].. •

I I Ic ,lli \ . ..II-

lll-. tl .1 --.111' Il

1- U-ll,lii\ l.ili.

Il \ - il .. t t

fl..; 1. -.-• Il .'i> -I Ilir < ..lit. !•/ K.
, ,'

I. llCtll-..l -.' \: l!

irr kiii.wii ,1- " tnnipi r
"

lal'i.--. In tin- i a-r .! tin Li.ii<l<.n .unl .N.-itli

Wi -trill Kailuav tin- jniiipi r i,iii|i- .iii- i.ml -..Ini iii I'ltum. m-i il

;ili!. troUf^li--. and an- litud with Mi. ( mti-/ I t li^ii - p.Uir.t ...Im-

'-r--r.i!. il!n-tnit-d in ]'^-, :-'',. ! !ii- t.in-ii-i - .f-ii-i^.! !..

Il an i-ttictivi- M-al to tin. ni-ul.it..l p.iit ol iln jiniip. i, m.! '."

t -. i.'fy. — Stall,,;. 'Iriiiiinal Tlt C"

n

•f.

I'll
I j

I ;^ I

ff^Mg—R..'
! JJflMia i
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I!

II
»rf i

|>rr\iii' i1.iiii.il;'' I<> it lioiii ini'-

cll.lllll.il -lUM k' .IIHl \ llll.ltlllll-' I'll

till' ( oiidiit till Mil.

Stand. 11(1 t)*])!'-. ol in-ul. It'll - Id

i.iiiyiiij,' lla!i^;i(l (i)iiclu(tiii i.iiU,

^llllll.ll 111 ^nlllc l(--|K(t- to tll'i^i-

ii-'ii liv till' l.iinili'ii .iriii N'Ctli

W'^tiiii U.ii!\v.i\' ' iiiiii>.iiiy. .Ill'

~ln)\\.. in I'i^^. i.ujii .mil i.'i;!.

uliiili illn-tr.itt' ill-Ill.itor^ ni.i.li' l>v

AIi'>-i>. Andtrx)!) A ( " ol l>n-t'n.

TIli'V (liltiT Iron) mil .iHutlui in

III' li.i-i- 1,\ wliirli tlii'V .iri' t" I'-t on till' -Iri'pci-., till' dill' rlli'.^ I'lllli-

"I tlh-i l>.i-i'~ Imiml,' i1( Illy -hdwii. Iln'-c iii'-iil.ilor- .11.' >' Anii'iic.ih

d'-i'ii aii'l ti) -mill' 'Mint t\-iiu.il ul in-Ill. itdi- wliiili arc iiikIc wi'KIv
n-<«l nil till- citlur -nil "I till' All.iiitic than in tin- (nuntry I lir

in-Ill, itiiij,' in. Ill 11. il ii-id. in-t(,i(l nl Ixinf,' punrLiin i>r ntln r (ii.niiii

-ii!'-l.iii(t
. 1- iiiiiiildi'l iii.itrii.il. till' I iii|>l(iyiiiriit ol wliii li lor omiIk 'I

woik lia- .iliady Ixm di-irilxil .ind illu-tratt'd in the jirmdini,' <li.i]itii

on I'.il;!'- I ;ii4 to i ;i(7. .md in lij,- 1.4(1; to i.47(>. In tin iii-ul.it"i-

-li'.un 111 lii;-. 7,(170 ,111(1 i,(>7i. till- in.itiri.il i- the Actii.i '

in-iil.itini,'

iii'il'iial. n-i(l in I'ii,'. 1. 471 lor ovciIk.iiI wmk A- illa-li.itiin,' llic

(lit. Ill- "t till nil th. Ill- (.1 .iikiptiiii; -mil in-iil.itiiif; matcri.il to tin ruinin •

in. lit- "t .111 in-iil.it..r wliidi 1- to li' ii-cd lor in-iil,itiiig the " third" 01

" louiih " (oiidiK toi r.iil- 111 ([((tiic i.iihv.iv w.irk Vif^- i.i>j2 ,iiul l.(>7;

.,1.' -cition.il \ 1, w- ol two (ithci |),itt('rii- of iich iii-iil.ifor- 111,11111-

t.Ktui'd liv ih. \V(-tiin I'll (trie ( oiniiaiiv of ( hie ipi, with .1 -ixd.il
;ii-iil.itin,i; iii.itdi.ii known .1- " lln tio-c." The dct.iil- of ( cii-ti in tion

(.111 l>r (liMiiv iii.idc out lioin lh( dr.iwint,'-. ]'',i( li iii-ulatoi 1- in two
I'.'it-, 111 ,1 l).i-(' whidi i- ni.idi- ot -twr.il -t.iiid.ird hciijlits to -'.ill

dm. r( lit (iinduioii-, .md (ii.) an iii-iil.itin^ .md rail tarrying -cctioii wIik h

l"' ini tail Aiiifti,an I'l-iilat r^^ wit!i \Ii)ii;iir I Iinilutin^ M.iteit.-il.
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«'. Ill !)(• (|llli kly .Hill -rililrlv 111.1(1. I I-' to fill |.i-, I In- 111 111 llol linUM

111 I il; I.''7J iim\ 1>. iii;iiilicl .1- Hi (!,• iIhiiI'I. -i. .1 piti.ti; iii.l ili.it

If; I il; I ii"
; .1- .1 lll|i!i -ill i| ill -III 111 'I >, , |Mi.T- I 1 I.I I ml nil

M'lt III till iiiiiiii lii.iti K |iii 1
1 liiim iii^iiir- ' I t>s.s '" I !>;

; c!\i ilit.il li

< iiiiilui till i,n|~ ,iiii| in-iil.itiil -. Ml iiiwliiili till- ti<[> ^iit't, III till i.iil 1-

lll lli-i i| till till I :. .

|_

Ihiil; I iiiit.ii t . I'liii
I

\M ji.iv I l;i\ 1 11 111
I

I IL^, I.<«i> .111 1\
J

iiiijili 111 .1 tliliil fj_

1 'I liiiii til 1 III . ii|i
,

iliii till ,|. . I'l . till i-

.i rill li < •
•

Mil l~ ~ '>'

111 I IC I ' I 111- ' I

1 iilului 1 11' : ,' ! 1

' ' -II Hull -mill, II 111

thai iif lllr I IIIHIIIIl; I.IlN Mi HlUr 111 Hill

illn-ii.itiiiii-. I- -11 iiiiiimtiil ili.it 1 Hilt, 111

(.111 111- iiiiili iiiilv uiih till iDht.i v//(',ii. * '' " ' '~

'

111 -111' - iii.ikiiiL; It r.i-ii I 111 .iIIhiiI |iinti I 111 111 .iu:.im-l .n i iili iit.il iHiit.i.l,

.1 I'Hllll 1(1 U IlK !l we nil I l.ltc! , till' \ 1 1 111 ,ll ,111(1 tl.l lllldi 1 Mil l.iir I dlll.K I

-\-tiiii- li,i\c tli( .!il\ ,iii1.il;i' lli.it (Int. Iiii.'i 11

-I|ii\V HI !i 1 I i.IIIIIhI -h 1 ,i~i|\- ,11 1 IlllillLlti 111! till'

wmUiiiu' -iiiKiiH .i- wliiii till ii]i|M 1 -nil. Ill 1-

il-iil. I'l. Il|i- iitllil ImI'.I. till' I lllllllll:^ 1 i.'li 1 till ~

h: I. Ill-Ill- ,.iiii:.il 111 -H -iiiiplv ii(-i:;ni(|

l'l'-f:.l!.\>.l M/,/s. A- I Nlil.llllll!^

.it |i ,1-1 liIli hI lli, Ii.l-Hll- |hI ,ll|ii]itlli^ " «W

-

I'lliii iHiin- Hi 1 Hinlui ti I Mil-, .itli p.tiHn

till \' 111- limir i! 'III!' Iv illliT '.I 'it I hi-

I'Hllll IH tin 1,1. 1. ,|j,, ll|\- |, Ml l| til

Hli li,i;;i It ;j. tli,il .
iih' , illi-l,iiii|iP'J i h,

1 I,' 1h-i i| II iluii' lit th, l,llul HI w II,, il

\.:\\\\A\- ,111- limit, It 1,1- 111, 11 iliiinul ' ~ ' - ' ' ' '

' \p| illrlll til -hli 111 til! I IV I 1 .11 11 111, till -II .1- t-i -ii.ilii ,1^,1111-1 ,11 I lili lit,ii

-11'" k- til 1 nijildVi I -. ,1111 1 Hthi I |.,i--ilili ,' . I'll 111 - ,ii!i| ill II mil 111 ,il I Hiiiii

liHi!- uiiirli 111. i\- .111-1 liHiii tiiiii 111 tmii ii: ..I
1 ii,ii -iiNiii All I \.im|i|i hI

-111 !i -liii li'.iiii: 1 1,1- I" 1 n alii ,ii|\- l;i\ I II in I i;^- : i>Si| ,iih1 i ' '' p il;i i iJ'i .

1»| tail- • 1 ,ll|iitlirl 1 .XiUlljili h| IllHli- Il I lilt i|,ltr ,iIi t;l\ I 11 111 I I- I '',"->

uiiiili -hiiw- iMitlv III -iiiiHii. till 111. ihiiij 111 |i|Hti I l:i.!> ,ii|Hj.tiil nil .1

w. ll-kiiiAvii Anil 111 ,111 r.iilw.iv. I In i.i-tiii;;-. uli' ,\ tin iiihi.iIiil:

1

.

9»

> ~ i

•\

'

/

.i, li

' iil

!' i'
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^Bm rdl.
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l.....nK..n. d,m,,,.,I „ tl,.. om„I,u t.„ ,..,1 l,v a I,„uk l.ol, ,,t ...nv.n.nt
p -it.uns iMtw,,.,, ,!„ inM.l.anr.. I)i„i.,,m,„.-.| dr.iwin:,', .,, ,|,.. „,.,,| „,„.
..r. «.v-n in Im^; i..,;„. wl.i. I, „uy |„. ,„„,,,,,,,,, ,,„,, |,, ,

'

.1 uMr.Un« „„„.. ,v.v,„ A,,,..,,,,.,, ,„.„„.,, tI,.. ,....„.,„„„ w,.. ..nlv .,.,1

.t >t,.U..n> ;m,| tur -,s „.., ,„. ..„i,.,, „.,,. „f ,.,,.^,, ^,.„^^, ,^

'•-"'•» "" •'-' -I !'>. a v..r„.,.l .1....,,.,,,.. ,.. onlv ...I uuh.i .', ,1,..
.-."".„« coll...,.,, A .!,.„ v.r.i.al h.ur.l .-.,. um.I ,„r ..f.. p,.....,,,,,, ..,.
tl..' outM.l.. ,., -,.l.. 1 ,r,iu..t fr.m, tl„. „...k n,l. wlnkt ..„ ,!„ u,h,!, ,!,.
H, 1.. pr..,,.ct..,n was .l.n. ,Iy atta. h.-.l ,„ ,1„. ,„„.|„, ,.„ rail a. -I,.nv„ \
Mill .n,.r.. r...u, an.l Minpl.-, ,„..,|„..i ,,|„p,,,| „„ „,. ,,„„. ,„,^^^;. ;^
^i.,w„ .n !•.«. ,.,;;. I,, ,1,,-, .a., ,h,,, „ ,.nly ., „.p pn„...„„„ l,„a,.l
<arri.(l on iinin^uial. .1 Mi]>purt>.

A-.u..lMv.pMp,,u>t,,|uut,ui.pa,,ly,u..nMn,.nK.,....n.ctiv..p,o,...
t-..n that tl>.. m..,h,..l ,., , ,.l|... ,„„. ,1,, ,„n,.n, fn.„, ,1,.. t,x,..l . ..n.ln.-,o, I, .-- MMUr

.
aM.. I,,..,, n>.M|„„ ,1. . , ,lM, n.~t, a.l ..( util,.,.,. ,1„. ,op Mnfa, , ,,1 t'l,,'.

^fc3 ' 'i^^ .onciii. |..r l,)i till-

' -I •'" I "" I 1 1. .1.1 t.J l.,,.l,, ,, „

l'iiil)o-,-. n.itwith

mtinOM ^taiKJUl!,' Jt~ iili\ inn-

a(l\antat,'c~. -..hi.-

"tlirr -Hilar.., n..t

i n,ittn.ili\-s..|iillv, \-

1>"-|(1. ;-, p,, 1, ,,, ,1

riiii- 111 -ciiih iiii.ii

' " -M.,n- ,- uv liav,. -l„nvn, ,!„ v,-,,,, a! m.I,. .„ .., ,, ,|„. ,i,„l, , mi,,„. . .,,
•I- -a, K ut.h.,, a- th.. nil.l.in, MMla,...an,| ,!,,.. -.M, ni.a- a ,1,1, ,,.,.,,.1
•K .u,,,,^,.-n, th,. ,!,..,,,, ,M pn,,,., ,,^.. ..,v.nn, MO, „M..,Ml u!i,.„ ,1,, ,^-I.I 1, ....1,1,,., a,l!,a- ,,.),,.. .,p,,.,,l ,,,,.,,,,,,,,,,„,,,,,,,,,,,,,, ,^,__^.,^ I,

II
_

An
.
Aampl,

,,| a m,!,-, imnni^ .-...ita. , „„ a ,a,, lu'lv i.,ut,r!.,l l-v, „|
- '^>^." n, h. I .,:,s. wlu.-I, ,,v..- ,l,ni,,M,„i,.l,I.,a,k .,f ,1„. .hn.l I nl

r;;''''7
'•'' i;';'"' ',''-" i<— np.a,„iai .,i„..,.,i,.,„„,n.,ii,!

- .'^inn.an,n.„k-„,..Ka,Kvav.. .... 1,„1, ,..,,.„.„.„,,„,„,„,,„,,,, „„
""""'l''"^' '-•" 'l„.w.„k>n,., m..,-,,....„.„|,.,.„„|„„ „|,„„;
:v '

-"""""^'''•""'•"^'"'""•'^ N'...iM,.,i.., ,,.!,;;,,.;

n;;,:;;;.
:;':';''':'';' ';'-''-'•'' .^.;s~.| ..,„..,„,„

, ,,
' ^ '" •" '"""^ "'" "' '"i'l"'. IIh in-ula,,.,,. ,i,a.l,. U,

""' '^""M;'.-'l,a.„vpa„.Mnt.,,„iM,,,„..,„„„„„,„|,„ ,„„,
,

^•'^ '["" "•"- " "a,U I,.,,,,. „,,,, ,,„, ,„, ,^ .
,,,

<l-*:Ma„l„„a.ak.v.l„„ „„,..,.,, |, ,: p,„ k,„, i„ , „„ , /,

dti I
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'li' |'"t'il.iiii in-, il.d Im .1, t ,1- .1 l>iill. I I III- iii-'iLit.ii - .,1. I.' t, . I ,i|..,M.

I Ml I til. 'I,- l- ,1 ,[„. 1,1 1
1\-

1 1,^1- III 1 1 .111. 1 1111,1 1_; lIl-uLlt..! . \ . I \ I
.. . \ il.i- 111,

'1> t.uU ..I ill.' -liiliii:,' , mil. I. I III I iili,., iiii -liiiwii 111 I :.: I
i.-N i!,- .|. -. !:l„ ,|

I ltd -•:- |M-, ISVl .

Cin.nt ^^./7,•,/.|^^. -111,, tvp- .iml il.-i-u ..t tii> .mm. mi ...II, ,t..i .m.l
till liliii. Ill- l.v will, li tlir , mi. Ill 1- iMinpiili. . t.. 111. til! 11 . ;i, lilt- ,11,

'li\i..ii-lv .1- iiii]iiiii,mt .1- ill i.iiK III

HI . 1. . till- i.iilu.iv >\--i, 111 ,,-, III, \- ,,,,

l"i
. i. . ti I. Ii.iiiiw.i V-. I i.n-. .|ii. :il \\

mil' li 'Mill- .ihil iiiu:i iiiiitv ii.i- ill 1 n

'! \ "!' .1 to till 11 I l.il.ni.iiii.n. .111,1 ,1

I i.lll|ilrt.- ;iri (inpt 111' III. I. Mill- Ui.llli!

li.|il!lr,l V.illllll. t.il .l,l,-.|ll.il, |\ ,1. !.,|1, ,|

"1' -' llptli'll-. It !-. till Iiliilc, oiih-

|..>--iM. Ill I, I, I t.i 111.' ]iiin. ip.il , .,ji

-111. Mill, 11- lll\,I\. ,1 .111,1 ],, lllli-tl.il.-

III. in l.v ,1 I. w ivpi, ,il ( \.iiii|,l, , uiiii

"lit .itti niptiii- |.i ii, ,ii tl,,. -nl,|, , I

< \h. ii-tiv, Iv. nut: ',Mtli-.t.iiiiiiii- in,- m
till I .itt.uliiiii; III 11.

I li' n ,1111 i.I.|, , t, ,11, ,,l,\ i,,i|,l\- I,,

-''":'
.1 K'""\ . Ii. til. .il -ji.iiii:.; I.I lull

"li; ' i.nt.i. t l.\- III. .Ill- ,.( ,i|.|..ii,it!i-

-utlii I. ii'lv -iil,-i,inti,i| .III, I ..iirinlh

Ili.iiiylit ..lit 111 It- ,1, I. Ill-, I., , 11-. 11.

'll'll !t will -t,ii„l t|„. ,|„„, .,\,,,.

< 1111.I111..11- i.| -.i\i.,- with. .Ill iiiiilii.

iiiuitiplinlv ..| 1.1. .ik.i.iwn- .111,1 uiiii

• > ..n.iiiiv 111 th. t,,|.il , ,,.( ,,| iij.k, . p
I 111 -p.. i.il i..n.lili.,n- will, h li,,\,. (,,

I', -.iti-tiid .It jini, ti,.ii, ,,11,1 , ,„,

"^' '- iiiu-t !" I .11, lullv k. pt 11 \ 1, w
,

.111.1 t.l -.lll-lv 111, -,. It 1,,,, ||, ,||i, iiljv

'1 M'l" 'I'll lli.it III.' ulii.li- ,1,-1-11 11,,,

"I'l.^' "I till- I. .Ill I tiii |„,t ,,| Hi,

in.,„oin.iit,inilp,,-,i„„.,,| tiu- iim-,1 , ,„i,|i,i , ., i,,,|;,:. |,,,,| ,„ ,,, ,..,„i„„,i
k..lliiit,-.,.ii:.,. I- ulii.l, ,,,. -,, |,„.,|,. „,,,, ,,„ ,„,,,,„, „,.^,^ ,, ,^,,,

-" '" '^ ''" ""'"' '- '«'". '1- ' "U .mv iii,p..ii,,ni -•. I. Ill- I.., ii,i,,| ,„

';""""•"' ""'- •!. .i-in.il Mil, ...i.M.i, |.,„„ i,„,„i |„,M„,
^ll'P'l- ..I pl.lti-, WlMtiMl |i,,,„ ,,, ,,„„,„, , ,, ,,, „ ,.,„,,„, ,1 ,,,,,
"'"• -'•""''' '" """ tl.Ail.ihiv ,.„ Ill,, ii.u.linm ...'li.t..i i„ ,,- ,i.,.|,„,|,.
-' ..- t.l .,ii..w 1..1 III, .,„,ii,n, - ui ,i„ p...,,„,i, ,,i ,i„, ,,„ ,1 , ,„„|,„ ,,„ , ,,| ,,,;,

I !

If

II K? 1

HI
11

1'f

-..I

Pi

^., .,:.,. t--^., , ,,1,, ,., ,
, f,^ ,.,,, ^ ,„, .^^ /.,..„,,... ... .m j-.ii.. I ,,»



53« ]•'.! rxi Kic:r\- .'.\ the Sh: icf o: Mix

\

fcir tlif liioviinclit-- <-l till' >u])i)<)rt- of tlic (ollnti . diic to tlir \il i;iti"ii~,

^(illations ur utlui iii<>\ tiiuiit- nf tin- train i'-]n( iallv at Ini^li -iii c d-..

Ill till' caily City and South l.ninloii Railway, -lidtis iiiiPMiii,' o\ 1 1 tin-

(Oiidiutol ot invciti d iliamul irmi \m •(• iiniilnyi il, a^^ can In' -icn li\- n h r-

I ni 1 til lit;. I I'.}.'. A
In ttn \ ii w nt .in r.iilv

pattrln I'l I olln I..1 -liiM-

I- i;i\iii ni lii,'. I ii
(7.

wliii h -lioA^ ni iiill

lu ..'79. C.M„.,.;tM.o. I,., Ih, U,,,;,., I'.. .M..M lor. ';,.,;.,> <„„.,,,
,l,,,,,| ,|^,, ,|„„, i,,,,] , ,„

the I.i\< Tpoiil Ovitiicm! Kadway wluii li'-^t niimid.

A latii imni in iimtact -li " catiiid at tlir -idr nl tin lai i- ~liMun in

I'l^;. l.hj<). It w.i- n-iil nil till- Allianv at.d HinUnn lllirtii' K'ailw tw tlir

luailn- nil V lurii wiir jiai'h' laihvav and )iaitiv liain\\a\' i narln - At

till tun I nd- nl tin " ^
( ro,;ilii'^line tllr-

lan .I- tianir.ii-.

takini,' rinnilt finni

tlic nWilicad tiolliv

Inn - nf till' two I itli .

1m twi in wlni !i tin v

.1, ti d a< a link. OiiNidf tlir i itn- Im .',7 nnli- tin- t:aik lan ;liiniii;|i

til. (iitliKid lan 1 nl till' taihvav i nnipanv. and tlir (innnt wa- phk.il nji

liniu a thiid lad alnni; wliiili tlir -tn I -lin. -Iinwn ni till' lii^nir -hd.

1 hi- -hnr I- a -t( . I plat I . aiind 'iv l\\n link-, and thr llrxihlr i nndm !!

l.\- wllK ll tlir I m -

I. 11! 1- r.mii dlinin

thr I nntai t jllllr

m tlir llVid ...1

I 111 un 1- 1 ii .iilv

II. ..1. I. (I. I !i. i;n-

-11,11.1. .1 tliixl I. Ill

u .(-. nl . . ill! -, n.'t

. . .iitiniii d iiit'i ih.-

-II, I I- nl li.. . II \ :

,,ll.l t" pi..t. . t thr

-hnr ll.'n; lll|ll!\

W 111 II ill. tlnli. V

W.l- In 1.. 11-. d

Ih. hinmd l>.ir n|.. 'ii wlii. !- thr mi... \va- in..init..l ua- lal-, i I'v Ii.in.l

iiid -. . in. ll m II- plar. l.v i|. j.'!! ''. ,1- -linwn iii 1 ii: I
''''"

I ll.' -id. I'lm.nii.; riiiinit 1 nil. , 11 n-n! Iiv tli. I ..n. a-liiir .iiui ^.>l k-i.i;.'

k.iilwav nil II- Man. hr-l.i and i'.m.' -i.imn 1- -Imuii m Ik: i'.^T ni

I 1.;. l.'ji. S,.k- innnii.c Ct..rriil (..ilrct.r Miiii:-.lnl
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p.i-iii,.n .1- iiH'iml. «1 cm ihr Im.lmi o| ili, lunli.i (.iiii.il. Amo 11..11

nt tin- lolldtcr 111- .iIk.hIv I'.Ml :;l\i|l 111 1 1:; I ':>, !m;1 Ih. 1,-

iiniM.it.mt IMll- ct till- (11' .llMii .11. li..un ..|i .1 l.i':;.l -..il. ii: i 1;;

I ">J. tiiU'tlii r with .1 -nil \ii\\ 111 lie 1''^; I !' I'liih i|mI ilniii ll-l.lIl-

,,I. 111-1 It. il 111. 1 cMit.i. t I'M 'I "I -I1'" :- -\muil; "II .1 tiiHL-' m.l 1-

pi.-^.l ll. mMv .ii;,iin-l till . .'ii.lu. t"i I, 111 . I'V tli. -|.!11l' v \ <'t i.lli. 1

, 111. I ihl.ul-, th.' l!::uii - ,il. -. Il I spl.m.it.ii V. IIk .,11 ..i!lr 1- . iif..|

111 .1 1. 111. ill tioiiL^li 1 'I- 11: I i'7>
. .iii.l 111. I out ! t -111"' 1-

i
iih .1 I" 11 !.'.

ll,, ll, mM,' ..iMr/ It lll.lV hr .•! lllti!i-t t.. 11.. I. I|. 1. lll,ll I'l. I..U

\..|t il:.' . .iM.' I.'l 1 1 .Il..!li I . ir. lilt- .11. . ,iMi. .1 in th. -t. . 1 tl..ii::ii '

•- 4 - I -

I h. i.l.itu. i...-itii.ii ..I th. iiihhiiu; uh. .1 w .iii'l th.' .!. h.ii I; .•! th.

I)i.:^l.- .1!. .ll-.. I1..U 11.

I\ . .V I Kill \1> -N - 1 1 M-

lii tl;. l..-t . h..i.t. :

I'l'
1 ,';'!

i

^ th. !. i .1 \ . I V hi!l .1, -. n|.ti.i. .1

ilu HI. !'....!- .1.1. 1]. ti -1 ;..! -u-]M ii.iiiiL: .111 i.\ . ih. .1.1 . ..ii.li!. t..i lii'in -uii.iM.

':ji|.. .It - )oi !ii.;il\-H;c . !. 1 In. 1 li. lev t.. ti.iii.. .u •; \ h'. 1. - inniui.j iii.i.ii

• ! .I'll. '1 V 1... 1.1- I h- . 111. 'I'l .ll- .11' III ..III -• .r ''iM. i. .1 hv . v \\ .'1 1 .

iM.l -.> I..| .1- tl,.- iii.im -ii|.i..'it .11- ...11. .111.1! .1. Ili.l M i iiiw l\ w.ih

1 ..1 ..l.\ ;..ii- 1. .-..h-. hnW. \ . t .
-111.

I

"'I. with -p..!. \ I' |.. . .11 1
\- th. . ..|i

ihiiti.;- .Ill- 111..1. wi.l.U- 11-.. I I. I 11. h w.'ik th II. th. hi.i.h.t- |.t.". . iiil:

li.ilii . . iiii.il . I -i.|.
;

'. t .. I 1: :
. !•. . Ill) li.v'. 'i |.'i w .1 1 ..ii I'ul.h. !. I.|

^^h^ll.|. W.I-- lll,.ii. 1.11 |.,.;. I
."-'• .Ili.l .1^' 111-, ..|1 |...;;. I ,'11 th.il th

-i!l.|.i.iiMiL; 111 I. 1.. t- ..1 -|..iii \M!. Ii.i\ iiic I" I 11 l'i.'. ''1. il th. I. .i|. fui. . ;i!. I

111. tli..|- .! IlHiuHK Ih. . .'IlIh. t..|- lli.iu th. . lij'l'.lt- I, illl. I\' '- hv
;ii ':,i',J :,Mv .111.1 iii. !i\- th. (('-'(' r- ih'.il I In 1. 11111. t \i- u\'.' !!•

iiiitl:...! iii..-t ii-iil |..! -til. I .ii.il i(..ii! fi...t'iiii V... th.ii I'lIU .1. -I tth..'.

1 :

1^,

'I
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iind tlic l.ittii !)• iiii; iii'Mc- l.iii;ilv ii^i<l ii: i.iil\\M\' ti.H tioii w.is rt-^crveil lor

III .itlllillt ill till- iPlr-i'Iit I ll,l|it(I .

Catenary Suspension, -llu dm 1 i.muik .1 tin- luctli'"! 1- tli.it tin-

main -iipiiiiit- nl tin ty|n- i1<>lii1k(1 111 tin j>ni i diiif.; ili.iptri c.iiry

ilutitlv .1 lii\il)lr i.ihli' 01 cihli- f,'viii lallv 1 'in-ir-ti'ii; n\ -ti.mdtd >ti tl

will-, uiiulj i^ iKit u-nl a- a I'muliu tor tur tin' lic.tiu (lurmt, l>iit

\\<'\\\ wIikIi tl.i ii)i)pir iir otlur iomluitnr i- -u-jm inli il l>v a m';ii'>

ul I lip-, iiiiii ii uiori I lo^ilv spaced tliaii tin main --nppiin-. I lir ih xihli

' iMr i- tlir " I' itciiai y," wl'icli i- tin' iMinc <il tin' niallniiiatiial

1 11 \ i 111 wliii'li a

p. 11, , ;l^ tk'XibU'

In a\ \" wirr or icid

liatn tli-i l\- win 11

-nppi'iti'd at It-

Iwi) iinl- Tin-

citiiialA- 1- ll-M-

lliv, init lint 111 1 r—

arily. iairliill\-

iii-iilaticl. t^i It 1-

I a-iii" to iii-iilatc

It than ti' 11-1 111-11-

latiiiL; -ii-|)(iidri-

!>• tuci 11 It and till

( iiiidin ti'i , wliuii

iini-l Ih iii-\ilati(l.

rin>ii;,'li, llnii'l'i'ii
,

i,Mt iicknmil a-

jiart lit the traii--

mi--iiiii 1 irciiit, the

I itrn.UV nl " lUi--

-•rilf,'tl," as It 1-

nltcii talitd. dm-
( .irrx a put timi • !

till' -iipply I iiiitnt. Hid -11 rcdiin- tin t Ih rti\i' 'r-i-taiue of tlio iiirim.

All carK nil llnid ill • ati ii.iry ii-ji. n-iuli wliii li li.i- been widdy u-id i-

-linwii in li^. I I'S^. Tin- I'Xaiiijilr 1- taki n from tin- mi triipi'lit an -II tiim

iif tin I.iMidnn. linylitiin m\i\ ^iiiitli t na-t Kailway liriwnii I oiidon liridf,'!-

and \'ii|iiPia. uluili \va- i U'l ti ilnd in Im' '•i-It(i"». In tlii- i a-c tlnii- aii'.

lot I ai h iiiiidintoi two -ii-|.i ndiiiL; i ahli- luimini; wli.it i- known a- a

doiihli I ati iiai \ . I In -i i ,il>li- air rallird mi poii rl.'.iu lUsulalul - rri-i li d

on til'' lop nil mill 1 ol tlrlll- L;lldil- -iippoit'd ailo— tlir lall\va\- tlaik-

liy idi: po-l- I 111 till on till- -nil- ol tin- iniiniiii; tiaik-. lln- loiiii ol

Ui-iilatoi adopud ui- tin li-iill ol i.iiil:illy toiidlli tid piattnal tr-t-
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I

ilv tWrU'- iinnith-. Iioin tlu- \\.\<i . .il> II.U\ . .llili -. til•Ml lullllt; DViT Ilr.i

< midlK till I- >.ll-|i(llil< i| In- r!l|>- ,il lolnt lliti

two ^jroovi-^ 111 llif 1 iiinliii till
. uhii li 1^ iitiiii « '-• I'l ill! 111. {| in

I \ .ii~. tlH • 1 111'- '..iiuii'Iiil:

tidii.

I 11- iMi^tl ii< tii>ii -Ih'U n 111 1-I-. I,I>,^.J I- lll.lt .l.i..|itr.i I, I thr -ll.ll.:ilt-

iHW.lIil 1.1-1- 111 .1 ililllilli- lllh- 111 1,m1\\.1\- nil ,111 "I'l II M.l.lll't hilt ulnl.

till- ronilitli'll- .111- 11"! iiuili- -1' -111 ll'l'- .1 - I' 'I III-!. nil r 111 t Ulilii i - nil' |i I

hri'l^;!'-. ,111.1 .11 luiiitliin- it li.i- In In 1 nii-i.li 1 .iMn iii,..1iIii-.| Ijn- will

•viili'iit liiiiii .m iii-|ni I; 111 lit lij- I. lul I.iiMi III I !:, I 'i.^S tl

ti-,iiii is -iiDUii iiitrmi:.; .1 -linit 1I..11I.I, liiii- luiin.i ,it jiiiuniik liill it

li\'liill- tll.lt lllr -lllipnl t - .llll -. nl...l i.Mi i.| 111 til

I'l' tin I .iiiii'it I" u-i ,! Ill till- tiiiiiii 1. Ill whii h till .I. nin-i pi,. .,|.fv.

'In- '"!' "I 'In tlllll I- \. 1\ IMll. Il I. ,|ll, . .1
I Ik . i.li.lll. |,.| - 1,,|\, I !i, I, lull

t.i I.I -ii|.|.i.ilr,
i li..|.| .',.1,1 n.~ul.il..|- ti\, .1 I,, till t,.,.| ,,| ini nini:. I An

' ^ i'll|''' "' 'I'll I -11 I'l Il-l. .11 I,iki 11 II. Ill ,1111, tin. •\ -Il in I- ;;l\ill Lit. I

I M'l I li;- I 71 111 I. . I ;ii>

^l|"ll|•^ -pill..
I

. ,i-r I illii li.ili .1 111 I 1.; I
i.,M, wh.i, ili, -up, ii.|. .1

' I'lnlii. I..I- .11, -I1..W11 ,i, ill, A |i,i-- 1 -i-n.il -t,ilii.n .it tin iiiti.n., |.. (1,,

I I'li'li'ii liii.Li tl riiiiiui ill .i.|.lilii.ii |.. Ii.i\m- t.. p.-. nil. Ill tl,.

-"I'l"'"- l"i III' -i-n.il-, tin .ii.-in:; ,111. 1 .iiiMii; 1. 1 til. ti.i. k- h.iM
'" '" l.iki n mill ,i....iint. .m.l .iii tin- i\li.|ni iK:lil pi..\i-i,.ii )i ,-

''"! '" '" III. I'll- l"i ,1 ii'i MI 1.11 111
, III. I llll, |',i, kit . I, mil

i<\'i- -ili'l iitli'l iI'Mii- .11. 11-., 1: til, -,.i.ii.| iittiii ...inl.-i -111. Ill, 1 1.,

I'"'"' !- I' -ll"V\-, WItl. It- lAtill'li-l . mllliMI i.|! tli, ll.JiI, ill, .lil;pl. 1
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• arryii.t; lurw.ml .,| •!„ line-; .ilt.'i tin- . mvr^ .iti,I imi. ti.in pmni- li.ivr-

Ik-I'II ]M-^-.fl|,

"'
'
l'''tliri((l -(•.tUlIl 111 Ihr I.lllu.iV |l|-t . I. -dill,,! W.i^, .IS ,,l|,,|(|v

-t,it,,l. (ii„-n.ii fur MTVicc HI lun.-,. A- ^li..\\mi; !li, -iinil.iiit v d J-.n-h-ii ,iii,l

Anirinan [.nictiiv at tii.it ,,...r|,, Imi^. I,l,^7. i,,k. n Hum ,, ,.,,,,, r i,.m| 1,v
Mr. \V,-tiMi;l„.„M' •..,1..,, tl„. /;;v'../,-,/.„, . ,,/ M,J,.nu ,1 /,»;);,, .s m Luiulcn
'" "" ' '- •' ^"^\ '"1 'I" N'^AV V..ik. N.v. II. i\,:, ,,,1.1 ll,Htl,.i.i K.iilu.iv,
-llowill'.^ Ill' M\, ill, .1,1 Uii,- ^Mp|.i.|l,,l 1m- .l..,,!.!, ,.,t, p,,,v .trrl ,,il,l,. ii,„,i

'
'- - ">"• "' -"I-*..-, W.rl. .,t l!,. I-, ,„...,.. 1.. ll„. l,.,„i„„ l!r;,!^. 1, ,„;„,„ ,.,^ ,

l.illi.- -t,vl l>n(|;,',- \v! V .-innl.M r., tlM-.'-li. wti m I ii' i.h.s^ „ii tlu- I •i.'.
•

111) Ihis \!,\\ ,.. iniih. 1
Ml ml, 1. -I ,,-. .|i,,\M„t; , :, ,;lv .,t .. V ,1 tr.iii,,. ; ^.

st.iv «,,. u-M! i.,,u..,: ,1;. inJ,!..- to |.,;l! ,lu -i,|,,„ ,. t:n- r,,!.!,- !i:t..

''•'" ';":i"l i><'-ni..ii- ,,i,o\. tl;. track- u-luii 1,'oint,' i<wu\ . ar\.-. \\1„ i,

til.' <ni\,.. ,;i, ..I -hurt i.iuni- ;ii.' „,,,•> ;tv li.t- k. rpmj,- th. - •tullictor \mi.
'" "^

I' l"-i!"ii iii.iv.,l,v,,„i-lv!..|tii', -hi.it.T -|Mi,- L.rvs-, ,,, (li, ,„,,,.,

-"!'i""' A'^'ii. :i ..I.hli..i,. 111,!, ,,i, ,!,,-.,,v. r ],.,iiit.. .,-. w, 11 ..-,,,1^.
iniiili III,,:, ,-..t.i!.li..,t.-,l ,,,iiMn:, ti,,ii> li,i\ i,, |„ ,|. -i.cii. ! ,,!,.! mi, t,,l

•^ ^I'lM I'll'-- '1 111.- ,,;.tl.,„i ,,! MiMiH'itiii- til.- cndn.t.'i a.lcj,;,,!

«"ik i..)ii-'-t- 111 ii-ing i,;il\ .'110 >ll]i}.,)rtlliC i.>tii:ai\-
wi.'i Iv 111 -nil-.

^i
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i

I .il)lt.' n: j>l.i(r n\ i\v>. ilii-. 111' iliod is ~liu\vn in it- -implr-t loiiii in I'ii;.

i.i>.>.'<. taken (piiii ,1 papi I icid l>y Mr. W. M. l'i>tt<T at tlif nintinc V><
icfi-rrvd to. l!ii- li^'un- -li<i\v> -taiKl.iid Anurir.m |)iattin' .it tliat tiiiir.

I he " ~iii>,'lf call nary " Ini < aiii roail nt i dmiili tia( k railway is -ii|i|Mirt('d

Uv iii-iilators raniid on --nnii'r hrukit- li\ d nii woudi n puiis at tlic

-id. Ill cai li tiaik. rill- Mi'W 1- t.iki 11 imiii ,iii uiti l ill l>aii lliii' iiiii-

niiiL; l)it\virn Haltiinori' .nil Aniiaiicili-. m >f,iryl.iiiil. I li (iindiRtor is

sii>|>(iid(i| frcin till- catiiiary l>y tln' n-n,d li.inyii-, to wliii li liiitlur nfrr-

I 111 (• 1- 111. id lati I

.

( )ll till' t 1) IMl-t- 111

tin liMrj;ri>nnil iii-

-ulati d ,1111 lulling;

illlll- .III -llDWIl till

nlijri t In ini: til

-li ady till' tiiily

-ll-l>!|iilril 1 un

liiu tnr. I In will k-

IIIL; \iilt.iyr nil tin

1 niidm tin ua- ni

tin- 1 .1-1-, fi,

M.lt-.

rill- -I', Ill-will.-

'I 1 i.i -
. -,: nary

III. tliiiil !-( Ji.ii-'i-

1 ;>7 111 -M|i|l(.| tlll:-

llii iatin.iiv r.dilr

1 : nil -sfiimi ' 1-

..| t 111 1 I!l|.|il\ 111.

I I.I- 111. ill. Ill 1-

! 1 ./.ii -II It- -nil

|. 1 1- - t I 11 I 111 ,1 -

1 1. • t. il i.i, .1 f.-ui-

ti 1. k -1 . t ot tli.

I'l nn-i-l\ .1111,1 ivul-

w.iv ill 1 il;. I.''.'^|| rill- -jMii win- it-ill. .i- -Imwii it tin -. i und ]Mn

nl pii-t- I'.', li.iiii.;-. Ill' I1M1I-1-, Ml .1 r.iti'iKiiv iiii\i' .1 1.I-- lii. 11.11 k-

1 li;- -j.,in win- i- nl t' iK .iiii-i d -tt.l -M,iiid ; in. in i!i,iiiiitt i
,
.mil ,i

-riuiid -|i,iii will- ,' in ni .li.iiin ti r i- -ii. I. Ind l.iut lutwr.ii ill.

|ii.-i il. li'V. liii- lii-t 111 iii.iin -[Mil will- ti- uhiili It i- tiid l>\ v.iti. ..I

;-!ii. imi- .ir.d -int.ibl ni.illi-.iMi- nun i l.ni ]>- it '•' m wliir tin

in-iil.itiM- .iri- ]il,ii 1 d. I 111 -1 in -ill, I tnr- I on -I -t nl -111:1,:- ni 1 In .
,- i.i^iil.itn- -

nl till- Mi-inn-ii'ii typr alii-.iilv tnllv dt-scnl'i'd '^a- j..ii.'.- 11 ;ii .
.' >•(/ . ,i<<

pnrccl.iin ili-i - 111 tin- in-Ill.ilur- ai<- .*-> iinli m 'i.iiint-,'. 'in' 'In- ll,i-li-

ir^-:-> i?*';-^iftT:
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%

111 ihit. i~

ni.iin tiif, -.

tlw lllli Milt

1 i; < On
-ti.iiL;lit nil,-

III'' -ii|>i>i.n

:iii: tiii)iil.ii

ll'lll |.l.xls ,11,

',"' li it .iji.iit
,

''III ,lll' I ln-( 1

I'll 1 urvc-.
I 111- nil —cn-

•;< I "Itr !- ,1

-.iiii li, -i\iii-

^tr.iiiij ili>iil>|,

i;.i 1 \ ,t II i - ( ,1

-Iiil l.lhlr,

.111.1 111.- -I, 111

il.iiil - ii; i~ 5

£

^ilE'.^j^fif

ii^ SiH^lr I'atilinN \»il!i SjMlli «iii- ^ ;»j..,,

''''•'' '1" 'iii.li'.lr 111 a ;iM.-toiit -11.111. Til. iLiiiyi I- .11. islit .|),iit .111-!

-lljr(Mll t tun IMI. - .It ill, 11 U,\\, I

t-mU. i l;r nj.|H I mi, ,i| t|,, -,

I .illnl l!ii .iUmIi.ii V 111, -< llu'i I
."

1- I'l 1 •'|i|ii 1 .
I 111 III. II Ml 1 • Imn .,11(1

II ,;.'s 111' li 111 li' mil i. I II - ,.l';i , I 1-

li' i;i\ 1 111. ii i|iii-ili .mil 111 (.111 villi:

i.il'.ii itv til ll. '•-!. i;i I ii,- !i.\M 1

1
1 '111. I. I I'l In 'II. \\ II . , ill 1 \ 1 1 1 1, .ll

I'l.llli \\ Ith I |i, i;i.' Ill
,

1- ,1

I'liull:' ill 1 I I ll l,li...\ 1 ll 1 111. till

"
I V' IIH I, ill ill. Hill ll I 111. 111. . •! .,11

llli'V I'l lll^ilil pi . Ill' |. I -till. .

I III- -t.ii .J .1.1 Ik i-I'I "t 111, |,,w, -I

' mini |. -! I- '.' i. 1 t .il'.i\ 1 ll , i.iii

1 11 -uiijli 1 .111 111! \ 1 i.ii-ii 11, I |,in

-j , 1 l.li .ll Ml 1 - lllU-t .il-i. !i, ,1-, .|

"li • !11\ ' - 1" I. 1

I'
111! 1 ..lulll. Il,|

ii'i .I'M'ii it 1\ 111 11-
I

111.': 1 |."-n 1. .11

"\ 1 I ill' 11.11 k I Ml. I'l. |t,iMl ..|

.iii'l!-.' l!;! • 1- -I'l'U M 111 ll;- I ()',.'

u hi. ll -liiiss - .1 j'.ii I '.| ,1 : 1.... \ 1 ll

1 > ii\ I 1 ll. .1,1 liii, ,ii I 1 111 \ I. Ii

\i i
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will he iKitii.il til, it .111 ill-Ill, ittd .irni i- carritd <m an txti'n-.ion of tlu-

l>r.i( k. t iiiKl piilK tin- ron.luiinr away from the jwst wliiili is r.ii tin-

i!i-i(lc (if tlic iiirvc. riir po-t- arc sji,i(i<l ~'i that this dcvu r i> .-utlui.iit

(or till' I'lil jHi-r.

A <,i-' "I .1 imuh >li,irp«r « iirvf i- -liiiwii in li;; l.'")l. wliii h i- a

vi.w on il,c r.iin-ylvaiiia Kailw.iy. ilif imtliod of viipiK)rtir.^' the

iHi>M-iij,'ir ral'li- i- th.- -]),iivwirc iiu'thod. alictdy d(-inl>i'd, with the

nil -Silvers larriid hy -l;-p.Il^i()n in>iilator>. The lops of tlu' miK- of

iiwnlator- -iipj)orti d I'v tin- -pan w;ri ,iii' tifd tof;rtli« r as alrtady iNplaiiml

liy an uniii-\ilatt<l tMn-Ntr-c wire ,itt,M In d to tlir -aiiu po-t- and str< tchcd

imiiu "!i;'t< ly Ix low tli<' -pan win . ,ind knit l.nii l>v .1 tiiriihiukl''. In tluir

tiiiii tin- c out. 11 I will > ,itf Mid ioi;.tlii'r l>\ aiiotlii I l>ut iii-iilatcd horizontal

will- -tiitt hi d

bet Wi I'll till'

_^
J

po-t- a- a -f

. I . lowi r li '. 1'

J ,iud ,il-o k(
I

', tint 1"- ,1 mil

i.^J'.— -iM^:t- l.aleM.if> l>[ ir«) L ustni. liu ( .1 Mi,Aili Cuivc

hilikli it will

W iii'Ih 111 th.it

t 111' 1 out ,11 I

WUi'-.lIi I'lllli il

,1 loll',' W.IV

t r o 111 I h • : I

11-11, il pi'^iiioii-

iiiiini'di.' t rl V

hrlow tlliM

- u
i> p o I t I 11 l;

! 1 1 r - - I 1 1 ^' , I

wiri-.

Still nioro conuiiii'.itrd r.i-i- .iri-i' at jniution- or tinn-o>.!t- u 1
• :: thii.'

ari' 111 Ti—;uil'. • ni\i'> ,iiid two ion'.,ui wiii - coining 'omthi N - nncwhat

(iniplii'.itid I i-r ill wliii h tin ir ,irr no tiwrr th,in niin -tr,iir;lit tr,i(ks \\!t!i

1 Ml-- oxi't- at dilli iiiil point- i- -iiown in lijj. I. <><)-', winch i- .inotlui

\ iiw takiii 111! tlir I'liin-yhiiii.i Ii;,i:lw,i\. It i- m.idi' -till iiiorr iiitiri-t-

ini, fimn tl r f,ii t tl',it it illii- (rati- .1 rli,iiiL.'i'-i'M r Iroin tlii' -iiiii-win to

i!ir liiidj:i'-^;inli r nutliod of -iippoitiii',,' thr imnuroi!- iiu'>-i'nf;i'r wiiis. In tlii-

tiiri'f;riniiid ^ s ; i- ,1 -pin wiri' Iiiiiif; from tnllis-work stiil town- at thr

-.ill- 01 till M.iiliirt, hnt not shown in tlu' illnstr,itioii ; I'.ii' low.-t poinl

111 till' -iian will 1- .it c, wlii-ri' it -iijiport- thr nir>-i'nt,','i I'or tin' n iitri-

ti,ii!^. .Mti iniiui -hoiild 1)1' dim Ii'l to tlii' mithod- 11 id for kii'inrt: t! ,

iiii--.ir.i^i r .ii!i! lontait win- in thiii [)ni]K'r iH)sitioii-, and t-pnidly in

till liiiii/iintal -tiadyin^' wi.i ./ ,/ ,/ wi u h nin^ ai"ro>> h;!ow flu span
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"Mr on Hir niiuri- , ,r ,,mli , ml ..I t!,r inMI!,,tc,|^, still nrt.uvmilar fr.mirs
WItli tllr ,,.,„, 1-, .nK..,,,mi..lr,l ,m,l ,,tll,l ,lr\l.,. , .u, ,,Im; 1., ,l,tr.t.,l
.It til,' iiiK>-(>\(r<,

A -iinpirr m~l.ni,v, wluiv tli.i,. ,nv tw,, !,,„.. ,„, thr ii-ht h.uid niii.Mi-
int.. ,, -ti,,i;^lit-ti, „,,.!, |,„. ,„i tiM- l,;i, ,. ,MV,n ill 1-,^. i.h(,;. Mmir .."i

tl..- ,1, Vl.v, |,„ kr.-l.!,,.; |„,tli til,- Mipixiitin^ ...hj,. ,,n.i thr .onl.ht Wll,-
'" 'li'i' nqiiin.l i„,M!i,.n- i.l.itiwly to lli.' ti.i.k. , ,ui It .IimiIv iu.hI,-
"HI. ,111(1 11, ((1 iiu I'liitli. 1 (l.-ciii.tiiiii.

I'lir >v.t(':ii-, frniii whirli the .il...\v liluMration, liinv l.r.ii t.ik.ii ,ur
•ill Hill,'!, -plia-c alt.in.itiiii,' ..i ( ..ntiiiuuu-,-,iiinnt -v-t, lu- m \vlii( li tlir
Mil- and the raith ..miplitc tli<' , iniiit t(i tlic Kriuiatm or Mili-Mati..ti,
.111'! w! !. Il thrivlnir nM|uitr ..lilv oiir ..V,| li,.,„l in-lil.itcd < ,,il(lil(l,n . Ml, li

^v-t,iii- .irr uMiallv ,iii|.liiv,,l 111 till- (.luiitiv ,111,1 111 AiiKTiia. In lt,ilv.

Swi t z, rl,i nil,

.111(1 clMWlltl,'

i II v. 11 1 (I jif ,

tliiii-lili.i-i' , li-

tem, itiiiL; - < iir-

lillt ^^•-t,||l-

lia\,' l),iii -11, -

( <--liill\- ,ii\ I I

I'p, ,!, whiiii, -,>

I a 1 ,1 - t !i I

wilt, I 1- .IWMI,',

.ill ii-i- 1 1\ I I

III, 111 \MI,- (ill

tlllll Ill-Ill, it, c|

I iiiiilii, tm-. In
'" ''" 'I'l''' I'li.i ' Inn- inii-t li,- Ill-Ill, It, ,1 11,1111 ,iii,'

'"""'"• ""',^ '"" "' ili'Hi ,.111 I., iiiiiii-nl,it,,l. ,111(1 tli,i,l,,i, / Mi-
I'.l'l illK- I, nil Ill-Ill, It,, 1 I,, ,111 til,, ,,,,,!, ,,,1,1 IHMU 111, (,t|l, 1 l||,,-t !.,

'"'"' """ "I"-' il-' i"' .1 (,.ll,,t,a win,), will ,,ii,v tw,. ,,| t|„.
'll.l-(- 1>\- ,,ill(lll, t(M- lll-ll|,|t,,I I, ,,111 ,,n, ,||l,,tl|,| lilt,,' III,. Hi, Mil-
I ill' I,' III li.iin.

111.-. (,iii,hti,,ii- .(mipli,,,!,. th, in,,li,iiii,-,il ,111,1 , I,, I.I,,, I ,1, M,,.
""'' '" ''" "^'iIhm'I lin,- ,in,l n, t|„ , ,,11,, i,,i ,, ,ii„l ,|„. ,,„ , ,1,,,, ,|„ ,.

'•'" '"'" -""'"Inllv -,iti-li.,l 1,1 1,1,1,11, ,il wi.ikmu 1- .1 pi.ii-, u,.lIl,v
. ii,:;ini . iiiil; li.ii

'^"""
"' ''" 'l'''"l-

1 11' "1 til.' -..lull, .11- l.,i tl„ ,,x,.,| 1 ,,,„_
''"'""'- •'" ^'i^- -l''iil.^- .^i^'ii 111 \v^. I..,,,.,, uhiil, ,, ,,,k, ,, !

Ml \\,-lini;ii,,||M - p.ip,.,, ,,l,,,i,|v ,,.1,.||,,| I,,. ,111, 1 1. ., M,.„ ,.Il III, !,.,,,,-
< ,||..|/|,, 111!. Ill li.ilv.

IllC -llpp,.||- |,,1 |i„. Ill,— ,11;.;, ,.,11, 1,,,,^ 1,1, „ 1^, ,. |„,,|,,, ,,||j, I,,, III 1^,11^^
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l'"^'-'" ''" -"'''' '!" "•"'^ 111' -'Tl>'-tiii:;,.,,,t .., ,|„ ,,,„ ,.1 ,,n, ,,,

liHM- 1.1,1. k,t- ,. -|„,U„ .,, ,1„ ,,,,,,,, ,|„, I,.,,,, „.1„,,. ,,|_,,,, , ,,,,,„ ,1,,, ,,|,

-1 III. 11.-1,1., tuiK Mip,,.,,!. ,,t ,i„ „i. --. no . . al.i, -
. .,11 1., -, , n. A l„.ii/,.,,t.,l

i"<l i~ Mi|.i...it. hv iiiMil.itiii- -|,,\,. i,,,ni lu.. h.uio 1- ,,tl...h..l t.. til.

'""'^'' •'"" ^^1'"'^ •- "' ""I1-. nnin~i,l.,t,,l I„ th. -t,.,,dit tl„..iidi
''""' "" "" ' " "'" ~"l'l'""> I..

I
t!„ in.--,r,-.i-, .,,, ..,m..| ..\,i t|„ i.„l

In iii-iil.,iii,^ M., v,s.,,,h1 |.i..i..tiii^.l..\vnxv.,,.l- I,..,,, i|„., ,|„i, .,,, -I, ..it

'""'' •'""- '"'.^"'^ ,,iti. nl.it,,! h^ht link- t,.i M,,„lv,nc il i„lii, t..,
uii. -.

I III tii^iiii' I
~

III! t III I llll.li ,|

in- .1- It -lii.w--

'''- ''"',"^-- •""' "- '^^ '!"....,, ,h d, „itM,l,.„,, ImU tl,.-,

;";"'"'!"';'V"-^""""^"''"
''""'-"'"- II- ninl.ll ,,i,„„

"
' ""' '- ll.l\'' .ll-.. til.' ,Mlt. I

,

l'i"l'..|'h- l.iil 11,,

I

t" ..\ ..i.l t

""'i'l' '"I-
.

iIh 1111,1,11, .,,n,|.,, t,.,, ,,i„|

•Ih.i .:-!

1 1

"" --llllv. IIm ,,|||, 1 ,,i|, - ,,,, ,1, ,,| I,,, ,

" I'li-i-' - l>. iiil: -I,, .It , 11, lilt,

" •'•- w "I til, ,.\. il,, .,,| ,,

' "-^ ' '"'=> will |.. ll,.,],-. 1„ ,,|

'i^-t'ii, tn.ii I,,. ,, II,,,,. ,,|, I-.' - N'-l. Ill - i\ . n

''-'ll '! 111.' , iiti.in-v

1' -' II'
1 'I ml' 1' -I. .1- It 1. |.h I- ., ^Ii,.ii

'" '1" ^^' 11 l^ii"\Mi :-iiii|.|..i, ttii.ii. I 11, th. s\\!--

I;

-I
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Alp-. It i^ also of iiucrtst !i<c;uiso of tin' cominfiKlabli' simplicity of tin-

<lrt,iils of constnution (li>iKni(l by ^Fosrs. Urown, Hov> ri \' Co.. of

till' Ot rlikon works, who cnitid tlif line. In fait, it is m) >imj)lc

aiiil cii.n tliat no turtht r di-ciiptioii is iirci--ary cxitpt to call attcii-

tiDii • 'ic iii'^nlation oi tlif >pan win addition to the insul.ition

; another of the conductors wi. h arc to carry the cnrri nts

. till' j)ha-i>. A viiw of tlw line iii^idi- tin' tunnel, thmutih

V [\ ,1 -.in;,'li' hue runs, is given later (see j). I35''^)-

; III Ciindiiiinr iiiiJ Cmitiii! \\'iri\ -The choice of the material for the

overhead conductor in .i

catenary syr^tem of rail-

Way workinjj otter> more

ditficulty than in the ca^e

of the trolley wire foi

road trattic, >ince the

conditiiuis of -i rvice are

more MVere. Not only

i> rolling contact rejil.u ed

\-y >liding contact, lor

r^a^<ln> which Wc ^hall

explain pre-eiiily. hut

the ^l)eeds attained are

greater than in the (a-e

ot loail tratlic I ln' me-

chanical pr(]])el lie- of

the conductor as reg.trd^

hardness and jiower to

resist attrition aic there-

fore relati\ely more im-

piiit.mt, though high

ell 1 trie conductivity w
aKo essential.

The claim- nf liii;li

I li . tiic coiiihu ti\ity lieiiig cniwiileii d paramount, hard-ili ..wn coi)pei wue
\\,i- lu-t u-eil, but wa- luuiiil til Wear away too lai^idly. ('ojiper alloy-

ii| inueji liettei Weal mg iirojii I ties but of lower iuniluctu ity li,i\e tlieie-

Inle been eXti llsi\ely empliiyeil, ,111(1 composite wires made of ( opiHI

.mil -tei 1 li.iNe .ilso Ineii tiied, tile copper being the conducting cole, and

tile -ti 1 1 .1 liaid piotertlllg shc.itll outside it. So-i .illiil " phono-eleetric

wile wliiili, with sjinilai alloys, is widely used has ,i conductivity about

4' I pel I eiii. of that of puie copper, but ,i much higher teusile streni;tli. In

I Minp.iiiiig liard-dr.iwn copper wire with these alloys it niust be remembered

th.it m wires o[ the siz.^ used for overhead lines the stniigtii of h.iid-draWn

the Alps

i
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i

iiippc-r is niilv -kin (Irip, tlic rdri'- nt tin \vur~ In iiii; jn.iitii lilv ot ~ott

M|>pir. It tlKri'tnrc tile skin l.iv<r i^ \Vi>rn .iw.iv bv ,ihi,i-ioii thr whuii wii.

IIMV L;l\r W.IV UIKlr;- tllf lllt'c|l,ml( .ll toKi-- tu ulliill It i- ^ul)|i I t, (I.

Ill iiKJri to (Ciiiliiiii- tlic ,ul\ ,iiit,ii;r- di till' liii;h i uii(lii(ti\ it \- "I pmr
I 'ip|n; \v;tli thr lutti'i liit ili.iiiii.il |iiii|mi tir~ (it ntliti inutiii.il, tin- tnllnwuii;

mrtlmd \v,is (li\i-i(l by Mi. 1!. II. Mi lb iiiv. .ind i^ imw \ 1 1 y wiili !v ii~ril.

.\ . nppi 1 Will- W.l- --U-pi lull (1 floin till- lllr~-rIlHr|- ill tllf ulililMlV W.IV.

.iinl triiiii It .1 --till ront.iit wiir ol thr -aiiii- -ntioii \v.\^ -iwprnilc il bv i lip-

pi. II 111 inidw.iv bitwriil the h,llli;il~. Ilir-i' ill|i- VVrlr ll~iil to ki I'p tlir

Will - about 1^ ilU 111- ali.irt, niltli- tn ii litlr. Ihr InWi I -tri 1 win- ai Inl

I- tllf t'oiltact will-, and took all tin- Wr.il . wluii .,~ thf i I'ppi i wiif abi>\ i

It usually I'l ti I nil ti> a^ tin- "
--i ciniddtx- iiu .sjfi'rr," jilavid llif i liiil pal I

in till- 1 oiuiurtidli of tlif iilirilll. I)ittiriiltif- oicutlfd in plartlif lii

.,1)1 ying out tllf idf.i. and thf di -il;ii and -pai mt,' n! tlif liaiiL.'fi - lia\f luf n

\aiird. >tffl bfini; liabi to in-t -hmild, in damp i liiiiatf-. oiih' in- ii-i d

will If tllf 'lallif 1- -ulti •lit to kfi p thf will' I'liaii . in in.tiiv i .i-i- M

-

pi, Iff is takfii bv ]ilio~phoi bioii/f oi phono-i III ti I.
' w:if wliuli i- not

liablf to --111 ll 1 o| lo-loii.

iiii ILnii^ir-'. -M.inv xaiutii- ol h.ini^ii^ or -ii-iHiidii - loi ii-i m
..itiiiaiv -y-tiin- li.Uf biiii ili-i'.;ni il and tilnl i;i piaitiii, and it i~

po--ib|f that tllf bi -t tvpf ha- not vi t In'ii ixohid. >oinf ol thf

1 M-tin.i; tvjii - takf too loni; to in-i dl, and tin ii loii- undiih- i:;. iia-c thf

< o-t ol iliitloli. Aliothi I -flloll- talllt with -olllf ]ialti!l!- 1- that tllfV

-h.ikf loo-f 111 -ll \ U f

.

])ftail- ol -oiiif hain;i I- 111 ai tn.d il-f i ,in bf -i i n in iIm- iil;iiii - i;i\i ii

li-fwlifif. In thf donblo (atfiiuv -\-tini. Nii-ti.itid in hn,'. \.i'^~. th.-

!m;i:.;i'1-. alioiit lo fiit a]iait. aif ni.idf ol ]ii|)f in tin loiin oi in\iitid

. .piilatfial tiiani;lf-. thf two iip]M i i oim i - ot wim li an alt.H In d to ih,

two ini--f iiiji 1 1 ibli -, thf 1 ondiu to! wiif bi iiif i,Mi]i]M d at the low. r ,iii:;li

Hi' ill t. Ill- ot tllf 1. I,', r u-fd i:i tin Montifal tiinin 1 ,iii !>. -. . n on

I :l;. 1 ,7117. In iiio-t ol I hi lii;uii -. hoWi \i 1 , tin- -1 .1 If 1- 1 01 . -in dl to -how
d. t.ill-, ,iiid tliiii loif \vi i.;i\i h. 1.' a IrW nioi. i \.iinpli-.

J'hiff typf- ol -iiiLili I oiiihii tor h.iin^ii- h'l -ii-pfndm- tin I oiidiii to!

lioiu a Mlii^lf nil --I iiL;fi an -liown 111 h il; -. I .ni|ij to i
,' ,s_ In i .^ i,'"|i.

I bro.id nil tal -tnip m thf f01 111 ot ,1 loop -hdi - on thf iiii --• n^;! 1 . .md it-

two lowi r 1 ml- iil.ffil oiif on litlni -idi o| ,i pini hiiii,' piii f 1 m b. bolt. .1

toLiitlnr; ,1- tin- bolt 1- tiL;htiniil up tin ja\\> ol tin pinrhiiii; p'l . i;iip

th' londuiloi wiif. Ihf 1 ml- ot tin- -tiaii lit into L,'n)o\f- m tin -id.

-

"i thf imn Iiiiil; jiii i f
. ,L;i\inu .1 niat .ipp. .11,1111 1- to tin- h.iin,'. 1 w.'.ii in

pi-lllon. Ilii- iMtmi r 1^ iii.idf l)\- tin' ( Hiio i'.ii-- (onip.inv \\h\ i- ,1

-t.iiidard t\pf.

A l.iti 1 tvpf ill, nil bvthf - ,nn 1 . .in]i,ui\' 1- -In.wn in I lu: 10.17. In

till; type thf -ti.ip loop ol 1- l;. 1.(11)11 1- ifjiLiffd bv ,, l.n.p ..| ..h.l n..! .1

I- I

'Mm
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I IK \il.ir ~((ti(in, llir IdWii I 11(1- III \vhic-li .irt- ilittciii il nut .unl |iiii'ril:

I'v nir.iii- <>l .1 liolt ami nut- and wa-lic t>, tun claniiiiiit,' pii < r- -hapi il

a- -liiiwn, (an br hu' mi the loop and made to t,'iii> tlic wiic.

Ilic tliiid cx.iniiil, . lii;. I,iii|S. i- a iuni( !(( int standard tvpc made 1>\-

till (iciict.d Ehiti il ( iPinp.iiiy. (it S( Ikiui tadv. It i iMi-i-txil a luo)) nl round

s'li'I, and of a i l.im|) niadr ol a -m^^lc -tiil ])nnrliini;. I lir md- ut t!ic

loop ail- -i>lavid out and ti into di))ic—.ion- in tlir piiiK liin;,'. the |a\v- o!

which air then made to i;iip the ronilui tor hv iiiraii- oi thr rlampiim l>oit

Thi- hani,'ii' i- -aid to In- iapal)ir of -iipportiiiL; a weight ot J.odo lli
.

_ iirailv a ton. and
to lie fXi r|)tion,illv

lii^ht In It .md

thi ])r(i rdins; pal-

tirn the loimd -n

tion ol till- loo|)

irduic-. thi' po--i-

bilitv of Well on

till' nil— riii,'i rcabli-

and olfii- a iniiii-

inuin of ir-i-t,mii'

to the wind The

-inl.icr- ot the

h.in;^! r ai c .ill -In i

.ndi-id -o a- to

ir-i-t till- idi lodiii.;

inllui'iKc ol th'

,itino-plii ir.

Til ,
( on-t I U'

tion ot till' h.iiiuci -

" '
' I- n( ( . --.irilv more

( (iniplir.itcd when ,i

-((ond.iiv in(— cnjiri ' in .idilition to tlir (citait wiir. h.i- to In -up-

|i(ii ted liv the li,iiii;i r. A p.ittii 11 u-( d ill .1 1 rii 111 i Atcn-ioii oil t hi -111 HU Imii

lailw.iv -v-t( 111 (il I'l.il.idrliihi.i I- -liown in lii;-. i.iki'i .md l.Jcc, uimh
(1( pK t loiii; .111(1 -lid] t h.mi;!!- i('-p( ( ti\i Iv. In cu h thr hodv ol the h.mt;' i

I . (11-1-1- ot .111 .ippiopiiatc l(iif,'lh ol -Ii.ip -t( rl wliii II III till- lon^ci li.mi;ri-

I- L;i\rii ,1 li.dl twi-t to niininn-r thr -w.iviiif,' illn t ol wind lilowiiii; ,!• lo--

tlic ti.Kk riir h,iH-twi-t i- (Ir.irJv -howii in lis,' i.ikim. luit tin- -f qi m
I'll;. 1,7(10, 1)1 m^ mill h too -hort fm the d(\-i( c to l>c ii-cil. i- not twi-ti d. Ilic

til] I lit I he -tr.i|i 1- 1 l.iiii])! (i t(i the ,1 I IK h. -I \ I n --ti.il 111 nii—^1 ni;i 1 In- .1 -tn 1

-li.ip wliK il p.i— ( - ii\ 1 1 t lir nii--ini;( I , .md ^;iii)- it tiL;litlv win 11 thi \\ Imlc

i- bottcil to,L;it!ii'i , In tin- ir-prii it dillii- tidin 111,mv otliri t \pi - ol

h.inuii wliiih .iic luinio-i Iv ilc-iL'n(d to h.mu loo-ilv on iIk ni(-M'ni;( i win.

^^^^ J^^
I !ir?.- I .11. H,(i(4c
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At th. lew. I I llil ><\ tin- -iLip ,1 l.li'll/. , 1 imj. 1- 11 .1 Ui mip til. -. 1 ullil.lIV

in. --, lit;.! .1- -hnwii. III. -. . ..11.1,11 V iii.~M Hi;. 1 i- .! ••]']'• r witli a i,'i.i..\,d

^, . 11. Ill nt N i;.iii:;.'. .mil li.iiu It 1- -ii-)'( ii.i. .1 ill"' 4k)

|.li..ii..-i It . til. .i.ntpt will I.I N. .."... l;.iiiu;., .il-.. I'V

hi. .11/. I latiij"-

li.iim. I- ..I \.iv ililt.l.iit il. -i:;n -iilipll. il \>y tin

W.^tini;liim~. ( ..mii.iiiv .iii.l u~iil in -uI.uiImii N. w

^|.lk.lll -li..\vn 111 l-ii;-. 1 7"l .iiiil I.;..-', ( )n. ..I t h. -. ,

I'l-. l.7"l. 1- I. 'I I1-. I'll iiii\.~. .111.1 111. ..till I. Ill;

l,7.ij. 1.11 -ti.nulit 111).-, In liiitli .1 I k nl -|>. . i.il

-li.ipi' w ^liiipiil .i\.i til.- iii.~-.iil;ii liii. wlii.li 1- ..

,; m. Il -tl.lll.liil ~tril r.lli!.' Till Inw.l p. Ill ..| ih.

li... ik . .mil ~ a thir.iiliil -Ir. \ . iiitu u hi. li tin . n.l ..l

^j

111.' II. 1111^.1 l.i.l I- ~.lr\\. .1 I.. Ili'lll I k.ipil .l^;.llll-l ..-,

th.- I ,ihl. Ill th.- ..p. iiiiiu: I.I til. hi.i.k 111. i..iN ..1. i\\\ )

1. 1 '.-111. Il I.. mill ~ti.l 111. I u.iK .1111-1 il, .111. I .'1 \ iivmil; ^9^

t , 1 1 1 1
\-

g;nL;tli-, .1. i "iiiili;; 1.. t 'i. ii p.i-iti..|i- ..ii li

MI \ .-.

In till -ti.ii^lil lin. ]>.ill. Ill, Iil; 1,7"-', i' l.'U. i

'^
»

; i: )

I

I n.l 1. 1 tlir I.I.I i~ -.iiW.il int.. .1 I .i-t III. I • l.iinp ''
7,
,/'"..,

i.i,!,'t\ Nr'^t,,',

• I J \\ liii h --iippiii t - ..iilv th. N.l, ... I . iipp. I -. . ..mkii \
-. .!' I

111. --.III;. I . will, li it 1- 111. 111. t.. i.;rip liiiiil\- l.\' .i l null . .n n.iur h. .It A
Nl. . ( 1. 1 L;r,iii\ |,.| pp. I .1 III IV I ..nt.t. t \mi. i- -. jmi ..i. I\ -npp. .it. .1 i ,' in. h. -

l.il.iw th.- ...pp.1 111. --. I'.l;. I uii.' h\' il.ini]'- ' '•, -li.ipi.l ,.- -Ii..\\ii. in.l

pli. . .1 I.. n\. .1. I. Ill n..t ,it tl

) f^ , II. nil-:. 1 - I 11. li.ini,;. i
- ,ii. ;

V

I li

; 1 1 .ipi! 1
,

,111.1 t h. 1
. ..I. !\\i.

I...I1. .1 . liiiip- h. tu. . n -11' . .
-

-i\ . li.inu. 1
-

I li.- Ii.in:;. 1 - . iii|.|..\ . .1 ..n

. Ill \ . -, hu: ! ,7"! .
.Ill pi," . .1

ii|il\- 13 !. . I .Ip.il t. hi ' III.

!.i\\. ! . imI ..| ih. 1...I ..| ill.

I1..II.,. I I- li..|t. .1, Il.it -. I. u. .1.

int.. .1 . .1-1 nil t.il . l.iiiip ,
,

w ill. h uMp- h.il h t h.- -. . nil. I

'IN 111. --. IIl;. I .1!., ! I Ih . il!

t '.Ml . N.. lilt. I 111. ill, It.

\'y ..Jr .liiiip-, -mill. 11 t.i '. '' Iil:

'^ 1,7' ij
, .11. ir I i| i.n . Ill \ . -.

I.(i\.Ij!,i:ji\ ^!ihh"'' -.N- .ill. ,1.1 iii.li. ii. .|. t In . M. n-i.-n . .t
'

' 1 1 1.

tr.i.ti.in lr..m ti,iiiu\.i\- t.. i,iils\,is . . in.liii.in- mt i.'.lii. . i| n.Av l,i.t,.i- 1 n.

ill.' prohliin- t.i hi- -..h, .|, ,iiii! al-.i alti ud th. I. l.itix. \ .iliu - m iinn. .M.ni. ,

ll.,n;r,, t.r C; 'IM -. a .1 • . -l.,.i 'J Ku

y

1?

d. -

3

I

r|F i

r *
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"f M.iu,. ,,f til, ,,|,l,.r f.ut.'iv lor in.t.u.cr. ,„ ,Avrh,..,l . o„.tMi,-ti„n (h,>
^u.,,..„.,„„ ot tl„. tn,ll,.v w.r. 1„„„ M,p,,..rt> whid, ,., .. >tr,u«l,t m.„ luight
I- ..^^•tla^?,' t„.,n S<. t„ ij,. f.,., ,,p,ut l.-,l, on ..c.-.mnt of .1,,- ...g of tl>.>
wn,.. tu ,t, h. ,j;l,t .,l,„v.. tl>.. t,..,k h. in^' c un».l,.,,.l,ly givat-T .,t th. >u,,porf

,

•I'"' ", II,.. <,.„,„ of ,1,.. .I,p Ivtvv..,.,, tl... M.pport. lor .low running
"HI,,,,!, tin. ,1„I not M, r.,u|, m,,tt. r, ;i, tli.- ,.ol,. ,,n.l trnll.v whr.l 1,,„1
"in. t,, ,,^|,„n,l ,„ ,!„.„. ,lih„-n.,.. ,,( Irs , 1. Kv,„ w„h t,.nnc,u wo, k
how, A, r. a-- ~p, , ,!-, innv,,M,l trouhj,. w..< .•xp,.ri.M,-,d thnuiKl, tli,' ^Inggi^I,-n— ol th, r.-.pon-,.. an.l tli,- i.t.,|,l, ,n of colUrting the ctirr. nt at high -p.v.N
ixr.mi,. mor,. ..n.l mor,. Mri,.nv \Vh..t ^oiuctini,. happ.-.u,l w,,. that th,-
'".M,vwh,.,l l,ft th.. win., fhn. imak.ngth.ciiant and giving li... to ,

'a-^tnutu,. tla-.], (l.tMni.nta! l„,th to the wJRvl an<l th, wii,-. Hnt th,-
wli,, I, having Kit tlw wiir, might ..r might not com., ha. k on to it in it,
-w,i,g.

1, i,Mtunat,.Iv, t!,.. wh., I p„ k, ,1 up th.. wu,. it. nturn at rnnning
-!>..,

I
w..nl,l UMiallym.an a inon ,,r 1,.. x,„i,„, l,,„mii,r i.low whi, h il

"111, p, at, ,h .,„,„ alt,.,-t...l th.. .,,-t ,,| maint.nan.v. if tl,.. wh.,! .li.l n,,t
I'mm to tl„ wii,. th.. ti.iuhl,. wa~ .,l.vi,,u,|v innn,.,]iai,. an.l ..iiou- Th,-
iMinm.r hhAv., W^uV th..ir <lu..t .li,.!. t.,,.!,,! i,, pomui kink. int., th.
win.. <.-l-..iallyni waimw,atii,.rwh,n th,. wii,. wa.- hanging at it. ^la. k. -t
ail.

I th.. (hlLr.-n,... ot l,.\..l w.i.. gr.ati.t.
An ..],vi..n. i,n„.,lv wa., if ].,,..,1.1... t,. provi.l.. m,.r,. fr,.in. nt .upp.,it.

-o a. t.. iiiipi.,v, til,, v.iii.al ahgnunnt ,.f tlw om.lu. t..r. ()u,..ti.>n. ..f
o,.t, how, v,.r, nil,,l out tl„. i.du.tion .,f th.. .pan l.,.tw..,.u mam .upp,,rt.
to anvthinc hk,. th,. ..xt.nt i„.,:....aiv ,„ g., ,„1 „f th,. . lu..i .lilli.ulti, ..

Jl.iu,. th,. -iii;^, -tion that th,. ,,,n,lu.t,,r .|„ail,l 1„. .upp..rt..,l at -hoit
""7\'''~ ~'.^'"' ^" '" "^ '"'. '""I .' -t...l or ,>tli..r .al.l... whi. li .h.,.il,|
it.,.|t hang In. Ill il„. main .iippoit.. an.l l,,,iii win, h I.n- th.. u-.. .,1 han-, ..
ot .1111,1, ni l.n^th., .nlli. i. ntiv num, i,,,,. aii.l .anlullv ailju-t, ,l th,- .".,n-
'In. tor «...,1.1 l„ .up,.,,rt,.,| m an alni,,.t Ka.I p,„it„,n at ha-. I,,r ., Mam
''"-'^ "' ''i"l'".'tni,.. .\n..th.r .,.lnti,.u win, h wa. tii,,l. hut li.,. I.,,,,
'''""' ' "'^ '" """"" ""

' '""1". t.,r at th.. .„|,.,,| th, t,a. k. th.. cnii, „t
'" '" '"' '^' '' "•!' '-^^ ' ^""> '! I'""-

I"-'), 'ting .1,1, wav. tr,.i, ti„. tram, and
.'1 -urn. 1, nl 1, n^th 1,. 1 111 ton. h will, ih.. . .m.hi. t.ir at ali l,.v,|..

'"'"''"''"'" ''" ""• ""ni,.i.,n- .npp,.,t. pr,\,.m,.,l tl„. w,,-, ,,,„„
''"'"- "" ''" -""'^ i " " ~''<'"''l i- i'l.'k.n. .1 ,.oii.i,l,.,atioii whl.h h,, ,nu.
'" """ .""I '>"". nnp,,rtan,,. ,,. th. x..lta:,v i,.,,! wa. iiuiva.,.,1 l,.„n ti„.
'•

'

' ^"li-"l '1. w.Mkiii:; t,, nm, h high.r v,,lt.i-, . wh. ih. r , .. ,,r
A., .. l.„ ,. w,. >i,,t,.

, l.,.wl„.,,
. th. 1,. ,,,.. ,.v,rh. a.l .v-i, ,„. m wln-h .uii, nt

at II,,.. .. v,,|t. 1. ,,,11,, I,.,! l)v i|„. iii,.vmg v,l,i,-|,.,

SK.iAl /';.'.,/, „iv -.\ numl.,r.,i int.iv.iini; i.r,.hl.!n., l.,,th .l.. tri.- ,1

""' '"" •'•'">' '!. ."I ' "1 x'Hn.
,
lion with th,. .I,.i^n aiul .i,.. ii,„, .,1 lm,„

u.n.i; tl„. ...i.n.uv n„tl„,.l ,,| .ii.p.n.i,,,,, |,„t ,.,.ii.i.l,.rati.m. ol .p..,-,. ,1,,
n,il .illiivv M. 1.. (I, .,! with t! nny a- \vi \u-li. >.,,ni.. ..i
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H|.' iniMMiMi ,,,,,., ,,nlv,„,. i„,li,,,,.,,,i,, ,,,,,, ,,,,|,,,^^,_,,

' 'ii''i)f t!]r III. nil pi, ,1,1, ),,, 1,

the idliillli till ,,r

! li .i-mi^ .ilii .iil\- jMith- i-:\i n, ii. -II-],, I ,i-:;•, ''«.., .„,i,,„„ -I „ ,,
,

I, ,.,„,„ ,„.^

I, ., ,

...,,..,_. M,i||. \ \M|, ...|,._ (I

';"',". "^" '- "-"Pli^:...l l.y li.iv:,,.' ,n.n,i„.u- hi,,,,,,,,

""t" IV'I.rt. Lni:;],,,,, |,,,|, ,,,,,.. ,,

" "" I'll.-, -I'-l". Ill
- ,V I,,,;

""^^•i""""i "I tl„. l.n^,li„, ,||„l,,„i„,

ii'i'ii^ir- \.iiviiu'
'

•' "1 "In, li i,,|l,,\\ -!„,„

" i^'
1 ii'' i|i.i;;i nil in

' - -"in, .1, Iii,il 1, n:,lii- ,,t

" ^ii|i|'iiil t,. ti "".*,

II" 111- 111 III,,

1111,1,11.
til.

-I

IJTW >,« II, ll», l-t.

' ' " *'"'•» '" Cmihu,. 11u».,.

I II
I .1' ..r\ \|,

111

th

'.":,-;: ;''';'' 7;''' ''';;"''''•''• i-'-''-''-. in.,, iM,:.,:^^

,,
' ' •' lii"!,.ii.i,,il .111,1 ini|;,,it.!i,t -,|iil,l,n. 1- ,1"""';-""

'^'^--.™,,.,.,,,'k.,.,,,,,,"
'

,,';;,;;;
--

^;'^;:;::,::t'!';^:;7;-';
"'"> ....I ...^;: ';:.:.:;:

:•• .n^ :::,:: .':.I:::;;.:;:,:';;.'.:,';t';''?;.
!'-""-

I 111 I- tiiii-

'I'l'ii ii, 1.

U:;, 1
-

III, -

tl.,,1

I- til-' ;.,,Mi.^ ,.i

It

l'i"l'l' 111 111 til' I 1, , ;i,,u ,., ,,

'

i.ij'li ,,1

II !" ''" lllll,
I 111, IT,- n, ,• , , ,, 1 . .

ti,.ll,r u-ii, ,.
,

.',"'• il''il"^"n- ,.,-,. ,,! ,':,..,.,;!,,.,,."'II, \- Wli. :n 1,.,,,

'il'- "l,!.!.! |„

\v IV wuik. Til, .,. ,, ,,1

111^ Mi-i„ ,,,],

>V|,,ll-|v til,. , "ni|ili. ,iti,ii, ,.f

' - '-'-ii-ii.un'i'Jiii:^' :'::,/::''",,'''''':''''' '''''-

^^'1' iii'M.,bv.nu-h-i,..,,i,,.„„,;,,
1,,;,

;;;;;''' 7
"'""•""^ "" m.-iuM

Ih, -,,lnt„,n -I :.. '

•':"""'"- "'III'" 'l"ll«. .1111, 1, ly 1,1,1 ,,,

Up Ii, ,1 .111.1

'" -"lilt'.
, II -iiiiwii 1,1 j.,,. [ :,

I

i

}]

if f I
r



I ::o

mile .ipiirf, l.iit otilv , v, rs- ,,1',, , on.. . „ i

'"' -tr.MKht r.M. .1.,,,..
. i^"-'l..- ..„ .„„|h„ h,;,|^v: iImI ,.

N nf tl,r.., -,.n,( M..,,.n>i.m „„„|,,„,. ,„ j,„ ,^„^,

K-.ul«. ..

I'v will
,
th,' cum lit i, rotiv

"•"'' '" "" '"'•'1^ '.'r ,,..H|ilv ,n,

^ ^1-1...1M..1I ,1,1 llu

\''il t.i tlir .ni\ilj,irv mr--îiiil;i I, nil ,1 111 1

"". llir tr.K k .,11 th. n,.,,i

ri,...,,',...,,:,',, "
" '"'"• •"- — iH.i.l .•„.. ,,„„,,

V. /;('(;, ,'/;w/;- till-

1 ,il.-ii.ii y~\--li ,11 1,

< I'c I I I.-.i IK- 11,1-

I'lill.illl. Ii. Ir ,w

<l-.\vli,i,. III,.

• 111. Inn 1)11, JM,,,

ni-t illii~ti.ll, .1,

• llldlil iipllnl llliii-

lli- lit (Iniiii^. till-.

<'ll -Ir.ll-llt Mill-

lin-~ -I . tiiiii,ili~iii-

1- "Itlll III till

' '""
= '

^^'""•l- l-> -.nt.i.t vv.li Iv ,„,i.l.. l.y ,1... ,i,„i,.i„,i,,l,



<' ' •:/'fJI> / x,s ,x rrvyf:
15 s;

iiiiu

:zrtzr:. :'"•
' ":::::::::::•.

"'"'^' I'i" ;'". - un.i,
I .,„

"!'"nv I..,. I u,, ,, ,•„, ,||„, ,_

'
"I .' \. I ii-M iii., II,, I -inM

-' ' |il"U "I 111, :,, .,,,,„ „

' "' ' '"
'
•''' liil ''

' '|ili;.;:., nt
'" i'i"!'l' III li.i- l„ , ,1 ,,i, , ,,,,,,, ,|

'' i''-^' 'M; "'" 1. .1 -llr'Li!
-' "!- iHll-' ,t. ,1 ( 1|.. ,,,, (l, I

'I -'.'UI'MII u,, t".l. ..1 .l„l

'" "' ""'
' "1 V III''

. ..11. In, I,,,

'""'" 'I"I'>.h| i.v.,n.nt,i,,\ ,i:i

"' -\--t.iii 11,1- w. .,,1.1 •l-,,,,i^

' ' "^i" i!-!\' .11!. I tin~,iii-i,i. i,,i \ 11

I-'". ^ 11... cr ,, |;.„L..

. Ill .1 , •

.

" "'•— "-l~.''!'1....|..n ,l„ l>,,i„.viv„„i,, „„,„,„ ,, „II I . . , - .-
' " ' ' Hl~M\,,:i|,l l\,!|u,,v I, -1,,,\,

"•'"" ""^ ''" 1- III' I' i-'i. iii-iii,it..i .,ii

if.'/»

It

II, ii

I li. 1,1. --.. I;:;. ,

i.iM.
. .11, 1.. -.1,.

I"'!!' 'I I1..I1, I. V

•ili\'
< "li\i n:. lit

III! I li.ini. ,il ,1,..

^1" I II t In-

li^iiii tl n_

ll 11 I I .. ! u , 1
,.

III. nil,,! t.. III,.

Ill'"' IIL'. ! |.\ tl,,^

ll-'l.i' ImII^.
1 I,

lil.lVM, -.. 1,1 t.i

'li'' iil;I:I |,^- ,,

-i^"lt iM.nk,,

Ih

•\MI '11 I-!-. I

1.'2

'11 'ill-
' .' •• Ih. in. -^.\vj.

I '.

1

II

111;. 1 1- -i:!.i„.: 1, ,! ... . . .- I,
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k

I I'llM ll lll-lll.llct lll.H |.. .| I- Ih, il\. t-

Im hI -II Ih tnir, ,ill'l Ili\ M;_; I U . i IJ |
11'

.ili'i tWM I ;
III. h |.. nil Ml- I li. iil-ii-

I il"l .ll-" -il|'|"i| I - i!l|. I li\ .1 - ^l|M\v h ih,

I'l .11 k' I .11 111 \\ liii ll iii.iu^ I 111 1 iirKiHi ti"

Will - ll. ,11 iv ii|. t.. 1 1,. I. \ , I
111 tli.

111. ~~. im. I -I. ,, . I,, _;i\ , ill, ll .|!r.ii ll

\ I 1 lit .ll I ll .ii.iii. I
.

Ill ih. Miiiiii. .ll iniiii. I I. Mil. ( .iii.i.h.iii

\ I II till 1 n k.iilu.n
. \\ III I. III. II I . ,1 ^1. .ill I

111 .hIw.h . .1 ililli 1, 111 111. ilii.ij .ll ~ii-]ii iiiliii-

llli- 111! --I ll-rl I- ,!c|ii|ltiil lip I~-llliUll

111 I il; 1.7. 17. ,iiii| I C.II-I.-I- III .1 I I,,-- li.ii ,.1

I ll. 11111. I 11. Ill -h.ip. ! .1- -liowii, .nil! -111!

||||| ll ll c'li iii-ui.itiii - ll -Iiiii; nil li.ii - -ii|.

|i"lti .1 lliilll til. l.i.it ol III. •llliii, 1 I ll,

. 1.1-- li.ii I .mil - .1 il<.iil)|. -Ill .1 III- MJiiiii

wliii h -ii|i|»iil- ill. I ,ili|i
.

( li„ ..| til.

^Iiml ll, 111^1 1- li\- whlili til. I miiliii 111! 1-

-U|'lM.ii...| 1- -li.iwii. ,inil It- (lit. Ill- -liiiiiiil

1" 'li.t. ij ,111.1 I 1.11 ip,!!. ,1 with I I, I, -I .,1 til, I1.1II-. I- l||ll-||.||,,| .|l.,,\, . I ll,

II' iil.il"! 1- -lii'Wii 111 |i.. ;li..ii

111 I 111 liiiiii. I III I !u 1 .7' ,^,

\\ ll. ll 1- .1 \ I. \\ I'l ,1 . Ill \ I- Ml

till iniiii. 1 : I li. -In"- I,. I ,i,|

|M-Iiiil; I'll .ihmii.i.iii 1.1 till-

nil --111:;' 1 .111,1 I ll, , ,iiii|ii' till

,lli .ll-i' -Ili'WP

.\ I'lnllll-, '1 .l|i.i\ , ip.i:;.'

ItS'> \\i- l;i\. Ill Iil; I,; .| ,1

\ h W 111 till- lilt. Mill ,,| till

>iin|'l('ii liiiiii. I -linuiiii; -mil,

' '1 1 111 lii l.iil- i'l 111 1 timi 111

I '|i IW'i ln-ul,lti ll 1 hiIiIu, till -

I'l til. lllli i-pl ,1-1 -\-Irni ll-i (1

I'll Wnlkllli; III. tMllli . Ill,

111' tlli'il 1- jiKutli ,lliv 111, litli .ll

w It ll t h.it 11-, .1 111 t h, lip, n I v,

,

I !-. l.'"|--i . till I III, I ihtl, 1

1 11. 1- ll. Ill- 111, It 111. -p. Ill \Mi,

I- mill ll -h.ii III
. Hill I-. ,

I "III-. , -lllip.ilt. ll ,1,1, 1 tlv i .

I'l'lt- W!tli til. 11 .11.1- iiiili.il.!. ;

i u
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'" "" ''"' "'' '' ""'" I l! 1- •! nit, I, t t.. ii.,|. ili.it tl,!.. |,|, ,,,

'"'I" !'- ''
•
•'•"\ -ii III ';! -': ,', • i,|, ,,| ,|„. ,,„,,,.!

Ovorhead Collectors tor Railway Work mjf. I iMmih , ,„! ,|

"'ll' tl" I'K'I'I. Ill-
. ..lin- t. .| »!tl, ti-. M ;„ ,i .,| ,1 , ,,.. , ili, ,.i , ,,|i,l,.

•

t
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li

f

wlltii the volt.if;!' i- l.il-nl tllr "lllKnt to he CdllfCtril fur ,| f^iscii iUlKiluif

ol power i> <(>n\'>])oiulJiiiily redncil, and tliat tlierctcirc at tlu- liif,'li(-t

vi)lt,it;r^ ii-r<i till' (urnnt lur ,i li.-,ivv train hcconit- cnrnparal)]!' witli

tllr lUirml uidinaiilv n(|nirr(l lor a tr.inic-ar at Imvi i \(illa|^r-, tlinn:;ii

tlic Mi-ulatiiiu nni-t h. inii.li mun- r.intiillv doiijncd.
/.''.. Ci'Ucdnis. -An r.iily lipini dl Imw ( iillii'tor d(-ii;iird a^ a I iin\i nil in

nil tiind (i! jih kmi; np > nrr. iit fur (ird?nary -tr.rt traniwav wmk i- -liown
1" l'!^'- 1.7'". ':dsrn Iiuni a cntrinpdiaiv illn-trati^n m (\i-^ui'-,

Mii^.r.iiir. .Hid d'pniuiL; a trani'ar in an iia-tdn luiiop. an iil\- in

iS')^^ In lli.iM- lariv dav-, tlii^ tv]ir ol (cll.rf.r \va~ laix;. Iv ii~, li. Inini,'

drVrl(l|ird ,plit,' illd. p, nd. Iltlv .1! tllr tK.ll.V \vl|. ( 1 a lid IHilr. alld \\Itll..in

l!i. . uii-id. latiiiii- cf th.- ir(|iiin III, iit> uf liii^li-.p, , d lailuav workuii;
nimcd tM alinvi

. Tl,,. d, ta'U n\ . nn-ti ii.tion ul tli.- .ullrrtci. whicli i~

illadr "I lli^ht 111. tal md-., ar.- i h ailv >lin\vn. It i~ nKUintid ..n .in iiiMilatc d
lia-', ,iiid 1- |.i.",d upward- liv -piial -iniii-- in niiirli llu' -aliic w a v a-
a tr..l!. V p,il,. s, V, la! f 1- i.t llii, tvp, ,,t , ,.11, , t,.i a,!aiit, ,1 l,,r tran:\\av
aii.l ihjit lalluav wcik w.i,' d, -1:^11, .1 ai;.i U-. .1 111 luiLila ii.| an, I \a!i,.u'~

parl-, ,.: I.iir..i>. .

In -..111. .a-.- 111.' I...V. >'..ll..1.ii ha- t.. !., ,|,-il;ii, ,1 t,, -,ili-.|v , \, , i.ti,.nal

( i>iiilin,>ii-, a- in lli,- , a-.- .,| tlu' in, ti..pi,l!tati , 1. .:tiiii, ..f...!! ..| tla la.ii.l, u
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Hrii,'Iitiin .iml Scutli CiM-t K,iil\v,iy, wIhic tin Inii^lit nf the idiidiictc !

wile \,iii< ~ lioiii _'l t'lrt 111 till' (i|M n til I.; lilt I" nil lu - mulri liiidL;!- .ii^'l

HI luniii N. Tlni- in I'i;,'. i.ti>,T it will !» imtiml tli.it tl.r xriin.il In li^;:!

Ill till' riillilurtnl ,it tilr Unlit nl llir tl.llll i^ inll-lilrl .|I>1\- In luW the In!:;!,!

.It till li. 11. Thr ^^^^^_^__,
lii'W I 111 1 I It III .

il.Mi;nii! l.v Mi.
/J |

I'liilip ]).i\\-iin III

-.ltl-l\ tin -(
I (,11

ilitii.ii-- N ^ll..^\n 0>?

Ill t h .
1 .1 1 ^1 ii n

JI..-1I1..I1 in i-iL,'. Y
i.rir. ill,' ti,]i

I'Mltlllll ,,( till-

iii'VV' I- Ill,,.l,- III

'\v,, |,.i;t>. tllr

ll.illiliL;],.iit 1), ill-

!l ' 1
i| 1 Ml 111 t ll ,

i'i:tii :|,,il li,,\v l,v

111' .ilMil .iil\il),i; V pL'
-I'Mn-^: t',1. ,1.- ^'

\ H il~ llit,ii,i, ll til

|':'\int iiiti rmiitiiiii ,,| tlnuur. nt i .lu-, ,1 ' tlir I'lm, i|i:il |i,,\v iimij,:!.,;

I'll til,' \',:i, . ill whi, ll ( ,!-, il;,' .niMJMi V i„.\\ ,,t i,n, , n,,,!,, , ih,. n, , , --.|I^

|||Ilt.llt. riir |ii,\v~ :,ii 1.. M up l>v ^piMiu;- lip, I, It,, 1 1,\- ., ],i-t,.ii wiikiii
|iv ri.iiip!, -,, ,1 air. Till If I- a III It I,, I -I t lit \u.\:~ \\,,i k, ,1 Pv .,ii,.tl!, i pi-t,iii

li'l- lUillllll- in till (ijipii-lti illln linn ; till- -, I 1- ~|i,,\Mi t,il,l, ,1 ,!,,\Mi Ml

lu, 1.7 I I .\ 111 it 1 11 I 1 1-1 I 11 til ill til In k' p! Ill \ :, W H tii.i' thr \i 11!' ,ll -p,H ,

.
.l\ .llklhlr Im Inlillji:, .|U,|\- I'll till Ii'p 111 tl;,' ,,,,|,li

i-niilv ij nil 111- li::;li. \\"!i, II lint 111 i;-, ill, , ,,1|, , I,,l-

l, .],! ilnWIl al i. nil tn till li.p ,.1 tin 1 ,,,,, I,, ,,, -hnv. li

-^ I" I'l::. 1,71^ :
tiny ,iii- i.ii-i ,1 iii.in tki :i,-;il, ,iii,|

-' p.'i it,- r.ill,, tiii- .|v,i. Ml i.iiiiiPii . ;i, |,;,.\ ai, ,|

/ '"1 i-ai ll iliii i
: ' 11 111 I uia.iii,:. 1 la- -,,.•..] ,,,1-

V /'-' / l'M"l, .1- '.111 hi' -, 1 11 in I',:. 1,71.', 1- p.iiliv

l,il-,-,l 1, .alv wIh l: tin la -I , nil, , t,>l I I,iki!:/ tie

1 rail i,t linm a l,;-!i wiH' I !,, ~\\)<^. v, 1 ;, i, ii .,k, ^

' 'i''ii' ! \Mtiil!,,',.\i ;!a.,,!i ,,:,,lii, t,it 1- .-: ,ilai;,;nniiu,

liaVM:- ,1 1!, , p -l,:n\,- I;!!,.] \Mt!, ;.; ) , ,,-, , T|,, -C
-'•'1'- •" '•'-!• l!,'^^.,!l^

,
,.a.I ]'. •

•• iiiv I ,!.. .,!! ,1.,, v.- ,1, v! ^. i, . n
'''

'
' i'i" I

'
>!: ;';- v.!!, .iiti • t!,. I :-i 1 ,1a,

, 1, i!:,,nt

llii!'!'!'', I.llil, .

1: .> C ' Ic. I I- I ., .! I' /.:, .. UlM, I 'Ul .1 I ,.

i

I

Mill a ., \',-,i

iia 'a 1 -ii 'Ul 1 1.
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I \f>2 I'll.lCIRICirV /X 7/ 'CI Oh J/;.V

gr.imiiKiticallv in I-ik'. i.7i,;-* A li'ii;^ <i>ll((tinK jiicir or -Ihk- < i. wliidi

may l>c a -.im]ili' tiii'k wiir lu h. nioic < ()m])licatr(l in -trnctmc, i-- >\\y

iMiitcil liori/.i.ntallv luiow tlir ~n-

IMiidcd ('()n<liirtiir l)v an articnlatnl

-tinctair wImlIi tai<r-. the loiin ii|

till- Will-known ])ant(i|,'iaii|i n-id

Inr ((ipyinf,' (liawiiiL;^ to a diltd'tit

~i'aii'. Tile ;,'tnir,il nittliiMl ni

ai ticnlatiim i- ilcarlv >liiiwn m tin

ilia:^iani. The >\\uv lan l>i' i.ii-i A

.mil liiwd'd Vclticallv bv row;

pii -~i(| ail' inr( liani-ni ai tini; I'li

tllr lnwir rnd- d! tlir luWi i

,^^^ ,

"^ ' ^ thi~i' tiiiU lie -lid inward- m ont-

ward- (11- till' lower arm- rotatrd.

tli<di-n(d ii-ult- will fiillow
; tli. latlir I- tin n-nal im tliod. In li:L;lr

Xdlta^r woik'.iiL;

till- w o r k i 1 1 j;

mi'i'hani-m i-

controllcd limn

tlir in-idr ol tin

(' a 1> . and i -

a 11 t oni.it i( .1 II \-

1> r o n l; h t into

a' lion -II ,1- 111

liiWi-r till -lim

and biiak roll

tart It till- hiLiii-

\ o 1 I a l; 1 (I I - -

1 1 I liiit i iii; |ii.\

in-idi ihr I ,il) I-

o|ii lli'd.

( )ni nil i !ioi|

o! .ii"iatini; a

|iantoi;ia|i|i i "1

li rtoi liv nil ,111-

ol roiiipii --111 a:i

1- -lio\> a il:,i

thiamin. ii i. all\- in

la:;. 1. 714. riu-
^''''" "'' ' -r': K.-ii .....: 1 ...ir.-n,..,,..

lo\vi I link- ol till p.inti^'iapli on oiir -idr torni thr loni^i r arm ot a liriit

I ' '' !< '
''\ - ' !; c;- . k, ;« ,v Il.iinil N.

t.-.

tij.



/';.\- /•.'<;/, .-(/.'( ( i\' .' f.T xs >>''i

li Ml 111(1 iMui-ni. till- -liMitn ,11111 el wlili li i- > "iiii'
'

t' '1. tlii"iii;li ! < "il' <1

-|.Mim. -, will' ll .1' t- .I- .1 Lull. 1 ,
1(1 tlir |.!-tnn led ..| ,1 ] -IK Ulll.l I K (

ll:;:!!- 1'

WIk 11 tli( iii~|cn el tlic ( limine inc\( - Iciu.iid iIk I'cv. "I til' p.inl"u;i.ii(li

will l>c Icw.iiil, -111. ( lh( . (.Ill -)(iiii(iiim link (.11 ill. "tli'i -I'l' I ^(.11..

I

t.. ill. .Ill' . tl\- ..].. i.it( (1 link.

riic iiK.milnii; "f tli. .(.iit.i.l l-.w -c ili.il tin p.i lll.'^l ipli < <" ''. lun

\in,|, I til.' . (.iit.i. t \Mi. Ill ( nil. 1 .III. . ii.iii 1- .il-.. iii.li. .it. .1. II ijti..lliiii;

-piiiii; si ,1. I- ,ii;.rii-l ill. In. 11..11 d tl nt.i. 1 wlicii li Ix.w i~ n.iv
.
Ilm^

t,, 111. I. II. .111.1 il -li. .In. . ticii ..I iii..|i.iii 1(. 1. \. 1-. .1 til. -I'liii^ -.. will .11 t

-Mllll.ll Iv,

All ,i. 1 11. iiilcvi.il'li "I

,1 I . . (Ill I \\u \~ -li.iW 11 111

1-1U-. 1 7! T .iiiil 1 .71'' I'l '!'.

I.II-, .1 .111.1 l..-,\, K ! l...-l!l(.|;-

I . ^ ]1 . . 11 \ . i
\'

.
Ill till-

111. ill. "I .'I . "11.
.
11(111. -111. (

ih, wli.il.. ..1 ih. .11 II. 111. It. '1

ll.llIK Wdlk 1- II' ' . --.II llv

" ,lll\l ." .ill tllc .Ipp.ll.ltll-

111 iii.t.illi. . .iiiii. . ticii wall

II IllU-l 111 ill-Ill. Ill (1, .lllii It

will i(. 111. Ill 1.1 Ml I 1-, 1,71=;

lii.it t!>.' wh.'l. .iiittit, '11-

. Iii.liiii; ill. .']'. i.itiiii; I'll. 11-

iiLitii" . \iiii.l. 1 -. 1- iii.iuiit. .1

..li Idiii ;i,-iil.it ii.u -l.iiiil-

. i| 1. . I . rill . .ililp.n t 11. --

n\ ll;. ,ll.|.,ll .llll- W II' II

i. iW . 1 ( (1 1- \ . I
\' iiiii Ll . 1.

\\ 1. .. _.

ri:c :;. ii. l.il liiitli.i.l nt

. .•ii-lni. tii.ii .it .1 |i.iiil(i>;i.i|i|i ri.lk.t.ir 1- -11. li tli.it it ...ii iin.l. 1 luii

th.- . .iii.lu. l.il wii' III .'iliii (hi' I 11. 'II. It 1-, li.'W.x.i. li.iM. .1! Iii^;li

-]iii.l- 1.1 iiliii|i ' til.- \Mi.' ll iii.i.l.- Ill til.' -nil]. I' Imiii -liiiwii 111 1 1^.

1.71;. -in., th'' '"iKlililci wiK 1- li'A'l (I'.i'l !.\.'.
I hil-. .ill li.'Ui;li

lii.- plu Ulii.itl' . \-|lli.l. 1 - .ili'l I li.' -pi iiil;- I'l. --
I ll. 1 clit.ii I I'll . . iljiw ii.l-

.i^.illi-t til. w 11.- till- w I
l.il. 1 1,1 111. w.ii k 111,1 \' M..1 I" .llll' t.i t.illi.w ii|i .1 ( li,.i,i;i

.'I l.\. I Willi -iilti. i.iit i,.ii:i|it\-. ,111.1 ill. t.i. t y.:\\ I .. I'l'.k.ii I lii-

I....I- 1.1 .1. -It 11. 111. . -|i,iikii .111.1 li.iiiini. 1 I'l.iw - .1- till .iiiil,i.t 1- ,1. llll

111.1. |i
. Mi'i.(i\(l, \ ilii.itldii- ,|ii. t.. til. -w.ikiiil; .iii'l J"ltl!i:: "I tlic

l.,llll ll.l\. t(. ll. |il.>\ i.l. (1 |..!
. It I- til. I. t.il. l|. -I 1. 1

111. til. 1 1 1

1

Ill . t.-i

-linlll.l . ..11-1 -I ..1 tw. 1
1 1,11 1- 1. ,1 iii.ilii p.il t . . iiiii|i.ii ,itl\ . 1\ -t ll 11;; .lll'l 1 1. .l\ V,

li.il.iii. . .1 !..! win.l pi.--iii.' in.l ]iiii\i.|iil with piiiiL;- ni (iiIki iik.hi ..I

( \i rtiiii; a ( (.n-t.iiit pi. --111. 11 1 -p. . l'\ • "1 tin pc-iticii ..I lli. -Ii." . .iinl

I J. 1,7.7 -lie i> .. r. ^'.. I'd. 1.1^1 .|.!, t 1 i\,;h > '.(.,;,

i I

t

s ni

I il



l5fM /:/.f:crK.'. i ry t\ tuf. Sij;: t,r.ici ,'/ .I/;.v

f !

(ii.) a li;;lit aiixiliaiv iKiit, with .. nni. I, .,„:, k, i luttn,,! ]„ ,m„1 of vil-i.tmn.
and iMMMiii^ till ""• I'll'' 111, 1111 |Mit will, a- a liiir.|,,k, up til,. U,.,.

ill l.^lhw
vanatinn, m tlio lui^ht „\ tin- wiir. whil-t tlir aiixiiiaiv p.nt \\

thr mn>t rai-hl vil,iali..ii. m tlir.ai f. whirl, ,t niav l-r Hihir, trin tid
111- l>...viM,.n ul th.. aiVMiiaiv part nf t!„- .,,il,.,to, ha- ali,a,!v l„,n

."'li'..t..l ,l,ag,ain,nati,allv ,i, Iv^. i,,-,4. ;,n,l „„, puipo.. .iv,,! l.vthn
"""'";' "' """"""'« <1" ~l 1-^ iM. n p,„n,. ,1 uut. It. |„,,h, 1 ii-.,nln,'

-

ni pn km:; „p .p,„,. 1,,M In- ,„„,p,„,„iv,lv lapi,! vihiatl,,,,- will ,„.v !.,

appaliiit

An artiial pan-

t"i,'iaph litt. (iwr .

!t~ I'lllli I 1111- -tllji

IT >1m" IixiiI ,,])

^nrh a i!( \ i. r i-

- !l Cl W 11 1 a l-l:;.

1 717. V.hlLii i- a

MrW nl a jMl.tM-

^ 1 a ]i h ,, I ,1

~ t a 11 li a 1 il t \ |)r

::tti(l I'V ^^. ~-i-.

Illnwn. liu\, M A'

I 'i:ii])aiiv 1.11 till

l.iit-rhli. 1:; l.iil-

"av. it v.lll I'r

li"l!.,,l ill, It ill,.

aii\il:.ii\- ,iivh i-

1 lltiollrd l,\- I, ,111

~1" i 111; -
, ,,„.h

-I'll 11 l; 1),i II :;

'''~' ' ' '"^> '-'i*^ I."
"'f/;^.,;;i>-.;^

W.K.,,^ u;, li,.. I>„n-,;v..::,.. 111. .lint, , ,,n, ,,t

., Ihr niipii link- 1.

1

*'" ''"""^'''l'''- 'l"l„ „v,,l„a,l,.,n.lu,t.„ M.pp,,M,,l |,va -m„1,. ,,„,„, 1 v
':" ' I"--"""l 15.-"' v,,lt.. ^,n^l,-ph,,-, ,,! is.v,!,.. At tl,.-p:.-Mw,
"','"'"" •!i-".il!..nMl:, lM„.|.vtlM J. .I.lM.„,„,„,m,.,,.lli:, ,„,,„
""'.'' "' 't" '" '3" .nnp,-,,-. ri„.i.. ,. ,1,1 ,,,,,1,,^ ,,,,„,, „ ,,,„ ,_^^^;^

""' '' "I' "" i :"l.\.' .ill.i till- ,.,Ml ,,,.

''-' "-'i'MM,. thr ,!,„„- .,: ,h,. |i,ji-v,,i,,,,,. .,,i,ip,,nn:,,;, .,,,'

aiM \'.v I nl ,,|, h ||l:;|,-.,,.l|,|

~\\itc
!

opui

\!. . II. I \1,
' ' l''"''"^i.n.ii Ml -j... i.iliv 1-lit ,,,n-ti;hti..h ,- ,.-.,1

:-"'i'" - '""" "' '•"' in-w:..t..!- -Mil.,;.!,. :,„ i;,;, ,,,1,,,.,. ,,.,|

LUI
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n:i:ii-v,>i.rA>:h Is^fr. \ri K i.'R Pixr.'cuj 156;

IllliK' 11,1 '\.plt

ill-Ill, it"i -, I h I

li .mil ui 11 k III till

|M II 1 11^ 1 ,1 ph 1
-

tlulrli'ii- (Imilih-

Ill-Ill, it. i|. Iii-ti.nl

"I .1 1 1 u li I

,lll\lll.ll V III |il, k

11
I'

III! t .1 ]. 1 ll

"-I 1 11, It 11. 11- t!u

will.!.- ii.im. \\..ik

1 - j.,! 1 1 1. iil,i I I
\-

li;;iii, .111.1 ihi'

-pill;:;- will, h

I,il-i- II ,(ir ,1.

-mni.l t. -i\-,- III,

11. .I--,!!- -holt-

I'.
!:...! !l, Ml.ilin-

W'li. Mill, .pii.ii:, ll!

• I -i':;lit iii,iL;L;iliL;

"I til.' . i.nt.ii t

-ll... r. -lilt- ill II

I'.. 111.win:; ili,> \\;,,

Hill, ll IH..I. I in-. |\-

til. Ill with .1 i:-i.l '
- '} ~\'i't'- ... I'.: I .;i..,,.. I .. ..,,jv:i.,

''•"-""l!^. Ill .liMltlull thr -lii.r it-i It i- iprillL; IllDllIltnl 111!

^\":1- li'ii- 111. I. .1-111- it- -hint pill..,! iliMhilitv, >t, p- t..i II

-
.| i.

>

till' II

11.mil :i

^ ^^f^->
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i;f,<i /:// CTK/c/jy jx /.'//. 5/.vr,'i/ oi .1/ i.v

till KKil 111' tllr I .11 .III plli\ illi (i ,|t mir KM III r dill v. ,11 111 .1 |i ATI i-- Jll.H ill

I'll till MMil ,it till- 1 mill I .iiiil ~<i ,iii,ini;ii| tli.it it iiiu-t in lliinwii up liv

.iiiviiiii- I liinluni; ii]i. Tin i lli i t ul tliiuwiiiL; up tin li \ i i i- tli.it the

p,iiiliiL;i.ipli 1- iliii|ipi il .mil liH Ul i| III tllr " iliiwii ' pii-itiiiii. .mil llir i iiliii-

1 1.1 II II Will k 1-

i.iilliiil. thiw

iii.iInIiil: t Ii 1-

IlH.I 111 till , ,11

-.il. 1 \. 1 pt Im

•-i.lt \ ii« . ( N. I.. K.L.:,>,.y I'.r.l :.;r,i|.h. K.urd.

till- pi 1 -I 11' r

111 lllr "

ll\ 1

Will 1
' \ 1 r-

I'l.i !

Ill mini-

nil-, til. \\i .11

1 .111-1 il jiv t lir

-liiliii^ 1 unt.ut in Imw .mil p.mtiiL;i,ipli rnlli rtm-. tin -liiliii- rmit.n t pn i i-

li.i- liiiii I'pl.iiiil 111 -.iinir ili-lLin- In- inllii- iiiiiiiiiti il "11 ImI! Ill ,11111:;-.

I hi- l,lkr- .l\V,l\- mil ul till ,iil\ ,ilil,ii;i - 111 t|ii-i t \pr-, ll.illli Iv, tin -1111-

plnilx- .mil iii^litii'— I'l tin .ntu.il iiiiit,i't jiii.i .mil it- iin nintilii;. .mil

li.i- milv liiiii nlupti'l wlnii hi - \v iiiiiiiit- .it -unnwh.it luw \i'1'.il;i-

ll.l\ ' til 111- 1 I'lll 1 1' ij. .\ll lll-t.llli r I- tllr J,.("1 'Mill 1 1 . 1 il it 11 III ,1 "I'll lit

tin i'.utti, .\ 11,11 mill,! ,1111 1 r,n ilir Iviilw ,i \- iii tin' I iiiti il M,i!i -, upi ii. .1 iii

^r.i\-, liil ;. t tiir il tin -I- p.mliiL^i.ipJi-

tlnlli \-. .1- It 111,1 \- 111' 1 .llli il. 1- -huW II.

nniuiiti il nil tin nml ul tin Im uiiinlu i
.

Ill 1 1^. I ,7111, I In l>.l-i lulli.U- I 111 11-11, il

-I, Hill. 111! ili-imi Im huh \ I'll, i^r WuikiiiL;.

.mil till' .11 i.iiil;. iin nl - Im h .nhiiL; 111 I hr

1111:1 lit .111- ' .111 liil!\- Will ki il mit . I h'

1 1
ulli \- will I- "I l;!i">\ 1 il 1 I'ppi 1 I '! Nil

11 1 ""1 i;,iiii;i-, 1 ipn\ ,ili III In 1 in ul.n w in

" |n in, h 111 ill. mil 11 1 , ^•i.mil.ii.l -nli -

I'l .I'ki I .iiiil 111.-- -p.m I nii-ii iniii .11 .iii-

11-1 il Im lln- -iippi 11 t 111 1 .III 11.(1 \-.

A- .1 lin.il ilhi-ii.itii ., !ii,il p.intn-

i;!,iph- l:-. I 7-'" I- t,iki 11 ,11 ,1 phnli.

UMpIl nl ,1 hi.l\\ lliiL:llt In. nnintni 11-1 i| II.. ..j-j. Kii.l Vi. «- f N. K l;,,i;u,n

n|, lln ^hililnii Nl \\ pm I 111. Ill' h nl lln-
"

-
'''

'

Nnith I'.i-tiiii K,ii|-i\.i\-. Mil twn p.mii'Lji.iph- .III \iiv ili,iilv -hi.wn

m tin 1,11-1,1 pn-Itlnll. .m.l ,!!•- .! L; 1 l-\.mipl.- nl 11. Ih' pi, nil, 1- ill

l.ii-kiiiil, iliitii. li.iitimi mi till- lii;i Ii.ivhil; bi i n m.uuiiKiii il in |iilv,

In I 5. It will In imii'i il ili.it tin- ,m\:li.ii V (..iit ni tin p.iiiti 'L'l.iph. . ,111 \-! 111;
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m . .1. ll . .I~. tWii , Mlll.l. t -ho, -, I- 1111 Mr c iillllill. ,lt( ! I 1 1. Ill Ml .III' Ml ill.-

]ii, \ lull- , x.iiiijiK -, .11 111 I- • .111 lull \ ill --iciii ll til mil II 11 11-1 -] 1,11 km;;

ll.l.til- 111 tlii-i |i,inliiL;i.i|ili- I'll .1 l.iUil -i.ili .III l;1\i1i Hi I IK- I 7 •'

I

.iml l,7-'J. Ill wlii'li I 1'.; I 7-1 I- -I -I'll \ i' ^\ "' 'I'' 1'""- 111 'ill niM 11'^

|i"-ltllill. .Ilnl -lliiWIIIk 'ill lUI'lllltll!;, "I lli' ili'lll'll -111" IIH'I' 'li.l!l\" 'I'.iii

II, I 1^, I 7 J", I 111 luliliiii- |i.iil- 111 ihi -1 I'l'U lull - .111 111,1.1. Ill .iliiiiiiiiiuiii.

,i!i,l . ,1' h iiii' I- ,itt,ii 111 ll ;.i Ihi iMiiliiuMlili liv IWii -1 I'.Mi'' I' .ll i'iil):;-.

tliu- |'iii\ iilii).; im -ni.ill \ il H ! uni- ,i in 1 ii i .
.;i|l,ii it i. - . .1 1. m I 1 i.^ l .7J-:

1- ,,ii 1 11, 1 \ 1. w ..1 'll 1 .'1 til.- . .Ii with till in .11 1
1,1 lit":; 1,1 I'll i,,' -• '1. ,im1

th. l.u .111. l.iwrir.l 111' iiiiiiintniL; .'1 lli. whul.' | ',1 nt .
1-1 ,i|'h "ii ti.'iiL;

, ,,!li|-, it'll ill,i|iii-- 1- -hi'Uli ,1- U'll .1- "thii ll. I,ill- "I lln .iplMMIil-

II,, |M '^l.ljih- .ill I.1I-. .1
l.\-

, 1.1 1,
I

111 - -I .1 ,l!l ,
.11 111 ,1' 1 '

- - 111 'III till I ,ili

t,, , nil, 1 ,ii I hi li'U liiiil- ,it tin 1 ml- 111 till ll" iiliii'IUi' 1 .111 i'iil\ 111 I'lil.ill.' ll

lliiiiiiL;h ili'iii-, ihi 111" 1111;;; 111 whi'h iili.,-i- tin .111 I'll --nil .m.l .|i.i|.-

tln l.,illtu;;i,i|ih- nut nl 1 .ilil.i. t with tin i'\i lln ,11 1 ' himIu' ti'l w hic h -Ui'l'lli -

,,,1,111111.111- lUinill- ,it IS"' \.'lt- I In -1 1." "IllnllM - ,11' ill l.-^lli li I"l

h, ,\ \ ll' i-hl wmk, .iliil 1 .111 h,iiil .1 I. ('"' l"li 1 1,1 111 ,il -'S mill - |.i ' inni; ,

W 1 \KII1 Ki H KN- \M' |:"SI'IN'. "K' \S I M'l\',

In ,ill th' ' iiN.-iln .nl
'

-\--l. Ill- ill -1 II bid lii tin pi. , . iliii- . h ijit.
1 mi

I
1' ' 111. Il,llll\V,H-- .mil 111 till- . iMpt. 1 nil 1 1. ' til' Mllw lV-, .1- W' 11 ,1- ill th.

I 111 1,1 I, 111 ", m.l "\. ill. Mil -\--ti in- ill- 111.. .1 in thi- . lt,i|'ti 1. th. 1 h • tin
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,

Mini ht'Cdinr iiMcli,mil,illy wi'.ik. One imtliod nf iiirrtini,' tlic dittinilty,

a(l(i|it(:(l l>\- til' Ivlri nil Sir\iii- Mlpi)iu-- < ", 1^ thi'
"

-liiit-()\ii " '• Ai
.

whuli f^iM- .1 joint -mil ,1- i- -linwii in lif;. I.7.;S, in wliuii tin- tfiiiiin.ii

ii.i- lurii lilt liini^'itiKliiially t<> >lu>\v tin- result .ittaiiit il. I'Ih -h r\i- of tli'

Iciinin.il i- -nn tn proji'ct ovi-r tlir iii]>]ni -ti.iriil- wlio-i iiul- li,i\i- lutn

(luitr wfUli'il into tlic iii.i>- i>f till' iiij)!)! r of tin- trnnm.il. Thi- li.i- lnvn

,11 rompli-liiil by foif^'iiiK and wi Idiii.t; brtwrili tlir ilii- -limvu in lii;-.

I.7;,i) ,inil 1.74<i, in wliirli l-'ii;. 1,7 ;i) -Imw- tiic rii|ii>rr -ti.mil i in-ntul

in till- tliimblr 1, .ind tlir fnrqitiL; dir- li ,ind n m po-itinn at tin iiruruinuiL;

ot tlir |Hi)ii->, wliii-t I'ii,'. 1,740 -iiow- tiir fiiKil n -nit with tlir ihi- iIumiI

down. rill- -ll.lpr ot

I ill- nppil dli ,111 nllllt-

li.l till'
' -l|ot-o\, I

"

-il 1 \ .
, .md tin in rr--

-ity lor Ii.ivuil; -olt

Clip]!! r i- a]ipannt.

Till' nrir— itv lol
t'l*; ' .-r'-— -1^1 ii'''i of '1 ^*' '1 "^'"i SltTvf. , , , .

CUrtlll ill -lL,'n lol

making |,'ooil rlntiir.il md nn I'li.inicil loninition In tun n tlir io)i)ii 1

ti riinn.d .iiid tlir -tni laii 1- \rry olniou-. It i- ]i(i--iiil. in wcid tin

ivvii i,il;i|1iii Ii\ .111 oi ii\ V ,11 1 1\ U 111 ]ii".i--i-. iiut j'Uiiiv iiii .iuiiiii a;

inrtiiod- ,lli' -ini|)lrr. .md will br i|r-rni)id tll-t a- tin y ,111 \i'iv wiili i\'

iMiipio\i'il. rill- bond- Ml 1,11 iliii-ti.itid. I'li,'-. i,7.;i to i,7;,S. .m
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I'll! ,li i\"i 11
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In til,-
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I

111 t\vr( II ilic ((ipinr of ;lic Ixiiul ami tlio >ttc 1 of the i.iil. .1 1 unt.n t whic li

^lioiiM ii t.iiii it'^ tllniiiK y for 111,my yc.ii--.

I 111'
' pm dviwn " imtiioil of \\\\\v^ the honil-- to the i.iiK 1^ iliii^li.iti il

ill Iil; I.7H' '"' ^^llitll tli«' aiitlioi i-> iiulihtrd to the i;ii i trii ^tiApr
Siii>]iiii'^ ( o. I 111 wri) K of the r.iil i-'dnllrii and a lioli of ihi' iiKJpir ^\i<

{)rovidi li, into wliirli tlif liollow cvJiiidii t< rniiiial 1 of tin- bond 1 an hr iii-i i trd

Both till iiiiu I ^111 fare (if the lioli' and tlir ontci >iiifa( rof ilic i oppt r trniiinal

slioiiid lir |)iifiril\ I Iran .md opri ialh fnr fioin L;ira~r and oil. '\\\v

Lijur imiii li I', whii li, at it> ^icati--t dianuti i i-. ,',, in. larger than tlir lioir

in till tiiniinal. i- I Inn diixtii ciiMn tliioiii^di that iioir, r\]iaiidini; tli'- 1 oppcr

ai^ain^t tin inm 1 ^nifair of tlic lioir in llir iron ami l)iinf,'iiii; the iron and
tin- I iippn into inliniati' loiitact. Tiir joli i^ l!ni--liiil a-~ >iio\Mi ,(i \. l)y

dri\ iiii; lionic tin' drift pin />, vvliic li is .'., in, lar!,Ti in diaimtir than tin- lioji'

lilt li\ tlir pa-^ai;r of the taprr (mni'll . sonic of till' cojipir i- dii\i n

forward ,iml fomi-; the

far side of tin' \m h iiri

wliiili ;^rii>s the iron s,,|iii-

what like a mil hrad

Tlif ad\antai;ts of tin-

lilitliod ate that no sptii;i|

tool-, onlv a hamnuf and a

tapi I piiiii h. .ui iiipiiiiil,

and till Work 1 an In- doiu

lapidlv and 1 fonoiiiiralh'.

riu- di--ad\antaL;r i- that

notwithstanding: tin |iriian-

lioiis takrii, tin j'lmt ni,i\

wotk loose III the course of tiiiii-, hccaiisc of iiii- -iMir \iliiatioiis -it

lip 1)V till tialln iMssini,' alont; the rails.

llii' r\irs-i\,. \ ilir.itjoii-, which ate set up at tin- joints of tin- ninnini^

rails h\ tl,,- tiallic. s,A,i,|y sti.iin aiiv form o| nn-chanical joint lu twi-i n tin-

lail and tin lioinl, whn h niics-;uilv has to In jilai cd at this ]ioint when-
Mliiaimn i- ,ti jt- worst. ScMial nntliods ol hra/iiii; or wi-ldin;,' the bond
to till lail li.i\ 1 till icfoir been dc\iscd. I'lit subjects ot i |c, tiic bia/iiiL; and
wcIiIipl; an- dealt with in a siibseipn-nt cliajiti r (( haiiti-r .\,W.,i. where wc
piopo-, to dial with ihiii applii ation to lail hondiiij;.

Ml thod- ot ,.,7,/;ci^' ate l-.ascd on tin- n-c of molten < oppi r and
suitable iiioulds. the molten coppei bciiii,' eithei (i - piocnred from a small
linnai e |. iimiiii; |i.iit of the nio\able plant and lia\ iim an ch-ctrii allv--dri\ en
blower, 01 .ii.) obtained ;;; sitn l)\- iiu-ltini,' some of the mppci of tin ter-

minal b\- an electric arc In both <ases tin- heai in tin nioltiii t oppei i-

''•''' :;' '' biiii:; the -tccl of the lail at til- !, nnir,,,! ilj. ;.. a \\ciihlii;

Icinpiiai nil ,

I 1,-- 1,744 1 ivi":: .1 - I'in .1 llonil lon.m.il.



r... .h /•. .' /.', .\/>^

riir oNV .livtvlnir UM- V t h.i- ,ll-' It, II 11., ,1 |,,1 til,- I'UtI"'- .
M- -i.-NMl

m I u. ;.7)S, «ln,li illu-ii .,i, - niit ,l.\i..,l t-'i tin pnip,,- In Hir

()!,,,, I',,,,-- 1 I !i' ,,|i< T.ii"! 1- li"l lin- \\\ In- 1, II li iii'l 1 i,',l ,'1 lii.i/iiu,

il:,x, ,11,1 In III, .111- >'l til, ,>\\ .1' , !\i- II, il.,iii.' 1- \\. Mm, III. Ii,iih! ;,r tlu

'mil. ,! ih, lail

Protected Bonds. Hi' i-: -li"^^" .v/.-r n- I i:: i-,.'.n, n-t

,i,„I, I ,,iiv kin,l ,,l ,-•>. I, I'll' .!• ti,, l\ , \i— , '1 '- 111,- « I'll'
I

.iii'l

III,, h nil, il mim-. .iii'i wli.il i- -,,'ii, ; iiu, - in"i' im|"'i i n^i i,, 'Im ,1, !'! ,l.i-

tii'ii- ,'f iii.ii.iii'l

, 1-. ( ,i|M" 1 .

.illlniimh 11, 't

ul till )il, I l>ill~

111, I ,!-, Ii.i- .1

,, I 1 1 1 1 1 1 I
-

I , III

\ .ilii, -iitii, 1, iitK

liiu'i I" iii.iki- it

\\,,Itll -v'.llll,- t,'

I '.It til,- IIH ',,ll "lit

,,t .1 1>,,I1,I -.1 « \

]„,-,,l. Il.lll,!,-^

|,>li-. Willi, 'lit .1

l,i,'iiiKiti\ , .1,1 !i-

tMIl t,, til, , , -t,

til l>, 111,1 1 .111 li,

, ,1 \ 1 I , ,1 U |) ,

-t \ ,1 .il .i,l\ .111

t ,1U, - .11 , 1 11, .

l-,,iiii!',it. K tl;,

ii-li j'l.it, - 11,-,
,
-

-.11 \ t,,i til. 111 111-

M , - - ,, I t li ,

111, , ll.llll, .il jiulit

,.,11 i., ntili-,,1 In! til,- pnii"'-. -, iii'l li'ii" l.,'!i.!-. il. ,1 t., I" |-!.i,,.l

llli.l, llH.lill ill, ll-ll I'l.lt.- ,11 Ih- •^\' 1> "1 111- 'il. \M,M\ K-,,i,

,,:i,l ,11. ,,|t, II 1, t, ii,-,l I,' .1- !'n-i- ' t"l I I- I ' 1"" '
^-'ii'!'!'

uill-iillii. t,. ,-\i„. 1111,1 til, piiii, i|>l, - iii\,,h- .1 .111.1 th, , .ipi'li, I'l.iii,

A -nii|,l, ,,iM witli til! 11, 'II t,'i til, li-ii-|.|,it, .iii'l witl; til. iM.ii,!- ,,ii

,|,i,. ,.iilv o( til,- u. !, 1- -li.,ui, .- |i; I.7I'' I \\., I>,,;i,l- .11, II-"',. til'

i. iiL-lli- li- inu -lill' I' 111 111 "1,1' I 111 it til, ii"l, - l.-i iiMiiu- lli,- l>"ii,i- iii.i\ l"-

-., |,1,„ ,,i a- ii"l t,' W, .ik, II til, U, I. -, Il,,ll-I\ III, l>,,-l!l,'!l ,'l til' li"l, -

|..r l",ltiii- nil tin- li-li I'l.it, - h - I" I- t.ik, 1! nil" .<" "lint ili'-' !'"-i!i"ii-

,,.. J,. ,„ ,, |., il,, I, .:..;. \ ., i. r.. .n.l A 111. I . I, I,- -., , tl,,ll ,.! , "Iil„ 1 r, |ll,ll

I.. Il,,, . ,,| tlu- tW.i -,l'.ll.lt. I„,li.l- .1.1.1,.! t"vlil'l «"iil'l !" Iiil'l' 1"

1 ,.; ,.:4^ -llxy.i.cl\i--... W.li.,!.. 1 U."l I

i i

V
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h I

\'i-

h1[

ii I.-4' — U-iL;,lf l;..in.;> I'rh-.lf.i l.y 11,11 li-l. |.|.i^

ttriiiin.il (littuiiliii>. It -IkhiKI I'l H'IkI Ikiw the kiiik^ in ilie loppt-r

^t.ip-- rii.ihlr till" tiiinin.il linlis t" \^r .iilv.mt.ii,"'m>h- pl.ii r.l.

It is fri'.pirlltlv (iill--iilrri'il wmlh tin- lluuliir ,111(1 ixprn^r to ll,iVf lui'li'

(l,il>oi,itciv sii,ipi'(l li^li-pliti'^, -lie li ,»> .\\f sliiiwii ill Fif,'. 1,747, i" "lii'li tln'

tuu 1)1 ill. 1~ liii ilouhlr hiimlilli; ,iir pi. u r.l niii- on ck li side oi tlic \w\). I lie

..
pnsitidll (it tlic hcillil on the f.ll

(
'<¥' WH xj,!,, i, nidi,, ltd] l>v (lottid lines.

Hi ilic 1 lids of its ti riiiin,iU

.ip|>( ,11 ,lt / /. Tin Well is pi( I, :-d

with <i,i;lil lii.li s all on tlir -,imr

hori/oiit.il lin. , fourof tli(-~r 1h im;

for tlir bond Ii iniin,ils and four

for till' jiolls t,,| lioldili:^ till li>li

)>',it»>, Thv lioiiiK --liowii air mill, 1', 111! Ill lioml- (v,, jiy, 1,7;,) . ,1^ ilnic

i-- iiioif rocni ,it tlic bottom than ,it ihr lop of tin- , ,i\ iiv.

Conductor Bonding*, ih'' ni.rhanii,il (ontlitions ,il ihr ji.inis not

bi iiii; -o liuoions in londui tor tail- .i> thrv ,uc in Miiinin- i,iil-. th. ,\oik of

liiiiiiliii^ i- irndrrrd -iinplrr. ih, 1, is no loii-i 1 ,in\ nr,rs-it\- to ' pio
lilt tlir boniU as in tlu' oiln 1

r,ls:', for ,1 hi:,;h-\ olt,i,L;r ' li\ r
"

condiii tor 1, I },•( ,dlv pio-

tri ti d floiii illtfllcrt'IU'r.

Till' bonds used for tin

third i,iil in the r,iili<st in

• lo-t d i,iil\\,iy«. Wire ipiite

simple, as will be e\i(lent from an in-prctioii of lit,'. 1.74."^, wliirh shows
the bonding of the in-nl.ited eondiuior r.iil in-t,dli d on thr I.i\eriiool

()\erhe,id K.iilw.iy, in l.Sqj, Double bonds are u^rd, b It. d. one on
'•''li "i'l' '" the fl,iii!j;es of the ehiiinel iion mil Ih. nionniiiiL; of
the i.iil uill be found illustr.ited in I'ic. i,()-}4.

'^1 m-diin thill! r.iil -y-lein-. wli,it ,ire known ,is "foot bonds"

, , . .\,
, ,

.lie fieipielilly used, till s,' 1), iiig

^j^ bonds wliii h are ])l,iiiil ,ieross

I the joint iiiiderneath the rail.

';? Space is .liw.iNs ,i\ .likihle, as

a joint i^ ni\fi t laced ,it an

lit: ..rjj-l: i,.lMi^ I i,:.-. K„ 1,^,., !iu,,!„.,.; insill,ltor.

'"' ^" '
.•such boil, Is h,i\i- ,ilreaily

;il>pearcd in s,,iiie of the pii\i,.u- ilI;istr,ilioiis, , .t;. 1 i^^. i.oi.i, ij,<,f

,inil l,i.»c), which should now be icfcricd to in this connection, ilie

joint shown in these |ii,'uie~ is ,111 exp.nision joint, which i~ iisul e\ erv
.;<"' hit, ,iliil lour-l'.ot boll. Is ,ue Usui t,, CUIV tile Ciniellt .ICloss thr
s-ip, .\l niti iniedi.ii. joints m thr oofoot ihiidi.ul ...ndiictors there

li,; M7-— l'..ii.l- l'...u. fl
1 Irl..,.:,,!-,

^^S^

W



!- ni' iii(i\i'^ioii for r.\]i,iiisitiii. ,tiul lli>' Imiiilin^; i-- a- -Iuami in 1 ii: l "|m

uhl'li L;i\r> ,1 -1(11.111 .illil -ill'' \ir\v, p.iitU' i1i.il;i.iiiiiii,iI1i . .iii\M; lii
[

,,a|r II. li- ,ll-.l IImI.' .11.' I. Mil 1h.11.1-, lull IW" I'l ill. Ill ,11. lllhl. I llh l!-ll-

i'lili-, li.itli ..11 ill.' -.nil.' -^lil.' .'I til.' I'. Ill-, .i:i.l tu.i ,11. ipi.l. I ll.. lliiu;.-

u; LJ

/:v>J
r —

I
II _

1 u. .,74,.— I'-ii'liiiu '» tliC \|,ilil..iu.u. l;.iil»,,y I.., .1 ..1 ... li^ ,,., 1 ., t .. i!m- 11.11' i;...i

..t ill.' I.H'l (if til.' rail, mil' .>ii . itli. r -i.l. . I.i -i in pi its' i ..ii-liii. li«>ii all tip

li.ili s, uli. til. I f.'i lii.lt- ..i h..iul-. all' uf tlu' -,i!n.' .li iinit.i
,
n,mi.l\ ^ ii,. Ii

< 111 till' liii'i' 111 1 lit ( H1I4 . Ic. ti ill. a til 111 I'l ill. 1,1 II 1.1.. 11 ,111.1 N..1 ill \\ I -!. Ill

K.iilway iiirti I'l lull tan -iihinhaii rlntiir -s-tiin. tln' j.i.-iti\ . . .'ii.lu. tm lail-

,irilii.n.lr.l a- -huuii 111 I'i^-. I.^.Sn t.> 1. 75.'. .\ii Li. nil' al iiu tli... 1 \\a- iisr. 1

,il ,ilii.ilt till'

-.ilili' tunc I'y

till' l.iinlini ,111(1

^i.iith Wi-trrn

Kailwav. i'li;

1,75.1 1- ,1 CI.'—- 1^, ! ^— , r'^. . ' •

-11 timi 111, II till

iiDiiil, ali.l ,L;i\'i'-

l:.,ii,lii,4 ( ll,r ( .1

til.' iMI-ltioll- ..I ,'"'", '-.'."'„"•„''

^(VC|
lor

till' . Inn. 1,-11. n-

i.f thr pliii,;-:

I'lu'. l.;.Si i- ,1

-I'l. \ ii'W t;i\ inn

r
th. i.hm-li'.l.'-;

.iii'l 1 IC I .~S- 1"-

.1 pLiii iiixiiii;

lui th. 1 iliinni

-I'.iLil il.t,iil- , It will 1>.' iMtii .'.I til, It til.' i.iil u.ii' I-
I
nil ll I 111' ("111 l.i'ii'l-,

\\\'< -li"H .iiul twu Inns,', ,ifi' 1.1 till- il.'\il.lr--tiip tvpr with -i.li'i .li.'i' ("H;. il

ill, 111-, wlu'li AW ("I' 111 intii iiiih- lioiTil in th. tl.iiii;.- ut th. f.'i.t "! th,

. "iiiin' t..i 1 ,iil liv hv'lr.iiilir ju.— in.- I In li..l<- .u. 1 in. h in 'li,iiii. I.i,

I
i.
»

I
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Mm I, .11 Uini IumkI,

iiiil (itli. I ill- uii-ii'ii- .in ,1- ^^iMii III ill' liLiuii-. I lir (I'ur lidul-^ 1m\ i- n

M'. II,, h,, I ,11' .1 III r
I -'I 111, ulm li I- 1. 1 1 III! I,-., til. Ill till I ,nii\.il,iit -n iidii

,,| III, Mil

\~ ,111 .i,|,lin,.ii.il ,\.iiii;,|. In; 1,7s; i- .1 \ i' \v d tin- l"iii,liiiL; nf .1

{,,|iit ,,ii 111, llil|,| I. Ill 11-,, I III til, I', llll~\l\.illl.l K.llKv.iv rilllliri 1111(1,1

111, ||ii,l-,,ii ki\,i I h,' , Mil, III- .11,' l.:i-. ,111,1 til'- r.iil 1- "'IT' -i»Mi>liiii;l\'

ih.Av. I, 1^1, Ih p, I .,i'l. ( ,,ii-,(|iii nth lli^' li'iH'l~, "f «lii'li ili'i--

,11, |,,iii .It , .i,:i luiiii, .11,- ,il-i liiMW. ill'' li'i il ,
i'i~^ ~,. limi lit iIk'

I ,i|i[)il 1)1 111^ Illull-

III. Ill \ \
-i], ill.

I hr 1 li , tiuiii'^ ,111

III tilt
" l'(>III|>lr— I il

In Iilill;il t \ pi',

Jllil .11, .ilt.nliril

In tlir liiUiT tl.llli;!'

nl till' I.lil. till-

hull -. ill wliiili air

piiiii hill willi .1

h\ilr.\tilir piuicli.

i'.i|i.ili|i III UP, iiil; .1 lliiii>t III iciii lull-. Till' Il rmiiial-- .irc c niiipif^-nl bv

.1 livili.iiiiii I ,im]ii'--'ii with .1 iii.ixiiinini ihiu-i nt ;t liin>. Tin- h'liiiU

,111,1 l.i.iU .11, 111.1,1, li\- th, r;i,rtl|r S'lAici Ml|i|illi - ( 11. rill- Iiliuh- .1I-"

^h'lu-- IW'i 111 ihr iii-ii!.ilui- -u|i]i<ii till-; llir i.iil.

/;.,/; /s.^K /•,,,/./ /',',•, ;/s, rill " fiinl liuiiiK jii-l ill -.liliril 111, i\ II ,1, hu-

ll, iilih-iil. .1- -linwii 111 Ml; 1.754. fill liiilii" I oiiiii , ticiiw wr " t.ip--

1,11 -HpiiKiii- iiiniil 111 till' 1 i.iuliK tnr I, 111, 111- tm iniiiUMtin^ up

pimp, I 1 .ili|, -. uli' II ill, , ,iii4ii, Im I. Ill i~ iiiti iMiiili il III- 1 h. 111^1 -. fnnii mir

-I, I, iif tin liiii t,,

th, nihil. ihr-i

liiiiiiU, will, h .11

'

111,111111.1 nil, ,1 l'\

th,- I'liiti-li lii-u

l.il,,l .111,1 II.UIi\

I, ill!,-, I. null, . I, ^' 1
-^' ! I' "- i-ii'i -iiM-..i,i. I ,...1,,, A,,.,.

h.ui ill, I'liiiHitiii -iiiiii-K \v,|i|i(l t" till' rniijiii III 1, 11 It liniiil, .mil

,11,. Milt ,1111 .I- ~lli,Wll llUIti- lr.ll!\- llil llMlli; to thr l.llI-. .Vlliithrl

r\,iiiipli . will II- .1 iliili'ii-iil fniiii 111 tiiiuiiial i> iiuploMil ,111(1 whin-

tlii. , , .ii,lii, l,'i I- l.uiiiii.iti (I, i~ vlicwii 111 l-ii;. 1.755. rill- p.ittiiii i>

.,ii.. 111,1,1, In th,' |-(ii,'~i City l-ilirliic >i i \ r -- Mippl\- in, .iml the

IlLJIlli- i~ --I It I \]il.ll!.llnl \

.

Testiriic Bonded Joints. Ih' 'niiiiu.-tiv ii\ nt tin- hnndi'il imnt luin^i.

th, iiiipnit.iiil i.i. ini. It 1- \,i\ 11, ( c-^.iiA- th.il tlii> ( niulii(,ti\ ily ^liniild

he Il_;nlnu~l\ l,-t,,l. Ipil nllK uh,|l tile linll.l 1- lll-l Ul-t ,1 lK-( I . lull



Ti ^/,.^. Bosi'H' /':\i KS\

.,1m. jM li...ll.Mll\ I" .1-., 11,1111 Wllrtll.r 111. .Ml^lllll ,.M„lll, tUllV l-l'.lU-

ni.iiiil.iiin 'I

III. ni.i^l coin. 111. lit w.iv >! Milium ill'' t' -nl' i- i'"' '" «\|'i'-- ''"'

i,-iM.iii. . ..t 111. |..iiit 111 nil. i..lim-, I'lil III I. Mil- <.l til. I. MM. 111.
.

..I .1

-i.in.l.ii.l I. iii^lli "I 111.

I, 111 .HI ulii. ll 11 I-

|.|,i. . .1 ,111^1 till- 1. .i.l~

1.1 111. 111... I- .'I I. -mm
III will. I: ill. I. -1-1. III. <

.it ill. j..iiit I- 1 I.in

|i.ii. .! .III. . il\ u nil ill.

1. -i-i,iii. . ..| ,1 1. iii^tli

1,1 ihr .11 lll.ll l.lll III 11^

\ 1. inii\ .
\ii\ .'t ill'

viiiipl.- III. 1 I1..1I- .1'

-1 111., .1 .1-. uh, i. Ml

till- 1 k li.i 1 ..iii|..ii

iim 1. -i-i.iii. . - m.i\ I"'

I nipliiS' '1. l.lll ii-u.ilK

.itliii ill. Will .it-t'iii.

liiiil-. III. ill... i "I ll" f.ill 'll [L.t. iili.il until. I.I 1- . .iii\' iii'iil. ami -|i'
.

i.il

liiiri.ilil. .i|.|i.ii.ini- l.lll lie cliviMil. 111!' f.ill i>l piit'iiiLil inithuil 1- tin'

^iiiijil.i. ,|.|.l i.,ii 1.1 ii-i-.l uh.ii till- i.iini'iil ill til' I". Ill- 1- -iilli. I'll! I"

-,viu, .1 t.ill ..I |...lrnti.il \.\vj,v .iii.ii-li ti. 1 ii-iir'_' tli.il tln' .iinMLitii- -lull

111- -iiltH ll iiilv -' ii-iti\ '\ W 111 u- llii- i- lint

till' 1 .1-1. .1 l..ltll IV IllU-i I"' U-i ll

i-llll ikl.ill- dt l.iitli nil tlmil- 111 "1 111. I

1.1 I' [.l-. It'll llrlr. I'lll .1 fi A\ WiH.l- .1- In llu

-|.'ii.il .ij. p. 11. llu- ili-iL;ii'.l i.'i ill.-. I.-I--

III, i\ Im 1.1 int. ii -I I hi' '"inii . Hull- ti.i ,1

l.lll lit pi.liiiti.il t' -I .11' MiV' II in III;. i,7S''-

\ null . 1.nihil Iiiil; . i.ni t I. .11 . \ < . .niii -

/ ihn r 1 i.nl.H I pii ' 1 -, ll... iMp- \ r. .nui n .

/ 1.1 iiil; 1 ijii.il. -.i\- ; li ; I
,

llu -.
. ..iil.n 1

/
piiit- .111 pi. 1, 111 ..II ihr Mil -.1 tll.lt ".111-

, yap, 11 (. , l.iitlL;r>. till- jiiiiit 111 lie ti-ti >l, .iii'l

-

"-J
till- iitlu-r an riiual IniL^th "t iinl.n.ki n i.nl

I,.: ,.7V. C„m-.ti..i.sf,„ . llnJ <'ll'' I'lnilll.ll nf tllr U.I K ,1 l."ln. t' I
, ',, 1-

'•"""^ ^'
.ilt.iih'il to Ii. .111'! th. nihil 111 .1 11. 111. Ill

.11111, /'. th.' .11. 1 ..l utiii ll 1 ,iii 111- nil.Mil i.\'i .1 .ill III. II tlirii-l.it

.\irili.ii\ I' -i-l.m. ' - K, .111'! K, ai' iiitroihn i il mi iillui -uh nt tin- l-.iI

\ .1111.null I, -11. h th.it K, I'hi- till uh'.l.' ot tin ihn.-I.it n-i>l.iin. Inni

,1,1, i-i,pi.il 1.1 i( . I h. i.i.inii I // 1- ti. ll' iiii.\ ' ll un'il ill' uih.in'i'

A-f
l:,

\
il

I

^1 J



I5S4 /'/./:( /K/r/rr /.v r/fK SgA-r/cf of .V.i.v

1

(-•)

iiH'ftT shows nn ilcllcctiim, ^ind slionld then indie.ilf nn ;i srnli' tli<'

ii'si-.t.iiii I nf ill,' |(iint ill hrms of tin- ii-,i^t.iiicc of so ni.mv fi 1 1 nf llir

r.iil. I'lii- two ttriiiiii.il> of till' K'd\ .iiiniiiiti I ^limild

1)1' .it tlic s.inic potrllli.il ,111(1 IIk t,Ml\ ,111(11111 til llriijli

.It /.Clll Wlllll

r \< u . L h . ,

K l(| (* //

iwliiTc U is the iisist.ilicc (if tin |illt;lli \ I! ( II ( ) (if

llic i.til ,111(1 r is tlif risi-,|,(iu ( of tin- juiiit. Inmi
«i|ii,iti(>ii (I) it (iiii bf shown tli,il

r J c h

1< K

,

C I)

which shows that r u svIm 11 i- h ,., tli,it i^, wIk 11

l> is on c. The zero rf.idiiif^ of tin- ihinsi.it s.-il,- is

tluiifiirc :it 1 , ;iiid if the ^ap hf .) fit t Imif; ,iiid K l>c

^
I'ltVi'ipcrVV"!.' 'iii'i"!i t;ik(n to ;, tin- scalo can he marked olf Ki\i"K 'I"'
''"""'

resist, line r lor diffcniit 110-itioiis ot h in tmiis oi ihr

rcsi>t.iiKC per foot of the rail for all si/is of mils.

It is L'ssciitial til, it tlK'ri' should he f^ood (mil.ii ts ;it a, h ,iiid i
, l>iit

ispicially at A and C. |).t,iiis of the ,irtii,il coiit.K ts on tin ((Mit,iit bar
used by the Kltctric

Service Supplies Co.

ire .shown in Fig.

1,737, and the ni.ik-

in^' of a tist in I'ig.

1,758. The .ictiial

contacts on the r.iil

arc in.id(! bv slimt

pieces of h.ick-s.iw

111,ides fastened bv

cl.ini|)s, .1 n d t li e

moiintiii},' is such that

uhell the h.llldle of

the b.ir (l-i.s,'. 1,7.581 is

rocked .It ri^ht angles

to the r.iil the blades

s,iw their w.iy throu.nh

.in\' diit or snj,' with

wliiili till siiit.ic,, of

the i,iil may be

iii.lted. ''t: 1.75S — rcMii.j: a K.iil Hoiul.

.\notliei method is to h.ive the contacts .\ and c adjust,ible on a sr.idiiated

li.ii. .iiid lo ,idju>t until the f.ills of poteiili.il .11 Toss the K.'ips A R and li (

« • J-'M- ^ - .
••«»--•



/\i!l ll'l!l'l\' uS;

II. .,|ii,il Still fiirthiT inoMili. .ith.ii-. .ir.' -•bvioii-, t- i- il-' il" 'i-' "I tli.'

tlii,.,-.,HMnt (MMi.i. t l>.ti (or .i\\iK,itM..iwl.u.lK.- t.M

1 1„ l...ii.lr,l |..inl> ^licml.l, .1- .iln ,ulv i-miirk. .1, !>. t. -t. .1 |" iio.li. illv .

., , inful noitil .tKMil.l !>.• k. pt ..f ihr i, - ilt> "I tli.' l.-t- ,n„l iin -ii..u^

.Irt.n.MatP.i. Ill ,.nv P'iiit ^li.xiM !..• nnmrai.iMv iiu
.
~tii;,.i. •! .mM ih.

1 ,111^1' rcnii'viil.

Rail Welding, ll"' --coml i"i.thn.l ^^ • p.i-c ii7Ji "t onMi.iiis ili--

,l,v'iic,il roi.iiiiMitv ^^ tlu- Pt.im lutli vui tho r.ul-^ o;n-wl, in ,,l.o|,sl„iii;

III, ,,,U-c ct 111.' .ll-nlltlinillV, 111.' m..lMIU. .ll l.MIlt 1.. US.Ml .MlW.rtlll\.

i.iil-. rill* 1- acconii.li^hr.l bvw.Muii; tc.«.tl|. r tlir l.illt.a .•ikW ot tin-

r.iil- iiiMt . 1 ..f UMi^ ti-li l)l.it'- "1 utlut m.xiMiii. .ll .1. M.., f..r k. . pum

til. iitN III till.' .ihiMinuMii If tlii> w.-Mmfi, wliu h muM hr .l<.n. „• -!tii

,1,1 !„• Mi.-.v>,fiillv.Mm.-.l .'Ui vitli..iit itl.-.tiiv,' til.' 111.', h.ini.il pi..|.. i ti.-.

,,! Ill, r.iil.tli. r.nl Imh .mi,'^ both lu.rli.ini.Mllv .mil .l.vtruMllv .
..iitiim..u^

.,,,,1 III. Mi.vli.uiir.il a,lv.mt,ii;.s shiMiM W iv los* pr.Mi.Mm,-..! th.in tli.

,.|,,,,,..,l. 111.- .lull, ulti.-, ..t k..|'iii;.; in «n,Ml ...ii.lili..n .ni onlnutv

i„, ,|i,nn,.il ),.nit, liow.v.i \x.ll ,l,Mi;n. .1 aii.l . ..nstrii. f.l, ..!, l;hmI.i ..n

.ir..l t.Minw.iv Iin. > tli.m .-n r.iilw.iys, sin.v tli,- strtvt r.iiK .n.- bun..!.

,1,1.1 It 1- 11..' p.— ilil-' t.. tii;lit.'ii lip till- f.l-t.Illll^;^ p,ii.,.li. .ilK .111.1 ti.

lui'iitlv ..- th.'V shak.- liM.v uiid.T tr.ilVir .
..n.liti.m.. .\ -.I'.ulit .L I" i

III ,ilit,'iim.iit .mil I.A.I i-.iii-^ the jomt to h. ^nl.).'.tril t.> h.imni, i LL.w,

!.v tli. pissint; < ar wli.-. K, .ui.l lli>- hum In. f r.ipi.llv in. i.mm-> \sIi. ii ..n. .

,,,,,l,.,l lU, ihmin.iti.'n -if tiu^.' li.iiiinirr-l.l.nvs ci>ii-.i.li-i.ilily in. i.i-.-

th.' lif.' .'I 111.' i.til>.

M..i.M)ViT, till' boriiiL; nf lu'l'.-^ in tlu' wt'b-> I'i thr rail- toi th' I'-'l'- "f ''i'

IhIi ()lit.- w.Mk.iw til.' r.iiK iil-t .it till- pl.l.T-. whi'ti- -p. .i.il Mi.n-lh.nin:;

1, n. .'.1. .1 On til.' .ii!i. I h.in.l H i- .liUi. nit. if ii.it iiiip..-ibl.'. t" wM ili'

butt.'.l iiiiUot iMilsli.^.'tlur without ovi'rhr.itiii); tlir r.iiUtoi .in .ippi.. i.ibL

.h-t.uuo on iM-.hsul.-..t 111.' ioiiit,.in.i tliii> neiitrali-.in,c, .ii^.im .H tin- mii' '1

i„,iiu-, till' 1 lici-ts of ih. lii'at-ti-iMtiiu'nt to which thi' inatm.Tl w.i- i iri'

liillv ~iibioclril iluruii; th.' in.inufa.tun- .'f ill.' i •'•

<\f.l IWIilnt!^. I'hc ..ut-t.in.lnit; adv,intakes oi Jic continuous rail \m m,

in tho iMrly ilay^ .if cU'ctric trainwav il.'vi'lopmput, conMilen .1 t.. be ^.•

ui.irk.'.l th.1t the scri.iu-- .littuiiltics of w>-Uliiit: the rail'^ to.jitlur in ili. n

final po-itioiis nil til.' i.M.l were f.iccil ami to •^onii- .> • Min.--tnllv

,,\,ivonu-bv a prur, - known a'-
' dist „ .'/./m;-

" 'I'ln-' '" '-'•'' "' l"'i'niii;

iii,.ll,'n ca^t iron int.. .in<l nmn.l the slot bt-tw.m tb.' two mi'-, the ii..n b. in-

,il ,1 •anip.-r.itui. w.ll .ibi.v,- it-- -oliilifvilif,' p>-int >o that In. it u.i. ,i\,iil.ibl.

f,M- uuipu'iit 111.11111- ..f III.' -urf.icr- to b.' w.'lile.l Ivfoi.' lb. in, I- - t

,

tliM- .n-.iniiL; ,i i;..o.l w. M Hn' inolt.n in. t.il li.i'l i.bvioii-l\ i.. 1 . b. 1.1 in

i!. !-.!.i-.'!' am! tb.i-ri'forc a iirnniM- ini.nlil wilh f.itr-. rwi^. '1.'
.

b.i.i ti. b,

built up r.niiiii til.' ).iiul ; inon-ov.r. t.> iii-uiv a f^ooil joint t'"- -'..I.'- ni.l

b.iM-^ .if till' rail cnils bad to be well rl.Miie.l with a sand bla>t. I'h. .iitti. ulu

' I,

jffm T^ ^j
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. Kicirr i\ I in ShSitci oi .]/ , \

will, h w.,, |.,i|i.i|„ the «nat.,i, III, II uf ..|)t,iiiiim; ,i ^upph m' .n..lt.n m.n
"II 111. ^|,.,|. s^,|, ..N, ,,,,iii.- bv ^Iiti. Iuil; ,1 ,111,111 ir.iv. Iliiiy , ,i|,..|,i with
111.' .Ill I.I. I, I Ml|.|i|l.,l l.v .111 .1.. 111. .lIK .hlM II f.ili W,. ,1,, ,„„ ^,H, f,„||„ ,

I't.iiU .,i 1II11-.I1.1I1..11, <.f III,. |,r.,<.>.. ,1, II h,,,, f,„ .ill ,,,,1,11,,, I |uii|..,„,,
li.iii sii|i, i,( (liil f,,i ni,iii\- MMi, li\ Hill. I piip. .,„,

Ill, mill MV/./w/- III, .iiiii,il ..|i.i,iii,,ii iif i|ii< |,|,i,,„ is th,' |)i,i

.111. iioii fn.m til,' , ,.|.| 111 ;o ,,i ,,, X,., ,,ii.i, ,,( .1 v\l,it, hui 111,,-,, ,,f iii,,ll. n
n.'ll ..I ~|. .1 l,V lllr.lll. III ,1 , h, nil. ,|| |r,|, III, 11 \v||„ li vvli, ,1 ,„„,. -l.iili.l, 1,

ll.;^ ..;-. i. K.I.; \V,.l,!ri,;, "li,..,i I In. mil Mrlh,,.!

M>iiii.|.t.,i .mt.inialically. A iiiixtnr.' ,.f puwdind alimiiiiiiiin aii.l f.iii,

n\i.l,- ,!,..-, 11. ,1 im,l,.if;o .iiu- cli.iiii;.' ,it onlin.in or ,v. n fiu!\ hi-li 1,111

|>.'i.-ilnM-,. hut wlirii Miiy p.iii of tiic in.,,, 1, |i,Mt,.| >iitti.unll\ ili. f. .|1.,uiiil'

ii'.icti.in t.iU,-i pLiif :

-'.M • I'. ,0, Al,();, . Jl-o

In other wor.ls, the oxvytn .s ii,insf,rr,-.l from llio f.Tii. <.\ii!.' t., ih, ,,lii

minium, whi.h Incniis .ilimiinu- o\i,io or aliimin.i, and tli,' Inui i, i<<liii,.|

to 111.- mtt.iliic St, It.'. Ml,' pid.-.'ss is tn.loihiTmii'. tli.i' is, wli,n ih,. r. .i.'tt..n

st.irl-^ in aiiv jurt ni the mass, . is librratcd win, h r.us.s ihr i,,,!

1" !.i!;ii.- ••! Ihr -nrnuindjiit; m.; ;- i.,,\,. liic r.'.uiion tfinpcratiir,',
.111,1 thf r.'.iction IS rontiiund am. ad, rapi.lly itii,.Ui:liont lli,' wli..l,'
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,„,,„ I,, f,|, I ,,i|, ,,f th. Jitli. illlH . "I ih- pi I II il il'!'! i!;..ii !- th It tin

,, iii|.. I iliii.' pi.'-lU' 'I il"iiit -'rV' • it t!i, i.!..i.,i |.i..;...itl.>ii- '! ill.

,i, ,l. II il 1.. t ik. n .- . \. . -u. iii.j -p. , 111 ,|. M^ - VI. Ii ,, (. . .jm.: Ill ~..1'.|

., l,i|, li,,ii ,1. I lnpl..\' 'I I' I' '111. . It !. ,| II t 111. h li..n I |. iiiniii .
Il

,,!,L'. I, 11-..!, Ill wlihii I..I1111II1 p.l.'Mi!' r.ii». 111.. ill. I'll.. ..t til.

I, II'. ..\|.i. Ill til' tllillllll llllM'll. 111. . ll. 'III. ll I l!"ll I- -'MllllI l"ll

, ,1111111 IK .^ ,lt 1 I'.U. I t. Illp. 1 ll 111' .I- ill. I. 1. I1..II 111 I llll\llll. ..| I..1I1'1III

|„ l.iM'l. ill.l |.. 'U.l. 1. .1 1 1 111) II I II Ml II . .Ill 1>. -I 11 I. I !.\ 111 'I !lll .1 \ 111 It. ll

I ||, ,.,,,,,- ,,| ill. |,|,„ . >, .1. |1. ll.U ll|i. .11 . ll. till lit. lit'..! I
|.i I lllill!" I

,.| ,11 1. ill .1. I III- ulii. ll uill I" ill M nil' I. 1 -I I li.'iii 1
•!' P|'li"ii "t "II' "I

ll,, I, . . Ill IIP 1I1...U .'I .
Ill VlIU I' "III

111, M, I ll ,11. 1 111. nil! I I ..ip, .1 ii;,.n. ..| N. w N ..ik iippl\ 111 ..'1
1 111 I !

Ill lull I',: ill. u\. . «. I'U '.11 ll. lU" liii. - "I i.iiU ll 111. nil' 1
1
111' 111' I'll'

,,|l ill, U\.. I"" !.. 1|. • I. .| A I' I 111. \M1 |. ,1^..11, II .11, ill \ ..pp. .-It.- II. I11..I 'l. I

.1, ,h..\MI 111 ill. lllllMt.ltl..ll I In i il, .1 '11. lil... i . i l,..\MI - Ml. |i It

\\, |.l, 1., , .111-. ,
,1- -il,.\Ml Ml

ll- I :-v> -111 'II !'" ' "' ^ ^—
III. l.il. -itiiil.ii I.' 111. Ill' 1 ll "I ^TjiflU
III. Mil, I- Hi-. I ll 'I ll till u.'il,

111^ li. i.| "I llic t.iil „ ip I" ! i.'

till' 111., li I 1- limit I'.iii' '. It 111

I
1- 1, -^.|. ill. ("Ill ll il\. "!

I ii. t\\" iiii.iil.U . .Ill ll. . II ii:

ill. 1, ., k:,|. .1111.1 I 111 IW" p. 11

1

ni..ill>|. .11, till 11 litt. '! |.i ih. I, I
M , 1,

r.iil-, .i~ .li"S\ 11 111 I'Il; I r'"'. ili'

l"iiit, |.. iiil; hit. .| \%itli ,.-1.. -I..- -11;;.- ... It. .1 Willi 111..I 1--.
.

Ill 1 til. fA..

!, ,1\. - liiinU , l.iiiip. .1 t,.L. til. r l.\ til. 1. .
I 111-; 111 11 -1. . I . 1 iiiip -li. .u 11 ,il I li.

,i,|, I ii, ..111. I
. ,i~ii;.: .! til' !L"'il.l - ..t 11..11 wli;. ll iiiii-i ..t .

..11 •
, i..

liii, .! unh 1. ll 1. I"i\ III it. !i,il ..f ,. .111. Kiipl iii.l ii;ii. il "t ill. -ih . . -. ..| t!i.

|.i... . -, ll. p. mU up. .11 ill. . li"i. 1 ..1 tli!> 111 It. 11,1 1. I"i
,
.1- lit. I'U . \pl i;ii. .|,

It ll 1- |.i -1,111.1 .1 llli^ll 1. ilip. I .1111. 111. 1 l.l\, "1 111. . I 1\ llll\. •! \Mtll . I. Ill

- ir.il. ii,i~ Im 1 11 iw. ll, ,iii.| ,1- I ,ill. 1 11 i!'\ .
,

.iliiiMiii. "! I \' ll"ii! iii.| - Ill.l 111

lii,- pi..p. .1 111.11 "I I I" I" 1
1.1- ' 111 I' . .inini.'ii.l. '1. 1 III- 111; M ill. I" 111- Ml'" -1. II' .|

I., ,1 iii.,iil,iiim , ..ii-i-i, 11, \ ,111.1 .1 lull. imp. mill. I'M. '1 \\!i. I.- 1 -p. . ;,ill\

h ii.l iii..ul,l I, I, .|iiii. .1 I h. 1 1. \ I -1.]. Ill ill. pi". .--• - 1 pi. lllill 11 11 \ ..1

pi, ll. .iiiim "Mil. iii..nl.| 111.1 i.iil ' 11.I-. .1- -li"\wi 111 I'l- I 71.1 ilii- |.i, ll. itin-

.il-.i -.i\!ti- ill. piiip"-. "I I'lkiiii; ill. I'll 1.1. .IV liiiiiii:, \|. ,iiiuliil' ill.

.pi'iM.' ( "iiiiiiiini; til. tli'imit iiiiMui. Ill-- I1..11 iii..ii;ii. .| ..ii ,1 \.iti. ij

1. 1.1 il,iiiip..l 1" til. Mil .1.. . I., ill. li.l .iti.l -.. .i.lin-i.'l 'li.it II . Ill l..

-u uiii; ml., ill. p. i~ili.iii "\ . 1 til. iii"iii.l -li. .\Mi 111 1 :.; I r''l W ii. ii . \
. 1 \

;;;:;;^ ; - r. ,..!% ;i,. tii. ::;;;; :;i:\;m. ; u:;:i. I
': ;!;•;;: li;- I

'!••; il- ! .iIk.m-

liir luiilt. U lli'li lllill-; --p. . ill. ,ilK ll. .i\i.i than lli. .iliiiullli .-ink l.. tli.

'

Jl

'll

i i

mmTil IT 1 M
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hi'tfoin of till' ( iiK ilili-. .111(1 ,ii ihc tii;lil innmrnt thr plui; is kiiock''(l mit
iif till- hole ,it till ,i|)i\ (if the idiic .iiid till! iiiollt'U iron pours into tlu' .tj.ili

of the llKHlM. rile wlidlc is lli( II left to cool, tile result hems;. wluMl til'

nidiild Is kucckcd .iw.iv, tli.it the laiU .irc fouiid welded loqetlier liv .1 low

(.llhon steel, f,.| it will he IKltKcd til, it tllele is (.irlxiM III the IIMteri.ll

llIlIP',' the Ill'Ulld slltll

(lent td eoiucrt the

iron into steel. When
the iiKniM is taken

awa\- the i;ate au'l

riser of the Weld ai(

_'. se( n ])r(iie( tiiii; al>(>\.

"4^^^B the rad, the iiis, rte.l

|)ieif Ivilli; between

•, i.. ;, them lirilllv Welded ill

.v^, ~, '^'^ Its |iroper place. I'he"
- excreseiices are ijrduud

off and the iijjpcr sui

face made true liy a specially dcbii^ned and eleetricallv (h'iven t^riiidinc;

machine. I'lie final a|)pearance of the weld as seen fnini (ine side is as

shdwii in iMt;. I.;!).'. I'he iireheatin.i,' process referred td. which is a

re(C!it dc\cldiiiiient, li.is made it pdssihle to Use a smaller (|uantity "f

th( unit mixture, and it will l)i> noticed tli.it the sii|)ertludus metal on
the NCItnal side (if the Weld IS not ex- __________
cessix'e.

immit^mt^^mammmmm^

The resiiit . Kiinu'd is that the joint

lias hoth mechanical streiitjth and
electric. il Cdiidiictivit \- fipi.il to an\' »,^-.sw> . -"•

other part of the rail, that the pid-

cess is siiiiplei than hoiidiiif;, .iiid that

the f.e df the r.iil at the jdint,
k,i;. ,.76. -ihe n,„-h=,i w.m

Iniaiise of the insert," does not difter from th(> face en eithei

^I'l''. In additldii it Is cl,limed that the electric. il joint c.imiot

d<teridr.tt( with time as hdndcd jdiiits may, and th.it mc( h.ini( all\

tlu jdint Is ,1 iidii shock " joint.

\ I. >\SIIMS .\N|) Mi; 1 111 Ills

rii( i;( iier.il s\steins in iise for electric tra( tidii on i.iilw.ivs h.uc hei n
feferred to from time td time m the forepiiiii; p.i^es, and tin more common
methods which h.ive Ik en ]ir,ieticallv worked out for the supply (,f eneri:v
Id th( mosiiiL; tr.iin h.nc been p.ii ik ul.ulv described. I'o enable tlie

re.id. r to t;ras]) the outlines of the modern solutions of the wliok jirobk ni

.1 furtlu I, though necessarily brief, reference is desirable to the chief leadint;



1

Ell .'/.•.' /> !'//• '.V

l„,l, l,,i\. -uivu-1 tlM- miinrP'U. vi,,. ti.-.il .Aj.riim. nt- -I lli.

-x -tini> ulii' li ii'i\
'
"

l-I llllllV \i .11^ "l 111"!'

1|„- Mil.j.rt, vi. wr.l IP'ii. tlu^ bioa,l -t.m.liM.inl, f,,ll- iMnn,.iK niln

linn m.iMi ili\ i^nm^ .

,

, , 11,, ,,an-nn"i-n .>f tli.- .n-i-v li-ni tli- -m, mIu:.; M.,li..r, |m

.H-tnl'MlinL; |"'int-. "I Mib M.ilioii-, (mu nm lulv I'li. <! il-nu

llif r,iii\\.i\ imitr.

,,, II,, t,„,,, ,11 win.h llir I'.'W'i 1- li.in^t.ii..l I.' til. ni-Miiu if

„„ . |l„ „„,|„.,1 ..f ntill--itHm wf ihr |M.u,, ..n iIm ti.iin

h, ,,11 Illl.r .iui^l..Il- II 1- 11 --I1V '" ."llM'l'l tllr I.l,ni\. IHIM-

,,,- ,i„ ^, ,,„,i , , . f,„in, ,,( .l.rtiH- pnu.i t..i tlh- p.Mrti. ,,1 pi- Mr,n-

,,1,1.1, 1,,,\. t.. !.. f.ur.l m ,,ll tl,.ii ...mpi.Ailv ..1 ...iMl.l .. -t. i„...iit.n

,,,!.. ,.\.r ,ili .Ih.in,. V. lul.ilitv t.. l.uak.lnwn, ,1. . !li. Iii-i .Iivwi.m, u

,,„K .4 .n,|...M,,n 11 l.-ii; lin.-.aii.l tor ^lul, i.,...l.in prhti.
.

i~ tniK

„„,n,i„..n^ m ll,.- ,,.l..i.t...n ..| nc l'..u.i t"i il" ti.,n-m.~M. •>, r. tl,.

.hMiilnitin- . .nil.-. l'>.r >li"it Im. - n.' >.)..,!. iir n .inM,,,-,. •„ ,, i,. . .
-n \ .

I.nt ,,. ti,.|u.nilv l,.,pi..n^ in -m. I, ,,i..M.ni^, ll,.' IniiH ImIu.,,, l..n- ,,n.l

,l„,il I, II.- .,,nn..l W ...vui, il.lv l.ii'l 'l"^Mi- I" ''' "'1'" 'liM-i"ii-. '1 '

,,,,.1 .111., til. . 1m'|. . li.iw. . n ill. IW" f.'lin- l> -till .1 ni.itt. I 'I -..in. \\ImI

.1,111- ..iiUri.\.r-\, ..t wlii.hwr >h,ill pr.'-ciiilv imli. .it. oniv tli. 1. .i.liiu:

t.MtUIt'-.

Alternate-current Transmission.—Hi. -nl'i" ' "' i'" iini-iin-i'ii "f

,l,.ctM.Tii.i^:y.iv<i Ioiil; .li-t.iii.-.s ll.,. liern ilr.il! nitli iii .! tail in ( li.ipt r

\I. .11,1-.- I K'l. t.i i.'l , , ,111.1 thr luciit- I'f tl,. \.,ri..ii-- ,i\ail,ilil, -^v^t.iii--

l,a\,lH'.nili-. ii--'l 111 S,..'tt,M\ vi. 'p.m. -!is^ m ij..; -I ili,it . Ii.ipt. i. Ili,-

I, ,^,111-, why tin.-, pli.i-' hi^li v.'li.i^. . "f . \li.i lni^li v.'ll.i^.
,
-vM. in- n.

,i„.l .,11 I.iUl; r.iilu.iv lm>- .u. tint.' -. t f"itli. .n'-'l ii'"l ""t 1" i.p..it..l

1,,,, w 11... 1 "iilv I.....1.1 til.' f.i. I th.il -11, h -\-t.ins .11. .i.l..pt..l 111

111,,-t c.i-.- wi,, re 111, 1,'iiglli I'f tiie lii,r niiki- it . , Dimmical t.i n:|,ip..-r

.1 -nil -Mtioii l„.|\v, . 11 til,' i^.'n. rating -t.iti..ii aii.l tli.' </;v/» ;/'/(///;;:
,
"i //'. .'. '.

wlictli.'r ov.iIk.i.I .'1 I'll t!,,' -mta... fr.uii win. li tli,' ru<i\ini^ ti.iiii pn U-

iip II- -uppK' I : p..wrr.

Tlie Distribution System. Winn w. tmn f i tin iMi,-iiii-i..n

t,, tin- ili-lrililitH.n -\-t,in, .ind ,1, .il witli tin' f..iin m win. li lln .L'tiii'

l„iw.r 1= -uppll.,-.! t,) thn (n(.rii..\il ..r tin' -nrf.n.' ..hi.Iu, t..r, w<' tin.l -tiiuii;

ilucrLjciKir- "f i)]>inion ainoiif.;-! I'r.nth.il i-iii^iii.''r- .i- t,' tli,' |n-t -\-t.in.

Hi,, lii.ii... ll.'- iMiiiKirllv liitw. . 11 . .( , .in.l \ ''. p.iw.r, .in.l ..- P'i^.uii-

thf l.itt.t IhIw.iU -ini;!,' ph.i- .iii.l tin., pli.i-.' -\-t. in-.

/;;//)(, )!, 1 .'////, .l/('/"^^. lim nit una t-- , InUi','. Imw, \< i .
.l", - m .1 itrp. ml

. ntti.K- <ir i\«n in.inilv n)>iMi t!i.' -imp!, pr.,1.1. in- iif ili-lnlnitii'ii wliuli

h.iv. ll,', II iI.mIi with ill tin- l.i-t -I . ti.'ii (p.n;, - Ijo ; ,/ s,,/ "f ( liaptil \l
,

Init 1- l.ugilv mllniiK.-.l l.\ tin iii,tln>,l .'t ntili-aticn ni tin' jicwr ^Inn
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ti;iii^f( Tifcl In llii' train. Mmiiv cii^intiT^ holil \( r\ -^tiniiplv tlii' opinion

that tlir nuiii^ (if tlir ^1 lii"^ ( .1 . iiidlnr for traction purpoM ^ >o far i\(tiii

tlii>^r of an\- of il^ \ c
. ( oin]>i I iloi-, that tlir\- oiit\vtif,'h all other coii'-idira-

tion--. and practi(aiK- iir( idr that ihr di--trihiititit; ciMKhutor from which
the ])o\Mr i^ puked lip ^liall lie -npplied with I .( . ])ow( r. jhe \(iltai;e,

liowe\-er, uliieh call he dealt \Mth li\' Mu h a motor i-- low in I omp.insoii

with that wliii h can he (|niti' -.afel\- n-^ed on -Mune .\.c. moloi>. It i> not

M) loiif,' '-ince (100 \ii|t^ wa-. not only the --tandard \(ilt.if;e Imt was iei.;arded

a-^ ]ire-entinL; ahiMil ihe hiL;he^l xdltai^eat which a satisfactor\- ( j . traction

motor I oiild he de>iL;n( d The coniimit.itor \\,is the chief ditficiiltv, a--

" lla-~liin;4 o\ei " ,ind other troubles \\i re experienced, hut with the <levelop-

mciit of iinpro\<d de^ii;n^. notahh- in the ii>e of interpole^, iIk^c' troiihle-,

lia\c diinini^hid In 11)07 the hue \d|tai,'e \\a> douhled |i\' ]ila(ini; two
such inotor-^ peiniaiii ntl\- in ^erie-, hut even then each motor had to he

ahle to take i ,joo \ olts for .1 short period in certain jiractical conliniiencii"-.

Now, how<\ii, single inotdi-, takiii;,' 1,500 xoli^ across the iirmiiial- are

in operation, .nicl with two of the>e in -.eiie^ it v- (lo^-^ihle to rai^e the c,(
.

line \(ilt,ii;e to ;,oo() or hiLjhei.

1)11 th<- oth( r h.iiid, the f,iciht\' with which \.( , \<ilta^e ( ,ui he lowiied

li\' -'talic n.mstiirnier-' en.dilis th<' line \olt,ii;e m .\.c. -^ystem- to he in-

depeiidi lit of aii\' \olt,i^r limit. liioii^ whi(h mi,i;lit he impo-.ed hy tin-

|)articiil.ir t\pe ol motor ii^ed ; .iiid inoieo\cr tlnre are ^ood scrviceahle

tV|)es of ,\.( nioior-- which c.iii iililise miK h lii,i,;lier \dltaf,'es than the

hif^he^t \et considered s.ifr f(ir 1 .1 . workiiit,'. Thiis an overhead contact

wire \ol|,iu;e of (),ooo i-, (piite co'iinioll, ,llld higher \'olta,i;e> lip to 15,000
ll.lNe heell succe— f ulj v Worked.

On the other hand, the ]>iilsatini; ( haracter of the tor()tn\ esi)ccially at

low fre(|iiencie-. and with >inu;le-]ihase motor-, is a soiirci' of troiihle in \.c.

workiiii,'. It Is prohah]\' the ( anse of the track adhesion <\t <lArtin'^ ho.i:;;

worse than for a i ,< . motor. Thus a sinyle-phasc tnotor has been found
to slip with 55 or do per cent of the nie.iii draw-bar pull at which a cc.
motor of the s.nne rating slips.

Continuous-current Working-, The net nsult is that for tiamwav
woikmi; and for sli,„i r.nlw.ivs, ,ind |i,is~,-,iy,.r aii<l li^ht traffic, the ( .1 .

system with s.n, , motdis is ,dmos| siiiireine, the most pie\,dilit v 'Ita.ye

at the piisent lime heiiiq 111 the 111 iyhhonrhood of doo \(i|ts.

It Is intei-,;.siin;,' to note, how. \i r, lli,ii hiL;her-\ i.ltaj^i 1 cintimioiisaurreiit

workiiii: Is m.ikiiiL; la ,idwav, thont^h d<\ tlopments ha\e m this country
and in l',m()i)e bei 11 inteifi'reil with hv the threat war. On the otiiei side
of the .\tl,inli.

, how. Acr, . xcell, nl iiro,;,;iess has heeii made. In No\.iiibei,
l<)lo, ,1 hs| w.is-iv, n in the f,. ;;, ),,/ l.Udvu A'cc/cc, published in S( li. lie, l.ulv,

of (7 Iniis, III v.in.iiis p.uls ,,! the fnited States, in wiiit h the line \olta!,;e

varie.l fmni i,_'oo to ;, 000 volts. l.,ir ii,.- Inchest \oli,i,L;es two i,5oo-\iilt

nffinRS ^w
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iiiotor-, (.11 tilt' Ii>(<inii'tivi> .ire cnmui icil jicrm.iiu nilv in -iin - Hk- i"t.il

ti.i. k niilciL,'!of tlii'M' lim-w.i'' tlnii over ;,..',<'"' niilo, th. Nui-i-t ImiiL; tli''

f*
(111. Mi;... Milw.iilkr.' ,111(1 St. I'.iul With a h iiytli of

i (" ""l" ' '~ """

(-tinj; to note tliMt Ml iif.irlv cvorv c.i-c tlic tr.iti-nu-.-ioii -\-t.ni :> ilii" -

]>li.i-i'. iiio-tiv at tio fv. witli viilt.ip- up to ,mil i\..(iiiiiu ioo.o.m. volt^

per pli.i-c. .Ml the Imc^ li.id ovitIkmiI coikIiw toi-. wln.h in j; ..i-- n-d

(iii(( t -u-iicn-ioii. ,11 1 in J.; ci-r-' lati-n.irv -u--p( n-ion. tin k iiMinini; line

u-iny l.oth iiiftlKHN ,it (lilt. rent sc( iioii>. Witli tin ..ilcn.iiv -u-].. n-ioii

I ; u-(.l -lidjiii; or l)ow ((.ll((tor>. .mil the n 111,11111111; to tioll. \ wli.il-.

lliii- -hownii; the inlliuiicc of -t.ind.iidi-cd pi.icticc with low. 1
s-ll.i;;. -.

M.iti~ti(> of -o l.itc ,1 d,itc ,ii<' n.it. for ol>\ion- ic.i^on- ..l.t iM. t..r

luiiopciii -v-ldii-, I'Ut in l<)l.; /.<* I.iiiinirr /•.7.v/»;./;(. puMi-ii..! .1 li-i of

17 Iii,l;Ii v..lt.i,i.;c ..>ni' !U-. ciiricnt clictiii i.ul\v,i\- in liiiop. lli.-

two cull. --I of tli.'^c <l.itc back to l()o(., one of tlicni ii-iiil; ,\ Iiik (iiri.nt

of 1. 000 \-oll-. ,111(1 the otliiT a line iiiinnt .it J.ooo \(ilt-. tin-.- Im iiil; iIic

limit- of the \iilt,ii;c> of .ill the -ubM.piint r.iilw.ix-, Itic li.i.l 1. imlli

i- not ^'ivcli in (\riv rase, but .\\ of tin' lino li.id .in .i.i;i.'i. ual. i. ii;;ili

.if onK (iji) iiiiK-. tin- lonf,;i>l b.'ini; .1 little ovu ;(. iniK-.

The link- in ,1 iiiodtiu (ontiniioii>iUMfnt sv-t.'iii of (L.tii. ti :. tioii

on i.iilw,i\< iii,i\ b. . iiiuciii.ntlv -uuini.iii-i .1 .1- f.ill.iw- ;

II.! ilic piili.!--!' ior -in.i^K'-plia-.l ,\.. . mn.T.it.n- .iiid -wu.liiiii;

.iir.ini;. int'iits 111 tin- K''"<'''i''iif^ --t.itioii Im. ( h.ipi'i II m.l

(|ia]itfr III.. Sccti..!) v.).

(ii.) 111.- .;-pli.i-f (Of -int;lc-pli:i'"'' ^-ti]' np ti.ui'^fotni. !- toi i.n-

in^ tlic f,;cnci.it.>r voltai;.' to th.' 1i.in--iiii->ioii \,ilu. f...'

t'liipt.r VII. I

i!ii ' .\ Jiilia-c inr -in,L;!(-pli.i-ci !ii^;li-\iilt,i,i;c ti,in--nii--ion In,. {^..'

( li.ilit.r XI I.

(i\-.i Siib'-t.itioiw ( ..nt.imini; ;

(.() riinc jilia-c i.'i -inf;lt plni-iil stt p-dowii tniiii-fnnncts.

I'l' Rot. II \ or iiiotoi ( iiii\ ( Iter- (M. ( li,i].tir \'lll 1.

I\.! All o\(ili(,id 01 .1 tlunl i.iil in-nl,iti.l di-tnbntini; (oiidii. lot

f.ii I on\. Aini; the <iitTj;v from the --lib -t.itioii I'l lli.- ni.i\ int;

II, nil (m.- N'.tioiis III. and 1\ , of tlii-- . Ii.ipt. i v

'\ii .\u ill. trie lo( iiinotuc or .1 motorco.k li uilli 11- pi. kiiiL; up

j f;i'.ir, coiitrollini; ,ii))iai.ilii- (m. ( li,ipt( i .WII i, ,111. 1 .L.tiic

i motors (v,-.' (Ii.iplcr IW. Si(ti<.n \i . .md < li.ipt. 1 .W'l V

i (\ii.i .\ fonilli r.iil or tin- li.i.k i.tnin .11.1111 h. .i\il\ bond..!
'

I'-n' >.'. tioii \ , itiilr) \Mtli. Ill -oin. . .1-1 -, IK i;.ili\ I f( ( d( 1 - .11 id

liti;,itiVf boo-ti 1-.

.\lti'ni,iti\( K to (i\- )
ill

. (\ I .iiid (\i •iii-t f^iiil), .\ 111. d.i.itiK liii;li

.\ f. \iilta,L;f m.i\- be ((iiiM\(d ovtilic.id to il((lii( 1. k ( iinol i\ . - ..iiixiii^;

III. 1. uiy-.iK til tilicis dot ribid latir [sic pagrs 1711) 10 I7,;'i)

t n
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Alternate-CiTent Workingf.— Witli ac. woikinp; llurc is a Rrpattr

v.iricty rif (liiiico tiian iii c.c. wijrking, l)()th in the luiinhtT of pti.iscs which

cm hi' cnipliiviil and in thi' typ'S of -.uitahlc motors avail. ihlc. l-Vom thi;

first, railwavs liavf hrcn oiiuippt'd with citln'r smf^k'-])lia>r or llirin'-pliasi:

sv-.tciiis, wliilst more recently Nplit-phasc working has h.en advoc.itecl.

Chuicr (an also lie cxircistd as to ih(> ptriixhcity adopti il, wlucii in actual

systdns \arits as a rule hetwccn 25 and t)0 cycles per second. An inili.U

dis,i(ivantaj,'e of three-phase as cuinpared with siiif;le-phase working is the

necessity of in>ul.itinf,' two of the three-phases, and therefoic of ha\ in(.; two

o\crhe,id msitlaled londiictors side hy side with < oriespoiulMif,' complii .1

lion-. ,il turn oMts ,md cross-overs, and in the de\i< is for pii kiiij; ii]i the

1
lower and le.idinj; it into the locomotive or car. I'.ntlv on this account

three phase systems have not found favour in this counti\- nor on flie

American eontiiieni
,
notwitlist.inding the .idoptioii of three-pii.ise currents

for the tr.iiiMiiission liue>. It is chietlv on the Continent of iMirope that

pr.iciir.il oistallations of three-ph.ise working are to be found.

The Imks in each of the liMding .\.( . systems m,i\' he summ.irisid ,is

tnllows:

(A l'li)ii-f>luisc system.

(i), (11.) and (iii.) ,is set foiih 011 o.i^r i^i)! Im ihr i oniumnus
current s\stem.

(iv.) Suh-st.Uioiis coutainiiig three jihase (m ^;ionps of thiii-

siiigle-ph.isei step-down t raiisfiMiiH rs

(\.i Two overhead distrihiiting wires iiisul.ited from tin i.iith

and from one another (sic paf^is i^^.^^ lo I35'^, .md 1 i^s.

i,<i^4 I,*i45 and i,7o(), ./;//c).

(vi.i An electric locomoti\e or a motor-coach willi its piikin:;

up gear, contruUing apparatus [sec Chapter X\ 11), and

j-jihase electric motors (.sec page 1(114, itifrd).

(\iil. .\ track return properly bonded (sec Section \., diil,',, ,md.

where necessary, with sectional inductive devices to

diminish the voltage drop.

(ni. Slii!;L-phiisc systtw.

(1.), (li.) and (iii.) as set forth on page i^cji for the continuoiis-

<urrent system, or

(ii.') Single-phase step-up transformers for raising the generator

voltage to tlie transmission value.

(ill.) A two-will' single-phase high-volt.ige tr.iiismissioii line.

(IV.) Si b-stations containing either

(1/) rill ]ihase ste|)-dowii t iiinsformers ,ind tlm e-phaM'

to single-phase phase changers (mc p.ige 'J4S1 or

(i(') SiiiL'le-phase step-down tr.iiisforniers

(\'.j A single overhead distributing conductor

I
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(\i 1 An ilectnc Imomdlixf t.r a in )tiii-coai h with its piikiiii;

lip t;iar. i (Uitiolliiis .ipp.ir.ii'K (mi- ("liaiitn W'll ). .iiid

^iiiL;lr |>li.i-f flrcltir luiilors (>:(.• 'liaptii W I i

'\ii.l A- -it fuitli III \ i\ii.| .il»)Vc.

I'lulcr lioth (\! anil (HI tin- viiltaf,'c nii tlic nvi-ln id Kiii.lurti'i ni.i\-

In i.ii-((l iiiiuli liiL;liti' lliaii 111 I .< . wmkin^, ami li I'c liif;li ti'i tin

iii'ii.ii-, a -tc|>-iln\vn trati-ifoniiiT on tlu' IcHiiniutivr dur^, nut (i(cii]i\' luui li

-pair, antl i-, r,i-ilv inanipuiaticl. Mori'ovrr, -\u\\ a tiaii-fnrnu i -niiit-

tiim- 1- an I'vxiitiil part "f tln' coiitrnlliii^' appaiatu- drStiilMil latii (si,-

(haptcr W'll).

Til'- it)ntr(i\i'i>\- as lu whii li i- tin' bi'^t ^y-'cin a> a piactical piii|H)->itiiiii

lias niainly iaiii;iil u\ir the cuiiipaialivi' nitiit?. and d( iiunts nf cuntinunis-

< uiiriit woikin^,' and fif >inf,'K-plias<' .\x. wurkiiij;. llic final to-t in rath

r,i-i' i>, ot (luii^i-. till tutal cost per unit of roniunirativf trallir. taking

ai.i>unt of all tlir itiin-, im liidiiii,' intenst on capital finployi'd, iiinimii;

iliaiijrs, niaiiili iiaiu I and <li'prfciati()n, administration thari^i^, < tc ,
lir

,

toi^rtlu'i with i.lialiilit\' of MTvicc, which inrludts ease of iiiaiupulatinii

and conscnitiit handling of the trall'ic. MasM'> of conipaiativc -talistii s

ill lU'd from ai tual --vstcms ha\c hecn piililiilud hy tln' .iil\ocati> mi

lai h -nil, and thiMr k>soii:> fiifoiccd by nnnurou- di.igram~. and

iiiiAo. With tlirsf wo do not proposi,' to tr\' the patuncc of iisr

iiadir-, but sini[il\' iicoid our opinion that for gciir.d jmiposcs the

liiL;li-volt.ii;c I.e. >y-t<ni a|){)cars to conic out bi:st in the i oiitiovcr-y.

Hoth -iilis. howrvir, arc agreed that the " steam locomotuc, " to

.luotc oin Well known authority, •has nached its limitation-, and

ha- berii found unsuitable and inade(juatc in tunnels or in ttriniiial

si r\ ii c."

Actual Railways liie various lUtails of the difi.unt -y-tun-

ii fiiiiil to 111 till- -CI tioii ,iic fiillv dc-iiibcd and illn-itrati il m othri |mii-

ol till- bonk, to which icfcrciiics are given, and thiicfoic oiil\ -oiiii l:iii(i.iI

ill'. Ill- of one 111 two txjiical systems of c.u h kind luid dit.iin .i- hcii

riic I \aiiiplc- clio-cn have their < liai.n ti ii-tu di l.iil- will illii~i i.iti d

I l-cwherc.

Ciiiiliinioiis t iiriiiil /vi/;/.ti/vs'. -I'.ailv elertnc i.iilu.n- opci.itcd b\

1 oiitimioll- illirellt- h,l\e .ihc.idv been dc-illbed 111 a -pci i.il -n lion !^,i'

pa^c, 1514 to 15JJ, lOi/i I. in which particulars arc gi\cn of ili. tat\ and

>oiltli London, the Liverpool Ovcihcad, and the Manhattan lllesatid

Uailw.iv.-. Mit1i( ieiit reference has also been made 011 pages l^:\ to i^^^

lu the nioic iiiodciii Tube R.iiKvaxs whidi foiiu -o striking a fe.itiiie 111 tin

l.ii ilities for iiitr.i urban tr,i\elliiig 111 London, cspcciallv mi tin- iioilli -id

'•I the I llallles.

!•!!•«!•;.; on th--e ,i not.ilile deXeiopne lit \V,t- illr <-!eCtliil- ,lt:i-ii ef

the Li\ii|iool and Soiithpoit section of the L.iiir.i-lurc .iinl ^ kslme

n<i
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I^iilsv.iv. and tluii c ,imo ili,. clti tnfir.itiim of ottur siihurltan lines in

ililliicnt |i,irt^ uf the c itrv It svould |)r<)l>,ililv \w lonsidiTid liiit wtan-
-Dini- ii|>(iiii(in \M rr \sv in .li-<til)c lnic ilic niaiii fi-atiiri'^ of cacli of tlii'M-,

tor till tviMcal ohiiitial detail- an- nf.ind to in other section- of the hook
A- a fanlv ii((iit cAanijile \m (oiilnie oni-(i\e- to the rhief ('etaiU o|

the el. inUtatioii of tiie M.inilu-ttr and Univ -ei tion of the i.anea-luie

•.,.,#»_ .,,,,1 ^oik-hiii'

..-., .„-,.^, « rUv Kailwav.

• „,„ \^T L e—entiallv a -ul)-

li^. ..761—c>— ~ 'Uo„ „f ivni,..„.',>i w.,y, l.,i...,siiirc .,11.!
niliaii Section, anil

^"'-'"" ""'"•>" isshurt.Tlhan the

Iiv'ei( I and Sontlipoit s( ( tion of tlie same iail\va\- conipanw It i (iniiei ts

the iity of Maiuhester with the town of Hiiiy, the total length of sinijli'

tiaik ilectiitird iieiiif,' jj inihs. The chief tecl'.nical developni.nl i- tli.'

laisiuj^ of the c.(
. \oita,He floin (KH> Volts to I,J)0 Milts, the distriliutllli;

condnctoi i.ein;,; ,i timd i.ul witli Ixnuled ti.iik i.uls au,i,'ni.nt.'d hv a n tiiMi

or fourth rail, ile. Inc. illy idiinected to the track r.iils for the return t ii.ml,
hilt not ar-

r .1 n i; . d 1 .1

niaki- (oiin.i-

tion with an\

riibliiiij^ coii-

tai t on the

tr.iiii. ll!!s

fouitli rail -

of si i i; h t 1 »

l,irj,'er ( ross

section than

. o insulated

third rail, and

weighs ,S.S-5 II).

l)er yard as

aj;ainsi .^3 lb.

pir yard, the

rrtStrucf^,,

I i^. 1,764. -Cr"'.>-«-ili. f IVriii.,iietll Woy in rtl.iliiiii t.j ihe Sli.iourc .mil l..i.;ii

<*i.tii>;i. i.aiRii.sIiirt .iiul Vork^hiti- k,iilua\.

weight of the insulated r.iil : the sli.iiies of tli.' cross-section- ,ire iiuito

dillci.iit, Det.iils of the two condiictois and the two ti,ick r.iils are given in

I'ig. 1.7(1,;, which also shows their relative positions. The mounting ol the

insulated r.iil is d. s< rihed elsewlure (.see page I5.5()i , the fourth r.iil simply
tests oil vsooileii p.ul- secured to the sleepers by iron dogs, and is anchored
.It int( rv.ils of 100 yards. The llcxible bunds connecting it electrically to

tin- tnu k rails .u.- cle.ulv shown in the tignre. .\ diagrammatic plan of the

perm. nt w,i\- \\\ relation to the structure .in.l load gang.-, i- given in



\'mi ijfi), ill III'- l"\vtr ii.iit ul wliiih ili>' hl.itiv.' |>.>~iti(>u, ut tli. ii,i. k

anil iciiainli'l Mil- ."' <l(.iiK -li"\Mi. Ill' ni-nl.il..| llui.l i.iil l"i I'-'tli

ti„. ii|,
•

au'l til'
" il'iun U.i. K- i- pl.u . .1 in lli.- m\ ln,.t, ii~ ,.MH-ini"-t

littint: bcin^ l> I'K li'- li"iii til'' II' •"' -I ti-K k i.i:l. ili'i 1' i^Mi^
;

I' 'I
'

I' " "I

,1„. -|\ t.l,,| I.. I Mill. I |.|11|".-,, lilr .ll'l'. IMIl. r ..| 111.- II I. k 1.. IU..n

-t.iti'.ii- I- -h.'uii Ml Im 1 7''S II' 1' 111' l"'-iii..ii ..t III. ui-.ul,ib .1 lliu.l Mil

i~ iI'.iiK -..11. ^Mili -"Ml' iiil.i.-tiiiL; .i.l.lili.'iul '1' l.iiU . ..ii~. .pi. lit up.'ii

til,- i.li..t..L:M|ili li.iMii-; I'l'ii t.ik'ii II' .11 --..\. I ti.'in 111. i:^lii 1" lli'-

I. 11 li.in.l ti.i.k. ill.' 1' It liiii'l 'ii'l "! till- ..i\.i I.. II- -li.'uii III tin-

f.inL:rinn,.l. ih<' n..-- ..\ . i it will h. ..1.^. i \
. 1, 'i i- n. .

.
— M-ii. .1 tli. :iit.i-

in|.li...i 111 till mil

lit tlir in- ill.itr.l "11

iliii till- 111 till -i\-

f.int. .mil till' l.ainu

iliiwu in-lr,iil <if
3ii

-hull lrnL;tll> ullt-Iilr

till- oiiui" iiiN "II

I,nil -ulr. tllill'

ln'iiii^, "t iiiuiM.', a

trrt.un aniiiiiiit "f

o\<ll,il) "f till I "111-

sliDiiiliiii; runilui.l"!--

"11 iltlirl -.I'll- "(

r.u li ^!1i,l;Io U.iik.

Tliii 1- rli'.irly -hiiwn

111 lilt' rii;un', whirh

,il-.i -liiiw- till' Iniiil-

iiii.; inw.inl^ of lln

i:i>iikitt(l ii'iiihutiir

,it till' intriiiipti'iii > '''• '"' '-^

" "
'

t" I 11-111. ill. It llir -iilr-iiiniiiiii; Imi-li mi tin' trnn -li.ill pn k up tli'- . "ii

iliu t"i wiili.iiit iiin h.mi. .il -111" k. Till- -nlr lunnin- luu-li i- .lU" ,iii"thi r

In IiiiumI li'.miri' "f tin- jMiiirukir i.iilw.i.-; it will lir tminil .h -. i ili'il in

il.'t.iil 1111 p.ii;r- i5,;'> .iii'l i=i ',').

A tMin run-i-tuiL; "t nintiu-i ".ulir- ,in.l ti.ul.i- i- -Imwii in l-ii; l.;')!'.

A- aliiMilv niintiunril thi' liiir vi'Ii.il:.' 1- I, J"" .iiul -p. • .il pi^ > .iiiti"n- aii-

tak. 11 111 lUiM lit annli lit- t" i'iipl"\.r-. All tin I,-'"" "It "piipini lit "H

tin iiKitm-iiMi 1, i> liiiii-. li ill .1 -pi 1 lal ih.unlp' 1 .
tli. il""i "I win. li i- ml' i

lii.knl -() that th. i-"latmi: -witrli . . mil. . iml; ill' miittiil i. ail- In.m llir

iiililuiiL; ("litait- niil-t I"- "p. mil liilm.' aiiMnii- 'in .'lit.im a. . i— 1" ih''

ihainl.rr, Tlir iniiltiplc unit iiintrnl -y-trin .IimiiIh.I lain i- u-ii!. .nul i-

iipriMli'il |i\' .1 UK) vcilt null lit uliii li i- "litaiiii il fi.'in iIh' 1 .j".i \.ilt i ii. nit

till 11 111.;! I ,1 i"Mi \ li,m-l"i mil inuuiil. .1 uini. i tin iri"i..i' . ...i. ii. I in ' urn n!
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for liKl.tiiiL; aiul for tlic pun,|. motor of tl.c vaaitin, l.r.ikc arf also takm fro.p
tljr ir»()-\-olt circuit.

Sin>:L-/>husc h!uiU.,ys. Singl.-pluv working o„ ...ilwav. r.ach,^
probal.Iy n. arlv a> far luck as conti, Ms-currct working;, an.) wc .Icscnl-
.Kcwhcrc H,anv of th. .Ictaiis of ,1„. ,„acI,UKr. and apparatus cnplovcl\W

<
u not propose to dcMnlw ,n .l.tail 1,.,,. the lar^;.. nmnh-r of railway^

winch haw bc.n so c.piipp,,]. hut shall he .onte.U with a few additional
i< hrcnces to the tv^ical siii^le-i.has.. l„ie in I,o„don, winch was electntie,!some ten years sine.'.

The hrst application of siii^^ie-phaM- alternate, urrent workin:; to railuav ira.tion in I.on.h,,, wa. n.ad.. eailv in this ee, nn v hy the London,

lin«htoii and Suiitli r.,,,, ^^.j^vay Company in the rh.ctrihcation of it.p.hur an steam line hetwcen London Hndge and Victoria, a hne winchhad iig been an important section i„ the railway accommodation otSouth London. The liisl contract for the electrification wa> placc.l in
.»ob, aiui the section refe.i.d to was opened for el.rtric service in December

I'H"), the whoh. uf th,. elecnc con.,iuction haying been earned out with-
...., imerference with the Mean, .lyu,, The section thus dealt VMth was
y Hi,, long, and altogether .05 nnles of single line were provided with

•

'

H- -iu,,.„c„,. The succo. from a tra.hc point of view, was prac-
•"

.

".nudiate so much so that in the following May u was dedded
•-lu P a. M.iick |y as po.„ble ,„h,r ,.|,a. en, route. i,rm,m, the length

•f -l-'n-ed single hue lip ,„„,,u,le.
1 ollown,. on the MIC e,,, of U,e'-"'''' •""' ^'""I'l'o.t sc-tioii ol the L.uica>hiie and Vork^hiiv Railway
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-\-tcm (my pane 1593). oiH'ticcl as an clfitric liiif in i()i'4. lln 1
l\ant.i.i~

o| ill', tin umkiiit,' a^ at;aiii'-t stiaiii wmkiiiL; f"r -uI'IiiImii liii. > in laif:

I'lvvii^ Wire tlms ahniiilantly iliiiioiistralfil.

I lir I.c'iidoii. P.'^iL;lit(iii ami Soiitli Cim^I l\ails\.i\ im.;iiii.i~ 1:1 plan

i.iiil; till' SI lifiuf t.t cli-t trilit aticiii. liail to .011-1. Ki th.' iM,-,iliilnv "i tli.'

ilcitii. cuiii'iiuMit tuini; ivtiinlcd t.« tliv wlinlc i>| i!if inaiii lm<' Im lu.. 11

l.iMiiliiii aii'l liiif;litiin. a ilwtamc uf 511 niil>s, ami it i> iin.lii-.tii... I ili.ii

It wa- this wiiiili mainly l.'.l tluin U< a.l.ipt tin' a < sini;l( iiha-. ii\. ilit a.j

~\ ~ttlii \Mtli a lircs^urc <it (i.-imi xult-. uii tiir lilii'. With thi> NuitaL;.- a-ha.l

I..1 -i.nir time lui'ii . uinniKii pr.i. li. c mi tlif ( Hiitimnt, uvorlnail < ..mln. I..1 >

ui-ro ((iii-.iil<Ti'>l pifl. rahlc tu rail-, laiil un the -iiila. . .il the i;riiiin.l .ml

the i.itcnarv sNsteni, with bow i oUc. toi- (s< , pat;.' 1540 iiul (ls<uli.iii

ua-. .In id' (1 niion. The trains an- niadi- up of motor 1 oai In - iiid iiaiUr-,

the luiKlish sjd,. door svstt-m so n)nduri\t; to rapid liandlnii; ! -iiliiiil.aii

Iraitu luiiit,' adoptid in lien of the Aincrii'.in lorn.lor and 1 n.l .l.i,.r s\~!i ni

>.> coinmoii on ilcL'trio r.iilway> In the t'ir-.i iiiuipin.nt ra. li iiioioi 1 ua. li

was c.pnpixd with four motors, ca. li rapahlr of f;iving 37 ii.ii.iv lontimi

oii>ly. or 1 15 II. I', for one hour with a rise of ti nijitr.itinr of 75 C. In l.it. 1

. .piiliimnt till' motors wcic larger, and could gi\r loo 11 i'. . ontiiuiiiii--l\

or i/t II 1'. for one hour. With the larger motors, oiu- nioioi . oa. li ..ail.

I

li.iiidle two tiailirs, and in slack periods of the tralfic tlim --11. h loaili.

iii.ide up a train, which was douMid wlieii the tialtic liecanie lie.u 1. r

DitaiU of tlu' motors and of the control system aii.l the . o,n \\ wiiiiil;

iri- givcii elsiwlure (ace pages ifn).' to 1(1941, hut it may t.i iiote.l hire lli.it

th.' weight of an empty three-coach tr.iin 1. loj toii~, iiicludiii:; .ill inol.ii-

.i!il electrical etiuipment. Ihe energy colisiimpiioi. <luriii^ the lii-.t <iL;hl

months of working was 75-4 watt-hours per ton-inili of p.iviiii^ ti.illi. . ii.>

.l.iluction heing made fur empt\' running aii.l shunting oi j.i liak.ii;. , mh\

110 allowance lor the weight of the pa-..>engers. The di-tiil.iition lo--i-.~

fioiii tin; siih-stations at wliuh the >nergy was piiiili.i-..l fioni tie

London Klectiu Supply Coriioration was about ; per < eiit.

The elle. I of the . Iiange to ilei trie druili;; ill till- i.l-( Is .ill i\. .Ili 111

.'V.,iiiple ol the lin.uii i.il a.h ant.ige-- to be obt, lined. I'dr -onn- ye.u-. in

. onipetition with the ehctru tramways of the ilistrict, the railway coinpaii\

uoikiiig with steam locomotives hail been losing its Mibiiibaii p.i-.si iil;. r

ti.iflic, until the loss had reached 5,000,000 passengers pt 1 .1111111111 lu tin-

tiist twehe months of ele<:tric working, with very httli' .ilt. i.itioii in the

f.ire-, 'lie whole of this tratVic was recovered.

\' 'lous lietails of the eiiuipmelit of other singk-phase r.iilw.ivs have Ix. 11

givei. ction IV., ante. These include the methods of (ncting the o\ 1 1

head ( ohiiiii tors, details of the current coll. ctors. and \iiwsof the traik^

Di-tails of the motors, locomotives, control and other apparatus apjiear l.iti r.

hi tills -ectio!! i! IS unnercss.irv to c.riv llie d.-.i iijilioiis f!i!:!!i!.

V4
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»
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I lir,\-plhis,- h\ul..:iv^. \\\<' 11,1. k- .iti<l ov.iliiiil iiiiidiii tor^ of ilin-.--

I'h.i^i i.iilu,i\> li.iM I.,, 11 illii-li.ildl III li:> 1 (,i)( .iikI i,(m)t. riif thri.-

|i|i.i-r iih iImnI uf u.,ikiiii: i> l.iM.iii. ,| on I III' I Mill 111, III ,,| |'.urn|.,-, . -.|),mi.i1Iv

^"1 ill' I I' ( I ill. .Illnh 111 |l|iillllt,llll I.llKs.U- ^UIIH' u| It^ ,lll\,lllI.IL;r~ .llhl

cll>.iil\,inl,ii I - h.n, .ilii.nU- Imiii imhiiIi.I .nil. ami utlni i imii|i.ii I-.,||. ,ii.

ni.iilr I, III I uli.ii .1. Mill, 111- ,,i|i,i 11,111, ,,( , ,|ui|,iiii lit Til, , ,111, 1,111, liii-

l|l-..l(|\,llll,li;r ,,f till, . |,||.l-l III. III. I, f,,| tl.l, tl,,li uillk Is tlllll hlllltrii l.llli;,

III -|.,,,| (N,, |,,it;c- 7|.'. wliiili w (iiil\ juitlv (At. mini l,v tlir l.iiiilciii oi

1. 1-1 .111,' iiirtlmil- ot wiiikiny ij.-. rilMii m ( li,i],t,i \'
, s,

, |i.ii;, , -
),) ,/ s,,/. i.

On,' \,ilii.il,|, li.iiiii, ,,f .1 ihi,, |,||,,„. ti.Ktiiiii -\-iiiii Is ill,- ,1111,1111.111,

•I' I' '' 111' Ml., tills III ,1, till- ,is -I 11, 1,11,11,
, n tiitiim!.; < ii,'i-\ |. • s.,i|,|,|\

I III ml \\li.iii\,i th, ,|ii,i| .\,,,i|, s\ii, 111,, 11,111, ,|i,.,.,| ],\ ,1 I, I ,,.|u

Wliiii s,,
, I, lino t|„v ,il,s,,il, , ihi-x' ||,>iii ill,. mnviiiM Imih. wlmli is ihu,

.llll.illl.ltU.lIK lil.lkril, ,111,1 this lll,lkrs 11 llll|lii,,|l,|,. t,,i III,, ti.iiii 1,1 I.,,-,,

"" ' 'l"\Mi ,:;i.i.l. rills l,i,ikin« ,,iiii,s 111 i|iiit, -i.i,lii.iliv, ;iii(l iii pf.i, tuc
It h.is |„, n Imnul |iiis,iMr ti, .ijj.iw ,i ||.m|i,i ,n,-,-,l ,l,,wii -i.i.l,. wuh tins

.lilt. nil. III. ,l,,tii, liMkiii,:; III. Ill Willi ,.i.liii.ii\ iiuvli.iiii, .il hnkiiii;.
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(ii\i'ri;i<: wi
Ih'U IH>\ .\I(>I()R< .l.\7> /<»(«»'./()/717 s

Is III. luo
I

He . . iImIl; 1 ll,l|ltrl - We ll.l\r il( ,lll, Willi .l> IIIIU ll 'I' t.lll ,1- -|).ll i

[I null-, Ultll lili I i|l|]|>ll|> III i|r^li;lliil Inr >lll>lil\ Illy tin till illil;:\- t"

iiiii\in:^ ll.iiih.u^ .ind lo.ici \iliiili> ,in>l bi lliosint; inlu.iv liiiiH. It

lliiW In I Ol ill - III I I ».liy III II ft I 111 till' IlKlllllMi l\' I'M lltlll^lIU ilul I iHlUillllll^'

till illrlL;\ ~'i -ll|i|illrll, li.l\illi; tllr li-'lllt--, iu--t-. fli ,
In lie ilr.llt Ultll

l.lM

lliiiiiii^i iiii|"'i i.iiit 111 III iif --111 ll 111,11 liiiiii \ 1- mI)\ Mii-K ilii 111. u.'ii

iiiiilnr m mnl.ii^, wiiii>r (iiiutioii it i> to li.iii>f.>iiii till ill I til. |Miu. 1

li.'lViil iMHll llli -ll|l|llv I illului tiiM llitu till 111. . ll.llUral pilWiI Ii.|lll|iil

III iH'iinl till \ilii(l,- or ti.iiii |)r^( ii(itiiiii> III III.my i\\*<> <>i Imtll ' I.

,111.1 \. Hint. 'I- li.iM ,i|i|ir,iit ll 111 till- ])ri'nilmg paf:;rs, .iiiil tin |miiii ijilr--

uinlriKiiiu llnii ill -ii;ii .111.1 iiiiwiriu:tii>ii, tnmtluT with il. t.iiU <it tspiiil

111,11 liini> >luiuinj,' tin- .i|i|>lu;itioii uf tlir-.i- pniu iplcs, li.ivr lui ii ,i,;i\iii

.\iiliiiit;>t tli(--r .iru iiiriiidi'il (sii' p,ii;rs t)JJ tn I141 1 tin; t
. li.ii imii iiinlm -

ilrvilii|)nl for ti.iiii(\ir siivicc, wIiilIi, in tin it luavivr ((hih-, .ih .i\,iil.il>K

lui lii;lil iailu,i\' Work.

Krfnli suppli lUflitlMl,' tlu-r diM 1 1 pt i( )IW witll .1 fi W p.ll t li lll.ll ^ nf

iiiiitiii> ^|ii TMlly ill >i:,;iii ll fill i.iilw.u imipoM-^. tlnir i-. ,i iiiriiiiiin.ii \-

iliii>liiiii wliiih i> woilhv nt brief ri.iiMilrr.iIinii, ii.iiinh, wlntln i tin-

tr.iiwfiHiii.itiiiii lit till piiwn fiiiiii tlir iltitrii. tn tin nn i li,iiiii ,il Imiii

~linlllil III- I ullrrlltr.ltiil ill nln Vfllillr, tllr lili. Hlli it 1\ «', nr ullitllil til-'

ii,iii-.t(iriiiiii,i; lUDtor-^ >luiulil In- distrihuicil in roinciiiiiit ])iwiti<iii-- .ilmi.t;

ilir ti,ii;i ill tin fi.riiirr • ,im', at Ica^l fur lic.ivv tr,ill:r, tlir individual

luntnl- lini-t lir nf large pnWer, ailil tlnrefnic pru|)ni tlnliati 1 V In a\ \',

ulill-t in the Litter the -ue nf tile individual nintnr> will depeli'l lllinii

1' .illlnimt nt -iil.diMMnii (if tile dllVlllg poW er SvliK ll e.\l>erHIKe >liuw>

I. .
lie pnssihli ,i]ii| i|. -ii.ilile.

^

I.— I.ni i).Miill\ IS ;. ni-lKIHrill) MuIiiKS

The 1,1st point touehed upon, namely, tin M/.e of the indivulu.d
iiintm-. liiiug-> III its tram Miine purel\ electiieal coiisuiei.itinii-. With
lal.ge hi.gh-poweled iiintoi> at low Voltages, say ()UO volts, the lUlleiits

V.h'ih hi'. , tn be b.r.die.-! by lii,. switlilillg .lild rolll I olllllg .1 j:;^!! aiU,,

Will be heavy eurieiils iiiouiitliig into ihousaiids of .inipiies Ihc

1 i'j'j

*
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li.iiiillint,' "f Miili l.irK'- currftits at the contacts nf tin- rc.iitrnll.r aim •
'

iiiivii,ilil\ ii.|iiins that all tlir iiiolors .tiid th.' .((iitrolliT -tiniiM I.,

ciii 111.' -am.- vilncl... which hctoiiii-. the iDoinntivf, rvcii Ihoiitjli in s.im.

part .>! il |ias-.(iiKiTs tnay .iN<> l>c c,irrii<l riic n-l nf lli'' tram will

thill ..iiiM-l .>( trailer iariiaM<-. .>r truck-., oiilv l)i> ail-' ill.- (>a»at;.' d
laiKc tmniits aluiii,' the wliul.' I. until n{ the train w.iiii.l n.'.o-itatc th.

|>l.>viM.n» of heavy coiitiuctor-. wlm li woiilil ilicrea-e th.' tirst vM an.l

the iiiaihtenaiRe clLir^es, ami would, moriover, f^ive ii-.e to (lilVuultie

at the (iiuphiiK-'. I'or heavy tram- hauled hy a -iii^le loi i>iiu)ti\e, tli.

latter must al-o he heavy, not only on account of the wei^jht of tii.' lari;.'

motor- reiiuireil to do the work, hut al-o l)i.;.iu-<' th.- ne.e—,irv adii.'-ion

hetweiu the sinooth-t vred driving-wheel and the smooth rail cm .mlv I"

olitained hy l.ir^'e pressures it the cont.ict surfaces.

Il.'.ivv 1.11 .Muotives, however, labour \mder s.rious disatlvanta^'es In

th.' Iir-l pl.i. . th.'V K'.piiie th.it the pennin.'iit w.iv, inclu.iiu'.^ .dl hridt;.-..

etc . -h.iul.l l.«- more suhstantially constnutid than if the h.Mviest veliicl.

to I).' c.irricd w.re much lighter. Moreover, at hii^h sp..ed the evils ot

viluation are much more prouoimced, and c.i-es have l>ei-n known wher.

injunction- to ensiiH' the ahaiiineut of the nuis.mce caused thi-ribv t..

inhabitants clo-e to the route have been obt, lined in th.' law ,nurts. Su. Ii

vibration-, also shorten the life .if the track, .iii.l ni.ike the upk.'.p mu. ii

more costly.

The eniployinent of S"parate locomotives is most .idv.iiitag.'ous. il 11. .1

ai)-.ilutelv e-eiiti.il, for heavy miner.:! and ^ooAs tratVic, and is ne.,— ,ii\

lor shuiitin;,' oper.itions and .il-.i for lighter tratVic on lines wiii. h .iie

not entirely ele< trie but on wliii h steam jiower is still used. In all th>'-c

casts the or.hnary roUiiif,' stock for either passenger or good- tr.ilVic cm
still 1).- Used, the electric locoinotiv.- simply taking the pl.ice of tiu' st.ain

locomotive a- .1 -. n. ontam.'d tia.tor, and not reijuiring a -p.ci.illy con-

-tnicted tl.lill.

lint tile mo-t import.mt objection to eli. iri.- lo.omotives, .it .my r.ite

toi sul.uri).m tr.irtic. i- that they s.icritice one of the gr.',ite-t .idv.mtag.-

..1 the el.'ctric drive as cmp.ired with the steam drive, n.mn'lv. r^ipid

thwlrrution. With ste.im driving, it is pracricdly iiecess.irv t.) g. ii.T.it.

.ill th.' .Inviiig power m a -ingl.' vehi. le, which in modern 1... .imotive- h.i-

be...in.' .1 m.irv.l of m.chaiiical d.-igii .m.l m.issivene-s. Hut with eh-ctric

driving it I- otherwi-e. and it is ol>viou-ly pos-ible. if deem.'d de-ir,ible. to

apply an .lectric motor to every running axle on .1 long train. In tin- way

everv wli.'.l becomes a driving wh.'. 1 and add- its ine.lianKal eflort t..

that of the others, thus enabling, during periotls of acceleration, full

-pi.'ii to l>e rci.h.'d much more <iuickly thaiisshcii the wliole .inving ciuij;v

.1,1- to be d.,ilt witii by four, si.x, or eight wheelb only. I'.-r suburban

ii.illu. Willi -t..i.pmg stations dose together, this rapidity of .1.
.
el, i.itn.ii
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I

(uuol,-,. V. („„nui Motors. T|„. nl,.liv .i.lv.n.t.iK.'. "f i^-arlr.-, an<l
K.Mtv,! ,n.,tur, f,.r .l.rtn, !r;..tl.Mi liavv, ..s r.Kanl. u.ninvav srrvi,v Inrn
bn.Mv ivf.mMl t„ ,„, p.i-r (.j;, an.l f.„ mi. 1. Mrvi.,. ^-.and ni..t.
siiii^'Ic-irdiKiiim

II > with
K-Mi .iiv now ,ili,i,wt .x.lu-iv.'lv iiM'.l. |.u, i.iilwav

100 lOO

i, 90 i 9Cf>

\-v4 4-

W miorifficf^cy without Gearat Vf, to
-Z^^^^^-^=t ;—--j_ -1 :^-r—;i."'^5 , __ .

,,--S^\] j

'Moior'Efficiency~mihG^ *•

-ivi.v. l„,w,.v,r, tl.r i.n,Ml.iIitv. aiul m su,n,. ,.,.,.. tlir „..,v>Mtv of
<"ll'

'

tint,. il„. .Invin- mot,,r> on ,, lo.o.notivr, ,,. .iliv.i.Iv .lis.ii.s.^d' ,.n
|Mt;r I....... romplrtrlv Mltn. tlir outlook, an.l ,t ,. nUnvMii.i; to not..
tli.it lii^jli-pow.n-.l sniKl.-n.lu.tion motors of tnimuiv t vix^ aiv u-,,,1 f,„
iMilw.iv piirpos,.. ,v.n wIm M tlir ;,r,„,d shaft is iioi a luiuiin:; avir o|
till' lci( uniotixi'.

n... introdurtioM of n.l.irtion K-MmiK '-f .o,„sr .ntail. a.l.htional
fmtioiul lossrs, altliuu^.h it .,fl.rs nrtain . ...int.rvaiMMi,. a<lvanta...s"" 'll''' •" 111- .lh.l...uy ill thr <;,<,. of thr motors o„ ,h.. North Kast, III

-| l\ a 1 I w ,1 \-

loi iimoIJNc

ilrs( I 1 I), (I

on p. 15(13,

is shown in

thi \ai ions

lIllVls III

\\i I h on t

thr l;i,,i~

the motors

I

li .1 V . a
100 150 ioo 2S0 joo 3S0 400 4W 500 53Q niaMnmin

Amptrts.

l"i •'nt. whnh, with th,' Kr.irs in.huhd. f.ilk U< al,o„t .\-
.=!'

iv"'"' n't

'

llus,. rurv.s f,,uv a ni,,isniv .,f t|„. prin wlii, h has to I,. pa,.l fo, tli.
.I'lv.iiit.iL;! s oliiaiiifd in ,)ihi.r (lircctioiis.

Wii.n thr motors ar,. .hMni.ntr.l - to ,lriv,. tli.. ninmm; .ixl.s of
""""I"U'li's w^il, ,,r without tr.Mlrrs intrisp.is,.,! thiom^hont th. tr.nn"" i-|-invn...nts a,., nm. h th.- s.mi.' as for tiainwav s.ivi,,.. .a, . pt that'
iii:h, r maMiniim sp, ,.ds ami hi^lur p.mtTs ,n.. n-.pMt..! Ti„ .,v^
for sint;|,.-,v.ln,ti..ii K<.iriii« .11.. similar t.. tli.isr .ih.a.lv s.t |,„ih"

Wh.-i.-. how..v,.r, th.. .Mi^.n.i.s of th.. ti.illi.- ,,r ,,th.i . ,,ns„|,.,at,.,ns
"'I'm. Ih. ns, ,,( |,,.,,m..ti\.s, ^.arh'ss motors ni,.v I... .nipl,.v.,| \\,th
.iiiv s,i,h inim .,t .III,., I .Inv... h.,w..v,.r. it is ohvioiis that !,.« sp,.,,| „„,,,„.

^' '" "-''' ""' 'I"- II1.1V1IIV..IV.. ,.N, vsMv.. hist , .,s, f,„ .
,,. „, h.n.. sh..wn

.'I I'.i^.' (H.J. sM.h m,i. hiii.s ,,,,. nhitivlv l.ir.i^.r ,in,l |„.,M.r h , ih, s,,„„
•"timt th.in !;.,,„,

1 ma.hin.s riinnin,u at lii};h..i sp,.,.,N. Wh.i. a m,,t.,r
.lin.s.inly.m,. p,Mi "f -In vin^ wluds, ,

, unumy of lir.^t cost w.ml.l th.r.foi,.

M. .iiuiim.iil-

_s^
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Ir.iil til (^r.iird inMtitr> liriiii; ,iil |il.il Ih, inl fml",' nmi f.l -i.!. i."l^ .iml

cmiplccl iln\ iiii; wlirrl-., ^.1 ih.it uiii' lu'itui , ,iu ilii\ . "-^Sii.il |Mn-~ii| ulhrU
llMkfS it |l(i>^ll>lc til ll-r l.lti,'!' iniiliil-- VMlllullI 11-111;^ ^'1 11111. Il |M.W. 1 nil nllr

|i,iir of wlirils .1-- to r.iii>i' -m iimH ' -lip," Tin - ini't.ii-- . in iiiiili Ui II

111' lii\V-spi'((l lUiitiil^ milllillt; ,it till s.iMi, p. Ill .1- ihr .niipl. .1 i1i;\ii;l;

wIli'iU wllli il ll|i\ .Ur Inpuiril to illi\r. .IIh! \iI o| -o 1,11^ .111 oUlp'il

tli.it till it lii'^t iii-t pii milt of |iii\\rr w 1. ~- ill. Ill till .11-1 <.| 111, iliMii-

liiiti'il " Miotor>

lln 1 ---.irv for tin

-.mil' iliixiiiu;

poU,..

.\ ^ wit II

-llli^li' IrillH lion

;_ .iTlllt; tlnir w
of iollI-.r, ,1 |o->

of poWil to 111

liollli- ill tlir ll-r

of the liuili.ill

1-ni-- rlllp|ii\iil ill

.1 -^idr foil ilrivi'

>omr of til'' (l.lt.l

r\lli 111 1 1 III; till

lo>- in ollr ol

two t\pil'.ll l\l-l'>

,irc f4i\in Liter

ill idiiiui I ion

with the ilr-i lip-

IIOII-' of tllo^l

(Mm ~.

W'llliolll pui

-llllm till ,11^11^

nil lit- fuitllil,

W' -li.ill now ill -

-i Illii one III two

lllotol^ ot liolll

till Ll'.iiiil .iiiil ihr l;i,ii!i-- t\pi'. 1 miinirlK iilu: Willi llii -i.iili ,~ ii|i,|,.i-

ii-'il on till' liii iiniotui- of tin- dnti.il l.oiiilon K',i:lu.i\ win ii il w i-

lll-l oprlliij.

I llr In ill lll.l-llrt- of Ollr ii| tlli'M' lllotol- .llr lllu-l tl I . -1 111 11-, l.;li.S

.Hill Will 111' olwi'lAr.l 1,1 II,. -.imil.tr III .|i-l'„'II 111 ll.illl. Il 111. it, ,1- ,,||,. ,||||,r-

'111.-, i|i.Wi\rl, l.illl- lli.it till .IM.il lillLjlh ol til, p.. I, I,,,,. |. I.Lilnrlv
mil. Il f.;riMti|, I lir Iiiotin ii.1,1 t,,iii p..|,.~, tlir .,\. , ,,| will, Il u, I, ||,.||/.,|it il

.iinl VtTtii.ii iii-tr.ul of iiriiii; .iloiii; tiir ,|t , I i.mii I ,i s, ||ii, i> -liiiwii inoir

i —Kit:. I M.u.„-i, „i , (.

i

ii-i

i^'

«pf"A'fciiSBBSL-:-^-
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incliiu'd to the h

mr IS unrciu.illy divided f„r

I 7/"". in whith it will l.c further nntired ij

openinK-u]) purposes .ilonp a j)!;!

1.1!

M.on.o„tal wlWeh clears the p.,. .^r^srSwskiU.^

-'"'"•" "'"' S-l".,, nf CC„1„| ndi.n Railway M 1 ,r.

'iimensioiied, and tlie m/,.. ^.j,.,.,, ,|„.„m i
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mini. l,i.Ili,'lt

I rrptr-int- .1 iMiiti'ii .i| tlh' till, k

ii.hnil -,. tioiwiit 111, in 1. I

ii]"'ii uln. h til.- 1 iii.iti\
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!'
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Kii.i Vi. » ol I

Electric run.|Mn\
.
of Sh, lurt.uly, loi 'h.. Cl.uaKu, Milwaukcv and St Pa„|

Railway, and n^r.l to ..,,uii. tlu- lK.aM..>t ami larj^est elcctri.: loco.notix,.,
which had hci'u built u|> t" 191S.

An .xternal virw ..f thi^ nintor „ ^ucn in \-x^. r,;;j, ,„„! ]„„. drawint;.

ol an ciiil \i, u and a plan
with the jiiMhijial diimn-
sions markiMl nn tlioni ai.

,i;i\«-n 111 I'l-s. 1,7;; ,111,1

I. -74 itspcrtivfly. It will

l>i' noticed that tin' inotoi

has douhlf g('ai>. one at

ladi end of the ainiatui.

axil', from «liiih the jiower

is thiTi'forr d('li\(i,il at

both end-. In llii> it ditlt i>

from thr lowcr-powcnd
tianuar miiIor>, and tli.

mr, hani.al advantat,'.' in d.'alin- thu> with high i-ow.,. 1, ol>vion,. I ,k,
all traction motors which have to work between tlir dnviiii,' whceK on the
onhnary English Kan«e of 4 fe,t SI inchts, the d.-siyn i> \,rv < oinpact axiallv
and all the available space is well ntili.,'d. Neverthel. .s, it ha^ b..n
found po>sible to a-^Mgn 2oiiuhe-
of tins leuf^th to the two arma-
tuie bearing surfaces whi« h an
ea h loinehes long and 5J in. he-
in diam. ter. As the mac hiiie i-

to be mounted on a j.icomotu e.

vertical space i-. not of mi murli
nnpoitance, and a little extra "1^-'
room ha> been obtanird bv lai-iiu

the level of the aimaliiie axle a

lilllr above that of til.' ruiining
axle. Tliis(h'\i,i' hasalsoci'rtain .

mechani( al advantages in the di>-

tnbutioii of the various fon , --

railed into play wlun running,
I lie held magnets, which ,in

diown wound in I'ii,.. \.----,, .ue ol tli

pol.s and four coiiimutaiiiig pole-, llu- n,,.tui i~ uound for shunted Meld
•-oiiirol, the fields being sliimiid 50 pel Cent. Ill niot<inng at full speed.

lliese niotois ail' ratrd to -iw (SJ Hi', lor mu li-.iir, witli ,1 t. nii)eraluro
risi' of too d,.g,,vs (.iitJo,,,d,, II, .-,,, 0"pp. . ..f ihr arm.. tare a^ m.a^ui.-.]

ix-fr.uiii' type, with four main

bv 11-, i.'sist.in. .-. .Hid with :_,, ,K. t riiti:.;iad.- li~< 111 the ti.ld . uij,.



/>''//./ ,:f:. I A-/- n A'i//h :i- .I/'/ /,.'

I
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I'lr I iiitmuoiis runtiiu-; thr [idUii ili \ ilii|i. ,1 uuli tin -.nuc tcnij.. i.itr.n-

liiiiit-, IS .5<i'> II, IV In with-!, III. 1 till'-.' iiiniM i.itiiK .. ulii, ii .III' mn. Ii IuuIkt
th.m thu,r .ll|,,U,-,l 111 tll>' IIMIi.l- 1>[V\|,1U-I\ ll.'-illl>.tl, Ilir tl.M ,,.lK .111

llHIll.lti il Wltll ,l-,ll,~t"- .lll'l

iiiic.i, til.' I .ippi
I l>.itit; 111 til.-

t.iiiii ..| tl.it >tiiii.

,\ tr.iii--\i'i-.' ~.'i tii'ii ..f

tlif iii.itiir I- ^i\.n HI lii:,

1,7711, •'">' 'I l.'ti^itii.liii.il

>.-<tiiin jn j-ii.', I 777. ""'
li.ini tlic-.!' till' ni.)>t iiiip.>it -

.mt (li't.iil-- .Mil I).' ni.i.J.- ..Ill
.

till' iljiiii'n-i..!i-. hiin;,' .1-. .1 -

t.iiii.ilil.- ,ip|ii.i\iiii,it(ly I1..111

til.' >c,llr .It til.' -^uk'. rii.'

I ..iiiriiiit.it. .r. ulii.'h li.i- i.i

II. 111. Ill' i.^iiK \-..li-;. ..iii-.i>t-,

I't'
; ) ;

-. :,'niiiu- . ..nii.'. t.-.l t'

.

til.' >.iiii.' iiunil.c! ..f -iiii^l-' turn ...il- l\iii- in nn.iip^ ..f ; m .ji, .uiiiiture
-l"t-~, fh.' ili.nii. 1. r ..f til. .irni.iliiiv loi.' licini; J<)', iinli.--. Tli.- -In- aic
tlni- t.w 111 iiunil.ri .111.1 . ..iiv-p(.iuliii:;lv i,ii:^r. tli.' (li-t.in.o fi..iii . iittv

'" """•• "I <'lii"-iit >l..t-. li.iii^ r,, in. !i.-. !,. u.tli-t.ui.l th. hi-h

.•,-?^-:-::-;

'•>•

'">;

' 6;"'^'

4

^1

fe,i
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-- in^n J. U .- . .;-a,.-- |;a .. ,j M



i6oS li! iCTRnsnv :\ /-.'/a Service c/- Ma\

tc 111)), r.iliii.- Ill' iitiniird al>(i\r till .innatiiir miK .in- ,iKn iii>iil.ili .1 with
luic.i .iinl ,i>l>i -.i.p-,, ,111(1 wli. n (!i\( iLjiiin; .j^j ii.iv ,,t iln' (iiir-lium i.itm-
tlir anil. It. .IV Mill- .It ||ti K \..!iiti(Mi> iHi- iiiiiiiitc. Tin re arc fmii biii-li

Imldvis on tli.- iii..!,,i t\vip,,| ilnni, lixcd on llir in. liii jMilr-, can ix- -r, n
HI M^;. 1.77(1. Till' "iiiiiiiut.iiiMii i~ iM rlifiit wIkii It i^ ii imnilM ir.l ih.it

the \olt.iL;i- I- 1,5011 p, T iiicji(,r. In I.h t. 1.11 ,1 -i.iinl ti -t, j.j^o \i.li-.. Inin-
S<| ]" r 11 lit. .iliii\f iinnii.il, li.i- ji.i 11 11.,, ,1 wnlii.ut iiijuriun- sp.ukiiii,'. Tin-

.11111, Itliri' I I'll- .mil tllr nil(lli,|(l (.IIIVIHl; till' 1 iilliniUt.ltlll- air innlllltrll nil

_ .1 iviltl.ll ^]'|.lll,

; :

I

\ .
'\ }

>"'l Ln?;!' I'pi n-

1111.'- .IIT ])|i)\ ulnl

m all 111 tlirm tn

MTIIM- clJrctlM

\ intil,iliiiii. A
M iitil,ition M,i-t

w -iiiiplii il li\- an

I'Xtrril.ll lilnwir,

,111(1 till' Miluinr

iif an 11-1,1 to

> kill) till' iiii'ti'i

y 1 Mill .It thr 1 ull-

\- tiiiiiiMi-. r.itini; i-

,511(1 riilij,' lilt

niunitc
: tlii-

( 11 t 1 r s

lIlKUl.^h til' l,il-r

I'prllilll,' ,11 til,'

trniit (i| llii- ih.il;-

iiit. \\liii \\ ( ,111 111-

~i-i 11 in lintli l-"n;-.

1,77-' .iii'l 1 ,773.

In ti,ni>iii]t-

tiii;; till --1- liif;ii pnw, i- frnni'tlir .iiiii.iiin ,- -li.,tt to tin- ilii\ 1111^ wlm N nndr!
till- M \,-iv ((indiiiMiw uf i.iihv.iv „ i\i,v. mtrn -tiiiL; im i li.mii ,il iniiliKiii-

I'lVM-nt till iii~rl\,--. Oiir ,,f til,.,, ari-i - Ikhh th,- im l,iMi, it\- of to,. tin,

1

,i;i .hiiil; .1- iiiiii]i,iii d with .1 ItIi dri\r wlini Middni >li(., U- m '
li.unm, 1

Mi'W-. .- fiviiin-iit ill i.iil wcik. an- d.livi-n-d nn tin- ilii\ iiiu wlii-rK, tlu-

liiiilil,iii 1m MIL' tu iii,\iiu till-,- d.ini.i-in- till- i^i.ti tilth. Ill M,l\,- 111!-,

I'l'iMiiu .III il.i-tn 111- rn-hiiiiiiii!.' " tdiiiin tiiiii 1- intnpi.-.-d In twi 1 n th.-

din ini; win i-l .1x1,- ,in-l till- Ui ,11 whi 1 1, tin- -i.hllli.ll ,id,il'I, ,1 In uii.; iIk -^piliii;

i;.,ii >liowii 111 l-:--. i,77.s m^\ i,-j„. Jhi !n-t lii^im .d!u\\> tin- iniiii.!, tc
.t^i.n with ill,- -li.ttid ,,,11,11- i(. whicli tin- dnviiiu ,i\l, i.- ti, 1., k.wd. J in-

dil.iil- au d.iiwii M-|,,ii.i|, ly ,11 .1 -iii.illil -, ,il,- 111 1-;:^. 1,77,,, 'ih,. ^,,||,,|

._)iiij
f |i- ulle ge.iie,! K.,i:«.,v .M



Cl's///(W (ii- i,^-,.Ai; I' O)

kr\, .1 to till' ,i\li i> ilir liiil> 111 .1 -IN .iniH '1 -pi<l. I' witli r.iilial I'MJri -...n-

1)11 thr ill.--i(li: (if tlir t;i ,it ulinl I'litwnii tlir .iliiw .ili'l tile pii i]i i I n 'iw

1 (iiliil »|irinH;-i -ii"' mtii|>'i--i(l, .m.l t.iiiii il,i»iu' l>ull>i- iin i li.iiucilh' ]>li !
ItIUii 11 till ^ll.lft .lllil lllr m .11 ull'il. It IU,I\' 111- Ii'liirilill tll.lt I'll

Im-^iiil;' 1 III. nnintu I > till' i^i-.ir i,iImi-~

jii tilth ill tlir iiiiiiuii .mil -I in tin-

l;i .It, .iiiil tlir tiiii;lit Im oiiiutu i^ tin'

1 III ii-piiliiliiiL; ;i:;uir- .111- I,^ .iii'l .'^j
;

% ft. aw'^
! iC- i?:'-—Spun.; <ii-.T

tlir ^jiiiil rrdlictioll i~ tluli lull' 2-tS til I ill lllr tll-t r.l-r .III'' It t" ! Ill

till' M IlllWi CilM'.

I'u^hui>i diiiriiiL;.' A^ t'i.i>ti(' nr '

i ii-liimi " i;i'.iiiiii,' h.i^ iinw I'liii

iiU'ntionril, it i- nf llltlI^^t to imniiir ulntlui tlir u-f nt ~nrli l'i .iniu iii

oliliii.HA uiiikiii;; k.iil^ tu ai.\ >.i\ iiii; iif tlir fiicii^y Mijijilu'il tu tlir iiiiitui-.

in ailditinii tu tlic ail\ ,iiit.ii.'C it li.is cf aliMiibiiiL; the >liiii-k>, tliii-- iii.tkiiiL;

I 1.. i.- U. M.jl UIti, -t.4'..l.lt.l

JO 5: «i V «> -0 90 « l»

f ^. I.--. M,.i T »ii>, i-.,.;h .' I..-,,

Iia>-i'in:rr traiii-i iiiuti' ciiiiifortalik- tut" ti.i\i'lii'r';, .iiiil d\-o, it i> tu l.i'

pHMiniiil, (Ji-cii-aMiif; thi' ii.ist of it'iLUi- .iii'l uiu'u.iU ut tin' iiiutni- ami
the M hides un which it i- n-O'l.

J ho iiujiiiiy r.ui unly In- .iii-Wfieil hv cnih luiii'iit
, ,nui \\r gui.-, .1- 1

I M
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i<iiuril)iitiun to tli <li-.cii--ii.ii, in I-it;-. ijNi ami 1.7S1, cli.nacttTi-lii;

• iiivts ,,f twu -iinilar railway iiiotni-. uik (I'ly. I,-N'; with tli.' ordinaiv
-laiulanl \2,v.w. and tin iitlii r (lif.', i,7.Si with cushion gear. It will 1»-

nuticcl that x\\>^ i rfiiiriu \- nirvr iia> a ina\iimiiii slii;htly hii;hri in the latin
« .1-1', and that it i- cnn-icU rahlv hiu'h. r at ihf hii^lnr '^p- 1 ds. Appl'-iiif,' tln'

data yivvii to a .'o-ton ( ar iiiakiin,' -( \ rii -to]'- prr mile with a -rhodult spud
ol lu7 inilr> j)tr hour, a ^.iviiii; of i,V5 P'r rent, is ^how•n. Tor such a typt-

of >crvi((', thirtforc, a 10 pcriiiit. -a\in,i;' u' more 111, ly Ix rra~onal>lv aiitii 1-

IMti'd. For lonK-di-laiicc worliiii: with ft wcr stops tin -ax iiii; init;hl 1m h ->,

thon,t,'h thi> < ould only be di t.rmincd l>v aitnal ninniim t-xiHriniont-. with
two iMtu-dv -iinilar train- witii and without 1 u-hioii gears re-iKctivily,

becau-c a gir.it (lart uf tiic extra los- is rinsed by the vibration due to gear
teeth, wiiicli .illect- the whole of the wc>rking ])art> of the motor, e-pecially

when the tei til ,1111! the 1). aring linings become Wdin. The curves given in

lig-. i.^.^o and i,7>i are for new (lOo-voIt c.c. motors in good condition.

1 he point is ,m important one, and the expirimt iits suggested are

costly, but if the s.iving be anything ai)|iroachiiii; the amount indicated
abiive tin \ ate \v, II w,\\\\ miking it tin- ha- ii'.t aln adv been done.

III. A! 11 KNAll -( IKKINl IK.MN MoloKS

In Chapter \'. nii "Alternate-current Motors," a speiial section \\V.\

(|)ages ,SoO(/ s,,/) ha- ivi.ii dr\(jted to " Mciicpliiisr <'<ininiitiilir Traition
Mntur'^." In this section there will be found detailed (k-cnptioii- of (i.)

the \Vei-tin,',;hou-e Motor (page iSoi', (ii.! the Winter-Kiclibeig Motor (pai;e

No5).usedon the South London section of the London, Hiigiiton and South
<oa-t Railwav, and (iii.i the Oerlikon Motoi ipage ^o; ,

u-ed on the Lot-( h-

berg Railway in a mount. linon- di-unt in Switzerland. All tlie-e wire
spe, iallv de-igned for railw.iy - rvi( e. are operated by higli-\ 'Itage, -ingl-

phase current-, and are re{)rehCiit.itive exaniph s of the A.c. motors which
have been dcMgned for, and have been -ucces-ful in, »ingle-pha-e
working. Some of the l.-cumotiv(S on which tlu^e motors are mounte<l
are described in th.' next section, and the controllers for ojierating them
are described in the next chapter. It would therefore seem unnecessary
to describe liere anv addition.d examples of this type of traction motor.

Thrcc-phii^c Indncthm .l/e/d^v.—Tlie drawback of thi-, type of motor
for general raihvav work. ,1- mentii>in(l 1 l-rwhere, is the inllexibihtv of

its bpeed as i oinpaieil witli i:ommutator motors. It is, however, possible
with two motors, ami bv cliani;inir tiie numlier of poles (a spced-
ihangiii- device also ref( rred to eKewlierei to obtain a- many as four
economical running speed-. Such device- are employed on the Italian

State Railways, and detail- of ,.iic of the motors u-i d will be interesting.

-AS an ex.imple wi- take tin- motor u-id on the high-speed three-pha-e
iocoir.ntivcs ^ii].pii.d to th-- Italian .-^taie Kailwa\s i>v Messrs. Brown,
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ami .1 tr.iiuvnv Ii.iH-n,, ijnii m li:;. \-S',. A pair nt tht., nioi.it-, (.m Im

i>l)<r.iti d, if til.' >ii|>i>ly fif.|iiciiiv In Hi 7 piiiutU ]>< r -i. ..iid, -.. ,1-. t.i run
th.- tr.iin .it loi), 73. 50 or ;7 , kilnni.ti.^ p. r liuiii. At tli. t\\.i Iii;,'!h -i

>pf..l tlic ilti. i.iKv 1^ <t ; i p.r nut. .m.J ih.- p.iu.r f.i. t.ir n >t I'h,

>p.-. 1I-. nil ntioiatl win- 1 .iri'fiillv ^.li'.ti.l ^.1 .1- in l;iv< tin II ~i .i\.r-.ill

.Hi. i. M. \- iin. lu.liiiK 111.' I. )>-,.., in tli. . ..nti.ijliiii,' .ipp.ir.itiwi |..r ilir

.lillii.iii i\pis ..f ii.iitic, liotli ..\|)i.,> .111.1 ^i.i|ipinL;, ,111.1 .III li.,i\\ ,111.1

liylil i,'i,iili.iit- |lii> iiuriMs. .1 . III. ii II. A i> h.I.l |.. jii~lil\ lli. .\li,i

. .iiiiplii ,iii.iiH ill ill. -wit. Iiiiii; ..iiiiiiiiii 111.

It will I).; b.itli iii^tnii liv.' anil ini.i.-^tin;,' f.n th.- -lu.l.iit t.. ...nip, 11.

III.' .1. i.iiK >liii\Mi in l''m^. i,7.Sj ,111,1 i.7,s;\Mili III, ,iniil,u .1, i.nK ..! ili.

pi)l\pli,i-. iiuliii ti.m ni.il.ir-. il.--. ril» .1 111 ( li.ipi. 1 \ . , -,
= p,i-i - (i.).> in 7(1^

Spi-. i.il all.nli.iii may I"' dire. I.'il in lliw . ..nil. . Iinii |.. Iiy-. ii.|.|. 7,1 ) ,111, 1

70s. .iii'l In I'l.iti- .\ll. ip.iyc i.()_". In ,111 V ^11. li . iiiiip,iii~. iiH til. . ml put-
lif III.' \, 111. Ill-- 111. It. 11^ .111.1 ill. cliilli.Ml ..Ml.lltl.ilW IIIU-I |i.' K. pi III \ 1. w

I'll.' 111.. I..:- 11. lU illii>li,iK-.l ,11.' .li-if;n.il t.. \\,.il< .m ,1 tin. . j.h.i-. -uji].l\

at ,;,()()(> i.) _;.7.in \.ilt-, anil a In-.pun, v l>.i\\.,n 1=, ,111. 1 17 |..iiimU ]., i

s.:iiiiiil. riu' .iiitpiil iif tw.i in.)tin^ uli.ii iuiiiiiiil; ,iI t.ip -|h.. ,1 i~ _>..'.iii ii i' ,

ami J, 5110 II. 1'. .It llir ^iiiiml ^p, .mI, Imili in..i-miil ,ii tin- ii.ii]>li. i\- ..t th,

dri\iiiL; will. Is. TIh' ii.|{.i>. on tlif imitm -li.ifi 1^ <il.\ iiiii-K -till lutein 1,

ami til.' 111,1. Iiiiii'> aiv tlunfnii' iiimli liii^lu i-p.iu. i. ,1 iIliii .iii\ pi.Ai.m-K
illustiat. .1.

riir 111. lie int. i>>tin(.; chid diiiRiisi(in> .ii.- 111. irk. .1 in luilliiui ti. ~ .m th.-

lii,'ur. •-, .iiul 111.my di'tails ,ire shown to wliirh w.' luid imt n fir, .i-~ ^iiiiiiii

<li't.iiU have Ixcn fully d(--ciil)cil ilscwlitrf. Atttntinii 111. ly, ImwcMi,
I).- cillrd to the f.nt that axial l.iiKtIi is niUii.d by iil.iLiiif; tli.' slip-iini;-

«if tin- rotor ahiiust roinplcttly insidi- the cylimli r fnrim-d hv th. roi. ut

the mtor ; .ilso mitliir this lor.' nor tlir euro of tin- --t.itor h,is aii\- ratluil

v.'ntiLitinj; ducts. The sh.ift is inassi\c, h.iiii,' .'Oo nini. {10.2 in.) wlnrc
it i),i^scs ihroui^h the hiariiiys. and the diaimtrr of tlir wmiiid i..|.ir i-

i.joo nun. {51 I in.). The power is transmitted to the driviiif,' wlie. K.

of which there an' three p.iirs coupled by inclined eoiitiectiiit; rods attach, d
to .\ ^^"it;. i,7,Sj and two intennedi.ito shafts, t,, win, h liiitlier r.f.i.n..-

will hi- m.i.le later if space ])erniits.

The methods of varying the -pe.il> of induction ni.it.us with w. unil

rotois by varyint; the polarity of the >tator and working two motors 111

rombinatii'ii h,i\e been I'.xpl, lined in Cliapter \'. (^er pat;e> 747 to "51
.

In this . ,is.' tlu' four sy iiehr.imni- Np..,.,l, .irc obtainetl b\' the following;

arraiiLjiniem- ;

J ; mile- ]i.r li.iui with 111. iim- in i ,i-c,i.li-.i-,ii li -t,iioi li,i\ im^.s ji. .1. >( i-'if,'. i,-,s4;.

.'.1 .. . .. •. .. ,, ii .. il'it;. 1.7.S51.

(- .....III V 1-

i, .. .. .. p.ti.iie. 1. .. ,.
s

^ j.,^ I.7,M, .

<'-; .. .. .. .. .. .. ' .. ll--^. 1.7^7).



C .W'crixs ••, TiiRh' i-nis Tk I \ Ml a> ! 1 ;

liMir . ,i~i^ Willi ^'ji.ii.it' . \j)l;iii,iiiii \ ili.iui.iiu- .It tlir -1.1.- -Iinwin^

ih. iiitiiii.il 1 diiii' ' li"ii- "I til'' -tit : til' ' piiiii II V "
.iii'i ill'

" ~<'""iiil,ii\ ' iii"t"i-~ I' -1" . ti\ ' l\'.

VaTv c>"v«t«n» of

Ki: ..7i-

I'lif iii'thod lit " r.i-i Mel'' " ailiii>lril is t" pl.ii ' the rut'Uri nt th'' two

nii't'Ts 111 -rfii--. >i.iitiiii; ir^i laii r^ lninu in tiie st.ioi rii.iiit- n! \\w

-t- '•::!. :1\- liiOt'M. Thf c!ian^> uVrr fi'-iii '^ p"i-- ••> U \~ \\::n\\- \:\ .iiicli!;-;

ill'- nit' 11 miiii^ ti'-n-. "t tlif wni'iiiiL;- with ~i"<i,il ' lKiiif.;i-ii\ tr swudji -,

.1-

h



\<i\4 !•! I 1 hxrrv s ri.i St s ' • / .1/
.

v

I

will. Ii, (ill Ihr I1.I..I-. ,,|.- ].,iit .,| tlic ii.;i,i It-i It .111 ! P \i'l\. \\V'\- ;t 1

•iH . ti.miMn 'or I'll!' I 'I til' -' - %Mt. lit - 1- -Ijiiwii .it - I ;l: 1 f^j.

I\ .
-; 1! 1 i ici' 1

"I 1 'Ml 'I '\
I

-

I'll- iw.i jil. I . .1'IIl; -. . Hull- Ii.I\' .|. alt, (III tl\ 111.1 li\ II liirll. .
,

\M'l.

tli. (1. i.iil. iif til' 1 iii'l il'- \ •
. m.'iiu- U'l .1 in . li' Mi.- r.iihv.i' tr.nii.in,

.tin! ill. il.t.IlK .'t th. < i.ll. . MIIL' " u ,
wiirtluT 1. t .\<llli ,1.1 .1 111- 111. it. .1

i.rl . -.11 111. tnr-. hiv lir.il 'l il' with '.n tli' li-t ii.il.'.r, \! v.iii'- ISO'i

\\. !l,l\r .ll-o I.Mith ri't'i IK .1 lu 111.' ilM. -Ihni- Ull.l. I iMIli: til- U-r i.t lUdli'I -

I

ili-tiil.iitril aloii!,' ill.' ti.iiii •- . ..in]>.iii il with tin >i— . iiiMini: <>! •.vlml''

(InviiiLj powii (Ml ,1 -iii.t;!' Mliiilom li.ri'iiintivc, whi.li i- tin i.|i;\ 'laxl

I'l.iitiinlh ,i\ail.ilil.' in -ttitm r.iiKv.i\- wcikiii.L'. \\c iii'W propi)-. to give

a ffw (k't;iil- n'. -..iih tvpu.il clcitnc Ici I'liinliv i -. I'lii -hall '• ..' -liost

qiK.-ti..;- Ilia inc t.. tin ...iiHdI (.f th. a— i iiiMi .1 ( !i . ! i m- ]>I,i:' 1 «•

d' .I'l with III tl,.' lu \t . Ihii't. 1

.

M,ili\- iiH . ha-iiii al ].!(.Miii!- liaM I" 1" -cU . d win II di >1_ iillii; all < i. . ti

I.,,-, ,..,,,..^ ,. ,,v!:i. ! i:. :;:!!.!;!! •!;: .:::!« ;:! till-. ! ifi! 4; :iu! " y.hir!: ''-i:.-

U'lf, v\. . aiiiii.t M (• r in ih t.iil. In f.i. I . in..-t cf tli>- j.iuMi u,- . \. . pt tli(.-.v

whi. h \\r .Ml til atiiii.' -. p.ir.ud". . 1-. whrn arc ot tin- ti.itui. . 'I'h. . !. ctiic

Ion. 11.1 it i\ . , h'.u.M I
. i- 111 n-. M -.. ;;it. i. -tini;, i! .a '\-

i. umhI. d .. - ..ii. mci
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1)V tliK ' |i.iits of ( i)u,'l( (1 ti) iiu il dm ill},' \vlitil>. lli(i( i» iiiduiitid .i j.u k

-iL.ifl. (iiic for ( ,i( Il iiidtdr, .iii'l oiit-itlc iMch (if tlic-c j.ii k -luift- tluK is

.1 -ui\(lliiit; finii-wlii ' led tru( k. i'hc innldi-- .iic [il.Kcd .it .i liif;li IcmI,

tliii-i Mi-mg tli(> ccutif (if 1,'riivity of the wliok' lo((>m(>ti\c .ind ii('( (--it.itiiif;

tlic drivini; (if the j.n k ii.ift- li\' f.iirly hnif,' i oiiiicctinj,' idds wIikIi .in-

incliiii'il .it ;iii .iiil;Ic "f ilidUt ; ; . Thi ( ciHic lines of the jack shafts ,ir(

.It the s.inic li\(l .Is iliit-c (it the (lri\int; wlici'ls, the coiiiiImik rods of \vlii(-li

.lie dii\(ii li\' li(iii/(int,il Mi.iiii i(m1s cxti ndiiiL; lMt\V((ii tli( j.k k shaft-
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whit ' oinplli Mteil switchiiii; .irr,iin;eiiients. The rh.uK'o-over switiiics

•uc (.inied in tile po-itioiis iinlicited .it ( ,ii h end of tile e.d). Air com-

pi(-siii- .111(1 .ip|i.ii,itiis fdi" oper.itiiifj cert.iiii p.irts of the ciiiiipi.ient are

pi.iee(l .It tie ielt ii.md (lid (if the (.lb. .iiid tr.iiisformefs for aii\iliar\'

(li'illl- .lie (.lined .It tile eorresl>oIldmt,' pd-ltKiIl ,it the riKlit-liaiid end.

riie wlidie d| ill, iiii.;h-Vdlt.if;e .i|i]i.ir.itils .- t.irried in .1 se])arate eotnpart-

iiient in tile imddle of the locoiiioluc, and tile usii,il safet\' pre( .iiitioiis

.illii(l((l Id .iliii\( .ire dliser\(il. I'in.dlv, the s|,irtinj,' riienst.its, \\hi(ii .uc

nil lallii .iiiil \(i\' nunieroiis. ,ire [ilaced in a eomp.irtineiit oNcr jo feet

IoHl; on tli( t(ip df the e.ili Hr.ikes e.iii he .ipi>lied pneiiinatically to all

ill,' uhe( 1-, ,ind liie dli\lliy \\heiT- 1.111 lie 111. iked hy li.ind.

riie d\ii ,ii! diiiien-Kin- df till ld(-omdti\c .ire 4; feet 10 in( lies lonp

li\ (» f( 1 1 S nil Ik - wide, .ind it li.i- .1 urn— \veif,'ht nf loj toils. The tuaxiinniii

V.lhle d| tlh IMelne ritdl t 1- .'7,000 llv : ,lt \\\c two loWCst speeds the

ordm ir\' \mIu( i- jo.ooo lb., mere.ising up to iitwnt Ji.ooo lb. at the third

spei (1, .ind diniiiii-iiins; to I ',,500 lb. .U the l\ight>st sjief(T These two l.itter
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i;li- [ili.iM liicunui-

tivi'^ iii..t.illi ll I'll

tin- I'l imvsh.itii.i

K.ulw.iv in I'UJ,

;iii<l Mii'i'liid with iiirnnt at 11,000 voUs J5 i"ii">N s"!-' 'ii.l .\ jhi-

•-,.ittl\i' view of till- Incomittivc, wliirli ha- \v>\<\ iD.r! .1111. ll .1- Wi 11 .1- ' I' 1
-

lili .ll Ir.ltlln >.

'!1'1 1> 7I' firt

t> 111' hi ~ liiiii;

.ili'l I" !< < I I

ID' ll W I'll "\ ' I

,lll. I- LIlMII 111

I il; I ^"J. .iii'l

It llllV I'l 11"!' '1

lli.il th. ."1

I' . Iiiil; I'.iiil"

i;l ipli. u 111' ll i~

-Ih'U ll I .ii~i i|.

h.i- I'll n iiiiiii

_,^^^^^^^^^^_^^^^^^^,_ tiilK liiii-ii.iti 1!

fii;. l,^o^. — MuitiitiiiK .if il-c I Krrr ^iti.ise M. 1 '-v.

Ill I'l^;. 1,71^,1111

p.i'jv i5l-'4 Tlif I'jcoinutivc is iiio'-int' '! i"i 1'^' inirk^. 1 .nh of whiih 1-

drni'ii l)v thrtr pairs of 0-foot (irivinf,' whirls oti a ii^ul whiii I'.i-'- i.', hit

4 inches Iom.l;, bill with a jatk shaft ami .1 | "iiy trii<k oiit.,i(li tlii> wlml

lii. 1.801.— ll'Kl'-valuiie Mm^;.- |>h.i.r l..> in .;n. il'. nn^j: ..4;.i.. K.i

;*

it

' M

BW wm



r'.2') /\r.hl t KICITV l\ IIIK SfrVKF Oh' ^f^.\

li.i'^r Till iic;iil will (I li.iNi^ ,iic llixililv .irlii 111, it'll with liiiiii|'< r t;iii|i i^

iMt(i|M)>iil III (oiii.Kt with t .nil ullicr ,in<l >iirriiiiiiili d |i\ ,i m.i^'-ni link.

whi( li c .\trii(U iliiwii .iiiil fiinii-. a liinid part n( tin- i.ili >iiiii|iirc

IC.iiii tiiiik 1^ iliiviii liv Iwii tliirc-pli.i^i- imlui tiiiii mutni, niDinitid

as shown in l-i;,'. i.No.j, and (Irivinj; a sjukI.' jack sh.itt tlirnut;!! pinion-

at I'aiii mil of taiii ariuatnn', misdiim into tlcxiliiv inonniid yr.ir iiin^

laiiAin^; Inlii al ti i lli. A similar i iisliion k'-t iIi'M' lias .ilicailv lucn

<lis( iilicd on piyc Ii>()(). liif jack >ii.ill drives tlic >iilc rod-, a> -liowii

in I'ii;. i.^io;, ih,. d,iaiN hiiii^; iniuc fullv ^iMii in hii,' iSni, wIik li ^liow>

one end of till' cab, iiuiiulin^; niu- of tlic iii;id trucks and tin- i cntial section
;

the side of till' call is iiinoveil antl some ol the macliineiv is shown in

section. The n.ooo-vult single phase I 111 lent is tian>foiiiied iiiioN^ovoji

three |)ha-M' ciiriellt for tile motors l)y me. ills of ^t<p down tr.iiwfomiei^

and pha^i (oinerters. liie yeiiir.d tlieor\' of sixh .1 coii\ei>ioii li,i> Ikiii

I !>;. 1,4.4.— Siilc View lp.iilly ill Setlion) 'f Oieh.ilf ( iln- I.,k din .lu.-.

referred to on p.ii.;e ().}() ; this particular applic.ition will i)e more fullv

described in the iie.xt cha|)ter (sec pai,'es liij^ (.' sc(/
)

ICach of the motors is rated at i.ioo 11. p., lud then fore the r.uim^ of

the locomotive is 4,.Sik) 11. i'.. but it can de\elo] i-. lunih as 7,000 11. i' .it

st.irtini,'. .\s the motors are iiuliiction mote , iiid f'
• ordinary riiinuiiL;

ail' connected in p.iralUi, tlure is only provid. d one normal opei.iiiiii;

>;peed. which is jo (> miles |)er hour a speeii which is considered ti^ be

tlie maximum s.ife -,peed for the he.ivy li lins 1 1 which tluse powiirul

locomotives Were designed. l'"or jirotnici' I slow movement^, howevii,

ilie iiioioi- (.III be connectt'd in " cascide ' mc p.ij^e ii)i)<(|, reducing the

-peed to .ibiiut one half, but with a low powi r factor, liu' tr.u tue etiort

developed at m.iximuin spied is .Sj.joo ib , and the nietlioil of olir nuini.;

intermediate simciIs is ixplaincd later ( ;. ji.ii^e i(i{)i^i.

Battery-driven Locomotives.— It is ubvious that for ertain cb-e-
of railwMV and general work a self-contained locomotive, c.irrymg its

own supply of energy, is not onl\- useful but pr.ictically mcess.uy foi



/.'
i rn A' I '.v/iv \ /..'.

.,..ii..nii..il w.MkniL^ l-.v.iv'ii. 1- liniili.ii wnli lli- fu • s I'ttl. ,t,.. i

l,„,.iri.iiu. ii-.ilt"r -hmiiiii- .mil iMiiiiiiu I'-i'l- il'"Ut liU' w.nk^ h

i> (mill. I ..|,\i,Mi, 111 it .A. il.. i.l .un.lii. tui, ,.r lliii.l r.uU it ^\y^^\\\A ! \. I

.,1, 11.. I ,il ,ill ruiuviii. Ill t..i tllr -Ij-l'IVMl • 1. t M. rii.l^s (,'1 -!• ll pillli..-.-,

,m.l 111. -toi.i-c l.,iiiriv .1- .1 M.iii.v c.( 111. n. .v,-.ii\
. n. 1-v ii.itiiMllv

^ili;L;.-st, HmI!. I'll.- i.iili iillif i^l till'-.- <.|iM..M> I.I.I- - lli.il ImII'M 1'""

mum,- -.iv .1 .liMiii. ' uhI 11-, ml piiip.-. .11.. I. Ill ...nil. 1-1 wi'ti Hi"

,,|.,.\,' Iiil:Ii 1",w, I, a I," ,'m,>tiv' >. " '!• - 111" -'" •' '" ' I'Cm,'. - I-
>
Inu "ui

.A.impl, .ilm..-^l .11 i.iii.l,.m h,im .|uii. .1 uu'mIm i s\ In, h m .i\.iil.il'li

An ,1,. HI, -Imnim- I.,. ,,mmi\. ,'! ilii--l\l" ii>. .1 1>\ ill. Mi.ll.uil Knhs i\

I I

Fill

U

.It III,' \V. -I In.li.i l),.ck. I..,ii.l.,u. I- --h.iwn in l-'ic i .'^"S. .\ i.,^ . • IT i
'

1'
'

h.itl.TV. with .1 ,.i|>.i(ilv '>( i"S ,mii,.i.-h.,ui-, 1- .•.uri.,1 in llu- tw.i .
ii.l

>omi>irtnu 1U-, wliil-l th,- ..nlial imI> ,-.iut.i'.n- lli,' 11-11. il M-ii.-s-p.ii.ill.

rimtrollin:; ciuipnunt, .iiul ili.' n.. ,—.irv -wihli,- t.ii i li.irL;iiik' th,' ,,11-

I'h.' h.itUiv 1- . Ii.iri;.''! fur mv m two In, 111- ia,i\ i1.i\- fi"m i-',;" j' ni

nnl is l;iv, 11 .1 i,'(l,-liin:^ " ih.Tl;;,' h. t,,|, -l.ittun; \v.,ik 111 lli,- 111. '1111111;

lii.' ch.uumL; .iiii'iu h.uiL; t.ik. n tr-iin ,1 mul'M mii.i.il'H -. I. ,1- ill,- supi.lv

voll.ii;,' ,.' jt," \,'ll- 1- t,)i) 1ii,l;Ii hn tli,' u-,- "t .1 !i.'-;.il'i\'.- |),..,-l,i. I In

ilruii..; puu. 1 I- li.m-mill,.l tu ill,- .i\l,- bv Iw.i l)i.> K.ii m.. I. -'-,,, in

I.ir iM, h .i\l. .111.1 . ,1. ll ,)i 12. H.I', th. u.iikmu ,iiii'iit \,u\ 1^ Imm t<)

t.i i|ii .11 ji, ii- with .III (Hc.i-um.il ciiii. Ill rmmiiiL; up t,i 150 ,uiipiii->.

ill.- I'-ihirollii 1- .ur.ini;,,! lui il.rlru l.i.ikiiiL;, ,iii,l m .I'Mition .1 ImihI

f7f



11..'^ /• LyCTh.i 11 \ i\ iiih '^/Kr/i, /: 11/ 1/^.v

br.iki', upTatcd l)\ li iii'l, is iitl' il <>ii i ,ii h ,i\li-. Tlir l),ittirv l>i>xi-. ,iii'

sslII vnililatLil.

Petrol-electric Locomotives.— I'Ik b.itiiis limmiuiiM .l..., not.

1

h U. IT •' .—An AnnTI.aii I'l-nul tin Iti. .I'll i.-i iii ^vr-

liiiwt'vii, fvhaiist till' p()-.sil>ili!ii s ci( ni If-cdnt.iiinil 1im niiiotn s «liuli

lu.iy f.iiily lif (Irscrilxd as " clfctric." A^ ju lo.ul ti.ntiou, m' Idi i.iil

\v.i\>. itis possible ti) lia\i' the-

(

iiiiil'i:ialiiiii of a |» t rol (lii\ n ^iik i.ilui

•> 11 1> p I \ I n I'

M , -m n B w _ '^^^^^^^n^ ^j 111 O t f> I OI

!l 'ca C3'"—

'

motors wliu li

'.•.

I

O ! [I\—i. (lnv<'tlif !ui

I' _| [
I '~4_L niotivi'. In

tr t:^^''-{c7

T
•*

M 1.. - V V wi r~-

viyvA^wwiLJ ? ii;_;

i;

•act, this is

oiih- ii\( itiiii;

to ail I ,11 lu 1

t\pr of 1 K<

-

Mil loLomo-

ti\i', uliii !i at

oiic mill' al-

ti.it tt il a f^ooil

• leal (){ attoii

turn. Wtictii

to the lloil

li-- i.-i-: .iiiii I So-', h lc\aii..n ,iiid PU'i ! ,i reif.Ii ii-. ti.- I,.k. in-n'

r

hioii loronio-

ti\t o| whirli 111! iitioii iia-> Ixi II luadi- in an tail\' (ilitioii ot this Look.

ati<l ill wliuii a stcani-i iit;i:;r was used to drivi' the uciuiatoi.

Phi ease ot petrol clictru road vehieles lias liein ilcalt svitli at liiiylii in

a pre\ H)tis ihaptcr (.v(!' payes i.j()q (7 mv/.). and it will lt<> remriiil)ere<l that for

these the elet tile r<iuipnieiit eluelh appeared as .i sllhstltuti fol tile nieehani-

1

I . -ii:^



V IKi't H I (•.'*/. /.' •»!:

. ,lh |,,,.lr..u i-N-l ..n..„l,n...v|".i..l.l>n.n v.lu.l. Hm. lM|...r r„..v

,„ly .„ulu.l. «iH, .. Im.l i.f.i.n.. t.. Ih. ,
,„ .. ^iM.n.Inu ,

.>• ui inlu ,v

.Mllkllll,'. Ill S\lll>ll

111.- 1 1,. II.. < quip

111, Ut I'l.lVs .1 MIH. Il

111 11 1 ( lllll'I'l I. lilt

|..ii t . in-i^iuu' il 1-

:l III i\ I"- n-.. 'I I"

-uImIiM.I. Ill' l'"VM 1

,,1 ,1 l.iii^i I"
ii"i

I ll-lllr lit l\\i I II UV"

III nim I iiiiitiii -

mill h .Il 111 '11- '
1^'

1,1 :ln I ;..ini.i>

t 1 ,1 ii^iiii ->|iin till

liM.i \ I III' !• - 11

I, III il 111 I'll |'."^«'

i^ii;. Ill ill' I 111

l\.l\ I .!>' .
IlliHi \ I I .

till I'llssll'lllUi - .111

i;i.,ili|. .ii'l li.iv

Ih'I'II ill \ I I'Mnil
I

. , -|.,,.,, . , I .'. . ,.iir 1 • n, ',

:iii till I.

All 'M'ln.il \i'A\ lit a (ill ton pi tinl i l< rtm Im niiintiM
.

..ii'.iMi n}

iliA.l.iiiiiii; ;vi II 1'.. 1^ f;iv' " HI I'lK i.'^"'' It ^^'-^ ''>"!' '"' ''" Mi'in- .'l'«'li^

St. i'.ml, Iv'ii llr>l(l

,llli; l)ulill>]llr IJi (

-

till Ti.u timi < "iiii

|> iii\ for .1 ^1 1 mil

lit till T SV-'ti 111 111,"

liuii -. liiiiL; • 'iiiiii'iu

tiiiiii Mmri'
i

"Iw til

M.lllkaln rill^ '' I -

tlull W ll|" I ,il I'll

Iltrh llV |iMii:!lii-

n\.-. iif tlui IN
i

A hli. .Irv.ltiol. "I

till lili ulUlltlV I--

t^uiii 111 I'li;. i.><'7.

.ll|«l .1 llIU- I>l.ltl Ml

i ,^ ,, , \ i-tt. . I tctli.. <! .cr-.tr- rr- i'ii: l,.^l)H. Fll' -'

iin-- rlr,i\vmt;s sliuw thr l;, mial arraii^tiiu lit of tli.' apparatus ami lia\.- th.

]iniu ipal ilinKiisi»)ii> inarknl u]><iii tluin. Tli«- liiiKtli >'f tlir ali i> .; 1
I' < t

t-f

i

1^ a»tfm.^^^'>:M .•a",!-- ;'.T««;'B



It.^O /• I hci Kii ; / ) i\ nil- S/hT/,/- <'/' .1/i.v

1

i'

.111(1 the u\, I .,11 I, ll^lh .|I (, rt 4 IIK ll.s. Wllllsl th,' \Miltll 1-, <) f, , I II UK hi -

.lllil llii Ik i;;lit IK .itl\ I :; |, , i

'"I" 'l"' I-' i.irnid III ,1 .;(>() ^;,iliull (..llol t.illk l il'IU' I.>n.s> lllsl.ill. ,1

l)iiu.illi tlic iiriiliifi.iiui
. ami iIk n- an Iwn

(,'ill(ialjllf; Sits (,(,. wIikI; uifiipV IIk' tUii

<n(ls i>f till (al)s. a \i(U dt llii iiitiiiiii III

whiili is f,'i\rii 111 Iml; i.^ix), wIik li sl.uws

our of till- fiiiiiiatmt; s, t^ iii thr fun izrouiiil.

All air niiii|)risMir \ i> ilim n nti ilir (r.iiik

shaft of lai li iii;,'iiir. ami siipplii s tlir nun
plisMil air fill tlir ail luakr systi in am! fui

st.irtiiif^ thr I iii^iiii-. Till all nsi ix.nis, ilm i

in juimlit r, an iiistalli il mi u; vi,|r ,if ih,

__ lali. Oiii! of the t;i III ratll'L; si t> is shuun
3 in l\^. I.Nio, Till- I ii;;iui- Is an ralit

. l\llll(lll pi tllll lllf^lllr iif till V t\pr, iiiniirm

i at "1511 IM'.M.. anil laiiahlr nl ih \ , li.piij-

^ 175 11.1'.
; it is(linitl\' riiiiplrd tu a (mu-Milt

- (•uiiipuiinil-woiini! t;i'M ratur iiasiiii; imiiimi

y^ tatin« |)iilrs. I'll. :r Is also ,1 siii.ill 5 kiliiw.iti

~ |iitnil-fli Ttiir t;. Ill i.iiiiii.: sit c ill,!.; i,'"^">
,

~ whuh, niiiniiiL; at 7511 k I'.M., siipph, s 1 111

niil at t>s Mills (ill lii;litiii,c tin , ,tli, ih,

f-
train r,ii iiai;i's, thr hr.iil lights ,ini! |mi hiIh i

^ niiiini pinpiisrs, rhrn ,in Imii iiiiilnis.

I
two nil I .11 h tiui k. I .11 11 niiiliii 111 iiiu; i .i|.,iii|i

1- "f liiMJiipin);; luo 11 iv fm mir hnui flu y
f an- !>()0-\iilt, sell, s wiiiiiiil. ( iiiiiiinitatiiii.;

pulr. l)<>x-fiamr niai liiiiis, smiilai to iliusc

(Irscril)iil at lia}.;is ii„,^ ,/ ,,:/. . .iml tin tun
llliiliils nil r.ii 11 trill k an ]irllll,i|irntl\ inli-

llri till in pai.lllil, thr tWn Ji.lils l.iiii^

1 nii;iiilli il ,is if ;luy wi n- sini.;lr iiininis. Thr

inntlnl 111 tl. sprill is liasllj lipilll till

\ail,lt|iia nf thr drill stlrll.L'tll lif till ^rlli 1

atm. ami nut iipnii w.istrfiil nsist.uuis in

thr 111,1111 illiUll. It Is thrlrlnir lllnli

ri niinniii .1! til. Ill thr n|il||i,II\- lliiiist.itu'

sriirs ]i.ii.ill, I niHiiil il. s. nlirii 111 thr lirxt i liaptrl Hv vaiVlllg thr In I,!

1)1 till l;i iKi.itiii tin \iilia!.;r nf thr rurnni ran lir v.iinil In i.;i\r tin sp, iil

ni|Uiiril, ,iml .is till I, .II,' iTrtliiiiiit iiiiiniiii; piisitiiiiis nl th tmllii,

thru Is .1 l.iit;i 1 hiiiii ,|s Wril ,is .i wiilr r.i|iL;i nf sprrils Tin tWn |np

"|""'l- !!> nlii.iim.l liy shiintiiii; p.iit nl ilu -iiiis In Ills nl thr nininis

ill

\\\
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I'iii h Is ,1 I . ml 1 1. Ill I ,it t ,11 1 1 1 1,(1 iif till' ( ,il). SCI 1 1 1,1 1 1 1,, I Ill, it i\ . ' .111

ii, mil III iilliii (liiiitiiiii rill li.uliM rllmt i> iiii Ill ,11 ^ nulls

|M I liiilll. .111(1 ;,ii"' ll> .It Jl) iniirs |n I lliilll

Petrol-electric Railway Coaches. It i-- i>l>\iiius iii.n iIk .iIkim

III. IIicmI ii( ipi i.ilm;; I .III In ,i(l,ilit<(l fiii lif^lilil tl.lftli A i,iil\v.i\- IiinliPi

c 11,11 li sii (liiMii js shown i:i !il;. i.,^!!. It li,is ,i si .itiiit; i.i|i.iiii\- tm

llll\ |MsslIl^ils. ,111(1 Is (llli- (if ,1 sit sllp|i|lili tu tilt- <ili.lt t.llll.ll K'.lll

\v,i\ ( uiiiiMiu- li\ ilii Uniisli W I suiil;Iiiiiisi ( iini)Mii\ Tin i ,iii lU'i

ni'll'ils Ulllill I .111 (|i M lilp ,1 lll,l\lllllllll 111 1)11 ill', ,1I1<I llnl. Is .1

.Hltli'llil ,lt -,1111 iliil. sii tll.ll till- ((1,1(11 (Mil 111- Mill Ml ntl.il (IlliitliUl

Will I' tin ir.iltir Is h,L;tit, siii ii mmiIiis |i,i\. \\\,- adv .iiil,ii;c nl i iLihlini;

ihi iiiM i.itiii!^ idiiiiMiix t(i ti5t will till I tin liittir iilfiiiim is sulli, 1, III

111 |iisiif\ (iini|i|ili ( |i . liiliratKiii wtli its |ic.i\ \ iiiiii.il (nilLiv

111 1 '111' lilsimi ilir ii.iilii Mi,i\- I'l' I. iiiiiid, i| tli.il .III (Hilst.iiiilin-

,i'1\.iiiI,il;. "! tin |ii 1 1 nl ' K i 1 1 1' ilim is tin f.n t ih.it ih, .iii^iin ,.iii

.ilu,i\s|'. k' I't iiiiiiiiiit; .il Its iiiiisi I 1 Miiniu:' .il liij;h s|., , (I wii.it, i, I ||,,

si" ' '1 "f 1 In \ ' 111' li lii.iv 111'.
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COM KOI. or nil, I I.ICIRIC I'OWI.R IS I RMI IO\ WOh'KI.M,

()M i>f III.' i;ic,itt>t ;nlv,int,iKts ol till' UM- ot clc. tin cm i>;\ Id li.iil

|>iii|M,s,., j> the t.^^c• with wliicii it lends ilMlf t.. iiuini,>iil.itivc ...riti..l 1>\

tlif nidividii.il r.>|M.n-,i!)lf |<.r tlif nmiiinK ..( tlic v.-liidf nr v.OikIcs. Ih,

KiMi.Tiil |)iiiic ipl.-s t.. Ik- (pl.MTvrd art' MnipU-. and tlic iliiii. ulti. - »ln. h .iri>.>

ill a|)])lviiif,' tlifiii ill }>ia(tiif arc neither iii>ii[vral)le iiui ,\eii ^nat. I.ik.

all ipther i)n.l)lein-, li..\\e\er. in piaitual engineering;, run. proini-e ha- utten
U) W r-MPrtrd til, and tin ' -iirvisal of the fittest " is a> |.|(iiiiin.|it a Uatiirt
III tlie de\el(i|iiiieiit .if the ajiiiiiaiKes in pra.ti.al use in thi~ ^..mu'lun
as It i> 111 oth.r braihhis of .n^^^incciini,'. Mattel-, of Ljrr.it interest also
.ins.' from lime to time whieii w. 11 iliiistiale tli- int. nh peiidi ii< i ol . l.e

tr:eal laws .iinl [iIh noniona

It will be .uiiveiiiv.iit to .leal hrst with the m.th.i.ls ol < .mtrol oidmarilv
used in the working of single tramcars with ((>ntinuoii>-i urnnt motors.
as this lea.ls up laturally to some of the methods eini)love.l in the mote
coiiii)l.\ prolilems involved in tlie control of At. ti.i. tion mot. us, and
th.' still iiior.' .oinplex proMeiiis of the i.uurol of railway trains.

r C.f IH.>',V'.R C.iNtKot. (i.S iH.VMWA^S

The iirin.ipl.-. nnd. riving the working and th.> .ontrol of tiie sp.c.l

of .ontimmiis-. uin-nt moi..is liav.- alr^ ,idy l)eeii .oiisi.l.r.-d at lenf.;th

111 ( hapter IV. (s,v p.ij;.s 041 ,/ sn/ 1, .md iie.d not he i.st.iti.l In re \V.

are Mow <.iii..inrd ..niv with tli.ir apph. .itioii to th.' .III. 1 iit op. r.iti.iii

.I 1 1.
1 111. .ilU' .lri\. ji tr.inii ,11s,

I'.ii Masons f^iMii lis wh.re the piop.iti.s .md t haiat t. risti. s ot tli.

s.ri.^ woiiii.l ii..it.)r .ir. mii. h l>etl.r ,ida]it<'.l for tin' ninditi.nis .il imiii

. ar w.iik with . .intiiiiious 1 iirr. nts than th.is.- .if shunt m eomp.nin.l uouk.I
111. It. Us, ,111.1 thei' t.M.' in till iii.ijontv of e.is.s series-woiind motois .u.

Used. ^11. h m.it.iis !i,i\. a \<!\ l.iw uhiiiie resist,iiu. i>.t\M.n t.Miiiiials.

and wIm II tinu arm.itiii.s ,ue not iiiiiiiiiin woal-1 dr.iw ,1 il,iM,y.i.aisi\ iii!,;li

iiiieiit ll .01111.. t..l without any pieeaiitioiis to supply iii.ui's at full

el.
1
til. pi.ssiii. The sulijiet ll.lS alread\ been fully distussed (v,< paj^e

• 1.}.') Ill loiiiiii lion with the use of the motors fo: oth.r purposis.
In the pi.ilil. Ill now luiiiK' 1 .iii<i.ler..i the n-i ol a s„|t„„iitlv lar^'.

i.-ist.in. I III -iiiis with the motoi to liiiiij,; .lown the . nii.iit at Mrtiii};

iCii^
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t„-,ifr limits woiiM l.';i.l tu li.Mvv.,ii.it.il nutl.iy. .iii.l vvnuM W v-rv w.i-t.fiil

Ml pr.i. IK .• wli.n JU.mv ^tn,,p,.o- !i..%v t.- W ni...l.- .it -li.-rt mt, rv.il- M-r.-

,,v,T It 1- ni.vli.mi. allv «..u.l to li.iv inor.- tli.m <nw motnr on thr ir, l">fti

1,,., .111..- 'Iu> provi,!.'- inur.' limn ..n.' driviiii,' ,i\l.- uln' li tm.l- t- nioiv 1..1.1.I

..rr.lcr.iti.m. .inM .il>.. mv.- .1 r.-TV.- ..v.iil.il.lr it -m,, inoi,,, Mi..mM L.v.ik

.lowii It i^ tluTiturc till' .ilmii-i

iiiiiviTs.il iii'-tnni ti> ii-i- not ftwft

til. in two niotor-i. aU'l in Mum- 1 .im--

more tli.iii two ,irc omployiil. II

two motor- :irc .iv.iilahli" tin' -t,irtiii(4

lo-M- .111.1 till' lo\V--|>ltll Io>-.> (.111

l>c iiiiiiini>lii''| l>y piittini; tin- iiiotor-

111 -iiic- wluii It i-niM'>-'.irv to -t. lit

.,l lo nill M .1 low >|i<'nl. Ill till-

((iniiiMtioii attention m.i\' In' 1 .lUfd

tin' -I'ccind 1 I'rvc- ii|ion I'li;. •)4<i,

will, h j^ivc tlif ttt.ct of li.ilf-\oltaL;c'

on n.ution motor ptrform iiu r.

Series-parallel Control and

Controllers. -Kvrnwith the motors

111 -I III-. howi'Vi'r, n^'t.tnir-, inu^t

!« ininicliuiil .It st.iriin^. .mil n -

nioM'd step 1)V iti'i> .!> till >ii(t(l

M-i - and nil rcisins I'.nk 1 Mi - .ni-

lit \( ioji'd in tin' motor- Wlnii ill

ihr rtM-lann-. Iia\i' hii'ii < nt out,

nd I'.ii li motor i-> rci:ii viiiK li.df vol

lai;! . tin' motors .ire switilitd into

1
ir.illil -o tli.it cull I .111 obt.iin (nil

.o|i,i|j;i-, hut It I- iiiri-^arv lo r>'-

iiiirodiuf ri^i-l.im t--. whu li .irr .11,'.un

I nt out ^t«p l>y -tip ..- till -jii 1 d

11-1 - {urtlur until tin' mntoi- .m run

11111-; .It full speed under full Milt.iK''

rill mrtliod is known .1- iIh- mtji v

f'.ii.iil,! nietliod of workim;, ,ind tlie

.ippli.iiit e with all its lucess.iiV ,11 res-oiiis whii li aii u-- d toi lau'.M';. il

.lilt 1- known a- the " v rirs f\irti!!t' ^outtidhr."

V,,,
ii , ..ntiollii - ' ni iii.idern piilui iti- al\\a\- ot till •vhii'lii.

..r hiini l\ pc uhii h li 1- .ilrr.uK l.n n di— rihi .1 111 ' .nim. tmii will; th. 1 iiliiij;

!. U'llalliin and 1 1 Nil -a! "I 1 .iiumn.in--. luiitit inai.t- (•-i\ p. 1^1 I14S ' \' '1 le

two motor- lia\e to hi- lontrolli'd and .iiiaiiji im nt- liii.ii loi tin- •lu--

..f opelatli'lK )il-t df . nhe.l the • olltrollrl i- nr. e— .iril\' in"! • '
' "111; 'h. at-d

I ; atin xs ( >:.•: ..trt
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I'lif^ di^ailvant.nct*'- nf tlii^ nutiiod iirc dhviniis ; tlirri h iit-t tlii' --iiiMrii

rcilui lum of ttif I \irrt'nt on niovinf; iroin 4 "
i.i " 5,' a.ii(l -till more -( rimii tin

l>r(iikiiif,'of the wlinie 1 ir. iiit ' iiiiilcr load ' op, moving to ' o.' I his di-prixi -

till' 1 ;ir iiiomi'nt.irily of its stipfih' of power. .Hid sjn, ,. th, Inail is iiidiu ti\.

I .lUses \i, mils niid ilestnii tive sparking and .iri mil." ,it ilir swu, h rontM. t-

lo .tvoid these ditficulties the " sjiort-i ifi lilt nutlii"!, inste.id of lire.ik-

+ - iim tlie 1 ifuit, slioii-

'.-^'" T-wwrVWi--v^—I
yQws-WN /y-irm^

.iiiinis mi,
,.

I 1

'
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'^-^ '^^ iniitiiis helore .h~ion-

ni . Iiiil; It for tin

|inrpose ..| till' i\\ iiil; it

' '

"

olhei . I 111 " ii ,msj

1 mil " |.i .-Itli i!l~ e-i I lie

tliillet I'll tiii-

sh..ii iiiethoil .lie -liiiwn in

Iml: I ^I.'^ 111 posi-

tion "S ' llie eiilllleetmns jir i,.,|iii,.,| i,. ll,,,,, iil J ' jiv Iiii resist

-

an> e, iemov<'d in "
i

" aim (" iielni; i< ii:trn,!ii, r.j. I'.issnm .pii. klv to

" ' ' motor No. 2 Is short, ii. uit.-.l ,111. 1 iniiii. ili.ilels' .itterw ir.is in " 7
"

It 1- t.ikeii out of I in int. IhJs i...nl\ h.'Uiv.r, I"' .1 moir.eut. .md m tie

ile\t ])o~itioii '

1) ill 1-1^ l.Nio It Is . .niie. te.l liji .ij^'.iin m 1 ir. lilt 11

jiar.illel \Mtl> nioiur No i in the hi-i ..| ih.- ]>.irallel ' inminiL;

position- .\li|ioin,'h this +

nietlm.1 keep- I In- m.ui. A.y%__^^^^^^^^_^j^^^
rinmt <los,-,l Mironph- ' '

out the " tr.iii-ition

peruhj the supplv of

powvT to the \ehiile 7

tiurt'iates, both l)e( .uise

one motor is temjio (»

l.irii\ de.id and .llsi,

liei ,ius<- the I iirrent ^

thn.iiul> the other

n. itiyr varies i onsider- tu ..i^u. -c..iiir..!itT c

•ihK'. rilis tiiay n\\i^

rise to nnple.is.int jerks, "sp.irkiiij; is in't eiitio!-, ,i\..iii..| Im^ iiise one

•iif.i. : thnnif^'h which a t.iirlv l.irfje current ni.iv be iIi.v.hi!.:. i- ..p,iiei

thoutrh the 1 iirrent in motor No. J must rapidlv .uuunisii whep the i.iotoi

1- sluirt • ircuited.
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neithe' irxitor is removed from the cirrtiit, even tempor.iriK- The \.in<.ns

stici o--- • posi! lulls are s|i,,\Mi in I'il' l.'^io in " hii !i '=,
; 'he ~.iine .i-
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irn ' :ii.t 1" 111 I I' '< III! t t!i- ii-.,iin . nii. nt
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r

tr)j> cover i.f till- c uiitriillcr is -liuwii iii l-ii,'. i Sj.) in win. Ii ll j- tlic li.iii,!!,

will. Ii w.ak- til. xn.iiii I).irr(l, an.l K tii.if wliuli work- fh<- ri-\rr-fr II,.

form.r i- a lixcd liamil... !nit Ih. i.iftir i> .j. t.i. Ii.il'lr. an.) < ati lie (am..!
:u\M\- hv till' iiuptor man if h. li.i~ tc. lia\.- |ii> ]ii.-t at thr . iMitr.ili.r It

ran h.nvcMT. milv I"' .j.la. li..| ulun in the 'Hit" i".-ili..ii, -n that t)i.

. .iiiti.>llii .anil. it bf tiiils I. It if alivf" In it- tiiiii K .an ..iilv i.i- tii'.v..i

fnnii tiic lift" ]Mi-itioii nr viit- , rrsii wluii ii is al tin- ..ft
'

|Hi>iti..ii

thil-. iii-imiiil; iH.t uiilv til, It r. v.-r-ak -hall nut h.- nia.lc whil-l th.' man
< iirnnt .- on Imt .il-u that n.. . urr. nts -hall ho brok. n in tin- uvi-rs. r ban.

!

uhi.li thcnf..r<. , .inir. - n.. an .l.fii-, fir-i " The p..-iti..ii .f the man.
barr.'l is indi. at. .1 In- th. |>.iiiil. r win. h i- a pioLiiiLiaiioii 1. 1. kwanl- ul lli.

lt)Wir pari ul li, an.l in llii- |..>-itiiiii is ii.it in .lant' i .'f I" imli .hm i. .1 up |i\

'h.. aim ..| till- man ..jHiatinc ll. I li.. -tu.l- niaikcl ' puuri "
. i.

, m.
.i'l.it' .1. iil\- till p.i-iii..ii- (.. will, h this jMiiiitfr i- to hf tiirncl t.. bmiL;

the barri'l to th. van. Ill- p.i-i

tloli- M.ill. at. I in iMi,'. l.Niti

.\- . i.iiiir.! .i!iii\ I
, until ic 1-

in, :.. .111.- ..| 111. ninniiiL:

p.. -111. Ill- the ll .11. 11.. II I anil.. I

b. Il|.i\...| tl..lll the p.i-ltliiii

. M. '

I 111- ml.il.M kiiii,' nil-

.. Ii.iin-ni • 111 bi -I III al lli.- top
-UlSWIf \:"_ ^^11 ^ .,f Im.; i„S,j, 111,, ,,. ,l,.,,u|s

ail- nut \ rr\ . 1. ailv -li.iwil.

/h-.ihiui;. Apart li.nn tin

iirlimirv inc. Iiani. al an.l otln r

nutliii.l- lit brakinj, with tin-

l.tail-.il will. 5| w. a,.- n.it roll, i-ni.-.l h.-i.-. th. i.-vrr-ibilitv ..f tli<- .l., in,

'"' "11.1. 1- p.— ibi. ,, in.ih...! .,| '.r.iknii; win. h i- in-. iili,ir t.,

"'''"I' " ti.iili.iii. Ini.i^in.- .1 .,11 ii.iv.-llim;. -,iy .|o\mi hill, at lull

-p'-..l with i-~ .III ill!- (initi- .h-. I. nil, -I I, ..I tiom III.. -iip)>lv < in iiits : tin-

.iim.ilnii- III tlu. motor- aio ii... .•— ,iril\ b. iiil; .Iru.-n bv the .ar. ami
It laiip, rlv . .innc. tcl the-.' motm- , .m b<- ni.i.lr to .i. t ,i- uciicrator-.
In till- 1,1-1- tin- .-luT-v ab-orbcil bv th.- L.',-m-r,itoi , . .m onh' b.- .ir.iwn

Ir.im tl.i niovmj,' .-n.-rt^v of th,- , ar. wlm h i- thci.lor.. i,tar.i,.| ..r
• br,ik...l

I'll.- -iirip'..-t .ipph. ,itii.ii iif llii> pun. ipli- w.nilil b.; m.nl, bv .ar,iimin,i;

t.i pr..\ 1 I.-. ll,Mini.;h tin- . .mtioll. r. tin n. i---:u v . onn.-. tmii- Ur tlu- motor-
so th,it thrir

1 IK nit.- .iiulil ].. ...mplct.-.l thi..iich -iiit,ibl.- n -i-i.in. .-

I'hi- 111. III. Ill h,,s b. .1, lri.-,l III pr.nti. i-. bnl it i- |..un.| th.ii -m. i- tin- ,ib-..ib, ,!

."iiro - I- .-vi ntii,ill\ .li-ip,it..,| in tin f.irm ..f In, it in Ih. m..t..i-. .iml m
Ih.' Ill, lilt ii-i-t.im,., b.ith of th.-.-.i-p... i.r ihi. I.iim.r.c. ' v.-rv h.ii I,,

'"I. '• I'lii.wnl- 1.1 iln- ih.il Ih. ,,|,,i.a- .,-. b. m- h,,,i,,| ,, i| ,,n|\ uh.-n

I 1 11. I- I,
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ihiMiic tin- i.ir. {lilt al«i wht'ii \\\v < .ir i- ^lnwint; .invMi. .m.l i.iih li.i\. .\

ptrioil i.f < Hilling; vslun tin" r.ir i> ritluT ^t.iiiclmj; -till >! ' ioi-hml;

{{ii.iii-i' i<{ ttiiNi' liitii iiltii* till' iiicrcv, whiNt hi inc |miiK iI'-.iIh .1

''V I" •
I Ir. till i: nrr.itor- i> iiu\n ' liiitlv .ili>iirl>c.| In ruicin li' !i.i' k )m iki s

• iiiifi ,.il liv the 1 mil Ills from tin' iimturs .k tiiii; is ijitu r.iii>rs Tln' iini-

iiiitii ;is iif ilir M r H I oiitriillrrs [iir till-. |>iir(M>-i .III i,'i\ I 11 ill I'u; i s.'j.

win ri- till- iiiiK iif two Mil li lir.iki-. .in shuwii rniiiii i ti i! iii |Mi,iliii mi um-
-I'll 111 tin i.lltll lllll^i In I., .lllll nil tin nthil ttilKliqll .1 sr().l!.lti- MnWiHlt
siili imiil til till' liiwt >t tiiif^ir n i>( llif ( oiitiiijli I . wl'ii li i> in i in uit milv wlnii

llir I).mil is ill our of til |)o>itto;is m.nkiil ' l>r.iki' " In iioin- of tin -i- j«i,i

tioiw Is tin ii\i liiif;! I I if til. trolliv v.irr III I III ml Tin iiiotnts, Imw. \ . r

IS sli.iwii ili,ii,'i.iiiiiii.itii .illv III \'\^. l.S^l. air loiiiifitiil III i>.ii.illi i .iinl III

- n - uitli thr I Miitrnllini,' n-i-t.iiurs k ;iii,1 tlir tr.n k Jir.ikr- Ilir po-itimi

of tin' 111, nil li.iii. I iliti iiiiliii- liow iiimli of K sh.ill 1.,. in . in iiit tin- n-i f

.

imr LriiiL,' n.lu.i.l ,is thr tr.iiin.ir -low- ilown .iinl tlir i \i ! . ii' tin

m,i. Iitiii's ilmiiin-hi s
: in tin- w,i\ tin- iiiinnt m; tin- In.iki -i.liinii.l- i-

krpt ilUltr l.lirr

until tin . ,ir I- . -
M..f ,., . i:.

'-^ )^vM/\y'
u \A'y

\\

\ \
' . \ \ \ \ \

J )-}v l' li V

I :g -/!-•-(' ifitTi tlnn-- i»! 'I't.ir

y'
\

1 I III,.!., i

Mllllllll;: ilr.nl -liiS\

riir < lirioll-

w.iv III vWiii li till

i!i.n Iniii - .III' |i,i!-

.lili li'l 111 I'l'j, I S^i

-Inml'l III- in. Ill . li. '(•

K'l nil mill iiii:^ tli.il

tln'\' .irr st'i ! .-\MiOinl iii.n liliifs, it will In' fouinl tli.it tin In M i,.|U i.f

Nil I .i\i> 111 -, rir- with tlif ariii.ituri oi No 2, ..iiil tlir tiiM ..il- nt

N.i _ III -rii.s Willi the arm.iturc of No i I In- i- in |ir.\i'iit

tin ill-.i-tii.ii- , I n-r'l'l. r,. . - whiill woiilil lollow if l'\ aliv . haii. r \U<-

nii^inti-m i.f oi;. lu.i. l:lin '.Mir irMi-i-.j. m win. li i i-r tlir t'i,n l.inrs

wi. lllll I"' 111 SI III with oin .mutluT .iinl i.ii -In.tt > m iiit Winn IniuiMt,

llir\ .irr loiinei tnl ,is -Iniwii. tl . .llln ti;iii nt tin' i:irriit tliiMUL;li oin .niiM-

till i.mtrols thr in.iL;iii'ti. tiiix nf tlir i.ihrr mn inin unl rii-nir- (hit

th. \ li.ill irin.uii in ii.ii.illrl. ill! tilt I HI r\.limn iti. Ill nf tin- "("".'ii
'

I oiliH'i tloll- (I'lt; I.sjJii.l tin- tirlil I oil- will sl,o\\ \\ ..i\ w hrii |.| aklli;' tlii'

I ollllri tloil to I I ill I- • \. 1 -ril. It \\ ill !' 1 li-tflll t'Xrli j-.- tol tlir n .nli I

to work out tin n .isnii il this foi liims. If Dit.iiU of .i. tu.il hnikis .itr

t,'i\rii l.itn III l'"if;s. l,<)0'i to I <iIo

Ih li' im< ,'t I iDMiii /(.":. I 111' ai tlial i niiiir' tlon^ in t'.- . a-.- ..f .i u;i\rli

. .iillr.illrr .III- iiin-t ii^lih li.il.'Wi.l |i\ inraii- ut a . I. \ , i. .|.,., 1

'

,!i,i;;iaiii

-nnil.ir t.. l.i . (s,,- pacr- nio to ii(S, ^r. t.i.n 1 I winii .1. iliii;; willi

lolltlolirt, :..' -tat'.'l'.ll V I- "• ' ^in li .1 'liirialii |..| thr jl I .jj ,..ii

mllrl lllll-,!.',., ,||,.,\,. (j'l- I SIJ) 1 -h'.Ul 111 ll^ l.S^j

d
1 i. ,

•f-

if

i5t:- -^rataB.-; « ^«ar tyjif -

,



ifno '•'f-/ 1 ; K/( . /y rv lilt S/Ki/i .\/i

Tlip tixi'.I tinots, _'! ill niiiiilirr. wtir li m.ikr .cmt.i. t \m»1i tlic v.irinii-

cyliinliii -irin. iit« ipii the prim j|).il i.introH.r .i\li\ an- ^liown m ,

viTlK.iI liiic ,1^ 1.1,1. k .inl.>i.ii till l.ft-li.in.l s|,|r ,,( III,. ,|i,i:.-i.iin. I h.

Ml,MIlrMf> nil tllr c villi. Iir ,11. lll.lli ,lti-,| I>V lll|l;,'.T l.f s||.,rtl|- ||. .1 l/i .lit .ll

Ii.iikIn will, h, i.n tiiriiiiif,; tin . .nitrnllir li.mdlr, .ire hroii^lii iiit.i iiil.l.iin;

1 "iit.i. t with till- liiit;ir-. ii|i|ii.,itr til tliiiii. fill' I until t lor ,iiiv t;iviii im^i.

lion III till- I iiiitiiillir liimllr h-iiig iinliratnl liy tlu' s.rth.il lunkrii Inn-

I oil -0 !
A"/

|,|

^^>J!v.-A' .:L;,^^,.. MM"^^-11.
11.11 li..rii»av I .

iiiuniM '^•"'' ' -'
; r an.l i',ir,ill.i i. j. ^ 4" tlii> iinnihirini;

I'.IIl.i. ...Jilr.l ll ;;i tin ', ,, ,,utM,:i' pl.ile 1 i runtrulliT.

"i"' "l-^.i-i" \ ill) I. I 11.111,1,1- .irr -h iwi, ,it till- |..|. n-lit-li, 111.1

-'''< "' 'll' <li.i-.i.un. I '! til- . villi. Ill thru ,iiv twu -il- i.| ti\i,l liii-rr-,

I
^"' "I'l" ,ill.l 'li.-r ,iir n,: 1 1.. I 1.1, Ihr U\.i -. 111. ,il I..U- i.t uliilr I n, 1,-

thcl. i.,1111; s 1,11-. I- 111 ,.i,h l-u It will I.. Iflllrinlirr.il th.lt tlinr ,llr

..iil\ ihi... |i..-iM,. ,„,.||„,||. ),„- ||„ ,,.\,i-,i ii.,iii.'l\' furw.ir.l
•

"..k;'
'"•' ll \. 1-

. In Ihw . a>.- till- . vim. I. I -, ^^iiinit- .nr ni.hi .itr.l |.\ 1,|,„ k

il
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!>\ tlir , ir. I.- )..||1 lll.s. . .llt.li I- l|r> III' lIK I.. III. I \l' 1,1 -l,..\Ml r\ 111.'

v.rti. .il

1\ lilt: "II 'il' II"*'

M.i. k l.iii.l- III 111. .li, ,-1,1111 th. i..i II' li"\\ n

111. t -lii'l- M;. ' t"iu .1 \ I.A.I- .1111. . l"t

t>.iiit; -I1..W11 r.M.!\ "Utli" I. II 111'! lulitli.ni'l -i.|. - i. -p. ^ ii\. K

I'hi' v.iri 'il- pi.'.- "I ..i.|'.ii..iii- t.. 1 nil. 'I. I .1' III' ilK !', ili.-

. ..ii'i.illiT ,ir.' v|i"\Mi 'li.i''i.>nmi,iti ilK .il tli. !"'M"iii ..l Ih. lij.ii. uitl, ih.

ex. . i'tl"ll "I 111.- " l.l"«-

I. ill . ..|| will h 1- -li..\Ml
, ,

"II III-- i.fl ll.UI'l -I'l.

111.' .l|'|'.ll..tU- ' .'ll-l-l -

..I III till' l\\.' Ill..l"l

111. Ill .11. '1 l'\ 111. II .inn, I

I III. - \
I

\ •

I

.iii'l

\, \ \ . ,iii'l ill. 11

11. i'l . .'il- I
,

I
,

111'

I ,. I „ (II ) 111' .
I'll

tl.llll;,:: H-l-t,l '. .• Ill

1\ -I'. tl"l,- W Itll - \.ll

i.iiniii.iN, (111 I 'K' ' «"

M.if^ii. II' 1 1. 1' k r.i,ik. -

iii'l (u ) 111. . ..mil' lii'ii

I'l I'.lltll I,. will' Il 1-

iii.il.' tlii"UL;li til. Ii.iiii'-

.111. I wh.'.-K "1 ih. . ,11 1..

ill.- luimiii-.; r.iil- in

I. Mill. Ill tllil.- W -li'.WM

"11 lili' Ih-llt ImII'I -il.- ,1

p.' l.il . ..niir. tl.ill I.".llil

1; I" will' !i 111.- II. -I'l-. .Ill

I.'IiiiiimN 1
I

I . 1 ,. u .11.

. .nin.-iti-.l. 1 h- .-.' t

' .iiini'. tmn-- i.-' . i. tin

ipl'.ir.itin ,111.1 : ' :;.^.-r-

.11' -ii"\M, i.\ th.- \i It 1' il

.iii'l l,"i i/.inl,il -tiaiu'lil tiiir liii. nil II! '.. Il i.liU III.. I |.\ li II.-

-pi'Il'llli:; liilinlM-r-. ,1;! I.n.l- whl'h ,,p| .il .l lli.- Iuil:. 1 - -.li'l it till-

ipp.il.itu- I liii- th.- I. f.'ii-n. 1- I. uill I"- • "Uii'l ..I "in- ..( ill.- Ill .111 1..11I.-I

liiit;fr- .it th.- . tiiiii- tiiiii ii..,iri| ,iii'l ..t ili.- 11.M ' "il "f in"i"i N" j

.Ml till -t- p"nit ,11. p.-riii.iii iitK' ''i;mi'l.'' Miiiii..: iv, ih. . "im. Ii"n-

ln-tw.fn th.- lii'.Ti- "I "11. 'sliii'l. r .111. 1 t||.'-. "f l!..' .'tli.i ..i.- in:in!'.i..l

it lii.th I'Tl.l-. with pl.iin 'i'iiiil" 1 - "^ .lUpt.'ls .iii'l th.- 1. It. 1 M I h"' troll. 'v

Iiii^'i.-r I- m-irki-. I i. aiii tli. iilh tiiii.;.i- 1., .\l tin- . I'.-Mn p"int - llir-.-

u.M.:,^' .,.. 1

.

ibii'i ^i-.. ». I , i

u
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1^42 /•:/ y.crKic/ry i\ ruh: Sekvice of MaN

\> i

.lmKran,m,,t,c,:.m,u..tinKlnusarenott.. bo r.-Kanl,,! as m o.nta. t ca, . „twlifii; iuiit.ut IS iiidii.itc.l by a black .lot.

With tiu.e i-xplanaticw to ^uwlo him the reader .h..ul,l n„w tur„ b„ k
•" P.ip; i<.^;> and venfv th.- . ou.ie.tions u.r each of the running posit.,,,.shown ,n !,;,. r.M... and aKo work ont 'or himself the changes m the eonne, -

tions during the transition perio,! b,..

tueen (Fig. i„Sjj) the Series "4 '

,„id
Parallel ' i " running j)()sitions.

The 'Brake" positions i, j up
Si to 7,' r.oi yei alluded to, are now

easily dealt with. In the !irst ])la(

.

the controller cylinde:, to pass from
any of the running notches to a brak.
notch, must be move.l through the
po>ition "Series i

" to the uli
'

position (not shown), and then on-
wards to •• Brake i," winch is ihf
tirst of the oj,erative brake positions.
Between " Series i • and •• Brake i

"

there are some interesting successive
changes. On tirst leaving Scries i

'

contact is broken with all the 14 lower
hngers, whilst it is still maintained with
all but one of the upper lingers. This
takes off the line voltage t, but leaves
the motors connected in series as l,,r

ordinary running, but with one end
earthed and of course •'dead." On
moving a little farther all connection.
are broken and the controller is .pme
•• off." Before • Brake 1

-
,s ica.lud

however, there is a prelimmarv ik.m-
tion, in which the ends of both held
toils arc earthe.l and the luid of \o ->

motor joine.l to tlu armature of No i

notch Brake t • ,h., eonditions of ^^^Z^'l^ T'' "'' ""

- i'-'-^' -<" their tiehis crossed aiufi^^ !! i,!^:. r i::,;;:';;-!^-'
(." Pa.allel, and the , ontrollmg resistances k. to k„ t e hW o t

"
>

l!interposed between the resistan.es an.l the earth hrou.d, wl, ,

^

.s completed to the held coils.
*^'' "'"^'' ""-' ""'''''

.I./,-sA,.^.,„, /)<.,.,<-«. Whatever the metho.l of control a,lon,ed ,t
.=. mevitable. in some of the changes from one position to aiiothl.; m .e



./.v.-.' SVX.VV'.V', /'A. /c7 - 1''4'

pspo. lallv in the tran-ilion jio-itum-. that tlirir -hniiM \>r '-p.iikiii:,' witli

a tcii.lcii. \' f'lr .l.'-tru. tuT an-, to fmiii if ihclr i-, aiiv " hani-iiit: lur
"

during' tin- ihati,?<'. M'liic iiiith."i "f inuiiini-uiu: ih. i.-u'iIiiil; Im'1 x.ii-

sc'iui'iui's 1- licrefiiio (li>iralil(j.

It uiil ^Ulln I' t" irhl to tuo imtiio.l- ulil. h havo Ix rii \\\dt W flll|il('\ ' . 1.

In tht' lii-l (if thi-'bi- tii>i'iooi .111.1 niMilalniL; iMilition- air mli i|»'-. ,1 !.<t\\rt u

tlie vanoii> tixcil lini;.|-.-, of ilir .ontiollir -o a- !n .oiiln" uitluii a iiariow

^pacc- aliv an

which iiia\ hi-

foiuii .1
;

in ih

x'liHul, in .I'l

(hlmu to thi^

iMilalloii.amai;-

nrlic- 111 Kl 1^

u^iil to Mow
out thr an .

iiuikiii^' il-o ot

the pnncipl"' of

tli-^ well-known
" (In trie l)low-

pipi. " dcscnl" '1

in Vol. I. (mv

page 27O).

The lir^t >•!

these iiietho. 1-

IS exeiiiplili" '.

by the " ^p.uk

t;uari.l," a., it i~

ealled, ol th.

Westinch iu~.

. oiitiollrr whi. h

i-,>hown thiowii

b.ii k or open 01

:

the left of I'll;

I >J ; .iii'l Ml 11:- woi kiiu p. i-iti.iii or . lo-i Iml-iL:, l^^-'p Tin >iil)>t,inti.il

]i,ullIioii-. sIkiwii an' iiwi ried ImIwiiu ih,. lonxrutiv. ii\ ,1 Iiii^m>

il'ii;. I,"^-'; wilhwhieh lli' iiiowihlr coiitai !-, on llie ni.iiii lumi riij.iue.

!iu-> pie\eiitin,L; '.u\' an- loimiii^ fnaii lin^i 1 !•' nii;:i a m ni the fi.iiue.

The p.iililhin- an- nialr o| m. f iiiil'inl iM'- i;on-on.:.iiii. ni.iniial.

Sueli ineoiiiliu>tible partitioiis. thoiiu'h --till w;delv -d m otli'T

applie.iiion--. e.t;. -.witi hbo.inN. m.
.

to pnx.nt "an mil; o\,i, '

ha\-'

now been to .1 miMt extent -lip' I M'.ii'il in tr.inii .11" loninillii- b\ tho
" ele. trie " or "inamieti' Mow-.ilit leferied to .ib( ve, ati.l the lUod'TIl

M.Kllru. r.l v.-

'^k



1(544 lu.K, iKiciiv i.\ Till. SiKi ui oi Max
U. t,„„,.,u. ..ntrull..,> a.v ..,..,... I. ,,.. R f.-H, . „n„„l,,,, ,,„.„,,
fnl V dcscribnl. ex.o,,t as n.,,.r,l> this ,l.vi..., „ ,.n.vi,l..,l w,tl> . |.1.,..„

,

H s,,a.,. .n xM,uI. .„ ..I.v.r,, ,.n ,„,,v .nrn. wh.n hn.akin,. , >r. ,„t an,l un.h. a„.l..stotl. p,Uh.,f,l... a,v.„nv,„. Th,. n.a«„:,M„, j;;,!.;;
f'"

•
• blow-nut , ir, uit is scon at ^

"' i'^I-'>- II li.i- ail oval MTtiu,,
and a sn!t irnn ,,,rc. a.i^ain-t tin. ,.|hl

of win, li the aiiiiaturc a t:t> uh, n th,
shield with itsdell,rf(,r ,,|atr, and par
iitioi,sis,l„s,.,lin. The ei,, trie , iivuil
"f the ...il j, iiitelpoMd I.etw.vn tlir

troll.T or (olleetiiig device ail.l the
"UK'' ' (ll:;. I,N2.'). to whirl, the line

'""••lit w i.inii.i^ht, s,, that uhatev.T
uirrent is pa^ed intu the ( ar it iniiM
How throu/^h the hlow-oiit (dil. The
•nagnelir hlow-oiit lield i^ ,ii,lv |)ro-

vided hir (ontacts on the main npera
ting barrel: no l,|,,w-()Mt Held n piuMded
I'-r the reverser barr(l, lor it will be le-
iiKinbered that the nverser barrel (an
"lily be oj.cratcd when th.- main barrel
1- in the ••oil" |>oMtioii, an,l ther. fniv
the thn.wiiit,' over nf t -e < ,inta< t-
.annol involve the breaking; of a , nr-
iint or the formiiif,' of an are,

Anoth.r method n| apjilyini; the
inaKiietie blow-..ut pun. iple i> used bv
Messrs. Di.k. K.rr \ (_„. in tluir
w.'ll-kn.iwn tra. ti.iii . ontrollers. One
"I these ...nli.^ll.Ts |s sh.iwn in hi^.
I N-'.iwith the. niter ease rem,.ve.|, nnil
HI I'lg. i.^iu with th.- bl,,w.,,nt .i.-vi.e

and its partiti.Mis suuiit^ ba, k exp.is-

„
iiil; th.- tin^.r onta. ts. The d.vi. . n

l^'.""n as th.' m.talhe sh.el.l bh-u-ont.- an.l , .,ns,sts „t ,, sen.-s of s|,.„,
sol.'n.ads.arr,..d „„ ,(„ swin.in, bra.k.-t. an.l s„ ,n,n,e.l as to pro.ln...
tl;.; .....ss,„, tna^netl. ^ap a, Toss ,he bi.-ak ^p,,, ,. ,„ ,,„, „„,,,.:„„,„,.

I

I his series of jMrtitions is most ,

1m- I .^s'S. A few of th.' low.r se-m.-nls of it ai

I'-.irK- MMii ..II the I.Ttdiand si.le of

liown in sec ti.)n in
1-'^. I NJ;. It will be uoti.ed that th,' solem.i.l is n,,t winind ioim'nnonsiv
•"^"' 'I"''""" ''"tthattheuiiHlm, I- ,l,vi,l..l m,„ seet,..i,s„h,.h aie
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UMiiii.l ,illi rh.ilr|\ .l..ikui-c an.l i ciiiitt i .. lu. kui-r, I hu-. il \\\.- .iiiirnt

• iitil^ ,ll tlir li'ittiPlll. tin- iliill p.lltllloii, hl'twitll thr M. Il.'ll-- (^liiiwii

white 111! tin' llt;Ull') will ll.Ur till' |"i|,lllt\ llldli .llnl \<\ the Irllll-

N,, S,, No, 'i^. iMilIlirill.ltr jilltitlua^. Mil ll a- A. r. i Ii Ulll Nr 111. II-

liML'lictir ainl ]ii«l,iaM\- nl m. . .nilMi--t iMr ami in-iilatiim inatnial

I 111' ^s>tiiii takis its iiaiiir limii the fart that thi" scih'iKiiils ,ili- iii( ln^i i|

111 -Iieathiiii; 'A -lut t ri'pin r, thr liim tmii nf whii h i- imhi atid in I'ii^ I.^.S

1 lir irlati\i.' i hin tiun-- iil iiirriiil ami iii.i^iictii lulil an- >m h that when

V^

^Mt (,.llic5hi c'.J

" "-• Irm Cjr^

.^.— Ibi- A. iri. I

Mrl.t!,!. .Shirt. 1 <>l

Oui. Kt'ii Ki.m ..ut

! Il

Iri

*
ill

.1 -hi. It I niiliinii.iis
. iillciit al. w tnrni.cl a~ thr rim.; aiiil tiiii;i I air hi'im;

'•'•'^^1' .il'i'l. Ihl- al. H thluM tiiualiN thr -hirl.l as at A, ami ll-it 111 I hi'

"I'l"'^"' 'liK' tl'Mi. Ilir ai. Ml,,,, stiikrs thi' s||„.|,l ,|,„1 hivak^ in tui..

'" "li""i! 1' H, an.l |.v Ihiii own iiiaL,'m-ti. a. timi the twu ar. s u\„\ i.iic

am.thn ami -wivp nuiml thr mpiHT, Ifiii^tiu-miif; wiv ra]iiil!\. as shuuii
at . Il ih. ui'iraMiiK l.iigtli ..I til., path h,is m .t lAtiiv-iii-h. ,1 ih.'in
arlu-r. tluA will i.\ I'litualK irjinn ,i„,| , u, in 1.- thr s.il.uoiil, a- slmwn
" "• '•>" '' ii"ti. r thr hrrak .Dim- mil. Il raili.r, and H ma.i. haiiu-
'•--'^' "" 'li' '-PI'" ^I'l'l'l- Ihr trii.lrmv K also (.,r til.- ..r.- iM tiavrl oil

thr (iiitir 1,1 the -hifM. aiiil thus thr partitions air not injurud.
All adilitiniial -af.t\ .lr\i, i u , ,i t h iiinit i. itiim,' i- thai iii -uinuinu baa k

i

il
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tlh l.l.nv ,,ut -nlonoids the trolUy ccmiuctiuii is broken, .iiul tli.n fnrc tli.

« unvni , .luuiily I),' passed tlirouf,'li iln; controller whciulir hUnv-oiu i> , l,,-,,!

Controller Accessories, lo mhu up the l;i>f nw p,i;,'es, iii,- Mmpl.
Mrii^ parallel contrcl'or necessarily consists of a reversing and ..f an
ace. 1. raliiifj and tra tion se<ti..n, whirl,, as we have seen, are usuallv "h
separate harnls op. rated hy separate handles, but with interloeking device^
nUende.l Lo ensure that the operations shall follow tli.^ j)rop<r s.'cpience.

In addition there is a How-out magnet, the function of which is t..

diminish the d. structive etiects of sparking at the contacts wlu-i inductiv
circuits carrying heavy currents are broken. The exritint^- coil of tl -
inagn.'t i> always so placed electrically that any . iirr.nt whi.li pa-.M^
through the c.jiitacts necessarily passes tl<"<ugh th.' .oil

Another a.l.liti.jn consists of tiie contacts 'or a m,i<;iullc hrakr. Tli.

l)riiieipl.s .,f w.nking sucii a brake and a diagram of one n-ethod of tnakin-
the iijiiiiicti.iii- luue been given, but the nurhanital details of th.. brak.
Itself are iw-lpoiiiMl t.) a later section, as the whole subject of braking,
and tin- econoiiiic.il u-' of l)rakes. i> part of a larger >ubject.

A still further additi.m in some controllers consists of contacts f..r

•>//««//«,i,' parts of the mnlor jhlds to obt.iin the highest speeds. R.fereiu.
IS in.ide to thi^ subjr. t in the next section.

In a well-.le~igiuil coiuroll.r there shoul.l als.i Ije cut-out switches for
ihsconnectiiig the circuits of a disableil motor, so tliat if the disablement
.iccur>, a> is m..st likely, during actual running, tli.' circuits can be cpiickly
rearranged and the car brought t.) the repair >hnp bv in..ins of tli.' .)tlier

motor .ir motors.

Controller Explosions. -.Uamiing explosujus s.^imtimes .iccur in

.yliiulcr controllers wliil-t in op.rati.jn. These may !).• trac.^l eitiui
II.) to cai.le- handling of the controller, or (ii.) t.t tlu' working parts or
aiciilary app.ii.ilus au.l wiring of th.' car not being kept in ord. r, or (iii.)

to bad .1. sign or defects in manufacture.

Ih.' hi>t two causes are most friquent, especially the hr>t. If tie'

li.iiidh ,)1 th.- mam h.irrcl !)e turned t.jo rapidly in accel.Tating, currents
much h.avi.r than the controller i?. mtend.xl to carry may b.' drawn from
til.' -upplv ;ir.'uit, an.l trouble follows. ()n tl.e other h.in.l, a t.).> sl..w

au.l liiiii.l turning, with th.- handle held hesitatingly in .i mid-po-iti,,n.
may giv. risi: t.) dangerous arc, at the hngers. Similar . II.. t> may r.'-ult

if the haiuUe att;'.climeiu h.is worn l.j .se, causing the barrel t.) be ui ..n.' ..f

these inid-po>iii.iiis when the mot..inian has reason to assume that the
contacts ar.' fully ..u the step to which he has m.iv.'d th.' Iian.lle. Ihi-.
of

. .)ur-..', b.luug.-, to No. (,ii.) class of causo. Ruiming with luavy brak.-
curiviu-, ..r r.\erMiig the car to obtain a .juick st.ip. In als.) mishandhiig
th.' ..iiitr.ill.'r. an.l in eith.r case may give ri-e to serious tr.mbl.'.

I.aik .if proper care of the controller and its resistances give ri>.' t.i
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:iniilil,- III s.iri.iiH w.iv-^ rim-, if tin' ui'.iriiif; j'.u'- 'if tlm imiu.iiI- ,ii'

Mill ki pi III '>Ii|i I "III tlnir III- ti"> iiiu. h i.il .illil :,'Ii,i~i nil llli- ii.ut.i.!-.

'Ill' htimi- fill i^'uikI wnikmi^ ,in' nut tiillillnl M-n il .iii\ inii-ilit

lllli- pl'ipi'l ll'ill .i( nil' 111 tlir II ~i>t.ini 1 •- lllinllli- -linl I I II. li: 111, III if .1

.1 1-1. nil I' 111 1. 11. kill, nliSliill- .111(1 triilllllr-iillli. Il lilt- will InllnU

Mili-il-. ,i| i1i-Il;ii iii,i\ ir-iili ill ,1 ( iiiitiiilli 1 111 lilt; I.iii -III, ill Im Ilir

-||\i'i, nr 111 tlir It -.i-t.iiii I- hiiiig lit wihiil; \.iIui- iiI.iIimK in tin-

uiiiiiiii r 111 .11 I I II iMtiiig |)ii-iti(iii-, |-',iult- 111 till' 1,11 uiriii),' iii,i\- ,it ,iii\'

llllli' Il 111 til I \. I—-ivr I 111 Ti Ills III till. 1 ulltrnlli r

limii Ilii ,iImi\i. II uili he f^,itlitrfil tli.U .iltlmii^^'li .i li.iiiir.ir n.nln.ll.r

I- a 1,111 1\ iiiliii-i \t\vK c iif ,p,]>i),ir,ilus, it iMiiiinl In- mi-u-ril uitli iiupmiuv,
aiiil Willi It- .iiinll.iry app.ii.itii- iiiu-t hr ki pt iii pH'inr nnkr if it i- in

i;i\r -.iti-l.irtiir\' >rr\i("r.

Indirect Control. Mn-t uf thf tnnibl.- ju-t nfm..! to an- In,

111 ihr p,i--iiig 111 till In ,u\- piiurr nirri'iit- tliii>iit;li tlic i iiiiirnllir, .iiul ti«

tlir ni.iking .uni lurakiiig uf iIh'm' riirniu- within tlm nintrullir. M.mv
\i\irs .igi), in iiprrauiig tr,iiii> of iar> .i- ili-ti.ut liuiii tin -iiigk' i ,ii iim-t

ii>u;il III ti.iinw.iy -iTvicr, it w.i^ fminil nn i ^^alv, fur rr.i-i>n- gu i n m tin-

nr\t -ntlull allil rl-rwln l... In ll-r M niiitr-iulltrollnl -\\ltr|l|.> pi. I, I'll Ilr.ir

ihr niiitnlS .Ulil DlMT.ltril hy ilUltr -III, ill lUnVIlt friilll .1 in.l-trr ruiltliilli 1

umlir til.' h.iiiil uf tin- motnnn.in. Of l.iti^ years tlicsr nirthod- uf rniiuti-
I iiiiirul h.iv r I in 11 rxtiinlnl in Aim Ml .1 tu -inglr r,ir<, r-pi i i.ilU in < unni rtiun
with iinpruvnl.in.l iiiun- i.ipul iruthuils uf liamllmg tin tr.iliic, llic nutliuil-
.uiil app,ir.itii- tur i,..,ivy tr,iiii< .irr fully ili-iribfil in tin- m \i -citiuii,

,iiiil .1- liir piiiii ipli - invulvril arr till' -,inir ituill In. i un\i iii. nt tu ,1, |, i

till' I un-idi Mtiuii uf till" -uhjict for tlif iii. -iiii

\Vi- gu... huuvviT, in Fig. i.^-zcf a iliagrain unly uf tin- ronin , tiun- fm
.i moJiiK-,: :i!)\i! ioiilii)! " -y>ttin now widely .id.iplnl in .\iinm ,i, whnh
i.lnM- thr .iintrullor lingir- of the Inavy ari'ing and Imriiing im id-nt
III tin niptun ul i ir.nits rarrying luavy riirri'ius. 'I'ln. puw.r (.urrtiit-
t.uiu on. uf tin- trullry ha-r- i an- l.iuiight tliruugh tin- main ^wlttlll-
M, III M.., and through a fiiM. i uiidirnr.ith tlir i .ir to lli.' tup contai t uf
thr

. out,nto. -witch c,. .-X srp.irate .ircuit i?, taken utt thiuiigh a fu-r
.lud >witiii s, to the londmtor ,/ al>o iimlerneath the i ,ir, the Iightnim,'
•
Uli-tir liellig j-ee-d u|l tlli- .liruit. I'lie eoiltroller N, uli(. at eaeh end
if tin r.ir, i> uf tin- ii-u,d i vlindrie tvpr de-erilied .diuve, hm i- piuMd, d
with an anxilKirv i..nt,irt d, \ u e at .\ .uii-i>tiiig of tuo eunt.t. • Uu^rr^
i.iiir.Uiil i,y .1 puutid ,11 A whuh 1-. .utiiated U\ ,i e.nn on tin eunttullir
Iniiii, W In II the dMiiii I- tiinied ill the ' on '

direi tiun, thr nMin , i,. uit
ilMiin ling. I- , hi-e tu-t, and tlnn thr control ,nger- ,it .\. Ihr puurr i in mi
I- thii> ilo-ed hy the , uiitactor ^witehes e, and e,., which ,iie .ictii.u, d l,\ ,i

-mall lurrent dr.iwn by their ojieratiiig euil,, fruiii the Ie,id '., win. h, t|,i,.Mgh
iirtlrii nj,i:i\iv / utnii, \\,\ .\l.\-|

, |, 6;,; (i,,i6V

< .1,

i
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"Ur .,f tlir ini-ping sw,trl„'> --,. N ina.l,' ;,l,v.- I,v II,.' A n.nta.I. Ti„
1---Ur. nnuU 1. Ihrnlniv ll,,t ,|,,.r.l |,y thf m.UII WlllMI linpi- 1„ th.

lA"^ ^„ Milllloll.l, .lll>l Wliiii

jf
p-^^O i-r,-- "" ''""" '^ """"' '"

», \iiah*n'nq ir reefer l^ «>•— ; tin- iiiiii(i-,Hc (liii.iii.n

g>;i-^rc./ in< .mxili.iiv loiitai t-

./ opt II iH-foif tlic main

^ circuit (Iniin linger-.

.111(1 llu' ju)\vi r ciirrciii

i^ liriikcii .It c, iiiul c.

iiistiad (if iii>i(lc th.

controller. It -lionM

be noticed that tii.

tri]i(iiiif,' (dil of s, N
III the |i(i\V(l (UCllU,

>o th.U if an ( \( (

^

^ive curr( lit p.isse^ > ,

oi>ens. the I .iiltai tcir~

(, and (\, fdlldU, .ind

the power i-~ (lit (ill

(urn Ills iiiav alx) 1m

1 V .
(li.iwn from ii .ind //

.... 'o (ipeiate ((iiitai tm-
"" 'he IianMlK.n' pen-.d between >eric^ and parallel, whd. al^o ih,
.uvinKin lhe,,,i,tr,,ll,r may be mtk.ii., ..nd thii> the ( (.ntn.ller n reh.Acd
"I all h.axv dulv. and it- reli.d)ilitv i> f,'re.itlv llicr.,iMd.

"'" '^I '
'""""' -'I-' •( n.hi> possible the iiiKil.M kin;4 .,1 ih( cntrol

I li; 1..-J.J. l\|.i,.,i M.,u,tii Ai.itui.u, li..

^VM.ni SMti, dc.i opemiiR and .l,,-,inf,', and other safety devuv. I^ur
MiMaiKv, a bleak or breaks iiuy b. arranged in the « /; cin nil of la- i s .„
^vnuh ,. only bn,i:;.d wh,,, all doors .ire tightly closed. The m.,tormaii
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.nil the I ,lt ~tll|w .lllil |||4 l|(Hlt'- .111 !'])( Ill ll, ( .111 -1 I 111- 1 1 'Ml I I ill' I til till

-t.lllMr: liii-ltliill, wllill till ' ,ir Ulll -I.III .lllr.nl Wllllnllt .lll\ -11^11 ll lliilll

till I iiiiilii. lor 1.11 ,ill (joiii^ I mf,'i|..,ii| I 111- ii-i .if 111. I in ».;, k, \ ';,//,,

ni.i\- .il-.i I). .iir.inj,'ii|

til ii|ii II till ,/ '.Mil ml

,

iliu- i.ikini,' nil tin

p.iWiI ,|, Will ,1- -it

tin:; till' lii.iki-. -tup-

piii;,' tin r.ii iiHir

MpiilK, .iiiil h.uiii),'

ii'lii I ,i.l\ .iiit.i;.;!-.

\ iii'iili III Aiini 11 .111

I .11 I- -liiiwii 111 lit;

1 ,>> '.ii It li.i- -1 p.ii.iti

I lltl.llll r- .lllil i\ii-.,

.III. I 1- .if till- -iiii;li

ill I k I \ |ii uli;. Ii i-

.lllil. .-I ..| iiiil\ . I -.il I1-.

Ill .\llli 111 .1 .!> .lU'.llll-l

I 111 clmihlt -(Ik Is . ,11-

uliiiii .in 1 iMiitn.iii III

till- ( inintiA . 1 )..iil)lr-

ill I k 1 ,11- ,llr. llciU

1 \ 11
.

lint unkiiiiwn

till IT, a- I- -lii.wii m I'll,'. i,."<;i, wliii li i- .i m.w in l'itl-l>iiiL;li ..ii .i mut.
iMi uhi.il til.' ti.iltii I- hcivv. Iiiit nil «liuii iiiih .1 fi \\ -t.i|i|iini; p. .ml- .n.

.ll|..U(.l.

II I I
I'.

i\\
I K 1 1 i\ IKul UN Iv All W \ ^ -

\\i lliiu p.i— 111 -oiiir ,i( III, Iliillii.ll- i.{ 1 .iiilicilliiii; lii.tii. p.,U.I ..II

/(,/'/;. .'pri.ll.il llV . 1. .111(1 1>V \.( , 111, 111. I- liu'lr i- Mil -irlliill ..11 \i

\\..ikin;; i.f tt.iinr,!!-. |i,(,iii-( iii,>(1(mi ti',ini(',ii- ,ii, pi.i, ti, .ilK ,,11 ,.p(i,i|,,|

liv (.intiinii.ii- ciiriciit iiiiitni- \\li.it(\(r the fnrin in uhnli ih. di.tm
pi.ud 1- (iriginalK' ^'riiii.itii! .ui.l (li-tnl.iit, d. In iln- ,li,.pi,i u,' .m
ilr.ilniL,' with thi ('(intn.l ,4 the pii\\,r en th, iii,,viiii,' mIilIi n-ilt. ,ni.l

nut uiih It- ...ntr..l in i;. iiri.iliun .m.l (li-triliuti..n, ulud, h.i- Imii i|..ili

with in (i|i...|iii}; (hajitd- \V, lui p . uith th, (,,iiti,,| ,,t , ,
. p,,sv, ,.

I he ll|it;.'i.|- 111 ll-c \Mtll Cillltllllh .!--( Mill III l,lll\\.l\ lllntnl- |. ,i -t.nt
in-, ninuiiig. i.a.i-iiii,'. .iikI (.th(r n . i—,ua up, i.iUi.ii- iu pi.i, ti..il u,.ik
l"ll..w , l.,-.lv |..| hf^'hi 1 1, 111), th.i-,' I1-. ,| 111 ti.iniu.iN -( n 1, ,

. |.ut t.^i h. .i\ \

II.im- with iiiiiii. i.,ii- \,hi.l. - II h,,- I,,.,.,, t,„,|,.| .l,-ii,i|,|. I., I |it\ th, ,11

in .1. Mil. thdiifjli the 111. nil pun. ipl( (.| -, n. - p.u.ill, I d.nlK.l i- -nil iii.nn

'""''' I'"' pllnilplr III -111 h ...!ll!.,l 111- :i|!'. .lilv Ik! !! f's!!-, .!,-.!:!.. .j

•' 'il'l'liiil til till twii niiiiiii- (.' lin.u'v ti.iiin.ii- is,, p,iL,'i'- Hi;; in

i 1

h
f

'
i

'-•I

i

\

i

! k

i Ii
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.111(1 111. IV I).' hriifly >t.Uc.l t.) (OllMM III putting,' lli, |i,m|,,|, ,:

-ri.- f,,i -i.minf; and low -|m,,U, ami tlwii -.witchiim' tlirm int.. |.,it,,i!.

I'T ihr 1,1^,'li.M -iH(d. Ilii-. pniiu].!.' ,.in ..Inii.ii^lv h. .m.i:.1,,1 t

lllgll.r vol! ,ir,-.. all.l I,, l,,lir ,.r , lfrl,t )n,,tnr-, pi..M,l,,l 111. lal-f,'. ,11,1. ui^
"Imii iii.iN i.c ii,(,-.^,iiv („, M. 111,111V nidtor- in |.,ir,ill. I. ..iii 1.- Ii.n,.li. .

I'\ III. ...nil. .11, 1,

Series-parallel Control, A g,....! ,vampl, ,,f i|„. m n, . p,,i.,l|.

">nir,,l ..I f,,nr ..iiluav m..|,.r^ pla,,..l upon ,i -mRl,' 1,., .,iii,.tiv, i. Iiirm^l,,.!
l-v III.' -v-triii a,i..pt,.l ,.ii th. l,.,;oin,.ti\.> ..rih'niallv .nipl,iv,,| ..ii ih,
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lli'li ' 'i|'!in!i\ tiMii- II . .Mitloll. 1 111. I lit. I ii^'lr ii'ir'i. l-'i - iii^l^hcS.

i!i. r.' i..-in _: mil.' ]i,.-ii i,.i|, |, ,1 m. ^iimniv ml -.v p.i-it ii 'ii - t"r jMi.illt 1
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^^:: S ^ -?

i."i-^-" ^'T!*,—w-a

'-. d

3S^SP^r Mii33i'll^IIl

: '! ! T C It .';<r: J.,. I
.... K.irly !,.,._, .... li, r

I (.:. ir..' 1, .
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lb; ELic/K/crn- ix iiif Sek\-icf. of Max

positinn. an ..nlinarv sm.--|..ir,,ll,l . .iitn.ll.T. an.l apj'Iv to tl,,. I,„,
S(imc clc. tri<allv c untn.ll.Ml iiir.liaiiiMii tn take tli,' |.la. , ,,f tlic in,,,,

.

Jigiiit. I'll,' ciirn'nts for ((MUnillinj,' Mich in.vliani--in .an (il)viuii-lv !.

in\v-M,lta!,'r aiul small .iinviit- earn,.! fioin .(.a.li to icarj, hv li;,'lit, m
-lllal-l .oiulii.tors, wlii.h .an run tlir ulml,- hnj-U, ,,| ,|„. tram and uj,:,]
..tt.r no -rrion- .iirticuhv ai ih.- coui.lin.i;^, In a.j.lition, it i<, of ,-,,in-.

.

nrassirv that ra.h inotor-<-oach -honld b.- provided with the pi-ojirr pi, l.;nu-
np grar for (Irawin^' energy m th,- form of large enrnnt- from the liv.- Mipilv
eondmtor--.

>neh a ^v-l.'m wa-. worked ,mt in full d.tail l.v the \VeMiiii;hou~ m.
p.un.-. and \\a- u^'d for >onie year<. The lun e- ueee-arv i,, rotate li,

controller harrel- were snpplie,! i.\- pnenniati, .vlindev-. uhi. h M|,i,,,,i, -1

energy from the ...mpre-ed air iuMall.'d t.,r ,.ther pur|.n- ,, the hmh.

Ihe mlel and exhauM port-, ot the evlinder. urre needle VaKv. ,ontrolle,l
i.v ele,tnMnaL;nets. the ennvnt^ for workm.; uh„h were obtained fropi
.1 14-Volt batterv. the ne,v.>arv SW.t.hin- bei,,:; done at a HUali ;„,,.,
c.mtrolhr. of whuh there wa. one ,,n ea, h niot,,r-e,,aeh. The nine e,,ndn. to, -

re.pnre'l lor the vanon^ ,-.,ntrolln,g ein nit. ran the wl„,le length ,,, ,h,. ,, „„
thron^h Mmi.Ie,o„|.hn,.betw.

;,
ea, h e,,a,h, and the master

, ,,ntroiler on in^
motor-r,,aeh,onldben.edl ntrol the ui,.,l.. „, ,1,.. n,o,„r. ,.n the tr.'nn

Mtmiltaneon.lv .,ther .vMen.. uere u,,rked ont m uhM, ,)„ „,,,...„-v
.han.'e. were made bv a .e, le- „| make-andd.reak Mv.t. he. knou,,' ,-

•-ntaetor., the w„rkin, par,. ,„ the.e .u„ehe. ben,, a.tnated dnv,.K
'" '"'"•'"l^- I'V eie,„„-ma,ne,.. wine), do not re.ptire heavv ,.nren,-
'" " ';7''' '""" '""'' '" "-1'- ll'>' We.tu.ghon.e ,„n,pan,e. l,a.,
r.pl.i Ithe .v.I.n. ,e|,rred to m the la.t lMia,,aph above bv ,

ol thi> km.l. whuh uill nuw b,' de.rribrd.
a .\.t, ni

yV/< ir,>/;„^-//,.;,sr ELitio-hiuiima'.ic <\^t.,n—. ^ leeeni t^rm of tin-
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I'''"'- "' ''" i'VM-:n:,' Imii. 1 n t.ik. „ |,v ,, „ |,.,i..t, mnla.iw,, ul„. i,
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^ i~ -Ih'V'.ii ni 1 u. I.-- |i. Th. ,,,n.

I.I' t Mi;ii~ uli,, h AM- tM iiiak, )1,,

' "'ill. . III. II- |,,| il,, i\\,, ii|,,i,,i> ,1

tU'i :-'inii|,> ,.t tnr- ar. , aiiinl

l'\ '- ' ' llllal liliiiiL,', i iiM.h ,.t

iii-ulaliii-' iii,,i.i;al, wlii.li i- en
til'- ]':-!. .11 r.iil lit ill-- ]inruiiiat:.

• \ liii'l' I at lii. I,i|i ,.t til. -.

I III- i'liiii^;. 1 ...n. -p.. 11.1- I., t!;.

l>iii' I "f th. . \lni.l, I I, \, I-. I. ,,,,.;

I am. - th. -iiip . ,,n,lii, t..i- at Lmr
illll. I. til 1, A, U. I 1„ „ , ,,11, hi, I,,,-
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I'hiiiL;. 1 th. . un.iit I- -. iit t..

th.- aim l! HI ill ,,i|f ihir, li,.|l

whiNt 111 tlu- l,,\v,-t i...-iti..ii

•n-r^~r^^\.-^-i » ;

K.^, . rji.— l'r.j->...ili. M (,f ,, s»/ II |;,,v.

'h' .1111. lit ti. the ami itni. i- i, \-, i-, ,!,

Ihr -wM.h,- 111 ih,- liaiii.- ! i^. \ Sy^ ar.- .. .iiiiia, tlv ih M,i,'iH .1. with
.1 M' w til int. I, haia;, ai'ilax ami i. pla.iiumt lu th, ;\(iii ,,[ iii;iir\-, a-
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'1 i.' 'I'l.iii- I't a -wit. h ^'ri.iip t..i- ..11.- p..-i-
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ImIK I II' U'l-ni, ,1 lii,n,'li' tir III 111 1~ -I I

up ,h 111-- tin- -p,ii 1 III , iipli il liv til'

Mw-. rill- 111 111 I- -1, I'liwi I ml til, It .ih\
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tin . ..iit.u I pill, -. I ' '
-I'l" -'• \''- ' " '

1

Ih.' ir. iiit-l.r. ,iki r i- \.r\' -iiiul.ii t.i .mc ..| thr .>i'.|in.il\ . . .iil.i. l.'i -.
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.111.1 til.- .. .111.11 I. ii - 111 , -h.iwii ili.i^r.iin-

iii.i' 1. .ill\' in ill,'. I.>=;p 111 till- ill. U-T. 111!

ill.- lilt. .11 r..iil.i- Il I - .ir.- iiunil'i r.-l in
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I,."^.)!! . Ihi- tW" ;'..\\(i' I. .1.1- an- t.ik- n
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t til..-.' all, ail\- j,'iviii, ina-iinii liIn. •.:--. ^.l,.i,R-,j| |.vr..li-„i .,| il,e i-,,„,,„,o„

'- '.II li in..I"i- H l.n,|-,.,l |,v til,,
n-.wtaii,... aft.Tu.inl. ,,„t i,, „.,„., with th.- ..tli.T m.,t,,r, ,,n.i that tlu'^-t"" ^'i^ an. tli,.Mwh,.. i„ .,.,.„.,. Th.. bnakiim ,,t th.- .r.,., imk ,mi"""<•'•"'- l.M\.- th'- tw.i n,.,t.„v i„ paiall.l. iMit ..a'h in m-H... with it-
<'\\n r.'i^iilatuiL; ri.~i~tan.|..

^^^

Th'. nilrrlocks uUnr,\ ,„ ar.', m ih,--, ."nta't',,-, pla.v.l „„ tlu ba.k
"• '- ^-n'.U!'.. al ill, n^i.t-hau'l M'i... a> >,-,'Il in l-i^.. !,>:;„. H.T.' tll.r.'
aiv luuuin.'l .Ml lu-ulatiM^' l.aM-., a. mav hv im.tv d.aily mtm in F,-. i.s-,;
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will. !i -h.AS- -11 111 1.1 1 <!• Ml > - ..II ill. I. A. i-i I. I . it.ilil ll\' .1 I'.iil- "t ...nt.!. t-

I 111 -. I ..lit. 11 t - .11. Ill ill. . ..lilt 1.1 ( 11. ml- 1. 1 til. iii.i-ti t . i.iili..ll. I. .11..! iii.iv

t.. 1.11.1;;. .1 1. 1 ..|M 11 . II. ml. .1 |.\ ill. \. 111. .il 111. .\- III. Ill ..l 1i..ii/..iim1 Im.l^-

iiii,' [III..- ..II11..1 ..11 .1 -|.iii.|l. ,111.1. li.. I I., ih. Iil...k .;. Iil:, 1,-s.' uhi.li

I- . ..iiii. . I. .1 |.\ 1. \.i-. t.. till jiluiii," 1 "I til. ..p. I. mill,' . 1. . li..ni,iL;ii. I -.

\\ li. II till- j.luii^i I" . 1..-. - III. III. nil . II. ml ).iu-

.'I ill. . ..iil.i. t..i. It iii..\.- ill. I>i i.lL;iiii,' |.ici.'

Ml ill. .1)1. .11. .11 i.i|Uii..l |..t iiitt 1 1... km;,'

111. »/,/h/. < i"ii'>"!!i> I- -li..\Mi III I lu; i.^S''.

it I- .1 . \ 111 nil I. I i.ntl..|ll I, U nil "11. .'IM I.ltlll^

II. III. Ill .111.1 .vliii'l.i 111.' li.iii.ll. I.. :iu tiiin.

Ill .>1|. '111.. 11. .11 |..I tl|.' I'.IW.II.I 111. .11. .11 .III. I 111

ill.' ..ill. I |..i till- |..i. kn.ihl III. .11. .11, W hrii

ill. ..|.i 1 i|..r i.iii..\i - 111- li.iii.l I1..I11 ill.' li.iiiiil.'

It 1- 1I11..W11 iiiiiii.-.li.ilth li.i. k I., til.' ' ..It '

]...-ltl.ill |.\ til.' .1 'Lill ..| .1 -|I11IIU. .1^.1111-1 ill.'

j.i. --111. ..| w hi. h ill. . \ liii. |. 1 1- tin II. .1 !.\ til.

..|.. I1I..I A- ,lll. .1'1\ .Aj.l nil.- 1, .ill III. . ..iiti.

.11.1111- |.,i--iii- lli!..ii_'li till- . ..iiti..il.i .ir.-

-iillllt .11.1111- .111.1 til.- lll.lMIIlllIll . UM. li' it

.in\ t:iii. ill. I. Ii.i. .1. '. - ii.'t . \. . r.| tw.i .mil'. I. -.

A li!"',\ -..lit iiii^ii. t i- i.i..\ 1.1. ij.

Ill uiii. li. \ .1 .In. . 1 1. .11 ill.' . ..iilr..ll. I h, 111. II.

1- 111111..I tli.r. .II.' ..iilv l.iiir |... -III. .11- .ii

i;.i|. Ii. -. ( )n til.' Ill -t ii..|. Il til. . ..iiir. .1 . iiii.iit

1- .|..-.'.l tin.. null rilli.r 111.' |..i\\,ii,| i.t l,.i, k-

« ii.i -..|. ii.ii.| ..| 111.' i.'\ .'i-i't ,

" will, h 1- -lii.wii

-. p.ii.it. K ni 1'il;, 1,^^;, Thr luns .iM.' [nil

..1 tin- -uUili 1- .1 111. kiiiu: ,11111 .,iri\iiiL, ili.'

i.iii.t' I - -li.iwii . 1..-. .1 .It 111. Ii.w.r [..III ..| til.'

iiu:mii', .\i th. ..|hi 1 I 11.1 ,.1 til. ,11111 tli.r.' ,ii.'

-mill. It" ...lit. lit- will, h 111 ill.' [...-iti..ii -h.iuii

.111 .'p. II. Illi .illll I- I... k.'.ll.\ lUi. -..li'lUiliI-,

..111 .iiiK ..I will. Il 1,.,'u,- 1 mil lit whin lli.'

1 .>iiir..!l. I li,iii'llr 1- tmiii'.l 111 ..11,- .lii'i'. ti..ii,

.111.1 ill.' ..tli.i uhni It i- tmnr.l in tin' ..tliii'

.III.. 11. .11 1 li.'\ .
,iiiii..i I". Ill ni'civi' iiiiiiiu .It 111.' -.mil Illll. . .111.1 til.'

-'
' "1 ..'111.1.1- .1..-. .1 .1. t. iiiiiiii - th.' nl.itiv, ilii.iti,,!. .,1 il,,u I.t ihi'

'"mill- 111 ihi .iiiii.itui. - .Illll till -.III- iii.ii,'ii I ii.il- i. -p. .ti\iK. ,111.1

lli'i'l".' ill'' .iiir.li..ii ..t th.' r.. I, 111. .11 .if th, ,11111, Illll.-.

nil Ih. 11. \t ii,.|,h N... J 1.1 th,. 111. 1-1, I , ,,!iiT.,|i, , ,1 ,., , .1...
1

...fill..
I > 11. lilt- 1- thtt ..1 th. i-t -t. p 111 I- It,'. i,,^ss. ill. ..p. i.itiiiL.' . ..il-

"'
' ""t.i. t'.r- I, .(. IJ ,11.1 I

I
.,1, 111 -,ii,.-, ,111.1 -,, 1,111,1111 until til.' I.i-t

'. 1: 1 11. M:.ll,,.Ir

\I..»1. I t.r.tr.ll, r

IN
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I 111' .lilt. .til, III. c i.iui..i
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Ii\ 111.. UN (if the iiii. r-

ii'i k -witch,.-, lit. I. hnl.
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nil! I'll. Lit,..! i,v tin-
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II. -.1 /•'./ 1 ( I Kici r\ :.\ nil Si-s-i.ui- .'/• .)/i.\

Thf .irraiifii'iinut lA the ,i]i|i,ii,itii-- muli riuatli tin (h.hIi i- -Ikivmi in

Fig. i.Sfij, wtiicli i'i t( )Miiiliii( ! fii'in ,i ]ili<it(if,'r,i|i|i t.ikrii wh.ii tin- in.i, h

w.i^ iivi-r .111 iii^pi'i tmii Jilt. I lie c (iiit.ii tcr Imi\i- iir . 1..--ci1, l.iii it i- im~\

to iili'iitifv till' i(\ir>( r. tlic iii.iiii (nni.iitur Imxi- .m.l tlir . ir. iiit liir.iUir

l"i\ iin.|(r the inidilli' of the (n.i.li witli tlic rc-i^l.iii. r tr.iiiu - mi ciiln r

'i'li'. I lie iiir-lir.ikf cx'liiiilcrs i ,iii he --rcn taitlirr I'ciw.ir.l. iluN' .ni

of ii>nr>c. (ipiTatccl from thr ilri\ri'- po-itii'ii. wlicic .il~o tliric i- .1 -p. 1 il

..witi li fur ( untrnlliiiL; thr iniiiip iii"Io|-.

//((• Diik-Kiir Miil/if'/i'-itiiil S\--/i-iii. III!' Iliir.l --\-lcni to whiili w.

•-li.ill rrlci inrii;i~c^ it-. I iiiitrollinL: i lii lrn.iii.iL;ni't< iintliii ii.im .1 -., ^,a

i.ilr li.ittcry nor fmiii -Imiit liriiiii^ on tlic ni.iiii->iiiipl\ Ir.i.U. I.nt lioni

llii' --rrii^ ciirrrnt wliii li li,i^ |>:i.-~(il ihioii;,'!! our nt iIk niiniiiii,' iiiolm-,

till' 1 Ici tio-iii:i,i;ii( l~ liciiiL; I'li'i till ,ill\ iiiln |io-i'il IhIuci 11 iIk mkiId!
, ,111. 1 1 In

I', mil ic turn 1 iri nil lliroiiL;li tlic rail. i'.\ ihi- iiir.m- ( .n h . niili'il 111,1-111 t

oiiK .i|)-(ii|i~ ,1 v,]\ --in.ill \oltaL;< ,it iH.iiK r.iilli pdiinii.i!. A- in the

other -.\-|ini>, llir piiui-r 1 iirriiil^ lor ihi- iiiotni~ in ci. h iii.'l..i 1 o.,. h

.ire ili.iwn from Ilir ti.M k 1 cin.liii t.pi - .niil p.i-~iil li.n k int.. lli. iiiiiiii

I 111 lilt li\ , -.liiliiiL: 1 Miit.ii 1^ ,ill,ic h( il to that I iia( h. I a^ h iii"l mi h

i-. .1-- ii~iia ;'ro\i(li(l with two ni.i^tri (onlioll. 1-. diii at 1 a< 1 1, whi. h

will 11 noi in ii-i'. Iia\i' lhi--r powrr 1 ninn 1 tion-- .i- di -c ill., il. I'.iii wlun
our of tile ma-lrr cdiitiojlii-, i, ixiiif; u-iil, it .ilni- ihi .ailli loniiiiiii.n

for No. J iiiotdi im til, a (d.iili onlv, from uh.it nia\- 1m lalKd tli. i.i.nli

larlli J ^
lo ,1 -.pi ( ial ciitli 1

,
Mil:, l.stf,] ,it the rml- ..f thr tram, whi n

th.it iiio|,.| riiiK lit i> 1 .iitlird ,ifti r ]i,i— lilt,' lliiou.i;li ,ill till I ..nliol 111 iltih i~

of .ill till nii'toi 1 o.ulii -- otlur ill, III the oiu in wlm li tin opi i.it. .1 nia-ii 1

loiitrollii i- ]il.i.id. Xiiii -11. h ii.ntiol liiiiiil- run .iImhj^' ih, wli..lr

li'iiglli of till tt.iui. .in.l tho~i' w hirh .111 in n-r ,ii ,in\ p,nliiiil.n in.iiiniil

arc clct trr .ill\ in p.ii.illrl.

With till- cinri.il rxpl.ni.ition to ,i--i-t liun. thr rc.i.li r will l.r .iMr

with wli.it follow-., to tr.ur out the aclu.il liiiiiit- -Imwii 111 1 ii: i..^o;, m
svliii 11 the 1 oiit.ic tor 111, linnet-; in lour i^rouji- .irr icpir-. nir.l ,it the hoti. in

of the ill.iL;r,ini. en li |i\ .1 roll .111. 1 two hku k -.iiiMIe i ont,i. I Mo. k-, I lie

clirtrieal eoiuii rtioiw of the loiK are. liowe\ir, for i le.irni — -it can

icp,ii,ilel\- on the lelt-li,iiii| -lilc, while tlnA .lie niinil n i.i I c on-i . iiti\el\-

the 111, linnet- lieint; .irr,nii;iil 111 ,1 ililleient order 111 the f..ni -iinip- in

whiiti caeli in, liquet iiiiist be i.leiitilied l'\ it- refeieni e ninnher. .\t the

lop of the figure i- the developed di.i:.;r,nii ol the 1 1 intrnllei . wlii.li i- of

the . \ hiuliie t\ pe, ,iiid 1 ,111 lie -1 1 11 ill Idi;. I ,,S(i (, whii h i- from ,1 plmlof^Mph
of the iii-rle ii( the dll\er'- . .il>. llie loiitroller i- -howii with It- loMi"

rellloNed,

h: !l:. dLe^r-im M'l:; I ^(. ;; the i in;;, . ,- • lie ! w :: h 1; :, '- i^f : !• . .:Or--li- r

.lie lepie-eiited l'\ ll:;hl open I ec I ,niL;le-. .Hid the liii-el- li\ hl.iik -ipMIe-.

I 111 line- fill the ditlereiit not. he- ,iie nuniliered I to ,v.
I he 111. 1111 l>,iriel
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"" 'I"; l"w> p.irt; f,„ I, nil,,,- t,,,,,,,,:;. tl„. ,„,, |,.,,-,vU „„„, t,vvtl., ,

II" 'lM,i;>.n„ .|„,u, ,|„. |,,„T,1 ,„ t|„. •,,!, •
,„,Ml„,„. ,„ wl,„l, ,1 u,|| i„

n-ti. ,-,1 th.ii il„ ..,.,, „,l, i,„fr,r i; ,, ,s ,,uil,r,l thr,„it,'l, tl„ nn^' a. Ti,i, ,. ,|„
'•'• 1' 'Mth ,.l .V,,. J „„,|,„-. |:,,|,„,, i,.„v,.v,.,-. tl„- m^iMT |,,„t ,,f tl„. l,,„T,.i

'','- "'"";' """"^1' "" •"'^'•' ' <"„,r K<, ,- ,„i,„-,| i„ ,1,,. „„,,., |„.l,„,
>l"""U'il thr 11,,:^ n. ,,l„i ,,„v , ,>n,.„t ,,,,,vili-; ;,l u .,, ,„.,, ,„1 of '^,.uv (,, tl.
'•;",''

' '^ '"""^ •''"' '-1 """"^i' '!" 'ipi-t t... ,„„, „t ,1,.. iou,.,- ,,,,;,
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""" '"" '" "" '" """I '•>' "it^ n|., raiinK tl„ ,,v, ,m„^ .,„„,„ „„, ,s ,,'

'"."• '" '-' ''• 'I- '^ "~|",l'v.lv. II tl„- i,A,,>, , ,, ,„ ,1,, !,„„,, ,i

l;"^",'""'

''""'''"""''""""'"'""" "•"'"-><., I, ,l„„nK',T 1 .1„.,„H,"" '"!' I"" nn,. ,„, t|„. „|,i„r lurnl, thm,,- ,,, ,)„. „,,.,.,, \.uA ,.m
•-t~.H.,ltl„ .„,„.„„.. i„.|,|.,„„i,,.„t,,M,,.„IX,,.,„„.i,„-,,l„,,

:r„„..|,'"• "w.M two ,„„. „„ ,i„. !„„,,. ,„,,(„ ,,,„.,,,j^ „„, ..

,„,,^,„,„,
.

,^
^^r^..

'" •'" '"' '";' •^"' '•'"-- "" '!'< ,i,,i„r ,„,„„ i,,,-,,i, ,i„,„„ ,,,,,k „, „;,,
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(.,Mil.„ (,„, , i,,„.. ,i„. ,„„„„,„ j. ,1,,,, „„, ,^^,, „„,,,„.^ ,, . j,. ,,,.j,,,^„„.,., ,1^,,
'"'-'""' ''"'^ ""' •'"I ^'11 'onta.t,,,- niauiirt, Mniilar I,, S ,, „, ,,„i ,,
'","'" ""' "' "" """ ''' i" ^•n.- Ux^^vru thr ,,.11,, t,,,:: ,| „1 Hi,n ..„.,. ri„.,„„ta,-,.„. I, S, .,, „.,„,„, ,, ,1,.,. .,„al„n. ,1„:„„,„,
•""' '^ "" '""'""^ l'^' ••'.^'">' lr^.-'-.i out ,t uill IhI,.,„„|,1,,„ .„,.,„ I, ,,,„,,p-rl tlH' tn-.t tl„. n„,to,-. a,v ,„ .,,„•. w,tl, all „ MMa,„ ,-, ,„ , .Pm,
"'"''," """'"'""l''"'"^~l--.,„l, i..a,tl, tl,„„„I, .., !„
!•'"; """'""-'nt- SM.l, all ,. ,,„. ,.,,av„„ ,,;.„nl a„,l mmv,

til,' |,,u,,| iiiiiiiiii- M.iv.l.
-iMV.i, ,,|, I,

^•'"''i"'V,. tl„-t.„ti„u,aM-l,„-,„,,,l, N-,, , l,,„i„,,, „,„|^,„, ,,„,
""''•,'"'"'/"""""— fnl -.,.. I,„,l„^„ a,!,,, „„, „,|,..,h
;"":'"'"-'" '"'" ""• •""" i"-'""n- ,.| , ,.„„„. I,,,,, I. I,, „„„|,

'""V",""^ i- in.„ti.„„,l that ,„Mt„„„ .._;,,, ,„„| ,,|i„.u ,u,„,l,^.„,.

T'^'':
'"" """' """"- 'I'-in^ tl ,„.,„„„h,i, ,,„„.„,,„. ,„„|

^1-t., ,,.„„„„ til, ,„„„.,1|„„ tVMMa,,,,.. .M„a ,i„„h , pa,all,.l„„

^"- ';',''""" ;-"";''"" '""'' "•'^ ^';-'"iii--v'i-M-.,.,>a,ui,„i,
""'I'"""" l'-'".l nn,,'. hn.ak an.l ,„aL. ,a,.,n, .h..„l,l |„ „„„.i | ,„,
•v.'. m,,h,„|„, „.a„.,t>„n,v, ,,aj,v ..,.;, ~h„„l,l ,|,„, |„ „,a,l,. ,„.,. , „,

',,
^" "•'" '!" ""•'"- "• 'n tl,,' t„-.t ,M,al!,'l ,„,MI„,„ uitl, ,|„. ,.„,.

""";"•• "-^'-'""-n. ,n,,„t Ih.M, tVMMa,,,,', a„- ,,,„„^,,l i„ ,„,„. „„
'7" "''.^ '"•' ^ ""^"'- ''' "" "'"""- '" mil paiall.'l n„| ,|„. t, an, n,nni„f;" 'li" h.j;li,'.t ^|.-,,1 xv.ih th,' ,,,„t,.,ll,.r',„i „,„.l, s.
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I')-'' h.i.hi I KKi I y ly iiiL Stj;fi(h vt .M,t.\

111

The sy-itcni was originally (l«-ii^iu.i for tlio Liverpool and Soiitlipr.rt

Railway, ^nd has uKc hrtn upplii'ii to the Liverpool Ovi rlnad Uailway-
till- working prc>huns i)rinj,' (150 volts and 300 volts respectively.

Cam operated Contactors. - Ih-- ne(v,-.ity for the existence of an
elalxjrate system of " iiitirloeks," to wiiicii we li.ive only I)rielly referred
is a disadvantage of tiie fore<,'oiiii, systems, inasmuch as every additional
elahoratiuii not only aihk to the ])iime co,t hut, 111 addition, increases the
liability to breakdown, the necessity for careful and more frecpient iii-

s]..rii,„i, and the cost of ujjkeep j,', nerally. These and other developments
111 the handling of tiamcar and tram trallic l.'d the (ieiieral Kleethc
Company, of S. Iieii.ctady, to (ievi>e a method of control, technically
deiiomin.ited the 1'. C. control, in which the motor- circuit contact. >i^

lie operated Miei haiiu ally by cams carried upon a shaft rotated by
ele(tiirally (oMtrolled imemnatic cylindiis.

One of the (oiUai tor units

of the F. C contrullei IS shown
in l-ig. i.StK) with the arc

chute ivniovid. Tiiis unit

t.ike^ the jiKue of the iniicli

more elaboi.ite unit already

illustrated in Fig. 1,851). 1-^x-

cept for a i)ipw<rful blow-out

ni.tgnet it is purely mechani-
cal. The circuit gap 011 the

right is closed by the lower

jaw being forced upward by
.1 cam rotating on a shaft at

ii:.;lit aui;i,^ to the plane of the linkages and bearing against the roller n
I he upp, r iii.,vement compresses the spring s, which opens the contacts
sm.uilv .is s,M,u as the < am lias passed. The upper contact c, is h.x.d,
and ihe l,nv,r contact , ... which is forced ujiuard bv the cam, is carri.ri
by a short l.ver ,.i voted at />. This s.cures, as c, is pressed home, the
rubbing contact which is so <lesirable.

.\ rear vi.AV of the ..Miiplete apparatus with the rovers iviuoved is
givn 111 hig. i,S-o. The right-haiid h.ilf is the section . ,mtaining 10 con-
tactors of the type shown in Fig. i8(m,, with the cam shaft bek.w tluni
rmmiiig the whole l,.,.,|, .,f ,|„, ,,., ,i„„ ,-,„. ^,.^„j ^,^^f^ ^^ ^^^^^^^^^j ,^^. .^

I'lui'Mi which IS actuated by a rack moved backwards or feruar.ls bv two
pneumatic cylinder-, the bac k of ,me (,f which can be seen at .

"

The
pnssiin- .ur, if admitted to one . ylinder, known a- the ' ,m '•

cvlinder moves
the rack so as to rotate the shaft in what mav i.-e c.ille.! the posim.'- .iircc-
tion in win, h the circuits are closed in the usual s.'quence for accelerating
whilst jiie^Miie an admitted to th, .,th.r, or oil "

cylinder, acts in the

w^mmfm



l'\i|-i 'llli I III ill. riir .lilllli->»l"Il (if .III 111 ( ,11 ll (\IiI1'1m !>- i;ip\illl'il !iy

.1 iii.i-nnii .ill\- 1 utiiillol \,il\c .ill.ii 111 ll til It rill ' nil "
( \Iiii,li I \,il\i

ailiiiit- 1 iMii[irt ^.l ll .111- tu till- 1 \liiiiirr wlicu it^ 111,1^:111 t 1- 1 in i:,:i-i •!. \\lii n i-,

till- "lilt" I \llU(lri x.ilvi' n ii-.l>is till- cnlulMi— 1 li ,111 lli'lil tin i\liu.!ii

uliiii It- iiiiiiiiil iii.iLjiiit riTiivi- (urnut. 'riiu- it ln'tli ii>nii"l iii.i,:iii l'^

,iii- wiihiiiit ( nil, 111. till " uii I \liiiiliT 1-. |»i\vri!i -- i)iit ilh Mil (\lin,lir

111 'Ms tin- 1,11 k tl,U'l li\i| 111 till' •1111" pi-ltlnll . till I I'M I -I I- III! I .1-1- uhrll

li'illi iiMuiirl- ,ui' ( III ru'i^iil. ill .iitii.il wuikint; Imtli m,iu;iii N In iii^; I'lit

I't ,11 iH'ii .ui'l till r.uk Imiiy In M iii ilu- " utT ' |iii-miiii, iln- ..n
' m.i-iiri

1- lll-l 1 Ilr)i,'l-rll, ,tllil ,lir i> .ulmittl'll tu tin " i.U "
1 \llUilrl I lll~ r.|ll,lll-i ^

I 111- ]iir--iirt III till- two cvliinli I-. ,iiul tin >-li,iti 1- tin 11 lut.ii. .| |,\ ivdii, in-

tllr plr—llli 111 thr "iilf" i \lillil.r. I'lir rnlnrlioil 1- },;ii\iini.l |i\ lln

I'll iii.i;^llrl \.il\i-, .iiiil Ihil- tin- rut, ll. nil I'f thr -.h.iM fiuiii tin tii-t

-1 111 - liu-ltlnll tu tin- l,l-t |i,U,ll|il llu-ltiull I- I ullliulli ll |i\ ,1 ~iiii;lr in.u;n. t.

11 11 1 mil 111- I iiin,'i-iiii,' thr iii,i:.iiH'ts ,iir i untiulliii l)\ ,i i \ limli i i uii-

•s

iii'llii '11 lln- i,uii -li.ifl lu tlir lilt u! tllr ,ur lAlin.lii-, .iml tin- ,\lii),|ri

1 .mil - runl.iri- :ils() for tlu' n-vcrMr ami tin in.un i m nil lui ,iki r ulin h ,iii

-till f.iMln r lu thr Irft. ('iin-i.lrratiuli> uf -.|.,i, r ( uiiip, I ii~ tu uliiit ill t.iil-. ut

lln ~r. 1)111 it in:i\- hr rniiaikiil that tin- i niliulli i i \ liinli r t.iki - I lir pLu e

"f lln' iiiliiluik- uf thr r.iihri- app.ir.il 11-, wliiili 1- lliii- iirnli -impliliiil.

llirii i- al-u .III uMilu.i.l 1, l,i\- (iprr.itnl li\ tllr liin ( niiriit .iiiil .11 in.ilint;

an ami,ilinr uhiih .n I- npuii iuiit,iil- in lln- lur.iirl . iii ml-. lln ,,in

l.ii ti'i- nil vvhii ll lir,i\\ 1 urn lit- .iir hrukrii .m |iiuui|i il \\\\ h an .iii\ih.u y
.ill , hutr, l,l-l|\- I, llrW.llllr, whii h t.lkl- thr llll.ll hll.lk.

.\ ili.iu;r.iiii ut thr puwi I i in nit- fur a funi iiiulur (xHi-vult r.|iiipiiiriit

1- UIM 11 HI I'm I .*>7I. .Unl tin- -ri|llrlll r ill \\tli( ll lai ll uf thr lu ( ullt.lt tul-,

ulmll I .III lir -11 II 111 ll-. l.Sjt), i- ulirl.itril i- ylMIl 111 llir t.llilr in

l-i;.;. i.^7_'. rinir an- uprr.itiiif,' and uiir tran-itiun -t.p. Ihr n.nhr
i- .nUi-rd tu lAuik ihiun^h and a-iritaiii thr ilntiu.il |iu-iiimii un
1 ll' it -il p

Thr iiintr.l (urniit ininirrd un a (iou-\ult iintiit i- uiih' u .i ainprro
piT i.ir, and .i- only p.ii t uf tin- siii.ill .innmiit u( nirr^y npn.-Miitrd is

W,-«fli(rtiil^W?lir 1 .'-
T

,
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" "'" '^•' "" '"''•'' "'•^•> ^^- '^pl.i"i..i .•lMu|i,.r.-, „t ,|„. ,i„.,i„„u

nf u.iliMii, ,1 hid, M.l.a.i- 1,11 th.- .hstiihm,,,^ n„„h„ t,,r «,th,.ut -I t.,n„
"!• """'"'""^ '"" ^'^'"- '" !" iKindlrd 1,11 ti,r ,,, .11111,11,11, „ ,,1 ,, , , „„,,,„'
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It uill 1m. ii„u.,.,1 th.it th.. iiiiitii.llu,. n.Kt.in,,. 1. i„ n,, |, „,., ,|,,,„
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Pt'i/'f tri<f rAi:K 11'>'k^i\i: l».H|

tliioMi^li .1 ti>wii. til'' >iiii>i>K 1 iri iiii> ,ii< .It <«M> \>itt^ I'lilv riii> I ,i>.' IK ciir'i

III .1 liiii ..|..r,i|i.| l>v III"- Mi> Iiil;,iii I iiili'il Ii.kIiuii ( .•m|i.iiiv. (tMiii wlmli

ih. j!im\, ii.init^l lit;iiii> .111 l.iki II

III ill. .Il i;,M.im tiMii |i.ill^ >>\ .Ulll.ltlir.^ .Ill' sliiiuil t u ll |Mll Im 111:4 I nil-

Ill . t. .1 in -. I ir- .
. .1, ll .11 Ml. ll nil 1 .III ii|«r.iti' Willi I ,

Jill I \iili- nil ii> I iiiii-

iiint.ii.'i , .ml iliiii tmi- tw.i p.iir^ ui. with 111'' li'M ii -i--t.iiii • iiiil tin-

l'l\lli,ll\ ImII.IX. t.lki ImICi uf Ihi- full hill Mill.l;;i. \ll 1 A.lIUlU.llli.ll

.il III. I' ll li.iii'l 'Wit. hiiiy Mill, will slmw lli.il tnr iIh' Iii-i -i\ -!• |'> nl tin'

M.illil till wlliili fiilll p,lir> lit .lllll.llllll' .III' Ml ~i Til '. .lllil lll.ll till

ll-M ll I 111 .. I.ltl. ..illlrnl l~ ii|liMliil Willi till' lr-l~l,llli 1 ' K, In K, I'l'f

U.. I kill:; mil I 111 ill I, Ilk 1 1 -linlll. I I" r\|l|.lllli i| tll.ll tlli llllnW n\ rl -Will hi ^

\. ll!. lIK 111 I'lW ihi Irllri A ll^' I.Sj'i' Im\i . ml llli;ll \i'll.lu;i \MiiklllL,'. III!'

. 1111, 1. I- 'l 1 In- .|. .Ill' I .( .lll'l I I'l'ill. .M-n 1 1 lU.lS 111' till I hi I ; \ pi. 11 111 1 1 III, it

ll|i 1 .<llt.li |n|' lllilli lli'il li\ tlll'i'l' p.ll.llli'l hill •- 111 nt Ihl ilnllllli 111. ,lk l\ p.

UHIi:; '. i ,llii •.
, wl.'i ''mi-i' lllilli .1(1 ll llV tun p.ir.ll' I llllr> ll.lM' nllh'

.1 -.iui;li liri'.ik. Tin Iniimi i.ikr ili.ityi' n| IuliIi vi..i.i.:r Ir. ak-. uhil-l

ill. I.itli r, lii'iut; I ll 1 ti .1 ,illv lll.ll I.

li'W. I \n|l.tL;i . Ill ll

-l.i'ji
.

li\ I li i»iiii4 I'j 1" i..i. 'I

- . .Ill npi 11, ,1 till' InW. \- hill' nt

ni.l.ii~ 1- iiiniiii nl.iriK 'hmtrir
{XjSi'-W'-'i'S'i'? 't-'

I nit. ll. hill "-^Ii |i 7 1- i|iiiikl\ I,

I'M. lull. .III'! ihi I \Mi t;innp'- ii(

I

I

nil . uiii.it I 111 - 1 .11 h .III' Ihi'ii 111 p.inilli 1 thiiiiiijh lln- < iiiilinlhiii; n-i-l.iiii i ~.

Nnl In llwi 11 Inllnrr DM till ~i i lltl 11 -I 111;,' |)nmt-., l||i ilhlllCi "\il t"

l>\\ M'li.iui unikm^; Niii.ulr uiih iliii mil 111 ' nti." Ii\ ilnnuin- n\i I ill. Inn

n| 'Will hi ' \l nil :llh- lllilli I A, 1 nll'l'llllt; nt lUll t \M • \\.l\ .llH I lUn -lIl^li U.l\'

-\Ml. Ill -. .ill 1 iiii|i|i ll tii-itin I .iinl npi I. Ill ll li\' nin lim i I hi ii -nil i- in

1 Ii'~r till i;.ip-. ,( .iiiil . . .mil to (i]ii 11 tin- ^.\y~. h. jf ihi n .iih i uill ii..\\ i. |. i

In ihi liL;lil li.iml 'Will hill:; l.ihli hi' will liinl liiit tin tmil p.ui - nl .imimI iiii •

.III ihll' pl.li 1 ll 111 pal.lllll, Willi .ill till I nlltlnlllll- |i 'I^I.IIli 1 ~ K, In K ,
I HI mil.

I ll.
. milinlli r U'l .1 hi - niiK lliicr -trp~, anil tlii' i i>iili..| i- .i. . niiipli'~li. .1 Ia

-himtm- p.irt> nf tin inM wnnhiit,'-. ,i iiiii-.t intrn-lniL' im ihn.l. In uiii. li

.dhi-inii h.i' liii n 111.. ;. ~i M'l.il mill-. Il iiiU't In I. Ill, mill i, ,| th.ii .it lull

In I'l .Hill -p. Ill i.nli |Mn nt .imi.il 111. ' I.iki - .'. )nn \n|u. ami till II I i iii.i\'

ll. .1— uiui'il Ih.il (loo \nll-, iiia\' ninitii iil.iilK In -wil. In.l ..u l.i tlii' p. nail. Inl

..', |nn .. ..It -.I- , \. 11 win !! -I.in.lni- -nil. ami ,i!~. . lli.il .il jnu -p, i .U tin -i

'It- will iliMJnp -.iiHn n nt h.i. k iMi. tn inn will ..ii inn \..lts. I hu
I' thi' piKitinii nil "Mip I." I »n "Mip J " tin' rln-mL; nf i..iila. tni-

i, iinl 1^ 'hunt' lln In l.l mil' nf c.uli mnn]). .i jiimf" wlmli i' i.iirnil

ii'iin I 1.11 ^i. p ; Willi thr wi'.ikcin il hi liU hi^lnr 'jin-il' will he
rcpurril tn ii.a.li tin- nno-vnll unikiui; li'\il, .iinl thu' tin- rnpiHril i mitrol

I:
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'" 1''"'^ '•' "^"'- "" ^""^ l''"'ill'l |.ii,„i|,ii., ili.pinii !,;,., Iv i,|„,n il„
"'""'"'""" "f "-i^Mn"- ml- tl„ I Ml 111! Ii.i ,,,!,„ i„o ,|„. ,,,!,,,,,,. ,,„
"i" l.TniiiMUi,[ ,i„\- „,,.|,„ „!„.„ ,1 ,_,,ni,liiii. Mill ,,1 mnnini^ I., luw .nilin i,\.
""ii"ini'.il S""l- .\> .iliv,„|\ |.,,i,,i,,| ,„,,

I

NnM.nni.l l.irinu i uniiin^ ,pi.,.,|, |,v pl.i,,,,. ,,,,, „ ,-, ,„ ,,,„., ,,„.
,

I H ll niiil,ir uiil\- 111

l''!^'' i'i.;,',i. - ll 111
I

nil

,
.

''^'^ '^'"l ""I'-- "II' I'. ill nl llli viih.li^, Mipplliil
';•'"' '" ""- ''^"' l"•"•^'l. .1^ .HI ii,.|,.ii„„i ,,t ,i„. ,l,,„i,u„. -ivii: uill
^'"7' "-'^''l""- ll.lVi- III Im. .1,1,,1i,v,i| 11, ii„ ,,,„. ,,, , ,,,„ „„,„„^ ,,,
"""'""•- ll"' nil. Ill ulnn M.nlin:, ii,,, ami ,,Ui, ul,,,, i,„„„„. ,|,,|.| .],,„
'I" illll.llK.Ul l,i,,VV. .ll.il Wlllkl tl„. „.M.t.,ll.,,,,lr in IH,. ,|„.„. ,,.„-,,
mil, ,il,.,„l. a Mi-v appii.i.ihir, ami .uimni,,,.. a lai^i

. Iiaitmn i,t tin
>"t.iCmr^v Willi 1. is |„.,ii, M,,,,,li..,|. \\|„„. ,l„„.|,„.„ ,. ,„ ,,,„„„,,,.
"iirkiii^, .11 ,.„ Mil.iirl.aii laiKv.iv lim -. tl,|. Mi.|.|.ini^ pla. i

. ,,i, i|,,., ,,,
^Hliii. ,1„. fia. 1,1,1, I.I tl,|. ,„tal , .„..,,,. ul„.i, ll,,,. ,l,.ap|..,„. ,„as a.lil
"'•"".i.tilv ,1, ,1,1. ui.ikin, rxp,.,.,.-.. M„n.i,v,.r, ,l„. ivM-tam i . uhni,
'.ttiv ,1,,..,. lai^r iniivnts aiv ixpniMVi., ,u,i! ,n, hmm- ,I„ lapiial an nun,
whiU, thin -uprrv..,un ami upk., p aijil ,i, tl,.. rminin. ih.u^.-, |i„.„'
,""

'V^'

"•"^ '"""' '" ' ' 'I'"'"- "•"t:..n III, tl„. I,,. , „„.,„„.n,.,i |.,„
li'ii^ iliMan. . .X,.,,... tialhr tl,,. ,-,.i„|,nnn> ,ii, i,|,vinu-lv .lilti i, nt

A-,;, ,/,,v,s/,,.'„- Contro]. n, .„M,lriat,i,„- liaxv ||..| ,„ tl„. (iirtluT
'"":''"","" ''' "'" -'i-l-arallil >v~,. ,n win, I, ,. , ,|,|,. ,,,„.„, ,, „„
'II.' Iiil-I.uidi ir,in,u,.vs ,iml mi int.un -.iilairlMi, railuav- li.ui nn.ii.i.
..'V avail .Mr i.n wlnrl, ,., nrii; thr , hai,;;, .. Hv plainly tin Imir tm.
>n MTir. lai ll i.nlv nnivrs .,ii,-,|iurt,r ,.f llir in,,. v..l,a.r, ami n ,, f,,ui„l
'" I'i-.litir.' that wl,..„ M, ,,i,aii^...l a >ii,di ,„li|,t,i.i,al ivmm.uu, plain! inMT„. 1, Milliiiin, ti.r M.utin, (lum „..,. ami that an ,1 nmm.ual n.niun,
I'.MIiun a, ipii,,. a low >p,...i! is „|,tan„il whni this startiim irsista,,,.- N
ni, ,m, ami ,hi. fi,„r m..,nrs plan.i amiss t||,. mams m M.npir <,,,-.,.,

"liir pi.ssiiii,. ami .rnnoinnal iiinnin,^; l.i.sMn.ns an- <.l,vi,.usiv ,ii 1

uitii Ilir n„.ti,is ,u,, m s..n., ami lui, paraliil. ami „i,.) witi, ,lu- „„,„.,. all
I" IMMllrl. ll,,.,,. p,is,i,ons ami tl,r transnii.n m,M-rinn,Mi.. s,,,,. i,^ulnih tiirv .ui si„,.,..Mv,iv n.i,iii.d ,,„. si,.,„n ili,.^,aM,niati. aliv ni l,,,:
i..\->- I-.UI1 nii.tui witii Us s,.n,.s lull! nu^iut ivsis, ,,,.0 .s ,mli,.,„.,l U

'ipr:ir^-::*jr^ .^fwm'r^^. 'v'-^js^mwwjpi*--'* WSE^
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1 imiiiiImiiiI . im Ir, ,111'! 1 iLilil ihiiIimIIii ^|i p, .111 -liMwn, I M i1m~i Nm I

I- till -l.utnm ~t( |> Willi the inotdi-- .iml tin' --t.iitin^; i. -i-l.in. ic , .ill lii

-. ih ~
.

.1- ^Miiii .1- till I .11 1,^ will iiiiili I \vi n;li till 1 .nil. '11. I 1- iiii.\ 1 .1 til

\ii J, « liii 1 1 1^ I 111 lirst HI 11 111 111; null h, uiili tin mutui ~ .ill in ~i in- witln 'iit

.lli\ lAlM lr-l-l,inir .llliliil. Ill IM.litlii it 1-- tulliu! ill. It till llli '! i '1 IIP II

lii'|Uinll\ u- tlii~ null li ulnn tulluwin:; In hiinl -l.iu iii..\iiil: u.i^.'ii-

1 ulnn iiiiiiiin:,; lliimi^li ri iii!.;i -Ii .1 li.illii Nu ; i- ,i ti.in-iilun -l.i::i

111 wlmli till |iiiiiitiiii liiiuiiM m.'iui- J .iiiil ; i- ii iii|i.ii ,11 ih i.ntliiil.

uiil tin 1 .11 til t.iki 11 nil 111. ill ir .). ( inl\ i|iiiti .1 -lim I int. 1 \ .il 1- -|ii nl 1 .ii

till- -tip. lllr ll.inillr hrlll!; (|tlil kl\ lllllli.l t"

li.'ti II \ii t. \slii. Il 1- .1 iiimiiiiil; iiuli li with tin ^-^'T>—<^ "i—T/V—^7Vw-T
iiiiitiii- .ui.iiiuiij III l\\.. p. Ill-, in p.ti.illil ,i:,iin ,-, , . ,o\ /»

_£—(fj—(3 1-^ •: - -(.'
'

111 11 111. 1 \i 1.1 111 1.11- 1. ^i-t.iiii 1 III 1 111 1111 I 111- ^^ ~^
,

. uiii -pi.iiil- In llir lull ,1 Ml - iuiiiuiil; n..tilii.| I '>*-'—> '.^ijCi)^ v.' >

in .iiilin.ii \ luii m.ilui 1 iinlinlli 1. in w 111. li .ill r^L'~~(ji)—\ {
ill. 1 lint ii .11 1 III,: Il -i-t.iiii 1- .III 1 III mil .iinl 1,1. li W ^-\*)—(*

in.itnl M . 1 1\ 1^ li.ilt \ iill,iL;r.

riiiii ti.in-ittiiii ^I,il;i - .111- iiiti 1 p. .-I .1

111 lUi. n till-, n.ii. h .iinl iln lin.il 1111111111^: 11. .ti li

\ii. ."^, 111 till lii-i (No, 31 iimtiii ( I- n pl.t, 1,1

il\ .1 ill .111 ll -IMIH 1 . 1; : III I I II -1 1 llllll ^.\ll ll:,

.m i.li\ imi-lv until --ii.ihli' .11 1 .iiii^i iiiiiil . lunlni--

; .iii'l
I

.111' p.ii.illi 11 i| .iinl |il.Li'<l in jmliHiI

uiili nii'ti'i^ 1 .mil J whtili .iiv -nil in -iin- 1^^ \.
^"-^

In till tliii.j ti.iiHiltnii ^li p (.Nil. •j\ molm I

1- I'lit 1.1 (11. lilt .iltii^'ctlnr. the hiiiiiihl; luting

t.iki 11 ii|) li\ innliii- J, ; .Hill .^, ulin li .nr in

p.ll.llli 1. Tllr-l lllli ! -Il p^ --lllilllil 111 p. I--, .1

lliii'iii^li i,i|iiill\ up to Nil. .^, III will, h till- tiiiii

ninli.i- ,111 111 dill ]i,u.illtl with .ill ixtiin.il i-i- 1, - n .! ...i . 1 .a,.i..

!' -i-t.iin ! -lint I 1 111 iiitnl. '
'

111 i.uimiil; I'lU llitM' rli.mi^i'. milx niin 1 iiiit.u tm - .iiv li.uinl tn lie

111 1 .-.-.11 W tin -r 1)1 1 111; pl,i, ril ( Irclin ,ill\ in tlir |)i.-lliii|i- -Iniwii in hi.; I,,S7i).

I In tin I 'lit-!. mull r.ii- tlir-r ( (lilt.ut 1.1- ,11 1 .1— , luM, .1 in 1 wi. i^miip 1 .1-1 -,

Nslinli .til -in.ill t iinii-li til 1)1 iiiiiiiiiti ll iimli I ilir l.iu ll.M.r i>l llir 1 .it -li..w ii

111 I 11:, I .'^.',11. riu- -(.[Hi 111 1 III wlin h iln ri.nl.n tnf- .iii 1 li.-i il 1- :.'i\ 1 n m
111. t.ihli 111 l-i;;. i.s.Sn. wliii h -liDiilil lie n.inp.ii, ,1 with iln |i .|i i^i 1111- i|i -. up
tnni. Is'i -i-l,in. 1 - air milv 11-1 il mi tin ti.iii-itimi iintiit-- i .iinl -,, .nnl

li-N III. nil- ii\ii ,1 Imii; priiml -Iniw lli.it tin . in ii;\- 1 1 in-unipt ii iii 1- hi. in
"^ '" IS 1" I I 'III ll— til. It! with ,1 -1, 11 111. 11. 1 -1 in - p.ii.illi'l tin 1. -l.it 1 1

li.ill.i u-iil 1)11 (.11- ul ihr -aiiir wriLilit iiinntin; mi .1 -iiiul.ir -ii\i,,

A ,1411 Mil I iiiimlirr of ('( nii.iinii ,il iiiiiiiiiil; -|ii 1 il- i milil l.r ulil.tm. .1 w illi

ilii- >\>tiiii liy ii-iiif; tlu' pniKipli i.t luld tuiitnil ndiml t.i .l-iwlnit

i

f,

,1

gi



UlMl.^t tl„. nu.troll,,- h.u.dir I. |.riM,' tl„„un into tl,..
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tlif (liivi I \\\<\ i.M'lv til i.ik'' hi- I'l.VT. i-p.'. i.iIU' on ti.iiiis ttavrlliii:; -it

liicli >i"'i'l-- .iii'l .It ni;L;lil Iiin>'. Tin- -oliitKui, h.iui \rr, ii-ciuin-- tli.il llic

^t.ill lit ti.uui'l iln\rr> -lull! ln' .ippioMiii.it. !y <lnii!.l. ,1 m niiiiil>. r, x\v\

\\x-, \\v luitli.'i ih-a'lv.uit.i^'- th.U tli. . \tr.i ni.in li.i- t.i -p, n.| 111..-1 ..| lii-^

linn- HI iif"!i'ii i'liiiir->, .ukI tli.it 1- not ii.um.illv t;'"icl t'T liiiii. \\ li.it 1-

clr.llK \\,llU''l 1- -iilll' .IMti'lll.ltl.- (l.Alir ulnill -.ll.lll iipiKlIf ( IliltlV l\' .IS

„„.n ,1- !llr r.illt|..lli 1 ll.Ul'lli 1, rilr.l-nl frdlU till' mil-.. I. .11- i(Mlt|..l .'I ill.-

'ln\ . 1

.

1-,.! Ill - 1, 111. ,
, It llu tuiiiiim I'f till- 1 1 ;u II lie tnni\ \\v ..II " p. i-ii!..!!

. ml. 1

up \ -iiili. I. pil\ piiwrrfiil -l)riM;;. tlir IliikIIc wlini nl. a-. .1 \\..nM !l\ \y\> V

I,, till-
" .!! p.i-it!"ii, ulit IT It iMiiid l)(. pullril up li\' .1 -I"]'. ill. UMlkiiu'

i.| ,i'i iiriliii.ivx- li.uv (Uiiriil tr.imu.iy ( niitiullii- lilii'l with -u. h .i .|. \ 1.
.•

U..11I.I, li..\u \< I .
-""11 t.aiL:ili r\i|i .1 Iiihll-I iln\ir, I'.llt th. i.l.,L . .Ill li.'

utih-. .| 111 .L iii.L-i' I 1 .1111 1 "II. I I'll .lutum.Uii' 1 i>uti"l 111 iMi... .IV \\"i km •; whii h

"iilv li.ui.lli - . "lup.ii .L!i\"il\ -1 ll.lll C"iiti"l I iitii nt- In -u. h . "utrnll. i - tin

iltll.li.. 1- 11"! I. il|.i\ .ihl. . .lllil ihr r\linilrl lol.ltr, ,lL:.llll-t th' l"l.pii "I L

1. .|"Mik; puiiL: ulii.h iiiim. ili.ili l\- irfurii- it In th.' ".Ml' p"-iii"ii it tin-

iMll.ll, I.. '•. h.l- .h

III.' (I'Mii kiiiiwn .1- ihr " .I.J Im.tii^ It. Did',- " w.i- inln'.lu. < .1 iii.i..

ihlil .1 cl. ' .lilc .lU" 111 ill. ImIIII "f ,1 -prill- kllnl' nil ih. l"p "f I III- ill 1111 1 1, II 1. 11.

.il ih.' . .Miii.ill. 1 li ..111 hr -r. II (in 111- ji.iii'll. .'t lip r. i , II, iiintinll' r

111 \\J, I ^S'l I !ll- klliill ll.lll t.i l)r pli'--i(l il.iWIl Ih-|ii1i. till' tMllInillrt

1...11M hi- "pir.i'.il, .iiicl 111. I t" lir liiKl (lowii wliiUt till- I ontnill.T w.i"*

111 11-. . il th.. kiiol) wtic rdi .i-i-ii, I'vrii for .1 iiinniiiit. .1 ir. 1 h.iiiii .il i|p\irc

w.i- l'i"iii;hl iiit.> pl.i\-. cipi'iiiiiL; ,1 -wilrli in tin- ("iitr.'llri whii h c ut . (T tin'

iil.iiii ii..\\. 1 .11111 lit, -imiill.inriiii-lv putlmg "U th'' W. -tin:;li..ii -. ,111

lu.iki-. Tim-, it .iii\-tliiiit,' c lu-rd tin' dnsri- tu brdMUp in. .ipi. ii.iti il

wlnl-t III!' n.iiii vv.l- 111 ni"li.>ii. It W.I- iii-t.uuiv piilird up,

rill j;. ii.'ril 111. ill. Ill of "p. i.itMU "f -11. h ,1 ilcMii' is to .irr.iuu'- thit

ilii' d. pri--i,iii III till' kiiul' -ll.lll, h\ a -iiit.iMi' nuiii.itiir.Ll . niUriv.iiK r,

iio-i' the liirilll hrtWriMl tw.i ruut.irts, di-.-, i ir liil-i r- pl.i,. . d m -rM,'.

Ill till' 1 11,1111 I "111 1 III nil ml. I 'nil I th- -c .irc 1 In-, d . .inirnl . uireiii - 1 .iiiii.it

h • i)!)tLlIl. d, .llld whiU tllrv .lit' di-.niiui-. I.d. 1)\- lii,. kllnl) In 111:,' nl. .l-.d,

,ill iiiiiir.il . irriiits ,11-1 liriik.-ii aivl tlir p.iwi r -hut "It Imiii tli' ti.uii, Ih..

-mil. .11.1111 i.ui ,il-.i 1m' .11 iMiiL'rd Ml III, it, wlnu III. .km, tip .ui lir.iki. is

hr.iiuht ml.
I

.i[>. r.iii.ni. -.uid 1- |>"Uii d mi tip- r.uU, .ui'l tlip .I....1- iiiil... k- -1

if. i- ill - nil., iii.i.liru -\-..t.'iii-, ihi'v hivr to I'f .I' . i.ip ,ill\ l".'k..l l"f..it.

the c.ir 1,111 -t,iit.

/'i.s//;.i/( ff R.jiil.itmt; .\ l<l\ii\i!ii-. Ih.- .pn -linn of tin- pn~:M..ii-

III wIlK h tip \. 11 pill- pil I 1 > nf ,ip] Kll.lt 11- p .llird ||.I -l.lltlllL:, -].< 1 l| M L:1|

i.iiinii, 'II,, .11.- i.i ill' (.mu-d on ibr iipilnr I n.p h ..1 11,1111, 1- ..11. wiii.ii

I. .pill. 's 1. II, fill . .Mi-id.i.ilinn It i- olivmu- tli.ii ih.- ni.i-i itmll. 1-

.111.1 .ill .ipp,ii,ilii- uiii. h h.i. t.i In- npi i,ilid dii(. Il\ li\ th'' dii\< I "f 111.'
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, :

" ^"' ''-"^••''- 1'.- .'l-.Hlv i.,,n ,u ,.,

":"r,"''""""~"";'"-"v I'.-. iMvu,, .,,,!,,; '

'"^ """—"" —•Ml,. .,,1, „n.|,l„.,„l,i„„, .,,„„;,''
Ill'

r/^<

»Ki.
f.j.;

' '
l'">"~ I..1' -n l!.,- I.,,„. \.,;;„,

IMin. ri,,' apiMniiiiv ivfciivd ... omsi.t. ,,| ,

n-l-t.iMcc 111,, ,M, Its ,,,nt;i,ti,r^. i,.\

'•'';• i'"t -nuM i„. .,, pi,„„i ,,. ,., ,„; „,;,;i,i;
anil r, p;iir.

I i:v I:

1' II, aw .iirniit ii-i-t,inii -,

"'"''^. '•'•• "lli'll !lr, ,1 II,, I |„. ,„ tl„'

I" ,--il,|,' f,,r ii!s|„, tii.ii

III son,.. ,,f ,1„. ,ll„,„ali.,.,> aln-.ulv gn.,,, ^i.., , s,, .„„1 i s,,s

' '" '"""""M.li. Ill ,..iiai!i ivM„,.< ,1,,. ,. ,

111. -(

I ii III 1 1 . .1, . . I _ .

' ^ ill-tin,!,,! t,.| in-p,,^
1' paiN ,-. ,1,,.,, ,,, ,,„.

II. Ilia! an,! ,i|li, r pii,,,,.... •p,,, ,.. , ,

v,„l,-„ Ti
n..\M\,r. S.I,, tr,l >o a> t,, iinniiniM tl„ i,„,,„"""""• "" '"^"""' ''- •'" "" ""-r i,an,i. tii,. „..., ,„„:;;;,:
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Ml ll III' h . . --..Ill - III. iii.t iM.tip\' vmIiiiI'Ii -p. I. I ulii.li niiL,'lil 1.1 11-

|..i ..till I iiiiip..-. -

I 111- .i.|\ .nit.ii;. - I 'I I ,i-\' iii-|.. . Iii.n .in.l ii [..m Im\ .
, li. .\\i \ i i . in -..in.

,,1-,-, l.,.ii I . .111.]. i. .1 -iilti. h-iit t.i iii-tily . iil.irL;iii-; lli. . .il. -i .i-

1,1 1 imM. ill.- ni.ii. iin|...i tinl |miI-- ..t tin- .ippii.itu- l.i !.. |.|.i...l in ,i

in,. I, .i.,,.-il.l. p.i^ili.iii tin. I.I lu.i . x.iuipl, - ..| till- -..Intl. .11 ..( llir

pi,.!,|, in -ip.ii'.l I., int. I. -tin-.

III. I. .11 ji.iii i.t ill. inliii.'i ..l ill. iliiMi - ,. nip, 11 till. Ill ..II I'll. 1 .1

ill. i.|, ll. 111. ,ti.r . .1,1. Ill - i.| till- I 111 .it Ni.i ill. Ill .111.1 t it\ l\',iil\\,i\ 1- -Ih'U ll

Ki 1 ii; i^>l. I 111- \ ll \\ -li.'V.- Iinw .ill ill. I i.ni.i, I, ,| -. i,\.i.ii-, .iiiil

ili...-l,il^ .ill l.i..iii,'lil III;, ill. I III .1 p..-ilii>n wli.ir lli.\ ,ii. .ilu.i\- i.|..ii

|. . iii-p, , 1 1. ,n

,111.1 .11. -I . nil

ll.'IU lilll ,111.1

.|.iiil,i^'i' I In

lli.i.I -|>.iri

.1 \ .11 1 .1 1. 1 , 1
-

;• tl l.\ II It
,

,111, 1 til,- p.m. I-

..t til. p.iili

t 1 .. 11 I.I ll 1 ml
ill. ,ip|.,ii.it 11-

I 111 . ..iiip.i: t ^

nil III ail It

niii\ .1 Ml- , -I.

lli.it till- u'. .ir

I- ,11 I . --iMi 1.11

, ill -nil-, ill.

1 . . n , I II I I I n i;
i ,- .. -.• k i .....i i i,ii .m .. i i..,, s,,s, ;..,.,„ u ,iu,,, .

,
,, .
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th.' Ii.p .111,1 h, l,i\\ ill, in .11,'

til,' h, .i\ \ . nil. lit I. -Ht.iii,'. -,

1< K'. ( )n .1 l.iw, I -h. It .UP

th,' , ,.iit.i, ti,i -. .111,1 , n. ml

I I .ik. I-, whilst -till I..W.I

all th. , iiiiij)!',--, ,1 , It. I th.

-upiily 111 . ,iiiipii---. il .111

Im till' [111. ntu.Ui, l.t.ik.'-,

1.^ ., -. Al.|..,i.\l,., ai 1',. 11... 1, .1 l)ri>ri s (',';
l,IL;,'llll'r \'>ltll it- lllntul.

-witi h'-'S. I'tc. All till- -U>!>-U.i.tn- I- I . in.v om.iii l\- pl.iii.l -,,i .i> t,i In'
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^ !

[ii ii|H rating the iii,i-ti 1 loiiliollri .ill th.it tin- diun h,,, t.. i|<. i

-t.iit tlir It. III! i- lii-t t(i iiiiiv.- till- i(\ii>ini^ Ii.iikIIc (iI \\\v ii.nlK.lli

t" till "Imiw.imI" c.r "iiv,!--. |MP-itiiiii, .1-. iiiitll till- i- >|..ii. il;

lll.lin ll.llKJIi I- ll.ckiil. Ill- (ill II |lIi^^(-> (l(l\MI thr " ill , III III, III

jilmij^i I III tin- III. nil h.iiiilli
, and iiiunt-, tlu^ li.iiitlli (i\,r In tin lull

"on" ])ii-iiinii. .ilw.iv-. III. lint. liniii},' lii^ {;iip un tlir i>lnni;ir. All dp
limit iil,i\- III! ill' ti.iin tlim luf^iii to upiT.itr .ind iiuli li up tlii iiiip1.,i

I'll thr dilli nut iii.ii'ii> III .iKoiil.mri' with their iiidi\idu,il !i(|iiiri nu nt

tliii^ riiMiiiiiL; llir rijii.ilis.itiiin nf thr lu.nl oil tlir v.iiioii-- |>.iiis of inotm-
I hr -llpph \olt.li;r i~ (lOd \()lt^, lint ll thlo|lt;li .Ills- r.lll-i Ihi- \olt,IL;i I-

^riioii--l) lowrird, till- .idjii^tinnits arr >iu ii th.i' .in\' tvvo inolois in mm.
will tonir into ai tion with .i> low a prt»iiif as j^o \olt^. and tin- ril,i\-

uiil not noli h o\n |o tin p.uallil r in tioii il thr pti^^iiir lir brlow

(Jo Voltv, ,111 oliMoii^ .iiK,int.l,:.;r -hoiild the pir-..siiir rv,i lir mi Irdlliril.

Should ih, diiv.i iii.iiKi iti iitl\- or otlniwiM' nh-.i-r tin " dr.id iiuin- '

J)hiiif.;n, ih, loiitiol ,1 It would U- ,ut oil. .ill thr nmi.,, i,,, , would
iiprll, .ilid .ill 111. Iii.iki- III .luloiii.itii .illy .ipphid. Ilii Ii.iiii uoiildthu-
lir ipih kly liiiin,i;iit to ,1 ^i.iniNlill, and thr diui r i .iniiot irlr.i-, il,,. 1,,,,^, ,

or a,u;.ini -i I Ihr i.l.i\-. in oprr.ilum. until hr liriiii;s thr o|)ri,iiJii:.^ h.iiidh

t" ''"* " "II " po-ilion .mil iiiakrs .i frr-h >t.irt. Althoiu^'h, ,i, niriitiom d.

thr dii\ri m,i\- niiisr Ihr opri.itiii!; h.iiidir to thr iiill
• on " position, h,

ni,i\- jLiU'^r nil .my our oi Ihr thrrr iiihrr I' iiiinii; |)o-itiiiiw. On thr hr-i

thr lllotoi^ .lir ill -rrirs. with .ill Ir-i-I.tiii , - in; ,,|| thr Mioiid thr .iiilo-

iii.itii 111. IN-, .III liiouL;lit into pl.iy, and iiotrh iiji tin ioiit,irtoi> until tin

nintors ,irr in lull m rii> without irsi^i.mco. jh, third in'sitioii ihani^i-
Ihr IlUilols from MllrS to p.nallrl. thr l-lld.^^r ronnrctinlls (s,v I-I-. I,,Sii,

iiriiif; used lor thr traiiMtioii -ta.yr. Thr luuitli oi lull • mi " po-ition

liriiifis thr autumatir itlays .if,'aiii into ]>lay to tut out aj^iiii tin rr-i>t.iiKr-

''ti p liy -tip to thr full paiailil positiuii.

Car Wiring:, "k' nimiinfj of the varimis (irniits tnpiirril riilnr for

dirrit (ir rriiioir loiitrol of thr iiiolius and for wmkiii},' tlir otln i rliiirii

app.ii.itu^, il. (lulling lit,'liting, iir.iting, driving thr air nunpir^MUs fm
thr lii.ikr- .md otln r -,rr\ ii i s, is a matter whirli has to hr curfuily ihiini;hl

otil with Ihr po-,-iliiliiy of a >rriou> lucakdowii as tlir iinialtv of r.ui Irs>

nr-^, ( )nr ha> only to look at sonir of thr diagr.iins givni ilsrwhrir
I'.g. Iig-. i,.S;j .111(1 l.Sd; III gather tiiat the lequin nu iits hir suecosfiil
working are i (iiiipli( at( d. Mori<iver. in these diagrams in.my of tin

sui)>i(liarv working and safety deviees have been omitted, and tin di.igrani-
.iitii.illv ii|iiddu(<(l ar( f.ir fioiii In iiig tiie most < (UUiilie.Uid wliiih a|.)i(ai

in a( lii.il pr.K lice.

llie piiiHiple- iii\(i|\cd in tlu-~( workm.Li. and s.ddv devid^ an- d,,ili

with, .111(1 ( \.iin|ilis L'lMii of t\pie.il app.ii.itus, ilsrwtnrr in tlii-, hook,
and wi IIkkIok do noi pioj),,M; t,, g„ i„to il,|s, paituiilai appheali(;ii
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"f tlu- i.Kul,itiM« i.sist.inr.v I„ A... w.Mk.iii,' a van.il.lr v,.li,,Kr |,.-

M.irlinj,' ,„ run.iiMt' -'t a ndund .p,-. .! or for ..th.r ,n:ri..K. , , ,in l.r .Man,.

,

l^y iii.tlu,.!. wliHli liuvr l,.-.n fully .l.x nl.nl an.l . iHi. nmI , U, uh, n m„ ,,

•i^ (I) I'V lapi.ing^ finin il„. „-. uii.Jarv windings uf a tian^funn- i n
I'V l,.pi.uigs In.ni til, \Mn,liiiK. „f ..n ai.ln.|ran>f..rn.rr (.,v iMg, -

•,

•'iKi (111.) |,y .,,1 indiutu.n r.miJatt.r {.v,v p.i^,-. i_.,,n ,/ .v.v/.V

All types .,{ A.c. ni<,t..r^ ar.' n..t availal.l.' for tra.t uork uiihout
M'Mir >pinal inodiluation. tor thr .nitstan.lu^' fcatuir of >,„ |, uoik i~ th.t
II"' muturs must l.u ai.l.. to start und.r full load. Thr m.thod ,,f ,,,.1
1^' '" utihsrd in any town rasr is gov.in..l priniarilv l.v tti.- .ondiiio,,-
I'" starting tlu,. jKiiiic ular typ.' ..f A.r, motor us. d'. ,• ro„d„,on-
•iiid til,. g,ii. ral in.tliods of slatting liav l„.(ii d, alt wit. ., tli. . hai.t. ,

-'" A... motors in ...inurtiuii with th.' . on>i.l, ration <,f tli,- tl„o,\ ,,,,.1

{"^""•' "I'thods of .onstnution of , a. h tvp. of n.-.tor .hscrilnd. ||,„
""• ""tho.ls of >tarting a lu.lyphasr indiuti.m motor hav,- U-vn d.Miih,,!
"" l''«- 717 to 7J9 with som,. of th.. artual swil.hi^var , nipl ,v, d (o,
stationary motors, and the chid m.thods for in,r.a.in« th,. Ma, tin, tor,,„,haw Ik.,.,, disa.ss,-d. Polypha... .ommut.itor motors ol vanon. kin,i-
lav. I,..,.n d.alt with on pages 775 to 7.S8, whilst moiiophaM. ,„mmntal,.,
"•" t"'" "..'tors will he found d. s. r>; 1 on i,aK,s Sua cl sa,.. an.l ,1,,. stai tinaud .„ntrol of one well-known tvp.^ is given m d.tail on pag, s ,s,6 to ,s,,s

Single-phase Working. Th,- reasons whi,h hav ],.,i t,, ti,,. w„i.

'

si>i, a,| adopln.n of the s, 11, „ • ..iinnutator motor
for A..

.

single-phas.- traction have h-.n gu .11 (x,v h ..... ^i::^;„. ^
pages ,Mo d Mj.) ,11 th,- ehapter d..>, rii.ing th.se UKu^;:;;^!;^;^}^}^
motors, where also th.- difluulties in satisf\ing
the eonditions an.l th,- methods by
whi, h tli,y are overcome are d.-
scril.,,!. \\r .u,- her,, coucern.-.l
chielly with th,. cuitrol of the pow.-r
sui.j>li,(I to tl„. ni,.tors, whidi, in
order to explain m,,iT fullv th,- ,lirii-

cultii.s ref,rr,il to, ami their .M,jnti,ins

d,--cril),(l in th,- satn,- s,cti,jn.

lu tins ,-,,nn,rt>on ,, hn-nc- ha- |„.,.n ma.h- to th,- ni.th,.,! of c.,nti,.llinc
h,- \\.m,.-l-.i,hlMrg motor> us..l ,,„ the London, l^nghlon and .s.nil,

loast Kai.wav, the . 1,-ctntication of whu h has been mon- fullv r.t,r,,,i
..in the last two chapt.rs. l-.,r ,„nv,niciico of refer, n,-.- w,- n pr,.,lu,

,

(1-ig. i.VSS) th,. diagram of the ,,.nn,ctions of the ,„nta,t,,r- i>i, viou~lv
giv.-n m l-,g. ,S45. The supply voltag,-, as not.-,l ..K.-wh.,.-, ,s o.ooo ^..U.
'It J.T --, on tlu- oveihe-ad tatenarv .susjH-nde.l c,,n,lu<tor frori ui.,'.
current ,s ell,-, t.-.l l,y the how coHecto.s seen in l-.g, 1,711. l-rom th,
l'"w coll.,t,„ a high-voltag,- ,nrr,nt is I,,l im,, th.- >p,ci,d high v,,lt ,.-,
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/',VA< irr.'.v^ i\ // >
'.'/' "' >'•"• I'"',;

,|,,,„|„,, ,.„ ,,,. ,U..lo. ,..,L.h -li.AVM ,1, he. I.SNm. \vln'l.
: ,
( '••"-. '"

, ,1.1. t liiMiV ..ll.n.l.uit- In tins .h.itnlui lli.|. .u. thr u-.ii.il

Ip^h-W.lt.l^. ^U.t.l,.-. .U.Ult |.I.„U.>-.. (U-^, .tC. .l.v, nlw.l .1-, ^Nl,.,,,

,.„.| th. lu.iu, ti.ni^l svi.i'l.. •'- >-l"'^^" •" ''- '^"'^' -"I'-'l""

,i„, s,,li-, 1,, ,, .n.iMi.imii ..f 7=," v..lt- f.'! ..'- .1. il" 11..'!..

;

Ih.ir I- .il-.. .1 M....11 ti..ii-!".i..'t «itli 11- pniiLiiv 1.. iMi iM.l will, III.

MM... I., ,1,-1. ....... 1... -Mi-plv..-^ ...... i.t ... .. l-u.. ^.l^'^ !•' v^".l.i''K

,1,,. ,,,„,,„ I,,., .... th. MMitn.l .... .1.1- '"" ""1 ! ''" '" '"^ "' ''"

,„,.,. ...U.-(...1...I -l.-'^^H "' ll- '•'^^"^ '''- '""• "'l'^' '""" ''^"^'

. ...1. I.I- at .(SO. S'*^". 'M". '""' "-"i"

\,.h~ K -i"
. li\. Iv . .... I"' ili.i\Mi

thii'...i;l. ll"- '""" -l'<'.i'lii'.i< '"iii.i.

t...- A- .lll..l.l\ r\pKl.llril. lIl'K

a..- till I ... li >.... i. l.'.l. l.."ti.l- ...

lu.. 1.1..-, o.ii I'.i.. "II ' .1' I' l»'.i,'"'. '1.'

lil..t.il- 1.1. 1 .t. li I'.lll I"'.."!-' l"l.li.il.

I i.tlv (I. .1111. I. .1 .11 p.L.lllil. '*"l\

.1 -iiij,'lr ii...|.ii 1- -1...U.. .l..i.i;i.im

iii.iti. .lUv 111 i.i;. i,.^.'^.^ ll.i' "'l.< .

|„,I, ,.t th, -. cii|,il.U\ i.t ll.r 1.1.111.

tl.lli-l.'ll... . -.Ipl'lK - 1 1.111 . It tl' all

.l.lti.-tl.UI-fi'llU" .. t..i..l Wll.il. ll.i

, 111., lit f... tl..' .inil.ltlllr' 1'.

' iMtiM -
"

I.t ill.' I.l.i!nl> ,111- t.lki I.

I'.i.t ..I th.' wi.uluii;- of lli.> ti....-

I1..II.1 I
111' 11. |.,l..llll I VMll. till' t.i 111

iii.igiii t cr
"

-l.iti.i" wiiuliiig- I'l tin

Illlltl..-.

ill. iiii.tonn.iu'- I il) i'^ -I1..UI1 iii

lit;. L.'MiO. will I 1 1 .III 1" -ITU ill.

-111. ill ...ntii.llrr by wliitli tin- -i\<i. i-i<. 1, ;,:., 11,^!.. ...- ih.,......, , m ,.

. ..nt.i. t.'i- of l-ig. I,.'^^^ ;iif wmKiil.

(iiiK- -mill liiw \ult,i{,'i- iiiniiit- 111.- thr inntiullii i.iniil- .iml iiiiniii-

1.1. .1. l!l-ll .1111. Ill tlMIl-folIllll- .111- L.tliilhll 1 ll 1. 1.1' till' i.ll'. I 111 ..'.I

tii.llri .- i.f thr i.riliiiary cyliinliic \\\n, ami .it thr ...i.ti'imaii- 1. ll h.i.i.l

till n .iir the haiulli -^ lor tho oniiii.iiy aiul ( iiHigi.-in \ ,1.. I...il<. - .\

iKUnl-ln.ikr 1 .1.1 also l>f srtii ill tin fon f^iouinl.

A- .motlnr ixaiupif of llnioiitiol o( iiigh-volt,it;r -in^-li j>h,i-r ]M.\\ir,

\Vi' gl\r ill l-;g. l.SijI a \ii\V of tlu' olir of i.oIlt|olli t- ot th'' I.ot-c hj.i ig

loiiii.iotui , wliiili will 111 fmiiul di -cubed on i>.i^i- loi'i to loji. It

h.i- thiU i.i . ii 1 xj.iaiiud how tin -tiji]il\ riirinil i . !iH:::-h; It; !!;; ;;: :::;.!: y

of thr -tip down ti.lll-foriin T, of wliuli tlicrr i- onr foi 1 .1. li nl thr -i\

t, , II ).. .1. i.ii.t...-. .i.id th.it tlir sn niid.uy of tin ti.iii-fi.ii.n I I...- m. f. svn

rt I

n
.§

i i

fWSf



.1 III. I l.lll~|.i|]||,
I

" '" '
nil"! I- < ...I, II, ,11,1 i,|,„inl,,| ,„, ,,„

,,, ,u I ,
,

•"""" '^ '" "' '!"• '\lH„ln I, ,, ;
"' '"'; '";'- '•""' 'I" ^..M... .,„,„,,.,„ ,,„ ,,„ ,„,J,

;"";' "\ ""' "'" i'""n.,i,,i I ,,„, „,.„,, ,,„ ,i,„,,K ,,„,
"

' '; """'"-'""' '.M'lHn.v ||„. „.,,„„|,,u ^, ,!,,„. |,,, ,, ,„ ,„
ll'l'lil \ III' ^,,1, v , ili ,1,1, ,

'II i\l

, ,,
' '

" ~" "'•" 'lilH'Nlli., ,,| inMil.,1,,,,, .,,, ||,|,,i'" "" l"iin,M\ ,1,,,,,, ,,| ,|„ ,,,in-|,„,n.
,

II"' "Mill. .11, I ||,|, il,,,,. ,1,,,,

''''"^. n.iiii,K .1 iiMin iliuiii. ,111

lUMli.in iliniii. ,111(1 tliciliiviiiL; -, ,11

III' Inn, Hull 1,1 111,. , ,111, ,||,,|,| ,_

'" ' "IIIM, I lUil .11, , , ,,n,. |.||,|„||^..

"t III' -11 iilul.llA ti, .,11 .lUli, ||.,||,

li'iiini wliiiM- lunlill. |„,ii,i I- , ,„,

lurtiil iliiv, t I,, ||„. |,|,.t,,, III,,,,,,. I,

.1 l"U M.lt.ll^r ml -WlMl llir .n,\.

lll.llA illUln 1. U-nl li, ,U||, Il III ,,,

'"" '"11- 111 "till I I'l tl,,. .1111., II, III,

'"'III' I iiiv .\ii\ ml, iMi|iii..n

I't
1 mil lit 111, 1,1,, I, ,„ , ,,|, ,„, ,|,|,

'liiiMi. win, h 1. pn,\i,|,,| \M,|, ,, ,1, ,„

II' 11. i'l.'U "111. I h,. Ill, ,\, 111, UN ,,|

till' 111. nil ijiiiiii .11,. Ill, I, I, \M|||,„,|

aii\ lilt, iiii|,ii,,ii ,,| ,1111, ni. ||„

rulltli.llrr 1 .111 li,-.i|„ |.i|,.(l |,v ii|,,(,,|

whirli i- thf u-u,il until, 1,1, ,,|, ,,,

' .l>is lif llll,IL;r|l, \ , |,\ li.,,„|. Ill,

lll'itiil. Wllil II 1 ,111 |„. .|., II .it III,

ll:;lit 111 M-. l,,N,,i, I, ,, ,,,|,tiiiii,,|„-

iiiii'iil iii,.|,.r (linen |,\ ,i , ,„|m r,,,,
'' '" ''^ •' ~ I'llV I'.lltilv, I. 'Ill ,.1 wlilil,

I l: .- - ( k

IM' Il ,11, I.

.Ill

llll>

1 arc I .1111, .,1 ,,
I ||„. , ,,, ,„,, ,,,

""-'"1 'IllN'-. I'\ 111., 111-,,! Wi'llll -..,,11110, ,|„, , ,.,,||^ ^l|,|,
I"" " ^''" '" "" -"!' Ill' pill U'.lkni^ II, the -ll.l,. s ,,-,ll|.„,. ,i„

''""'"",'"- "."' ". •"""I'll ,1 tl„ ,ii,i„„,. M, .1,1.1 M, .,,,,1 ,„,,,,,,„,, ,„„
' "1;"!' ", •> uorkcd l,y til, i.liiii,,., ,,| 111,. iii.,.„i,.,"m, ,„„i „„. ,„|„,. 1,^.
'i" i'lmi.i, ,.ftl..'.„l,..r,i,,,„„,. Ill, ,„,wK. wh.,il„u,„,l ,,..,i.cinil„.
''';'• '•-''" '''"'"' "'"''••'"• ""I'- '"I'V 11- (,-(.ll.,f„i,.,u,:M,i,,|,„
'"''''"''^"'

'
"^'I'l" 'lli'i iii"MnL;,l,,.ii„t,.i-,l,„la\i-,. ( >iily ciic ,1( , in,-

',",';'",' '.'".'" "I"'-""' " '"" "III'- .111.1 tlir ,.inv-|..iniliii^ ,i.,wl l,,u,„.,|
'"

' ' -I'l '-!" 1 I-. "I I'.in-,-, ,,|„T,ii,.,| ||,,||| th,. (Invd- (,iliiii, II,,.
v(iIi,,l:( .11 ill. "i"l"i- ' .111 III ilii- \\,,\ |ii. \.,ii,.,l ii"iii (|.> I" 5j,, \,,lt. I,
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!..>.• .urn>,,..n,l,„t, tu ,h.. uvn VMn,l>ng. .huwn in iMg. „;;. (,„, .,f „„..
h. ,,n,narv pha... is at full !„a,l, cnn.rtc.l pra.ticallv a.n-.s „.,

Mill voltag.M.f tl„. s.r,M.<la,v, ...... terminal bdng coni,cct.<l (.. th. insulat,,!

3;~"_ '"•'"' "" '' <I1<1 A (i'ig. I..S();) nt

J^.- tlicot]uTt<niiinal tm
-*? -tarting and balan.

Siiilll.-|.l,.i».- 1,, I I,,,.,,

vtrsh.n (jiciiet.tl .iM^r.iiii !.

ing purposes and fen

dilfiTiiit loads nia\

1)0 joined to one ol

four diftcnnt poiiii-,

preventive coils hciii;,'

inserted to linnt ili,

current to a -ad

\ al Ue u '1 r 11 1 \v<i

-witches are cIomsI

at the same time in

transfer ling from cin

lomiecting point to

anotiicr. One icr

minal of tlu second
cod, the " Sec,, 11(1, ii\

A .MiiiiflMMocicc'iicfliajd

MS., ,s, when on load, cane, ted a- sh.nvn „, |.,^<. i,s,,^ ,u,d ,h,.„:g|
he n.c..s-ary prev..n,.v.. ...Ms „Mg. i,So.. .0 a p.,iu, .., ,nt..r;H,.,l,.u,
.. tue. n the pomts A an.l n of th,. cnn.rtH.ns of ,!,.• pn,„a, v .oM ,t. „tl„ ,

'n..M.al go.ng.hr.vt t., tlu ,r..,n mo..,,., 1„ „,i, ,„„ ,„.. r.,,,i,„ ..f „..
i.)tor .)! the jilias.' (hanging
ui.lu. Ii(>ii inotor pr.uhi. (-

,1 A .JiaSKKKKiiiaMiimfiMaJi?
enn. lit in .juadratme with '''"'"'

th.' primary, tirr.nt. and th.'

T-..inil)ination of this . ur-

r.iit. sli.iun in Fig. i,^<).i

with th.' iiiir.ius in tli.

main tian-foi hut sf..ind

ary, gives the .on.htions
for th.' well-known Scott

transformation fr.un tw..-

phase t.) tliree-]ihase d.

scriheil fully at ])ag.' ()4N.

Inst.a.l .,f implicating the i.iincipai cnnections with m If-tai ling
'levi.-.s f.,r th.' ],has..-.(.,iverter. a s.parate single-phase starting motor
M (I'ig. i„S<,j), IS pn.v.dcd. The two-jiosition <.,ntr<.ller f..r thi- machin.

*rom Primary

-5
I
St'. ,'/7,>l,",/-"

c

.''r'^.'v^f

Kin. I,ag4 -||„ S
T-l. M,„!,., 1,01,,

1- shown III .>iithn.' diagiammatically at < . set for " start "
!n thi- !!(.-,!! '.ill

fl



/)hrAii: i>r niF /'ii isi Ci>\i i- k i hs

till- ihn

liiii'

|ih.i-^r wiiiiliii' ^liowii on tlic rotnr of tin' \>\ l.l-r-i (iIlMIli r. tin

tint\ of wliicti Wf I \)>l,iin below, is -lioit-iinuitiil. .iiiil I'n \i -t.irt-

uil; motor m ilr.iws curniU from tin- ])oiiii- w atiii s of tin m.iui tr.i^iiformir

^t< MiKi.irv.

Tlif \>.\\\ i>la\iil liy till- p

roinrrttr in

trom NJnj^'lr pli

. Ill niu^ 1^

tlic transformation

to tlirii ]>li

i\ low-l\' fiiiKl.inii iit.il,

.111 1. ,dtlM>ui,'h It 1^ oiilv a squirri

1
I ,i^'i' iiiiuiition motor, jjood ix-

am|ilc - of wliidi liavt- ainady hicn

iL^-rrihtd, a fiw (U tails of this

uiU he of,irti( ular modiliration

intcn'~t. Ill lMg>. I.SiiS to l,S<)N

viiws arc j^imii of the parts of a

-.iniilar <unvirttT. Imilt by tlic sami'

'ifaitmu- till Wi-^tiiiRlion-t'man
( in:|)aii\-, ot l-.a-t l'ittsl)urf,'li, tor

till- Norfolk anil Western IvaiKvay, <>ii which a similar systrm was i -lali-

li~liril at a -lif,'iit'\- rarliir dati-.

rill -lalor franii aiui thf Wduml stalor .iri' siiowii in iifj-. I>uS ami

l.Si|<i ri^jii I tivilv. Till' fr.imc is in two part^ (liMilcil 1)\ a wiilr iiiitial

Mutilating ilmt, .i method of idtistniclioii whuii w.is adopted, after

lareful experiment^ as both eeoiiomical .iiid illeetiM'. The iwo liaKi^

^^ Wire built lip -epaiatelv and

rixcted under pri^^lire beiwieii

ea>t-steel end plate-, wlliill, oil

the eeiitrd end, larrieil lug- lot

bolting tiigethii a- -liown. ( M;

this fr.ime the -tator winding- are

plaeed, and eleetriialU dl\ldeil uji

as explained aboM. jjii- whole

winding i- sei urelv elampid to

enable it to staitd the \ibration-

of the loiomotl\e ,11111 al-i) tiie

magnetie -hocks incident to -tart

mg under jieak loads .uid to the

bouncing of tin' tiollev wheel.

The rotor is -imilarK in two

liiKi- one of whii h i- -liowii in i'lg, l.^'i^. tin i oiii|)lite lotor

niountiil on it- -haft being -howii in jig. [.."^ii^. I he loior b.irs of the

-i|Uii III ( .ige winding were eh > tm .ilK j.r.i/'d to the -hoiteirimt end

ling-. llie lotor dull I- lloin the oiii built l.iti I 111 the l'elill-\ U.iiua

*<!. >. W.. 1 Sl .l.r .,| I'h.nvr ( .1.

Ji



i6ijg F.IK IK: ly /.v rill .S> A- "'I' "I Af,

'. \

I'll'' ;irm,itiirc nf il,,. mH.-^ simW ,j

nil II-

mm--

"'l»'IIHt,lt.ir (Ml till ^,,n, I

(.'"'""
'"

•""-•' •'"' '•'•" ".-n.;",„r,r „;:;":

•' -""'•'<''.=.' f..n f,„
, ,„j, „„.*:„„

'"''"'"'""-' ""^v „, ,!„ „„,l„„l ,„
";"'^'"« an,l ,1„. ,i,,,.,,„„., ,,,„„ ,,^,
'''''- '""v.rt,., IM. h,,.„ ,,,u „,, ,,,

N»-'i ti,,. ,„n,„,ii,, , ,|.,, ,,,;,, ^^

""' '""" "•in,f,,nn.T ,,. ,; .,i,.! ', u,
'! '" '•' '"" ''^ - '' «'n,T,„,,r 1„
""' '""V'TlU U|,„|, ,;,„ ,„„, ,„,,
I'""rrf,,,„i,l„„,,,ii, tr,,ii4,,nn,r \.
' f>''"'-'t"r thr (,,1,1. ,,, „ „, ^,.|,„

""^'I- rings n ./^ ,, ,1,,,., ,
,"" '""'" f'""'

^' I— .Lmud,
"f th.. ,•„„;..,„., a,u ,,' : ,

^'•'"•""•""''1 -,n,|,n,„n „„. „,„„

vvnl,H„|,,.xnt,,
l>lMM'u,nv.r„T u|,„l, ,. „„„ ,, |,,„|„

,

"I'N III, III win II

't i-" i'\<i|i(! |)\-

•III- slain, ,11,

rints. i, vmII i„

n niinilx !,,! tii-,,

"Inn 111,- ,,,,,,,

"f tllC l()|l\C,-(,,

^ iu,iniiif; at

;':! :;r"i:' ;,:::;;;;; :-v, ';
•"> -'>

.1,..,,,
""* "''' '""" Hi'- ii.i-.l.il,iy ,,( „„„„ ,,,„

-i- '" --i"";t'r„„ '",.„: ,;::::';;„
';""•"

'

>
-^

"'"•'•'""K l-vHs „| uiii.li ,„.
'"'""''>> •' '"^'-f

. -.11,1, ,11,,. ,|„

""-—-> ^.^l;;;n;''::;, ':.,,,'r •''•' ""
' - -

k .r,„v ,.f |.|,..,^,. <""i>.rl<r ..t.,i i,. Slarlin- \l,„,,r.



Till .\l\slh'K i','\IK l'")i)

-mir, tl,,|l, ,,f 1\N,, ,,f iIh- pll,l~r, llilnll-li I, ,111 ,,( 111, hv, ~wil,li,- n~..l

III JMII^.

Ill'- -i,,,ii,| h.iihll, 1, 11^,, 1 t,, .han.i,'.- Ill' i.il -i,,.,! Ii, III III t,, _M
11"!'" !"' Ii"ii' "I" '"• .r(A,(. A- <\i.l.illi«(l rl-'wli, II, til' iii.,|.,i-. 1>, iii:^

iii'lii' li'iii iii,,li,i- li,i\( . ,11 li miK .,11, iMiiiii,il luiiiiiin,' -iM'il, 1,111 It MM, I

'" I'lll- ''III 1" Mill ll'.llll,lll\ ,lt h.llt -|.".| wliMl ",nil"t,,l t,, th,

-ui'i'K ' 11. 1111- 111 •, ,i., .1,1, .1,1,1 ,it iu!l~|. .,1 11 11, I,, 111! |Mi.i!|, I

'" 'll'~ '•!-' Ill'- t"UI lll,,l..l-. .11,- 11-.. I 111 tu,, .,,' Il I'.tll-. ,111,1 Uh'II
'""""'"1 "I < a-t .1.1.- ill.- i,,t.,r ,,( ,,n,- iii,.i,.| w .,,i i,,l i,. ih'

"'""I "' 'li' "lli'i. 111'- I'lt'.r "f whi.h 1- ...nil,. 1, ,1 1.. .Ill ,i.||iiM,i|,|.

!-'l'i"' l'-iM,ni'.-. Ill |.,ii,i!l,l. til, It w ,it ill' li:i,:li.i -i""l. i!v 1,-1,. I .,1

'-''li iii"l"i 1- '"mi"l'.i 1.1 .1 i,f,'i.I.itiiif,' li.|iii,l I, MM, Hi" I I,, liii!, ii,,ii

"' III' I" I Imii.II.- n 1" iii.ik. lln- II. , .-.-,11 \ .
1 1, 111-. - I., lu, , II , ,1-. ,1,1, ,11,, I

I'll, ill. 1 "|.. 1,1-

n " II . It 1, .1 -

iliii.- |"'-ni"ii-,

II. nil, l\ . ,1 1111,1

«.i\ |",-!i!'iii in

,i,Miii"ii t'i ill'-

1 u ,
, I 1 1 n 1 1 I 1 1 j;

|,,,-ii i,,n- 1
1|--

I'I'lili' iii.il |i..-i

Il"ll I" 111;,' t"

.ill'iw ..11,' p,iii 1,1

III " I "I - I.I li.

' h .1 iiu;. .1 ii\ . I

lii-l -" ,1- ii.ii

I" I"- lln 111.

'Ii.ini.,il 1. 11,111'- .iiiu.-lv In- l.ikint,' "It I...1I1 p.ni- timii tl.. p,,u,i MippK
.It .111''-.

"" "i"'' li.iiiiil' i- <.ill..l th.- •,i.<,-l.-rati..n •

|i,in,!l, . ,,n,l ...nii,,!-

lli. |imii,iiy -wit. in-. 111 .i.i.iiii.ni tu n f^iil.itiiit; tin ,i" ' 1. i,iii.,ii It .il-,,

li.i- till',- p,i-iti.,n- in.iikr.l r.iiM-," |,.il,l.-- .m.l l,,u,| 1, -p. ,
1 u . |v.

Win 11 m.iv.'l ti) " 1.11-'-.' tin- 1,-\,.| ,,( III, |i,|,|iii ,„ ,,,,|, ,,,1.., ,,,„,, ,.,,,1^

1- i.iiMtl liy iiK.iiis ,,f .1 ,1,11,,, -i,,,.,! .,,,-, ||^,,|„, ||„ ,,_, ,,, ,||, li'pii'l l..\\. 1-

tin I'-i-l.iiucaii.l incn-as,-> ih, vp.-.d .,| th. iii,,t.,|-, i i,, nn.Mii.- |,.
'

Ii.,l.l,

tin- N V'-l i< i.-taiii.d, aii.l at •|'.w,i 11 ,, ,|. p,..M.l. A . iiii. nt-luiiitin,i,'

fl,iv i.tm.-'-t- aK.iin-t ..\.rl,i,nl
: it Iiim ,n|, 1,\ ,,ii,Miiif: tin ii-'- -it 1. \ , 1

"I tin lujui'l, ,111.1 tlnn l.iu, r- tin- j, v,l ,{ ,1,,, ,,. . . 1. ,,,11,1,,' , ,„,. ni 11,.-
I'lyiii'l .1 li\"l in.iMiimin x.ilm. ||,. Ii.pn.l i, m-mh, , ., ||',v,. p,,,, ^,,^
'ai'fiillv .1, -11:11, ,1 t'l M.iii.l tin- lii-li M.li.i;,.. . ,,t ,,p, ,.,,,,.11

, tin l',pii,|

in tin HI 1- k. pt 111 ni'iti.iii bv . in iil.itinj; pump-. .ii,.,| ., .,,,,,11 p. i,.,„,„,,
"I It 1- piiiiip, .1 t.i ,,„i hi.l; I, u,t-. wJi.Ti, , I, 1-. i.iiiin,,! ,,, il„ ',,ii,k., t|„.

' n "'
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may appid|.!i.

IS. this sctmi,
| lie III ( r^sii\

foi siicli Wdikiii-

arises ill eonn, i
-

'i"n with the
p.Iss, liters,.rvh .

on the New York.
Nt w lla\-eii an

'1.0 motors used arc series rommutat.,r motors of whi, h e„h lo

( rivin.r .Yle< i.-i.f.; n
'""^"''"'<^''"> t,'«'areci m pairs to sx
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nkiuii \-olt.ige of tin- motors. Ilic s]hvi\ (diitrol k (.lit.iiiicd li\- M-<iiit;

liltiTtiit t.ip^ on till' tran>foriin t sim oiid.irv. nactivr ( oiU h. mi/ i

ilid --o that, as ii>iial. wluii ( liaiit,'iii),' from our tap to anotlii r li\-

r .ippropriatr < imtac tor>. the iiiti rvi iiiiii,' <oils of th

"iiiirciiiti'il, but liavi nactanct-; hnd'jiiiL; tluin. 11

K m-
l lo-lll!,'

c ^i(oii(iar\- air iii>l

a- --liown III

.•xn. wliidi f^ivts tlir sccunncc in \vlii> li the coiuai toi^ aic rlo-M.I.

thr tir-t fiiiir controller str|)s close micccs-ivcI\-

; and 4 witlnMit op, niiif,' an\- of tluin. When .li!

Iiiiind tli.it noiii- of ttic sfcond.irv coil> lutwuii

r and ( is >iiort-ciiTiiitfd. luit that diflin nt

I umluii.itions of the nactanccs k,. k, and k.,

'\\'j. I.")' 10) aic intcrposi<l. In closiuf; imit actor

T on ilic tifth rontrollir position, rnnt.ictor i

IS opeiird, for if I and 5 arc closed at the

th.' I ip-cont,ictiii>

'..icm' ail- closed It uill I)

line time the intcrvcniiif,' transformer ic)il>

iild lie >-liort-circiiited
: cimtactor I is tiieit

ImM' opi lied lit ire 5 is closed, and similailv for

ilie leinaiiniiL; lontioller position-,, wliich arc all rnnniii!,; iio-ition-. It

-h(i'il<l also he noted that not only is the i irciiit luiMkc r < n, wIik h h,!-

,1 (cmtactor on each sitlo, kept dosed on every st.n, hut al-o the whole ,.t

the motor switches m, . . . m, are siinilarl\ k.pt . losed on e\>i\ >!, p.
TIk' motors .ire permanently tliree in series .ind f.mr p.uall,!. The held
coils are also in series in correspoiidini,' j,M<iiips df tliiei , ,iiid tin dih tmn
nf rotation and tr.iv.l is reversed l>v leveisini; the tield coiiiiecti.,11- with
the iisiial prec.intions which are not shown in the di,iL;i,im.

I he se(|iience of the contactor c losini,' fur < ontiniious , inieiit w. .ikin-
I- uiveii ill I'li^. i,i,oj, which should he comp.ired uitli lij^, i,()oi I he

jjijuma <'ontnil is (pnte smijile, tnr the (onii,(tinn^ ,it the

TTf^^gpf?!
'""'"'- '"> 'li'' -;i"ic ,it e\'er\- <unli,>ller ihitdi

sThpbEif

i-i^6£-*

|4:||wp •""' •'" '•'" '^ <•'">' 'It cich MlC(fsM\e llotdi Is

rir^Sj-jottlliiJiilj to reduce the leswt.mce ill stries with the uh,,l,.

f^-=llt?-;^4+lP^ K'txip ot mot. Ms, until it k ,dl cut out hv liei

li^Hftr+IIrl^ short-circiiit.d
,
the lull speed running; j.-isitiMi, h.

with all 'ontrolliiif,; lont.K |..is, (1(k, d. \, nsii.il,

I—»- joiijiji;

1"!.; 1,') .
— Sequel,, -,,) swii

fur L.i. Worlvin,;. only th power cirmils .ne slmwu in li- i. uo,
the low-volt.if,'e cnrints for energising the i<iiK nt the conlaitois being
onutted,

IV. ukakim; anm) ki i.- nkrah'. 1 (omk,,|.

It I- m.itter of commoii knowledf;, tli.il iiui Imiik .lUv (hu.ii \ehid, s,

either on rulwavs or on the <ijMn liit,'liw.i\s, ,,,iild n,,i be ,.if, l\ m.iu.ii;, d
wiih.iut s,,!iie provision for more r.ipidlv <iiminisiun;,; tin speed, in . .ise n|

n.cessitv, th.iii Is supplied bv the friction on a level ro.id ind the re-istmce
ol th.' air. I'ut oth.-rwise, it is a fundament.d re.piiiemt nt th.it sonie ni.-ans
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sliould l)c iivailal)lf hy which the stored kinotic oniTfjv nf the niiTf n\.i-~

of the vehicle and its load (the k in t'^ eiierf,'y), travelhiif,' at ordiiiarv oi

anv speed, can bi' (hssipated very rapidly in case's of emergency. If tip

-oad be not level, it often occurs that the vehiile can run down jjrade nndi i

(gravitational forces only, if no retardinf» force be .ivailal)le, and then toi,

even horse-drawn vehicles have to be supplied with some means of ai)]i':\

ni^,' such a retardmg force.

As is also well known, the most usual method of applvinj; the reipii^it'

retarding force is -.o press a movable skid or skids against the nni, hiili

or other convenient and suitable part of the rotating wheel or wheels

so as to reduce the rotational vel(Kity of the wheel below that reijuirnl

for the forward in.,veincnt of the vehicle at the speed at which it is tr,i\i I

ling, and thus to bring into play friction between the c(inta<t surface i.i

the wheel and the fixed road or rail, by which fiiction the motion ul

the vehicle is retarded, and the speed slowed down inoif or les^ ra|)i(ll\

This is the priKcss known as hrakint^, and it is wideK recognised th.it

for successful braking of this tyi't' the wheel should not be so firmly h' Id

by the braking bl(x:k as to cause it to slide or kid on the road or r.ul.

as in that ca-«e tlu' friction available for retarding the vehicle is not -n

preat or so effectivt' as when the wheel does not slip or slide on the r(ia<l

In ordinary cases the braking block is applied to the wheel b\- soiin

nuchanical contrivance, and much ingenuitx- has been exercised in tli.

design anil invention of convenient methods. We cannot, olu lou^-K

,

enter here into the details of the develoi)ment of tluse methods, wliu h

will be found in speci.il treatises, but it may not be irrelewint to irniind

our readers that in the well-known vacuum braki\ as apjilied to i\ulwa\

traffic, the pneum.itic action holds the brake-blcnks ott t!i<" riiii-- <if the

wheels ag.iiiist the thrust of pow.rful springs. I'he removal of this holdiiig-

otl force, either intentionally by the action of tlu' dri\er. or accidentally

by the separation of tile vehicles of the train or otherwise, < .uises the hrako
to be immediatelv applied, and the train or v<'hicle to be (piicklv brought

to a standstill. It is well to b.,ir this m mind when dealing with elec-

tric brakes, with which we are more immediatelv concerned, and also to

remember th.:t howi'ver elficient the automatic or ilectric brakes may
be, experience h,is shown that it is desirable to have a\ailabli', in c.ise

of their insutficiencv or failun , some system of Ihimi-hriikini; which can
be api)lied quickly by the driver or motornian.

Track Brakes.— It is obviously possible, where electric power i~

available, to devise electro-magnetic methods of forcing braking blocks

against the wheels or of holding them off against springs as in the jmeii-

matic systems, and such methods have been devised ami worked out in

detail. Hut with the advent of electrically driven vehicles niiuimg on
iron ruils. another type of brake known as a truck hruki- ha> b. en
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il.vilo[)cil, the fimd.imiiitat ]>riiu ipli' of wtiuh is t<i utili>.' i<>r bi.ikinu

iv\ii|n»t> till' (linos of m.if;mtic iittiactKHi. .i|>pliral>li' at ploasiitv. iMtwciii

an clrtti" ma^iiit larrit-d on tile i .ir ami

tlu lix< (1 rail- on wliuli the ( ar runs, ihc

-iiiiral nil tliod t)V which this priii(ii>li' is

nii'.v ii>iialiy appliril, i- illuslratcil iii I'lf^.

i/iii;, whiiii shows a cross st'ctioii tlirmiLih

a Hnti-li rii.ims iii-Hoiistim brake iii.ii;iui

ami the rail In low it. The set tion uulildcs

.1 section of the ni.iKiK'tisint,' coil, and tin

liroktii line iiidii .itcs the magnetic circuit,

uliicli 1- ciinipli till through the tlat i>art

"f tile 111.1(1 -iiif.Ke of a tr.im r. >1 of an

oiilin.uv pattern

An exttin.il \ ii w of .i tiaik lir.ike,

i.ikeii fi 1)111 .1 iiliotii;,'iaph sujiplied by the

Hiitish riioiiison-Hoii-.ton (dmii.iiiw is

t^iMii 111 lit;. i,<)<>4 'roni which the ditiils

cf coii-.tnictioii .im' the .irianijeiiieiits for

(li-ni.iiitliiii; the p.iits foi in-pei tion or

up.iir can be iiuidi out. It should be

noted that the shoes which furiii>li the

fill tion -mf.ic- cm be readil\- deticlnil

I ill nil -.1 u Ti.i. k li.jk.-

ti«. !.*<. -A B.T.H
li,i. k Hr.ikr.

I .111(1 relleWeil without illtelfel

nil! With ,lll\ olllil p. Ill ('I the

electro lll.\L:ilet. llle i i\ 1»\ i mi-

tainiiii,' the iii,iL;ni Ii-iiil; "iI i~

made w.itertiLilil . .iml tlh l nl-

lor the iiitioiliic turn ('t tli. I ui

lent pa-s tliioiiyli w.iti I ti.uht

L;I.Uld-. I lle-e le.ul- ,111 lle\lble.

.111(1 ail' ploteitiil \>\ 111 Albli

armoiiiiiit; i oii-i-tiiii-' d hi "piii

-pir.il winiliiii,' "I -ti 1 I w lie

i.liclHiiil I on»,ilii<ns I lii-

i;eii( r.il theor\ ot thi -uppK ot

curieiit to thesi 1)1.ike m.ii;nits

ll.i- been ahi.!(K flllK il< ,ilt nmiIi

,lt p.iyes KijS .111(1 Tl>',(). ullile II

is expl.iined that, the -uppK
circuit lieinj.; limkeii, tin- ui

-

lent 1- obt.iiii: (1 Irom ili' .ii

motor, .ictmL: .is t;i n. i.iti <\~,

and therefore tikinK eniit;\

i

i 1

fw

IIIi

I i
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from the nnlv source tlicn a\ ;iil.ihlc, naimlv. tlu' kiiittir omrKy of th

car. A diagram of coniuctioiis i> f,-'^"" '" ^'V' i.^-^i- I Im-^ not onlv i

tlic lar nlaKliil 1>\ th

L0-

-irfWW-

4S1 r,

L, Ci

friction of the tr.K V

hr.ikc, lint the iiiotoi

taking,' <ii(ri.'\ from tli'

( ar >ct up a o.a kwati!

fo"/'^ tliru-t on tlu car fraiii.

aiul will il-. for till -'

aic now iliuiny tin

niotor> iM>ti ail •>( tin

inotoi> (lri\ni),' tluni

|lii> -till fnrtlnr nt anl-

K,.:. i,.o-- -CoMMr. lion, f.ir a >ki,l-,>r....f Kti;.il.,lor,
,||^, ,.^|,. ^,,„| ,,.,,,1., ,,,

hrnii; it to rot. If tlic nia).;iiit-. onlv wm in (in nit, tin ir n-i-t.incc luinu

small, the motors would he practic.illv >hort-ciii nitrd and very heavy mr-

reiit- would llow. riiis is obviated in I'ii,'. I.NJI l)y tin mtmdui tioii of ,i

reM-t.ince adjustable fiom the controller, whidi has two or more pusitioii-

for lliw pur|)ose (,si r' I'i.i;--. l.NJo

and I.S.'.').

.\notliei method of dcilinj;

with the -liort-ciiTuitiiif^, which

h.i> bun workeil out l)y the

Hiitish \\e--tinf,'houM' ( (imi>an\',

i-. to ])1, ice controHin;.; resistances

in pai.ilKl with the In Id ciiil> of

the motors. as -hown in hi^,'. i.'ios,

ill which M, and M.^ are the

motor armatures, and I- , and I .^

their III Id coils ; ii, and M, are

the 111. ike in. linnet- .iiid i, and

(

J
.lie soliiioids illtrodliced into

the lll.lt;ilit circuit between the

111, linnets and e.iith. A blow-out

coil. r. I
. .mil ,1 liNcd resistance h

are .lUo in circuit. The solen-

oids. I ,
c.^. o]ier,lte pllUlflers

which --lU Ces-.i\elv Jil.ice the

.iiixiliarv lesj-t.inces r, and r.^ in

!>ar.i!lei with, l , .md !„. one o*

the coil- s.l\ c, bellli; set to

operate when the current has risen to, sav, jo ampero, and the other

when it rises to, s.iy, 80 amperts. In soino variation-, of the arranf;ement>



III. Ill

TkaCK /iKlKK .1/T U //'/I \ 1-. '7° =

li> ni . . .111.1 ( , .iW W.MIIl.l ,1- \t>lt ..III-. .IIkI 111. \ .11. 1.1.1...1 .1. I'-

ll
hlU-lu ~ III ill. III. it. 'l- 11 -ti ,1.1 ..( Ill » II. > \M til till- lil.lk. lll.ll.:!!. I- III

i||| . .W. - III. A .1. t .iiil.uii.illi.ilK «li. II .uiniil- li"!!' ll" lii"I"i- .1' nii.t;

11. 1 .11. .1> l>.'< I '111. t.M' Ihmw

ill. .1. tll.ll .itt.U llJII. 111. Ill will. Il .1 Willi t'l. II |ihiiiu. I ~ 11 .1 tll<

-.Ht.Ul. .^
''i

.1111 I r, aiv luuiiiiti (1. 1^ .1 -.iih^f.iiiti.il pi. .1 ,i|i|i,ii .1(11-. .1^

I), i^itli.i..l iKim .111 iii^p.. tii'ii n( I'lf,'. I.M'iii. wlii.li -li.'u- th. .ilt.i. !i

ill. Ill with th. i\. r I II. Oil.' i.liMi'ii-' .i< K.iiit.ii,'. "I tlii> .ilt.i. liiii' lit 1-

Ih.it. I" iiii; .lut.'iii.itii . It-- .1. II. Ill I- iii(l.p.ii<lcnt lit .mv . ar.ii'^-' li.tiulliii.u

il th>

l//.ii7/

111. ill. 1.

Illill! Il' i AY.

(1 I i)(i5, iw.i 111

111 li.itli till' (liai;r.liil> nf r<iliii<

I.I

ti.Hi-, I- l.>-'i

.iki > ,11.' ^li.iwii 1h« .iiiM' It w.iiild nl)\i(.ii-l\ 111 nil. I. -11 .il

till 111.'. Ii.iiii. .1 1 K.i-.'ii- to .ipi'ly a lir.ikiiif^ li Il . nil nM. ~1' .1 th.

,11 lilllW M. .\. I . I.'i -mill 11 I' a^.iii-. til.' t w.i lii.ikf- -liMiili

of on.' .inotlirr. ,in.l tli. i> fon it i- ii-ii.il to i>l,i'<- tliciii ojipo-it.' nir .in. 'tin i

and ..iiiplc th. Ill tof.;.tli.i- in. . liaiii. .illv witli ,i -iiit.iMr Ii. i.nl. wlii.li iii

til. li 1. II . ;w<' i.iii>i--t-- of .:l-iii. I>v i-iii. . li.iiiiK 1
iron.

111.- fiirtli.i .itt.i. liin.'iit of thr tr.i.k ln.ik.- to tin ..if li.i- t.i fiilli!

toiiilHioii- will, h .11.- -.iiiHwlMt .iiitaf^oiii-ti. .
In tin- lii-l pl.i. . tli.' In.iko

inil-t ll.l\. -lllfl. U lit flridolll of Iliotloll \<IIU.llK to .llloW tilt 111 to

II. I. . I, .ir of the i.ul-. with ,iii-f,'ap- not too Ioiil; uIuii not ..p. i ,itin!.;. ami

to 1>. fi.'i to niip the r.ill wliiii till' iii.iL;ii.t> .n.' <ii(ii;i-..l In .i.|.lili..n

th. 1. Hiding tlini-t. ( iir.-(<jiifiU on tlif fiu lioii li.tw. < n tli.- iii.i,u;n. I- .iii.l

thr i.iiK. iiiii-l 111' Iniiilv tr.ui^inittfd to thr ( .ii if it i- to l>f . It.
.
li\.v lo

fullil till >. I onditioii- til. 111. t hod of ait.ii liiiiiiit iiiii-t W < .ii.fiillv .1. -it.;iied

Ihr iiutliod .idoptid liy thr Biiii-li ili'.iii-on ll'iii-ton (.mipinv i-

-hown 111 till- outliiii' >kitilu-- in I'lf^-- I.M'T •""! l.'toN, of whi.h Im. i.iio;

1- a -iilr il.A.itioii and I'ij;. I,<»o.S an end iliv.ition ..I th. .ii i.iiii;. 1111111.

Iv.il 11 of till two in.if^iut-. wliiih ,11. i-oniuitrd iiv th. 1 iii--li.ir H, 1- -11--

pnidnl Imni tlu' Iiui k liMmr // by -ini.ii 4111111;- ^ -, wliu li lioi.i th. 111

jii>t . liMi .if till' 1.11I K will 11 not III opii.iti'in .\ tlini-t bra. kct. !, In inly

holt' .1 to 'il.- (.11 fr.iiiif //, projrits dowiiw.ird--, a- -liowii. int.. tli.

't I

ril^il
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ret tatiKiilar rccept.ulf in the liraki'-inaRmt frame seen in Fig. 1/(07, in

wliiih It tits l(M)si -iiylit. In tlicsc ways the iiicrhaniral cunditmns arc

satisliiil rin- adjacint rar wiicfls \v w arc shown in outliiit'.

rill iuii~.>,ii\ virtical motion of the hrakc, hut moro csiKvially the

(ha;; of the l)r,iki' ^h(x-s on the rails, can he ntilisid to operate hraki' >li(ic-

on the rims of the wheels, as indie.ited in l-ifjs. i, <)(>() and I,mo, whuli
j^ive two cx,iini>l<-. of the method ,ido|>ted for thi> purpose hy the Hnli>h
We-ini^^honM ( omp.my, .in<l fitted to tin London toimty Comuil Irani-

Kiu. !.>,.). Alia, hriicm ..(' lli. WeMinijIiuii^e MaijTielit Track Brakf <.n :i rramcar TiucW.

( ,ii> Both li^^nn^ ,ire side elevations of the hrake shoe with the eonneiting
links ,ind other mechamsm in position, l-ij;, i,()0() showinj; the maf,'netic

1)1, ike htt( d to .1 i.idi.il frill k. and o|)eratinK, when the track hrakc is t lur-

j;ised. oul-ide iiiiiiK wheel sh,>es whii h unji the adjacent wheels fore and
aft oi ihe ii.u k lir.ikc. lij^. iijio shows the track hrake and its htnieiits

modilird lor .ipplu .iiiim to an e<ni.il-\\iiecl i)of;ic truck. I'or severe gradients

a further nn i h.inicd atta< hnieiit is jiros ided by which, throngh the mcdiuin
of suit.ii)le levi rs, pull rods and cranks, tlu track hrakes can he depiesseil

Vig. \,i^H>. WcMiniiliuux Auachmciil of Track Hrake lo a Bogie Triak,

oil lo the 1.11I-, hv haiul-whcels on the driver's platforms at either end.

Tluis, li the I lei tric.il eipiipmcnt f.iiled to act, all this braking equipment
cm l)c opci.itcd 1)\ liand from tin- ])latforms by the driver or conductor.

Rheostatic Brakes. It is obviously possible to obtain a braking citect

i)y disconnictini:; the moto s from tlie supply circuits, and connecting their

ternmia!-, \\\uu niiininj; at a t^'ond spied, through a suitable rc-istanre or

resistances. Ihe motors would tlien act as generators, and the energy of

the current would be converted into low-grade heat in the resistance.

Tile pr.ii til al objection to this method in the i.e. case is that the re-

MWte
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MM. III..- will. Ii «'ll .il'-oil' til.- ll.o.^.,.iiv .ti.iKV. t.. ).. ..( pra.ti. al ii-'. if

,,„tlv .111.1 li.Mvv, tin:- .ul(lm« t.> th.' ..ipit.il . li.iri.;.^ ami iiu iv.iMii^; tli-

,1. .,,1 w, lulit «i ll"' ' •" "I l.i'om.'tiv.'. 111.' -am.' .ippli. - t.> .\ « -niul-

pli.i.-, w..ikiii:;. wliiKl l-T tlirci-pliaM- ..I tw.. pli.lv «..ikiiik' til. r.-iM.ili. .
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'"111. -!\ .;ll,l tW, l\, m..t.,l- III -.11, - I,. I 1,,\\

nil. . t

' "1" ' "1 "1" l.ltl.,11. .Ill , At. 11-1. .11

il5

-V "iV::in'\:. :,!.>,v„.:;i', ,;;:;;:•;;;; r,;;';.'; ':"',jr
'""' • """•' "•"' '•' '••''''

|.i -. .iM |.. , -.. .,,1.
' ^ " '' " ' 'I" " I

' ir l.. I :h 1 . ,,, ,
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:

Imp's ';^;"'' ;.:::'"' ""';"• ^^"• '"• f-"™*- <-• ..-,. i„

.-;l:n:^.:.t;';;:.:i;;:::;:rt;r;"T^^•"'''''
••''''''"

,1. ,,
' '"> "lOUM .l.\l(^. It 1> lll>tlll(tlV.' tiMoniU.llV tllWWltl,

.'"'I Son.l, |.,„„l.,n, tl„ ,.,.h,.., ..K...tn,- M.lwav. iln> als„ ,.,. I',. ,,,^..

Iiaclf,'>ailc->|)i[,,,larni,,it,i~.

111(1 a ntiiiii I., till- t\|'.

' uliidi w,,-, 111.1,1,. |,y ti,,

New Viirk ( iiitial nihi.

tin Viar-, a^h n a tiihiii,

ti> tllf M)iiii,l I lii;iii,vilii,-

in-tiiKt ,,f til,. ,ailv ,1,--

-".yii'i-. A- niiylit li,i\,

l>«<ii <x[),rtC'(l ill \icu ,,(

tin- ill \(l,ipnuMt-. Ill (|\-

naiiK, ,|,-,n;ii wliiili |i,i\,.

I>n a iiia,!.. iliiiiiig tile l,,ii-

iiitiTVal, 111,. I,i|,,,|,,r |u.|,l

niaf,Mict> ,.f il,,. ,11, .,1.1 11

IlKiilllntn,. .11,. 1.1, ,11,,,,,

<i'iiil>a,il\ .l,->if^ii,.,l ,||,,||

tlii'-|. ,>t th, , irlui ,x
aiiij.l,. r|i,.v ai,' sli.nvn

ill lig. I i|is, wliuli IS .1

(iiaf^ianiniati. >ul,-vi.\\ ,,t

•' part ..f th, l,„,,„„,t,v,

-llowillf,' I,,U| ,,f til,. llu.tiMs

111 M,tl,)|l. riles, lies I, ml;

iKtlMiiK ,,,ik ar, [.ia,,,|

1)1 t\v,.,ii til,, aiinatui, s, tl,,

iiiaKiiitu llux |„i,,g ]„„,

/<Mltal\Vltll>lUTCS-.|\,.(i,li|,

maKiit tically 111 -, iics.

>iit as li.aiiiii; ,Hi th,' ,|ii,s-

-.;i4.-l. ru^- s«,i„|| lli,,„n.|, Mo,

\Vi llHIst ll,,t sp,,,,} „„„. ,,, f,„,||,,,. ,|,,,^„|^
tii'ii I.I K.an.i !•. f^.ailiss motors, tli,. , iirv,.> in j.i,. , ,,,,
Il.,.v I. . .1. IV

iiii\i> 111 11^. I (Id ai,' liistliictiv,.
1

V ...•
tli,.,..,,,.|..„,.v,„,.v,..at.lin,.|,.,itsp,....ls,,f

,,,.,„,,,,,,,.,,.,. ,,,^,^^ami ..t ,va„.,l ni-.t..,. ,.„ an .a.li.., 1 „i„„v,. .,,1 tli,. .,„.,. . ,,„ ,

'

-c.,>t a. r.^a,.ls th,. ,..an„, ..f tl. ...„t...s. .h,. ...1, ;,„;.:'
I'



(,'/ IK/.f-.s \. OVVJA'//' .l/'.-.'A-
I 7",?

I
It 1- witli ihi'^c snic^ ni.itcii- .iv.iil.iMf tli.it ,i -ii.rr— tul -. h. m,

ir^,'rii( iMlKin lia> lucil woiki il out. A^ .ilnady niii.iikt.l is,-, |ml;i |-(i.si

II 1- oIlK ]iii-,>|l)li tnl- -I'lir^ llliiti-l- t.. !! lltill-i(l 1..I I. -I 111 I.ltUi Wiilklll;:

iitli. I 1>\ ii-iii;,' .1 ^limit wimliiii.; in .mMui.mi to tin -, 1 1. - \\ iihIiiil: d l'\

-I p.ll.lti l\- rxiltllli.; tllc tlrl(N, III li-irllt tllllr> til. -.rrciiil .ilt'llKitU, li.i-

1-1^. i.i^S l'.itt S. I; .11 .1 (lejilpv- l.,.r ii.in.- «, .^ \l Mr Arjii.iiui. .

li.iii iiiuir u-ii.ill'.- ,i(lu|i.(|. till- 11.1 .^-,ii\ rMiliII:; miiiil I.I 111- i.|.!,iill. il

(loiii ,1 ~m.ill miilnr-y.ii.i.iliir M t witli r\i i linii i, -nit- In iji, , .,-. ii,,«

nmlii .on-iili'i.iiioii, with t\v.i\i' L;iii.-i,it.>r ni.)t..r- ,i\ .iil.il.jr. it i- |..iiiiil

III. 11 ii^^ht ,11. -Mill. 1. lit t.. -ii|>|)|\- all tti.- lii.ikini.; .tlml .in.l ^.ini.it.i
..ili.i.itv i.iiiiii..!. l..i\ini; fi.iii >il tlir 111, nil nil. till- .n.nl.il.li |i. -.111.1. 1\

. nil. lit-, . I- i^.-ii.-i,it..r-. I.. I till- .Mil.it , .1 th. Ill 111-. I 111- h.,- Il,,

,i<h. 1111,1-1 i.f ml I, 1111; till-
loc,^

wiulil ,ni.l . (.iiipl. \it\ i.t

I II. . ..ntii.l ,i]>i>.ir.itn-

>..in. i.l.-.i ..f till II t.ir.l

iiii: li.ii 1- will. Il iiKi\- Ik

' ill.ii int.. |il,i\ iii,i\ 1)1-

.ilil.iiiii.' Ii..in ,111 in-|i.-. Hull " '"

"t Iil;. 1.1)1,-, wlii.h !4i\ _
I.. .1 -].i

. .1 I..1-. ihi ti.i. ti\i-

tti.lt- ,.| lllllll. lit . .Mllhlll,!

til. 11- I.t till -I 111.u Inn. - uli. 11

wi.ikiiiL; ,1- III.. I.. I- Ihr ,-iii\-i- III. irk.. 1 ri (ii.i.iu. .Itmii ,it,- I..1

'-' '' 'K'l
1

Hint.. I- 111 -111,--, th. uhi.l, t„, Iv. iiiiiti.i- 1,1111- n-.il in
.ill 1 .i~.-- l-or r. ui-ii.-i.itiM- l.i.ikin- ..iil\ . it;lit iii.,t.,i- .,1. n-. .1. .i.,i| ih. ,.

t..;. tin- .iirv, t..i "I.,,,! iiii.t,,!- Ill -II..-' ,- th. 1,1,,-t int. 1. -till-
,

|,.|

thi- comhination tiif or.iiiiali-s nuisl U niiui\,i i., lu., tliii<l-..t th. ^.ilm -

i 90

i » 15 «0 <5 M 55 To"

Speed. Mile% per Hour
K.-. I iji-. -Kill 1.11, V 1 iiivr, ,f ... ,,,..! .,,, I M .

-I I

1
1!'

1;
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'xr!;::v;:;;;::;!,.;;;;..;i-;r.;tr/'^^^ <

than >v..„|.l I,., draw,, f,„„, , f ,

''"' '""*"' "'""-l '" >l>" h

'" '• '"«'"'
'•' "Milt ul.taitu.l l.vti- .xc.t.t.MO and !,,;;,:;:,;;;.;::,;:'";;'
'•' '7" "'"•'*"-' '-v :.,.,..,'!,',

t'".;rr'J;;;:/:i;:;:;;:;;'^^

'" • t" I'M
. "1 _• lu-. I(, „,„„

rill- i<i\v,>t

•lllVl nIk.us tc

tile II. w l>,|s,. th,

w liii,t;lit at ,.,„l!

80 5
iii>'.'nt (,t tllr

lr.iiii ,ili.)\r s,,..,.

I>\c I. T|„. uv\t

<'c.
""^'' t.l IK.ti,,.

JO"^ '- tll'l' "I thr

,„ "tluJl.v V(,ll-

..„., .„„"p.;„:L,^ " « "° •'«".•• uln,!,,
" "•"•"' •'""'"'

' •"- ' "- • .".....r (,..a.!.. ,. „,„,„..
^^'"I-I tllr trail.

til,

30

n--i

ti.ii

A

>Niii- H) .l.MfiK
. a tllllr ,t ulu.l, ,

"S'M-l

-'I"--1., n,,,n,a,. :,H,: .X; 'r?'^''' ^'T ^" ^•" "•

'' ^i"i|l. llo\Vr\il "V;"' ,"' " "" "Pi'.Mt,- ,i,iv.t.,.„"""IXir. .> tic >,|),.|.,l 1^ .11 1
• -"KllHIII.

^l""l on v.. .,„„... n.x, ' ' "' •""' -"""""-> v.nl.ntK. If,..

'"'< (-1- nliiut...! .Mv. „
"""'' ""'"•"'- al..,v,. ,h,s

•>'.-nn....,,,,a,n..ivt,. ;;'!:;
./''•,'''';;';'' "" ^''"- ^••''"•- '^ •-'«

-Onuiiut... ,„,h,,ailvpait,.f thod,>o,u„ ;..

rJtjW'-^f.
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li'id ,11-11 f.iiilv -teady at ii.ailv _(> mil.-. |), i li,,iii. ., Ln^., .iini.iinl ..t , iini^v
Imiti« rcKtiurativi'ly rctmiird to the Im.' .it tli.' i.ii.»..f il. .iii i.o,.,. A\\.
|..\v,inl- tile in.l of tlii> ]).ri.Ml tin s|.,'.,l i-, .ill..«,,l i,. in. i.,,-, \.. .,l..,iit

4*9 1 ".-.oitc^a.j

I" 'I'll, - |., , hour. .111,1 just .It!. I till- M.. , .1 li.i. 1>, , n .., ,,„i .,„. .1 .... . , .,

"|mut.>,an,l wli.Ut tl.,- train i, I,, inu lM..ii^.|it th.ni it ,., a .tan.Mili tli. i ,i'.

"I n-gfiieratmiimonuntanlvnsot,, jo.M.Aw Th. i. w. al...iit t.vr n.iiiMi. -

I

i]
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;:™;;;:;;:':;;'.;;::;';r:':;;;-;::t,;™t;';;:.;;:;''''77''
'

M,.n,„v,„„,„,,i,ii„
I ,„, I,

^f'll' « I- '•."1. 1.^.» l..,„ ,..«. „,.,,„, ,1

';•''•'""'>'•''" '»'""'!:'/;:::;:;;; "'-
tl..' .v«,.n..|ati.,n was cnnv ilrnt . . ,

'
"'^" •""'/-""<'> trains sli„us,|,,,,

<>>t'""^ fn. Mur....f,.l „...,,, M.-v
""'''-^'"'''' " "'<t..m tl„. .„„"„,M,atnr w..rk.;,. a,v „,..„. ,hm,„|, th,,,, „, tl„

>^

'• s„l, .,a„,„, ,,„ „ ,^,||_ ^^^
, „, (USA, k..U

" "
,

"

( .1 . (Ms,-, |i,|

till \cll.ii;. 1,1 II,

;"," '-' ;'"""•'> '• <-k'« .,1 111, ,.i,„„, ,„ „,

:;;::;:':::,^;::;::.,;!:rr:;-:;'-^-".--™'^"^

iiih

I iii>

iiiK takrn ol III, ,,1,,,.,. ,,f ,|„. ,.^

.1(1 ratlin- far atidii.

""""''^"' -'"'"''•" """l'l.....,.,l.a„.la. nil and,!,.,;;

1 til.

iltin;j I liririit. hilt th.

I'l.niatiMii \\, ,1,1,1

WluiI'll WV turn U<l/i,,;--p/uisc- „ork',>i.. fl, 1 .



I' l.lpl'i

nation

Mill tij,

ii,it.<l

ivi-idi

k< til, It

( (III

in til.

tlh

fh.

iiM

itli

/'/> N.V.J /'.v,; I- -V KA : r . /..v/

p.'Wi
1 ti.,tii .1 -iiii,'l.'-|i!ias.' ili-tnliiitiiit; >\-.t. m. I

.iir K \i i-ihlr. .mil thiivlm. . ulnn tin t

ir .irtl.ill^ t nil <\v-, I ii

thii

i.mi 1-. iiiimin- i|..un m. Imi -. tli
|i||.l-r lllnti.l^ 111 ((.111, .I^MlcllK.IKHis t,'( 11, | .Hi H - |.i,l

li.i- run. lit liitu tin pli.i- , (iii\( rti I-

iiiK lit, tin |),,\\i 1 ,,| will, h , .11

iii!^ I'll k th

«lin h ti.iii-tdiin II int. I ^ni-li iij

Ml i.itui Will kiiii; till i.|i( i.ii

1 M ,n h tin liin- vu[ tin ni,iin 1 1 ,iii~t. uni. i I'

n.ii I- ~M -impli III, It II

in\ iiiiitiiil .i|uipiiiint i.tlni lli.iii tlnit .iln ,iih d. -.iil., i| j|

"'"I "' 'il' Ml.l~li 1 , i.lltKilli 1 1> ( X.K tiv tile ^.iiin t.

- 11. ii I. .pill,

ic iii.ini|i;il,i-

1 lit;, ni-Miiiiii J- I.

In ti.n I

I 'nil 1-, Imw, \,i .1,1

i"ii wi'ikiiiij .

1' nlilitmn.il pmiii win, h i, .iiiu, , m. ntn 'II

I
i- "t liiilit !,i.iil. It iii.i\

li ipl" n. ulnn ^miir ,,| tin

li,nn~ .III- -t.indiiii; -till .u

-Lilii'ii-- .mil miIk 1-. ,11, I, i;,n

I i.ilini;. III, It till ii t,'iini.it, (I

.\.
; w 111. Ii 1- iiii; iilui n,

t" lln Inn iii,i\ h, 111 ,\, , >,, (i|

'In lii.i.l (.11 111. nth, 1 p,iit- (if

lln -\-ti in. 1 111- |iuwi rwill, in

lliil < ,1-1
, liinl 11- w.u li,i, k til

tin -. n, Mtiii- -i,itiiiii tliii,iii,;li

'li' ' .iiiiiii- -nil -t.itiiiii- ,111(1

li.iii-ini--iiiii Inn- li.i m
-l.iiiri

. Ill tin- , ,1-. _,,| III. \,,|

!k .iinl \\i -I. II, K'.iil

"' '1, lln ,iil. Ill, III. 1- i;. III Ml.
' nil. nt ,it I I .(11,1, \ (lit-, j:

w,i\ jll-l

I li.u;-iiii—

n

1" lii'il-. lint li

pnip,.-. - 111, pn— III, 1- l.U-r

1" II.'

'I'lW 11 , It;, (111 In I 1 .111

th -nil -t,itnin- .\

i.iiKv.n ti.ii k I- m\

,

will, h 1- -t,|>|.i ,1

Viilt- il

n . \ti iim \ nw ,if ,

II 111 I'l^;. 1,1)11) 11

I tin -I -111. -t itimi- .iliiim-i,|. III.

iinl ihiun-li tin iiml nl t

'I' I'll^' II "nt ,11 tin -111, thii,in.;li in-iil,

111 -t.itnui, ,ini| In, ,li-tiil

M.IHX. \i.il llll, -. .11, |,|,„|m|,,

mm- llll lln tmlli A li

111 tin liLinii Ail t

!--( I.. 1.

1'"!-, whii h I .III III , 1, .iih ,,.,,, I,

"-'.'"•'"-" - I— iiil.il II, (I-,., In. I, K ,1. -. i,i„,|
\

II. nil 111, iki I
- 111 u III. li .11, ,, ,,],,,, I

itl< II. I, nil I- i,,|iiii,,l ,11 111, ,,|i, -I, llll. n-. til

1.1 p,i— , 11^ 1 -I. III.. II- 1,1 ti..ni v. II, I |||,,„|

"'I'l'.li'.i Ii .Ill], II. I, I -i,:!i.,| |„

nn ,1 with 1- ih, |Mi--iiiiiit\ III tl

I- nttli.

n I. ::, 11, i.it, ,1

W I. It W, ,11, h

'" III' 1"'". I Mill. II .11 i„ iniik ,,l I,.,!,. L

pl.'M.i.'l. II U.Miil II \. l-i- tl

'"V\' 1 tlllillll- If, \\ ,\ I,.,, 1^

n l;, in i,it,il •

l'I.A,ut till- li.ipp.nin;;, ,, l,,,i(||iii. ,|,

1" I'll, tin 111 .1- in.,i,,|,

' -in.\* II 111 i 1-
I I,.,.

!' M

f

I

X'
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pr
.! at 1„. pow..r staf.on

; „ is constn,.-,..! of ..lectnKl.s in.n,..,s,..l na small
. a„,,l wln.l,. f,.r .„1.., p..r,H,s,.s. n„,s ai-ngsi.!.. th,. .tation

l

"•«!'• •'"->m^...- I.y a «„.,„, of nlavs, ma«n..t.<allv ,.p..,at...l sw„. ,.urr.nt transfor.n.Ts .,<•. Thus. uLvn th.. .x, ..s n,.n. ..1 ,-Kins a .vna.n val„... say ,,k, K... dosn., rdavs op..ut . a d ,7 .i

^hv wat. r .h,„stats, of whi.h th.r.. ar. ,wo .„ ,!,.. , anal i ti,„ u„ „ „

"«">< 'I'M'.-n... iH.tw.rn th. .-xass n.fj,,UTat,.,l pow, an.l thr . apan.v
|.

.'- ''--^-a.s .s supph.., ,,y th. g..„..,ators wlih ar. th,. k. p!
'

s«„.h,.. o„
,
and , ho hrst ,h...Mat follows wlu n th. .xcss ,«.„,, .„ k

t
.
A.,., an.1 all th. rh.ostat load is l,.i„s .arn.d l,v ,h. p„.r Uor

,Wtat .ons.sts of a stc.l .o„. connect.d to ... uh-h' ak ^ d
P''"l.''l ov.r a s,x-.„ch .ro„ plat, f.x.d at th. l,o,to„, of „., , , . , .,'-•;-<•'«•' t«; a o.pjx.r plat, .mh.dd.d „, th. .arth outsul. ,1 ad 'l

I

Man... n. th.- .^.„al l...tw,..n th.. ..|...,r«d.s of ...,h.. ,h..o.tat .a vI'V ra.su.K and Ununuf, th. o>ri .spondinj; st...l ,-,„...
> ^

^an. ,1

V. ^TKANSrOKM.N.; ,.,, t-MKNT .Nt. SIH-STAT.ONS H.K ,.,.,., T.U ,. U n„S
In ..l.ct..r-tra.tion svst.ms .t may 1.... .sixriallv in a. . u„rkn,.. th uth. .hstnbutu.n volta«. ..n th,. ov.rh.ad ... oth..r cn.lu. ,.„

f ., ^1,power .s b...nK p.cked up is .liff.r..nt fron, tl... voltas.. fo. win. I 1 1 t

'

<lnv.„« „..to..s an. ...nstru.t..!. Ih. r.asons f..r th..s:. .1
.'...;'

"-' fully .xpa..u.d ,.|s.^vh..r. a..d n...d not h. n.p,.at..d h .

'

,,
"

ransfon„.ng d.v,n-s, ..suallv stat.c tansfo.m..rs. hv «h..h 1 .' v. ..,lowm.d to that which can I... handl...i h^- tl... n^.t.Ts, Lr. J^ al v '^..d... the I....omot.v. ..r th.. t.ain, and th- .l..,a.l. of th -ir in^a o.
'

Tl... .n.,r.«.„.ral .as.., .h... t., tl... .Iista.uvs uh.rh l.v.p,..„tlv m pa.at.. th,.m..,ng V..1...1.S on wh..h tl... ,,.,w..,- ,s l..,n, ut.lis..d f om t ..
'

n ^ , 1

lut.R powir. lo .onv.y tl... pow.r from th.- L'.n..ati..K st ,ti..n t., fh

^a. .s In h.^h-.-oIta,. /no,s„uss,o„ lin..>, „l..d. supply ,1... pow.r at h.L^hV..1 a«. to snh-sta.ions, .n uln.h „ ,. ,ransf.,rm,.d to p. w.r at a 1. . r olt t""' ''
'' "" ';• ''- '^-'-'"'"o" .H.two,ks, fn>n, whlh tl..^ . .

"^
Ji-'.Mun.n, appl.an,. ,ap ., a. r.,u,r..,l. Th. van.H.s sv.t.n,

'

„
"

:;:h:;;r';;;:^T-^^^^^^
<'a">f-m.ng apparatus hav.ng been d.alt w.th m p,.c.din, .hapt.'.



Afn^< t'Ky-IKC h'HTIUKS-s ,.\ Th-MT/.'S If A^ 171.,

Tw...mp,.rt.u,. .1. y..I..p„,onts ,n this ,...„„,..,„„, ,,,,,,„„. ,„ „,.,,,

"ir':;;,r';i,;;:'"^
- -"•.--"-..,..„.,..;,„„„

>'< tiuii, ihcii apjiln .iiiop ,1

I'riiif,' .It luiscnt, tliiPiiKli

iKit iiic.s^aiily. ii)i!(iiiicl

1<< ir.ictKin wnik. III.-,.

I"' (1 ) the l,ir),'c I iimnl
IIIWI III >l.(|-( I.|(l«/(M7(rA'-

iiri r.ctiticrs, l)riiti\ 111. n-

tl.Pllrd on ]y,\^v i()(,i_ .,11(1

iii ) uii/oiiiiilu- siili-slatwns

to wliii h till 11' is a lirirf

alliiNJ.iii 111! iiaf,'t' ij^o.

Vli.), Ml k( l-RV .\K(

Ivl ITIMI KS

III' |>ro|>. itio of tin-

iiKi. Ill van will, h allow it

tol>,ii>,.,|asa nrtiliii for

llMMsfoillllliL; A (V intoC.C.

|'o\Mi, Iia\c li, (11 ii'fcn,-,!

lo ill (i. tail in (liaiit.r \.
(pai^cs 107(1 ,/,v,v/.), wlurc
tliir. will Ix- f< 11111,1 ,i,..

scriptioii^ of loiiN

tvpc- of Hi titi. 1 iKiiii

wliirli iiiii(liur( . nal
1 ll!l(llt> li|i to about So
aiiij). KS p. r iictilicr can
Ix < oiivi nil ntl\ drawn.
In .ill the nTtiticis then-

'Km ribcd in dct.iil, f;lass

itiMt.imiuf^ vessels are
ii-i il for the .ire, ind it is

to til,. us,.,,f (iii^ ni.iteri.il

Iliat the limitation of the
1 nil, lit to ,Si) ain|>eres in

•nu iiidividii.il rectilier is

dill
.
for with higher . iir-

I'llts (s,v Jjagc 107^) the
i^lls- is softened .ind the
Ijiilli collapses.

I

^<i <,..j.. S'a,..„ „i u,,^, M,,^„,^ ,,^^^_^i^^

i

i
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.fi.

F.t.Frmiciiv IS- nil SiKiici ,,f j/,^

,

"""''"'
~ '"'I'' S''"<- in.U vv,|| |„ ,|,.Vu|,.| to ll„ln I, ,

v.innin.. ..>.,. a im.^mmv nf ahuiit .,•,

I

/
n. \a

f,
jy ^»<, 'iL

^^ i^.^V'

'I- mil). ,,f tn.Hiin, nwl tlunfm,
till' idiitaiiiii mn-i |„

prai tirallv aii-|it;||i

I'llKlitlnli IK. I .(, ,.,-,1^

iii.iintairii .1 m a -t,, 1

Vr-.r| with a l.lll(i\ahl,

"'\' ' a^ III a lit Mllrti,

•illv -.al.d i^la^. hull,

.M<i|cip\ri, ~ii|, , -I, , I I-

'liii I. II, til. 1, adiiii;-

I

III wiir- iiiiNt I.,. I, I,,

I

^Qlal.d li,.,ii III,. \,,,„|

.111(1 th. I.||v||,.^
tlll..|i:j|i

"111. Ii th. \ .lit, 1 mil,,

al>.) \h- mail.' an ni y.,,.

"K'lt. '1,1 ,|„, ,,„„,

liaiiil, th. iix, ,,( ,11, , ii

"1 li'U "t ,:;la- all..\v> th,

...iitaiii. I to I., k, |.t ,o,,|

''V ".ltd |a. k, I, ,,||,i

ntlltr (1. \i,,s, 1,\ „hi. h
till' llr.it , \,.|\,,| 1,1 ,1,,.

"I- -I til.-., .t.vl n.tih,.,. ..„. .,,,,h,„ „,„, ,,„„,,„,^

Ham. K
. an ,,-.- , !, .,,,i,, ,- . ,,-:

i i .i a ,i,ia-.v i.ttili,,.

•'' '''< of l..irgr Mei.ury.u. K.,i -,.-,.

bs; sot



UMIImI .111.1 ,|l..,\, II.
- -

.

,

"" ''-' •""' "'^'- " '!" •Iiniii.., ,„,- ,11.1,1, ,.| il.i.k -.,,1 ,,!,,,
^'"""•"

'
"""I V M„| l„„|, x,„.| ,: „, u,,,, ,,„k, ,,,| ..

•'^ ^'"'"" " ' "'' ".-.I ,,x,i uli „n.- tl„ r "

"""''^ li- li-' u.ii,t |.i, k, f, ,, .„„1 u il I,,,. „,,„, A
'"' '" "" l"'^''- ^•'"-^ l,i,.n:;l,, IM \., ,|„ inlrl ,„|M ,,

,""' ';'""' ''"'^ ''^ 'I" '•'.llH ,„|„ ,. ||„ „„,.,„,
'^ '"""''

'^ '' ."111, nil,,
I III ,1 -li.i||,,u 1,,,.- ,,, t|„ |,| ,

'"""' "'"'' ' •""'I 'll-': M .h.iu^ th. iiu
•'' ""' '" "' "I'l" ' I'.iiN ,.| ill,' ,h,iinl„ I

'*" "" -'^ I'l'ii, ,|,.,| ,„„.,!, - I „ ,|„,„,i 1,1 „,• .„,

'" ''- '"-' ""' •' l'li"tu^,.,|,|n, v„u ,,| ,,. , „„,„, ,

-''"' " ''- "'-•; 'I" "ilv .II-. i.|Mn.\ l„lu,,i, ,|„.,u,,
"-""- '"'"^ "'" 'I" nl.ilii,. -1,„.|.| uli,. I, ,, ,„„ ,,, ,1,,
-il.-ii,n,U .i:^,,,,,-, ,1„„, ,„,,„,,„;,, ,,, ,|„, .,,„„|, ^ 1^ ,,,

'
'-' '"-' -'''l"'l It th, l,,u,| ,11,1 ,,, ,|,„|,.„:^, „,„,n,|.

"" ''''' ^i"l">-i- in I il; l,„_.i III, ,,, .1,11,^ .,( ,|„. .|,„,i,|

': ^"" 'li^ 'I'- 'II. k.itl„„|, An „, ,,„„ ,|,,.„, ,,,

"" """"""I. ,.1 ,1„ ,ii„,.|,. „ ,|„, „„,,,„,. „,,,| ,1,.,^,,.,,
'" ""^"" "''' "" I""" tiuuud, ul,i,h tl.,- ,,,|„„. I,'"""' '' '!' ii.'mI, ,|,.,|| 1„ ,,„n.l,I. I, „ .1„,„„ ,1,,,

i-'Miiiin.itl, alK ,.ii ,11, , II

"~' 'I -' -il' 111 -, , I ,,,

•'^ I'»-( ill,' -1,1,1,1 s

I'.l-M-. tlll,illt;|| III,. ,,,,)

I'l.'t-' V. IH.III Ulil, 1, I, ,,

- p.ii.it,,! I.\ ., ,,.„ kin^ ,,|

$^ ^;
.'-I'-i,.- .11 /, .iiHi i.v ,,

^^^ "'""^^ <\llll,lll, ,,l ,.l\ll\

~v; iMIliv nil,, I «i,|| „|,,,„,\
''"• -t,,i ,,,n,|,„t,„ ^^

''"'i|'"l .1- -ll,.UII, |,.,.„.'

"""'Ilv 'I i-;li il„ ,t.,ii

"' 'I" -lii'I'l. ,11,1 .i,i,.|l„r

"•""n^vliM,ii„.,|,|..„|||„,,
,..,.„,|vi,|!..,|

with IM,T,,H\.,,|„t,, ,„,..,, |„,,„, „ ,,„
An..th,.| p.„kii„. I -,., ,/ ., |,„,,,., ,|„ I

^"l'l""ti.i^ III, „„„!,. „,.. . ,|„ .,,,1 ,,!,„
•\|" ll.ll.V h,l^ ||,.\M1 ,1, ,, ,1,1,

•11,'

1 1, ,-

"ll,<- Imvii ,\!i.ni-t. ,|

.\- 111, I, It

iH

I

"4

I

II 1 1 I injiiiiiwiii 11 1 i iiii I xs^^i^mrf^w.imitsucssrs^
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I I

I-

•» w.ll .,v.i .1 i,.n. II 1. ..Ini.Mi, that llif an- raiinut (),• stait.'.i liv r.K kiiiu
"I tiltiny 111.. ,liai,il..i. iIh- m.tho.1 .iiiplovnl «itli tlir «la-.s n.iita.ii, I

r.. tili, Is. lur stiitinj,. n|., -[mm lal a.cssorifs arr ihrrvUnr pioviilrd, run-
sistiiiKol an itMiitioiiaiiu.l, II (Tif;. I.ij.'l), with s|k. iai air-stnkiM« apparatus.

R III'' aiKHJc IS carried 1)\- a vertical sttd win.

|H ii.lr.l (loin thr tIK.val,!,- , ..n- of a sol.nnid I,

_ the (mi( ti.Mi of uhuli Is ti. (oiitroi tli. ' ..v.

"Y j
"X nts ul thr anode ii, m. (hat it t an !), ihim d
to strik. an an- to stait the nc tili.r uh. ii tin

.itti I has l)iin Iviiiji; idle for soiih finie. Sik li

•in ai. will iiiiiiiediatelv till the npj,, r part of

Ih.' .hainlxr aith .hai>;ed in. n iiiy ions, and
th. otli.r anodes .an then take up the runiiiii),'.

I or this ar. a eontiiiiious . urn »it of al«iut 5
.mip.r.s at IK) vuh> is foiiii,! n.ressarv. ihl^

< 01111,, ti,,iis f,,r siij)pl\i;ii; tills curi, lit from a

-,,..ndai\ haltery ,,r I1..111 , .. , l,u>l)ais ai,

i.'»-'5. the a.Hon hmn started l>v pi,s.,n- th.^ hiiitoii </,

. iiack on IxiiiK rej.ased. \\h, n the .iimnt i>as-..s, th.
ws Its ,,)i,. .l.iwiiMards an. I f.n.,- t|

-. - Culiiitri lltms l..r It:

sliiiun in l-"i

uhi. Ii spiiiii

-ol.ii.inl ii ,|i

til,' III. reui\- kathode c ; th.'

< inn lit passes

le ifiiiition an.i(|e h into
inom.iit th.- .onta. t is made th.' sol.noid ,/

ami lis s, 11, .: iisjstanc.' K, an pr.t. tieally .short-

( inuit,,!, and the spring. / h.un; f|i,n stretehed

l>ull> till' anoil,. sinaith out of tlie merciir\',

thus stilkin;,' tile .in- and with it st,iitiii(,' tiie

a, timi ,if tile reclili.r. I ii, n m^i ini-s k^ and
1;, iiisiii,- that the ciiirt'iit'- [i,'-.-, .. >hail nut lie

.•\lCssj\,,

I 'I pnivid,' loi til, iDiidilioiis of electrie

tia, t:oii, .ir .itli.r iliscoiitinuous serviee, twn
.i,liliii,inal .iiiMliaiv anod.s (. .,. known as

' ' it.itioii anod, s," ar,' >h,iwii in li),'s. i,<).*i

111,
I I oJ-' If till n, tiller he mounted on a

I.I, ,,i]i,i)u, til,- d, inaiid for enerjjy sonietinus
fills tii /< ni, .uhI .\eii if installed in a suh-
-lathin th,' ,1, iitaiid will llm tuat.' and at i.inis

'" 'I'll'' -mill in tlie>e eases th.' an in the rectifier will !>.' . xtinnuish.d
ami till' II, titnr put out of action until it tan U' restarted. Should this
o,

.
Ul with th, i.iincipal anodes, the auxiliary anodes, the distance of whicli

iKMii til, k,itiiod,'s is much less than the distan.c of th.' j>riiuij)al anod.s,

''. -C"niici,tii»n> lui the
1 iiaLon Anodr*.
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will 111 lint. nil thi .itti.in Hn, m.tlKxl nf iloiiit,- llii^ i-* ti> "mii. i tin in to

thr -..iMiidiis ut .111 .himIi.uv liiii-f'-niw r (ui to t.iji-. on tlir v wv. li in-

lorilHll. .IN -llo\Ml III Iil; I.H-'ti III till- illlLTllli

,( In oih pli.iN. .,t till III, nil ti.iiiNli.inii I, .mil />

|n III .ni\ili.ii\ ti.iiiNtoriiii I \Mlli itN N,'i oiiii.iiv

|Min<il to i!ii two .iMxili.iM . Hindi N n n in tin

iHiiil \^.i\. till k.itlioili' Im iiil; (li.iL^i.iinnt.ilK .iIIv

li |i|< N. Mil .| |i\ till olitrl I III li k k. Ilolli whlijl

ilir I oiitiniioii, 1 mil lit. |>,iNNiiit: li.ii k to tin' iiiid

|Hll||t III till- N. , illlll.ll \ , In dl.UMl M\ IIIIMIIN ol

tin ili.ikiii;; roll . ,iiid iinInLiiiiin tin- iiiinnt

iiiiiot 1 A( 1 1 d i .iiii|MH N .it till woikiiii; \"Ii.il;i

"I I ii -,iond,ii\ ItuiN. il tin tMiiNloiiin 1 1/

1.' Nii|i|,|\ iiiiniit to thr iiitr I lliioii^ili.11-1- i.. Nii|i|,|\ iiiiniit to thr iiitr I lliioii^:li , *, a.

liii |.iii.'ip,il .iiiod' -, till- ,iii\lli.ii\ ti.ii .Mini /. / x./'TNa.

«lll lii.illil.iMi till .Miiklllt; loiidltloiiN 1. Ill till I V..y
jllo|>l I i.Mll In , It;. 111! |ii|Ulllll \^*'

/'.i/i/'/i.(M II ikm- llii nctilii • di niiiIh d in ^
< ll.ipti I \ W. I. ill ill -li;lli d to Wl.i ,. \Mtll N||li;|i

1 ,^. ,..,.. , .., . ,, „, ,„

[ili.iNr N|ip|il\ I iiif III-, tin niildllri tloli.il I urn lltN
t.ik,..< II..

, ,.:.
.11,,

I'Mdilii'd liiiiit; |>i.:-.illii^ iiiiKlltN riNlii).; .iiid f.illiiiL: with tin llin tii.iIioiiN

ol thr .iltiin.iiiML' 'UiiiiitN Nii|iplird. Hv thr iiiNtrtiiiii lit ii.niiiniN mi

thr iinidirri tioii.il Nidr is,,- | i^; i imj.s

.llld rlNrwlnir), lllr plll-.ltllii; i Ulli 111-

vvrlr not .llluwrd to -.mk to /i lo, .in

^ th.it would r\liii^;iiiNli tin- .ui .

Thr iolloWIIlt,' ON( l||.|;.;|,||i|| , III \ IN,

ir oscill ^r.iniN, oht.iiind r\pi iinii nt-

— .lllv l>\' MinnIn. HlllWII, Ho\i II ,\ ( o
.

^lloW tin I llr( tN of N|iit;ii pli.i-. .llld

f
[>ol\ jih.isi- (111 nut III .11 tu.il pi.ii

-

tier. Ilir 1111 \\r;r t.ikill llolll

ollr pll.lNr of .1 Nlx-.iniHir rcrtllii i

lil.nrd oil .1 tlirrr pll.l-r >Up(il\ , thr

1 ollliri tlollN 111 Ult; ill. nil- .In -Ii \\n 111

111,'. I,<)-'7, .llld thr |.id ! Ill lilt;

noit-indui tu'r It -Imuld l>< n 'I d

fli.it a iinidilird /'k/ij; iintliod ol

coiiinrtioii'^ is iiNcd I'u thr iihIn o|

* thr ti.iiiNfoiiin I Ml iiinl.iin N. | In ir

.tit.iinrN iiNcd .111- nIiowii .It k N .llld

K n' nil thr ti.iiiNfoniii r villi of iln n i tiliri iii>tr.id of on tin- lo,id -idr

111 ihiN |MiNition thr I hi 1 t |n tjii.itir. hut it iin • --.intiN i ii.nt.iinr in

-.Li::ili
iiliiV.i^r. Nt^lt.i,;. s Is. (Il,.fc;i,iii!i% .»!

1*., \n...l....

.f ll... !».. ( ,

:f\^

ii

i



i;-M E:ic
1 / niE Simi( h: oh ,l/i.\

'•I'll \' irrtltirt I,. 1,1 will. Il, .is Wr A\.\\\ ^rr, |. ,,f .!(' V.lllt .lyr 1,,| y. , „ 1

i"'l\piMs. u,,ikin^'. A- .11. HIV .1- i; ..vili,,i;i.iplis w, ,, i,,krTi o| ,iii,mii-
.111.1 v.li,,;^,.. ,1, ,i,||, iviit iMit- ut i|„. , ir, uit,, .ml fiuni iIi.m'. iIkk.- s||,,ui
III I l:^-

' 'l-'^ t" I.<|.;i> ll.lVr h.,11 s,l., t.-.l .,N Mlttiilillt fnr .>||I |.lll|)<,v,. I-,^.

I.'IJ^ s|l,,«. th. .|||.,f|M,-.|tl,,|, ,,f tWuVult.li;, .,s,|||.,^.,.ip|,.,,,f win, h nil, i

~

I-- t..k. II I.. lU, , 11 ,. .l,„| X (!•,.. ,,,,_.;) .„|,| ,|„. ,,,!„., ,,,^ , |„.,„,, ,1 ,, ,,,|,|
"^

III' i-'l,,pll.. u|,,„„M, .l|n« ,,|,,,.,.s ,,S,, .,,,,„t. I-..1,'. I..(-'.M-,.K<, ,11,,,!,m
I'V 111. sll|.,l|.,.Htl,MI ,,| nv,, ,,-. lll,|.;,.,|,|„, ,„„ lij |„„|j^ t|„. ,,„,,.,„ ,„ ,|„
'II' I' \, il-l:^ I.',-,-', c.ll, ~|.,,|i,||in; t,, III.. V,,|l,it;, ,.,, Ill l-ij.. ,,„js .,,,,1 III,

""'" '•- '"111^' III' '1111,111 iiiiIi,-.,ii,m|, \,i| ly, I.,,..;,. l.;,„l, ,u,,,.Mt,.\,.,irn
..IK -ink. I,. /,!.,. |„ii uiili .1 .111.-1,11111., i tun.' I,,- I., hin.l th, . nii,..(,.,ii,|,n^
^"'''-'

•
''"

'
"" ' '"I"- 'li.il 1" l"i'- "II,- (iiii,nt li.i- f.,li,ii 1,, /,,,. ih,. ,,,;„"

li '- II- n. -l.nihu; li,,in tli. (ii,Mii,nt it- v,.lt..-, li.i- , ,,,-,,1 tji,- /. ,,, i,,,,

'" '" '
li' i'".p..l .1. In nil, lit , \t,n,|-,,\,, , ,,n-i,|, .,iM\ iii,,i,- tli.ni tli, i.-,,

"I ;li,' li.ili |i, II,.,

I

\ii.i'lilii ,ilii-iii,

ilii;. i'i.;ii -linw-

tli, piil-.itiiiL; , 111

I' III / . / iIii,.iil;1i

ill, I, ..hi , M
, I 1^

1 '1-7 .
\\ III, h wi.iiM

I., "l I. nil, ,| |,\

I'I'liiii; let:, til, 1

ill' I III, -ph.i-.

nil, III-- //('
I ll' |Mll-.ltl. h- ( / ;

n, .piil, -in. ill

WIhi. til, -iv ,l,,ti,„|,., ,,| I,.. I...... ,„, ,1,,,; ,|i,x .,1, j,,|ii,,| t,. th,
~ '"^ '' "'" ~'' !' ''"^'11 'I 'ii-l 1' I "i Ihir, |,|i,i-, hii;li \,,lt.ii^, .n|,|,K
'""" ""^-"liv ill' -nil' ".u .i-.ii, th. -iN-h i^-,,|,, i.,t,.iv'...nv,,t, 1

''"
'

'- ''';.il" I'-iih I.. 111^ ih.ii uh, I, ll, It- II,, in th. -ix.,ii.„l, -

II' -I'l'l' 'I 1"U. th. I 111 Ih. k.ith...|. . 'I, nil il„. I, -nit. lilt , nil, lit. tli..n;;h -till ..

I'"'-- - '"" '"• '- "11"' ll -I'.i.li'i iImii Ih. , nil, 111 ,1, |.i. i,,| in j.,^ , ,,

«hi. Iiu.,-,|.i,,,,||,,,p, ., .,i„,.|, ,,h.,-, h I-, n, ,,,. , ni.Hl, lip,,! till.. Miili'
""""'-

•'

' •""' ' .'ii-pl.i"
! l.\ 111. i,l.,tu,.,,h,,-, ,lill, i,i„,-,„„|,„|,i.,i

'"^'''"' '- 'l"i'l\ 'li""n ill I u; I .,;i ih, pnl-.it - m I h. i,-iili,n.|
"""""

'
'" ^"^ ll"!-!' i..hi,..| 111 .unphtn.l,- i,l.,tu,lv i,, ,,,1,,, ,i„

"" ""
' ''" '"'''"" ^•''i' '- p.ii..luiiii Ih. |„,,,„i.io .iinphiii,!. ,,|

•I" '"ii"^i ll '111 iu...n.,..|,- -h,,un ni lie ,.,;,, | ni,.,ii,,„- i.l,,,,,!
'" " "'"'"" 'lii-i-iiiiii.'ii. ilU 111 I u: I ,,;,, uln.h, .,11, 1 ,k|,,,, I,,,. ,,||,„K
i'-'ll -.11,1. 1- |„,„|V -. il .Api.n,.,I..U ||„ |,|,„k-. i. J, ;. , ,, ii„l„.,,,
'""' ' ""' '' "" "'" I" "' '1" 1' " t ' " - K i, „. uhi. ll ,1, u,,„n,| np,.n ih,
''""

' ' "' ' """ I'll' in,i:.„li, .11, nit. -i, h .,- u.,nl,l ,„ n-, .1 |,„

t III. > 11, .1,1. !l" .S|> A ,
.|,.,
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.1 tlll.i lll.l- II.lll-t'iMllrl. riu- 1 Ullnit-- •\lli|ill'''i to till 1. . !ith I II,' -l\-

litl.lv ( Ullrlll-., ,111(1 tin liM, I.IIU c^ -.till tllltllil Ii (lUi till' |li 1, . Ml.l^, lllulll

Hub ct the piiU.ilh'iw. .1^ >li<i\Mi 111 Imc I.ir.i.

! I. c ,111-1 I A till iMiiiii I' iii^ [ill, 1-1 ili-|i|,ii nil lit -

,\ -till llllllli 1 I. ill! tlMll III till li l.ltur

iii,iL;niliii|i lit till )iiil-.itiiin- 1- • i|)t,iiiii i! Ii\'

-|ililtnu: 1 .11 li lit till- |>li,i-i - lit till' -i\ [ill, 1-1

I mil lit li\ u-iiil; tun -it- nt ii ,ii t.iiiri -, ,i--

-inuMi 111 I lu; 1 .11
; ;. ,niil pl.ii lilt; iiiir 111 imi li

ol ill! lUii i.ill- lit till -pllt-pll.l-i- nil thf

1
.11 !• -|ii'ii.liii:^ liinli- III till- two ii .11 t.uii 1 -.

In .lil.lllli.il 111 till l\Mi iiilU (111 r.li ll lit till-

• 111 ml- I'l till till. I |ili.i-i -ii|)|ih I .11 ll iMir

I'l lull till. 1

I

ill. 1-1 ll .11 l.iln 1- |.- wniiiiil with .111

l.|i|lllii|..ll .nil. klli.VMI .1- .1 ' I il|nlNll-.ltllll4 "

,. ^ ^, .ml. til, lui.

1^ \
•; ..111- nil III,-

:\ ; :[ , III I I -|i..ll.

Illi; I 111, - nt

i« 4' i' i" h i-

I
,

t

i

. it t In I HI \i. .,!., u . ,
,

1' 111- HI till -I- 1 I,,-, ,1 , Hi lilt . ml- .lltl.i

'III' .1 I'll. 1-1 i|.l|. ll 11, , ll. t'\. . 11 111.

1 'III. Ill- 111 tin lu.i hi.ui, h, - ,.| til, j lit

I'll!-, .iinl tlni- -iipiib, til th. |. 1 nil. I
.

\vlii. h imw li.i- tw, h, ,iii,„|, -
I \\\. U,

I'lii-i . nil. HI, \Mtli th, I, -u'l ih.il Ih.

1
lit. !:.:. lii.i-iiiiuil, ,.t III. |.;il It

"I ih- Mill. Ill, , ll.ii.il , nil, lit I- -till

Inilli, : 1, ,lii, , ,| ( ).„ ,,| i|„ , ,, I, I

._ Ill' ' - \wth It- , .,iii|„ 1. .iliii.. , ,.il .,-

III. mill. 1. I'll, ,| l.\ M, --!- I'.p.uii |'„ ., II

>\ < 1
• ll I ll < 111,, 1 M 1,1 klllL- I- -lii.w n 111

I I-. I'i'.l. "Iii.h ill. I uliit h.i- li.ih -.ml ,ili..\,. i,.|ui|,- ii,, |iii:li.|

I \|ii 111 llMll

., , M ., ,.i v..
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1 7J'' /•'' CK.'I.'f. A-/<7/-r ;,v //// S/A-r.r/. of .\fi\

hffinauv. I. 1,,., I,... „ ,.x,,i,„„..,l ,„ (|,,p„,r X. ,|,,t tl,. vuit.,.,. ,ir„,.'-IMO ...r,s.m ..„,.,.,TV.u, ,.,,„„,.. s,a„t ,a ,.11 l„,.,K a:,.l ,1,,,,

i.'i;s. Ill will, li t'l, .li,-, isv;c ai<

"I'l :li'' iii'liii.it' - ,11, I, •,

fur tlif nrtiii, IS th. h

<li^( ril>i(l 1^ i^j \m1i.

• Ill-" Hiiiitiv ih,
l><i\Vr| |,,s| f,,r ,, M,\,

I

< mr. lit 1^ the pro,!ii, i

"f til' I Ulllllt li\- till

\"lt.l|,;( ,1. ins^ till' ,11,

,III<1 1~ 11(1. )ii iiilrin ,,1

III' X.'il.i^,. I', ,1,,., ,,,,

IllMllMl- I III I, lit , I,

' ii'l 1 "I th. I,, till. I

• i''<'\. .1. ' III). ,| it |.

f>'iii;.i III, I th.- 'i.Jt.ii,''

<ll"j. .1' l.lsv til' .11,

'1;.. ~ \ ,il\ ll^llth \V,||;

'li' |>1.— 1,1, ,it tin

! lliilii.iN, It. x.iiii,

I" I''l: Ii.'Iii I
; t,, J,,

^"li- In I nil. r , ,i-.

'Ill I 111. I' 11' \ ii~, ,

i,i|'iill\ uilh l.iw \,,||

• IK' •. ,i:iil nun.' -l.iu |\

'•'t< ! ill'' .III. 1. II. \

< iirvf 1- ^'iv, II ill |.JM

'" liMi-.'li..N ..( v,,li- i,|, t.. i..:,„, v.ilt^.

Ill |). 1. I lit.!

It

I!

I. 11. \
'H

\

'l"t..| til. It ,|t I,.,,,,,

V.'lt- til' ' III. 1, 11. \ I,

'i^ I" I " 111
. .. \,ilii,- ;:

\\ill' ll. Ill iMlwInlillllll,' \ ""f
ij'i'-i'.iii.-. I. 1. I'll.d ^ "4
<'iii\ l.\ ,t.iti. ti.iii- i ,,,:

I'M 111' I
~

^

NN' .11. 11. .\\ II .1 -

l"'-i'i"ii I' p. 11,

'In . :i 1. 1, - ,
I th.

'ill" t\|..- ..I Mil,

' t •! I l"l' - I ..111 II I \

ll-.'i l.'l I ..il.|..||i)ihu

: ].-

' • "i »> 7 » V iT;

I

'•I'"' \ ii.,.r.
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T.K > V^,', 'K V I /,(>.V /• / I A \r // V

iKHii !ii^h-\iplt.i;^r tliiii'-plii-.!' i>ci\\i I til riinluiuiiii- 1 mil lit p.iw.r ,il th.

V'llli:; iiimiinl\ I m|>!(i\ril iii ti,im\\.i\' pi.h tiiiv 111.- ! -ult^ .iii- uumi
111 I'l-. ijr,<i. in wlii'li tile 1 '11 \ I > i;n • II .111 tm tlui ! -uli --l.itiiin- • .i. li • !

IS" ''\\
1 ,11 Ml It \. .nil 1 li 1 1 l\ IIIl; \ I . till! 1 1)1pll.l^i' puWi I .it 1 s, !t~ .liiil

'"^'>n

:?

1 1

1

M' 1 y •

**
1 / X

M 1
-1 i» / *

u > § 14

.1 1 Up •

Ml V- > t

I ...I . . k.' « 11

. nil ..,.1.. 1 ! I. „- I .! ,.,M,.. . , I

V'^' t"I tl.lll--|il| lll.ltliill

til 1 iintiiiuiiii^ 1 111 ii lit

piiWrl .It 1 11 1(1 \iiit~

t ill \ I ,.(1 1, liil .1 ^t.itli 111

ii iiil: nil ; m \ iii ii i

tltli I -. I HI \. '' • till .1

-titii 111 ii-nic ii it .11 \ 11 111

\ I I ti 1-, .imi 1 111 \ I i, > |i .|

.1 -l.iliiiii ii-hil; -\ 111 liinii

nil- llli'lnl l;i 111 l.lti 'I -

|i nllpli i| |i|,lllt I
I hi . Itl

1 li III ii • _i\ I n .III 1 1\ 1 I

.ill I Itli li 11. 1. - ill. I tiki

i.iiMiiit i.| ill. I.I--1- III till ti|ii|ii\Mi ti ,iii-.|iin.ii I-, At 'i.,\ li..ii|. III.

,i.|\ .iiit.ici - 111 th- nil I. I in .11. ii . titii 1 .11. \ I I \ 111,11 ki .1 i!-l It ii I nil.. II

i||' 1 ii't It \ It lull nil I
i.\ I

I 1. 1. Ill-, tli.iiii;! I - i m.n k. ilK

^.in.i.iiJ s,:: i; Iv'.itili. I- i.t tin t\p. |ii-t ,|. -. iiliiil ,i|i 111, III. |.\

Mi~-i-. l'.|..\Mi. I'.. .1 II ,V < II. Ill tun -t,niil,iiil -1.' ii till I mil lit III j^.i

iii:|i| ii - .111.1 tli. it In 1 1 1.
1

I ill I lilt - III 11 111 inipi |. - tiinii.!!- i iiihl: Ini

1 1-1 .It W.'lkln^ p 1 --nil - l.i.ni till 111 >ii. 1 Null - 111
, ll li .jini. .1. up t.. IJnn

\"ll- I'Ap' inn. lit- -hnw lli.it i\.ii tin kitlii pn --m .
, in.i\ li\ iii-ililv

ihl: ^ ii t.nl-. In n i-, i| t,,

-', |'"i vi'lt- .\ ic liti.r 111 1 ,iiiv

I .!«"> .inipi ll - .11 7^11 \ ..||- . ,,ii

tlllllnll- l.ltllu; 1^ III 111^ I nn-tin. I. i|,

liiit III! tt -.1- li.i\i \, I 1.1 , I, pul.li,l|, ,1,

t'.ii.il'uh,:.' Ilii p.ii ill, In,,. ,,;

ti .ni-li.|lii. I - till . .1-. - -111 ll I- th.it

-liiiuii 111 liiu ill 1 ij I 1,(1. i.ii,. , in

!. -til.'-: pi..l i. !! Ulll. il ,,l, |,,,I

MMVA-J sm^w-
-\A/yiAV-i r-^VV*AAr—

,^'"\
{/""""x 3'"'

U-.
I *H 4-* • A-* ^g 'ii^liiiili t" ..I\i. 1 1-1 .,| til. nil

1^,' -j^--' 1 P'l' l'\ "' 'll' 1' • IllMli- .lp|«.ll.lll|. nil

I 1^ 1 I - \

till mil h iini .nii| tin tl. \il.iln\ •.!

\ • \M.lkni;; nil till I. 111. 1

\- !• .' 11. 1- rill i. . litn 1 it -I il, .111

""I'li^ili- l""l ..mill ill jiiinni. ,1 ti.i i.\ in. i.,i-iii. Hi. .iiii,, i,- 1, m i,| t|„

'''I'"''" '" -111 nj, |i i-iij .1111. ill. ..| ll til. III. 1. .1-1 n! i,.|.| w,,,
'•"'^•1 i"' lll'l. - I.t Mill. 1^1 ||„ ,il- ,1,11 In lUi. I, til. I ll. til.

.
I, -,.,,, Ill

'" """i-'-'l '' -,'1.11 I .i;.;.nn I il,. ihi.^.i .i| li.i-lni.:; i.\.i | 1,. u ,im|

%
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I72S El.K̂ crK:riiy .-.v //// .SVawv. / ,.;i .(/,

\i>lt,ii.

WMWMA/VVVWVVWV-J
-^VVyV;\qp/'i/\rpV\qp\Mrp\v-i

""'"" -l-'",,||,vv.,K,n. ,l,..,Mn,nt In .,,1,. , u„nK ,|„. ,...,„„
,

"" —!-n.. ,,,.,.,,,„„,...,„.,„,,„ ,,„„„„,„ ,^^,_^, ^^^

\^ <'^.i-.U liii. t,i,,t.,.n, Ml ,un,ni. u,. |,,.v,. .,.,, ,,|„„,, „,,; „
li'i- '"-n l..im.| . 1,-11, il.lr tM M,ii,
'li"li-' "II .1 riiiMiiitim , iiinnt Ii.im-
'" ""'"H- li,.,iM,, th.ni ||„^ ,„,,v
'"">" "11 IIiniiMtin;^ Iu.mK It 1- |.,„n.|
'"""' '-"iiciiii,,,! ,,, |,„,,|i,,| ,,, ,„_,„,
"' III'' -t.ni.1,,,,1 ,, villi.,. ,1. ,„,,v |„

'"|nin,l r.ithr, ,|i,iii t,, ,|.M:;n I,,,-,,
ii

' niiii-,

^,
" •"'' '-•I'I'.i lu- ,, .,.,,,„,.„

"•"'-I"'ni.r. tli.|Mi.,ll.|,ni;Mn,|,|\
,,

'1""- tl„. .;. ,„„|_ ,,,„nn.,K „,
'" ""IIKltiil III Illr 11-11, ll -v.n ,,-

I' ^
- ^'"'''" '" l-"^- "•».;:, Ih. ,1,,,,, ,„',|„,

::::,;;:;:,
;;:;^'''*'•'^^•^ ''''"'''' •'^••''^^

f,H .Hi I 111,111 III, It lit ,1 -llliil,. I.ll.r.. ,,,,, , ,1 ll, ,

11, ,

'"{,'< l.llhl 'H Ill'' -'lllr III, IXIni, 11,1 ,,,p,,i, tv•I" -.Hill lllllllod I- ,|(|,,|)t,.,l ,,,,,1
' ^•

"" '"" '--"It- N.ll.AV If III,. ,11,1, 1,

Iiaii-t.,!i,„, 1,,,, ,, ^,„j^|,, ,„,„,,„^
\MnilMiL; ,111(1-, \,.|,, I -,,oii,|.,n\Mii<|-
"l^-, .111. |,,i , ,1, ll 1, (till,,.-, ,1- -ll.iuil

'" 1 1- '.'<,;>. «imI\ -iii«i.-.|,ii,,-,.

""Ill" Ii"n-,ir,
. |,,i -iiii|.lii it\.-||,,u,i

111 'I" - 'li.iA^i.ini-, lull 111, ,,„|,|, ,

'inll. .Ill ,,|.pll,,,|,|i L.tllrpulvpiM-, -,
1. ( nil. I- ,|i -, iii„.,| ,||„,\,, ,,„,| ,|||,^_

iMIi.l in I i:,.-. I.,, J, ,1,1,1 , ,^_,_,

I"" "//./.;•< t'-gnUtwn ,.ii wiii.il.l,.

I'M'i- .HJV.IIlt.lK.' 'MM i.i I.ik.n III

I - 'II. < ..a,.,l »„!, V.„....I.. k.

iIk' I'.i' I. in..-, .ijii.uj, ,|,-,,ili.(l..i-

"-"' 1" ''i' -i\ I'li.i^r r., titi.i- (sv,

,.,

' '
i-^tlu. ,iin,p..,i-,.tin, ..,il nt..,a.,l in, 1,111,1,, iiinuiii,

"^"'"' "•'"M-.ii I ..,.„„.,. i,ii„. i.iLk ,„,„.„„ :',i



P IK a 1 1 i.i.\: I.V.' t'l"//-, if.v w; /\ 1 1 Inn K

,i. ri.iii ut till' iciiU III till I cim|ii ii^.itiiit; • nniil ^till :;i. it. i tiiil i-

.ttt"!'|.i| 'juitc simplv ,mil irniKimii alls' 1)\- iiit'Kilui in:,' .1 \.iM.ihli .,.1.

!',irt,iM. . into till- i-i>iii|ii iw.itini; 1 in int. ^iK li .1^ 1- >li..»ii in lu- I m/i in

aIinIi tlptc .Itr tWii Iiitllur^ Ml p.inill" I.

M
t" till

iii\ i>tlnr .iii.iiimiiiiiit-- .in pi^-iMi'. Imt i^|ti 1 il intii.^t ill.i. Ii. ~

iliiMindiiit; " ,iii.iiii;c niriit -liowii Im .1 ^iiiliIi i.itili.i in Ik:

I Mil " <ciiii|miiiiu1iiil; "
1- ih. .1 i i, Hh

1' illl. > t .1. \\<.\:

[ '1)11 It 1- l< I .ill, (1 til. It till' t

I in'initi. ii c'll.itlcill t(i collet. lilt I'll .It ilitti II lit 111, 111- li\ t

t till l,.,i.| niiiciit. Ill tlu^ 1 .I--I' till |iiil-,itiiit^ lii.nl I mil nt ..n lli.

1- iitili- riir i>iiliii,it\ ii.nt.iiiii 1;, h.i^ It- 1 I'lllpi n-.itllii; 1 I'll

111' ii || III .I'lii^ ,11 iii^~ till ,11 11 .ill ii .III-. ./. .iinl ,/ . tliii.ii-h .11, ,iu\iii

MM. till. . K ,. w 111. Ii. liiiu 11. 1 i.n~i-t^ i.f tin . 1 I Uli - U Itll til. ll-l|,il \. ik.

1 li. « inlinu- ..II till t\Mi i.iiti I I ..|. -

tiii.ilK in |..,i.illi| nil!, till II l^WWVVW^
\i \M - in -1 111-. \\liiKt till' 1 I nti.il 1 i.i

ith...!. I i.il, th' nil. nt 111

\vliii li |'|..\iilr- |>i nil, nil 111 Mi.i;;ni li~.itii.ii

\^ill. li II-. - .111.1 I. ill- with till- l.,.i

-//yvywWn

II

nti. Ill
, ll iiniii.it:iii ti-i li. .11 t-

iir_£ri

t_;r

L-Ilizi£ =

.1- .1

ni.ii.'n. Ill -hull -rill nit I'li tin i.tli. 1 twi. . i.i. -

till "MIiiil; till iiniriit in tin 1 i.iiipi n-.itin:;

. II' nit. .111.1 till ii lull- I uttiiiL; ili.wii til.

iiinili.iiv :../.',/:,, ( -|- 1,1 —M I1I11..I111 1 il h\

til i|>i n-.itiiiu; I ..ll- nil K, A- ihi lii.iil

null, 1-1- tills iiiiti.il iciii li.ii.iiii- 111.1:;

n. :i-i.| ,ilu.i\- 111 till' -,iin. ilii. . ti..ii. ,iiil

tli. tlii..ttlinL; 1 II. , 1 on tli. 1 .iin|i. n-.itMi-

. 11. ml .liiniiii-li. -, -1. th.it .It lull I., .1.1. It til.'

.in\ili,ii\ \..lt.i-, l„ -|_ . th, ,|,,,|, ,.ii,-, ,1 l,\ til. 111. 1..1-. i.| i...i,l in.,\

I" N>1|.. ,1 ..lit 1.1 ni.i\ iv.ii Im i.s.i-. .1, th. «li..|. .iii.ni:;. ,11. Ill «..ikm:.
uitli \\\iA\ u.- h.n. .l-,'uli.i. .1.-. nl..il .1- .1 n^nn: i li.it.i; ', n>!u . in ..ih, 1

'A. .ill-. .11 lull I. Mil th, I' i, .,11 til.' 1 .1 . ll iinin.il- 1- .ii...\, III. ii..iiii,il, .,,,,1

lll.i\ 1.1 llM ll to i'oni|). ll-.it. I.. I till <llo|.- in I, . ill I- on Ihi. .Il-liil.illii;:.' ;.|,

rill' ii'.td, rwli.i (|i-ir,>ii, |)iir-ii,- tin- -iiliii 1 of ih. [mi.iII. Im- .ni.l 1. -ni,,

11. .11 of iiu'ii iii\-,iiv ivitilin- (iiitli.'i. will till, I -,.ni. n- In! in'. .1 mill. ,11 m
.111 iili.l. Ill III. /.7, ',,'.(,,// A',i',',..' fur l-'.'l)! 11.11 s i|, I,, I., .,,,,:;, ,,,|, I,,,,,,

Uilli ll till ,ll)o\r ll-lll. -. I.i|',7 |i. I i,(o, Imv, |„ , n i.ik. 11

l</iiipi>i,-nls \ iiitiinr . i|iiipiii, lit. .1- , I. , t, ,1 .,t |;,i,,, -m.mi/. 1 j n,,!
- -I1..U11 111 1 1;;. I ,,,I. It .011-1-1. ,.( Ih, till. I- o| III. v'oimp.i.

I\ p. ,

.lllil 1- ll, -lt;||i ll (01 ,111 output ,„i th. . . -111.' ..1 >... /^w .,\ =,^i, \..\t

•"""i"i">'- Mtiii^, 111. I., till, I- ,.in I,. p.iMll, 1, ,1 i,.^n. .It lull l.M.l I s',,,

.11111" 1. - .It s-u \,,|t-. |i,t.,il-o| th.' pip, -\-|, III to- th. , I,, nl.ili.'ii ..I Ih.

looliii- w.ili I, .1- u, II ,,- ..III, , u..ikin)j ,|, t.ii! . ,,,ii 1.1 in.i.li ..ut in th. h.'ui.

i
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I7.JO l-iiiiKirnv i\ iiih ShKvici ,<i .l/i.v

ill

torn, .,uvv ., s,.n„„. f,„„„ ,„ ..„^nn., ,,>« u,„k .s .v,,!, nt In,,,, th- I,,. . ,l,.,r



Jr
• :?i

\'ii ) \r ii>M Ml, -,1 it si \lhi\-

hi tt I'- h.i|)'' r d. \..ir.| til (i.ii, I itmt,' st.iti

t Ihi- -u II. tini;; .iinl . iiiitinlli iil: .iri,iiii;i'm, iit>

-lli'iii
I
ml: ilN t.

'II th.

Ill I ti{ii.

"l-i.|.t.ttl.>it

|'i"iniMi 111

=ir»

\'i|t.iu'' - .Hi- ntili I tlii'P li,i\, I. , II 1. \. I..].. .|, (,,1 I,

ImIK' - I t..itl

IIM «li. I. I, Hi;. , 'III, 1,1, ,,|

1, \ .11 |,.ii~ ~\ -I, 111- ,,| 111, tl|,..U '•!

lil 111, II I'l.-.Il! <|.\, |,.|Hllrnt ,,l|l-. I,,u \i.lt,li.

'""'i^!i' '• til' "|» i.inii- sun, lil.,,.ii,|, t|„ i,.il,iMt,!

|'|,,!,- ll\ • iiiiits li, lilt; pl.i, .,{

Ill, ll .11, ill. i,

i'l'i 111 uhi. ll

'itiol , n, !!!• .11.- ,i, tu ilK-

1' - .ni'l ,,i„ I iiiii,- ...i

111 III, 'I IIV, lll.-lll 111, I ,. ,,1|U
|.,p-iii,.n- i.iit within th, , ,.iitii|, , ,,| III, ni l.i'llk; -t It

It u i~ , .iiK iiliv loll- lli.it whfi.

iiiiii.ii 111, th,.,!. , ,,iiM |„ ,i|,|.li, ,1 u> th, Mill

11" I illillllii; 111. I, iiiii,

HUM, 1, 111,

Mi.itii- 11, ,t 111 th,

W.I- iii\,,U,

, "till,,! ,1 ,1

nti.itiiiL; -I. Ill,, 11, l.iif iiiM.ill.-,! l"'iiit-

.1 I.. I 111 ,,i

n,l )i\

; I. th.

-Kill ll i V I ,,n

.'t th. ih-tiil..itinu' -.\-,t.-i,i Ihil- -t.iti. ti.in-h.iiiii 1- , ,111

'" '""
' '' ! '1 I"' \.u\liii; ii.iiilili-ii- ,,| l,,,„|, ,,,. I , \, M I

h.iltMl,- wh, !. ,ii.i,,ll 1, cilLltliill v,.i- .:„i| ,s,-,- |,,,l;i- ij-i
•(.i.iti.iii i,t ,11(11111,' th, ir-iil.itiiit; .ill- Hi .11 ,,ul , >ii|,'

"""•'I li"i"i til- y.iiiiMtiiii; -t.itiipii -wit, ;,l..,.,i,l

^iiinilt.,ii,-,.ii-lv, .,ik| ,,ti, mini.- m , ,,iip,,,i-ti,.n wirl, th, .J, \ , |. .piu, m
"I i.iii..). ...iiir,.| -wit-hiiti: -\-f.-m-. ,.,i|.,ii,,,ti. .,,.,i.,r.itii h.i tli, |,i,,

'""•'" "• ''" """II- ii"'l'
I

il>ii"niMl ,,iiitii|,,-,-n, I, - h...| h, ,11 .1, M |,,,„,|
'" ' '"^' '•" " ll'V.I.K ,1. .lit >.Ulll II, VUI.MI- i,.,|f, ,,f th.. l„,,^, |.,,, ,,„„

'^l'-""^' '" ""i'"i Xm u-U'.- i.;..i ,, .;, 11,,. ..„„., ,,„„.,|' ,',

'"''"'
'^ " "" '•'" '" """^•' -mpli'tiK th, thi. It. 1,1,, .,,,,,.„,,,„- ,„

ti..ii lii.m th, iivt'
, 11, lilt wliiii ., .„ ,|, t, r'nuii

1 111:^1 1 ji,,l|ll

..•'(I.II.ltU- I,,

1- ii.i.lii.l Wh.it I- n.it, .1- ,1 mi,, ,1,,,,, i-. t.. i.-t,,i. th,
-. tioil ll ..1!,| v»|„n th, .|.,|it;,-i ,|i-,i|,,„ .,,.

''""""!''''""'' •••tr-.l. ..I til, .,iit...i,,t„ w.Mk.n... .,1 , km, ti,
'

;i H,-f,„iii,
,

-ul, -,.„„,„ ,„,,.|v,., ,h, -t.iitiii.: ,!, ,,, w.ll ..- 1 „ -„,|,,„„,.
-I IU..M1I14 ni.,.hin.-r\. ,,n.l i!in,„lii, ,.- ., „, „ ., ,,, ,.,..i,|,„, ,^,,,|, ,";

i.r-t -ici.t, .,,.,>,..„ ,,, h,. ,„-..h,i.i,. ,,. ,!, ,„„,„„,,,, .,_.„,,, ,, i^,;,^;^^
..-.-t,.n,-w,.ul,l-,,„, -..l,,. ,„, ,„,„.„„ ,1 ,,.„h, ,„„„„., ,., ,v
•"•"I'tn-n. .,- W.il .1- t.i lii..l„;„.|,,t.' Ill, -,.i„, till,,- ,,,„,,, I,. ,.|.,| -,,,„,
-f ..l>.i..ti.,ii- r.-.,,Ki..,l ,,. ,,.„t , .!,„„,. , I, ,„.(,„„„,, ,,„, ,,. ,.,,,,^^ ,,,,,^^I t., (1.. w.iikliiu; .ii.uif- wh, II ..iimiii:. .,t th. |,i,,|„, .;., ,,| .,,„| ,, ,,|^
' Ml 111 . ] , fl, .ll J.,, nit ,,t M.'W
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